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INTRODU 

'l'he Sacramento River. 1 
the most important of aIr's1 
of California. With 12,] 
drainage area, it prot]uces 
feet, one-half of thc run-o 
and one-third of aU the W<l 

of the waters surplus to tll 
in this stream. IJarge rc 
its flow in order that II] 
'l'herefore, a major project 
mento Valley is contingent 
works of large capacity OJ 

A recollllaissilllcC Slll'VC 
clJanncl in search of possi 
capacity was fOllnll. Its J 
the Pit River and backs ,~ 

:McCloud, Squaw Creek a 
that, although the rescn 
capacity. 'l'he tlam foul1(:1 
drill and have been found 
up to 10,000,000 acre-fcet 
year, in addition to presel' 
for the requirements of i. 
of 500,000 k,v.a. capacity 
from the nearby town of 
the Sacramento Canyon, 1 
Kennett and they wonld (I 

Fifty miles downstream 
of the Sacramento HiYeI 
Topographically this 1'f'se1 
3,000,000 acre-feet. How 
a daro limit its capacity 
project, including both t 
from it, has becn under 
United States Bureau oj 
cooperation. 'l'he latest 
Young, engineer of tllP. ] 
volume. 'l'hii:J report f'sti, 
voir at 800,000 acre-ft't,t , 
and equalized for the nee 
of 100,000 k,".a. capacity 
One-third of the area of j 

'would be flooded by this 
Both the Kennett and I 

frOID the main body of agr 
Valley and are in the phy: 



FOREWORD. 

'l'his bu~etin is one of a series appended to the" Summary Report 
Oil the Water Resources of California and a Coord inated Plan for 
their Development" that was presented to t he Legislature of 1927. It 
is part of the investigation of th e water resources of th e State com
menced in 1921. 'l'his investigation comprised a survey of water sup
plies and flood flows throughout the State, a determination of their 
charact eristics, an est imate of the present and future ne eds for water, 
and th e formulation of a comprehensive and coordinated plan for 
future development in order to insure adequate water supplies for all 
purposes. 'I'he 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 Californ ia 
and a Coordinated Plan for their Development." (A 
report to the Legislature of HJ27.) 

HUh 13-"'llHE DI~VELOPl\IEX'r OF THE UPPER SACRA
MENTO RIVER." 

Bul. 14-" The Control of Floods bv Reservoirs. " 
Bul. 15-" 'I'he Coordinated Plan' of Water Development in the 

Sacramento Valley." 
Bul. 16-" The Coordinated Plan of Water Development in the 

San J oaquin Vall ey ." 
Bul. 17-" The Coordinated Plan of Water Development in South

ern California." 

Other bulletins pertaining to th ese investigations published prior to 
th e 1927 report are: 

Bul. 4-" Water Resources of California." (A report to the Legis
lature of 1923 on the first two years of invest igat ion .) 

Bul. 5-"Flow in California Streams. " 
Bul. 6-" Water Requirements of California Lands." 
Bul. 9-" A Supplemental Report on th e Water R esources of Cali

fornia." (A report to the Legislature of 1925. ) 
Bul. 11-" Ground Water Resources of th e Southern San Joaquin 

Valley. " 

Th e first appropriation for th e investigation of the water resources 
of California was made by Chapter 889 of th e 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 0 f. the future needs of water 
for all purposes, and a preliminary comprehensive plan for ultimate 
development that will secure th e g'l'('atest puhlie service from the State's 
limited water supply. 

No provision was made for the continuance of the investigations by 
the 1923 Legislature, hut at th e urg-ent request of the farmers of the 
south ern San Joaquin Valley th e Chambers of Commerce of San Fran
cisco and Los Angeles advanced $90,000 for the study of a first unit of 
the comprehensive plan that would relieve the stress in a sect ion of th e 
State most in need of an imported water supply . With this money, 
works were planned that would transport th e surplus waters of the 
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.. FOREWORD-Continued. 

Sa cramen to dra inage bas in in to th e Sa n .Ioaquin Valley and. make a 
new supply availabl e for the southern ha lf of the vall ey . An account 
of this work is puhl ishot] in Bulletin ;\0 . D, a report to the Legislature 
of ID25. 

Chapte r 477 of th e I D2;) Statu tes l1ladc $150,000 a vailable to the 
Division 1'01' tO IJl pl ot ion of t he wor k. 

Parall el with th e wat er r esources inv esti gation , th e Division ente red 
into a contract with th e Un ited St a1l's Bureau of Reclamation in .I an u
an', ] D24, for furth er studv of t he Iron Ca nyon project. Although 
t h is study has been pursued as all individuul proj ect for ilTi gatin g a 
porti on of th e Sac ra mento Vallcy floor and generating incid ental 
power, s ince it COIH:el'lIS a r eservoir s ite on a n accessible stream con
tain in g' 11 lar ge sur plus of water, it is of ma terial inter est to 11 

"Cool'(linat e(l Pluu " of developm ent f or th e Gre at Centr al Vall ey. 
Therefore, th e enti re re p ort Oil thc Iron Canyon project has been 
in cl ud ed in this volum e. 



ENGINEERING ADVISORY COMMITTEE, 

'I'h is bullet in has been pr·pp.Ired ill consu ltut ion with a COlllllliUpe of 
engineers, who advised ill the ()i'epa]";lt ion of th e" Coord inated P lan. " 
The,\' are : 

l.or:rs C. l l u.r. B . ~\ . ( ~ T ( ' I I " \' E [m Y
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U. A . ELLIOTT 

Cooperat ing with couunit u-e. 

1<' . E . l: 0 :\ " I-: l ~, 

Dixtr-i« E llg illeer, l' . S. Fnrest. ~( 'l'\'j('( ~ . J"( ~Jlr es( ~lltillg the l<' ( ~d pralPo\\"('r 
Cnnuuission i ll ( 'alifol"ll ia . 
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TJ. 8. l' EADY,
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DEVEL01'1l E N T 01<' l ;Pl'E11 S AC HA \f F~ 'I'O RI VER. 

CH APTE H 1. 

INTRODUCTION AND SUMMARY, 

The Sacramento River, upst ream f rom the mouth of the F eath er , j" 
t he most impor tan t of all streams t r ibut ary to th e Gr eat Centra l Valley 
of California. With ]2,] 00 square mi les of inouuta iu nnd foot hill 
drainage area, it produces a mean seasonal run-off of 12 ,400 ,000 ac re 
f eet, one -half of th e run-off from t he ent irc Sacra mento draina g-e area 
and one-third of all th e wat ers of the Grea t Cent ra l Vall ev. Th e bulk 
of t he wa ters sur p lus to the f uture needs of the Sa crameu to Vall ey lies 
in this s t rea m. Large r eserv oir eupa ciIy will be r equ ired to eq ualize 
its flow in or de r that this surp lus ma y become avail able 1'0 1' use. 
'I'he refore, a m ajor proj ect to develop til e sin-plus waters of t he Sacra
mento Valley is eon t inze nt upon t he feasibility of construct ing storage 
works of large capa city 0 11 the main Sacra mento Ri ver. 

A re conna issa nce sur vey was run t hc ent ire length of t ile main 
ihun n cl in search of possibl e res er vo ir si tes. Only one sit e of large 
capacity was found. Its dam lies five miles heln v th e eoufl uouee with 
the Pit River and hacks water up th e upper Sacru mcnto. th e Pit , Ow 
MeCloud, Squaw Creek and n umero us small st re a ms and g ulc hes so 
t ha t, al though the reservoir is compurat ively Il<Il'l'ow, it has a largo 
capa city. ' l'he dam foundati ons hav e been explored with t he d iamond 
drill an d have been found udcqu a te for the construction of a l'esl'rvoir 
up to ]0,000,000 acre-feet capaci ty . Such a reservoir wou ld y ield each 
y ear, in audition to present use , 4 ,GOO,000 acre-feet of wat er equalized 
for the requirements of iriigu ti on and would war-rant a power plant 
of 500,000 k.v.a, capacity below tlie dam. 'I'his sit e is ca lled Kennett, 
from t he nearby town of that name. 'Two other sib'S wero located in 
t he Sa cra men to Cany on , hu t th e eos1. of sto rag e wou ld exc:l'l'cl th at <It 
K ennet t and th ey would overla p t he lurgcr K ennett roservoir. 

Fifty mi les downstream from t he K ennett s ite on t he ma in chan nel 
of the" Sacramcn to River is 1he proposed Iron Ca nyon reservoir. 
Topographicall y this r eservoir cou ld IJP cons t r uc ted to a capa city of 
3,000 ,000 acre-feet. Howev er, the n one too favorab le foundat ions fur 
a dam limit its capacity t o ] ,]20,000 <!t:re-feet. The 1 1'011 Cany on 
proj ect , includ ing both th e r eser voi r and the lands to be i l'l' ig at e r] 
from it , has been under investi gat ion at intervals since JHO :.l h), th e 
1 nitcd Stat es B urea u of Rec lamati on and the St at e E naineer i ll 
coope ra t ion. T he latest. r epor t , J'(" 'l'lltly completed by \\Tll lh ·1' n. 
Youn g, engineer of It ' B ureau of I i ecla matiou, is included in t h is 
volume. 'This report estima tes th e y ield of a 1,120,000 acre -foot reser 
voir at 800,000 acre-feet of wat er lwr y('m' add itio nal to pl'csellt u se 
and equalized for the needs of ir r iga tiou . 11 finds th at. I I power pl ant 
of ] 00,000 k.v .a. capac ity would he war ran tud at th e foot of th e dam. 
One-th ird of th e area of the . \ nde rson-Cot touwoud Lrr-iirat. ion D is! rid 
woul d be flooded by this r eser voir . 

B oth the K enne t t and the 1 1'0 11 C nyon reservoir sites l ie upstream 
f rom t he main body of agricu lt ural lund on the floor of the Sacramen to 
Valley and are in t he physical position to serve any part of these 1mds 



• Chap. VI, B u l, N o.4, " Water Resou rces of C"I1t or ll lll," a repor-t to t h e Leg is 
lature of 1923 by the Divisi on of Eng ineering and I rr iga ti on , State D epa r t m en t .) t 
Puhlic works, 

with irrigation wat er, B oth of these r eservoirs arc included in the 
preli minary comp i-chc n s ive plan" for ultimate development of the 
~ ta t e ' s wa ters pr esent ed to til e 1!)2:3 L cg- islature. 'I'hey both will be 
required ultiinutely because the 1. ron Can yon site, being .:'>0 miles 
clowu st I'PHIll , lia s 260 n squarc m i)I'S of d raiuagc area tributary to it 
that is not cont ro lled by K enn ett. This produces an average 1'11l1-o!f 
of 2':i: 16,000 acre- feet per y ear. 

The I ro n Ca n yo n r eservoir is not included in the" Coordinated Plan" 
presen t ed t o t he Hl27 L egislature, however, since its capacity is insuffi
cic nt to meet the need s of t h is plan. The" Coordinated Plan" selects 
the units of the com prehe n s ive plan for ultimate development from 
which t he grea te st p ublic service may be obtained through the next 
half cen t u ry , It provides f or coor d in at ing the operation of these 
units 10 secu re the solution of th e outstanding' water problems that 
threat en Iu t u r e g ro wth . It prov id es for all the needs for water on the 
Hom of the Saerume nto Valley during the n ext half century, including 
j rri g at.ion, nav ign 1ion a IIII sa It wa ter control, together with a surplus 
for use in t he S an .loa qui n Valley. It would cut flood flows in half 
on t he up per pa r t of the Sacr a m en t o River and develop a large amount 
of ele ct r ic power. .AII t hese th ings could not be accomplished were the 
sm all er Iron Ca nyo n r eservoir su bst itu tc d in the" Coordinated Plan" 
ill pl ace of K eu netr. F'urt lrei-, t he clam founda tions arc III Ol' e f'avora bl r, 
a t K ennet t th an a t J 1'01 1 Ca nyon and no agr-icul tu ral la nds re tlood d, 
whil e th e unit emit of p ro d uc ing' wa te r a nd p ow er is a bou t the same. 
'l' he re Iore, t he in te r est s of the State a r e best se r ve d by giv in g preference 
10 the K enn ett s ite, Un do u bted ly at some time in the future th e 
run-off from t he drain aue area bet ween these two reservoirs will he 
neeclrd . T he on ly way it ca n he obt a ined is t h ro ugh the con struction 
of th o Iron Ca nyon reservoir. 

Th e " Coor di na t cd PIau " proposes the eonst m ction, am ongst ot he r s, 
of a dam a t t he K ennett s ite t o th e in it ia l height of 420 fe et . At this 
hei ght the r eserv oir would have a ca p ac ity o f 2,!J 40,OOO acre-f eet, large 
eno ug h to yi eld an nua lly, ov er and a hove prosen: lise, 2,S:m ,Ooo acr e
fect. of WH i pI' eq ualized fo r irrijra t ion needs wh en oper a t ed primarily 
for th is purpose. A POW CI' pl ant of 400.00( k.v.a. eapacity would be 
eons t ruct ed bel ow th e dam . S ln iec w<l,\'S would be construct ed in the 
clam for co u t ro II illg floods . O p l'l'at eel ill ac cordaneo wit It the 
"Coordi nale d Pl an , " t he Kenn et t reservnii- would reduce the niaxinnuu 
flood How in the SaCran H'll to Ri ver al He'd Hl ufl' fr om 278,000 to 125,000 
,sC'co n cl -feet . 

The locu tions or th e Ken ne tt and Iron Ca nyoll rvservo irs are shown 
on Plate A , " Th l'ec Un ir« of C01ll Jr e']ll'n s ivp Plan on Upper Sacra
mento Hi"l '!'. " The t hirt l u nit is t he d ive rs ion of the upper section of 
t he 'l'rini t.v R iver in to t he :-::ll'.I'a ll}('n to V ullev . This diver iion is also 
<l unit of th e "Coorclina l I'd Pllln " for r!C'" plol'nH'llt (I[ the ~ t a t e ' s 
\\"<1tpI'S. It would i nn-odu ce 1111 nnuual snppl.. o r 1:i70,OOO acre-feet into 
tile Great Ccntrnl Vnllcv t hu t would orhcrwis« flow t hro ugh it moun
tainous COll111n' into t he' P a-itl c O l'C';IT1 11l 11lSC'd (' XI'ql1 Im: the g'l" lll'I'a t ion 
of electric PO\\:OI' . Till.'. 'I'riui ty diversion is Iullv d escri herl ill Bul, N o. 
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with }S , " T he Coord inated Pl an of \Vat pl' Developuu-nt in t hl' Sa(:l';llllcnt o
pre lii Vall ey, " 
~ta t e 111 'ach1it ioll to tlH~ fOI'l'g'oillg- possib il it ies IJ f de n'lop ing' wa ter on t lu
n -quii main Sac ra meut n R iver, t hprl' a re sP\'pnd l;ll'g-e rt-servoi» sitp,.; Oil th«
down. Pit, a t ribu ta rv of tlu- Sael'allll'nlo R iver, a nd qu ite a n iu uhe r of 
thaI i smaller OIlt'S on th e lesspl' t ributuries, pnrt icularly to t lu- u ppe r Pi t. 
o [ ~ , i) , 

Som e of the.-;(' will be 1I:> e f'1l 1 an d n p('eSSHr.\' ill t h« eom pl eto dev elopmen t 
Th e of th e HaCI'Hmento Rive r: however. the volu me of wa t er cont ro lled is 

preset mu ch too sma ll to ma ke them part of a compre he nsi ve sche me of d evelop 
e iout . men t wi t hou t t lu- const ru cti ou of a laJ'g"e rese rvo ir Oil the main cha nne l. 
1h l~ Ul ' I' hose sma ller r eservoirs wi ll bl' useful principa lly in d cvelopmeu t 
wh ieh of th e ~( jO,OO() acres of il'l'jg-able land ill t h« basin of th e upper Pit 
111111' t River, 
1111 it s 
Ihront 
11001' 0 

i ITigat 
for us 
011 th e 
of elee 
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CHAPTEH II. 

THE MAIN SACRAMENTO RIVER DRAINAGE BASIN, 

Drainage area between Red Bluff and mouth of Feather River. 

The Sacramento Hive)', upstream from its confluen ce with t he 
F eath er, has a mountainous drainage area of ]2,100 squ are mil es, Of 
t hi», the run-off f r om 92GB Sq IH11'C mil es concen t r at es in th e main cha n
nel upstream from th e city of Rod Bl uff. The run-off from the ot he r 
2842 square miles enters th e channel at intervals from a large number 
of smaller streams along th e en ti re length of Hi8 miles from B ed Bluff 
to the mouth of the Feather River . Although these streams druin 
areas extending into consid erabl e altitude on the easterly sid e of t he 
Coast Range and the W('Stpl']Y slope of the Sierra, t he ir descent to 
plains level is steep and di r-ect so that the run-off of eueh is com paru
tively small and subject to large variation. Reservoir sites Ior conscrv
ing their waters are fe w and ge ne r a lly costl y , The waters of these 
strea ms can be used most ad vun tuge ons ly on foot hill and pla ins areas 
adja cent to their canyon mou ths , Th erefore, th pse st reurus do not euter 
into a state-wid e plan of development. 

Drainage area upstream from Red Bluff. 

The 925 8 square mil es of the Sac r amen to watershed whose run-off 
conce nt rn tcs in the main river chan nel upstream from Red Bluff is t he 
part of great importance to 11 st a te -wide plan of conser-vation. B ecause 
the run-ott from this area cnncc nt.rut cs in t lie main «hannel before t he 
river debouches on tlie valley floor, physical condit ions are favorabl e 
for equalizing' these waters in reservoirs and making' them available 
for usc in large quantities, 

The drainage basin upstream f ro m Red Bluff is bounded on th e west 
bv the Trinity Mounta ins, whi ch ri se to an elevation of !JOOO fe et on 
t [w divide separating i t f r olll t he Pacific slope of the Coast Range 
J[ountains. To the north the mountains separating this basin f rom 
j he Klamath River eulrn inate ill Mount Shasta, a peak having 11 crest 
14 .162 feet above sea level. To the east and south of Jlonut Sh asta is 
an' ext ens ive plateau varying f rom four to five thousand feet in eleva
t.ion . This plateau extends easterl y to th e Wn mer Mountuins, neal' 
th e State 's border, that. ri se to eleva t ions of ~)()OO fe et or more . 

With the exception of th e plat eau a re as cast and southeast of Moun t 
Sha~ta, practically th e entire a re a is mountainous. The agricul tural 
I<JIIds arc :350,000 acres scattere d in parcels along the upper Pit Ri ver 
and 490,000 acres of foothill and plains lands lying in th e vicinity of 
the citi es of Redding' and Red Bluff. J11 the latter area is located the 
Anderson-Cottonwood Irrigation Di strict of ~n , 400 acres, in which 
lies nearlv a ll of the land now intcn sivelv fa n ne d . 

Eleyati"ons within the drainage ba sin ~;nry f rom 300 feet Ileal' Red 
Bluff t o 14,162 feet at the top of Mount Shasta . One-half of the a rea 
lies between the elevations of 2500 and 5000 feet above sea level, as 
shown by the following table: 



17 

ELEVATION OF DRAINAGE AREA -MAIN SACRAMENTO RIVER BASIN.
 
Upstream from Red Bluff ,
 

Dr.lin:1 Rt· ;lr!'.l 

I·:J,',-a!i.' ll: ill:; ' llI;l n' ",i1 I ~ 

Below :?j l)(J ( ('('I . 
Between 2 .~) and .lono feet . 

2. lOll 
·1.t;20 

Above [JOlin fc'('t . . :? .i :~ S 

T nt ul .. 

Preei pi ta t ion 1\I t he main :)a era 1I1f'n to basi n va ri cs widel v bot \H~ ('I I 

I hf' moun tainou s a rl'a nort h of Hedd in u, wh en: th e III l'a I; s easonal 
rain f'all r all!!'I'S f'rom ;i() to (j;) inches, and t h« pla teau r eg-ion eas t and 
so utheas te r! v h om Xlount Shasla . H ere t lu- m euu spa son ,lI rainfall 
approximates Iii in ch es , 

The principa l s t re ams ,H P t lie upper Sa erallll'nt o, P it and :\l eClolld 
ri vr -rx . 'I'h eso , in dra ining t he absorbent lava Format ion s to the: east 
uud south of :\[ount Sha:-;l;l, a re d ist inguish ed hom most other Cali 
fo r ni a st reams in having' a wcll -sust aincd summer flo\\' , 'I'h e mean 
flow f or the month of August is ruor« t ha u on e-half of t lu . m ean rut e 
t lu-oujrhout t li« ent ire ,\'1'(11', wher-eas t h« stnt c-wid« average is on ly 
OIll'-( IlH1I'tl'1'. 

Water supply, 

Knowledge of the run-off f ro m t.his a rc a is ga in l'd t h I'Ollgh gagillg':-; 
that have heeu ma d e at sr-vei-a l points along' the ma iu cha n uels by tlll' 
United S tat p:-; (Ieoloirit-al Surn'y in eou per-a t iou wi th th e Stat e of Ca l i
forn ia . The st a t ion tha t has be en maintained t h ro ugh t h« gTeat er 
period of time is n ear He ll Blu ff. It was es tabl ishct l at .Jell y 's l"I:ITY 
in I S!!:), but was m ov ed e ig h t mil es dowust rcum to the luw er end of 
Tron Can vou in 1!!()~ , The ,'eeonIs at thl'se stati on s fu r n ish (lata 0\'1'1' 

a period 'of : ~() vears, nn e of t h« lon ue st con t inuou s recorrl s of r un -o il' 
in Cali forn ia . 'I'h « da ily discharge at th is nnt] t lu - seve ru l ot her 
stat io ns in th is bas in is p uhlished " i ll t he Wa ter SlIpply P upers of th e 
Uni ted Stat l'S Geolog ical S urvey. The st at ious fo r which d ata are 
a va ila b le t hr-i r t ri bu t arv d r a inace art-a a n d t he p oriod of r ecord a rc 
listed in 'the fo llo wi n g t'ahll': ,.., 

• T h e ru n -orr corn pu t a t io ris o f t n is vol uruc e mplo ve d dat a Ill' the la :-l t se ve ru t yeu r s 
tha t ar ~ in pI"evarn t ion f or pu l rl iva t i on , a s \",·en a s Ill( : p l1 h l i ~h t 'tI t a b le !' u f n rr-v iou« 
yen r s . 

2- 5 0667 
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' 3,:1l 7.0UO 
11 ,1 70,100 
lO,:! Iti ,SIJO 
·I ,95!I,:lOO 
.i . j'U 9 , ~O(J 

S,.i 32 ..iOO 
8,835.700 

l u n7, lOO 
H,7,i6 .:mO 

I,;,!)OSYOO 
10 . ;' ~ O , :1 00 

1I ,IlI J ..IOn 
l :l,I\!II,3nn 

7,720,800 
1l,:172.S00 
8,908 ,100 
!I , ~mS.8 00 
(). ;Hi~I, 2 00 

O,S:ll ,GOO 
I:Ul1.100 
1~ , :H i,.l(jO 

lO,l 7J ,8fJlI 
O,9l:1,fHIO 
.i. l:!.i.JOtl 
7) i07,HOIJ 
:J.888. 1lI0 

11,1:\1.800 
1;,:\28,1100 
5,om,WK' 
2.n i2 ,OOO 
i .7:iU.UOfJ 

Values 
nu-naurr-d at 

rmillifl afn l i(ll l 
I1l' :I r Re.l Hlnff 

ill acre- fret 
I--

11I,2lJlI.000 
·I,'SO ,OIlO 
7,:100,1I00 
·I.:\!IO,OOO 

11,5011 ,0110 
9,8,0,11 110 

17,800.1100 
8,:180 ,11110 

12.:J00,Ooo 
15 ,4UO .lil~J 

8.01l0,mo 
1;.G70,IJO II 

11.400,((10 
O, l GO,OOll 

rUOO ,lHIIi 
v.nill ,UOU 
.; ,1:1(1.11110 

1O,GIIII.III10 
:!:!,7110 ,OOO 

li..IOII,OOO 
7.:?iiO.liOO 

12, \l l'1 . III.~1 
S,OlU.oIHI 

! :?,:mo,U!lU 
11.:11::,2IUJ 
10,:1'11 . 100 

,i, l ~ :>. S lJ O 

.;, !177.·100 
S .712 . ~~ ) 0 
!f.021I,HOO 

11.:IRO,r,1I0 
!I,!Jl1 ,800 

1l;,U!J3,hOO 
IO,77;i ,:!Oll 
1 1. 2 ~ I , : 10 0 
1:; ,88:l.7 00 
7 ,~J2 I. IO() 

1 I,,; lia .700 
!>.I OO,:I011 

10,108.:100 
G,5 7i , ~O O 
i,OHI,1U9 

1:I.7:17,!lOO 
l:! . ,)H~ . \.l (}(J 

lO,7l!1,GOO 
7,ln7.100 
;' ,388,';00 
, .779.700 
1 . 0r, ~ . 800 

1I ,l 2 1,70U 
6.0 t7 ,800 
,i,2!18,8UO 
3.26 1,800 
S,02S,800 

Est irna trd 
\' , 1111":' ill 
;''l(' f C- rt'l't 

1,102 
.j lll
isn 
I i! 

i.sos 
1.065 
I , ~:! ~ 

..0.) 
1.:U !J 
1.663 

8iH 
1"2U 

1,2:H 
fi !c~ S 

1 . ,~ ') 5 

720 
.)S7 

1.145 
:!.452 

61js 
78:; 

1 . 3 :j ~ 

9~ 3 
1.:tW 
I ,~2;; 

1. 12 ~ 
.) ,1.) 

H4li 
!1·l 1 
!l74 

1 "2'1 
l:iii.j 
1,7:HI 
I ,ll}! 
1,220 
1.,;00 

856 
1,.i i 4 

98 1 
11l'J')
'7io 
7fil 

U SI 
1 . :~ :) H 

1.158
774 
:'is:! 
840 
4:J!1 

1,2 :11 
715 
,j ] :! 

352 
807 

1,012 

1.039 

Acr e-Fee t 
per 

square mile 

:W.7 
n.7 

1l.8 
8 .9 

:! ~ J .3 
20.0 
:.In , I 
rz.n 
~~ :~ 
16.2 
I:L 5 
2:1.0 
1 ~ 1 
::! ~ ) . :! 
I :!. .> 
11.0 
:H. 5 
46 , 0 
1:; .1 
11.7 
2.• . 2 
17. ,; 
2:i .O 
:?:Ln 

~1.° 110. 1 
I ~ . I 

17.6 
18.3 
2:1 1 
20 . 1 
:12 .6 
2 1.n 

~~ : \I 
l ti ,O 
:!tJ. O 
18 A 

20 " 
13 :3 
14 . 3 
27 . 7 
:.!.5• .1 
:,n.n 
1-1..; 
I U. tl 
Vl.7 
S.2 

23 . 1 
13 ,4 
lU. 7 
G.l; 

16,3 

t9. ,; 

Dept h 0 11 

dra iunRf' 
aren in 
inches 

D EV E LO PMENT lI Ii' UP ]'El1 f;AC'H A.\ IEXTO RI VER. 

" I"!ow in California Streams. " ' l'h« rvsu lt« ,,1' III I' cn nrputat.ion« an' 
lablllat ~d on p. ] !!l n]' l lu lleri n .'\0 . .) alld 11 1'" !'I'!wal ed ill th « follo wing 
table with pxl ensl.ons 11I 1'1l1 1g-1i t h« .\" 1';11' 1 ! 1 ~ ;-1. The ti g'llI '( ~ S eu t ere d ill 
th e co lu m n " Est~ lI l1lte d valu es ill 11(: n' -fl'( '1. " ; I I ' , ~ tl1l' 'a lt ll's w ithout 
storngo o ~' lise of \\'11 t l ~ I ' for iITig-;lIion O il t hr- land s up. ·1I'c;)111 l'roiu 
R ed Bluff. Th ey arc btl'g-p l' t ha ll ti ll' ellt l'i ,~s ill tll(~ cO!1I111 n " Va l ue,; 
mea su red at g ag in g st aticu n ear Hed Blu ff ill a cre-feet " by t he esti
mat ed net. a runu nt of upst ream di versions fil l' i hut SI'aSOll. 

, Par tia l Y=, ~ lay 1 to Sep tember 30. 

N'lUlJll 

(0 "' . 1 t n Nopt. :50) 

SEA SONAL R UN-OFF M AIN SACR AME NTO DRAINAG E BASI N. 
Drainage Ar ea, 9258 Squar e Miles . 

~1 t: ~ H1 . lS71- l!f2 1. 50 Yl'.ar3 . 

.\1'.':lrJ . 1871- l!12.i, 5·1 y e l :T:L 

IS7I -n . 
18 7 2 -7 :~ . 
IS7:I-71. 
1871-i ,; " ,. 
ISi 3-i G . 
lS7G-ii ,.' 
ISn -78 
IS7S-i!!. 
1879-80 .1880-S I. _.  _.. - .. 

1881-82 . . 
18S2-S:-;. 
18a :l-84 . . . . 
188·1-8;"' . , 
188.;-8fl. , . . 
1886-8i . " 
188 7-88 . 
1888-8!1. 
188!J-~0 .. .. . .. 
18!lO-91. .. 
1891 -!12 . 
18!J2·n:L . 
1893-94 .. 
189-H 1.; " . 
18!J.i-!I6 . 
18!l6-!I7 
1897. 98 : . 
lS H8 -!'~1 
1 899~HJ : 
WOO-OI 
1?01.{12 . 
! H0 2 -(I : ~ 

IPOHH : . 
l!HIl-O.; . 
l!IOHJ 6 
1 9 0 6 ~ 1 7 . 
1997-08 . 
1908-09. 
I!JO!I- IO.. 
191(j..ll . 
1911-12 . 
l!1I2-I :1. 
Itl1:1-I4 . 
W1-I-15 . 
}(l15-I(i .. ,. , ., . . , .. . 
1916-li . , , 
I!1I7-18 , .. , .. 

: ~: ~~ L : : : : : : : : : : : : : : : : : : 
1!J2G-ZI . 
1921-22 . 
Hl:!t -2;L .
1923-24 
l!t!-t -2.'i: ~ _._ 

41 

25 
'>4 
42 

Il 2 
G(J!j 
G09 
182 
18,; 
48 

148 
lOG 

463 

600 

265 

320 

4.1'>2 
4,G23 
1.8,;8 

'1,022 
j,:H6 

91 

140 
:n 

2.12 

!l.fJJ:: 

I' t i,. 1 If tii -11:l f I."I' 

res-, rd 

fd ). D IU-Oct. l !ll O 

~ (· I ' 1. 1010 -&1'1. 1920 
:\"U \ '. l ~H {) Sept. Itl? u 
Ja n. l! l(}l Ik e. HIO,j 

I 
I ~:~~~!~ P 

miles 

In et. I" W ~L Inn I 
I Xov. 1!llO-D",' , 1911 
l ApT. 1 9 1 ~ ....Se .t . 192tiJ 

Ck t. l ~ IO i- · n(' . 101;'1
.1F I' \). l ~l l n - Ut.\(' . l UI!! 

.lan . I ! ~l -D ec , Ino.; 
~ lay l 'll 8-Se pt . 1921i 

" vt ar . 1!1O-I-Dcc. I!JO,; 
.. .lun. l!I12- .\ uj!. HH :~ \ 
I \ , Iay 1021- 0 01. 1922, 

Jan. HI22- -' pL l U2:! 
.\ JIT. 1! 121 -~b)' 1026 
.\ >~ . 1911- .\ug. I!ll :J 
Au . I!}:!! ~p t . l!l :! :! 

~ · J1 1. 19 1O -Ju ly 1917 

miles .·110 ':(' Red B!utL .. . 
.\ ht"\ e mo 11It of .vsh Crce'c. 

J un. 
Dtt·. 

I :H I • 

. .. 1 pel" 
~ ' fI 

Bel ow mou th of F~1l Ri ver :.1 :F: '.I:II 
lbvc r ~1\ II~ ~1:Jr . HI:! l - OO(lt. IU2li 

.\ t Pel' ~ Bri ,fol!: l>, , .Iune 1 ! ~ 2 - . \ 1J lt- l U2·1 
a miles l ~ l lJW Hf·(·k L'rct-k. , 1 :\o\". 1 ! ~! 2 - ~p t. 1'J:!f.i 

1 mill' ;d 14 \H ' l~ , · k Cr cc~k . 
I ruil,,;-; lJllt l \ T ruuuth ~({'el {JIld Rivr-r 
(j lIIitf" «love Wnd Vnllcy C r:'u . . . 
Abo l·••· jll il ~ l ic r ll with . ~ nt h Fc.rk uf 

Pi t R iv er . 
6 roill ;:' ab ove I th o 
t., mile abc vo Adiu . . .. 
000 r ~l above 1I.u lI l h . 

1~. ~ milr-: brl fl\\' Tub- River und 
will' eM oft ih-nburn . 

:2 mil '-:" unr th of J);.I n: . .. . . 
6 IUl l. "1IJ :al"l\"c towu of Hut (" r(' t ' ~; ..• 

I~ rnilr s }lllhw I of C. l. . ... . 
I mile lIGtt l1 H t Cr," r t ( , ffic (~ . . 
11 mil ~( H t hl-n,.-; r. ur t lj\\ n of Hat 

Crccl. ;mrI .j mill:' lot· low the Hi.... 
S I'~r i lll:~ . 

3 rni.lt ~ ' 1 )C \'~ mn ~ 1 1 h ;,t ltiJ:hway 
brWv.ca I Car ' I .. 

~ 2 rnile . 1)tJ\·(· 1ll0'1I I 

I ~ mile b-l ow ( ' ;I I' It' ( 'r,'(·l: .. 

I 
:woFee: a l.uH· Gn-cc-v r r 

O"w.sit e l own of K:'flflc t1. 

I ..,ii<- '<bt,v,. [" 'ah I ' •.. " 
" 1 1 llI i lc ~ IJlJrt h m'tl 1 t r OIiIJ. 

W A1' E l1 HESOP IW I,:S 01 ' ( ' . \L IF()[~:-; I. \. 

300 f~ct below f m c-til I Cl F \\'0 main 
r nr k ~ . "'imil _ :¥ l ~ t " l'r BlIrrll' v .. 

. . :j mil -' nh()\"(: ( r Or: ~C CrC'e ~ l i d ~ . 

I 
miic ! 'ul hl,\t. l o f Bu ll'r······ · r . \ lJ lT . 1 9 1 1 -. \ lH! . 1 ~ 13} 

:.lar. 1Q2 1 -~ p l. (!)22 
Hllrnry (lJ:'lnw r a l J:;. ~ . l :l mile- helow Burn"'\" 1..lb jilltl 10 

milt 5 nort h of l: u rn ~y 1 ~ [ :J. r . 1921- N" m' . 1922 
3 1 ;1 rniin- . hrHl1l1lo' ll h . . . . . . (Jr.l . 191O-Aujt. 191(j 
~ l() u v:tH H(' (' r & k f" l!'i tIJ · Cf' I AU5l . HJl I- .\'1Il!. 19 t :J 
;, ~ rllll l'~ (Ju t; : Wl'~ t u( r dalpom. . . Oct. l ~ItI -A lUJ. 1013 

~. tl,~li~ n~:~\~ ~~ ~,~i: : ~ ~: ~f r . ~ .o.~~ ~':. ~(:~~.- ~ ~ r~~~ t ~~~ 
Fno : ~ l r i d (' ~ t Wh' k ·to" n., Aut:t . I!HI- 8ept. 1913 
~ rn ~!<.' allOW mOlll h . . , . \ \l ~. 19 L1 -~ t llr . Int4 

/' mIle ' } K ' \ ' C mru· I. . . . . . . .. til( . I911- .J:m . I!H4 
}{ mi !t~ (:lUlt. of Jllli.n C" lI m . .. ..1.\ Ug. l !HI-J:ln. HH4 
.) rnik s abon mout h . .\ ug. HlI I - . l ll r. HH! 

.\ t Forl"s t!'r dam f i ~ l'. 4 mile:: ncrthJ 
w ~ l(' rO llo . 

Ono (a ll . 
0"0 . 

Ono (nca r ). 

Vall Riv-r 'Ii ll., . . 

BlIrll l'Y (ur n ) . 

PI'cks U Tldg'.~ . . 
Liruh' :ly Flat .. ... 
l[ pw lt ' T'fo, ' lll cr Bi,'-; 

Rend . 
Ydctrom. 
Ivy . . . .. 
Likclv . 

Hcndt:rFon . 
M on t !!;CJTIIl'rv (~ Tt ' l 'k. . 

' \i n.h"1nl. . : . 
Gr ' ory . , 
1I ird . 
S h; ~~' . 
~ lilh-i1 "' . 
~ Iill vill . · . 
Pa lo C, 1ro 
,\ IiIh-ill" . . , . 

Carbon . 

Cust cllu . 

Antle! . . 

Dnna . . 
Huwkius Ih m:!J 
Wil('I''t ~n c h . 

Hat r r...k. 
Ha l e",·k.. 

.\ lt llms . 

.\ di ll .. 
F"II River :-Iills . 

C' I. 

.Telly'. Fcrrv, 

l ted Ululi' 
Cunbv. 

Bicber . 

Hal C"x'k. 

Itcur Cr",·k ._ 
Hnt Creek .. 
Ha t (' reek.. 
Hal Ceeek . 
IIal en",l; . 

Main Sacramen to 
River _._ 

~ f ~ i l1 Sac ra men to 
ll lvcr .. . _. ... 

~ bi ll :3 al' r: H[l l~ lI t o 
Hiver ... 

Pit Rivrr . 

Bu r n ~y Creck . 

Pit 1:1 \'(·r . 

K():)k Creek . . 
~l olltg oln ~ry Crt'ek. 
Hquaw CrlX'k .. .. 
~I c C I " u< 1 Hilw 
, 1"Clouu Hi"or. 
C lea r C r~ , ~k . 
CO ~ ( ' r ed~ . 
C lover Cnwk " 
Litt le Cow Creek . 
Bl.'ur Crcek.. . . 
Kort h Fork Co!t rm

wood Creek . . . . 

Tlte total r un -off 1'1'0 111 1he m ll l1l • I\l'!' :l ll l l 'n t o bas in is f u r ll i:;hed by 
th e r ecords of t.he H'd 111ut 1I1lt! .1('lly '8 F 'I Ty r a " in ~ stations. T he 
sea so na l r u n -ulf oht a ined 1'1 '011 1 111(' ' f) l'( ' l'O I't S was Jlt'oje' tl'd into the 
previous yea l's by com pa r isoll of rai n fa ll d a t a . B , ' t h is Illethod val lie,; 
of t he mean se asona l 1'l1ll-01T \\-(,I'e ' Iill IIl ('d fo r t he t wen t" -fO llr yca}"s 
pr iOl' to th e es lali lis h llll' lIt o f the [ lI i t CII ~t al l' . · Geo!o i il'lll ,' I;rvey 
g ag ing st a t ion . 'l'h i:; work is de:;cribetl in Chapter IV, Bu!. t\o. 5, 

~tl r l h Ft:rk Cotton 
wOI,d Cn' ek . 

~l /J ~m ( 'l l' l'k . . 

Stn- u n 

Bu rney C rl"ck . 

Pit River . 

Pit ll ivcr . 
Pit River 
Pit River 

UN IT ED ST AT ES G EOLOGICAL SU VEY GAGING STA TIONS IN T H E 
MA IN SACR Ai'vIE, 'T B IN ABOV E R ED BL UFF . 

r opcr Sac ramento 
Rivr-r .. . . . _. . _. 

l 'l ·l!>rr Hac ra ment » 
Rivcr . 

l' i t. River . . . . . _. , . 
:-; () ~ilh f or k P it HiH'T 
\\'(,l'il Vnl lev C reek . . 

Pilll'Creek 
,'A I ( ~r cd~ .. . 
F<llI River 

18 

-Fall ll ivcr . 



19 

' 3,:1l 7.0UO 
11 ,1 70,100 
lO,:! Iti ,SIJO 
·I ,95!I,:lOO 
.i . j'U 9 , ~O(J 

S,.i 32 ..iOO 
8,835.700 

l u n7, lOO 
H,7,i6 .:mO 

I,;,!)OSYOO 
10 . ;' ~ O , :1 00 

1I ,IlI J ..IOn 
l :l,I\!II,3nn 

7,720,800 
1l,:172.S00 
8,908 ,100 
!I , ~mS.8 00 
(). ;Hi~I, 2 00 

O,S:ll ,GOO 
I:Ul1.100 
1~ , :H i,.l(jO 

lO,l 7J ,8fJlI 
O,9l:1,fHIO 
.i. l:!.i.JOtl 
7) i07,HOIJ 
:J.888. 1lI0 

11,1:\1.800 
1;,:\28,1100 
5,om,WK' 
2.n i2 ,OOO 
i .7:iU.UOfJ 

Values 
nu-naurr-d at 

rmillifl afn l i(ll l 
I1l' :I r Re.l Hlnff 

ill acre- fret 
I--

11I,2lJlI.000 
·I,'SO ,OIlO 
7,:100,1I00 
·I.:\!IO,OOO 

11,5011 ,0110 
9,8,0,11 110 

17,800.1100 
8,:180 ,11110 

12.:J00,Ooo 
15 ,4UO .lil~J 

8.01l0,mo 
1;.G70,IJO II 

11.400,((10 
O, l GO,OOll 

rUOO ,lHIIi 
v.nill ,UOU 
.; ,1:1(1.11110 

1O,GIIII.III10 
:!:!,7110 ,OOO 

li..IOII,OOO 
7.:?iiO.liOO 

12, \l l'1 . III.~1 
S,OlU.oIHI 

! :?,:mo,U!lU 
11.:11::,2IUJ 
10,:1'11 . 100 

,i, l ~ :>. S lJ O 

.;, !177.·100 
S .712 . ~~ ) 0 
!f.021I,HOO 

11.:IRO,r,1I0 
!I,!Jl1 ,800 

1l;,U!J3,hOO 
IO,77;i ,:!Oll 
1 1. 2 ~ I , : 10 0 
1:; ,88:l.7 00 
7 ,~J2 I. IO() 

1 I,,; lia .700 
!>.I OO,:I011 

10,108.:100 
G,5 7i , ~O O 
i,OHI,1U9 

1:I.7:17,!lOO 
l:! . ,)H~ . \.l (}(J 

lO,7l!1,GOO 
7,ln7.100 
;' ,388,';00 
, .779.700 
1 . 0r, ~ . 800 

1I ,l 2 1,70U 
6.0 t7 ,800 
,i,2!18,8UO 
3.26 1,800 
S,02S,800 

Est irna trd 
\' , 1111":' ill 
;''l(' f C- rt'l't 

1,102 
.j lll
isn 
I i! 

i.sos 
1.065 
I , ~:! ~ 

..0.) 
1.:U !J 
1.663 

8iH 
1"2U 

1,2:H 
fi !c~ S 

1 . ,~ ') 5 

720 
.)S7 

1.145 
:!.452 

61js 
78:; 

1 . 3 :j ~ 

9~ 3 
1.:tW 
I ,~2;; 

1. 12 ~ 
.) ,1.) 

H4li 
!1·l 1 
!l74 

1 "2'1 
l:iii.j 
1,7:HI 
I ,ll}! 
1,220 
1.,;00 

856 
1,.i i 4 

98 1 
11l'J')
'7io 
7fil 

U SI 
1 . :~ :) H 

1.158
774 
:'is:! 
840 
4:J!1 

1,2 :11 
715 
,j ] :! 

352 
807 

1,012 

1.039 

Acr e-Fee t 
per 

square mile 

:W.7 
n.7 

1l.8 
8 .9 

:! ~ J .3 
20.0 
:.In , I 
rz.n 
~~ :~ 
16.2 
I:L 5 
2:1.0 
1 ~ 1 
::! ~ ) . :! 
I :!. .> 
11.0 
:H. 5 
46 , 0 
1:; .1 
11.7 
2.• . 2 
17. ,; 
2:i .O 
:?:Ln 

~1.° 110. 1 
I ~ . I 

17.6 
18.3 
2:1 1 
20 . 1 
:12 .6 
2 1.n 

~~ : \I 
l ti ,O 
:!tJ. O 
18 A 

20 " 
13 :3 
14 . 3 
27 . 7 
:.!.5• .1 
:,n.n 
1-1..; 
I U. tl 
Vl.7 
S.2 

23 . 1 
13 ,4 
lU. 7 
G.l; 

16,3 

t9. ,; 

Dept h 0 11 

dra iunRf' 
aren in 
inches 

D EV E LO PMENT lI Ii' UP ]'El1 f;AC'H A.\ IEXTO RI VER. 

" I"!ow in California Streams. " ' l'h« rvsu lt« ,,1' III I' cn nrputat.ion« an' 
lablllat ~d on p. ] !!l n]' l lu lleri n .'\0 . .) alld 11 1'" !'I'!wal ed ill th « follo wing 
table with pxl ensl.ons 11I 1'1l1 1g-1i t h« .\" 1';11' 1 ! 1 ~ ;-1. The ti g'llI '( ~ S eu t ere d ill 
th e co lu m n " Est~ lI l1lte d valu es ill 11(: n' -fl'( '1. " ; I I ' , ~ tl1l' 'a lt ll's w ithout 
storngo o ~' lise of \\'11 t l ~ I ' for iITig-;lIion O il t hr- land s up. ·1I'c;)111 l'roiu 
R ed Bluff. Th ey arc btl'g-p l' t ha ll ti ll' ellt l'i ,~s ill tll(~ cO!1I111 n " Va l ue,; 
mea su red at g ag in g st aticu n ear Hed Blu ff ill a cre-feet " by t he esti
mat ed net. a runu nt of upst ream di versions fil l' i hut SI'aSOll. 

, Par tia l Y=, ~ lay 1 to Sep tember 30. 

N'lUlJll 

(0 "' . 1 t n Nopt. :50) 

SEA SONAL R UN-OFF M AIN SACR AME NTO DRAINAG E BASI N. 
Drainage Ar ea, 9258 Squar e Miles . 

~1 t: ~ H1 . lS71- l!f2 1. 50 Yl'.ar3 . 
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The mcun ~;('as()nal r-un-off from the IlUlIII 8a(~I'ampnto basin 
upstream from n(~(1 Blnff through the. fiftY-~'ea?' per-iod fI'?m 1~71 
to J !l~1 is !l,D2D,()()0 ucrc-fc et , l uclud iug t Iw [Ol\l·. years follr:)\nn~ 
1!)21. th e iuca n is !),(i2:1 ,000 'll:l'I~-f('e1 . The season 01 g-rpatest run-of 
was 188!)-!)0 wlu-n :!.:?.700,OOO a(,\'I ~ -fl'l'\ a re ('stimat,~d to have passer! 
d own t he channel. 'l'11P Sl'aSOI1 of least run-off was 1!12 :~-2 ·1 wh en 
th e y ield was ou ly :1.26:2,000 ac\' e-f ('ct . The 7\' eat v<l1·i ~lt i o ll. 
hetween th ese extremes is indicat iYl~ of th e need of a r eset-von' o t 
g-reat capu citv to holll water over f'rour one, s~ason to another i~ any 
large fru ct.ion of th e men n s('asolwl run-oft IS to he made available 
for use . 

An examination of the d cta il re cords shows all even greater range 
ill t he extreme values of tlw mean daily flow at the g-aging st a t ion 
duriua t he pcriorl of r ecord . The gTeatest value w as o n F ebruary :{, 
IDO!J, when the flow av era~.red 2:i4,OOO seeond-f eet,. til e grea test flood 
of record 011 this st r eam. The highest rare on t h is Ilay was 278,000 
second-feet. The least m ean daily flow OCCIlI'l'pd ill August , 1924, 
wit h a value of 2810 seeond-Ieet. 

.As disclosed by thirtv y ears of measurem ent, the se,~sonal J:nn -ofl: 
is di stributcd through the months of the year ax shown IJ1 the follow
ing table: 

DISTRIBUTION OF SEASONAL RUN-OFF BETWEEN MONTHS OF YEAR 
MAIN SACRAMENTO DRAINAGE BASIN, 

Upst.rearn from Red Bluff. 
1895-1925. 

Itun-off in 
.\ VCf'.lRC run-off JWfcent of 

,\ l nnth in «ere-feet menu 
seasona l 

1 "50 roc 13 .6 
Febr uurv. 
.lanuurv . 

1:188) 00 }6.2 
March . ' 1,501,300 lfi.4 

1.1l8.:jOO I"' ., April. 
8:12.400 s.t ~I:l r . . 
.'>31",00 5 .8 

Jul y . 
.lunc . . 

3i7 ,700 4 .1 
:122.:\00 :1.5 

.-\ lI~'ls l 
2fl:!.i)OO 2 .!) Sept ember ... 

Dcm ber . 328,700 :U 
494.800 .,,4Xovemler .. 

DN.'cmlJC'r . sss.soo 7. 2 

!l,178.t;1I0 100.0 Total:\. 

DEVELOI'.\IE:-<'l' OF 1]P I' E I( 8A CHAM E:\TO nIV EH. 

Based on th e stream gaging' records of t h« Un ited S tates Geological 
Snrvey stations upstream from Heel Bluff', the fifty-yea I' mean seasonal 
run-off f rom th e several sect ions of th e main Sacramento druinuge 
basin is es t ima te d as follows: 

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

Drainaee 
Division area in 

I IIuare uiilos 

._--
Pit River Basin (Pit River upstream frem Bieber! . .. .. , .. . . s.ese 
Pit River Gor ee {from Biebe r to eontluenr-e with Sac ru ment n}. .. . . . 2.287 
:McCloud River .. ' " 

675 

H,2Li8 

~I('an SCiL.'i( )JHd run-off 

In aen'- fcot 
per squa re 

III nero-feet mile of 
drainage 

I 
:l rf" j. 

i53 .0011 24·\ 
3,1R:l.lKlO 1,.=i23 
1..,98.000 2 . :lG~ 

Sucrnmeut o River ( ~l fl~ir'{'a'm ' f~~~~ ~~I~'"lIl~IH:~ ~~i t ll ' the l;it ) . J35 1.413.000 s.zne 
xucra mcn to River (from mouth 01 t he Pit tn Red Bluff ) .. .. .

'"

.... 2.675 s.err.oco t1HO 

Total :'! a nti uvcrngc . .. . 9.V1!'.lKIO 

The fOl'l~g-()ing' fig-llI'I~S represent the run-off from the main Sa cra
meut o dl'ainage basin nllillll'aircd hy divurs ion s of any cha r uc ter . 
Through the irrigat ion of a g-ross ,II'('H , es ti ma ted in J !120 to be about . 
127,000 acres in the Pit River basin, wit h some along Burney a nd 
Hat cree ks, there are now net diversions approximating' a couple 
of hundred th ousand acre-f'eet in the upper part of th e basin . 'I' hi s 
use is growing- slowl~' and umloubtedlv will ex pa nd ult ima tcly to 
the limits of available land and water sl1ppl,\' . 'I'hero are about 
:1:iO,OOO aeres of agr icult ru-al land IlPOIl which wat er co uld be pla ced 
to advantage if an eeo uom i« suppl,\' could be ob ta ine d . 'l'he mean 
sea sonal run-off t ribu turv to this laud is 7:):3 ,000 acre-feet. 

It is est imate d that , of the :1;jO,OOO aeres of ava ilable agr icultura l 
land, 260,000 ultimately may be brought und er i rrigut ion through 
the co nst r uc t ion of ca ua ls anrl reservoirs at known sit es. The 
remainder lies in positions or at elevations too high to be easily 
wate reel hom a vai 1<1 ble :'11 ppl iI'S. TIll' :WO,OOO nerus that may be 
irrigat ed within the horizon of f'u t u re I,ponomies will require about 
500,000 acre-fee t anllllally 01' sl'w'nty !lpr cent of the uieau spasona I 
run-off Irom th is part. of t lu: Sa craillcllto dra illag e ba sin. 

Rnn -off' fnllll t hi s arPH ill any IjlIa n t ity, a ft e r t he ~~ 60 ,OOO a el'es arp, 
pla ced undel' ilTi ga t ion. \\"ollId I'pa ell thl' 10\\"1'1' pm't of t he bai'ill 0111." 
in spasons of ,Iillll1l1ant I'un-off, \\"hen 1he 10\\"('1' hasin "'ould he well 
supp li ed . It would bc too il'l'cgular iu charact er to eq na l izc throngh 
storage allll so \\"ould han' little ndue as a ",atel' s llp p ly . Bclievillg" 
that the best intercsts of the Statc ",ill he suhsen-ed by the full dHelop
ment of the agri clIltural f'('SOllI'CPS of the Pit Riwi' basin, the entil'!' 
I'nn-ofl' frOlll th!' tl'ihlltar'~' d \'a iIHl :!l' a\'ea has bCpll allott ed t o this lise 
in t hps(' ill\"{'stig-atiolls. All ('stilllatps of wat er sllppl~' a\'a ilable fo r 
il'l 'ig'al iOll, IHlIrl'I' o\' othl'r jlllr!l0sPs ill tlw Sacralllento alld S,llI 
.Toaqllill ",dlt',\'s han~ ht'!'lI lllad(' afl!'l' t!p<!lletillg fl'OI1l th e total \'1I11 

off' of tlw IIl<1ill ~aeralll(,lIto basill :he {,ltti\'l' Ho\\" at tht, Hiph!'\' gH:!ing' 
statiolt, l~stil1latpd a1 7.-):; ,000 aerp-f r et ill thl' H\"enlg'e year . Th e res!'\'
"atioll at' this ,rat er pro"iclps fo\' the flltlll' e cle\"elopllwnt of all tlw 
Hg'I'ic u lt 1I nd land 1I pst I'p,llll 1'1'0111 th e KclIlId t \'es elToi r in a pn si t ion 10 
Ill' i\'rigat ecl. 
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TA BLE OF RESERVOI R SITES ON MA IN SACRAMENTO R IVER . 

S t rl '1U lI 

S'u.'l'+lfTlt'U! l ' Hiwr .. . . ... . . . . 

~.l~T:uur ll 1.~J River . . . . . .... . , ... . ..
 
:-) .u:rnlU~l l t j) Ihw'r . .. . .. .
 
:'h n u:Ul1U[(1Hin ·r . .. ..
 
EMr-r Crt"t"k
 
Hl'd Balik C r l'C~~ .· .
 
S (lr t h ( ':L ~ t f ' lIr k -r (, 'ut tuuwcud Cree k
 
;';or lh C' rL ~ t Fork ill rottonwoud Creek
 
Ho.-vcr Creek .
 

(;Ul WIIWllO J Creek ... . . 
Sacramento I-EH'r . . . ... ..
 
Sacrament o Rivcr . .... ...
 
b3 l·r.lU Wll t u River . . . .....
 
:':IOr3 OlDf1t O River .
 
C:.J.~ t.l(! Creek .
 
Cast lu Creek ..
 
'\lcC loud Rivcr .
 
:'l cCloud River. . . . . ,
 
McCloud River . . . . ..
 

:'l cClcuJ River . .. . . . . ... . . . .. . ..... ...
 
~l ('Cl o ud Rlver .
 
:'l cCload Ri ver . . : : : : : : .... .. .. .. . ,
 
Tributary North Fork Pit River . . . . . .
 
~orth Fork Pi t River ... .. .. . . .... , .. .
 
Tr ibutary Nortl. Fork l 'it Rivor .
 
:-5hirlds Creek ... .... . . .
 
~ () rt lJ Fork Pit River ..
 

B c ~ t ·Nl-r.n Pine and P:.iT~.N Crt ~'ktl
 

SIY.l lh Fcr'c Pit Rivcr .
 

S l'ar South Fork Pit Hiver .
 

::h ul!l Fork Pi t River . . .. . .
 
S:' :llh Fork Pit Rivcr .
 
Crooks ( ' :lllY OJl .
 
CT(}(>k::. Canyon . . . . . . .
 

Cro oks C:IIlY OII . . , ... 
Ibttl.lIl1ckc: CI'(".k
 

It.alt tn rJUko.Cn,d~ . . . . . .
 

Tr illl ll ~ \ry t l' I b !' h'l'l tlahl' Creek . 

J:a lir r:l11 1 ( ' rt·' ·¥'. . . . . . . 
"\ l'11r Pil HiH'r . 

~'\elT l 'nnyon j· rm·L 

1\,'ur (' :m \,ofl c rot'k.
 
C lu\'r r ':': '';~I1\' . . _. . . . . . .
 
TrilJlltLlTY t il Pil Hin' ) . , . . . .
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Il" war-J [J" l"' ..
 
I''at Ib n :: 
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I'i t Hi..or.
 

Pit ltiwr . . . . . . . . .
 
o\:d . f 'rr- L
 

IIWI III I.. I. 
1~ ImUrIll 'l }
 

PH H in~ r . .
 
H M·!'lfo( · r l '!' k. 
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... .. 

.... 

... , . 

...... 

.... 

.. , ... 

. . . . 

r. '.l r~ t i ll h I Dmina" t' 
uf d:l Ol : I rr~l illXmuo 1)( rc-r-rvoir sire I 

~ ' l U:l r l'It. tni lce8~~ . T. 
,\ 1. D. fl . ,', :'1. 

1_ _ _ •___. 

l ron Canyon . 
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Cro oks Canyon . . . . "
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Bil! & ULC- .
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. . . . . . 

. . . . . . 

. . . . . . . . . .. . 
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CI' Hul"J('r t.e .... . .. 
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Hii.:' Valk \". , ... . ...
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TA BLE OF RESERVOI R SITES ON MA IN SACRAMENTO R IVER . 
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Reservoir sites, 

Prior to 1921. the only rexcrvon: site in the S1:ICl'1111lento Ii.iver 
Canyon that had been given serious consideration was that at fran 
Canyon n eal' TIed Bluff. Although this sit e is favorably situat ed to 
p(Jlwlizp the run-off of the 8aerampllto River , its capacity is insuffi 
cicnt for th e purpose. 

Other sites exist on th e Pit River capable of being- developed to 
larg'!~ ca pacity at reasonable costs but, being located on a tributary, 
han'. onlv a small fruet ion of t he r u n -o ff of the main Sacramento 
basin passing their dam sitcs . Th e water that does r each thes(~ s ites 
will be reduced by the future g]'()\dh in demand for u-rigat ion water 
in the Pit River basin. 

'I'he 1921-2:1 \Vnter l{esou!'('.es III \'estigatiolls nlad e a re con nois
sau ce su rvev in the S,H'I'amento li.iver Cauyon from R edding to 
the inout h of the Pit River , a distance of 18 miles, in search of possible 
r eservoir sit es 1:It a low eleva t ion wit h capacity large enough to eq u a l
ize the major portion of th e run-off from the tributary druinagu 
a r ea. TIII'ee sit es w ere found. the I'::: cxwick , Coram and Kenn ett, 
named from thp towns in whose proxi m itv thp (lam sites are located, 
Prclim iua rv post es t imat es revealed that storage could be constructed 
at the Kenn ett site w ith Jess cost than at pithel' of t lu- other two, hot h 
of which overIap the m ore f'uvomblc Kennett site. 'I'h c K eswick 
site can be utili zed in conjun ction with the Kennett res ervoir, as an 
11fterbay t 0 r cregulatc the discharge of tho powel' turbines at the 
Kennett rlatu for il'l'ig-ation use. 'l'he discharge from t.liese turbines 
will flu ctuate with the variation in power d emand through th e da.\' 
and wil l need smoothing out hcf'or« being tur-ned loo-«. ill the river 
channel . 

TI\() f'oregoing table Sl'ts forth the salient in l'ormat io» collected 
concerning' I'esen'oir sites in the main Saeru niento River drainage 
basin . This inf'ormnt ion lias be en collected hom va r ious sources, 
It is pres ented without relation to th e fea;;ihility of t ho individual 
sit!'s. I ts a ccuracy is not known , It was asxemhled and used onlv for 
preliminary coniii'd(~rations i n formulating the "Coordinated ];lan" 
of development. 
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C11.1\ 1''1' En I II. 

KENNETT RESERVOIR SITE. 
Genera l, 

Til e Kennett r eservoi r would he el 'eat ed hy a d a lll a el'oss t he «a nyou 
of th e Sac ru m ent o River in sect ion 1;), t ownship :J:{ north , r a nge ;-) 
wes t , 'JL D , I). a nd 'Jr., a bout ,) mil l's be lo w t he co nf luence wit h t he 
Pit a nd 1:1 mil l'S upst rcaiu 1'1'0111 t he c ity of Hedding', A d um a t 
th is point would ba ck th e r iver UJl til e UPIWI' ~a cnllll en t o, the P it , 
t he jlcCl ollll , Squaw ('I' l'pl;: and uu ruernns ca n v ons a nd g ulches Sf) 
that, a l t liougl: th e reservoir is com p aru t ivc lv n .u-row, it would hn vc 
a larg e ea p uc ity. 

The si te is nuturullv Iuvorahle 1'01' H high dam . Jlassi\' e Spill'S 
eon\'el'ge l'ro m the mo untain l'aJlg' l'S on e ithe r side of t he ca nyon to 
fOI'IlI ;J tlnm s it e 1'01' one of t hr- llIost Pl'lllllising' rexervni rs in th e en t ire 
State , A tnpograph ie survey of t he dalll sill ', 1I1a<[e ill l !l:!-l, discloses 
that til l' width of tile st1'('alll l'lIHIIIIl'l at this point is only };)O fer~t. 

'I'h « ca n vo n wal ls Oil cit h er xid « rise Oil an avcl'iIge of :J:l fe r:! per 
100 f(' et of d ista n ce. At a heigh t o f lilO fept nbove low w at er ill t ill' 
r-iver, the canyon wid th is :l()OO f l~e t a nd th e reservoir eapa cit y is 
10,000 ,000 aere-Ieet . 

\Y el'l~ it no t rhn t Ih,' m a in lin e of t h« S ou t h pl'n P uc iflc Ha ill' oa d , 
sev eral m il l'S of st a te lIigll\l'ay, a nd im p r ovemen ts se n' iug' a dj ace n t 
m in es , t l 'a\ ' erSl ~ t hc reservoir S it l~, 'it would y il'ld stored wn t r-r at a 
\'el'Y low POst. T he expense of tiood inl! iiup ro ve meuts eoust it.utcs Irmu 
~ 11 to fi-l IWI' ce n t o r the (-stilllll ted cons t r u ct ion r-oxt of t he r es l-n'oil' , 
accord ing t o t he h l'ig-hl of d am eo nxid rred. 

"\ lthollgh t hr: ex pr-nxe of I'l'!oca t in g till' Sonthe),)1 P a e ifie HlIilroa d 
a nd state hi g hway is la r g e. t hes« proper t ips could f'u nct ion j ns t. as 
arlvant ng cousl v ill ot her loca t ious . Th en' is 110 agri cul t ll l'itl land 
wi th in the rr-xcrvo n- s ite and for the most parr t he rut her s tepp slo p l~s 

have ;I \'111111' 1'01' graziug Plll'POSPS only , 
The Kenn ett dam site has tribnt nrv t o it 7:!. pe l' ce nt of ti ll' drainag e 

a r ea of t he ma in S lIcl'a me n to basi n upst rr-a m trom l{pd nlll l1-'. 'I'hc 
average seasonal run-off is , 10() :ll' !'l'-f ef'! Ill' I' squ ur e mi le , 11 \' e l'Y 
excell en t yi eld . Two of the trihlltal'y s treams, the lIPIWl' Sll( ~l'alll l-Jlto 

a ml 'JlcClond . thllt drain t he sl opes of ~\ rO ll llt ~ha stil , hav« il 1'1111' 011' 

in r elut ion to t lro si zp of th eir dl'ilillllgr: al'plIS thu t is ex r:pede d in Cnli 
fo r llia oulv by a I'(' \\' of the xmu ller sln~lIl1!s ill t h« n o r t h Pa( ;if i(: 
Coast I'egioll , T IJ(' a l" el 'lI~' p sP;lsolla l I'll n-oft' of the Sa l' I'a ment 0 

HiH'I' above the eonflueu ce w it h the Pit is equivalent t o 4!) inehf's 
of depth 011 its d ra inuae a]'(~a and that o r the ~\I cClo\ll1 Ii.iv cr i" 
equ iva lent to -l;) in ches . 'I' he lI\' l'l'ag'e d ep th of seasonal run-o ff on 
the drainage a rens of t hese two st rea ms is nppi'oximat elv d ouble 
t ha t of any of t he other t r-ihutu ries II pst rca III f'rom till' m out h of till' 
F r-a t hpl' Hive r , 

Rese rvo ir capacity , 

A prelim in arv s u rv vv of t he Kennet t I'esel '\, oil' si te wus co m pleted 
in l !) ~ ;~ to t h« l :!.OO-foot contour. whi ch is rn ,) feet above 10\1' 11'11tel' ill 
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th e river at 1he dam site. The 1~(JO-root. contour extends 33 miles 
up the main channel of the Saerament o R iver and 35 m iles up the 
Pit. The surface area of a reservoir at this elevation would be 
;i4,400 acres, which is unusually small fo r its large storage capacity. 
At thi s elevation th er-e are 194 acre-feet capacity for each acre of 
wat er surface. 'I'hi s is more than d oubl e the capacity p er acre of 
exposed water su rf ace of m any reservoir s ites in California and there 
are fe w that excee d it. This relatively small area exposed t o evapor a 
ti on makes the K ennett reservoir an id eal s ite for over-year stor age. 

.A working map was p lotted from t he preliminary su r veys on a 
seale of 1 inch equals 1000 feet, showing con t our intervals of 2;J feet. 
Th e area and capacity of the reservoir at the several heights of dam 
were planimetered from this map and found to be as fo llo ws (see 
Plate C for Area -Capacity Curves ) : 

CAPACITY OF KENNETT RESERVOIR. 

Heigh t or darn in feet Wa ter s-ir faec ele vnf.ion Areu or wutur surface Capacity of reservoir 
(.j fed , freeb oard) of reservoir in feet in acres in ac re- feet. 

100 fJ80 [100 :10,000 
120 700 1,2(iO 52,000 
140 720 1,800 82,000 
l tiO 710 2,400 121,000 
180 7(iO :l.250 181,000 
:.WO 780 1.200 2,17,000 
22(1 800 ;',490 ;J5:1,OOO 
210 820 Ij .;l !llJ 171,000 
:!60 840 7,780 618,000 
2~0 800 s.oso 785,000 
:100 880 10.;;00 983,000 
:::30 000 1~,37 0 1,200,000 
310 [120 11.1.\0 1,176,000 
:JUO OW 10.110 1,7i1,OOO 
380 1)60 18,230 2,l22,OOO 
100 91ll ) 20,500 2.;\lO ,000 
420 1,000 23.030 2,£40,000 
440 1.020 2.\.810 3,430,000 
400 1.0·10 '28.700 :1.080.000 
480 LOtiO :1l.G.10 4,578,000 
,)011 1.080 ~' ·~. 70 0 .1,242.000 
,. 20 
.\ 10 

! ,100 
1.l20 

:n.8:!O 
lO.n o 

5,007.000 
1\,709.000 

.~ 6l) 1,140 H.OSO 7,600,000 

.\80 1,100 47,:1(1() 8,.\16.000 
(;00 1,180 .\0.8 011 !1,,101.0110 
H20 1.200 ;' 1,4:l0 10,5.).) ,000 

Water supply, 

Th e drainage area upstream from t he K ennett dam site is 6649 
square miles, 2609 square miles less than that tributary t o the Red 
Bluff gag ing sta t ion of th e United Sta tes Geological Survey, Although 
a ga ging st a t ion is now es tab lished near the town of K ennett 11 few 
miles above the dam site, t here is only it single seasons measurement 
a t thi s point. All Will e r s up ply r-om putat.iou s for the Kennett. reser voir , 
theref ore. have hccn based upon th e r ecords at the Red Bluff gaging' 
stat ion . 

Estimat es o l' 111(' r u n-otf of t hc sepn rut« u-ibutai-ie» to th e main 
Sa e!'aui pufo busi u have I)( ~ell puhli sh ed ill Bulletin N o. G, " F low in 
f'a lif 'orniu St I'palll s, " pages 17~l t o 1!J1. Applying th ese data , it is 
found l ha t. there is 11 meu n seasonal run-off (GO-y ea r mean ) of 2,5:36,
000 ac re -feet on th e 2(j09 squa r e miles of drainage 11 rea betw een the 
Kennett darn site a nd the Red Bluff gaging station, Thi s is dis-
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tribu ted between t he sever al st re ams as se t forth in t he Iollowing 
table: 

RUN-OFF FROM AREA BETWEEN RED BLUFF GAG ING STATION AND
 
KENNETT DAM SITE,
 

Lk.1 ill ' l i l~ Mcu u eoa somvl 

St ream area 
in sqnn re 

run -off in 
ae ro-feet 

miles (50-year mean ) 

Cottonwood C ret~ k . 9:17 013.000 
Clear Creek, . , . ~.i l 295.lX)O 
Churn Creek Group. lOO 83,000 
Cow Creek . HI ;'10,000 
Bear Creek Group. 137 101,000 
Ink 's Creek . . :11 28,000 
Paynes Creek . _ . 80 81.000 
&u ~ r re~ . . . :\(\7 ·122,000 
Backbone Creek Group (partiul) . 113 97,rXIO 
Direct a n~ :l. . . . 116 o 

Totals ... .. ·,·1 2,609 2,.1:10,000 

The mean seasonal run-off (GO-ye ar mean) at Red Bluff, unim
paired by upstream diversions, is D, D29,000 acre-feet. Subtracting the 
run-off from the are a between R ed Bluff and the dam sit e, the unim
paired mean seaso na l run-off (;JO-~' ea[' mean ) at t he K ennett dam 
site is founrl t o be 7,:3!l :1,OOO acre-feet. This is 74 p er cent. of th e 
run-off at th e Hed Bluff gaging' sta ti on , This factor wa s used ill 
es t.ima t ing the monthly and seas ona l run-off values <I t. K ennett. fr om 
t he correspond ing' values at. R erl Bluff dm-iug the per iod of mea sure
ment.. The estim at es pr ior to I SD;"), t he year of establ ish ing' the Hed 
Bluff gaging stati on , were made by subtracting I ro m the estimated 
values at Red Bluff, tabulated on pa ge If), the monthly and seasonal 
valu es for th e 2(j0f) squa r e miles of drainage area betw een th e gag in g' 
st a t ion and th e K enn ett dam s ite, 'r ite monthly arid seas ona l values 
for thi s area were tak en from the esfimatcs for I he partial area s in 
th e m a in Saer. uucn to drainae e basin publish ed in Bulletin No. ;».~ 

'I'h e ent ir e flow so estima ted , w ith th e exce pt io n of t he wa ter diverted 
fo r agricultural u se in the Pit H iver basiu, would he available for 
generating power at the Kennett d um site. IlO\YC\"f~I', due to prior 
rights established for agricultural lise downstr-eam fi-om the Kennett 
r eservoir site, onlv part of this water is available for n ew agricultural 
d evelopment. 

I II 1920 th ere \I ' P) 'P. 127 ,000 acres under irrigati on OIL t he upper P it 
River, This area is ex pa nd ing; from year to year and will evcn tua llv 
req 11ir e prac t ically the en t ir e flow of t he st re am, In or de r to allow f'or 
the f n ll developmen t of the ag'l'icu l t mal lands u ps!rea m from th e 
K ennett reservoir site, the ent ir« r un-off of t lie Pi t R ive !' basin, as 
measured at tJ1(~ Bi ebel' gagiug st at iou of the United :-it. tes (Icolngicul 
811I'I'p~' , was deduel ed Irom 1111~ u n impui red run-oft' ut the Kennef t 
rlum s i l l' 10 oht a in t h« \I'ntp!' nvai la hl« i ll 11i (' 1" " IIII'p 1'01' hotl, pml" t'I ' and 
ii-rignt ion development . 

' I' h« seasona l run-off al l:i ,·IH'r \1' i1S ('ollljlul etl hy developing' a run 
ofr cu rve hom t lre severu l spasons ' re eo!'tl of gaging'S, following' th e 

• P a g es 182 t o ] 91, B ul. N o. 3, "Flow in Ca lifurnia St.rea ms ," Di v ision of J~ n g i n e er 

i ng- a n d Irrigation. S tate D c pa rtme n t o f P u blic Work s, 
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th e river at 1he dam site. The 1~(JO-root. contour extends 33 miles 
up the main channel of the Saerament o R iver and 35 m iles up the 
Pit. The surface area of a reservoir at this elevation would be 
;i4,400 acres, which is unusually small fo r its large storage capacity. 
At thi s elevation th er-e are 194 acre-feet capacity for each acre of 
wat er surface. 'I'hi s is more than d oubl e the capacity p er acre of 
exposed water su rf ace of m any reservoir s ites in California and there 
are fe w that excee d it. This relatively small area exposed t o evapor a 
ti on makes the K ennett reservoir an id eal s ite for over-year stor age. 

.A working map was p lotted from t he preliminary su r veys on a 
seale of 1 inch equals 1000 feet, showing con t our intervals of 2;J feet. 
Th e area and capacity of the reservoir at the several heights of dam 
were planimetered from this map and found to be as fo llo ws (see 
Plate C for Area -Capacity Curves ) : 

CAPACITY OF KENNETT RESERVOIR. 

Heigh t or darn in feet Wa ter s-ir faec ele vnf.ion Areu or wutur surface Capacity of reservoir 
(.j fed , freeb oard) of reservoir in feet in acres in ac re- feet. 

100 fJ80 [100 :10,000 
120 700 1,2(iO 52,000 
140 720 1,800 82,000 
l tiO 710 2,400 121,000 
180 7(iO :l.250 181,000 
:.WO 780 1.200 2,17,000 
22(1 800 ;',490 ;J5:1,OOO 
210 820 Ij .;l !llJ 171,000 
:!60 840 7,780 618,000 
2~0 800 s.oso 785,000 
:100 880 10.;;00 983,000 
:::30 000 1~,37 0 1,200,000 
310 [120 11.1.\0 1,176,000 
:JUO OW 10.110 1,7i1,OOO 
380 1)60 18,230 2,l22,OOO 
100 91ll ) 20,500 2.;\lO ,000 
420 1,000 23.030 2,£40,000 
440 1.020 2.\.810 3,430,000 
400 1.0·10 '28.700 :1.080.000 
480 LOtiO :1l.G.10 4,578,000 
,)011 1.080 ~' ·~. 70 0 .1,242.000 
,. 20 
.\ 10 

! ,100 
1.l20 

:n.8:!O 
lO.n o 

5,007.000 
1\,709.000 

.~ 6l) 1,140 H.OSO 7,600,000 

.\80 1,100 47,:1(1() 8,.\16.000 
(;00 1,180 .\0.8 011 !1,,101.0110 
H20 1.200 ;' 1,4:l0 10,5.).) ,000 

Water supply, 

Th e drainage area upstream from t he K ennett dam site is 6649 
square miles, 2609 square miles less than that tributary t o the Red 
Bluff gag ing sta t ion of th e United Sta tes Geological Survey, Although 
a ga ging st a t ion is now es tab lished near the town of K ennett 11 few 
miles above the dam site, t here is only it single seasons measurement 
a t thi s point. All Will e r s up ply r-om putat.iou s for the Kennett. reser v oir , 
theref ore. have hccn based upon th e r ecords at the Red Bluff gaging' 
stat ion . 

Estimat es o l' 111(' r u n-otf of t hc sepn rut« u-ibutai-ie» to th e main 
Sa e!'aui pufo busi u have I)( ~ell puhli sh ed ill Bulletin N o. G, " F low in 
f'a lif 'orniu St I'palll s, " pages 17~l t o 1!J1. Applying th ese data , it is 
found l ha t. there is 11 meu n seasonal run-off (GO-y ea r mean ) of 2,5:36,
000 ac re -feet on th e 2(j09 squa r e miles of drainage 11 rea betw een the 
Kennett darn site a nd the Red Bluff gaging station, Thi s is dis-
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tribu ted between t he sever al st re ams as se t forth in t he Iollowing 
table: 

RUN-OFF FROM AREA BETWEEN RED BLUFF GAG ING STATION AND
 
KENNETT DAM SITE,
 

Lk.1 ill ' l i l~ Mcu u eoa somvl 

St ream area 
in sqnn re 

run -off in 
ae ro-feet 

miles (50-year mean ) 

Cottonwood C ret~ k . 9:17 013.000 
Clear Creek, . , . ~.i l 295.lX)O 
Churn Creek Group. lOO 83,000 
Cow Creek . HI ;'10,000 
Bear Creek Group. 137 101,000 
Ink 's Creek . . :11 28,000 
Paynes Creek . _ . 80 81.000 
&u ~ r re~ . . . :\(\7 ·122,000 
Backbone Creek Group (partiul) . 113 97,rXIO 
Direct a n~ :l. . . . 116 o 

Totals ... .. ·,·1 2,609 2,.1:10,000 

The mean seasonal run-off (GO-ye ar mean) at Red Bluff, unim
paired by upstream diversions, is D, D29,000 acre-feet. Subtracting the 
run-off from the are a between R ed Bluff and the dam sit e, the unim
paired mean seaso na l run-off (;JO-~' ea[' mean ) at t he K ennett dam 
site is founrl t o be 7,:3!l :1,OOO acre-feet. This is 74 p er cent. of th e 
run-off at th e Hed Bluff gaging' sta ti on , This factor wa s used ill 
es t.ima t ing the monthly and seas ona l run-off values <I t. K ennett. fr om 
t he correspond ing' values at. R erl Bluff dm-iug the per iod of mea sure
ment.. The estim at es pr ior to I SD;"), t he year of establ ish ing' the Hed 
Bluff gaging stati on , were made by subtracting I ro m the estimated 
values at Red Bluff, tabulated on pa ge If), the monthly and seasonal 
valu es for th e 2(j0f) squa r e miles of drainage area betw een th e gag in g' 
st a t ion and th e K enn ett dam s ite, 'r ite monthly arid seas ona l values 
for thi s area were tak en from the esfimatcs for I he partial area s in 
th e m a in Saer. uucn to drainae e basin publish ed in Bulletin No. ;».~ 

'I'h e ent ir e flow so estima ted , w ith th e exce pt io n of t he wa ter diverted 
fo r agricultural u se in the Pit H iver basiu, would he available for 
generating power at the Kennett d um site. IlO\YC\"f~I', due to prior 
rights established for agricultural lise downstr-eam fi-om the Kennett 
r eservoir site, onlv part of this water is available for n ew agricultural 
d evelopment. 

I II 1920 th ere \I ' P) 'P. 127 ,000 acres under irrigati on OIL t he upper P it 
River, This area is ex pa nd ing; from year to year and will evcn tua llv 
req 11ir e prac t ically the en t ir e flow of t he st re am, In or de r to allow f'or 
the f n ll developmen t of the ag'l'icu l t mal lands u ps!rea m from th e 
K ennett reservoir site, the ent ir« r un-off of t lie Pi t R ive !' basin, as 
measured at tJ1(~ Bi ebel' gagiug st at iou of the United :-it. tes (Icolngicul 
811I'I'p~' , was deduel ed Irom 1111~ u n impui red run-oft' ut the Kennef t 
rlum s i l l' 10 oht a in t h« \I'ntp!' nvai la hl« i ll 11i (' 1" " IIII'p 1'01' hotl, pml" t'I ' and 
ii-rignt ion development . 

' I' h« seasona l run-off al l:i ,·IH'r \1' i1S ('ollljlul etl hy developing' a run 
ofr cu rve hom t lre severu l spasons ' re eo!'tl of gaging'S, following' th e 

• P a g es 182 t o ] 91, B ul. N o. 3, "Flow in Ca lifurnia St.rea ms ," Di v ision of J~ n g i n e er 
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meth od s d e ~ ( :ril w d in Ch ap te r I V, l rnllct in Xo. ;\ " I" lo\\' in Ca lifo rnia 
~ tr l'a lll s , " a nd taki ng' oft' t he vu lu cs for t he seasons ot he r t ha n those 
during' whi ch measurem ents we r e ma d e by t he usc of t he indices of 
\\'(:tn p,;s fOJ' Prr -c ipitn t ion D i\' is ion :\ ( p . 82, B ul . ~o . il ) . 'l' he un im 
pu irr-d IIH'aU ~ ( 'a,;ollil l r un -off ( .l O-y ca!' nu-nn ) so obtai ned is 75;~ ,OO O 
;1( ~I · p - f l' l' t. 'I' horrIo rc, t he ruen n ";I'a,.;o lla l ru n-oft' at th e K euuet t dum s ite 
ava ilub lc for g'I'Il('J'ati ng' pO\\'rr is G,G clO,OOO acre-feet. 

It i,.; difficult to csl irun t e t lu- prior rig'h t,; t o wate r pa",.; illg th e Ken nctt 
d am s it«, »iuec t hr-sc right,.; have never been a rlj lld ica te(l. H owev er , 
I'm' t he j JlU' W N :' of t his invest igut ion. it was assu med t ha t the eut.ire 
flow of t lu- st rcai n up to ;>000 "(:'l!ollll-fcet would he r equired between 
.\Inl'e ll l st and Ol:lo lJl'r :11>;1 in (m lel' ( 0 sa t isf'y t he r ig hts of u sers 
do\\-lhll 'l'arn f'rom t h( ~ K r-u u e t t d a m s it e. Un c-Iou rt h of t his was 
ass llnlP<! to ()J' igilla 11, lu- Iow t he da m. On ' hi" haxis, bad t hese rightx 
Ill'l'll in p xi~t('lll:t : d u r ing' t lu: ;) () -~ ' l 'a r period , ] 871 t o l!l~l , a nd Iul lly 
('xr !"C' i,,; pd , 1hi'," wnu k l ha n ' req llil'l'd for t hcir sat isf uct.ion hom t he 
wa te r p,I,;,;iug' thp K vunc t t rl.uu ,;itl' all uve r ag c of 1,7:17,000 acre 
['1' ('1 1)( '1' ,.; ea" oll. TIll' mea n s(~a s o nal r un-off <It Kr-u nett uvu ila hle for 
Il l ' \\' agTicld l ura l dp\-plop llll' lIt is, t h!' I 'dn ]'( ~ , 4,90:3 ,000 a cr e-feet. 

'1' 11( : Fo llowiutr t nblr- ,,('I s forth t hes!' ('st imatf' S hv seasons, Iwgiuni ng' in 
1871 : 
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meth od s d e ~ ( :ril w d in Ch ap te r I V, l rnllct in Xo. ;\ " I" lo\\' in Ca lifo rnia 
~ tr l'a lll s , " a nd taki ng' oft' t he vu lu cs for t he seasons ot he r t ha n those 
during' whi ch measurem ents we r e ma d e by t he usc of t he indices of 
\\'(:tn p,;s fOJ' Prr -c ipitn t ion D i\' is ion :\ ( p . 82, B ul . ~o . il ) . 'l' he un im 
pu irr-d IIH'aU ~ ( 'a,;ollil l r un -off ( .l O-y ca!' nu-nn ) so obtai ned is 75;~ ,OO O 
;1( ~I · p - f l' l' t. 'I' horrIo rc, t he ruen n ";I'a,.;o lla l ru n-oft' at th e K euuet t dum s ite 
ava ilub lc for g'I'Il('J'ati ng' pO\\'rr is G,G clO,OOO acre-feet. 

It i,.; difficult to csl irun t e t lu- prior rig'h t,; t o wate r pa",.; illg th e Ken nctt 
d am s it«, »iuec t hr-sc right,.; have never been a rlj lld ica te(l. H owev er , 
I'm' t he j JlU' W N :' of t his invest igut ion. it was assu med t ha t the eut.ire 
flow of t lu- st rcai n up to ;>000 "(:'l!ollll-fcet would he r equired between 
.\Inl'e ll l st and Ol:lo lJl'r :11>;1 in (m lel' ( 0 sa t isf'y t he r ig hts of u sers 
do\\-lhll 'l'arn f'rom t h( ~ K r-u u e t t d a m s it e. Un c-Iou rt h of t his was 
ass llnlP<! to ()J' igilla 11, lu- Iow t he da m. On ' hi" haxis, bad t hese rightx 
Ill'l'll in p xi~t('lll:t : d u r ing' t lu: ;) () -~ ' l 'a r period , ] 871 t o l!l~l , a nd Iul lly 
('xr !"C' i,,; pd , 1hi'," wnu k l ha n ' req llil'l'd for t hcir sat isf uct.ion hom t he 
wa te r p,I,;,;iug' thp K vunc t t rl.uu ,;itl' all uve r ag c of 1,7:17,000 acre 
['1' ('1 1)( '1' ,.; ea" oll. TIll' mea n s(~a s o nal r un-off <It Kr-u nett uvu ila hle for 
Il l ' \\' agTicld l ura l dp\-plop llll' lIt is, t h!' I 'dn ]'( ~ , 4,90:3 ,000 a cr e-feet. 

'1' 11( : Fo llowiutr t nblr- ,,('I s forth t hes!' ('st imatf' S hv seasons, Iwgiuni ng' in 
1871 : 
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W ater yield for irrig at ion. 

DIle; 10 th e g l 'l' nt il'n :g lil m'il y ill Ihe Y a l ll " .~ or " ('Il ~ o wd !'IIII -ofl' ill 
s llecpssi"e Y l.~a l' s , sto l'age fae il iti <. 's do lIot . ·it' ld 1111 ' sa uH' eq ua lized JlO \ \ 

ill a ll y ea rs or throll"li 11 11 Jler iods (I f ,)' (' <1 1·. ·. 'l'h (~ f tl l'l ' ~ o in 1-!' t<l hn la t ilJ lI 
of t he seasu nal r un -ofT 1\ "a ila lil(' ror lIt' W il'l'i"'a fioll lI ,.;e ho, '" a Ini u i
mum seasOllal ,"al llt' of H ~ J-l , O O O ,wl'e-ff't't for 1! ) ~ : :!..t a n ([ a Illfl.-iIl1 1l11l 
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lSi .i-7H. 
l81Ii-i7 . 
18i 7-i R. . 
IB7B-7!l. 
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I ~O,;-{lt i. 

IlI06-Ui . 
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I !J 09~1 0 . 

1 ~ 1(l- 1 1. 

1 ~ 1 1 -1 2 . 

1 ~ 1 2-1 3 . 
1~ 13 -H 
I ~ II -I .; . 
I !H .~) - I(1. 

191(1-17 . 
1!ll i -I B. 
WI8- I!I. 
1 ~ 1 !l-2 0 . 
1920-21. 
Hl:!I-:?2 . 

SEASONAL RUN-OFF AVAILABLE 

w. ,T El{ H\ ·:sOl : 1((' I':"; ( W C.\ LJIo'O]( X 1.\.28 
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y,t1IW 0 1' lI J j:I!),OOO ;I< 'I'l'-I'I'I'/ in l i' ,'-'!)- !l{) , t h irrr-en l inu-s lal'g"f'l' tha n t hn . . 
nnnmuuu. 

' 

II' it \n' I'I ~ (ll'npo:'wd to [Jro \'idl ' ;;lorag'I' only l'nr hold inu wil d er wate r 
nvc r t'nr the fol lowing' su nuur-r U;;(', i' !l4, IlOO 1I< ' J'(' -f l'l't of r eservoi r 
l'a pacity wou ld mak e t hr- a vu i luh h- r un-off of t he m in inu uu ."I'ar usabl e 
fo r no w irri gn t ion su p pl ies. Sn l'h a reserv oir would d el iver a perfect 
sup p l ~ ' t hrouuh all sonsous, h ut. t he a verugo vielrl wnu ld hl ~ only ab ou t. 
20 pl'l ' ce n t of th e mean sea so n a l run-oft' av u ilublo f'or n ew irrigation 
su p p lies. E ig'hty IWI' cout of t ho uva ilablr- run -off would be wasted . 

If it were d esired to util ize ill ea ch St'asoll the entire available r un-oft 
of that season, the r eservoir sh ould 1)(' const ru et etl t o store the win t er 
water of the maximum seaso n fo r lise du r iu g th e followin g su nuuer. 
This would requ ir e H eu pacit .v of 7,DO;l,OOO ;WI'p-rl'ct, ab out n ine times 
la rge r tha n is lIcel'ss,]1',1' t o cfjualize t he m iu imum S('asOI!. 1I such a 
reservoir Il<Id hPI'U cons! l'u tf('d in 1H7l and pnlpl icd paeh seaso n, it 
would ha ve hl'pn put t o f nll USf' onl ." OIIl'P in t lio Io llowiug 54 years , 
011 the a veru g e on ly ;)0 p PJ' ce n t of it« «apae it v woul d huv e been u til ized, 
nn rl t.I11 ~ yield in s uccess ive scasou s would hnve vari ed l imO p CI' cen t. 
Obviously , it would be useless t o develop su ch all i rregulur s llp ply, f or 
t he re is no type of ugricult n re t ha t could survi ve its uncertai nties. '1'0 
obta in p r a ct ical results in t ho uso of iuuch more t han the minimum 
seasonal r u n-oft', it is necessarv to store wa ter over from oue season to 
a nother . The exten t to \" hi ch this should be done to secure a 
re asonabl y unifo rm d raft fro m the rese rvoi r requires au exten de d 
in ves t ignt.ion . 

An alyses of t he yield of th e K ennett r eservoir, ope ra t ing p rimarily 
f or ir r ig a t ion , were made for fiv e height s of dam . T he irriga tion 
d raft was d etermined fo r each hr ig h t t hat cou ld be s us tained t h ro ugh 
t he .34-yea r period of run-off cst iniat cs with a d cfiei cu cy in su pply not 
oftene r, on an a ve r age, t ha n one y ear in ten . These a na lyses were made 
by a p p lyi n g t he ass u me d r a t e of dl'a f t to thc 51 seas ons of run-off 
r ecord a n d no ting the progress ive r esults . The application wa s made 
month by month through t.he en t ire p eriod , st a r t ing' from a f u ll r eser
vo ir a t t he clo se of th e y ear 1871, a nd using the est im ated monthly 
va lu es of u n im pa ir ed r u n-o ff a t the K ennet t dam s ite reduced by the 
How of the Pi t River a t B ieber. Th e a na lyses were made both with 
a nd withou t the d educt ion of es1imat od prior r ig-htx d ownst r eam fro m 
the dam site. 

The i rri gn t ion d raft from t he r eservo ir was assumed to be d istribu ted 
th rough t he season in accordance w it h t he d esira ble mon th ly it-r iga 
t ion rlc mund det errn in ed for t he Sac ra men ta Vall ey floor in previous 
studi es." It is as fo ll ows : 

• See n. (l~). B ul , No, G, "L rrlgu t.Ion Jtc q un-em e u t s of Cali fornia Lands : ' Div isi o n o f 
"~ngiT1 E"eI 'ing u iul I t-r iga t ion, Sr a t e D epa rt mont or Public W ork s . 
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DISTRIBUTION OF IRRIGATION DEMAND THROUGH THE SEASON. 
lrrigufion dprna l1C l 
in I't l' cen t of tnt u i 

Xlont h: ;.~ I OWOIl :l l llS(, 

.Iauuary . II 
Febru ary . o 
March 
Apri l .. .'i 
May . I i; 
Ju ne. :W 
.July . 21 
Augus t . 20 
Sep tember . 12 
Octo ber . 4 
Xovernbcr . o 
December . • . . . () 

Total . . lOll 

The wat er III stor age III the rCSl'l 'VO lr was reduced month by mouth 
by the est imat ed ev a po r a tion from th e water su r face. 'r his W~I S taken 
a t 3.5 fe et net pel' annum, distributed between the mou ths from April 
to December as in th e fo llowing tab le. It was assuuux] tha t the gai l! 
from precipitation on the reservoir su rfuco h om December to April 
compensat es the loss by evupornt iou cll1 ri llg th ese mouths. 

ESTIMAT ED NET EVAPORATION FROM KENNETT RESERVOIR . 

Mon th 

April. 
May . 
June.. .. 
J uly . . , . .. .. . . . . .. .. .. .. .. 
AUgllSL . . .. .. .. .. .. .. 
Sr.-i) t ('mhc~-. 
October . 
~o v e lll bc~ : 

Tot:l h, . .. . . - . .. .. .. . . . . .. 

Dep ih in 
feet 

1)('r cent "f 
! c:l.'tl1n:II 

to ta l 

n.:! 
12.t.i 
1:; . 0 
17.8 
16.6 
12.7 
9 .6 
0 , ,1 

100 .0 

1l. :1 ~ 
0.4-1 
O.;j :! 
0 .62 
0 .,i 8 
0 . ,15 
lUI 
0 . 23 

3 . .jO 

These computations sho w th a t a 420-foot clam would produ ce eac h 
season 2 , 8 ;~ 8 , OO O acre-feet of n ew water equa lize d for irriga t ion use, 
01' 4,27 6,000 acr e-feet, includ ing' prior-right water eq ual ized to the 
irrigation demand. T he seas onal yi eld s for five heigh ts of da m are 
sho wn in the following table, to geth er with th e ave rage and maximum 
amounts of their deficien cies, It may be no t ed that th e ma gn itude of 
t he defi c iencies in supply increases for the larger re servoirs, althoug h 
th e frequency with wh ich they occu r a vcragps one yea r in ten f or all 
heights of d am. The value 01' t he m aximum defici en cy ra nges from 
50 to 81 pel' cen t for th e three h igliest (lams. Such deficien cies would 
be di sastrous if' t hey occu rred very oft en . H owever, r efer enc e to th o 
tables all pages :)7 an d ::8 shows th at t.lu-s« maxiuuun ddleienci (:s 
occurred ill 1924, a year of :l:: pCI' cen t l1orl11111 run-off, tcrrn ina t iug n 
se r ies of t hr ee years tha t averaged 51 p<~l ' cent normal , a most unusu al 
occurren ce, (See table, p ag( ~ 2!1 . ) Th e deficien cies in th e year 1920 
were als o rather large, bu t. the maximum deficien cies d l1 r i n~ th e 48-year 
period prior to ] 920 ra nge d ill t lie sev er al eoniputa t ious from only 
1 to 22 per cen t. 

If, in or d er to avoid the large de ficienc ies here sh own in th e y ields 
f or the higher d ams, a moderate limit had been placed on th e maximum 
defi .ieney in sup ply wh en comp ut ing th e yields for th e sever al heigh ts 
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8-50667 

0 .7 2fi 
0 . n :18 
2 .8 69 
s .e 77 
4 . 1 8 \ 

Deficiency in PL' f cen t 

With deduc tion for pr-ior ri~ht.~ 

4G6.000 
1,1l 8,IXX) 
2,838.000 
3,8.'l8,OOO 
·I,G86.1100 

l rr igntiou vicld 
ill a re-feet 
per seaso n 

Defir- iency in per (' ('II t 

.\ n:r ~ ~t ' of IMaximum 
a ll M""..l ~( l(l J' w asn n - -118 -O. li 

n.n 16 
1.6 50 
2 .R (, } 
: l. ~ Go 

I 

\\'AT EI : ItI ';SOI '!WI':S ( II' ( ' .\ LIFO [t )'/ L\. 

Without do.Iuct iou for pr ior righ t s 

I 
Iri ~ ~ ~ ~~:\;~-~:~ h l 1-\ -r-r 1 

pe r F t~ :U. O u 

2~O I. 168.0m 
:1 ~U 2,.j ,=) fj,nOO 
420 4.276.000 
,I)1U o:! 80.UOO I62 0 I 6, 3 7~ . lXXI 

1J(.d ,l or ol" II1 I - - - - ----, - - - - - - - - I - - - - - ·- - - - - - - 
iu feet 
(;j f(·\'t 

fH'choar d ) 

11. is iuto rest iu g t o ohs erv« th e pa r t of t ill' spasoll1tl i I'J'ig at io ll yi eld 
t hn t is s u p pl ied i' roi n st o l'ed wut «r. 'I'h is vn ri es fur t h « sl'\, pl'al h l' ights 
of dam and l'ro rn spasoll t o ,.; ea "; OI I Io r t hc same h pig-ht. 1·' 01' th e 420-1'001. 
dam without d cd uct ion f o r pr-ior l' ights 50 1)('1' ce-nt of til e av erage 
yir -ld is wa t e r t a ke u f'roiu s lo nlgl.', a nd wit h d educt ion 1'01' prior r ig hts 
71 p el' cent of th e a vera ge yi eld is t a ken f r o m s l m' a g e, Til e r emaind er 
is suppl ied d i rcc t. from t he How ill th e sticu m. The a ve r a ge u se of t h e 
J'c,sC! '\'Oil' s p ace p:Jeh sea ,.;nn is 74 and (jl' pel' ce n t , re,.;prdin'l,\'. 'l'h e 
fo ll ow iu g' t a h le prcsP1I1 ,; th ese figllJ'e ,.; f or all hei gh ts o f d am : 

SEASONAL IRRIGATION YIELD -KENNETT RESERVOIR, 

Operating primarily for irrigation. 

Deficiency in Supply on Average of One Year in T e n . 

o r rla m (,olll p ar('d , t ill' !Iig-Il d a lllS would ha ve ,,!Iowt I illm o"l 1'1'1'1'1'('1 
su pply t111'I)\\g-1i t III' 4~ - ,\"('a I' pPl' iod 1'1'101' to 1!)20 ;11111 wnn ld IIaY' ~ 
lIad ollly 1I10dl'rat , ~ d ('(jt 'iPllI'i ('s i ll 1!):!+. ~11I'1i sllppli ('s woul «! !I" 
IIIH'('OIlOlll i,' ;d ly 1H' l'f l'('1 illld ';IIP P!'iOl' t o t ill' vi r-lrls for t lu: 10\\"('1' dalll'; 
wh it-l: w o u lr] hu vr: luu l iI Iilr g-I' I' 1I1111l1 H'1' or d pfi,·iPlw ip,; a p p l'oa e h i llg- th e 
IIlOd, '!';lIp limit dlll'illg' t lu- sn nu- Ill,!,jod , TIII'I'('fol 'P, wh ile t lu: S,\:SIPIII 
,lIlopt pd for m a kitur till' cmu purisou«, or ':OIl1pllt ill g ~ 'iplds OIl 1h" bas is 
o f cqu u l f l'Plj Ul'lH'y of (1pfi('iPIl('ies , d Ol'''; 1I0t prod ncr - ('x a d ly eo m pa rahh
I'P";lIlt :;, it is Lwli "vPd t h ut t l u- v u n - IIlOrp u eu rlv eOlll p a rab le tb an would 
huve Lll'l'lI o h t u in ed had a ruocle rnt c limit been pla cr-r] Oil t ire a llowable 
defi cieucv. To obtn in l'xa ctl." «om purnhlc results wou ld have requ iretl 
pl;ll'ill g' a different limit Oil t he ma xiuuuu dpfi c ipll c~' i ll th e eom put a 
t ious of vir-ld fo r " a e!I Iwi g-ht of d a m , T his l imi t. \\'0 11 1(1 han' bf' PII 
fix ed h~ ' \\,pig-hillg' t lu- relat iv c ,'llIISf'qn PII( ~p of til(' Illa:"mitlld r and h e
quency of th c several ddi"iplI eil's. Til l' labor involved ill 1I1 :eOIll
plishill ~ this t hr o ug h a s(!ri ps or trial eOlllpn tati ons wa s judged to 
lIP g'n 'at Pl' t han w as \ra lTill l1<'t! by t lu- s mall d itTerl'lH'l' t h a t i t. w ou ld 
lrnve IIWell' ill t !I1' results. 

". )
d.;.. 



""': :-:' :.~ 
.....~ '="1C' I 

;:; 2 ~ 
~ g g § § 
1 ~ ~ :'i ~ 
.. -. CX! ~ ::-

...- (',1 ..:

---

.,., ::=o:l ;r. 
o ''': I - tO - ~ 

~ 
o--

c:· c o~ · ::::. 
c co.=. o 
c . c: q:::::. =: 
..... ':' 1 .......... 1 _ 
- _ r.J:l'_ ''= 
..- CL)..-~ =-

C'J:<:;":- '; 

:::, c oo c 
·~ , =oc c
C ,:::;.o=· c 
OO C;cn£ -:-1 
~_: ~ ~ ~ ~ ;:. 
...... ':') <0:1" .") '~ 

DEV EL OI';\I I-: N'l' OF II P P ElI SAc' R,D I E N'T O HIVEf1. 

I 

sa 
<ll 

8 
I... 

al i<ll 

t.l 
C 

~ 

a -;; 
lo 

<ll 
be 

~al 

<ll c 
c 

~ 

1 
£ 

. 

I 

I 
i 

I 

I 

o
0:: ....-

8-50667 

0 .7 2fi 
0 . n :18 
2 .8 69 
s .e 77 
4 . 1 8 \ 

Deficiency in PL' f cen t 

With deduc tion for pr-ior ri~ht.~ 

4G6.000 
1,1l 8,IXX) 
2,838.000 
3,8.'l8,OOO 
·I,G86.1100 

l rr igntiou vicld 
ill a re-feet 
per seaso n 

Defir- iency in per (' ('II t 

.\ n:r ~ ~t ' of IMaximum 
a ll M""..l ~( l(l J' w asn n - -118 -O. li 

n.n 16 
1.6 50 
2 .R (, } 
: l. ~ Go 

I 

\\'AT EI : ItI ';SOI '!WI':S ( II' ( ' .\ LIFO [t )'/ L\. 

Without do.Iuct iou for pr ior righ t s 

I 
Iri ~ ~ ~ ~~:\;~-~:~ h l 1-\ -r-r 1 

pe r F t~ :U. O u 

2~O I. 168.0m 
:1 ~U 2,.j ,=) fj,nOO 
420 4.276.000 
,I)1U o:! 80.UOO I62 0 I 6, 3 7~ . lXXI 

1J(.d ,l or ol" II1 I - - - - ----, - - - - - - - - I - - - - - ·- - - - - - - 
iu feet 
(;j f(·\'t 

fH'choar d ) 

11. is iuto rest iu g t o ohs erv« th e pa r t of t ill' spasoll1tl i I'J'ig at io ll yi eld 
t hn t is s u p pl ied i' roi n st o l'ed wut «r. 'I'h is vn ri es fur t h « sl'\, pl'al h l' ights 
of dam and l'ro rn spasoll t o ,.; ea "; OI I Io r t hc same h pig-ht. 1·' 01' th e 420-1'001. 
dam without d cd uct ion f o r pr-ior l' ights 50 1)('1' ce-nt of til e av erage 
yir -ld is wa t e r t a ke u f'roiu s lo nlgl.', a nd wit h d educt ion 1'01' prior r ig hts 
71 p el' cent of th e a vera ge yi eld is t a ken f r o m s l m' a g e, Til e r emaind er 
is suppl ied d i rcc t. from t he How ill th e sticu m. The a ve r a ge u se of t h e 
J'c,sC! '\'Oil' s p ace p:Jeh sea ,.;nn is 74 and (jl' pel' ce n t , re,.;prdin'l,\'. 'l'h e 
fo ll ow iu g' t a h le prcsP1I1 ,; th ese figllJ'e ,.; f or all hei gh ts o f d am : 

SEASONAL IRRIGATION YIELD -KENNETT RESERVOIR, 

Operating primarily for irrigation. 

Deficiency in Supply on Average of One Year in T e n . 

o r rla m (,olll p ar('d , t ill' !Iig-Il d a lllS would ha ve ,,!Iowt I illm o"l 1'1'1'1'1'('1 
su pply t111'I)\\g-1i t III' 4~ - ,\"('a I' pPl' iod 1'1'101' to 1!)20 ;11111 wnn ld IIaY' ~ 
lIad ollly 1I10dl'rat , ~ d ('(jt 'iPllI'i ('s i ll 1!):!+. ~11I'1i sllppli ('s woul «! !I" 
IIIH'('OIlOlll i,' ;d ly 1H' l'f l'('1 illld ';IIP P!'iOl' t o t ill' vi r-lrls for t lu: 10\\"('1' dalll'; 
wh it-l: w o u lr] hu vr: luu l iI Iilr g-I' I' 1I1111l1 H'1' or d pfi,·iPlw ip,; a p p l'oa e h i llg- th e 
IIlOd, '!';lIp limit dlll'illg' t lu- sn nu- Ill,!,jod , TIII'I'('fol 'P, wh ile t lu: S,\:SIPIII 
,lIlopt pd for m a kitur till' cmu purisou«, or ':OIl1pllt ill g ~ 'iplds OIl 1h" bas is 
o f cqu u l f l'Plj Ul'lH'y of (1pfi('iPIl('ies , d Ol'''; 1I0t prod ncr - ('x a d ly eo m pa rahh
I'P";lIlt :;, it is Lwli "vPd t h ut t l u- v u n - IIlOrp u eu rlv eOlll p a rab le tb an would 
huve Lll'l'lI o h t u in ed had a ruocle rnt c limit been pla cr-r] Oil t ire a llowable 
defi cieucv. To obtn in l'xa ctl." «om purnhlc results wou ld have requ iretl 
pl;ll'ill g' a different limit Oil t he ma xiuuuu dpfi c ipll c~' i ll th e eom put a 
t ious of vir-ld fo r " a e!I Iwi g-ht of d a m , T his l imi t. \\'0 11 1(1 han' bf' PII 
fix ed h~ ' \\,pig-hillg' t lu- relat iv c ,'llIISf'qn PII( ~p of til(' Illa:"mitlld r and h e
quency of th c several ddi"iplI eil's. Til l' labor involved ill 1I1 :eOIll
plishill ~ this t hr o ug h a s(!ri ps or trial eOlllpn tati ons wa s judged to 
lIP g'n 'at Pl' t han w as \ra lTill l1<'t! by t lu- s mall d itTerl'lH'l' t h a t i t. w ou ld 
lrnve IIWell' ill t !I1' results. 

". )
d.;.. 



------

WA T E! : IU':SO UI W BS OF C'Ar.n-ouxL\. 

The foregoing coruput nt ious ol' ~easonal irrigation yi eld of th e 
Kennett re~''l'\'oir ar( ~ ba~ l'd UJI ,;lioJ'(ag'('s (H'('IIlTing Oil all a\' ('J'age o f 
nile yl'ar in 11'11. Past I'x j)(:ri('l1l '(' lias deHlollst nJll'd 111111 fal'lnin g 
eut el:p r isl's, parti l'ul aJ'I,\' in t ItI' d l'\ 'el upnl elltal stage, «a n be tt er su rvive 
occas iona l (ldi ci eJH'ies in t hei r \\'n1 P I' sn pp ly t hun to Heel'pl t he bu rden 
of' pHyillg for d eli"l :ri('s per fed ill t he rp ~'ulari t ,\' of, t he ir .rll ll " olnlll e: :;: 
Ex t en d ed studies were mad e t o ascc rt a m th e varm nr:o JlI v olume of 
y ield with different a verage f l'e(jlwlIcies of d efic ieucv. 

The irriga tion y ie ld f rom th e Keuuctt reservoir. wh en oper a t ing 
pi-imarilv f or this purpose, would increa se a" much as . (iO per ce n t 
ove r a perfect su p p ly according to th e m uount and frequen cy o f 
d efic iencies that ru igh t he end ured. F'rnm these st u d ies it wa s COII 

c ludcr l that, f or pru et icul p ur poses, an ii-rigat ion su pply ha v ing 
d efici encies OIl a ll a"erag'(, not of'te ue r t ha n nne year in ten would be 
the econom ic type of supply to p rovid« rluriug tli« developmental period 
in northern California. In la ter y ('lIrs , after the heavy initial const r uc 
ti on costs have been paid off', gTPal pr ]"pgularity ill su p plv could he 
obtained if' desi rcd hy en larg ing" th e rr -sorvoi:'. 'l'h« sr-lection of II 
draft with defieipI](~i ps in suppl y on all average of one year in t.eu 
increases the a rca of serv ice f'i-om /l r eservoir of given siz e f ro m 22 
t o 43 pel' cent over that f or II dJ'llft t ha t would earry tln-ough th e driest 
y ear wi thout a short aae . 

'I'h o f'ol lowiug t nblc sets r0 1'11i t h« a rea of sC'I'"ice (n et ) f rom a 420
f oot dam f or seve ra l a verage f'req nenc ies of defic iency in su pp ly 
based upon a net eo nsu mp t ive lise o f 2 .5 acre-fee t p el' a cre. It ma v 
be obser ved that , if a de fici cuc v in snpply is s ns tuined on all /l\'erage of 
on e vea r in ten , ;{4 1)('1' ten t g l'elltel ' a l'ea 1I1;l~ ' be se rved with an eq ua l
izor] i rri gut.ion supply in elus ivo o[ prior r igli ts rnu! 4 :~ 1)( '1 ' een t g reate r' 
a rp /l. pxe! usin' of p ri or r ig hts, II lld th a t th p avprilg E~ ddici cn <!.y ill 
sensona l s uppl\' would he s llla11, alt ho llg h ddic iellc i('s as large as 50 
au(l 6 ~) pel' ep~ t, n~sp pc ti vl'i~' , wOllld h /lV ( ~ to be ('Ildnred a t long int pr 
\'H Is. The magnitudes of a ll t he deficie nc ies, had t he n:ser\'oir been in 
ope r Htion from lSil to HJ:!;" a re ta bil la tecl iu the tables on pages ~17 a nd 
:lS. IteferPlwe to tltese 1<1 bl es sh ow s that th e lArgest defici en cy d uri ng
tlte 4D-yp,ll' period, 1871 --l D20, whil e 0lwr,tt illg with a defici ency in y ield 
on th( ~'a\'erage of OIlP yenr in t pn , was cl- ])(,J' eeltt without d edu ct ion 
f o t' prior rights and 1;) lll'r celtt. witlt Ileduet io!1 for prior r ig h ts , The 
veal'S ID20 aud HJ24 brou ght llpfieipneic's in yie](l of 27 a nd 50 per 
~e nt, r(:speet ivel, ' , wit.hout dp(lul:l ioll 1'0 1' pr ior rig'hts, i1nr141 and oD pel' 
ce llt, rpslleet ivel y , \\'it h de(lu l't ioll for p l'ior I'igllls , '1'lte~ ' are t he o ll l ~' 

se r io Lls sho r tages dll l'in g' th e l'Il1 i l '(: 64 yeil l's of tcst. Althou gh th ese 
(lefic i('lre ies an' larg c atlll would sp l'iously illlpai l' agyieultllral produe
t ion (l u r ing th(~ scasoll in wlli eh th p~' oe('lIr, they would not in fliet 
pel'n wl ]('ut danl11ge. ~\ II illS)H'd ion of .t he tilbl e of .sel~sona l J:u Il ~o fr 
II\" a ila hle for use at t he K ennett (l alll sIte on pa ge 29 I S cOll 'l ne lng 
tlwt it \\"flUld be Iln eeoll olll ical at t h is tilll e to const r uct over -;>'ea r 
s to rage ill o l'(lp l' to obtain a f u ll s ll Pll l,\' iu s lIch spa sou s. The shortagps 
in sl;pply , althou gh ];1l'g'(" lllUSt he: pll(l lll'ed iu tJ~is type of season 
beca us e the recol'(ls rlisclose t hnt they OCC llI' too m fr eqnelltly , on ly 
t wice in the 54 years, to wanllll t Iilr g'(' ex pe n d it n r es for r eservoir space 

• S ee p. 7:3. Bu!. No.6. "lITiga ti on R e q u ir ements of California L a nds," D iv ision o f 
lCllgl n e er illg and Irrigation, Sta.t e Depar tm e n t of Public. 'Vorks. 

DEV EL OI' JlI E",, 'I' OF UPPEr: SAf:1C\:\II':I''f O HI VE!: , 3:) 

that would 1)(: so xcldorn used, '1']11' ('ost of ad di tio na l SI OI'i1gl: space 
ill the Ken nett rr-sr-rvoir that wnu lrl he suffir-ieut lv la l').!:!' 10 1101 11 nve:: 
riood wa ter s i'ro in prcv ioux yea l's o l' pil'1I1 pons 1'1I 11-0f1: ill .u unu n ts thu! 
would f urn ish a J)('r fl'(:1 s llp ply in t lu- 1(',111 y eill's of 1!)2() a nd ' .D24, 
under presen t con ditions, would ('x(' epd th .e b(:lIpfit aC(~ I 'U IIJg t ? ag n c III
tural product ion ill ha viug th e full irrignt.ion s u p p ly fil ll'lng- t hese 
season s , 

AREA OF IRRIGATION SERVICE FROM KENNETT RESERVOIR.
 

420-Foot Dam.
 

With Varying Average Frequency of Deficiency in Supply ,
 

Without deduction for prior riebt s Wilh deducti on f(Of prior rh~h tsIAverage 
..... rr-a in Dcficioucv in seesonul fre que ncy of DC'fieiCHC \ ' i n scascna lArnn ill 

:mpply , 111 11(' [ ccutsupp ly. III pe r cen t pef cent deficicncv in Pt.'f ccu t .\ r l'a in Are n iu -r service :,,:u pply in p('riod of service ucres ucrcs with no with no 1871·1\125 (net } (uet) Muxirnum .\ vcruaool \v (' ra ~l' nf Ild i<: ipllC'Ydefich-ncv M", imllIn" 
yea r yea r in ;~IlPr ) I.vin :mppl)' n il vcurs all y""," 

0070 \. 000 100 0 0Xo deficiency .. 1.2 78.000 100 
0 . 1 20:H 8,'1 .000 I I ~1 vcur in :)0 veers U 6:1,0(XI 0 .1 114 

tl:! 1.440 1 year in 2;) year.... 1.0~ 7 . 000 12'1 1,672,000 I'l l 1. :1 
I i ~ ,,.0 1,13.) ,000 lIa 2 .8 I'll 1 ye..ar in 10 yea rs 1,710 ,000 1. 6 

:>:j I~ s.: ~s.: 1,280,000 Hi:.!1 year in 5 yean'! 1,828 ,000 14'l I 

The data co ucer n inu the va rv ing' y ie ld for diffe ren t f'r cquen cics 01' 
d efici en t su p p ly arc S(~' intel'(·st .i;lg that they are gi ve n co m p lete in tl ~ c 
Iol lowiug tables . }<' ir st , ti l(' in'igation yi elll in a cre- fE· et pCI' :,;eason IS 

given for se"e ral a vc rage fn :quen cies of d efici ell cy and he ight s of d am , 
bo th with a nd withou t d ed nct ion s for estimat ed pl'io l' ri g h ts. T lte 
second table g ives t he n et a re a in aeres tllat co u ld be i l'l'iplted nndeJ' 
the sa me eond itio ns of supp ly . 'rltese areas wpr e computed on II d uty 
of 2.5 acre-fept p er ae l'e p el' se ason , which ineJntles th e f n ll us(~ a t: 
return waters, A ctua l deli vpr ies O\'er lIlueh of the m'('a wonld (~ xepC' d 

this amount. 'rh e thi n[ tah le expresses the il'l'i gilt ioll yi eld f ot, tI le 
sevpral average fr eq llel!(:ies of defieieney in pel' cen t of t hat hayi ng H 
deficiency on an a\ 'C'ra ge of one YPill' in ten. '1'he fOllJth and fift h ta h lt~s 

set forth'th e all lOnn t of th e: d(:fieiC'lleies un(ler the sev ernI di ff (~!'(:n t con 
(litions and the veal'S in wh ich t he v would have ocr,ulTed , In rev i ( ~win g' 

the laUer ta b [« i t wi ll be Ilot icefl tha t t he am ounts of t he (leficienc jps 
f or a specific freq ncncy va ry cons ide r ably in th e iiev eral co mp ll ~atio ns 

for diffel'cnt IIl'i tdt b; of' dll lll. Jn ge nera l. tilt',\" t(~ lI(l t o in cl'ea se WIth the 
s ize of tI ll' !'ese;:voir. [, imita ti on s on t lte am onntii of t he d dici en ci e.s 
as well a ::; t he ir f req ue nc y sho u ld be in clntl PEl fOl' iI eo m plde d efinition 
of the quali ty of it suppl y , 'I'h e cOlllpat' ison of sn p plii's in t he se tables 
is based on ly u pon eq na l a verag'o 1'l'equellcy of d pfiei cn cips \\"i thont 
I'eg-an l t o t heir a mo u n t became of t he d ifficn lt y of in clndin l-(' t wo 
cr ite r ia in t he co mputations. A f ew m inor in eon s is t< 'lwi es ill 1h(' t ilblt' s 
may be ex p la ine tl by t lti s omission. 
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3fi W ATEU rt ESO URCES 01" CALIF OUN IA. 

IRRIG TION YIELD- -KENNETT RESERVOIR.
 

CRE -FEET PER SEASON.
 

Operatin g P r itnar ily for Irrigation,
 

Height. of dam in feet (5 feet. Ircebourd )
 
..\ n ral( l ~ freq uenc y of deficien cy
 

in s upply d uring peri od 1871-1!12.5
 ! 
22 0 :120 420 520 020 

- - - - - - -- - - - - 1- - - - 1- - - - :- - - - 1----1--- 
Without Deduct ion for Pr ior RighlS. 

Xo deficiency ' " _. _ .0,142,000 
J y('~t r ill .50 Yl' . T'-1 . •• • • • • • • . . I 

1.160.000 2.102.000 3,196,000 I 4,411.000 
0,,5.i 1,000 

1 ve~l r in 2,) \ ' l'iUtl:. . . . . . ..•. _ . • 
1,:122 .000 ~ .40( .000 I 3.8 58.000 ~ .(1 ! 5 , OO0. 

_.:111,000 4,181,000 ,,104,000 1,:lil ,OOO ii,57'l ,OOO 
1 ~ ' ra r in 10 )'car::i . _. . _ . 2 ,,'09.000 4,276.000 5:18U,OOO1,408.000 0.:)72,000 
1 yr-ur in ,j veers . . . . 2,72:3,000 I 4, 570,000 ,5,878,000 I, MIS,OOO G,olS,OOO 

W ith Deduct ion for Pr ior Right s . 

x() dencil~ n ('y . , . . 34:l,OOO 1,11.;'000 1,986,000 2,962,000 :l,ii02,OOO 
1 yea r in ,j( J year" . . . ,m ,ooo l,:J2!I,OOn 2.22 7,000 :J,2fJ8.000 :1,92 7,000 
1 ,,'car in 2,) ye:lT.:L . . . . . . . . . . . . -11 :1,000 1 ,~ 8 1.000 2,567,0 00 :l ,52 I ,OOO :J,\Wti,OOO 
1 vear in 10 ....ears . H 18,000 2,838,000 :l,8,58,OOO 4uG,OOO -l,G8G,OOO 
1 ) 'l':sr in .) )'C'lnl • . . . . . . . I ",D,OOO 3,222,000 4 ,191,000 497.000 4.901.000 

AREA OF IRRIGATION SERVICE-KENNETT R ESERVOIR.
 

IN ACRES .
 

Operating Primarlly for Irrigation.
 

Heigh t of dam in feet (.I Ieet free board) 
Averaae frequency of deficiency 

ill su pp ly du ring period 1871-192!i 
2,20 320 

I 
420 I 520 G20 

No deficiency . .. .... .. . .... .. ... 
1 venr in .'iU Y(~ : U' :L .. . .... . . . . .... . 
1 -car ill 23 vcars .. . . . . - . . - . .... . 
1 ycur ill 10 years . . ... . . . . . . . .. . 
1 yeur ill ,5years . . . .  . . . . . . . . - . . 

40li,OOO 
;)2!I.OOO 
",50.000 
,;87.000 
0:l9,000 

Without Deduction for Pr ior Rights. 

8 \1 .000 

I 
1,278,000 I 1,7&1,000 

%2 ,000 l,J63.000 1.!IOG,OOO 
976.000 1.672.000 2.0G2,OOO 

1.02 1,000 1,710 ,000 2. 191,000 
1.089.000 1.828,000 2.:l51.000 

2.057,000 
2.220 ,000 
2,2:10,000 
2 ,.5( 9,000 
2 ,04G,OOO 

With Dedu ction for Prior Righ t, . 

~ 0 dC' fleiellcy .. . . . . .. .. uz.ooo 41 G,000 794,000 1,18" ,000 U 25,OOO 
1 yra r in .iOyoo.T$. .. . . . . 172 ,000 .o'l2,OOO 891,000 1,:1l9.000 1.-i71.000 
1 ) ~ r in 2.1ycur e . .. 177,000 5';2,000 1,027,000 1, lllS,OOO 1); 08 ,000 
I y~ r ill 10 y ean. . .. 180,000 ,5ui ,OOO 1,135,000 1,'; 13 ,000 1.87 1,000 
1 year in fi year., .. 109,000 eos .coo 1,289,000 I ,G7ti,OIJO 1,IiD8,OOO 

IRRIGATION YIELD- KENl ETT RESERVOI R- IN PER CENT OF YIELD
 
WITH DEFICIENCY IN SUPPL Y ON AVERAGE OF ONE YEAR IN TEN.
 

Operating Pritnarily for Irrigation.
 

Heigh t of d o", in feet (,; feet freeboard) 
Aver ane fn... qucncy of deflcicncv 

in supply du ring per iod 1871-1925 
220 320 420 I ,;2IJ G20 

Without Deduction for Pr ior Rights. 

:-..r n dcficicncv . 
1 year in .10 ·y ~ a r .i 

, 
. 

. 7\1 .-1 
00 . 1 82.1 Isa. I' 74 .7 185 , 6 80 .4 8\1 .!i 

80 , 7 
87 . 1 

1 yea r in 2;) veers . ns.u oii . :l 97. 8 \14. 0 87 .5 
1 Yl"'lr in 10 years . 100 ,0 100.0 100.0 100 .0 100 . 0 
1 yt'al' in ;') years . 108 . \1 10G. :l 106 ,9 107 . 2 103 .8 

W ith Deduc tion for Pr ior Rights. 

No deficiencv . . . . . . . . .. . . . . .. . . 
1 VI'"Lr i n .,0 vcars . . . . . _. . . . • 

n .1i 
92 .5 

78 .7 
sa .s 

70 .0 
78 ,5 

\ 76 .8 
8,:;.5 

7u .0 
83 .8 

1 ; 'It,l r in 25 . 'ea rs , , . 
I j'l ~ :) r in 10 ye::J.n! . ..• , . . . .. •.. . .. • 

H5 . 1 
100 .0 

97 .4 
100 .0 

90 .5 \
100 .0 

n l.:l 
100 .0 

8,5.:! 
100 .0 

1 yea r in ~ yca rs . . , . 107 .0 106 .7 113 ,6 IOS.O 106 ,6 

37 nEVE LOPIlI E N'I' (W U P P ER SACRAM E , ' T( RIVE fL 

KENNETT RESERVOIR. 

AMOUNT AND YEAR OF DEFICIENCY IN SEASONAL IRRIGATION YIELD
 
DURING PERIOD 1871-1925.
 

Without Deduction for Prior Rights.
 

Operating Pritnarily for Irrigation, with Yields Shown in T ables on Page 36.
 

Frequency of deficiency in supply 

Ifci3ht of 1 year in :) yro rLI year in 10 Y('UTd 1 year in 50 yea rs 1 year in 25 years 
da m in feet
 

(,5fee!
 I 
fre- board ) Deficiency 

Yea r in per een t (If 
Defielcncv Deficien cy I Deficiency 

Year in per cen t of 
full supp ly 

Yea r ill per c ~n t" of Year in per cent ol 
full sup ply full supply fu ll su ppl y . - - - - - - _. 

I1887I1888 1875 ~1021 11220 
1018 2Il \" l ~H 1920 J.I 

;) 2 
187,5 
187:3 188" 

1 ~l2 5 <I7 
Inn u 
In20 

1\121 18 
7 

1888 / 
187:1 10 
1S7;) 1:1 
In21 2·. 

- . . . .. .. . 7. ti ...... . . . ,
 o 4... ..........
 h ..5A\'l'mp;c . . . . . 11 

I SS7 I 
1924 

1 02 ~ 2I1921 ~20 11 187" 
1925 2 

Ino 
1873 :112 

188ii 2 
18n 

4 
,\ 

1924 
1~1 8Ii 

;; 1888 Hi 
l\l2 :~ 7 
1873 8 
1920 n 
1875 10 
192 1 :Jl 

7. . . . . . . . .
, . . .... ... B11 ......... . 6..1
 .\ vcrngc .. ... . . .. - . .. . . 

1 
1924 

1922 1898 
•
223470 1924 24 1920 

1873 4 
1923 

49 1899 
1888 6 

1920 
4 

1899 10 
1924 

27 
1918 10 
1875 

50 
12 

1898 14 
1923 20 
1920 37 

- ---
1921 53 

.. ........ 17.4
 . . . . . --~ 36Aver age , ... , ..- ..- ... 24 .. ... . ... 
-

;';20 rsoo I1042 22 1921 1920 
ss r~~ 1899 . 3 

1923 
189S 14Jn21 

.')192.') 18 
1919 8 

192 1 
·191920 

1918 18 
18!J9 

01 
:'W 

187ii al 
1023 ali 

ij ~1020 
(, I 


A\'t'f ngc . . . . . . 

--- -
1021 

:10.4 :!5 ... . . . .. 12 .. . . 10 

.j 192.5 181mII1!l24 61 ifJ2:1 3620 
187ii 1922 ia 8 

1920 
1!l24 f>5 

1\100 12 
1!12:l 

42 
1901 12 

1924 
4:l 

IS88 11Go 
I '; 1 ~25 

1 9'~2 20 
4a 192:l 

1920 58 
192 1 G8 

GI I.. ...... . 3-1 I'. .... ... . 
3,; I· ..I 25 , 8 AYCfaIlIC , • •••• ... ... 
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:;8 \\'A'l'lSH 11ESOURCES OF CAL IF OR N IA, Il1GV g LOI'"rr-:x'l' OF l ;j'P EI~ ",AC IL\ M E :>: T O HI VI';\{. 

KENNETT RESERVOIR.
 
AMOUNT AND YEAR OF DEFICIENCY IN SEASONAL IRRIGATION YIELD
 

DURING PERIOD 1871-1925.
 

With Deduction for Prior Rights. 

op crating Prirnarilv. for Irrigation, with Yields Shown in Tables on Page 36. 

Fr cqueu ev of dcficion cv in :lupply 

1 yeur in ,j yearsI y(': ~r in 10 yt":lrfl 1 yr-ar ill 2,) ye ars 

darn in rl 'f't
 
(ij [cr t
 

1 y('11f ill ,iO yearsIIt·jcrh\' (Jf 

, De ficiency
 
Ircebourd )
 I Defi('ien Cy

.in per cent of
 
I Deficienc y Year in per cen t di n~~~rr~~~r\~ \) f}'C'\T in per cen t of Y P;lC Year full sup ply full supply full supplv ful l suppl y - --1-- 

., s! SS8 1InOlUtW ~OHill~2n 2IS87 I1923 22I ~~I :11915418n 
19\ 9 71 9~ (l 

·1 
1!IOI 
IS7ii 2tl 1 ~) 2! I, 

f)Inn 
S187:1 

12 
\ !l24 
1 9~(l 

:ll 

7 .6 
;\ verngu 

7 .S 12.,1 ..~ I)... --- - --_.-
- , -  Il S99 IIS73 11920 :10 1021 :1~ 0 IIS87 I[(Jl S :l fj 1921 21901 2l O~a 

4 
I nZI 

S 187., 1 9~O 
6 

IS73 
IS98 :\8 

ti 
7Hil S 
8 

1920 
In3 

HI 
t~1!l2·1 

!I.6 10 . .. 20 
" VI ' Ta)C(' . . ..1 _._._-- _ ._----- .._-- :\0 

2 
420 

187312189875192020 1924
 
1924
 

9192214192352 
1899 11 
1920 

188815 
16 

1924 
187541 

23 
1899 
191869 

25 
1898 33 
1923 37 
1920 59 
1924 72 

28 .7 .. . 30.2 . . . . 38 .5 .. . .. . . 20. . . . Av £'rage . 

I 
ol :!O 

190O 1 
7 ,) 

1 8i .~)30 ;j l 1\120 I ~ },21 21001 2'.! 181m1921 .S1025 
1920 

2.11023 
1\ 

In21 
1919 ss 

19 
187., 
1915 77 

30 
IS99 42 
l U23 ·17 
1!120 71 

1\11 9~4 
c-

:lO. 7 . . . . . ... .
j 2 .a .)4 .. .. . ... ...\Y 'T;l i; t . . . f--- -L~ 
I19HI I.;Ifl2t) 

1~ 'J:.? ' 1 

13 1!l23 77 I n~H6~O 17 

IO'W 
1900Iti1922 rs IS 1\101 .;0 

20 
27 

H)25 ii7 lH23 
J92~8 1 1024 

3:1 1888I as 1899 
.) B 1923 
7ti 

lllz.t --I 
1920 

82 

:l6 .8 I ' . . .. .
 
.\\ cr(l l ~ ~ ..
 .. . . . .. . ·l;') . 5 ~ :l.S{7 

Power yield. 

Electric power may be gp IIPI'a t('d a t t lie Kennett. reservoir by eon
structing a power plant below (he dum, tluough which would pa ss, 
under reservoir pressure, all 01' part o f 1he water released. The 
amount and character of power that could be so generated will d epend 
upon tho manner in wlrie]. water is rel eased from s torage. Ult.im ute ly , 
the State's interests will be served lwst by releasing' thi s water in con
juuct.ion with thu t from the Iron Canyon reser-voir , in uccord with the 
demand f or iniga tion use modifi ed to fit the n ecessities of nu vigar ion 
a nd sa lt water con tro l in the SaCl'<11llel1to Rivci- . 

The demand for irr-igut iou water varies ill volum e f rom iuonth t o 
month with the necessity of irrignt illg crops, but follows nearly the 
same fluctuations eac h season , The table on p age 31 presents these 
est imat ed average flu ctuations. 'W h ile th e d emand for elec tr-ic power 
increa ses d ui-iug the sum mer months sim ilarly to thc d emand for irriga
tion water , th r. in crease is not. near-ly so large. The f ollowing table 
shows that , while t he irrigu ti on clern a nd increases dru-ing t hc su mm cr 
months 164 pel' cent of th e avcrugc rate, the stut e-wide d emand for 
power increases on lv ]4 lWI' eent of the aVI~ ra gc rat e. 

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

-.-- - - - - - - -
Month 

Elect ric power 
cunsumntirn in per 
cent of lHl IHW I total 
( tore-wide uv rav.I~ ) 

lrr iaat ion wutr-r 
consu mption ill per 
cent o f annua l t ot a l 
(Saorurncnto Yd!C'y ) 

.lununry . . . 
Febr uary . 
~iarch . . . 
Apr il. . . 
)'lay , 
Juu c . 
July . 
Anaust , 
September . 
October . . 
Xovcmbcr . . 
Drwcrnbor 

7 . :) 
II . ~ ) 

7.8 
7 . !I 
H.S 
B.O 
11 .,1 
n..i 
o u . 1 
8 . .) 
S. O 
s.2 

o 
II 

-----w;-J-.o- - ITota l ~ . 100.0 I 

Although the Ioregoing ta ble sh ows that, at the ti nie the demand for 
irrigation water would absorb t he en tire capacity of the reservoir for 
equaliz ing tlu- stream flow , power ca ll not be generated from th e 
r eleased wa ter ill accordance with the need for this commodity, n ev er
theless, there will be a per iod when it «au , while the area to be irrigated 
is changillg' OW l' t o int en sive fanning a Ill! tI\() full ca pucit.v of th e 
r eservoir is 1101. required for irrig'ation servi c«. 'I' ho ult iuuu e irriga 
tion ser-vic e, especially from (lte la rger r eservoirs, is so g reat that many 
y ears will pass before the demand Ior water equ a ls th e total available 
supply. During' this period of i rrigatiou rlevelopment , cousidernhl e 
advantage lIlay be obtained in lit e gCllerntion of power by modif'ying 
the t irue of r elease of wutr -r frolll the re servoir to IJPst s n it the n eeds of 
power ge ne ra l ion . A 1110re :-;a 1. isf ad Ol'y power output llIay he obta ined 
prior 10 the ultimate use of thl~ wa(p!' for irri unt.iou than could be 
g enerat ed f'r om t he wa ter if 1'e!I 'aswI at t he present t ini e in accordance 
with its ultimate di spositi on . 
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Analyses have been macl e of the power t hat could be g'en el'al ed under 
t wo methods of r el ea se, the one prinun-il y for power g en eration and 
th e other f'or max imum u-rigution u sc. Th e latter analysis approxi
m at es th e way in wh ich wat er woul d be r eleased ultima t ely from the 
reservoir under th e " Coo r di na red Pl an , " however, some m odification 
would be made in order that. K ennet t could con t.r ib n te it s part in 

·ma in ta in ing' na vigat iou a nd salt. wa ter co nt r ol in the Sac ra me nto River, 
The power output, wh ile releasing' sto re d water prinuu-ily for th e 

ge ne ra t ion of p ower , wa« computed f'or a plant serving its indiv id u al 
system of power d isuilmt ion. Operating' for this serv ice, it would be 
des irable to secure t he maximum prcdu cti ou of continu ou s power in 
order to iu in i mi zu d up lica te stea ru st and-by service. Th e est imat ed 
mux im um con ti nu ous out p ut wa s d ass('d as ]Jr inlill'Y PO\\"(' !'. Power 
t hat. co u ld be ge nt ~ I 'nt(ld a t. in terval s oco uo tn ica lly , in add iti on to th e 
co nt iu uo us ou t pu t, was clas sed as seconda ry p ower. If th e in stallation 
were co n nected in to 1111 ex te n de d SySt"11l with many ge nerati ng plants, 
its opc r uti on wou ld be adjusted to t he pa r t. ieula r needs of t ha t. system 
111lC1 t he output of secoudarv power ui igh t vary from th e es t ima tes of 
1hi s report. 'I'ho primnry output, however, would r emain t he sallie, 

Th c estimates of y ield operating p rirn uri lv for p ower ge ne r a t ion 
wer e ca r r- ied fo rwa r-d month hy m on th as ill th e analyses of water 
yi eld , conu nc nc ing with a full r eservoir a t the d ose of 1871. The 
wa ter draft th rough tlt e t urbiuos was va r il'(l with t he al tering' 
rese r voi r lev el t o mu int a in a u ni f ormlv consta n t pri nun-y power outp u t 
t lu-oughout ti le ent.i re :i4 -y ea r peri od , 1871-EI2,l. Secondary power 
was iucluderl in ti le l'sti mat r s rlm'ing th ose periods in whi ch water was 
a va ila ble ill excess of the needs for gel wrabllg' primary po wer. There 
was 110 seeonda!'~ ' ou t put du ring t he «ritieal seasons t hat dc terrnin ed 
t he volume of pr imu rv p ower tha t co uld be ge ner a ted . S ince sec on dar y 
p ower icqu ir cs s ta nd-by go nerat iug capacity in so me other plant for 
use during' th e peri ods in whi ch the sceondury p ower is not a vailable, 
its value is much less than primal ')' p ower. F'or thi s r ea son , a standard 
method wa s adopted fo r co mp ut ing' seco nda r y power tha t w ould permit 
com pl et ion with th e means at hand of the great. bulk of suc h co rnp u ta 
t ions i m-idcnt to frn-muluting the " Coo r d inat ed Plan, " 'I'his mothorl 
v iclds results arl eq uut e for -compa r ing values of r eservoir sit es and 
ul terna te reservo ir cupuci t ies but , as la ter poin ted out , r eq uires modifi 
cation for oth er purposes, 

Th e sta nda rd method adopted for comp n ti ng sccond nry p ower 
included quantiti es in t he es t ima tes on ly during th ose p eri od s in which 
1he r eservoir wa s f u ll and to th e ex te nt. it was econom ical to increase 
th e ca pacit y of the in stallation to lise water t hat oth erwise would have 
wa sted over the spillway, The plan t efficien cy used in t he esti mates, 
in el nding entrance, pe nstock and dra f t- tube losses, flu ctuated above 
a nd b elow 7.) p er ce n t fo r the va ryin g courl it.ious of head and efficiency 
of t iu -hiues a nd gc ne r a tors, 'I'he greatest d rawd own d u ri ng the 54 
years of coru p ut ut ion was t o se ve n-ten ths d epth . D edu cti on s in h ead 
acting on the turb in es were made fo r the ra ised lev el of the tail race 
d urin g seaso ns of flood or large d isch arge from th e r eser voir. 

When op erut ing p r-ima ri ly f'or the need s of il'l'i ga t ion, t he power 
y ield was comp ut ed f or the sallle in stallation as in t he fir st set of 
«oiu pu tati ons. Inst ead, however, of var -ying the d r a f t t h r ough th e 
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turbines to maintai n 11 uniform ou tput of pri mary power , th e rlraf't 
was lim it ed to wa ter released fo r irrigation plus sp ill when th e reser
voir was f ull an d th e power was computed on 11 100 per cent load fa ctor. 
Tn the firs t set of computations, operat ing pr ii nm-ily for th e gener at ion 
of pow er, th e pr-oducti on was obta ined from the same in stallation on n 
75 pel' cent load factoI ' bu t in th e second set t he eut ir e in stalled capacity 
of t.h« pla nt wa s u tili zed wh en wat er was avail abl e. At t imes in th e 
second set of comp utat ions when t he available wate r was less t han t he 
cap acity of t he turbi nes, the pl an t could have operated on other tha n 
a 100 pel' cent daily load factor but the nverngc power outp ut wou ld 
have been t he same. Between t he month s of October and Marc h, t here 
was no wat er a va ilable fo r power g'f'ne rat ion except when t he reservoir 
had fill ed to overflowi ng. The av erage per iod of pl an t id leness was 
four-tenth s of a mon th f or the lowest clam heig ht to five months for 
the 620-f oot da m. No power W;H; entere d in th e eomp ntations when th o 
reservoir lcveI was bellow ha lf depth. 'Whil e t here woul d be some 
outp ut under th ese conditio ns, th e low head, t he poor efficienc ies and 
the infrequent occu rrence woul d ma ke it r ela t ively small in am ount, 

The power ant Pil l, at five hei ght s of clam was est imated as foll ows: 

POWER YIELD-KENNETT RESERVOIR. 
-

Aver age yi l·ld ill 
.\ voruec yield in kilowatts  kilowat t 

Heigh t o f dam Operating prim arily for power. Ooeruf.iu a prim: ri lv In'" 11,,1 
for irrjzution . .in feet can :~r. it y in Load fw"tor=.· O.7.-5 

('i fret k. v. a. Load f""tor- "1.1I 11 
frcellOan l) P. F.=II.SII 

~('C'-orJlbryPrimarv Tahl ~~o ndr. ry 

2~O 37,80 0 08,400 315.000 GII.600 1O" .6IU)
:Hl;' .()(UJ320 (;i.OOO(iO, .'OO 1'17.100 11:1.000 
400,000 113,400 47,100420 160,500 15~AOO 

;')20 4,,0.000 1i;j,tJOn 28,200 203 ,800 Hi,iJiJO 
,,00,000 218.800020 0 2 IS,800 teo,1011I 

Th e primary power of th e foregoin g table is a steady eont inuous 
output hut the second ary is inte rmitt en t. Th e ch uruoter-is tics of t he 
secondary p ower may be best descr ibed by t abulat ing' th e av er age 
monthly va lues togct her with the monthly va lues of t he maximum, 
minimum a nd several recent years, The meth od of compntina second 
}lry power employed in th e prepa rati on of t he fo regoing tuble, however , 
lim its the ti me of yea r fo r th e genc ration of seconda ry powe r to th e 
periods d nring the win ter and spr ing when the reservoir is full. A 
pa r t of th is secon dary po wer coul d be g'cncr ated in th e slimmer months 
and t hus secure a 111 0r e useful distr ibut ion t hro ug h the yea r. Th e 
am ount would be lim ited to th a t whi ch would not <h a w t he r cservoii

level below its cycle in ge ne rating' primary power d uring cr it ica l 
seasons. 'l'he power out put at t he 420 -foo t clam, t her efore, was re com
putcd on t his basis, A change was also introduced in t he compu tation 
of prim ar y p ower, H was generated in accord with t he nvcru go state
wid e var int. ion through t he season in th e demand fo r power inst ead 
of at a uni formly constan t rate as was ass umed for conve nience in th e 
fir st set of «omp utat ious . 'I'he state-wide ave ra ge deman d for po wer 
incr eases from 10 to 14 pel' cent abo ve th e average dur ing' the midsum
mer mon t hs. The results of th e second set of comp ut atio ns are iu corpo

http:4,,0.000
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ruted ill th e first of th e tw o followin g t ables whi ch show the characte r
isties of th e power tha t could be ge ne ra ted at th e K ennett clam site . 
The av eruge primary p ower output of 1l;1,400 kilowatts is identical 
with that of the first set of computa tions but th e ave rage second a ry 
out pu t in cr eased from 47 ,100 kilowatts to 5fi.GOO kil owatt s with a larger 
p1'0port ion dm-i llg th e su III mel' 1Il 01l t hs. The charact eristics of t he 
seeonda ry po we r sho wn ill the fir st ta ble are th ORO while op era ting' 
pt-imari ly for power ge ne r a t ion . 'I'ho second of th e two followin g 
ta bles sh ows the charact eristics of th e secondary power (the entire 
output ) if oper a ti ng p riruar-ily for irrigation. 

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

Operating Prirnar-ily for Power. 
lnstu llcd "a",,,:iry ·1011 ,1100 k. Y. a. (I'. r. ·0.80).
 
Load fuctor. O.7,i.
 
I'rimurv p OWN in ueeurd with stat e-wide dcrnand.
 
Reservoir love! rtra wn down cuch year to 102:~ levels.
 

)I ,," th 
I'rirnarv 
po.....cr (n 
kilo.....u t ts 

Seco ndurv power in ki lowat ts 

Avera ge fo r 
st- vear 
per iod. 

18il-ln2,; 

.\ l:u:imuln 
year, l8i8 

Minimum 
year . 1024 l\llH 1920 

.Iunuurv . . . . . . , . -. , .. (IU OO 41,100 112.(;00 0 112,(;00 0 
Februa ry : . . . . lOl,OOO 82.000 108,100 0 IIl.HOO 0 
),tar ch IOI,ZOO \11.,100 lO.I.SOO 0 10;;.800 0 
April. .. .. . . . .... • 100.000 01,800 WI,OOO 0 101,000 0 
)I>\ y . .... .. . .. . u i .;;OO it.OOO In" j On 0 84000 0 
.lun o . .. 121,200 14,100 8;;,800 0 ,10,800 0 
.Iulv .. .. . . 12;),400 37.1'00 8 1,(;00 0 .1';,200 0 
August .. . .. 12H,i OO 32.800 83,:100 0 a:2"iOO 0 
September . 120,000 2D,600 90,000 0 2:1,8(x} 0 
October .. 113,400 a:l,io(l (Hi ,(;OO 0 In.900 0 
Novcmbcr . , unaoe ;H ,IiOO (}O ,i OO 0 27,,100 :10,700 
December . 109,'100 6.;.300 100.(;00 0 H ,500 100,HOO 

Averueo . .... . . .. 113;100 5H,HOO OH.liOO 0 HI,OOO 11,000 

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

Operating Pritnarily for Irrigation.
 
In-stalle d ,apaC'ity 400,000 k. v. a . ( P. F. (1.80).
 
Load fac tor , l.OIl.
 
Sea-ona l irrumtiou draf t. 4,276,000 cere-feet.
 

Deficien t in supply OIW .'-C'lr in ten , 
'V ith (lllt deduction fur prio r rights. 

Draf t. from reser voir in accord with th e -lcma nd fur irremfion v nt cr. 

_. 

~l (lnth 

J unuar v . . ..
 
Fobrunrv . .. .
 
Mart-h.
 
.vrei l .
 
11a." .
 
June . . 
July 
.\ UP: llst . 
Spptember . .. . . 
October . ... . .. 
Xovember . . ... .. 
Dcecrnlve . 

Avcrnee . .. . . . . 

Sl'('.rJ!ldary power in kilowat ts 
Prirnurv 
rower 1TI 
kilowatts Average Muximum Minimum (H2OHllti181l - Hl23 year , 1890 yru r , 192·1 _.-

14lJ,HOO. . .. . .. i3,200 280.000 0 0 
0 
0 

u 280,000 0 
0 

lli l.:100 280.000 
2 W,2{10 t:l,400 I 280,0(X1280,000 IUOO 
2:),J.I OO iO,iOO I 2~O , OOO 80,100 

0 
0 280,000.. 

280,(X}0277,000 101,400 280,000 21:1.300 
~:n , :J[)o2i2.(}OO 0 280.0000 2~O ,00 0 

0 i 280,000 00 21ii,.\IIO 280,000 
(I 0 :Hi6,90(1 0210,800 2S0,OOO 

0 I j ,' 1,8()0 0tl 110,200 212.HOO 
(I li!I,200 H,IlOO II:18,iOO 

{I 0 
0 

.. ' II 0 " 
3,300 42.700 o 0II I 00

4i,.;0·O[I 2:'.100 [(IO,BOO15(},400 2 t:l,l00.. 
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Although, in generating th e power listed in the fir st of the two 
foregoing tables, the reservoir would he operating priruu rily Ior the 
generation of p<nycr, nevertheless, a very considerable area could he 
i rr-igat cd from the water in th e turbine discharge. Th e amount of 
water that could be diverted in accord with the demand for irrization 
wat er and th e area that it would irr igat e arc set forth in th o foll-;wing 
tabulation. It shows, for a 420-f'00t dam , 88.1 lwr cen t of the ultimate 
area could he iri-igutcd from the turbin e discharge while operating' 
primarily for power without deduction for pr-ior ri ghts and 19.5 PCI' 

cent with deduction for pr-ior rights. 
In comput ing the volume of irrigation water en tercd in this table, 

approximately the same average deficiency was allowed in the supply 
that is contained in the estimates of water yield from th e reservoir for 
likc heights of dam when op erating' primarily for irrigation with a 
defi cien cy in supply on an average of one year in ten. 

Comparisons in this instan cc are made Oil the basis of th e amount 
of av erage deficiencies rath er than on the basis of the f'requeucy 
of deficien cies because th e range in value of the defi cien cies in supply 
taken from the turbine di scharge is small. 'l'he runge in value 
of deficiencies operating the reservoir pr-imar-ily for irrigation lise is 
large. To compare the two Olt thc basis of frequency of dctieiencies 
would not compare equivalent su p plies. The comparison up on the 
basis of equal values for average deficiencies as made ill th e following' 
table is not entirely of equivalent supplies but more ne arly so than if 
the comparison were made on th e former basis. 

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

Wafer nvniluble in t urbine d ischare;efor di version in Net. a rea irricable accord with irrirnu ion demand {net consumpti ve usc 2..j 
acre-feet per ac re) 

IIc i ~~ ht of Deficiency in ·e:'l.<lonal dum in for- t .\.vr rap;l~irri gation supply in per te nt. U feet flow in of perfccf supply In per cent o f frccbonrdl Acre-feet month of area irricablc per emso n 
AU '~u8t in In ac res i l orc retina 

Average / ) f Maximum second-feet primarily for 
nil years year in-igationI 

Without Dcduction for Prior Rights. 

220 1.116.000 -11 0,000 0 . 6 11. 6 ;;,000 7G .O 
0 .6 ;'; .2 ,;,:JOO 320 18S,OfH I1.221.000 47 7 

420 1.631,000 1.6 7 ,9 6,200 652.000 38 .1 
.; 20 :;'1_2 
620 

1.086.000 2 .8 0 .0 7.:10<1 704,000 
2,285,O(lf) 3:; . !) 3 .:! ;) . 2 7,UOO 011,000 I I 

With Dedaction for Prior Righls. 

(I 7 :) :~. s 22 . 1) 220 IOG,OOO 1.r.00 1:1 .000 
1,; . 0 :uo ·7 3,000 1.01111 nooo st 

420 552,000 
II .° 

17 ,0 2 .8 2,8CO 221,000 19 .5 
;'j:!O 8ii:l,fJOO ;;,!lOO:~ . G ;;1 1.1101110.0 22. I 
fi:!O 1,170,0110 2;J,O 8 .2 lIi8,OOil'1.1 '",00I 

' It. would u,tJTX':U by comparison with th e qua nti til':'.:l for other dam hciahts that t his va lue should be larger than 
7:{,OOO. An examination of the detail power comput ntions sbuws that, for this height of dam, tncrc if' k~ ;;;: draw down ill 
the reservoir during the month of .Iuno than for othe r hciaht s. This is purely a circurnstnncc of the upplicntion of uniform 
assutnntions La t he comput a tions for all height s of drun. In th is instance the compn tat icns carr ied th.rough with smaller 
relative turbine dlschnr rtes in the generation o f rower du rina J Ulie t ha n for other da rn hf' i~h ts and ~ ("llt· p' t here was reln
t ively I (' '''I~ wa ter a vailable for new irri-tation lL"C if the ave rage de ficien cy wer e no t allowed to exceed t ha t occu rring when 
operat jng pr ima rily for irri aat iou with a defic iency r-n the av crac c of on e year in tCII. If th i:; ~ \'t' r :\p:' 1' deficiency were 
all owed tc reach 2.0 per cen t inxfend of on ly n.!! per cen t. th e water ava ihble ill t he tu rbi ne di~\'I l"r~w for new i rrina t « n 
usc would ban' been 171,000 acre-feet. 
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Fl oo d control. 

'I' h« val ue of the Kenn ett rese rvoi r fo r controlling floods dep ends 
upon its abi lit y to absor b th e YOl1l11le of flow tha t constit utes a flood 
as it debouches from th e mountai nous areas onto th e Sac ramento 
Valle,\' floor . This vol ume is \'(' l'y large 011 the ma in Sacr ame nto Ri ver. 
T he la ruest flood sinec nu-asurenu-ut s wer e st art ed, in 189;') , occu rred on 
" ' c brIl Cl r~' ::, 1009. T he (:I'cst flow was 278 ,000 second-feet. The mean 
tiow YOl' t he day \\'as 2,'),\'000 second-feet . A reser voir of sma ll capacity 
at. fhp K ennet t site would have lit tl e value for controlling' such floods. 
The degrc of con t rol that coul d he establish ed would in crease with 
the s ize ot' t.h« re servoir cnnst ruet od. 'I'he l imi t of t his alrilitv would 
lie in the siz« of flood that might develop up on t he d ra i n ~ge a rea 
do wust rca m fr om the d.uu sit e hilt t ributa rv t o t he chan ne l bef ore it 
eIllPt·g'ps 1'1'0111 th e mouut a ino ux a reas up on th e valley fl oat" 

The K ennet t r eserv oir sitc has GG49 squa re miles of drainage a rea 
t ribu tu rv to it. upon whi ch origi nates about three-fourth s of t he r u n-off 
Ir oru t he mai n Suet'a mento basin . Between the clam sit e and R ed B luff, 
wh ich is at the edg e of th e va lley floor, there are 2600 squa re miles of 
d ra inage m-ea th at , it is est imate d , migh t produce a flood as great as 
125,000 s('('ond-t'e r t. There fore , th e greatest control t ha t could be 

PLKrE B 
Number of days in 100 veer-s on wh ich values are exceeded 

~ .2 ~ -l-.4 -r.6 +'8-:r1 -t-Z- 1-3 + 4 _6 sr~zo 3lr.4O. 60 IlO o -t-ZOOt 400 
O . ........!. H - i: -+- 1 :---.. I f+ _LI -.-~ I i ~n-:::::: ~"" 

I 1 I I I400 , .~ :--' t-o • -Maximum f low 125,0 00 sec. f t. 
0+

30 _. 
-j t-H I I t-~ i:;' ~ - ""'" -cu 1-

' ~ I 
~ zoo LLLL.1 J_ 1 r:t I ~ ' l 
Cll 

Maximum f low 150.000 sec. ft i" I ~'1'-.. 1\L 

~ HOO 0 

.... BO - 0 

a 60 
'\ 1 j 0 0Ul 1 

'0 I I Maximum flow 175.000 sec. ftl-'c 40 _ 
<0 .. r- I
~ 30 . I 

1- -0 ".£: 2<1 1\ 0 It'
.£; I

\: I ~ 10 
'u a 
I~ 6 

0 

ltl . 
U 1

4 
I .0 -

J 
00 

Z I I 

e 1 - - I 
J I I 

SPACE REQUIRED IN KENNETT RESERVOIR 
TO CONTROL FLOODS ON SACRAMENTO RIVER 

CONTROLLED FLOW MEASURED AT RED BLUff 
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obtained through the Kennett reservoir would be to l iin it tho flood 
flow at Red Bluff t o 12;\000 Sl'COlld-f t·c1 . 'I'h i« would J'('(l1li1'C t hr
complete ubsorpt ion of t he flo« t'n h:ri ug' 111l ~ h:c lJlwl 1 j't'''t' ITo i,' d uri rn; 
the passa ge of the maxiuuuu flood (' 1'(' ,, 1. 

AIl exte ns ive study o[ t lIe possibili ti cs of control ling Hood" by r cser
voirs has been undertak en by these invest igations. The detail of t he 
various eonsid er a tions a re so great th ut t he subj ect is prcscnted in 
a separate volume, Bulletin No. 14, "The Con t r ol of l<'l oods by Reser
voin;." H ere it is d emonstrated that t lie r enne tt r eservoir could be 
utilized fo r r educing th e muxinnun flood flow at Hed Bill tr f ro m 278,000 
to 125,000 second -fee t in hurmony with th e eouse r vut ion of water and 
the gen eration of power, 'I'his would re quire at t imes th e use of 
454,000 acre-f eet of r eservoir sp a ce f or de te n ti on of flood flows. 'I'ho 
larger the reservoir, the easier it woul d be to secure a harrnou iou s 
method of op er ati on tha t would control floods without detriment t o 
thc conse rvation values 01 the reservoir. '1'0 secu re t lrese combined 
benefits, it is essen t iul t ha t a speci ally prep ared " c b('d ll le~ 01' opera t ion 
be institu ted. 

'l'he d egree of con trol th at ma y be cfree ll'd hy t he utili zati on of 
var-ious a moun ts of space in tbcKenuctt r eservoir' is ex p re ssed on 
Plate B, "Space Hequi re tl in Kennett TIfse1'voi r to Con1,1'01 F'looda Oil 

Sacramen to Hiver." This diagram is const r ucte d hom data taken 
from Bulletin No. 14 , " T he Control 01 F loods hy Heservoirs," It is 
empi r ica lly const r uc te d f ro m run-off r ecords. l ts purpose is to ascer
tain th e amoun t or r eservoir space tha t ma y he ne ed ed t o d etain flood 
flow s in eXCt'SS or a desired m ux inn uu con t ro lled flow a IHI t h« proh 
ability tha t this spa ce w ill be adequat i: u nder the mos t se ver e eou rli
tions. 'I' ho following' t abulatcd values are taken Irom this chart : 

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

S oavr- Tl'quirutl ill r":!l'r\")i r in -n-rc-Icct
 
Maxi-nuru
 

controlled flow 
"t1k l Blu" Exceeded OIL tho Exc eeded ou the 
in second-Feet avcrazc Dill": d ~ j· a ~' l · r :. one tiny l,l,a~ 

in lO )' ~!US in :!,j years I 
28G,OOO :18,;'000 

1;;0,000 
12.;' 000 

1,;8.000 I 252,OIx) 
17.; ,000 79,UUO W:1,OOO

I 

IEX('N..,d,·:1 nn the E:u~ ff'd ru. i O f} tho E XI'{'{':fj r.d en tl:c 
a \T rD g(J onr - duva t' ! :nU~.I ' (JUt ' dar :1n 'r; L1W nne ,b y 

in ;Wr(~tr.d i ll l WJ yunr s in 1000 ycara 
- -

oj,; 1,000 ;;i 8,OOO 7 :~ 1.000

I ;)~ )7 ,oon 3213,000 3":' .000 
2::7,0110 3Uo,UOO 50 1,000 

Improvements flooded by reservoir. 

'I'Iie lands Hooded an d the marginal areas above th e: flow line t hu t 
would have to be acqu ir ed if the K enn ett reservoir were eonstruct ed 
are rough and mountainous and Irave no agricul tu ru 1 va Ine. Th e 
slopes are mostly stee p and ro cky and a rc used 0111y fo r g r azing pur
poses, The ass essed values r ange f ro m $0.;)0 to . '10 per acre and 
average $3.75 over til e cu ti re r eservoir. 

No towns of importance are located with in the r eservoir area, and 
very few r anch improvem ents. Kennett, the largest t own, has recently 
suffered a loss in populati on and propert y values by the closing of the 
Mammoth mine. F or years this mine wa s , a large producer, but wa s 
shut down in 1925 upon exhaustion of its are bodies. Its smelter and 
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bag hou se ha ve been salvaged. Other 1owlIS are Cop per Cily 011 Squaw 
('reek, and Dehu a r, Pollock, Antler awl Delta, ;-dong' t h« stat f'. highway. 
?\oue o[ Ihr-xr- lruve un ass essee! valuat ion exe ('f'fliug' *4,()()O. 

'l'h« pri ucipul properties that would he ail"pd e(l by t lu: co ns t. r uct.iou 
or the K en nett I'esl'l'voir a re t he Sonth l'l'n P acifie Railroad. th e state 
highway, an d t he B uJJy Hill mine and su iel t er. 'r ite r a ill'oacl aud high
way could be mover! to nell' locations without dcrr imcn t to th eir public 
service. Th e I,OSt of doin g this is larg'e and const it utes a substan t ial 
part of th e rota I cost of th e reservoir. It ranges f ro m 40 pel' cent for 
th e low heights of darn to 20 pel' cen t 1'01' th e greatest height. 

Th e movin g: of t ho ma in lin e track of th e Sout he l'll P acific Railroad 
throu gh t he Saci-nme nto Canyon would be the lar gest sing le it em of 
cost fo r r ights of way. 1t extends the enti rc length of th e rcse rvoir 
ami would h ave t o be relocated for all heiahts of dam . Tw elv e miles 
of Iiuo wou ld be submerged by a 220-foot ;lam, 20 miles by a 420-foot 
(10m, and 2li mi ll'S by ,] 620-foot dam. In order to sec ure good align
ment and a void hcavv g'l'a(les it probably would be necessary to start 
the rul oca t iou at th e city of Redding. A tenta tive rou te has been 
reconnoiter ed OJl the eas t erl y side of the river. Although this route 
would sh or t en th e l ine about eight mil es for th e 420-foot cla m, it is 
costly beca use of seve ra l tunnels and major br idge cross ings , F or dam 
heights greate r th an 4:!O fee t, th e crossing· at the P it R iver becomes 
awkward and very expe ns ive. 

Th e second largest it em ill th e cost of ri gh ts of way would be th e 
re locatio n of :; to] 5.5 miles of th e Pacific Hi ghway n or th erl y f rom the 
Pit Ri ver. This would involv e heavy grad ing and th e const.r uct.ion of 
several maj or br idges. Preliminary st nrlies in di ente th at the len gth of 
th e nr-w rou t e fo r some heigh ts of dam would be slig htly g reate r than 
th e presen t one, however , presen t grades would be elrnina ted, as th e 
new 1'0 [1(1 would ski rt the r eservoir for sev er al miles. 

Th e most important mining property affect ed by the constr uc t ion 
of th e K ennett r eserv oir is the Bully Bin mine and smelter on Squaw 
Creek, a tr ibuta ry of the Pit. This was originally a copper-pro duc ing 
property, hut afte r r emaining idle for several y ea rs th e mine was 
re-open ed in 1D24 fo r th e production of zinc oxide. Ore fro m this and 
t he After th ongh t min e, on th e south side of th e P it Rive r nea r Ingot, 
is ship ped to th e Sout hCl'n Pacific main line in th n Sacra mcntn Canyon 
over a stunda rd -guuge t rack located Oil th e ri gh t bank of th e Pit River. 
Ore from the After thoug ht mine is conveye d to th e bra nc h ra ilroa d by 
all ae r ial t ram . .A part of th e tram and all of th e bran ch railroad 
would be flooded fo r heights of dam over ~mo feet. Th e smelte r is not 
now in use. It woul d be flooded only for dam heights g reate r than 600 
f'cct.. Doth mines are ab ove th e flow lin e f or all heigh ts. In 1924, the 
countv assessed va luation of th e Dully Hill p ro perties was $100, 000. 
111 1925, t he B ully H ill smelte r and mine, t oget her with t he ra ilroad, 
wer e sold at publi c au cti on for $788,827.24 in fo reclosure proceedings. 

Other mining properties affected arc the Herault smelte r, locat ed on 
the right bank 01 t he P it River, between the ";\IcCloncl River a nd Squaw 
Creek, and the Arps mine, neal' Copper City OIl Squaw Creek. The 
Herault sme lter would be flooded by heights of dam greater th an 200 
feet. The mi n e is located about. 700 feet higher than the smelter, well 
above the flow line of t he largest reservoir. At the present time both 
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smelter and mille a re iunctivc. 'l' h« couut v <lsspsspd valuation of tlu: 
smelt er in El24 was $;12,000, The Arps llIill'p is a ('OP1H')' awl zinc JlI'OS

peel. It. lies at. all eleva t iuu t 11I1t. would lw f1o()(kd by a 400-fo()j durn . 
III 1!)24 Ihe eountv assesspd nil uut ion or this properly WilS $2K,;'jOO. 

T'h« state fish hntr-l icrv at. Baird , OIl the :UeClolld River, at an eleva
tion of 760 fed , would be flooded 0,\' all heights of cl am. 

The est imat ed eost of acqniriug th e lands and llIargillal areas, rclocat
ing' th e Southern Pacific R a ilroarl and the state highway, compensating' 
th;l own ers of all mines and other iJJJ ]H'OVPlIlPnt s for th e loss incurred 
by the construction of the Kennett i-esorvoir, is set forth in the follow
ing tabl e for five heights of clam: 

ESTIMATED COST OF FLOODING LANDS AND IMPROVEMENTS BY 
KENNETT RESERVOIR, 

Hciaht of darn 
in feet 

(;) Icc t Irr-cbourd ) 
Cos t in dollars 

Cost in per cr-nt 
of to tal cost 
(if reser voir 

220 
:l'!O 
420 
5:!O 
U20 

,-14,370.1100 
J(j,780,OOO 
22,970,000 
:12,710,000 
~O ,OO(l ,OOO 

61 
50 
42 
:\'1 
:H 

Type of dam. 

F'oundutiou cond it ious at the K cnnct t dam sit e, a ,,,, disclosed by the 
diamond drill borings and the g'eologic report, of Prof. George D. 
Louderback, are suitable 1'01' a high dam of' any type . 'I'opogruph ic 
features and the abseuce of ea rth in lar'ge qua II titi es, however, limit 
considerations to a gravitv-concrcte or a ro ck-fill dam . An ample 
supply of suitable rock adjoins the dam site at high elevations so that 
the construction of 11 rock-fill clam could proceed under unusually 
favorable conditions. Preliminarv esti ma tes indicate that a ro ck-fill 
(lam may be constructed for somewhat less cost than a gravity-concrete 
dam. The added east of power and flood control outlets through the 
thicker rock-fill dam, how ever, make's the total cost about the same for 
either type. Th e est imutcs in this repot-t ar-e based upon a g ra vity
concrete dam . 

Layout at dam. 

Sevcntl trial layouts were made of the dam , power plant. and flood 
control outlets a t Ihe Kennett dam site. These preliminary studies 
indicate that, in general, it is desirabl e to locate the power plant a dis
tance downstream from the dum and convey the water to it in pressure 
tunnels leading from t lie reservoir t hrough th e canyon walls. This 
arrangement relieves serious conges ti ou in the IHIlTOW gOl'ge at the 
foot of th e dam. It also leaves tl)(~ space ab out the darn for the con
venient location of spillways and flood control outlets , These take 
up so mu ch 1'00111 , because of the large volume of water to be cared f'or, 
that no suitable arrangeutcnt could be fouud in the time allotted to this 
study, with the power plant at the foot of the dam. 

The most advantageous and economic layout varies with each height 
of dam, Tentative plans were made for five heights. While differing 
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iu detail , (he layout 1'01' f he 4~()-root lle i"'ht is typicul Hlld is d escribed 
herein for illlls'tratioll . It is also dl'lin711t'd 0/; Plate C. " IJan Hl t at 
Kouuctt Dam a nd Hesel" 'oil' "\ 1'1 ' ,1 and ( 'allaei1 y CUI·ves. " Ti1( ~ posi 
tion or the dam shown Oil t his pIalI' is till' one most advan tugcous for a 
heig-h t of 420 fe et. The most ad\'auta gl'ou s position chu uges for each 
height . A dot t ed linc 011 Plat e C iud icut es the posi tion of the upstream 
Iueo most favorable for the ult iuiutc raising' of (he dam tu a height of 
fi20 fe et. (•

A cross-sectio n of the dam is abo shown un Plate C. It has a top 
width uf 20 fe e t, a fr eeboard of ~) feet a bov e the hi ghest water, a 
s! ight Iy incline d upstream f'aeo and a slope on (h e downstream face of 
!i to 1 on the uppet' :3DO fee t and a 1 ( 0 1 slope below this . The dam 
would rest on foundat ion s stripped (0 firui rod" :::leal would be made 
by grout ing from bra 1'0'1'" uf hol es along the upstream Iu ce of th e dam, 
ex te nd ing as d eep in to the foundation us may be advisable. Drain 
pipes along th e full len gth of t he dam downstream from th e grout 
holes would conn ect through vertical p ip es to drainage tunnels in the 
dam. 

The overflow lip illwa y would be divided in two parts, half at eith er 
end of t he dam I; rest. Ea ch sec ti on would have a len g tii of 222 feet 
and a waterway 20 fe et deep, The outflow from the r eservoir would 
Ill; controlled b~' hydraulicu lly ope r a ted d r um ga tes , TIII~ two sections 
1ogether would hav e a capaci ty of 125,000 second-feet without encr oac h
ing on til e fiv e-foot freeboard of the d am. About IDO,OOO second-feet 
could be passed withou t its being overtopped. 

Water flowing over (he sp illway would be intercepted ill a con crete 
wa ter way 40 to 70 fee t w ide and :35 t o 40 feet deep and be conducted 
to the river channel :300 feet downstream from the to e of the dam. 
The channel would be lined wi th 2 feet of con crete heavily reinf orced 
and uu ehored t o bed r ock. tinde r drains would reli eve upward pres
sure from percolating water below the concrete lining should there 
be any. The waterway area of these channels was computed f or a 
;')0 pel' cent increase in volume for entrained ail' . The sides would 
ex tend twenty f eet ab ove this. 

Flood control outlets through the dam would be provided ill addi
t ion to tile overflow xpillway. These would be arrang ed in two bat
teries. The upper ou e would co uxist. of 21 outl et s ea ch 166 in ch es in 
diamet er. 'I'liev would be spaced :30 fe et in the cen t r a l part of til e dam 
with th eir inlet s fiO f eet below the top, 'I'Iie greatest drawdown in 
the r eservoir f or flood contr ol would be 21 f eet below th e top of the 
d arn. 'I'h c outlets would be lined with thre e-eigh th s in ch steel plate. 
Flow would be cont r olle d through each outl et at the upstream f ace of 
th e dam by a r oll er slu ice gat c mechan ically op erat ed from the top. 
The g'Hj( ~S ,\'CHIld be prot ected hy steel trash racks. 

The lower battery of outlets would consist of two llS-ineh pipes 
with inl et s :350 fee t below th e t op of th e dam . In thi s p osit ion they 
would be useful in d raining' the reservoir sh ould this ever become 
des irahle. 'I'h cy would be constructed simila r to the upper battery 
oE outlets exc ep t that the steel plate would increase t o seven-eighths 
inch thi ckness toward th e downstream end wh ere 11 balanced needle 
valve would be placed. 
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' I ' J I(~ wat er escaping' From til e UPP('I' -battery 01' ou t lots wou lrl st rik« 
til l' rlownst reau: fa ee or th e d a ru I )('ro n ~ r e:whillp: til e COll(' rdp lin r-d 
1 ' {) lIc (~ j i u g' uha n ne] at its ba sp. Thi s chu n ue l would iu tr-ruept tlu - wntr -r 
1'1111 II i IIg' d own the fI](' p of fh l ' rla m unr! 1: :11'1'." il 10 t ill' Iw1!OIlI or t hr: 
g'()J 'g'C' . 'I'h e chu n uc l wou ld 1)(' ;-,0 to 100 fl'l't wirh : an d :l() f('et deep. 
It would IH ~ Iiucrl with J'(' ill f(l\'(:('ll p()J]('l'Ple 2 [pPl t h iek alld securely 
HIWhOl'Pll to bpil roek. 'I'h is chu nuel would center ill a p ool ,iO fpPt deep 
in Uw bott om of the g'orge wh en th c outlets m'(' olH'l'at in g to 1'1111 capac
ity . Th e total eapacitv of tll rs e ou tlots would be 1:2,i,000 SI'( 'I)lld -fect. 
'I'heu : ca paci ty cornbiucd with th at. of tile overflow s pil lw av would he 
2,10.000 seco n d- fe et, twi ce th e ollee-i n-2;)-y ea r flood a t t h« Kennet t da m 
site . 'I'h cir eombiued ca pac ity with t lu- r eservoir luvel at th e top of the 
dam would exceed :100,000 second- fee t. 'I'h e crest flow of the largest 
flood obse rved within ;~O .n·Hrs of rceo n l at Hed H1ulI is 278,000 secon d 
f'eet, 

'I' JI(' position of th e power pla n t I ROO fed. downstream from the 
(lam is S l1O\\'Il on Plate C, " r,ayo llf at Kennett Dam and Heservoir 
Area a nd Capacity Cunes. " Water would be eonrlu et cd from the 
r eservoir to the power hous« in two concrete l inecl tunnels 22 feet in 
d iamete r . Each on e of th ese would d ivide into ;i st eel penstocks 10 
feet in d iamet er at a point d ir ectly opposite th e p ower hou se. Balanced 
noedle val ves would con tro l tlw flow from the penst ocks at t he inl et to 
th e turbines, Valvo by-passes a ro u nd the t urhines would he provided 
for use as irrigation out lets wh en t he tn rbine di sch arge is 1I0t sufficien t. 
T he flow info the two p ower t u n ne ls would be cont r oll ed by hal anced 
valves hvd ruulica lly op era ted in rc infore cd concret o gate t owers located 
at th e upstream face of th e dam. Th e g'ates would he pro tec te d by steel 
trash ru cks, 

T'cn ge ne r at in g" units woul d be installed in th e p ower hou se, each 
with a ca pa city of 40,000 k .v .u, 'I'h ese would be direct ly con nect ed 
to vcrt.i cal v ar-iable h eat! r eact ion t u r bines. 'I'h e build in g would be of 
stee l a nd r ein forced conc rete . 

Cost est imates. 

F'or th e p urpose of esti mat ing costs , ex amina ti on wa s mad e f'or a 
sonrce of concrete agg-rega te, T est s made in th e luborat or ies of the 
Stat e Highway Commissio n indi cate that the rock at t he dam site is 
su it able f or this purpose and th a t wh en crushed and r oll ed would make 
snitubl o sand, Abo, a snp ply of san d and gravel that makes satis
facto ry con cre t e lies in th e Sac ra me n t o River near R ed di ng . 

4- 50667 
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Th e un it prices used in prepa r-ing the esti mates of cost. are : 

J'~ XCAVAT [ON- I t.c ni Unit pl'ivc 
III dam fo unda t.ion a a bove ri v e r le v e l _ ~ 1. 5 0 p e l' cubi c y a rrl 
I n dam f'oundatlo n s b el ow ri ver Ie vel , ; _ 4.00 p e l' c u b ic y are! 
~or sVill w a y c h a nu e l _ 1. 50 per cubic va rrl 
For coll ectio n c h a nuel at h ase o f d a rn ~1.5 0 to 4. 00 p e l' c u bic yart lIn pressure tu n lle ls _ 6.00 p e r c ubic yard
1n penstock tu nnels ~ _ S.i'i (J p el' cubic yardBack rll l _ 1.25 p e r cubic ya r e! 

COXCRETE

.:\Tu ss concret e in darn _ 7 .00 P OI' cubic. y ard 
H einfoJ' ced eoncret e in pa rapet s .. _ B .oO p ur cubic y a rd 
n.( ~i [lfo re l'd concrete in ~p il lway p i e r-s ; _ 1(; .00 p el' cub ic yn rrl 
H.e illforcl'(l co n o rot e in ur id ge ov e r s ll i ll w a y _ 21.00 v e l" cublc ya rd 
R e i nfo rced co n e rot o in sp ill w a y a n d co llec ti o n c h u nue ls _ 1 2.ri O p e r c ub ic y ard
R c i n Io r'ced CUIH'Te t e ill gate to wers _ 21.00 p el' cn b ic ya re! 
Concr ete l in iug in pre~~u l 'e and p enstock t u n ne l.. _ 20 .00 I lC I' c u b ic van!
C o n cre t c in pen :-1t (}ck pr tu llt-:8 _ 12 . ;)0 P Ol' cubte yard 

ST"EJ.-
TIt>, i n f ()rei n g· s tee1 - - _ _ - - _ _ - - - - _ $0 .05': pe r lb.Pipe and a u tl et I in in g' _ 

.08~ per lb . 

. 0 8 ': p el ' Ill. 
T ra st l ra cks _ 
Dru m g ates in spillway _ . 1 0 P{'" lb .Ha luri ce d v al v8s-in let t ower _ .20 per Ill . 
D ~llanc ed n eed le val\'es _ .2 8 per lh.
S luice ga tes - - - *12,000 t o $17,000 each 

P O\ VP.lt IlI .A i\~T g(~UlP},n;::'Il"T-

Hu llr l injrs anti all generating, hvtlrn uttc, switch ing a n d rn iseel

Ia n eous eq u ip m e n t in e luding ua la n ce d n eedl e v a l v es a t.

th e t urb lnes ---._ _ _ $3;) .00 pe l' k .v.n , 

OVEnHEAD-- ' 

Administration and engineering· ~ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 0 p er c e n t 
Contillg e rlc i c~ .___ ____________________ 15 per c ent 

Luterest during- co ns t ruct ion 6 vcr c e n t compounded s emi-a nnua llv 

Based upon th e foregoing unit p r ices awl quantities computed from 
the prel iminary la youts an d des igns, th e cost of th e five heights of 
dam was est imated as in the following ta ble succeeded by the detail 
of t he est ima te 1'01' th e 420-foot da m. 

COST OF KENNETT RESERVOIR AND POWER PLANT. 

41..;60,000620 87,710.000 

- -- I 

Height of 
dam in fed 

(5 fcct 
Freeboard) 

'.!20 
:320 
420 
520 

Lun-Is awl 
imptt vcmcnt s 

Dam Hooded by 
reservoir und 

reservoir cleating 

~ 7. 8 10 . (){)() ~lU20.000 
17,120,00016.:310,000 
23.610,00031.190.000 
33,770.00051.370.000 

l'owcr piau t 

~ 1 9 ,8 1O,000 
21.670.000 
24.980.000 
28.020.000 
3I,OGO,OOO 

Additinual C (' ~t 
for Rued cont rcl 

features 

--
(Xo flood con t rol) 

, 1,100.000 
770,000 

0 
0 

Tot al cost 

~ 12 . 170 ,000 
.\9,260,000 
80,000.000 

116.160.000 
160,:l:lll,OOO 
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DETAIL COST ESTIMATE OF KENNETT RESERVOIR
 
AND POWER PLANT.
 

Heig-ht of dam, 420 feet.
 
Reservoir capacity, 2,040,000 acre-feel.
 
Capacity of overflow sp i l lwav, 125,000 seeond-fvet.
 
Capacity of flood contro r and irrigation o u l le t s, 12G,OOO second-Feet.
 
Installed cupactt y of pOWE,r plant, 400.000 k.v.a ,
 

Exploration and core drilling _ $30.000 
[)ivel'~ion of river during' co nst ruot ion by coffer dn rns and power tunnels 270 ,000 
Clearing of reservoir site, 2:3,000 acres at $20 _ ,II;0.00 IJ 
:b]xcavation for darn and spillways: 

Below river level, 2,1,1J00 cubic yards at .~4 - - - - - -- ------ ~!J6,OOO 
Above river level, 1,050.000 cubic yards at $1.50 _ 1,575,000 

~\r:.-u:;s concrete 2,650,000 cubic. yards at $7 _ 1~,550,OOO 
Heinforced concr-ete, 20.000 cubic yards at ~12.GO to :; 2 4 _ 2G;;.(JOO
Drum gates. 2,500,000 Ills. at $0.10 _ 250,000
Backfill, 120,000 cubic yards at $1.25 _ 150,000Sealing- foundation and dru.in a ge _ G0,000 

20,~41;.OUO
Lands and imjn-overne n t s flooded _ 11,%0,000 

1\.Tiscellaneous;
Gravel spur ra.lh-oa d _ 

~ 25 , O OO
Construction and pen nanel ll cam us - _ :;21J.OOO 

348,000 
Flood control and irrigation outlets: 

Trash racks and steel lining, 3,555,000 Ibs. n t $ 0 . 08 ~ _ $:311,000
Sluice ga t es, 2 at $17,000 _ :34,000

21 at 12,000 _ 252,000
 
Ba.la noed needle valves, 500,000 lhs. at ~0.28----- ---- !'IO,OOO
 
};xcavation for channel:
 

Below river level. 2:3,000 cubic va r'ds at $L _ sz.noo
 
Above river channel, 5~,OOO cubic yards at $1.;;0 _ ~7,000
 

Concrete cha n nel lining', IfJ,OOO cu. yds. at ~7 and $12.50 158,000
 
1,074,000 

Subtotal, darn and reservoir _ $3 8 , 0 85, 00 0 

Conti ngene ies _ 5,7n [100 
...::\dministration and eng-ineering- ~ . _ :':,~08,OOO 
Interest during construetion _ 7,41-1.000 

Total cost of dam and reservoir_ ___ __ ___ __________________ __ $;);',020,000 

POWEll PLAN'r-

Ga te Towers:
 
Concrete, 2000 cubic yards at ~ 1 2 . fJ O and $2 /1 _ $4:3,000
 
'l'rash racks, 020,000 lim. at $ O .0 8 ~ - - - - - - -- - - - - - - - - - - - - ;' 4,0 0 0
 
Balanced valve" oGo,OOO lbs. a t $ U.2 0 . _ l :~ :1,OOO 

~2:)0,000 
Pcnstocks :
 

Tunnel excavation, 81,00t1 cubic yards a t $G _ H~o,OOO
 
47,000 cubic yards at ~ 8 . 5 0 - - - - - - -  :3f.J9,OOO
 

Concrete tunnel lining, :3G,OOO cubic yards at $20------ 720.0UO
 
'I'ernpora r y tunnel timbering _ :17,000
 
Steel reinforcing in lining, :190,000 lbs. at $0.05~ _ 22.000
 
Steel pr-nstook pipes, 20,620,000 lbs. at $0.08:1 _ 1,804.000
 
Concrete pipe cradles, 550 cubic yards at ~12.!JO------- 7,000
 

~,5:~iJ,OOO 

Bu'llding n n d equipment, 400,000 k.v.a. at ~35 ---------------------- 11,000,000
Keswick a rterbav _ fiOO,OO() 

Subtotal, power plant and afterba y -  _ ~1 8 ,2 1; 5,000 

Con Ungencies 
.Admtn istr-a.tion 
In terest during 

and engineering 
construction 

_ 
_ 
_ 

2,740,000 
1,827,000 
2,148,000 

Total cost of power plant and afterbay _ ~24,:J80,OOO 

GRAND TOTAL COST OF DAM., RF;SERVOIH., PO\VER PLAN'£' .,-\.NO AF1~gnBA y _ $80,000,00U 

Dam height selected for "Coordinated Plan." 

'I'he 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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PLATE D 
Cost per acre foot in dollars Cost per acre foot in dollars 
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it must bear some r elation to th e size of the other units of th e plan and 
to their cost. Since the ma in Sacramento is the largest of th e sever al 
tributaries and the K ennett reservoir offers the least expensive storage 
facilities, this unit should be large. It would be economic to develop 
at Kennett the largest p ossible part of the total water r equired for 
the purposes of the plan. Th e plan proposes to develop th e water 
needed for future irrigu t ion and domestic use on th e floor of the 
Sncramento Valley together with a surplus for navigation and salt 
water control. Half 01' mor e of this su r plus, after us c for navigation in 
th e Sucrameuto River, would be diverted into the Sail Joaquin Valley 
for relief of thuir defici ent local supplies. Therefore, th e 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 cou elusiou, therefore, it would seem that the 
desirable size of th e Kennett r eservoir in the" Coordinated Plan" is 
the one of greatest capacity «orn mcnsurn te with reasonabl e production 
costs. 

Plate D, "Cost of Re servoir Ca pacity and Unit Yi eld of Water a nd 
Power from Kennett R eservoir," sets forth the costs of producin g water 
and power at the K ennett 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 is $64 pel' acre-foot. It decreases sharply to $24 per aere
foot at a Iteight of ;150 f eet. For gre at er heights it gr ad ua lly decreases 
to $12 for 11 dam G20 feet II ig-h . 'I'hcse costs are f or a r cservuir com
plot c for i rrig'a t.ion lIS(~ . 'I'hpy do not inclurle t he cost of 11 power 
plant or of flood control fe atures. 

The upper rig-ht. g ra ph shows the av erage cost of an acre-foot of 
seasonal irrig'atioll yi eld for all heights of dam with the r eservoir 
similarly equipped . Two lin es arc shown on the graph. Th e full line 
is the cost pCI' acre-foot of y ield after the estimated prior rights below 
the dam site are d educt ed f ro m the water supply. The dashed line is 
the average cost of cq ua l ixiu g all water, including that pass ed f or prior 
rights below the dum sit e, Doth curves indicate that a dam height of 
420 fect would have th e lu rgest capacity «orn mensiu-ate with 1'C'as(;nable 
costs of water producti on . The cost at this height would be $19 per 
aere-foot of new water eq ua lized for irrigut.iou usc. F'or great er heights, 
as well as for heights more than 50 feet lower, the aver age cost per 
acre-foot of yield increas es su bsta n t ially. The rates at which th ese 
costs increase for a change in height at the several heights of dam are 
shown on th e low er right graph. 'I'he curves on this gra ph show the 
east of ea ch ad d it ionul ucrc-f'oot of yield that would he gained by 
slightly raising the dam . It. IIIa." be noticed t.hat for heights g re a te r 
than 400 feet tlte unit in cr ease in yield gained by raising the dam 
enlarges rapidly in cost, At 4-20 1'('et height of dam the cost of an 
add it ioual unit of su ppl,: is $l!) I W) ' acre-f'oot. 'I' h is is id enti cal with 
the average cost of tho ent i rc new supply at. this height. of darn . There
fore, as an i rrigu t iou ]'('SI'l'VOil' , the eeollomie height , so f ill' as produc
tion costx are conc erned , is 420 feet. 

The g-raph ill the low er left corner, Plate D, delineates th e cost pel' 
kilowatt of <!.v('rage power ou tput for a reservoir equipped to generate 
power. 'I'hese costs in clud e the reservoir and power plant, with all 
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nppui-tenances, but do not include flood control features. Two curves 
arc shown. 'I'Iie dash cd-Iinc curve indicates the cost of av erage output 
of both primary and secondar y power when operating primarily for 
pow er generation. The full-line cur ve indi cates th e cost of average 
output when op erating for ultimat e irr-igntion needs, This cur ve shows 
a slig ht ly less cost for 10\\' heights of dam than the one r epresenting 
operation p i-inuu-ily f'or power gelll'rat.ion. l n the latter ca se the full 
installation is not employed in gen er at ing power when wat er is avail
able, the load factor being O.7:i, while in the first instance it is. This 
~,.?:i\·es a sljghtl~ , gTc'alel' total output and hence the slightly less unit 
cost of product ion for low Ill'ights of durn operut.ing primarily for 
i rrigntion. 

Both curves indi cat e that abou t :120-foot hrig'ht of dam is most ad van
t ageol\s so Ia r as powel' product ion is concer ned if primary and second
ill'y power 11lIYl~ th e sa rue value. Since primary power ha s a greater 
value thau secondary, and the proport ion of primary to secondary 
power output in creases rapidly wit h higher dams wh en oper at ing pri
mn ri lv for power gc ue rat ion, the tru e economic height so far as power 
procluction is con cerned is greater t.hnn :120 feet. At 4~0 feet the cost 
is $,)00 pel' k ilow a H a vcrage prod uct ion , about 17 pel' cent greater than 
th e cost at a hcigli t of :J20 fe et , bu t t h« proportion of pr-imary power 
is 20 pel' cellt larger. The true cr-ounru ic height. would , th erefore, 
approach 420 f( ~d , nccorduur to th e rel at iv« values assigned to primary 
and Sl'COlllhll',\' pow ei-. 'I'he cost does not increase vel'," rapidly with 
g'l'l'at('r dam heighb when operating pr-imnrily for power gencration. 
At a G20-foot heig-ht, the cost is :j;G44 1)('1' kilowatt. At th e same height , 
rho cost operating primarily for irr igation mounts to $1,000 per 
kilowatt. 

The studies on th e control of floods by r eservoirs ind ieut e that the 
greatest space lwcd ( ~(l for detcnt. ion of flood flows at the K ennett. rcser
voir is 454 ,000 acre-feet . 'I'h ev abo indicate that this is too large 
a f rn etion of t h« tot al ca pac ity of th e reservoir behind darns much less 
th an 420 fe('t iu hpig-ht for flood con trol to harmonize with the produc
t ion of water and pow er. Since the 420-foot height is most economical 
l'or water prod uc t ion , practically so for power production and favor
abl e for flood con trol, it was sl'IPeted as the initial (lam height for the 
Kl'llnp! t reservoiI' ill 'the "Coord inat cd Plan." 
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CIIAPTEJt 1V. 

GEOLOGY OF KENNETT DAM SITE. 

Diamond drill explorations. 

B ecause of th e iru portun ee of th e K enn ett reservoir to auy sc he me 
for d ev el opillg' t h « xu rpl us wat orx of t h « Sa C1'(llll enl o drainag-e ba sin , 
the ::;it e was explored in 1!J~4-2 :) with a diamond drill. Prof. Ch~org e 

D . L ouderback, geologist of tile l 'lIiv l'rsity of Calif'orniu, advised III 
this work. 'I'he site was drilled with both vert ieal and inclined hol es 
to asce rta in the ])l'e::;ell ce of zones of weakness, if a ny should exist in 
th e massive formati on a t th e dam s ite, In all, 42!J!J lin ea l Icet of hole 
were ch-illed , H vert ieu l holt'S aggTega t ing' 1112 fl~l't ill length , and 12 
in cl in ed holes t otal ing :11 1'\7 f l'l·t in lvnjrth. ' I' hc 1:01'(' sa ved was 46 
pel' ce n t of th e r-nt ir« ICIlg'lh 01' l h l~ hO!I's d rilh-d . . \ 11 ('orcs have 
been p rescr vt-d . 

This ser-ies of' hol es pierced the sn r fu ce \'overillg 01' t he dam site t o 
a ge ne ra l depth of J51 fpet below the ground surf'ace. A t from 10 t o 
J08 fed below t lu: xu rfuce a firm , greeu ish -gruy rock was encou n tere d 
in eve r v hole. TI1( ~ CO )' ('S show th e spams and el'(wi ces of thi s under-lying 
rock t o be 1I1111S11<llly t ig-htly filll'<! by se condarv depositions of quartz 
01' ca lc ite , soruet i nu-s assoe iall' l] with ot he r mi nern ls, 'I'h e overlying 
ma te rial was f011l1d to be badly wenth orr-d. l'I<ll'l'OW belts of badly 
weath ered mareria l extend to depths as g'l'eat as 100 fe et. A« shown by 
the ch-ill con's awl su r fa ce indications, th e depth to which this weath
ere d mat rn-ial will have to be remov ed in cons t r uct ing a high d am 
varies from a few feet in a belt five 01' six hundred feet wid« along the 
g0l'l.!,'e t o about lOR feet on a vcry limit ed area at th e d eep est point on 
th e right abutm ent, III ge lle n tl, Itoss s t ri p p in g' will be required on the 
Il'ft abutment than O l! the right. H er e the maximum depth will be 
about 00 feet. The uv eruge depth of str- ip p in g to uncover finn founda
tions oye r the entire d am si te is estimated to be 45 f'eet. 

The location of the diamond drill holes is shown on P lato E. "Loca
tion of D iamond Drill Borings at K enn ett. Dalll Site. " The I;oles are 
plott ed 0 11 this plate, showing their r elative positions on cross- sec t ions 
of th e can y on , Th eil' horizontal position s Il l'(~ spotted on a. topographi c 
map of the dam site, also contained on t h is plate. i\ co m plete log of 
the diamond dr-ill bor in g's is delineated on Plate .B~, "Log of Diamond 
Drill Bor ings at K ennett Dam Site," 

Report of Prof. George D. Louderback, Geologist. 

Bas ed upon a field exa mina t ion of the su r rou n d ing terra i n, a study 
of th e drill cores , the drill er's logs, field en gin eer 's n otes, and maps, 
Prof. George D, Loud erback of the U n iver s it y of' Cnlif'ornia rpndcrecl 
the following re.port : 
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Dr-a r S ir: 

Th e fo ll owin g' repol"t. is the result of a study in th e field of the inuue
cliate a rea of the K ennett dam site, a n d the examination of a series of 
core sa m p les taken Irom 11 se r ies of bore holes along and n eal' the pro
(Jospd location of the (lam , unrl representing' a total o f. 42!J!J feet of. snb
su rf'ace r-xplnrat ion, 

T I I I': A",DESI'I'I t: SEHlES. 

By far 111 c greater pad of. the ro cks en eo u nt c re d r epresent an old 
vol can ic se r ies made up ori gi n ull v of 11 s uc cess ion of lava flows. 111111 

t he products of explosive er u p t ions ( tuffs and ag'g-lomerates ) , Eal'th 
niov cm cut s lui ve turned these ro cks up in t o attitudes not far fr om 
vert ica l so that OIl trav ersing th e proposed line of the (lam, on e is 
crossing" ill almost th e shortest possible distance, the successive m em
hers of th e series. 'W h ile the different la y ers originallv varied in texture 
and- in che m ica l com posit ion, t he y appear to belong t o the sam e g en
r-ra l ro ck gronp-pyroxene uudesit c. This ser ies has h ecn determined 
b." j[I', Diller of tli e C S , Ucolog-ic<tl SUI'I 'ey to be pre-Devonian in ,Igoe, 
and h e nam ed it till' " C opley l\lehHlIHl esite," 

A 11 o f the l'oe1l:" of 1he Cop ley group have undergone alt.ernt.ion to a 
grcatel' 0 1' less extent. 'I'hcrc has been a widespread alteration of the 
fprro -nl<t gnpsi<tn coust it uents (ehiefl,v pyroxene) to ch lor- ite. 'I'his has 
givpn the unweathered parts of the ro ck s a light 0 1' dark green color, 
deppnllent largely on the amonnt of chlori t e presen t, a nd they may all 
pl'opm'ly he referred t o as greenston es , :;\Ineh of the fe ldsp a r has been 
ellang-pd to serici tic products with the co nco m itn n t d ev elopment of e p i
dote 01' ca lcit e, During the alteration a certain amount of secondary 
quart z also developed . These forms of alteration are more 01' less 
vm-iahl e. sometimes much of t h« original minerals r emaining', SOIl IC

t imos Iil l of t h« orig'inal minerals hein g' r eplaced hy alt ernt ion product s . 
A high rlov clomn eut of epi d ote gi,'ps t h« rock th e lH'(:nliI11' gTe enish 
yplIo\\' 1in t eh <t n le l prisl ie of (Oprlain fO!'nl S of that minr-rul . 

Anoth er f'm:m of al t ernt inn that is found in streaks OJ' belts, is th e 
dc\'P]ojllllcnl of sch istosity h,'- rccrvstnllization under la1(')'al pl'eSSl1J'P 
(st['('ss ) , Tn sonw placps 1his is (l c\'(~l op('(l along- III inor shear lines 
closelv spllt'pd , 1he rod: s ubs ta nce between not partaking of the schistose 
structure. III t he COl'e sa m ples l'rom t h« hore holes, ro ck t hus altpl'(~c1, 

bronks int o sh or t sect iou s with rather lustrous surfa ces d ue to the sma ll 
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new crystals being a rranged in p lan es. In certain belts t he wh ole rock 
has been given a ma r ked pa ru llel structure and may be ca lled a sch ist 
(chloritic sch ist or g reensto ne schist). Many of the la y ers 1lin1, do 
not show either of t he above p he n omen a, show a cert a iu gener a l 
parallelism of cons t itue nts, in p a r t due to original flow str-uctu re, in 
p art d evelop ed u nd er la ten t! coiup rc sxion , This is b rou g ht out best 
by wcatheriug and gi ves t hc flaky a p pearauce ca lled bv the d r-illers 
"sh a le.' , 

In texture t he a nrlesit es Mig-iua lly vuri ed from th ose with a g la "sy 
g r ound mass, through th ose with fluidal mi crocrystall in e g ro uu d uiass 
t o those of very fine erystu lli nc, in part g r a n ular, in terscrtal text ure 
and wi th ou t recog niza ble flow st m eture. All th e g- Iasses h av e of co urse 
been dev it ri fied. So iuc of t he flows are of fi uo u n if urui grai n and 
den se, while some CatTy iu t he mic roc rystal l in c 0 1' uph uu it.ie gro u nd 
mass dissemina ted v isible crvx tulx ( p hen ocrysts) of fe lds par, less f rc
qucntly pyroxen e, 01.' both . A uurubcr of the flows a nrl most of th e 
fragments of the frag me nta l layers weie or iginally niore or l ( ~ ss 

charged with st eam holes (vesicu lar st ruct urc ) but t hese hav e ovru-v
where been fil led bv seeo nda rv deposition, usually wi t h quart z, some
times witlt calci te, both oft.en being associated with cliloritc or other 
minerals. Somet im es in the zon e of weathering', th is secon dary ca lci te 
has been leacher] out, leav in g 1, lie rock with empty r oun d ish holes. 

Tn t he unwea th er ed po r tions of t ile r-ocks, n ot on ly ar c tlt e stea m 
holes fill ed w ith minc ra l ma tt er, hu t t he or ig ina l s pal'es bel wee n t ile 
grains of th e fl'i lgll ll'n tal rocks hu.ve been obli tcruted hy eompi-css iou 
and dep osition, a verv f'ort.u uate a lter a t ion for th e ro cks of a dam 
s ite, as originally th ey were p ro ba bly ve ry porou s. 

V oiui np is Ye'ry co m mo n ill th e unweath ered smupl os. Thin stri nger» 
up to vciu s seve ra l inc hes ac ross hav e been obscrvr«] . 811('.h veining 
is rather widesp re ad but some be lts are much more heavily ve ined 
tha n ot hers. The commonest vein mincrals a re qua r tz an d ca le ite o 
Each mav occur alo ne, or bot l i may appear in th o saui o vein. T he 
quartz may be assoc iated w ith epidote. Scattered g r a in s, g l'OUJlS of 
gTains, and druses of py ri Ie are very common through ou t th e seri es. 
These generally wea th er to limonite in the oxidation ZOIW. A f ew 
rotten streaks have been Io u nrl where a marked re ll color p revails . 
These ar« probab ly t IJ P resul t of t hc oxidation of zones of eonee nt rated 
p yr-it e. 

O T llER H OCKS . 

Aside 1'1'0111 t lu- var ious Facies of th e a udesit ic se r ies above deseri bed. 
th e only ot her r ocks fo nnd were occ as iona l dikes of yo unge r in tr us ive 
igneon s ro cks, as foll ows : 

Tn H ole] at aho n t :30 Iec t., a medirnn g r a ine d quartz di orit e. 
In H ole 1 !J('/w('en l ilO a nrl l ill f l'pt occurs a more basic fjnaetz 

(1 i orite. 
Iu noll' ~l () fl'l' t. a lha'i te porphyry. 
In Hole ~A a bout 74 fre t, H d ac it e porphyry. 
Til Hole 61\ ~J() -,)D fl'l~t, (l iaha sp or augite-diorite. 
IIl Holc ?1\ 1 () S-~ :tG I'cet, llnc it e porphyry. 
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On th e west side a t, or near, t he Sacl'amcnto TIiycr, t he rock is an 
agglomer ate. As th er e is little soi l, and th e exposed rocks arc f ai r ly 
fresh, the xtructurc is easily observed. The an desite fr agments lie in 
a green bas il in whi ch th e ori ginal open por es have evi de nt ly been 
obliterat ed hy compression and miuerul r eorganizati on . 

At ab ou t 7;)0-75;) fee t in eleva t ion, a fine g ra ined rock comes in, 
that has become more 01' less sch ist ose and in pa rt may be ca lled chl or ite 
schist, 1f' does not stand out in prominent out crops a.hove the soil as 
does th e agglomerate, 

\fe a r ] loll' :: and th e 1riang'lllat ion s ta tio n occurs an amy gtlaloida l 
andesite, 

Cornm cu cing at th e road and ru nui ng up to 8 6 0~8 70 f ect in eleva 
tion, th e ex posnres a re mostly dull ochreou s friable "shaly " met a .,
andesites, which are f ollowed h~' more amvgdaloidal andesites rather 
badly weat hereri, 

At ab out ~J:l 0 f l't't g'l'eellst one schi st s are again encountered, followed 
in the high shoulder at 1000 to 1200 f eet by roc ks showing rather 
p rominen t outcr ops of agglomerate weathering out like t he " gravestone
sIMes " of t he footh ill belt of t h« Sierra Ncvad». Som e of the proj ect 
ing masses a r t- 2;)- :lO fed high . 

The qu artz diorit e and da cite porphy ry dikes \\" 1'1'1' 1I0t observed on 
th e surf uce but found in th e dril l cores, 

To th e cast of th e r iver t h« rocks are at first we ll exposed and with 
little soi l. Distinct porphyritic nncl aiuvgd aloidal for ms of andesite 
ocelli', aurl nt-ar th e riv er, a band of chlor-ite sch ist. F nrt hcr up fro m 
th e r- iver th e rnck« are more soil-uud-vcm-tat.inn-cover ed than on t he 
west side, an d t he types ar e harder to Inllnw, a ltho ugh occa siona l out
crops oecur. As ou c goes up, however, h ag-mental types become mor e 
lind more dominant, to the end of the surveyed section . 

A thi ck di abase ( 0 1' augite diorite) di ke was observed both at t he 
su rface a nd in core sa mples, and a lso, one of da cit e-porphyry. 

PHYS ICA L C1L\HAC T J:.:HlSTIl'S OF TH E HOC K S. 

In th e un weathe red st ate most of the rocks of the d am site zon e are 
fir-m a nd th eir textu res ti ght. Th e Oldy slightly sch istose types lind 
t he massive types, whi ch together mak e up th e g reate r part of th e 
section arc st rong and tough. 'I'he mor e schis tose, especi ally th e best 
developed chlor it e schists are compar ati vely weak, bu t held firmly 
between th e st ronger layers, are snfflcientl y r esistant f or (lam purposes, 
cons ide ri ng t he thickn ess that will be in volved . There a re no r ead ily 
permeable, or ty p ica l water-bea rin g st ra ta in t he ser ies. 

As th e ser-ies is bu ilt up of layer s which hav e been ti lted up to n ot 
far from vertical (us ua lly 20° 01' less), th ese layers l ie in belts, and 
these belt s ru n in gene r al ronghlv parall el to the Sa cramento R iver , 
On th e high should P I' (1200 fel't ill ele va t ion ) in th e west they st r ike 
l\. 4(P Eo ; at ab out lOOO feet ill elevation, X 46 ° E. ; a t 930 feet , ab out 
?\. :lO ° E. ; neal' th e r iver , X };) o E. to N. 18° E. Going nor th from th e 
line of drill holes the st ri ke tu rns more t o the east, a nd carries the 
formati ons on the west side across the r-iver . Values of N. 53° E . and 
X GO ° ID. were obtai ned 011 t h is t ur n, 
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This structure is not as favorable as aile at ri ght angles to th e r iver 
woul d be, as the lines of the layers and of shear ing a re ill ge nera l 
t ransverse to the (lam and the water pressure is exe r ted along' t hese 
lines. However, the filling of the scams and crevi ces by seconda ry 
depositi on makes leakage along' these structural pl anes imp robab le 
below th e weathered zone. 

Th e effect of the structure is very noticeable ncar th e surfa ce espe
cia lly on t hc west side whr-r« the rock is weathered more deeply th an 
on th e east side, as for «xum ple abont Hole 2 rott en and fria ble streaks 
a rc shown down to a depth of ;")0 feet and the ro ck is wea thered and 
oxid ized to a dep th of 60 to 70 feet. Snch belt s run parall el or roug hly 
paralle l to th e st r ike. 

Th ese h ig hly oxid ized and weathered stre aks arc th e weak est parts 
of t he wh ole belt. F'ortunutclv th eir exte n t is lim it ed lind th ey ma y 
read ily be recosrnixed by their color, and th e ease by whi ch th ~.r ea~) 
lw (lug or pi cked out in a ('.I·nmbling ma ss. 'l' hey arc both ph ysicall y 
weak a nd sub ject. to per colati on . In most pla ces th ey a re sha llo w, and 
nca r th e ri ver, when '. th e water pi -essure would be g'I'ea test, th e erosio n 
is too recen t fo r suc h weathered produ ct s to hav e for-med . T his mat e
r ial shou ld all be r emoved in st r ipping th c cl am site . 

C O"OI,USIOX S. 

Til mv Op111 10 11 th e geolog ical and top ogi-aph ie coud it ious combine 
10 pro d uce a very satisfac torv dam site. 'I' he massive sp urs tha t 
exte nd out toward t he r-ivru-, a re underluiu by firm rock, th e or ig ina l 
molar spaces of whi ch have been d osed by pressu re an d ruin eru l dc pos i
tiou a nd offer g'ood foundations foe a da m. 

A cer tain amount of percolation uiav take p lac e al ong: shear zones 
a nd other st ructure l i nes in the formation, bu t as fa r as th e f rm , 
unw eath ered rock is concerned, it will probably be negligi ble. Care 
will hav e to he used in the handling of th e badly weath ered bel ts, and 
w iles of shear as ind icat ed above, but t he re is no reason to bel ieve that 
any di ffi culty from this source can not be over come by reasona ble pre 
cautions . 'I'hc desirable depth of stripping will be irregular over th e 
dam sit e, varying from a minimum of a few feet in a belt ~ ;)O to :300 
fert on either side of the stream channel to it maxi um m of 108 feet on 
a \,CI'y limit ed area on the right abutment hut in genera l it will runge 
fr om 10 to :;0 feet. 

Th e location of the Kennett darn as propos ed in th e I'lIgil1l'l' l'ing 
I' (~porl is t lu: most su itable one in the vicini ty of K enn ett. 

Yours very sincer ely, 
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LETTER OF TRANSMITTA L. 

B erkeley, C a li f o l"l l ia . 

Oct ob81' :11, "J!)2f,. 

Fl'OZIl : Wa lkur It. YOUlIg, EJlgi ll e('r , 

'1'0 : Chief Enginc('l' , D e n vel', Co lor-ado. 

SUbject; R eport upon Iron Canyon Project in Saciameu t o Valle y, Ca l lrurntu, 

1. 'I'ran smlt ted h erewith is report. unon inve slig-ations made of th e I r o n Canyon 

project as provided for in the Cooperat. iv e Agreement of J a n u a r y 26, l n4, b etween 

t he United Stal es D e pn rtmont of the I rit e i-lor; the D epartment o f P ublic 'Yorks, 

D ivision o f Engineering and I rr tg u t ion o f t h e S ta te of California; and t h e Sac ra m e n to 

Va lley D evel opment A ssocia t ion, 

2. .:\Ia n y courtes les have been ex te nded h y thos e with whom t h e w rit er' a n d h is 

assoc ia t e s h ave co me in contact in the p ro s c cu t lon or the work. Th e wri ter wishes 

to exprc as 11ioS slncere uIJ Pl'e ei a t io n of these co in-tes tes , and to acknowledge the ver y 

valuable assistance given , particularly by ~rr. W m, Durbrow, Pres id ent, Glenn-Colu sa 

Irrig a ti o n District ; Mr. F'ra.nk Adn ms. Proressor o f Irrigation Investigati ons and 

P rac ti ce , Un ive r sf t y of Ca li fo r nia; and ),11', R . C, B~, 'You e l' , Superin t c ride rit of the 

Or land Proj e ct. 

3. I n co n nec tio n w ith th e prepara ti on of rnn terta I 1'01' l he r eport . c red it is due 

~l r. ' V. A . P erkins, A ssociute .H yd rn u l ic Engiueer, Df vision o f Engineering a n d I rriga 

ti on , State D cpa rt mcnt of Public W o rk s , wh o m atte th e principal office s t u d ies , and 

to M r. P a u l A. J un es, Assistan t E;ngilll'cr . o f this B ureau, w ho h ad charge of a ll 

flc ld work ami o f the p r epa ra ti o n of d es igns and cst irna tes (or' th e canal system. 

4. Whether the best p roject t o b e f ound 1\1 the Saera mento Vall ey, which may b e 

wa te rod rrom I r on Canyo n reservoi r, Ii a s becu se lected [or inve s ti g a ti o n is d ou btful. 

'I'he stud ies m ade h ave th c r e f o r e b ecn p resented in considerable d etail in order that 

d upli ca ti on o f w ork n1UY b e avo td cd in fu ture investi g a ti ons . ..\ppendix.\ * :J.CCOl l1 

pan ics th r ee r o p ivs of the report onl y HH the ::"UPf1ly has be e n e xhaus ted , 

(Signed) \\' A L K lm R , YOUNG, 

Englnccr, I T. S. B ureau of R eolnm at lon. 

• No t in cludod in pr-i nted r eport , to s a v e s pace. Copy o n fil e a t office o f Division 
of l'~nb i u p.e r i n g a n d I r r ig a ti o n and m uy b e co nsu lte« t he re, 
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SYNOPSIS,
 

Project considered, 'I'h e proj ect considered 111 this r eport C01\

t empl a t es th e irrigation of a g ross area of 27G,900 acres of land in 
8acram ento Valley, Ca lifo r ni a. as indicated on Pl at es] anrl 2. 'W ith 
the exce p t ion of 7000 ,Il:res loent ed on t he cast s ide of th e vall ey op po 
site th e ci fy of Hed Bluff , th e lands l ie on the west side between Hed 
Bank Creek on tllP nort h and t he Col usa -Y olo county line on the south, 
Htor ag!> o f s u r-pl us flood wa t ers £'1 '0 111 the upper Sacrame nto drainage 
a r ea fo r t he irrigatiou 01' t lie project is to be p ro vid cd in a rcservoir-, 
ha vin g- a g l'oss capacity of 1,1:2U)(:O acre-feet, created bv t he construe
t.ion of 11 con cret e gravity da m in Iron Canyon, at 11 p oin t a b out four 
m i les u pstrcam hom Hc(1 ]\J uft', 'I'IIP (lam would I'a ise t he water sur
f'ac« 132 .;) fe e l above low wa t r-r in th e iive r. (Tnll er t lie prop osed plan, 
7G7,:lOO ,w l'p-f el't of this storag e, less eva p or-a ti on , is a u nu ully ava ilable 
1'01' i\'l'i g at ion of t he proj ect wh ich, 11 ugmen ted by natu rn I stream flow 
in th e ea rlv month", prnvi cles a net annual irrigut ion dra ft of SOO,OOO 
a(:ro -fee t , 

The proposed project. is long' and nn rrow, having' an a irl ine len gth 
of about 10 0 miles a n d a u lIve l'lIge width of bu t fo ur a nd one- ha l f 
m iles, t lic lat t er varving fro m oue- ha ll' t o eleve n mi les . 

It is p roposed to irrigate t he smal l area cast of H eel Hlu ff by di rer-t 
di vers ion From Iron Canyon I'C'SI'!' \'oir, wh ilo lands 0 11 t lro wext sid l' arc 
t o be served bv divers ion from th e 811cramcn to Hi w I' at t he mouth 
of R ed B ank (';'pek, six ,111d one -h a l l' miles downstream f ro m the storage 
d am, d iversion being pffl'd c'll t hronph the construction of a movable 
c rest t ,\' pe of dam at that point, Xinety-fo11r thousan d Io ur hunch-ed 
s ixt y-six ncres of the g'l'OSS lIrell on t lIe west sillp of th e va llev will be 
se \,\:!>d by pumping f'rorn t he main g-ravity ca nal . ' 

De\'!'Iopmen t of PO\\"(>I ' , wh iIe of secon rla r~ - consi de r-a tion , is an 
im port a n t phase of th e report . si nce it affords a mean s of part ially 
fina nc in g th e un d ertnkinz. 'I'Iie pl an proposed in clud es t he cons true
t ion , lit t lic: s torage cia111 , of a hvclro-clcctri c pla n t of 110,000 h .p , 
iu stal lcd ca p a cit y ,11111 a xma ller plant of ]0,400 h.p, ca p ac ity on the 
main l:an a l at <Ilooney Island S lo ugh, 4.7 miles b elo w th e d iversion (lam , 

Purpose of investigation, The investigations W Cl' C made, at the 
r equ r-st of the Sacramento Vnllr- v Development Associut ion arul the 
Iron Ca nyon Project Asso eia t. ion, for the p urposc of deturru in injr the 
feas ibi l ity and probable eost of 11 prujcct supplied bv a low-l in e canal 
r eeei \'in g' it s wu ter fr om tlie S aCnll11pnt o River a t som« p oin t down
stn'Hm from th c s to n lW' da m , ra t he r than t lu-ough a h igh-line canal 
di vert in jr from Iron Cauyou resoi-voir as proposed in previ ou s r ep orts. 
Co p,'- of tho requ es t, elat ed X()\ 'clnlwr 4, ] 022. is attaeh ed as E xhibit 1. 

Authority for investgation. Aut .horirv YOI' 11 [(' iu ves t iaati on is 
co u ta inr-rl in 11 ('00 po ru t i \ 'C' co u t ract of .l au u.n-v :!(i, l D2·1 , en te re d into 
]),\- t lIe ['n it I'd Statps of Am er-i ca. Dc-part mvn t o l' t lu: ln te ri or , the 
]) pp art IIH:'nt of Publ ie Wrukx, 'l rivisinn oygnginpcl 'ing: a m i Irrigation 
of 11[(' State o l' California ; 11\ 1( 1 t h« 8aeranlPnto V all l ~y Development 
A ssouia t inn : att aehetl as E xiIib i1:!, Till' agT ePlIIPl1t «over-lug the plan 
of pl' OC'.pllllrc to be 1'0110\\'(>11 ill t lu - ill\'l's t ig- ;l1 iol1 is i1tt;wiI pd as Exhibit:l. 

Cooperation received, ,[,Iw S t il 1t~ Departm en t or Public Works , 
D ivi si on of Eng-il1 PPI'in g and Irt-iga ti on , lia s coo pe rated in t he invest i
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g a t iolls made, a r ep r eseut ati ve of that d r- pm-nu eu t havin jr been assig ned 
t o the work. 'I'h is re port, although made ill cooperntion w ith t he Nt a t f~ 

D ep a r tm ent of Public W orks, has been prep n rcd in d cpr-nclen t lv of th e 
S t a te's comp re he nsive invest igat iou s of its wat er r esources. Due t o 
t he necessa i-y limi t ations of the cn dea vor , it l UI S 1I0t been poss ible lor 
eugi neers of t he Bureau of HCldama1ion t o s t.u dv t he S t nte's plnu f or 
coo r d inated d ev el opmen t and cn n t rol of watvr fo r ii-rignt ion. uuvi gu
t.inn , flood con tro l, salt water eou t 1'0 1 arid the gll llcr at io ll of elect.r ic 
pOWCl' in t h « Na CnlllH'll t o nnr] Su n .Jouquin vulleys. 1t is bnlicv cd , 
howeve r, th a t wh a tever is clone should Iul low a eu re fu lly eoortl inafcd 
plan. 

Office work, H eadquarters for t he iuves t.igatiou of t he Iron 
Can yo n proj ect, and of t he proposell sa lt wa ter barrier below t.lie con
flueu ee of th e Sacramen t o and San -Ioa quiu river s, were est a bli sh ed i ll 
B erkel ey , Cal i for ni a, on Apl' il 19, 1 !)~4 , the wr-it c r be illg- in d i reet 
cha rg e. 

:\11:. 'V. A. P er kins, assoe ia te hyd ru ul i« l~ng i nl'e r, represent ing th e 
State of Cal iforn ia , D epa rtm ent or Pu bli c Works, Div isi on of Engi n 
eer irig and Irr-igu t.ion, was as xiancd t o the H l,l'k e!ey office on ,fnly 21, 
1!)24, a t whi ch time th e office st ud ir-s were ta ke n up . T he p ri n cipa l 
studies mad e wer e t hose 0 E irriga ble area , soil cl ass i fi ea t ion , wa l e r 
s up p ly , fea sibili ty of in cr eased st orage, nnd p ower dcvclopmcn t. 
Although st ud ies of water s up p ly had been made in the ea r lier 
investi gations, it was n ecessary to mak e a eomp lot u n ell' st uclv for th e 
reaso n that coucl usio us d ra wn h om th l' i'oru ier r eports shoulrl he mo di 
fied t o include the seasou ] !J:~ ; ;-~4 d urinsr which th e i-un -off from t he 
Sa crumen t o River dr-ain age bas in \I"as t h~ lowest of record, 

Field work. l"idd w ork in eonnee t iou wi th th e in v cs ti gati ons 
was st a r t ed on .Iul v 2!), 1924, w ith :\It-. Paul A , -Ioucs, ass ista nt eng'i
neer, U . S. Bur-eau of R ecl ant nt.iou, in ch arge. A preliminary stad ia 
su r vey was made of a t ot al of ~ : ) 2 mil es of ca n a l line and , in add itio n, 
a topographi c survcv o f the d iv ersi on clam site was made. T he fie ld 
work was «ornp lctr«l on Novt-mbor :m, 1D24, while the esti m ates, 
on a ccoun t of more urgent work Oil t he sa lt wa ter burr-ier, were not 
com p le t ed uut il October, 1D25. 

Cost of investigation, 'I' ln-ough th e Pl 'O\'ISI0n s of the co u t raet., 
the su m of $JO,OOO was mad e ava ila b le for the inv est.igut ion. ;\ st a te
ment of cost of invest ign tions t o date will be fou nd in Exhib it 4. A 
d ctuil s t.ateme nt of the cos t of the investig a tion ('0\'(']'('(1 hy thi s r eport 
will be fouu rl iuExh ibit ii . 

Data filed . Ori ginal crnu pu tu t ions. maps , l'('pol'f s , nud COl'l'PS
poudcn ee r elat iv e 10 t li« investig a tio ns , al'( ~ filell in th e office of the 
Chief 1'~llgiuecl', U. S. Bureau of n l l l~lan l<lt ioll. a t 1)(>11\'('1', Co lor ado . 
Mi soeil au cou« tid(l not e hook s, «anal p rofilr -s and ('1' 0 :-;1' s('cl ions llsed fo r 
t'st imut ing' PIII 'POSPS, a .~ \I'P]] as cop ies of COlll jl llt<tt ion s lll,](lt ~ in t he 
preparation of this repor-t, are fil r«] with tJll' State Dcpa rtn rcn t of 
Publi c ,VOI'b, Division o f Eng- ill<'('!'ill l-!' all(l l rri jra t.inu , a f S,H'I'a nH'lltn, 
Ca li forn ia . 

Diamond rl ri l! l:Ol'eS, ob t a ined in Iorru er iu vr-s t igu t ions of Jou nrlu
tiou co ucl iti on s at th e vari ou s d am si1('s in Iron Cunvou , nre sto rt«! u t 
t he Orland project headquarters offje(~ <It Orland , Cnlifoi-nia. 
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SUMMARY OF RESULTS. 

Duty of water. Th e irrigabl c area is ass ume d as 85 pc!r cent of t he 
g ross a rea within 1he proj ect . 'I' he g'enc ra l class ificat.iou of CI'OpS, a nd 
the assu med net d u tr of wa ter a ll the la lid , a re as fo llows: 

C,.O)l Net d il l y of u .o.ter 

H ice 5,0 acre-feet per acre 
(l en eral crops 2,7 acre-f eet per acre 
Orcha r ds 1.5 acre-feet per acre 

Of th e rice a rea, it is assu med t hat not more than 7 ;) per ccn l wi ll 
net ua llv he planted to rice ill anyone year, th e r ernniuiug 2;) pe r eent 
being cit he r fa llo\\', 01' p la n te d t o CI'OPS n ot re qu ir-ing i rr igatio n, in 
or d er to prevent a ru in ous growth of aquat ic plant s, 

'l' he a ver age net duty on the t ot al ir ri gable area is 2.:J8 acre-f eet 
per acre, while t he gross duty, inc ludi ng tra nsportnt ion losse s, is :3,4 
a cre- feet per acr e, 

T he rainfall in t he vic in itv of the p ro posed proj ect is normully a bo ut 
20 in ch es. Th e ra iny seaso n usu all v beg in s in Xo vem be r a nd CJHls ill 
A p ri J or M ay, wi t h pract ica lly no r a in duri ng' the sum me r lllOll t hs. 

Water supply, Th e water supply fo r the proj ect will he deri ved 
1'1'0 111 th e U2;")8 squa r e m iles of Sa cr a mento niv (~r druiu ngc area above 
t he storage dam site in Iron Ca nyon . 'I' h« 11Yernge s('asona l run-off 
measu rod at tha t poiu t is rong:hl~ ' 10 ,000,000 ac re -feet . Durin g t he 
1!l2:{- 24 seuso u, th e measu red run-off was 2,972,00 0 acre-feet, t.he least 
of record unrl on ly abou t :30 pe r cc nt of not-uuil . P ilillg's for di vcrxion 
uud 1'01' "t o1'ag'(' in behal f of the I ron Ca uy on proj ect have be en mad e 
wi th t hc Division of W atcr Rights, State' Department of Public "Vorks, 

'l'I ie irl'igntiou season ix assumed 10 begin in l\Ia r ch and en rl ill 
Octobe r, t li« ma xi mu m clc mund fo r wa ter being i n J ul y when 22 pe l' 
ce nt of t he seasona l su p p ly woul d be de livered. T he ma in ca na ls a re 
designed wit h a capacity of 1] :J pel' cen t of the .a ver age .Jul y flow to 
a llo w fo r daily p eaks . 

ln the s t ud ,Y of wat er snpp ly, it h as been as sumed that the ruon thl v 
clistri bu t.iou of wat er to s up ply p r ior right s would be upon the sam e 
basis a" f or the proposed project; an d that the demand ill .I nly would 
hI' at the ra te of GOOO seco nd -feet, provi de d that amo u nt were in t h« 
r iver above the sto rage reservoir, Upon t h is basis, th e a mount of water 
r equi red a n nua lly t o su p p ly prior ri gh ts is sho wn to he I ,G77,000 acre
f eet. The r un-off, a nrl th e assumed req ui r-eme nts of prio r r ights and of 
t h(~ l r on Ca nyo n p roj ect, a re ::;11Own g'rapJl icall y on P la t e 7, 

Studie" ind icate t hat in the sea son of 192:3-24, th er e would have been 
a sho r t age of less t han 4 per ce nt in t he water suppl y for irrigat ion of 
th e p ro ject, the on ly shor tage whi ch wo uld have occurred ill the 2D 
yea l's of r ecord, 

Xo adva n tage is ta ke n of th e a ux iliary water su pply wh icl: m igh t be 
deri vod fro m Coast Range streams crossed by t he lila in cunal , pu mping' 
Fro m we lls, or utili zati on of r eturn wat er , 

Power, The assu med average mon thly demallll for power, in 
]ler cent of the an n ual demand, as shown on Plat e 8, is bas ed llPOII 

data f urn ishe d hy t he Par ifie Oas a nd B lel't r ie Compa ny for S acr a
m cut o Va Hey, 
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Acco rd ing to t he propo sed plan, all wa ter to satisfy p rior rights and 
thc proj ect req ui re me nts becomes a vai lable for p ower develo p me nt at 
Ir-on Ca nyon cla m. Of the total r eser voir ca pa ci ty, :361,,600 acre-f eet 
an') re served f or th e purpose of crea ti ng' a miuinunn static head of II i) 
f eet at t he darn , th e maxiuuun bein g 1 5~. i) feel. 

H ad a plant been in ope r a t ion during tho ~!l :\'(~an; fo r wh ich th ere 
is a r ecord of run-off, the aver age am ount of power gai ned by pa ssing' 
th « project irrijrat.ion water through th e pl a n t would have b een 
!l4,:n :I,700 k .w.h . pCI' year, with 80 p el' cent efficienc y a t the switch
board . 'I'he toted av erage annual output of t he p roposed Iron Canyon 
p lan t would 1111\'e been j8±,8DO,000 k .w.h . unrl t he pl an t would have 
been in ope ra t ion, at full capacity, an average of Gil p el' cent of t he time. 

'I' he prop osed plan contemplates the d iversion of 8640 second- f eet of 
til e p ri or r ights water to be carried in th e enlarged main project canal 
t o Moon ey I sland Slough, 4.7 miles below t he d iversi on dam, where 
:>,1 f' ect o f static head iuuy be developed . A n aver ag e a n nua l output 
of fiD, :1 :l:l,OOO k.w.li. would have been possible had a plant at this 
po int bee n op erated at SO 1)('1' cent efficiency du r-ing the 2D-y ( ~ar p eriod 
stu di ed . 

T he comb ined average annual g r oss outp ut of t he two plan ts, t hc r c
I'O l'(~, wou ld hav e been at the' rate of 644 ,228,000 le w.h., hall th ey hr-en 
ill op er at ion in con n ecti on with th e prop osed ir rigation proj ect under 
condi t ions of full de velopment. Of thi s a mou n t, about (10 pCI' cen t 
would h av e been prima ry power and 40 p el' ce nt secondn rv. III the 
l ~st i llla t(~S, 111(' assumpti on is mad e that. !lO per cent of the primary aud 
;)Ii pel' cent of 1I1 ( ~ ser-ondnry [lower could he sold at th e switc hboa r d to 
on c of th e di sn-ibut inz compa n ies wh ose t r nusm issio u lin es pass w ith in 
a. Iew miles of th e proposed plants . j\l. 4 mills pCI' k .w.h., t he a \'('r ag l' 
nun na l r cvenue fr om th e comhincd outp ut of t he two pla n ts is est im atcd 
to he $ 1,96 ~1 , 40 0. 

Distribution system, It is asxu uu-d t h ut (;0 pe t' e( ~ nt of t he lateral 
svstem, t he lar g( ~r puuip canals, and a ll h ut the UppCI' 4 .7 miles of 
t he mai n canal w ill ultimat ely be li n ed ; b ut t he cost of lin ing the 
mai n ca nul llli l!ht be deferred for sev eral ye ars, op erut. ing th e canal 
(lu ri ng' the c<ldy dcvr-Iopmcn t of the proj ect a t. ab ou t t wo-t h ir ds of' 
it s capacitv lined. Estimates are based upon th e assu mp ti on that all 
structures are of the highest type of conc re te and st eel const ruct ion . 
Si p hons to earry rhe canal under water cou rses will be a n ex pensive 
it em of co ust ruction because of their n umber a nd the sha ll owness of 
t he cha II ne ls, which are proportionately wi de. 

P ro ba bl y th e most difficul t problem presented is t hat. of wast eways, 
i'or t he re as on t hat most of th e water co urses crossed a re only sha llo w 
(lepress io tls which in many eases a re eult.ivu te d . 'I'h er e arc no well 
defin ed n a t ural chun ue l« between mil es 64 and 1 ~0, making it necessary 
to provi d e artifi cial wa ste cha n ne ls . A s t he ma in ea n a l parallels that 
of th e Glen n-Co l usa Irr-igatiou Distri ct , m ean s must he provid ed Ior 
ca r ry ing wast e water from th o Iron Canyon ca na l tind er t he di stri ct 
canaI. 

Project drainage. 11 is probabl e that n on e of th c urea nor t h of 
S lony ( ~I ' e('k , and th at only a part of the area to t he south will 
r equi r e d ra inage, hut, in the absence of accu rat e class ification of a re as, 
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i t is assumed that the cost will be d istribut cd eq ua lly over the whole 
proj ect. P erhaps 7;) PCI' cent of t he cost of t he drainage system could 
be def'err cd din-ing the fir st few y ears of proj ect ope rat ion , 

Cost analysis, assuming noninterest bearing money, ] n all that 
follows, it is assumed t ha t th er e will he a market f or 1ha t. p ortion 
of th e pow er' which, ill t.h« s tud ies, is ass ume d to b c ~ sa la ble. 'I'h e 
clemaud fu r power is increasing r apidly a nd it is beli ev ed that, in 
normal d evelopment. the in crease will con ti n ue . 

It is shown that the r evenue from P OW( 'I' , gain er] by raising the 
water s u r face in th e st orage reservoir, is 11101'(' than su ffi cien t to pay the 
cost. of ins t a l ling' gates all th e sp il lwuy crC!its for th at purpose. 

It is shown that the sa ving in «xe a va tio n of th e firs t 4.7 miles of' 
main ca n ul , made by buildin g" the diversi on d am to r ai se t.he water 
s n r fac c ~ 1;; fed, is ruort: than su ftiuien! to pay th e in creased cos t of the 
rli ve rxinn dam. The saving' is estimat ed al about $;)( j8,000. 

Building' the d ivcrsion (hun to ra ise th e wat er su rface 1;; fect, results 
in H saving of about $20,000 pcr y ear in p um ping' to t.lw R ed Bank unit, 
ir it be assunu-rl that power for that purpose is bought at $0.01 
1)('] ' k .w.h, 

'l'he sa vi ug; effected by building the firs t 4 .7 mil es of main canal 
unlined, is shown as about. $:)1 G,OOO. 

Th e power gained annually by passing th e proj ect i1'l'igation water 
th r ough the power plant at t hc s1ol'1lge d am , wh icl: was not possible 
in the plan proposed in former report s, is esti iuuted to be about 94,:JOO,
000 k.w.h. Project pumping requires ] 8, ~)0 0 ,OOO k .w .h. The average 
a n n ual su r p lus is cst imated at $166 .000, 

TI IU increased cost of const rnctiou to provid e for d ev elopment of 
power at ::\[ OOl H'y Island Slough , is shown as ab ou t $1 ,5!J1,000 ; but 
t he net annual revenue derived from th e sa le of power g-eller a te d at 
t hat plant, a t 4 mills [ WI' k .w.h ., is abou t $ l(j(j,OOO, or ove r 10 pel' cent 
return on t h« iu vestmeut. 

It is shown that the r evenue to lw derived f r om th e sa le of' power 
would , af'ter d educting operating ex pens e, repay the cons t r uct ion eost 
of all 1){)\\'Cl', st orage and diversion features in 20 y ears; a nd , in addi
t ion, furni sh a surplus whi ch might be used to help r epay the cost of 
the d ist ribu t ion sy stem, 'I'lr o s u r p lus is as f oll ows : 

\.::t !t. price per k. w. h.. -----------,,-··

.\' lIt\':d surplus . 

0.0001-- -- -  ---  - 1 - - ---- 

il-E stl il/at ed proiect rost , assuming nonitctcresl bCll !'ing 'money , and 
reptnnnent of construction cost 'in .~o y ear s, Oost assessed cqain«! 
9:) per cent of the gross (lI'CIl within th e l)l'o.ieet, 

(a) Gross cost, neg]eeJing revenue lobe c]el';verl through the sale 
of power: 

( ·u:·;j pe r uert-. 
2G:J.O.j ;'):11' 11'" 

1 >W.O' 

~o unuuul installments 

Ore rat iuu aud 
umintvuunee 'rob! 
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(b) Net cost, crediting the revenue from th e sale of pow er to th e 
project: 

Ne t cnnst rnct ion rupnymc n tx 

S'rle price o f powe r per k. w. h. I 
T o f:tl 

,._ - - - 

I milb . . . ~'1 ::;. [ '1: ~. ;"jS3 

·tl ·~ rutUti.. 1 ~ .2I.l . tt2 
.~ mill",.. l:l .:l9 li,702 I 

. ~ ..~. ~_._ ., " 

20 annu al insta llments 

Per acre, Operat ion [1 ,,<1 
2fi:J,fI;j;j acres Const ruct ion maln tcunnce Tota l 

-
.587.no :'1.10 .': l. OO .- i . 1O 

li9 .2 1 :1. 'U; ;; .00 G"Hi 
,l (J • .:)\) 2 ..i1 3 . 00 S, .}:; 

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

Anuual rep ay men t. per uc re :l ftrl cr cdi tiu r 
power a t r.rto, per k. w. h. i 'l :!i I': l t ('d 

.~.r l'a ;15 ~('~~(' . 1
Project 1111 it. i ll ucn-e 

I mil ls 4}-1 mills 'l mills 

I-: ' ,;"i;; ~() . - lii2li:J.0.;.' ~i .-to u'bol« pro ject .. 
l ;j ij .lHiO (i :\0 .i . :jli l. 1:: West side e ra vi tv .. 

1 .:\0 Hed B,Jnk pum p uni t ar.sso 0. 17 s.n 
:n.ol;o R.:n E1.2I\ n.~2Pump un its near Orla nd . 

~ • •=)3 i . i 2 
Ea st side rruvi tv . (i,li"O 

R.es PUrT'.p unit south of WiIl O\\~ 1:1.:10:) 
.1. I !) ;{. 2.i 1 . ;~ '1I 

(d) Deferred charges, The charges which migh t be tlefelTed lly 
post.pon iujr conxtruct ion of 7.5 ]lcr ('Cllt of th e proj ect d ra inage sy st em 
and the lining: of the main ('HUClI, is cstimate'(l a t $41.11 per 11('.\·e , eq u iva
lent to $2.06 pel' acre per year, which. cons id crhur t.h « wliolo pI'oj eel , 
would reduce the auuual pavmcnts (hiring' the first fe w YCllr:,; 01' ]ll'oj ed 
operation to the following: 

S'lle priee of power: 

4 mills per k. w. h. .. 
.g ~(. mills per k. w. h. 
ii n-ills per k. w. h. 

:\ I'l uunua l rcpuy mcn t 
per ucrc uf'tor dcductiue 

deferr ed l:h:m.tl:s 

,~,j . :\ ~ 

I lIJ 
3 Ii 

n -l~'slimatCil pro.icct cosi , assiuu itu; tlia! ili e StOI"llUfi aiul pourer 
[eat ures (1/'(; conet ructcd with iuicrcs! bC(f1'/lIU money, iliu« r etluc
iru] the «nunini of uonint erest /)cul'inglHoJl ey to iho! required 1'1/ 

the construction. of the balance of th e proicct, Cost assessed 
agai1/st .95 per cent of the UI'OSS area u.iilii« th e project . 

Est imated cost of project $5G,J40,:317 
Estimated cost of Iron Canyon reservo ir, power plant, anrl 

Mooney Island pO\\'cr development 2G,:lG:'j,810 
Estimated cost of canal, d ist ri but ion and drainage svst enis, 

to be bn ilt with uouiutercst hearing Ilion ey ___________ 2!1 ,TiG,;;07 

III Ilu- report. it is xhown Ihat upon t he assnlllplioll Iha t. «onxt.ruct.ion 
of the Lron Canyon \'('spn"oir, !)()\\'('r plant , lind :\[omH\V Ixlunt l power 
develojllllent wnulrl cover a ])('riod of five ~ '( ~ars ; t ha! mon ey would he 
uvailable at ;, pel' (,(~1l1 i m crest, ( ~OnlpOnllll('d xr-mi-urmuul lv ; that the 
cost would not ('xeeed *:.!(; ,:lG:~ ,S10; lind IhM t he l ron Can y on r eservoir 
would be permitted to exerc ise a \1'111( '1' right for gen crut ing ]JO\V('r prior 
to a ny upstream reservoirs not y et cons rr uc tc d , and that th e n et 
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r evenue derived from the sale of power at 4 mills per k .w.h . would be 
a ppl ied in th e repaym en t of const ruct ion costs , t he enti re ind ebtedness 
($ 26,:368,810) could be repaid in fifty-three years after beginning 
construction. 

E stimated cost. of' the balance of th e proj ect.: 
-

20 annual installments 

Tnta l cost C0 3f per acre. 
2li:1,O;j;) «eros Operation and Constructi on maiut enanct Tnl"' 

- - - --- - 
·3 2D,77r1"j0 7 ;1 13 20 S,) .6& .- 3 .00 ~ 8 . (\1) 

\fi th dd" frt"\ c hD r ~{' ~ dedur-trtl . 7'l .Wl :UiO 3 .00 G. (;11 
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CONCLUSIONS. 

1. There is n eed fo r a sup p leme ut a rv water finpply for l lro ~ lll' c e~s f\ll 

growing of most cro ps in Sa cl'11 111 cllto Valley . 
2. It is apparent th at f urthe r il'l'igation developnieut in f-la cl'alll ento 

Valley without st or age fac ilities is not feasible. 
3, The proposed I ron Ca uyou reservoir is so loca ted th a t it may 

serve any part of th e Suerumen to Valley. Theref ore , th e selection of 
a project sho uld be mad e on ly a ft er studies of al ternative areas ha ve 
been completed . T he proj ect st ud ied is planned with the idea of d is
tributing water sto re d in I ron Ca nyon reservoir over th e nearest ava il
able area on th e west side of the valley, 

4. The project st ud ied is essenti a lly a water conservation project, 
s ince in a dry year a pp rox imately DO per cent of it s water supply is 
dra wn from storage, 

5, 'I'he relatively high d ut y of water assumed in th e st udies is 
beli eved to be justified by th e corup a ru ti vely la rge r ain fall , a nd by th e 
fact that som e crops have been ra ised in the vicinity of t hc proposed 
project for the pa st 50 years, or more, without ir r igatio n. The d ut ies 
assumed are bas ed u pon a tully developed project and arc not to be 
expected on individual tracts during their development. 

6. The question of prio r rights and the possible outcome of un over 
ruling of section 11 of the Wa ter Commission Act, deali ng' with ripa
rian rights, is one f or se rious con sideration in the study of any project 
ill t he Sa cramen to V all ey, 

7. Although dur ing a Iow season, such as that of 1!)23-24, ab ou t 90 
pe r cent of th e proj ect 's supply would conic from storage, th e ad e
quac)' of th e s upp ly will dep en d up on decisions of th e cou rts r elative 
to the right of riparian owners to store flood wat ers by exe rcising t he ir 
riparian rights, and np on what ac t ion th e f ederal go ver n ment may 
tak e relative t o th e re lease of water f or navigation 0 11 th e Sac ra mento 
H iveI'. 

8. On ac count of tho long ca r ri age system, without r egulating reser
voirs along the line, t he rotat ion syst em of irrigati on is t he most prue
ticablo for adopti on on th e p roje ct studied. 

9. Without power develop ment as a means to rep ay th e construe
tion cost, the proj ect a p pears to be infeasible under presen t con d it ions, 
OIl account of it s h igh in iti al cost . 

10, Potential priniarv po wer at the Iron Canyon pla nt should 
increase as addit ional r eservoirs farther upstream are bu ilt. in the 
p rocess of nor ma1 i rrigu t ion and power develop men t : provided, t he 
Iron Ca nyon reservoir is pe r mit ted to exercise a wat er r ight p r ior to 
any upstream reservoir s not ye t eonst ructed. rndi cat ions a l'e tha t th e 
demand for power will con ti nne to incr ease. 

11. E stimates of cost arc based upon presen t pr ices of ma terial awl 
labor. The effec t of 11 change ill th e am ount 1111 <1 value of power whi ch 
it is assumed ca n be marketed is a n important conside rn t inn. 

12. It. is probabl e that in th e fina l locat ion of the main ca nal to serve 
the area studied , ado pt ion of canal sections and gTades ot her than those 
used in the preli minary location would res nit ill a sa ving in cost. 

13. Floods f or some distance below the storage dam could be 
reduced materially through skillful operation of the gates. Bearing 
in mind, however, that the use of the reservoir for flood control should 
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be ~e('oJl(lar'y to ih pl'illl al',\' use Ior storage of irrign t.iou water and for 
power developmen t, i t is doubt Iul whether less prcca nt ion should be 
t al«.n in muiutuiu iug pl'llt e etiyt~ works. lmprnpor npcrut ion of the 
gates might, and in a d ry ,seasou would, result in seri ou« sllOl'tages in 
water t0 xuPply t h I~ r equ i renrcn ts of bot h il'l'iga tion a lid pow er dcvelop
meut, Son\(~ of th e duugers att endant upon an endea vor to use the 
roscrvoir for Hood contro l a re demonstrated in th e rep ort but eonclu
sions a~ to th e flood cont 1'01 val il l' S of the Iron Ca n von reservoir are 
dd el'l'e(l u nt il t lro complet ion of the ge ne ral stud,\:' by th e State of 
Ca lifo r n ia on th e «out rol of Hoods bv reservoirs. 

14, Although it is evide nt t hat til e cons t r uct ion a nd usc of Iron 
Ca nyo n reservoir in th e munncr proposed would be of 110 di rect ben efit 
t o navigati on 011 1he ~aCra ll \(' nt o R iver, it. is not appa re nt that th e 
effect would be se rio usly detrimen tal. 

15. By sacrific ing' th e power feature at Iron Canyon darn, th e reser
voir could he used t o prevent the encroachment of salt water into the 
delta region. 11' th e r eservoir were used for this purp ose, the water, 
which with lhe pow er fea t tu-e included is rese rv ed in dead storage to 
cre at e power head, cou ld be released during th e critical per iod ill the 
a mount necessary t o act as a ua t ura l barrier ag uins t the enc roachment 
of salt water. t-3l\ch usc would ben efit na.vigut ion t o some extent, but 
would mak e th e developm ent of power infeasible, t IIlIS destroying th e 
power value of th e reserv oir as a means of partially repayi ng t.he con
st.r uct.ion cost. 

J 6, .1:<'01' severa l yea rs , du ring' th e devel opment of the irriga tion 
p ro je ct. and power market , it migh t he practicable to ut ilize t he r eser
voir to the ben efit of navigati on aud for the p arti al , if n ot complet e, 
control of the salt wat er menace in the delta. 

RECOMMENDATION. 

H a large proj ect in Sacr amento Valley is consider ed f easible, and 
desira ble, it is recoIII 111 I.'nded th at further invest iga ti ons be made of 
oth er areas wh ich migh t be serve d by Iron Canyon reservoir in or d er 
th at. a judicial select ion of th e area to he included wit h ill t he project 
may he made. ~evera l proj ects whi ch may ha ve mer it are described in 
th e report. ,VAi,KIm R. YOU~ G, 

Engineer, U. S. Bureau of Reclamation. 
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KEY TO PROJECT MAP-PLATE 2. 

Th e fig'lIl' l's s h own OJl t he ll'r1 side o r t lu: mu.p 1't']>]'('sl'111 t hn av a il 
able gTOSS in'ig-able aJ't';) wi t hi n a puurp in jr nnit , OJ' th a t. uurl t-r 1he 
g'l'Hl'ity «nua l het wccn po ints indi eal t'd by it nliex OJI t hc lino 0 1' th e 
proposed can ul. Subtot als arc' sho wn at tlit' Ule Jln- Colusa co u nty l ine 
with the illea tha t tli e na rrovv al'l 'a sou th or t hor:«, might , in f'ut urn 
st ud ies, be re plac ed by ot he r areas, . 

I tali cs on th e ca ua l liuc ind iea t e the point s a t which a ch a nge i n 
ca na l cross-see! ion is made. The des ig'ned ca p ac ities of t he vuriou s f ca
t 1ll' CS are as fo lio\IS : 

Dcsinned 
1.1'11('1' capacity , 

second-feet 

,\ Eas t !'ii ( lt ~ runa l divc-rt iurra t Ir /J1l Convcn dum 87 
II Intake '( a k~ ~~ t (H Y c r.~ i o ;l dam .. 7,000 
II I'u mpi ug pla nt. :171 

H-C \laiu cana l . . .. . . . . 1;) 518 llOrJ1lUI 
( ' Mooney Is lan d newe r plan t ;J.O.jO nortnal 

CoO Main r-annl .. ... _ 1,8G!1 
U Pumpinrr plant . . 1:1I 

O-T<; Main cana l . 1 ,44 G 
E-F Maiu (-anal .... 2.1 70 
F PUmp il 11! 1Ila ll l,. . . 201i 

Auxilint-y I'IIJI1 Jlilll!;plant second lift. ;-)1 

F-G Muin cunnl .. 2.001 
u-u 
G-II 

Mai n (,.'1fI;II. .. 
Pump ing pbnt . l , \~,~ 

H-I Main eann l . . . . . 1,02:1 
H-I Pumpin g pla n t . \.1 
II-I I' uruPlur, pluu t . . 
I Pump iru- plunt . 1i 2 

1-.1 Mnin r- unul .. . .j;~.i 

,J-K Mnin cunal . 2 7 ~J 

K-L ;\laill cnunl. . . 0 t 
I, End u f main canal fo r prnj cet studied . 

Cro-s-rcct ions of the canals, except that un the cast sirk-, ere S!\I) \P1 0)1 Plat' · 2.i. 
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INTRODUCTION, 

Early investigations, A large project in Sacramento Valley has 
heen und er consi d er a tion by th e Bureau of Rcelumu ti on since its incep
t ion in 1902 , In all, DVc inve st ig at ion s have been made, from which the 
proposed Iron Canyon project is the outgrowth. F'our of th e investi
g a t.ions were made uurler coopera t ive agreements wi th the State of 
California, d evel opment associa ti ons , or bo th. 

Inves tigat ion x made d urmg the p eri od 1fl02·-]!JO± iu eludorl a g en crnl 
recon nu isaauee of the en tire river bas in, the s('a r cll for reservoir' s i t( ~s, 
the g'ag-ing' of s trea ms , and th e approxima te (le t cr m in ati ou of th e a l'( ~ as 

of irriga ble land. The work wa s carried on in coope r a t ion with t he 
Stat e of Ca li forn ia and in hurmouy with th e work done by th e topo
graphic bran ch of the Geological 8lll'\'eY in mapping' the va lley lands, 
and al so in harmony with th e Bureau of Forestry of the Depn rtmcnt 
of Agri culture. 

Work w as taken u p aga in ill 190!), hut not eoru plct od . The results 
and con clusi ons r each ed at th at time ar e conta in ed in R ep ort 1\0. 1281, 
C. S. Se nat e Conun it.tce on Irrigut ion and Heclam ation of Arid IJaJHls, 
Si xty-fin;t Cong ress, third session . 'I'h e project in cluded approxirnat cly 
lCO,OOO acres of irriguble land. It was proposed to provide at Iron 
Ca ny on a r eservoir hnvi ug a maxiinum capacity of ab out 260,000 acr e
f'eet. , of which a pproxiniatelv };"iO,OOO acre-fee t only would be av a ilable 
1'01' irrigution . This "tor ag'c, how ever, wa s t o be su p ple me n te d by a r eser
voir on tho up per Pit R iver in D ig Valley, bringing the total av ail
able for irrigation purposes np to ab ou t 400,000 acre-f ed . The av erage 
estimated cost per irrigable acre is gi ven as $111, The p ossibility of 
d evelop ing power a t th e lron ennyou d a III wa s recogni zed a lthough 
no a dva nt age was taken of it to reduce the estimated pel' acre cost of 
t he proj ect. 

1914 Report, In t.he summer of 1913 certain cit.i zens of Sa cra
men to Valley again took np the ma tter, urging f urther investigat ions 
for a mOI'( ~ d efln it c est ima te . a 1\(1 a t t hat t im c it was proposed to 
inc rease th e lie igh t of the dam ill Iron Can yo n t o provide storage for 
a larger ,11'1',1. An agreem Cllt was entered int.o between th e United 
States a1\(1 t hr Iron Canyon Project Association which provided for 
fli rt her invest iga t ion s. 'I' l ie r esults of t hese in vestigat.ion s appeal' in 
published r eport or Xovember , 1!114. 'I'he project proposed con 
t( ~l1Ipl a ted th e irrigu t iou of as mu ch as ~~ OO, OO O acres of land in th e 
UPlwr S,H~ I 'am ento Vall ey and a re servoi r of 70D,OOO acre-f eet g r oss 
cupac it v t o he en 'ale·1i bv 11 dam ill l ron Ca ny on neal' P ayne 's Cre ek. 
D ev el opment of a ppruxima tely C>O,O()O horsepower of clc et i-icnl en ergy 
wa s a u in eident al fe at lll'e. 'l'h o cst ima ted cost p CL" a cr e irr iga ted is 
g iven (I S from :j;:17 t o $7:) f'or the vuri ous alternatives, depcndiug in 
pa rt 01 1 ccrtuiu as sumed values to he given I ur water power develop
ment, 

1920 Report, 'l'lie investi gations and drilling done at the dam site 
in 1913-14 indi cated f oundation conditions not altogether satisfactory 
and among other things a board of review recommended a more com
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,"t'i(~ illn'slig',ltioll 01' Ih( ~ pl'oj,'('t , Oil ~Iay ,J , l~l1~I, all agl'l 'I'1l11'111 mls 
l'lltel'l'd i ul o hy thl' lI u ih-rl Nlatl's, till' Nlat{· 01' Cal if'orni» alld Ih(~ 11'011 

( 'allyoll I'l'ojt't'l l\ ss{H' ia t ion which pl'()\'ided 1'01' «ont iuuiiur th(~ i u vr-sl i
g,atiolls , TIle I't'slilts 01' Ihl' wurk a rr- ('ollta illl'd ill n~pol'1 datl'd lIlay , 
!H20, Th is report l'Ollll'lllp/;l1l's a pl'ojl'd of 22,\000 a(~l'es net iri -igable 
area and a I'l'sPl'voil' 01' f)·HI,OOO iWI't ~ -I'I'l't stOl'llgP ava ilabl e 1'01' irriua
t ion , e l't'ilt l'd by a dalll at \\'hilt is known as t lu: 10\\'(')' sitl' ill 11'011 

Cuuyou . 'l'he la ndx were to be su pplit«! with wu t er di vertcd at th e 
reservoir at a ll elevat ion of 87 feet above the wa ter surf'aee ill th e 
r-iver uud ca rr-ied to the lands in what is known as th e West Side h igh

1 line cauul. D ev elopm ent of power at the dam site was agaill in cid ental 
1- to the pl an, it being proposed to install generating equipment of (in,nOa 
l") horsepower ca pacitv. The cost pel' acre was estimated at $1:.1:3,70, 

1925 Report, Hoping' that the cost could be reduced, propon ents 
of the Jlroj ect again urged investigation of a plan substituting a low 
line cnual d ivcrti ng from t IJe i-iver downs! ream f'rorn the darn f'or the 
high lin s canu l, which it was said was I'Xl)('llSive on account of th« 
d ifficult countr-y traversed. It was further expedl'cl that t he cost of 
the proj ect cou ld be reduced through the sale of addi ti onal power 
which might he d ev eloped at the dam by rcason of t he fact that all 
irrigation - wat er f or t he proposed project, as well as that to supply 
prior rights un rl water for na vurat iou , cou ld, contrarv to pl ans 
previ onslv conside re d , be passed t h roujrh t he power house. 

GENERAL DESCRIPTION. 

Sacramento Valley, Very coniplcte diseussions of t ire Sacru mcnto 
Va lley relative to geognl phy, topogra phy, population, markets, eIimat e, 
and agrieult m -e are eon t aincd on pages 1 to 27 of a r ep or-t of th e U n it ed 
States Dep artment of Agrieu1turc~, in cooperation wi th tire U u ive rs it v 
of Cali forn ia Agr icult m -al Experiment Station, " Hee on na issHnec Soil 
Slll'vcy of' tl !l' S,iel'a illen to Valley, Califomia," by IJ, C, 110In1('s, .r . \V, 
Nelson and purtv, wh ich is attached as Appendix A. '::'' Other discus
SiOlIS i1JlJwal' 0 11 pHp'es GO to G:3 of Bulletin Xo, G, "Trriua t ion Require
ments of Califor-nia TJilllc!S" published by the Stat e of Californ ia, 
Depart.rn eut of Puhlie Works, Division of Engineering' and Irr-igation 
and in Wat er Supply Paper 49;) publ ished by the Unit ed Stat es Gco
logical Survey wh ich is a rt-porf upon the "Geology and Ground Water 
l{csoll!'ces of 8;I('1'<1Il1 ento Valley, California" by Kirk BI',I'an, 

Project considered, The project selected for investi gation was 
adopt ed with a view to distributing; the water to be impound ed in It-on 
Canyon r eservo ir 0 \ '1' 1' the n earest. available a ren on the west s id e of tho 
vall ey, with th e «xeept.i on uot ed. It is rccogni xcd t ha t whil e t he east 
sid e of the Sacramen to V al1(~,1 ' mav be sUJlplipc! wi th wat er f ro m ~ielTa 

Nevada st r ea ms , th e west s id e must. depend chi!'/i,\' upon t h« Nuc'ra
nu-nt o l{i\'( ~r as a SOIl),(',(~ or irrigation su p plv. 

As shown on Plate :! tire project, with t lie ex ception of 7000 acres 
opposite Hed Ill uft', lie s Oil the west side of the "alley , bein g- bouuded 
011 tl!(' W ('Ht by th e foothills of th e Coast Range and on the cas t by the 

• No t i uc lu rlcd in p rin t e d r eport, to sa ve space . Co u y 0 11 fl lo at o ftk e o f D iv isi ull 
of Rn gille~l · i ll g· u ud l rri g u t ion and m av be cOllsulted there. 
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~,\('r,IIlI Pnl0 Bi n '!' IIOJ'fh o l' ~IOIl\' ( ' n· c·\(. ,111l1 liv t lil ~ inn in (',llWI 0 1' t lu
(:t PllJl - ( ' oln ~:I l rri au r ion D is tl'i (' l' xout h 0 1' l h ill 'p!'('(-\(, 

Lands, 'I'lu: la n ds illdlllll-d wi t hin t h« p l'ojP d :l I'I ~ pri vu telv o w n e d, 
nu d ill soi u« (:(lSPS 1I(I\'t' bl'('11 c u lt iv ut ecl for fifty YPill'S or ruor« w ithout 
irri ua r iou . T lit' ma jo r p,ll 't o f 1h t's t' I:ln d ,.; ~V II~ or ig-ina l ly embraced 
wit h iu laq!'p ! III [(! gT:l llts o r sl~ n' l'i il t houxa u rl :lpn's ea ch , These g r a n ts 
have lw('n divided a u d sol d u u t il, a t tli o p r espnt tini c , the proposed 
p!'ojed eo usixt« ma in lv o f s mu l! f'a r ms. T he re s ( i l l r ema in , h owev er, 
a f ew 1',II 'I1\S of f'r ou i tin' hu udrr-d to a thousa nd acres en c h . 

Drainage , 'I'h« t o p ogTHphy and nutui-al d r (l illa w~ of th « area 
incl uded w ith in the pro posl 'd proj ect a l'e such t h ut prnct ica l ly a ll o f 
t lie la n d s r-an be iI'l ' ig',1tccl . ' I' lu- en 1ir p an'a s lopes to ward t he 1:"iacra
iue n t o Ri ver, and wi t h rlu- «xce p t iou of t lie high Ill'pa ea st of Corn ing', 
w l:ieh is I'X<:I 1Il11'd l'ro m t h« proj ect as n ou ir ri auhle , l he lamb arc wcll 
ada p ll 'd to i r ri gu t iou b~ ' orcl inu rv Illl'tli ot!s, Xa tu r a l dru inugo north of 
8tony C r t'pk Ilows d il' t'dl~' into t h« Nae nll1lento River , hut sou th of 
~ tO Il ,\' C re pk it. flows in to r lu- Colusa B as in , eveu t.ually r ea ching' the 
river t h ro ugh a ll ex tensi vc s~ 's tem of ar ti fic ial d r a ins. 

Timber, :,\' e a r l~' all of t h e lands hn ve been cleared of t h eir ua t u r al 
\'eg el ati oll , cxeep t «nu« o r t he hott om lauds n eal' th e ri ver, a long' th e 
firs t I o rt v m ill'S of can al li nt', wh ich s t il l r e t a in p a t el il's or w ill ow s , oa ks 
a lid syca mo re s, 

Crops , On t he i lTign l e(l lands , t he re is a w id e dive r si t y of c r o ps, 
in clud ing al f al fa, burley, oats , wheat, rice, melons, ga r d en t r u ck , 
oranges, lemons, grHIn-f' rn it , wuIn u ts, almonds, 01ives, pea rs, p r u nes, 
gra pes, efe , E x pel'illl en ls ill t he p r oduct ion of cotton ha ve been made 
i ll th e past I'ew ~ 'eal' s a nrl there is a g ro \\' jng' im p re ssi ou, a s a result of 
I h ese l ~xpe r i III I'll is, t hn t t her« w i 11 SOOll he a t h ri ring' colt on ind ustry in 
th e Saeru me u to V ullcy . O n t he uu irrig uted , or drv lan d s, whea t and 
harley n r« r a ised wi t h f a il' s uc cess. The rice , a lfa lf a a n d grain fields 
aff or d pasture in HI P fillI f'or lm'g:e ba n d s o f' sh eep a n d cattle, 

Present irrigation. Th e presen t ii-riga t ion cons ists mainl y in 
pumpi ng fro m wollx, with some d ive rx ious from sm all s id e s treams 
piIl']y ill th e s pl' ing-, 

Growing season . Iucler II vCl'a g e co ndi ti ons the g rowi ng seaso n 
m ay be con s it!(' I'e l! ns begin n ing in Xlarch a n d c los in g in October. In 
some yea rs, h OW(' \"I'j', w a t er d pli \"pj, j(·s a re nuu lo i ll F'ebruruy and 
occasioua l ly ns la te a ,,,, Xo ve u rber. 

Transportation facilities and markets , Th e p r oposed pro j ect is 
w el l located , j'e l-!'at 'd in g: t r ansporra t.iou a n t! marke ts, and ha s a fuirl v 
\\ ' I~11 deve lo pe d s ystem of roads a ud hi ghway s . 'l' h e re are se ve r a l 
1lu-iv i nu s m a ll to w ns nnd cil ies on, a n d a d j acent to , th e a r ea included 
wi t h in t he pt 'o] )()spd bounda ri es o f the project. 

The ma in l iue of t lio NOllthe l'n Pa c if!« Ra iJl'Oa ll r u ns n ort h mil l 
so u t h t ln-ouch t he p rn j cct f ro m lied Bank C r eek to Teh ama, where i t 
d ivid es into two li nes, one c rossi ng' t he river t o C h ico 1111(1 Saera men to, 
and t lu: nt h or co u t iu u iujr sout h t lu -oug h t lie p ro j ed to co n lied wi t h 
t he m ain line aga in 11 1 Dav is, abou t f or ty m iles so u t h of the southern 
oxt r omi tv o f t lIe project. In add iti oll , t hp re 11 1'e t\\'O h r a neh Jill ps 
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that l'I'OSS th e pl'oj"I',1 l'fl.~1 find \l l'S1. Xo l.uu!-, wit h in t lu: p l'o,i"('! a lT 

mnre than five ru i les I'rum fl ta i lru .u l. 
'I'hc 8,WI'H 111 1' 111 0 It jn' r is WI \' ig'ahll ' 1' 01 ' H l'O II"i<!t 'I',l!J1(' tl is!a Il('t' uhov.: 

t he l'ity 0 1' Sa(: I'a llIPnto a ucl hoa!s al'(' a t \,l'e"('llt opt 'I'all'tl 0 1\ II )'(','2'nlal' 
schvdule between :)al' I'I1 I1 H'll!O I1tHI ~;In 1"I',II\ C,j';I'O, H lrol'tli ll ,~' ,In outlet 
1'01' products hy wate -r. 

A paved hi~.dl \l'fl ,I ', wh ivl: is Olll' or t lu- main l'O lll c's lrmu 011n F'n m
cisco to Port la nd , U]'ego n, r un-, f'u ll h 'ng lli of t lu: p roj ect . 1'\eal'1,va ll 
ot her l'oads with in t h« project ha v« either a gl'a \'el 0 1' puvccl su rl'ac«, 
Th e present xyst cm of roa ds is about one-half t liat Ill'('clecl 10 f'u llil l t hC' 
req uii-cmcnt s of a fu lly du velo pod ]1 rojpc1. 

:'Ifill'ket coud it inus 1I\'P \'pI'Y favo rab le, as tile ('('nt l'" of rhe proj ec t is 
uu lv };')O mil es f'ror n ::-Iall F'ru ncisco, wh iul: is t he ('('llt(' I' of runr c tha n 
1,oilO,000 pop u la t ion li \' ing ill t lu- ~a ll Fl'a nei ,,(~o Hay I'l'g'ioli . 

Cit ies and towns. 'l'ho pri n c ip ul (,jties an d to\\'IIS loc u t erl w i t. hi u 
the p" Oj l'C1. are COl'llillg'. nca r t lu: uort l: end; \Vil lo\l's , Iwa :' ti ll' ccnt er, 
a lld Arbuck le . 1I('aJ' t ill' sout h end. Otilf'1' i m port a n t to\\ 'II.S on the west 
side of th e ri vcr, situated ncar, or adj,lI'ent to, till' p rnj cct , include Hf~d 

Blu ff' , Orlu nd , Max\I'(' II, Colusa 11!ll1 W illiams. 
Based upon th e 1920 cens us , the pop ulai ion of thm part of t.h« Sa c ~ 

ru ruen t o Val ley lying' between the Pl'0posl'd Iron Canvou projeet ca n a ls 
and t Ile i-i ver is est imat ed at about 1D,OOO, Of t his number a p p rox i
mately 1:) ,000 ill'l' 011 the Glenn-Col Wiil II lid Or-land p l'oje(~h , It is 
l'st imated t liu t of th« GOOO rt-um i n iuu. ;leoo live ill l:it ies 111Id towns 
wit h in l lu: 11'011 Canyon proj l'd a lit! 1000 on Iurrus . 

Industries, The chief iurlustrics ,11'1' fanlling' and rlu. irviu g. 'I'wo 
large canuei-ies, the May wood and H ein z, alT loca t I'd at Coru iutr, t lte 
chief out.put br-iug canned olives , 

SURVEYS , 

Scope of work, Since wa ter im pOlIlJ( II'(1 ill l run C,l ll,\'on l'\'s c1'\'o il' 
lIlay he lIsl'd for the irr -igut ion 01' a uv p,lrt Ill' 11 11' ~ ,I ( ~I ' ( IIII( 'nto Va lley, 
eit her by gl 'avity diver-sion 01 ' by p um piuu. ('ons i([PJ', lti oll s hould l)(~ 

g'in'n to ult ern nt. ive areas before the Pl'o j c ~ t: t is dd illi tely lo('alel!, lind 
t he "w 'vey was p lanned njlon t ha t basis, 'I'hr- cunt nu.t nud er wh ieh 
til(; invest.igntion was mu rl« prov ides for u st Ild~ ' of luru]s Oil t he \vest 
side of t lie va lley only, The survevs made were intended to f'urrii sh 
f a irly comp lete prelim ina r y ficld data for t he i rriua t inn of' any ]Jur t 
of t III' a ruu on the \Vl ~st sid e 0 I' t hf' va 11 ev nod 11 of Putah Crvek from 
j ron Canyon reservo ir. ' 

Lines surveye d, A st ad iu location S lll ' \' e~r was made 01' the Hillin 
euna l fJ-o II I th e mout h of n ed Bank Creek to P u t uh C~r ed;:, II cli~talJ(~e 

of 17 ;1 mi les, inducting 7 miles of' alter-nate t riu l l incs , . \ 's shown 011 

Pl a tt' 2, t ho line held lip to pa~s OVCI' t h« I 'idg'l ~ f'orruc-d h,v ('ae lle Creek 
is thrown int o the foot hi lls sout h III t lIe town of 1l11l 1lligClll , Cn ll
st"llctiOIl of a l~aual throug h t hese foo thi lls \\'Ol d d ,'(>q llire hl"l\'y exca
\',ltiollS a lld n UlIlerous loug tin llles 01' sip hons as int.1il~at( 'd ill the 
accompany ing' p hotog'l'aphs,';;' 'fo a\'oid t his t he" Uird Cl'('ek Low Line " 
was l'UIl in t lw va lley tioo ]" so ut h of D u nn iga n, Hssu llling' that. wal e,' 
for del ivel'y sout h of Ca ehe en'e].;: I~Ollld he pUI1I]led ovel' " The ltid g-c " 
back to the fir :;t lille slI rveyed. 

... N o t in c luded in printed r eport. FilIns on fHe in o tfice of lh u Co rn n l iBSioIle I", 
Bureau or R ecl ulnatlon, ",Va sh insoto n, I) C. 
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A siru ilar su rvey W ,IS IlIiHle or il high liu c can al From Hl'cl Bank Creek 
to Ri ce Cr-eek. just north of th e ()r!allcl proj ect, to ser ve th e area 
between the foothills and the nrain grav ity can al. 'I'he high liue canal 
would receive water by pump i ll g' fr om t lr« S 111:I'Hlll cn10 Hi ver at the 
mouth of Red Bank Cree k. 

In .A pi-il, H121, a sur vey w us mud « by th« State Depar tm ent of 
Engineering of a canal on the past side of th e vallcv, diver tinc by 
pumping' at a point about on e mil o south of T ehama, ;1; ser ve an eal' e~ 
in th e v icini ty of Ch ico. This east s ide canal could be served by 
gravity from t he west side canal by siphoning under the river, a rid to 
furnish data fo r th e de te r mina t ion of the feasibility of this plan a 
su rvey wa s made of a si phon cr oss ing' joining' the tw o ca nal lines. 

As a n alternative 1'0 1' serv ing lands in til(' vicini ty of Arbuckle, 
Woodland and Dixon on the west side by gravity, pumping from the 
Sae ra iuent o River at Knights Landing should be conside re d, A survey " 

was therefore made of a line from Knights Landing' up ' ''fliC R,idge" 
to intersect th e gravity line where it cr osses Ca che Cre ek. 

All of the lines located , in elnd ing th a t on the east side surveyed by 
the State Department of Engineering', arc sh own on Plate 2 al though 
f unds were n ot su fficien t to make in vestigations of areas oth er than 
that sh own in r eel. A total of 2:32 mi les of line was surveyed. 

Methods used in preliminary location. On accoun t of t he pre
liminary natu r e of the invest iga ti ons cu rv es wer e no t run in, an angle 
sur vey being conside re d sufficient f ol' the pur pose. The line was 
cr oss-sec t ioned at all cha nges in transv er se slope. 'rit e profile as run 
located th o eleva t ion of all impo r ta n t changes in long itudina l slope . 
The traverse notes wer e recorded with both magnetic a nd actual bear
ings. 'Pies were made to a ll importam f('atlll' c;-; such as railroads, high
ways, etc . 'I'h o locati on and desc r ip t ion of improvem en ts, timber and 
other features were obta ined. In loc ating' th e ca nals t he poli cy wa s t o 
keep clear of exp ens ive right of way where p ossible. 

Level control. B en ch marks , es tablished by th e Un ite d Stat es 
Geolo g ical Survey a t in te r vals of fo ur a nd five miles through tou t the 
valley, were us ed for level control. Elevations are g iven in Un ite d 
States Geologi cal Survey Bulletin 342 and Sup pleme nt a r y Bull et in 
481 , "Spir it L eveling i ll Cal ifol' n ia." Very close checks were obta ined 
for the first fody m iles. FrOl ~l mil e 40 to Putah Creek ther e seem ed 
to be an incr easing d ifference between the levels and those of the 
Geologi cal Survey, ac cumulating to the amount of 4.7 f eet , t he eleva 
tion at Putah Cre ek being 4.7 fee t low er than the elevation given by th e 
Geolo gi cal Survey. On e foot of tit is di fference is accounted for between 
the B . 1\1. on e mile east of t he line at t he Hamilton Branch Railroad 
and th e D. 1\'1. 2J- mil es north of Ger mantown, the location sur vey 
benches having' been checked and fou nel correct. 'I'his leaves a differ
ence of :~.7 f eet which is not ac coun ted for between stat ions 3418+ 00 
and 8860+ 00, approximately .036 of a foot per mil e. All ot her levels 
have been chec ked and found correct. 'I'he d iffer en ce of 3.7 fe et is 
not considered of part icular importance in the prel iminary sur vey, as 
neither t he area to be included within the p r oj ect, n or the cost of con
st r uction would be aff'octed mat eriully , as th e di scr epancy occurs princi
pally through a country of fa ir ly steep slopes. The di scr epancy is 
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mentioned here only as a g u ide to wh at. might be eu cou ntcred in final 
location should th e p ro j ect be con sid ered further. 

P rofil es of the lines su rv eye d, with miscellaneou s da ta noted th ereon , 
are shown on Plates ~a a ml 24 , Typi cal views ulong t he lines located 
are shown among th e p hot ogr up hs" included at th e end of the report. 

Topographic surveys. A topogr-aphic suney was made of the diver
sion dam site at th e mouth of Hed Bank Creek. 'l'Ii o profile of th e 
river hottom was deter-min ed by sou nd iugs , The result. of tile survey 
is shown on Plate 16 . 

PROJECT AREA. 

Gravity and pumping areas, Of t he total gross lUAU of 276,900 
acres within the proj ect considered in this report, 7000 acres lie on 
the cast side of the Sa cramento Valley, opposit e Red Blu ff. This area 
has heen included within th e project covere d by previous r eports and is 
here included for th e reaso n th at it is easy of access, ly ing immediately 
below the storage r eservoir, aud as tlu-ro is a strong scn t imcnt for its 
inclusion, Of the r emaining area I~ 'ing on the west side of the valley, 
175,4:}4 acres are served by gravity and 84,466 acres hy pumping. 

'1'0 cover the desirable areas of bench lands west of the gr av ity canal, 
lying' too high to be served by the latter, seven main pumping' plants 
and two auxiliaries are proposed. 'I'h e location of th ese uni ts , and th e 
areas of eac h. 111'e shown ou Plate 2. ;\one of the rolling hill lands 
along th e west sid e of t he vall ey have been included under th e pumping 
syste m, ulthonjrh nrut-h of t his area will ul timately he valuable as 
orehurrl land . 

East side area, Th e 7000 acres lying on the east side of the valley, 
opposite Red Bluff, arc included in studies made by th e S tate Dep.nt
rneut of Eugincci-iug t o determine th e feasibility of irr-igating lands 
on that side- of the vall ey from Iron Canyon reservoir. The report 
is attach ed as Exhibi t (j and the pt-opol,;ed canals are shown on Plate 2. 

The quantity figures g iven in the repor t are acc epted , but additions 
ar« Il1 IHle 10 the estim at es in order t hat they may be upon the slime 
basis as other estimates IIl1Hl(' in connect ion with the invest igations just 
complet ed. 

Lands within the proposed project now irrig·ated. I t is assum ed 
that 50 per cent of t1H~ lands within th e portion of th e proj ect north 
of mile 70 on the caunl line to be serve d hy gravity, hut now irrigated 
prin cipally hy pumping from wells, " 'iII come into th e project and 
tha t all other lands within the project , now served by pumping, will 
corue in . None of th e lands within th e boundaries of the Orland 
proj ect, have been considered as receiving water from th e Iron Canyon 
canaIs, II Ithongh th is would he feasible i f (1esir ahi e. Areas with in th e 
proposed project having a water snpplv either hv g]'avity or by pump
ing accol'diug' to t he ]D22 ilTigafion ma p of the Stat!' are shown on 
Platp 2 in gTP('II. ll'1'ig:llto!'s uorth of 8tou~' Creek are at present 
apparent lv \ '('1'." well satisfied wit h pumping from well s. Under
gTollI1l1 water YOI' il'l' iglltiOlI of portions of the Trou Canyon project 
ran h(~ s!'('ul'('d ill Yill',,-jng' qua nt.it ics h.'- this nu-ans, hilt it has no t 

~: N ot inc lu de d i ll prin ted rep ort. Filrrls o n ti le ill of fice o f th e Co rn m tss tona i-, 
Bureau o f R ccla rn u t ion , 'Va ~hill gton . :D. C . 
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l)I'en d('lIlOn"tnth'd tlrnt t 1I( 'II< 'pds of a Iu llv dev eloped xys tr-m of ag-ri
euirur« ('<Ill 1)(' «uppl ied In t hix 1IIanl\{'I', It is bel icved that , in general. 
l)('tt ('I' rcsult« w il l hI' obta incd under a ca na l sy ste lll del ivering' a 
»1'l'de 1l'l'lll iIlP([ a mou ut of watr-r a t a fixed annual dWl'ge than und er 
iI s~' S t< ' lI l of iud ivid nu l p u mpi ng, xin«c in th e la t te r cas e there is all 
incenr ive to cut dO\\'11 til l' 11 11 1O '.I lIt of water used b~ ' reason of the 
(;os t of PO\\"('I', 

Limiting conditions, TII(, projc«r l im its a rr- fi xc d by the a ru ou n t of 
\\'atel ' a vu ila hlc from stOl'a g' ( ~ l'atll(~1' than bv the amount of laud 
a vai la ble. anr] i l' til e assllllipti on s as to t ile ;H'l'e;w:e 11 0\\' irr-ignted that 
wou lrl ( ' ()J Il (' in t o tll (, ]ll'oj( ,(,t xho ul«! prove smuc whut in ('1'1'0]' , th ere is 
<I II ulnuulan c« of Ot\H'I' luncl to t11(' south , nnrl Oil th e eas t, side of th e 
vnllcv . t hnt eon ld \H ' su bsti t uted without JlJ<I tPl,i<l 11,\' aft'ect ing thi s 
('stilll<lt('d <1(']'1' ('o"t 01" t he p ro ject . 

Irrigable and assessed area , 'l'lie pel'{;eJltage of t}1(' gross area of 
:!i'fi,!)OO n('j'ps t hnt would ;wtllally eOI11P under cu lti vati on , excluding 
l'O IH],;, hlliJdillQ,' plats, r-ough and high ground, creek bottoms, canals 
awl Intnals is assllIlH'c1 as 8j pel' cent, 01' ~:Ll,86,'j ael'CS, The percentage 
of t he gross area n pou wh ich ret ur n paymcnt« should be made, exclu d
i ll ~' ('1'('d:: hot t ouis of l<ll'g'l' d im cn sious, su ch as Ston y Cl'e ck ; and hi gh 
nud 1'o lLgh lunrl. cl <J sspd ;IS c ithPl' noniri-igabl « 01' nontillahl«, is assumed 
as !):l IH'I' ce n t . or :!I;::.();),) ac rr-s. The areas e xclnd vd as nonirrigubl e 
11 1'(, shown lla1<-!)('d on [,l at e' :!, 

' I'uhl« 1 ,.:ho \l''' wh a t ha s b C' ('1 1 ;Il'(,m l1 p li she d on ot he r proj ects in th e 
\\' :1,\ ' of (!c\'('lOPI11Pll t o f irripn hlc areas wit hi n t he p roj ect. It should 
111' 110 11'11 1hilt t h« ]ll'ojl'e1s hl' iwkptr'd are in th e Sacra me nt o Valley, 
n' lj ;w('n l to the Pl'OjH)Sl'1! l ro u Canyon [ll'ojcd, und th at tho net area 
I'p<jllil'ing a wate-r snppJy is S,i pc']' cent, the slim e lIS ussum cd for t hc 
II'OIl ( 'nn,\ 'on pl'ojPd , 

'1'1 1(' l'oIlo\\'ing' da tu , Sllllll1 itl pd b,\' th :' pl'oj('(;t snppl'in tcndpllt 011 
.LiLI II HI',\' .l l , l! ):2:l, al' p hp )'( ~ g'I\'('1l III cx plunu ti ou oj' th e Orland data 
;q 1IH'<J l' illg' ill 'I'uhl « 1, 

ORLAN D PROJ ECT-CALI FORN lA, 

' r ll t: l ! .~:.T(l:-;~ :l 1' f' ;I . inr-lurl i n u' to w n of Orl u n d , t owns it r-s , :o-w l!oo l :-dtes, 
u nd • ' ! " Jl ~' ('n·el< overflow lu nrl s 27,2:>7 aerps 

(: I ' (J ~ S n reu. oxc-l ud iug t own of Oilund, a nd S to n v Orcok ove r flow lnnd s 21,:3.'-;3 ncr('~ 
P resenr il'l'ig':I hlp :11'("{( of proi cct ~o,n.)n H('}"PH 

IIT i~'nblp :In'it = 7(; {WI" ('(' llC of t l .o total g'ro:-.;~ area, 

= D7	 pr'l' r-vnt o f rh« gTo~s urrn. (lX('l uc1illgo tn w u of 
Od n llll alld :'; t (l ll ~ ' Ctr-r- k o\' '' !' f!o\\' lnnds 

'l'uk iuu tlt osp ('('rt1lill spd iolls eut irclv in cluded ill il'J'ig-ahle area 
t 1t (,I'P <1 1'(' 10.:l4 ,) ;H, I'f'S il'J'ig-<lhl( ' ill 11 gToss ;1I 'e<1 of 10 ,7S1 11l ~ l'( 'S , equ iv
ulr-nt to !l( ; pel' (· P II1. 

l l iuh l.u «l. togTtllt' r wi t l: (;<llIill a ucl latcrnl ri g'ltts or " '<1,\', are 
r1, 'rl li('l "d t'l'Olll til\' gTO" ,~ ILl 'I'lI, COUlIt,\ ' j'OlHls ,1I'r illdnrl f'(l ill il'rigahle 
1I1'1' 1I ; ..;ill!e lti:-l'!J\\II~ ' is not ill(;llIdpd, 
( ' IIl1 nl n ll t! 1:11"1':11 1'11':11t , of w n ,\' UII JlI'Il.i"l'i _ _ G47 :1('1'0" 

It ( I :J cI ~ :111 Cl I1i.~!;hw:l.\·~ . _ _ f);jij ncrp~ 
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TABLE L PORTION OF AGRICULTURAL AREAS THAT REQUIRE A 
WATER SUPPLY-VALLEY FLOORS, CALIFORNIA. 

(Bulletln No. 6, roll . 70, 71.) 

I
I 

Ir r jaabl c 

Gross un-u 
wit hin the 

.on-icul t urul an-n di- trie t 
h ' l ll l11bri ,' :'\ 

JJ:lId t ha t arens willn ot nccupi ..rl bv 
requ ire impr ovewntur bciur IPent..: ubsnl ut e!v 

tI ' 1 1~icl t , «f unfit for pupulatiu nirritmtia n cent ers 

A('r,·.

~ ( · t urea 
XI" urou rcqlJ ir ill ~ 
f1 ~ .! lli rilU~ a wnt r-r 
;1 wa t vr su ppl v i ll 
sli pply pr-r cent o f 

ll r ,;:-j ar r'a 

A (' r {>.; .. .\ t:rl' S \ n l''' 
Couv-lida tcd lrr igutiun Disn-ict . !l:) 111.07,; '.1 ].) 1..111 11 :\,000 7, 1:!.i 

1!):'-,70': ~I O 

Mer ced Ir r i~ati{}JI Di:,tri ct. . I'IO,OWI 
11 ,7:30 11,770 Fr esno lrri cn tion Dis tr u-t . ~ L~ .2(1;j 

\1.:100 00 
Turlock lrrirrario t Dist ric t ... 17S,(i6,) 

1O.1I(j0 170,000 
l fiO.(j(j,j !l0 

.Modes to Irr iga t ion Dis tr k-t .. .1 st.:g:\ 
\1,100 S."OO 

70,:1lI0 Sli 
Orla nd I'rojcet , I". ~. H. ~ . . :W••i !17 

a.700 i . IR3 
1\1,\174 1,82,1 75 1.800 

2.),7.jO 18:1,2.)0 81 
.lumc-, Ir rigat ion Distri c t . 

m :1,8·HI 88.8 10 Im fll'r ia ) Irr icc t iou Dis u-ic t . 
:!{',:IIii1 1, \[10 77 20,\100 0,200 

Glc nn-Culusa Irri~a t i o ll Di:-tr iCl; .lec int o Ird jta
t ion Dis tr ict ; Provi-lon t : Cnmut ou- Dch-vau : 
.\lax wclI Irr 'izut iu n Dis t ric t: Willi:w 13 Irri ~. l 
t io u Disu-ict . 8;, I li 7 . li~ ,) I ~ ,I OO 7, 100 111,880 I 

11,000 ,; :1,000 . ( ,i I .I ! :! Sout h Snu J oaqui n . 71.1 1 ~' 

SOIL CLASSIFICATION , 

Studies made, The chie f stud y o r xo il «lussifl cu t io n \\'11;; to d eter
mine thl' areas \\'il hill the 1)I'IlI)()~('d proj ect suit a b le 1'01 ' l'iel' c u lt ure , 
since the lal'ge amount of water requ ired for t IIi;; L' J'O Jl i;; 1111 impor t unt 
consideration in balalleing' \l'atpl' sl1p ply agnin st proj ect u re a . A 
division of the lands wit h iu t lie proposed p ro ject in to a l'ens suitable 
for general el'op;;, a Ifn Un and orch a rcls, was not co ns id ere d nel'.eSS'll' y 
i'or the reason that n large Iwrcpntage o r th e xoi l. a;;idl ' [ I'O Ill thnt eln;;;;er! 
a;; rice lund. is adaptable to uu,: one or til e ot hr-r l ~ I'0 Jl ~ . 'l' ho d i vis iou 
will be iuflucnced by econ om ic coud i t ious a n d b.\" t lu: 1l('I';;ollal cho ice 
of the settlers more t ha n bv cous id crat ion of type or soil. 

In t he study of rice areas use was mari e of bull et ius pu bl ish ed hv t he' 
[~llited Stutes D epa rtnu-nt of A jn-icu lt nre. Bureau of Soils , as Iol lows : 

Soil SUI'Ye," of t he R('(l Blu ff A rt-a , Ca lifo r-n ia. 

Soil S n l'Yey of t ho Co l usa Area , Ca lifo ru iu. 

Soil Slll'\'''~ ' oj' th e ,Yoodlall(] A rea , Cal ifo rn ia . 

Th os« bulletins a l'c sn lllltHll'iz('d ill t he buik-tin aCl'o llll 'illly ing' t hix 
report as Appelld ix A. ':' ill whi ch th e class ificut ion w-;{~ d ill t he ea rl ier 
detailed reports ha s hevu mo.Iifi r«! to ~OIlJ( ' ('x l(' II1.. 

Rice lands, III t lu- st ud ies uuu le , only c ln vs, ad obl's a nd r Iay
adobes \\'1'1 '1' «ons irlcre d as I'iel' lnnd : it Iwillg' a ~ slllll l'd tltat t lu- la rg' l ~ 

a mou nt of \\"a t l' l' I'('qnil 'pd fol' 1hix ('I'Op by ot lu-r sui ls would gTad nally 
('a llSI' th eir I'liminal ion I'rom t h« ;II'C'a d"\'otpd to I'i l'P «u lt 111'(' . Th e 
result » of th e' st ud v ,II'( ' s hown in t lu- f'ollowiu u tahl e : 

~ l\: ot inc -Iu vle d ill p tl u t e-d r epo r t. to :-:-n , 'e :-- p a ('l' . Copy ti ll fil e a t of flc:« o f Di visto u 
o f E ng-ill ('l'r i ng a n tI I rr i g a t i oll a n d m a y he c o nxu l t r-rl tlv 'n ', 
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TABLE 2. AREAS ASSUMED SUITABLE FOR RICE CULTURE, 

\Vithin the Boundaries of the Proposed Iron Canyon Project. 

(j.ro~ II r ~'a I,\ l 'C'lI lll ti lal l 'l !Soil 
\ ". S. G. H. qua-lrauzle sheet H I ,\ ;' rt ":', -rrcu 111 :\crl:"l{' I:L':iifi C~ 1 1 i ll ll ._-- - " --- - -- - - - - - - - - _. ._.._- - .. .- -_. 

Hed Bl llr, .rrc:i: l.I:i:,1,1 ');;1~ :1Yinn.. 
('0 1U:'U urt-a: l .:\~ l .):WO~( ' 

Yin».. .. :t.ll ;)I N !:II'" 
:!. Hi:),\0SecIJ:lIlliltt.ll . 2)'1101.')~ ( ~ 

Or l:lld . ~80Il' a 
2,7 ~l lJi :,!O ucrc- irr.) 
:! . ~nnIIIDIl 'aW:dk('f ('rl ,!,k . 12;') :~. () l .1So' 

L .\ 'IICll l . 

Jacinto 

Kllr:Hlrl . 
Locun Cr-ck . 
l ~lI ...an.lulc . . 

Sitl:.~ . , 

Dolev-m.
 
F:lin 'ie\\
 

\\·ill i · l lrl ~ . .. 

\\'llodLJ!lr! ar l ';l : 
Fairview 
W i ll ia rli~ . 

S ;)ri lJ'~ " 'ti ll')' . 

.\ rhucklr- . 

(i rirll('.:S , . 

ITer:;hey . 

Il'a 
11',' 
~(' 
8 ~(' 

Il a 
Il' a 
11'(' 
lI' a 
II " 
i':t' 
\\,,, 

w« 
W" 
:\(' 
w. 
lI' a 

11'1:1 
',\'c' 
w i, 
II'" 
11' 1:1 

IV,' 
Il'I a 
:-:...a 
11'1:1 
~ l.' a 
IHI
 
Sou
 

\0, 1,\0I 870 
7:') 

11;; 
\.1 70 
;~,:J ~r: i 

.) ;) I 

n~;\ 1 
40 

1,110 
,) .1"20 

:1[j(J 
1,0 
rIO 

liOO 

1.080 
2 ~ 1Il 

2,f\:m 
:!.').'"l
 

I :L1 ~3fl
 

I (711 .u-rr-s irr.)

iO,) 

tl,7! );,)I suo 
280 I 
liOO I:;;:lfi 

1,100
\ 

1:5, It\,) 
11,0%
11,1J!' 
11. 2 ~ j 

18,1Hl.~ 
22,iJa5 
22.111) 
2:~. \Ul() 
:Hi.l ';O 
2~, ,;j Jn 
27,nsn 
:):LHiO 
a;(7Iifl 
;t~ .S2(J 

;~:) ,8 i ll 

:11,1; 11 

:~ 5 ..j5[l 
:~ ,; )'iJ O 

,1~ . 1/11 

:;8,72:) 

12,1;-.1 
I :! Yt ~ i ll 
\", 1;;" 
11),1 ) ,1,) 
1;I,naa 
;;0,,13;; 
;;l ,l ~l1 
j 2,,'):n 

hl,lanatio. of SoillClassinoation.
 
I~ ' l -- I\ id\ \\ olJ\1«i lt v daY,d ohe.
 
~f ' Xormau clnv ~\d tl l~·.
 
\'0' :1 WilIowtll'lnv nt!ntM',
 
~:'f' f"l(·r:l.I11tllll ,; :;ilty (·by ,
 
W\, - Willmn cla v.
 
W!a- \\' ill tl " ,~ f'1il~' adobe.
 
Sen -~ H' r:\m('n t ll' c1;...y adobe.
 

DUTY OF WATER. 

Basis of assumed duty, 'l'JJ(~ n et duty of wa ter ass ume d ill th e 
]lr ep <lrat ion of this re port is based Oil a c<II'eEul l1SC of water under 
con d it ions of a Iullv d ev el op ed proj ect , wit l: an efficient di str-ibuti on 
syst enl a ud wellprepared land , 'I'h « dutv as;'; llHlPd is n ot 10 he cx pedpd 
ill t lie par ly ,I' ears of p rojec t olll'ra t ioll durin g' 11](' peri od or land 
l (~Y rlill g'. soil 1'(,(,Oll s1rnet ioll an d dc w' !op nH'll t of Jnrm W i/ tel' d ist ribut ion 
facil iti es. Th e net dut v 1l;.;('(1 is slig ht ly h ichcr t han t hut lls c'c1 in t h« 
1020 r ep ort Oll h-on Can vou pl'o jeC'1 , but i1is h el ieverl t .li at th e hi gh er 
.lu tv is justi fied by t.lr« 1lI O)'P ]'(' (,l'l1t dal a g'allll'l'ed b," 1lit' Stn1 ( ~ Dep art 
1I[('n1 of Publ ie W orks, Division of En gineering' mul Irv iuat ion , in t.h« 
lH'qHlJ'a1ion o f t he report to th e l('g-i slatnl'e of 102 :( Oi l th e Wa ter 
]{ ('SOlll' ('l'S of Cnl ifrnn iu . 'l'h « d nt v of , nlt('1' lls('d ill 1I1l' s1udi l'S 
;1I cluI1l'd 1Il'r l'\ri1l1 is t hat sh own on ' pag" G2 of B u llet in N o, (; of t he 
above rl'por t, In ('ase of the d ut v for r i('(: 1<11\(1::;, d ata were souglr t 
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wh ich cou ld b« a ppli ed t o th e pa itic ul ur soils w ithi n the pl'ojed 
assumed to he su i tab le 1'01' r-ice cu lt u re. 'l' uhl cs d and ,~ co u iu in d a t a 
ex t r act ed h om pa g'Cs ilS a nrl ii9 of th « Pro ceed ings of tho Snern mento 
Hi ver P robl em s Co n f'crcncc. .1 a n ua ry 25 and 2(j. 1!124, \\'1 1ieh it is 
bel iev ed is il)Jpl iea hle t o t he proposed Ir-on Canyon p roj ect.. 

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

;\,·t l!JoO;" nndr-r IIswd (ir.\dicr.', 

\ n rn.gr area 
~ (~ r \'td durimr Tn l:t1an' ~ .\ n rar,r net Number or full eC%tSOl t included in d"ptlloffull !'iCUS U II Sail elassificution obcrvntion», wa ter nppliod, 1I'.' f cub ic [ont

nh -.r:rV:ltill!l:< Ieet dvpth p"r s-c nnd , ucrcs 
acres 

:n;j a . ~H ~ 1('a rny clay . 
R,H i t 22 7:! 

Will{lw.sclay ... . ,. " 
Wlllows clay a. lolc . , ;;,1),17 711 
~ tn ('U rlll £'lay adulo . 

s.ns 
Illl 

S'rerutncnto (,by . 
oj, ta 12 2.Ri7 

.'l!J ,), 7~I 4.li.1:l 

L~l j. I ,l li lT otnlllr :\ \'('ra ~ l' :l2 I 

'IABLE 4. RESULTS OF MEASUREMENTS OF USE OF WATER ON E . L. 
ADAMS RlCE FIELD, NEAR BIGGS, 1914-1917 , AREA 39,5 ACRESi SOIL. 
STOCKTON CLAY ADOBE, 

~ct , IL..;r ou srml l field nndr-r t hc 1..:.',;1 pr-e-rice, wit t. :-!nil fully :HI:q 'lp,1 to ricr-, land well ~ 'n' I';Jr l' ,I , wntcr c\ 'l llph.'lt·ly 
Ilf ll !t' r rnnf rnl , uud wa ter J( ra~ kept i ll chee k. 

,\ w:raJ;' :U l'a I'I I'rvC'd l"1f r 
FlIl1 irrlgntin u :i t' :tll O I I .N ~ t tlupth eub ic Ioo t per ttl' l' OIIl I , uores Yi"ld pH uon 

uf water in sat-ks 
a \"•.' rr. c i l l ~ 
100 POlllldli 

Yr-a r I !'r.HJ1 

appl h·d . 
fed Whole 

Sf': I..OIl 4 

Porto,l of 
:olUll1 l ll'nU'II(,1' 

111 11. 
HI}.l . 
l!l\li . 
1 9 1 ~ . 

..\\'C'r:u:c ... 

lin Anr. 2~ to Ort. 12 -1, /),; 5r. 1 
.\ pr. 21 tn Oet. 1 4 .8i Go ;;1 4,:; os IApr. l:j to oc~ t. 30 :l . ~ 7 -0 5li :;:) 
Apr, 11 ro S....p t . 21 4 . :~; :;2 51 3\1 

I 

1.53 ........,...." ......I 66 1 j:j I Hi 

"'Only day:, water U 'i f~tl during nre-submeraonce period considered in uumputiug whole IC('.:\ ..!'Q II . 

Assumed duty, Th e du ty of wat er lIsSU JlH 'd ill t ho s tudies. «x el u
s ivc of' t rnuspor tat ion losses , pxC'P pt I1 S noted , is a s Iol lows : 

(11) 0 11 r ice lauds ~ (, J'\'cd hy gTavity , l\l'! a r(' a in:jg- <I tcd , tI;, ) )('1' 

('pnl of g l'oss Ci rca. .1<' 01' areas considered a (1 1IJll11hl( ~ to r ice cu lt ure it is 
assum ed th at 75 p el' ce nt of th e n et irrignbl e arcn will be ill cu lt iva t ion 
ill a n." one ,\' ('al' , r csul t ing in 111 1 a rea l't'qnir in g \\' ;I1 ('r o f fiJ 1)('[' ce nt 
of t h e gToss a r ea . Dut v of wa ter, ;) acre- fept. 1)('1' ;W l' C on t ho not 111' (-'a , 

OJ' :l.2 ac re-feet Oil t lu- g l'OSS a re a , 
(b) 0 11 land s served 1J ~ ' g'J'<l vit y ot he-r t lum r ic« 1 ;lIId ~ . ~<'t 111'('11 

i l'l'i g a t c(l. ~);) 1)('1' Cf'Jl1 of g ross a roa . T"'(' lI t y pCI' ('( ~ nt of net a n 'a 
pl an t ed 10 l'ru it wit l; a dut y of 1,;j (lcn ·-r('pl per He n', E igh t,\' P CI' cent 
o f' n et Hl'en pl nn h 'd 10 al 1'111 I'a und g'ell('l'Hl (" 'OPS wit h a d ut v of 2,7 
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,WI'p- r,,(,t Ill'l' ,1(' 1'\'. t Jn t h is bnsis t ho II Pl !lllt,\' 011 IiiI' ~TO SS al'l'a , «xcl u
s iYP of ric« lund-, is 2. 1 ,te l'p, I'PPt P('I' ,I(~l't ' , 

(p) (.)1 1 I' j ( ~ p la n d s SpI'yp(l h~ ' pn llip in g . Du tv Sallll' as for ri el' l.uul« 

":I 'I'YPd h~ ' gTa \' it ~" 
( d ) On Juncls S ('l'\'I ~d Ii,\' ['lIlIJp illg ot lu-r 1hun iice lands, \'pt al'pa 

S;-) 1)('1' «en t of ~'\'os ,.: a l'," 1. ~ i xt~ · P( '\' ( ~t'n1' 01' li d a\,pa plant etl t o f'ru it 
wit h ,I d utv o r J.;-j ,1(~ I '(' - I' I'p l ) )(' 1' ;1(' 1' ,' , 1<'01'1." 1)('1' ,'I'll t of 11 1'1 ill'p,l 
plnnt ud 10 ul Iu lf'u unrl gl' lIt~l'a l el'o ]Js wi th a tl lI t~ · of :2 .7 ilp- l'c-f (,et lwr 
11 <.:]' p. On t liis bas is l lu: 1I (' l d ut v O il Ill" !!')'OSS a re u. exc lus iv e 0 1' r ice . is 
1,7 11(' I'p·1','ct IH 'I' ,1l: I'I', ' " ' 

( ' ) Oil lun cls on ca sl s id l' or n ll l,'." opposi t l' H(' ,l Bluff. ::\el ,ll'I'a 
K,j p I']' r-en t 0 1' ~'I'O SS ,1\'1'11. Dulv 0 1' wair-r , :1.0 Ill' I'(LI' I't't 011 t he g \'oss 
ill'PI ', ill('l l111 in g' 11'1II1Sp0 1'1 nlio n 10ss ps, 

Supporting data, As n chec k upnn th e a bo ve ass ll lllp l ions , :\11'. 
F'run k Arlum» . 11'l' igilti o]] InY est iga t ions, Tln itr-d Stu t es l) ppn]'tll1 Cll t of 
l\g l'i(:lIHll l'P ill 1(1 UlIin'\'s il ,\' o f Cal i Fmn iu , was request ed to mal«: nn 
ind cpcnd ont s t ndv 01' t he pl'o j( 'c1. 'l' hc \,es]]lts 0 [ ~ 1 \' . Adums ' invest igu 
t ion is cn n t uinc d ill Iii" ]1 ~11 pl' o l' ~ r ll l'di :10, 1!l2:i, al1n ch e!l as E xhibit 7, 
H (~ mak es th e ['o]lowing' psI illln1!' of eJassifiea t ion and nd ( 1 1l1 ~' of wat er: 

(il'(fl'i!!) s!JS !( ' JlI-

O rchurd un rl ge np.l'lIl 1:I 'OPS 
Al l'all'n 

:2 :j';1 
4,j ',:1, 

1,0 acre-feet 
:2 .7:i 1](;l'e-J'ed 

Ri ce :\()<i , s.o acrr-Feet 

l'/llIIp ill fl -"ys !(' I/1 

Ol'eha l'd 
Alfalfa 

and ge IH"'11! cro ps 
.. 

:jO ~ /( 
40 '/; 

l ,:j 

:2 .7:> 
acn·- reel 
IWl'e·f!'pl 

R ice 10'i ~i s.o ucr e-Ieet 

E xelndin g t lio 7noo a('I'(';; on the l'as t s id e: of 111(' vall ev op posite' H ('(l 
l Iluff', whir-l: was n ol i nc lude d inXl r. ~\ (Ia lll s' survvv , th e wa t er l'E'qnirf'd 
up on t11(' ba si s of t lie tln li "" and (;Iassificati oll assumr-r] in t he r ep ort 
(exe l ll~ i yc 01' ca na l lossos ) is :IK!),77 U ncre-f'cct . l ~sin g t lie e]as sifie ll
t ion and 11 Pt rl utv sll g'g('stl'<l h v ~\ I I' . Adams, t ho nr-t wa t er l' I'quil'(~lll Cll t 
is j'olllHl t o be GR(j,7f-:O /lel' (·-f l'Pt . 

"\ lt llough JII' , ~\ d a lll s' I'st illlill p of elass ifica t ion nnd dutv of wat er 
is n ot i.Io n t icnl wi th the ass lIIn pl ioJls made in this ]'(']>01'1. th o total IH't 
nmount of wut or l'('qUil'I'd fo! ' th e prnject in eit her east' is t he sa me, 
111 H1 t his n p llt~ 1ll'S 10 1)(' rh« im porta n t ('on si(]('I'ation. It is ]ll'ollllhl l' 
t hat MI' , "\( la ms' est imn t« is tho hot t er. 

0 11 pllg'" 7;') of Hnll clin So. ~ \ , " ln w s t ig'Hl ions of t hc Be;ollolll; eal 
Dut v 01' \\' al ('1' f'or Al l'all'a in Sa cl'HlllI'll1 0 Va11 ('\', Ca lifOl'lIia , " wh ich 
is b,; se<l on d ata ga tlw rc(l h~ ' eno pc r a t ivc a~'l'pr llH' l;t 1)r t\\' ('I'11 th ... D ep art
me n t of "\gl'iclI lt n J'(' , Cnli fmn i» St al l' }) ppal'tnw11 1' of Engill (,Pl'in g' and 
111(' A ~'l'i Clll1lll' al E XpPl'illl ell l :-:;t at ioll of t h« ]:llinl'sit ,I' of Cnliforuia. 
it is sI1111' <1 that a d('pth 1)1' WII1 ('I' 01' 1'1'0111 :Hl t o :H; in ellps an11l1all~' is 
ll1p 1l1 0St d ('sirabl (' qllantity 01' il'l'i gatillll \1'1111'1' t o apply Illld pl' g'pn(',17l1 
:,\,wl'alll PlJ1 0 V nl] ('~ ' l:olldiliolls fo l' till' protl u <.:t ion of alfn Hn. 'I'llld lJll' 
in l 0 (:olJsidc l'nt iolJ t lll' fa d tl lll1 II porI ion o j' 1hI' g'ellC'l' ill field CI'OPS will 
in elnd e "n <.:h 11111 III al CI'0 PS liS Illilo. g'J'lIins ot lll'l' tllan I'i <.: p. m clon,;; , II'u ck , 
dc " whieh 1'('II1,il'(' l(';;s wal eI' lhan 11 1I'1I lfn , it app"'"l's that the aSSHlIlp
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t of He l' l~- r l' ('t P('I' <W I'(' as t 1I1l 11 111l 1 not fell ' HIIlI i o n 2 .7 l u : d n tv ul l'a l Ia 

g'PIll'I'lil ( ~ I'O pS is re ason »blc, 
11. is , d ifficu lt to p red ict th e l'pllll ioJ] hotwocu HI'l'llS whi e]: will lw 

plant ed t o g('Il('I'1l 1 field ero px unrl o rch nrds. l) ilt ll 1'01' t lu: Url uur] 
P r oj ect nrc gi vr-n in T abl e ,J . 

TABLE 5, RELATION OF ACREAGE OF GENERAL FIELD CR OPS TO 
ORCHARDS-ORLAND PROJECT-1910 T O 1924, 

General fit·liI cror_ Orcllal',ls 

Year 
Tob l 

ue reaec
irr igated Acreage 

irrieutcd 
Pe'f eent 
uf rct nl 

. \ l: rc :;1 ~· C 
ir ri ~ t "f l 

Pcr t-cnt 
of to ta l 

1910 . " . 
ln l 1. ..
19J 2 . 
I:n:l. . 
101-1 .
1!1I 5. 
rmo. 
I IHi . 
IDIS .. 
101!1.. 
J!l20 .. . 
1!121. 
H122 , , 
l U2a . 
HtH . · 1 

703 
2,G f;:~ 

1,230 
f),LilD 
7,3,j l 
S.n28 
~-, , ;~,j7 

1-) 1)' ) -

It : 7 (~ 
15)03 
]~~, 8 i:2 

14,fin, 
].~ , ! I: 1 

1 t g i ~ I 
I 

503 
2,3DO 
:1,8,8 
,\,87, 
1i , :~02 

~ ..I : ~ 
l ,.t..,) 

111,,)(12 
J2,OfJO 
12,00, 
to,, 81 
11,121 
u.m: 
10,00, 
j . j 1 ~ 

77. t 
1 ,) , 1 

7:3, !J 
,0 ,4 
frl ti 

71.~ 
SD .8 
U1.T 
88 .8 
80 ;". 
8" .);S: jj 
82 .0 
8l.i 
7~J. 0 

200 
2i:i 
:(02
7an 
!JH2 

1,502 
2,IIIJ2 
2,:;:;,) 
2,70 1 
:l.lD<i 
:~, O~ 11 
:J,5,b 
:i ,\l~2 

1 . ,j ~ 3 

1 , ~ :W 

28 . t\ 
1O .~ 
H.:1 

11. 2 
1:1. ,\ 
In .8 
2 1. ·1 
IS 0 
IS.3 
21. 0 
22 . :{ 
21 :J 
:?fi: l 
~n . l) 

:j,I .:] 

Th e lil\ 'g'l ~ pel'e('nt ag'c of 2S.6 a pJl('iI\'i llg: ill HnO is d\l (' to th e fa ct 
t111l 1. th e re \1'('1'(' seve r a l lIlilll1l'e orchards, 0IH'l'ilt l'(l in p rr-vi ou s ~ 'pilI' S 

und er ( !J '~' 1'<1 1'111 meth od s. whi ch «onst irut cd t h e orcburd 11 <; I'page j'O I' 
th at venr and wh ich \\'('rellot 11 d i rvct resu lt of t ho Ill'oj ed 's cou
st r uc t ion . 

Th e prJ'(:en t ag e of :·Hj)] in 1!l24 is ('x pla im rl b,\' t li« ulmo rm al 
tll'ollg ht coiul it ions au rl wutr -r sn pp l.\· s ho l'1cli.ft' whi ch 1' (',;n111' (1 ill II \pss 
.unouu t of orc ha rd ae l'pagp t ha n g(' llt'n il ( ~ I '0 I'S Iwin g om it te d f'r nm 1IJ(' 
iITig'at ('d a l't'<1 , hecaus« of th e lal'gcl' in Yl'stlilPlIt J'('pl'('SPfltl'tl b~ ' t h c 
orc ha rd s, '1'1)(,.\' were gi vpn ]ll'efcl'l'n ee OYI'I' g('ne I'1l 1 el'ops in th e usc 
of the limit ed wa ter su pp ly avail uble. 

It. is J'ca dil ," eonc r- ivnhlc t hat a h ig'hr J' PI·I'Cl·1I1 1Q.!·( · th an :::1 :\ for 
orc h nr d s n l a~' he ex pect ed 0 11 t he Orl nurl p roj ect , and in com pa r ison, 
it woul d Ilp pl' ar th at the assum pt ion of 20 ]H'r cr-nt or lli e net al' ea 
of t he 11'011 CIl 11,\'lm project gTny i l~' 11l1 Hls. ex cl us iv e of r iec lauds, 
plan te d t o orch a rrl s is some what low, H ow ever, t ho nssiu n pt iou. if 
in r ITOl'. is on th e slIf l' s ide cons ider-i ng wat r-r sll p p ly uud would tr-nd 
to otrspt a ny e rror r esul t iujr from th e asxiuu pt ion Illa t (jO 11 1'1' cen t o f 
111 (· net a r ea excl us ive o[ rice lan d s un der pu m ping will ho pl ant ed to 
orchu r d «. 'l'h e hi g'hpl' percent aae IISS n JrlPcl in orc ha rd under puuipinrr 
is pred ieat od up on th « ussnmption that in g'enel'al t hcro is less cll lJl~' l'r 

of fr ost on t h e h ighc:: benc h lands Own on land" u nd r-r t h c g'l'a \' it ~· 

canal. 
. \ (~O ll l plll ·lI t i yp l .\ · hi gll (1 1l 1 ~' of 1I 1I1 l'1' is a huoxt. (,p\'l a ill 10 r esul t 

11l1iIllHj(·I,\· ill til l' ~a cl ' lllll enl 0 an d S1lJ I .l oaqu in vn llevs fo\' t he \,Pll;;OI1 
Ilta l thc r« is il W l'y lal 'g-c al' pi! of ltig'hl:- d l'si\' ahl l' land ill t !ll'sl' va ll evs 
wit h i! li mit ed II"Ht l'1' sup plv, ~\I a n ag'r l's o f ir-r iua tio u s,\'s1I'1I1'; hav e 
been \'('\',V active in milking th e 11"111 1')' g'o as fill' i1S p ossibl o f!1\( ] in 
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«-vcru l eas es hvdrographers hav e lW I'1 1 elllp loyed to in vcst ign te, nnd 
rep ort , a uv prevcut nble wa st e. 

Comparison with other projects. Tabl e G may he eon vcui cn t 111 

comp uri ug the proposed Iron Ca nyo n p rojec t wit h other well -kn own 
proj ects. The av era ge net duty of 2.?iS nerc-f'cot, r esult in g- fr om th« 
assumpt ion s mad e, is somewhat 10\\" C' I' tbun th e desired ne t dutv of 2.25 
ac re-feet )ll'r acre gi YC'u on pag-c,; 29 and G: l of Sta te Bull etin No. G. 
If pon th e other hand , th e du ty I'; hig'her th an th at o f :J.()() ocre-Ieet 
pel" acre obtn in iug on t ho Orla nd proj ect . 'I'he Orla nd proj ect is 
hardly II cr-iter ion fo r th e Iron Ca uyon proj ect, since th e fo r mer is 
situ ated upon tlt e gTaYclly eOIlC' of St ony C reek and th e soil, In ge n
ora l, is 1110r e por ous thun that in cluded within t he Iron Canyon proj ect. 

III 'J'nblc H t he net duty on the il'l' ig'abl e area wit hin th e gra vity 
portion of th e proposed proj ect is sh own to lJ<! 2.79 nero-Feet per acre. 
Th is couipure s with 2.7:> acre -feet ado pted in the ] 020 r ep ort, in whi ch 
i l pr-oj ect served ('mi re]y by gravity is cons idere d, Th e ne t dutv on 
th e t ot al irrignhl « pumping area is 2.17 ncr'c-Jeet P C) ' acre, th e higher 
du tv br in g- expla ine d h~ ' th e fad tha t a la rgc r perc ent age of th e pump
ing <II '('1t8 is ass u med to be planted to orc hards tha n in the lower areas 
served by g l'(lvity. 

Rainfall. In compu i- ing t he Ir-on Ca nyo n proj ect wi th othe rs, the 
compa ra t i vclv Jiiuh r a in Ia ll in the locali ty of t he proj ect shou ld be 
cons ide re d. Althollgh the rui ns occu r l al' g-el~' In t he nonirrignt inp 
xeuson, t1H' ,\' would have cons ide ra ble effect in reducin g' t lw necessary 
sup plernen tar v su p pl v of water . Th C' moun scnso nnl ra in fn ll in t he 
upper Sacr amento Vull ev, in 1I 1C vicinity of t lic proposed proj ect, is 
~' i\,(, 1l in 'l'abl o 7. 

TABLE 7, MEAN SEASONAL RAINFALL- UPPER SACRAMENTO VALLEY 
IN VICINITY OF IRON CANYON PROJECT. 

!laill)' I'l~W II I ill :\m'f'ml ll'r :1 l1fl en' Ii' ill April or :\1:1)', with IJT;\et ir'.ally riO(;li n during tbl",lJIl11:1 1I:,' hcS! i ll~ :w rnrnrr rnnnth !'l . 

~t;lt inYl 

Ih'r1 HllIlT , .. . ' 
Tcharru, . 
Willow, ' 
~r1n~<! . 
(. orOlog " " , . , . 
rhico , . .. . . , 
Co IUltll . . . . . 
Dru.uirnn . 

Number of
 
vcars uf
 
. record
 

H 
-II 
12 
as 
~ I 
sn 
,10 
:J~ I 

")1 euu 
seaso na l 
r ulnlnll. 
inches 

ss.in 
20.;; 3 
10. 6,~ 

lS .02 
20 .';[1 
2:J.78 
16 .12 
:W .27 

~"ll" ll l i ·~ Irruu .luly 1 tn ,TUIIC :30. HVI;ord:- inolu/lr' t lu-lM'nson 1020-21. 

Proje ct develop ment . TIlP dev el opm ent or 1Ill' pr oject will prob 
[lb l ~' he gTa<1 ua l f'or t wo rr -asous : ti rxt , the 11\' (' ;) wi thi n the pr oj ect is 
larg" . and. second , l 1H~ f il d t h;'l l lIJ IIC h or t hc Janel ha x, with ';0 111(, su e
t'('SO;;, 1)(' /.'11 rl rv f ,lJ'IlIl 'd to gTa in in la rg/.· t ruct s can no t J)(, overlooked, 
CIIHI old :-:: ('11 1" 1'''; will ]1rol);1bl,\' not 1)(> ('(I si],Y convinced t hat irr-iguti on on 
s iuu llc r t r act« would he as (' a s~'. 0 1' prnfit ahl«, St ud ies of irruru t ion 
d l,,,,,lopll]('ll l ill Cu lif'or-ni», 1 ' l' ( 'I'1I1 1~ ' ('olll l' ]"l l'd hy t ho Jrrigur iou :-:i('e
t ion or t he Couun ouw oalrh ('Inh . ,;ho\\" tha t in lD24 t h« [lJ'('a uct unlly 
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.\ snn ilur sn rvev \\ ' ,1'; llIm11' of a hi g-h lin e cunul 1'1'01 11 H,'(1 Buuk Creek 
to Il icc Creek. j us t n or t h of t he O rl un. l proj ect . t u serve the area 
between t he £OC· 1, :11" '\11.1 t he uu iiu gTC1Yity eu n nl. 'I' he hi g h l ine can al 
would re ceive " Q .. .. 1'1J11lf '1l1 0 H iver a t thl ~ 

mouth of R ed 
hi Ajn-il. l ~ 

Eugiueei-ing 0 

pumping a t a 
in the v icin it 
gravi ty from ' 
fu rni sh dat a 
survey was III 

As all al te 
W oodl a nd a ll 
Sac ra mento J 
was t hcref'o r. 
t o in tersect 

All of the 
the State Dr 
fund s w er e 
tha t sho wn 

Methods 
l imin ary JH 

su r vey bei 
cro ss-sect io 
located th( 
'l' he traver 
ings. Ti es 
wa ys, et c, 
other f eat 
k eep clear 

Level I 

Geo logica 
valley , w 
S ta t es G 
4:81, "Sr 
f or the i 
to be aJ 

Geologi( 
tion a t J 
Geologi,
 
th e B. :
 
and t h ,
 
bench es lJ1lV,u b .. _
 

cnce of 3.7 feet which is n ot a CCOUlHeu >v, ' " ' '
 

and 8860+ 00, approximately .0:36 of a foot per mile. ~\JI ot11cr le\'ta~
 
have been ch eck ed and found COl'l'ect. The difTer ence of 3.7 fcet is
 
n ot considm'ed of particular importance in the preliminary survey , as
 
n ei ther t he nJ'ea t o be includ ed within t h e proj ect, n or t he cost of con

structi on would bc afl'ect cc1 ma t eriall ~ ', as t he di screpancy occnr s princi

pally t h ro n gh a count I',\' of fairly st eep slop es , The di screpancy is
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il'l'ig 1l 1ed i ll Culiforuia wa,; ' (i.G Pl' l' ("' lI t or 111111 1'0 1' whic'h irriuut iou 
wor ks W (, j'I O ('olls t ru e1('c l. 'I'h« 1'(' 1111 ion 1:01' 1111 1'1-; 111 or .\{ pl,llIlua t iou 
proj ecls is shown to ])(' ':1 j l\'I ' ('(' 111 , 11 11(1 it i,; ,;ai'l 111111 ill g'(' ll el 'lI l 
70 pel' cent ut il iza t ion j ,~ l'p;ll'h "c! ill ;d ul ill :l,', ," " 111' '; II IH lc' l' nmm a l 
d ev el op mrn t . 

It is believed t hat t.lie gra(lul1 I cl(,W)Opllll'll t a I11i e i Jl; I1 (~ <I l'or th e hon 
Ca nyo n proj ect wil l g'ive op port unit v for th e at tu imnr-nt or a co mparu 
tively h ig h d utv of water. since tl 1(' lands cOlllin g' int o til l' proj ect ill 
it s ea r ly d evel opment will have beeouu- adapt ed 10 11 h igh d uly lon g 
bef ore th e proj ect is fully develop ed . Gr ad ua l dcvolopm cnt sh ould 
not bc d cu-im cn tal to th e eco n mn i« fc as ihilitv o f t he p ro j ect , lIS t ilt' 
storu ge da m, diversion dam 1I1111jHnyer Ieat.u rcs, should hl~ se lf-su pport
ing' t h roug h t h« d ev el opment a nd sa le of PO\\,( ~I' ; 1I11d in the «onst ru cti ou 
of tJw ca uul system t lu: concn-te linin g , 11 )1(1 mn eh of th e cll'aill ag'c 
works, ca n hI! c1cd'1'l'l'ed ';0 that Ihp cost of th e nl t iinntc proj ect n c(~ (1 110 t 

be in crm- ed in th e ea l'ly ,;tage of <I 1'\'('1 ojnn e II I. 

Water requirements, The wa t el' ussn m orl t o be l'cq 11ir ed bv the 
project is shown in '1'able 8, 

EXPLANATION OF TABLE 8, 

C ol u m n 1, T a bulation o f t h e i(r OR R irri g a bl e aruax, le s s on e- ha lf t h e a r eas n ow 
under iI'l'i g-a li o n u ndur th e pnJpo ;:;:e<l g ravity li n e s t o St u , :Hi7 -l + 0 0. T h e ft l Is VtjfY 
sm n ll i.U11 0 11 nt o f i r r i gu t cd a rea belo w th i s p o in t a nd i t i s n ssu m erl t hat prac t ica ll y 
a ll t h is wi ll ...om o In to th o p r oj ect . ",0 d educ ti on s w er e m a d e fo r Irriga te rl ra n ds 
u nde r propos ed pumping' u n i t s. S ee P ln t « 2, 

Col u m n 2, 'I'a b u t a t iou of the grolSs u reu s c lass ified as ri ce l a nds . 

C olu m n :1. 'I'n lrul a t io n of one -half the irrl g u t ed u r c a s 10 Sta . ~674+ 0 0 which w on 
dodne t. ' tJ f r om t h ... gross irrilra h le n r va. 

Co lu m n ·t, 'I' u b ula t ion of the n e t n r eus ba s ed on s r, ~~ o r the g ross areas in c lud ed 
in t h e p roject. 

COIUnl Jl 5, T a bula ti o n of ne t acre -f eet duty on gr o:;s a r cus bnscd on 3.2 acre- f e e t 
per acre ( or ri ce la nds a nd 2.1 acre-feet l)(~~r a c r« f or ot h e r la ud s un der g ra vit y awl 
1.7 aero-root per a cre for o the r lands unde r pu m pi n g n T't' a~ . 

Co lu m n 6, T abula ti o n o f net du ti e s ill secon d -f ee t a t peal ' p e ri od in .Iu ly , ba sed 
o n 22 % o f the s ca sona t s u p p ly de l iv e r ed d u rin g the m o n th, a n d 1r, 70 o f a ve rage d a il y 
flo w a d fh-:fl t o n v eru ge fo r l";m k flow. H. l ~ f l ·r t o Tahlo ] O. 

COh UJlIIM 7 and h. 'I'a b u la t io n o f los s ea in c.a rria go for th e s evera l sec t lo us, 'I' he 
se co n d ..feet loss es w e re deter m ine d b y uflowing 0.3 o f a f ool fh~pth over t h r- we t t ed 
a r eu for 2 ·1 h ours at peak period . T h o nc r n-r'e e t tab u la Lions a r e o btai ne d b y u s s u rn ln g 
t h a t t ho loss at peal, pcriod is 1] ii'/r o f ave ra e o d a i ly los s fo l' July a nd tha t t h e IORS 
th u s obtai ne tJ fo r t h e mo n t h is 2 2 '/~ of t h e tota l toss. 

Co lum n 9, T abu la t lun of acre-fcl ~ t l o~.s in (]is tr ib uthlll ha~ cd on 211";~ u nd e r g ravity, 
2 ri'}b for th e la rh'o llunlpi n g area::; , a nd 1uti" f o t' th e :-;mall » um ptns ar ca !'3 . o f :) 200 A , 
9 30 A a nd 1 45 8 ~\ . 'l"lle los ses fo r rnunping- a rea S in cl ud e lo!o'~ f or earring e-. 

C OI U n 111 10 , Ta bu la ti o n of second - fe t ~ t l o::::: ~ \"' :-; a t ]1 ~ak p~ r i o (1. 
Colum n 11. T otal \vater req u irern(·n l includ in g a ll l (J ~ ~ e :-: . 
Co lum n 12, 'Ya te r requ ireme n t i ll :::'.ccolld - t eet a t pd th: per iod . I t Is a 8~um e d th at 

t ho nla hl c a n a l a nd GO S{, of the d istr ibu t inn ~ys t n nl ,, -ill ultinu lt ely bf! li ne d a lHl the 
f]\llll ititi e s s h ow n in the tahl e are based upon t h e f nlly d e \'e lop N I pr ok c t, 



111 ., IJL II , J "'-".t , '1 S I II· ' · I!.' · WilS ll W CI(' Il y ti le Kta le Dep artmen t o f 

Enziu ecrhur of II ea nul Ull tlr e l'as t ,.,ide of the va lley , diverting by 
pumping at H poin t about OIlC iuil e so ut h or 'l 'ehaina, to serve an area 
in th e v icin it y of Ch ico. This eas t si!le can a l cou ld be ser ved by 
gravi ty from the west si de canal h,\' sip hon ing under the river, and t'o 
furni sh data f or t he det ermination of t he Ie asibility of t h is plan a 
survey was wad e or a sip ho n Cl'ossin g' j oini ng th e two ca nal lines. 
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TABLE 6, WATER RE QUIREM ENTS ON IRRIGATI ON PROJ ECT S. 
Da ta on Federal P ro j ect s from R ep or ts b y Proj ect s a n d Corr es po ndence R elative T hereto. 

ata for Ot h er Proj ects fr o m Bull et in 6, Ca li fo rnia Dep ar t m ent of P u b li c Work s. 
(Compilation by Hydrugraphlo S ~e ti o n, Drnver Oltlce. Bures u of R"r.'amation.1 

· 1 '~I , t fooQml llro;cctJ ~h c Il'JOtecl dcli, rrr to hrmf i~ tlil') . JH U U Tl ~ orwllt(lr charged to ih, .....al er u ~:l r 1)!Lli . lIowllncr for uniJl'rm(1JI. surement or \ \ '1I tt: 1" rrom estimate by project ~lIperiIl knJcnt, Etucb ;lll l O\ ~ a n c c !lVI"Mlring: c.hont 10 Pt,'r cell!. 
I Apri l t\) ~p l c m hu. lr.I'ltUi" J'. 
: April to OctolJf'r. inclu'S in .'. 
a.\In. rch to O..: tolHr. inc](l."Ih ~. 
f l' coru::l rr to No, ·cmbPr. in cltl ~i n·. 
• .1.11 n~i .r . 
• rc lJfuar)"to Octobor, inolualve. 
T A \' cr~t· ot FcLr uary-()clol.M.'r. iud utl ive, a t }{l:l.l HJutl', 'l\· ho. m,l. \Yillm..ll , Orlami, COtilittl: , Coluo a £);11.1 OUnJli.. IIIn , 
' l utllullt'fI)' cti.rB of imlrloq uuto 8'\1 Tmly for 1:t['K(If I!lt)rrtl.". 

,, 06 6 7- pa ge s 92-9 

1..',,11,...1 S~l l ... rcol"" ,,, tiun r.mi 'llll" : 
SUb itiv t r, ..Montane (Ft . tiha.W'Vl\'bon) ,I &.III J) luam, clay and IL lIuyium , . 
Hunt ley, M cnta n , . . • .. . •. . . &nrl)' IOlLIO:LUU cb y · • . . . . • 0· . , • . . . 
L.IWU \ 'clloWl'l tuLm• •\ tollla JJJJo . _. ' Su. lldv losm 0 • • • _ . " • • _ , • • • • • •• • 1 
Sheshnne, \Vyo·lliu.i rG llrLmd Di v ~i u n ) . . S;wdy lOG-In and eli :':. . • . • 
Klrlml th, C:01 ifqrnl.ll-Ort'i on .• . .• . . . . . , • • DL'liul".j'tatcd bIo!.!a.h , volcani- eeh . , . ' n ' " 

O ~um og&l n l. Wat lii' IfILnll. . . ~ . . . . • . . Y() l( ~ an i c ~h, Band nnd Kf'I'\"c l. , ~ .. • , . 
Y:t ~.i l ll ~ •.'j , 1 ~ t ~ lI , \\, t;.fthiTl~ton . .. . . •... . ~ . Y ('\ l r~ lI n i c :u:h, d ~'(, O l U r-o~~ d u..llt . . • . .. .. ... 
Xor ll: Pinto. l'ebrlllk.·\\"yom inl . , ",. Ssndy anII ol..y 101UUll . , .. . . , 
) I~n ! d o ~ . ( ~r ~ " it;; ) . I ds ho. . . . . , , . . S,lt h J j ~ ml d LL ~' IUUJw" .' " • • . , . 
~IIJl1dl,kIl (!'.UlllIJlIlg). ldul.o \01 ~JlII 1 0 h.. . . . . • . . 
NC\ll!u1L \Js (Ca.rsLiIl). "<: rt. d~ . . . . . . . . . .. . SQndy, inoriy loam , tInr, olcanic ft~ l h . , . 
Hoi.... leaho . , . . . . •. , . , ... , . . , . .... . &o. ndy ....d clay 10lUl8 " . . . 1 
l.'l1lA tillA. O'< Knll. ." . . , . . . . ... . Saarly Ind IOI lidy 10'1II1 ". , . , . . " ". ; 
Yl ltlma, >;"n"p ide, W..llingto ll , . , '" \ ·nl"•.nie Sll:, dc('ornliOllt\l \ It, , •.• . . . ,.1 
1 ,,,,,,mllllhjll'C, Colomao , .. ... , , . , . • Sondy l:"IVcl , omy and cil.y lo.m - , , . . , I 
Graud Y . ll t ~·. Culf'r;,} d() , . . • .. . . . •• . S.•lId,; l O ~ l m ar,d cl:n·. . .. . • . . , , . . 
Ill" (;rand.: 'f c<..-~.... Moxio" .. " . . , , .-\lI""iwn and IIIlI d ' 10 0111. , . • ' , , . 
(!n...I~ I , New ~ I ", ir " , .. Salld} lokm, ... ..'" .. . .. 
~1l Hiver, Aril on! , . . , " & lIrly luaul. .. , . .. . 
YUJr'L'l\ ·\.rizolJ '\ ~ CAli r ()rll i lt, . . . •. ~ . . . . Rit h aJimi utn . . , . . , . , , . 
Orl. na. c'd ifofni". • . .. . . .. .... " ... .. S",,,ly, eilt. And cia)"10:un,' , . . " . •1 

]Jr\ \'n t t projects ' 
Durham S b. l.land Colon}', C. Hfol1li, . . , Solid)' I nd clay loarns. , . . , ., .,. , . . , . , . " 
.LOJj ~ 1 o h lliil Lund Cllmppny, Ca lifornia . • I NJ. ncly loam and river silt . . , ,. 
Mo!h" tc) I rr ilt; ~t i n n f)i~tri(:t I Cfllifornia . " '1 B:lud,;' Q,ud clay lonms ' , , . 
nil_idc \\' ..1" l' ompan;·, Caliform. "' 1!lllndy lou n and cloy , , , , .. . 
Imprr i.sl IrrlRU tion Distrit:t , Ca li f ll r lil ' ~ . . . ~ BJ}i i 'y IOllm IL~Hl e1. )·0 . , . . . . • " .. . . . . . • . 
Pr l'l~ lr on Can~' on, Calirl/rn il . '. . . E-Ul IlJyIOfun, a lluvium clny, , . 

A s an alt ernative f or se rving lands in t he vi cinity of Arbuckle, 
Woodland and D ix on OI l th e west side hy g r avity , pumping from the 
Sacramento Iiiver a t Knigh ts Land in g sho ul d be considered . A survey 
was therefore 11111d e of a Iine 1'1'0111 Kni gh ts L a nd ing up '''rhe Ridge" 
to intersect the g'l'aYity Iin e wh ere it cro sses Cac h e Creek. 

All of the lines locat ed , in cludin g tha t on th e east side sur vey ed by 
the State Departmen t of Engillecring', are sh own 011 Plate 2 although 
funds were not suffi cient t o mak e investi gations of areas other than 
that shown in red . .A total of 2:1:2 m iles of lin e was surveyed. 

Methods u sed in p r eli m ina r y loc at io n . all account of the pre
liminary natru-e of th e investigati ons curves were n ot run in, an angle 
survey being' considered suffic ient for til e put-pose. The lin e was 
cross-sectioned at all changes in transvers e slope. 'I'Iie profile as run 
loca ted the elevat ion of all iuipoi-tunt changes in longitudinal slope. 
The traverse notes wer e re corded with both magnetic and actual bear
ings, 'rips were mad e t o a ll important fe at u r es such as railroads, high
ways, etc. 'rile locat ion a 11(1 d esc1,jpti olJ of improvem ents, timber and 
other featnrcs were obtaine(l. In IOl'a ti llg' the ca n als the policy wa;; to 
keep elcar of ex pens ive l'ight of wa~ ' wh er e po ssible. 

Level control. B en ch llJ(Jrks, es ta blishe d by t he United States 
Geological S llJ'vey a t interva ls of f our a n d five miles throllghtout the 
valley, were u:-;c d for level eont l'01. Eleva t ion;; are given in United 
State:-; Geol ogi cal Smvey Bulleti n 342 ,1Ild Supplementary Bulletin 
481, "Spi1'it L evelin g' in Ca lifo J"J] ia , ' , Very close che cks were obtained 
for the firs t fo rty miles. ]'rom lIIile 40 t o Putah Creek there seemed 
to be an i n cr ea~il1g d iffc re nee bet ween the lcvels and those of the 
Geological Survey, accullllllHting to the Cl 1ll011 n t of 4.7 fe et , the eleva
tion at Putah Cr eek bein g 4.7 f eet low er than the elevat ion given by the 
Geologica l Snney . One foot of (his d iffer ence is accounted fm between 
the B . M. aile mil e cas t of tli e line at the Hamilton B ranch Hai ll'oad 
and th e B. 1\I. 2} miles 1100·tll of Germant own, th e location survey 
bench es having' heen chec ked and f ound cor r ect. This leaYes a differ
ence of il.7 feet whicll is not acconn te d fol' between st a t ions 3418+00 
and 8860+00, Dppl'oximatcly .0:36 of a foot p er mile. All other levels 
have been chec ked and found corrcc t. 'rhc differCllce of 3.7 feet is 
not conside r cd of particular importance in the preliminary sn r yey, as 
n either th c Drea to be include(1 wi thin the proj ect, nor the cost of con
struction would be aff ect ed ma terially, as the lli screpancy occnrs princi
pally throngh a c o u n t )' ~' of faidy steep slopes. 'r he discrepancy is 
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TABLE 8. SUMMARY OF LANDS, TRANSPORTATION LOSSES AND WATER REQUIREMENTS. 

1 2 

' ~ 
5 I 6 7 I 8 9 I 10 11 I 12 

{-lIit Area 
Xct water Loss in enrringc LOlls in distri butlou Tota l water 

( Refer to prujce t map, Plat e 2) R ice under . -
' Sf' ~ O n d -f('dlGross a rea urea. irr igat ion, Xct nreu 

gross Acr e-feet 
SccolHl-f(·t>1 

Acro-Icet ~et () n d - f l· t' l Acrc-Irct ~\(· rr-f('\·t 
~' · I..· ( lIld -(ert zruss in .July in J uly in .JlIly 

- -- r--------' ------ , - I --
Eas t side RNI Blull nreu . 7.0110 5.!J.jll,0 . 1.; .7;,11 . 0 n·1. 8 5.2;)0.0 21.6 21.011 0 .0 SG . ~ 

Stu . 9+37 to 117.j + 01l 2 1.275 3,175 18,1,, 3 ,7 5 ·U .677 . ;') 18:1.8 7,;'i] 2 .0 311 .9 n .rso.» l ii,9 U3.3ii8,!I !60 .!) 
Stu. 1175 + 00 If) 20 t H-Oil . 22.263 1.011 11 2:117 IS.023. 0:; '18.012 .0 109.,j 4.981.0 ~O . .j 12.128 .0 '1!J.9 iJ .~ .62 i .n 2GB .! 1 
Stu. 2106t oo to 2Iiti7+00 . 4:1.760 IJi:~ .1 :1.800 :l7.1% .O !l:l..;RI. .; 38,1.8 2.!lli .2 12 . 0 2:1.39U. 1 ~Hi. 2 1111 .S!17.8 Itl:LO 
Sta . 2067· 00 to :167H-1I0 . 211, 902 1'1.1120 2.228 25.·Hi7.7 79.:3:]2.0 :12U.:1 .J.(i19A iu.o 1!l.S:l:I.O SUi 10:1.781. I 126 ,9 
~ I a . :36!,1 :j:(1) t o! 9 ! ~ +911. 19.180 9.:ii'JO 

" 
1O,:W:1.0 .1{l ,H7:3 .0 :lOS. ;j e.osr.o 211,8 12,tlliS. 2,1 ,12. 1 !:~, : ) ~ ~ . ~ ;l I 281 , I 

S tu. '19,1i on 10 " 7b+ ,,n . 11,:J, ,1-I :1,UlO . , . , . 9,1i,; 0 .0 27.814 ,n 114.4 2,:3ni!.7 n.s 0,9.1:1.;) 2,~ . f.j 
2'~:~\) 7 j I 

1.31.,j 
La t. ;'725 +iiO, , , . . . . . . G.950 l.:{:~O 5,HO, .s ! i),358, D 'n.li ·1,8:31J.,i 19,9 !lD. .'i 
Sill. ;;725+ 50 10 GO(iO+ OO. . 1'"' ,02,; 7.78,j 

' " 
12,7; 1.2 .j '10,11 6 .0 lIi,i.1 i ZO,3 :-;. 0 1O,02i) .1) 11. 2 50.Sii. :] } OD. ;'~ 

Stu. BO UO 00 to li3·17+1:;. . . . " b.tio:; 41:; '1.81,j . 2O J2.3:.3 .0 .; 0 .8 :J64,b 1. 0'5 :3.088 . 2: 12 .7 1;;.805 . i .; ti:J.O 
- - -1-1 - ,---

T o tals fo r eruv itv .. ... 1 ~ ~ .1 :H . 0 -1:1.645. 11 11.625 .0 ]'; ,; .068 . 11 4:12.170 .11 I. :~ :: 1 2S, Ill:3 1 
nr . 2 109.:35,; .00 ·11!). t 570.rIlS 1 :! , ;~ 1I ..j 

Pu mping a t Rod Bu nk Creel; :1 9,:1 50 480 :]:3,-147 ,5 til.fi 1.) .0 22,538 ,:{ 92.8 !ll l,l o:l. :\ (;, 1.0 
Pumping: St:1, II i ;j+ OO. I:3,.iOO 60n 

" 
11:l7C ,O nS,iO ,D 98.1 7,1'1 ;)0.0 :3:d . tl :31 .800 ,0 130. i 

Pumping ~, t u , 21OH + OO. 21.:100 7,10 18.1O.i ,I) :~7 .320, 0 1.j:J. ,j 340 , I 1.4 12,HD.n ,j! .2 00.1IJO ,'1 :?OG.l 
Pumping Stu. :t ! fJ 0 t- OO 3,2D[) 1.2,)0 2,7211 .0 7,:}15 .0 3D.! ", . ' 1.291.0 5 .2 S.tiOILI) :13 .:: 
Pumping Stu. ·t:.~ 0 7 4-00 0:10 118 iUO..:;' 1.708 .0 7 . 2 :)10 .2 J. :J, 2.0GS .2 8 ..; 
P ump ina Stn. 470.3+00 . 1.4,;8 1.l 0S 1,230 . :1 4.lifi5.f.i I!l.:! . . . . . . . . . 82:1.4 :1 3 s.iso.n ~2 .!; 

P umping Stu. 4!l7fi +OO. 1I ,72S -1,240 .. . 12,:;18 .8 :)1,398 .0 J2!L 2 10.466 .11 43 .0 41.8UI. O 172 .:! - - -_.-----
Totals for pumning . \>1 : 161.;.0 S,SSiL O 80,296 . 1 17:( 921 , Ii "iLl . t, ~ 10 , 4 1. ·1 0.i.8IS . 00 22!l.4 :!:HJ.mm .H 016 .4 

==----~_.. - - --=-- ----
Grund to tals . pumping and gravit y 276.1I1)1J . 0 fi2.531. (J 11,625 ,0 23,;,:165 .0 6IJU ,IY.JI ,6 2. EI:l.2 28,S:3:1.:; JlS ,1! 1l\.i,173.!l1J B70, 1 SOO,I)!19 .0 :~,:!aO. \1 

Gr oss IInty on tilt' net ir rlgable urea of 2:35.3G5;lert8=:CoL .~+ C u1. 7+ (' ol. !) soo,oml acrr-Irr-t :t 1aere-Icet per ncre . 
Net du ty o n t he IIPt irrigablc an-n uf 2 :~~j ,36511 crMt=2.58 aere- fcot per acr e. 
Xet d ut ....· on thr 11('t i rri~:lhlc c ruv i t v area of 1.5.5,Oli9 llcr es=-2.79 ucr c-l ccr per ac re. 
Xet dut y on thr net irt-iguhlc p umpi ng ar ea of 80.200 aCrf'.!=- :l.17 a cre-fee t per aero. 
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CANAL LOSSES AND WASTE. 

Transportation losses. i n ( '; il ( ' u l ;l1 il l ~' 11'ilI1SP0l'tclt ioLl l o ss l ~ s i t WlIS 
assumed t hat ill concrete-lined s\,('1 ions t ile' loss wn u ld be at th e r a te 
of O. :3-foot ( 1(~ pt lt in 2-1- 11O \l1 'S OYI'!" t l,(· eu t ire w<'1t('d S nl'fcll~(' or th e 
canal, wh ile ill un lin vd s('!'1 iOll s 1111' 1"<11(' 01' loss \\"1I S assll llwd as 1.5 
f,'pt pel' 24 hom's. 

Waste. I n ~'ellel'a l. waste II lay U(' ;1t1l'i bn led to 0111 ' 01' nior« of 
['OU l' pi-iucipa l causc- : lcakv structures: waxt« hy the f, lrll1(,1' at tho en d 
of Ilis la tcr al : ennu l ln-cuks : and wast(~ i'ro iu opc rntioll, The typ« of 
(~o llstnlct io n eOlitelll plHted wo uld insu re (~O JIIIH II'H tivc l~ ' 1ig'ht st l'lIC tUI'CS 
and few b l'l'a ks. Fu r u: was t c will be ;11 t h« ('X \H' lISe of t he water use r 
HIILI wi ll, t he re l'orv be hl' ld to a III iuiu uu u. Pro ject wast«, ;tlt ho ugh to 
so nll~ cxt ent 1I11HYIJ idn hl(', wou ld. ill ti m« of d)'il rt Oil st orug«, 1)(' llt'ld to 
111c min inuuu 11 ('(~ ( ~ Ssal'Y to eouvcy t ile project wu t er s\l pply and to 
eOlllply wit h t he st,lte 's avowed po l icv O[ efficient use of its wutc r«. 

'1'111' fo llowing' is II p ill'ag'l';lIli1 eop it'd n -om "Bnl letin .\'0. 4, P roceed
illgs of the S,'eol l(l Sael'iI IlH 'lllo -~;m .1 oaqu ill Hivvr Prohl t'llIs Con l'er
«nee , fi n d \ Va1 er Su pe n 'isor 's Rcnort, l !l:2 c! : " 

E ad~' in .J\IIII' . 1..1.1(')'8 tn a ll wn t ..1' use-rs Oil t he Sar' I'''tne llto H i \"(~L' abo ve 
11 1I1'I)OseS a e l'>llll el J1'o we re' seut out. anlloll l1cill~ the e,t:lhlislJlIl t'llt n url or 

t.lu- wut er' superyi:-:tH"~ oflir-e. l' l'e~elltill~ tlr c c ri t icn l wn ter sir ua t io n mu l " ":11'11 
illl'; I I",t w llleL''' wu stu should he f'ound Oil II II!! pI'ojer:l it would be l tl ' (" " S ll n ' 

th a t the l1iversion of SIl('" project be 1'('(111(',,<1 by t he .unouu t ur such wust e. 

Disposition of waste water. A 11I rg(' 1 )(~ I ' ( , cn ta g (' of anv was te 
from the Iron Canyon project would re;1(;11 tho Col nsa Basi n to be 
curr-ied t hrouzh the nuiin dra inage ditch t ln -ouuh tlu: haxin to Kn ig-ht s 
Land ing, sn nt h or 1he sn ut hcru (~xl rt -iu itv of t 1 1l ~ p rop osed project , 
whe re it "a n 1I0t e utv r tl u- river by g'l'11" ity nntil t lre low wute): stag'l'. 
( l{( ~f(' l ' to Kn itrhts Lan ding p um p lin e photojnaphs.) ~:. P rior 10 th is 
ti ru« it would he ealTie(l On d OWII t he Yo lo By-pass int o 1he delta 
r('g'ion . TI ms , rot ut -n wut er l'ror u th e I ro n Ca nvnn proj ed below 
S tony C reek w ill not i-cach t he ii ver, hom which it «oul d be divcrt od 
f'or ns « in 1110 8 ,](;] ' a lll(~ n t o VIIlle,Y, C'XI'Opt in th c d(' !t;1 J'('gi on below 
K nights La nding. It \\·()lJ1 (1. however , !H't'OIlW IIYlIi lahle IOl' IISP in t he 
hy-pa ss('s or f'or t l'1lll ",feJ' t o t ho Sa n .Iouqn in Vall l'Y if such t r ans fer 

is dosi rnblc . 
Irrigation method. Oil account of t he lon g ca rriage syst em for 

the proposed pro ject , wi rl iout aIl ~ ' regnlnting 1'('S(' I'voir s alo ng the line, 
it ap pears imperu tiv« t hat t lie 1'01<1 1ion s~ 'st('nl of ilTig'H1ion he <ldoptl·<I . 
If t his is (lone lI Wl'( ' wou k l nrobublv be no 11l'(,.'ssi ly l'or ineluding a 
Iuctor for wast e, as sui-h. since n Yel'y gOlW )'O llS a llowuuce lias been mad e 
in (les ign illg t he ca nal sedioll", as ex p lai]w(l lat er, 

Canal designed for irrigation peak. It is 'ln il " cnu uu on pnll'til'I' 
to increase t he ea l'l',I'ing' 01l]H I(~ity of t h« mai n eunu I by ubnut 10 1)\'1 ' 
cent OVI'I' t he avel'figc' da ily (klllaIH] 1'01 ' ll1e I11 0n th of ll1aXinlUnl dVlIland 
to a ]]o\\, fo)' t lt(, ilT iga t ioll P(,i11\ . [I I loeali t ies \\'Iwl'(, l h L ~ i!']'o\r th of 
JlIOSS all (1 Ot ll( ~ I' \'C'g..,tatioll in i)' ri~' ;1 1io l1 e11 11C1 ls is pl 'eva lent , as is tilL: 
caS(~ ill the Sac)'alllento Vnll (~~' , dif'fien lty is often expel'iellec d in ll Hlin 

tn ill ing' a tlo\\" t hat \\'i ll nw ei 1Iw de ma nds, as t Il(' g )'owt]] of vegetat ion 

• N ot in clll<1.::d i n pri llted T'vp ort. F i lm~ on t-il t - ~ i n ()n1 ('t ~ o [ t Ilt , C ()]n nl i ~s i Dlle r. 
:B l.ll·e~11 1 of H~c la l n a ti o n , \V nshill g"toll, D . C . 
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II IIS l'ea(,It,'d itx Iua x i nnuu al 1lu- 1i uu- or muxiuunu d t'llIlltl<1 1'01' hot h 
'1'111. ,1' " lid lub nr. 111 i111 "1 ](1"i1\'01' 10 ,t1I(,\'i a !(' t h is «oud it iou, un r] i n 
o!'llt'1' Hw 1 ti l" 1I1 llill1l'nilll<'t' ('osloI' 11](, ('all ltis IIli g'lli Ilt ~ kt'pl dOWll, the 
('1111111 S( 't:t iO I1S ha\'., IH'('n d,'"ig'lWd wit h a peak ' ~ lt pil e i ! ,I ' of ].j P CI' cr-n t 
ab ov« t Ill' dail~ ' iI\'('l'1Ig't' 1'01' t lu- 1lI01l! h 01' .lnl ,I·, ,lss lI llIi llg' a f'riet.ion 
1'1I e101' of 0.01:'; 1'01' ('Olll'I't'It'-lilll'</ "llllills , It WilS 1I0t ,~tl1lsid cl' l.'d ncce s 
SIIl 'Y 10 pl' ovidt' fot' 1\'Il"tl' dlll'ing the il'l'ig'111ioll p ('1Ik, whi ch nSI111lJy 

nn lv lasts 1'1'0111 1('11 dll,\'S to two \\'('l,b. Ditta fCl! ' tl](' OI'I,llltl proj ect 
indicate s tluu there hits bl'PII jn -acti cally 110 wa st e on t hnt proj ect duting 
t lio pa st righ t ,v l!lIl'S in the months or J ul v and Auuus}, wh en 1Itt' 
</( '111111 )(1 I'or wat e r is 111 a niaxirmuu. 

WATER SUPPLY, 

Source, Th e source of wa ter f or lise 0 11 t he proposed proje c t IS 

t he Sa eru ine nto River and its t i-ibutari es ('llI Cl'i ll g' th e r-iver a bove t he 
(' i t ~· of. H,'<l BllIlL 

Run-off, Table ~J is extraded from 'I'a ble ·ll i 'lIlJwa rill g' Oil page 
]!Jl of Bull etin 1\0. 5, published lJy the Ca li l'orn ia Slat e D ivision or 
Ell ginecl'iJlg' and Irrigntion in 192:; : 

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

Drainage Area, 9258 Square Miles , 
BL:a~ol( beaius on Octo ber 1 ami cuds ti ll Septeml.er 30. 

E:\timn.t('ll 
I till-on"ill 
ucrc-fect 

Dept h 
ill 

i lld u'l~ 

Acre-fee t 
per I 

square mile _.
Season 

~ 1t ~1I scasouu! 
Muvimum sc.wouul 
~ I iuuuuru lOaaoJlal . . 

. fI,!l2!1,()()() 
22,, 00,0011 

l,m;S,Sllo 

20. 10 
-Ill .00 
8.20 

I 0-" 
' '' ~ 5 ~ I- ' I:lij 

188'.1-1890 
l !I}H-l !l:?tJ 

MltU lI durill ~ J uly . 
Muill ll JlI1d urin g .Iuly . 
~ Il /l i lU l1 rn dur inc J uly . . 

~ t l': H I duri ll ': A Ull:lI:!-l. . . . 
Mal imum uurirlg AUl!u:;t .. 
~ I iuiunnn l l uri n~ .\U1.;u::J t . 

3:)7,200 
!llls.noo 
l / .; , ~ i OO 

:; ~ " I) OO 
7 jl. S fl ~ 
111),300 

0 .811 
1.80 
0,10 

0. 70 
1. ,',0 
n.nn 

-l3 
Hq 
I II 

:Jli 
8:; 
l li I 

IS8:1 -I S90 
18 j"·I-lS7a 

I S S ~ f ' is:'JIJ 
IS7l -U~; .~ 

Prior to ~l a~' 1, 18D5, t he d isch arge \\ '11S es ti ma ted . F'roi n ::Hay 1, 
] 8!J5, t o F ebruary 1, 1 ~J02, th e discharge was mcasu rc rl a t .Jclly 's 
F'o1'1',\', ] 2 m iles above Hell Bluff, drainage are a DlHl:l squa re mil es. 
F'rom 1<'ehrlllll'y 1, 1!J02, to dat e th e di seh urge ha s been mcusnred at 
th e Uni te d States Geological Survey ga g-ing st ation ab out 4} miles 
ah ove Hcll Blnff and one-half mile above UI(' silc ~ or t lie proposed 11'011 

Canyon cla m. The rating curve is shown on Pl ut« ii . .III 'l'uhle D 
11 1(~ dist:ll<ll' g'(' at t h« two points of rneusm- eu icn ts ,is IISSlllIWd 10 be th e 
smu c si nce 11l e t r-ihuta rv area between th em is notprodu etive or upprcci 
IIble 1'1I11-ofr. 

'I' lic 1'1111 -0/1' est ima ted ill Table !J i s the t otal f ro m t he draina ge urea. 
'I'he di scharges as m easured at the ga g- ing' stati on s, su bseque nt to 1895, 
an: some w ha t less than the est imatcd t otal run -off as t he form er h as 
been adjust ed to take II CCo11nt of stora go and irr-igati on a bove t he 
points of mea surem ent. As shown in Bulletiu No. 5, upstream sto rage 
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has i Jl(~ re fi sed u n ti l ill 1!J:Hil. ;)1I101ln 1pd to 1 21 ,~ ) OO acrc -I cet , "lrr iga ti uJI 
II;Hl i llnp;)sr-d I II llil ,()OO ;I\' !'(',;i ll 1 !l :!() -~1.111 t i l\' SP;lSOIl 1!Jl !I- :!il. 
i ll " ' lii ( ~h . h,' n. iuiuiu« . ';";lSO II;l 1 1'1111-01'1' II I' 10 1/1<11 l i llll\ (Jl ~ (,1I 1'l' ed , t lu: 
1I)(';lSlI l'ed d iseh ;II'g-' : ;11. !l " d Hl nlf ~!, ,, ~ 'I II ~ st ut in u " ilS ::.788.IOU " Cl'l~
l'cct ill (~ OI IIJHll' i ;'; OI I wit h 1111: '1' l.i1l ~ 1 ( · c1 101,,1 o r ' I,Olitl.SOI) H " , I' (, - r ( ~ e L til 
tile ;-.;ca;';O ll 1!'~;':-2 -~ , 1lip 111 ('1I Sllr ('d SP<1';1) 11;1\ di ';"! IHI'g'I: Iruiu Oeto her 1. 
1 !l :! : ~ , 10 ::icpklllhl'l' :10, I !J:! ~ , \\W.. ou lv :!,!J/ :!.OOIl 11 ('I"(:-f eet , t ile lowest 
of rceonl and abo ut :)0 per cen t of norma I. 'I'hc measured r un-off 
i n Julv and A ugust, 1924, was lIS.OOG w're-fcet in each mouth, soin c
what grcater 1hnn the Hdjllslell Il lillill llllll run -off sh ow n ill 'I'ublc !J 
\'01' the sn.me 1\\ '0 month,;. 

Basis of estimated supply, 'I' h« SIII,lil'''' of \\'ale r ::i l l P Jl I ~' for t he 
Iron CHnyoll 'pl'ojed, 1111\'.: bl:Pll has('d 1I1'0lL th e II/NIS'/l/"cd diSc/IIII'V e 

fro m I S!);) 10 I !J:!-t, inclusive, w it huul. a1t{ ' li IJlt i ll~' C1 d jusl lllcn ts Ior 
diver s ion s hi ~:II l'l' lIJl 011 t ho river. 'I'h « I ' l' ( ~ ol'll s a r e aire dcd so iucwhut 
by d ivl'l' sio llS and st O J'(l g l~ ,dHlI'I' . \11(' e01'l'cd ioll lIe (~CSsal ',\' to url j ust 
t ile water supp ly to COlld i ti ou,; of p l'(~Sent j l'l'i~fltion dev elupment 
g1'adnally dCl' I'I~asi l1g' YClI 1' ly f'ru iu 1lie clute or til l' '~C11 ' l ie ,;t 1'ecords down 
t o the present t im e. A s t.hc nios! l' riti<: ;1 1 yefll's or wu ter s up p ly arc 
recent ( I !H D-20 a n d 1~):! ~1-24) , when i1'l' ig:lt ion dcvelop mcnt 11 ppruxi
nuu cd ve ry elose1.\· t hu t of 1ILL: \ll' (~S el11. t i uic, dnpld ioll d ue to past 
upstream d ive rsi ol1s have hceu lleg'led e(l 
~o ac cou nt has b ( ~ e ll t:l1\<'11 of t he: cfr l~ ct of I ut urc lkpletjou u pon t.l u: 

ass umption tha t usc w ill hI' made of t ile nppl icut.ion« 110\\ ' 0 11 file I'm 1lie 

Ir on Canyo n p roject. 

Monthly distribution. 
TABLE 10. ASSUMED ,\ IONTHLY DISTRIBUTION OF iRRIGATION 

WAT ER FOR IRON CANYO N PR OJ ECT IN PER CENT OF THE SEA

SONAL SUPPLY.
 
From p i ll~e en, Bullotiu No.li . ~l :d l~ Dt'lll3rtml'ut.of Public \\'orktt.
 

Per cent Xlouth I Per cent Moatlt 
- - - - - -- - - - - - -- - - - ,
J ~~~~). : : . 
Murch .
 
.\ I,ri l .
 
Mil)'
 
J1 1I 1 1~ . , .
 

22
II I July .. :?ll 
II \ ;\ "~ ,,,l . J:!
J ~' I'l&:m\'(· r. .... .. · ·: ·1... .. . . . .. . .,i (luloher . .. . II

i t; SQ' ·Cll l1.ll'f . .. .\ 
1 

II20 Dl\(.cmhf'f . . . .. 

'l'he dist ri h \llioH i", bn",etl lI\lI'I) ;r ll H\·i1 ilah l(· J'('VOl'(lS Ill' uetuu l use 01' 
ir r igation \ya U'r. '1' JIl~ val ues show n ,11'1' t lrose whiclr are hel ieved 111 he 
111 0 ;';(. ac1 Hj)l,dlle 10 pla nt l'('q lIi l" 'Il1I' 1I1s. lI]JO II 1 11t: nS";l11l1[ltiOlI t lui t 11l1 ~ 
s( dl(~d ll lc: ca u 1)(' lltt:lill('" lhl 'Oll,~' 11 n n Illl" ql IH1,' ",1o ra g-c S .\'~t Ol Il , 

Iron Can yon project filing s. ;\ppli( 'uliol\'; Oil Ii l« fl ll b,, 111111' 01' 111 l: 

I'ron Canyon pl' oj " l't Hn: as J'ollo\\"s : 
App li cnl ion No . l :.!7fl fil",,1 b ) \\' . •\ . lI" 'fl 'c! I'u" t lu: Lruu C"l1.\·"'/I l' 1'n.ied 

A ~soei a t.io ll " rn)' I G, 11.11fl . A , kH Io r 2;;OU cubic fed l' (~I' HP '''1lI 1l f'roin ~l " l'(' li 
'l st to N O\'l'm lwl' BOt h und [ur 77G.IUO ucrc-fuet p'". II 111111III hut wee n No vember 
:lOlil a nd Ma l' Lst, nil for u:p'i clIltlll'll l pll 1'PU'<:S, (0 be 11 , <:<1 011 t1PIJI'oxilll"(" Jy 
:.!Sl .000 acres of la n d ill ~acl'llml' lIto Va lley in T elunn a , G lenn . CoIn", ,1111 1 

Bu tte coun t ies. 
, - :i0667 



!J8 WA'rER RESOUltO/;S OF CALIFORl'IA. 

" \ l' l' l i " ;l Linll ~" , .l :!BO Ii i I'd i ll I I" , ";I '",, " :1111 1: III1lI I III' ~ " " '" duy l't" j''' II'I ' I' 

PIl l'lH ) i'( t..·~ . A sk s ful' UOOO :;I'I 'II I H I fee t d irpt" d l\i \t':-; i ll fl Irnr u . 1:11I1111 1') ' 1:-.-;1 11) 

1 )1 ~1 ~ ~ ' I Jl I H' l' :~J:il II lId for 77':-',I (JI I :II ' I,. · r . 'I ·1 I I I Iii' l'II I II'I ' II \d 111' 1\\'1'1'11 '1nr l' llIht·f· 
;-;tllh ;I lld ~\ llI .\' l :-- t llf 1':11'11 :-'P : U:;O Il . 

Prior r igh ts. J~x l l i b i t H ('I!II f a i ll "; c x. t. r:le1,.; Irmu a p ap l:1' 1'\:ad b y 
Mr. Edwm-d Lly nt t, J r., Cllief 01 Division or Water R igh t», Cali fornia 
State Dcpar tuien t 0 1' P ub lic Works, hel'o rc t he F'il't h J\ UlI lI lI l Convert
t ion of th e Ca lif orn ia ~ect i oJJ oJ: t he ..c\ lIw1'iellll Wa terworks Associa ti on 
at Sa cramento on October 24, 1!l24, an d at a gutheri ng of per son s 
in t erested in the I ron Ca ny on p r oj ect at R ed Hl ufl', OIl October 25, 1!J24, 
It is believed t ha t t he ext l'.tel s cover llre sub.ieet of wa t er r igh ts a nd 
U~eS ill t he Sa cru iuento Valley qu ite clea rl y and uuthori tu t ively . 

Future p J'(lj eelsi ll l lll: ~a e!'ll1 l1 e l1 to Vullvy , ,Ie[lend illg' upon t he 
natnra1 flow o[ the r-iver f il l' 1I1l'i1' i l'l' i;.r1lt jc.'ll wa ter, ur c in feasible. 
E ven wit h pruvisiou made Io r st lll'ag t: lII' l ire winte r Hood waters, 
any study of it .Ilt ' \ \ p r oj ect iu ust tu ke in to «ous id erm. ion p ri m: ri ghts 
whic h JlI ay he gr a lll l:d i IrJ' OIIf!1r an ovc rru ling Ill: section 11 of t lie 
\Va ter Couu uissiou Ad, a wl of t ile act ion wh ich th e Ied e ral gover nment 
may ta ke r elat ive to t lte r elease of wat er for uu vi g rn ion . T here is n 
assuran ce t haL t he ou tcome of the situuti un will be Iuvorahlc tu HeW 
ji r oj cct s h 111 th ere is I' C(l SO Jl 1 0 bel iev e t ha t 1 he so lu t ion will be a long 
rut. ion al lines. 

I n II ]HIPI' I' J'l!(l r! (I! l ite ~a l ' I ' , l1 l1 Cll t () ' ~Il 11 -loaq ulu J:.iV C1' Problems 
Confereu ce i ll Dec em be r, J !J24, U, S, Gru nt :Id , ~\I aj o l ' , Uor l's of E ng i
neer s, U. ~ , .Aj 'my, D istr ict E ng inecr , ~1~ l: O ll d Distri ct, s t a t ed that 
mcnsurt -tueuts made d l l J'i n g 1he su uuuer or .1 !):!':l s how that Irum :.1 ::>00 
to 40 00 sccourl-Ie el W'C n ecded ill t ile river 10 mnint ui 11 n avi gu ti on 
( ahove Sacrn me n to ) OJ! au ee011 11 11l ic ba"i s. 

It is iiupera t ive rh a t. n uvign t iou o i' t he :)lH:r a llleJd o l~ i ve l" be main 
tained . 1£ t he proposed snit wate r bnrricr below t hc confiucnee 0.1: t he 
Suerain en to and Slin -loaqu in r in'I '» i" i-onst rucrcd, wat er required 1'01' 
ils op erati on w ill prnhahl y be m uc h less t Irau :: ,j(J() see oud-l'ee t. ' I'here 
is, in t he 1"" 0 va lleys, a ll iuceu t iv« t owu r .! con serv a ti on of wat er since 
t he potenti al value of t he lands 10 1)(' d l' p l'ived of irr ig nti ou wat er to 
"; l1PP]Y th e n eeds o f' n av ig u t ion III t lrc :111l0 1l1l1 su gges ted by }Iajur 
Gruut w ill , in 11111e, he oJ: econ om ic iiu por tuuec, awl it sceius possible 
that n a v ig ati on 01' th e r iver eou ld he p rovided Ior ill some ot he r way . 
In a ny eve n t , t he .I r on Ca uvon p rn j et-t wou ld n ot he a/r ecled materi ull v, 
unless eou rt d ecision s s ho uld u ph old th e d lli l ll of r ip aria n users r clutive 
t o the IISIl 0 1' flood wa ters, si nce, i ll a low y enr a bout 90 pe l' ce nt of t he 
:;('11::;011S ' s up p l v w01 11,-1 I ~ Oln r !'I'OIIl slI ' I'Ug'C. II' 1he e0 111 '1s hold 1lJCI t 
iinuii nn own r-r» e.111 st or e 11'111(' 1' i ll l'\!,.;e'J'\'oin,i by r unso.1l of th eir 
i-ipa r jun ri l!ht s it will I 'JY('dl lll I1,\' c/c'st r o)' t he vuluc (\1' upproj n-iative 
ri g-Ir i s, This quest ion i,.; lIO\\' J)('[orl' t l,,' S uprem e Cou r t 1'0[' deeision in 
th e <:'I S0, or f{ C/'l/Ii11!lluiIIsC vs, 801/11,,'1"/1 C,tl ij/I/'" ill g c7 iso'/l ( ' II. 

'1'1I c Kc hraska eO\lrt h old s t Ira t as t ltP J'i;,d ll, of u r iplll'i<l u lJl'o )lr idOl' 
to tl w usc of wa ter of a sh 'enm is Illl iu t l'g r ld Plll't of thc Inllel, it 1S 
wi lhi n th e eOlll't i tn l iollal gUlll'1l1 J1 ie,.; IIf p r i\'ate 1'1'01H'1't.,\" 11Ilc1 efl ll not 
he ta kcn away h,v 1111 net of ti le kg- isl a t lll'c . {)I II I k VS , Cll mlJr idgo el c. 
Co" 45 N eh, 798 ; G4 N, ,y, 2 : : ~ J, 'I' l l<' Sllpr mll (' COllr t o[ S ou th D akota , 
in n much later casc, sai rl in St , Oennn-in 11'1', CO, YS, Tl ll1v l !l or n D i l elt 
(! O))/ 1Jan y, a2 S. D ille 260 ; 14a N. W, 124: 
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. \ l' i l*; l r i :l ll W:!j l' I' ,.hdll t ~ ;lli lIil l I )( ~ jo:-: I I ly di :-;lI ~ t ,. :111 ,1 " s t nt u t u lI r H \'idill ~ 

11, ,,, 11'11" 11 " I"'I' I ,\" "111 ;11,.," 10 tl u- u-«: "I' "' '' i l ' I' r"iIK I" '1'" " II 0 " "II ,\" port. io n 
li t' 11111' W illI ' ! ;"; ( ' I H i I U f~t.I hr h i ll! f ill' ; , lU 'I'l l ~d .If t h rci - .\ " ii rs , :'\IW 1J 111111 :-:'(,(} W:I t erx 
~ 1J 1l 1 1 I""n 'rt I II thu puhlir -, is vuid H ~ 10 :I d l':I I'i:J1I n WI!l' I' :I S dt~ JlJ'iri ll'" him 
uf \'t'~l(' d l'i;.: 11 1:-: . 1111111 ~11 v.i lid a s I,. II l1 t' d ;JiJ lliJl~ 1It11.\' II,\" :Ql1tJ'olH'i:ltioll . 

Amount of water assumed to supply prior rights, On page 4(i of 
1he prncccd ing's of tho Sacramento R ivci- Problcuis Co ufcrcuc c, h el d 
:,1 :-'11(:nl nl cnto, .l un u arv 25 a nd ~6, 1924, 1\11' , D on al d B uker or the 
l i ivixinu of W llh ,]' Hights states : 

I t will h l~ seen t hn t t1Il'I'" are III ]l1'"se l1 t eXl stlll~ riuhts 1111011 the r-iver 
"ho"I ' th e d cl ru , wh it-h would p roh " hl ,\" I,, · eo u tirmed ill n ll,\' urljudicat ion 
I hereof , t"t;d illg- u pp ro x inmt ely ,,000 ~ I '"o lld , fee t. Ap!Il'O\'lll o f uud cOIlIiI' IIIa
I ion of hnueflciul use 1I111kl' 11I];1]11'1'0\'('d peudiug- llpl'li!'at ious in t his se ct io n 
o f the rtver wou ld Increa se th is to ; ,li(l{) second-Iect , nud shou ld th e o wners 
of I l u u ~ !' d ripuriuu ri;:hts be all owed 10 exe rc ise sume ill t ho future through 
all o verruli n u of seetioJl ]1 of tI", " ' " t!'r Coiu m iss lou .\ 1'1 by th e Supreme 
Curn-t , t1Ii s mig-ht he iu c rensed to i OOO- SOOO s er-o n d -Ie e r, d elw lHlin/.: U]lOJl t he 
du t )· nlluwcd riparinu O\\TIPl's, 

III t Ill' bi l l!I ~ <It t he botto m () f p ag e 4G ()t: t iJ o 1'(' 1> (H' 1 rd (~ l'1' ed to aho ve, 
tl re How f'or .Julv, I DHi, nssu mod to he all average year, is GGSO secon d
f( ~d, 'rak in g th e average .l u ly flow 1'01' a ll yea l's 01' r C('(1 1'11 prior to 
1!):2:2, J I O \\"( ~ V I'I' , th e quantity is f on n d 10 he: :i7!)O st'eoIHl, feet; a nd if 
th e p cri od hl: ,'x t " 1I d, ;<I t o inc l ude -lnly , 1!l:24, th e <lVi'I'ag'c wi ll be fou nd 
10 h e ;-);)80 se con d -fr-et. 'I'h« ,n'('rag;" flow j'IW .T 11 1,\", 1 9 2,~ , ",as 28 70 
'';':I:01ld -f ct't, tilt : m ini nu uu hl' i1l1! :.?8(JO s('colld-j't'( ~1. An ,ISSlllJl"d average 
,1Ill )' flow of (iDeO sec ond-feet to sllpply p r ior I'igllts be low t he proposed 
J l' OIl Canvou rr-xcrvnir appears to ho fui :: a lld ou 1 111; side of safety 
('o]1."i tlp!'ing ava ila b ili tv of w ater f'or n se on t he I ron CI1 11)'0l1 p roject, 

Assu ming th at 1he m on thly distr -i bu ti on of water 10 s11 pp1) ' prior 
J'igl1is i s ic leutica l wit h II1 0t show n ill 'I'uble 10 1'01' t li o Lron Ca nyon 
p r oj ect, nn rl f'u rt her t hat the disch a rge 10 supply p rior ]'iglt h; is at 
1lJI ~ rut e of 6000 second-fed in -Iu ly . t he total sea so na l a llowance 10 
I' ll p pl y p rim' rigl n s is 1:0 1111(1 t o he 1,fi71,00 0 uere -Ieet distrihntcd as 
s hown in 'I' nhlc 11. 

TABLE I\. ASSUME D I'vIONTHLY DI STRIBUTION OF WATER TO 
SUPPLY PRIOR RIGHTS, 

J'fil\·jlit·,l thel Ihc r l't" l ~ flow of the river nhove Iron Cnnvon dam is enual to or v r~.at t:r thnn tile amounts shown. 

~Io ll t h Acre-feet Second-feet J '_ ~ ~tl_ 1 ,\ cr('-fod ISeeomI-(,'C! 

(I .Iuly , . . , . . f> :l6S.01O 6,000 .1Afl ll ll rr . · . . · .·· ,·· ··· · · · ·· · · . 
:1;:;; ,,101)f> n .\UKu!lt . '; ,455 r clr llury . 

l (· .."'lJ ~Ol, ~ 4(l 3,27:) 273 Hf.'pfcml lf.r. . . . . . , , ..Murch. . 8:1:51;0 l, :Jf,1 Octote r , . uz .osn 1,001 ,\/ 'ril. ' " or.s 3"() o'1 ,::fH No vem ber . , . o•\ a )" , .. 
(I33.( J()f) [')flfl December . o.lnun . 

A et ual ly , there ha ve 1W(:11 oulv ljiX y en rs 01' the :2fl 01' n 'eo l'll whe n 
th e ah oye :;ll p1'ly would ll<l " c been ava ila bl c , D Ul'illg :2:3 yea !'s t he re 
would llCl\'e Iw cl! shortages in All gn st; 1!) wit h sho l' lag'('s in .J111y n1Hl 
"' ugns t j fi shorta g-es in ,TUlle, ,Tuly a n d A ngnst; a lld i ll I fJ2:l- 24 sho l,t
ages would have o ~c lllTcd f ro m ?day 10 Se ptember , in clu sive, 'rho 
a\'('!'agc .July flow of 5580 secon d -f eet ha s been equaled, or exceeded, 
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ill 1:: 0 1' til l' :!!l ,'('a rs wh ih: I II() (i ()()() s,' ('o lld ·I'.,.·j i1 SSlllll('.l i ll l hv sll1d i('s 
has hrru 1' ,\ 1111 !1' ;1, (, 1' pXl:e('dl' d , dlll'in g' olll,,' 111 (.I' t hc :2! 1 ." I'ars 0 1' ]'('('ol'd, 

Relation of run-off and assumed irrigation requirements, The 1'1111 
oil' of t he Sn cl'allwnt o R iv er a t th e U n it,'( l Stat es Ueolog iea] S n r vey gag 
in g' st ati on ab ove R ed Blnll: 1'01' all av erage ycu r; for a low yea r; and for 
t he lowest ye a r of i-ceord is show n gra phica lly on Plat e 7, 'I'he r equ ire
men ts of p ri or r ights aecQnl in g to th e (]is t ri bntion show n in 'f able 11, 
a nd of t lic J r on Ca uyo n project according to t he assn mpt ions made ill 
t ho st ndy or duty of water, di stributed as sho wn in 'fable 10 , H1' ( ~ sho wn 
bv hat ch ed a r eas, I t will be noted t ha t in an uverage yea I' the na tu ral 
i-nn-off is s ufficien t to sup pl y t he as s111111'd p r io r ri gh ts with t he cxcc p

t ion 01' II sma ll dcfieien cy in A u g-nst , StOl'age of winter Hood water is
 
necessary to su p pl." th e Iron Canyo n p roj ed , I n th e season ] 919- 20
 
th e 1'111 1-01'1', withou t sto ragl', would no t h ave f n lly su p plied pri or righ ts
 
f rom -luuc to A ugust. ill dn sive, a nd in t hc spaSOll 1 9:! ;1-~4 th e snp ply
 
f or pri or rig hts, w ith on t stO l'(Ig-r~, was (letie i('llt 1'1'0111 fllay t o Septe mbe r,
 
inclusiv e. By eom pnr iug' t h« t-un-off an rl to tal nssn mc d d(~ll\mld s for
 
l !l ~:~-~ ,l , as reprpsenl ed b." ti ll' j'esp edi,'(' areas on th e d iag ram, it will
 
be see n that the su pply would have sa t isfie d th e ass ume d de man ds , t.he
 
fo r me r bein g ~ , 97 2 ,0 () 0 ae re-fcet and Ih e la t t er 2,477,000, H owev er,
 
storage would liuve been ll ( ,cp ,.;sal'~' both f or th e Iron Ca nyo n proj ect.
 
an d t o s up ply pri or ri g'ltts, a nd ,.;tor age would h ave introduced 11 

diminish ed irrigation ~n p pl~' by ]'('a son of eva pornt ion losses fr om the 
rese rvoi r . 'I' hcre was a s uortuge of il'rig'a t ion waf et: in 1920 and aga in 
in ] 924, It will be r ecullcd that i n .J 1l 1 ~r, ] 924 , t he d isch arge at 'Reel 
B lu ff dropped to 2800 seco n d-feet a nd , aeconl in g to the assumptious 
made in t he stud ies or wat er sup ply , the flow t o supply prior r igh ts 
would n ot be in crenscd tllrou gh th e con str uction of Iron Cany on r eser 
vo ir, to a quanti ty g reater tha n t h« n nturul flow of the river. 

It is a ppa r e11t t ha t. in venrs of low run-oft' t .he water sn pply f or 
S nera nw u to Valley un d er presc11 t cond it io ns is d eficient. The situa
t ion won1(] become more sc i-ions sho uld sec t ion Jl of t he W nt cr Com
mi ssion A ct be ovcl'l'n led, 0 1' should t he fed eral go ve r nme nt ins is t upon 
t he r elease of water for lHl vigati on, The s it uat ion would h e reli eved 
th ro ug'h t he cons tr uc t ion of large h oldover r eservoirs abo ve R ed Bluff, 
p r oviding r ul ings r egarding ripnri nn rights did 11 0t intr r ferc wiil i 

st Ol 'a ge in suc h l'('servoirs, 
Evaporation from reservoir, Th e n et l oss of wa t er by evapor ation 

f ro m the l'escrYoir is approxim at ely la pel' cent of the am ount ava ilable 
for irrigatio n, i f th e lower p ort.i ou of th o r eservoir is r eserved to main 
t ain head 1'01' power p u rposes,\Vhill' th crn arc iuanv t-ccords of 
eva po r ation Iroin IHIllS, W I'." l ittl e (la lH h ave been gat hc 1'cll to drlc n ni ne 
t he r elation 1>ct\\'0. e11 p ,l11 l11<'aSul'(,111 ('11 t,; 11 1111t lte true Joss i'roinl ake sur
fa ces, On p ages 61- 6'1, l tull ct.in No , 9, 1!l20, " Wate r HeS()1ll'Cl'S of K ern 
River, " ])nh lisl le(l by th e Cal il'or uia Stat e Departm0.nt. of E11 gi11 ee1'i11 g , 
arc given th o result s of 1llea snl'('nwnl s 0 (' pan nn d lak e su rf'acc eva po r a
t ion a t Buena Vista L ak e, and of lak e sm-Iacc eva po r ation at 'I'u lare 
L ake. On pa ge 79 of t.hc )'op ort on t he Sa n .Ia ciuto R iv er Hydro
g ra p h ic Tnvostignt ion, 1!l22, b~ ' t lre Ca lifol'll ia Sta te Divi sion of W at er 
Righ ts, t he results of obsel'\' a t iolls at. L ak e El sinore arc gi ven. 'I'he 
r ps1111 s of t hose llleaslll' elllcni s a rc g ivcn in 'I'a blc 12. 'I'h c q11a 11t it ies a rc 
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in I e e t and r o p rcxe u t ti lt' t ot a l 0 1' g ross e vu porat ion , w h ic h , to u h tu i n th e 
net loss, would he I'edne('d hy t lie d('plh of rui 11 fall. ' I'hev I'cpn 'sl'nt. ti ll' 
aYrl'agc at. 'I' ulurc Luke, SiX-YP11I' llYcragc at La ke E ls in ore, t he vca r 
1920 at B uc nn Vist », 1111(1 a 1;l-y{'a l' ,I\'{'I'ag'(' at. E ast P ark rese rvo ir. I II 
1hc la st col ulli n t he gross am ount tlwt wus user] in th « st ud ies of th o 
l ron Ca nyo n wat er su pplv is sho w n , 

TABLE 12. EVAPORAnON FRO1\·1 RESERVOIR , 
Quallt iI ir-a .rhowu rcprescut f' rtH~· ~ t'vapora tion in fecI. 

I F..aH nlrl ~ reservoir 

r ~l{1 ill
Tular eI",ke Buena Yb tu I ron Canyon:'\1(llIt ll <l SU per centLak eE!:-duore Lnke ~ t ud i('.'iFloati ng o ( l,llfl(,'n a.. 

pan l ion l.om 
- -----1 I I I 1--- 11- - 

.30 ' ,n .:H.au. 45 .3SOd ol" r . , .. . . 
, Hi . IS.20 .20. :~O . 16NUYc wlJl' r . • . 
, 10 .on;,. W . 1:l. ~o .onDeccm lcr , 

1 ~.1.) . 12 .nn .08. 12Jununr y . . 
, 11 . 115. 1:1 . 14. WFcbrunrv . .05 

. 2~) . 2 :~ .21.3. 2.) . IS.\1:l rl' }I .. . 18 
, :;0 , 10. 12April. . 1U . ~~::T'10 , alltj 2 .:,0 .ut,45~ In)' . 

.;,:; .nss, ;) 0 , 70 . !ifl. G;J.TUIl i,;, 
.H. 71.SU .88.en .G2.lulv . . 
,il U.n;;..) ~ .eu . ~2A ugust .. .liO 
. •)!I ,~I..to.un .UItiorp l t IIIlJ..'r. . 5.) I :) ~)j ~ .S.) 1- -UJ"-- r. .171- Lt;t j;jTfl tals , ' . . . . . ·l. l t\.."11 1 

I 

e"lt' t1 llll'd :,, :; f Cla1illll l;('1Wt t'!1 pall :1110 o pen water sur lace . 

'l' he elevatio n at Iron Canyon res ervo ir is practicall y the sui uc as lit 
Buena Vi sta a nrl Tulare lakes, a nd li S ttnup eru t urc cond itions , during 
t he se ve n warm months wheu 84 p el' cent a t' t he cva poru ti c u t ukcs pl ace, 
arc pra ctically the same at the three pla ces, it is beli eved Lhut til e 
av era ge of the gr oss evaporation at' Buena Vista an d 'I'nlure Jake s is 
ap plicable t o Iron Canyon reservoir. 

In th e stud ies m ad e, the effect of rain has been consid ered as reducing 
the eva pora tio n shown in Table 12. Th e gain due t o ru in full is not the 
total am ount of r ain 0 11 t he re servoir surf'ac e, but is on ly t ha t por ti on 
of it wh ich has 110t 1JPI){'aJ'e(] as run-off in th e records of stream flow at 
Heel Bluff . 1'\ 0 r ainfall run-off curv e has been cons t r ucted 1'01' the Sa c
rumento River, and it probably is not i'cus ible to const ruc t one with 
existing' dat il. T o d etermin e t he accr et ion t o reservoir sup ply from 
ruiuf'nll, the cu rve published by C. E . Grunsky on pa ge 85, 'l'run suct.ions 
of til e A. S. C. E . for 1922, bas been used , This has been r edrawn on 
Plate 6 t o sh ow depth of monthly, in st ead of annual, precipitations, 
Results obt a ined from the us e of this curv e a re approxim at e, bu t a 
com p urn tivelv large error in the raiuf'all f act or would affect t he fina l 
r esult bu t little. 

Water to supply demands of irrigation and power development at 
the storage dam. Th e d ev cl op uu-u t 0 1: j ){)W f\I' ha s a ll import a nt b Cl11'

in g u p on the Icasibi litv 01 1he Iron (;111l YOIi proj ect , since 11w r evenue 
to be derived from il s sa le ui uy btl uxr-d ill th o repay ment of a part of 
t he const. ruct iou costs, as will be delllonstrat cd in til e sec t ion de aling 
wi th power, The studies of wat er supply, thvrcf'ore, t ak e in to accou nt 
the am ount of power po ssible of development at the sto r age dam. 
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Alth ou gh power d cy( ~ lop lll e Jl t is a sel:lIJ1\ la l'y co nsid er a tion , au e ffor t. 
was made to ~'et , as nmch p o\\'('r out of th e nlu n t as eo m p a t ih lr w i th 

irrigatioll l'ecl'liremc1l1 s . 
F' ivc s t u di cs of \\' at e r sll ppl ~ ' \H'J'C ma d e O il Ow b as is of vu r io us 

assump tio ns as t o ir ri g a t ion an d pOWCl' drafts. 'I'he det ails of ea f:h 
st udy a r c sJIOWll ill T abl es l :r:' to 17 .':' in el usi vc, ap p ea r in g- in 

A ppendix B. 
The su ccessio n of ~ ' c a n; of low run -oil si nce t he ] ():20 repo rt was 

prepared wi ll m at er ially affeet 111(' r esult s t o be ob tai ned I ro m a ny 
stud y , i n cl u c1i llg t he HJ:!:3-24 seaso n . An cx am in at ion o f th e st Uil ies 
made w ill show t h at t he po ssi bili t ies o r power d eYcl opl11cnt I1t the 
st orage dam h in ge UpOlJ 11 season like th a t of 1!)2:1-24, wh en !JO per cent 
of t h e i r r ig a t io n s ll pp l,\' f 01' t h e p roj ec t must 11ll\' C «orne f rom stor ag e, 
since n o f re e flo w i n the river wa s .rva ilab le after t he mont h of A p r il 
f or u se on t h e ]1l'oj cet . A ssumin g' 1JHlt j ITig'a tion r efl11 i r emeJll s arc 
parll1110l1ll1, 1IL11t 11 i'ea SOI1 li ke ] ~) 2 :\ - :24 IlUI)' occ ur at a nv time unc] t h a t 
th e opcrutors ca n n ot fon~h 'll i ll Ocl 01Jl'L' w hut t il l: se ason al ru n-off will 
b e, it is evid en t tha t t he out put of pl' inHlry po wer d uring t he f'all a n d 
wint cr m ou th s is l im it ell to 111(, am ount. that «an be produced by 11 flow 
that ca n sa Iclv b e (11'11 \\'11 1'1'0111 th e r eservoir w ith nssnran ee that i t 
would be f IL II ilt th e l)('g'iu ll i llg' of !lI e s tll,e l'c d ing' i l'J'igntio n sea son . 

' I'h« po tc>u tial l ll' illlnr ," p OWCl' u nde r :-; tlll1 )' J\ o. :2 is g'l'pnlc r ti l /ill i ll 

Stl1 (lv No. 1. for t he 1'l,;1 :;011 t ha t in the l'oru rer t hr-re wnuh l JHl I'I' IW (,11 11 

holdover oj" ] :2G,OUO lH'r c- f l·et I'rolll th e pl'l'VjOIL S ,; (' 11SOli , w hi h: ill !l It: 
hitt er t he reservoir in the previ ou s S('<1S0 11 w ou ld have b een (l1'lI W1I dow n 
t o t h e m in im u m a llo \\' lIb lc . Th e l ~ fi ,OOO fH: rC' - I'C'ct h old over n ot. o nlv 
red uced th e amou nt of \\ 'lIt C' r to 1)(' s to l·C'(l ill ] D ~ :\- 2..j , t h us nl lowinp ':1 

l arger po\\"('J' dra ft t ha n is p<'l'lllissib1e in S tu d y 1\0. .1, but t h e C' x t ra 
wa t er in th e ]'('sen'oi1' r (':;11lt('ll i ll an in ('1'rns('d h CIH1 Oil th e ]10\\'C' 1' plant. 

F ollowiug is n surmunrv of w a t er and PO\\'('1' ,,1\01'1 ng' (~s a e cordill ~' 1() 

the st ud ies mad e : 

STUDY No, 1. 
, l ,01l1 .lJf~,) " l' I'I; · r, 'd 

Irrlza tic u druft . . , . EI. ,lOll 
Muximum wa ter ~11r r t\ r( ~ ill mservui r . . ' , . . , 1:1. :;, , :1 
},t i ll i tll llTl1 water :'Ilrfa n ' in reservoi r .. . . •. . ... , . :!J.I 000 a,t rl·-f l,,·l 
~~nr al.!: c Tj '.'ll' r\'l ·f\ fur I' f r.-at i n ~ power hl'tut , . 7}; .:tOOar r ,' - f(~t ' l 
S t {)~\. avnilnhh' for :H1 pply ln ~ ir-i ention ' h·lnl1ll ll , . . . .. . . . . . . . . ' , , . . . , .. , '
 
I'owr.... rlrilrt till roscrvoir is full ::;: a.l)OOc. r.g. x l on' I lt"ld=:~ 2 .7UO h.n. a t hOper rent c!ficiclicy
 

It, ' WI'T \ P I'T C t~ Ht tl £Per ccn t 
l rri~1. l lu h ~ h fl rt:1 J' f '. IlfltS ll tnl'l l~ ,'~u fl a lMont hYr :\T ahnr tau c ltunqxH','cr ruinimurn8t lppl)' - \- - - - - - - - - - - - - - .- 

1.211.1;110f'1;p lt\mhl'T. . , ..I'll i -J 8 , Hl8.i 1Xl J~! , \1 I~~ \lhiUll lt' T . . . , . .19HJ-2n .).43 1 . 11 ~1:-:':!,tr:mb.:r , .lH:!2-Za . 
,\1lu:11'3 1. . . .. , 8:u nO \ 8,:1) 21J ,:l 5,iOO I H. C.

l fl23-2 ' . 
~ I)h'[ubc r . , . . 120i fl:Ii' , 12 0.lH2a-2t '1/ rl . l+.\ l. H-.J:cOctnb -r .

1 ~ 121 -2j . . . 

"Table 13 ittnot extended to include thi:!o itCII 'I • 

• T a o les n ot p r i n t ed to save Hr> ~~e( ~ . ' r h ~S f) a re Oil IH e [It. I"!tti c ~ ~ o f Dl vis io n o r 
En .l;ill cer i n g :1.11c1 1r r i gn t i on n n r! J1];t y hf~ (~(l ll ~tl l tt;;d t l ll . ~1" C 

http:nral.!:c
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· h11 0 r ~1l1 deterndned hy ius)'l''O tioll of ~tllll.)' So . 2 no t ina: d (l\,:l.ti41 r (,r wnt,'r fturfnc'" in f ' 't('n 'iJlf. 
&Tph lt· Hi i" "ol t .l h " t1rfll o Include thiJl itl'lIl 
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STUDY No. •1. 

· 1 ~'J tJ-W ,. ' , . ... . • .. .. .. . . . f;cp t l:lUOCr... l :l,:iljO 
' ll'IIl-OI " ".. . S.uk",lo" .. .. 11.ROO I 

J fl(l 2a~ ~ a , , . . . . . .. . ' . . . . . . • . :iell lcm L)t..'r .. .. . . 3~.~()lJ 

1'117-18 .. .. .. . .. A"au.I. . .. .. .. .. n .eoo I I," L~ 
1D!7-I H.. .. NpwnL.r.. . ~ '.fJOO 4 ,8 
1!IIS· !!.' .. . ,\UBUll!. . • .. .. 1.400 fJ.~ S " 
l U18-1!I. " .. .. ;;"'p'uUiUcr .. . U:I.OOO s.n .
19HL:!(I. . , . , : \ ug n~ l . , . .. .. ·Ii/IO{) rl.!)} 1" 0 8 (lOO 
l !IHI-:W. .. Hcplcmb.:r . . .. fHl.OOO 'I:!. IJ r , . ' 

1~~Il-21 . .. . .. . .. .. .. . .. .. Oel" btor . .... .. . . .. .... .. .. .. ..... " . 2.:100 
1! ' 2 1-2 ~ " .. . SC"I"'n),"r . .. ... 5.100 o.n .. 
11,.1 22-2:), .. . .. . .. .. " .. 3tlptl;Ul~r. 86,00D iu .S li j!lOO 1;' . (1 
((I ~ 3 -~ I October " " 1 100 2 . 1 
J923-~ I. Novcm!",r .. . , . . . . ... . . . ... . . . .... .. . l ,iSllIl :1.0 
1!)23·21. " , .h t.v.. .. .. . .. 1:;3,11 11) 17.:Q !{ H,llOO 1:; ,0 
I O~3-2 1. 1 hUIl''',l . h 'O.(1()() 20. 0 1 -Ill.3 11.2UII :IO.!I 
1ll2:.i-2 1 SCptNnbcr " !)ij,OOO L2.0, . l : ~ . i O(l Z ~ .!J 

1!'24-2:; . • . . .. " IOd obor " " .. . .. . 'S'OO! )± 1 1!J..l 

lr rigntiun drnft fur I'Tt1jrl't. . . . . . 
A\ h xilH1I1 r1 wntcr surlace ill reservoir . 
Miuir num wntor l111 rrU Cl.' in reservoir , . 
RWr:l1tC reserved Inr crcatiul: po \\ a head.•. • . .. . . . . , .. , 
Htorngo availnhle Ioe 6I1 Jlp l~' in lt lrrigation ~i (U UIUi ( l. . . . . .. . . . . . . . . . • • . . • . . 
Power tlr:lft till rt · ·~<:r\"t) :r i! f\111 <:=·1.200 e. t. , . x 120 ' hl:':loIl =- l.\fOO h.J"l . :1.tSOJ1tremit I.1f1icil'DCY. 

I !l H~ 20 "'1 Serle",],..r . 
11I2:1-2 1. .. " .. ,l Ui)' , , 
1!"1 2:::-21. . • .. ,.. . . . . . • . . . . . . . . . ,. Aupt•. , ' . 

1g§ t~ ;~ ::::: ::::::::::.:.: 8~': ~' :I; ~.r ,":::::, 

ST UDY No, 3. 

~[i,~:),:l;,:~ ';~:,~!E1D1~!:~I ;:i;~~;' : . ·.: ::: : : :: : : : : : ::: : :: : ::·:: : :: ': ::: :: ::: ::·: :: : :·: :·'· · ·· . 
S t O nI~l ' reserved for c r l'lI tillR J)Cl'\\f r head . . . . . . . . . . . . . . . . 
St un lfl:l ' i1vll ila bll ' fu r ~ lIPlJ l y i ru:r: irriplitlJ l Ih:III11Ud . . . . . . .. ..• .. . . . '" . . . . . , . 
1'0" ',r rlrnft till reeervorr is r"n",, I,2lJOe. f. s, X110' II. od>o- I2,000 11.11. "t RO)" r cent oUi ('ie/lt'Y' 
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STUDY No, s. 
Irr i;iU4t!11 11 llt\(l,r OI I'rfl.h·cl . . . . , . .	 ~Url. t W ll l :I\' I (,- rl 'I ' t 
MnxlltllllH 'W'~'l ll' r surrUt'l' i ll reservoir	 1-:1 . W.·•.:, 
~ li n ir ll Hl ll w~ l r1' 8ur r:' { ' I~ i n r~l\ r 'l\li r . . . , n .:l li~ .n 

Hll'",KO ( "' '''W''r\' t !~l Iur t c\":l t i rlJ! pO «:·1 h C~ ld , . , . ;~n t , liOl ) u(·r v- rl ·\,: l 
~(o rn~\.~ :" ,. i l.,l ll,.. (nr ~U I )ll l .\'ill r: irrhT.nl iull dl'rn:lutJ. . . . . . . . , , , . . . ., , . j ;)7,:WO :l('~ !I\( ' t 

Power tJrart.t ill r~rrro i r i:o- (ull:o:.j.:Wn c. f. s, X 11.') / tu,wJ=43 , ~ l tKl l l.1 1, :at HUfk'r ' ·!.Ilt ..,md t'Bey, 

1 . ti JJ1'l (' (; 111 Power Pt:f cent of 
Yl';tr	 Z\ tflnth r{ ' R~ ll ll Brn80 lIal ~ ho rt :\ gf' , :Ut9 um t~l 

ri lI)r tlJ,';'O 11lpp ly horsepower minimurn I 1 
HI2 :1-2 .~--- , - .f~1<mt.·=· · I - ~,~~ ---;; l.~ I. U ~ . . ,	 --- ·
1!12:)-21. , , , . . , . , , " Ocloocr , .. ,. , . . , .. .. .. . ' . . , . . - !l,.100± 21. ± 

"Table 17 is not cl1 c-ndod 10 include t hiC'! i t. -tu. 

Reservoir dr aft suggeste d as most pract icabl e, The plan con
tompluted in S t.n dy No, 2 is ,lp[lnl'l ~utJ y the better, 'I'h e figures shown 
nrc modified gligh t ly i ll Ih« pluu re commend ed I'll]' adoption , as will be 
shown in the' d isf' ll,;si o n 01' pm\'f'l' , ' Y(,I'C il 1I0t Ior tho un certain status 
of ripuriun r igll !s, n lll'Oj('d wit h 11 d rnf't of .1,lJOO,OOO acre-feet might 
be the ccou oru ic ul clioie «. Bel'<l\I ~c of thi s II IH:Cl'tninIY, h ow ever, the 
projec t shou ld he so lined lI[I tbnt the add it ion al 200 ,000 acre-f eet 
could 1)(' used on a sep uru t « unit rat her tha u to build n main ca na l, with 
n possib ility that it could not be 11 ,;('(1 to full cnpueitv. 'l' he g ran t ing, 
by nil ov e r-ruling of SCl'tiOll 11 01' UI (' Wut er Comm iss io n A ct, of uncle
velopcd ripar-inu r ig-h ts , b oth 0]1 the Pit a ud below Iron Ca ny on , might 
Ilnyc a ma te rinl cffed on ei t he r p roj ect , hut ,J[(: e ffect would be more 
sprioll '; for Ute lurger projvct , ;1" it must 11(' 1)(']1(1 to a greater ext en t on 
1l1l' I'I' N~ flow of the r-iver ill the cm-Ii cr ilTignt ion months to f'unetion 
wi thout shortugc , 

8h o11111 Sl,ction 11 0]' the Wa tcl' Coun uission ..\ d be upheld, it is 
possib le thut till' lil1'g e l' druft: would Ill: Jcasihl e, in whi ch ease there 
would ord inm-ilv IH' ~()O.()liO nl~ I' ('-f l'('1 "f \\,n1<'1' nvnilah lo for diversion 
pit her a t t hc l]i\'; 'J' ~ioll (lalll , for li S\' on ;111 ext cu tlc d project by en la rging 
11w main euna l, 0 1' f iJI' diverxiou ut sOI1H: 01h(·], point, Or points, along' 
th e river. TI le ad(l il itmal drn l'I . miuht lw used to supply mi scellaneous 
small n 1'e11 ,; ulo ug the river, for which pumps are in ma ny ca ses now 
iusl ullerl, but 1'01' which th e present wa te r su p p ly is dcfi cien t ; to supply 
lnnd s all the ea s1 side' of the, \';Iller lyiug' between Tohama an d Chico, 
,'il!Jr)' by pumping hom t.he ri\,( ~l' n ear 'I'ohamu, 01' by siphoning aCI'OSS 
11w river from the proposed we st sid e cuna l : 01' 10 :m p p ly ,111 equal arca 
ill th o vi ciu itv 01' W oo.l lund hv [J1I1I1pilig t'rorn tJlC' riYCI' at Knights 
Lnurlin z. ~11l'Y e' ,\'l ~d cana ls 1'01' t hc '1(,(·O llip lish!llr llt. of the la st two 
\1I'opos '11 " l i r e shown Oll th e project nurp , I'Iut c 2. 

'I'he ul lowuu ec llUllll) for 11I'i(II' ri g·lt\:-; is co us ide ru hly ill «x ccss of tl ic 
uuturul a \,(: J 'a~'e flo w ill the ri ver for 111l ~ lllolilh 01' -I n ly , <It. th e time the 
in'igajjoll t!l 'lllnlH! is 11 iua xinuun , aud alt l lllll gh Ole OI tf t:OII1P of t he 
Wlllp)' si t uut.i ou C'1I 11 Jlo1 1)(' pl'edi l,1l'(], it i" 1101 p l'oI Hlhl,' thaI a ]'U1Ul'(' 
(' 0 111'1 lll '( ;I'l ;( ~ \\ '( l ll1d ))(' (lelrillH'1l1;1l 10 1he 1"tllI C;tllyon p l'oj ee!. ( n 1l 1 es~ 

1Ii(' l'II1iug' s1ltJltlt1 1)(' tll1:1 rip1lI';;l ll rig'lds 11 1'1" 1,1' to flood w ;lip !'s as we ll 
11 '; "1 111111]( ' 1' 1.10\\' ). Si lll 'l' 1 11l: jll'oj('d 's sllppl .,' \\'oldt! (' 0 11 )( ' 1'1'0111 ,;lOl';lgC 
dur ing' 1IIO JilliS \\,11l '1I 111l'1'l: is a s llo!·1,,!!·\' ill 11 1(; I')'('e flo \\' 10 sllpp l ~' p rior 
l'ig-lil,;. ' I'JI(' eIre!:!. lIPOJl 111l) p l' ( l j (' (;t or a 1110 \ '('111<'111 10 in('n'n,;e tllC flow 
for ]>ll rlll ) se~ of Jlilvigation ean IIOt lw JOI.'eS(' (·11, 
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Irrigation shortages, ~ l lld." ~1I . :! illd il'.;l1 es thut. ill th e lD:!:1-24 
>,(' (l ;;on t.lu- pl 'Ojl' l'1 wo ul.! ila I'C' "II1Yl'I'l'd CI short agl' of ah on t :JO per cent 
of 1lie ~ ~Jl1t ' n dw l' ;;IlJlpJ.", 01' 11';;"; 1111111 'l 1'1 '1' l'l' ll1 of t lio ";(~ ;I "; OI Hil supplv, 
In n<:1n.1I (l l H ~ I ' C1 1 iun 1 Ii,' ;;IIIJl'1,1g'I' could ll:lvc lWllll d ist ri h utcd th rough
on1 1JH' iri-iguti on ;;( ' ,1;;'111 , 1'0]' it W,I"; known ('al'l.'" tl1n1 11 11 cxt l'(,lIlely dl'y 
vear was 10 be <: n l' 0 11 111(' I'(' ([ , 

Reservoir operation, (J I'aplls oj' 0pcnd illII 1I1' 1.11 I: Iron Ca ny on 
rese rv oir are show n OJ! Plate H, The first column of gTa phs on th e lef t 
re presen ts t he opera t. ion, acc ording 1. 0 Study No. 2, for an average year ; 
a low vea r, su« l: , IS 101 !J-,20 ; and the low est vear of record. a"s nllling an 
800,000 aere -feet a n nual d ra l't. 'In 1ill' second <;01\1 111 11, Study No, 2 is 
shown as modi fied bv St iulv ~o, :', which assumes st orage in th e r eser
voir t o elevatio n ,lei;, ,;;, in~tcal1 of to eleva: ion 400, Simila r g'l'aplls, 
reprcsonting St udy No . J 111](1 its modifi cation , 111' (' sho wn in th e third 
and fourt h eoh uuns. The sllgg'est Nl host plan is represented hy th e 
g'l'H phs in th e second column , 

Auxiliary water supply, 'I'h c most i m purf nnt trihuun-i cs cnteri ug 
th e Sa ci-arncnt o Rivci- on the west side are Th omes, StOIlY, Cac he and 
Putah creeks. Sec Plate 2, These st re ams usually have largo flows 
during' the winter and sjlring, but 1he sununer flow diminishes t o 
;11 IIIOSt 11 0t hin g. Th ey were all d r." in 19 2,1. 'I'hc f rs t tw o only cross 
I he p ropos erl projeet., No a111'111 pi lias been made 10 in <:I '('asc t he wutur 
snpply [01' th e project from these and oth er sma ll wa te r cou rses el'oss('d 
h,\' th e main 1:1111 111 , as tll('.'" ('arry Iit t lc, if any, water a t a t ime when it 
would )1(' of benefit t o 1he proj ect . :\'('g'ketil1g to lakr accou n! 01' wn1t ~r 

dl'l'iy('d from t h is ;;0\1 1'<:<: is 011 th e sa l'e ;;idl : as fa r as water snpply is 
concerned. 

D iver sion hom i-et urn fl ow and pump in g from g ro und wa ter huve 
110 1, I)( ~ ('n <ldillil( ~I." disposed of , since tli cr« (Ire so lll'lIl." di sp ositions 
whi ch migh t be mad e of them, 11 has been thong-lit best t o leave th o 
mutt er 01' Iiua] d ispo siti on to be worked out at the tim e th e water 
ava ila ble h om th ese two sources ls ]'('cj1 1il'rd for Iu rtli cr de ve lop me n t. 
Thi s abo is on the ;;a£p sirl« as f ar as water sn ppl.'" an d Il\1t." of water 
nr c conce rned , 

Return water, Ii cgardl css of t he s izu, or Iocut ion of 11 IP pr o .i( ~et, 

1h<: I'r, u lt imutelv, will be a r et urn flow that would h l ~ avail ab le f or IlSl : 

On la nds to be in clud ed in a proj ect extensio n su p plied with wa ter hv 
pum pinp' at Kn ight« L anding; or wl iich could he used to sup plv l'ipari 'l1l 
ri ght s in th e dell a l'('g'ion below Sacram ent o ; or, like wast e water , could 
be used 10 supplv lillHlsin tile San .Iouqnin VaJJ(~." if th e 11'1111sf er of 
Sa cram ento Hivc]' W1lt ('], 10 that Y1Illt,y becom es desirnbie. 

Ii-riga tiun do\'clopn1l'll1 in Cali l'oru i» llw; reach ed n st age wh ere the 
r ceoverv of was! C' , SI ~(' jJilg-e an d r eturn w1I l er', has ass tuu cd a prom inen t 
positi on . III t h« S aU1l111 ('ll~ O Vall ey a l,lr g'(' p or t ion of t ile return flow 
1'01l 0w8 1he tro ugh « in t lu: hasin on eithcr sid e of 1he ri\'I:I', 1Ind is ca rr ied 
t o th e riYcr in (lrfil1i1 p l'llilII IH'l:< ;11 poin 1s faidy well dO\n l S1 1'(',IIII , Most 
o t: th e l'c111l'n wa1.1') ' I'I'0m th e Jll'OjH]s('d 1r 01l Ca l1 yon ])roj ('('l, 1l' all owed 
to flow hy g'l',IYily, \"ill find its \Va." illl 0 Colnsa B aiiill, th ellcc to the 
ri Y(' I' at Klli gltt s La1ldi1lg hy \Vay 01' S,\' l:a1llO)'C Slou gh 0 1' on cl own lh e 
Yolo By-pa ss, 
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On pag-f' 1(in ol' th ... prot ( ~p ( 1 iJlg's of t i ll ' Second Saern mento-San 
.Ioaquin Ri ver Prohl cm s COll f l~ rC l wl~, the water s uper visor r epor t s t ha t 
l11e t otul eet urn flow Irom H('(l Bluff to ~iIl ~r nlll en10 , for th e f(l1I1" months, 
June to Se p te mbe r , 1!l2J, amount ed 10 :l:l p el' eout of t he diversi on s in 
tha t p er-iod on the sa me s tretch of r- iver. 'l'he return flow above B utte 
C ity wasLl p CI' cen t ; ab ove Co lus a 18 p CI' ccn t ; ab ove Knight s Landin g' 
31 p er cent an rl ubove Sn t-ra mc nto 3:3 p el' cent, 

'W h ile ther e mi ght be obj ection up on the part of' some i r r ig ato rs to 
the use of r eturn water, it 'is probable tha t due to t he hi gh value of. 
water, its usc w ill be nee CSS <11 '~' , eve n a fter stora ge cont emplated in t he 
plan of u ltimate de vel op me n t of t he wa t er reso urces of t he state has 
been constru cted . R eturn w at er is no w b ei ng' used and it s usc will , 
without. d ou bt , continue. E xhi b it 0, d ea l ing" wit h r et u rn waters f r om 

olusa 'l'rougli, is a n ext ract f r om the W ater Super viso r's R eport 
f or 1924. 

POWER. 

Demand for power, 1'111tl: 9 sh ow s th e d em and f or p ow er by 
mo nths [IS a p ercenta ge of the CII11111nl deman d , f ro m delta f urni shed 
by t ho P acifi c Ga s and Elcctrie Compa ny f or t he Sa cramento Valley, 
an d lJ~ ' the San -Ioaqu i n Ligh t a n d Power Co rporut ion rm' t he Sa n 
.roaq ui n V all e~ ·. 

Water available for power development at Iron Canyon dam, 
In th e pl:IIJ cons idered ill tlJ(!] D20 report Oil 1he lrun Ca ny on project , 
wat er Irn: the proj ect wa s diverted di rcet lv f'roiu the st or age r eservoir 
in a hi g'lt l in e canal awl , th erefore, only wat er to sup ply pr-ior ri gh ts 
W :1S a vai la ble f or power d ev elopm ent a t t he da iu during the low wa t er 
p eri od. Wi th t he diversion W OI'),:S YOJ ' t he proj ect loca ted downstream 
from t he slOJ'ag f! (lam, a s con templat ed in t h is r ep ort, all wat er p assing 
t he dmu, iucluding that t o satisfy t ln: d em an d or t.he prop osed proj ect 
11 S well a s that to su p p ly prior ['ights, becom es uvail abl e f or deve lop 
mcnt of po we r at the st or age dam. 

Potential power at Iron Canyon dam. WO!' a ny assu me d irrigu t ion 
dran, t he p ot ent ia l p ow er in creases as th e ost nh l ishcd n orm al wa ter 
su rf' ucc i ll t he r eservoir is r a ised . Th e ru te or i ncrea se in total power 
.is less than the r a t e of in crea se in n OI' IIU11 w at er su rfuec eleva 
bon hccuuse of th e mo re rn p id increase in s torage cup aeity of 
1he r eservoir ncar its to p, a s sho w n on P lu te 4. 'rhus, ra ising' 
lite uorru al wa ter surface I .G f eet (from «lcvn t.i on :1 !J2,5, »rloptod 
in t he I D20 r eport, 10 elevntion 400 ) , re sul ts inincrca sing the 
avcrugo p ower h ead 16.:1 f ed (h om 114.8' to 1:11.1' ) while an ndd i
tional rai se in water su rf'u ce ( fr om elev at ion 400 to 40;),3) increases 
th c H\'el'n g'l] p ower h ead I .!) f(;t:t ( f'r om 1:n.l' t o 1::9.0' ). The g ain 
in p ower head f or t h e 7.G f'cot r ai se is 1l1C'1'doI'C at t he ru te of 1.;)2 
times tha t fo r 1he u ppcr 3.;) Ioct raise. 'I' hc ine rc asc in primarv 
p OW Cl' is g r ea t ly in pxec:-,s o f th e inc rease in t ot nl power s ince t he 
Form er is d ep en d en t upon m in iuuu u POWCI' head in st ead of th e av crugc. 
With the assumed irrigntion d rn ft for t hc Iron Ca ny on project the 
il)( :I' ( ~I1:''' ~ ill t hr: inin imum !H)W('j" would IH~ ns follows ; 
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Ell'\1\t ions -------1 ~ 1i llill \ II.1n powar beu·l 
In (,.oc t

S'nrllll\l,,'-Itt " IW'foce .\ li nimwJI wiler j llrrJilC 1 ,,11 wat"r
i n r~'r"o ir i ll reservoir 

30'2. 5 ant 2~13 18 
lOO. 1! ;~ tl ~l ~5~ IDO1
·I(l;j . :l aIlS 253 ll b 

\s w ill be sh own u nd er · ' ..I.\ lIlil y s is of 1<:sl illla l('(l C os ts, " economy 
resul l s h v , ' aisin ~ the wate r S U I' I', II' C f r om elcvut iou J OO to 40:>,5 by 
r eason o f t hc iu vrr-use ill powe r . It is cvid cn: t hut tlic: !JOWl'l' g a in ed 
by r llisi llg' t h e wa t er :->I1 I' I"i/{:(' 1"1'01Il c le vu t ion :l9 ::!, iJ to 400 w ould be 
11I0l'(: pru lituble . 

JlI «o lm un ]: : or lnble" ] :F a nrl l Y ' (Append ix Il ) is shown t he 
,I1 JlOI IJlI o f 1)I) \\,\,l' a vu iluhlc a t t h e s to r age da m wit h an unnuu l ilTi ~a 

tiou d r al ' r of l ,ODO,OOO and 80 0, 000 ucr c-fed r espect ivcl y , u p on the 
asxu m pt in n th u t t ill' 'it Ol'lIg e could he ill(')'( 'lI-:e<l 0 \ '1' 1' t hnt con sid ered in 
t lu- 1 ~ ) ~ () ]'( : 111\1'1 h ,I' i ustul l in g movable !! alCs i ll 1II c s iphu n s pi llwu v«, 1111(1 

lin t i ll': ('n :sl of t h t: Cllle1'g ,:lw,I' ~l' i ll w il ,I', t o ra ise 1IJ e wa te r sin-Face ill 
1Ill: l ' t'~\ 'l'y o i l' J'l'OIl1 \' It:YIII ion ::!12.;J 10 ,l OU. A st udy was rnudr- 0 1' th e 
,111 1011 111 of (111\ 1"(' [' uvu ilu lil« w it h 111 1': \\' lIh '1' su rf'acc I'a isc(l 10 clcvuticn 
·iO:i.:-J, ti lt' rnux iuuuu n,.,s lIlIll'd " I'adi ,'nhle. lI PO Il t l ic ])i1"i s of all ann ua l 
i l' l'ig'i11j"ll d l';·Ii' j o f ~Ofl , lJ f Jl ) <l l 'I '('-I' ,·l'1 , 'I' Iu: rvsul t« or 1his ~llld." arc 
~IJ O\\' 1l ill Tuhle 17."" . \ (lIWlld ix l l , . \ II,\' ~ 1 j( )] , t , I!!(' wh ieh m ig-lit O<:<:IU ', 

OIL nccou ut of f hl: Inihu:c o[ 111l~ 1 ' '' ~ ' ' I ' I ' oi r t il till, wou lrl hI ' iuc reaxed 
~ Ii:,d l! I,\' w it h th e ltig-h l' I' work uur ,']e l' ,1l jOllS hecuuse ol' i h« PVa jlo l',lt ioli 
Irum a 1:1 1')..:' ('1' wat er su ri' a ec a rea . 11 o\\'l:v l' !',i ll t he stn d ." muc lc t he 
work uur st 0l'11g11 Cllp ae!l." Wil ~ i l1 c l'l'as ('d 1>." l O,tJl)11 uc re-Icvt 10 al low 
Ior ill (: l' i': l sl'd ova no r n riun. 1I lId as Ilu: October d ra f' t in 1!J2:: \\'i1~ so 
s(:lc'l:t t'd 111 :11 t he ~'es e " "oil ' p l'lIe l i, 'ul l." (il l" in 1I1l: win ter of l !) ~·J , th e 
loss 1>." t lu- (!rpa le l' a11l01l11 L 0 1' evupo ru t inn j~ 1l0! nppl'l:l:ia 1>l,\' I<:It bv 
il'1' ig'i1 li oJl, I t is r uth er n l oss to j.n wcr. 

POWC1' gained by passing project ir r igation water through Iron 
Canyon power pla nt, TIlt' nruon nt of pnw er guincd b." p:l ssing the 
pro,i l,t,! il'l' i !! lI t ion wn n -r t inou uh ti l( : po wo:: plnut ( li S mm lificd in t h e 
I'ollo\l i ll g' pllt'lIg-I'a ph ) , u po n 1 1 \( ~ HSS II 1l1 p1iol1 thm . t h« P l'oj C' ('L had been 
r ,, (~( 'ivill g- ll ['11 11 \1";-11"1' "; i1 p p l ~' IIl1 d .,1' ( ~ O l ll i i ti o ns of ult inun e .lcvc lnp mc n t. 
is sliown in r[' lIh ] f~ I H , '" A ppe ndix B, t o uvcrugo D4-,;1l;;,7()() k.w .h. IJI:I' 
ycu r, 1'0" tlt e pa st 2!l y ears . l n d et er m in ing t h e output of p ower, i t 
is n"sll l1l l'<1 11 1111 t ho (,I' P I' a ll r ni f, j" lwy 0 1' t lie plnnr, m eas ured :1t t he 
swiu- hho.n«}, i s HO )H ' I' (' ('Ill , 

~l l1 t l i('s o f wu ler SII I' I' I,\ ' :I IH] (d' 1)\'\\ '(' ]' dl ~I'(' loPll ll' lI t wvr« 11I; \( I , ~ hdtJl'(' 
th e inclusio n 0 1' 1"1: I OOO-a l't'e l,jl1st ~ i (le un it . I II t l«: j1I'O.it' (·j' ,J( l o p1t ~d 

th e 2 1,000 ,Il ' I'e, f l"'1 oj' wate r 1'01' the Eu... t Si de 111li! is not avai lable 
I'm' 1hI': dl' I'l.:)Opll l" l l t 0 1' [JOW " I' . 'l ' l«: l l \' enl ~' j ' :l 11 11l1a ] nmonn t of POWCI' 
11 l'vl'!o l' ,,11 1,," P:l~ ;; i ll g' t h r- HO(),llI" ) 'W l' ('· I'"d 01' 1'1'1I.iel ' ! i)'I'i~' lIl ion wnt cr 
1 hl'OlI ~' lt t i lt ' 1' '' \1( ' )' ,, ]: 1111 i ~ !) ~ , : : ] :: , 71 I1 J k.w. h. '1'111 ' a l',' r; tg c uruou n! " I' 
1' 011'( ']' 1' ]'0111 ti ll : :!1,()()1) :Il' I ' I ~ - I"' (d \l'oltld lit' 2,.J7,i .lllJII 1-: .\1' .11 " or whicl: ,I 
('.ollsid"l'aiJI I' pl'op l1l 'lio ll j-; ~/' I ' fl l ll l : I],,\' lH ,W t ' )' , T he ;)\'l 'I'lI g(: a l11l111l1 011 1.· 

." 'l.' n lJle s lIo t p l'i n tt :d '-0 SH\' tl :-: pa c tJ.. T l 1l :S t.,; a I',) 0 11 file at o nh~ t~ o f D iv Is ion of 
B 11ld l lt: t.: d n g a rll] lrrl g a t lo ll a ll d ln a y L,,_' cU fl ~ u Hed th ,'l'c. 
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Im 1. of pmw]" :IS 1Is('d ill th is J'l'pM\ i~ .-),s-+ , 8~)(),OIlO 1\ .w .11. 'I'll(: (:1'1'01', 

thcn, 111 ,1 1 is inll'odll(· ,'d hy 1111;il1t:lllsioll of Ill e :21,000 Herc-ree! of 
wat er is n r g-li gibk ]'l'il1g' .-+~ p<:1' (:('111. 

Average annual power output, I ron Canyon plant. Obviou slv it 
is not l'radi(:<tble to iu-d ull IIl<l\'liiJl\' l'Y 111' 10 1I1l: limit o!' 111P flood flow 
of th e river. Th e ,I\'('l'llg-e u uuuul ou tput of til e l ron Canyon power 
plant, had it been ill 0p(:l'ali01l :I 1:<: Ol'< ling' 10 v ari nus Seh CIII('S (lnrillg' 
thc period lS0;) to ] 02-1, incl nsivc. is sh own in Table] !J , AJlIWlldix D, 
wh ieh 1lI,IY he snmJllUl'iz ed as follows: 

.\\·crnM,CI pe r emil of 
Muximutn I lnatnll..1 .\ Yl'rnR;C Per cent1 t irno wate rAnuual 

wntur I prn jcc t dra ft , C:' ~ J; l c i ty . I annual output, pr iruary I . ,·nib h!e for 
S ClH:1l1l: :;urfnpr;o in k.w.u. power I o(",rMInIlacre-feet h.tl. 

re8t:r .....oir I ;I\ f" l1I \ cftp:wity
I 

~g, n s .,«1,000.00; - \ JOO ,OllO 5:lrl,.120,oon 
·100 1,000.000 105.000 
MIO.\ . I :;IS/)20,OUO ·18 .2 5:J.5 

.1 · SOO,OOO 
B . I ion.oou ,'>IU,\I',KI,lIlili ,'); ) , i) ss.u 
C 100 

I 
1O:;,OOli ., 58,7-1 0,000 .,:U :;:J.O 
11lI,000 ,, 81,80\1,000J) " . 400 800,000 I I 5(j.G \ 5:1, 0 

11::. . 405..' \ SOO,OOO I 

Future increase. f\ O s l l1 d j" s ]I<IH~ h( ~ eJl made or Iuture iiu-rcns« 
ill PO\\'( '1' output h1l1il is n 'HSOllHhl(: to Sll ppa,,(' 111,It it. would ilW1'N1 SC 

,I S t h« s uuu u er dis(:h<ll'g'l' of t h« l,i \ · (,1' <It 1111' d<llllsi1l:is H11g'1I11'Jltl'd lJy 
i!leJ'(',I"e in sensoll<ll wall'l' SlI pply Ihl'ill\gl! th e (:olls11'lId ion o!' arlrl i
1ion ul l'('s('l'\ 'oi l's ubove. 

Potential power on main canal at Mooney Island Slough. C OJl 

st ruct ion of a (li"Cl'sion dam <It. the 1I10111ll of J{()d 1\<l1Ik Cl' cek, as intli
cat ed on Pluto 2, to ra ise t hc ,\\"ltC1' slll'fn cc' L'i Ic ct., cO lll lJ i lH ~d 'wit h t hc 
drop ill the ri ve r betw een till ) .l i vers iou dain 111 111 "\loone y Island Slough, 
4.7 miles below, l'eslll1s ill all ;lva il<l hl<: st a t ic head of about :n f ed at 
the slough. ]l~' ('n laq:ti llg th e iuuiu cnnal ns I'm' as ::\ l ooney lslnncl, 
wh er e 1he enw l1 ,111<1 _\Ioone,v blalld Slongh , l r l ~ ,1 v ery sh ort d istuucc 
upui-t . to emTy :J(i40 s( ~eolld -f('cl of thl~ prim' rights wu trn: ill <I(]ditiOlI 
10 that t o sll])ply th o project ir r ig <l t io l1 (1l'1Il<l1H], til e ;lfj·j(l sl'contI-1'e('1. 
hecoiu c <lv,lil<lbl( ~ For powc r dl' veloplll l'1I1. ilt Mooncv Island . By ut.ili z
ing smuc or th e secolld ,lr~ ' power g· ( ~ n!.' r a led at l rnn 0 a llyoll dmn 
dllrin!!, t hc Jllonths .Uay 10 8 cl1teJllhcr in clu siv e, an avcrugc nnnual 
out pu t l'qllinl1l'lIt to ab out 10 ,000 h .p. of pi-iruary power «an h e pro
duced through the eousrruct ion of <I plant at M ooney Islnnd Slough , 
nSSll\lling SO p el' Cl'nt efflcie ncv a t th e s\\' iteh ]) OClr(1. 

Average annual power output, Mooney Island plant. 'I'hc eflpncit~ · 
of th e Mo oney bl,II1(] pow er pla III is fixed upon the hasis of thc p ower 
wh ich the avnil ab!« flow passing' down 1II e river will produce iu 
Oct oher. To t h i» q\lillility is »pplior] t.hc (!cllHllHI curve f or the Saera
menlo V,d1l'y, nurl 1111: n ~qlljl'cd ,1lI101l11t o r power lll~ e C i; S<J1'Y to s ll pp l ~' 
the dl 'llwnd '1'01' ot htr 111001111S is i'ou nr! to ])(' liS shown ill Tuhle 20 ," 

l\ p pl'l ld ix lL 
l HC'co l n n lc ' I Hh , (1 :IS lw·:.;l ~ l~ llt 1111,.'.
~ ~l'H lJ h~ Hot nrill t lJd t o :-:a\ . ~P;I(" , ~ . Tlh ' :--l1 01 11": I) It Ilk· a t otllc- c (,I" Di vis iou ( ,If 

E ng ine er ing and Irriga t ion nnd ma y l.H; co n s u lt ed t h er e . 
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Ave rage annual power output, Iron Canyon and Mooney Island 
plants c ombined. 1'1 <1 1.. 1ll SIIOII';; t ill' Jl o" ,~i hl ,' 1I1 11 plit III' pOW"I' , hy 
ruo uf hx, res u lti ru; I'I'IIl1l 11 1(' 111 i1i z ;11 inu o r all ,'if)(J,Ollil il/' I'I, - I'IIr ,t j>l'oj r'cl 
i l'J'ig'i1 t io ll d l'lIl't iU' I,oJ'di ng 10 Yi ll, jo lls a,-;s l l lO l p l i o lis i", 10 t hu clovu t inn 
t.o whi ch \red.vr llla y be s tored i ll 11'011 Can yo u r esorvoir, urul as to the 
aur ouu t of g'1' 1I 1:1'al ing' equipment iIISi ,J!h,d, It. will be n oted t hat. con
sideru t ion is gi vcn 10 seasons of iIYC J'Ugl' i-uu -otl', low ru n -off a nd 
cxt m me ly low i-nn-off'. Th e gl'aph s sho w t he ou tp ut of t he I ro n Ca n vo r: 
plan t a lo ne, combined with t hat at t he Moon ey I sl a nd pla nt. 'I'he 
l11'lIV~ ' line di yi rll;s 11 1(' 1l0\Y!'l' in to p ri llllll'y an d scco udn rv. Pl'il11 nl'~' 

powe r, l~ ' ill g- below t he Iin c, i s i l;;sl 11 11 1'<1 to he tll (' qua nt i l.y whic h eu u 
ln: f'u rnislu« ! ill accordance witl: t he dema nd (;1I1'YC lor til e ~lll' l'a ll1Cllto 

V i il l ('~ ' s ho wn on P late 9 hascd u pon the sale ou tput t ot' Octobe r . '1'1Ie 
sarc outpnt dep ends UpOJl t he qun nt ily o r wat e r 1hilt «nn he released 
ill 1l1 sti ll I W \' l': assur ance tha t th o r eservoir wo u ld fill lll ll' ing" 11 sellsou 
likc ]!)2:: ·2J. Data from whi ch the g'l'aphs \\ ' t~I' I ~ .lrnwu appeal' ill 

'I'u bles 21, '::' 22, 2:>'<:' a nd 24, Ap pend ix 1:, 
At.tnnt.ion is eull ed t o tJ](; l'act I1w l tnl .lcs l:r :' 1111(1 H, ': ~ whi ch urc 

lJn sed IIPOII s1ora g l: in 111(: reservo ir to clevnt ion {OO shuw a u ou tpu t 
lcss th un 411, 000 h.p . in Od O!>Cl' of 1Il 0st ~ ' ( ;(i] 'S , A st l111y 01 Ute 1,J1Jle::; 
Irn: ] D2:] ' 24, howeve r, w ill show tlrn t t he ou t p ut JOl' Octo ber cun be 
i lWl"t',lSl 'd 10 4 1,:WO li.p. JO,IJI)I) h. p . pr im/ II',\" d emand p lus 1:160 h.p, 
proj eet 1'1l1 11Jling' dt- inuut l. tho :1111 0 11111 iurl ieatcr l iu 'l'u hlc 21. ':) Reduc
iug' t lic out put, 1'01' t h « ,-; ll<:eeed ing' mou ths in uccordnn cc wit h t lte 
dr-inunr! CIIl' \'(: w ill all ow the rese rvoir to fil l. Li kewise, 'I'u blo 17 / 
lHl"cd U p OIl stol'nge t o elevation ,W;', fi . s liow» a n out pu t of less than 
44,0(:0 h .p, in OCtO],I:]' hut th is 1l1 ay he boost ed in 11 similur mann er to 
4fj,:3 GO h.p, as ind icn ted in 'I'able 22, 'I'hl ~ iosults of comb ini ng' th e 
011t]1 ut fl' Olil ti ll: TJ'Oll Ca n yon a n rl MOOJ H',Y ],.;I;IJ l(l plnn ts a rc S1l0Wll 
in T ubl es 2::-:' /}11(1 24 anrl upon 1'1,,11: ]0, 

D ruin g t lie lime tlt e ir r igation ]lJ'oj e l:! is d ev clopin r; it Jl1 c l ~' be p os
sible to so muuipula te the r eservoir t hu t n gTe ntcr amo unt of p ow er 
couk f be developed Jot' sovcrn l ~ ' I'lll' S un t il f hc ir r iga l ion r equi rem en ts 
p red omi na! e t hose of p ower. 

Basis of estimated value of power, In fig 11l'i ng' l"C'\"C lIl IC fr om the 
sa le of POWI~ J' the dcma nd is iI ssu mcrl to he i ll uccor dancc wit h t he 
monthl y d istribut ion of power in th e Sae l'alllCJlto Vull ev hv t he Pucifie 
C as and R led l'il: Coiu pnuv as fo llo ws, st:1 1('(1 ill 1)('1' I'(,llt o r the <1 11 11 1111 1 : 

-T nnu arv - - - - - - - - - - 
l<' chJ'll lll'~f 

G, !)
G, 5 

I -Iulv ---- - - - - --- - ]1 .'1 
.\llgIIS1 ]1 .:; 

.' Im'eli (U) ~ 1 'lll ('lllh l' l' !l,7 

.\ p r i] G,S Oe1 (1)('1' 7.4 

.\ Ia y 8,8 NO \'t' n th (, !, (i.9 

.11111(' 10,8 ! k (' I ,IIt1 )('r I ,n 

it i s uss u uicd t.ha ! pow er g'elll' l'atrd ,11 t111) 11 '011 Cu nvo n aJl<l.\I ooll<',\' 
Island plan ts ca ll Ill' so ld to one of 1It.· disl l'ih nti ng' co in pa n ies. A 
ma in t ransmission lin e Wlsses wit hin five or s ix mi lcs or hotlt pla nts. 

Both plants !,]'ojJos('d are located w he re th ere is no possibilitv of' 
t rouble f rom icc, SIlOW 01 ' sleet sto rms, lind th e fa ct th nt t hC' ~r opc rate 

* ~rahl e s not pr int ed tn ::-.a V t~ spap.p- . Th l~ Ht~ fl r n on file at oln ce or D iv isi on of 
l f~ll "dll e l ' J ' Ill g n IHl Ir ri g a t ioll an d nl ay he eOIl::iultetl th ere. 
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d il'ceil y 1' 1' 0 11 1 ;1 1;II'g'u I', ~" e l ' \'"i l" 11I; l k, !", Ih " 11 1 " " I II'I' ia l l,\' \' aill ahl,' a", 
:-;1' 11 11 <1 ],." 1" ;' 11 1>; a ll d pl;lIl h 11 ,,11 "'" l l ld 1'" " p "1 1i1 1" 'Hd il ,\' 10 t i ll ' 01 " 111:1 11 01" 
of n dll i l.l· 1ll'lIk loarl w it hnu : 10"", 0 1' 1,,1,11 !'O\I .' I' uvu ilu h!«. 

011 P la tt' 10 f hr: PO\I'"J' 01 "1,..101" ,01 a l 1111 ' 11'011 ( ' il lI ," OIi .uu l .\ 100 11 \'.1 
Isla nd planh : I t l d till! ;1111011111, 11" "d 1'01' !, I1 II1 I ,i ll g' irriuutinu w ut er 10 
a part or th e !,I'O]WSl'rI pJ'oj,'('1 111' (' S IIOW II , 'l' lu: gl 'a p]ls llp pe1l J'ing in 
t h e Iourth column h O Ill 1111' k-l'r l'i'\ JI'I;sl'1l 1 th e power si t unr ion 1I 111 k l' 
wha t is believed to 1)(' t he hr-st pl un 01' d(' \'r J o !, l ll l ~1I 1. It will 1 )(~ noll'd 
t hat in a ll nv er a gc yeur p ru ct iell ]]Y nil ( !lG IWl' ec n t ) or 1 1 1 \~ 1'0\1'('1' I1S" ([ 

f or proj ect p umping f a lls wit h iu 111 1' a l'\'a or >i l -e l lll d il l' ,\ ' IH)W,:I' ; tha 1' in 
a low y ea r ap p roxim a tely Ii!! p U' 1" ' n L lind t h;lt ' :\'I !1l ill 1JIl' lowes t vcur 
of r ecord ahout ..Hi l W I' cen t o f 1'11 (' pu m pi ru; load wou ld IH.' sup p lil'd 
from sceond ary p O\I" : I' , I t i,; bel ievcd t hal 110\\'1-1' to ho II Sl' , I on th« 
p ro j ect f' or p u mpi n g' woul d Ill' o f jil'i1 (:t iea lly the srnnc vuluo llS 11111 1. 

considcr od p r im al',\' power, all d wou ld hnve 111" ,!fl'et' l o f l'ilis i lll! 111, ' 
nvcrt urc va lue of seco nd a rv ] , OW l ' \' ' :i1I IS idl ' !' I'd iI ~ :1 whol«. 

In ve ars of cxtrcm.-lv low J'11lH)Il' eOlls ,'1'\,1I I in // IIL CnSllI' (OS should , a ml 
pl'Ohl;hly \1'01l1r1 , be pnt' i nt o cfl'r'c1 , bot h ill t lic 1I11l01l1l1 of wa ter t l s ( ~d 1'0 1' 
i l 'l'igill ion and in th e 1I1iJOll1l1 or PO\I' l,'1' COIl SlI l lI l, lI iu 1!l' lIi ' l' a l. ' l' h i« 
von si-rvnt ion wou ld l'(·.'iIl l1 ill hl' ill !! il/ ;! IlH' p llllip illg' lo1l d as 1'1']1 1'1'

>' l'lJ1 ,'d 'Ill t he g'l'1l phs BIO I' I ' 1]('111 '1,1' wit hin the il I'\ '11 nl' pow!'!' d l'\'l' lo!'(,<I 
;111(1 I" "s uuxiliur y P 0 Il'l '1' wnu h l 111' 1'(''1l1 il'\'r1 i ll Si" Hll1 01' ot lu-r p lnnt x 

r lrun is il ld icntcd , 
III ,'sl ilil a till g' t he \' :JiIl C of p r ill);lr ,\' power it hilS l.H~ I ·1l a s ,, " nH~" tJliIl 

!)( l 1](')' ceut or th e power 01' 11I a l I'luss as mensu red al t lie s wit ehbonrd 
01' 1::H'h pl an t is sa la ble. Cond it ions ill hn1h p liln lS arc lwli e\' (',! to I ll ' 
J'u\'o !'u!Jle fur the developmen t of t hi s <:la ss of pOWCI' , ' I' he vulu e 01' 
seco ll dm',Y p ower is 11101'1' prnh] 1'1IH11 i,', lIud ill 111 1 al1 l:lIl p l i n hi: couserv u
1ive it JliJ S been aSSlmH'(1 lllal oul v :J;) pr-:: 1:"11 1 i s sIII;il J1 r' , F'rrnu 11 w 
luttc r part or Mur ch th rou uh A pr-i l, :\1:1,1' 11 1111 ( ' ill'i,I' 1 1111 1' t h is (: III Ss 0 1: 

POW('l' is sa id 10 h e 0 )' jlJ'Hl:l i ~; I II ,\ ' 110 "11 111 (' 1)('1\1'(" ' 11 10 O'cdlH'k nt lI i ~IJ1 : 
11 1111 H °'clock in 111 1' ruoi-n iu jr. 

In f'ormnti on r elative 10 lI l l:lll'e ;" ,tl l unit vul ue 0 )' I H)I I' (' I' 1I' 11S smurht 
0)' the Rai lroad Counu ission of t ill' S tat e of Cnl if'oru iu. D a ta l'lI l 'l l ish r d 
indicat es t h a t in tlll'Ct' 1:0111 ]1"1'a1 j\' l'l,l' 1":('1'11 1 I:Oll l l'a d " l)('111"1'I'11 il' ri g ll
li on di stri cts and JlOlW' I' co i u nnui es. li n d 11l'111'1'(' u POW('l' r-o m pa uic«, 4 J
mills p CI' k.w.h . is 11 1e p J'ier fix!'d 1'0 1' at l t:1 /f'I'U !J ilel ir, /'('(/ T ill' poin t or 
d clivorv in OIlC eas f' i s III t hc ,1('11i1lg' l'Olll P 1l11 Y 'S sw itv h hoa rt l, :1Jl r! in 
111"O cases at t he p u rchusi np eompuuys substnt iou . 

'l'h« assumpti on t luit DO pel' t ell!, 01' 1111: pl' inu lr) PO\l'I:l' is sa lable is 
holicved to 1)(' conservat ive. s ine'> 1he nu l 1' 11 1 or Jll'imm'y p ower is made 
to ( :Ol'l" ~ S" O Ilt1 t o t l i« u u m l.hly dl'n latl tl " I' 11 1, ' 8" e/'/I 1l1l'1I10 Va ll , ~y , 
J\ llhOl q:rll flO pl'l' e('lll is soml:" Il" l -dri ctr -r 11""1 f'l ' j'lj l l " 1I11y use.L il is 
helieve.l th m rlu i lv lluct nn t ion s i ll d elll llll1l (';111 1)(' r'Olll p l (' l P!I- t ake n 
,'.;11'1: 01' h,Y 11 11) p];;n fs wit hou! w usi o of wu t. cr. 'r he power O\;tPll t lit. 
Ille h on (' ( llI ~'OJl p lilill ('. a ll pl'l)hah1.l' he ('olll ro l l< 'd w ilh o 1l1 IllItlne 
Jlnetlln tiOlls or tI ll: r iw'l ' di sellil \'!!'(: Iwll' W t i ll) d i\'e J's ioll () i11I1, s ille r' 11J( ~ 

pond back or lhe 1a11 ..!' eOllJp l'isl''' ahoul Ion II CI'(:S , w" i" !J should prollu ee 
con sid erah le s lOJ'age l'l'g'ulalion ill ll1i1t it (~ Illl hI' ,lI'aw1I dow n SOll lC' at 
ni gh t , W" ('II Ihe 10lld is l ig-lJ1. 111ld n11I)\\',',l til fill clll l'ill;.!' ti le ri ll Y t inw , 
Dllrill g' th e g'I'(w1('r ) 111 1'1 of th( : i1'l'i::w1ion season 1!t(, IH'ak s ca n l)l ~ 

assmn ed !lR I'xlclld in g' inl0 th e l'e;:don of S'>I'onclm'y ]1()\\'e1'. 



111 ll EV EI,OI' !lI I·:Wf OF u r- r-un SA CHA:' 1E1\ ']'O nI VER, 

Average gross re venue, Iron Canyon an d Mooney Island pow er 
plan ts, ' l'uh lo :! ,) i,.; a S I I I I I II I " " ,\' or i III ~ lIY( ' I ' ; I l-:' I ~ unnua l O l li pil l or 
pow« r. if1l11 t il l ' !'I'sl1 l till g' g r o,.; ,.; rl'\'I'IIIl I' 1'1'0111 III " 1 110 prol'o,,;,'" n lnu t s. 
lI ecor d i ll g' to III , ' vnrin ux sll1t lil'''; Ill il d l' , Il plll l 111 \; aSSll lII l' t iol1 l lli11 I' oll',' r 
is wort.l: 4 m ills I'pr k.w.h. 'I'hc P J'CS<:J11 va lu« o l' p O\Y( '\ ' , l iS nea r as 
can be (letcl'l ll in ecl, l ies between 4 iIlH1 G nii lls Jl t'J' k.w .h . A s will appeal' 
la t er, est im ate s fo r the pro j ect ha ve b een prepa red upon t lH~ basis or 
power bei ng wort h 4 , 4 } an d G mi l ls p el' k .w .h . u pon t h e ussu ui ut iuu 
tha t mo nov used in com:l1'\\l.:li on o r t he pl'ojl'et would hell ]' 110 int vrcst . 
III add it ion , a st u d y was made ill wh ic h 1he eon st r uct ion cost o l' 11 11' 
r eservoir lind power Ieat u re s arc amort izcd, nssm uinjr COIII\)O llnd inte r
est of ;j pel' cent jJayabll; slCmi-n llllnally 111](1 PO\\' CJ' d el ive red a t 4 mills 
po rJc.w.b . Th e stud ios of' co,.;t will be I ou ud a t th e end or t ill' ]'('pnrt 
11111ler "Smnlllnry of l" il1 an<:ia l Con si<1er a t iol1s. " 

TABLE 25, P OWER OUTPUT AND REVENUE IRON CANYON AND 
M OONEY ISLAND PL ANTS, 

Summary O r f' \'eTU~O n ~l n nn l power output for years of record ( 18~.j- l U~ l) und (ls t i nm t~ , l tl:r oFB T(' \ ' j ,llli(' Iur v il r i l )l l': 
usaurupt iuns of reservorr control, Pu Wl'C ~U Ifl l ·J tu 1Jc worth $H,hOI per k.w.h. a t l)\\-Ut:hboanl. .U6111 111..'I.1 plnnt 
efficiency, 80 per cent. 

p", jcct draft, 1,000.0011 ucro-Ier-tPrn jr,c l dm l t, SOO,OtJO acre-feet 

Mu .irnufU wutcr surface in Iron 
Canyon reservoir . 

111:. ,,·,~ o~) . s400 10;;.5 \ 400 I 105.51
I natal lurlon at. Ir on Canyon dam, t \(I .lUlI )100,000 105,000110,000100,000 I 105,000 1
Jn! : ~~fl;~ii~ ;l .~ i ~i ~)~~'c~: 'l~ i~ ;ld ' . ~ 

10;1(10 , 10,100 10.10010;100 10..100 10;100(h.p , .. --- -1-  I 
Ir on C~n)'O Jl plant : 

Pr-imary 110 \\"4.' [" "11')" 050'515 1 40, II ,> I 11,020 .h crngc LnriePO\\ ~r , ltr()~.s ·· " 1 'W.OJ;i I 50.515 ~n :j , ;' lK I: ililo .\ mlu-,I output, k.w.h., gr fl~ 300,720,uUO 330,720,000 
AIITl IU11 ou t put . k.w.lt. 1l8t= . 

no I ~ r cent of .:.ru ~s , .. • 270,l}!'.O.OOO 207,t1:')O,OOO 
Gro.. unnual revenue , $1,082,000 $1,190,UOU 

~l:cmu l:t r'y powr-r-r-
Annunl output, k.w.h. , lVooa! 210,270,OOO l 2:J n,3 1 ~. 1J(J0 
Aunnal output, k.w.h., JloL=r 

5;' per CUlIt u ( II"'!'! ' .. . .. '1 1 ~ 2 , t ,,0,000 129,072,500 
Grub.! ROIIU,II r (' \ ·I: Il UC., • • •• • • $528,uOU I 151U,000 

Mouner Ialund plsnt: 
P r imary IlOl\ l :r 

A\' I,: ra ~tt: l ll l fir.I )l.I\\ Cr , !U'0 f' :L . " lJ,Oi5 0.075 
.A Ull tI'\! output, k.w.h., I ro!S. 69,333.000 5 ~l, :3;t ~,OOO 

.\ lI l1u31 output , k.w.h., hd= I 
\)0 per cent or 1(10 " . 5:H OO,OOO 53.-100,000 

G rl)~ uuuual revenue " $2Ja,tiUO $213,tiOO 
All soun-es: 

Pr imary und eccundnry f lO\H'r-
Anuunl nutpu t, k.w.h. gr ,)SI l)OO , 3~3 .000 lJ2U.3GO,OOn 
Anuunl output, k.w.h., net, 1 ' l .jO.~UO,UOO 1 4~I , 02 ~ ,MlO 

Gr».. ann ual r CYCII\w .. • • •. ' " I t !S ~ J,SOO $1.U21,lOU , , 

~ 3 0, 720 , OU O 21l-1,GtlJ,000 2U3,5UO,OOU 

2(17,1;',0,000 238.150,000 1 261,1:;0,000 
$1,100,600 S \) 5~ . Goo $ l ,O:;.j ,UOO 

254,170,000 1 2G'> ,S]O,OOO 262,,500,000 

130,7iH,OflO I IG ,IO.>,fIOO 1 1 1 1~37r, , 1 10 1l 
5D,2UO I £;;81 ,8011 . 577,5110 

2(0 1,\.jO,OOO 
si.osu.noo 

280,:;,j7,000 

1:;1.1\1(;,01111 
U lt \ , ~UU 

~I ,n'i ,) 

5'J,:33:1,nOO 

53,l OU,UOO 
~2 1 3 , OOO 

6:1:;, 1\)0,0011 
·171,741\,000 

U ,887.01l0 

Power used in pumpin g. In t he ] !J20 ],( ' p Ol ' t it was proposed to 
se r ve all lands within t he proj ect bv lll C1111S of a "1-1 igh L ine Gruv ity 
Cunn l " d ive r ti n g from I ron Cll11 j' OIl r eservoir at I le nd em ba nk men t. 
In ord er to i rrigate 1he highcl' la nd!' on t Ill ' west side of' the river 
inclu d ed ill th e f'ormer r ep or t n or th ()f Geruruutown (abo ut mil e GO of 
th e cnn al l in e shown on P latu 2 ) it is 11(' C C";;;;; I1' ,\' , un ck-r t h,: plan 01' 
d i version p roposed in t lris r ep ort, t o resort 10 pum ping. 'J'I\e punrp i ng 
plant to serve the b ig-Iter land s n ort h of K iJ'k, \'0(J (1 would be located at 
1he Red B ank C r eek "d iY('I'sioll dum. b u il t int egr-al wit h t h e head work s 
1'01' t he proposed " L ow Li n e Ca na l. " S ix other p lants arc p ropose d 



_ _ __ _ ___ 

W AT E\: HESOVH CE S 010 CAT,I F OHNTA,]] 2 

10 I i i'! Wll1 t' l' I' I'l JI II 1111' II Wil1 l'<l Il,i11 0 \'ill'io ll'; 11';l\'h , illld ill iltldi 1ioll 111"0 
uux i liu rv 11\,11 11 ,; t o lil'1 \\a l l' l' iI S('( 'Ollt1 1i nu-, wi t h ;1 1'(I-;,;ihil ii,\' 111 ;11 111 (' 
111I1IdH'1' " I' pl illlh ill 1IIi,; ln t u-r (·1;1 '; '; IlIiI ,\' h( ~ ilH'I'l ',I,;pd . 'l'I H ~ pr ill <: il'ld 
;: I'e w.; 10 II(' s('rl'<'t1 l ,~' 1'11I1I1'ill ).! ;1 1'( '· ,;11011' 11 Oil \'\ ;110: ~ , 1\](' ('lI1wl ,; 1'01' 
t.hut pllrpo,;(' !willg: ell'a ll'll ill 1'('(1. 'I'hr; an'a 01' I' He· 1I u u i l., t og-dil l']' wit h 
t.h« li ft and 1 l()\I'l ~1' eOIl';lIl11 ptio ll,i ,; ,;IHJII"II in Talli e :2 (;, whil e th e n\' ('J'nge 
mon thl y d ist.ri but.ion 0 1' i hI' ]llllllpill ).! load i,; g'i\' cll ill Table 27, 

1" 01' th e plan of ([ cl'<~lopllH'nt con,;iel ('1'l'([ bost . t hero a l'C shorta ges in 
pow,'r l'or pll111pill g' ill yca J's !i}';:c ] ~11 ~)-2() nnd ]D2:l- 24. a" indicated in 
t he rOll ]'ih col um n of g r a p h,; 011 Pl at e 10 , It s hou ld be llOl'I1C in mind, 
11 0"' (:YC1', t hat wh en t h ere is a sho rt ag« of il'l' igati oll wa ter t ire requit- e
meuts f'or PO\\'CI' to pum p irrigut ion wa ter will be cOl'l'c,;poJH]i ngly 
( ]ce \'(~as( ' d unl ess ud vautage i« ta k('n 0 1' t he uu xi l iurv wa ter ,;n l' ply whi ch 
lIlil)' be dn· t ~l () p ( 'd by plllll pillg' fJ'OII I w('11", 

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

Acre-feetLocutiou pumped 

Iu tukc . . . .. . . . . . ' "0.1:,;\ 

Th onu-sCn-ck . . -u.sso 
::;1:\. 11,,, + 00 , . , ar.soc 
SI". 2271+ 00 , . , '50,100 
~c:cl l nt l lift from 

Stu. 2271+00 . 12,300 

Cu. l t . 
per sec.
maxi
ilium 

I.... nltb 
l' i l J(~ 
line 

SI" , 3200+00 . .. 8 ,WO I :15.3 1 1,100'
 
RIa , .J:l07+00. . 2,008 8 .5 ,00 '
 
~ l ll. 470;)+00 . . . ;; . l 8~) 22 .() 800/ 

S I" , 4U' I;+00 ,. 11 SI1 1 1 1, 2 ,2 i 1,, 00 ' __, 1

:I, ] . \ U,;IOIl ' 
171 0,,00 ' 

1:10" I 1,850 ' 

200, 1 18,400 ' 

50 .8 .,,000' 

~i," II'ridiO[ Sl:I t icIl.
J'i ~~ ~~ 1 1It'1l ,1 )I(':\jl 

~ I . O ' 1. !l ' :)0' 

o " ,, I ' 5 .0 ' :~ ; .s: 

0. 0' 1. 5' 42 ' 

, .5 ' 5 .3 ' 35' 

I 

'1.5 ' I 
3 ,0' 
2 ,0' I 
:1.0' 

(j 7:; ' \ 

2 ,8 ' 
1.0 ' 
0 .7 ' 
07 ' 

1 ,3 ' 

:11' 
25 ' 
2[,' 
~ !)' 

,12' 

Totul uut . . ,I 230,OSO .. . . ' . , .. ... 

Tota l includ- , II I
 
lu g ijC~ ll ll d~ l) ' fl( I Il>umplllK . I . 83" .10 , . , . . . . .. , . " . •1" .," 

Tnt, l 
IIN••1 

.~ l. ~l ' 

4 ~ .r} ' 

·13 ,5 ' 

40 ,:1' 

30 .S ' 
2ti. O' 
25 . j ' 
:\5 ,7' 

Power1II, I"lIc,1c.p.ci!)' 
___.,-__ 1 C O ~I~~.\ J).-

k.w.h.'H.I' ,' I P umps 

7,200,0003 310 3 ·4 S" 
, j l - 'lU" 

\ 2 ,:' ~IO , OUO1,180 \1 ' :12" 

} 2,ro ;\ ,OOUU25 t l~r : 
2,iJOO,OOO 

007,000 

1. ;1~0 3--30" 

\ 301 11-:10" 32n,000140 1- 24 " 
78,000as }-1 2" 

288,000I:n I-IS" 
\ 2,000,000I, 'J' \ 1 "10 111- :1;;" .,'.' __'-_ 2.::2" 

, . . .. ~ , 5 !j.1 I. .. .. .. .IS,805,eID:} 

.,",,·1·,. ,,',.\. '.",,. 
I Single barrel in all CfJ.£t:S .
 
~ Efficiency of plant s fL8dHmrd to be 70 per ccn t.
 
• Jnclmlcs ·11.5.10 ncre-Icct pumped at second lift. 
' Second lift to rench I [ Ul ll ~ above Ccrniua. 
1 Includes 1 2 .~OO aere-Iec t pum..... :'!1a l'j1:l·OIl.1 ti me. 

TABLE 27, MONTHLY DISTRIBUTION OF PUMPING LOAD, 

Kilowatt hours I Horsepower 
~ l lJ ll th ___ _ __ _ _ __ 1--

October , 
Mnrcl.. , . . , ." 
Al" il. 

, .. 
' 

. 

751,600 
18S,n;,O 
U13,2.10 

:\ ,OI8,401l 

1,360 
3·l!l 

1,7.10 
5,430 

~ uy . 
June.. • . .. . . . . . 
Ju ly .... .. .. ' 
A U5Z; lJ:it . • . . • . . 
September, .. 

3,773,0011 
,I ,l lin,3011 
:\,77:1, 000 
2,26:\ ,800 

7,000 
7,470 
0,800 
4,100 

1'ola l, . , . ., '''I 18,865,000 



1l:lDEVELOP 1 S T OF U P P ER sx cnx : tEJ\"T O RIV ER, 

FLOOD CONTROL. 

Frequency a n d estimated volu m e, '1'11(' .-u rve 01' [l\'obabk 1'\,(' , 

qucncy o f flood d i~l'lial'g( ~ 01' tilt' ~;Il 'nllllt'lito l i ivcr ur-ur H('d l i l u ff', 
shown 0 11 pag(' ~ ll 01' I: 1I 11('l iu Xo, " pllllli"li l'd b~ ' t lu- , ,~ I a lt ~ D epa r t 
I1lt'111 o[ L'ubl icWorks, Divisiou 0 1' EIlg'ill l'l'l'i lig ;llld I\'\'igil t iou , iud i
(';It('S t hut a (lisehal 'g'" of :100,000 ';I'('olld -[,'('l 111 ;1," lw ('xl'('d, 'd 01l( 'P ill 
Ulll1ut fifty ,\' (';II'S Hnd t ha i n flood 01' :!;)(l,()()O S('('o lld -f,'('! l1lH~ ' (WP II\, ouce 
ill Hbollt t.wentv-Iiv« ,\'PHI'S , TlH' umxinuun di seh:l\'gt' silw(' the g'ng-illg 
stnt ion 11 PH r Hl'd 1:111 jf \\'HS psI a hi ish( 'd (W('III'I'l'd OIL 1'\ 'h I'l11\ \',\' :1 , l !)()!), 
when 111l ~ 11m\' \\'as I'slilllatl'd to he' :!7tU)()O st·(:ond-[l'e1. 

Iron Canyon r eservoir as a flood regulator, Stllllit's made , hear 
out t he s t iit pllH'1I 1 ill t lu- l !):!O n ' pol't tlial ·' T Ii .. vu lu« o l' t lu- ,'ps('\,\,oil' 
1'01' \'('dIH'illg' flood s lit's lIl<li lJ1~' ill t h« poss ibilit ,\' 01' ~ o oP'~\'; lt i llg the 
ga t (.,s of t ht~ d aru <I S to p\,odll(- (' t Ii (' (ll'sil'f 'd ('11'1'1 ' 1 rut 1i('I' tluiu in any 
dlll llg('S ill . 01 ' ;Hldit ion t o, 11I t' dl's ig'n [ 0 1' th is pu rpos r- . W i t hout sur-h 
int cn t ionul \'l'gli la l ioJl 11I t' }'('s('1'\'oil' wou ld hnvr- ;1 t~ o lll p n l'a t i \' , · l ~' suiu ll 
]wJld k i;l1 (' If('t~l n pou flood s, \\'hil (' wit l : p ropr-r \'('g'lllHt'OJl (l!' lli( ' g'atc's 
t Ill' f1 ood pril ks cou lcl gl'lI l'l 'iill~ ' hI' gl'pi lt 1,\' I'('d IIl't'll. " 

If t h« PlI l'POSl' or ( \,0 11 ( ' illl,\'(lIl I'('st'n'o il' \ \'( ' 1'1' ~,o l ( ' l y 1'01' flood ('oll l rnl, 
its ('tred ou floods illIll t lu- pl'Opl'l ' me-thod or op pl';11 i011 could Ill' Foret old 
wit l: souu- d egrpl' Of aPl'lInw,", \ Vhl'l! t h is f I'H111 \'(' is r-o mb iucd wi th 
lilt' t wnfnld dill i('s o r ~ l l p p l ,\' 1'01 ' il'l'ig iil ion ilJld 1'01 ' IHl\\'('I ', 110\\,('\,1'1" , t ill' 
]ll'o hlc'lll 1H'!:o lllt·s I'aI' 1110\'1' ( '01 11pl ,",

III 111<' 1'('IlO\'1 1111 l rnn ( 'all ."oll pl' o,il'd , p l1 1disl ll'd ill 1!l14, til l' PI'O
posal is madc ' tll ;11 till' )'('S( 'j'\'o il' 1)(' k<'p1 1'111 1.11." u nt il the firs t of -:\f<lrelt, 
anrl t hut, 1101. 10 (·:xec·(·d 10(),OO() ;\(,I'I'-I'('c' l lw (\e('IlI11IIlatrtl by J fal"elt 15, 
and ~OO ,OOO aen,-rt' ''! hy .\ (iI\'I:ll :\1, I f rhe ]'('sPI'\'fl ir had heel! operated 
(\c '(:(lJ'{lillg' to this pla u d nl'illg' 1h(' SI';ISOl! 1 ! ) :20-~1 it. wou ld 1I 0t have 
fillr-d, unrl there wuulr] have IJ('('II illl il'l 'i~il t ion sh ortage of :: lH'I' ('('u t 
in S"ptc'mbrr , wi th t he H()O,OO() i1{'I'l '-l'oot il'rig'ilt ioll d raft project, 01' 
l :U i IH' I' ('('lit w it h t lu- l.OOO,OOO iI('I'p-foot dru lt . (II I D~:1 -2 ..L wi th t h« 
reservo ir enrpt v ou .\lar{'11 1, !;pr p ing' ill mind t he prior ity a nd n aviga
tion re q u i reme nts, nulv 11 .000 a{'I'('-[ p("1 wnu lil hav e been ;,;t o l' c ~ d in 
.\ la \'('11. and t lu-rr- wou kl hav« 11t'('ll a !Hl\\('l' sllol'l; lg'p ill A pril. wit h 110 

wate r ava ilahle for S(OI'a :!p, wi t h tilt' J't'Slllt t hat t hr- project would have 
had onl v I l ,O()O ae]'(··r('("l or irrigation wat r-r uva ilnhlo fo r lI S( ~ after 
":' lay 1, wh ic]: \\,0111d hn v« l'I' ,SlI ll t'd ill ;In i l' l' i,~' i \ 1 i o ll sllOrtag'( ~ or 0\'('.1' Sf) 
])('1'	 cr-n t . 

It is prohahl c 111al ill 1' 1';ll'1 ic'al opl'l' ;1 I io n 111 (' 1'\'I'sl o r t ill' tloo(l s eo nl d 
I ){ ~ l'l'du{,l' d Illilfto l' ia ll,\' 1'0 1' SO IIl " d isl';III1' (, Iwh'\\' 11'01 1 (';I11YO I1 dlllll , but. it 
is dOllhtf n l il' tl1is l'pd nel iol l ('ol1ld bc' ('(lll lllpd llJlOJl to flip ('xtc'lIt that 
all,\' Ipss PJ'('( ~ illll iol1 I'clltld 1)(' t ,Il\t'n i ll lIlililltilillillg' \I'OC!;S dO\\'lI st\,pam 
f t'oJl1 the <lmu fol' pl'oU'etio l1l1g'ilill st floods, III tlt is l'llIllJ(·(,tio Jl it ,;hon ll1 
he llOtpd l liat , if 11 It · llIil:xillll lll\ onlll'1 ('iljlill'ity iJ! lilt , dam l'01' flood pro· 
t l'e1 ion pllrpo,.;ps i~ lISSll lll('d to hp 100,000 S('C'OIH! -r pp!. it \\'Indel l,a \'(' 
be(,11 ll <, e (·s,.;al'~ ' . d ll ri llg' tli (' Ihl'('(' d a~'s , 1 " P])I ' I W l'~' ~ , :; ;lllll -+, l !)(Hl. to 
mainlai n H f1oot! ";lol'ag'(' I'< 'S( 'I'\'(' of ,l l.\ O()() (\('1'<' -1'('(' 1 to I'('d lle(' 1h(' tlo\\' 
bd ow lOO,OO() SP(~o llll-f('l't; ;IIIlI, I'll )' t he ]ll' l' ioll ,111111 1ll1'Y 1., to ,JlIIIllill'Y 
2:! of t llp. ';;lIlle ,\'pal ', 11ic ~ I'('ljllir('cl l 'es('I' YI ~ \\,ollid I1H\"(' I>eell ,'~ 1.000 

a ('Y'('-j'I'E' f.. 



J H "ATEI f{ES :<'ES W AIJIF R tx. 

It is well to k eep in mi id that t here hay!' b en easou of very 10\ 
di sclu rge p r-ior to 1D2:'- :!4. The seu: 011. of 1 ;)0-£>1 a11(11 6il- G4 wore or 
this 1,)' 1'p, As the la tter Iollowed, hy on l • I,\ VO yea rs, th e excessiv flood 
season of 186J-li:!, i t. is 'c r~ probn h t« th at had thl' r eserv oir been iu 
operu ! ion t he (' tr eel 0 11 irr iga t ion would have been d isastrous, owi ng' 
to th ovorc nu t JOIl bound to hav e been exerci : cd it' oper ated fo r flood 
con trol. 

NAVIG ATION. 

Effect of Ir on Cany on reservoir on rive discharge. T 1l' a -cr uge 
au u uul run-all' of the. ac ramcnto R iver a t Sacrarnen is :.:i,200,000 
a re-Ieet, of which ap proximate!.. 1,) .000,000 aere -Iect or igina te betw een 
Hed Bluff uu d Saeru meuto . 

Studi mad of 'a tel' s upplv a nd operat iou (If Iron ea you r S rvoir 
in dicat e t hat i t h a ll irrignt.i un d rul t of 800,000 uere -fcct , the minimum 
r a1e of d iseharue would . I or the vea rs ot' r ecord, usu nll h av e been from 
;1000 to :1500 sccon d. f e;·t , or more. d tui ng thl' mont hs th e r eservoir is 
fill in g , Th o di seha r e e f'rm n t he reserv oir d u r inc t he filling p eriod is 
t ha t r equ ir ed 10 develop t he nssumcd pr inuuy power , th e discha rge 
decreasing IlS t he reservoir fill. . 

Had t he reservoir 1)(' 1'11 ill opr -ru ion diu -in t he pas :3 years the 
mnst cr iti cal mon th of re orr l would h nvc I ll~ CII ,A IJl' i1 , 1 !1 ~4 , D u r ing 
t hat mo nt h the d il'd l< r~e t h r ou gh tl e dil l wou ld ha ve h e 11 a t n 
ave ra ge 1', to of about 2!JO ~ ) secom l-l «ot . D u rin c the mon th 66,500 aer e
feet would have been stor ed and lInd the ave rage ra te of d is -h a rge becn 
increased 1he reser voir would not hav e filled. Th e dis eha rg for t hc 
mou th a t the H f'rl B lu fr " agi ng' s tut ion was ~3 !1 , () OO ac re-fcc , 0 1' at HI I 

avera ge rate of 400 0 seeuud -f'cc t . 11 a p pea rs th en, t hat in th e event a 
rat DE .l isehur gc i ll t he S ucr aioc n to R ive r b elow t he stor agr d am in 
CXCf' SS of 2UOO seeonrl-feet i, in sis!l'r! U p OIi 1'0 1' t he pu r poses of n aviga
t ion (luring II critica l P t-ied such a. cit r] , 1,11 , wa ter supp ly 0 1' t he Iron 
Cunyo n proj ect mig-h t 1)(· n ff cctc d sr-rIously. H owever , t he fill ing reriod 
of th e p r 011081'll !'p>; c ryoi l" comes nl t he season of high run-off of al l 
s treams trib u t nrv tv t he Saera meuto , ivel' lind th er e wou ld be li t tl e 
langer of n avigat.io u being int l'!'fl'l'ed with t it ' ugh the eons t r nct ion of 

the reservoir under 11l'I'SCllt co ndition ,' 01' s toraue de -elopment 011 t r ibu
tary strcaun , a ' t he ow i ssuit go f ro Jl Troll 'm yo n r eser -oir would soon 
he bu il t up utli lent 1 ~' to llH' e(: all.' ]'('11, onable n -q ui rement of naviga 
ti on , veil ill ext reuiely d rv years . T' nder eonditions of ultimate develop 
m en t of wa ter r eso tr ees, other r eser irs wo uld be til ling a t t he same 
time a: I ron a ll~ OIL reser-voir, hut even thou gh all t r ibu tary st rea m, 
were eon t r ollcd by ]' ( ~ s en'o i rs it is p roba ble t ha t p ower vould be 
developed at some () ' th em awl tha t th e power wu! ~r dm-ing tl ii p ,riod 
would jo in t ha t f rnm t he iron 'a n.n llJ plant to create a total d i cha rge 
m ore i han aufllcicnt to ,:UPIII;, n uvient io n r equ ir ements . 

D uring' p eriod s in th e i lTig-at ioll scasou . wh en th ere i -, .hor t uue of 
uaturu l flow in Ihe r-iver io s up p lv prior I 'i l~ ht s. t he ~ 11'011 Uilliy on pr oj ect 
will d rnw it,; wn t el' f r olll I Ol'Wre in Ih !' rc 'cI'vo il' a llll allY r 1'11,:1.' 1'1'0 111 

the rc"c '\' iI', in addition to t he nat ura l 1\<1\\' or th e r iver )lu vat er f or 
t he i r on Ca nyon proj ect , \\"CH lld he a (1 in·pt. lH'nd it t o Ililvi gatiol1, Such 
r ele; 'e is n ot eOll templ ltt ell jll t h is repor t. If s uch rd Nlse should be 
desi r d , n avigat ion intel'es t;; shou ll1 br a t' <I pOltioJl of the cos t of tIl e 
l''. t'voir . 
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Effect of M oney Island power plant on river discharge, '1'11\: 
11 1iliza ! ion o r pri ur r ig-Il ts \\,;lle l' a t ti ll' pl'o pose c! ,\ loollpy lsla ur ] powel' 
pla n t 01l 1h ,' run in (';l lIa l. ' ~ , l l lI i ltos d ml"l] st r(' 11lll 1'1'0l1l1lW lliv(' l'sioll dam, 
inv ol ves eonsidl'ratio ll of uuv iuu t.ion r equ irl'lIl1' n1:-: hot.ween n l~d Bluff 
a nd . [ OOIl (' \' lsl.nnl . for t.lu- rr-usnn that 1he ri ver would he d iv er ted 
1hrough th ;~ muiu ca na l 1)('t \\,ePII H ell Hali k C)'{ ~('k and Xlooncy Island , 
wit }: the posxihl« except ion of ' I smal l a ruou n t n , ' (~p:-:sa l' ~ ' t o su p ply prior 
l'i:..rh l« 1)('1ween t he latter poi nts . 

Datu g-iVl ~ll ill H on se D ocu men t Xo. 7G, S ix ty-fi rst, COllg')'{:SS, fir s t 
se:.;,'ioll ol' .1 1I 1Ie ~ i'l , l!IUD, indi ('a l l' th at. th e tota l ronuuiro of all cu mmer ce 
pa,'s illg' over all~ ' pOl'tio ll of the Sael'a lllc llto ll ivc r fro m C hico [l anding" 
10 HI'fI 11I 11 t1" dt'!:J"('as"d i'rom U-JiRH Ions ill ] !.JOO to 3280 tons ill 1909, 
' l'he re is a1 pre sent n o t ralfi c on t he ri ve r no r th of Ch ico Land in g, nor 
has there be r-n Io r a mu uher of years eve n dLlr ing hi gh wa ter , acc ord ing 
10 iuf'ormat ion f ro m t h e on lv t l'HlISpot'tat io n comp u nv opcrut.ing in tha t 
v ic in ity . It l!tp!"efot'p ;Ip! wa rs t hat under present condi t ions n avign
1ion 1)('1.\\,('('11 th e d iv ersiun da m a n d j[OOlWY I s land POWP1' p lan t is n ot 
an imp or lu n t «ons id eru t.iou. Th en' is , hO\\,('VP1', a governm ent project 
1'0 1' m a in ta in ing nuviga fion Oil t h« Sm' ramento river in t h is vicinity 
and it wou ld he necessary 10 obtai n the approval of the a rmy engineers , 
a nd p oss ibl y l ~on g)' l'ssi onal 'It,.tion , b l' rOI' I ~ nu vi gu t ion nbo ve M ooney 
Is la nd cou ld he abn n doucd defi nitely . 

SILT. 

E ffect of Iron Canyon reservoir, I n t lu: p la n proposed power 
c1c velop llll!n t nutmunt.ically p rovi d es sto rage space fo r the acc umula tion 
01' eOllsi (lel'a hle silt , si n ve t ht: storag-e l'l~s l'l'\'I,d in II' (m C anvou reserv oir' 
ror ur cu t ill" 11 )(' III i ui Iliu m pow er lu-atl umou u ts to :lG4,fiOO ac re -feet . 
1'0 sturl i ,.: we re IIJ<Hk to d f'tel'lll in l' t he silt «ontcn t o f the r ive r, 01 ' t he 
jpng'th ol' ti me t he I' S .rvoir wou ld se rve a: a silt. iug bas in. 

SALINITY IN DELTA REGION. 

11' n anyon reservoir as a possible means of control. Sa l:rificing 
1he power f('at \11'P a t. h olt Ca nyo n clam wonld , wi th other «ous t ruct io u 
unchanged wi th the e x(~eptiou of the arrungemcut of outl et s t hrough 
t he dam, su p plv a reserv e s1 orage of ,J64,600 ,H: rp -fpct of wa ter in Iron 
('a uy on rc"erYoi r t o OYl'rCOllI C, o r.u lle viatc, the sa lt wa ter mena ce in the 
d elta rq.riou should such use he desirable. Snch use is not advocated, 
bu t it is dPlllolIst rated that. t here a re p oss ibil it ies a long this l ine. 

A r eport upon S a li nity ] nvest.iga t.i ons by t he ,Ya ter Supervisor is 
con tnin cd in "l'rocl' pclin g's 0 1' t ho S econd Sacramento-San .Ioaquin 
Hiver P ro hlcms ('on [pJ"( 'I)('P 01' 1!l:!4. " It is stated : "11 wi ll be seen 
t h a t , based ou f lie rc lat ion at t he O. a nd A. }<' PlTY ( S a n F'ru ncisco and 
, 'a e ra mcuto R a ilroa d cl'ossi ng' nea r Pit.t sh n rg ) a su m of t he Sacramento 
a nrl Ve r na l is flows equal to :1:;00 se('o n rl-f(,1'1 was r eq ui r ed ( in 1924 ) to 
p r event t he eneroacluuent, 0 1' cnusc the rec ession, of sa linity in the 
d elta . " 

The mean di:-:eha r g'l' of the S acralltent o awl S an Joaqu in ri vers in 
' ,f'\:OIHI-feet. d uri ng tl u- «i- it ica l pe r iod of 116 (lays, het ween 1Iay 2G, 
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a iu l ~l 'p(p\lIlH'r :!(), 1!):2 1, wlu-u IIIl' ('olllhilll'd Ilow was !toss 1I 1H1I :l.-)()()
 

S l '~O \ H I - f (~ et, is as follo\\'s:
 

May 26-31 June 
Bou rcc of water 

~:\(: r:Hnc nto R iver (Inc ured at SaenllTICntO) . ' . 
:-' ~\ I1 .Jn aq ui ll River (rllrn..,<mn·d at V('nl1\1i..~ ) .. . . . . 

~ .298 
829 

1.323 
,) 75 

Combined m('A Jidisc harge .. . ~ . . .. ....... 

Acre-fee..t (a ppro xima tely) . . - . . .. .. . . . . . .. 

3,127 

:n,t,2·1 

1.898 

!l:l,SSO I 

J ulyI-- 
GO'J 
U O 

1,329 

79,74ll 

.\ u ~u.:l t Sept. 16~ () 

-
l ,a ' 

420-
2,a61 

4 16 

1,786 2,777 

!Oi,I 6ll 111.llS0 

Total run-of 111 116 fl ;1Y~ . ~1ay ~ti til c('.ptr m\>c r :lO,inclilsin' - . 
812,000 ncre-Ic...t 

Total run-on' in IU; davs at rate (I [ :]JiOOscf:.oll<l-i<>ct . . H 9,400 acre-Ie-et 

'\ l l pro x im: .Lt (~ ru n-ott i Ii l l f days in 192.1. 
. :162,fJOO acrc-Icct 

Dd id cncy . , :161,000 acr e-feet. 
,\ \'a ilaLll' s toruuc. Iro n Canyo n reservoir . 

If IrOIl Cauyon r t'spl'yoil' \\'Cl ' P to be used in th e \l1Hll\H ~r llll(.lilled
 
ubovc, the l'equil'PIllE'llts o t' na\'ig-atiol\ wnuld be plll't iallr satisf1l~cl
 
al th ollg- It t he flow in the Sa ('I'a tllcllto wou ld not he built up to :\;)00
 
se('owl -red f'or (h e rcason that. th e ~an .l ouq u i n River sup plies "
 
purt. of the water pst i1l1atell 11 eel'ssa ry to ac t as n nnt nral hnrrier
 
ag-ninst plll'l'oachlll(,llt. of sa lt watvv into t he l(l\\'f~r ri verx . In .l uly,
 
1!l:2-1 , however. 1he ,l\ 'en lg- E' lim\' of t he ~IWI'n meut o Ri \'CI' at ~nera mr-uto
 
would Itavc been bu iItup to ahou t ~ IOo O sl ~c ()\ HI -fpe t. iu COIll pa t'isOJl
 
wilh 11t~ !)()!) secollll-fE'E't. which is cst i m ut ed was the a p p roxi mate flow,
 

Other reservoirs, Asstuuiug' that. other re ser\'oirs wi ll be eOIl
sn-ucted as r.i me gops 011 it is poss ibl c th at their coust ruct ion , as well 
as (h a t. of I r on Canyo n \'l'servoi\' , ('f) uld hI' so t irnerl tha t. 1he salt. wat er 
1IH'I 1Hl'.e co ulr! lw ke nt ill COI I1I'o! t lu-oujrh th e nti lizatioll of \nltl'r 
illll){l lllllit'd in l ~xel':-:" of t hat. 1'('qllin't\ ll111'illg t he l ~ arlr dp\'doplll ellt. 
of t he irrigation PI'oj P( ~t s for wh iel. th ey are bu ilt. Th us, if an a rt.i
li(.ial sal1 water barrier is pl'OV l'1I to 1)(' f E'a siblC, and drsirabl r, its eou 
strudion migh f. be dl'fr l'l'rd f or Sl'\'( ~ l'al vears, Ol' unti l it. is no longE'r 
advisahk t o wast « t h« ~ l:-)()() Sl'l'Ontl -rl' d t~stinl<ltt ~d to I )(~ reqllired to aet 

as II untura l liarrier. 

IRON CANYON RESERVOIR, DAM AND POWER PLANT, 

Iron Canyon reservoir, The lonat iou of the I'l~s t~r\'oir is in d ica tl'l l 
Oil P lates 1 and ~ , adjacent to the p roject cOIl::; id ered ill t his l'l ~por[. 
The dam s ite is locat ed at t he extre me 10w('I' pllll of [ron Callyo\l a nd 
inllllE'lliatdy a bove t he larg' t-' i lT i ~ ll ble arPll i ll t h « Sacramento Val ley. 
Vm-y eOillplf·tc da ta 01\ th o dam site, indndillg topography, di am ond 
dr ill records, geologist s ' r ep orts aur] gen era l llisl:ussiolls, will he f'ou nd 

in t.hc I D ~O report. 
Da t a r eln t ivc to the resl ~ I'\' o i r 1I0W proposed a re as foll ows : 

Gross storuge 10 ,,(el'a l ion .!O:i,5 1 ,121,HOO acr e-fe et. 
:-:;t.o ra~e r eserved 10 ('rp alC a mi nimum pow er head of 115 feet :j64,600 acre-feet 
( }r o:-: :.:; 't'ot or a~l ~ uvu iluble f or sn pply iu :; projec t . including

all owanee for eva poration }088e" ______________________ 757.:300 acre-feet 
( Part of th e irrigation r ""lnirenwllts a re ~\l ppli l'tl fr um the 

fJ'( ~() flow of the riv er.)
In stall ed pow er d()Vp!Ollllll'n t. a t t.!1I' s to ra ge dam 110 ,OOOhorsepower 

Iron Canyon dam, The dam adop ted is of th e conc re te gTavity
SE't. tiO\l type, with vort ieal IIpstI 'ealll face a ud 1 to 1 clOWl1fitrell111 face , 
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tile 111 t ( I'I' ~ l o p l' l H~ i ng' 11.~I 'd to J'('dlH'l' f'on uclut ion prl'~S\11'1'''; to t h« pru c
t iea b l« limi t , ' l' hv Il'lll-!,th 01' t h« dam on top is :">] 'Fl fl'l'! , I n addit ion 
t o the uiusourv rln m , tlt (~ l:onstnletioll (If till' so-ca llerl B ell d en ibn nk 
ruent is nce ossarv t o d IN' a low g:ap ill ti ll' r im of t be I'l''i(' l"\'oil' lying 
I ~ mill'S uort h wext ol t h« ma iu da nl. The locnt ion o f t he Plllha n kme n t 
is in dicated lll\ Plat« ~ und th e ljps ig:ll, as nlodifil'd 1'01' use ill t h is 
l'pp OI't, is shown ou Plut o 14-, ' 

Iron Canyon power plant , Ikt\\'t ~( ' n stat ions l :2+ Dti and 15 + a :l 
t lJ(' s('ption of th e main dam is lIIodifi( ·(1 to provide for P0\\,(~I' pl ant 
iustull ut ion. 'I'he re\'i~ed P()\\'( ~ I ' plant con ta ins fonl' 27,;'100 li.p . turbine 
dri\'l'n g'l'll('rator units, (',wh su p p licd by :1 20 -foot cireulal' p eust ock 
unut rn l lvd h~ ' a 20 -foo t h,l' 2ll -foot ~to n l'.v gal e and protcetvd by t rush 
rucks ll ~ shown Oil PIa 1e 1:;, 

Flood control gates. F'l ood eo n t I'll \ i~ pl'o\'id l'd t hrough th e inst a l
lat ion of ~7 10-foot hy 12-f oot h~'dnlUli c opr-rut orl d rum g a tes se t ill 
t h« dum to di"ehar~!'<' into t hv pl' esell t rive r ehan ue l, e:Jeh ga t e b eing 
proted ed by a l ~ - foo t h~' l ~J-1'oot ~tOlJ l'Y irat e located at the upstream 
fa cl' of th e dam (0 b(~ Opl)I'alell ill C' a~c t hI' rlr um gat es , lor any reaSOll , 

!WI'0l111) in op cru ti ve . 

Spillways, To pass Moods bey ond ti ll) ca p acity o f th e flood co n
t.rnl ga t l's 27 large siphons 11 1'1' «onst ructed 0 11 t he c rest o f' th e dam , 
ill a position t o ll ischa rg-e int o the p r e:-.ellt river c ha ll ne L 'ril e ch a n nel 
ho t tom and "id l's , t o a p oin t above est i llJ:1 te d h ig h water su r Ia ce, are 
lined with eo uc r et e a~ a prot ect ion agai u st "emil' of t he J'ock Iormu
t iou . T I (' crest of t lu- s iph on spillway is a t. eleva t ion :HJ~ ,i), wh i eh was 
l:onsidl'rl'11 the nOl'll1al wa ter s urf'acr- of t he rl'sl'rvoir in tl lf ~ 1!J20 report. 
In t h« prvse ut I'l'port cousid(:ratioll is gi\'('11 to the feasihility of iuer ous
ing th e head for d eveloprue u t of l'll'ct r ieal c nc r g,\' hy placing' mova ble 
goa t l's 011 th e spi llwavx, whi ch wou ld be lowered if u ccessarv t o pa,,~ t he 
larg'er floods. :\0 a dll itional ri g ht of wa~' for t he r psenoir is req u ired 
because th e maximum el evatiou of wut c r surface nccasiuner] by <I n 
ex t re me flood is nssun red t he saute as in the [ ()I'III Cr r eport. 

As brought out previously , co us ider a ti on has bee n given to raising 
t h r- normal rese rvoir \nlt er surfa ce to eleva tion 400 and to 40;") .;i, the 
lu t t cr appearing to be th e hcttl)r p lan . That this r a ise in water surfa ce 
mi gh t b e a ccompl ish ed wit hout Ina king' ru tl ica l cliaug'es in th e design of 
t ill: da iu, I he gatc,,; have b eeu dpsigll ed to op erat e within t he throat O[ 
" aeh s iph on, as sh own on Plat es 11 and 12 , Furth er cOllsidpration lIlay 
indicat e t liat a rud ical cha nge in d es ign o f th e sp illway f e atun~ i~ 
d es irahlt). 

I n t he 19:20 ]'( ~ POlt all addi tional sp illwny . \I'h id l m ig h t be cousid cred 
as an e lllp1'g-enc y ov erflow, was provided on the \\'('st s id e of the river 
between st a t ions 40+00 and :;0 +00. '1' he e l'pst of this ovn rflow spi ll
way was at l'!p.vation :l!J7,;i, l h« deva t,ion at w hi ch t he siphons were 
ass umerl to pri me . r11 order to I' ll ise the Ira tel' sudace to ele va t ion 
400, it is p roposed to p la ce ve rt ica l steel shutt ers ~ ~ feet hig-h on t he 
crest . so tl esiglled that , if t h« wa tr-r in t h« ]'escn'oi r r ea ches d evation 
lOS ( G1 fl'!' ! lw low thl' top or tIll) p1ll'alwh Oil th l' d1l11l ) tlw)" will goO ou1. 
T o I'ai s" t hl ' \\'at e\ ' sll l'('al ,e t o " h-n lt ioll 40,1.;>' tilt' d ()"il-!'II or the ('ollc'ret.e 
(,n'st is dICllIl.!t'tl to flr()\'id l' 1'01' the ill"lallatioll of lllo\'ahle d l'nll1 
~ll t !''' \\'h l)s(~ tops, wh cn (,lel'a(()d, wOll ld h e a t thi~ d e\'a ti l)ll ; hut. w hcn 
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Inwerr«] , the erest would 1)( : at 1he or i"'inally proposed r-lcvn t iou o l' 
::!l7.:i. Beeullsfl of spaee occupied by pi ers hct wecn gat es, the oyerall 
]l'llg't h of th e weir would lw increased to lOll Ieet, Desig-Ils of g-ates 
proposer] for iustn l lut.ion on t he overflow spi llway nuder th e two plans 
ure shown on l'l a ll 's 11 and 1::. In a d isClIS: ioll appcaring in rue 
"Aualysis or Co sts" it is showu t hut it w ill pay 10 ru ise t he wat er 
slll'face ill the I'esl'l'\'oir to elPnlt ion +OG.J. 

'I'ht ~ tles ig llpd ea l HI(~ i ty of t ho proposed sp ill wa ys and Mood cout.ro l 
out lets ill cubic feet pCI' second is as follows: 

410 ,;' ,o. , a , I . ,) 'I"" - I 39- - \Eleva tion of water eurfcrc . ___ ________1 _ 

~OO ,O(JO 2lXJ,Ot~)..' .... .. , 200,000 
Hiph o m~ _. . ... . • ... . .. - . • . ~G8 .000 ~H , .iOO~ ;iO ,OOO 2.i 7,liOO!,;!I,OOO 17U,(j()OFI<HJdcontrol gal(l8. -; P,:W() tOl.UOO 
Overflow 8piIlVt ,\) _ 

517,200 
Totals . 

"With t he plan propo sed o f IXlJl (. I ~ in f.hr ov erflow spi llway for no r ma l w~tJ' r sllrfal:c at. ulevut iou 10U thi s quan ti y 

wou ld be ahou t 3,irJOO c. f. s, 

Right of way , 'I'ho proposl :t1 [1'011 Cauy on daHl to xt.ort: w ut ct: t o 
el evation 40:> .;) will ba ck t lu: WCi t(:I' up t h« Sal:ra m C: ll to Riv er to a 
poin t abov e t he t own of Anderson and 11p Cott onwood Creek p as t the 
to wn of Co ttonwood . Th e He\.1 Bluff sh eet. 1.,. S, Oeolog'i c:al S u r vey 
Hel:onnaissauce :Hap, sho ws t he olovn t ion of ~\n(l pr son ;IS 4:\:2 and nf 
Co t tonworxl as 42 !). Thc (:ol'l' eSplllH1i1lg ele l'a t io1ls g iv t'll in Southerll 
Pu cifie {olth'rs a rr: -4::>:: a III I 4:2:;, .:.\ mup of th e l'('s!-'l'\'oir to the 400 
foot eoutonr is shown as Exhi hit 6 of till: 1!l20 r eport. 

'I' lu: proposcrl reservo ir will s ub merue 11 port.ion of th « A nd ers on 
Cottonwood I l'l' iga t ioll Dixt rict lauds and <1l'( ~o['(1ing t o the soi l iua p or 
1he di st r ict ( P la t e :n, on whivl: t he 'lOO-foot eOllto111' Ita" bee n su per 
imposed, ,I largt: part of thl' Cohuuhiu silt loam in the bot.toms win 
I)( ~ sub me rged . ;\0 su r vey of till' 405.3 «out ou r has hecn made in 
«on nc ct ion with this report . JI 0 \\'1'ver , the Stat e D epal'tll1l' n t: of Pub
l ic W orks, D ivis ion of Ellg'iuperillp: a nd Irriga t ion, ma rle all rst ima te 
o f t h« va lua t io n of lnnrls and illlpl 'OI'enH'nts nuder t lu: ,105.') con tou r 
in r-ouneet iou wit It 01.111 :1' work, u url this est imate, iuod iflccl t o inc lud e 
maririnal areas. is in cluded herew ith as P r elimina r y Est imat « ' 0 . 1, 

E stimated cost, 'I'h e l's tinw t cd cost of Iron Cany on d am. B eu rl 
('Illbankllll'n t auc1 1.1 1(' jlO\\'['1' plan t a t t he clam is shown i ll Prcl im iuarv 
l'~s l im a t p No, ~ , while t lu: ('~ t i lll n t l'd cost of operation a ucl umintena ncc 
of the pOIl'I:'!' pluut is shown ill P I'e1illl inill' ~ ' Estimat e ;\0. ~L I n 
1':sl ilJla1e Xo. ~ t he quu ut it ivs HI'I' t he same a s used in the l!)~O r eport , 
I'XCI 'pt 11'1]('1'1' ehHng-I's II'P l'( ~ mad e necessary b,l' ch an ge ill l ite plan. An 
effo l't has been made t o r l'l ' i"I' t he uni t cost in all cases in accorda nce 
with present. prie('s and lat est in formation as t o r ecent l'OSts on s im ila r 

canst r uct ion work. 
Construction m aterials , In t.lie fm 'mer osti m»te it is s t ated the t. 

sa n rl Hm 1 gravel fa !' the eu ns t r uct ion of the darn can be ob t ain ed from 
pits 10cat('11 on t lie rn ilroarl , three or f our mil es di stant from the 

rln III site. 
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DIV ERSION WORK S. 

D iver sion si t e . The poin t. of lliYer ~ ion for th e p r oposed Troll 
Ua lly on 1 w lin e :'!'il vi t.y canal a n d 1'(' 1' t h e r ed Ban k p ump l in e 
is on t he west bun k o l' t he tiacra lll<'ul 0 R iver , ubon t I lOO f eet sou theas t 
of the nH)lllh or H eel Ha lik ( ~ n· ( ·k. B:' l'l~rel'c ll('e to L' Iuto 17 it will 
he n olcllthat t he pr o pose ll diver. ion d UlI l is locut cd Oil t lie outsille of a 
10 Tl", .-weepin g curve ill he river lI 11 d just holow the hl n!T,.; on wh ic·h t lw 
eit: l' It ed m llff is situated. 'l' ho blu ff of induru ted clay, g ra vel lIIHl 
I'ollg'lollll'ra t e, form iJi g 1he r Id han k o f the f'n c l',I\lWll t o an d 1he north 
bunk of R ed H a n k ( ' \, .k . 1'l's is l' t'\'os ioll well and h olds th e Sacr a
mcnt o Rivo r i ll the smuo el; illl n f'l I h rou g l:ont t he ye ar, the re be ing li ttl e> 
da n g er of the ri ver me aIHl(' r il l" aw a: f'roin th e can a l h enclworks . T he 
t op og'r a phy in t h o inun ed h tc vicin ity of t he dive rs ion d a rn si t e an d a 
1~I'OSS-scdi oll 01' t he r-i ver I'h , l lI I H~ l arc show n on Pla te }G, The «hnr
uet er of t he .ite is imli cut erl in pholog'l'aph>(' A, U a nd C following the 

r! 'pOI·t.
'I'he r iv er a t this point is uhject to a fluct un tion of from 25 t o 30 

fect , b .t wecn lo v wa te r a nd ex t r ome flood 5t age, wh ie h rcqn ires 
com r>11rn ti v' ly ex ] eus i -c he acIwol'k.- an d th e protedi oll o [ th e can al 
ag'a ill -t 1100(1 ' , T he probl III is eo m p licat c(l 1)(' (: ;l 11S(' o f the necessit y 
o r uuilrlin g iL d mn th a t wi ll di \'t' l't th e I'cqu il'rrl amou n t o r water i ItO 
t he ca na l. nntl at the s a llie t im e will not mn tc ri nllv r a ise th e water 
surf'ace el(~ vatioll in the r-iver at. Ilood ruorc tita n it. r i se: under p l'ese nt 
eon d iti nns . The WlI U ' l' s ll l'f ace in th e r i ,' ( ~ r at low st ag e under present. 
«orulit ions i · at nhout Elt' 'lit ion ~ :. I :i, w it It t he l' x ll'eme p ossi bly a 

!'oot lowr-r. 
P la n considered, E.- Ii iua tv- "'C' \'l' p l'cpar ed fo r a d iv m·,.'ion d am 

t o raise th e wa t er .u r f'ace in t he can a l t o B lcvll t ion 2 ;JO. an d f or a low 
weir aw l in t ake snucuu: tha t \1' 0 111,1 d i '(' r t at th e low vate r elevation 
of 2:15, I n t he former, 1 vo iluns WCI 'C co ns i lcre d ; the first to p i-ovid e 
f or the (liYl,r.-ion of ; ppl'o:.,; ima t f'ly :j:lOO se co n d - [ l ~d of proj ect irriga
t ion wat er only , a n d t h e se cond t o pr ovide fo r dive rt ing i\li40 seco nd
f'c I. of wut , I' f or usc in the el e\' e!opliIl'n t of po wer a t t he . Ioone y I sla n d 
power p la nt, ill ii' d it ion to th o irriva t inn wu 1'1'. T he larger di\'el' ting 
eajlllc it y is p r ovid ed for s im ply h.' iucr a ..s in g the number of h ead 
ga fe~ in t he canal in tr ke .t ruct n r « .uirl eor l'('s pcm rlillg-ly inel'ea.-ing the 
leng th of th e ..d uiccwav floor . T he es ti mates r e f'e rrer t.o a ppear a , 
1 I'eli m ill a r y Est imates • ' 0 , 4, No. Ii and No, 7. As d iscussed under 
" .t. nulvs is ut t im utc rl costs ." a study in dicat ed th a t t he r evenue t o 
he ell'rived t h r u gh t he .'n le of pO\\" '1' d cw l oped at th e 1I100n ey I sl and. 
pow er p lan t m or t h 1 offset Ih(' gT('a l ei' -o st of bui lrl ing the rl i\' ersion 
d am to rai: e he vt t el' • urIace i ll t h e canal to E lev a tion 250 n d 
in crea: i n~ th e size of the ean nl to inelude t h e water fo r p ower de v elop 
iu en t . A el' or d ingl y , r eli \ll in a ry (1 :i1!l1 vere p r po sed on ly fo r w h at 
is considered the better p lan. TIll' 'C a rc shown on P la te s 17, 18, 1!1 

and ~O . 
P lan propo ed. T .. ( ive r: ion wo rks p r op osed <'I r e jn a ccordance 

w it h u "lIa l prllct.i I~ . con:i.-l in rr of 11 d um aero<; :,; t he r i ve r, a sl ll i c~ e\\'n y 
at on e en (l awl a l ~ l\Iw l iIl t.a1\: ~ , t r ue! u rc so UrI', n~ ed t hat. the flow into 
t hl\ ('a n al i " .,L r igh t a 11'-14', t o iliat fh rol1 !d l t Ill' sl l1 i(:ew a:-' , 

l . o t i r1l ~1tlll f\fl in IH"int cd 1" port. F il lI l ~ on file in o!lke ()f th e Co trlln issiow': I~" 
Bu r eau () r r~e~l ::lma tl nn . 'Vll~ lt i ngton . 1) ( .. 



1~() 

'I' he d .u u ae) 'o~s t h r pl 'ps ent main rivor ch a n nel is of t lIe open weir 
(y p<' . u ti lizin u rnll cr " a t es si mihu: to t hox« on t he (irall(l Hin 'J' clum 
ill Co lor a d o, 'I'11 (,1'e <In: Iu n rt eo n 01' t hr-xc roll er I!at es , ('a(:h (iO ['epi 

IOIl g- and 1:) fpet .j. inch es h ig h , ('<Il'1'ied 011 !:Irg-l' pi ers a ud n ui k im; 
('!o<uJ'e on a low conc rete weir P rotect.ion aga iust flow t.hr ough the 
suurl , gTa "l'! and ('o llb ll' ;'; u pnn w h ich t he dam is fu uru lvd is secured 
t h rouvh l lu- USl' o l' ,I d eep «om.r et e cu t -off w.il l a ml timber s h e et 
pill'S , it bl'ing' a xsuun-r] 111<1 1 a p ercolu t. ion f; i(:l o1' 0 [' () is a ppl ieuble to 
111/' Fou ndu t iou m.n cri nl. TIIP g'at ps <II'P o peru t orl by p!Pd l' i(' a lly 
d ri veu ho is ts IO(:llled Oil a lt r-r nu t e pie-r» , rhei-e being' II hoist fo r each 
goate. Whe n 1he gollte is rn ised , t he el evation of t he low es t p or ti on 
anoss t lu- \\'III('rway is :!(ili , ~ fj, or approximn t e ly .j. f pd , above th e 
«levur iou 0[' hi~.dl('st rc corrl cd w a t rr sllr[aep, \Vil h the al TallgPlllPllt 
sh own , suffiei ent a rr-u is prnvidorl t h a t t lu- wu t r-r snrfu cc ill t he hiuh 
pst Hood 0 I' )'('I:()1'11 ( ' .~ t iilia te d 278,000 SI'(:Olll!-f'P Pt a t Heel HIu 11' 
g'a ;.:'illg xtnt io n ) wnul .], ;1(' eol'llillg to e.a]l'u l:liiolls nuul o, be rn iscd 
0 111\' abo ut o ne f oot uh ovc tli c e1l'v <l1 ion under I\Ol'l1l 111 «onrl it ions. 
1' hi· const l'l ll:1ion of' th e d <lll l is mod ified a t t he sout h ellll t o make 
po~sih l( ' tlu- u t i l iza t iou o l' t he tI\ 'O 1'0 11 1'1 ' ga t es n ea res t the euna l 
illt ak(~ as sl u ice g'a l('s, , \ Jigll t. steel opern t in g b ridge is provided 
IW I'OSS Ill<' d lllli un rl iI fisliwa,\' is ('ollst r lll'tl'(l i ll t li'p \\' IIlI of Ill e past 
a hu t 1t 1(' 11 1, 

Canal in take. Th e 1' ;1 11 ;11 hl·a (!\n ll·l, s (:a ITi(·s te ll 1 ,) -I'(~d hv 'l l -t'ccr, 
top sealed, e leet r icnlly opr-ru ted, rad ial gates to control the flow 
iuto the ca nul . Oil 1I(' (' (lU Ilt. or t h e h en \T exc a va t ion fo r the ca nal a 
surull loss of hcad a t th e iu t a k« is d !'sil'1lblt· . and couseq ueu t lv the 
;,!'al p Ill ' a s a l'l' ma d e 1-!-' l' lll'rOIlS wi th a !'psll lt ing' Yel ocit,\' 01' on ly 4 ,;) 

fel'! Jl l') ' Sl' ('Ollll t iII'011:..d l t h e g'a t!·;;, TIl l' ve locirv of npprnach al'ross 
1lip s l!til'eWII,\' is abou t :! ,,') i'rp t 1)('1' speouel , T Ill' br id g'(' a el'oss t he 
iu t nk e xt ruc t u r» is l!psig'll l'd to pr -rrn i t. pas";,lg'(' or a \\' ag'o l1 0)' truck . 

Pu iping plant f or Re Bank pump unit, 'I'h« l'11l1 tjl illg· pla n t so r v
iiur the Ned Ba nk pl llllp 11l1i1. wit h a normal «upaci tv of ;l7 l 
s('e ol l<l- I'( 'pl, is bu ilt inl l';.!'rnl wi th t he ura iu ('anal h cadworks, th e 
plant Iwill;.!' pl a(:('(1 i nnu erliun -ly lun-k of t h e \\'pst g lll P of t he intak e, 
.\ wa ll is bu il l i ll I'rnu t o f I hr- pla n t , wit h it,.; top t wo fppt be low 
nortu al water sUl'faep ill t li« ca nnl . so that water pass ing this 
g'1It1' in l'xePS, of t hn t I'('qllirpt! to sllppl,\' t he p umps will ti ow on 
in to t h« ('lIlla1. Proyi s iol1 is IIlnd( ' fo r plaeillg' s lo p pl allks aboY(~ t hp 
wall so lh ;d tlll' plllllpill g' pl:l llt nnd ( ~<lna l ('<In Ill' o(lp rnt l'd illdl' penll 
l' lIt l,\' , 

arth dike, On tl w 11ol'th ..idl' 01' lh (' l,jve r , east sidl ' of t he YaUl'\', 
, I (l ikl' i,.; I'l'ljll irl '(l nl'l'OSS th l' 0 \ '1' I'f! 0\\ ' eh:JI llwls to h igh gTO UllC ], 17,0()() 
red to jlil ' UOl't h l'as!. t o pl'(;' vpn t wHte]' p m.;s in g a l'O Illl<l thp pud of' fl iP 

" ,Ull a) 1l1 1I 11l1t'l'lll ining' tht' nhlltllH'ut, T hp dikl' propo,-.;prl has n lOp 
\\'id th of 10 rpl'1 j : -t o-1 upst n ':l11l alld 2-to -l downst ream slope: ; ' !TId n 
Iliaxilll ll1l1 iI( 'igiIt o j' allolll :\11 1'('('\ \ 1'11(' 1' ( ' il dalllS a s lo llg'h , '['lIp top 
01" t ilt' di kp is III \ iiI' (,I" \'liI iOIl 0 1" till' 1'01\ "1 ' g'lllt- p it'l's al till' (la lll :lIld 
I'is(·..., (Iii ;111 (' \ '( '11 s lol'" 11111 il il 1'l ';ll' lll'S IIll' ~ H' foot ('01110 111', :\ 0 I'Oll d 
\\." ," is I'I'olllls "d on lop 01" n il' dik( ' , 

Effect 011 lift t o Red Bank pump unit, 1\ sli onl(l lll ~ uoted iu 
p"s.-illg' tha t lh l' POUsl l'lll'lio ll of' thp di \'(' l's ioll dam 10 I'aist' 1hp \\'H 1PI' 
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surl 'a r:c F l l'eet w ill resu lt in a n 'dlle tion hv t hat amo unt in t.h« hl' ad 
a~!'<linst whi ch water mus t Ill' pum ped to t il!' J ~e d Ban k pump un it. 

Const ruct ion materials , ~a ud H ud got'a vr-l fo r concrete st ruct.u res 
ure avai lab le <it t he dam site, 

MOONEY ISLAND POWER PLANT AND WASTEWAY, 

Head availab le , J\ S iud ieut vd on Pl a tc 17 , t he M oon ey b l<lll ll 
po we r pla n t is loca t ed a t a po in t II'h('I'(' thl' \Yest Side lo w l ine ea ual, 
ill sk irting' the ov erflow bottoms, app roa ches very close to Mooney 
ls lunrl S io ng-h , a lso kn own as Illes Cree k. H l'twecn t he d iversion d am 
an d Moon ey I s land S loug h , th e S ac I'a me nto River drop s fa st e r t ha n 
do cs the canal. This d ift'erenc« . a llLle(l to the Hi-foot. raise in wate r 
su rfa ce at. t he di versiou du rn. r esul t s ill a head of abou t ~Jl fret avai lnble 
fo r pOWCI' (levdop me nt a t :\I oon (',\' Is la nd , as sh ow n on P la te 22 , 

Power plant, Th e pr-cl imi nurv d esig'll of t lre proposed power p lant 
mill wa ste\r ay is sho wn all Pla t e 21, ' l'ho po we r p la nt. is so loea te .l that. 
t he in take is d irectly 1'1'0111 t he ruuiu c.mn l, th e flow to t he plan t hci ug 
co nt ro lled h,\' fu nr l'-)-fel't. hy 12-fed radia l gate, ' with gate sill set 6 
feet above t hI' floor or I he l'anal. Th(' power installation consists of t wo 
;"i200 h .p . unit s , prot vct crl hv t rush I',ll' ks in lIw Forebay W at ur p assin g 
th r oug h th e p la nt. wil l d iseh a rpe dil'('cl l,\' in to.\Ioo l1PY I sland Sl ough. 
1t w ill be 1 l( ' C l'~~at-r 10 do so uu: dredgi ng' to til e r iver, a distance of 
abo ut 3fiOO feet , to p rovi d« s uffic ieut capac ity f or t he disposal of t he 
tai l wa t er, normal ly :1640 second- feet. 

W a steway a n d check, A t Olll'-b a l'l'pl siph on spi llwav an rl a ( 1J1'(~ l' 
hnrrel s lnicewu v of ::1750 and 112,) seeoIlll -fed ea p ucity, res pect ively, 
, :I'C p r oposed f'or the p rotect ion of tlre ca na l. 'l'Iresc \\'a st e\\'ays ar t' COIll

h iu ed w it h a ch eek st r uctu re . loeatf'd abou t :\00 fp(,t below the power 
ho use int ak e, l u t he check st rn ct111'(' a 1'(' [o m ' r a d ial gat l's 11 feet. wide 
by 12 feet h igh . which se nt' to eu nt 1'01 t h: he ad a t. t he power p la nt 
above a nd t h e flow int o t he irrigat.iou canal bel ow, Estima tes of cos t 
a ppea r in Prelimiua rv E st.im n1ps N os. R and a, 

Construction m aterials , It is ass u med t h a t sand <J1l ,1 g rn v el f or 
«oucret c w ill have t o he h a ul ed l~ in iles . 

Construction prog-ram, If the proj ect. is built , cons idel'ation should 
be g iven to tho: eo nstruct ion firs t of t he di versio n da m , M oon ey I sland 
power p la nt. and t he 4 ,7 m ill'S of can al bet ween them fo r t.he purpose of 
g'enc rati ug' power Ior use in (:Ol1st l'lll'tion of t he I r on Ca ny on da m, 'I'hc 
ca nal hl't wcen Ow llivc 'r,; ioll d am a nd p o\\'e r p la nt h as a sur face a r ea of 
approx ima tel y 100 acr-es a nd in itsel f will serve as a regula tor of the 
Huctua t.iou in d ist-ha I'g'(' t h i-ou jrh the power p lant. 

MAIN CANAL. 

( W es t S id e Low L ine G r a v it y Ca na l.) 

Basis of su rveys a n d estima tes , .\ t t lu- t.ilIlt' t ln- Irll'a1ion xu rvuv 
1'01' t ilt' nw ill ('a lla l Il'a ,; s1<I 1'1l'd il w as d "(' i,k rl to 11S(' 1,, \1' ",a tt']' level ill 
t lu: l'i l'l'!' <II l l«- 1llOIIIh or HI'r1 !:<llIk C rt-ole ,1,;,tI\l' t' lpn It ioll or w nt er 
'< 1I l' fHlT in t ile eu ua l at d i vers ion , 110 xl lid it's h ' '''in g 1>t'('11 1l1i1 (l e at that 
t irue as to t ilt' r clat ive ('ost ,; w it h nnd wi thou t a d ivers ion d am , T here is 



122 WN!' F.H RESOU RC ES 01" CALIFon l A, 

a d iffc re nce, th erefore, of J;""I f eet. between the levatiou of the line 
ur-tuul ly s l1l 'vc~,p. ( 1 and that of t hc p robable locut ion between t he d iver
s iou dam uud xl ooncv Island power plan t. No at t empt has been made to 
d et rm iuo the peo ll olll i ( ~ a l II~,( : of t h is ] ;) feet , It mi ght be uti lized for 
d e \'clup illg" se(:onchll'y power a t a d rop Ilea l' t he M oon ey Islam power 
pla nt if the llemalld 1'01' t h is l' lass of power should occu r in t he futu rc ; 
it p art of it m ight be l1sed t o i ucrcnse gr ade , t he reby r ed ucin g the si ze 
of cuu al secti on; or it nUIY he nd visa hle to hold tho cana l lip, mak ing 
th e 15 f eet drop a t. some poin t as I'm' sou th as Com ing, 'I'h is shou ld be 
considered in the final des igHs hilt. th e ac companying est ima tes based 
upon th e loca ted 1in e, a1'C del:lIll'll sufficient for t he pu rpose , 

Profil es of th c li ne's IOC11( p(1 an: shown on P la t t) 24, act:omp,llly ill g" t he 
r eport in r oll form.' a "key " t o wh iel: will be f'on nd on P la te 23, 
Typi ca l ca na l cro ss-spe! ions and hydruuli c properties are shown on 
Pla te 25 . 'he osti rnnt ecl cos t of t h« ma in ca na l is g ive n in 1:' rel im inar~' 
Estimate No . 10. 

'I'h c ma in canal was JOCIlt ell Oil rel at iv ely fla t g r ade s in order 1.0 r each 
t h > in igahle area with as sh ort II ca nal as possihl p, si nco, at hest , the 
Jlr o.i( ~d is " CI'Y long: :IlHlIHll'l'U \\' , A g'r llc1 e of ,00015 was adopted for t he 
ent i re l ine, w ith th e exce pt ion oj' t he 4.7 mil es between the d ivers ion dam 
and Moon ey I slan d po wer plant. wh ere the slope is ,000075, for t he 
reason tha t this g r ade ap pl'a r e{l to meet t he r eqnir em cnt of t he studi os 
or .ilt em nti vc proje cts ill wh ich the area includ ed m ig-l it be locat ed 
farther south than in the proj ect rr-port cd upon, more nearly t ha n an y 
other ~Tade 01' -o mb inatio u of g't'llllps . Fu nds availa ble fo r t he in vest i
g-ation have l im it ed th is report to what seem s to be the most ecouomical 
p roject ..o n the west sid e of Sn el'<lIlH'n to Valley with divcrs ion at R e(l 
Uank :l'cek 1l0 Wl )VCl' , additional st ud ies 0 1 alternative plans should be 
mad e to d et e rmi ne the lucnt ion of the a r ea wh ich could be served mo st 
l'l:onomicall~' I rom Ir -on Cunyou rese rvoir. W ith this in mind the survey 
of th e main l in e was pxt ( ~ n cled as fur as P utah Cr eek as explain ed under 

"Survey s.' , 
'I'he cost of lining' the mai n ca nal with conc rete is relat iv ely hi gh, and 

although the est inwtes were basptl upon a fu lly-li ned ca nal below 
Mooney sla nrl power plant , it ha s been assumed th 1.. this in vest.ruent 
mi ght. he defcr l'cd by operat ing t he (:an111 unl in ed f or sever al yea rs at 
about t wo-th irds of its eapaeit? lined. Dniltl ing unlin ed canals to be 
li ned at. a Inter (l a te works ou t well on the Orland p r oject, "here t he 
f(Jr ce wh ich o IH~l' a 1 cs t he di st t' ib l1t ion sys te m d u r ing the irrigation 
sea son i" used on the conc re te l ining' work du r in g the winter mo n th s, 
t.hus keep ing' the ol'l!lIlti zatioll intact . D it ch r ide -s ser ve a: fo r em en . 
U p on the assu mp t.ion that l ilting- nia v 11e de fc l'!'ec1 , t he canal fo r the 
first 70 mi les of its len srth was rlosigucd to gi ve a velocity n ea l' t he 
maximum safe veloci ty for the mu t orial in which it is to be bu ilt. 'l'hc 
result is that t he vcl~c itic s for t he canal wh en l in ed a re r athe r low. 

elo w mi le 70 the sections were de sig ned to give water d ep ths between 
one-third and one-half the bott om width, r esulting in unu ua I)' low 
velocities . A cl eeper section would prodnce ig her velocities and th er e
for e less exca vuti ou and con(~ rcte l in ing , hut , u pon the other h and, t he 
('os! of (:!I peks awl t.nruou ls would be ~Tea l ( ' r . H nrl a p rojec t been 

• P in to 24 o f p ri nt ed r"!Jor t co mll ilc,rl f ,.'nrn origina ls ( S. V . • 4: 41·D-116 ) . s u bm ttted 
h y W a llt " r n . Yo tmjr t o the Bur ean nf T:ec larnation, .l u ne, 19 2fi. a nd on fil e In Its 
Den ver office. 
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a Iop te d Jor st ud y , incl u l iu e n o p u mping , or h d one been ad op t d 
in wh ich la n ds ill t he viein ity of \ "ood lnnd w ou ld be su p p l ied by fl 

rr nv ity ca na l d ivcr ti u g a Il ed B a n k re ek , the wa te r t o be carried 
nl a ny po in t a long- t he (' II 11a l would have 11('(' 11 g r ('nter, w ith a r esult in g 
i ll e rl'lI ~e i u velo city. .A s t udy or th e ecollom ic bu la uee of g r ad e aga in st 
l ' !' OS: _~ ,(·t ion 01' ('a na! i· one which m ust he m a d e before fin a l es l ima tcs 
are rn· t :pa n ' t1. It is p ro bable that s uch 11 s t ud y will in dicate t ha t t he 
,i(lo ptioll of u rudcs a wl sl'd ioJls oth er t hn u used in t he p r el imi nnry 
-st im ates w ou ld r es u l t in 11 sm a ll suving' in the pet' ac re cost or the 

p roject. 
1.' 1' 0 111 ,\ Iflom :.' Isla ncl ( stat ion 2 :i ·~+ : l : l) to s l a t ion 4!),i"li +OO, a ber m 

is p ro v id ed 011 t lie r ig- h t , 01' u p per s ide, w ith slope above at one-h alf to 
one i f in cut . T' h is be r m i. for COil. t ructi on p m -poscs onl y , an d is p ro
posr«] I'ot' use ill eon nect ion with l ining or the ca na l. ome econom ical 
me t h od 01' p la ei iu; t he ou t.ir e till in g' l'rom t he left La n k m ay be d ev elop ed 
l)t.fo r e or Ht tll (' time o[ C()II , ' ! r :ll\! ion , which would ma ke t he he i-m 

11I1l1 cr, ~ a1'V ,
 

I n (w d!:!" t !la! iua i ntc u nuc e o[ the enu nl m igh ! be h eld t o it m iuimu m ,
 
i t was Iceided to n l is ' t lu - wal ('1' 11' '.'(·l i ll 111(' ('allal not more than t wo
 
[('('I a bove g rou nrl , 11 1' 1':,(>(\ on f,li l'I," level «ou n t 1',\' an d ho ld it a t
 
~ 1 ' O ll l ll l surfuce Oil :-; tc l\pl,' j Op i ll ~ or . id(·hi ll la nd . l" l'om near mile :15
 
to milo HY l ite locat ion of tile ! I I' 1)( s(',] -a n a l p ar all els the m a in canal
 
o f t he Ole n n-Colus» Irri trut iou Di ..ni ct a t fi n elevati on about 40 fept 
It i~lt e \' t ita n tho co nst ructc d I\a nal. T hi s is con s idere d 11 ver y good 
rr-asou l'nr pl;ll\in g' t h J!l'flpma'd c.mul well in t hc f! -ou n d , ,IS ,I b r eak in 
Ihe I ro n Ca nyo u can: I vouhl j(\op anlize IIHl (J lcn n- Cc lu sa ea n al. W ith 
a c ()nc \'(~ l, ' lined ca na l t he wa ter ,' lll'f acc in fa ir l,' Ilnt country might, 
wit h . uIct y , !)(' r ai sed t ;;,0 [pet above t he g'l'o llnll le vel . B et ween 
"ta l ions ' 1'(,'J+ OIl a w l 20-!-:') + 00 n c(I1l Lpal'a t in'ly d eep ca n al sec tion was 
a (l op i l'd 1u sa n ' Oil cXe' ll,' nt ioll an d concret e lin ing', as t he l oca tion 
br-t v 'en till'" poi nt i. gcnr-r ul ly Oll t.eep ly slop in g country an d as 
th ere is no "' I' a \'('1 for f:OIW I' Pt P n" g l'<' ''(1 te lx-tw een , tations Hi 2G a nd 2045, 

Excavation, Nort l: of S tun .!' ( '1'(\::k t h o «oun t ry is r a th er r ough 
lo pog'1'a phi( :alI y 1I11 f1 1llf' eX1'1 ' ,I t ion will he in gl'five ll ,\' snil, it br ing very 
Iikc lv t luu oee lls inn»l ha rd st r u t 11 ,11I d cemen t ed g'l'a vl'! wi l he p11C01111

kn' (l. Bet veen l Oll," C reek (' ro ~" i ll g' un d m ile 70 t1 1 E~ ca lla ] is loca te d in 
f'a ir-lv II' ·d eo u nlJ', ' whe r t he d i ~ i-!,'ill g s hould he easy, From m ile 70 
to abou t lf1. , where tIlt ea n nl sk irts the fo othi ll. p nr ul lol in g the ll lenn · 
Co l I 'll ca na l. the oxeuv u t ion will he in rol line e 0 1l11IJ'v wit h so me 
1 1f' ,1\ ' ~' cut s. ROll i h of mile 108 t o t he enrl of t h e ca nal t ile con n t r y i s 
s moot h nn .I (l i ''l'g' i ll ~ sh ou ld 1)1' I' llsy. No d ifficulti es o f constl'uetion a re 
f' x fH'e! r( , h ut. II: 110 t l's l pi t .. \\,('1'( ' ( lt l ~' t u a,'c r tai n the ch a ractpr of t he 
II L:lterin l hr.vond t l1ll t ob s( ~ r'.'('(1 iu cu t. brl lll ' , fi nd , ' cHva tion s alono' th e 
l in('. lin el a ~sin f:n ti01l \Vn lltt em p ted , It h as IJePll lls: lIlncd in the"'esti 
m;ll e. , howeYl'l" th;! 1 nil' 1I11it (\.( ,·t of t:Xt'Hvat ion n or t h of ' tOll\ ' Creek 
will bt' mntel' ill11.v 1ll 0l't' tl lan 801111i or t lw t c ree k. Est.im ate a ;'e based 
n pOll 11 [(: 1I " ( ~ o f' dragli ne e. l\llva t nr s, 

Special considerations, uppe r 4,7 mile of canal. 'rite l\anal be t w een 
1hf~ d iYl' !'sj on d mll a lld _ l oOJH' , ' r ~l flnd )(l\r ('l' p la n t w ill h e of u n usual 
prn pn rt iot lS, ;,lid a ' Ihe (ll,..ig'I11 'tl wa l p!' d flp l h i .. 1G fed t lie bottom of 
Ihe (';)lIal \\' ill h.. SP\'I'l'n l t" 'f't. helo\\' t he g round water tahle elm'inn' 
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t i rucs of Ili ~' h \\'a f,' r in fi ll' river. The ca nal will be loca t "d ill g l'a \"(~ Il ,\ 
m a t eri al. awl t he 10\\' 1'1' ca na l hank will xerv« as it lcv o«, 0 1' d ike. 
10 prcv r-ut t he r ive r fr om br eakillg' in to t he ca n al . Un de r the'ie eon
rlit ions it is d oubt fnl if conc rete l in iiur could be suftie icn t.lv weep ed 
10 p revent d isplac e ute u t by ext crnu l prCSSUI 'l' , A t t c n t io n is ca lled 10 

i lu- spet ioll and hvd ra ul i« prnpo rt ie« of this p o rt .iou of the ca na ], show n 
nn PI a fl · 2:i , 

n~ , l'e[ l'rCI1<:e to Pl ut. es 2 and 17 it will he not ed t.hat abo ve :'l.ooJley 
Isl a nd t he canal is SOIllC di s ta uce f rom th ,' r ive r ch un u «l. Th e \' clo ('i1~ ' 

of the' cu rre n t alo llg t h« rivei- sidp of t hc di ke call IIp\'E' r be a seri ous 
cous idc rat iou Oil a('Collllt o f t he 11(.'a \',\' gTmrth or t imb r-r and brush 
lx-t.wot-u it a mi t he r ive r. j \ 20-f oot !'oad i" piov idr« ! on t lir: cuu al ha n k, 
jus! hehi nd the dike, fo r u se during co us t ruet ion , and Iur lI S(' in 
OIH'!'atillg' and iu aintu iu insr t he en nul. The dike will probably be 
hn ilt , wit h draglinl''', The ;"i- foot. tn p widt h shown is Ior 110 pu rpose 
nt lu-r t hau to prod uco a suitabl e t hi ek ne-« of bank at. high wut er l ine 
wit h t ho s lopc« nd opt pd , l :ll ,kl' lhp «nnd it ions it is p robable tha t t lu
t'rppb01I I'rI S!IOWll is eOllsPl'\'n1irr', xinc« it rr-snhs ill 11 lev ee whose 
JOJl is S f,'c! above 11 flood wh ich hi ls occurrud on ly OJ1l:l ~ in 1h irry )'1'111''' 

or m orr- . 

Canal lining', Of t lu- r-nt ii-e lcnuf.h of' 120 m il es of t.lu- urn in ea uul 
it is proposed 10 ulr im u tel v linn w ith 1 :2-J ::i p lai n eoucrutc all but 
th e -l.? miles he( ween 111l' diversion d am and , I OOIl t' ,\' IS];IIl<l power 
plant , F' 1'0 II1 s t a t ion ~ ,-) : l+ : l : l t o 287 f;+20, wlu-r« (h e se ct iou ha s a 
hot t om wid t h of 2:1 fe(' t und \ \,,1(1' 1' d ,'plh of n,7 1'('d , to ('a IT." ]4S,) 
S('I ' OIIl ]· fr,d . (Ill ' lin illg: has be- n IlI<ld(' 4 iucln-» t hick , Below ::it a tiou 
~ H7 b +20 t lw t h ick ncss is r educed to :] inc he s . 

It is possible that ill ,:ertn i ll a n 'ns. wh ere 11w heav ier cla,\'s uml a,lobes 
H I' , ~ enco u u t erc d , it wil l n ot h e IIl ' CPSS :!I'." t o line th e cana l. <IS sel'pag e !lIay 
Ill' ('x l)('ele<l to b e O\,(~ l'eO IlH' b,\' r h« natural s ilt illg- o f th e ca nal, a n rl 
ceonomv III ig-h t rr-xn lt hy ('n la l'g'iII;! nre ('<IlIa I ill 1hesp a !'t'as I' Ht he I' t hnIl 

to l iu e it, 

Structur es, Est ima t es are ha sl 'd upon (he uss u m pt.iou tha t all 
can al st ruct u res will he o f the hig-hest typt, of concre te and stee l eon
s t ruct io n , Alth ough ca nal s fructu n d" H\\'illWi a n: not in clud ed in the 
report. prel irn inn I' ,V d es ig'n s \\' Cl'l ~ pt' plHl l'ed ill skel <:II Iu rm l'o r nse in 
,'st illwting' qua nti ti es , 

Siphons, S iph ons to "Hl'l'~ ' th e c a .na l u ntle r st r c a ut b ed s uud wat.e r 
(,OUI'S('S will be an l,xpensi \'( ' i t em O!' coust ructio n, rille 1101. only to the 
l a l' ~:!'l ' u u mher rcqn ired , hut also 10 t lu: sha IlO\\'lH'ss of t i le chn n nel« 
\I-hid! are Pl'opol'tiollalply \r id e , 'l' he prelim inurv ('s t i lllCl t!'s in clude 
ll re l:Ollsj ructi on of 2n s ipho ns nt l iI l' f oll ow in g' ,:n'ek s: 
( ' O ,\ "o j c' ( ~J'( ' ( 'k ]{i ee C l' P I ~k I f ll ll t l.' n ..: n"pp! .;: 
O n t, ( ~ I ' l' l' k l ~ l'a n e h of l-: i e l ~ f'l"llp k 1o' lInkB C ree k 
(~ prh el" Cl'p{'k ~ t" on ,\' C t'pp k ~ t one Corra l Gre ek 
Eldpl' C I'l.'pk :\' 01'1II r-'Ol'k " 'illem ' C re'ek F r esh \\'n tet ' (' r el' k "itso II~ fr' (' llIr" C rl'l'k (' rp'-k :-;" It (' I (,l' k 
' 1'1Io 11lPS ~ I ' ('p li ~ · hf · t ~P ( 'o rr .. 1 ( ' )"1 , (, 1\" S pring Crt ~d\ 

l:ott ~ ~ r-c." , · k :4otlf" IIf ' r l lt ll ll l' S l ·' I"l' lu 'h ( 'r tloflk ('Ol' ( ina ( ~ I'p f-' k 

~d ( :rel'k ~ lllll !l of ThUIIl l' s J: "" nd l .'o ll l h (o'"l'!, \\'il ~ X II I"11I Fork ~n l ill C l"pl'k 
::41 U l" I ~ t' I ~ ~llll t li of ' 1'IHIII1I':-; Ill\\' ~ : II )(I C I · t~ I 'k 

l 1h I ; r"" k ~n ll l h " I' Th oml's ] .o~a n nn·"J, :-;!Ionc ( I' t' " k 
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'1'1 )(' l y pi " ,iI dt 'sig'll illlo pl('d l'Olls ist ' 01' 11 0111', I \\' 0 or Illrp,' l' i 1" ',lilii 1' , 
!'pill fon' l'd (~( IIH' n 'I (' . Ila lTI'! sl 1'11( ,1 111'(, i1( ' r oss 111 " ('l'I 'I,1, r- huu uc-l. wit l: ih 
lop lnu-it-rl i111 0Il t :: I'P<'1 11(,10\\' 11)(' (',I'( 'pl\ ho t t ruu . .\ 1. ('i1('11 pll1l t h« 
t ru nxit inn 1'1'0111 til l' " i1 na l S I , (' 1 ion to I h" s ip hon lia rrr -l is lIIade by 
ut ilixing ( ' , IS,\' I' ('\' P ) ' S ( ' «urves ill t lu- 1'0l'l ii of a he ll mout l i, t he hol101I1 
droppi n ~' a s Ih" ';"1'1 ion is 1IiIlTO\\'l'd , Til e t.ru nsit ion 1'1'0111 squa r e t o 
(',in:ulHr is nnul « w ithin 111 l' unrn-l . Tit" d iumct or of t he' burrr-ls l'i1nges 

IIp 10 a iuu xi uu u u of Hi f ('pl :l in c hes, d l)!wnd ing UpOIl t Ii" locnt ion or 
t he siphon . 

'I'lie d esi gn (,d vr-Ioc it ir-« were lIlildl' eo m pur.u ive lv 10\\' to sa n~ head , 
t lu- \' ''! oei li "s l'a ng'i llg lx-tw een 7.1 fpt'l pe l' S,'('olld u t t he uppe r en d of 
t h« ca nul t o :l. :l ft ~d [W I' sec on d at till ' lower en d. 'I'he r- a.pacity was 
pal<:ulatf'd hy ~e ol)('y ',; Iru-umlu (~=() , ()O ,-J4 G C.(V ';""Il" -' g in 'll ill Bulle
ti n Xo. /-\;) 2 publ ishr-cl b,\' til,' I Iu itc d tHal ('s J)t'!l<II' IIII('Il1. o r Agl'iell ltul'(', 
ass u lll ing a va l ue o f C s = () , : :~ .-) , .vn a llO\\'1II1 Ce \"a s 1I1<IlI e of ,) pel' ce nt 
ove r t h« 1l \"' l'ag-e 10ss('s ,I'i tll'1l' l'I ll i l ll 'd f r om ox per-im cn ts , whi ch m od i
fics th e nbovc Iornru ln 10 (~ =() ,O O,)2 c ,([" """ll " ". '1'11( ' he ad ut.ilixed 
ill. oach o f t lu- sip hon t~l'os sil!gs i'i xhowu Oil t h« cana l p ro fil». I'l al e ~" , '::' 

Wasteways, ,Vas t p\\' a,\'s w ill a ls o lw all (~ X l ){ ' lI si \' ( ) f (' al lln'. of t he 
(:alla l O il a t ~(:Olllll. of t he s(',ar c it y o f st !'ealll S wit h d eep cha n ne ls . ,\[os t 
of t h« st rt -ant« c rossed a 1'1' oul v Ibt d epl'essiolls wit hout 1he us II a I 
xt r en m ha n ks . 'l' hor c a r e 11 0 well ddi lll'd cha n nels between Willow 
e n 'l'k ( mil,' G-! ) and Brush C r ('l'k ( mile .120) wh ich r each t he Sac 1'a
uu-nt o H in ' l' or t he mu iu dl'a inn g,: eu n ul t hrough Colus» Ha,,,ill , 'r ill: 
prese nt dl'fi ci cll t «hn n n vls III11S!. [I(' op ened u p nur] in ud cl it ion SO IIl C 

pl' o\'i s io~1 m ust l)l' IIIi1dt\ pro!>Hbl y ill t ho 1'01'111 of s ip ho ns, for e<1 I'1',\' 
illg wa st e f'roiu the proposed I ro n Ca ny on ea na] under t he (J! ellll
( 'olnsa r-nnul . Xo d ifllcu lt ic- a l'p pnco llllt l')'('d a t t lu: ru ilrm u l 0 1' hi g- li
\\'a,\' s ill(:e lli('. »t rur .t urvs ove r \\' ;lsI(:\"ay (:ha nll l'ls a r c al r eady of am p le 
dill ll'llsions t o p ass t he wast c wn t er fr om (h e canal. A r ed f'I'llI ing' 
Ir-a t u r« or till : \\'<1 "t ('\"ay (lrohl"1J1 is tha t :1 s ta rt will ha,,! : hl'pn IIlatk 
t nwn rt l solvi IIg' t he possible pl 'ojl'('1 d rn inage pi-oh lem <It t lIt: t ime t.h« 
wa st e\\'ay ehn uncls are 0IH:IH'd lip, 

Fullowi ng is :1 li st or \\' n s t pwa ~' 'i pl 'OpO'il"1, t hci r loc n t iou s arc iud i
(',lt l'd 01 1 1'1,11 " :!, 

"N",.1I/1I1. I /J/ ,,"o:r ;
C(l / Hl t; i t !f in utut t: 
M :(' O II il-ic et rn iIf~ 

:I , _ _ _ :\IO OJll' ,\' i s ia ud SIOJl~'h lSi;, 
14 _ __ ____ _ .T holllC's C veck ~ ~:~O 

:!S n ice Cr ef'k :!! ;JU 
;;S C r f>e k :!liO~ l ()Il ,\' 

;, 1 . To r i II F or k ''' iIl o \\' C I"f'l'k li!lO 
BS . Log-ult ('rp0k 10:\0 
~:-; RttHU ~ C ( HT U ) ( ~ l'l\pk 10::0 
!JcL G!l' 1l1l "" I !l' ~' Crt't'k ;I'W
 

107 Co rti na Crf>l.'i; :!SO
 
l:!O Bl ·I1 ~ 1t C I· . _\ t~ k ti:i 

fn lh e ty pica l pl'f~lim i llH ry d psig- II a(l op ll· (1 f or es1ill ia t in g j1 lll 'P OSpS 
t he wa,;t ew a.\' is (:ollst l'ud pd iu t he lowpr ('Hlla l h'l11 k, t ite d isl'1t1l r g'c 

• ..'ro t s ho w n on co nr.1 t ~Il:St.' d profi le o f th is bu ll e ti n. 



__ _ 
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1' 1"J!Il t il" ea lllll Iwillg' cout roll c.l 1,, ' d lwi l'i ,'" l ly Op t' ri ll , 'd :-.11'('1 r "di: t! 
:..ra tes IIIOll I1 1('d i ll a rr-iu rO I ' I ' t~ d "lI lll ' l' t' fe st ru r-t u rt -. II is as."il lllll' d 
l hut t h« dl ' i v ill~ 11I 1I111 r" wi l l Ill' 1 " ' l lI lI l l ~ "111111'1 )11 ,," 1'1'0 11 1 1 " , ~ d il "11 r id !'I" , 
q ll a t't ( ~rS , 

A t presen t t ile G lc uu -Colu sa ca na l is ca r r-ied 1<'1'0 s ::-i t OlIY ( ' ['ct'k h ~

simply cous t r uct iru; t he low er en nul ha nk i\(~ ro ;s t he c r eek . 'I' h ix lumk 
is recon st ructed eac h y our as II Cl' l' S:-;ll ry , I II 0)'( [(" th al :-;t Oll ,\ ' e n ' l' !\: 

may he ut.i l ized us a \\'lIste\\'II ,\' for t he prop osed Ir on ( 'Il11YIIIl e:II1<1 1 
it is : ss u med tha t it \\' 0 11 1,1 j )( ~ l W I' ( ':, s : I! 'y 10 ('oll ,;t rm' l a s ip hnn t o l~ a l ' I 'y 

t h (;1( ~ lI ll - Colll sa t i ll' ('I'pl'k , til e (: 11'11 11-1:0111 '1:1 e caua l u n d e r . v l t ho mr h 

expe nds S OJ II '~ III 00 H.'y ill llI a ill t a i ll ill ~: i II(' pn 's( ~IIt. 'C ros ~ i ll '" :11111 \1'0 111,1 

p ro huhlv be wil l inrr to cou t ri hu u - :1 por t ion or till' 1llOlil Y r equ ired rOI' 
til e cousl r uet ion o[ 1Ill: -.ip hou, it lin ' IWf' 1l a....1l1 1H ~d i ll II\(' p rr-lim i runv 
ext iiuul es t lun the {'li t ir e (,ost woul d lw horn o hy t lu: 11'011 Cany on 
p rojec t . 

Side drain intakes an d culverts , 1<'loods ill til e 8 ,JC1'1JlIH' II!U \ ' :t ll l" 

11 11\' (' O ( ~ ( 'lI\'l'(' d f'rcqucm.ly i ll t lie p a s1 Iwlw(~l' lI W illow» and 1( t1 iJ,riI is 
1 Jl\ [J(1i)] ~' Hi d g-e, cspccia llv helow t lIe W ill ln\" C l'( ~ ( 'k (1 t'ai llag'e ure a . 

D lI l' illg" a st.orrn exte ll d illg' l'rr uu l" e l )l' l1<1 l' y ~H 10 M: rc h ! I. 1~ 1l 1 , 

w h ie h W i l l o vv«I:<I1[ sed ;.;(~\'i ()llS f lo od i l1~ or 1 1'1'a .. ill ti ll; v ici n itv o f it is 
r e[lo r ler1 1IIal a rot a! 0[' I ,Ot ine he o r ru iu fell. r1 i st t' i l ll l t ( ~d as !ollow,' 

1" f' l! l' U il l' .\ - :,!(,"__ _ _____ _ . 4. ) inch es 
_, ral"(·It L __ __ _ _ _ ,no i ncites :!_______________ __ _ __ _ ,:!O i nches 

:1 . ._. . l.lKi i nches 
4_ ___ _ __ ____ __ _ ,fj lJ inches 
OJ __ _ _ .70 iru -lu-« 
li_ __ _ i ncites ~. O O 

7 _ _ __ __ __ ,no inclu-s 
, _ _ . ~ inc'h c::iO: 

~ J _ __ .01 in ch es 

'l'h e ma xin u uu rnin ln ll [0 1' a llY uuc 1I1 0l III ill t.h is ureu duri ng t he 
p eriod of IS -iS t o I !l};:i, iuclu .iv o, w as D,::!) i nc hes . T ill' quu nt.ity o f' 
7 ,O:j, in ch es t her efor e is p robubly 1he ruu xiuuuu j'or <Ill ." I O-d ay p er iod 
which gave est ima ted run-o ff l'ur t ile prepa r nt ion of :1 r epor t a ll K n ig h ts 
L a n d ing H id g e Cut proj ect by l lu viluu d ami 'ii b bct ts, euc incer.., d at ed 
. ' ovcm hel', I !i12, f or "t l'Ca lllS I rom W il low C r eek to lor t in n Creek. 
i uclusi vc, as Inllows : 
\v i llo\\, Cl' ,,(~k nntl " 'a lkr:r ' n' ek L) ,OUU 8('('()l1d-f cet 
L og-an Crr -ol. . -- ____ __ _ ___ __ 100 Iicco[HI -f (',,( 
Il uur e ra C re ek. (i' ,O se r-oud-Icr- t 
Funks C rc ck , :.!OO ""co ntl, f('l' t 
Sto ne Corm l 'l'( 'ek -_ _ __ __ ___ • __ • 1 ,~ ·I t se(,outl -f l'l't. 
Lurl iru : l ;['l'l'k . !IL") se co nd-fee t 
F I'('Slt wa te r ('1',, (' 1< .. _ .. . _.. .__ :n :! sC(:!ll),l-f"e! 
, ' " It 1.) I'I,l'k _ ____ __ ___ __ ____ __ __ __ __ 1:! 1 s l'('!lud-fl'et 
O ld Ccrt in u C rcek _ _ _ ___ _ _ _ _ __ ~!i SI'('o ud -fl'et 
Cort in u Creek ~______ ___ ~oa ~pe(l I Il I - ft:'e t 

T ota l In, l OI Sl'l' OJH1-f('('( 

1t is proba ble that the canu l or the p ro p osed I r on C: lIIYOI1 proj ect 
I 11 a ,\' be n t ilizcd t o some ex t cn t 111 rr-licving i h is cond iti on by tak iug 
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some of t he run-off n ca r Wil lows awl c IllT~'ing it to was teway» farther 
do wn the l ine, t hus d ist ri b u t iug th e Hood over alarger area . l n ac eor d 
unce wi t h t h is pl a n of ca r ing [ 0 1' liood wat er ,' ill the mi n or cha n nels , 
97 over flow, or sid e dra in int akes ha ve been p lanned sout h of S to ny 
Cre ek in st ea d of c ulv er ts. There a rc only three cul ver ts defin ite ly 
p lanned hu t $100,000 has been added to the est ima te, f or culverts that 
p roba bly wo uld be requ ir ed no rt h of S tony Creek . A ny othe r cxpe n d i
t UI'C would be ca red fo r u nd er a su ppleineu ta l pla n , as t h is cxpeu d i
l n ro wou ld he the resul t of cOllllitions which might d evelop al'ter the 
ca nul is const r uct ed , in clnding , poss ibly , iucaus for taking' 11 part of' 
the wa te r f'roui som e of' the ma in ch a n nels into the ea nul . X o a ttem p t 
ha s been mad e in t he preli m inary esti ma te to determine what t h is 
expe n d it u re might he a nd nothing has been all owed fo r it. 

Checks . T hen' a re 5;) ch eeks p roposed [or e Oll s t nl(~ tion in t he 
main canal, the si de slo pes ul' t he en nul heiu g warped to t he ver t ical 
t o aeeOl1l1l101lat e rud ia l gat es. TIll: bottom of the ca na l at Lit e gates is 
mud e t he width u eeessa ry to give a ga te area eq uiva lent. t o the wat er 
wa~ ' a r ea of t he curia l, wit h a rr-sult ing nn if'or ru How t hro ug h the 
dll~('ks. T he gal es are actu at ed h.v ha ud-o peratcd wo rm-gear hoists 
moun ted Oll all op crat in g lnirl gc ovel' the c heck s tructure . 

Drops. In t II(: prel im iu ury loca t io u s u r vev rh -ops in grade were 
made as in d icated 011 Pla tes :2 and 21 ,IS fo llows : 

( 1 )	 1" iftee n f eet .i ust lu-low Ihe Inca tiou 0 f ::\[O (JlJ ey I sla nd power 
p la nt , 

( :!) Ni ne f eet. n ea r m ile 7:;; , for the purpose of a vo id ing r oug h s ide 
hill const.ruct ion nor th of t h« ~\1iI ls Orchard t r ac t , a m l to avoi d 
l:lIttillg t h r oup;ll tli e tract. I f by t he: t im e a final location 
s u r vey is made, these ol'('llarlls have been ex tended to cove l' 
t he prel iminary location, it may be more l'eollo l1lical t o reta in 
t h is nine feet. of z rade 1I11 t il Stone Corra l Creek is re ac he d . 

( :j) '1''1'0 feet a t StOl~ C Cor r a l Cr eek, to avoid ex pensive r ight o f 
way in t he ~\I iJl s Orc ha rd se ttleme nt, and t o obtain a more 
economica l cu t for t he eu nu l section adopt ed , 

(4) Two f eet a t S a u rl C reek, in order to utili ze the presen t rai lr oa d 
a n rl l li ghwa ~' cr ossi ngs jus t nor th of Arbuckl e. This r esults 
in a better locuti ou , consi dering impr ovem ents in , and n ear, 
A rbuckl e, 

It is assume d t hat. t he in cl ined chu te t y pe of drop w ill be used . 
In th e prepnrution of the est ima tes, th e t wo-f oot drop at Sand Creek 

W il S rc p lnce r] hy t luee others 'lgg r q .!'at in g tw o f'cet between mi les 91 
<I1H1 115 10 keep t he canal in e (~oll ollli ( : cu t . I n th e final loca t ion it i~ 
pro hnb!e t hat. thr - l ine woul d be sh i f't cd to h igher g rou nd , eliuiiua ti ug 
t he t h ree d rops. 

Bridges , Th e t~ ' pe of In' idge a d opted 1'0 1' ca r i-y ing the hi ghway 
and roa ds ove r t he main ca nul is the si ngl o spa n ste el truss north of 
mi le 106 and the s ingle spa n s te el I bea m type so uth of t hat poin t. In 
all ca ses it is nssumed t hat. t he ma ximum loa d t o be carr ied wo u ld be 
one 20-tol1 truck. The co ui p u t ations of the t r uss ' . were based upon 
th e Aiu cr icun B r id ce Com pa ny's Iormuln f or one Lii-ton t r uc k, ~5 per 
ce nt being' added t t he r esult in g weigh t s of steel to all ow fo r t he 
in creased loading. Co m p uta t ions of t he I beam ty pe h r i(l g- '.' arc ba sed 



W.\'fF.R RF.SOURC' ER OF C.\LIFORNIA. 

lI}lO ll t lu- J"orll iida a III I "lallda l'd ~1 )( 'I 'i(j l ',,1iO llS l'ur skt'] hi!!'h ",ay hr i d gl" ~ 
a llo l)!l'l! h ,\' t hp .\ 1IIpril 'all .\ssfl('iatiol l oj" ~ t ; 1 1 1 ~ I f ig h \\'a,\' officials, 
app l'()\'cd J"o r J"l'(knd aid l'o 'llh . a lld ' il lill'ari llg ill I l u llol in No. l~ ,i !l , 
lI n it cd ~tatps \) ('}la r t llll' llI nl' ,\gTil 'ltlt lll'I' . 

Th e t,,,tim at r s provid « l'or :l() t I' II S" hridg ps having spa us i'ro ui :W t o 
7(j 1'pr1 a nd.) I lll'a111 b r id gps w it h S1);1I1S of ~-l to :n [t'et. J\ 1 6-f oot 
road wnv ix p rovi d ed in a ll e;l.~rs. C OIH'l,(·t e lloorx ,i iuc he« th ick a re 
pl'll \'il lpd Oil t ln -ce { l'IlS,'i b r idg'('s and one I br-nm bri dge on p nverl roa ds . 
.AlI ot hr-r br id ges cnr rv wonde u Iloors iu acle u p or :\-i lld l d eck in g a nd 
~-ind l floor ing'. Com'l'ptp abut mr-nt s a n' p ~tilnated ill ,ti l eases. 

Railroad crossings, F'i v« rai l roa d l:l'os" in g's a l'C l'l·q n ired as inl lows : 

:::;ontltl ~l 'lI I' ncific uuriu line 1I01'! h ol' 'I'eluuua. 
~onth p rll 1',le ili l' main li ne sout h of 'I'l'ha nw . 
~ontltpl'll l' a e ifil' l l .nuiltun brunch east of t)r!,I\l(l, 
x ou rh ern l' ae it je uiu in li lll' nortu of Ul'rIllH llto\\' ll. 
~ollt h(~1'1I l' a l,i fil, l" l'n l 0 hruur-h wes t or Wi ll ow s , 
'I'h e ruilroad to Si te's h as he(' 11 t0 1' 1I up , 'l'he t~'I H' or el'nssi n~ adn p tpd 

I'm' P lll'POSpS o f t he jl rp l inl ina r,\' ps! inw les is th « so lid r ciu l'o rc ed COII 

crete deck hl' idge «urrierl Oil l'on l 'l 'l'! l~ p ie l's uml a llo"' ing' f'or a f ul ly 

ha llast p(l road bed. 
Turnouts, In the nbscnce or a su rvey of tlu: l a t e r al sysfplll it w as 

nssu uu -v l t hn t t u rn ou tx should he located at intervals of ab ou t. oll e-ha l[ 
m ile a lo llg- t lie main canu]. Thp amou nt of w a. t e r to Iw cleli\'erell to 
vur-ious arpas ill t ile p rojl'd is tukcn f rom co lu m n .) of T ab le 8 uud 
t he a\'l' 'ag'l~ eapacity of t he t nruouts is dpterlllined hy d ividing' hy t.he 
un mlx-r ill t he spelion or «a nal cOllsidp l'P(1. it was Iou n d thut a tota l 
of ::!~h un-nouts al'l~ requi red, inclu ding 2-:1-foot by :J-root buxes ; :n-~ -I: 
inch ci rell l'l r ; Sl - lh-illeh t:in·.11 lar uncl 11~ -1~ - ill e h l'il'l~lIla r turnouts. 
' ['Ill' llrsigll cOlltell lp lates "{I'd screw lift gates i nsrnllr-cl i n eouc retn 
t.umou t st r uc l.urv s , t lie ga tl's for the ei rc nla r t u r no uts Iwill g set on a 
slojle 011 t he ;ns il!f, or the low er {'aml l ha n k. 

A box t.u ru nut wit h east. i ron ga te is assumed t o I )( ~ rpq lli rpd to 
s llpp ly the area to lite oust of the canal bet\\'pclI the d ivursio u .lam a nd 
:-[oon ey b land Slough 011 account. of t li« rl ist auce through the Itig-ll 
wa t e r dike a nd t he back p r pss lll'e 011 t.he turnout when the rive r is high . 
Auot .her sucl: st ru«t ure is assumed IH' cpssa l'Y to snpp ly t.ho area east 
o r the ru i lr oud , u rl u e d iat lv so uth or the G l r ri g'a tio na i u n c lou n-Col usn 
Di s tr ict., as t lw topography of t hat. arpa is slIeh that. a la t cral along 
th e n ol'!1t sill l~ of ('o rti lla Creek \ \, jJJ jlroba h ly lw l'l'qui retl . 

Fences, T l \( ~ jlrd inl i 1l ar~' l'stilllat es are h a se ll npo n t he assu lllpt.ion 
1II1I t il t rner ",ill hp prO\·j l!l' ll on pae h side of the Illain ca lla l for i t s 
entire leng th. Th l'ee ba \'!Jpd ", in ' s , s!T lIng on posts spaecrl 2 11 to the 

Ill il e, art' assll lll('(1. 
Telephone system, Thl' SyStl'1I1 assllllled illdlldl'~ 4~ h'll~phonps ill 

booth,., sl ~ J'\'ed by l~ S mi les of linp, ntilizi llg' 40-foot. a nll 2,i-foot poles 

spaced :\0 to thp mi1l' . 
Patrolmen 's quarters, I t is aSS1l1 l1NI t Ita t c igh t. pat r OIIlH'1I w ill 

he rpq 1lil'ed to opt'rat e thl' IIw in l'allaL \\·it h quart ers lucated as fo llo ws: 
,\ t illla".. lIlile () .. mile GO 
T h o ll l " ~ Creek _ _ __ - - lllihl J ii .. lllile 7;:; 
H ice C L'tlek ._ ... Illit e :30 
_______ __________ ___lllil e 4;:; 

( ;[Pll Yall ey S lo ll~h 
( 'o rtill a CrI'P]{ 

- utile 
lIlile 

!1 :.~ 
1 () ~) 



III t lu - p rr-li ru i nurv ('~tillla1p pro\'i~iOIl i~ 1IIad,' for 111<' ('Ollstl'1l<'tioll o l' 

I 
I 
:> 

iI smull ( ' o t t a ~, ' .n u! g';Inlll'" l'ur l';wlt pn t ro lmuu. 

Project headquarters , l'J'ojl'!'t h,' ;,dq 1I<11'1<'I'S ollil'! 's a l'l ~ invl IIded ill 
a Sl'\HII';ltl' pst illlatl" as t his r-xpr-ud i l u n - shou ld be d istl'ilmtl'd <lg'aillsl 
;1 11 l'<'a t lll'l 's of t lu- projvct . 

Clearing and grubbing, ThpI'1' wil! b e eOlls ide l'a blt, e!( ~al'illg' of 
I'ig'hl of way IIP('('ssal 'y 011 t lre first fort,\ ' milt's of ca n a l, hilt \'I.']'y l itt le 
so u t h of t he-re. This in-in wil l involve t he ]'('lIIo\'al o f g ]'o\\'lbs l'<Illg-ill).!: 
l'r oin IIl'a \',\' t imbcr and brush to vineyurds. 

Right of way, As meut iou cd 111[(1<'1' " ~n l ' \" ~ y ~ , " a u cfl'ort wa« uuult : 
t o a vnid all ('x!)('u si\,p ri ght or wa ,\'. 'I'lu- g'l'pat t'st intel'fp!'('!I(:!' was 
r lleon nlp l'('d at t lie town o f nl'l'h('I' , wh ere it IIp]H'a!'s that it will Ill'. 
IH'!'l'ssal 'Y to 1'1111 t ilt' «aua l a loutr th e ra s1 t ownsit e line , unl ess a 
Illa1l'r ild' l'ha llg'e is llwd e ill 111p fill ld loca ti on . It' t he prplilll illal'." 
\l)(:at ion \ \'('1'(' ad opt/ 'd it wouhl 1)(' Ill'eessary to move a hop pl aut nu d 
II I'psidl'll el', liS wr-ll as to j'peoll slrud S('\'l'ra I blncks of xt reot . 

Construction materials, ~lIlld nrul g l'aYel for ':O llerele ill t ill' cauul 
lin irur uurl sn-uct nrcs, inclnrliup; the lnt crul sys t t-m, can be ohta ill('d in 
sld'fiei ,'n t quant it ies ill th e l' I'('ekl-; between t hc rlivr-rxinu rla tu and about 
ui ii« ;1 ~ Oil till ' muin cu ua ], wit h 1111 an'l'lIg'e hn ul of from O, H to :\.:1 
m iles . Br io\\' mill' ii ~ it is assu nied that coucrot c ag'g'l'pg-a t e will be 
sh ipPl'd f l'Oll1 Orlalld to s u it uhle poin ts on th e SOllthl'l'11 Pacific Hail
I'mJ(1. f'rmu \\,11('I 'e tlu
nrld it ion to .l isn -ihu riou 

mn xinuun 
;do ng' t he 

hau l would 
canal. 

1)(' about fivr mi les ill 

RED BANK 

( West S id e Hig h 

Basis of surveys and estimat es, 

PUMP CANAL, 

Line Pump C an al ,) 

The [{ed Halik Pllll!P u n i t inc lutl vs 
;1 g'l'OSS ;l1'pa o f :lD,:I:,O el(',I'('S to he watr-rt« ! by pu m p injr at t lu- proj l'l'! 
diversion .lam al t hr: niout l: of Hed l lauk ('I'pek , As t h is is the largest 
al' ('a jll'OI)()sed to Ill' inig'at ed by puiupimr. a nrl s ince it is tv pical of 
ot lu-r al 'eas to be s('I'Y(' (] by pumpin g f'rom th e ma in g rav ity ca n a l, a 
field SI1I '\ 'e." and pn 'lilllillal'y osr iinat r- " '1'1'1' 11111(1<' to ddl'T'Illilll' whct hr-r 
t lu- pum p injr an'llS shou ld lw ine.luderl wit hi n t he pl'Ojpet upon th e 
1.1iI sis of n -lar iv« cost . 'I' Iu- cos t of ( ' a IT i ; l g't~ 1'01' t h« ]al'g e pl1mp ing units 
of 1:~ , :i () O (I(' l'PS a nr] :!l ,::OO a('res adja('('nt to tlt e Orlaur ! proj l'l~t wns 
pst imnt r-d at $10 ppl' l"' I'e in ex('('ss of the d istri hut iou ('os\' F'o r t ho 
!'('mailld, '1' of t he pn m pi uu a re as 110 est illl1ltl' Wll~ 1II11d e 1'0 1' uia in l'lI11ab 
II'1I d iIIg' f'rc iu t hI' pu m ps , as t hes( ' \\'t'n' ( ~ ollsiden'd a pa rt 0 I' the d is
t ribu t iou syst('ll l. wit h ('sl iul1l t pd ('ost or plllllpillg' plallts a(l!\('d , I'll IIIp
illg' p hll!l data nl'l ' shll\\'ll ill Table ~( i , 

As illd il'a te d O il PIatt 'S ~, 17, I." 1I lld ~ 4, it is pl' op o,spd to li ft :17 1 
spl',ond-feet or \\'1I tl' l' ,-)() [eet J'I'OIll thl ' lIH1ill (:allal at its hl'e"] to the H('d 
BlIllk pUlllp I:allal at e\t'\'atioll :\00, \\'hieh is :d)()\!t till" highest e]pya 
ti on 1lt \\'hjeh a ('1I1I11l elill he (' O ll str ll (~ tl'd withont g' pttiu~ iUlo the 
l'ol1g'hp!' eOlllltl',\' l'al'th ('1' W( ·st. J\ dd it io!H1 1 lifts ;11'1' jll'oposl'd 111 
' I'hollles Cl'l ~ ek to Inter liis at. t'!eyatiolls :300 a lld :::W, it be illg' PI'O
posrd t o e;II' I'y t ill' lal'jl'l'r (: lIna l a t t hp low l'r 1'11'\'1ltion to lI\'oid 
1!II' !'(Hl gh t'!' ( ~ Oll llt I' ~' , 



'l'he pu m pl llg' pia at contain >; 1In-eo elect r ica ll v dri ven 4 S-i ach ce n
t ri l'ugul p ll lllpS, (/t>Jiv('!'i n)..!: wutr-r into a !)-!'ool diaiur- ter wnor] sl a ve 
pipe li ue about. l ~ mi le>; in lcu g t h to t he head 01' the h igh line ca nal. 
T he ('1111<11 is upprox iuint elv :2:1 milr-s in Ieu jr t h and wastes into the 
euua l for t he spcond pump ing' unit ur-ur Kirkwood , via Rice Creek . 

Excavat ion , concrete lining and structures, The co ns truct ion of 
th c proposed Red Bank lll lllip (~anal is similar t o t hu t of the main 
ca n a l. FOI' t.h« upper 4,:: mil es nor th of Elder Creek t he exca va t ion 
will be more difficult t hau to th e south , a nd t he est.iiuat cd nni t. cost has 
hcou d oubled , A s indicH! pd 011 Plate ~ G , the ca n a l is to be l ined 
throughout wit h p lain concrete :: inches t hick, A ll s tructures are 
usxumed 10 be built or COIl Cl'e1<' nud steel. 

Siphons, T ell s ip hons a l'(~ est.imu tcrl at. t he fo l lo wi ng' p laces : 

COY(J t ( ~ Creole ~J (' C III I ' C C reek 
n a t Creek f;ollfh Fork .:\l c Clll r,~ C reek 
i' o llth Fork Oat Cr""k F iJ's t e n}(~ k sout h of 'I' hu nu-s Creek 
E ltle Lo ' reek ~t'('o l1 cl Cl"PP I.;: sou t.h of 'rhOIlIPS C re ek 
rrl' lId\f\C Creek frlti n l ('r-pek so ut h o f 'l' hoHU-'s C rook 

Wasteways, W axt e w a v« wi th ha n rl ope r a ted gat.!'s arc pro posed 
a t 'i' homcs C reek a nd E lde r Cre ek. 

Other structures, licr st ru r-xt.im a tctlOt c ru r c s i ucl ud e : 

:! ~ ;·;() -i IlPh din meter eu l vurts.
 
:! tlu mos .
 

1! ) f" hl' (:kx.
 
14 IJl'i,!g'I.'s of t he sll'''' I beam 1,\'1' (' , 

1;; ..18,indl d iu niu tr-t 1111'111Hlt", 

:t:t l:!- ill f."h d iu nu- t er ru i-nout s. 
;'iO 111ill' s o f f l 'nt''' . 

~(; m iles of tpl('pholH ~ Ii ue ~w l '\' i,,;! n iru: t (' l Pl lho"l'~ . 

:t pnt ru lmeu 's ll U:l l't e rs. 

Right of way, It is "stillllllf'd t hat ~11 :1 acics of r ig- h t of way w ill 
be I'{'lj 11i ,OP(L 

EAST SIDE CANAL. 

(T o serve 70CO a cres g ross area e ast of Red Bluff. ) 

Basis of estimates, 011 Plat e ~ this canal is shown dive r-ti n g 
d irect.l v [1'0 111 11'011 Ca u von r eservo ir. 1 11 E xh ib it 6 it. is d escribed as 
a bou t 'G :: mill'S lon g', drYl ~rlillg' at l rou Cunyon duin at elevation ~ lOO 
and fll ding' at til l' uort hcrlv 1.'01' 11<'1' (If lot ;J;'j , subdivision ~o. !J, of the 
I JllS M oli n os L a u d Com pnny« tracts . III t he est im at e p rc pa rt-d by the 
St<llP Dcpurt.mcn t or gn /:ri llec l'i llg t he cost of th is canal is g ive n as 
:j; lj:UH 1, includ ing 20 pe r ee ll! f'or cnu t injren cios a nd ex tras . I n order 
to put th is cst.iuia te u po n t lu- sa ui« basi" as those pre pared in con nect ion 
wit h th is r epor t , ud d i t iou al it{'lll S a re in cl ud ed, a nd the fig llrl' fo r con
1in ).!'cnei('s aud (' X(I'(1;; \\'<I S illl.'!'l'asl'd to includ e 10 p el' cent fo r engineer 
il1~' and urlu rin ist rnt io n aur l I,) Ill' l' (' 1'111 fo r CfHltillg'('llCips. A sunuuarv 
Ill' t h« r evised cstiuuu e will 1)(> f'ouurl in P rel im iua rv Est imat e Xo , 14, 

In Table M th e' m ux iuu uu e<ljl,wit ,\' of till' ca n ul, in clu rl in g a I;J per 
crnt in cr ease for tIll' rl a i l y peak ill .I u lv, is i'1(iA second-f eet . The esti 
mated cost of cxc a va t ion and con cre t e l in in g- f or t h e canal of 74 seco n d 
Ie et «apaoi tv assumed ill Exhibi t (j \\'< IS increused by ] 0 pel' ce nt in 
P r ol iminury Estimate :\0, 14 t o al low fo r the in crease in capacity, The 
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cos t of it em s add ed is based 11p Oll Ihe ,'s t iilia 1I'd cos t of' s iniila r fe a Iures 
on t h e Rl'd Bank plllnp ca na l. 

DISTRIBUTION SYSTEM . 

Basis of estimate, Funds uva iluble f'or t he in vest ig ntious d id no t 
pe rm it of a detailed survey a nd est im a te of cost of the di sf.ribution 
sy st em , 1101' were such SU r\' l'," S and estima tes considered ncecxsa rv at 
titis t.irue, s inc e costs of' silll iia l' eonstructiou 0 11 ot he r nea rl;y p rojects 
a ro indica t ive of wha t the I ron Ca nyon svstem ma v he expected to 
cost. B asin g- t he cs t imute upon th e cost of the rlis t .i-ib ut ion system of 
t he Orland proj ect , and the Brentwood Distr ict r econtly com pl eted in 
th e) lower San .l oaq ui u Va lley , the cost of th e Iron Can yo n svs t em is 
pl aced a t a tot al of' $:\0 pel' acre, as su m ing tha t wntcr would he deliv
ere d 10 each 40-ac l'c t ract by a la t era l syst em GO ier el'1I1 of wh ich 
would hc concret e l in ed, Th e :j;:10 is a ~s lln l( ' (l as 11 e1 111l'ge t o be pa id 
on each acre wi th in the proj ect ugu inst whi ch t he cost of t he p ro ject 
is a~~ e ssl'd ( !);j p el ' ('('nl of th(' gTOss n rea ) . 

DRAINAGE SYSTEM. 

Requ ir em en t , T he o of the 1D ~O Iron Can ou I'PPOI't c nc l uxions v 

regard ing d rainage a re qu it e cor-rect as fa r as the Orland p roject is 
concerned. It has always been ma int a in ed tha t w ith the n atura l su r face 
1111(1 subdra inage conditi ons on the proj ect, t oge t he r with the iut elligcut 
a ppl ica t ion of a l'ea ~onahl e a mou nt of ii-ri jratio» wat er as well as 
maint enance of t he natural water courses t ra versi ng t he project area in 
a n unobstructed slate, llO d ra in age problems wou ld he encou nt ered , 
'I'h is conclus ion has hor-n borne out by t he exper ience of 14 ye a rs 
oper ation of t he project. Where seepage 01' water logg'in g' ha s d eveloped 
in th e sma ll degree that it h as , it is the resul t of the us e of an excessive 
amount of wa t er a nrl d raini ng' t ho surface su r p lus into natural wa ter 
cou rses which have been pe rmitted by the variou s la nd owner s to becom e 
(:ong'esl .,t1 wit h vcgetat ion lind ill so nic cases obstructed in t hr- fa r m 
leveling' operat ions . 

Basis of estimate, N ut.m:a l d ra inage co u d it ious , such as exist 
on the Or-lund project, a re r ather th e exce ption than the rul e, A p ortion 
of the area with in th c p roposed 11' 011 Canyon p roject will be d evoted to 
ri ce cultu re, in eon ucctio u wi th which drainage f acili ti es a rc as 
i mp orta nt as t he ir rigation works. Alt hou gh only abou t one-fifth of the 
lot a l a rea is considered s uit able for r ice cu l1UI'C, su ch la nds ar e nea rly 
all loca ted sout h of St on v Crp ek so t hat th e bulk of t he dra inace water 
will flow into the CO I U~;1 Basin and fin ally into the drains n ow eon 
st.ruero rl t h ro ugh t he ba sin , T'hcse drains would probably have t o he 
on la rged 10 ca rl' for the increased flow unless som e oth er disposition is 
made of t he Iron Canyo n rl r a inagr: wat er. III this enla rgement COII 

siderat ion must be g;ivcll to wast e wa ter [ rom t he p roject canals whi ch 
i ll an eme rge ncy mi g-h t equa l i n a mount the cu r ry ing ca pac ity of the 
main canal. ~ xe of' the draina ge eanal would probably be perm itted by 
am-eomc n t with t ho dra in age d istri ct hut this agTeelllent would undoubt
..dly involve r eimbursem en t to t he d istrict fo r work already done in 
ad it iou to the cost of en la r ec me ut. 

It. is no t likely that exten~-ive dra in age works wi ll be necessary n orth 
of mill' 50 on t he main canal, nor will drainage be r equired on allareas 
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south of th ere, hut in ab sen ce of acc u ra te dassiticati ol1 of areas it is 
t'stimat ccl that a uniform total eha rge of $13 lwr acr e sho uld provide for 
anv constr uction on acco nnt of the d rai n uge problel1l. -'ost to he Ievied 
<Jg;linst B;) pel' cent of the gross arcu with in t he proj ect . 

OPERATION AND MAINTENANCE-CANAL AND DISTRIBUTION
 
SYSTEM.
 

Basis of estimate. Ai-i st.at erl previously, it seems imperat iv e th a t 
the rotation system of irrigation be ado p te d fo r this proj ect on accoun t 
of the lon g carriage syste m without an y r egulating' r eseL·voirs. Although 
th is is not thc most cOlwen ient method fo r thc wa ter u sers, it undoubt 
ed ly reduces th e cost of op eration to a minimum. 'I'he cost of ope rat ion 
of the g ravity system th en sho u ld com pa rc f avorab ly with the min imum 
cost on ot her Bureau of ]{pe!am atioll pro.k ets . Since, as proposed , the 
canal is to be constr ucted wi th wa t er su rf ace neal' the g ro und level , and 
as a gen erous allowance ha s been made in t he design of th e sectio n for 
g'rowth of vcg elati on , t he i te m of mainten an cc should al so be com
pa.ratively low. The combinrd ope ra t ion and maiut enancc of t he system, 
exel ns ive of pumping', shou ld t heruf'ur e compa re f ovol'ab ly with mini
mum cos ts on other Bureau of R ecl runat ion proj ects, and sho uld never 
he more th a n th e av erage. Th e cost rnports for 1924 ind icat e t ha t during 
the years 191 8 t o 1924, inclusive, th e min imum llVl'ra !!,'e cost pel' acr e 
ir-riga t ed fo r all p rojects \\'CIS $2.12 in the yea r 1922 . The avcrugc ac re 
cost for the Yakima-Sunuvxidc proj ect d ur-ing the period IBI S to 1924 
wa s $1.47 pel' acre i rr-iga ted . 

OIJCrl1tioll and maintellHnc e cost " 0 11 the Orlan rl pruj ect and GIClIll
Colus a lITigat ion Dist.rict a rc of IHll,ticn lar in terest as t he a reas arc 
adjacent to that of th c proposed proj ect. T he costs a re as follo ws : 

Orland project operation and maintenance for 1923, w h ich IS 

assumed to he a typical year. Total cost $33,081. 

Acres irrigable A CTt' 6 irrignted- Acrc-Ieot deliverc-i Acre-feet d iver ted 

~umber T ni! cosf Number Cnit cost Number V ll it. c o ~ t Number Unit cost 

20,171 ~ 1.(}I l .i •.1()O ';2 . L3 I 
4 ,j . ~2 2 00 . 70 73 .L ~L $OA[, 

Costs fo r 1924 not. g iven as duri ng tha t y ear the Or-land p roj ect suf
fered th e most se vere water sh ortage ill it s history. 

Glenn-Colusa Irrigation District operation and maintenance f or 
1924, which wa s niore 01' less a t y p ica l year, although th e am ount of 
water divert ed and the area of irrigated cro ps were eonsiderably l ess 
than in 1!)20. 1!)21 and 1!l22. Total cost $11 8,718." "
Acree irr igable F.rc-,-",."," 

Ar fl·· £roet d iv('r tcu , exclusive 
of pumping ex pense 

Number Unit C05 t Number Unlt COl'\t Num r I Unit.cost. 

--  - - I 
._ 

n 6,5U9 U 02 270 ,00U 0041 270.000 I 
00.28 

'Avera ge op eration and m aintenance per acre ir r iga te d , 19L5 t o 192 4. incl usi ve. 
S,2.29 . 

I I nclu de Item f ,.3,5 2 t or umpln g plant expense. 
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Cost pel' acre irriga ted omitte d f or the reason that much of the area 
is in ri ce, and a eons ideruble portion in 1924 was in pasture. 

The d istriet receives it s irri gation sn p ply by pumping from the Sacra
mente River throug-h h eads ordinarily varying from 6 to 8 fe et during 
th e g'reater p art of th e irr igation season . 

Estimated Iron Canyon project operation and maintenance charges. 
As shown in Table S the water est imate d to be required for the Iron 
Canyon proj ect is HOO,OOO aer e-fect !W[' year. Based upon the above 
annual cost s on other projects it appears that $0.50 pel' acre-foot of 
water d iwrt ed wnulrl be a sa fe esti mate fo r app lication to the proposed 
project , exe!lIsi\'e of pumping. Assuming $0. 50 an acre as correct, the 
annnal olll'l'ation and maintenance cha rge would be $400,000 or at the 
rat e of ab ou t $1,;">;) p pr acre on th e 26:3 ,05:> acr es against whi ch it is 
ass nn1l'd the dHll'ges will be assessed , whi ch is equ ivalen t to about $1.7;5 
pel' acre Oil the S;'i !)(,I' cent 01' th e g"I'OSS area considered irrigable. 

To the above must he added th e cost of ope r at ing and maintaining the 
pumpi ng p la nts showu in Preliminary Estimate No. 13 as $299,!}50 p er 
year; eqlliva lf.' lIt to a charge 0 1' about $1.1 ;5 per acre di stributed OVC1' 

the 2fi :l ,or);) acres a~r:t ill st whi ch cost s arc assessed. 'I'h e r esulting total 
ostimuted cost of oper-ation and maintenance for th e Iron Canyon 
proj ect is, 1hel'dol'e, a t th e rat e of $2.70 on each acr e assumed to be 
ass('ss ed ULj p er cen t of the gross area ). 

ANALYSIS OF ESTIMATED COSTS. 

Iron Canyon reservoir. Hcsnlts of studies made to det ermill e th e 
relative eeonOlllY of i-a isiug the water su r face in the reservoir to eleva
t ions -100 and 4·0.i. ;) muy he sunnuurizecl as Iollows : 

(a) Estinw ted cost incl udi ng 10 pel' cent ove r head and 15 pel' cent 

«ontingcncies : 
To ral :o-.p wat er ~tl rfHee ( run l P}l' \'atioll :~n2.;:i to -103,3, Pr eliJninary E::-: t iJuatl' x.. J7 l;i7-1S,OOO 

'1'" m ise wu t vr surfuee Irom el l" 'atioll au:!.;) to -100, Prel imi llary E Htimat e 
:-> u . 1(L - - - - - - - - -- - -- - - -- l sa,OOO 

'1'" ru ise wu tvr s u rf uce I ro rn (,Ien l t ioll ,400 to -10;).:1 ;)1;;),000 

Th ere wou ld be no ex t ra cost for r- igh t of \\'ay and little, if any , 
increuse in op erating.' cost. Bend Plllhallklllent is no t affected as free
board provid ed is aga inst floods . 

(b) E st imated annual value of pO\\'l'l' ga ined by raising wat er sur
faep fro m ElcY<ltioJl 400 10 40;),:> upnn thc asslIll1ptioll that 90 per CPHt 
of I!IP prunurv and ;).i !wr (~e n t of fli t' sE'condary power is salable at. 

t lu- rutr- 01' 4 mills IWI ' k .w.h .: 
[lI crl'a".. ill rt'\'I' II1 U~ fr olll p r-im a r ~· llO\\'CL - - - - - --- - -- - - - - - - -- - - - - - ---- - ::;108,000 
Ill crt'a se ill i-ovun ue fr om H('eOlll]al'Y po\\'eL __ ______ ___ ______ __ ________ 30,GOO 

'I'otul rmn un l iIwr pa "e in rc" I'IIUI' ~n:38 ,GOO 

C; r ns" nnn nul r ot.urn ou t he ill yt'"tlllellt = 138,tJOO-o.-5G;),OOO= 2-1.Go/'o 

;\"0 esti mate was ma de of th e in creased r eturns that would accrue by 
raising th e norm al storage eleva t ion f ro m 392 .5 to 400, as no power 
stud y -wa s made for water surface at elevat ion 392.5, bnt the amonnt 
\\'0111(1 hI' (,ollsir1Prnhl~ ' ill exc ess of the $1:-:\8,600 shown above. 
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Main canal between diversio n d am and Mooney I sl and power 
pla n t , In t he study of eco no m ies of the M ooney Island p ow er pl an t 
vu ri ous est imates ,,,ere prcpared of t he p robahl e cost of the canal t o 
that po in t. A sunnna rv of the studies will b e f ound in S tatement A 
u nder "SnlllnHlry of Financial Consider ations " f oll owin g' t hi s unalysi s 

of ast.im ntcs . 
( a) Ge ner al considerat ions . Xla x imum hi g h wa ter in the r iv er 

r ea etH's a n denlt ion approx illl a t el~ ' 27 f('('t abo ve low wa ter, and s ince 
it. is not p ra et icahlc, a ll a c ~ eonn t of t he to]>og'l'aphy. nor d esirable con 
siderinjr t a il wa ter at t he Iron Ca nyon p ower plant , to d ivert at an 
p lc~nl t i on of more t ha n a bou t Li f eC't a bo ve low w at er, there would be 
requ ir ed it hi ~'h wa t er dike for t he prntr-ct.ion of t he 'ca n al , g-raclually 
!lc'el'eas illg in ]u' ight to a poiu t neal' Xlooney Island Slongh, wh ere the 
"('g'u lar hank of the ca na l extends ahove high water in the river , 

W ere t hc canal to he l ined f or a capaeit.\· including wa t er for power
 
lleYeloplllellt at ~\Iooney Island t he llitl'eren ee in exca vation between
 
t hi» sl'l:t ion and a lined secti on n ot carrvi ug power water wonld be
 
sli g-h t Oil account. of the material r aqui red in the eonst ruct ion of the
 
h ig h w at er d ik e, and the differen ce in cost of a lined canal with, or
 
with out , power would cons is t ma inly in the d iffer ence in cost of the
 
lining . W ith an u uliuct] ca na l ea r rv ing' power water in add it ion to
 
ir t-igut ion wa ter, t he exca va t ion woul d be great ly incrcaserl , but even
 
th e n t he unlined ca na l would result. in a ma terinl saying: of cost , as
 

wi II be sho wn. 
( I» Saving effected by buildin g d iversion dam to r aise w a t er 

su rface 15 f eet. An u nl in ed ca nul w i t h bottom widtli 38 fr et, wa t er 
d.epth I G.O feet , sl op es n :1, g n1l1l' of ,0001, having a cap acity of 2833 
:-ecoml -fC'ct, to ca rry irriga ti on wat er on ly, and without a di version 
rlam ot lu-r than a low weir for t he «ont ro l of til e bed of th e ri ver a t 
poin t of di vorsinu. would req n ire ::,Hi4,2nO cub ic ya ]'(1;; of exca vat.ion. 
Du e to g" l'eat dl'pth of' this sed ion below t.he to p of the high wat er dike, 
a l arg l~ amount of s('('owl handlin g' of' ma.tcrinl excavat ed would be 
required . 'rile pel' cen t of g r a vPl aud the chane« of r neolln t..e r ing' hard 
st.rut a wou ld be gl'l'atl~' in(' reasl'l1. Co n si d (~ r i ng these fa ctors it is 
doubt f'u l that. the unit cost would I)p less than $0 .40 per cub ic yard, 

iuakin g a
Tot nl oL -- --. - ~1. :.! ii;:; , 7 1l j 

H igh t "C wa y , 11:; ,wrp ~ a t :-; H;O. ------- 17 ,:l:;O 

$1 ,~ S2. ,!.l61; 

EugiuPt'riu:; a nd ad minist ra t ion. 10%--- 128,2HG 

,,1All ,~(;2 

211,688 
COll t i n~ l, IH.: i e~ , l :i~' -------- - - - - - - - - - - - --- - - - - - - - - - - - - - - - - 

T otal enuul $1 ,G2:l,!)50 

I )i\'l ' I'~i ou wOl'l, >o-Es li matc ~" . 7 - - - - - GaD,DDU 

$2 .2;:;2,000 
T nt :t l --------- ------- ------ - ----- ------------------

Co nsi de r ing a rli\'('I'sion <laIII «onsf .r ue te d to rai se the water surface 
I ;) fr et , but wit h no aIIO\v1\I1 CC mad e for power a t Xloon cy Island, t he 
tota l exca va ti on for the u nlined ca na l I ;) fee t high er amoun ts to 
7G:l,OOO cubic yards, wit h 212 ,740 cubic ~ 'a]'(l s of bor-row in addi tion, 
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l'eql1ired for completing' the high water d ike. There would be a very 
small amount of second handling of lllatcria1 exca \'a teI1 and the I )( ~l' 
cent, of gravel exca n lt ion wOllld be greatly d ecreas ed, but to cover 
poss ibi lity of enco lln tc ri ng hard strata , this ex cavat ion is est ima te d at 
$0.:10 pel' cubic ya rd , with $O.Li per cubic vard for borrow, making' a 

::; :WO.SlO
T otal for "x ca va t ion oL __ - - - - - - - - - - - - --- ---- - -  - - - - 
It iuht of \\' a~' , 11;; ue re s at ~ 1 ;; 0 -----  - 10 ,2;;0 

::::n.".ono 
gng"in ce ring" and .u lm i11is t ru t ion , 10',k,- - - - - - - - - - - - - - - - - - ---  - - :!i.811U 

:;;:J03,800 

Cont iugc ucies, lii ~ - - -- -- - - -  - - 
43,8i!1 

'1'ota l 
I )i\. t'rsi4~n 

"ana l  ___ __ __ 
W ()l'l\: ~ -Il ~ q tillulte 

_ ___ 
Xo. u

------ - - - -  - ::;:{;;1.i4:i 
1.;·~ ;1:;.OOO 

Totn l ._	 ~1 ,G8I.i4;; 

'I'ho	 su viru; elTe<:fell h~' bu ildi ru; l h" ,1h'l'l' sion dum t o r ai se the 
\\':1I'>r su rf'nce I;; fe"t is , th l'l'l,fol'c__ ____ _ ::;;;(j 8,~O ;; 

( c) Reduction in cost of pumping' effected by building diversion 
dam to raise w ater surface 15 feet. In addi t ion to the saving 
of $i)()H,205 effected bv t he eoust ruct ion of the diversion 11am the re is 
<l saving in th e cost of power I'1'111lire(1 l'ur pur up in g wa ter to th e 1("d 
Bank pump cana l since the eOllst l'll el ion of the 11i\'e rsi on dam results ill 
a reduction of 1;) Icet in tho lift , tit " sa \'ing' ill jH)\\'l'r nuiouut iu g to 
I ,DBO,aOO k ,w.li. PCI' ~ · "aI' . .\ t $0 .01 per lew .h . Ihe mouctarv saving' 
would be at t lie rute of about $~O.()O() n veur. 01 ' a total or $-lOO,OUO 
in t.he t wcu ty-ven r per iod duriug which cO;lstrllet.ion costs a re nssumec! 
to be r epai d . This is 27 pe r cent of th e estimate d cost of t he d iversi on 
dam built without provision I or pow er d evelopmcll t at Mooney Islu nd 
S lollgh, as shown in Pl"(~ liminar ,\' E stimate No . H. Til Statement. A 
which follows no conside ra t ion is given to th e above item of (,COllOm ~' 
for t.h« reason that the saving is OIH~ wh ir-h lll a y be assume(1 app licahl c 
to the cost of op era tion r ather than to eost of eOllst rnc t ioll. 

In all (lisellssiOlls of th e valnc of power t hat have hCI'1l present ed, it. 
lias been assumed t hat the out.put woulrl he sold , at t lu- switt·hhoan1 , 
to one 01' t he di stribut inc compan ies. It has abo heeu ass umed tha t 
power for pumping would be l'c]llll'chased a t $0 .01 per k.w.h . Any 
other method of haudl ing the di sposition of t he power will a lter t he 

«st itnates ma d e. 
(d ) Increased cost to build the first 4.7 miles of unlined canal 

to include power w ater. I n onl!'l' t o i n el lH1 t ~ wat er for dC\'ld o]lIIll'llt 
of power at. Xloouey Island, thc ca pac it y of the ca nu l must be more 
than doubled to catTy 6578 second -f eet (see P lat e 25 ) . 'I'he exca nl ti on 
for all unlined canal won ld be in creased to 2,012,267 cu bic va rrls, with 
about !iO,COO cu bic yards of hOITO W. Oil aeeOl1nt of t lie larg'l: muount 
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or second han d l ing" of 11111 te riu l, t h is exca vat ion 1 11I ~ been es t ima ted a I, 
~ () . ; l :i pl' l' euhie yurd, lind :j;O. l.:i pe r cu b ic ya rd for bO ITO W , ma k ing a 

T ota l oL _____ _ ~ T 11. T!) ;; 

It ight of W; I L l nSA ;I crp~ at :::1;;0 __ ______ __________ _____ ______ :!!l.TGO 

::;1+1.;;:;;; 
E flgiIH-'P l' i r q~' and ndm i ni s rrn t ion . 1fYk:___ __ _____ _ _ ______ __ _ 7--1-,1 ;),1 

:;>~ 1.j . T10 
( · l l li t i ll :':-f· l l("i ('~ . 1;j (;~ _ _ 122,:i4;J 

T ota l '·allal ___ __ __ _ ______ __ _ ___ ____ __ ::'n:I~ .O :i :; 

/)h' t ' I '~ i" lI \\-OI·I,~ . E~ti llla tt ' :\0. 1 l Al 0.0l)O 

T ot ul ~~ . :: _! ::; .O:;:; 

Till' in r-rou sr-d { 'o~ t of ('UI\ :--:tl'l l("( iOIl due to l.u ildi nu rh« fin..t. --1-.7 
llI il t ':-o of n nl i n r-d m u iu (':\nal to i m-l udv POW('I' w n tr-r is , t ll l' rt' f(l l'f~ _ ~f) 1 7 . 7 T O 

( e) Saving effected by building the first 4.7 miles of canal, carry
ing irrigation and power water, unlined, In the pl an n rox! l'avo r 
abl~ ' eo us ide r ed it is prop osed to build the main cauul t o i ncl u de it-riga
t ion a PO\\'(,l' \\-at pl' bpl\\,p ell r lre am and Xl ooneynd diversion d l slu nd 

P O\\' P! ' plant unlined fm : th p r eas on t hat t here is no assura n ce t hat a 
lin ed ca na l cou ld he \\'('pppd sufficie ut lv to p rev ent fiot at ion or t h e 
lining' . Th i« is purt icula rl v 11' l W or a cun a l di\'el't ing' at rivr-r gTHd e, 
in wh ich «use the bntt ou : of t h« «una l woul d he hPlow low \\' a t Pl' - level , 
bu t ill ('i U I('I ' ca ~e it would 1)(' below llig'h \\ -all'[" i ll t he ri ver. f f lined , 
t'pin rol'('pd eOIWl'ptP nu t I p~~ t ha n -l iuches t hick would hp rr-qu i rr-d. An 
r-s t i nm t c wax pl '('p <ll'pd of iI l incd PH lla l to :\Ioon('y ls l.nu l :-)lollg'h with 
a -Ii - root hot t mu wi d t h and d psi gll Pd to ('a IT~ ' a l Ii-Iont dr-pt h or wa ter. 
1'01' eru n p ur isou wit h t lu- uu liuerl ~p(:ti on , Bolh s ,:diolls a r« shown Oil 

P luto ~ ;-) , .\ s n uu uurv or t he esr imu tc 1'01 ' t he l ined ca na l IS as Io llows : 
:;>0 ,::0 • __ 

B"''''" ll' 1T!l.:;OO (,Ilhie ," :I r , l~ n t 11,1 :;__ :!l) .H:!.• 
1!l.00 . _ 

EXI';I,';It ioll . !ls H,.+OO ('1I1li\: ,I"lI'd~ n t S:!!l(i,S ~o 

H pill fn lT l'd l i ni nz : ; :·Lt~·! «uhie .rl ll 'd :-; at (;4 1.:-'!)(; 

H i;!;ht ll f 11':1,1'_ _ _ _ _ _ _ _ lTO.1 :I""t '" at. 1 :;0 .00. . . _ 2;;.;;1;) 

:;;!Jm ,l:Jl; 
1 · ~II ;.d JH 'I ·l" in ;..:· :111(1 nt hu in ist ru t i on , 1(Y';:- nn.11:; 

: '1,ono.sn 
! O:1':;-W 

' I'otu l (':lIl:I L :; 1.2:i:,l,S11 
I )iI '''''~ioll wo r k,, -F: ~til1l:l t c :\0. ,L ,. . 1 ,410.01.10 

Tlll,d • _ 

Till : Ill0IlP)' sa ved b,\' hllilding' rh« ('Hllal with ei l p <leity t o in clud e 
pow er water <-I S fur a s :\[OOIl PY I sl und ~l ol1gh , unlined , is t hi-rcf'ore es t i
mat r-cl to 1)(' $:lLI ,74;;. 

~(' ( :I HlgP loss in th e --I .i mill 'S of unlin ed eanu l is or m in or eo ns ide ru
t io u s ill(,p th« total s ,'pp a g'e loss, l:a]( 't Jla fpll IlP OIl t he basi» or l '::i Ie ot 
i n d l'pth ove r t hr- wt- rtr« ] ea na l ~ ItI'i',H:P , is un lj ahout 7;1 Sp('o llll-feet., or 
1.1,1 '/; ol' ti ll ' Pilp'lI: it .\· or t he ca na l. 

( f) Increased cost to build the first 4,7 miles of lined canal to 
include power water, 'l'h I' C o~ t. of «onst r n «t imr a li II l'd (:a nu I h"1w r- r-n 
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th e diversion dmu built to ra ise the wat er su r face Li feet. and :-Ioolle ~r 

Island power p lant. bu t t o ca rrv irrigati on water only, \\"as estimated 
rot' «onip a ri so u w ith the lined ca na l eul a rjrer l to ca rry power wat er. 
A ca na l sect ion was cons ide re d ha ving a bottom wid th of :3;j .() fp('t , 
water depth 12 .li feet, sid e slopes 1 ~ :1, grade of .00015, ami a rein
f'orccd concrete lin ing 4 inches thick . The es t imate is summarized 
as follows : 

$0.::0 _E x,,:!\' a ! ioll , ,:1:l. 000 r-uhic ~' al'll s al ~1;)!J.!100 
Burrow -l:n,HOO cu bic yards at 0.1;, _ U;),(HO

1!1.00 _Li ulug; rei n fu rc ed ., 2·l,ti!IG ellh i" ~' aI"(l s at. 4li!J,22-l l;)(i.oo _Hi!:"h! of \\'ay _____ _ _ 11;) ucrt-s n t 17 .2;;0 

:';712,014 
I';II;;illf'('rill~ '" 11.1 adm! n istru tio u , 1/)%_________________________ 71,202 

:;7Ra,21fi 
I ' ou t ill;.\l'II<' ;I'S, 1;;<;\; _____________________ ___________ ] 17,ltvl 

'I'otn l Cll ll :tl ___ _ __ $!JOO. 700 
l r lvr-rs iun \\' o r]( s-I'~ s ti ll1 l\ te • ' u . Ii_________ _ l. :3 :~:-I , ()OO 

T ota l 

Cousidcring lined eanals, t he cos t of in cluding water for power 
dp\'l-!0plllellt would, aceord ing to t he estimates, lw *4:30,100. A l ined 
cana l wa s -not adopted . Til e fig-lIn's are givcn for com pa r ison on ly . 

Power used in pumping to project ar eas, ~ in c c ill th« presen t 
p lan it ~s proposed t o supp ly bv pUlI1p'; mu ch of the land t ha t und er 
t he pl an p r oposed in t h« 1!l~(J rep ort woul d hav e heen s('l"\'('d hy 
gnl\-ity, it is proper t o com pa r e the a mou nt of PO \\'(' !' co nsumed in 
pumping with t lu: power tha t is g-aiuec1 by ma king a ll t he water u sed in the 
in 'i g-a ti on of the project uvailabl c fo r power d ev elopmen t a t t ile storage 
rlu m. "\s s hown in Table 18 t he ay cragn annual ga in in powe r would, 
1'01' 1he ,veal's of r ecord of ri ver discharge, have been ~J4,;n;3 ,700 k. w.h , 
POWCI ' requ ired 1'01' pumping proj ect. water, as sho wn in T able ~(j , is 
18.H(i;i,(JOO k.w.h. JIl'l' vear. The balance ill t a vor of pu ru pi ng is th ere
forI' 7;-,..:J-48,7(JO k.w.h. ]WI' ypal' . If it is assumed that a ll of this ba laueo 
is sceond ary power , 05 pel' cent of wh ich might be sold a t 4 mills p el' 
k.\\'.II., the a \'e l'ag'e ann na I revenue gained would he upproxhuatelv 
*](j(j,(J()(J. III addition the Hl'd Bank diversion ma kes possible t.lie 
.\rooney I sland power plant aud any p rofits that uccrue f'rmu t hut 
xon rce must be placed as a credi t to the pla n of th e low l ine ca na l. 

I f t ho l :i-foot drop just below Moonev I sl a nd power plu nt wer« 
ut ii izer] 1'0 1' th e devolo pmcnt of po we r, t he resu lts woul d he about as 
l'ol low« : 

Totnl l>l· o.i( ~ et wu t ur p n~ s i ,,;;- per ," 1':1"- lisn ,OOO ael't'·ft'l't 
P u tenr iul !H)\\'('!' a t ~w/o ctlie il'lIer R,;)OO,OOO k.w.h. 
,J "I ,\' out pur , 22% of s"'aso" " L 1 ,87U,000 k .w.h . 01' 

2,;JOO,OOO h.p . hrs . 

'l' b is amount of power is 4:i per cen t of th e total pow er r equired 
1'01' all proj ect pumping sho w n in t ables ~(j and 27, hu t it would he 
0 1' no purt ie u lnr vn ln o nnt. il t he s(,I'oJJflary 1' 0\\" (' 1' d( ~v('lllp ('d at t he l ron 
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Ca ny on p lan t had been absorbed iu the market. This is shown 
graphically on Pla te 10 on which, f or thc pl an con sid er ed best ( fourth 
co lum n of graphs f rom th e left), it is indicated th at, in an average 
yea r, all of the proj ect pumping load is sup plied by sec ond a ry power, 
wi th t he exeept inn of a YCIOY sma ll amount i ll the month of September. 
It is not probable that d evelopment of power at th e drop, t o supply 
en ergy for pumping' in the ext rcmely drv y ears, would be a paying 
proposit ion . 

Other d ro ps on th e main cana l migh t, i n th e final ca n al location, be 
combined in one drop and utilized ill the development of ad d iti on al 
p ower. 

SUMMARY OF FINANCIAL CONSIDERATIONS. 

A xuu uu arv of t he studi es showing the eco nomy of building the 
d iversion d am to r ai se the surface 1;1 feet; const r ucti ng a power plant 
at .\ (oOJ ll'y I sland S longh; and building th e first 4 .7 miles of main 
canal t o t he :\[ () one~' Island p ower plan t unl ined is sh own in S ta te
ment A. 

STATEMENT A. 

Summary of Various Economic Stud ies Made of Diversion Works , Mooney Island 
Power Plant and Main Canal Between Them, 

Diversion works-
Wate r Surfa ce I ille vn t ion ~ fi n w it hu u t power , E ."tI nultc N o . G $1 ,3 :1 3,000 
W a t e r ~u rfa('e gl< ~ \' ati o n 2:~3 w it h out power, ~:-; tilna te .... ·0. 7____ _ __ _ 6 :30,0 0 0 

I ucren scd cost to ra is e wat.er Slfl'facc 15 ft~et ~ _ $1 0:1,000 

"""Iter Surt'aco 1~1 0vation 2 i) () wi t.h powe r , 1'~ s tiI ll ate No. 4 _ $ l , ~ ~ ~ , O O O 
\Vat.e r Su rf'ace l "iJ le va tioll 2;)0 w ithou t }IQW Cl', .Eslilna te N o, 6 _ l "~" N ,O O O 

~ 

I ucrea s ed cost to diver t power wate r-___ __ _ _ $7 7,000 

Main canal to Mooney Island power' plant-
Wa t or Surfacc E levation 2 3 ;), unlined, without power' _ $1 ,G22,D50 
W a ter' Su r face E leva ti on ~fJO, u nlin ed , withou t powe r' _ 351,7·Iii 

Sav in g' c tt'ected hy ra lslng u nli ned cn n a l 15 fe e t "1, 27 1, 2 0 5 

\V a ter Hllrfa co Ele vation 2 ::iO , l in ed , wltho u t p o w e r ~ __ _ _ __ __ _ __ _ _ ~ f:lOO ,7 0 0 

Wu te r Surfac« E levation ~ ;jO , u n l in ed , without powcr.. .__ __ __ __ __ 3iJ1,7 ·~ 5 

Sa v ing' cffec tcd b y r a ising- u n l i ncd ca n a l ];) fc c L ._._.___ _ _ _ ~ .) i s , ::h')ij 

W a.tc r Surface Ele va ti on 2;;0, lined, wit h po wer $1,2;;:1,80 0 
W n t er' Surfa ce E lcva ti on 250 , unlined , with p owe r ..._ ~___ _ 9 38,055 

Sew ing eff ec ted by build ing unlin ed can a l, wlth powe1'__ ___ _______ ~ 3 15 . 74 ;; 

Diversion works and unlined canal to Mooney Island power plant combined-
W n tc r Surf'a ce E lev a tion 2::: .), w it hout po wer $2 .2;"'i2,H50 
\Ya.teI' Su r [ a ee l(~ l e \'atio n 230, w it hout lJo\ver__ ____________________ ___ 1,684,745 

Sa v Ing effec ted b y rai s in g ca n a l 1:; feeL _ ___ ______ ___ __ ____ ___ _ $568,2 0:; 

'Vater S urfa ce E lc' \'a tiu n 2:;0, with powe r ., . $2,34 8,0;;5 
'Va te r S u r face E levation ~ .;O. w it hou t power____ ___ _____ _ ______ _ __ _ 1,684, 74 ;; 

I nc reased co st to provi d e for po w e r \\'ate r_ __ __ _________ _____ __ $66:l,3 10 

D iversion works, unlined canal a nd Mooney Island power plant combined-
Increa sed cust to pro vi d e for power wa ter _______ ______ ____ _______ __ $663,a 10 
:\l uo ne ; ' I sl and powe r pl a n t , Es t imute • ' 0 . 8_ __________ _____ __ ____ __ 9 28,000 

'l'otal cos t chargea b le t o power devcloument at Mo on ey Islan d p lan t $1, ;;91,31 0 

Revenue from Mooney Island power plant-
UrosB a n n ua l r ovenu a t 4 m ills per k .w.h. , Tabl e 2;)_____________ _ $2 13 ,GOO 
Annua l p la n t cha r ge , E s li m a tc .'10. 9, p lus half o f depreci at ion of

radial gate s , Est im u t« X n. 0- .____ __ ________ _ ______ 47,1 50 

• et a nnua l r e venue_ ______ ___ __ _______ __ __ ___________ _ ____ __ $166.450 
R et u r n on inves tment ..,f $1,5 91,310__ __ ___ ___ _______ _____ ______ 10.5 1''' 1' cen t 
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STATEMENT B. 

~ 3 2 () , I(~I 

47,1.;0 

273.2.j () 
7U,,j\1.) 

$ 1!)3,"S.' 

IH.237 

so .OOG 

$!l. OOli 

2,621.6G I 
26.),3!JU 

140,28., 

81.2.17 

.. I . Of);) 

, 2G7,OOO 
H. 1.\O 

;- 
~ 1 'J , 8S() 

7G,5G5 

. . S I 8 6 . ~ OO 
·17,1.;0 

Balance uppl icahl c to ot her projr-ct characs . . . . .. . . 0,18.j '1,885 
Ropnyment cha rges on remainder of d iversio n dam nnd ca na l 

to Mo oney Isla nd, .'5 per ren t of ,..;I,GB!,7:!,), Sta teme nt A . j S -l, ~ :~7 8 ~ ,237 8 l , ~3 7 : : 

Annua l surplus from Mooney Island plunt a vnilab lc for 1- --
paymen t o f o ther project char ea . . ~:?6 f ~ ~29 ,3 t 8 -.;iG,OlS ;'1O'J,4-l8 

Sale price per k..w.h. . . . . , 

Gross r C\ ' l: (IU C a t indica t I Ka l il price . . . . 
Annua l plant cha rges , Es fimetc Xo. H. . 

Xct, rev en ue. . . . • . . . . , . 
Ann ua l cons truct ion re payments . 

E sti m a t e d Ann u al R e v enue. 

(b) D iv e r s ion d a m, Moon e y Isl and p owe r p la n t a nd m ain ca na l betwee n t h em t o 
prov id e for po we r w at e r. 

Cost exc lusive o f d epred ati o n o n c o ncr e t e (f~x c e pt in s u pcrs t ructure of powerhouse ) 
(Jur ing c onst ruc t ton ropa yru on t period. 

Total co s t , diversion d am and can a l to :lloone y I sland, chargea b le to 
vo wer : 

St aterncnt A $663 .310 
.\ Ioo ne y I s land po w e-r plan t , E stimate No. 8___________ __________ 928 ,000 

Tot al co ns t r u c tio n cos t [ 01' M oon e)' I llia n d po w e r de vcl op m e n t ., $1 ,591,::1 0
An n u a.l ropavrne n ts , i) (~ _ _ _ _ _ _ _ _ _ _ 79 ,56 5 

P owe r out put, sec Table 2 ~ . 

Average a n n ua l g ross Vower, all prirna rv 59 , :1 :l:~t OO U k .w.h, 
A verage an n u a l su la.b le p ower, all primary, D O (/~> of g ros s ;:i :1,4.00,OOU k .w.h . 

E sti m ate d Ann u a l R e v en u e. 

Sum m a ry of E sti mate d Cost , P ow er O ut p ut a nd Reven u e . 

(a ) Ir o n Ca nyon reservoir a n d powe r pla nt. 
Co s t exclu s ive of dep r cc ia t io n on co n ore t e in dam d uring co ns t ruc ti on r epayment 

u eriod . 

Total COR t, I r o n C a nyo n DalI1 and R e se r voi r : 
D am and po w e r p lant, E s t lm a t e No. 2 $1 9,87 5,000 
R ese r vo h : right of 'w a y , Fls t lru a te N o . 1_________ __ ___ __ _____ _ 4 I S ~ 7 , ;jOO 

A vo ruge annua l to ta l sa la b le pow e r ·I.J7 , J 11,000 k .w.h. 

Total . _____ _ $ 21 .772,500 
Annual r epnymen ts , 5 (i~ - - - - - 1,2 38,62 :> 

P ower output, se e Ta b le 2Zi. 
Average a n n u a l gross prirn u ry po wer, 3:HI.720 ,OOO k .w.h. 
.A ve ru g u a nn u a l s a lable p ri nl ary 1H.)\I,; e r . 90%. o f g r oS8 . __ 2 ~7 ,6 50, O O O k.w.h , 
A v cr-a g ~ a n n u a l g r os s sccorid a rv p ower, 2G4,1 70,OOO k .w .h . 
Avera .....e a n n ua l su lu h lc second n ry power, fj 5~~ or g ross 1 3 !.l,7 ~J_t , O O O IL \\' .h . 

The above comparisons show that a sa ving ill total con struction cost 
is effect ed by build ing t he diversion clam t o ru iso the water SIll' face 1;) 
feet, and that th e con struction of th e ~\IOOll C',\' I sla nd power plan t will 
r esul t in economy . 
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(e) Annual 

~:dt' rri cc FN k.w.h 

lr ou I' unvou . .. .. 
~ l oolH.'Y Isla nd 

I tem 
equal 
r ( ~ \,{,lIl1 t~ 

l'l>Sl' I'\'o ir 

t ion
 
or t ile
 
st orrure
 
nst ~ ll 

Taxes.
 
ope r ation ,
 

Illig'h t be 

t iou on 

cost s
 
th l' (

\' il'\\'
 
a rc' full,"
 
IH)WPI' , 

II 1('11t 

d uru 
( "IJ)il\'i l ~ 

su rplus revenue , Iron C anyon an d Mooney Island power plants combined . 

( c ) of :-:i t a t l'IUl'n t B iud icat es tha t upon the basis of two ntv 
an uua l 1'l' pa YlIIpllt s of eonst r ud ion costs, without interest, t he 

llt' l'iwd f'rum t h e sa le of power ;!('IIl' I'atpl! at the two project 
pla n ts wou ld h e sufficient to meet the cOllstrnetioll cos t of I ro n Cany on 

and powpr pl a n t , t h e di\'( ~ ! 's io n dam, :\[ o o n e~ ' Is la n d po wer 
plant , and t ile main canal to ~ loon e ~' I sl and po we r p lan t: a n d ill addi

would be s uffici ent to pay t hc cost of op e nl t ion and mainlemlllCc 
,11)0\'(, var-ious fe a t 111'(' '';, ('xel' pt lkprec ia t io ll 0 11 eo ncrt'le in t he 

a nd d i\'l'l'sio u dams, ,111(1 st ill lcav« a s urplus wh ic h «nu ld b e 
to h elp meet th e j'l'pa y nwn t of the «on st.ruct ion ea st of t he balan ce 

01' th e p rnj cct . 
In th e followi ng ll isCllssio llS, whi ch involve t he cost of 
IIlHin t pn a n ce a m ] t he annual r epayment of «onst r u cti on 

cha rgocs. n o account is t akeu of stat e, county 01' auv ot.her taxes w hich 
a:-;i'icsscd ag'ainst the laud . 

Depreciation on concrete, In nII of t he cost n lin 1.\' s1's l!epreeia -
e()lIcrl'll', wit h t he ex ception of t hat in t h e IH)WI'!' hou se sup e r 

xt ru r-tu res , is excl ndcll during t h« pl'l'i od of r epay men t of eoni'it l'l\l'.tiou 
w it h t h e idea of r ed ucing t h e burden on the la ndowners dur ing 

'ady years of proj ect opl' rn t ion , I t is bel ieved that t h is po in t. of 
is just ific d for t he rt-as ou th a t. at tl u- ti me t he CO ll s t. l'I \1 ~ tio n cosh 

I'l'pa id th ere i'iho1l1d b« a lurue r evenue f'ro m t he i'ia le of 
tuure t ha n ,1I11pl e to b u ild li p n s ink ing f'un d to wa rd the r eplace

o f CO lll " I 'l't l~ st ructu r es . A ny d ep art ure from t h is viewpo int w ill 

ultr- r p l'ad il'a l ly al l of t h e figures . 
Estimated gross cost of project, Table 2K is a su m nia ry of esti 

mated g ross cost of t he proj ect hasPll upon t he asxu m pt ion tha t po wer 
wnu lrl lw de\'ldopl' d at [ r on Canyo11 dam an d at ~[ o o n e y Ia la u d S lou gh ; 
t h nt 1he diwl'sion d am at. Ikd Ha lik Creek would he hui lt to r a ise t he 
wa t r-r surface 1:1 feet; a nd t hat t he main canal be t wee n t ho 11 i\'l:rs io ll 

a nd .\l OOJlcy l sla nt l pow er pl ant. would h e bu il t. un li u ed wit h it 

' t o (~al'l'~ ' b ot h ilTig-at ion a n d power water. 

1.230.0!Ii 

1.120,frl!1 
l O ~ . H 8 

<0.00.; so (106 

~2i .03!1 ~2 -l5.ifl l t 6·t ~ 8 a 
., -21.0.1 2 2.tH8 2Q.3-t8 1- --1· 

Total c.unbincd ~ ,JrIl I,J.s uvaila l.lc for pay men t oi other 
pruj('ct r h a ~ ... 25:87 ~248.t ml 8193,8:31 

. 



- - - - -- --

141DE \ 'EL01')I I::! 'T ew U l'PE H S.\ l · ILD 1E.\"T O m \' EH. 

TABLE 28. ESTIMATED GROSS COST---IRON CANYON PROJECT. 

Gross area of proj ect, 276 ,900 acres . 
Ik pay mcn t i ll :W eq ua l a nnu a l in:-t' l1!lfll'n b \\i thout int erest . a 1·:-;....(11 a t the sumo ra ! v per ue rc :l ll.lLl l -\ ~l.j per rou t 

or the 05:\ area or ·!U: ~ .O;, .; ucres. CoM include overhead char~ and CO llt ill i!:f'uciel'. No credi ts huve 1.lC\'11 al lowed 
for receip ts from power :m]C8. For net costs includ ing credits for r (,l'cip s from I·O\\ I'T ~a k" . see Tall ie :W. 

G eM ('os1 I)('T:len' 

Urns." costIt em 

Est ima tce I and 21. Ir on Cuuyon reser voir and powe r plan t Esri mate 4: .2. Din'Ti\joll dam . . . . .. . iuiatc tu... .:1. Main ca na l to Mooney Is land . . Eatima tc 8 . . ' L ),(ooJlr y b land powe r plnnt . 

Suhtotnl. it ems 2. :~ and 4: . . ..
 
Su btut ul. i terns 1, 2, :3 an d -l . ..
 

,:'l. ~ l ai n ('au:,1be low Mo oney Island, c ... e lusive o f linin I.!: . Est imate 10. 
Es tima tc 10

6 ~l a i l1 (:3I1a l li ll i n~ . . . I-:s t im' te 11. . .i . n ('1.1 Hank pump ca l d . ... Est ima te 12 .8. n od Ba lik pu mp !lla nt s . " " Es t i rnntc 12 . 
~ l. Remainder ( I f pump plnn ts . . ' 

l-ear- 1:l9 ••to , Cur-i-nc Ior putnp ar or1S nca r Orb lid pr oj ect .. 
Es .tima te I t ..l l . 7,nOO-'l('rC East Side, uuit . 

Suluot ul ea rrb~(1 tip ;t t' IH
 
Estimate I.; .
12. Projec t lllhniIl is tT:.1t ion buildings . l'nac 131 .I :t Oistrlhuti('11 svste m . [' ;\",. 131. .

1L Orainail; c li y~ t ;~ n , . - -..-lli~t ) i 
Tot al core...trnctiou it crus 1 to I t. inclusive . . 1. :.5

l 'mn- 1:12,15. Opera tiou a nd mo.illll' ·u:HJtl' ea n:ds nnd lntr-r.rls. . 1. 1.; 
tG. Opcmti on and rnai ntenuncc pumping plan ts . Page \:\:3. ... 

Es t imu te :; , . 
.::!3~w>;i~ i -: ~~ ·~· r .· 

17. De ; Jrc ~h t. i (ln on fiCludr- ) f1 t To l ~· · '. I ruu Cunyon du m . 
18. LX~ ;Jn..-eint io n ou meta l work at diversion clam, except .. \ . 0• 

. .. .. .... _ , 13 .1;7 
Total ~ rll:'l:t I.'CI:"t p('r ucre IJ('r yea r . 

Est imutc .j 1.~ ~.2 (~ pcr yr..; '100 e harJ:.ed to powe r .. .. 

Estimated net cost of project. In a rr IVIng' a t t he prohable net 
cost of t he p roj ect, acc oun t should be t ak en of the surplus der ived 
t h rough tho sa le of (lower. It l'lIIs ] , ~ , : 1 and 4 of 'I'able ~H a rc not on lv 
sc lf -sup po l't illg , but , as show n ill Htatcll1l'llt B , yi eld a surplus which 
may be used to hel p pa y the cost of other items, Appl.\'ing the su rpills 
in t his manner result s in r ed ucing the cost of th e proj ect, as shown in 
T abl e ~!) . 

TABLE 29. ESTIMATED NET CONSTRUCTION AND OPERATION COSTS, 
IRON CANYON PROJECT, 

EHl u~ in' o f dcpreci-rtion on conc re to. with CX('\'l lt ioll o f t ha t in po wer ho use supcrst ru l' tl;r('3, at' no ted on puue 140. 

(:t) I' r ok-c t cos t. 

~:d c pri ce o f po Wl~ r pl'r k.w.h,_, _. __ 

Gr uss cos t o f croicet . Tal ) ll~ 2R. . , , . ", . . " . . . , .. ', . . " 
N-lr-s uppt )rt i Jr~( ('at un' :;' , itcu.s 1 to -t. incl usi ve. Tab le 28 .. . 

( ~O gt of ba l.uu-«of uroicct . items ;j t o 1t . inulosivc. 'fable ~S 
.\ I1 I1 u:d ~ .I TJ . l ll ii uccumul utcd fOT:!Oyeurs , it em (c) ~btcm ~ llt B . 

Xc t cos o f proicc t .. .. 

Xctcus t or pr ojel't 

S:de prj cc o f 
powe r 1'o ta l nc-t 20 annu a l ins ta llmen ts 

n...·)"dy mcllts 
Total Depreci atio n~ Opcra t ior, an d TotalConst n ct ion o n ga tes 

_. O.:JO 

maint enance 

'7 . ~O2. 70t l.4087 .90123.123.582 6.4611.004 .302 .703 .4669 .H18.215, 142 5 .53. llO-I5 .302 .53 2 .7050 .5913,306,702 \.005 
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Comparison of cost of various units of the project. In making 
1his eompar isoll th e cost of it ems 1, 2, :3 and 4, Tn bl 28, which are 801£
support in g', will be omitted and for s im plicitv, t he com par ison wilt be 
nind e upo n t he basis of gross eonstructi on cost s and these costs will in 
tu r u be shown in Table :lO, which is a sun I1WI·." of t he net cost of the 
var-ious uni ts including" ope ration . mnint onuuce, depreciat ion and credits 
f ro m the 'ale of po wur. 

Th e tota l cost of the main canal on th e west side of th e valley , south 
of ) Iooney Island power pla nt , is sha red alike by g"r avity anrl pumping 
areas, wi th the except ion of th e R ed Bank pump uni t wh ich is eon
'i( er eel scpara tl ~ l .\'. 'I' he r-st imuted r-ost of the main canal below Mooney 

Island is: 
It e m s;; a n d 6, 'I' a h le ~ S _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ ____ _ ___ __ __ ______ _ _ _ _ _ __ _ $13,661 ,800 

T ota l p r-oj ect a r ea . P la te 2 27 li,n OO a cres 
E a s t s trle gravity are a __________ ____ ___ _______ _ __ _ 7,000 acrea 

'V ,,~ t s id e a r ea 2Gn,nOO a cres
 
R ed Ba nk p ump a r-en c 39 ,350 a cr es
.,.; 

( : rO:-iS area se r-ved h y rn a in cana l . 230,55 0 a cr es 
Area a s ' e~ s ed . D 5 ~o --_---- --- -- - -- -- - - - - ---- - - - - - -- - - - - - - - - -- ~ 19.02 5 a c r es 
C o~ t per a cre $6 2.33, o r ~ O insta llments o f $ :1.1 2. 

(a) W h ol e project, based ll!HH1 t hc assu mpt.ion tha t the total 
«onst rueti on cost wil l 1w as" l' s~ l'l1 cllua lly ag:ainst 95 p el' cent of the 
g'l'Oss proj ect area .
 
Const r u ct io n cos t , i tem . 1 to 14, T a h lA 28 __ $;;6 ,14 0,317
 
S el f- supporting fea t u r es , it ems 1 to 4, T n ble _ 28,04 8, 56 ;;
 

$28 ,091 .7 62 
(')::it per re, it e m s 5 to 1,t , 'r a h lc 28 _ 10 6.7 9 

Balan ce or p r o jec t , it em s i to 14, T abl 28 _ 

;;.:14 A nn ual r elfa Yln e n l pe r a c r e (I ll LaHis o f 2 (; 3 , fl 5 ~ n cr es _ 

( b ) W est sid e gravity lands. 
,y(' ~ t s td e a rea ~e l"ved b v m a in ca n a l____ _ __ ____ _____ _____ _____ __ __ 2 30 ,5:)0 a cres 
PUlll p ill K u rvas o t h e r t h n n Hell fla n k un l l , late L _ ______ __ __ ____ ___ 55, 116 acres 

CrOt:lS a rea s e rved h y g ra vi ty 175,4 34 acres 
G r OSH n. 1· ~a a88~8~e u , 95'10 1(; 6,66 0 a cr eiol 

20 annual 
Itl'm 

Cost per 
lnsta llmcut s acre 

..3 . 12 ~62 .33 
COII:'l r 'l('.tioll cost o f mai n oana ] as pn' \· i ' l u ~ly shown for ~ HI.02,j acr es . . 1.50 
Di:-\t r ih~ l t i ( l ll sys tem. T1\hle 28.. 

30 .00 
. 7:> 

Dr3iu:lt e yst ' In. Ta ble 28 . . . . , .. ... 
1.; .1)0 

.02 .32 
Pro jec t admi-li. t ra tion baild inas. Tahl4.'::!S , 1-----1--

107.6.;cd :u~ain :' t ! Glj .liliO ac res . . To ta l (~ Q n~t ruct io n cos t , ~ 

(c ) Red Bank pump unit. The TI ptl Bank pump unit is prac 
t.ieal ly a d ist inet p ro j ect , not c1cllC' nd ing 11 rou th e main gravity can al. 
'While the d iver sion dam is u t il izerl to efrect a saving' of 16 f cet. in the 
lift, Uti: fea t ure is n ot nsseu t. ial. I t does , how cvel',- red uce the power 
req llil'cment: , which would he 27 per cent greater if th e intake were a t 
t he presen t r ivel' level. 
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DEVELUP"I EN'!' ()1" lIP PEI t SAl' HA MEN'l'O Rl VE H. 

Gross a rea. P lat 2 -  ~H ,3[iO a cres 
G ross area assessed . fl5 Il ..r ce n t . :37,380 acres 

Co:"t per:l
$1,088,132 

132,Onl 

( Tllta l cost il tom 

- ---._ -
Pump cnnn ls. item 7, Tuble 28 . . . . 
Pum ping pla n ts. i I'm 8, Table 28 . 
Distribution S\ 's t t IUI . Tab le 28 . 
Drain ag e svs tem. Tab le 28 ' . . 
Pro ject administ ration b uildin gs, TaL le:!8 . 

I 20 nnn uu!('f'{' 1_ in:::t'J. llmcnts 

~2n. 12 ·31A n 
12.10 .60 
:10.00 ..\0 
1;;.00 .7.; 

.32 .02 

(d) Pump units immediately north and south of Orland project. 
Gross a r ea , Pla te 2 :1-1,800 a cres 
Uross a rea, a ss es sed, :j5 ~t - - --- - - - - - - - - - - - - -.- - - - - - - - - --- - - - - - - - - -- :):1 ,060 a cres 

I t em 

Const ructio n coat of main cana l U:'I under pruvi ty Ian ds . . 
P ump canals, page 129 
Pumpi ng plnnt a, Est imute Xo. 12: 

St u. I l 7 .1 +0vertu~d und co ut inue ncies . . . 
Stu . 2271-j-Ovcrhcud an tl caut inuencies . 
Second lift -e-Overbcnd an d co ntinacncies 

Tot nl cost 

:-:'77211 
22(01,; 
6.3,224 

C(~~ t per I 20 a nnua l 
ucrc inM..: llmcnf:.; 

>112 .3:1I ;;:l. 12 
10.00 ..\0 

Totul pUIllIlin j:: plant!'! . .. :363.,\ 10 1l .00 l;;;;
30.00 1.;')0 

Vraiu :ll[(' svetem. Table 28. . . . . .. .. , .. . 
Distr ibut ion sys tem. Tabl(~ 28 . 

1,; .00 .7.\ 
Pruj cct adm in ist ra t ion bui l.Iina s. T able 28 . . .32 .02 

I---- f--- -

Tuta lc.mstructio n cos t, aeeesed a gain~t :n ,OtiO ucres .
 , 12$ .6,; 6 . 1 ~ 

(e) PU!llP units south of Willows. As stated 0 11 page 12D, th e 
canal system to ser ve these a reas is conside r ed a part of th e d istribu
t ion sys tem with p u mping' p lan ts added. T he est imat ed east. to serve 
t hese lands is as fo llows : 
GI'O~:i a r ea . Plate 2 20 ,316 ucros 
nl' O~ t\ a r ea a.sseS~ t d., 95 0/0 .. 19 ,30U a er<'~ 

Cost. per 20 annu alTotal cost IIt em insf.allmcn ts"e re 

Const ruction cost cI mui n cana l us und er gruvi t v lands ~G2 .3:3 
Pum ping pl m ta. Estimate :\ 0. 12: 

Sta. :l2GU +Ovcrilrn 41 awl cnn tin geuc ica .. . <10,810

St n. -I3Ui+ OvC'rhc .ltl and ccut inacucic . .
 ,; .741
 
Rta . .f70,j t (h ·crhcnd and cout lngenol .
 1:3.371
 
~b . l!H U- Ovcrhcad a nd conri nseneie • .
 tll. H ·I 

T ot al , pumpine plllll'l . . . ('I .BO . a,)l 133,266 
Disttibu tion sys tem. Ta ble:!S . :lO.OO 1. so 
Dr:tiu:tgc syst em, Table 28 . 1o; .1J0 . i ij 
Pr,lject ud n.i ri-tr nt iou b 1Jildill ~ ~l', Table·28 . .:12 .02 

Tota l construction cost , assessed agains t l ~l , :IOO scres. . . . ,j . 74 

(f) East side gravity lands. 
Gross a r ea , T'Ia t e 2 :.._______ ______ 7000 a c res 
Gross a r ea a ssess e d , 9 5 ~c- - --- - - - - - - - - - -- - - -_ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ __ _ _ _ _ _ 6650 nc res 

Item Total cos t Cost per 
acr e 

20 an nua l 
insta llments 

----'----------- - - - 1-- - -1-- -
Cons true ton eas t o f canal, Estimate Xc. 14. SI3~,O OO :!20. 1.\ St .OI 
Dist ribution SY8 t~1Il . Tab le 28 . 30 .()() J..jO 
Drainage svstem. Table 28 . 15 .00 .7;3 
Pro ject administra tion build in ., ·T~b ie· 2S~ .: .32 .02 

To ta l cons truction cost a. d against 0,650 ac res . .. . . . .. . . . . . . . . . . •
 65 .47 13.28 
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TABLE 30. SUlvlMARY OF ESTIMATED NET COSTS WITH POWER CREDITS . 

Cuulpa ri:'lIHl (If t ut nl awl JH'r ..ere cos t of va rious portions of t he pr oject exclusive of Iron Ca nyon reser voir a nd power plan t , .iiv cr sinn da m, main ca na lto ~~OUIL(~ Y Island Sloud . alit! ~10lJ l i ~ ')" 
Island po wer plan t . which an' ~ \ ' l r'I'III Jlpnrt i ll J!: _ Are:ltl shown are 05 per C f~I1t of t he gross urea 11lSiUbt which it is ussutned th e cost will be ass essed. Power orcIit s distri b.n ed eq ua lly OH 'r t tlP 
entire project nssesecd. No aecuunt taken of nnssibh- ddtrn:d dUl r . l:~ from ruuin enuuI ! illi ll ~ or project rl r :~ i nar: i = svst r-m . 

Hed ]1" ,,1; Pump uni ts Pump units 
\Yhnll~ nrn jcct. Wt'~: t !'iu!! amv ity. EaM Side zravi t v,

pump uni t. ncar Orluud , sout h of Wilh)\';'5, t\.(i,j() ac re. . ~:!/)3,O;j5 acre s lt iti,()(it) ucn-e :n.380 acres ;;:3 ,UUO ucrcs 1n.aooucrns Items 

T otal I Annu al To lnl Annu al T ut. l Annu al I Tut :!1 I ..\nnu,,1 Total .\ 1111 11:11 T utal ---- ---- ----r 
,:';'.1.i,1 ~U5 , Ii 

Opr.rnt ~u nan i main tenan ce, ea lla Jl' [~ ! ld latL'ral\Tahlc28 1 ,i l 1 55 1 .5,i I' 1 ,) "i 
C O IJ ~trllf: t i(HJ('.ost " " . .. " " , " . . . . . . ~ 1 0ti 79 ~.) :n '31U' .6 j ~3 3[1 ~8n . ,)t ~4 :~:~ I ~12 8 0.; ;;';u 41 $114 "i ,l 

1.;),) 
Upcr.ct ion and rruuutcnuuce , pUnJplTlll' T, ItUl tS, 1uhlc 28 

and Eo;;timat e No. 1:1. 1 1:5 a f.l3 :! 1)1 2 .!1-1 
Dep roeintion items Ii and 18, Tuble 28 . . :30 .su :m 30 . ;\0 

---- ---- ----,- - - -:- - -- ---- ---- - - - - I I I 

~ 

~ 
Aunu nl § 

,~ : ; .28 ~ 
'I..~,:; 

~ 

:;0 ~ 
1-- ~ 

'.I. . 1 ~i . 2 4 I. . . . I ~ 1lI. 1 1 I. . . . . .. 1 !I1. 20 I. I 810 .53 ,fsr oss cost , $8.:a I I 
C 
"': 

r:; 

Net Cost, after Crediting Surplus from Salo of Power, Item C. Statement B. ~ 
"l 

Power a t -I mill s: 
Crdi t.. . Sll .9-I 

7 .4ll ~ et ('06t 

P ()W('r a t ,1) ~ mills : 
Cred it 188 
Xct cost.. G.·W 

Power at a mills: 
Cro dit . ... 2 .8 1 
Nr-, oos t.. S.';1 

w .n l 
6 .3ll 

1SB 
5 . :;0 

2 .8 1 
·1.-1:; 

~O . !H 
O. l i 

1. 88 
8 2:3 

2 .81 
i .;1lI 

51l (I I ~lln4 1 ~~~; ! I 1 1!1 10 .26 . 

I SS
 
0 .:12 I
 ;.: 2;')U~ I I ISS 

2 . 81 281 1 :L8 1... . . . 1 
7 .72 . . . . . . . . . :! . :l:.~8 . :~ :J 

o 
::0 
%-;;. 
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D IXELOI',\Ij,::,\'l' OF 1'['I 'E lt " .\( ' ILU I E:'\'l'O )( I\'EI: , 

Deferr ed charges , ,\ " 11I'('\'ioll" I,\ ' ,,,l ill p,1. iI I;lr~'p 1',11'1, i l' 11 0 1 i1 11. 
01' 111 (' ma in ('<llI ill li n i rur, aru l I'prllllP" 7,') pel' ('plit 0 1' t lu- pl'o j p('t 
d r<lillilg'(', 111<1 .1' hr- t!l'l'prl ,,'d IIIItil ll 11' projp t 1 "pt l ll' Il\PII( is well ,ld \';l lIel'd , 
t h us 1'l'{!Il"illg thc hl1rdl'lI dllr ill~ t lie p <l r l ~' ~ 'r:ll''' of llc\' d opll1 l'lIt. ' I'h» 
jloss ibilil il''' ;dong t h i» lill " 1I1:Iy I", "111I111Il'd up II" 1'0110\\-": 

$7.S:,::,:, -l ;,": :-. t i t lla t c d C(J;-;( o r ('OlH'1'\ -(" t i ll in g i ll m u in ('all a l, '(' ;1\111 ' ~~_ .. -- - 
~ , 9 59 , 3 69I'; :-,l il ll a t , "d ('11:-:1 Dr clntinag-l : ;-; ~· :"" Il · rn . T n h k ~~ . $ :) ,~I I;; .S:! :1 1 75 ';' deferred __

Tot a l _ __ _ __ _ --- -- - $ t tl.S I :!.fl l l 
D ef(:.. rn.'fl co s t I HH' act" o n 2fja .O, f. :l Cre H .. . - - - - - - -- 11.11 
D ef('rn' (l annua l per a ere cO t ~ __ _ __ - - - - - :l.Otj 

Possible reduction in estimated cost of pumping, A" illd iell1t'd 
ill P rel itn inurv E st im.u c Xo . J :l, the cost of P0II'l'l' a t $0 ,01 p el' 1\..\1'.1 1. 
l'l'pl' p"l'nts aholl t 7,) Ill'r {',('n! or t h« p"t imatpd cost 0[' oppl'atillg' llll~ 
pum ps "l'l'Ying- t he pumpillg' area" , If, iu the disposal of power ~eu('r, 
"h'd ,It t hi' two !)('opo"l'd pl 'oj( 'ej plants, PI'o\,jsio n is nuul« fo r \'p"p]'Ying' 
l' I'{)1\I sale the quaut itv ]"'qllin'd for p roject pumping. it. is believedI 
t hu tt he pu mpi ng un its shuulrl he elull 'g'pd 1'01' power at the rate at whichI it is "old to	 the d ist ribut i ng {: ()l\Ipal1 ~ ' , A ss u m iug t hi« rat e to be } mi lls 

)	 ]ll'l' k .w .h. and a"" llmillg' 11 tl'anSfo rml ' \' and dist ri but.io u Joss of :20 pl 'l' 
,_~p n t. 11\(, cost o f 1' 0\\"('1 ' n t, 1he p u m pin jr pl an ts wouh l be J mills pel' 
k.w .h . 1; 11 011 this bas is 1l11~ nnnunl e.lW l'g'{' on t he p ump in u a reas show n 
ill T uh le ;\0 wnuld be l'l'Iltw l'd to the nniou nts shown be low. 

An nu a l cost per ucr c 

1'1Ii11 J1 l1llit 
l' umr iug I {" (' 1 1.~nw J r. t- ~ 

------I 

~7 j'~..2 ,-18 >S , lin \Hl' ll lb nk Jl III1I IJ ull i l 1 .0i in.en U.:l2 
PUlIIP \I l1i l .. nu r Orlan d .... S , li l 1 .!l!1 I !I. ;i 8 Pump un its ~·. l ' l t It o f w illows 

- :\ (:1 " O...t L'nl~~ . h·..;-; 1;(1"'\"('( cred it a t 1 lIlill l -p;1!c lwll i ll T" III" ::0 . ~ Il ;\Ctl Hl ll t tuken or ro~~il l ,' deft rrr-rl chn rgr s 
frutn ucri u 1.·: \II :tllill i ll ~ c r pr njve t I l r.lil l :l~ (, ~ .\:'; tt' lI\ 

Financing the project construction cost. 1' 1' to t his poi nt a ll 
d iscussiou« of cost han' bcou ha"pd upon th e assuiu pt iou that the «nt irc 
projeet, w ould be eonst. ructerl wi t It gO\,(~l'n lllent. f u nds II pu n wl: ieh 110 

intv rvst wou ld h e e1 H1I '~ l' d , a nd t hat ru pa vnu-n t of const rn cl io n costs 
woulr] he nuul « in 20 ('qnal annua l i nstu ll mcnt«. '1'0 m ake the p roject 
j'{'as ib lc', it m ay b e l1 p l' l ' "" ar~' to red uce t he amou nt of m oney assn mml 
to lx- f'n rnished by t he g-oYel'l1 me nt. 

'l' h« project mn y lIr rlivided into two distiuetly separntc nnits : 
(a ) Stol 'agl ~ an d ]l0 \\'(' ]' f r-at u res. 
( b) Cnnu! uiul d i"tl,ill1l1.ion s~ 'st(, Ill,
 

T he ""t imatvcl cost muv 1", divided as Iollows :
 
' 1\11.;11 , .:-::tirll tl f(>(l cost. T a ll lv ~ 8 - - - ~__ :}ii(i , I ~ 1I , : : 1 7 

lr-un Ca nyo ll r eserv o ir n n d p o w er pl u n t . i t em 1, T n b l o ~ ~ _ _ 2 1 , 77 ~ ,:i U O 
'I' fJl :LI ('():'-\ t e ha r g-ea h le t o 1J0\\' l'W d cw el nllrn (mt at .' l o oll f' y· 

J~l arHI pl an t. S t i t e me n t D __ ________ __ __ ___ _ __ _ 1,:l91 ,:nO 

'I'o t a l st ora g e and 110WHr reuture - - - ____________ ___ ___ _ __ 2 (j, ~ 6 :1. 8 1 0 

T ot al r-u n u l a n d tlistr ih u li o n . y s t e rn __ -

(a ) Storage and power features. Table :31 con tu in s ;1 d plai l 
anulys is 01' the .n nnrt.izn t ion of costs of the storage a nd power fl'atl1l' eS 

I O-;IUlj ti7 
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\L\TEI( HE~OI 'nCEi; OF CAL TFORN I.\ . 

u pou the assuu: pt io)\s t li :It cons t1'1[('t ion would cover a period of five 
years ; tha t 11l011l'~ ' would he uvailnble at;j IWI" el' lIt in terest , compounded 
sellli-allllllalh'; alld 1hal t he lid rr-vcn ue dci-ivcd Irom the sa le of power 
at 4 mills pp;. k.w.h . wnul r] lx- apl'lipd ill tllP I'P!lllyJllI'lIt of eonstrndion 

I'osts. 
~26 ,36 :l,81l1T o tnl s t lmutod c0 l1Hl n ll.:titJlI ('o :-t l - - - - _ . -- --- -. ------ ---- ------ - - --  ;;,27 2,800 

Y en rl y l ~ ~tilna l( '<1 ('u l1:::o l r uc t io n cost - -------------- ---- ----~--- - - -- ... 
Au nuu l o uc ru t io u u nd l 11a in tena IlC t~ 

l ru n Ca n yon pl ant, E~ t ima te ); 0 . :: $06,73U 
.\ J(ll tll e y l ~l all d pl a ut , E :-;tirna te '" "0 . 9__ ___ __ _ ___ 12.65 0 

6~,3S 0T o ta l n n uua l 0 l Wl"at i oll a nd m n inte ua uce _ 

...:\II lIu I11 rtop rec lu t lo u-c
*I ro n Ca n yon n ln n t, E st irnat e :So. :~ ~20 8.(ifiO
 

xt oone v t st u.nd p lan t, E s ti m a te );0 . 9_____ _ ____________ $:\ 3,600
 
• • D iv e r-sto n wo r-ks, E ~ tirna tc :-':0 . 5__________ _______ ______ 900
 

T o ta l . l oo ne y Lsl a n d an d d iv e r sion work $,, 4,500 
T o t I a n nual d ep r e c ialio n - _ 24~ ,160 

Th e tubl« i ndicat es t1111t ill th e ;j;;rl year after beginning of construe

tion, the last. of the const r uct iou bonds would be retired and the aecum u 

lut .ion of a larg!' surplus would beg in.
 

E XPL AN ATIO N O F T ABLE No. 31 A N D ASSU MPTIONS U SED I N ITS
 
PREPA R A T I O •
 

Co lurnn 1. T he years s ho wn in t n l s c o l umn a rc bused on the a s su m pt io n that 
c rn rs t r-uc t.lo n wou ld tll:g ill at th e fir st o f t he year 192 and w ould be c o mplet.ed at 
the e nd of 1 ~1 :~ 2 . The o p cn-a t lon s sh o w n o n th e line with an y y ear re present the 
acc u m u la t iu n s o r rates o f opl'ra tiuns. during- th at year. ur th e tot nl a ccum u la t io ns 
to t h e e nd o f th at year, a s th e cu sc m ay he , with th e e x c ep ti on DC e n tri es u nd e r 
colu m n 2. The .e nt ri cs in colu m n :2 u re for the b eginnill~ of th e y ear. 

Co tu ra n 2. COlls l l"llction start s u t th e b egin ning o r 1928 and e xtends through 
fiv e yc nrs with fl v e qua l c o n s t i-u c t lo n cos t tn s ta t tme nt s o f 5.272,800, t he a m o u n t 
b o r-rowed a t t h e b , g'i uu iru; o f - u c h ycu r [or thi. p u rpose. \Vith tn t erest pa ~'abh, 
." un i -u rm u a.l l y a t ij per cent, it is u eceasa r y d u r-in g the ea rli e r years to b orrow a su m 
in excess o f con t r u ot i t und surn le nt to pa y the s ec o nd n ent o f interes ton s m st ltm

f or th e p re v i o us Y a r a nd al s o th e ine ta l lIncnt th a t w il l be du e July 1 next , a ft e r 
n llnw a ucc is nuule for ne t inco m e f rom plaut opei-a t io n . '1'0 illustrate , at the 
b . ~ i nning of 1 9 :J 2. th e Ind ebted: e ~. is f ound thus : 

$ 22,73 '1,000 1Jrc\" ioll s mdebted ncas - - - - - - - -- - - - - - - - - - - 
5 ,272,800
 

D c flcl t at e nd of - __ 452,:Jl5

..A unua l c onst ru c t i o u f n nd - -- - - - - - - ------ - - 

l ~ :lL 

NpC("S~'H r y i ll dehte<ln es~ a t b (:~gi nni n J{ of 1932-==P ==--____ ________ _______ _ $2 8.45 9,11 5 
J nte rest on P for first s ix m onths o f 1932 = .02 5P - - - ------- $711,478 
OIlcnLti llg r e ve n u e for si x nlUn t h ~ _ _ _ ___ _ _ __ _ ~ 4 7 5 ,2 48 
Operation a nd I1la i n tena ll ce_ _ _ _ __ _ __ _ ___ __ _ _ 3 -1 ,69 0 

440,55 8N e t ope r 'at l n g' r cvenu --- - - - -- - - - -- - - - - - - - - - - - - - - - ----
Lu te res t that must b e bOl'l"o w e d ________ _____ ___ ______ ___ $ 2 7 0 , ~ 2 0 
C a p it a lize d a m o u n t of tntores t to b e lJu rrowed=270,~20+ . n 5=---- - - - - 277 ,867 

T otal inde b ted n ess to b e provided f o r ~ 2 8, 7 3 6 ,9 82 
U sed . .__. .. ----------- 28 ,737,000 

At t er l~ ;~ ·I , when in come hf"!g ins to e xceed e - llt-Jl1SCS . it is a ssumed th at the coll ec 
ti o n s ca n be h andl ed so a s to m ee t tn t or e s t c h a r-ge s whe ne ve r th e y fa ll d u e . A lso that 
repa y m en t o f ti oud s will he m ade a t t he b eg inning ot ea ch yea r a n d that the 
s ma llc s t d enomina ti on o f th e b ond , i. ;;00. F or these r easo n s i t Is n o t n ecessary 
to s h o w a financial stn t e rnen t every . ix months. 

C u lumll~ :: and 4. It is " s . u l1led th a t the ,I i -c rsl on d a m , xtoo n ev Island power 
p la n t. a n d the m a in ca na l t o that point will b e buil t d u r in g the fir st y ca r ri d that 
t he. pl a nt with it >; i ll . tatte d ca pacit y o f 10,400 h .p. (77 60 k.w.) will b e plac ed in 
opern ti on a t the b e g inning o f t h e ; ec o n d year, 192~, vlth a s a le of ~ O per cen t of 
ils Cltllll e it y . B ~' t h e e n d of th e fourth y ea r constr u c tion is a d vt ne ed to the point 
wher e t he ave r a ge ou t pu t f O I' the fi fth yen r a t the Iron Canyo n p la n t is 30,000 h .p. 
( 22. :l80 k .w. ) a n d t h a t 90 per c e nt is s o ld. D uring the cons t r u ction period the 

• In clude s dcp rcc lu t ion on t em s chu rgc a blc to power only. N o depreciatio n 
allnw C'd o n co ncre te, ll.'{ C't.' p t in s lIp<:' l's t n te lu rC8 o f powur pl ants . 

•• I nclu d II depreci ati o n 011 t h e the a ddit iona l h p acl ga k~ a t t h e dive rsio n da m 
n'quire d fo r (1i \'(' l" ~ io n o f p o w e r va t er. 
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d e vc lo p n cu t Llf t h e u se ut irri g-a ti on w a t ur O il t h e p rojec t wou ld n o t be f a r 
adva n ce d , so that most o f the wa t c r ill the r i ve r would be a va Ila b le fo r de -e lo p In g 
power a t :ll oo n e y I s land a t a ll ti m es. u p to the ca pac lt.y of the p la nt. Du r ing I 9:1:!. 
th e fi rs t par n fte r t ho co rn p le t ion o f tll e pl a nt, i t Is a s sumed t h a t 90 p e r ce n t of 
tho I,r ima r y o u t p u t is s o ld, n u rt tha t beg-tnnt n/'; wl t h J 34 the d eliver ' l' a ches It" 
ma x imu m of ~ I O ller cent o f th p pt-Iru n r y Olt tl ll1t a 1\(1 ~,;l per cen t o f the soconda.rv. 
~e e Pla t " 111 . 

Colum n ii. S e lf-e x IJla llalo l')". 
Column G. S00 pl"e l hn ilHu'y l' s ti l lla tl'~ ~ (I~ . : j and :l (or dctn i ls . Charg e s are 

e n ter ed for " ve r y s tx m onths ttlt e n d of y ea,' t : :: 1. and t he r earte.r for each y e a r . Up 
t o t h o n d o f 1 9~1. cha rg l ' ~ are n uul e fo t" ~Ioo lley Lslu m ! pl ant or rly , be c u u s e th e 
Iro n "'U I1YUll plu nt is Hot rqio rn ted ti ll the ht: g-iu ll iu g' uf 19 32 . 

C olu rn n 7. Se e p re l i m ina ry r-st i mn t os ... T O~ . :.: u nd 9 fo r de tu i ls . In order that 
r e pn vmen t of b c nds mu y b e.A-ill H~ ~{JOJ1 as IlO};.s ib lB no allowa n ce for d e p rec lu t ion 
i:-; made during t h o fl r s t li ve y ear~ of o pera ti on _ Al s o c onst.r u ct. ion is s t lll i ll progTl~ss 
ll u rin g this t iruc. a nrl th e mach iu erv is new ~n t hat rep la cements are u n l ik e tv . How 
e ve r , in orde r tlUi t t n e runrts rn a y h e :"Iva il a h le when n e eded. th e a n n u a l amount 
se t a s ld e fo r n .:plae em0.nt is iu crva scd during- the veurs 19:~ 4 to I fJ.t7 i nc lu s ive 
so t h a t b y the e n d of 1 !H7 t h e amount S(:t .ls id l~ is the sa me a s it would have been 
if depn: ciati o ll had h e (~n n llo w erl n s soo n as eq u l pm eut narl g'OIH ~ into s crvi.....e, 1'\ 0 
i llterl'xt is c n~. (li ll' l1 to t h i s f und . nlthuugh it is ju-o b a hlc tha-t ill n c t u a l o})pration, 
enough of t h is t'u ru l wou ld he I) H dcpos tt to prov id e all i uco rn o f rorn in t e res t 
pn vmen t s. 

C o l u m n s. interest at ;j Pt.'1' c s-u t s --m i -a u uu u ll y .
 
Cnlu mn n. Surn o f cn l um ux Ii , j. x,
 
C ol u m n 10. Co lu mn ;j minus colnmn 9.
 
Co lu m n 11. A m ou n t a pplh«! f rOIH n e t earlliI1g~ ea ch y ear to til e n~payrn f': llt of
 

the bonds. 
S rnnll work i ng' f u n d eq ua l to column 10 m inus c:ol u rn n 11. Col u m n 1 ~ . 



TABLE 31. EXAMPLE OF FINANCIAL OPERATION OF PROPOSED IRON CANYON PROJECT POWER DEVELOPMENT . 
Estimated cost of development including overhead, $26 ,363 ,810. 

Estimated rate of construction expenditure $5,272,800 per year for five years . 
Ninety per cent of prirnary and 55 per cent of secondary power asaurned sold at rate of 4 mills pe r k . w. h . 

Interest on in d eb t ed n ess assumed at 5 per cent, payable semi-annually. 
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l :"i(J WA '('1m Im~ OU H(, ES OF UAL IF ORNI.\, 

( h) Canal and d istribution system, 

TA BLE 32, ESTIMATED CONSTRUCTION AND OPERATION COST
 
CANAL AND DI STRIB UT ION SYSTEM,
 

Assumed to be built with non interest bearing money,
 
Are. Assessed, 95 Per C.nt of Grcss=263.055 Acrrs.
 

Total ~ (ls l 

Cost per acre 

:!O annual 
installment...;To ta l 

--I 
IhLtucl' IIf tl i \'t~:3i(l 1l <l.am and maiu cuuu l to \I ouuc:y IJoi b wl nut churgcd tol 

Ilm",-r . f rom St-uen-eut .\ . ;; .H .; 1.6~U I ,j I 
I tl'mfl!:' to II , in clusive. Ta llit' '.!S. . . " . . W. l iU,iS i til.'li 

I'" ibt otul. diversion .lutn :: lIJ mai» runul . , li.S5';"i:J2 I ti7.88 
Di!'l tl ih rt ion 1I \':5 I(,Dl, Table 18 . 7.8:H,fi.jU :,.0 .011 
Ur.linallf: a)1~ tNll , Tahle :.1 8 ..... . .... . 3,Hl;j.82,j !.' .UO 
Pr,l j"l'.t ad :uh ist r.lt iol! lnil. ~ i fl t! :: , 'l'aLh· 2S. .::2 ss.soo 

Tota l rur-t r rcrio» C;ll' t ..... '" . " "", . " 11:1.20 
( ),I('ra t iull a", 1umiutunauct-. cuuule e ud l ue mle. T:Jhli' :!8 
Opr-r rti.rn uml m j' lt :'n:II H'(' , puuu ing ph llts , Ta bk' :!8 
.\ nn un l dl' , rt'c'i:1t"UII , i tcn s 1i and 18, T able 2f; . 

To ta l cst imutc d nnu ua l paymen t 

~:1. 3 il 
1.5 0 

,i ,j 
.02 

$3 , ~~ 
I , ,) ;) 

1. 15 
.ao 

Th( ~ res"lIlt should hI' com pa re d with T able 29, 
II the main cau ul lining: a nd eonst ruct ion of 7:i 1)('1' ee u t of the drain

a gol' syst em ;1\"(' d ('f (,ITcd, t lu: original cost wo uld be r educed to $72 ,O!J 
\I N' :I ' a nd the tot al aunuul cha rge during th e first few yea r s would be 
at t lu: rate of : 'Ii ,IiO pel' aC1'1' asscss('(l. 

SUGGESTED ALTERNATIVE PROJECTS, 

Area a nd w ater supply , ,:\ n OIl tx tanrling f a e:t w i t il 1'1' f'crenco 
to Ilie Iron Canyon proj ect is t ha t th e area of la n d available for irriga
1 ion in t.1[() ~a e l ' all i ellt o Vullcy , bel ow t he sit e of the proposed ll'011 

Ca nyo n j'('sI'I'Yoir . is g l'('al 1,1" in ('xeess of t he area which ca n ad eq uu te ly 
I> ( ~ serv ed by t hut rese rvoi r. or th e 2,700,000 ac res of ir r iga ble area 
011 t h« fluo r o f t h« l'aJl ('~ ' tl1(> I'(' an' , a ccordi n g t o C('11S1l8 fig-lin 's , on l,\' 
a hou t :lOO,OOO II('I' (,S now iI'l'ig-a t ('d , Ot )1(' 1' st orag e reservo i1'S 0 11 the 
~a l'.r a men to H i1'('1' above I ron ea n,I'OI1 1] re uud or consider-arion , par
t icular-lv 011 1' u t K eu net t , Considerations involved in the K ennett. 
ros ervoir are mHlI," lind discuss ion of them is outsid e t ho province of 
t h is report . Iuvest itrat iou might d r-inonst nlt!~ that t he water supply 
fo r tlte Sacl'anll'nto Vu llov (':ill Ill' HII'!lllf'llted by lni nirinir ill wat er 
l'rnm ot her watersheds, A project contempl ating cliYc~:s io~l of water 
f'roin t he Trinity River, known as th e Sampsoll-Hill project, ha s been 
sllgg-e~t ('d , hut 110 cons id e ra t ion ha s heeu g'iyen to the proposal in this 
I'CpOl't , 

P r oj ect in northern part of vall ey , Other t h ings Iw in g equa l , 
th e id l',t! p ruj eet is OllP iu elud ing a su it able area n eal' the source of 
wa t r-r io; u Pl'l y which «an br- se rved b,l' ,I r elnt ivc lv short ca n a l. .APPal'
eu t lv t his irleu l would be a pp roachetl throujrh t he incl us ion of about 
~ ()O , O()O ac res o f lund 0 11 t ho west side , north of t he Glenn -Colusa county 
Iin c. 7()flO a ('I'('S 0 11 t hI' l'a st s ide opposit.(' R.l'd glll A', and 11 pprox ima le ly 
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()4, 1l()l) aet'l's Oil the ("as( s id! ' of t lie vnl lvv , nnrt h or HuUe ( 're/'k a nd 
I,r in g' below t ln- lo w line eallal sur\'l'yl'd hy t lu- ~tate D e pa l't llwn t of 
l '~ n g'incel' i ll g- , shown Oil Platp:Z, I f it \\'(' 1'1' llr'sirabk to incl ude a 
«ompa rat ivclv la rge an',1 on the eas t s id l' or t i ll' va ll c v t lu- 64- ,000 HC! 'PS 
ru en t ionedcould replace the area south of the Gle lln·Colusa cou nty li n e 
i ll (he p roject st.ud ies, thus di mi llati ng' t he "shoe stri ng' '' area t o th« 
sou th , 'l'he po wer fcat urcs wou ld hc un eh a ng'l'll. TIll' la r g'e cast sill!' 
area «ould be served eith cr by [lnmpillg' f'rnm thc rivrr 01' b~' siph oning 
f'ro rn the west sirle canal. 

Project in southern part of valley, Th e a t her e x t r cur e would 
be to const ruct the pl'Ojl'd in the vicinity of Arbuckle, W ood la nd and 
Dixon, wh ere 1here is a lnrg'c a rvn or l'x L'l'lIrn t land , In this sch eme 
wat er re leww ll f'rom I run Cauvon l'IHil'n'o il' wuuld bl ' curriec l ill the 
8acl'mnento River chauncl to1\: nig-lit s Landing', whence it w ould be 
lifted to ca n a ls pX(('1ll1ing- north a nd SOIl! h from Ku iuht» Landing 
R id g'e, 'I' he storag-e llam a n d PO\\'Cl' plant would hl ' t lu: same as pro
posed for t he p roj ect st uclir«] . ;\ ,: shown in Tnbll ~ 1H, the average 
annna l out.put of t lu - 11' 011 « a ll ~' O ! 1 pow er plant , !'!'slll till g' t hrough 
n tiliza t ion of th e POO,OOO Hrl'c-foot ir rigati ou d ru It 1'0 1' 1)()\\ 'PI' p llrpo,Sl~S, 
is 94,: n;~ , 700 k.w.h . nss mu i ng- SO 1ll' I ' ev n t pm(: i r l ll:~' at. t h« swit (,It
board , Assum i njr t r a nsru isxio u line a u d t m nsfrn -nu-r o'ftieir llc ies of DO 
pe l' cent a nd D,-, 1)(' 1' «r-nt l'('spl'divdy, the uVl'l' agc amo unt of power 
delivcrerl at K uig-hts LalHlillg' p Ulllp iu g' pl nn ! anuuullv \\'l1111 d be about 
iiO,fiOO,OOO k .w.li. 01' sufficient to lift t lu- SOO,()OO nero-Feet through an 
av erage stat i« h ea d of f)~ fpd, ass u m in g 70 lll' r cent. pump efficiency 
and 10 Ill' r r (>llt :l\'PI'HW' loss of heurl in ovr-r eomi mr f'rict iun ill tlll' p ipe 
line. A la rgl' part of the area wcs! of t he Y olo bas in , between Ai-bnckle 
a nd Va ca vi lle, not IIO\\' served by an m-i gation s~'st em , li ps between 
the 2G.foot and I OO-foot eOlltOllrs, It apl)(',II'S t ha t t he ,ll'ca could he 
s(~ l 'ved bv pumping f'rom the r iver a t K n ig h r« Lau rl ing wit h a n avrnql'e 
lift o f not mo r e than ;Jfi 01' GO f ret, The loss 0 1' wat er ill n-unsuort a
t ion ill th e river «h un uel f'rom I ro n Canyon rt -sorvoir to Knights Laud
ing sho uld hl' l H'g li ~.d b l l ' in «ompurison w it h the loss in all n rt ifici nl 

ca n n1 of equa1 lengt h . 
As an al te rnat iv e fo r ]lUlllping' at KlJi~.dl1s Lan .l in g , the sn rne a r ea 

might be se rved b~' gnwity through a cnnal d ivert.i ru; at TIed B a nk 
Creek . It was with th is i n view tha t t he p e rlimi nary loea t.iou su rvey 
was cxtended to Put ah C reek. 1(. is p robabl e that adopti on of t h e l in e 
on the vall ey floor south of D un n ig-a n ( t h e "Bini Creek low li lw" on 
Pl a tes 2 un d 24 ) would be preferable to hui lding th e canal th rough the 
hills , as the latter would rrquire h eavy consti-nct ion. loug f!l11nps, cte , 
Tt' th is \\'(' r e true it \\'oul tl be n eeessa r y to l'el-.!'ain t he h ead lost Ht the 
d rop by pumping 11 p io K n ig h t s T,aIHli ng' Ric1g' I~ at Ca ch e Creek. A t 
h~ast n p ort ion o f tlJe power !'p([llil'('ll for this plllllflillg' conld be 
(lr vPlo pl'(l at (h ops on th p main l'anal. 

Individual pumping plants along r iv er, 11 lili g-111 Iii' rOllnd 
feasihle , a nd tlps irahlr, to sllppl,\' with \n li pr fr om I r on (',In ,\'OU l'l'ser· 
voir lll'paS a !onp: t h e I'i\'l~r f or which PllIllPS , in lIIallY CilS('S, ar (' no\\' 
illiit HHecl, hllt. for whieh t he watel' snppl~ ' from UHtllral flo\\ ' is lIsua lly 

d f'fie ien t , 
Irrigation from Coast Range streams, .\ n i n \' t: s t i ~a t i o ll eo ver in g 

11w l~o 1l1plpte usc 01' \\' nt pr ente ri ng' the SHer;IJIl(~llto Vall ey [1'0111 the 
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('oa~t Hallge , ill i rrijrut.ion 01' areas 011 the west side of th e vall ey , mi ght 
sh o w t h is pla n to be f(> i1si blP. ' l' h r- ro an ' possib iliti es at Hed Il au k 
E lder, 'I'h on ics , Ca l',he, P u t uh u u .l ]lL'rh,lp S ot ln-r sm a ller creek s . 

Combining' with Glenn-Colusa I r ri gat ion Dist r ict , Several ('0 111

hi nut ious with th p Gklll1 -( ~olll" a l iiigut ion Dist r ict ha n' been sng
gpstl'd , aI1 I Ol I ~' t liem ti ll' follo wing: 

( 1) Eliminat e firs t fort v mil ~ ~ or t ill: ma in ea lla l l'stimat l'd in t his 
r l' pOl't and pump wut e :: 1';'0111 t lu- ri v«r to the ('<lllal at, S t O Il ~ ' Creek , 
i-ombiu iug wi t h t hr: di strict ,It t lu-ir plnllp in g pla nt , 

( ~ ) Build a di\ ' el'~i()11 dalll a t t.ho IIP,HI of t he Glenll-C olnsa eun al. 
1,Iil11ill all' pnllipillg to t hat ca na l and pnllip t luonah th e \" PlII\('cd head 
to til l' I ron Ca uyo u e' lllal. 

( :l ) El im iu a tc p um p iug p lan t <It hpad of Gl en ll-Colnsa «auu l. 
": n l<l1'g'p 1ht- n p ppr port ion of t h» I ron C a u vou (',llla ! and d el iver- (i!Pl1ll
( 'olnsa watr- r to t hr-ir «anul bpiow ::;tollY ('I'I'('k, possibly mak ing us« of 
t lu- drop (0 g('n ('r<lll' ('lee lT iea l PlIl'l·gy . 

( +) E li miu nt c 11'011 Ca nyon muin canal , bu ild dive r- io n d ;11ll fit llPa(1 
or (}!rIlIl-CollIsa calla!. l'1l 1m'goe i hut ea uul and pu m p to arl' a~ ly ing 

uho vr- it. 
( ;)) 'l'o serve areas sout h or t he GIl'n n-Co l usa proj ec t l' l1 la rge the 

<i1 (' lln-CollIsa cun al ln-t weeu till' U!l' lIl1-Colll sa «ouul v l iu e and Cort iua 
C tcck t o l:a l'l',V wn tcr l'l.~ e l' iv ('d fl'O llt t he 1\"011 (' ,111,\'01; r-anu l : ('x(('II< 1 t he 
Pld ilq l'l'd ea lla ! to Kuight« Luudiue HidW', a p Pl'ox iIllHtl' I,\' 011 t ho lin e or 
l ii rcl ( ' n "'k low li n« ea llHI shO\\ 11 OI l P IHt e :z; a nd pl1lllp up " T he 
Ilid~("" ,I S dps,'l'ib('d pl' t'ViOl lSI.". '1' 11(> drop l'ro m t he l rou ( 'all,\ 'OIl 
('Hual to t lu- (lll'II Il-( 'olu -» ('Hll a l ('onl d 1)(' us ('d to llc\ 'P!0p a purt . if not 
a ll, uf till' ]lOWt'l' j'('ljlli l'pd for p Ulllpiu g' at KlI igll ts Lillldi llg' H idg'(' , 
TIll' pl a n woul d eli mi nate ap]ll'o xilll a tl'ly :3" rn i les 01' the " ~hoes t l'i Il g'" 
;lj'('a \\'ps( 0[' ti ll' OII'lIll-Colusa Disn-ict. 

Additional stndi es required , ;\ d d ,lil st Ull ." w ilt be l'Pllu il'c (1 
to r\(o1el'l1lilll' \\'\Il>(hel' anv of t ill' i1l t l'I'ua1i\'p p ro j ('e!" ha vt: merit . ~Olll(' 
oj' t lu-m poss ibl .\' couhl 1)(' I'lil1liua t l'd as no t fit t illg' into th e nlt.im uto 
plHlI of lrl'ig'ation l!evrl opllll'llt of t ill' UI'l'at (' Plll l'al Vn ll ey. hll t. ill 
an v ('Vl' II1. (',11'1' 1' 11 1 «on si dc rn r ion should 1)(' g'in' lI to var-ious p lans in 
sl'll'etilHl' t lu- urr-a. or al '('as. to 1)(' \\"lt l'l,(·t! 1'1'0111 [ 1'011 Can von r eservoir. 
' I' hos« ;'('s [lollsib lt' ill t ill' p l'ppa l'i1 1ion 01' th is I'p!l0rl l;plip\'p th aI a 
l'u rt lu-r st ndv mu v i ll t!il ~ale t liut n p1;11l o l' ll(' \'e!op lllen t ot lier th au t hat 
",ph'e!pd for st udv will bl' mor« d('s il'<lhl l' HlI d morr: l'l:ollOl1lieal. It is 
l)('l il'V l'd that th ;' pla n [ll'opospd for il'l'ig'at illg' a lal'g'!' a reH in t h« 
sout!l l'rll pa :'t of t lu- ~,l c],;llIl ell l o V all ev b,\' pu m p inp; fr om t he I'ivel' 
,I t K nig'hts Lilll ltillg' wil l pl'on' 'I nite Httl'; let ivp. It is possi hlp 11 1,11 
:2()(), ()()() ; W I'PS iu thi s \, jeiui l,\' lIlig'ht Ill' ill('lll d t'd ill iI PI'Ojpl'! iu ('olllhi 
lIHtioll \\' ith ;lImllt 7;l.!)()() ;J( ' j'( 'S ill 1Ill' uOl'l llf'l'1I (' lid of t ill' n ilIP,\' , SllP
pli<'d pit lin h~' gTH\'i( ~ ' oj' b~ ' p llll lp iug'. 



DEVELOP:'.! EXT lW U 1'\ 'E({ S .\CI: AlIl ~;. ' T O J(lVElt, 

icxu m rr l. 

Ilou . •\, I '. P a d s. 
Directo r, l J. s. H rlo d tlIlla t ioll ~1'1 '\' il'P~ 

'Vash i ll ~tulI , P . C. 

D ea l' Si r : 
H c fpl"l' in,!!." to ,"!,('put ( · o n \· l ' l' ~ a tio ll rt-lnt ivo ttl coutl'lIlpiatt'tl (·h:.lug-e of plan for t he 

In'{lIH ~~pd l r ou Canyon ltl'oj ('(·t.. wh it-h wn s o u t l ined to yu u \'l'l'ball y d u ring vo ur 

ref'l 'nt visit ou the g"l"oltud . I snhm it t h« ftlllow illg': 
Hpqll('~t i ~ hl'l"l'hy nuid« fill' iI III'\\' survov l'O V ('rillg tl prop{)~Ptl ('h;lll~e of '-,llIa l 

:-:ysfPlH 01' syshlow:-:" t O~l ~t lH-' r wi th add it ional st ud ics o f ol hpl' llL-tnils o f t ho proj f'l 't. 

snnu: of whir -h w ill lil' i n rli r-u te d lu -roi u . 
TIu: Sal 'l'all iellt" \ ' a ll l',\' I )l'\'l' lo]lllll'lI t .\ sSlll'ia t ion a lid th,' I roll (' a 11,\'011 I' I'Ojl'I't 

.\:--s(l('in tinIl ;l re lh,t' p l,\" n p lIl'c'('ia ti ve of t ill' iutr-rest s hnwu in this ~l'ea t p ro jec t 
by t he U, S, Ul'e1amatio ll SI'l'\"ice nnd p.u-t ic-u l.u -lv of the surveys and im'cstigatioIl8 
1ll:"!P h,\' the senil'e hy ruvn us of whi r-h t lu- r l"lsihilit~· a nr! lles i l'a hil i t,v of th« pro.if'l't. 
h uve ber -n esta blblll'L1 , Eal'h of t he !"t' ports heretofo re made h a s in dicutcd a wide 
v.u-ivt v of pl n n s for d ls t r ibut ion of t l«- wn t r-rs of th« pl'o,ip<.' t: of those uulv olW 
plan IW8 bur-n ,!e tiuitP\~' surveyed uu d repo rt ed UPOIl, After very mn ture delibe r a
tion WP n ow n sk that add itio na l su rvevs :lIul s t ud ivs be nuule w it h n viow to 
d p\, t'l o pill g" a mol'f' Cf'O IlOllli (T:il pl un of d is t rihut ion . :,1:-1 0 that. ot lu-r f('atnl't·}:; of the 
nl.m heretofore l'otlsiLll'l'ell be l'l~\'iew,~d wi tit a vil'w to th e udoptlou of the m ost 
des irable pl a n whit-It eu n be L1 cdscd fo r t he rle ve lo pmenr of t he project . 

.A~ yllll n rn a ware. t he 111 :111 IH ' f1I' P~ l l d in the l'ellorts above l'pfpI'l'ed to iuvolvos 
t lu- c'OIlstl'll l'tiotl of :1 hijrh lim' r-nnu l of ox pon s ivc "oll"tl'lH'tiou nu ll with the udr lud 
I l i s l Hl v :l ll t n ~e t h n t wn tvrs d ivr-rtvd tlll 'Ull~d l i t f Ol ' irrll!::lt inu ( ':111 not h~ llS0d fo r t he 
~l'u l' l'Htion of powe r . Ow ing ch iefly to t hese t wo fuctors th e cost of supply in g' wn ter 
to I.nul throuxli t his hi~h line caua l is rel n t ivvly high, and ill eouscquvuce vigoro us 
l)pp()~itllll h :t ~ IH'ell voiced L ~' the ow nr-rs of la w] ("o illpri~in;.{ :1 very la rge por ti on 
of t.lu- :11','a whi c-h wou ld hr- l",,,..rit,'d h ~' t lu- adoption of th e lrigh line as a~aillst 
a low line r-uun l llica t io ll . 

It appears fro m all oxruuinn tlon of a ll t hl~ f'nct s avu ilable to us t hat a lo w l lne 
"anal , Iiverti ll ~ froru t lu- S:t('ramputo R iver at a poi nt somowhr-r« be low th e d nm 
muv p ro ve 1l10l'(' 1 ' ("o tl o t tl i ( ~i Il for two principal I'eH~On~ : 

1: Constnll'tiOIl costs will be materia lly les s , 
:!. Th i- w ate rs h) ht~ rl ivertccl f Ol ' ir-r i ~ ati oll would be firs t. used fo r VOW(~l· . the 

vulue of the pow er pl un t tlll .'j'l'h.v mu ter-iu llv iuercnscd :\lId the ('os t of water st or.ure 
fo r	 irrigu t ion Illatel'iully fh\(:l'NlSf' d . 

W e usk fo r :1 s urvev ha ~pd u po n xur -h n cha ng-e of plan of d is t t-ibut iou .uul 

inr -Iud lux the fo llowing" : 
,\ su rvcv of a c'au,d lill(' 01' the hi~.dl('st JlI'adil'ah l" level cOllsislellt with ec""'olll" 

anll w ilh I'ull o[",ratioll of t h" flIIWl'1' p la n t. p ro ba hl ,\' )It'ad in ;:- at 0 1' nl'al' t he m O il ti l 
of H ", I nauk Crl'l'k, a slro rt distan"p 1Jl'1ow H e,1 l:1 n l1', a IIII extl' lltliuj;' as raj ' 
'ontherJ.\' Oil t he W"st sitl" of th" Sacrn n1l'llto H h ' er as ma~' hI' depmpc1 al lvisa hie, 

\\',~ ask t.hat t h is (,,,,,, t1 Iit II' h,' .h'!iui t.l'ly lo,,"tl"!. m" tpl'ia l t ,,,,t s m'lfl " " ml ('(IStS 

,'aj'pfn ll ~' "" t im a t p,1. 
'Ye :lsk that snI'VI'\'s hf' m'llk of Seel>!lflnl'\' "an,lI ",'s(1'1ll 01' sYstems to "over 

l:lIltb in rrt'hall l ~l ( ~O l1 'lL t y ly i ll A" a lh)"f' tlH~ In\\'' line (·Hu;I1 . In t h i'~ eOll lHl(·tion \\T(~ 
h :I\'" in mi nd t! stmly of altl'rnath'c pl :lIlS, in c'!ndi ng :l smalI call'll t o foll ow approxi 
lnatd;' tlH' l'Ollt" of tlH' hig'h line "anal VI'Ovos"l! i ll th" l!J:W revort, anll a ('alla l or 
..a"a ls 11I't!llin!-: so" th '-If J{",I H lln k en'l'k a nd s" l'pli",1 hy p lu npin;:- fro m the [\ 1'0 

[ltlsl'd low Ii"" , 'a " a 1. 
~ill('e ('(lln plC'HoIl of the :-:;llr\'PY :LIltI l'{\}Jort alltn'!' l'('r t~l'n·(l tn , a Slll ·\ ·(~.v ha:,;; b(l(~I1 

III:HIf' h,\" tht. ~tl\ h~ I>pp:lr t l1ll' nt of r·~ n J.' ill t l (' r i n g- of :til pa~t. ~id~ ('alla l to bD ~ lIpp li('l1 
hy IHl ll lpin:,!.' fro lll tilt' S:tf' J':lTllPll to H i\'!'l' nt :l po in t 1111(' lldlp hl'l(HY 'j'(Jh:111\:1 Hllcl 
('('I n'('.dllg' :-; ;lln l' to laue} :tl)()u t ClIic'o :lILel I ){ll" h :lI 11. I t O( '('I11'S tt l liS lhnt in {';l:-;l" :l 

(liver-sinn i~ uWlle flU tllp: weRt ~i<1n at or n ('a r H ( ~ (l B an i.;: Cref\k, Ufo; l'ro p {)~ I'(I. tl ll' 
," l vis a hili t y o f ..xlf' I"li ,,~ t lH' f't!~t sid" ,'an ,l! "]1 st l'p:lIfl t o th i" [Joi n t ShOllll! hf' <'Oll
Silkl'l'll all d we. ask th at this I", dOJ]f', 

\\'" t' :lsk tllnt tlu' pn\\"('\' fpatlln' pi t ILt' prtljl'! '{ lit ' .·t ·( "I H I :-:. id p l' l' d ill tll t· li~ ht of t ll(· 
I H.I )vn ~NI ,-·h all~ l.' . tie\\' p Ia u :,; ~l lld P~ t i lll: lt()~ nUlll(' f OI" ~ll('h (' Il:ln~{'~ n~ ll Hl \' 1.., 
a d"i"nh lc', jlll'!lItlill~· t llf' illstalln tion <If nfl(liti<lllal p<l\\,l'r units, also that t ltl' ':Ill cI i



l,l~ 

r iunn l invr-st nu-ut ill power aud prospeet iv r: re t.u rns t he:'e fro!U be '~ lI rcfu lly cou 
,idf'l" ',l and re ported on , 

III "Olllll,(,t ioll with such rt-st udy uud re vuluu ti on of the power plant, w e ask 
tha t r-o ns id ernt lou be ~I"I'U to t lu- fuct that additional storage, which w ill n o 
,lou bt ill t.ime Ill' de vel oped in th e wn tr-rshed above 1 1'0 11 Ca nyo n fOl' dist r ibution ill 
the ~'I Cranlellto \"lI lp,,', will nutomut icnllv in cre a se the quantity o f wuter available fo r 
1""" ('1' ill suunur-r n ud add to the \,,11,)(" of the I)OWI'I' plant. 

It ha s bevn 8 11 ~~", ted III us hy e ll ~ i u l' l' r8 of h i;.:h stu nd ing ill this state that the 
n vu i luhlc , 'apaei l," of th e Lro n Ca u~' oll n '''''', 'o;r II\ n~' he mu teria lly in creased by th e 
:1I !Opt iOIl uf 1I11""1S Whl'["I'h)' 'lu ra~ , ' would hI' mn intu iu ed at Ilood 1",'1'1. this withou t 
n llY ruu tcrin l i nc-re nsc ill ,,-IUSt l'lldio ll ('usts, It ef " l'l' in;.: to t he 1H20 !'l'port ( p:1 ;.:e 12) , 
WI' 110 11' tha t t ln- ,'n pa " it )' of the 1"'SI'I'VlIiJ' w ith the wate r surface a t 400 fee t 
t)lpYatioll. will tH-' 001.:;00 u(- l"(·· f t't't . :l ~a ill of :!:! l .:~OU uere-Icet, or n ~aill ill nv nilnble 
stclI'a;:e of ;;.1 .:-) I lt'l' C'I' Ut. \Y l ~ Sll~:4t·~ t a verv r-urr-Iul restudy of the spill wa ys a nd 
mouu s wlll 'n'hy t lH'y m iuht he rai"'d a ft er all dall;.("l ' of Ilo-id is pa ssed a nd th e fu ll 
r-upur -i t v ot ' til" reservoir therob v utilized , I n t h is eo uncct.lcu \\'" in vite atte ntion 
to th e (aet that the ~ pl'in;.: u ud ca d y sumnu- r lluw of the Sur-rumen to River at 1 on 
(~allyol1 is \.(~l' y lurge. :I fur -tur which w oul d IJC .ulvuutngeous were such u cha nge 
of plan co n tcm plu ted . 

\\' e a sk that a ca reful r..s t udv h" mnd« o f th e t'ador which w ill I{0ve r u the d uty 
of wu t.er 0 11 th is project . Th e ru port of l!l:!O us s uni e« it w ill be ncccssurv to d iver t 
1.1:::> iu -re -Ie«t 1"'1' m-r» 1"'1' u n n u ru tit the head of t lu - main ca n nl. It is be li eved 
a I..~~ quuut itv of wuter will I." a m ple awl that th e at'reag-e to be watered in pro
port ion to the qun n t i tv o l' wall' l' a"ailahll' may be mu tevi al lv in cr-uscd . and w e 
would li ke to ha "f' thi« lila tip ,' nuule the subject of ('a 1'1'f'ul and painstaking 
invcs t igu t ion , 

'I'he (or('g'oin;.:' u re th" mu in points which hn ve o"eurrl'd to IS. '0 do ubt other 
f..utu ros w ill or-cur to you us wn r-ruu t iug furthe r study. \ "e very re spect fu lly ask 
thut th e pro]..c t be r esurvcvod with a d ew to the ,1('",~ lopmeut of th e most 
eeo nom icul , most prnc t icul a nd 1Il1" t dl'~il 'abl " pl an, and tha t r epo rt he made thereo n, 
iue lu d iug p lu ns and os r iuuues o f eo~t. 

.\ cupy of th is le-tt .." is l",in ;.( f'oi-wu rderl 10 ~I l'. W, F , ~lcCIun' , C hief, D ivis iou 
of };n l{ill el'i ll;.( "nd l rrientiou . Sta te Dcpa rtmen t o r P uhl ie W o rk s , with request 
tha t the d ivis ion (:oo!" , ral e ill this ~I1I'\'l.'y a m] ill defray in;.: th e cost thereo f', 

Your fa voru hlf' ,'on si<l"ra t iun will I", ,'nr tlia lly tll' p l'el'illte tl, 

Yours \' r y tru ly, 

( , 'i l.'ned ) W, A , Dt:,\RU , Pres ident , 
S ueruruento Valley Development Association, 

Vie ', Presiden t, I ron Canyon P roject Assoei n t io n. 



Hi5 ll EVELOI ';lI E :'-: T 01" U 'I'ER ~A (' nA;lI E :-lTO RIVIm , 

EXHIBIT 2. 

lJ Jo:I'AH'l';lm~ T O F T i m l "! ' E IHOIt 

Bl'HEA t: OJ!' IU~CLAMAT lO~ 

Contl'a d ln-twee u the United S t a t e~ ; '1'I1l' Dep u t-truuut of P u bl ic \\' o r ks, l riv isi on 
of Jr:n~in" ering and I r-r ign t ion, of the ~tate of Cali forn ia , IIId the Sacrnmcnto 
\ ' a lley D evelop men t Associu ti on . p ro vid ing f r eon tin uu tl on o f cooperative 
Invest.i gn t iun of t he Ill'fllm,e,1 I ron Canyon P rojec t and -ooperntiv e in vcst igu t i n 
of proposerl con trol works OIl the Lower ~n (, l' a I J1 l' Il t l ) Ri ver, Cal. 

TIl(~ .\ G U Jr: K \ IE K'l'. :\1:\lle tlds ::!Gth day of J un uury, 1!):!-l, between the 
UNI'l'I~D s 'r.\TI';~ 0 1,' AMEItI CA. hv II U BI'lHT W OUK, ~ecreta ry of the I u teri or , 
pu rsu uut to th e ur-t of F ebruurv :21, In:!:: (4:! Sta!. , 1:281 ) . uml t he a ct ( , lurch .1, 
I!) :!:: ( 4:! S t a t., ] ii 10) , pn rtv of th e fir s t par t ; the D E l'A Wl')( E N'1' t Jlo' P B L IC 
\\, O I1K S , PIVI S W l\ OF E~ ( :I l\I·ml~I l\G .\ ~'T) 1Rl IGATIO • F 'I'R i'} S 'l',ATE 
O F CA L 1 F()n ~ I.\, pnrsun nr to ( ' h :1 pt l' r :28G, S ession La w" of Cul iforuiu 1\):!:1, and 
C ha p te r' 121. Sess ion La ws of Califor ni a I n:!;.: , pa rty of t he se"ont] par t . u ul the 
SAClt.\:\IENTO V"\LLl~Y Df: \ ' I~LOP :\I EN'l' ASSOCl.\'1'10l\ ( a Co rpor a t iun 
duly orguu izc d and ex ist ing un der he luws o f t he S tate o f Cnl ifol'll ia) , Illl r ty of t he 
third pa r t ; \Y i t lH'~' e t h: 

2, \VHI~la} .\S , T he ~ ...e rl'l"ry o r t.11f' Interior has a llotted from th e a pp rop,' ia t ion 
made fo r mitieell aneouti in ves t igu tions o f r pl'1amnt ion p roje,·t" nvrriluble un t il D ecem
1)('1' :n, 1!l:2·.J" tlt (. Slim of 'I'weu t v Tho us u nd Dol ln rs (~20 ,OOO ) to be ex pended in the 
eout inuu t iou of in vest igut ions o f the proposed I ro n Cuuvou Project a nd in th e inv e ti 
gntion of p ro posed control works on thr : Lowr-r S ae r:l mpn to 1 iver in ·'a li urni u, lind 

::. \VHEll}.; ;\S, T he J),'part mell t "I' P llhl ie \V orl;s , D id tii" D 0 E ngi nl'e r illg and 
Irriga t ion , of the S ta te of (' a li f" ru i,l, h :1S nvu ilu ble the sum of T en ' hour lind D ollars 
t $]O,OOO) to be expended in sa id iuvcstlgnt ious, and 

4 . WH EID';A :';, The S:le rnme u lo Yalley H e \"elopmen!. Assoeiu t ion has available 
th e slim of T ...n 'I' hou sru id Dol lu rs ($10, 000 ) to be expended in s a id in ves t iga t ion s, un d 

fl , \\'nEIU';AS, T he Comm iss.iouer of t he uron u of H,' c\ a lll:l t iou hu , u nd!!r lie 
au tho ri ty of t he S ecretary of th o I n t er ior. npp ro ved 1'01' inv es t i.!ll t ion and is wi ll ing 
to unde rthke and muk e Ihe exum inn t ions, SUl'\·...ys und es t imates necessa ry to 
rlete rmi ue tile feasi bility f,f ul tc rnut e pln us now s ngg'estl'd i n con nect ion wi th th e 
prop osed 1 1'011 Cn n vun P l' lI jll ('f ill ( ~ nl i f()l·n i a . and ulso in\, p~t i J.{lltioll of a proposed 
s ystem of control works on th e Lowe," Sal'ramc'uto Rive" in t he S t,l te of Cal ifornia , 
, tl . NO \\', 'I'IH;(U': F OH( ~ , in ('ous it!,' ra t ion of tho prem ise s and the mutua l eov e

nun ts a nd agrel'lIl,'n t , hl' l·,' ill eon tainl 'c!, it is stipul ated urul ugreed bet ween he 
purt ie;; hereto as foll ows : 

7. '1'111' ~ l' erl'l a r)' of th e Lu t crio r, up on th e e"," 'nl ion of th i. cou t rnc t, w ill make 
nv uil nble ror the work JlI'OPOS"<! herein. th e "Uti lit' T went y 'I ' ho usund Dol lars 
( $20,000); th e Dopru -rmout of Public Wo r ks, Division of E ngine..-r ing a nd I n- ig a
ti on, of the Sta te of Ca lifo rni a . u pon the execll t iou of thi s con t.ruct , will ma ke uvuil
abl e us here inaftl' r provided, 1'01' t he work proposed ht'rein, t he s um of T en Thou a nd 
Dolla rs ($]0,000 ) aut! t he Sacrament o Va lle.\' De\"f'lopment Associn ti n, upon the 
execution uf this r-o u t ruct , w ill deposit with t he Specia l F isca l ,\gen t. of the B uren 
o f n cd a mation at D,' II\"e!', Colo ra do , fo r th e work proposed herei n , t he SUIll of '.rell 
'I'h ou suud Doll nrs (l:iIO,OOO) . 

S. As to the xuirl sum of T on ThoUS:lIld lllllla rs ( $10,000 ) to be mad" available by 
the l k part ml'u t of Public \Yorks, D ivis ion of Euginel'rin :;, uu d Lrrlgn t iou, of t he 
S ta te of Ca lifornia . the E ng ineel' ill ehu rge o f the work, pm-su unt to purug ru pb I:: 
hC'rpof. shull d l't p"lIline ill h is rlis cret iou the items of ex pend ituru w hieIi sha ll I'" 
r-hurg en ble aga ins t sa id SUllI , a nd s ha ll voucher the said items di re ctly to the State 
officer des ' _ n terl by the D epa r tmen t of P uhli c W ork s, D ivi ion of I';ngineeri ng fin d 
Irriga tion, o f tbe S ta te or Cnlifol'lIi u, 

!l , Each it Prtl o f t! le wo rk Ill'l'll no t b, ' paid ill tl1" p r('IIOl·tion of t he fund s [lro\'idf'll 
by th is a greemen t. bnt tbc n;.:~regnte ells t o f tbe \\'o l'!' s ha ll Iw. pai 'l in sa id proportion, 
to -wit: one-hnlf ( ,~ ) by the United States. one -fonr th ( :1) by th l' SaCr:Im e to Vall ,!)' 
Develop men t. Associa t ion au d oI1>'-fourt h ( :) by th e n epart men t of P ubli e 'orks, 
Di visi ou of };n ~'i u" (' l' i ng wd I r ri ga t ion , of t he S tat e o r Ca li forn ia : jJro ridctl, tha t 
any pa yments iu ex('e~ s of su i,l pI'op ortion ma de by eitheI' pa r ty uu t o f t he funds 
a va ila ble llu r in;:r the PI'O;! I'l'SS of th e oJ'!, shall be adjus tpd hen the repor t con
tem pl'l te ..1 b ~' plll'a;:r:I ph ];, Ilt' reo f is m ade : l'i"Ql:id"t} i Ul' tlt "" , that s hould th e eu li ,'e 
amou ut hl' re in p l'l'\'ided be 1Iot expended the re ,ha ll be I"etur ned to encb pa,·ty an ~' 
I' '~S H (.1' the mOllcy madl' a n lil nhll' hy it OVI' I' its propo rt ion Ill' t he exp clItll tu r , 



] ."j(i W ,\Tlm HE:,;OI :IH :CS 0 1<' C,\ L ll<'UU. · I A , 

10, " 'I ll'1I t h .. s u m s o f ruun cy 'I' s p"ein".1 in purugruphs 7 and S h a ve been made 
uva il nbl.. II rhc r.. in provided. the Bu reau o f ner-lu nut t iou uf t he Dep artment o f the 
l n tor -ior uud t h.. Sta tc' 1l, 'pa rtIln'u t of Publie 'Yo rk" a din!-: in eoo pe r a ti on, will, 80 fur 
a ~ th e «x peudi t.n re o f t he ~ 11I1l o f F ortv 'I'huusn ud D ollu rs ( ~40 ,OOO) w ill permi t : 
( a ) .\f al'" sucl: a dd it io na l oxru u luu t io ns. inv cs t ig n t ions and studies as m ay be 
dd" "miIH',l nrlvi s uble in «orinoc-t ion with t lre wnt•.-r supply, flood co n t ro l and po wer 
d"",'l ollllH'Ut n t the proposel] dam a Ill] n' ~('I','o il' site hrrct oforc iuvestigu cd lit Iron 
('an ,\'oll, illl 'I IH.!ing th e ne("'~"ll ' y ehallgo~ in plans nud estima te s t p ro vide rel ia ble 
in fu rm n t io u the re on UIll1<.'I' su r-It n ew r-onditions as ma y LlOW be pro posed, ( b ) Mak e 
«x.u u lnnt ion nnd ~lIn' " y o f :l pmposed cunul ( k uo w u a s the Low Line Cnnul ) divert 
big' f'rc m i ho ~:l f·l· :lll ll' n ll. lt i ve r a t II I' 11(':11" t he mou th of l ~,-~l l Hank Ct'pe!\: fo r t h» 
i l'l'i g:L t io ll of ln mls 011 the wos t ~ i,k of till' river ill the \lropos(',l Iron C :lllyon Project. 
i'aid in vest igut ious will iur -lude ( 1) d a"sili l'ation o f mu t crin ls. lhe p l,,' pa ra t ion o f 
( 'I f'~ i~,U I:-; nnd (-> ~t it lla tl':' of r'lI~ t of eons rru r-ti on HB CI th e oxu m inu t ion of irriguble la nds 
fo r t l.« PUIT'''"') of d"t,·rlllin in;.( the ,, ~ t i lll :l t ..d 1"'1' il"l'" cost and the f"a"ibil il y I' the 
....«l.uuut io n the reo f. ill II I ( :! ) pxa lll inat i' " 1 o f fe : l ~ihi1 i t ,,' o f irrlgut iun of lauds in 
' I'oluuu u Coun ty . Ca lifo}"n i.\. l ~' ill r:: u bo v» :-;:lid l.(HV Line Cunn l . LS p umping from 
s n i d r-unn l Pl' o t herwi-«, ~:l id i vest igut un nd re! H)l't e abo to br up to d a ten i n ur iru; 

t lu - ~ t n d ," of tlu - wn tr -r ~ n l' l' ly dilt a 1'01' s u id 1'1'01'0"0,1 I ro n Ca nyo n Project a nd the
 
I'o"ibi]iti,, ~ for irrhru rio n and 1'0"'1'1' d" ,' " lo plll<'n t. t lt"l'pfrO Ill, ( c) :\I ill' e ex umi n u ti o n
 
;Iud ill VI':,ti g-atioll of t lw ('(lst , :ulli ft':ls ihili t.y o f r-oust ruct iuu co ntrol w nt -ks on the
 
~ al"r:tlll('llto fUn-·I· so :1:-: to prt~\"(' nt tilt" snl t w n tvr rrom Han L'runci sco B a.y re urle ri ng
 
ti ll' f'rr-sh wu n-r in t he ri vc r un fit tor lrrigut ion :Iud dn IlH·~t ic U St~ du r-ing poriods o f
 
low r ivor How, :--:a id exurui uut ion nnd report will i nclude iuvest ignt ion of surfuce
 
a w l ~llh~llrf , " ' " "OIl1lit ion" in oou uet -Lio n w it h th e dp"l'lopnll'nt of pln ns nnd es t im a t es
 
of ('o;..;t IJt the prnpol"ptl 1 · e~1I1Htioll . 

P ro v ided , th at. ot t ho tota l S Hill uf :;;,10,111111 to be uu ul o n vu llublo fot , t h is work the 
s u ru of :il0,1l1l() 0 1' :1 " nuu-h 1lu-1'c0 I' a ~ lila ." bp uef"l e,l s h ull 1.Je " xpeu ded u pon tit .. 
~ 1l l' \' I' Y:-\ and inn~~tig:iltioll ~ I'plating' to t he ( ro n C un you Project wh ich u re sr-t fot -th 
i ll pa l'a g ra p b (a) n nd ( 1)) o f t h i« sr-r-tio n, a til l th e ~ lU U of :;::30,000 to ge t he r w ith any 
s u rpl ns reru n i ui nu Irum t hn t IH'I'li ol1 o f t ho 1' 111 111 here in s lH'eifipd to be user! u pon the 
Ir o1L ( ·:lIlYOIi I' rojP('t s u rvr-v s . :--hall hp t ' ~ \:llI"lld ed in (lx:lJuiu atitl n s :Ind iu\' est ig-:.\tioll S 
l'l'lllt i ll g' I. thl' ('(I ~ t :lIlf[ fP:I:-- ibil it ,': Ill' ( 'PJI "'itl'lwti ng- ('ontl'ul w (ll'k~ OIl thl' lowl'I" Ha cl'a
""'l1tO Hi,'''r , a " pl'O\'id",l in par:l;( l'aplt ( c,) o f tiJi" spd i(ll1 , 

1 J. T he 1:111'("111 " I' H",'l :lI ll:,tiol1 o f t llP l)pl'al'l l11l.'l1t o f t ht>, I n te r i.H', tlt t>, Depart
nll' ul of I'uhli,· " ' o r k " , P i\ b iol1 of EI1;.(iuee l'i n ...; ,w cl I r l'i...:n ti ou, IJf t Ill' S tate o f C ali· 
fOl'l1ia , a nd th" i' :lO' l':lll1eulll Yall" .'· 111','"l opllll'Ut .\ ~s,,,. i a ti on , agree to fu r n is h 1'01' th i" 
in ,'p" t iga tiou , , ' ~ t lw y lila." I,,· ":lll ed 1'01' , a ll l' e, 'o l' d ~ a ud l'I'pl ll't ,' and ,·ng illl.'er in g data 
l 'O lH '('r ll i Jl~ thr> w Ol 'k to lw I W'l' f lll"ll ll'tl 111111...)" thi ;..; cnnt r:let . tha t. th t'.\' no w ha \"(~ 0 1' that 
lhe,'- "au fpa " ibl y oll tnic 

It.,.." i (lts ~lt :dl h.. ~in 'lI fo r data f ll l'lIi"hp,1 aud sa id data will he I'el.ul'lll'd to sBid 
Jl ill' til ' ~ a t t he ( ' lu~p Ill' t h f'~ l ~ iuve:-:; tig'atinn:-o:o 

I :.! . 0\ 1l :-: ll l' \ 't' ~':--; ilud i ll \· (' :-- ti ~' ;l li ouio' ('t)n tplll pla tt'd hel'PlIll (kl' :-:h:lll foll ow a g('n er al 
pl an or oll(_'ra t ion tn 1)(' :l ~ I Ot ' l 'd II p 41tl 11,\' till' C'hi l'f Eng.iJH'('l' o f tht' BUl'(":Itl of Uedutua
t iOll , t l... :-;Ial.' I-:II~ill " " I ' of ( ' :di !'o!' II;:" ' " 111 th " i'ae l'alll pu t o V n ll .~y D e vel opment 
' \ ~~ ' H' i: t t i (t l l. l h n ltl.!.dl i h PI·t· ...itlI'Jlt illlf] ( : f'U t'l"ill .\ I:l ll :q::PI·, ~ :li d pl an lnay hl' a uu·ndetI 
f rolH tilllP til tillH ~ n:-, tilt , WOl·1\. progTl' s ~t" ~ , 

I :;' '1'11\' lI'ol"!; sh :dl III' 1II'I' f" I'lIlp,] h~' ti ll' 1:lI l'"an of npC'!:lrnat ion of tll e I)PP:1l 't
IH ellt of I hI' I n tl 'l'i ll l 1I 11l{P l' tltp ~ l1 ll (' rvi:-: ioll of all Ell~ i n l' f'r d es i~twt f;"tl hy the Chie f 
Engiu N 'r of th ... sai d l~ tl rt ' : lll , ,\ n .\ :o;~ i l' t:l ll t E n;:dllf'('I' :,IJ:lll 1)(' (h'~h:: ll a h)d by t he S tntp 
l)Pp:U'tlllPllt of Pllhl il' " ~ o rl~ ~ , I ) i" is inll o f EIl ::,iIlPprillg: :l ll d I ITig-;lt ion. to w(ll Ok 11 1H1(']' 

t lIP din ·C'tiull of tilt> ~ai( l :"' 1l1 11 IJ 'vi:-:illA" r~ l1 ,!.:' i ll l' ( · l' . 
l-t . n n "" m ple t i" l1 of tit .. ~nl'\' e ,"" and il,,'..s t h:;ation ~ 11.' re in I'l' oYid"d fOl' , a ll field 

t1tlt l' '''. n J'i ~d l1 :l 1 plnn :'>. (O;d t'u1:Jt ioll S, l'l 'p O}'t :, alld o the )' data ;(('qll in 'd 01' Tn'l'p: I \"(',1 (l uring" 
tllf ' in n'"t i;(atioll s :llI rl S1 Il' \,<'y' ~ l l:l ll Ill' fil,' ,! with t"l~ ]:IlI'P:l H of Ite l'1am a ti on of thp. 
lI"p,"'lll ll'nt of t ill' I n l<·l'i••I', find C'OHlpl"t,· " 'l» il'S tlll'l'"of s ha ll hr' flll 'lli sh ,·t1 th e State 
11"!IIIl' t IllPnl . o f I' lIhli ,' "" '>l' J, ~ , 'I'h l' ~:li d ori~innl n" ' () I't1 ~ ~hlll1 he a('....·~~ i h l l' at all 
tillh..... t o tIll' S t. ilt ~ ~ 1 ·~ Il g: i ll ( , t · 1' of ( ·:II it"ol'1 dil, t il' h i ~ du1r :Iu thor i:w t! 1 · I ' t lI·('~f'\ltat i \' e . a nrl 
ttl 11 1(' d ll l ~' aut hol'iz,"d n'plol' :-;t'n l :t1in' II I' Uti· ~ ;(( ·1.:tJl lPllt {J , oa ll t->y r,p \'I'I0l'ltlf'Jlt ....\ :-: :-;n

l·i"t ioll . \11'011 :lpp li (on tif1llo 
1;). 0\ )'Pp fi t'l. nf tl lf' t'P:-; u ll s li t' :-;a id S ll l· V I'.\'~ :l Jlll i ll\·(l ,...ti:,.::at iotl s ~ h nll he 1'l"OIl111tly 

11f:tt!" I,." th " EIl:>;illl''' I' n f II,,· Hun'all o f It ed llllla (in n in dlnl';;p . nUllinin;.; the BCO/W 
o f t ilt, il l \· I's t i ~a t ioIl:-; . :l lI d ,~ ' \· i ll ~ ;I (·lllllld t·tt' l 'fl( 'lll'rl tIH'n ,...f with tletailt·d p~.t i ll l n tes :1:--; 
l'Oll t " lll I'Ja l .'d h." 1':11':I:;::r:t pi , III h,' l'l'o f. wi t ll - lIit n bl.· l'xp la ll :lt or ." m aps, pl an s an d 
~l tl\(' l 0 ( (lI ( . It IOt'lI t :-o a s f·xhi liit:-: . t(I;::,·t lWl' w ith the lI all1 ( '~ uf till ' ll:tr t il ~~ I H' l"I_~ t l) :lurl all 
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' _'OUIH~['atill:; l)tlif~t:l' ::; n nd a suuuua rv o f (').Vt.'uditTll't ·;-O iIlf:Ul'["('d iu the i ive: t.i g ut i ous, 

which l'XIWlluitul' l''' sha ll iucludi th .. u su nl 11 \" ' 1'\11' :111 ,,11,1 g".'n "ral charges of t il" 
U nr" " u of [l, ~ d : ll \l a t iou , T he r ' p lW! ,, 111 1 rl" 'IIIIIlIlPll d" I iou s "ha ll be s ubj ect to thu 
jui ut, a p Pl'I" 'aL of t lu- C ltit~ f Ell~i lJ( 'l' r of t lu- n U l"I';lll 1)1' Hp(·huuat ion and the 8 ta tp 
E ll:; l llPe l' of Cali fnl'ltin. l n l ':l:-'l' of thl'ir f'n i lu re I t) :1I.:;l'ce, t he Chipf It;ug- iucer v i the 
ll u r c u u of It..ol u n iu t iou a 1111 tl ", ~ t" t l' 1 ': u ~ i ll " l' I' of C" li f,}ruia "hall ubiu it se purut r 
, 'oll. ,lu"iou, :11 111 1' '' ' 'OIllIll'' lllla ri oll ''. hot h .. I' wh ich " ha ll IN' r-rnbod i..d wit h t lu- report, 

10. Thi« r-ont nn-t lH'p\ 'id l':-; unl,\' for 1ll'l'lil ni u:H' ,Y ~ \ll' \"t·~ · S a lld iu vr-s t igu t iun s iusofu r 
a" th e 1' 111 111" til be mude uvu ilub!v. as JII'()\'i<1ed iu para ~r:t ph" 7 uu d S hereof, will 
perm it. a wl ill lin way "hli ~atl''' the l' lIil l'd :-> 1:1 1"", t lu: D l'p al 't lll"lIt of P u bli c \\'ol'k", 
Divisi on of I '~ I1 g:ill C l'l'iIlg- ;:II H I I rriuu t ion, of t l lP ~ t :t tt \ of C nlifo ru iu , 0 1" t he ~a c l' a 
m cuto V..111 py np \'dUp ll1l ~ llt ..:\:'\:-;O('i il t iu u , ' l :--i to uuv I nt n rr - uctiou I'Pg'a nli l1g the 1)1'0

posed p ru j..<:t ~ , .\ 11 wor k a lld p"l.elld illl l'e nude r t h i- cou l l''' ct s hnl l ceuse wlu-u ev er 
tho Iuuds to be "0 111:"1 ,, .i va ilnhle a ~ provid e.1 ill l'a l' a ~l'alJhs 7 nnrl :::; here of sh a ll 
h ~ l l. nll l P pxhau~te<1 wI H..ltlll' r sa irl w ork shull hnve lH' l:'ll ('()lllv l pte d 01' nut. 

17. i\o nu -mber of o r D el"!,,:!le to (' OLL .;:L"· " ~, or R esirl eu t Counu issiou cr. uftr -r hi" 
clect iou 01' al lpoi LL IIl\('ut 01' pith",' hl' fore 01 ' u ttur he ha s q ualified uu d , l u l' i u ~ h is 
coutiuuall l'e in " flit-" , ,,1111 no " fli.'e l', :ll("nt. 0 1' l'lI1 p!lI,\'I'e u f t he GO\'l'l'lIrneu t. shall be 
udru i t ted to .iuv share 0 1" pnrt o f t h is 4'lHtt r :l('t or HATeetne n t, Ill' to a ny ben e fit to 
" r i"e th"l'ell llllU, X ot h iug, hIn\ ' ''Y"I', lu-rc iu r-outn incd sh a ll he r-ous t ruvd 10 oxtr-ud 
tu an y i1wurp lIrateo compu uv, wher« sur-h .-ou t rur-t or agn'pItH.'u t is mude for t llf~ 
I(('u er" l beu etit of suc-h it "'(" TIOI'" t ifIiL lll' l'o nl( o; tIIy , us p ro vided in ,,('ctilm 11(1 of til e 
[tel o f Co n;; "' ,s" u pp rov cd Mal' c'll -L l!IOH ( :;;; :->tal., rion i. 

11' 'YITi\I': ~~ "'HEftEOI<', thi s ,:ou tral'l ha " 1)"en exec u t ed by the pa r t ies he re to 
t he lla y uu .l ypal' first ahoYI) w r-i t t eu , 

'r llE u N l'r IDD ~ 'l'ATE~ OJ!' Ai\! E rt IC.\ , 
B y H UIl ERT WlmK, i\)ny 7, l!l::!l , 

Secret ary of th e I nt crior, 

IlI.;PAft'r:rlEWl' 01" PUBLIC W rues, 
DlVISION OF E NG I N E I,a U N(; 
.\ N D IItHI G.\TI 1 

T
, OF 'r HE 

S'l'A'l'E OF C.\ Ll FOR'NL \ , 
ny \Y, F, :rlcCLum:. ]) " ,,., ,101' (lj 

Pu blic W O,-f.'8 and S tute J']",1/'"eel', 

,\ tt H : 

:rIYliTu: V. :rlm mAL Sccrcturi), 
S.\Clt A:rIBNTO Y.\.LL l<TY D I~v r~ LOp · 

~I EN 'l' AssonlA'.rION, 
By W. A. B E.\RD, P resul ent and 

Grneral. Jfonf.J !7 cr . 

AL l t' ~ t : 
:rr. ,\, S E " T O ~, '<;,,('/'c/al'!! , 
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n,~rkl'1"y, Cullforuin . .luue 0, Ul~t . 

.\ ;xn 'l'llH-' ll t ('on'!'in::, g"elwral piau of prut'l·dul'f! fu r l"UrveYl; nnd il1\'P8t ig ations: of 
a proposed s vst om of eon t ro l wor-ks on t he lower Sacramento It ive r a nd ec r- t a in 
n lt ernn tive pluns for the I" ·op,,,,·d 1 1'0 11 Call~''' 'n prn ject, all in the !' llCI':llnen to 
, · " lIey. Stall.' of Califomi n. 

T he 1II11lerSil:IIl'd at a nu -et.hu; lu -ld in t lu- oflice of the Bureau of Hf.'e1ama l iou at 
I\,.I'!; " I" .\', t'alifol'l lia. on the day and d"t e nbove written. w itb: 

w. L. l I uhe r .\ . .T. Cl ea r: 
B. • Etch everryG.	 A. E lliot t 

nu -rul v-r« l"'e:-:-eut of au ud v isu rv cum tn it tee H[lllllillte.1 11,\' the Califnnlia St ate 
Dopn rt ment of Publ ic " ' (ll'k s , a;.;recd upon the followi ng as :111 uu tl in r- of a tr-ntnt.i ve 

:ull to hf~ folIo wpd in t h ... ahon ~ 1I:ltlll'cl Invest igut ious.prll!4i"

Low e r S a c r a m e nto R ive r Co nt rol W o r ks. 

1. It i=-, l · e ( ·o~lI i z~d t h n t the l1ri lLuu·,\' pu rpose (,1' this inves t igu t iou is to f.lt--'teruli nc 
th e feasibil ity und probable cost of II svst em of coutrol wo rk ~ as proposed and to 
this f> nd th e funds now avu ilnh le m-e to be devoted chit· fly to In vest.i gn ti on of 
proHIJl'cth- C' (hu n SitC8, dc s i~1l8 find esti ruutes of cost . 

2 , S it ,' s to be eouside r cd t
 
F ield wo rk to be confined to .\rmy Point. D ill on P oi n t nnd :; all Pablo P oin t si te s .
 

:t	 l<' idd examinations : 
One outfit op eruti ng t wo shif ts to be I' I:H:e,1 ou d irun ond d l·ill ing. 'Wo rk to begin 

at Arrny P oin t site. Nu mber of holes to he ndj us t ed to costs us work [ll'ogc ss es. At 
1"lll<t t wo eor three holes to be dvilled iu t he sections of deepest wa ter at t he Di llon 
nud ~an Pablo P oint s ites. Hol es to he located lll'imal"il ~' Ior estimating q uuu t ities 
of ou rth and rock fill nnd po ' jhle locut iou of lock structures. ~o land holes to be 
,lrill"d, s u rf a ce indirut.iona bei ng dl'l' nH·d sutlleient fot· e timu t iug purposes. It is 
expected tha : l ii,OOO to :s20.000 will be expe nde d in -xplorn on work. B ased 
upon estlmute: p rvp u xl by . Ir. YOlllI)\' and informal bids re -eivcd fro m th e Inter
na tional D ia mond Drill Cour ruc t iru; Co . of San F'ru ncisco it. is beli ev ed tha t it will 
be more eCOlllJmica l to do th e d r-illing by forc e uccouut. "Ioreover , force account 
wor k i ll con sidcl'ed udvisnhle in thi s instunce since it. all ows fo r a mor e tl!'x ible 

11togram . 

4 .	 Ofllce t ud ie : 
(a) EtT!'d of bu rri er on flood pluu« d e\'ati,.lts. sil t iuu of Susuin a nd S a n Pa blo 

n a ys, tidal prisrn of .:a n Francisco lln .\', and navigation . 
(b ) D esign of burri e r. Principal eo nside rn ion to be given to pla n of eon

st ructtng lor-ks nnd gn tes to one s ide uud making nu pa r th nnd rock till acr oss 
t he nu t urul ehunu el . Tviu! dcsigns (If ot her types of st ructure to be made in sketch 
Io rm	 only . 

( c i D es lgn of r eq uired locks nnrl " lit es (or navigation and passage of flood 
water. D es ir a ble des ian cOlHli tio n for pll!:\.' ing floods is t ha t a n urea of wa ter wa y 
Ill! provuled in st.ruet u re oqunl to t hnt of the p re sen t, na t u r al cha nnel. F lo od 
1'1:ltH' sh ou ld be rUII tUI"oll gh Snsuin Ha ." joining on t he D ebri s Com mission cl eva 
Uous at lollin svil lu. }<'[0 ,, 01 'lllanti tit's of t he Dehr is ( ;om miRsioll to btl used und 
ma rsh la nd in Husu in nay o uts irle of t.hat nece ssa ry fo r :1 cha unel to be a ssumed 

ll . re r-luhncd. 
;;. P repa ra t ion o( ro po r t . 

Ir o n C a nyo n Proj ec t , 

1. F ieltl work : 
.: u r vey o f low li ne cu uul tukln g ou t of r-iver in t he vicinity of H,,<1 B ank C reek. 

Slll'\" ~~' to be nrlcqunte fo r ma king e t imute of costs a nd urens of lu rul above and 
below	 cnnul line. T n be r un sou th liS f ill' a fu nds will permit.
 

S u rvcy of siphou :H~ I'OSS ~:l e r a mento U iVP. I· if funus a re s u tlicieut.
 



J))':VELOl':'IIE:\T OF T I' I' ER S ACRA ~I ENTO RIVE lt . 1'9 

2. Ollie s tudies : 
(a) Ikt"l' mill e Iroru 111:11" t lu- : ll " 'a~ th at l' :tll 1", " 1'1'\, ,, ,1 h~' I:"r:t\'i l~' unrl th e pump

illl\" Iifl ~ (II ot he r n re us , 
(h) f ~ o " t. "" t im:lt ,, »f " :lIml urul s n-n et urcs.
 
(, .) R evise esthnates (If 1'0',",'1' that ca n Ill' developed a t 11"0 11 CUII?OIl dam.
 
( ,I) CO Il~ ille l' Il ~C of gu tes ill ~ (I iJl\\" :l Y fo r i llf!I' (, :I~ ill!( Htol'a ge hoh in d ,1:1 Ill .
 

(I' ) Revise cost estimu te s of dn m.
 
:t Prepn rn t ion of 1' ('(I0 1't.
 

D BP.\H'l')lI-l:\"!' OF 'l'1-H; I:\'TEH10H. 
B URE.\.U OF HECL.\)[ATlO:\', 
li !l \\' .\Ll-:Elt U. 1'0\;:-; <:, Rllgi ,lClT. 

DI<:p.\H'l')n;:\'T 0 1<' Pl:I~LI C W OHK~ , 
D I v I 8 10K OF EKGI:\,EI·:I{l:\(: 
A:\'lI IHRIGATTO:\' , 

By PA L BAIUW , ])('I"If!l G" icj 'ii 
Iu t:i.~ jo n . 

SACHAMj,;:\,'l'O VALLEY DEVELOP 
M EN'!' A880C1.\TIO:\, 

By 'V.•\.. 11E,\lm, Presid ent , 
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1 ~11 :\ ~ nll a . 
I!Jl'l -l!I21. 
19'! 1- lD2.i . . 

To tul s .. 

r.....erde...

• t'n.;; 

1:0 1 ! 
1-..s1l0 1 ('~ . 

En t!l t ·rit l 

. ~ 
Gene 1e X 

C(ln tiTl~~ n(' i , 

S l ,~t l' 

l ;llit 

1,:X II I J>l '1' I. 

• t ,H:1.1. 21 

n,Y2:i. 21 
H"Q 

" IQ 3"
l:i"l:83 

5.11.l1O 

10,000 .00 

;:2 .100 00 
l :il27.00 
j .7 ~8 .2 1 

" ~I . H.l. 2R 
1:\. ():~ 

1,.l H . i Q 
72.28 
ss.st 

;,IS,, :l:\. S:l 
~li .H27 . O~ 
6 ~ I . 92 ;) . :! 1 

1' 0 101 

I 
\ 

.. .. [,1. T. ' : hi, th r. ... 
' " 11 . .1 . {,a lit .. , . 
. Wal kt-r tL Young . 

Tota l actua l cost. 
~ 01' F..--(:l ) 1 ,~ t im:l t (" { I ; to co ver mino r miscelkmcout e lrw li ~{, :O: incurred in prcpa ra t io n (If n-port , et u. 

G ra nd l 'Jt;11. . - . . . . . . 
The ;j t.o n~ cost has been incurr ed by t he various pur fi to cu nt rnet of J anua ry 26, 19'2\ , as foll ows: 

~1. e r amc n to Vlllter f)(' rc ln ~ , m{, lI t Associa t io » . 
of Ca liforn ia .  . . . . . . . . . . . .. . .. . . 
15 latell . . . 

~ub l o t u l. . 
lVt'r illtc nd c l1«:t" :\Jul :H'C'.IJUJlfl'> . . .  . • . 

' l('(l (' :t PC Il~S u f genera l « Hiccs) : 

T (J t:ll 3. t~ t un l cost 
(a ) . _. . . . 

Iron Canyon Investigations ·-Sacnllnento Valley, California , as of 
October 3 1, 1925. 

STATEMENT OF COST . 

DETAIL STATEMENT OF COST. 

Total Cost of Investigation of the Iron Canyon Project, C alifornia. as of 
October 3 I , 1925, u n d er co n t rac t dated J anuary 26, 1924. 

E X H I B I T 5. 

l .ncution tl ll r n· ) ~ • . . 

1l ~ap hic r\' e ~ 
. . ' . 

(:o IUu lt ing board!' (CH.:!lIlN'rit lg) . . 
lid ir.:q -ct ic n . 

I F.ld v (''l!-O ts on th e Iro n C:IIlv0 1l projeet were includcd i ll Sacra mcu !u v nlh-v »cco un ts. If 0:2· HlOl , 110 cJ l't aillx'ing 
l Iu r Iht' v l r i llj f [r- 1t ' ln :, i n n·~ t h..mu-d . . 

. I ucl.rdes C' :fl t of l ~ rht i ll ~ :111( 1 h i'ldl'l g repor t. whi th ('':\It' l co was ('n ti rrl y nu-t lry t he a::-5 rlti:ltiol' . 
S :';':l of Oct olx r d l . t:12~j , .\ I close II r cur re n t inv r-atignt iuns in t he' S:l " ..,. rr ('ll to \" all cv. it "ill 1c llt"l'( ' ~5< ~ n' to 

make filia l a lJ l-l' mont with tlw ~ t I ll.' of Calif( ruin as pr o \'i dl"{ by l'xi:'l t i:' 'C. ell ll t r ,l l'l :-l.· . 

. . 



E X H IBIT s. 

S' I'ATI'; OF C AL I F ORNI. \
 

1) 1 '; I · .\flT~ l )~:-::T 0 1" 1';]'.;(;1;\")0;1';1:11\,_
 

S,\ CRA MIC ]'.;TO
 

REPORT ON 

IRON CANYON SURVEY-EAST SIDE CANAL
 
APRIL, 1921
 

-I. B . Bnowx , Assistant St ate E ngineer. 

H. TJ. .\ fc Crn ;Alw . H ydrograph l'r . 

11-G06 67 
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163Jll-:\ 'E LO I' M E , or Ot<' lJ l' l'E l~ S .\ ' 11.\ m , ' TO Itl\' \ ~ \ . 

, 'TATE ClI" o . LlI"II IL 1.\ 

111,1 1' , It T :\l l '] ' 'I' I I[.' \,] :\c : I I'I·] \,m l " \: 

~;,, ' r'"I" '111 n , .\ \l1'il :;o tll , 1 !J ~1. 

•' ta te Ell ~ i llet ~ I ' 1 

Itu ild ing. 

De.rr ~It· , :\1 '(Jlm e: 
T here L' s ubmitt ed hn rowit h H ruport :1 11,1 m np of the re ccu t l'l' (' ()lln a i 8 ~:1nee 

or the Iron :anyo ll ~ u rv eY-~::l · t Side Canul. 
'I' ll 0 rOllt' " han' been s t u.lied , a h il-:h line ox tend iug from th e ens terf y end of 

th I ro n Ca uy' >l l d:1111 ill a ;.:en ('r:11 so uthe.u- terly di re ction, [IaB.·illg to the n orth 
n rul " 'HIt of ' h ieo nnd termin ut iug a t But te Cl' eek. The irriguhle acreage unde r 
t hi cuunl is 1l 1) 1) l'o x i ma t e J ~' ' .(JOO ncres. Coustl'ueli ull cos ts would he heavy 
rlu r- 10 II", di llie ul t ' Ollnt,·y tr n verserl . 

'1'IIC Bc('un d ,·t lldy (" u te lll jllat.'s t he d ivc r....ion of wate r from t he ~ , ll~ l ·alll'-'Uto Ri ver 
h.\· UII' a l., Ill' :1 Illlm[lio g' pl unt locn tct] uh out II11e mile bolnw T eluu u n. By ut il iaing 
t he ~ 'i lt ' ra l ll {, ll t o HivPI" Chu n nel a Ha \'in ~ of ~~ iu iles of m uiu cau ul is nuul e, with 
th o: u rt lier .rd vn ut ugcs of more fn vo uh l« 80il r-oud it ion s Ior excn vn t ion and th e 
,!en 'l"plllPn t of ud d it iuuul l1"w" I' a t t he Irou ('allyull dam by pa ~>;in~ th e wa ter 
I.,'q u il' 'd [or t his cu uul t lrro ug h t he tu rb iue s. .\ sh ort auxiliary ennul from th e 
" :Il' I .'r1 ~ e lld of th e 11'0 11 Cu uyon d ,IIJI wou ld 8('1'\',' about 7 ,000 a cres of lund to the 
('aKlwa rd of He,l Bluff. 'I' he tot a l a.'r ca~e 8('1'\'.',1 hv the two cuu nls under t he low 
l in« projce! I>; 71,000 ac res . 

F ield work for th i. l' ~po l" j wa s d O IH·~ by J . B . Itr-own . Assi s tnn t Stu t« E Il~ inecl', 
IIIllI H . L . ~ l ..CI·eady, llydrol':I'aphcr , dllJ';nl': th e week nf :-la r ..:ll ~:!tl to M a rch 26th. 
T he ost lmu t r' , r l'l'ort. und ma p a re th e work of H, L . ~[('Crpa ,h aud lurve been 
r-..mpil..<1 ,jUI'iu g the ruo ur h of April. l fi21. 

(Si}{ Ill'd) .T. B . I tuow x . Assl stnnt State Ii~ ll g:i ll eer. 

I n th e r ep o r t hel'l'\\'i fh s uhmi tt ed an effort. has been made 10 outline iu a 
;:;"I ll'ra l way II U h-rl gu t iou p roject em bru ciug th e lauds on the ea s t s id e of the 
,'lIcra mento lt iver, below und a dja epnt to t he prop o ~ed I ron Cu nvon p r jeet , this 
u reu to h,','ome a pn rt of th e I rnn Cuuyou project allll d erive its sU[l!lly fro m the 
wn tv rs un poundvd in t lu- pro(lll '''d Tro n Cnu von res rvoir. 

T he area ill 'Iue.'li llu ox tenrls so u th wnrd bey ond Ihe city of Chico t o upproxi
lI1 " t. ' I ~' t he northern limits of tho lu nd irrign ted hy th e W este rn Ca nnl Co. 011 
1he ea s t i t i. ho u nded by the lower l iue of a type ot' so il dc sertbed bv th e Burea u 
" I' Soi ls of t he Il . ' . I'IHldm('n t of . \ I;r i 'u!tu l'e a s t he T usca n s t ony loums , These 
' L'1l8" :1 n s tuuy Ionm s ure .la ss ified as la uds that would uot be ben efi ted by i r t-igu t io u 
[ 0 n llr e cu t; t he~ p r esen t a su rfucc upponrunee of wa t er -washed cobbles und 
hu ve I deeper fOl'lIlat iou of x-mcuted g rnvel. Where ea uuls are loca ted in this 
for ma li o a lJil':h uni t eos t or cOIl,'l r uc t iou i" anlieipntl' (1. 

'I 'h e area o f ir ri gahlf' la w l w ith in th is s"O[le of l'ounlt'y uot now w iIllin in'iga' 
I iOIl di , : tri ,~'s ill es t ima te,J a I 2 ,000 ae \'(~ s . 

T he oll tli ne' of t vo pl an8 [ 01' t he lllaiu ea ua l will be g iveu, 
F irs t, It graviIY S.\ 8I" 11\ cun a l he re d..,ig llat<,,1 :1S l he h igh l ine car mI, s ta r ing at 

t he du m ite at lilt ele\' lt iu n of :': :~O feet. [lIlRsin just abo \'t~ the eOlllpv.I'::l ti vel ~· l'Ou/.:h 
hill s ("" It uf the <:i ty of L os M olino" eon I ull ill;'; a l)\l 'e t he UPl' 'I' line o f the i rriguble 
1:1I"! '; pa ~ ·' n ;.: Io I If' ,'a st of t h e il ' of ('hi e" (' u<1i n:.; a t. lIll t I.' ( 'rl'.,.k, ele vllt ion 20 0 
f"e t, in t lJe SI<: of ,, \Vt. S" , , ', T. 21 T" It. 2 FJ. 

' r here lire 7, ,uno ac re of land under thh; ca na l, OJ pel ' cent of th e ir ri ga ble 
la, ,,1 eons iclf'rc L F O\ll' Itc re-fec t o f water pel' acre will be ass um ed II Bu ffieien t 
(or the s " I 0 0 , d is t r bu ted foll ows : 
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_..• _----- 

Second-foot Feet per ur-rc Per cent.\101lt1l 

-----------------,1--- ~~- I-
Ii :\01IS,7111111.2·1Murc !I . 

:,21;~ 1.~(JOII III 10,\pril 
,13,71111 71111U..iG 11:w. 
;~)H,:HlU In ~VHiJun·c. 0.76 
0.),500 1,066210.81July .. 

10 9960,76 so.aooAugust 
:36a711,28 21.800Scutember . 

2October . . . . _ 0.08 e.soc 10" 

- - - -10:320.08 6,200Novcrnber • 

4.00 :312,000 100Totals 

TIle following are the clements of t his proposed high-line canal: 

Depth and Slope, Velocity. Cepacitv.bottom feet per feet perAcres Miles DistancePoin t second-fedwidth mile. second 
· - - - --1- - - - 1 1----1---

0 G 10' X 20 ' 1.06 4.,,0 I,OG6 
Xcw Creek. 

78,000 Darn 
6 al 10' x 18' 1.06 4.4:' H30 

Creek. 
G8000 

:)7 :3 9 'x 1:3' 1.:'\1 4.7.' 700 
Hod~ Creek. 

.'1:000 
40,000 40 8 f/ x 12' 1.85 4. ii7 sso 

~lud Cn-ek. 41 8' x 10' 1.8.; 4.G.; 440 
Chico Crock. 
Butte Cr-onk. 

a2 ,1100 

;,G ti,;j' x 8 ' 2,11 4,81 27020,0110 
52 :I 

Side "lo[1('s of canals for estimate purposes taken as 1 to 1. 

Est iruuted cost ofhiah-Iinc canal: 
Yard,,~" .,1,.;:18,000 
Ce.[J ' u ted gravel. 1,443,000 cubic yards at .)1.2,) *1,800,000 
Eart"". . . . '.' _ , . . . . ... . . . . .. ,_ . .. . .. , ~tj.OOO cubic yards at .4 0~ 38,000 
:30 cr eeks and urroyox rcquirinn structures, flumes or siphons, average length 200', (~06t of :'200 per 

linca lfcot.. 1,200,000 

Concrete lining for 44 miles of canal: 
1,H\2,000 square yardsd inches thick at. t-1.1O ~1,280,000 
Hight of wuv . 20,1100 
:>,.) bridges a't an uvcr ag e cost of :;1,200 42,1100 
Fencing 112 mile:" a t 600. (i7,200 
Telephone system. 40,0110 
Cuntinguncu-s, 10 per ccn t . 148,720 

Total. 

Cost per acre of main canal, ::-G:J. 
The second general plan of main canal here designated as the low-line canal, is to install a pumping station about 

one mile below the cit.v of Tehama and pump water into a canal at elevation 210 feet. This canal would be located verv 
nearly at thc upper lillC of the irr-iirab!c lands and would pass to the north and west. of t.hc city of Chico, ending at th(l 
Snuthorn Puciflc Ha ilway in NEY.1', ~E!.:1, section 2·1. township 21 north, range 1 east, at elevation about 170 Foot. 
There are G1,OOO (teres of irri ~lbk land under t.lus canal in need of water in addition ton 7,000 ncres of land l'a~t, of the 
cit.v of Red Bluff which Gould be irr iga ted by a small cunul cx tended directly from the Iron Canyon dam, making a total 
of 71,000 acre", under this canal system or SCi per cent of the total irrigahlo land considered. 

The duty of wu ter- and distribution for the main canal is taken the sumo as for the proposed hiph-Iinc cunnl. as 
follows: 

.\lonth 

Mareh. 
Apr-il.
 
Muv.
 
JUlie.
 
.1 111"
 
A " Ii:U ~i t. ...
 
September
 
October .
 
Xcvruubcr
 

Ttltal:-:. 

Feet.per acre 

0,21 
IUO 
n.,jli 
n.zu 
IU4 
IUti 
028 
IUI8 
O.OS 

Acre-feet 

1;;,370 
2:' ,GOO 
:1;;.800 
48.600 
;}:~ .800 

IS,GOO 
17.\100 
;;,100 
5,100 

Per ecn t 

G 
10 
11 
1\1 
21 
1\1 
i 

" 

4.00 255,870 100 

fk~'nnJ ·f(' ('i 

2;iti 
4~7 

.107 
811l 
BIl. 
810 
2DS 

8.i 

_ ._- -8,; 
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DEVELOPM1L',T OF' UPPER SACRAMEKTO 

The fullowing arc the: clement s of tbc proposed low-line eanul: 

Point .\(,fl·S ~'lil(':; Distance 
Depth and 

bo t tom 
width 

Slope, 
feet per 

mile 
- - -

IVclocltv 
feet per 
second 

- - -

ICapaci tv. 
:-, eCOild-fC: 

Pump statio». 
(i1,()()0 1.) lU .j' x IIj' 

Hock Creek. 15 
47,1!()0 n.,)' x I'"., 

11uu Creek 20 
~7,000 8 .J 1 x U' 

Chico Creek 22 
2(',000 8.0' x 11' 

Secondary canal 27 
21.000 7.S f X lU' 

S!-'c,ondnry canal. :30 
10.000 7' x 8' 

SCf'llIHhlr:y canal. :1') 
8,000 fi' x e: 

End cannl . :ll 

RIVER. 165 

i.nn 4.::1 8\17 

I.IU .:W uno 
~j2 4 .:H ,18 

I 

1. 15 4.00 lOU 

.,,;, % 3:3(i 

o ;jH :3. Ei ?21 

1. SU 10 

l'r.iuosr-! cana l to in-ianto 71100 ncrcs of land cast of the citv of Hed Bluff to be ocnstructcd ,IS part of the low-tine 
(',HUll svstr-m. 

Thi s cn nnl s tnrt s at the Inn Canyon darn, clevnt icn 300 feet, is 6%' mile", IOIl~ and cn.!s at the nort ucrlv corucr of 
lot :J,i, subdivision No. n. of t hc Los 1101inc8 Land Company's truc ts. 

The amount of water diver-fed per nctc per annum for t his caua l is cst imatod at threl' uer c-fco t instead of Iour ucrc
let-t as u;-:cd on the lower main canal hccnusc of the err-at difference in k-ng t h: t his canal l.cne oldy l\ miles lcug. 

The f.illowiug distribution and amounts. of wa tr'r urc cst imatcd to lc required: 

Mouth fed per nero Acrc-Iect Per cent ~e<"() II(l-r(T! 

:'l:Jrt'h 
,\pril 
~by 
,fUIlC 

.lulv . 
Auacst . 
~\'Jltemhrr, 
Octolx-r 
Nuvombcr . 

T u t ll l ~ 

O.IS 
0,:)0 
0.42 
0, ;ji 
O.;;:J 
D, :>7 
lUI 
fUJI; 
IUJli 

;3,00 

1.21iO 
2.100 
2,P40 
:l,OUO 
4.'1111 
:J,WiO 
l,470 

·120 
'J:!O 

21.00() 

fj 

10 
H 
In 
21 
1\1 
7 
:2 

lIl() 

~l 
:{;i 
to 
ti7 
,,1 
67 
2,1 

Elements of the sccoudurv cunul of t he pro posed low-line cuual svs tt-ru. 

Elements of Prepused Secondary Canal. 

Depth and Siorc, Yelocitv. ( 'upaui tv, Distance, feet. p{~'rbot tom feet perPoint .\eft's ~lih's 
l<I' COI1(1- [ t' (' 1 milee width mile socoud 

,1' X 4' ,1,28 4. ')(\ 7lDarn at clovati on ~WO feet 7,000 2 
G:::(i.000 '-1' x :3 .5' ,3.12 4 20Jhstrihllti ntl cunni 13·:\ 

0' 

I
I

:J' x .oen.j2,000 :n:~a lt Cr-eek. 003Yo ~Yo 
f; ~--;(E ml 

Estimated ('.0:-;[: 

:3JiOO cuhic yards cemented gravel at ~1.2;). 
11.000 cvuic vnrds earth at tiO cents
 
t) hridvt'~ at :"SOO,. .. . ... . _ .
 
Concrete lining for 3,li miles, 23,800 squnro yards at ::--1.20.
 
Contingencies and extras. 20 per cent
 

Tot;II. . . " . , . , .. ,
 
Cost of canal per ucre of «round, ,~n,
 

:::4,:ri';j ,00 
10,200.00 
1.000.00 

:H.51l0.1l1l 
lI!,1;:JIUKI 

. 6:1.811.00 
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Co.,t of P lIm:)il'!j S t,.t ir-il. 
T hrl'" p :lI l1J1......; Li-i-n-h. , O-iIU'h uud H:!· ilH'h .. . .. .1I.f M!U.()(1 
T hr(' : 1I1' lf , .,S : l);m. 1:1111 :In(1 :!:!GO he r CpO Wf'l . :)U~ljl tlH 
T hr.'t· II ,r1rJ.llli t· ..11~ · vnlve s :1.01;(1.00 

Pipe ;)nd 11:IJI! ( (: J uunrp- t , . . . . 12 . II '~J.II11 

Tr.u ~ f . , rlTli'r..., .. itr-hh l:1rd··, C II !II ' it II . (' I" . . :! .-I.tt()(i Otl 

n ril.l ine . aumn . . ; .)oao.oo 
Fr i h •e rC·H·, ' :1Ioi i-r ."111 t inn . . :! (IJ lI tI .I )t1 

I'r imina uu.l re I n ' ~ .ltrn . 6.!: 1I' . fllI 
C ll lil in J:\" lcil uud c xt r•.:;;, to 1M" ('£~:It :!.:y,tJO. HO 

1:xI·l\·;ll j · l ll : 

IGO.G:! =i cu l-ic y ar &.; l' I'lI lt'lll l,,1 ~r :l \"t: l at .e1.1.\ . ":!U I.:-S;J .1l11 
li:-::{, l :!t, cubic yards 1'1rth ot 40 ('t~ n U :!.i ::.:.'.i (l .IlO 

:-,jxIr-onr-rarks uud nrrcyo e n"l ll iri ll l~ cuncrvtu . r uc turcs . liun'!l" III' ..;iphllr~. ~l n r~ ~ t · II' ~· t } · :!IHJ h't , . 
E ~ t i !n~ t (' t1 co> xt u t ! On ~~ r Iitlr.:11foot . . . . . . . . . !i ifI,Olln .WI 

C' /Inrr r.!I· lilli liRfor :I ' mil ~ of cnu» l. ;"; · I .~OO :'~J Ul1r . ynrd" :3·inrll l i" i liit l f l . to . R....\~ . oe () . oo 
l {i ~ h l o r way 11 :L l' r~ at . ~ I). .. ' {I. OIl 

~ :! uct c.. at LiO. 1 ~ . :\ (H I . OO 
lUn ~I('r ("S u t sn. . .i .( 1)l1 .OU 
:iR ucr ..· .~ at ·100 . 21.:2 UlI It'l 

Tu tal for I'L ~ h l of \Y:\ " . . . 

Twt-n t v I lr i Jlt{'1ll, a \'c r~\~ i.' l l:d I .'l l !!) . ~ ~~~~ . ~:~ : 
Fene- hllI' til-! fIlU,-:;:\1 " )110 . III . un.oo 
Te lephone 1I),1.h'HI . ~ .'i I) IJ(L (}{ ) 

Purnph l plau t . . . , . " ... . u». 'lO. IJfI 
Cout iuscucies , 10 per 1 :l~ Q, L l .n.IOO.O'1 

Total . '.!..j(j :) .~ J !.lO , OO 

Cos t per a cre for 6 1,000 uer . HI, 



167 !)1~Y I::L P.\ fE ' T OF ['PEH A CHA:;\l E1 " l' nrvzu. 

I!:. - HI13l'r '7. 

• ' I YE USIT Y Oil' CALIFORXL\ 

COLLE m ,; 01,' OTUCU LT Un , 

Uni 'e rs it y F a rm, D a vis , Ca lif orn ia , 

M urch 3D, 1U:!3. 

~Ir, Will ' ,,1' U. y , un g, 

l':llg illl!el', u reu u of R ce-ln m u t lon . 

1 10 Agricu lt llr c fla il , 
erk eley , Cn lif uru in. 

Dc a" ;'III'. Y OII Il l; : 

An WCI' to vour iuquiry of • ' OVCIll!" '1' -l th lus t . rel : t in~ to p roha blo d u ty of wate r 
awl IW 1""'lI t ll gl'~ o f ln nd thut sho uld be co ns id e red sui t n ble for orcliurd lind ri ce 
u nder II ,,· rev ised plu ns fro !' t he 1I 1 'o po ~, ' d ( ron ~ all ,'o n pro]..c t., hns 1"'1-11 d ..lnyed 
h m nn uru us e ll".. ·, "Li.. ll ) Illy dcsi r e to nwu it co rnple t ion of co ru pu tu t.ions on o ur 
lll:!,! w u t ..r d nt) stud i ..s ill ~n ('l' a l1l p n to \ ' u ll l') lind my des ire to sp end u fe w duys 
i ll fir-ld w it h you r q nest ions w fo r" IIlC . 

'1'1,,' q tu t iuns ," 0 11 w ise would ob vio uxly d " ~ Pl'\'e much IIl01'e st udv if th e fina l 
d(,s igll .LIll I t he cous t r u r.t iun of t il, p roject " er e to he bu 'N ] (In t he UIlSWCI''' giveu . 
F o r 1' II 1' P OHPS o f III ' CSl' lIt p l Ull ll ifl t.:'. howcvor , t he :l n SWi' I':i ~ i Ye H below :In ' bo lir-vod 
to lw :aC.. : i. C. , jZClI Cl'OUS cn o uz h to COI'"I' ul l r onsou a blo net requ ir emen ta Oil t he 
lu ud , hut s u tlic lcu t lv low to foree J::ood III"' plln,t ion of the lu nd n nd s uch cn re ful 
:I I d cffid '~ l l t nu-thods of in i;;a t iou ' L~ ~ L,., II re uson uuly restric t \I e. first. to t he 
n mouut s of IIl oi HtU J'P t HOi1 rrtuin , H. scnson :1(}VU uc :PH. tol u : w i l l a nd , the replo nis h 

iu g he mo ist u rv rhc " 1'111' ut il izes 0[' t hut is los t by ca us vs i t wo uld I... tmrcn so nuble 
t .-, e. ()I'('t the farme r to el inrin ate. 

" ' ith t he u bo vo ex plu n n t ion , 0 ' 11' ,I US W , " '8 to you r qucst iuu s a n' :I . follo ws : 
1. 1Yh l is t lie p robn Ie net ria l)' fo r d ec on d ay n nd a dobe so ils ? 
.\n w er : 1) 1I" I'lI-f"d pe r ucre, "'c hclieve th a t lund re q u ir ing mo re w uter than 

t h is w ill not Ion " r eu ia iu in I'i' ·e. ' Yith li lt: ' r'e p l ion of wo rk on six fields in l!i:!·l, I-

a ll o f ou r r iel' t ut y s t udies ha n - heeu cn rri ed out u nder th e irriga ti o n pruct ice 
Il rs r 118(,,1 a lm os t u n iversullv bil l. now 1: " I Il' I'a ll ~' foll ow ed on fir st UlIlI second ~'P:H' 

In nd nu ly , viz : 10 Ia' ,,!' f II,' field s uois t f r om 'l 'e<li n~ t o nb n u t ::0 rby , nf t er 
"· I " " ~I' n< ' .. f the p lantll a nd t lu -n s ubmerze with in ert-us in g depths up to nbout G 
in ches , Pres ent p ru c t ice ill to s ub stitu te all-sea son su brnorgun r-e ; i. e" Iru m ",'edill;; 
to drn in in z fo r hn rv es t . U n t il w e hu vi IUOL'C in fo rm a tion on d u t v un d er nll-scuson 
' lIhml' l" " 'H'e w e r-u n nn lv assu me thu t d u ty un der th e old rn ct hod will apply. 
~ \\'ha l is the probable net du tv for orchnrrl r '! 
.\ 11'\'0" "1': F ro m 1. 0U to 1 .;' 0 a ' ·n ··f .·..t [H' I' a" I"' , " \' e ra ;;il1~ ( u f'te r "w l'i;:htil1 ,~ " 

u t'('o rd inv to :soil t ~ lit' a nd 011"(\:1," ) l .a 7 :1( rc- Ivet I '~ l' ucrc : () I'~ for gen er;]1 present 
pu rp ose, 1.30 nr-re-Iec t per uc re, 

O u r hn is for a r r iyi/l g' at tl,,· a ho \'c Itn" (we n to l a l;" a d n ty o f 1 ,00 a <;n ' · ff'f't pl' r 
" .," for loam soib (; 10 .1 0 f('ot tlr'..p wil l i I;I'ou l,,1 WIlI" I' IH-I,)\\' 10 fcct, 1.,,0 :ll ' I'f'-fcl' t 

1'1'1' If'1',' fill' ~1J lI ll o \ ' lu:lI ll" \' i t ll l i~'h t ~ ll b-:<o il ft','1' from g'rounel \\,al el', for <;l':lYf']]Y 
,;o ils , :1 III for <'I n~·, · . 'Yit l! a ;;rollild Wlltf' I' l!i;;1J l'L' tlln ll 10 fcet we :11' ''1111'' a use ,;1' 
0, ,",0 n('n~ - f ..f'l [H' I' a, ' I''' , b u t IIn\'f' uot ;' 1('11 ,,] ,-,1 allY s,,,,1! :!n 'a", .'l0 1"~ i ~ rf' 'lu il'l'd 011 

l' ba llow alld t i;dl t so ils , uot hC":lu'" til" ' nil wi]] hold mol'l'. bu t heellU'l,' of tile 
Jn r g-" I' lItllll bp l· of i rri,l~a t illn : · rfl q u i l'l .'d :In rI (he . ~ O ll s t':q l1 f' n t gTf' Ht.er SUl"1'IU;C l o ::;; ~f' :::;. 

: :. " ' ba t i ~ th e p r olJ:lhle Il l:!. d Ul Y 1'01' ~ f' n e rll l crops'! 
• n ~\I'C I' : 1 10 1 .;;0 a el'e-f.,d , lWI' a"l'e: 01', ;;cnel':lll y , l ,!'jO a el·c-f!.'el per '1(' 1'", the 

:-;:lIlll' 1I ~ fo r orc·lia r ds.. 
In I h i ~ :IlH~W f' r , plt'a :-; l~ n ot e t h u t. " ' C' do not inc-ll1de al r:tl f :l in lIg 0llPl·aI (T0l':" .n 

P OI' a lf a lf a \ . , 1 Sf' 2.;;0 lll'l'f·- ff'e t I"' I' '"'n' for I" a m' 2 ,00 aen.'- fe" t PCI' a " , " ~ for 
cla S , :m d 4 .0 a "f e-fee t [le I' "ere for gru n'I1y soil . o r a w eighteel a veragc of 2. 7;", 
n 'r~ - rl"(l t p t' r H ( 'n' • 

.1. " 'ha l JIl·["( ·l' lll t:.: c " i I llc a l" 'a a hol"l' I he propos ed low-lin c ca na l s ho uld be 
l'on 8idl' I'l'U Ord lHrd lu nd ? 

..\ t1 ~ Wt · r : :i t) IH"r Cl' II l. 'r h i ~ i; h: I. 'l 'll Il l! { IIl I' j;ul ,,:;IHeu t o f :-;oil, dl"aina:.;t', tOllOg 
r a"h~' , a lit] g'o('d bal: lUcl' comh im'd . 

• ·O TP..-' tr t he rm u,'c. 'e ma ke tie le! cro ps (nu t coun t In g a lfa lfa ) irllt>rcha ngea blc 
with or ch ard. in thi s pe rcenta m . T he pereen t agc we "'8Ulne r I' n!rn.lra l~ ~ O . 

http:pro]..ct


W .\'I'ER RESOCRCES OF C'AIJIFORNIA. ius 
:I , W Il" t lWl'l '( 'nl,,~1' "I' tIll.' ureu 11I'1"w t i ll' !'!'l)!'o ,(,d low-Iiue ,':11,,11 s hou ld be 

(·o ll :-:.i tll'!"t'tI o rr-Imrd lurul ? 
.\lI'W"": .\ I-: " i n i1lf'l nd i n l-: li"l d (" ''' 1'' (' '''] II, i l"(' of n l Inlfu ) illt (" ' l' h : " ' ~'( ' ;I1 )ly , 2:1 

I"'l' ('''lit. n nd "lr" lr" .J:I I'er «r-ut, 
" ' " huvr - ,'la",,11 ", nrr -hn rd lund ,III or t he Colllmbia, E1Iler. u ud A lru mont se r ivs 

1I11t! t lu- " ' i1low s 10" n1' , but a ll o f I he", ~ so ib arc ,,,c,'lle nt for u l Ia l fu and mi ght b" 
so (' I:I~ ~(' (I, oxccp t. fo r t hui r ~ e n <.'r:ll vul un for orr -hu rd s . 

G, W h u t 1' I'I ' ('l'nt n~'c or I Iu - a ron above th" 10'Ol"" "' ! luw-l i ne ('"na l s hou ld b" r-ou 

, i,len'd r ir-e lund '! 
Answer : 10 per ('l'nL Includes Ki rk wuod r-lnvs, W ill ows cl ay ad obes , ' nd T chn mu 

days ( uue-h nlf only) . 
7. " ' h a t pcrl'enta;,:" of th e u rr-u below the proposed low-li ne ea nul sho uld be con

s irlervd ric e Inud ? 
An s wc r : ;:0 per ('l' nl. I nr-lu rles K irk wood cluvs. " 'i1lo ws d a ," ado bes, '\' illuw~ 

days (in part o nly), 'r"hnllla d ays. ~a l' ra lU en t u days, uud Ca !'ay (-lay" , 

You rs Ind y, 
FIC\ ~K ..: \ IL\ .\ l S. 

P rufl':-: :-o o1" of I rrigur iou 1 11\· t' :-;ti ~pt t i oll ~ a nd Pru c t ive. 
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icx: JI 1;1'1' S, 

]·JX'rI{Af7l.1S 

Vr"I\ ' pu pvr ['('a d ln-Io r« II." Fif th , \ III1Wl! C un vcut.io n o f Ih", C alifornia Se etitJ II of 
t lu : A mo ricnn \Va l l'l'\\' orl; s ,\ 's, )(';" f ; 0 11 :I L S:If'r:1 rnvnt o 0 11 O"'foh er 2 ,4, 1\)2-1, 

CO),'T HOL OF' .\PPWlPI{L\TIO),'S O I<' \\'NeEH
 
BY TIm ST.\ 'I'I<; DlVISI O),' 01" \\'A'I'I';H nrGII1'S
 

hy 

EIl\\' .\ I{J) II Y.\ 'I'T, ,TIL 

e H I E I" CH' InVlfU O~' OJ<' WNl'EH IU (iH'l'S 
S'l'.\.TR nEI',\H'r~Jloi),'T OIt' l'OBLI C wonxs 

',' '" ';' Ca li for n ia iu Iwr r-onstit ution had iuheri ted tho riparian righ t doet rine 
1'1'0111 t.he vo uunou la w of Io:u;daud n nrl nlm oxt (ruru l lie fi ist th e fliflieul t,\', 01' r ather 
itup oss ihi li ty , o f r ecou r-ilin g the two Ih"or ips wa s appar,,"t ( Tt inn ri un a nd A pp ro pria
tion Dodrill"), 

The ripa riu n I'rincipJp is tha t th e right to the wu tr-r ill a st.r ca rn is ves te d en ti r ely 
ill tilt , ubut.t ing luudowur-rs ; that tllt , righ t is no t cren tcd hy use and doe s not cease 
w i.th disuse. It. o rig inu tpd i u I';rurlu IIII, a l und of huru id c-liuiute when' ir ri ga t ion wa s 
unknown. wlu -r» t hp l'( ~ wr-re ItO rhdl tH in a stream 01· ll:",e o f i ts waters othe r than by 
the lund owners ul ong th e hanks. It is pt ',"'t iealIy un iversn ll v a d m it ted th a t the theory 
o f r-lpu riuu rig'hts is " IIt.in 'ly unsu i tcd to all arid re g-ion 01' oue wh ere the lands 
require irrigu t iou . T hus it is seen t hn t the t\VO c-Iuss es or wut er rig-hts tra ce thei r 
or igin to en t irely diff,'r pu t sOllreps .uul ur« ahsollltely eon tlir-tiug bo th i ll theory UIH! 

practice. After a g-"',at deal of li tigation the issue bet.woen thorn wa s sq uarely joined 
in the fruno us ,'n ~e of I ,n,f' vs , ",I(If/ in, wh ich wa s decid er! in lSSn, in which dcci sio u 
by a (our to three nmjoi-ify t he rip.u-iuu I'i ~ht wu s h el rl to he a ri gh t «r p roperty 
prot ectl,'d u xde r «ons f i tu r. ion n! pl' in cipl, 's n nrl s u pe rio r to a pPl'Opl' iative r-luim s. B y 
this de cis ion ripnri nu l'ii'(hts wprp ,Ipfinitdy re f'f)gni~pd nnrl th e ri pn riun doctrino 
rlefin ite lv f:ls l ' '' ll'd upon the s lnll' , -,- " ',' 

',' ',' " ' i/hollt donht. C u lif'or n iu, w lu-rr- il'l'i~ ati o n was so important. had tho 
poorest lVat,'r laws uf uny s ta te ill the Uniou . .U :luy othe r i r r igatioll s ta te s re fused 
f'rurn th « 1J f\g·i nl1ill.~ to l' f~ (,o ~· lli;r. e ri u n ri un l'hd l t~ . pr phabJy us n di rec t resul t o f Cali 
forni a's t l'oub lr's. uru] i ll the U () JliI Ti g-:ltlll~ :-- t a t (·s th e aJlIH ' opl"i ~lti oH .lof·trine W:1 S 
U lIIW ('(' :-;s u r . t: ::' ::; 

'," III: :I In l.~ :tli forJl ia t !lpl'e wus (hdYl'lnillP([ PJlpo1'=Hioll to nny d..1nng'e, however, 
hy the holtlpI' s of ", 'slt'll w.u er- rig-hts , pal't ieularl ,Y by ri pn riu n .)Wnl~I' S, a nd t he 
uiov euu-u t (01' a \VatPI' f'ode wns 1IlI Sl",..'ess fu l until lDl::, wlu-n du e to the effor ts of 
sc vr-ru l ,,',wIiel ' hO:1I,.ls ," ,,1 l'Ol\llrJiss ioll S lhe prusr-n t Wuter Conuuiss io n A ct was 
passed . 

'I'Le u«t p rov i. k -d :I eode fOI' th e o rdurlv .ul u rin ist rnt iou by the s ta te o f it s remain 
illg' wut er resourc-es , 1'0)' ujud icn tion of rights already in ex istun ee, for the di stribu
ti on of wuter hy wu tcr mu ster to wnu-r right o wners. n ud for s t re am sys te m iuvesti
gu ti ou s. nile ( 0 the co ud it ion s <I .'serilw<l the s ta t u te wa s n ee" ssa r ily long and 
compli r-a h ,tl, 'I'lu: lmsi r: priu ci ph-s ' IS r-s tn bl ishr«! by co u r t doc isionx th ro ugh si x ty 
ye ars ",mid not he ruure I.h:1 1\ in odiflod . establislle,1 r ig h ts co uld not. !>e endang ered, 
nnrl unused ripa r iau ri;;,ltt.s I!pill g- 1lI0re 01' I"ss properfy ri ghts were :, donhtf'ul s ub ject 
o f lcgisln t iou. The " ' at,'r Conlll\is ~iol\ .\ r'1.. p m!>a!>I ,\' weILL as far a s pos sible by 
leg-isl at ion to "stahl i~1t a ('ulll pl('le ,11,,1 e l!i" i"n l. co<l,, ; ""10""" ", I"" ,<i ", ,, ,<: fo (;1 /DO S 
thot flo dirc('t and ejjit'rlt'itJ u.... fHI l a /i,l l/ lf f/ .... NO " tws ,'\iI~ ! e at thi ,., llllf ~ dal e ·in Oufi !unt ia. 
W~ it h() .~ lw eu nor /itT in oth.er n; es {c /'u 8t O t(','~. '.- ~; 

',' " " Th" il\('rea si llg pl'Osperi ty of lIw s k l lt' , ('ol\pled witlt t he fact that fu r ther 
a grie lllt llra l and power de,,"' opmen t is lilllitpd hy t lte wa ter a \', ti l tl bh~, h as t r em en
dons! ,\' aee"ll'rall'd t1", <l elll n1111. The o!wl'n t ion o( t.he W ater COllun issio n Act, wh ich 
provi..le s that ]'ipari:lII rig 'hls not us p,1 by 1!J24 will lapse, hns a l so bud its 
",r eel . " " ,) 

',' ., ., As nlrl'a<ly explaine,l . s incp (he \Vatel' Com mission Act went in to effec t 
ill I t114, appropriatin: watpl' ri;;'hts eau be llC'qlIired only unde r its pro\'i si on s , fin <l , 
s ineI' til a t tim p, nIl s lld l ri g-hts nrc ele :1 rl .l' defin ed. 

Howe\ 'PI', mol'\. of th e (lrl' s('nt irrigated acrea ge in t Il(! :>ta te :1L'luired it s r ight" 
p rio r to tIL e \Vatel' Com m issiou .\d, al\<1 the loose rue tbo' !s of tiling then ex istiug 
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un d UK luck of su pervls ion to d.' lel'mi u ' vh e th ' I' a ll 1) 1' uuy I,a l' t II s uch righ tf< huve 
become \' P I d hy 11 'I' hus J' ,'II!I,'(] iu I' ' i ~ l"n f:e of a vast num ber of ligh ts un defined 
unrl in n ~1· C.at runny en 'e:-i even uure<''1)I"flf'd . .. :r. • 

,. .. It will there fore he ~ ",'n 1I1:1 t (~HIi (')\'n i a ' s wa n-r "(JIlt- is <',m Illdc a to 
unn ro ru-iu t ive wut I' I' i ~h l~ , l"'lIl-etlm 't' rnr th In it in r.ion u f J1( ' \\ rl rlus, In r the 
nrlj ud ir-ut ion or 01, rights, uud ( III' t Il, dis t r-ibut ion f wa t er to a ll ,'x L,t illg lig i. 
com plete. nd th e proble rru ,'n'a tl' d !J,'fol't, Ill, ,,, loJl io n o f Ill , 'Val,' r ' nmmisl ion ,\ct 
• '111 d he g r ruluully n rul 'II -el ' wOI'I"<,d ou t \'," '1' 1' it 1I0t r(lr till' l"ipal'iall rig It si t uut lon. 
Hel m'nin;: to th i fo r II mOmCII !, sec t ion 11. of t he 'Yater 'om mlsslon ; et p ro vides 
t ha t ri pu r lun l'h:hl s not l' ,"c,'d sc,! for a [1I'1'; . ,(] o f u -n yc.i rs IIft l'r th e linul pllssa l' of 
t lu: ne t in 1fl1,! will l a pse, ~I'h i s Iuw will \'f'I'y short ly becom e I' 'ec t lve. It we w 1'1' 

nb le to say dcfill itl'b thut it w il be unl u-l.l 11 ' th e co u rt» t.h» "" 1Ilt'OIl f 011 1' wo rst 
wuter t ro ubles wou ld LJ" ill ' i;:bt. Ll nw -vor, 1I';:al 0 lli ion is 'l ivid"r! a , to \'II ' t l,,' [' or 
no t thL la w will he un ho!d. .' ome of t ho 0" . t q tu l i f ",I alt o 'n l" , ill th e "ln t" sn v th e 
! n iu -d :"Ha t c~ S u p renw o u i-t w ill iu 11(, ca s<' .rllow s uc h It la w, ve n if the " tllte :: 

.' lIp l'l'lIl" ('ourt ..bould, ot lu-rs th a t rho T' llir. ,<! .' ta ll's r-ou rt wi ll upho lrl cbe ~ l. l tC 

co urt in \ -hn tnve r it dt'('id" ill this (;n't', • II we cu u do iu th! s matt I' i. to wait nru l 
bo!'1' fo t' I lu: hcs t. • '" .. 

~ .. n), t he ' niter! S I:.t p" eensu figures 1111'1'" wr-re 1 ,noo a en ' s i rri:;a te d 
from ti ll' Sllerrt m('Jl(o R h 'Cl' rlit '('d ill l: l(l:! nbo vt: .',\(,r :lllll' u to, uu d 1 !J ' ,OOO l tr: r ,' H in 
1!llU : th n t is , uhou t 18 t imes II ,' mu ch Iiuul wa s inka -d ill l~)J B:u in l !)():! fro m th e 
, ' :Wt'a mcll to It iver di re ct. 

The mn jo ri ty o ( t he dovr-Ioprn out iu ti ll ' va ll ,';: h.is " ( Jl Il " aho ut s iu re I!l l , und 
m ninl , s iuce th e ' Vnl" l' Conu nls- iou .\ t'!. 1"'I',llIU' ,' IY" t:tin', " 0 tha t w 'n t ly a ll uf t h(' 
l:J l':.,:pr wa ter 'ights from the ri ver' h :l\ l ~ 1>f' ('[1 'P (, ll l "l'{] th rou z h permit f'rurn t ho Stn te 
\\'a t('1' ( 'OtTI l li.' :' io li .II ' I lid s ioll 0 \\' ,,1,' " H ighl s , m uking uu r l'l ~ l'ol'l l s un usua lly 
c ll ll1 ple t l ~ n:-; r l~a l'd s t lu- -: U' l'il ll H' II [ O YH III' ~· . 

~ * * 'I IIl' ir l'i;:n lllr' : 11''' '1 ill Ih" 110 01' (II' lit e .'," ' r a ll1 " n lo Y, IIp.'' is :!,'i'OO,OOO 
ael'es h"'ide' t he foo l hill la ndH, wh i, 'h will som" d'l\ ' 11" 1',1 \'11 fe r , ('oll."id" ,' ill;" th,, ' hy 
Ihe cpn,"." L1 Il' r" a re o llly alo llt :l!JO,(lOO :11'1' 1' '' i '"I'i;:llt" t\ :'1. 'Ill! flrt 's, ' t l illH', ' r. il 
, ('{' n tha t il'l 'i ~a li oll de \'..lo l' lIlen t wi ll no t he . tOPI,,'d hy la ck o f , u itu ulc u;.:rieult u nl! 
1'" l1 l!! in h .' R'I<!r urn" n lo Ya lle :, ,. • .. 

.. • ,. T he llol'ln al !O\ 1I0w of Ih l' , ' ,,,,rall1 Puto R in ' l' du ri n;.: irri/o: ltt ion mon t 18 
i :tholl t "00 >O (" 'OIIlI, f,·,,1. llwa Il"" d a t :".1 JUli O', w hi('h i~ t he <lCL'eptcd po int of 
Ille:l."lII'em" n t in t hi~ t'o lln" l: l io ll, III 1 0:!,l lhe lowe t 1I0w at t h l ' (Ioi n l \Va" :!,'lOO 
"c L'IITIlI-fl','t, whi,:h I'On~t itllt e .. the i r r il:'flti on ,tl P I' I ~' for the va ll.,)' lit I th . de lt a 
re l\'ions below, 8in(" in n dry H'lt l' t he tl'ihu ta ri ps eo nt "i lmte pr. ll,jj ellll ' 10 ': t '11 
th e ,' r i t i(',,1 se n ' on~ , 'Vhile hI' F l':tt l,,' r, Yllh, a ,r! .\1l1" 'i ra n ri vel' Il l" Ii ~ t 

llla;.:nitl llle ~ t rca l s with la r ' e a tlllual l tln,off!', t.hl'Y 'II'" ll" t )I'ing- f,'d , sUt.h 118 th e 
UJlIll' r ,lll' ,'a lll('n to, a lltl th eir 10 \' 11 0 \' :lI TIO II 111:1 to (111)' II ct'\ ' hlln d n 'd l'e xHld-fee t, 
wh kh is u t i rel v ,lh'erte d ill o'rlt ica l ' '' u~ons b,' a~ ... ul t u l'al i ntere 8t~ ,d on;.: t hMe 
tn'"m8. 

"'ith t he fi;.:ur f>s in mill tl th n t t ht' !lor llla l low fhm oeh., SnO'l'nm ell[ o i>l ·1;:;00 
~"eorlll -f(' ''1 :1I1l1 t he t' t rl'm" !ow lI" w :!.' IJO, tJ ,,' ,'x illl illg r i l:h t ~ 10 dh'el' t fr om t he 
rher bl'low ReI BluO' an d uho \'e H,ll'r:lIllenl n 'I I" ROlllewllllt a s fO][OW8 : 

T he n iv il' ioll o( n'r Icr H i;.:hl h:I.' i.. u",! (,('rmil" ( 0 1' a ho u t oJ I( s l ~...on,l· f"d , DIlJl
proved appli ':llt ion ll 1Il'f' ' Ipp t'o"imat l'l,\' :!()O() sc ,,011<1-fl'c t /!l ( lI'l' , 'l'lIcl'c fI;: \l re~ do not 
ilHli ea l(' tlI , ~ III'IU:,J :tlll llu lJt o f Wllll' r wl: ielt will bl:! d ivcrted. s ince (' :It'h p" rm it in cl ude 
~om IIllil'ri ga hlc la n <l or , olDe I.orlion o f i l" 1.11111 nm . I li e fu llow I:!uclt y(~ a r. or 
pe l'!tnps "om" po r t ioll o f t he ' i!:h t will lw fOl'ft' i k t! Ih ro u'h nOllllHP, F rom t lIe 
re "OI'ds u f t" e o f Wfll ('r on L1 11'st' III'oj ('('(.' a l 1ll'l'>'en t Oil til" III Ihe ,Iivisiou , I U es t ima te 
is mad" tha t t he :lppl i..,a ti ulis nu ll (tl'rllI it , nu\, l)('fol'''' tltr' olli e.' will ul t ima tely he 
i>lsuerl Iit'l'use O J' fiu,, 1 w:t( ' r ri ' h I. , 10 a ho u t ;1H( :'('l'uHI-fet' t. 

F m m n'('onls of wn t"l' p1l111 1"'d :u lll slIeh otl"' r in fol'llla tioll II. ' ." ll\ a ilnh!e, 
j, ' ""t irnlltor.] tImt Itbl)( t ~OOO F(','olul- fPPI should be a llowe,1 for he 1.0(. I " f IIlh r 
li S P" r i;.:h t", hu t h :,pprol" 'ia t in ' a liI! ri pnri:lll, Oll (lL .., !'in 'r. l11 a ld n j;" a !nta l of :lbo ut 
fiUOO HP(~O d-fed of adll,, 1 P, is t i lll: r i;.:hh by uS(" ," ' whidl IIIa )' he s" " uI'<.' t! 1I11,!l,,' 
a pplicalious 1I0W Jl,'n,lin ;.:, 

' r l " re nr ill :1l!lIi t io u III ;.: , " I'< 'n H of ' il' '''';:I1I IllU'! ,,JOll ' t Ill! 1'1\. I' \\'lIkh ha \"e not 
a ~'(' lI ' d wa t l' r 'lilt! if !,p(,t ion 11 ()( 1IIl' \\"" ( P I' .\ 'lI1 l11 i" iult , I"t t' I:l1 rt! i ll ~ l'ipa r inn 
ri gh i ' o\'I'I' l'ule,1 h~' In, Ctl n rl~ , I'o" i Iy ~O OO ·eeond-fce l. UWl'e would be u l tima t!'!, 
,1"m :lII,led by th e, " la nd.s, m:l k in~ :r to ta l 0 a l'onll, 1 7;JOu secour -feet , ' t.I tli ng up th e 
totn l el lliuu; on t lie ri\'er, wi t hon t rl',h 1l'ill;': t hem in a c'('or. lUll''! wilh actnn l II ", 
brill!: liP t hl' t til l to 0\'('1' 10,000 'o' '''llf!, f,-\'1'. 
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u tn ing th « r i~ht , IV lIS<, In ln- nbo u t (;(\00 second-feet, nnd with on ly 2800 
socond-fect nvnliuhle a t R "cl R IIIll' th ia veu r , the n nt u i-a l uues t ion is, ho w do th ese 
Inn ds ~e t s u ffk -ien r wu t rr? 'I' lu- nus wc i- is t ha t 1I0 t nil holde rs of \ a te... ri gh ts 
ex t ~ rci l"l t ~ them , hPI'C' ix u n' l'~' etHl:,idr rnbJe rr -tu ru flow, .md vr-ry s t r iet ce us ervut .ion 
mensu res were adop te d , a s i t w as ap pa re ll t a s e.ulv as J a n ua ry . I ll:!!. th a t t he 
sit uut ion , ,' ;l S \"P I'\ " So: l' l' iUH :' U ll d :l " ':ltt 'l' .:on f( 'l"I'IH"l\ wus he ld a t. that t i m r-, A. a 
result of t hi s t he j)i \' i. ion of " 'll t l' r H ig h t>' was ask"d to a p poin t 'I w a te r s upe rvisor' 
1'0 1' t he :"''''''>11 of l !tH . i nd a s 1 wi ll e pla in furthor o n, t h is wo r k hall hal l II h igh 
t1tl.~ I' e e of su .cess, 

Su nun u ri xing t.Iu: ligll r "!l quot r-d yon will no te t hn t t here a r c r igh ts b~' li se to t he 
waters o f t he r ive r to un es t nnn ted lku re o f 5600 se cou d-Ievt , w hic- h is j us t. double 
11.. , 1 1l~-l low lIow o r ~J:l()O s"c,m d· fel' r ; th vr e fo re . eonsitlc ri ng on ly i r ii c u t ion u bovc 
:--;l "TlllllPIIlo, i t w ou lr: ~ " "lll t it" . u p p ly is f ully :lp l'rop l'inled a nd t lru t new pl ·ojeet.s 
will hI' rOl" '('d to ston - win tnr wa ters . 

H ow eve r, irrig at ion in t he ~a -ru tnon to Vnll PJr a bove Sa e raul(\uto is oul;o.r one au g-I e 
u ud t lI t-H(' Ir r t iou I H"o.i(l(·ts only (HI I' ,,[ t he in tp r {' ~ t . nu viu c u U [HH I t it I r ive r .i g n c - l u i r u 

• n {'(]nll ll y im por lu nl c luim , 'OIl W : f rom Ihe ,]('[Ia r egi o n holo w Sa C' t'llm('Ulo . T ltis 
urr -n i ~ Iit t l: k no wn ill , [Ji te of i t ~ vns t hn po rt u uee to t he St:l le o f Cn lifn rui u, T he 
~,wr 'lII 11 'n l ", l' :l n .Ionq ui n tI('l t a oou tu ius ;:no,ooo ucres or h i ~h ly produ ct ive lnnds 
t"pqui ,·iIl f.: irri un t iou . nnrl is I' t iutn tvd tp p ro d uc « nn nuul ly iro ns vuluo.l n t be twee n 
$;;0,000.000 :I lid 5;70.000. 0()(). 'I' Iu- ,1,,11 :1 f' " 'Ill ..rs ~" e ' !I I ' " t hci r wu tvr ~u l' [I I ," fr om «i t hur 
t h.. S :If'r illlw n lo o r t he S a n .Toaq u ill R iver 01 ' f rom th e ma ny s lo t ghs which t ru verse 
tile 1 'gion nnd , ~o u u (' e( the two ri vor . . 

D u rin g th e irrigut ion .· ..[\ ' 1111 t hr- ir »up ply m.rluly com es from t he S a c ra m pu tu a nd 
pe ll , ! t r, lI c~ t Irn llid l t hr- alo u ghs in to t he Su n J oa qu in de ltn a , w ell, s iucc the low flow 
o f th » ~ :t n .l onq n iu It i l' '' \' i: ,-", IIIII:'I''' t i,..'1.' ' sm.rll, a ro u nd c100 second-feet, T he 
" II,, " l ion " f t he del a lnnds is j us t rbout "('a 1" " ,,\ nn d t he w a t er cha n nel ure , o f 
( ~ OU so, ITWlIY f4'('t I H']o \ \' :-;.pn k -vvl : tl l{,l'e r0 1" ( ~ t1H'Y m u y he eon~ i (k l"('f1 n rrn o f SU ll 
Frnn r-is .:o lta ' a nd t lie O Il ly 1'(' :\ =,0 11 wll .\· OIP su l t \\'a U'I" doos not r-ome up in to t.he 
cit-it a i , t.hur. thi, f l,,,, It w.u or f "" " 1 t lu- t w n ri vrrs l,p,' W i t ou l. "\ .' tIll ' fr "s h w a t"1" 
~ u p" l y II jm i n i s hp~ i ll t l" "Ulllm!.'" l he' :d e w a te r l'r pl" ' " I'a rf her a llel f"l ·thpl" i uto t he 
,It'It" r iOll, T h is s i tullt ion itll ~ bPI'1I l:t'l t in ' WO!'lie Y C'1I ' by .1" (:"". elu P 10 II Y:lri ,'ly 
0 1' l"tll" ·S. b n t IU'iuci[lnlly lIu., 10 t lte ,le llh' l ion o f t he ~Ulll nJer l ow of the H,wt' llme u to 
Hi, ',,1" by in igal illu elh 'I,I's ion f'. 'I' hl' d ,'l t a l :ln l!O\l'UI'I'll eJ" irn W:ll l'l" r igh ts uo t h I,y 
ri pil l"i:Ul ri gh t ~ :lnrl np propl'ia t ion :1 1111 n1.t) (']nirn the righ t to ha \' f~ t'Ilo l1,"h \\ ';lt er i n 
th ', ri "" r l o ""I'p t he s :llin i ty l'oulli ti on !Jl·I(I\\' th ,' l1:t n ~. '\· lIoin t , " nd Ita l'!' I'I :lt " tl th at. 
rOt· th i. J llll ' jl O~ (, i t i,; nee'.", Sa l',\" th nt ;:riO ) SP('t)]u]-fed !J I~ a ll Iwed (0 fl:l " Rac \':lTIH'u to, 
:You will no te , It" t I llis is ,'o ll:;irlpl'llbly ttl l)t'., wnll'!' th "JI th pt·c \l'IlS llYaila ble i n t he 
l'i Ycr uhn... · p d in~ r~ io ll s during' fl IP pa st Rll l tlITU" Oo 

T Im ~, tli tl i t y ~ i t tl :l ti o u i ~ u1:l!'lIli li :1I 1l1 of ti le ~l'!~ll t " s t iltl !,o l"!:Luee. U esitk n ls o f 
:'l' " 'w ltl f> u l" Ill'" jlroIJltbl ," Ullt :o w n r" t h" t ~ Il li ll i ty to t he I'x t l' nt or ~5 \lll l' t~ pe r 
100.000 IIp!" '' Jr ,'rl at F ro',,!,o l'!. 10 mil..,,_ 1",I" w ~:w l'1t lll P n t<). ,!Ill] t l", t if no ('on ~ " lTlJ

l illn nll' lI S ll l'l' ~ h"rl IH'eu t.akeu t h i ~ )'l" lr it is !JI'o!JauJp l hn t t he ~n cra rn e n to dOllie , tie 
H\p ply wou ld b,,,' ( ~ ue,'n C'on tarni na t pr] b,l' sul l I'rolll rb e O l"" i n • 

•\ IItlltlb!'!' o f Rol tl t io tl~ h:""e bee n Stlh'J(es tl' d fo r t he Ra liu ity p roblelll , .\t t hp 
p r( ' ~" l1 t t im l' iI1\"l·::t i "u t ion io;; ull de!" \v;I.\' to 11(·ten uin c whether OLOHot 1 ,hUll ~J('l-OSS 

ti ll' ba~' i l ~d f Il l. Ca rq tlin"z ~t l'a it " ' H' at ~" tl lC' ot he r poi n t is fe 'l s ibl<; , Y,' I" la rgc 
, tOI':O :':" o f w in te r wa t I'S ill "re]"I' to s u p ply t h i~ lll'ee'" a r,l' wa ter to t h · ddt, re g ion 
i.. :11"0 n uder t..'1) Il siclpI':It.iou . 

.\ t h ird i [l ll ~)l' t a tl t in l" !'", t Oil tI ,e I'h 'I' I' is t he lIa d~a t io ll int,·t"p>; \. l'c l' C"es l' n tecl by 
I he U Il i t .. rI Hta tC!! ( ~ oH' , n ll li'll t t h l'O Il ~h t h e ~ .\ r lll,l' Eu~ i n eel" s office . \'u vign t ion Oil 

the rin ·t" 111'h1\\' ~:t ( ' l"H l n P H t (l il'4 nt tIlt. Pl'( ' ~ ( ' lI t ti ut(' of ~r(\a t i lnllo lota ru'"C U ll d is o f 
!lOllle; im p0l't:l Ill'l' a bo n' , ' :Il"rlll lle ll to, a 1t 1l on~h in Illw . " " SOil , li ke ]!l~ O a n d ]!) :::!-! 
T1: , iga ti nn hn~ I ~ ' '' II a li:ln tloll"d :1110"" tlli ,; <:i f,\'. l:Tow e l"(~ l' , i t is ' lC! rnil l,',1 Iha t t h" 
t:o lt ed : 1:111';< C o , Pi'lIl1len t ha s t h" pa l':I\l1 01lfll l'igh t in Ih w atc r s of a Slrca m in 
t Itt' ill t l · r( ·s t ~ · uf lIu\' i';:lt io n :JrHl could (" rl'. ·, i f it. ~ o c:llOSl.... ll Ilpf'r d ivc l'tl1l'S I.u rt' l en ~e 

{~ n o ll g- h \ a t!)}' f Ol" the [l lI I1 )I))oOP;-; o f Jl:I\· j;':-lltioll. ~ r ; l.ior 1J. ~. Gra nt, the p n g-i n e c l" 

officI')' in c hUl' ~1' o f th is d is l r id , l la ~ .'t a t" l1 t hat fl'Ol1I ;lOOO to 3::iOO seeolld-fee t ill th e 
river n b()y~ Sneruruentn " fluid f::l tUify J HI \' i~u li o n r C'-jll i r e nH!'l1 ' . 

'fh nl< we ha ' "e t lm 'e i n t l' res (~ . ,-".1, ,,( \\"hi.' h a l' p :ll'l' flt ly Ill'e.l. a ll i ll(' Wil Ie r iu t ire 
RII(~ " a uH' ll t() R iI'e l" in t I" , RlImm,' I' t il I' ,111ring :l lo w " I' :I ~ or!. 'fhl' in t r 's l s o f t lte 
,h· lt a I'I';: ioll li nd ll a lig:l t io ll w o n]l! s ','m t o b" "0111 ('w1Ia l t he "a llle; tha t ill, if t he 
T \l i t l ~ d S t a les GOY" I'\1I1H' Ut '. hon ld r "'1l1 it' l' :1000 or :JiiOO s,' C'o ll,]-f" l' t fot' nnv ig:l t ion 
[l 1t l'['OS I'_~ I his \\,(Ill]d sn pp]:;" till ' d .·l l n w ith cd ! I lie wa l l'l' whieh the~' el nte t hey 
Uet"J, * • '," 
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Colusa trough return waters. 
~\~ a et' ~lllt o f t h u mu iu t e uu n rr ' or ll J{ ~ g:l~ i ll;!," s tnt.inu 011 the Culus » t roug; lt at the 

C () lll~ n -'V ill iall\ ~ hig:hwny, so nu: i n ll' rl':o-tiIlgo information on rc t1l1~Il w ur cr anti it ~ 
rel nt iUII 10 rl i vr-rxiun wu « uhtu iu r«] for all area ,,1' about G(j,OOO nc rcs irrigu tcd Oil 
(hu WI" ! ~ id l' "I' I h l' ~a f ' l'a lll [, lIl " H i", 'r ln-twuc n l l umil tou C;i l y ,11 111 C"I n,,\. ' I'h« 
i rrhrat io n in t h is :"1 1"(' ;\ wu « rl i virh-d Ilt ' :lI 'lr l'qu idly ht 'I.Wt't 'lI ric-.. .uul ~t'lipraI (TOP~ or 
pn s t u ro . Th(' ('0111:-'; :1 t l"oll gh a t" Uw poin t of IlH ' a s tlI' PIlH~lI t i:" t lie nui in rlru in o f 
}{ cel a lil u tillll :I)is l."jt-l ~O-t7 :llltl as s ur-h ('<lJT i,'s pl'al'til' :L lI ~' t h« «n t.irr- drn inujre 1'1'0111 
the nlf'IlIl-Colll s:I . .Iur -int f) -P royidl~llt . PritH't'loll -t'odora-(;]t'IlIl , UOlnpton -1h·] pv:.ln and 
.\1:1 x \\'1'11 i lT j ~a ljo ll d is t r iet «. Abo a t IlLP poin t 0 1' 1ll " :L~ lll'pm p!Jt. there is \'e r y little 
dl":tiIlU g'I', than t hu r. th t' xt ~ t1i :-.tri t·t :-, . tlowill g'. 'I'u hl 2, give:" th e otlu- r f' rom e dut a 

o h tu in ud . It ~ b \)\\'~ till , d i vvrs iu ns a III I 1',,1 ' 11"11 w. ur- r fo r "aeh mou t h • .l u n « to 
()d oh t.'l', inv l us ive . HIHI fur the r-u t i r e I II'l'i od. tlw 1 )('n ' Plltll ~::e whi r-h l!tp r et u r n lwn rs 
10 the di\,(~I '~i "II ~ , n nd t Iu: a "l'('a ::::e~ irri ~:!l pd, It is 10 be notrxl thai the COll1ptOI1
]) ('1 (,\,,, " and ~[ n xwe ll i i-riu ut io n rlis t r-ict s ha \''' p ll lll Jlitl ~' p la n t s on t hc t ro uu h wh ich 
pi('k up t.his r.-tu ru wn tor and ag-ain usc it for i l'l"i,e;ation . The drainage fr om thi s 
lu r t vr lrri gut io n rr-t urn s to t lu- t ro u x h n hov« the point of IlH~n SUrp t11 eH t. 1<'""' 01" th is 
l'l':J:-:OIl . ill (·nll1pn t in.:.:.' t lu- 1'l' t UI 'IL How i ll pl' l" (' (' lit of f!i vpndo lLs . it. is ncccssnrv t o 
add t lu - t ro u u h din'I ' ~ ioll ~ to t lu- 1Il ":L ~III'('d rr -t u rn at t.lu- Colu l1- \V ill i" lll s h igh wuy. 
.b xh o wn in tl u - t uh lr-. th" n -t u ru lIow 1'0" t he p" d od .I u ue to Or-t ube r "':I ~ ;::0 per 

('P il l of t lw dive rs ion s . 
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TABLE 27. RELATION	 BETWEEN THE RETUR;"J WATER IN COLUSA TROUGH AT COLUSA-WILLIAMS HIGHWAY AND 
THE DIVERSIONS FROl\l WHICH THE RETURN WATER IS DERIVED. 

.• 

Ju ne Jul)" .\ " lIu, t f::('ptcrnLcr 

I 
OdOUCT JU ll O to Octobe r, 

inclusive 

Acre-feet c. f. s. Acre-feet c . r. :5. Acre-Icet I c. 1. s, ~ \ c r c-f et ~ t c. f. s. Acrc-Ieet c. r.•, :\ crl~ -rC' l~ t c . r. s, 
------ - --- - -------- - --,---- - - - --- - ---- -

Diversions. 
Oll:llll-Colue:a lUl l 1 Jacinto lrr i.. 

gZl t iun distri c ts . .. . . . . • 5 1,000 !}U; 5:1 ,5UO 8,0 ·13,:100 ,01 es.oeo 430 5.200 ~ I 1SI,600 .i n ~ 
Provident lrrigat inn District 1!1,500 :t?9 20,200 :128 18,200 2\1 0 10,700 ISO 781 13 G9,. 81 22 ~ 
Princet on-Codors-Glcnn Irri -

gatioJl District . .. . .. •• . .. 7,220 121 7.'SO 1"-., .1,050 n2 3,940 eo SIG H 25,. 36 84 
Compt cn-D clc v uu lr r i ~ ll ti on l 

Dist rict-e-river , . . . . . . . . :!'77 :; 310 :; I 100 6 1.); 3 6 0 1,150 1 

fCo n~ r f oll - lJ c l c \' a ll IrrillOtionl 
l) 1 ~ t rl ct -trO \ l R h . . . .. . ... G ,5~JO Itl li,il20 ns I s.oao 8:1 2,510 t~ 0 0 20,210 GG 

~ l :\ xwc ll l rr i l?ti u n Dist rict -s-
ri \"6 r , . - . .. . .. -, . .. . . . . 2,0,0 50 i.uio :J1 ! 1,-1 70 2 1 1,7i O 30 1,2, 0 21 ~1, 39 0 31 

}Muxwcll Irriuation District-> 
t ro llqhl , . . .. . . . . . .. . . . .. I.05U 18 

----
1,280 21 I,G20 2u tib5 II 80:) l :l 5,40S 18 - - - -	 ---- ---- - - _ .. -

Total diversions . . . .. . .. 11l, i Oi i.su :Jl.uOO I ,ISU i~ ,7 30 1.2:11 1,; ,332 it i2 S.UO!J I I., 312,G78 I,U30 

Return. 
Colusa tro ugh measured " 1 Co-

11 1.~a· W i l l i:l lTl 9: hilllw:.! )" . . , 17,900 :3OfI 12,flOO 205 11,200 2:n H .GOO 2i,j 7,.180 1 2 : ~ liG,SSU 220 
Trough d in· Nionl . . . . ... . . 7,lilO 125 7,300 I I ~ G,7 lU 

~I 
~~ , l ofj ,')3 803 13 25,618 ~I 

--:i2.i" ' 20,fl10 8.38;) '~ 136 1.~ \;2.1\)8, 
-- -

Tflta l relUrn .. . , . . . , . .. ~ 4-' 8 1\1 ,\100 310 17,W5 :.!f:S 301 - oJ,; .. , =-r=- , = == I'
Return in per ccut of di- I 2 8 ~~ I I 

Iversions. . . . . . . . . " . . 2S;·;, ·) ·) e t uIt;: 30 S ~ .. ... ' CO : ; ~" , } 

i Includcs diversions hv P UIIlP~ used for gun clubs.. 
This includes the f1 0\\' for the first t welve d :J. Y ~ o f .lunc, befoft' PW;c WB8 catabJL-ilJcd, whicl: bus lccu estima ted 011 a basis of t hc mean nnw of 300 Eecoud· rl'd al m rM llr(11 for Jun e 1:; to 30. 

. 

.-\ {'rr:ullt" t:j
i rr ; ~l\ tc , 1 

~ 
t:" 

GClu.: ral !\i c\' c 
-:l-t ~ 
L-: 
Z,..,

2 .'), ;"{O ~ I" .')!" 
a,fl2:) ' .u31 o 

""j 
:;,; S.i sri l 

~ 

IlJOI 1,0')0 r,j 
;;J 

OJ) 

;.
I.S20 I l.I G'i 2 

~1
31,031 I :':0 .(1.) .; :::: 

:'l 

-.3I o.. ... ... .... .. . . . 
. .... .( . . . " --- ~ 

< 
:'l 
::l 

i-' 
-4 
e-:l 
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Q u a lity o f r e t u r n w ate r-tes ts, 

l - i H "lI ... io n h a ' bee n h ad n -In t i v« t tl t lu- li t ll t ' ~ s fu r i lT iJ4:J l ioli " t' l"tU lI l' rr-t u ru 

wutvrs, ,. [lo ci nll ~' t h se 1'1'0111 I lu : ,.iee lil' id s 1rn'al'·. 1 i ll ilio n' 0 ,. II'.'s alka l i nrvu . 
III 0 1'1),,1' to ohtn iu so me iden. 11 ... ,."",11', ' . of the d ili',' r "11I'1' ill .' a !L~ uud u lkuli (,, " I,> u l 
he t w eou tllt~ ~ .. (' r Hlu en t o H i\' t, l' \\ a 1t 't' : lJ ll l ' 1i;l t iJ l I lt ! ( ' 0 ] 11,'<1 tro ll rll, ;1 ( I' W :-. <I lll p ll·-, 
o f w. u ur w cr» La e ll il lId It · ~tt:tI d Ul"i nr; t he 1~~ 1 S ( · : I ~..nu . '1' 111' 1(' ~ 1i w.: \\" ~ I :-; dUll(' hy 
I h,> 1'\II'IIIi, 'al lu horu tory o f th .. ,' la l l' H iz h wu ' UHII;S"; OIl, 

/) 11 .lil l y :: I I. a s .u u ple "' li S ta la -u " I' t he ( ' olll ~a t ru uz h \I a l l' " II I I I", ~llI xwelI 

ro a d , und lit the same t ime o ue wn t a kon f n Jl" t he :u lj al:l' lIt M a x w ell lr r i;';:l l ion 
Distr il' t e n n u l ca r r y iru; w. u e r d iv r-r t cd fro m t h e [' lH~ I': ll ll('n t o I t ive r at t llf ~ ])l1 lu{li ng
plant, nbou t seven m iles d i ·ta n t. T he res ul ts o f t he te..t s of t hese two slim Illes n re 
g ivc'Jl in 'r ub le .) • 

T BLE 28. T ESTS OF WATER SA.1 1PLE FROM THE COLUSA TROU H 
AND FROM CANAL WATER DIVERTED FROM THE ACRAMEI TO 
RI V R, 

e ns ! c ..ing uf the 

It will be no ted th u t , a lthouzh th e tro ugh wu tur hu d all ulku l i coe ffici en t ubo u t 
fou r IIl1 d II hnlf t im es lower (,, 'e d,, !in i t ion f O l' t h is ro ..ni" i,," t at. hnt t o rn o f T u hle 
., ) t hn n t he ca na l wakr f"o n' t hv I'i, '" , bo th ~a ll1\ , h's w e re ;.:i""11 a ll n lkn l i rut.i m; 
ns u (1 oo d .' ' 

E a rl y in th e Iul l t he r ice lidd ' nrc d ru ine d of nil of t lu: wate r whir-h has IlI'en 
pouded du ri ug t he s um nu-r, nnd a t thi s t inu-, t lu-rr -Iu re. rlu-re is :l co ns idr-ru hle 
iu e ea s e in t he r e t u r n t o 11,1' S nel 'a me ll ' o I ive r 0 1 s ucn vu t r-r. T o s how t he di ffe r
,' n eu in I nil al i ('o n t pnl lIf Ih l' rivr -r w u rr-r he f" r e and n t t he p l'a k o f t h is fa ll 
d r uin u e sam pler were t uk..n from the r-iver a t I :lkhol'll Ferry, a bou t 1:2 mil' a bove 
• a crn men to, 011 ' on _\. ll~ ll , t I S t h nn .l t h" 0 11", ," on R,' p te mh pl' 121h, O n .'pp t e m lw r 
l :!t h, a b o, n ha lll p Jco wn Like n Iru tu th e ba c k bo rrow-p it of i t r tc t 7 7, j u t 
a bove its juu ·tion w ith t he r i" " ", 'I' he bor row- pit was ea r ry iu;::, nil o f t h dru iu.ure 
( r o lD Colu sn B asi n , T hc r C" II1t :l of th e tests o f these t hrr -e samples i re gi ven in 
'ruble eo, 



175 lWbL P dJ~. " 1' OF U I' ['I:H ,. CI-L\ ;\I b r UIVEi:' 

ABLE 2 . TE. T F ACRAME T RIVER W\TER BEF RE 0 AT 
TI-IE PEAK OF TIIE RICE FIELD DRAIN GE AND OF COLUSA BASIN 
ORAl AGE AT THE PEAK. 

H i \ t f h 'r l iivr-r \',j ll r e " l t :i l _ I II 
1\ I. :, t 1·:Jl... horu , lr; till :ll~:c :. 1~ , EI hom 

ro y ,' n 
\ 

-r\1l ~ 1: 18-
oj'))lu tnh ulid . III•·UM ~nllv 19:l J itl s . 
.:~ aJ)i 1\',,1" ,lid., 1is 

H it~ r lO n.,.~ . . . . . 
.!IO1'01&1 hunlu ; 

" " J:lI' ' l eTtil rury lJufWII • 
" 'II I'l r t1la :lCllf rdn 

I
( ~ l d (lrin l ' as ~ l ... 17SUhlll:ltt SOl. 
J\ \ Mo h !:l) Hlt'i"l1 

;\Ir. lli ral\II~ , 

in 

r rry (1(1 1 : 1I 1~ 1 : 1 ~ 1'l uti, .. 
:-eptcml't 'r 1:3 ,un ""·p rrnb-r I ~ 

.j ~:3 lii -I
:rt 
~ ~J; 

l ~a 

I : '~ 
11,
 
st
 
l il) 

:!i 
::1 

Knod , 

O f 11.1' l l ow .I t EI1.lIl)1'1l [''<' r )'.\" 1)11 • ll"u : 1 1~ . t lu- rr -t u rn frum l ri- r r] .. 1 70 . l r« i u . 
Il L"lrk t 10" d ru iu . (: "1,, ,':\ B n" i ll a nd ~tl "r; ll ll l' ll l () ~ 1 1I ,,;: 1 1 ,IIlIOUIlI('d I II ,I I l ", r '"1'111. 

n .\.'lJlt'l nh t'r 1~ 111(' rr- t u ru rum t hc. e :-' lI l1 H~ dl :lH!lP! S . u l t houxh ~rl':l t t' r, W;\ :'" ou lj 
:!.l IH:1' (·pu t o f t he flow a t E lkho1'U F e rrv, [w(':luxe or t he ill e r l' l: :--t'd I' iv(' l' flow di H" 
10 (il'(' rell "('t! d rn It, 

{ "1If" rt ll nll tel ,I' fo r Ih .. va l u« of t lu- ('OlllI" " -l'O Il, t lu - I"" f u m [ ro m O i ' l r i' "1 TO rlr.i i u . 
l r i st lUS druiu , lin n ndr i.. t C oIn ~ . i ll ;' :l<'r" 1I:<'1l10 .' Io u ;:h ( 1(' I' J·,,"enli,, :.:- I' r. l " l i l' , " ! ~-
I ll " 10 la1 1 r re t u rn v u tr -r si n i ln t 10 ('0 1II "a /I ,I" in 11 1I1" ) o n A u cu 1 1 ' I ii :l" 1I11111t,' d 
10 I I 1" ,,, ...... ,, 1. of ti ll' rt vr-r flow ut El k hor ll F ny. wh ..reu s on ••.. I' I" II1I)(' r l:.! l ll , I", 
rr-t u rn Iro ru t lu-so ~H J[H ~ c-h.in n c ls, ul t houe h :; r (, ; l t t ' r" ill U11101l nl.. \\ ;t ..,; 011 y ~I 1, 1')" (,I'll i 

u l I hp E lld Wl'n (,'e n ' \" tlow hp( ' all ~C of t he i uc re ased r iver flow d u« to l'P<lu d iou i n 
diI'CI", i0 1l" , T h is 1Il 1l: ll ,-,('onll t fo r : ill' Iuet t hut t ill' ~ep l cmhe l' 12 11i 1,'" 1 a l' !,,,a r , 
to di ffer \'" ry li ttl e 11"0 111 the . \ n ' lI"t 1 ' t il t es t, ul t hou uh a la~" IllI a n lit ~" o f r. -turn 
1I":l I I' r of e o n" icl l' r ,l lJle h ll r tl ll("' " n rn] 1011 u lk u l i l'twflid , n t, ", ' ilOlI" n hy II,, ' l'l" i' ! " lnilPr 
l.~ lh l 'tJl u;,,\:1 Ba in d r i 'l lH~ e I t's l. \\";1 :-; t' lI t 4'rin ;..:; l ilt , r iv er. 

~ 1"f' {'I HIl I l l' .11('u :-:; i \ \' COIH ' ltI~ ioll ~ ( ' : l ll IH' dra w n froul t he Ce \v l('st s t hnt huve b ('t ~ 1l 
m a t!" , h u t. it I, a ~ <!l':;i....(1 10 rc-r-o rd t lu: l it t lu in fo rmal ion t h a t l ia s [J('l'1I nb t a i nvd in 

t his conuect ion. 



17 WA'I'I<;H RCSOU IW I':S OF' CAI; IF'OHN l A. 

IRON CANYON PROJECT-CALIFORNIA. 

PRELIMINARY ESTIMATES. 

1. I r on Canyon Itc s c rvo ir R ight o f \Ya y . 

2. I r o n Cauvo n D am, B e nd E ruba nl\:nlcn t and L'ower P l a n l -Conslnwt iull . 

" . Iron Cu nyon D arn u n d P o wer Jll all t-Olle r a ti o n an d :i\ l <lilll ( ~ IHlllet. ~ .
 

·1. Dive rsion "\Vorl, s- C oTlslruelio n .
 

fi . D ivc rs io n \ Vo r k s- Op e r a ti o n and :' la i n t (~ IHul (' t> .
 

G. Diver-si on , Yo r k s - C o n .si r u c ti o n- A lt OI'lla ti ve P tun. 

7. D iva rs io n \Vork~-Co n s tru c t i o n-Alte r na ti vc L' Ia n. 

S. M oo n e y I sla nd P o w e r P Jan t-Const ruetio n .
 

~) . l\, [oo n c y Island })O W C1" }l Ia nt- O p i..' ra li on a nd l\l ai n lena nce .
 

10.	 :\I a in Ca lla I-Com~ ll·u<.:Lio n . 

11.	 Red B a nk P u m p Ca na I- ··Ol1s t r u c ti v l1. 

12 . P um p ln g P la nts-Co nst r u c tion .
 

1:~. P u mp in g P lan t s- Ope n-l ti ou and l\Ia i n t ' ~ lw IH'P_
 

1 4.	 l iJas t S id e C a n a l-ConstI' lIGt ion. 

1 5.	 P r-oject J l cadquH l'l f:I's-Co nstl'l.lc t ion. 

I f).	 I ron Can y o n D::un_ C oll s l ruetion-lncrcasecl c os t. t o r ai se wu t er sur fa c e Irorn 

e leva tio n 3 :)2.iJ to 't OO. 

17.	 I I'Oll Ca nyo n D tlln-C (l Il ~ l l'u (' lin n-l IH~ l'ea ~{~ <l C.Og t t o ru is e wa ter su rfnr-e noru 

e leva ti o n :HI2 .;) t o 405 .;). 
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17 DEVELOP I E . ' T OF U P P ER SACR A MEN'T'O RI VER. 

PRELIMINARY ESTIMATE No. I.
 

Iron Canyon Project ·· Ca lifo rn ia .
 
IRON CANYON RESERVOIR RIGHT OF WAY. 

g~tinwtl ~u va lun t lun o f l and~ a nd i l IlpnH'erncn ts. 

F'tow line n t fllc \'a li o Il Jll :J.;j. 

E stima te b y 'alifornia S ta te D epartm e n t of L' ub tic \ Vo r l' s,
 
Di vision o r 1!:ngincel"ing an d Irr ig ation , t:X ( '~ ~ fll as n o t ed .
 

Kll l/l l liff l' .I/
Lu.uds, 

~, 2 , 7 (;::,6 0 0 l iT igated u ud c u lt iv n tcd, 14 ,10 0 acres a t $ 19 6 per a cre _ 
f : r a7.illg', 17,;' 00 u c re s a t ~ ' per acrr- _ 1:]7 ,;; 0 0 2 5 

. Ia r-g- in u l betwoen E le vation 40:-1.5- 410.i., n rld erl t o e~ ti nla lt..· . 
1400 a cr ,R a t ~, 2;; 11e r a cr e ---- -- ------ - 11 U,UOO 

.'\" l flfJ)·son- ()o t tn n H;o od. I i,,.i l1u t ion l r l« ! , ·jet . 
(Bo ll d Is xu e , I , 2 Gil, OOO l E' ~H . 15,OO t! p u irl i ll J :)2 ;J.) 

One-Lh i r'd of irrigu bl e area. s u b m e r u e d .u ul Ih is proport ion o f 
boudcd iJld e htp(llle~X e h a l'g'e d a g·a iu :-il JI'OI1 C a n yon projl ·ct.__ ~ · ll:::, :~ :l ;: 

C a p i ta l i'tm tiOl I o f iuc ruu scd JI1:l illt I'IIHI U ' (' r' o s l fl _ :37 5,0 00 

"' a il ,·oa d • 
..\ II(h : I' ~Oll . Ru l l( , V is t a r ~~ t il ro"l d r d (lC'a tl (JII - 

1 0 rui lc s at S 1'-', OOt! per m il e - - - -  ~ L;O,OUH
 
Su cTa n l pn l o l t i vc-r hri dg~· ... _-_ -- --- - - --  ;.0,0 00
 
Churn Cre ek hrillg e -- - - ---- - ---- - - - --- - ::0 ,0 00
 

---- :;;2:;0 ,000
 

South ern l ' n.ci llc R a i l rou d -r-:
 
Pre:-;cnt location n ot c h a n g-ed .
 
F ill a t Co ttonwood Crook to be i nr-rr-a s ed a n d
 

Inidge ru is ed a ud ox t o ndcd , - --- - - :;;75 ,0 01l 7;; ,OOH 

Roads. 
~ta lu lIi!,:h "ay-


Itc tocn t io n or l wo ml le s at ~ :! : ; , n () o pe r tll ile _ ___ __ $ 16.00 0
 
Cotton wood C re e k bridg e ____ ;;0, 00 0 "% ,00 0
 

:iO,OOO
 
j jn l ls F e r r y 1')l t' I bri rlg e-- ~------------ ----- 1 16,00 0 

:C l"(t nS 1Hi"~ lO n aHd l e/ cpluntG li il es , 
P acIfic G u a n d E lec l r ie C o rn p a n y p ower line s -Re location

17 mile '! at s 20 ,OOO a m ile - _ $3 40 ,0 0 0 
7,OOU :117 ,OOU

~I ... c tc p h o u e lint' fi-He lo ca t e -7 mi les a t ,, [ ,0 0 0 a m i lo __ --- --- - 

~ 1,8G7,4 3:: Totul e s ttrna t erl c os t., - - - - - --- ---  I , Sn ,:'Ou R ought y - ------- - 

PRELIMINARY ESTIMATE No.2.
 
Iron Canyon Project-California.
 

IRON CANYON DAM , BEND EMBANKMENT AND POWER PLANT , 

:-; { ' \: ' t .\It ~ II '" ("O-, :".T H I(I' [()~ ( '()~ l·;o:. . 

De ail~ o f est ima tc no t pri n ted to san .' spncc. T hese are un file a t o ffivv 01 Divisi ou of E IJ~ irlf'('ri n !! und Irr inatiou 
awl may I ll'. cnus ultcd t her e, 

111' 11\ 

Cofferda m•.;. , , , 
Gruvit v ..ec ticu o f da m . 
Power h ouse S~C tiO Il . 
Fjood contr o l s ct ion . 
O~t'C spillwuye e tion . 
LllI'l h bla nkN . 
Fouu.lution ~r(l lil i tl l!: :1lid draill:l ~ " 
Liqh tina . . .. . , .. . , . 
Bend emtcnkmout . . . .. . , . .. , 
Construction ra ilroad und cquipnu-ut . . 
Cons trutiou ;:am p . . 
Pernmm-nt (' :U ll p · 

Fi ll i~h i n~ nnd cle..nning lip . 

To ta l exclusive of r idlt o f way . . 

ltouahlv. . 
Doe " no t i nf' l1j(l~ int erest dur inn coust rnr-tion. 

13- ;'061:7 

Est imnt r-dvost 

Tnt :"d 

~ti70 . LiO, ;':lO,(I00 
l,f(li .I7 :; 

'-'",)Sli.:JO,j 
:t l!ll.fj' ~ 

i.OC,(),67,> 
,;,2RS,tiH7 

j 1 :~ ..5(),) 
'1, 180,780 

~1O:.! , ti~' 8 
rns,I,; ; H.i"i(iO 
'l7 ,.1:) ; 

h,lIUlI 
:;7..-l00 

i ))!IO 
1.112;' ,811 

1!I,\ 1100 :! Hi,Ii ';',) 
SIO,H10 I 
~ ,)() .(I()(J :~ l l l, :! ,iU 

tH,OUIi 80.!ltill 
tiU.IlOU 7.i.HOli 

1 ~ I, 8H , i lit i 

,~ ln,~ i.i .j l (jO 
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ltu t!n 

l t	 ~ 
f llrC' l ~ 
pu~ 

[)f' :m~l : i' 

I luis 

tom 
t il . ~ , ; 

Opf·r. l ' 

Oper 
\ . . 

),{u iu l ,.'

I " 

; 

.. 

~. i35 

I" ~ .I 'l 

. . . . 2j ,llon k.v. :J 

IjO.i J .) 

···\·,·,····1, J .. . ol 

I 

" 1 

• ', 000 

3,,,00 I . 1,38 1 
..~ 2,100 n.:!OO 

1.800 .i, \OO 

\ :~ . : t! 1 

\. . I li,flO:; 

'1,000 I : 1.,iS I 
~,lUO 2.:1011 

~ : ~tg \ 
l. sDI) 
2.41lO 

1.8(1<.1 LbO 
1"iOO 

, : j ~ I 
T 

. , 
I 

2R, • 
10',; .> ,1.j' 

! ....·.')ti.n n 

t . 9~ t , i l ~.j I',;. 197.:r W 

IOG.200 (i ~. ~ ~ liYOO 

{ i i . '!!1 ~ li~ZG 1,;; / 0 

l ,.51S,:l80 I 

.. \ . 
. -

. ... \. 
. . . " . 

__\_1
- - - - - - - -

I' o ur rurbluo drjv 'll rvuc tor lmiu • 
. . . . . .<;...orato rs 

I un 

PRE Llivt1 ARY EST! lAT E No. 3. 
l r n Canyo n Proj cct --Californi . 

IRON CANYON DAM AND POWER PLANT. 

Tu ta l :..lIUJIl . l pi lit l hergc . 

.ll: UICC: 
~u [lC"' ri.n ~ r. nd cn t. ·U% of ti m( ~ . . . . 
L l e ~ tnC l :L.II .. , . 
1I. 1,,<r . . . _ , . 
~ l a " bln i.>t . 
II I! ir , , 

1r N ::-. . 
~ Il Nl li os . . 

To tal ma intenance . 
( h~ 11 f' r3 1 e xpe nse -

Total opera tion and ntainh·nan et . 
l)f 'n l'cht io n:

IIOWt" f house und t':lu i IHlwlI t (inclu(im,g r n ~ i Jl4.~ri ll ~ awl :l,d miIli.stm ~ 
ti on. lOe, ; nnd c lt l t i n J(1 nci . l ,j ~ , L . . . .. . .. 

G a ~ l~~ (i'1. :. ! lll h~ ~ . t'!!l gi.u l· l· ri n ~ an d :'H.lnliniJtm tiun. Hili ; : uud ( nn- j 
l.lllf.:{'l l l'l C!!. };J' d J) , ' . 

Tr . sh r:u"k (ine ludin l' girw-r i uud 3'Jrnilliitrnt ('1:. 1O ~{. ; anti 
c lJ ll ti Tl ~,· nr i f"! . lar;{). .. . 

Power Plant. 
n ",.m t ion an d maint aan ec: 

Ell in--cri 1I ~ :!wi : 1I 1 I1l i Jl ~ t t iou . 

Totn l ope rutiun . . 

n: 
:iupcriay 'nrlcu t , l!(,u of ti me . . 

t,l1rs , . 
ant o perat ors . 

;-( lI P1 1 li ( ' ~ . 2 j ~ ( of b bor . . 

Storage Dam. 
OPN':i ion :tad ma intenance: 

as :nn:·tl lr~ t thr dum will h{: opr r:ltli I and laninl.:it "i hy he' 
tha t O;ll:'Til lei the nower plan t, uud all (" 1 r llea for this pur-\ 

aTOinrl ~ below under ha t f ,~turo. 
l i l\ J1' 

Fin d 1:1,lItr,,1 I(l\l. awl 1mn.l rail (incl-idina engUl c.erin~ c ud d" l 
tiun. to '- ~ " . ml t: lllill ~Clll· i l · ~ . l ~ rt. ) "I 

Tnh l df',\lr-e-r'b tion UII ~al <! .... ut I d iJ... . . . . . . . . . . 
Ht:m: ituh-r of danl rw\ ul Iy 11'1 recinted under pf)\" ~' r \10 1150 aULi 

(';oolr ol gat (i l1rlwlinl \ . ecru ~ :lnll : lnnnistnl iun. 
old {~ ~mt i ll " L' II' i l , l .ic,(;) . . . . . . . . . \ 

Total rlc;' r ~' r b ti " l1 on rem irulvr of t! ru . . 
The las i tem is hu ed on h .·l lnD iou t ha t t he dam 111 

r -rvoir wi 1he u l~ ' ''=iI {!.t·r l lXl W'·J r:. for r Til' tt t 
cnn nut 1 ,, ~ fore en . Th e c h· r).~ i" not us UUl I I 
, . 1:. i tui\ he rro icct dun n he rU] ymcut ~ l t.: - ~ l l 
~ ex: pu,in"d in t he t..-vt. 

I 

1t n.(I{ I(J k p.. .. . 
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t6,100 

16, lUO 

111 ,200 

>20,100 

lIOO 

..~: ~ I.fj2S 
!:/. ',q 1)" 
:!to:GO.; 
IOl,H l!l 
IlEJ.122 
:}l ,'.i:?' 
:II , O~ .j 

1.> ,813 
tl.3:.!tl 

Ill,120 

-oond-Icct 

. . 2.iO teet 

.' l ,lI ll,OOO 

Tot,,1 

.~ l<; , 13 S 

:-17.172 

1.06:\ I 

~ ,> . OO O 
11,');-),·160 
1!lO,'202 

i' ~I . H!) 9 

XH. :iOO 
:!.l ,OOO 
:!;) JIOn 
IL >lKl . 
:,.000 
X.OOO ! 

1.I 1~ .l i 6 1 

~ ' " 

Fid,) 

{i 73 ~ { 1.8·1i 

\--:-:;o,o;! 
I 

:!ti,.>H.) I 
:H,iot 

t29,201 

. . . . .. . .. -\

• 0 6 , ~ll 8 . ... ,.~ ~~ ,I 

___I~' ''" til ) IL'II; I c,,, t 

I 

~ L:"l'!u m('rl 

, .TllC. :lIn l ad m.ini.'ilraJ 

O l" IUt "'T W~ n W.\lsn; :\ .\.'\e;t: 

ter (o ;d ('~'~' I ;)Jlmcn t (It 'Pfl\\{'f ~ : I ~ i tl Ol : I~ :r lelam! 

I 
I 
I 

I tt-III 

P REL ThIINARY ESTH'vIATENo. 5. 
I ron Canyon P r oj ect - Ca li forn ·u . 

0 1 ERSION WORKS. 

PRELlMh ARY E Til 1ATE No. 4. 
Iron Canyort r ject-Californ in , 

DIVERSION WORKS. 

uta l prt1f,.~ ia t i o Tl on concrete in d iversion da m . 

• -c unun ) llcpCt'r ia ti oll 0:1 us-tul work c1mrg('ilLle to diversion 
da m . 

;q ~ l.\ft r lJ f • () ~ :iT I I f'r1 0X Ct" : 1 • 

Th l'~ ( ' un- on file ;..t ulli..-r- uf Divisiou ( If E'l i (' ~ ri ll ~ uud Irrtg."\tillll 

lI Pjlf'Cl'i:l t ior fII . t.'f .tt: 
..· 0 deprecia tion ell: od ?gainst concrete work during t h...~ period of 

rGy mlJlI~ (If cous tr iction enet , 
"Totalcost of divcrsiun works leasmcta l work , C rt h dike and right of 

v..", ' ..•• • . .. .. . .. • • . . • .•. ..• .• . . •. •... . . . .• . . . .. 

( ' ofJt>r tl rnA , . 
l Jam C' .: n'fl t r:huun rl , 
~ Ll i r l v,:,,, . 
( ' :.\Il :d in t ke 
I. ..rll lli .1 . . 
H· ilrcc d pur 
(' II I \t Il(' I Ii (':11 " .. .. 
t'errn-coeut irnurov II III 

li . htn . n t ~" ( '1\ riu ~ up 
Hi ht o f 'f" v . 
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5.692 

WATER nESOUR CES OF CALI F'ORN IA. 

PRELIMINARY ESTIMATE No. b. 
Iron Canyon Project --California . 

DIVERSION WORKS. 

Rai so in wnter surlur-e, l,j fl'l't. 

Xu pow('r Ilcv('lI1Pflll..'Ut at ~ l o (JIH'Y Island :-:'Iouc;h. 

SC 'd\ I.\ RY 01' CONSTnttCTIO l: COSTS. 

I l(.tail:- (If e:'ltil1lalt' not pr iflt('(l to suvt- ~1l<\ e('. Those art', Oft lilt' at office of Division IIf EJI~i l 1t'(·ri ll:t ;\ 1ll1 lrrura tion 

awl ilia .\' 1M.' "nll ~H lktl tlu-rv. 

It l' IIl 

ColTl·nbrns . .. . . 
[Jam ucr oss r ivcr channcl . 
Slui ev.....uy 
( \11l:11 int w' 
Ea rt h dike... . . 
Ibilroatl:,r Jll f . • 

Con st ruction ("amp ..... 
Perma nen t [mprovemcn ts . 
Fillisiling and elr:luing.up . 
Hiaht ( I f way . 

To bb . 

Field Total 
--1- - - 

; :ll ,025 
li55,460 
~ 2 5 ,OOO 

X29,l;j ; 
:!21.857 175.38 1 

;;,i,i38 
Rli,SOO 
14.062 

10\1,422 
:11.625 2.;,000 
31.625 

4,.'i00 
5,000 

2.i ,OOO 

6.:12,; 
10.120 8.000 

1 , 333 ,1~1 ; 

HOlluhly. . , ., . 
!lI lt' S Hot iuc ludc \ lI h·n'·~. t duriug cnust ructinu . 

PRELIMINARY ESTIMATE No.7.
 
Iron Canyon Project-California.
 

DIVERSION WORKS.
 

Xo ra ise in wuIcr sur face.
 

No power dovelupmen t at. ~lonn l'Y Isla nd ~Iou r. ll "
 

Ih :tail~ of estima te not ]lrint NI to :l :.ly{' spueo . These urv «n fih.' at oftic« o f Divlsiou 0 1" En~in(' (' rin ~ uud l rrjzut ion 

and may lw consu lted there. 

Item 

Estimated cos t, 

Field Tobl 

COn"l'r tlams . . . . .. , " , ... . . . . . 
LHW " l~ ir ueross r ivcr cbunnvl . . . . 
<lulcr-wo v . . , 
( ':llla l intake . . .. 
Hailroad ~i '.Iin~ . 
Cons tr uc t inn camp . . .. 
1)I'rn la nc'n t improvcments . 
Finisbuut and clea ning up . . 
Hight ot way .. 

Totuls ... 

..25,000 
l!l9,(}(18 
1:12,807 
100,000 

5,000 
2.~,OOO 
4,500 
5,000 
2,000 

: 198,315 

~:) I . Ii :? ;j 

2.i l ,74I; 
108,002 
126,500 

6,3:!.i 
:!oI ,fi2.;; 
~. 6 f I 2 
6,32,j 
z.sao 

i ti:lO,:170 

H.f)l1~ hly " ," , , . 
D<H '~ not include interest during cun~trlldi(ln . 
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It em 

i'l1Uti2 
'i89::I(,() 

3.162 
1;;.813 

1.2(,,; 
3,795 

i 33.800 

_. 90,800 
62-1.000 

2,.:;00 
12.500 

1,000 
3.000 

Field T otal 

Qua ntit y ['lI it cost To ta l cos t :)umm;lry 

I ((jli ~ ti rru-) ~ 3 , liOO ,,216 
3 2.1()(1 6.300 

2 "i ~..;.c, r lallo r 1.629 

~ . H 5 

1 ( li~ : ( t ime) - .600 .2 16 
I 1,;'00 1,,\ 00 

.ilJO ~ ~' ·I ;l bo ~ 
1,716 
l ,il 6 

3,·132 

11..\ 7i ~ 1 1 ,5 00 

JO (,~ ~ U50 

12,6.• .1 

...:?!1,7.30 2 ~,f. :::.")!),j 

2 1,6.12 tl?:??c I ,H2 

7S9.:lHO V.: ~ 3 1,.i74 

:J3,600 

4Ij , 2o~ ( 1 

UOO 

17.1,;0 

PRELIMINARY ESTIMATE No.8. 
Iron Canyon Project-California. 

MOONEY ISLAND POWER PLANT. 

Total o j1t:ra tlo ll . 

Operat ion and mniut enun ce: 
Operati on- 

Labor , ~ u p<" r i l l t c nd l ; l l t 
Opcra tor - . 

Supplics . 

It em 

j,l a i ll l (' IIUIl (;l" - . 

Lahor-SupC' rint cwh ·nt . 
Labo rer . 

l ns tulled ecpuci tv. IO,{OO h.p, 

PRELIMINARY ESTIMATE No.9. 
Iron Canyon Project-California. 

MOONEY ISLAND POWER PLANT. 

Tntat muintcnunce . . .. 

Totul lubor . . . . 
Huppli el . . 

Tot al est ima ted field eost . 
Genera! ex pense . . 

T() t a l~ 

Tot:),1 ann ua l plun tchargc ... . - . ... - . .. -.' - . . .. . 
.\ :-:iilWt'll depreciutio n on rad ial gat es and hois t> a t d iversion work 

(nne....h:\1l thnt L" boWII in Esti ruute Xo . .~ ) . . . . . 

Total un nuu l plant cha rge ass umed to becarried ur power . . 

To tal annual o pcrutjo u allfl main ten an ce . 

Depreciat ion: ' 
Concrete :UJd pa ...in7. (iur-luding ~ngiflt> ('r ill g an d aclmin btroitioll,\ 

1O ~·~ ; and continecncie« , I.3(ic) · · · · · · · . . . . . . . . . . . 
Structura l stee l (includine l'nloti nt' l'ri tUl' and ndrninistra t iun, 10%:; I 

and cont ingencies, 15% ) o • • • • 0.· . . . . . , . 
Power house oud equi pmen t (incl udi ng en ~ i [j Pf' r i ll ~ a nd nd minis t ru

rion , t or.i o ~ an d c l) n ti n gen(' i (~ l:; . I.) ~J . . .. _ . 

Total nnua l dcpr u ·ia t illll . 

Estima ted cos t. 

He,"ghly . .......... .. , .. .. . 
Docs 1I 0t inc lude inte rest uu r i l1~ co nstruction . 

For eba v nnd t.ailra cc . . . . , .. . 
Power house and eq ui pmen t . 
Cuns truct ion ca mp 
Permuncn t impr n...cments . 
Fini s hing und clea nine up 
R igh t o f way . . 

:' D I \ I .\ R Y Qt' CtlSS1'ntCTlO:-;' COnT•., . 

Detai ls o f C8t tlna h ' not pn n ted to suvc s pa ce . These ure on file a t office (If Division o f ErJ gim't'r i ll~ ilnd l rr jga tion 

a wl may be con su lted there. 
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PRELIMINAR Y ESTIMATE No. 10.
 
I ro Canyon P roj ect-Californ ia .
 

MAIN CANAL.
 

on OlA,It T 0 ' r o'1F!'R('"CTl O:'i ("()5td. 

D. t',il of t LimnIt · no t r riu h"tl to snvr-~~P ·1l:( ·. These arc nn file :l.t.office ot Divisiou or l:llvilll'lritl1:: nnd Jrri l ic' lI 
s ud li my lto COIlS'll! t l-'1 1 there. 

h " 111 

Ex t »." tion a nd bor row .
 
Concretc liuina .
 
Sichone . . ..
 
W teweva ..
 
Sift" draiII i ll l.: ~ket . .
 
Cll h'( r lli 
Chec k:s , 
Ilri <l ~ 
lh itro:ul (': ru in 
T ur nouts . 
Fence . 
Te lephone s. te rn .. 
I'u t rulm- u'e quar t ra . 
' I :Ir i lll!' uud nrubbin 

Hhdlt of W:L ~· . 

1: im 

Fi 1<1 

:!,lll\lJ,.i2 
ti,:.!OX.:h1G 

HI; .2WJ 
:1.',j .SS2 

IG,GO.I 
i o ,50~ 
:!.jO.:l17 
2.i ~i . :l .j ti 

48,8.3 
a'l ,222 
:la ,hOO 
:lO,' 20 
~S , O(J (J 

I:J,:J,O 
2GO875 

tll l'O':l 

'1',,(,,1 

~, j' j 7 . 1 ' 0 
7 , ~ ,i'" ,"j :, 

1,160,:18:1 
j'! I M I 
21,OlO 

l:tU a.i 
aW,I;,j \ 
3~8,U ,' :, 

fil .S2 1 
·I! ),fi lli 
e ,50! 
:\8 81\1 
:J5,120 
Hl,!Jl:J 

330,00< 

Tot lao .. 1 

Rouahlv . I I,5iIO,OW
Dc.; 'I :~t' i r ;~l~~I{" i·n t·(·~t . l d"II'r i ~g ·c·~r~;l~ ;l~. t i ~~ .· 

PRELIMINARY ESTIMATE No. 11. .. Iron Ca n on Proj ect-e-Ca liforrrin . 
RED BANK PUMP CANAL 

l V 14 It r Of" ('Q:'\" :tTRt ' (~(I ~ ( ·O...T. 

d to ve 5 P: I(' (' . T hese a re o n file a t o ffice of Division of En r: i l ll!: and Irri . lion 
and 

• n mat cost 

I1l'11l 1- - 
l'i- 1>I 

I 

E xc' vat ion . 3,94G 
Concrete lining . :1 j,Jl ,: n 
Sinho 81,2 
\Va:, tc wll)'I . . : I j ,b!! 
Culverts
 
Flum . , . .
 
Check! .
 
J3rid ~ .
 
Turnouts .
 
Fence, . _. . . . . .
 
Telephone sysll"'llI . .
 
Patrn lmcu's q U3.r t t"..ni . _ .
 

Clcarin· and r.rubbing .
 
RiKh of W1I \' .
 

Tota ls . 

1:1(n O 
2~l : 700 
20,(16 7 
Ii.IOU 
I,S,1l 
, ,1100 
1 i, ~ 10 

10,500 
~ . !jQO 

1I,U25 

Tot'" 

' !()I}.fJ65 
li7.i. ;
102, 20 

. ,38" 
,\ ~ , t~ 
"' .cn O
2G,I H 
IQ,492 
f),14' 

;'),~ 

7,8'i1 
I" -'S'la:i6j
5 ,1130 
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PRELl, UNARY ESTTh.-1ATE N . 12.
 

Iron Can yon Proj ct-California.
 
PU PING PLArliTS. 

eo Ufl'TlO•• 

70':;. 
Planl lltlit.k urv . UDl l 'U . . . 
Di h ~r piP£: li lIes

\ "ood s \';' pip. ~ ~ , • .i O' ;
 
;\ lhJWl.I.uct: £ur wuter 11 111111' r . . ,
 
~ i lll lo 1",,,,,1useumed in " II cr...
 

Hf~ i flats : 

f ' l 1 ~ ::-hOW11 in Llu- et'rhua lt~ are I~ uuo n pip. itt plan iuclutlilll: IlJ'1\dirw, r-rudks :.11.1 Icncin«. 
Thel iuc nr foul co ~t UI t>a&£d UPOII 11u: (u llowil l/ ~ unit l'W'·b: 

Luml r. 1.J C" :L!ur~! i the.mugn l .i .W pcr ~i Il . \ 1. 
Stave•. d Ii'" 20. 00 rtf \ IB . M. 
Trr 1mlJl t 12 .UO1'0' xi u. ~1. 
• mhl ius . . L Oll pe r xt s. ~1. 

\)0"" '1. . 
i8 .00 pcr ~ I B ~1. 

'Ictal lumber . . . . 
. loLDI ~urk- .,0 .01 per lb . 

BUlLdBand shoes . . . "" " . OI I,,,r lb. 
Iu! lIat ioI nrul p:.l i nt in ~~ .. 

-o.ca per lh. 
Total m l,i,l, 1w\)rk 



104: WAT ER RE SO CE. OF CALfFORN fA. 

PRLI M INAR Y ESTIMATE No.'jI2-Continued. 

I t r-m 

l utu kc pla nt. hl'~l l ,')0 feet : 
1' lHnll i ll ~ pla nt ,; ,; ,; 
PiI;" : line , H.O feet diame te r 

To ta l. in take plaut 

Tl ltllll(,o,l Ce k plant, lwac!:J7..j Iec t: 
l' umpina nlant ,;,;,; ,; ,; ,; ,; . 
l' ipt·Ii I1l', 6.75.feet dinnrcter . 

To tul. Thomes Creek plant . 

I' Iant ut St ur u.u ll' ,i +flO. head ,I:! Icot: 
l 'umpinn plau t , .. . . ' 
l 'uc Iino lioO feet diuructer . 

Tob!'lllant at Stm lon 117;i +OO 

Plaid u t s ta t ion 227J t oO. la-ad a:, feet : 
l' umnin ' planI . , . , . . 
r ipe line 7.;j fed di :l1l1d l~r 

'I'llt a l.ll]all ! a t Stu fion 2:271 -j-lJO 

;'1'{·olHlllf t . Jo'. b l io l! ~ 27 1. }ll'" d ::1 fl'd : 
l'ulUpillll:plunt. . . . . . . . .. . . . . . 
1'11)1' li l l!' Li r l '( ~ 1 duuuctor . 

'I'o tul.wcuud lif t . 

I'la u t at ::;tuti oIl 32GO. head 1:. feet : 
l' utnninz plant .. 
I'iocl inc. :L i fee t dian tcr ... . 

'I'otul . plan t a t St ut iun :tWO 

PI:wl at:t Linll 4:m7. head 2.) fo r -t : 
Pum ping rr ..n l . 
Pipcl iuo. :!.u feet 

Totul, plan t a t «tat ion no, . 
l' h' lIt at ":l liu u t / lJ.i. lil'ad :t j (("c t : 

PUll1 lling plau t . 
l 'ux- Hn • :~ [r-r-f diunn-tcr , 

Total . plant u t ~ · lali{) 1I 4 7tJ .i , 

[,b llt t :Hat inll 4!J7ti. head 12 £I·(·t : 
l' umpiue pt.m t . .... . . 
l 'u .c linc ti.7:1 1'('1'1 dia mct or . 

To t.d, pbnt ut Sta t ion ·1!17Ii. 

To l csti matcd fiekl eost 
!':JWilu'!'rilllot und admi nistra tion. 

( '(lnt i ll j:!; (, l1(' i f'~ 

_-,- I_ 

".'. , 

Qllallt it y 

:li l e , f. s, 
6 ,~OO fl , 

171 c. r.!-l. 
,700 ft , 

1:31 e . r. ., 
I,S.;O ft. 

:!Olj e. r.:-I. 
R.400 f l. 

,; 1 c. r. :-l. 

,i,OOO ft. 

:t i e, I. s. 
r.uo n. 

S.:' r-. L s. 
i OU I t. 

:!a e. f. s. 
~ OO fe,,:t 

1/ 2 c. f. s. 
1.700 foot 

10(;,:;, 

l .i (/~" 

~< ..s t 

:31;' .UO 
l i . OO 

. :1I0 .00 
12.00 

,,:n;,.00 
iu.zn 

.-:1I0 .00 
t:l .20 

:: W.OO 
7. 15 

,..:.W.\ .IKt 
1.8,; 

:-::.! ~ j .=) _OO 

2 no 

10 .00 
1. 30 

r utal cost I oummarv 

I IG,%.; ,---
107,100 

- ;'3.010 
80:100 

1 :;:~ . llfl 

~ 1 1. 2 li .) 
In,i n.i 

IH ,OI;O 

· 1;3,860 
I [(J,880 

1'1,7,10 

' l ,i ,810
 
:1,;,i.\O
 

,')1.56(1 

_10.:12,;
 
5,335
 

Lititi(l 

2..308 
2.0:1O 

lX 3S 

. i,1 30
 
3,H O
 

(1)••;;0 

~.}4 ,18 0 

20,100 

. . i ".180 

I ~7,iO ,O~3 

75,UOB 

!to'll;rhl.v " " , .. ",., . . . " , . , .. ' ,., 19lIl,OOIi 
Does nut include interest duriug cous truction. 
X OTI.:...- 'n W first two pumping plants li!tc 41 arc chargeable to the Ih"lI Balik purup (;<In:I!. 
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oct Nov. OQ.c.. Jan.Feb. Mar Apr. May June July AUQ . Sept.· 

-10 -
Cl f-Z 
~ 

~ 5
UJ 
C f-  i  . 

- -f-  - - c-- - - - -
-oJ -<X: - f--- 

=> IZ 0 
·2 
<X: P. G. 8: E. FOR SACRAMENTO VALLEY 
L&.. from Sacramento DiviSion orth, in the Yllor 1911.. 
0 From data furnished Nov.28,1924
w 
\!) 
c::( 
~ 
Z ----. 
UJ 10 ~ 
u -
~ -Ll.J -0.. 

> I-  ......
-J 5:I: 11i'of SJ.ia P. Co'5 load 
~ -
2 isAc ricuttura l Pum ina 
0 
~ -

0 
Od Nov Dec. Jan Feb. Mar Apr.May JuneJuly Auq.Sept. 

5.J.. L & P. CO. FOR SAN J OAQUIN VALLEY 
From data furnished Od.2 1. 1924 

I 
'MONTHLY 015T 18UTION OF POWER BY %OF MEAN ANNU AL 

I DEPARTMENT OF THE INTERIOR I 
BUIUIIU OF RECLAMATION 

IRON CANYON PROJEC.T - CAL IF. 
, 

POWER DEMAND CURVES
The Curve of the Pccific Gas and Electric. Co.
 

for the Sacramento Valley is used in this
 OR"WH " ~.'..~C- SUB"" TTE~~' 
'HECICrowar........ "OIfEP .. ... .. . . . . • . .. . ..
 

Report for determininq thl!Output of Primary Power. Sy- 13 8U.HEY.CAl. 5," .'..-141-[>-I00 
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ELDER CREEK TO THO MES CREEK E. BW Cr'R LINE. 1 4 N. TO N. SR. OF N. FORK OF RICE CR. 

STA. 568 + 15 TO 9BO + Z4 STA. 1214 + 34 TO 1364 + 53 
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201 DEVELOPltl EN'l' 01" UPPER SAORAltfEN'I'O RIVER. 

CHA.PTER VI. 

REPORT OF THE BOARD OF ENGINEERS ON mON CANY ON 
PROJECT, 

'1'0 the United. Stales Reclamation Service, the Coliiornia Slate Depart
7IIel1f of E11[ji,W('1' ing, alld the I ron Canyon Project Association. 

GEN'f I,EM E:-l : 'I'his board h as convened at Rod B luff', Ca lifo rnia, in 
accordance wit h the request of A pril In. 1920, of t he chi ef engineer of 
the United States Reclumnti on Se rv ice, copy of wh ich precedes th is 
oport. 

Vnr ious plans of an I rou Ca nyon 0 11 /11 WC l'C d iscussed in t he prin ted 
r eport of October, 1914. 'I' hese p lans we re n11 based on L ocat ion I , as 
shown on ge ner al location map , E xh ib it .1:, fo l lowing pa ge 76 1 . Subse
quent bor ing invest iguti ous, earried out in accordn nee wi th re commenda
t ions mad e in 1914·, r evealed less I a vorn bl e foundat ion con dit ions t ha n 
bad been ass u med .a nd fu rther bor ings and drift work were deemcd 
advisable t o ascer tai n whether oth er du rn s ites ill t he canyon mig-lit be 
fou nd where conditions are more snt isf uetory . 

In accoid un-e with suggestions mado in r epor t ~ (If Mr. H umlin," 
II m ember of th is board, an cl L'ro t. A. C. Lawson," of the University of 
Ca lifor nia , two lower dam sit es have n ow been examined, marked 
Locat ion 11 and Locat ion H I on E xh ib it B, wl:ieh have made 
p ossible an int clli uent compar ison and wh ich have r esult ed in t he 
select ion of a dam si te a t Loca tio n I l l , ab out :J miles below the original 
L ocat ion r. The geolngil:al cond itio ns and the re asons for preferrin g 
Locat ion H I nrc expla ined in t he following pa ragraphs. 

'I'he dam site a t Locatio n I is th at proposed in t he cooperat ive repor t. 
'I'he one f'avor nblc Ieat ure of t h is s ite is th e considera ble amo unt 0 

Agglo mera te No, 1 ill the a butmen ts 01' the dam. This material, how
ver , has a thickn ess of onl v 35 feet acr oss th e " all ey an d in the r iver 

chann el it has becn enti rely cu t through in to t he so'ft sands And t uff's 
below, as shown on E xhibit ]) .1 A t t his sit e the Il l.!c:lomel'ate is harde r 
than at any other point in Iron Canyon. 

The unfavornhle condit ions are : 
(a) Agglo merate No, 1 and t ho sof t sands a nd tuffs below dip 

upstream, an attitude which f avors p ercolation out war d f r om beneath 
.A gglom er atc No, 1. 

(b) 'I' he soft sa nds and t uffs ben ea th Agglomerate No, 1 arc per vious, 
as shown by the fact th at nearly all d r ill holes in this vicin ity y ielded 
artesia n wa ter, 

(e) The narrow gorge cut through Agglomerate No. 1 ex ten ds some 
di st ance u pstream f rom the dam si te. Leakage will occu r f rom t h 
hottom of th is gOl'ge l1111 c;;s 'it Is filled wi I h i III per vious ma ter iaL whi ch 

t PIll;"e 200 of t h is lJu11et ln, 
. ' A pPC!lll lx 1, pas" 011, "Itcport on I ro n Canyon P r oje ct , 1920: ' by United Stn te s 
R ccla m u t lo n Se rvico. 

I APJlc!ldlx :1. pago 71, "Repo r t On I r on Cu u yon P rojec t , I nO," by U n ited S ta tes 
Recla rn u t fon Service. 

• E x h ibi t A , lo we r n~u ,. c , of th is bu llot in : soc I)Hg e ~ 03 . 



202 WATER RESOURCES OF CALTFORNIA. 

may p rO Y I~ 10 be au expensive auduneertain operation . Regarding this 
matter Prof, A, O. Lawson states: "Water enter ing these sands of the 
r iver trench 11m 1(,l ' the head es tablis hed by th e reserv oir wou ld partly 
pa ss ont u nder t he surroun d iug' C011l1t ry and escape at distant p oints 
b u t would teur l ch iefly to esc-ape ltv the shor test outl ot , wh ich would b 
a t the down stream toe of t.he dam . -I ud ging by the incoherence of th e 
sa nds, t heir coarse tex ture , their cavi ng in the drill holes, the artesian 
flow from some of them and th e stro ng- nndoreutti ne of the river ba nks 
below low water, it seems probablefhat t his esca ping water at the 
lower toe of the dum, under hig-h pressure, would acqu ire sufficient 
velocity to scour t he sa ud at the points of escape, If thi s were 1\0 then 
a process milki ng for the u nderm ining of t he dam and its ultimate 
f ail ure wou ld he in a ug ur ated , since scour ing would re treat upstream 
below the dam," 

(d ) Paynes Creole basalt is u YCI'Y pervious for mation. and is in 
general uudcrlaid by a thi n bed of poro us stream g ravel. To make th is 
format ion wate r -tight a cu t -off wall must be built, ex tendin g well down 
into Agglomerate No. 1. along the ax is of th e proposed spillway 
struct ur e. In addition the spillway st ructure must be buil t on this 
pervious f'orm ati on . 

e) E xt ensive erosion will occur in Paynes Creek Canyon if t he 
sp ill way is bu ilt as located . Agglomera te N o. 1 has been deepl y t rcnche 
by PH~r:lJ eS C reek and nea r ly cut through in places. Below ar e th e soft 
sands lind tuffs some 100 feet in th ickness, before any hard beds a re 
reached, 'I'ho over flow from th e spil lwny, f all in g- on '!' the west wall of 
Pn vnes Greek C a l1~'o J1 , will soon cut. thr ough Agglomer a te No. 1 and 
nndermi ne it and th e basalt above, 

W hen all the adverse condit ions at this sit e are consider ed it is not 
bel ieved that n dam such ns pr oposed is practicable. Obviously an 
1;'1Irih or masonr y da m would II I ~o be imp ract ioable. 

P r of. Lawson reco mmended tests a t a dam site h er e designated 
Locatio n TI, a t n poin t. wher e the hm-d A~'gl omerll te No.2 crosses Sa cra
mento R iver, Ior ming I'l rime or small rap ids. Ilere drill holes show 
.Ag'g]omcrate No.2 to he from 9 t o 28 f ret thick and th at it rests u pon 
per vious sands and tu ffs of unknown th ickn es s, bu t at least 100 feet 
th ick, 'I'he per vious sands an d t uffs which rise f rom beneath Agglomer
ate No. 1 at Loca tion I would here f orm th e abu tments of th e proposed 
(l am . It is believed t hat A l); ~'lr,m c r n1:c No. 2 is not 1h ick enoneh for the 
founda tions of a mas onry (fa in an d Hint the sands and tuffs both beneath 
and above AI!/!lom cl'llh: No.2 ar e P Cr\· i0l1 S. This dam site can no t be 
recommended , 

At Locat ion TIl Agglrnnera te NO. 1 is about 140 feet t hi ck. 'I'he r iver 
cany on has been cut down in to it some 30 feet, leaving about 110 feet in 
thickness above t he per vious san ds nnd t uffs on which it r ests. T his is 
a suffl cient th ickness 10 wi11 l,;t :111 11 ti le up ward hydraulic p ressur e fr om 
n f'ul] r eservo ir , as pl anned. 

Here Agglomer ate No. ] is 110 1 as h urd as at Lo cat ion I, but its 
hearing power is sufficient to withstand t he p r essu res f rom a properl y 
design ed maso nry clam. 'I'ho di p of Agglomerate No. 1 and th e forma
tions both above and below it is down stream. hence the r emoval of 
mater ial f rom beneath Agglomerate No. 1 by per colat ing water is not 
possible. 
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EX H I B IT A . 
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If cut-off walls in the sands and tuffs wh ich r est u p on A gglom crat e 
No. 1 ar c Found n ecessary , they can be const ructe d i n the dry above 
h igh-wa ter level in the r iver. HC1'e the canyon is w id e enough t o pe rmit 
the construction of flood-control gates, siphon sp ill ways , an d supple
menta ry overflow spillway s. 

I II a n t ic iput. ion of 11H:' selection of L oca tion III Ilic D en ver office of 
illr' l I u i t or] Sta1l~s Heehnnnlioll }-\ervi('(' has ma de ten tative p la ns and 
"stillJat rs of t wo t ,"\WS 01' danl, v iz, grav lty -sccti ou con crete and a com
bi n ution of solid ma sonry 101' the hi gh por t ion vf the d um w ith b u t tress 
.m d slab eonst ruction for the sides . In nd di ti on f or comp urati vc 
purposes t he previous es1 irnatc of a r ock-fill r a rt h-Iuccd ty pc of d um a t 
Lovat iou 1 with lllaSOlll'y spillway <JlHI pow er-plan t f'eut u r es ha s been 
r evi sed by ad din g a deep cut-off wall ill porous la va u nder t he s pill way 

.~ 

'glo.r178ro .4?l7o Z 



04 W'A'I'ER RESOURCES OF OALll' ORNIA. 

an d by inc reas ing un it. p rices to cor r es pond w ith p resent market COl I 

di t ions. TIle eompu risou stands IlS fo ll ows : 

L:d i U Ll! ll ~ 1
~v.i1n I. J e 

l Alt U. eCISt.. inctudilll:l: 
Co ~t jurll..:-.r.rVi,lir 'I'),i" (); , t ~ ri,;: ht of wny linn a rr l"'- ro~ tl'ulmC'l ty . nnd Hem! acre-Teet 

r.Jilhalll~ I n. I ' lit 

I I I:',r([, 1. ..00 r«ck 111 1. . ., 1~ . :1O 

I I 1:,,,,1.raecd rn..1:(,11. 
• to "8.\ .) -~)l ~I H uO:;,uOO 
"Hi:;.)SU:ti;-1l1I :?i\. ~II 

II I Gra dr y 1' \J1lCTCt ,.: , _ . .. .. . • . _ . 1('20 1'·\II,nnO 17,!.li 7,IXfII :!~ . w 
I II C lI lJlL ~ lIIn l ll ll rcinfnrC'(lIf j not! .crllviry CH.)IlC n: t ... l O:?u u~I) , l)fl" 1; ,3S5,Ollfl I 27 .:!1l 

1 ~2 11 t\n :~ .ooo 

'I'he above estii uutes arc not sti-ictly COIIl IH1]'(l b l o even on the uas is 
of acre-foot cost, 'l'h e cl ('s i gl 1~ f or L oca t ion J provi de for on lv I nO,O()() 
s e cond - fe e t s pi l l\\'I1~' eu p a c itv ,11 »ss urucrl high wat r- r. f h e ru mn i n d e r 01: 
t he Hood pea k heillg' flg u red a ,; absorbed ill surplus reservoi r ca paeity 
over 1hat requ ir ed for il'1'igatiol J. 'r ll is «nt ir« ;.;1I1·1>l lIS clll' Hl'ity und 
(·VI.'I1 ino rc is H OW n eed ed f or il'1'it! i1lioH alun e by 1'C<I>;( /I1 of ir r igution 
ri gltts on lh c- river in it iat ed ,l11t1 largd y m a tured si ll !'!' I n14, 'I' h is 
wo uld 1J{~ ( · css i t a t (· at Locat ion .l a great l v incre ased cx pc nd it u re f'or 
sp ill way. 

O il 1 1 [( ~ othcrhuml, t he firs t two cst iural es in clu de t he cost of a 70,000
ho rse power in sta lluri on . wh ile t.lu: I,I"! two m ak e provis ion for Old y 
(jO,()()O- IIOI'SCP OWCI' , 'I' he r ed u ct ion in cost. occa sioned by this la st 
liffcr enee is, however , likuly to be ;;111 11 11 er t han th e addi ti on which 

would hav e t o be made f or sp illway purposes, so that it is likely 
that HC, g r eat di fl'er en ce would cxist ill t he acre-fo ot cost at either loca 
lion and 1!J a t Ihis cost wi ll bt- close t o $~ H , ba r r-ing ill «it.her case en t irel..... 
1Il 1Iuresccn Jounum ion uu d flood eoui.iu gencies. 

.ln r ega rd to til e umoun: clf s1OI'u1!'(' I' equi]'( ~d,it s hou ld b( ~ s l. a : cd tl.ut 
a revised stud y 11Ils been iundo lJy Mr, Gau lt, who has es his sjud," on a 
net. du ty lin 1he la nd of :!.7:"i Ieet, a l oud ca na l loss of on e-t hir d wi th 
a cons eq uen t d ivers ion d u ly of +.12;) l'eet , as com p a red with 3 feet, 
which was used in the 1DH repor-t. 1\11'. Gault fu r t her deviate" 11'0In 
tl ie older r eport i ll consi rieii ng it n uoessary vt n pass tl Ie ent ire flow 
th r oug h t he .r eser voir when til e flow is GOOO sccond -f'ect 0 1' less, d u ring 
May t o Aug us t, inclusive ; 5000 secoud-Iee t or less in A p ri l and Sep
te mb er ; nnd ·1000 secon d-f eet or 10"s ill t he rema ind er of t he year, the 
l imi t in t ire HJl 4 r epor t be ing ·17:.0 seco nd-fe et , The reason Ior th is 
deviation is 1he lar g e; ex pmu;ion of pumpin g i1'1'i;'1'a1ion ill th e Sacru
llICII ! O Valley sin ce H1l4. wh ich 1l1ls p rac t iea llv absorbed the en t ir e 
norm al low-wate r How ab ove t he mo u th of t he Fea t her Ri ver , t he 
r ights so f ar mnru red agg t'ega t illg' b el wee n 5GOO and GOOO secoud- Ie et, 
Th is leaves litflc, i l' ..m y , wat er I'(I! ' 111I v i g atioJl 01' l'or claims 01' riparian 
OW l1t'1'S. 0 11 t hc 01,11t'1' lunr d, 111(' ]tl'o jr'(·j jt splC IlUl,)' Jil'orlm'(' som e 
retnrn flow, 

JI1 th e above bas is .Ur. O;H1 lt tigure:-: t.liut with a reservoir a ll de voted 
10 irriga tion aw l hol d ing G40,OnO lI cl'p- I'ec1' , shorta g'(' :-: woul d h ave beou 
ns P Cl' th e fol lowing t fl lJle : 
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P er Cent of Deficiency, 
180S I .U 
18UtJ - - ------------------ ---- -- -- -- -- . . _-- _. _- - --------- ::,1 

1. 1. 
l !10J ,U 
1915 13,0 
nun 1 .1 

llJOfi - ---------- - - - ---- 

( III ' to ( .1\:1 . 1 ) _ • _l !1:!(J 111 .'1 

I n the a bove, 110 consideration was had of the Anders on -Cott onwood 
District appropr ia t ion j ust above the r eservoir of 40 0 second-feet, wh ich 
is in process of maturin g, excep t that sinc e 191H 11 small po rtion of the 
abo ve WIIS ac tually d iverted , T he ult im ate appropr iation may he cut 
do wn to a bout ;)00 second -f eet if the Iron Canyon p r oject. should 
uequ ir e wit h t110 di st r ict h111([S n eeess nry for t he r eser voir t h e water 
:'P Jlllr l ellHut. ther et o. T his d ivers ion will sligh t ly increase th e a bove 
Sllo l't :lg-es, possi bly about z pe l' cent. 

'I' his hoard has taken cog niza nce of the ab ove Iucts merely t o con
xirlcr tlu: general correctness of the size of re ser voir to Ill' p rovided , 
F' u r t he r stud y might su ggest a chauge , 11l1t , if so, it is not. Iikoly to be 
o I Sllflie il!lIt im por ta nce iu ull'cct t he m a in obj ect of l itis re p or t . 

Locut ion J I l., being geolog ica lly shown to h e the most desirab le on e, 
illid xim i lari ty of t entat iv e est imates ind icut.in g no great su peri ority a s 
10 1~( )sl o l th e r ej ect ed up per L oca tiou J , hus been made t he basis for 
lu rtlu-r st ud y of darn desi gn . T he Iongitudinal secti on a long th e d um 
c.n t er Iiu e, toget her wit h t he plan of t he clam, is shown in Exhib itL," 
l'oJlO\\' iug' page 76, ~ 

Th e fir st q uestion which ar-ises is t he character of mater ial av ail
able for const r uct ion . [,neu] mate r-ial cons ists of agglomerate , soft 
sands t one, t ufl', an d cemen t ed gravel. At. abou t four m iles dis ta nce 
exeel len! concret e aggrcg ute may be hal ] in large quantities, H ard 
r ipru pp ing rock is no t a vailable sh ort of Paynes Cr eek, about thr ee 
m iles u pst ream, or m uv he h ad Frein q u.n-ries on the main So uth er n 
P acitl e R a ilw ay , 40 miles or more north of Hed Blufl' . 

'I'he enti re leng th of tho fl am is a bout OIlC mile, all bil l. 1700 f eet. being 
70 feet. or less in heigh t. 'l'l i« cha n n el Sf'Ch OIl would have a leucth of 
sao f eet and h ave 11 he izl it of 170 I cct . and !JOO f eet len gth of d am 
located on the canv on ,.,1;; ' I' S won 111 have' 11 height. rangin g hom 170 to 
70 fe et . 

The spi llway Ilow t o be provided 1'01' is esti ma t ed a t :150,000 sec on d 
feel. It is possible to l'el ease th is jlo\\" OWl' a lung spill wny on th e we st 
shou lder of t he CH IlVOIL a t " OHl " di stance I'rorn the ch an nel section , The 
(] 0 ,," 11 flow of th is 1; IfI SS of watv r OJ I i ts re t.urn 10 the ri ve r w01l1f1 take 
p1<1(:I' 1111'O!l;.{11 ex ist illg' g- ulehes a lld (''''111 11(,1" which Illig-hi. lie enla r ged 
l'nr 1 11111 11!I'P USI' , hilt w h ich lJ," r casou or th eir !i'1lg't !l 1 0 t he r iver a n d 
t ho 1'1'iaLility or 11 lf, lm,;1I l'urr uul inu wouh l ho ext remel y expen sive to 
jlJ'ot pc1 1'1''1 111 eros ion . \ VI' lx- l iev« 111 M (JllIy ;111 f'II Il' l'g'el lcy s pi llway or 
J' (' l :Jt i \'I' I ~ ' Sl1I , i1 1 " i1 pile i1." is !H'('JII iss ibl ,' O l ( 1he \\"(,s1 sl J( l\ i1 tl ('), 0[' tlw 
)' i" "j ' cauvou . 

A si liliw ll ,)' l, ll<lll l l l, l 011 l'i 1 11" I' 0 111' or IJII111 or jli ,' can yn n s i ll, :~, with 
sh or t re tu rn e! 1I111l11' 1 to t lu: ri vc r, w ou ld in volve vvcrv difficult an d 
ex p ensive const ruct i OIl fC lI t l1J'(:S. 'I' lu- iI ischurae wOl{ld ha ve to be 

• E xhibit L no t Incl u de d In th is bu lletin. Page rere re nce Is to "R epor t on Iron 
Ca n yon Project , 192 0," by Un ite d S tatos Recla mat.lon S on ' lee. 
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turn ed at r ight ungles to wa rd the channel u nder h igh velocity and t he 
sa ndstone an d tutf formati on thr ough which th is chan nel would h ave 
to be l a~g cl y con structed would I'CCI Uil'1.! cxtruord ina ry protecti on 
aga iust erosion. 

The pro blem of sp ill way di scharge UCCOIJlC S r eluti vely siJII pi e th rough 
a sol id concrete eh anuel section of the dam an d similarly suc h section 
wou ld afford the must economica l means of power wate r d ischarge, 
Such section wou ld also inspire the gre at est confiden ce in vie w of th e 
p r esen ce of 11 la rge populati on in th e va lley below the dam . 

Tho principal r eason for the selection of Lo cat ion H I was explained 
in previous p ar ag rap hs to be th e ex istence of a mass of ag glomera t e 110 
f eet in t hi ckn ess below th e r ive r channel a t th e da m "il l'. 'I'h is materia l 
where exposed a t the surf'aee is II n at urul concr et e which if; p robably 
water -tight an d has conside ra ble ha r dness a nd gre at. bearing" power, i u 
every wa y sa t isfactory as a foundation f or a h igh concrete dam, 'I'he 
records of bor in gs, however , a r e no t nearly so f avora ble . The fine bin d
ing m ateria l in the int er ior of the ma ss is r a ther soft , so t ha t but : 1 

smull pe rc en tage of core was pr oduced. In a d rif't in rho enst ubuu uent 
of the clam also th e material becomes rath er sort away 1'1'0 111 ni l' 
xposnre, 

A bearing tes t was mad e by l\lt·. Ga ult ind iea t ing for t he 80 (1 ('5 t 

part of t he mater ial that n o yi eld in g r esult ed under n !J l' e SSIU C or 

appr oximately 40 tOTlS p er squa re fo ot , t he t est surfuces l leing 1 square 
foot and t he ma te r ial bein g d ry. 'I'o what ex tent in such test tl ic ,sid(' 
support of th e mate r ia l und er st ress a ided in supporting the load is 
uncer tain as i" ab o th e softening effect wh ich water might p roduce. 
\V e believe, however . tlrut 1, 11 is aggloiucra tc will f ur n ish a sa Ie Ioundn
tion p rovided t he niax unum pr essu res do n ot exceed 10 tuns, wh icl: is 
close to the limit ing st1'CSS in ril e Denv er de sig n, of which t he maximum 
section is sh own in E xh ibit 1\1.':' 

In t his section the back slope has been taken I1S 1: 1, or fla tter th an ,111 
or d in ary gra yit.y secti on. as a res ul t of gate un d siphon sp illway des ign , 
T he sect ion is large enough to p rovid e agai nst on e-thir d f ull pr essure 
uplift n eal' th e lwei , dhuiuishing t o zer o ne al' th e toe. 

'I'lie gen er a l agglomerat e mass is probably rea sonably water -tight 
even where it ma y lac k ha rd ness. Never t heless, a cu t-off t re nc h of ,10 
or 50 fe et in to th is rnntciial a t t he heel muy be regarded as ne cessary. 
The mat erial seems to be r emarka bly free f rom scums, but gro u ting' 
below the p lan e of cu t-off is .lcs irubl e us a pr ecau t ionary measure, 
together with pro vidin g dru ins ba ck or th o cut-air , t hese dr ains t o be 
sonfinerl in dep th to the agg-loJ\l('r ah: uur! 0 11 110 accoun t 1() p enet ra te 10 
th e u nder lyi ng san dstone an d t i l r1'. 

With snell provisions iii" 110 l l ik td.\' l lllI l a nv lI1 a t el'ial uplift u nder 
1he I ouu dut ion wi ll de \'dol! , mill II J(~ provision 10 11 1(' ex ten t ex pla ined 
ab ove seems ent irely su tfic icut. 'I'hvre is, how ever, ~O I Il C do u bt as to 
whethe r t he base of t ho duu i should n ot he sp l'ead in a ll u ps t rr-nrn 
direction wi i l: st c'd l'einl'o!'('\'llll'llL ITilchi ng' in t () IJ)(~ ma in base of 
the d urn t o tn ke Il l ) s hea r a nd 1l'lIsioll, 10 Jes.'il:n 1JH: a br up t ness of the 
eha nge I roru n o load in r id] 101l d , a ll(] 10 k" ('l! The nJ : IX! nH1111 lond within 
the 10-t on Iu nit. 

• E xhi bit M not Included in this bulletin. 



208 W ATBn RESOURCES Ol~ CA1JlFORNJ A. 

'l'he m ater ia l in th e h illsid es cont Wiles to be aggl om er ate for a heigh t 
of abou t :10 f eet , a bove wlriel, level oecrn: t uft's mill sa n dstones, wh ich 
ill Iargo p ad ser-m less desiru ble as a Inund ati on for a mason ry dam, 
T he est imat es jJl'ep a l'l,a in Denver assume con cr et e m as on ry const r uc
t ion f r om en d to t! I111. It S(' U1nS to 11S de sir able t hat desig ns be a lso 
mad e on the hasis of ea rt h-da m construct.ion. suc h cons tructi on t o 
eormnonee a t poin t.s Oil eith er sid e of tIl(' m uson r v sect ion , wher e an 
ahut nren t wall COII I (l be f easibly f'ounded on nggl omern te by de ep 
excavation , 111lt wher e th e Ilt'ight of t he da m ab ove t he surface h as 
l)('('omr d imin islrcd to f'r orn S() to 70 Icet . 'I'h is is snggest r-d largely 
l ) ~' f'ound nt ion cond it ions, alth ou gh i t may also lead to Jesser cost. 

Til 1' e~a r([ to sp illway and power outl ets . 111 e solut ion ofl'ered hy the 
Denver office r an n ot at pr esen t I J(~ im pro ved u pon in t he lim it ed t.im c 
rvuilahlo 10 this hoa rd . T1 should he sluted. however, 11 1:1t we believe 

the a p1'OIl pro tect ion bel ow the Iln 111 m ay h ave 10 he «xtend o.l to iusur c 
th e st an d ing' wave occu r r in g" on the apron . P ossibly an in crease i n 
he ight of' ups tc p may he req uire d t o minimize the d ist ance Irom dam t o • 
wave. Tt 1lI 11 ~' 111';0 he wise 10 consid er a concrete u p st ream a pr on under 
ti le onrt h bla nket, r cneh ing possih ly ] 00 f eet u pst ream on bottom an d 
anyon sid es 10 insure a :!f1 inst water pa ssi n~ dow n between eDJ't.11 apron 

lind dam f il e r . 

'l'ho sllf e1y of the d am ilS rlesi::med, 0 ]' as it m av he r edesigned , 
tlrp('ll(ls not onlv nn th e immodiat e fo u nd a ti on but also on the con d i
tinns of underfl ow in t he sa n dst one a nd 1uff beds below 1he a~:domcr ll t c . 

'I'o Sil l i ~r \· Olll' s (' l\' m; 11S to th is cruc ia l fe atm'c we have stud ied hor in g 
re(,01'11s a~ l d exam i ne d these beds w h ere they r ise in 1111' exposed canvo n 
s il1ps npstr eam f r om th e (l am sit e. as sho wn on E xhi bit D ,

'I'h r- 1l 1' t e~ i n l1 flow f'rom v a r ion« bore h oles ind icates that tho :'>811(] 

sfou r- will pe rmi t slow How of wa te r. 'I'h o most danrrorous p la ces in 
su eh cases arl' IHnt ll l l ~' 111 r pl anes of con tact be1w('e11 d iff'err-nt beds . 
Con tact w herever exam ined S(' ( '1I1S to he per fect . 'I'he flow p roceeds 
prnhah lv f r om j lie r-narxcr 1 11 ,\~ f' rs wh icl: mny no t lIe ext ens ive a lrhouah 
pockets m ay o('em' with g r eat f l'oq nenc.v. 

' Vo bel ieve 111111 d a nger from n ra pid flow establis h ing itself along 
cer ta in li lies u nd er 1Ill' dum, sne ll as mi z ht beg in carrying mat eri al 
and u lt imnt cly lead in g- 10 t l IP 11m1el'111 in ing or t he dam, w ou ld be ve ry 
ser ious t o t he ext en t 0 1' Cll llS i ll 1! cond cmu at ion of th e dum Ri te if it 
were 110 t I or ti le f ad th a t 1heso san dst one lnycrs below the du m ar e 
over laid hy li lreav v ca pp ing or r casonu blv rlc;J:;;c agl!lomernt e d ippin g 
in n d ownstream di r ecfion . 'I' l lis agglomerate l ayer , 14r) Ie et t hick 
where n ot ero d ed b y the i.ivcr and Wi1l1 n min im um th ickness n ext t h e 
d am of ] 10 i eet . i~ so fa r as known r einnr kablv f r ee of seams. No 
sp r ings h ave been di scover ed Oll t h e sur face of t l'lis la yer . 'I' he weight 
of this mass is sufficient , as p reviously st ated, even where not over laid, 
as ill t he sides of higher strata , 10 r esist t he fu ll upwar d pressur e 
wh ich m ig ht be ca used by u n derflow, Should any sea m exist a nd wat er 
rise th r ou gh H, it is n ot r ea dily conceivabl e t h~ t any saud would be 
dischar ged t hr ough it , an d if unv sa n d m oveme n t from below shou ld 
guin headway, it seems cer tai n i hat 1he seam would become promptly 
d ogg ed an d cho ke <lily f ur ther u p war d movemen t of sa nd . 

• E~xh i h il A . low e r Jigul'l:, o f 1li is Im llc t ln; HCC l)uge 20:::. 
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'rile p ossible occur r ence of seams in this materi al has been especially 
a subject of study on th e part of Mr. H amlin, wh o holds that no fear in 
t ha t r egard need be entertained. 

,V e conclude, t her efore, that while conditions f or a dam at the best 
site ava ilable arc far from id eal, a safe dam can he construct ed at this 
point, Location TTT, but it must be admitted that the item of cont ingen 
cies to guar d ag-a inst all da ngers which ma y become apparent upon 
opening up the founda tion may be great er th an usual and that th e 
to tal for this dam, including also overh ead exp enses, est imated at 25 
per cent, ma y he exceeded . 

Your ins tr uctions (lid not require us to exte nd this study to the 
problem of p roject feasibil ity. vVe have, nevertheless, given some 
thoug-ht to this matter in connection wit h furth er act ion contemplated 
by th e Iron Canyon Proj ect Associat ion . 

So far as t he da m and r eservoir ar e concerned the present estimate 
st ands about as foll ows : 
T ol al cost, including- 60,000 horsepow er dcvclopm ent, Sli,!l77.000 00 
Credit to irrigat ion on acc ou nt of poweL______ ___ ________ ______ _ 7,500 ,000 00 

Net charge for reservoi r to irrigation :);10,477,000 00 

Avu iluhl e capac ity, 640,000 acre-feet, net cos t per acre-foot available $16 40 
Irrigubl c a rea, 22 5,000 acr es, net cost per ucre________ ______ _____ 46 60 

.A.s t o the t otal acre cost we have u sed certain r evised estimates made 
by lUI'. Gault of t he main canal and distribut ion fe atures, indicat ing 
t ha t t he for mer may cost about $50 per acr e an d tile latter $:>,7, r esult 
ing ill a total cost execcding $ l~O per acre . It is possible that a greater 
cr edit may be secure d 1'01' power , against which there is al so th e possi
bility t hat require ments as to unquestioned safety of the dam may 
compel larg e add iti onnl expenditur es over those estimated . 

Th e pr oj ect is one wh ich can become possible only through full 
support of the great maj or ity of landowners, an d it is well t hat th ey 
have a general knowledge of possibl e cost to guide th em in th eir furt her 
efforts, for wh ich purpose such firnues as are now in O LlI' p ossession 
are above pre sent ed in th is r eport. 

Comparing t his east with the cost of plan ..'\ -4 in the 1914 repor t, 
with small er total storage, if t he cost of that plan had been re duce d by 
proba ble power va lue on ly and had not rece ived credit for flood cont ro l, 
for wh ich under t he changed water-right eond iti ons th e reservoir 
contains no r eser vat ion , the acre cost as t hen estimated woul d have been 
$(,5. Addit ional di ver sion as now figured, t ogeth er with a p ractically 
dou bled cost of lab or and materials, would, r oughly , r esult in ab out 
th e same acre cost as is now figured in connect ion wit h a changed dam 
locati on. 

D. C. H ENNY. 

A. .r. Wrr.er, 
HO~IEH IL~ J\rr,IN. 

W. F. l\IcCr,urm. 
.T. r. SAVAGK 

II . .J. GAuur.
 
Red Bluff, Cali fornia, May 7, 1920 .
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