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FOREWORD.

'I'his bulletin is one of a ser ies appended to the " Summa ry Repor t
on the 'Vater Resources of Califo rnia and a Coordinated Plan for their
Development" that was presented to the Legislature of 1927. It is
part of the investigati on of th e water r esources of th e state commenced
in 1921. This invest igation has comp rised a survey of water supplies
and flood flows throughout the state, a determin ation of their character 
isti cs, an estimat e of the present and future needs for water , and the
for mulation of a compre hens ive and coordinated pl an for future
development in order to insure ad equate water su pplies for all purposes.
'I'he 1927 report concludes this investi ga tion. The entire series of
bulletins per taining to the 1927 report are:

Bul. 12-" Summa ry Report on the 'Vat er Resources of California
and a Coordinated Plan for th eir Developm ent." (A
repor t to ·the Legislature 'of 1927.)

Bul. 18-" The Developm ent of the Upper Sac ramento River ."
Bul. 14- "TI-lE CONTROTl OF :B'I~OODS BY RESERVOIRS."
Bul. 15-" 'I'he Coordinated Plan of Water Developm ent Il1 th e

Sac ramento Vall ey. "
Bill. 16-' "l'he Coordinate d Pl an of 'Vater Developm ent III the

San J oaquin Valley."
B ul. 17- " 'I'he Coordinated Plan of 'Vater ' Development in

Southern Californi a. "

Other bulletins pertaining to these in vestiga t ions published prior t o
the 1927 repor t are:

Bul. 4-"'Vater Resources of California." (A report to the
Legislature of 1923 on the first two years of investi ga
t ion .)

Bul, 5-" F'low in Cali fornia Streams. "
Bul. 6-' ,Water Requirements of Califor nia Lands.'
Bul. 9-" A Supplemental Repor t on the 'Vater Resources of

Califor nia . " (A report to th e Legislature of 1925.)
Bul.l1-"Ground Water Resources of th e Southern San Joaquin

Valley. "

'I'he first appropriation for the investigation of the water r esources
of California was made by Chapter 889 of the 1921 Statutes, in the
amount of $200,000. This r esulted in th e publication of Bulletins
Nos. 4, 5, and 6. Th ese contain a compl ete inventory of all the waters
within the State's boundaries, an estimate of the future needs of water
for all .purposes, and a preliminary comprehensive plan for ultimate
developm ent that will secure the greatest public service fr om the State 's
limited water supply.

No provision was mad e for the continuance of the investi gations by
the 1923 legislature bu t at the urgent r equest of the farmers of the
southern San J oaquin Vall ey, th e Chambers of Commerce of San F ran
cisco and Los Angeles advanced $90,000 for the study of a first unit

( 5 )



of the comp rehensive plan that would relieve the stress in a sect ion of
the State most in need of an imported water supply . 'With this money,
works were planned that would transport th e sur plus waters of the
Sacramento drainage basin into the San Joaquin Valley and make a
new supply available for the southern half of th e vall ey. An account
of this work is published in Bulletin No.9, a report to the Legislature
of 1925.

Chapter 477 of the 1925 Statutes mad e $150,000 available to th e
Division for completion of the work. Thi s money was spent in per fecting
the" Coordinated P lan " of development requested in the appropriation
bill. Heretofore, in looking to the future, the problems .of flood con
trol and of conservation have been given separate cons ide rat ion . Expen
sive construction programs are know n to be necessary in both fields of
endeavor to provide habitable conditions for the incr easing population.
Th e investi gati on of the possibi lity of coordinating th ese two necessary
programs has assumed 'such large proportions that this entire volume
has been given over to th e presentation of this phase of the " W ate r
Resources Invest igati on . "

( 6 )
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'I'his bulleti n was prepared in consultation wit h a committee of
enginee rs who ad vised in the working out of the" Coordinated P lan ." .
'fhey are:

T~OUIS C . HILL

.r, B. LIPPINCOTT

\Vl\L :M:ULHOIJIJAN D

.A. .r. C IJEARY

G , A . E LIJlOT'J'

Cooperating with committee :

F. E . BONNER, -

District E ngineer, U. S. Forest Service, re presenting the F eder al
P ower Commission in California ,

A. V. GUILLOU,

Assistant Chi ef Engineer , State Railroad Commission.

L. S. R EADY,

F ormerl y Chief E ngineer of Stat e Rail r oad Commission.

C. S. RIDr,E Y,

Maj or , Cor ps of Engineers , 'U . S, Army, memb er and secretary of
Californ ia Debris Commission .
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CH AP'r E R 1.

OPPORTUNITY FOR OONTROLLING FLOODS BY RESERVOIRS.

P ast con si d erat ion g iven to co nt rol of floo ds by r eservoirs.

The cont r ol of floods by reservoirs has been regarded in the past ,
generally, as an uneconomi c sys tem of protection. H owever , knowl
edge of reservoir sites in California and of the extent to which they
will have to be employed in or der tha t the State's latent r esour ces may
be utilized , is comparatively recent. The report of the Conservat ion
Commission" of 1912, although mentioning the necessity of storage,
does not list more than a couple of dozen reservoir sites. Not until
th e water resources investi gations were initiated in 1921 has there
been general public knowledge of the part r eser voirs will play in the
future development of this state. It has been pointed out in this
work, that a construction program adequate for th e State's poten
tialities will eventually total 50,000,000 acre-feet or mor e of reservoir
capacity. This will involve the construction of several hundred large
reservoirs. More than a thousand sites are now known to exist, more
than will be req uired for a complete development of avail able waters.

Such study as has been given previously to the control of floods by
reservoirs indicates that their cost, when constructed for flood control
purposes alone , exceeds so far the cost of equivalent protection by
leveed channels and by-passes, that only in in st anc es of unusually cheap
construction or in the vicinity of metropolitan areas of high property
valu es, can reservoirs be utilized for flood control purposes. In all
these studies, either the entire space in th e r eser voir or some f r action
of it, has been allotted to flood control for use only in the temp orary
detention of flood flows and to be held empty at all t imes other than
during lar ge floods. Under this mode of operation, the entire cost of
the storage space allotted to flood control is chargeable to the protective
syst em. Because this required space is lar ge on important streams,
the cost of flood control by reservoirs usually has been found pro
hibitive. The only instances of r eservoir construction for flood contr ol
purposes in California are the cur rent undertakings of the Los Angeles
County F lood Control District and of th e City of Stockton. In both of
these instances bonds have been voted. Several r eservoirs have been
constructed by the Los Angeles District.

It has been consider ed by some, without much st udy , that the con
st ruct ion of large reservoirs for irrigation and power purposes will
diminish the size of floods. A careful analysis, however, discloses that,
unless these r eser voirs are operated especially for flood cont rol pur
poses, they are apt to be fair ly well filled upon the arrival of large
floods, beca use lar ge floods do not occur in seasons of small r un-off.
While th ey may absorb many medium and small floods, depend ence can
not be placed upon th eir absorption of largc floods. Th erefore th e vast
program of reservoir const r uction th at will be necessary for domestic
supply, irrigation and power , has no particular bearing up on flood

• The State Conservation Commissi on was a ppoin te d in 1911 t o investigate and
r eport, among other things, on water, the use of water, water power, irrigation and
r eclamation .

( 13 )
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control, unless a special program is devised for its employment for this
purpose.

That the engineering profession has held the belief that reservoirs
would come into more general use in controlling floods, is shown by the
report of the California Debris Commission of June 29, 1911. The
report of this commission is one of the most extended studies of flood
control that has been made in California. The plan of leveed channels
and by-passes for carrying off maximum flood flows proposed in this
report was adopted by both the California Legislature and the National
Congress and is being followed in reclaiming a million acres of overflow
land in the Sacramento Valley. The works are now two-thirds com
plete. In planning and recommending the construction of these works,
consideration was given by the California Debris Commission to the
reduction of floods by reservoirs . Its conclusions were expressed in
the 1911 report ~s follows:

"Whlle favoring the use of reservoirs as far as possible, and considering that
one of the advantages of the project herein proposed is that it lends itself
to future storage possibilities, the commission believes that it is not economical
to construct reservoirs for flood control, but that such construction should be
deferred until these reservoirs prove desirable for power and irrigation
purposes."

Future conditions favorable for use of'reservoirs in controlling floods.

'1' he time has arrived when reservoir construction is necessary for
both power and irrigation purposes. California now stands with a full
measure of development of the summer flow in its streams. Further
progress involves the storage of winter and spring storm water and its
retention for summer use. 'I'he employment of these reservoirs for
flood control, that necessarily will be constructed in succeeding years
for irrigation, power and domestic supplies, is a matter of great public
interest. Its accomplishment would be of inestimable public benefit.
The water resources investigation, therefore, has undertaken the inten
sive study of the problem of how flood control might benefit from the
construction of reservoirs for other purposes.

The attempt to use reservoirs for both flood control and conservation
seems at first like a contradictory effort. To be useful for regulating
floods, reservoirs should be held empty during the period of heavy
run-off in order to be able to absorb an excessive flood flow if it should
occur, while for conservation purposes, they should be allowed to fill
during this same period in order that the run-off season may end with
a full reservoir. However, a detailed analysis of the time of occurrence
and volume of flood flows discloses a procedure for filling reservoirs
that will hold in reserve sufficient capacity to absorb floods during the
time in which they are likely to occur, and progressively release this
space for filling as the end of the flood season approaches. 'I'his bulletin
is devoted to the presentation of these matters.

Physical opportunity to combine conservation and flood control in same
reservoir.

That a combination program of conservation and flood control should
be possible seems evident from an examination of the hydrographs of
California streams. 'I'his discloses that excessive rates of flood flow are
of comparatively short duration, that they occur in the middle or fore
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part of the period of heavy run-off , and tha t th e volume of water dis
charged at the extremely high r ates is r elatively small. 'I'he r eserv oir
cap acity r equired to absorb these high r ates of flood flow, although large
in itself, is still very much less tha n will be r equired to equalize any
great part of the seasona l run-off for irrigati on use. These general
observations are illustrated by the hydrog raphs of four ty pical st re ams,
the Sacramento, Mokelumne, San J oaquin and San Gab riel rivers,
drafted on Plate I , " IIydrog raphs of Year of Greatest Recorded
Flood. ,,*

On this plate, full-lin e hydrographs portray . the r un-off througho ut
the year of th e greatest flood on record on each of the four streams, A
heavy horizontal line crosses each hydrograph pl otted at half the rate of
discharge of a large flood whi ch is here taken as one esti mated to be
exceeded at average intervals of 25 years. (The frequency of flood
occurrence is taken up in detail in the second chapter. ) 'I'he are as within
the full-line hydrographs abov e the heavy horizontal line, sha ded in solid
black, represent the total volume of water that would have had to be
detained by reservoirs in that season in order to limit th e downstream
flow to half the rate of a once-in-25-year flood. Superimposed on thes e
full-line hydrographs of th e flood years are hydrographs of seasons of
normal run-off shown by dot ted lines. Th e cr oss-hatched ar eas within
these dotted-line hydrographs represent the volume of win ter and
spring run-off that would have to be stored to ma ke t he ent ire run-off
of a normal season availa ble for irrigation use. A comparison of the
solid bla ck withthe cross-hatched area on each figu re of P late I , shows
the r elative reservoir capacity needed to limi t the largest flood of r ecord
to half the rate of a once-in-25-year flood and to equalize the entir e
run-off of a normal season for irrigation use. It may be observed that
the r eservoir capacity required to cut large flood flows in half is sma ll
compared to that r equired to equalize the entire run-off of a norm al
season for ir r igation use. On the Sac ramento, Mokelum ne and San
J oaquin ri vers the one is from 5 to 15 ti mes larger than the other, while
on th e San Gabriel, a very flashy stream, the r eservoir capacity required
to equalize the ent ire run-off of a normal season for ir r igation purposes
is about tw ice that needed to absorb the top half of a large flood. Since
it will be necessary in coming yea rs, on most of the streams of the State,
to make the enti re flow of normal yea rs available for usc in order that
deficient water 'supply may not limit the growth of California, it is seen
th at the r eservoir capacity necessary for conservation pur poses is very
much greater than that needed to limit the high rates of flood flow to
half that of a once-in-25-yearflood, except on streams like th e San
Gabriel River that have exceedingly flashy run-off. Any r eservoir or

. gr oup of reservoirs that have sufficient capacity to sto re a consider able
f ract ion of the winter and spri ng r un-off of a normal year, if not
already wcll filled , could easily absorb the volume of flood water which

• ' Va ter Sup ply P aper No. 551 of t he United States Geologica l Survey, recently
pu blished, p la ces the m a ximum discharge of t he Mokelumne River at Clements a t
25, 500 second feet. This is obtained by apply ing the r a ting curve of the 1911 flood
t o the gage h ei ghts of 1 907. The crest discharge of the 1907 flood has been pub
li shed as 17,0 00 seco n d fe et in form er publication s inc ludin g 'Vater Supply P a pe r
No. 299 in which are printed the daily di scharges of the 1907 flood. The fig ures
co ntained in 'Vater Supply P aper No. 299 have been u sed in preparing this volu me.
Shou ld the daily discharges of th e 1 907 flood be revised by application of the 190 7
gage h eights t o the 1911 rating curve, the increase in their values wo u ld be so sub
stantial as t o r equire a com plete r ev is ion of the analyses of flood s on the Mokelumne
River co n taine d in this volume in order to make the analyses h armonize w ith t he
increased d ischar ge value s.
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oth erwise would be discharged at rates in excess of half that of a once
in-25-year flood.

Although the volume of flood water discharged at rates in excess of
half that of a large flood is relatively small, an inspection of the gen
eral shape of the hydrographs on Plate I r eveals that the volume of
flood water discharging at rates less than half that of a large flood
increases quite rapidly with the lower rates of discharge. 'fhis-.is indi
cated by th e in cr easingly greater widths of th e peaks on- th e hydro
graphs as they descend below the heavy horizontal lines drawn at rates
half that of a once-in-25-year flood. At about th e quarter points, except
on the San Gabriel River , these peaks merge more or less into one
another on account of their in creasin g wid th . Thi s great er width of
the peaks on the hydrographs represents in creasing duration of flow at
the lower rates.

The flows delineated by th e thin width of th e peaks on their upper
part are high rates of discharge, th e direct r esult of intense rainfall
on saturated or snow-covered areas. Since high rates of rainfall do
not continue over long periods of time, the duration of these exces
sively large rates of run-oft' is brief and th e peaks on the hydrographs
have a narrow width. As lesser flows are considere d, the run-off from
medium and low rates of rainfall, which continue much longer , as well
as th e tardy waters draining off the catchment area in the wak e of
heavy storms, are included to a great er ext ent and the peaks on th e
hydrographs have a greater width. The duration of the lower rates
of r ainfall is so mu ch long er than the duration of th e higher r at es
that mu ch great er volumes of water would have to be detain ed by
reservoirs if floods wer e to be r edu ced to as much as a quarter or less
of the rate of a large flood than to only a half.

A furth er increase in the volume of water that would ha ve to be
detained in order to limit flood flows to mu ch less than half tha t of a
once-in-25-y ear flood comes from melting snow on those streams a con
sid erable part of whose drainage areas extends into high altitudes. As
illustrated by the hydrographs of the Mokelumne and San Joaquin on
Plate I, fair ly high rates of discharge occur from melting snow during
May, June and. July. 'I'he Sacramento and th e San Gabriel, the two
oth er illustrative streams, do not ha ve snow-water floods . Unlike the
flood discharge from rainfall, th at from melting snow continues over
rather long periods of time. However , their greatest rate seldom
exceeds half that of a once-in-25-year flood, so that they concern flood
control only if floods are to be reduced to less tha n this rate of flow.

'While the foregoing considerations are very general and arc prin
cipally illustrative of the characteristics of stream flow to be analyzed
in detail in lat er chapte rs, never theless, th ey indicate that the volume of .
water to be detained by reservoirs would increase very rapidly if an
attempt were made to reduce floods to much less than half a oncc-in-25
year flood. 'I'he cap acity required to do this ' would be much larger
than probably will be const r ucted on most of the Stat e's streams for
many years to come. 'I'he rel atively small space required to reduce
floods to half the rate of a onee-in-25-year flood or thereabouts makes
it appear, in gener al, that this would be th e possibl e present utility. of
conservation reservoirs for controlling floods. A coordinated program
of operation for both conservation and flood control would be necessary
for this accomplishment.
2-52411 .
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CHAP TE R II.

SYSTEMS OF FLOOD CONTROL.

Leveed channel system.

'I'her e are, in general, two systems of flood control : one that leads
flood flows to th e ocean in spec ially prepa r ed cha nne ls with out diminu
tion in volume, the oth er tha t redu ces the volume of flow to a harmless
amount by detent ion of excess water in stor age r eser voirs. 'I'he first is
the system in common use, for it isusually least in cost. Th e reasonable
cost of this system is at tained by constructing the gre ate r par t of th e
flood channels above the gro und surface. 'I'he banks of the channels
are formed by ear then levees excava ted from adjacent borrow pits.
'I'he capacity of the channe ls is fixed by the spacin g an d height of the
levees. Seldo m does th e bor row pit f rom whi ch the levee mater ial is
excavated constitute a very large part of the waterway. Even where
th e leveed channels follow natural water courses, t heir increased
capa city, due to th e construc tion of th e levees, is lar gely in the cross
sectional area abov e the gr ound surface. 'rhus, t he safety of th e system
r ests upon the st re ngth of th e levees to withstand the water pressure
and the sufficiency of th e carrying capacity of the flood channels.
Should the levees fail or be breached by over -topping, a large part of
th e entire flood volume migh t run throug h the breach over the adjacent
land.

One of the princip al reasons for success in this system of protecti on is
th e infrequent occurrence and short duration of large floods that tax the
st rength of the levees an d the capacity of the cha nnels. On the other
hand, one of the principal dangers in this system is the neglect of
maintenance of the levees and channels thr oug h a fa lse sense of secur ity
that develops during the ten-or-more -yea r average intervals betw een
large floods. 'I'he levees that fo rm the channel banks may settle, crack
or be holed by bu rrowing animals durin g the long periods of only
partial use. Al so, the cha nne l capacity may deteriorate through t he
growth of tr ees, brush or tule or the deposit of silt by the lesser floods.
Th e in t ermittent wetti.ngs from smaller floods encourage channel
growths . 'I'he usually fertile soil and the favorabl e moisture condit ions
on the low land that flood cha nnels naturally occupy oft en produce
obstruct ive growths that occupy consi derable parts of the waterway
ar eas. The maintenance of th ese channels in conditi on to safely carry

.off t he infr equentl y occurring lar ge floods r equires constant attention
and very considerabl e expense .

Reservoir system.

Th e second sys tem of flood control, t hatwhich r educes the volume of
flood flow bv detention of excess water instorage reservoir s, is a recent
innovation in California. '1'he TjoS Angeles County Flood Contr ol Dis
trict now has a $40,000,000 pr ogram under 'way: This provides for th e
constr uction of thi r teen r eservoir s for flood control purposes on Los
Angeles County st reams. The City of Stockton has under taken the
const r uction of a r eservoir on the Calaveras River solely . for flood
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control purposes. The reservoir system has been adopted in these
instances because the hi gh property values and close settlement of
some of the territory protect ed perm its gr eate r expend itures than have
been customary in th e past.

'I'he high cost of constructing reservoi rs for flood cont rol alone awl '
the large size required to r educe floods to harmless amounts limits the
usefulness of the r eservoir system of protection. To be effect ive with
cer tainty, liberal reservoir capacity has to be provided and th e rules
of operation rigidly adher ed to so that this space will surely be empty
at th e time needed for detaining flood waters. The syst em is attractive,
however , where the cost is justified, because of th e shorter traffic cross
ings on the smaller channels needed, the elimination of th e bother and
exp ens e of maint aining lar ge waterways in expectancy of a gre at flood
through years of use to but a small part of their total capacity, and
the possi bility of utiliz ing areas that would otherwise be occupied by
flood channels.

Combined reservoir and leveed channel system.

It was pointed out in the first chapter that there is a physical oppor
tunity to obtain joi nt use of th e same sp ace in reservoirs for both con
ser vation and flood control purposes. It was pointed ont also that the
present possibility for economical joint use of the same reservoir space
will , in general, be limited to a r eduction of flood flows to a ha lf 01' a
third of that of a large flood. On many streams in Califor nia, leveed
channels will be required to car ry. off even a half or a third th e volume
of a la rge flood, although , of course, the size of these channels need not
be nearly as large. Therefore, leveed channels will probably rema in
part of most of our flood protection syst ems until either the close settle
ment of the overflow areas warrants the gr eat expense of their com
plete eliminat ion, or the demand for additional water su pplies forces
th e construction of much greater reservoir capacity than will be
required for a good many years at the present rate of growth. 'I'hus,
the combinati on of th e reservoir and the leveed channel sys tem of pro
tection will probably be most su itable to conditions on many California
st reams for some t ime to come.

The su itability of the combined system to the immediate future is
fortunate, because often much of the work first constructed nnder the
leveed channel system ma y be utilized in the combined sys te m to afford
an increased degree of protection. Also, t he combined syst em of pro 
tection re moves the most unsatisfactory features of the leveed channel
system. In California, the leveed channels take up much r oom and
fo rm awkwar d obstacles to traffic and communication . This public
inconvenience rapidl y gains importance as terr itory becomes more
thickly populated. The cost of bridges alone over wide channels is a
large item of expense and increases greatly as denser population
demands more conv enient routes of comm unication.

In southern California, whose rapid growth has already brought
20 per cent of available flat lands in to incor por ated cities and towns,
and where their extent is limited , the occupation of large areas by flood
channe ls is a serious imped iment to community expansion . Although
the extent of flat lands is greater in nor thern California, the are a
occu pied by flood channels is nevertheless a considerable it em in th e
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inventory of lands favorable fo r intensive human occupation. One
of the channels of th e flood contro l proj ect in the Sac ramento Valley
is as much as three mi les in wid th , and in total all the channels of this
proj ect occupy 250 squa re mil es of t erritory that can be put to only
partial use. .

The channels of the combined system would be of moderate size and
capacity. Such channe ls could be mor e easily maintained, both because
they would be smaller in size and because a larger part of their total
capa city would be used oftener . The elimination by r eservoir contr ol
of th e excessively high rates of run-off th at are par ticul arly dangerous
by surcharging the presen t large channels at very infrequ ent intervals
would add to the safety of occupying adjacen t lands, The smaller
channels would leav e greater areas to be r eclaim ed and would not con
stitute unduly awkward barriers to traffie and communicati on under
th e condit ions of th c near future. Thus, the combined r eservoir and
leveed channel system of protection ha s di stinct advantages. If a
satisfactory program could be devised for the j oint use of the same
r eservoir space for both conservation and flood cont r ol, it will come
into use on many Cali fornia st r eams . On tho sc st rea ms where leveed
channels are already constructed, th e safety of prot ection would be
incre ased, and on oth er st reams th e cost of building the leveed chan
nels would be r educed . All localities would be benefited.

Th e Sacramento Vall ey has progressed further than an y oth er sec
t ion of Californ ia in per fecting a leveed cha nne l sys tem of flood pro
tec ti on. H er e a very extens ive program is about two-thirds complete.
'I'he levees alon g· th e main ri ver channel are constr ucted to gr ade and
cross-sect ion for practi cally the entire length and a substantial part of
the large by-pa sses is already built. Th e pr incipal unfinished work
lies along the t r ibutary st re ams. The control of floods .by reservoirs
could not affect th e works alr eady constructed except to incr ease their
efficiency in protecting the r eclaimed lands. It would reduce somewhat
the volume of unfinished work , but the greatest benefit woul d accrue by
the at tainment of a high er degree of protecti on tha n is affor ded by the
present sys tem of leveed chan nels alone wh ose planned degree of safety
is inadequate for the in tensive development and close settlement of the
future. Other benefits would accru e in the reduced project main
tenance and in th e greater r eclaimed areas and shor te r traffic crossings
attending the use of narrower channels than are at present planned
along the tributary st r eams. Thus, the combined r eservoir and leveed
channel syst em of flood protection would have gre at value even in
the Sacramento Va lley, where the leveed channel system is largely
completed.

Degree of protection in flood control systems.

In est imat ing th e futu re, while witnessin g the present rapid growth
of population and expansion in property values, it would seem that
public policy may require a hi gher deg r ee of pr otection than present
economy wou ld di ctate in order t o preserve public confidence in the
safet y of residing and doing busin ess in areas subject to flood hazard.
From this viewpoint , th e degree of protection r endered by flood control
works becomes an important subject, for about a fif th of all the..agri
cultur al area in its natural condition is subject t o flood menace. . .,
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In examining the essentia l char acter ist ics of the two syst ems of flood
protecti on, there does not seem t o be any inh erent di ffer ence in the
degr ee of protecti on afforded by eit her one. Although th ere is a danger
in t ransporting large volumes of water ab ove the ground sur fa ce
between par all el leveees because of the dependence fo r safety u pon the
integr ity of many mi les of ear th dike, never theless th is syste m coul d be
const r ucted to offer th e same degr ee of protect ion th at is contained in the
reservoir system. The levees would have to be bu ilt with heavy cross
section and protec ted on their fa ce fr om wave wash and sloug hing and
the channels would have to be properl y maintai ned.

Th e degree of p r otect ion offer ed by either system or their combina
tio n , if sound physical works are const r ucted with equal safety f actors,
is essentia lly depe nd ent upon the possibi lity of occurrence of floods
greater than the capacity for wh ich the system is designed . Under
either system, should a flood exceed t he design ca pacity, t he channels
would be sur charged, witli the consequent flooding of th e adjacent land s.
Jnq uiry into the possibility of occur rence of floods greater than the
design cap acity of p rotecti ve systems, therefore, must be the principal
feature of a gene r al dis cussion of the degree of pr otect ion offer ed by
flood contr ol syste ms.

F re q ue n cy of flood occu r re nce.

A discussion of the occurren ce of floods in Californ ia str eams and
the pr obable frequency wi th which floods of various sizes mi ght be
expected to occur has been presen ted in the 1923 r ep or t? on the water
r esourc es of the St ate. H er e it is shown that stream flow closely follows
th e char acter ist ics of preci pitation, the volume of whi ch is the re sultant
of the vicissitudes of weather so comp lex that t hey defy analysis.

Precip itation r ecords show that extr emely hi gh r ates of. rainfa ll ar e
r ather infrequ en t and invar iably occnr in the win ter months only. The
r ecor d at San F'r ancisco.v" cen t rally located and one of the lon gest in
the State , shows th at more than fou r i nches of r ain in twenty-four hours
occurred bu t once in the six ty -one years of re cord, whi le f r om thr ee to
four inches of r ain -in twe nty-four hours occurred n ine t imes in sixty
one years, f rom tw o to three in ches twenty-nine times, and from one to
two inches one hundre d an d sixty t imes. TIm:,;, it is seen that the
hi ghest r ates of r ain fall occur on ly at long average in tervals of t ime,
while the lower r ates occur oftener and with incr easing frequency as
the r ate becomes less.

Th e dur ation of rainstorms follows a similar behavior. The San
Francisco re cor d shows that eight consecutive days of rain averagin g
mor e than one inch in twenty-fou r hou rs occurred but four times in the
sixty-one years of r ecord , while it occu rred for four consecutive days
tw enty-nine ti mes, fo r three consecutive da ys fifty-three times, two con
secutive days one hu ndred an d nine t imes, and one da y thr ee hundred
and eight times. Sinc e it is th e combination of extended storms and
high rates of precip itation that furnish flood r un-off, the frequency of
flood occurrence in the stream channels of California may be expected

• Chap . V , Bul. N o. 5, "Flow in Cal ifor ni a Str-eams," o f the D iv is ion of Engineer
in g a n d Irriga ti on. Sta t e D euartrn ent o f Public \ Vo rks .

•• U. S. W eather Bureau R ec ord 189 7 to 192 6. Priva t e R ecord of J ohn P etee
18 65 to 1897.
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P L A TE II .
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to have character istics similar to th e frequency and duration of the
higher r at es of precipitation.

An extended comparison of all the st ream-gaging records in the
State* reveals this to be true. Although this study does not disclose the
sequence with whi ch floods of var ious sizes follow on e another , it does
indi cate that th ere is a rather fixed relation between the size of floods
and th e average int erval of time bet ween their occurr ence. In general,
it indi cates that, on an average of once in four years, floods ma y occur
double or more th e size that is exceeded but once a year ; .that on an
average of once in twenty yea rs floods may occur three or more times
this volume ; that once in two hundred years they may occur over four
times this volu me; and at in tervals of a few thousand years a flood
may be expected surpassin g five t imes the volume th at is exceeded on
an average but once a year. It thus appears tha t the largest possible
flood may not have occurred on any Cali fornia stream since white man
has resid ed her e, and that th e greatest flood yet observed on any of the
stre ams may be exceeded at any time, but only at average intervals that

.increase in length as the magnitude of the excess is great er.
Th e relation of the size of floods to th e average interval of tim e

hetween their occurrence disclosed bv the stream flow records on four
typical str eams, the Sacramento, the-Mokelumne, the San Joaquin and
the San Gabr iel ri vers, is set forth on Plate II, " P robable Frequency
of Flood Discharge." F9r conv eni ence of compa r ison, the rate of
flood run-off is here expressed as in ches depth of run-off in twenty-four
hours on the tributary drain age area . A multiplying factor is given
on each cha r t to convert th e values of depth of run-off on th e drainage
area in to mean r ate of run-off for twenty-four hours in second-feet .
'The horizo ntal seale expresses the frequency with whi ch values are
exceeded in 100 years. Th e dots pl otted on the cha rts are the floods on
the respectiv e streams taken f rom the record s of measured s t ream flow
tha t have been maintained for the pas t tw enty to thirty years . The
actual occurrences counted from the records have been expanded by
proportion to obtain the probable number that would have occurred had
th e re cord been 100 year s in length. Double logarithmic scales were
used in pl otting these charts because of the convenience in shape of th e
resulting curves.

To illustr at e the in ter pretation of Plate II, r eference is mad e to the
upper di agram portraying the probable frequ ency of flood occurrence
on the ' Sacramento River near Red Bluff. On this diagram the hori
zontalscale r epresents frequency. The whole figure 1 r epresents one
flood cr est in 100 year s. One-tenth represents one-t enth of a flood in
100 years or one flood in 1000 years. Similarly 4 r epresents four
flood crests in 100 years or one each 25 years. Following up the verti
cal line labeled 4 on the horizontal f requency scale, to inters ection with
th e curve, it will be noted tha t th e value oppo site the intersection on
the vertical scale of run-off on the left is one. This means that, on an
average, four flood cres ts in 100 years, or one in twenty-five years, will
probably exceed one in ch in depth of run-off in tw enty-four hours on
th e tributary drain age area. This rate of flood run-off is converted into
second-feet by multiplying by the factor 248,937 (shown on the face
of the diagram). Thus 249,000 second-feet mean daily flow may be

• Chap. V , Bul. N o. 5, " F low in Cali fo rnia Streams ," of t he D iv is ion of E ngi neering
a n d Irr iga ti on , Sta t e D epartment of Public Works,
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exceeded on an average of once in 25 years. F or convenience, this
value has been refer red to in Chapter I as the" once-in-25-year flood. "
It approximates the flood called" maximum " in the usual eng ineer ing
parlance of this locali ty.

It may be observed on P late II that the plotted data fairly define
curves of r egular shape that may be extended beyond the limits of the
observations . By so doing, some comp rehension may be ga ined of the
freq uency with which floods might occur greater than those appear ing
in the comparatively short period of observation . 'I'he following table,
obtained by scaling the charts, shows how rarely the excessively large
floods occur . It also shows how the size of flood, that may be expected
at incr easing inter vals, grows la rger qui te r ap idly u p to those occurrin g
on an average of once in twenty-five years. F or longer intervals the
size grows larger less rapidly.

DEPTH OF FLOOD RUN-OFF ON DRAINAGE AREA OF FOUR
ILLUSTRATIVE STREAMS IN INCHES PER 24 HOURS.

Frequency with which values areexceeded

River

I
Once Once in Once in Oncein Oncein Once in
a year 10 years 25 years 50 years 100years 1000years

Sacramento. . ... .. . . . . ... .. .... 0.44 0.85 1.00 1.15 1.25 1.65
Mokelumne"_. .. . . . . . ... . . .. . . . 0.51 0.89 1.05 1.15 1.25 1.61
San Joaquin. . . . ... . . . .. . . . .. . . . 0.40 0.71 0.8 1 0.89 0.96 1.22
San Gabriel. . . .. . . . .. . . . .. . .. . . 0.4 9 2.49 3. 34 4.00 4.62 6.74

It is seen that the depth of flood r un-off f rom the drainage areas of
the three st reams n or th of 'I'ehachapi Pass is much alike for large
floods, except that it is slight ly smaller on th c San Joaquin River.
The depth of flood r un-off on the San Gabriel, a typical stream of
southern California, is several times as great for large floods as on the
nor thern st reams. It shows how much larger floods in proportion to
the size of their drainage areas develop on the southern streams.

Th e foreg oing table of frequency of flood flows on the four illustra
tive st reams, in exp ressing the rate of run-off in inches depth on t he
drainage area per twenty-four hours, does not show the act ua l magni
tude of the flood values. The following t abl e expresses the values
parallel to the former table in 'second-feet . 'I'hese are the est imated
qua ntities at the gag ing station on each st ream n ear the edge of the
valley floor.

* W a ter Supply Paper No. 55 1 of the U nited St a t es Geo logica l Su rvey, recently
published, places the m a x imu m discharge of the Mokelumne River at Cle ments at
25,500 second f eet. T h is is obtained by applying the r a t in g c urve of t h e 1911 flood
to the gage h ei g h t s of 1907 . The crest discharge of the 19 07 flood h as been p u b
lIshed as 17 ,000 s econd f eet in former publication s including W ater Supply Paper
No. 299 in which are printed the daily di scharges of the 1907 floo d. The fig ures
contained in W ater Supply P aper No. 299 have b ee n u s ed in preparing t h is volu me.
Shou ld t h e daily discharges of the B07 flood be revised by application of the 1907
gage heights to the 1911 r ating curve , the increase in their values would be so sub
sta ntial as to r equ ir e a complete r e vi si on of the a nalyses of floods on t he Mokelum ne
River ·con t a in ed in this v olume in order to make the analy ses h armonize with the
incr eas ed dischar-ge valu es ,
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FL OOD RUN-OFF OF THE FOUR ILLUSTRAT IVE 'STREAMS IN
SECOND-FEET.

25

•

Frequency with which values are exceeded

River

I
Once Once in Once in Oncein Oncein Once in

a year 10 yea rs 25 years 50 years 100 years 1000 years
--- -

Sacramento . . . . . '. . . . .. .. .. .. .. . 109,000 212,000 249,000 286,000 311,000 411,000
Mokelumne*_. . . . . . . . . . .. . . . . . . 8,700 15,100 17,800 19,500 21,200_ 27,400
San Joaquin . . . . .. ...... . . . . . . .. 17,500 31,200 35,600 39,000 42,100 53,500
San GabrieL .. . .. . . . ... .. ... .. . 2,800 14,300 19,200 23,000 26,600 38,800

It is interesting to note in exammmg the charts of Plate II that,
even with the continued extension of these curves to intervals of t ime
thousands of years long, the size of floods still grows larger with the
increasing length of the interval. This indicates that there probably
is no limit to the size of floods that may occur, but that th e very largest
ones occur only at intervals of many thousands of years. It would
appear, therefore, that absolute protection from floods is impossible and
that the degree of protection desired should be carefully considered
in laying out protective systems.

Because of the unlimited size in which floods ma y occur , flood control
embodies an economic question as to the size for which protective works
should be designed. Th e engineering profession has generally accepted
designs based upon the greatest flood of r ecord or upon a more or less
arbitrary increase to it r esulting from a study of high water marks or
the memory of old inhabitants. Th e foregoing an alysis, however , shows
that all of these may be exceeded at long intervals of time. The design
floods used in the adopted flood control plan ** for the Sacramento
Valley, the greatest work in flood control consummated in California,
are found to closely approximate the mean daily values that may be
exceeded on an average of once in twenty-five years. 'I' he design
quantities adopted by the California Debris Commission in 1911 were
revised in 1925 after further study. Both the original and revised
quantities are compared to the once-in-zfi-year values in the following
table:

* Water Supply Paper No. 551 of the United States Geological Survey, r ec ently
published, places the maximum discharge of the Mokelumne River at Clements at
25,500 second fe et. This is ob tained by applying the rating curve of the 1911 flood
to the gage heights of 1907. The crest discharge of the 1907 flood has be en pub
lished as 17,000 second feet in former publications includln g W ater Supply Paper
No. 299 in which are printed the daily discharges of the 1907 flood . The figures
contained in Water Supply Paper No. 299 have been u s ed in preparing this volume.
Should the daily discharges of the 1907 fiood be revised by application of the 1907
gage heights to the 1911 ratin g curve, the in crease in their values would be so sub
stantial as to require a complete revision of the analyses of floods on the Mokelumne
River co ntained in this volume in order to make the analyses harmonize with the
In creased discharge valu es. -

.* Report of California Debris Commission , June 29, 1911,
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COMPARISON OF DESIGN FLOOD FLOW USED BY CALIFORNIA DEBRIS
COMMISSION IN SACRAMENTO VALLEY FLOOD CONTROL PROJECT
WITH THE ONCE-IN-25-YEAR VALUES OF THE WATER RESOURCES
INVESTIGATION.

Design Hood flows of Flood Haws (av, 24 hra.)California Debris Commission
in second-feet exceededonce in 25 years

Stream Water Resources

I
Investigation

1911 Re port 1925 Report in second-feet

Sacramento Ri ver near Red Bluff. • . • . • . . . 250,000 260,000 249,000
Feather Rive r . . . . . .• .. . . . .. .. . . . . . ••. . . 150,000 180,000 171,000
Yuba River . .. . . .... .• .. . . . . .... . .. .. . . 110,000 120,000 128,000
Bear River. . . . . . . .. . . .. . ... . . . . . . . . . .. . 30,000 30,000 29,000
American River .. . . . . . . . . . . .. . . .. . . . . .. 120,000 128,000 119,000
Stony Creek . .... .. .. . ... .. ... . .. . ..... 30,000 30,000 45,000
Cache Creek . . .. . . . . . . . . . .. .. . • • . . . . . . . 20,000 20,000 20,000
P utab Creek • . . . . . . . . . . . . .. . . .. . •. . . . . . 25,000 25,000 46,000

In the Sacramento Vall ey the cr est di scharge of large floods is '
approximately 10 per cent gr eater than th e aver age flow for tw enty
four hours. 'I'heref'ore, th e crest of the once-in-25-year flood would
encr oach upon the f r eeboar d of the levees of the Debris Commission
plan to th e extent of about 10 per cent of the cha nnel cap acity. Since
this encroachment on the freeboard would be of only a few hours '
du ration, with usual maintenance, the works as planned should protect
the project against floods that will not be exceeded on an average
oftener than once in twenty-five years. Because of th e difficulty in
parts of the pro ject , not intensively cultivated, of meet ing assessments
for the work fr om the sale of products of the land, it is believed that
this protection is greater than th ese lands can now afford . On the
other hand, p erhap s it is not a sufficient degree of protection for the
intens ively cultivated sections an d the thickly populated areas about
the City of Sac ramento. It would seem that at least th e design flood
for the Ame rican River , whi ch directly menaces the City of Sacra
mento, should be relat ively larger than for other parts of the project.
Th us, the degree of protection employed in designing flood con trol
projects should be governed by the class of territory to be protected .
Logically, it should be increased f rom t ime to ti me as the territ ory
becomes mor e thickly populated and proper ty values become larger.
'l'he analysis here presen ted offers a convenient mean s of expressing
th e degree of protecti on of any project in terms of the average interval
of t ime in which th e design flood may be expected to be exceeded.

"
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CHAPTER III.

THE PRINCIPAL CHARACTERISTICS OF FLOOD
OCCURRENCE.

Regularity of flood occurrence.

It has been pointed out in Cha pter II, that the records of st ream flow
in Cali fornia disclose a relation between the size of floods and the
average freq uency of their occurre nce . Floods occur in their varying
sizes at r egular aver age in tervals throughout long periods of ti me.
Although floods happen almost every year, only the smaller ones are at
all frequ ent. E xtremely large floods occur at such lon g average inter
vals that several generati ons may pass without witnessing one of great est
magnitude. This r elation disr egards the sequ ence with which the
various sizes foll ow one another and expresses only the average frequency
of their occurrence. A glance at the r ecords is conclus ive that the actual
sequence is most ir regul ar althou gh the aver age occurrence seems to
follow a regular behavior. '

The combination of thi s irregularity in sequence of the various size
floods an d the long average intervals betwe en the large ones, creates' an
impression of er ratic behavior in flood occurrence that is not indicated
by a close analys is of the rec ords. A study of the r ecords shows that a
degree of systematic behavior exists sufficient to determine within useful
limits cer tain characteri stics as to the t ime of yea r and the amount of
previous precip itation in the season with which they occur. Howe ver,
this behavior is not so systematic that the r elati ons may be discussed by
direc tly plotting the quantities on coordinate paper in the usual manner j

r ath er they mu st be approa ched by determining limiting values within
which all events occur. 'I'he limit in g values t o these relations found to
cha racterize floods by these invest iga tions, are presented herewith. They
concern th e time of yea r, the previous seasonal rainfall, and the seasonal
run-off subsequent 'to flood occur rence.

Time of year of flood occ u r re n ce.

Th e shar p division of the California year into a wet and dry season
is of common knowledge." Precipitation in any quantity is confined to
the six months period f rom November 1st to May 1st while the
remaining six months are for the most part warm and dry. Except in
the desert sections of the Stat e and on streams fe d by extensive snow
fields, floods occur only durin g the rainy season ; however, the extent to
which the flood season varies through the six months in which rains
occur, is not gen erally appreciated. Stream flow records indicate that
the t ime of year in which the largest floods occur is limited to mid
win ter and, during the remainder of the six months period of rain,
only lesser floods occur in sizes that become smaller toward either
extremity of the season until a date is di sclosed before and after which
floods do not occur. On streams fed by extens ive snow fields, floods of

• F or full exp os ition see Ch ap. II, Bul. N o, 6. "Irriga ti on R equirements of Call
f ornia L a nds." of Divisi on of E n gi neerin g and Irrigation. Sta te D epartment of Public
W or k s. .
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P L ATE III.
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medium size occur in the early summer after the close of the precipi
tation season. These floods, fed by melting snow, are not as large but are
of longer duration than those fed from rainfall. They have their spec ial
character istics. An extended investi ga tion of the time of year of flood
occurrence was made on streams having the longest r ecord of measure
ments. In order to avoid a tiresome review of similar data, those of four
typical st reams only are presented, the Sacramento, Mokelumne, San
Joaquin and San Gabriel rivers. 'I'hese data are displayed on P late III ,
" P lot of All F loods of Record-Years Superimposed. " A dot is plotted
on this pl ate for every flood of r ecord both large and small , at the day
of its occurrence in di cated on the horizontal time scale. The size of
each flood in second-feet is shown on th e ver tical scale.

The great preponder ance of small floods and the apparent irr egu
lar ity in occur rence of the larger ones may be observed at once by the
relative position of the dots. 'I'he manner of their clust ering' also
ill ustrates how the larger floods occur durin g the midwinter months and
how their magnitude decreases towards the fore and latter part of the'
season.

The dots of greatest height on the graphs are in the midwinter
months for all fou r st reams. Th ese represent r ain-water floods. 'I'he
dots on the plots for the Mokelumne and San Joaquin rivers forming
a distinc t cluster in the early summer months, but of lesser height,
r epresent floods resulting from rapidly melting snow on the high
mountainou s parts of their drainage areas. Th e Sacrament o and San
Gabriel drainage areas do not have sufficient precipitation as snow to
cause floods during' the melting season. Most of the snow that falls on
these drainage areas melts in the early sp ring and augments the run-off
from rainfall. It is interesting to note f rom the manner in which the
two gro ups of dots clu st er , that floods from melting snow occur with
greater frequency and regular ity than tho se from rainfall but , in
general, do not attain much more than half the size of the large mid
winter rain -wate r floods.

The posit ion of the dots, in relation to the time scale of the diagram,
indicates dates before and after whi ch floods of much size have not
occurred within the 20 t o 30 years of record on these st reams. These
da tes vary somewhat on the several streams but, in gen eral, floods
resulting from rainfa ll occur between November 1st and May 1st wit h
the largest ones in the months of J anuary, F ebruary and March. The
snow-water floods occur between May 1st and August 1st with th e
greatest ones in the first half of June.

Limiting dates to the flood season.

While P late I II, "Plot of All Floods of Record-s-Years Superim
posed ," furnishes a perspective of the t ime of year during which floods
of the ·var ious sizes occur, a closer analysis is desi rable for working
purposes . It may be observ ed on P late III that the relation between the
size of floods and the time of th eir occur r ence is rather broad in its
character . There appears, however, to be certain limiting dat es for the
medium and large floods before and after which the many records of
da ily run-off disclose neither an instan ce of nor a tendency towa r d floods
of that size occurring. For a close valuation of these limiti ng dates, it
is not enough to enter the records of occurrence and select the dates
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before and after which large floods have not occurred. In so doing, no
conception would be gained of the reliance that could be placed upon
their future occurrence within the dates selected.

In order to determine as well as may be, the reliance that may be
placed on selected limiting dates, the daily stream flow r ecords of twenty
streams were analyzed in regard to the frequency with which sp ecified
flows were exceeded both prior and sub sequent to various dates during
the season. The analysis tabulated the occurrences within the period
of record so that their f requency could be counted . The f requencies
counted from the records of the four illustrative st re ams, are plotted 'on
Plates IV and V, "Relation of Time of Year to Flood Occurrence."
P late IV presents the data for th e Sacr amento and San Gabriel rivers
and P late V for the Mokelumne and San Joaquin rivers. The r ates of
flow are expressed in r elation to that of a once-in- 25-year flood for con
venience of comparison between streams. A conversion table to second
feet is given on each diagram. Cross-section paper r uled to logar ithmic
scale in one di rection was used, since it was found by trial that more
satisfactory graphs could be obtained by so doing.

Smooth curves were drawn approximating the trend of these data and
labeled with the rate of flow for which -the computations were niade.
'I'here are two curves in each diagram for the same rate of flow, one full 
line and one dotted-line curve. The full-line curve shows the probable
frequency with which the specified flow is exceeded prior to the date
indicated on the vertical scale. 'I'he dotted-line curve shows the probable
frequency with which it is exceeded subsequent to the date indicated on
the vertical scale. While it is evident that the data do not disclose exaet
relationships, it may be noted that the curves representing the smaller
flows are fairly well defined. More data are available concerning small
flows than large ones for th ey appear a greater number of times in
the records. The short term of the records r ela ti ve to the infrequent
occurrence of large flood flows prevents their containing ad equate data
for displaying -the re lations plainly. ,Vere there as many data con- .
tained in the comparatively shor t records concerning the larger flows
as there .ar e for th e sma ller ones, it seems probable that their cur ves
would be equally well defin ed. However, th e curves f or th e larger
values take logical positions in r elation to available data wh en drafted
by compar ison with the da ta for the smaller flows.

The advantage of the analysis delineated on Plates IV and V is that
the curves of relationshi p developed from the data collect ed during a
quarter century, may be extended to indicate expectancies, had the
records covered much longer periods of time. F or instance, by extend
ing these curves to intersect the 0.1 line on the frequency scale, the
time of the year before and af ter whi ch gre ater flows than the sp ecified
sizes do not occur oftener tha n one day in a thousand years (0.1 day in
100 years ) is indicated on th e vertical time scal e by the points of inter
sect ion . Interc epts of the full and dott ed-line curves on other verticals
than the 0.1 line, indicate on the vertical time scale, the period of the
year before and after which the specified flows are exceeded more fre
qu ently than one day in a thousand years. 'I'he frequency with which
they are exceeded is shown by the position of the vertical line inter
sected by the two curves on the horizontal frequency scal e.



il2 W A'l'lm HESOUIW1';S OF CAL Il<' ORN IA.

PLATE V.
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Flows e xpre s s ed in p er cent of greatest dailY ra te of f low of a once- In-25-year flood .
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THE CONTROL OF FLOODS BY RESERVOIRS.

By way of illustration of the interpretation of these plates, reference
is made to the upper chart on Plate IV, showing the relation of the time
of year to flood occurrence on the Sacramento River near Red Bluff.
Selecting the vertical ordinate that passes through the figure 1 on the
horizontal frequency scale, it is seen to intersect the full-line curve
labeled 50 per cent, opposite November 22d on the vertical time scale
to the left. This means that on an average of one day in 100 years there
probably will be a flow exceeding 50 per cent of a once-in-25-year flood
prior to November 22d . Following the same vertical ordinate to inter
section with the dotted-line curve labeled 50 per cent, it is seen that the
intersection is opposite April 12th on the time scale to the left. This
means that -on an average of one day in 100 years, a flow exceeding 50
per cent of a once-in-25-year flood will probably occur subsequent to
April 12th. 'I'hus, November 22d and April 12th are.the limiting dates
of the season for floods greater than half the size of the once-in-25-year
value with the probability that either limit may not be exceeded oftener
on an average than one day in 100 years.

The information taken from Plates IV .and V is expressed in the
following· tables. Here are giv en in the several columns the probable
dates before and after which greater flows than the several specified
sizes do not occur oftener on the average than one day in a thousand,
one day in a hundred, one day in fifty, one day in twenty-five and one
day in ten years. It is interesting to observe in reviewing these tables,
that, of the 365 days in the year, the season for the occurrence of rain
water floods of corresponding size (equal per cent of onee-in-25-year
flood) opens and closes on the four illustrative streams with the greatest
variance in dates of 47 days. It opens from 40 to 72 days earlier for the
smaller floods than for the large ones and closes from 20 to 57 days
later. For decreasing the probability from one day in 10 years to one
day in 1000 years that flows in excess of those specified will not occur
either before or after these opening and closing dates, the season opens
as much as 65 days earlier and closes as much as 49 days later.

The season for the occurrence of floods from rapidly melting snow is
seen to be less variable than that for rain-water floods. Of the two illus
trative streams having snow-water floods, the season for floods of corre
sponding size opens and closes within 14 days of the same dates and
these dates do not change more than 23 days for decreasing the prob
ability from one day in 10 years to one .day in 1000 years that flows in
excess of those specified will not occur either before or after the open
ing or closing dates..

3-52411



LIMITING DATES OF FLOOD SEASON ON SACRAMENTO RIVER.

Size of flood near Rod Bluff- Opening dates Closing dotes
greatest daily ra te of flow

Fr equency with which greater flows occur prior to tabulated dat e Frequenc y with which greater flows occur subsequent t o tabulated date

In per cent of In second-

I
once-in-zfi- feet One day One day One day One day One day One day I One day One day One day One day
year flood in 1000 years in 100 years in 50 years in 25 years in 10 years in 1000 years in 100 years in 50 years in 25 years in 10 years

30 74.700 Oct . 15 Oct . 29 Nov. 4 Nov. 11 Nov. 23 May 12 May 4 Apr. 30 Apr. 25 Apr. 15
40 99,600 Oct. 27 Nov. 11 Nov. 17 Nov. 25 Dec. 9 Apr. 30 Apr. 21 Apr. 17 Apr . 10 Mar. 31
50 124,500 Nov. 7 Nov. 22 Nov. 29 Dec. 8 Dec. 24 Apr. 21 Apr. 12 Apr. 7 Mar. 31 Mar . 19
60 149,400 Nov. 16 Dec. 2 Dec. 11 Dec. 21 Ja n. 10 Apr. 13 Apr. 3 Mar. 29 Mar. 21 Mar . 7
70 174,300 Nov. 24 Dec. 11 Dec. 22 J an . 4 Jan. 28 Apr. 7 Mar . 27 Mar. 19 Mar . 9 Feb. 17

LIMITING DATES OF FLOOD SEASON ON MOKELUMNE RIVER.

Size of flood near Clemcnts - Opening dates Closing dotes
great est daily ra te of flow

Frequency wit h which greater flows occur prior to tabu lat ed date Frequency with which greater flows occur s ubsequent to tabu lated date
In per cent of -once-in-zo- In seeond-

I I
b ne day

I
yea r flood feet One day One day One day One day One day I One day One day One day One day

in 1000 years in 100 years in 50 years in 25 years in 10 years in 1000 years in 100 years in 50 years in 25 years in 10 years

\
Rain-Water Floods.

30 5,300 Nov. 7 Nov. 18 Nov. 24

' 1

Dec. 1
Doo." I Apr. 24 Apr. 22 Apr. 20 Apr. 18 Apr. 14

40 7,100 Nov. 20 Dec. 1 Dec. 7 Dec. 14 Dec. 28 Apr . 19 Apr. 16 Apr. 14 Apr. 11 Apr. 5
50 8,900 Dec. 1 Dec. 12 Dec. 18 Dec. 27

.. .!.:.~ :..~.~ ...
Apr. 14 Apr. 10 Apr. 8 Apr. 4 Mar . 25

60 10,700 Dec. 10 Dec. 22 Dec. 30 Jan. 9 Apr. 9 Apr. 3 Mar . 30 Mar . 23 Mar. 8
70 12,500 Dec. 18 Dec. 31 Jan. 10 Jan . 25 Apr. 4 Mar. 26 Mar. 19 Mar. 8 .. . . . . ... .. ...

Snow-Wat er Floods.

• 30 5,300 Apr . 22 Apr. 24 Apr. 25

I
Apr. 26

I
Apr. 27

I
J uly 15 July 13 Ju ly 12 July 10 J uly 7

40 7,100 Ma y 8 May 10 • May 12 Ma y 14 May 19 Ju ly 9 J uly 5 J uly 3 J une 30 Ju ne 25
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LIMITING DATES OF FLOOD SEASON ON SAN JOAQUIN RIVER.

,.

Size of flood near Friant- Opening dates Closing dates
greatest daily rat e of flow

Fr equency with which greate r flows occur prior t o tabulated date Frequency with which greater flows occur s ubsequent to tabu lated da te
In per cent of
once-in·25· In second-

I I
year flood feet One day One day One day One day One day One day One day One day One day One day

in 1000 year s in 100 years in 50 years in 25 years in 10 years in 1000 years in 100 years in 50 years in 25 years in 10 years

Rain-Water Floods.

30 10,700 Oct . 1 Oct. 20 Oct. 29 Nov. 9 Nov. 28

I

Apr. 14 Apr. 8 Apr. 4 Mar . 30 Mar. 19
40 14,200 Oct . 18 Nov. 3 Nov. 11 Nov. 21 Dec. 8 Ma r. 30 Mar. 23 Mar. 19 Mar. 14 Mar. 2
50 17,800 Nov. 3 Nov. 16 Nov. 23 Dec. 2 Dec. 19 Mar. 19 . Mar . 12 Ma r. 7 Mar. 2 Feb. 17
60 21,400 Nov. 17 Nov. 29 Dec . 5 Dec. 13 Dec. 31 . Mar. 11 Mar. 4 Feb. 27 Feb. 21 Feb. 7
70 24,900 Nov.30. Dec. 11 Dec. 17 Dec. 25 J an. 13 Ma r. 4 Feb. 24 Feb. 20 Feb. 12 Jan. 27

- --- --
Snow-Water Floods.

30 10,700 Apr. 20 Apr. 22 Apr. 23

I

Apr. 24

I

Apr. 27

I

July 29 Jul y 25 Ju ly 23 Ju ly 21 July 18
40 14,200 Apr. 30 May 2 May 3 May 5 May 8 July 20 Jul y 16 J uly 14 Ju ly 12 July 8
50 17,800 May 8 May 10 May 12 May 15 May 20 J uly 13 Jul y 9 Jul y 7 July 4 J une 30
60 21,400 May 15 May 19 May 22 May 25 J une 1 July 8 July 2 Ju ne 29 J une 24 J une 15

LIMITING DATES OF FLOOD SEASON ON SAN GABRIEL RIVER.

Size of flood near Azusa- Opening dates Closing da tes
greatest daily rat e of flow

Frequency with which great er flows occur prior to tabula ted date Frequency with which greater flows occur subsequent to tabu lated date
In per cent of

once-in-25- In second-
year flood feet One day One day One day One day One day One day One day One day One day One day

in 1000 years in 100 years in 50 yes rs in 25 years in 10 years in 1000 years in 100 years in 50 years in 25 years in 10 years

10 1,900 Oct. 28 Nov. 6 Nov. 11 Nov. 18 Nov. 29 Apr. 18 Apr. 14 Apr. 11 Apr. 8 Apr. 3
20 3,800 Nov. 8 Nov. 19 Nov. 25 Dec . 3 Dec. 17 Apr. 12 Apr. 7 Apr. 4 Apr. 1 Mar. 25
30 5,800 Nov. 17 Nov. 30 Dec. 7 Dec. 15 Dec . 31 Apr. 6 Apr. 2 Mar. 30 Mar. 26 Mar. 17
40 7,700 Nov. 25 Dec. 8 Dec. 16 Dec. 26 Jan. 14 Apr. 1 Mar. 28 Mar. 25 Mar. 19 Mar. 6
50 9,600 Dec. 1 Dec. 17 Dec. 25 Jan. 6 Jan. 28 Mar. 28 Mar. 23 Mar. 19 Ma r. 12 Feh. 22
60 11,500 Dec. 0 Dec. 23 Jan. 2 Jan. 16 . . . . . . .. . . . . . . Mar. 23 Mar . 17 Mar. 12 Mar. 3 . . .. . . . . . . . ...
70 13,400 Dec. 10 Dec. 30 Jan . 11 Jan. 28 . . . . . . .. .... . . Mar. 19 Mar . 12 Mar. 5 Feb. 22 . .. .. . . . .... . .
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36 WATER ~ESOURCES OF CALIFORNIA.

Da t e of grea tes t flood ex p ec t a ncy.

Since the analysis of flood occurren ce as disclo sed by the r ecords of
the last quarter cent ur y shows defin ite limit ing dates to t he flood season
before and after whichthe probability of their occurren ce is exceedingly
r emote, it is reasonable that the flood expectanc y should increase
towar d some culminating' date and then decrease as th e en d of th e
season is approach ed . Th e data plotted on Plate III, " P lot of All
Floods of R ecord-Years Supe r imposed," ind icate such culm inating
da tes for the severa l st reams.

On Plates IV and V, " Relation of the' Time of Year to Flood Occur
rence," pairs of curves are drafted, one dotted and one full-line, each
pair representing a flow of a specified size . 'I'he do tted cur ves show
the probable frequen cy with wh ich flows gre ate r than specified occur
subsequent to the dates indicated on the vertical time sca le. 'I'lie full
line curves show in a similar way, the probable frequency of gr eater
flows prior to th e date indicated on the time scale. As th e two curves
of a pair, one dotted and one full -line, approach each other, flows
greater than the sp ecified size occur more frequently until the central
day of the flood season is re ached at th eir intersection. On this day,
flows greater than the sp ecified size occru : both before and after with
equal frequency. It is th e centr al day of OCClllTPIl CC fo r flows greate r
than the specified size.

The dates of the intersection of the several pairs of cur ves on each
stream are nearly th e same. On the San Gabriel th ey are within one
day of 'bein g the same , on the Sacramento t hree days, on the San
-Ioaquin seven da ys, and on the Mokelumne nine days. These dates are
so n early alike for the sever al size flows on each st ream that they may
be taken as the culminating dates of flood expectancy. . They vary on
t he four illustrative streams from January 20 to F ebruary 26 for rain
water floods and, on th e two illustrative st reams haying snow-wa te r
floods, f r om May 31 to .Iune S. 'I'hese dates are l isted in the following
ta ble:

CULMINATING DATES OF FLOOD EXPECTANCY.

Size of flood Da te

In per cent of Mokelumne River I San J oaqui n Riv er
grea test daily ra te Sacra men to San Gabrielof flow of Riv er

I I I
Riv eronce-in-25-year Rain-wat er Snow-water "Rain-wa ter Snow-wate r

flood floods floods floods floods

10 . . . ... ........ . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. .... ........ ....... .. Feb. n
20 ... 'F~b: " S ' " ... 'F~b: 'z'fi . .. ... 'M:~Y 'i i'" ... J~'~. ' 'i i ' " ... J'~~~ '

. .. . Feb. n
30 6 Feb. 10
40 Feb . 7 Feb . 23 June 7 Jan . 24 Ju ne 7 Feb. 10
50 Feb . 8 Fe b. 21 .............. J an. 21 June 8 Feb. 10
60 Feb . 10 Feb . 18 .. .... ..... ... J an. 20 J une 8 Feb. 10
70 Feb . 7 Feb . 17 ..... . . . ... . . . Jan. 20 ... ....... .. Fe b. 10

P reparatory prec ip it at ion fo r floo d occu r rence.

While the records of stream flow show t hat t here is a definite season
within which flood s occur and that the expectancy of floods within
this season increases toward culmin at ion at some mid-season date,
nevertheless. the expectancy on th e successiv e days of each season is not
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,

identical in every year. , F loods can not occur without preparatory
precipitation to wet the earth's surface. If dry, this surface is so
absorbent that even the heaviest rains are insufficient to produce large
run-off. 'With the drainage area already saturated from previous pre
cipitat ion, the sam e high intensities produce run-off that concentrates
in the stream channels to form excessive floods. Sometimes, snow from
previous storms, melting in contact with warm rains, augments the
run-off from the later storm. For these reasons, the precip itation that
has taken place prior to any date in a season markedly influences the
expectancy of floods, and, sin ce each season has its own peculiar num
ber , intensity and sequence of storms, the flood expectancy varies on
lik e dates of differ ent seasons .

Th ese investi gations have searched for an index of the degree of
preparedness of drain age areas necessary for turning off large floods.
Since the varying intervals between stor ms dry up the ground surface
to a different extent, the amount of precipitation that precedes floods is
variable. An examination of the records shows that lar ge floods have
occurred only with very sub stantial preparatory precipitation. 'I'he
following table shows the seasonal precipitation at the stat ions" used
in conjunction with th e analys is of run-off r ecords, prior to the date
of th e lar gest floods on each of the four illustrative streams. Th e rain
fall is expresse d both in inches depth and in per cent of that of a
normal season up to the date of th e flood. (Se ason commencin g on
July 1.)

* These are the princ ip al rainfall s tati ons in the precipitation divisions in w h ich
the drainage areas li e . See Chap. II, Bul, No.5, "Flow in California Streams,"
H ere the State was divided into twen t y -s ix a reas , called "precipi tation divisi ons,"
in ea ch of which t he ra infall at t he var ious stations ha s a pp r ox im a tely lik e charac
teristics when ex pr es s ed in relation to its normal a lthough the actual r ain in inch es
at the several stations may be very d ifferen t . The r a in in inches a t t h e s e lected
s tat ions is much . less than on t h e d r aina ge areas f or they are a ll at a cc essible
loca t ions of low elevation.
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PRECIPITATION PRIOR TO FLOOD OCCURRENCE.

Mokelumne River
Sacramento River

Rain-waterfloods Snow-water floods

Size of flood near Precipitat ion priorto Size of flood near Precipitation prior to Sizeof flood near Precipitation priorto
Red Bluff-greatest flood,' Red Bluff Clements-greatest . flood,' Electra Clements- greatest flood,' Electra

daily rat e of flow rainfall station ' daily rate of flow rainfall station daily rat e of flow rain fall station

In per Date of flood In per Date of flood In per Date offload
cent of In In In per cent of In In In per cent of I n In In per
once-in- second.. inches cent of once-in- second- inches cent of once-in- second- inches cent of
25-year feet normal 25-year feet normal 25-year feet norma l

flood flood . flood
--- ---- -------- --- ----- ---- ---- - ---

102 254,000 Feb. 3, 1909 18.58 128 94 16,700 Jan . 30, 1911 21.94 132 49 8,740 June 12,1906 42.28 130
100 249,000 Feb. 2, 1915 17.05 119 86 15,310 Mar . 19, 1907 37.39 142 45 8,030 June 18, 1911 47.78 ' 146
79 196,000 Mar . 20, 1907 23.05 114 62 11.100 Jan. 26, 1914 23.79 151 45 7,970 June 3,1922 31. 29 97
76 188,000 Jan. 16,1909 11.47 97 58 10,400 Jan . 14, 1909 10.32 79 45 7,960 June 12, 1911 47.78 147
76 188,000 Feb. 16, 1904 15.99 98 55 9,850 Feb. 21, 1914 28. 59 134 44 7,880 June 6,1911 47.75 147
71 177,000 Ja n. 21,1909 13.05 104 54 9,700 Feb . 6, 1925 13.87 76 44 7,770 May 31, 1922 31.29 97
71 176,000 Feb. 25, 1917 12.43 71 52 9,250 Jan. 1, 1914 9.35 94 44 7,750 June 1, 1915 34.43 106
64 160,000 Feb. 21, 1914 26.83 158 47 8,400 Jan. 21, 1909 19.47 133 43 7,670 May 18, 1922 30.81 97
61 151,000 Jan. 1, 1914 14.76 157 45 8,040 Mar . 20, 1916 30.54 115 43 7,600 June 16, 1906 42.28 130
61 151,000 Feb. 24, 1902 18.54 107 44 7,860 Feb. 2,1907 24. 01 139 42 7,550 June 10, 1917 29.14 89
59 147,000 Mar . 8,1904 20.8 6 110 43 7,750 Mar . 31, 1906 31.89 112 42 7,500 May 24, 1911 47.71 149
56 140,000 Feb. 10, 1902 13.88 90 43 7,610 Mar . 23, 1907 44.05 163 42 7.480 July 4,1906 '42 .60 130
55 137,000 Mar. 31, 1906 25.53 120 42 7,470 Jan. 22, 1914 20.22 137 39 6,960 June 22,1906 42.58 130
.')5 136,000 J an . 19,1906 8.71 71 41 7,350 Jan . 18, 1921 17.42 125 39 6,960 June 2,1907 49.41 152
54 , 134.000 Feb. 4,1907 16.82 115 41 7.210 Mar . 7,1911 37.12 153 38 6,850 June 20, 1906 42.58 130
53 131,000 Jan. 25, 1903 14.81 112 40 7,200 Nov. 21, 1909 6. 75 188 38 6,800 June 2,1909 38.95 120
52 130,000 Mar . 7, 1911 19. 62 104 40 7,060 Feb. 11, 1919 13.4 7 70 38 6,750 May 7,1906 37. 71 120
51 128,000 Jan. 27, 1896 11.79 87 39 6,960 Jan. 19, 1906 12.60 89 38 6,700 June 8,1915 34.43 106
49 123,000 Mar . 8, 1900 17.84 94 39 6,940 Mar . 12, 1918 16.60 66 37 6,640 May 9,1906 37.71 120
49 122,000 Ja n. 22,1914 21.32 168 39 6,910 Apr. 16, 1925 30.28 101 37 6,630 May 13,1915 32.13 102,

'Precipitation includes all rainf all from July 1st to morning of th e day before th e flood.
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PRECIPITATION PRIOR TO FLOOD OCCURRENCE.

.,

San J oaquin River

San Gabrie l River

Rain-water floods Snow-watcr floods

Size of flood ncar Precipitationpriorto Sise of flood near Precipitation prior to Size of flood near Precipitati on prior to
Fri ant-r-greatcst flood,i Fresno Friant-e-greatest fiood.i Fresno Azusa-greatest flood, I Claremont
da ily rot e of flow rainfall station daily rate of flow rainfa ll sta tion daily rate of flow rain fall station

-
I n per Date of flood In per Datc of flood In per Date offload

cent of In In In per cent of III In In per cent of III In In per
once-in- seco nd- inches cent of once-in- second- inches cent of once-in- second- inches cent of
25-year feet normal 25-year feet normal 25-year feet normal

flood flood flood
-------- --- --- - - - - - --- - - - - -

109 38,800 Jan . 31, 1911 4 .67 97 65 23,100 J une 13, 1911 11.80 123 116 22,300 Jan. 18, 1916 11. 7S 156
78 27,900 Dec. 31, 1909 23.58 '1 55 64 22,800 Jun e 4,1 909 9.79 103 83 . 16,000 Dec. 19, 1921 2..84 71
75 26,800 Jan. 14, 1909 3.09 79 60 21,500 Jun e 16,1 911 11. 80 123 65 12,500 Ja n. I , 1910 8 .15 157
75 26,800 Dec. 10, 1909 17.53 '1 67 55 19,500 July 7, 1911 ' 11.80 123 61 11,800 Feb. 20, 1914 17.05 146
69 24,700 Jan. 26, 1914 7.05 157 47 16,700 Jun e 5, 1922 10.71 113 58 11,130 Mar. 12, 1905 12. 29 85
53 18,900 Jan . 21, 1909 3.70 88 46 16,200 May 22, 1911 11. 80 126 49 9,430 Mar . 26, 1906 16.58 102
53 18,800 Mar. 8, 1911 8.24 119 46 16,200 June 6, 1911 11. 80 124 48 9,160 Mar. 10, 1911 17.74 126
38 13,600 May 10,1911 9.91 142 46 16,200 May 8, 1909 9.79 108 48 9,150 Jan . 26, 1914 9.94 118
35 12,500 Feb . 12, 1909 8.04 146 44 15,700 .Jun e 2, 1914 10.81 114 43 8,200 Feb. 9, 1922 18.71 180
33 11,700 Feb. 21, 1917 5.73 96 43 15,300 June 5, 1012 7.34 77 42 8,020 Mar. 12, 1906 9.50 66
33 11,600 Apr. 6, 1911 10.83 130 42 14,900 Jun e 15, 1909 9.79 102 41 7,940 Jan. 27, 1916 18.15 209
31 11,000 Jan . 18, 1916 5.66 138 41 14,700 Jun e 27, 1911 11.80 123 37 7,100 Feb. 7, 1909 13.26 133
31 11,000 Mar . 21, 1916 11.12 146 41 14,700 May 31, 1922 10. 71 113 35 6,810 Mar . 5, 1907 19.97 148
31 10,900 Oct. 2, 1918 0.53 177 41 14,600 Ju ne 24, 1909 9. 87 103 31 5,920 Apr. 1, 1903 19.78 '88
30 10,700 Jan. 25, 1911 3.06 68 39 14,000 Jun e 11, 1909 9. 79 102 31 5,900 Dec. 27, 1921 12.36 263
29 10,400 Apr. 5, 1914 10.22 125 39 13,800 Ju ne 9, 1915 10.92 114 27 5,260 Ja n. 29, 1911 6.07 69
28 9,910 Feb. 21, 1914 9.04 151 38 13,500 Jun e I , 1915 10.92 115 27 5,110 Jan . 18, 1914 7. 90 107
26 9,150 Mar. 5,1916 10.23 153 38 13,400 Jun e 10, 1917 7.25 76 26 5,030 Mar. 11, 1918 9.44 66
25 8,900 J an . 18, 1914 4.90 120 38 13,400 May 25, 1922 10.71 114 24 4,670 Jan . 10, 1907 12.12 189
24 8,720 Mar . 4, 1911 7.93 120 37 13,300 J uly 18, 1011 ' 11.80 123 . 22 4,220 ' Jan. 31, 1911 9.26 102

1 Precipitat ion includes all rainfall from Ju ly 1st to morning of the day before tb e flood.

: K~ei~r;ltla:~~~r~~~t ~':l,;;~~~d;l~~evious year .
• Ra infall records at Sierra Madre.
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40 WATER RESOURCES OF CALIFORNIA.

The foregoing tables show that the largest floods of r ecord on the
four illustrative streams occurred with th e per cent of normal rainfall
up to the da y of the flood, varying fr om 97 to 156, and the second larg
est floods from 71 to 155. Of th e twenty largest floods of record, those
on the Sacramento occurred with rainfall varying from 71 to 168 per
cent of normal; tho se on the Mokelumne, from 76 to 163 pCI' cent of
normal ; those on th e San Joaquin, from 77 to 167 per cent of normal;
and tho se on the San Gabriel, from 66 to 263 per cent of normal. There
f or e, it is seen that precipitation, at least in amount equivalent to a
substant ial part of that for a normal season, preceded all the large
floods of r ecor d on the four illustrative streams. In 71 per cent of the
instances tabulated above, the seasonal precipitation up to th e date of
the flood was larger than that for a normal season up to the same date.
Although it is eviden t from these figures t hat the per cent of normal
rainfall up to any da te in a season is an extremely approximate indica
tion of the degree of preparedness of a drainage area for turning off
floods, nevertheless, in conjunction with another clement of the analysis,
it was found to have a practical value greater than any other index of
a simple nature. This oth er element is the approach, in any part of a
season, to the limit of rain-producin g capacity of weather sequ ences.

It is a matter of common observation that sunshine, clouds, winds
and rain follow one another in various complicated sequences. The
state of the weather on any day is known to be the result of pre
ceding atmospheric events over a large t erritory combining with the
seasonal cycles peculiar to each geographic location. Many actions and
reactions have follow ed one ano th er in finally producin g the resulting
weather on an y particular day. 'I'he intensity and duration of rain
storms are a product of these int r icate sequences . Th ey are limited in
value by the reactions to their occurrence which induce succeeding
states of weather other than rain .

An inspection of precipitation r ecords is convincing that these
r eactions are effect ive in limiting both the in tensity and duration . of
stor ms, for the large values appear in the r eeords only occasionally ,
less often as they 'become larger . A conception of the capacity of
weather sequences to produce precipitation in unusual amounts may be
gained by comparing the total season's precipitation of the lar gest
years with that of a normal season. If these sequences had unlimited
capacity to produce precipitation it .would show in correspondingly
large departures from normal in the season's rain. The following
tabulation of th e five seasons of greates t precipitation at th e' rainfall
stations used in conjunction with the run-off records of the four illus
trative st reams shows only two instances of the seasonal precip itation
exceeding twi ce th e normal. Ther efore, it would seem reasonable that
the approach toward the limit of precip itation producing capacity at
any time during th e season might be measured approximat ely by the
degr ee of normalcy of the precipitation at that time. Thus, when the
precipitation at any time approaches, say, twice that of a normal sea son
up to the sam e date, it would seem reasonable that there would be small
likelihood of additional heavy storms becau se of the except ionally large
amount of precipitation that must have alread y occurred to place the
season so far ahead of normal. Su ch a measure would necessarily lack
accuracy during the first few mon th s of the ra iny season while th e value
of nor mal precipitation is a small quantity. Until the season progresses

1 1
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sufficiently for normal precipitation to date to become a substantia l

quantity, it is a poor base for comparison because the relative value is

cons iderably affected by small amounts of additional precipitation. For

the greater part of the season, however, normal precipitation to date

affords a conveni en t base with which to compare the precipitation of

th e current season.

FIVE SEASONS OF LARGEST PRECIPITATION AT U. S. WEATHE R

BUREAU STATIONS.

Red Bluff, 1877-1921 Ele ctra, 1904-1921 Fresno, 1881-1921 Claremont, 1891-1921

Precipita tion Precipitation IPrecipitation Precipitation

Season in per cent Season in per cen t Season in per cent Season in per cent

of normal of norma l of norma l of normal

1877-78 215 1901Hl7 156 1885- 86 202 1913-14 160

1889-90 169 . 1910-11 146 1883- 84 194 1901Hl7 136

1885-8 6 142 1905--D6 130 1894-95 152 1915-16 135

1914-15 141 1908- 09 119 1901Hl6 140 1892-93 131

1905-0 6 140 1913-14 117 1889- 90 135 1894- 95 127

For convenience, the ratio of th e act ual precipitation up to any date

in a season to th e normal amount up to the same date (season com

mencing July 1) , has been named t he "Progressive Rainfall Index "

because its value changes daily as the season progresses. Plate VI,

"Progressive Rainfall Index at Time of F lood F low," displays the

values" of this index at the time of ever v r ecorded flood on the four

illustrative stre ams. E aeh dot on th e gr~ph r epresents one flood and

shows it s greatest 24-hour rate of discharge on the vertical scale and

the valu e of the "progressiye rainfall index " on the other. All floods of

record are plo tted.
It may be observed on this plate that, of all the floods of record on

these four typical st re ams, tho se within the highest quarter on the dis 

charge scale occurred with values of the progressive rainfall index

lying between 90 and 150; tho se within th e third quarter occurred

with indices between 70 and 180; tho se within the second quarter with

indices between 50 and 270; an d those within the lowest quarter on the

discharge scale with indices between valu es of 10 and 567. Thus, it is

seen that the great floods do not occur with either small or large

values of the progressive rainfall index. On the one hand, the small

index valu es witness lack of preparatory precipitation, while, on the

other hand, the large index values witness that the heavy rains for that

part of the seas on have already taken place . .

L im iting va lue s of progressive rainf all index between which floods occur.

Although the progressive rainfall index, by its nature, can be

neither an accurate index of condit ions on the drainage area nor of the

temporary approach in any pa r t of the season to the limit of the rain-

• The va lu es of the index for each s tream w er e co mpu te d f r om the r ecords a t

the princ ipal rainfall s tation in the precipitation division in which the drainage

area li es . T h ese precipitation divis ion s are d efined by the a.nalysis of precipitation in

Califor nia contained in Ch ap. II of Bul, No.5, "Flow in California Streams."

H ere the state w as divide d in to twen ty-s ix area s , call ed "preci pi tation d ivi s ions," in

each of which the r a infall a t the various stations has approxima tel y like charac

istics when expresse d in r elation to it s norma l a lth ou gh the a ctual rain in in ch es

a t the sever a l s tation s m ay b e ve r y di fferent.
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PLATE VI.

)
SACRAMENTO RIVER NEAR RED BLUFF
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producin g capacity of weather sequences, nevertheless, it was found
that there are limiting values with which flows of the various sizes
occur and that the probability of their occurrence with values beyond
these limi ts is too remote for practica l cons iderat ions. To define these
limitin g values of in dex for the vario us size flows, an analysis was made
of the f req uency with which flows of greater-than-specified sizes have
occur red in the pa st with varying index values. Th e r esults of this
analys is for the four illustrative st reams are drafted on Plates VII,
VIII and IX, " Relation of P rogressive Rainfall Index to Flood
Occurrence." Th e construction of these plates, as well as the ana lyses
up on whi ch they are based, is identi cal to that of Plat es IV and V,
"Relation of Time of Year to Flood Occurrence," except tha t values of
the progr essive rainfall index are substitu ted for days of the yea r .

On the diagrams of Plates VII, VIII and IX, each pair of curves, one
dotted and one full-line, represents a specified rate of flow. For con
venience in comparison between streams, the rate of flow is expressed in
relation to that of a once-in-25-vear flood. A conversion table to second
feet is in the upper right corner of each diagram. Th e full-line curves
approximate the trend of the data expressing the probabl e frequency
of flows in excess of their size th at occur with smaller values of the pro
gress ive rainfall index than ind icated on the ver ti cal scale. 'l' he dotted
line curves express the probabl e fre quency of flows in excess of their
size th at occur with greater values of the index than indicated onthe
vertical scale. As in the diagrams constructed in a corresponding way
to determine the limiting dates of the flood season (P lates IV and V ) ,
the cur ves are well defined by the data only for the smaller flows for
which more data are conta ined in the st ream flow records. Th e curves
for the larger flows were drafted lar gely by comparison with the better
defined curves for the smaller ones . Although the analys is delineated
on Plates VII, VIII, and I X can not be said to be exac t becau se of the
lim it ed amoun t of inform at ion relating to the larger floods, an examina
tio n of the similar tre nd of the data on the several st reams investigated,
is convi ncing that the r esults are substantially cor rect to the extent
that the future will r epeat the past.

By way of illustrating t he interpretation of these pl at es, r efer ence is
mad e to th e upper figu re on Plate VII whi ch shows the r elation of the
progressive rainfall index t o flood occurrence in the Sacramento River
near Red Bluff. Followin g up the vertical line labeled 1 on the hori
zontal frequency scale to intersection with the pair of 50 per cent
curves, it is seen that the intersection with the full-line curve is opposite
a value of 58 on th e scale of progressive rainfall index to the left .
Thi s means tbat, on one day in 100 year s, flows will probably occur in
excess of 50 per cent of a once-in-25-year flood with a progressive rain
fa ll index value smaller than 58. Following the vertical line labeled
1 on the horizontal scale to intersectio n with the dotted-lin e curve, · it
is seen that the inter section lies opposite 188 on the scale of progr es
sive rainfa ll index t o the left , Th is means that , on one day in 100 years,
flows will probably occur in excess of 50 per cent of a once-in-25-year
flood with .a progressive rainfall index value greater than 188, Th e
values 58 and 188 are then the limiting values with whi ch such floods
occur with a probability of exceptional behavior of one day in a hun
dred years.
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PLATE VIT.

SACRAMENTO RIVER NEAR RED BLUFF

o progressIVe rainall
Index for the occur
rence offlows in ex
ces of s ecified size

10,000

\'Vhere dala of two or
more specified51le S of
floware w incident,on!y
thesymbol ofthe largest
is shown A numeral
IS placed at the side of
suchS)mbols whic.h iJ1.
dceres the numbe r of

=~:-~:p~~~I:~~

1,000

Sizeof flow exceeded
Symboll~~ Secoodfeet

30 74.700
40 99.600

~g i ~~:~~~
70 174,300

10

. ....

CNY sometimes exceededwith values ofpro
gressiverainfall mdex greater than indicated

~~ t-
0 0 - _

- _ 10 _

. ,
~ LimitinS valyes of
r- progressrve rainfall
l-r- index between which
r- flows inexcess of

100 1= specified sizeoo:u r

x
Q)

-c
.~ - -20 0 -
~

- -
c
'ro
L-

SAN GABRIEL RIVER NEAR AZUSA

;

Where data oftwo or
more specified sizes of
floware coincident,on~

thes~mbol ofthelart;est
is she.... n, Anumeral
is placed at the side of
suchsymbolswhich in
dicates the numberof
~mbols of next lower
crder repreeented byit.

ISize of flow exceeded
,mbol~"',"'n::. Secondreel

D 10 1,900

38 ~:~8~
o 40 7,100

50 9.600
l:. 60 11.500

10 13,400

prop'l"8SSlve raina
indextor the occur

offlews in ex
5 ofspecified siz

/,000 10,000

are exceeded

\ ,
"

Flow sometimes exceeded with values of pro
gressve rainfall lndex reater indicated

- 10% ..-
30 % ...
- -50 %

...-... .-
70 % ...

J-

o
0.1

- Limiting values of
_ progressweraInfall
__ index between which
- flows In excess of

100 - specified size occur

70 %':;::; ,
50 %~,

0 %
10 %

""Flow sometimes exceeded with values of pro
gressive rain(all index ,~ indicated

I 10 100

Number of days in 100 y ears on which flows

~ -
,- -r- 

~. - -
200 3:

(l)

.:::
en
en
Q)

.00
a
L
o,

x · 3 00
Q)

-a
c

RELATION OF PROGRESSIVE RAINFALL INDEX TO FLOOD OCCURRENCE
CURVES SHOW NUMBER Of DAYS IN 100 YEARS ON
WHICH f LOWS OCCUR IN EXCESS Of SPECifiED SIZE
WITH VALUES OF PROGRESSIVE RAINFALL INDEX

GREAT ER Af-m LESS THAN INDICATED.

Flows expres se d in per cent of greatest dairy rate of flow of Once-in·25-year flood



TH E CONTROL OF FLOODS BY RE SERV OIRS . 45

PLATE VIII.

•
MOKELUMNE RIVER NEAR CLEMENTS
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PLATE IX.

SAN JOAQUIN RIVER NEAR FRIANT
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The data from which these curves (P lates VII, VIII and IX) were
constr ucted are largely inclu ded within frequencies greater than four
da ys in a hundred years . The frequency of four days in a hundred
years r epresents one occur rence du r ing the perio d of 25 ' years of
measurement, the length of the longer r ecords. Knowledge of expec 
tanc ies had r ecords been kep t for greater lengths of time, may be
obtained by extending these cu rves into the zones of smalle r frequ encies.
In so doing, information is ga ined of the probabili ty of flood occurrence
with indices greater or less tha n the limiting values shown in the rec or ds
themselves. The limiting values between whi ch any specific flow occurs
are indicat ed on t he di agrams by th e ext r emit ies of the interc ept on any
ver tical lin e mad e by th e two curves of the pair r epresenting that
specific flow. Th e limiting values of the index are r ead on the index
scale to the lef t , opposite the extr emit ies of the interc ept. The frequency
of gre ate r flows occurring with larger or smaller values of the index
than ther e indicated, is r ead on the hori zontal f re quency scale where it
is cut by the vertical intercepted by the pail' of curves. The int ercept
on the vertical at the extreme left of th e diagrams, labeled 0.1 on the
fr equ ency scale, gives the limi ting va lues of indices with 'which flows
greater .than specifi ed will probably occur either with an i ndex gre ater
tha n the upper limit or with an index smaller tha n th e lower limit except
on one day in a thousand years. Th e inter cepts on verticals r epresent
ing greater frequencies of exceptional behavior become smaller as the
fre quencies become larger . 'I'hese smaller in ter cepts indicate a lesser
r ange of index values with which flows occur greater than specified .

The following tabl es set forth th e range of index values indicated by
Plates VII, VIII and IX, within which floods greater tha n various
specific sizes will probably occur on the four ill ustrative st reams. 'I'he
maximum and minimum values are tabulated for several different f re
quencies of exceptional occurrence.

It may be observed, on r eviewing these tables, that the smallest limit
ing value of th e progressive rainfall index therein is 28 and the largest
is 293, both for the San Gabriel River . Th e extre me values f or the
other st reams are 51 and 239 on the Mokelumne, 43 and 211 on th e Sa c
ramento, and 46 and 189 on the Sa n J oaquin River .' The least values
with whi ch rain-water floods of cor responding size (equal per cent of
once-in-25-year flood ) occur , di ffer not more tha n 33 points on the four
illustrat ive streams while th e maximum valu es differ not mor e than 75
points. Th e smallest floods t abulated occur with minimum indices
from 15 t o 66 poin ts smaller than the minimum indices for the largest
floods and with maximum indices from 14 to 115 points lar ger than the
maximum indices for the largest floods. For decr easing the probability
fr om one day in 10 years to one day in 1000 yea rs t hat flows in excess
of those specified will not occur with either smaller or larger values of
the index than indicated, the mini mum val ue of the index may be
reduced as much as 58 points and the maximum value in creased as much
as 87 points. The r ange of index va lues with whi ch floods occur from
rapidly melting snow is seen to be less variable than for rain-water
floods. Of the two illustrative streams haying snow-water floods, the
smallest value of the iridex with whi ch they occur is 61 and the largest
is 163. The minimum values on the two streams differ not more than
16 points and the maximum not more than 15 points.
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SACRAMENTO RIVER.

LIMITING VALUES OF PROGRESSIVE RAINFALL INDEX BETWEEN
WHICH FLOODS OCCUR.

Size of flood near Minimumindexvalues Maximum index values
Red BlufI-

greatest daily rate
Frequency with which flowsoccur withof flow Frequency wit h which flows occur with

progressive rainfall index" less than progressive rainfall index" greaterthan
va lues ta bulate d va lues ta hulatcd

I n per .
cent of In
once-in- second- One day lo ne day lone day One day One day One day One day One day One day IOne day
25-year feet in 1000 in 100 in 50 in 25 in 10 in 1000 in 100 · in50 in 25 in 10

flood years years years years years yea rs years years years years
- - - - - ------- - --- - -

30 74,700 43 48 52 57 64 211 203 198 192 183
40 99,600 47 53 57 62 71 204 196 191 185 173
50 124,500 51 58 62 69 80 198 188 182 174 160
60 149,400 55 63 69 77 91 192 179 171 161 143
70 174,300 58 69 76 86 103 187 169 160 148 125

'At Red Bluff rain fall station.

MOKELUMN E RIVER.

LIMITING VALUES OF PROGRESSIVE RAINFALL IND EX BETWEEN
WHICH FLOODS OCCUR.

i

Size of flood near
Clements 

greatest dail y ra te
of flow

Minimum index values

Frequency with which flows occur with
progressiverainfall index" less than •

values tabulated

Maximumindex values

Frequency with which flowsoccur with
progressive rainfall index" greaterthan

values tabula ted

I~~rr~- sef~~d- One day One day One day One day lo ne day One day IOne day One day IOne day One da y
25-year feet in 1000 in 100 in 50 in 25 in 10 in 1000 in 100 in 50 1Il 20 in 10

Hood years years years years years years years years years years
--- - - - - - --!----'._ -- - - - - - - - - -

Rain-Wal er Floods.

30
40
50
60
70

5,300
7,100
8,900

10,700
12,500

51
57
63
69
75

56
65
72
80
90

59
69
78
88

100

64
75
85
97

112

227
212
197
184
169

221
205
190
176
160

214
197
180
165
147

202
183
164
146

30
40

5,300
7,100

68
84

71
87

72
89

snow-w ater Floods.

74 I90
162
153

161
112

160
150

158
146

' At E lectra rainfall sta t ion.
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SAN J OAQUIN RIVER.

LIMITING·VALUES OF PROGRESSIVE RAINFALL INDEX BETWEEN
WHICH FLOODS OCCUR.

4;9

' :\...

Size of flood near Minimum index va lues Maximum ind ex va lues
Friant- -- -greatest da ily rate
of flow Fr equency with which flows occur with Frequency wit h which flows occur with

progressive rainfall index" l ESS th an progressive rainfall index" greater t han
valu es t abula ted va lues tabu lated

In per
cent of I n
once-in- second- One day lo ne day lo ne day lo ne day l o ne day One day lo ne day One day lo ne day lo ne da y
25-year fect in 1000 in 100 l!l 50 in 25 in 10 in 1000 l!l 100 10 50 in 25 in 10

flood years years years years years years years years years years
- - - - --- - - --- --- --'._--- - - --- ---

Rain-Water Floods.

30 10.700 46 53 58 63

I

73

I

189

I

185 182 178 170
40 14.200 54 61 66 72 83 185 180 177 173 162
50 17.800 61 68 73 79 93 181 176 173 167 151
60 21,400 67 75 80 87 103 178 172 168 161 144
70 24,900 72 81 87 96 117 In 168 162 153 133

Snow-Wat er Floods.

30 10,700 61 63 64 66

I
69

I
149

I

147 146 145 113
40 14,200 70 72 73 75 79 142 139 138 136 134
50 17,800 78 81 83 85 90 137 133 132 130 126
60 21,400 85 89 92 96 105 133 128 126 123 116

·A t. Fr esno rainfa ll sta tio n.

SAN GABRIEL RIVER:

LIMITING VALUES OF PROGRE SSIVE RAINFALL INDEX BETWEEN
WHICH FLOODS OCCUR.

Size of flood ncar Minimum ind ex va lues Maximum index values
Azusa-

greate st daily rat e
of flow Fr equen cy with which flows occur with Frequency with which flows occu r wit h

progressive rainfall index" lESS than progressive rainfall index" greater than
valu es ta bula ted valu es tabu lated

In per -cent cf In
once-in- second- One da y One day lo ne day lo ne day lo ne day One d ay l o ne day l One day l One day One day
25-year feet l!l 1O00 in 100 in 50 in 2,> in 10 1111000 in 100 in 50 in 2,> in 10

flood year s years years years years years years years years years
--- - - - - - - ------ - - - ---------

10 1,900 28 35 39 45 ,>5 293 280 274 266 253
20 3,800 36 43 48 ,53 64 278 261 253 242 222
30 5,800 43 50 56 63 77 264 246 235 222 198
40 7,700 49 57 62 72 93 251 231 219 204 177
,>0 9,600 55 63 71 83 113 240 217 203 186 153
60 ' 11,.500 59 69 78 95 . .. ..... 229 202 188 169 . . . . . . . .
70 13,400 64 75 86 111 .. ... .. . 220 188 172 151 . .. .. . . .

"At Claremont rain fall sta t ion.

Mos t favorable value of p ro g res s ive rai nfa ll in dex fo r flood occu rrence.

It has been observed th at there are limiting values of the progressive
rainfall index with whi ch floods occur. Plates VII, VfLl and IX,
"Relation of Progressive Rainfall Index to Flood Occurrence, " deline
ate th e frequency of the except iona l occurrence of flows outside of either
of these limits. P airs of curves are drafted au these plates, one dotted
and one full -line, representin g thi s exceptional behavior of flows exceed
ing specified amou nts. Th e full-line curves show the probabl e fre quency
4-52411
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of occurrence of greater-than-specified flows with index values smaller
than indicated, while the dotted-line CUl'VCS show the probable frequency
of occurrence with index values la rger than indicated on. the vertical
scale. The two curves of each pair approach each other as these fre
quencies increase, until their intersection indicates a value of the pro
gressive rainfall index with which greater-than-specified flows occur
equally freq uent with either smaller or larger va lues of the index. 'I'his
is the index value with which flows greater than specified occur most
frequently since the frequency of occurrence with either smaller or
larger values is the same . Th erefor e, the values of the progressive rain
fall index indicated by the intersections of these pairs of curves , are
the most favorable values for flood occurrence. .

The following table contains the most favorable index va lues for the
occurrence of flows of greater-than-speci fied sizes on the Sacramento,
Mokelumne, Sa n Joaquin and San Gabriel rivers as taken from Plates
VII, VIII and IX. It may be noted that the values range from 114 to
143 for rain-water floods, being least for Hie Sacramento River and
largest for the San Gabriel. On the San Joaquin River the values for
the several sizes vary only one point while on the Mokelumne the
variance is two, on the Sac ramento four and on the San Gabriel twe lve
points. The most favorable va lues for snow-water flows on the Moke
lu mne and San Joaquin rivers, are sma ller than for rain-water .flows.
On the Mokelumne this value is 118, while on the San Joaquin it is
110~111.

MOST FAVORABLE VALUE OF PROGRESSIVE R AINFALL INDEX FOR
FLOOD OCCURRENCE.

Size of flood Mokelumne Ri ver San Joaquin River

In per cent of Sacramen to San Gabri el
grea tes t.daily rate River Rai n-water Snow-wa ter Rain-water Snow-wate r River

of flow of
once-in-25-year flood, floods flood. floods

flood

10 . . ... . . . .. . .. .. . . . . . . . . . .. .. . . . . . . . . . . . . . ... . . . . .. . . . . . . .. . . . . . . 143
20 . . . . . . . .... .. . . . . . . . . . . . . .. .. . .. .... . . .. . . . . . . . . . . . . . . . . . . . . . 136
30 118 127 118 124 110 137
40 117 128 118 124 110 134
50 117 129 . . . . . . . . . . . . . . 124 110 134
60 114 129 ...... ... ... 124 111 134
70 114 129 .. ....... ..... 125 . . . .. . . .. . . . . . 133

Relat ion of flood occurrence t o season 's run -off.

It has been pointed out through analyses of stream flow records, that
the most favorable time for flood occurrence, except from melting snow,
is in mid-winter. 'I'hus, it would be expected that the largest and
heaviest floods occur during the middle of the rainy season followed
by a considerable part of the season's total precipitation and hence a
considerable part of the season's r un-off. 'I'herefore, since large floods
usua lly occur in seasons of greater than normal run-off, the stream
flow subsequent to them should be a substantial fraction of th at for
a normal season.

The following table presents the run-off in the Sacramento,
Mokelumne, San J oaquin and San Gabriel rivers subsequent to the

...-
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largest floods on r ecord . The r un-off is expresse d in per cent of th e
tota l run-off for an average season . It may be noted t hat t he run-off
subsequent to the largest floods of r ecord on the Sacramento River
averaged 80 per cent of the total fo r a normal season, on the Mokelumne
and San J oaquin, following r ain-wat er floods, 106 and 120 per cent ,
r especti vely , and on the San Gabriel 129 per cent of the total run-off
of a normal season . The run-off su bseq uent to the la rg est snow -wate r
floods on the Mokelumne and San J oaquin river s was 44 and .48 per
cent, r esp ect ively , of the total for a no rmal season. 'I'hese values
va r ied eons ide rably with t he di fferent floods. On the Sac ramento,
Mokelumne and San Joaq uin river s the minimums were about half the
ave rage va lues, bu t on the San Gabr iel it was about a third of the
'average. It is seen that, fo r th e most part, a ver y substantia l amountof
run-off follows large floods, even the snow-water floods that occur late
in the season .
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RUN-OFF SUBSEQUENT TO LARGEST FLOODS OF RECORD.

Sacramento River Mokelumne River

Rain-water floods Snow-water floods

Mean Subsequent
daily run-off in Mean Subsequent Mean Subsequentflow In Dat e of fload per cent daily run-off in da ily run-off insecon d- or mean
feet seasonal- fiowin Date of flood per cent flow in Date of flood per cent

second - of mean second- of mean
feet seasonal! feet seasona l!

254,000 Feb. 3, 1909 79.9 16,700 Jan. 30, 1911 *149. 1 8,740 June 12, 1906 *50.9
249,000 Feb . 2, 1915 93 . 1 15,310 Mar. 19, 1907 136.9 8,030 June 18, 1911 27.4
196.000 Mar. 20, 1907 63.3 11,100 Jan. 26, 1914 101. 3 7,970 June 3, 1922 *30.8
188,000 Jan. 16, 1909 114.7 10,400 J an . 14, 1909 *118 .3 7,960 Ju ne 12,1 911 36 .5
188,000 Feb. 16, 1904 121. 7 9,850 Feb. 21, 1914 90 .3 7,880 June 6, 1911 45.2
177,000 Jan. 21, 1909 101. 5 9,700 Feb. 6, 1925 80,8 7,770 May 31, 1922 37.5
176,000 Feb. 25, 1917 44.9 9,250 Jan . 1,1914 114 .6 7,750 J Ulie 1,1915 30 .3
160,000 Feb. 21,1914 65.4 8,400 J an . 21,1909 110.9 7,670 May 18, 1922 53 .9
1.51,000 Jan . 1,1914 *113.1 8,040 Mar . 20, 1916 7!!.5 7,600 Ju ne 16, 1906 *45 .0
151,000 Feb. 24, 1902 x58. 4 7,860 Feb. 2, 1907 167.2 7,550 JUlie 10, 1917 24.0
147,000 Mar . 8, 1904 91.3 7,750 Mar. 31, 1906 119.6 7,500 May 24, 1911 *.18.3
140,000 Feb. 10, 1902 x80. 9 7,610 Mar. 23, 1!!07 *127.0 7,480 Jul y 4, 1906 22.4
137,000 Mar . 31, 1906 .10 .0 7,470 J an . 22, 1914 106.8 6,960 J une 22, 1906 37.6
136,000 Jan . 19, 1906 93 .5 7.350 Jan . 18, 1921 85. 1 6,960 J une 2, 1907 57.6
134,000 Feb. 4,1907 !!!! .S 7,210 Mar . 7, 1911 *126.9 6,850 J Ulie 20, 1906 40.6
131,000 Jan . 25, 1903 63.6 7,200 Nov. 21, 190!! 97 .4 6,800 J Ulie . 2, 1909 32 .6
130,000 Ma r. 7, 1911 56 .6 7,060 Feb. 11,1919 57 .8 6,750 May 7, 1906 92 .4
128,000 Jan . 27, 1896 77.7 6.960 J an. 19, 1906 143. 9 6,700 June 8, 1915 x19. 2
123,000 Mar . 8, 1900 34 .6 6,940 Mar. 12, 1918 50 .1 6,640 May 9, 1906 x89.5
122,000 Jan. 22, 1914 89.6 6,910 Apr. 16, 1925 *51.8 6,630 May 13, 1915 48 . 7

Average value 79.6 105.8 44.0

San Joaquin River Ban Gabriel River
- ---

Rain-water floods Snow-water floods

Mean Subsequent

Mean Subsequent Mean Subsequent daily fun -off in

dail y run-offin daily fun-off in flow in Date of flood per cent
second- of meanflowin Dat e of fload per cent ftOW IIl Date of flood per cent feet seasona l-second- of mean seco nd- of mean

feet seas onal» feet seasonal!

38,800 Ja n. 31, 1911 157.5 23,100 J Ulie 13, 1911 63.9 22,300 Jan. 18, 1916 125. 3
27,900 Dec. 31, 1909 84 .6 22,800 Jun e 4, 1909 *.51.0 16,000 Dec. 19, 1921 253 .6
26,800 Jan . 14, 1909 *132.4 21,500 June 16,1 911 *,56 .0 12,500 Jan. 1, 1910 60 .0
26,800 Dec. 10, 1909 91. 2 19,500 July 7, 1911 27.8 11,800 Feb. 20, 1914 119.9
24,700 Jan. 26, 1914 126.7 10,700 Jun e 5, 1922 4.1.9 11,130 Mar. 12, 1!!0.1 70. 7
18,900 Jan . 2 1, 1909 *127..1 16,200 May 22, 1911 *90. 1 9,430 Mar . 26, 1906 83.4
18,800 Mar . 8, 1911 142.!! 16,200 . June 6, 1911 7.1 .8 9,160 Mar. 10, 1911 86 ..1
13,600 Mar . 10, 1911 *140.2 16,200 May 8, 1909 '80 .,5 9,150 Jan. 26, 1914 165.2 ·
12.500 Feb. 12, 1909 *119.9 15,700 June 2, 1914 55. 1 8,200 Feb. 9, 1922 13.1.6
11,700 Feb. 21.1917 82 .1 15,300 June 5, 1912 19 .4 8,020 Mar. 12, 1906 *127.4
11,600 Apr. 6,1911 126.2 14,900 JUlie 15, 190!! *35.4 7,940 Jan. 27, 1916 96.7
11,000 Ja n. 18, 1916 126.7 14,700 Ju ne 27, 1911 *39.2 7,100 Feb. 7, 1909 88 .6
11,000 Mar . 21,1916 104.0 14,700 May 31, 1922 54 .9 6,810 Mar . 5,1907 142.5
10,900 Oct. 2,1918 62.5 14,600 June, 24, 1909 *26. 1 5,920 Apr. I, 1903 41.1
10,700 Ja n. 25, 1911 165.8 14,000 Ju ne 11,1909 42.1 .5,900 Dec. 27,1921 208.2
10,400 Apr. 5,1914 ' 103.1 13,800 June 9, 1915 *36.9 .1,260 Jan . 29, 1911 164.8
9,910 Feb. 21, 1914 119.0 13,500 June 1, 1915 x44 .5 .1,110 Jan . 18, 1914 187.8
9,150 Mar . 5, 1916 112.8 13,400 June 10, 1917 34 .2 5,030 Mar. II , 1918 58 .0
8,900 J an. 18, 1914 132.2 13,400 May 25, 1922 62 .2 4,670 Jan . 10, 1907 214. 1
8,720 Mar . 4, 1911 146.0 13,300 Ju ly 18,1911 15.2 4,220 Jan . 31, 1911 156.8

' 120 .2 47.8 129.3

• Mean seasona l run -off of Sacramento River ncar Red Bluff (50 yr. mean) 9,929,000 acre-feet.
2 Mean seasonal fun-off of Mokelumne River near Clements (50 yr. mean) 898,000 acre-feet.
S Mean seasonal run-ofI of San Joaquin River near Friant (50 yr. mean) 2,057,000 acre-feet.
' Mean seasonal ru n-off of San Gabriel River near Aznsa (SOyr. mean ) 147,000 acre-feet .
*Second day after flood to October 1.
x'I'hird day after flood to October 1.
All ot her values of run-off subsequen t to flood are from first day after flood to October I.
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RESERVOIR SPACE REQUIRED TO DETAIN EXCESS FLOOD
FLOWS.

Sou r ce of in f o r m atio n .

Of all information concerni ng floods, th at most important to th eir
control by reservoir s is the volum e of water contained in the excessive
rates of flow. 'I'his is the volume tha t must be detain ed in Yeser voirs
if th e down stream flow is to be limited to r easonabl e rates. Informa
t ion concerning the volum e that must be so detained is contained in
t he records of st ream measurement, Although th e period of measure
ment in Cali forn ia is too brief for direct disclosure of either the
largest floods that may occur or the length of th e in tervals between
t hem, neverthel ess, within th ese r ecords is the sum total of accurate
knowledge of the volume of flood flow. Other inform ation , at best , is
indirect and very approxim at e. Flood estimates ba sed on high-water
m arks, on the memory of old inhabitan ts or r at es of rainfall that have
'occur red in other local it ies, contain man y elements of un cer tainty.
The st rea m-flow measurements th emselves are the only direct and
definite in forma ti on on the volum e of flood flow. This st udy, ther efore,
is confined to their an alv sis.

Continuous st rea m measu rement in California was st arted with the
esta blishment of the first gaging station at J elly 's F erry on the Sacr a
mento River in 1895. Since the n manv other stations have been estab
lished on the larger st reams. At present , about 250 stations are main
ta ined by th e United States Geological Survey and the State of Cali
forn ia in cooperation. From the con tinuous r ecords kept at these
stations , th e United States Geological Survey publi shes in its water
sup ply papers, tables of the average daily st rea m flow past each one
of these points of measnrement. Th e published tabl es, together with
those in preparation for publica t ion, have been used in th e computations
of this bulletin.

Method of a nalys is .

Since the stream-flow r ecord s cover too short a ti me to include the
maximum flood that migh t occur , it is desirable to ascertain the re la
t ion betw een the volume of flow and frequency of its occurrence as
dis closed by the many smaller floods observed during the period of
reco rd . To ascertain the volume of water contained in th e excessive
r ates of flood flow, the r ecords on twenty stream s of th e State that
have been measured from seventeen to thirty years were assembled and
the volume of water contained in every flood in excess of cer tain sp eci
fied rates of flow was computed . Th ese are the volumes of water that
would have had to be detained in r eservoirs to have r educed the
floods of record t o the spec ified rates of maximum flow thr ough r eser
voir cont rol. Th e following ta ble enumer ates the st rea ms whose record s
were analysed, th e names of the stream-gaging stations and the per iod
of re cord:
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. LIST OF STREAM FLOW RE CORDS ANALYZED FOR
FLOOD CHARACTERISTICS.

Drainage Number
Stre am Gaging s ta tion area in Period of record cf yearssquare of recordmiles

---
Sacramento River . . . . .. .. . . . Jelly 's Ferry . ... . .... . . . .. .. 9.093 Apr. 29, 1895-Jan. 31, 1902) 30.4
Sacra mento River . . . . . . . . . .. . Red Bluff . . . . .. .. . .. .. . .. .. 9,258 Feb. · I, 1902-0ct. I , 1925
Feather River . . . .. . . . .. . . .. . Oroville.. . .. .. . . . . . . .. . .. .. 3,627 Ja n. I , 1902-0ct. I , 1925 23.7
Yuba River . . . . . . .. . .. . . .. . . Smartsville . ... . . ... ..... . . . 1,200 July 1, 1903-0ct. 1, 1925 2l'.3
Bear River . . . . . . . . .. . .. . . .. ·Van Trent ....... ...... .. .. 262 Oct. 8, 1904-0ct. 1, 1925 21.0
American Riv er . . . .. .. . . . . . .. Fair Oaks. . .. .. .... ..... .. . 1,919 Nov. 4, 1904-0ct. 1, 1925 20.9
Cosumne s Riv er .. . . .. .... .. Michigan Bar .. .. . . . .. . . .. . . 534 Oct. 20, 1907-0ct. 1, 1925 17.9
Mok elumne Riv er . . .. . . . . . Clements ... . .. .. .. . . .. . . . . . 632 Oct. 28, 1904-0ct. I, 1925 20.9
Calaveras River . ... ..... . . . .. Jenny Lind . . . . . . .... .. .. ... 394 Jan . 1, 1907-0cl. 1, 1925 18.7
Stanislaus River . . .. . . . . . . . At Knight s Ferry __ __ ' . .. ... . 983 May 19, 1903-May 1,1916 ) 22.4
Stanislaus River . .. ......... Near Knights Ferry . . . . . . . .. 973 May 1, 1916-0cl . 1,1925
Tuo lumne River .. . .. . . .. .. . La Grange . . . . . . .. . . . . . . . . 1,543 Aug. 30, 1895-0 ct . 1,1925 30.1
Merced Riv er . . . .. ... . .. . .. . . Merced Falls .. ... .. . . . ...... 1,054 Apr. 6, 1901-Nov. 30, 1913}
Merced River . . .. . . .. . . .. . . . Exchequer .. . . . . . .. . . .. . .. . . 1,020 Nov. 28, 191f>-Nov., 1922 22.5
Merced River . . . . . .. ........

~;i~~~~~~r.. ~ : : : : : :.: : : :: : ::: :
1,034 Nov., 1922-0cl. 1, 1925

San Joaq uin River . . .. . . . . . . . 1,631 Oct. 18, 1907-0cl- 1, 1925 18.0
Kings River . . . . . .. .. . .. . . .. Sanger .. . . . . _.. . . . . . . . ..... 1,694 Sept . 3, 1895-0ct. 1, 1925 30.1
Kaweah River . . . . . . . . . . . . . . . . Thr ee Rivers . . . .. . . .. .. . .. . . 514 Apr. 29, 1903-0cl. 1,1925 22.4
Tu le River .. .. .. . . . . . . . . .. Porterville. . . . . .. .. . . . . . . . .. 264 May 1, 1901-0ct. I, 1925 24.4
Kern River . . .... .. '. .. . ... ' 00 Bakersfield.. . . . . . . . .. . . .. . . 2,410 Jan . 1, 1896-0 ct. 1. 1925 29.8
Stony Creek . .. . . .. . . . .. ... .. Froto . . . . . .. .. .. . . .. . . . .. . . 577 Jan, 30, 1901-0ct , 5, 1912\ 17.4
Stony Creek . . ... . . ... .. .... Orland . . . . . . . . .. . . .. . . . . . . . 636 Jan. 1, 1920-0ct. 1,19251
Putah Creek . . . . . . . .. . ....... Winters . . . .. .. . .. ... . . . . . .. 655 Oct. 1, 1905-0c t. 1, 1925 20.0
San Gabri el River . .. . .. ...... Azusa . .. . . . . . . . . . .. . . . . . .. 214 Aug. 1, 1895-0ct. 1, 1925 30.2
Santa Ana River . . . . . . .. . . .. . Ment one . . . .. . . . . .. . .... . . . 189 July 1, 1896-0ct. 1, 1914} 29.3
Santa Ana River . . . . .. . . . . . . . Mentone . . ..... . . . .. .. .. .. . 199 Oct. 1, 1914-0ct. 1,1925

After computing the v.olume of water in all flows exceeding cer tain
specified rates, determination was made for each successive day of every
flood of the empty reservoir space that would have been needed to
have absorbed, through the remainder of the flood, all water in excess of
the several specified rates of flow. Counts were made in each set of
computations pertaining to a sp ecified rate of controlled ,flow of the
number of times empty space in excess of various values was needed.
These counts were expanded by proportion to obtain the number of
occurrences had the records been a hundred years in length . The re la
tio ns disclosed by the data on the Sacramento, Mokelumne, San Joaquin
and San Gabriel rivers, the four streams selected for illustration, are
shown on Plates X, XI and XII, "Reservoir Space Required to Control
Floods.' ,~, 'I'hese present the relations established from the data
between reservoir space and the frequency with which it would be
surcharged if used to detain excess flood flows.

Th e horizontal scale on these three plates shows the number of days
in a hundred years that reservoir space in excess of the values indicated
on the vertical scale would be required in a reservoir to reduce floods
to the maximum r ate of flow specified on the curves. For convenience
of compar ison between the twenty st reams for which these computa-

• W ater Supply Paper No. 551 of the United States Geologica.l Survey, recently
published, places the maximum discharge of the Mokelumne River at Clements at
25 ,500 second feet. This is obtained by a p p l y in g the rating curve of the 1911 flood
to the gage h eights of 1907. The crest discharge o f the 1907 flood has been published
a s 17 ,000 second f eet in former publications including Water Supply Paper No. 299
in w hich are printed the daily di scharges of the 1907 flood . The figures c o n t a in e d in
W ater Supply Paper No. 29 9 h ave been used in preparing thi s v olu me. Should the
d aily discharge s of the 1907 flood be r evised by application of t h e 1907 gage heights
10 the 1911 rating curve, the increase in th eir values w o u ld be s o substantial as to
require a complete revision of the analyses of floods on the Moke lumne River con 
tained in this volume in order to make the a na.lys es harmonize with the increased
discharge v a lues.
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PLATE XI.
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tions were mad e, the values of r eservoir "pace wer e expressed in per
cent of the greatest daily run-off of a once-in-25-year flood. The rates
of flow were exp ress ed in per cent of the greates t daily rate of flow of a
once-in-So-year flood. 'I'he use of these units eliminates th e dimensions
of th e drainage area and permits the re ady comparison of da ta pertain
ing to all drainage ar eas, irresp ective of th eir size.

. Th e curves are drawn to express th e t rend of th e plo tted da ta .
Becau se of the gre ater ma ss of statist ics pertaining to th e smaller
flows, th e curves relating to th em are th e most clearly defined by th e
plotted points. 1'h e curves for th e larger flows ar e drafted by com
parison with th ose for the smaller ones as well as with those on other
st rea ms, while at the same time conforming to th e pl ott ed poin ts. Th e
data on some stream" plot closer to r egular curves tha n on others . In
determining the gene r al sha pe of t he cur ve" greate r weigh t was given
to these data , believing that the greater regular ity indicates fewer
departures from a gen eral r elation .

It may be observed that the plotted data determinin g th e parts of the
curves in zones of gre ater frequ enci es on the ri gh t of th e graphs
depart less from th e smoot h curves than in th e zones of smalle r fre
quenc ies on the lef t , where th e points are determined by a less' number
of floods. 'I'he point in each ser ies fa rthest to the left is computed
fr om th e largest flood during t he peri od of r ecord . Although it has
been r egarded as hav ing an average f requency of once in the period of
r ecord , it migh t well be a f1 00d of some oth er frequency th at happened
to occur within this group of years, since the r elation expressed by the
curves does not take th e sequence of flood sizes into account, but only
the avera ge interval of t ime between 'their occurrence. F'or this reason
th e per iod of r ecord may contain single floods or even groups of floods
that have actua l f requenc ies different from those indicated by their
chanc e occur rence within the period of r ecord. P oints r epresenting
such floods on th e graphs would be expec ted to depart from smooth
curves. Th e departure of points in th e zones of smaller fr equ enci es
toward the left on th e graphs is beli eved to be from this cau se.
'I'her efor e, in drafting the series of curves to represent th e average
tendency of occurrence, they were drafted neither to ave rage th e point"
nor to p ass through as man y as possible, bu t rather th ey wer e drafted
as curve" of r egular sha pe takin g th e most r easonabl e positi on r ela
t ive one to the other and to th e pl otted points and commensurate wi th
th e ind ications of th e dat a on all the othe r st re ams studied .

Re lation s estab lished .

Th e curves of Plates X , XI, and X II show the r elation between reser
voir space and the probable frequency with which spec ific values would
be surcha rged if used t o detain excess flood flows. Th ey yield informa
tion upon the degree of cer tainty with whi ch floods may be controlled
by reservoirs an d the reserve space ·needed for this purpose. Inter
sections of the curves on th e extreme left ver ti cal , indicate the r eserve
space that would be sufficient to detain flows in excess of th e values
specifi ed on the curves for all except one day of flood in a thousand
years. On this one day, the indicated r eserve space would fill and
water in excess of the specified maximum flow would have to be dis
posed of . This day may be one of either small or large flow following

i
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close upon the great flood that filled the reserve space in the reservoir.
'I'he only information yielded by the an alysis is that the reserve space
would be filled to overflowing. 'I'he amount of the overflow in excess
of the specified maximum discharg e might take any value greater than
zero with the greatest likelihood of it s bein g amon g the smaller values.

Inter secti ons of the curves with ver ti cals other than the one on the

RESERVOIR SPACE REQUIRED TO CONTROL FLOODS.

Maximum controlled Reservoir space in per cent o f greatest daily run-off
flow of once-in-25-ye ar flood

In per

Stream cent of
greates t Exceeded Exceeded Exceeded Exceeded Exceeded

daily rate In second- one day one day one day one day one day
of flow of feet in 1000 in 100 in 50 in 25 in 10
once-in- years years years years years
25-year
flood

- - - - - - - - - - - - - - - --- - ----
Sacramento River ncar Red Bluff .

10 24.900 1.200 1.190 1,180 1,165 1,135
20 49.800 620 580 563 548 519
30 74.700 320 282 267 249 223
40 99,600 198 154 140 126 104
50 124,500 148 105 92 78 58
60 149,400 121 80 66 51 32
70 174,300 102 62 ' 48 33 16

Mokelumne River near Clements** Rain-Water Floods.
20 "3,600 "1,000 "960 "940 "920 "900
30 5,300 322 278 260 237 203
40 7,100 240 189 172 151 119
.10 8,900 191 141 122 102 72
60 10.700 153 104 87 69 42
70 12,500 122 76 62 46 21

Snow-Water Floods,
30 5,300 250 I 230 I 220 211 195
40 7,100 50 40 36 30 23

~a ll Joaquin Riv er near Friant . . . . Rain-Water Floods.
20 "7,100 "1,320 "1,310 "1,300 "1,280 "1,260
30 10,700 243 209 188 168 131
40 14,200 188 154 138 122 94
50 17,800 150 120 106 90 67
60 . 21,400 123 94 81 68 48
70 24,900 101 74 62 50 32

Snow-Water Floods.
30 10,700 700

\

678

I
660 645 622

40 14,200 270 260 250 240 222
50 17,800 130 117 110 102 88
60 21,400 60 51 46 40 30

San Gabriel River near Azusa. . . . .
5 1,000 419 390 380 370 350

10 1,900 344 295 277 254 225
20 3,800 287 225 200 170 134
30 5,800 243 180 154 131 93
40 7,700 220 150 127 102 62
50 9,600 197 128 104 79 37
60 11,500 173 107 85 59 19
70 13,400 153 88 67 40 5

"Rain-water and snow-wate r floods.
"" Water Supply P aper N o . 551 o f the U n ited State s G e ol ogica l Surve y , recently

p ublishe d, place s the maximum di scharg e of the Mokelumne River a t C lements at
25 ,5 00 second f e et. This is obtained b y a p p ly in g the r ating c u r ve of the 1 911 fl ood
to t he gage h e ig h t s o f 1907. The c rest d is c h arg e o f the 190 7 floo d h a s b een p ublished
as 17 ,000 s econd f eet in fo rmer p ublications inc luding \ Va t e r S u p p ly P aper No, 2 9 9
in w h ich are p r in t ed the d ail y dis ch a r g e s of t h e 19 0 7 floo d . T h e figu r e s con tain ed in
\ Va ter S upply Pape r No. 2 99 h a v e bee n u sed in prepa r ing t his v o lu m e . S hou ld t he
d ail y di s cha r g e s o f th e 19 07 flood h e r e v is ed b y a p p lication of the 1907 gag e h eights
t o the 1 911 r a t ing c u rve, the increa s e in their v alues wou l d be s o s u bstant ia l as t o
r equire a complete r evision o f th e a n a lyses of floods o n the Mokelumne R iver c on 
t ained in this vol u me in orde r to m ake the a nalyses h armonize wi th the increa sed
d ischarg e valu es.
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ext reme left, indicate the probable f requency with which smaller values
of r eservoir space would fill to overflowin g while regulating to the
maximum flows spec ified on the curves. These smaller values of reser
voir space are indicated on the vertical scale opposite the intersections
while the f requencies are indi cated on the horizontal scale where cut by
the verticals in tersected.
Values determined.

The values of r eser ve reservoir space and the probable frequencies ..
wit h whi ch they would be filled to overfl owing while cont rolling floods
to the several speci fied rates ar e contained in th e foregoing ta ble for th e
four illustrativ e streams. 'I'he units employed are r elat ive to a once-in-
25-year flood and are id ent ical to those used on Plat es X , XI and XII.
. It may be observed in the foregoing t abl e that the relative space
required to control floods is not ext r emely di fferent on the several
streams for cont rol between 40 and 70 per cent of the once-in-25-year
flood. F or cont rol to less than 30 or 40 per cent of the once-in-25-year
flood, there is a sharp increase in the reservoir space requir ed on the
three northerly streams. On the San Gabri el, however, this sharp
in crease occurs for control to less than 10 or 20 per cent of the 'onee-in
25-year flood.

On all four streams, for r ain-wat er floods, very mu ch greater space is
req uired if the. probabili ty of cont rol is raised from an average excep
tional behavior of one day in 10 years to one day in 1000 years. For
control to 70 per cent of the once-in-25-year flood, the space increases
from 5 to 32 per cent for an average exceptional behavior on one day
in 10 yea rs t o 101 to 153 per cent for average exceptional behavior on
one day in 1000 yea rs. For control to 40 per cent of the once-in-25-year
flood the space increases from 62 to 119 per cent for exceptional behavior
on one day in 10 years to 188 to 240 per cent for exceptional behavior on
one day in 1000 years. These values in crease to over 1000 per cent
for control to less than 10 or 20 per cent of the once-in-25-year flood
on the three northerl y. streams and to over 400 per cent for cont rol to
less tha n 5 per cent of the once-in-25-yea r flood on the San Gabr iel.

The space required to control snow-water floods on the two illustrative
st reams on whi ch they occur is less than that r equired to control r ain
water floods except for r educt ions to less than 50 per cent of the once
in-25-year flood. Larger space is re quired to r edu ce the snow-water
floods to these smalle r rates of flow than to correspondingly reduce the
r ain-wat er floods. In genera l, the increase in space for ga ining greater
probability in control is less f or snow-wate r floods than for those from
r am,

While there is mu ch simila r ity on the four illust r ative streams in the
relative reservoir space re quired for flood control, the actual space in
acre-fee t is ver y different du e to the great varian ce in the size of the
four st reams. 'This varian ce in size is shown by the following table:

SIZE OF THE FOUR ILLUSTRATIVE STREAMS.

Drainage a!'ea
in s quare miles

R i v er
Sacram ento 9,258
Mokel u mne 632
Sa n J oaquin 1, 631
San Ga br iel - _______________________ 214

M ean seasonal
run-off i n
acre-feet

9,929,000
898, 00 0

2,057 ,00 0
147,000

Maximum fl ood
of 1'eeord--mean

daily fl ow in
s eco rui -feet

25 4,000
16 ,7 00
38,800
22 ,300
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'l'he actual rese rvoir space in acre-feet required to cont rol floods, cor
responding to the relative valu es her etofore presented, are given in the
following table. Th e maximum controlled flows are expressed in
second-feet:

RESERVOIR SPACE REQUIRED TO CONTROL FLOO DS.

Maximum controlled Reservoir space in acre -feet
flow

I n per

St ream cent of
greatest Exceeded Exc eeded Exceeded Exceeded Exceeded

dai ly rat e In second- one day aile da y one day one day one da y
of flow of feet in 1000 iJl'100 in 50 in 25 in 10
once-in - years years years year s years
25-year

flood
- --- - - - - - - - - - ------ - ----

Sacra mento Hiver nea r Red Bluff . •
10 24,900 5,926,000 5,876,000 5,827,000 ,0;,753,000 5,605.000
20 49.800 3,062,000 2,864,000 2,780,000 2,706,000 2,563,000
30 74,700 1,580,000 1,393,000 1,318,000 1,230,000 1,101.000
40 99,600 978,000 760,000 691,000 622,000 .';14,000
50 124,500 73 t ,000 518,000 454,000 385,000 286,000
60 149,400 597,000 395.000 326,000 252.000 158,000
70 174,300 504,000 306,000 237,000 163.000 7ll,000

Mokelumne River near Clement s'" Rain-Wal er Floods.

'20 3,600 353,000 339,000 332,000 325,000 318,000
30 5,300 114,000 98,000 92,000 84,000 72,000
40 7,100 85,000 67,000 61,000 ,, 3,000 42,000
50 8,900 67,000 50,000 43,000 36,000 25,000
60 10,700 54,000 37,000 31,000 24,000 IS,OOO
70 12,500 43,000 27,000 22,000 16,000 7,000,

Snow-W ater Floods.

30 5,300 88,000 I 81,000 I 78,000 74,000 69,000
40 7,100 18,000 14,000 13,000 11,000 8,000

San Joaqu in River near Frian t .. . . Rain-Water Floods.
' 20 7,100 932,000 925,000 918,000 ll04,000 8ll0,000
30 10,700 172,000 148,000 133.000 119,000 92,000
40 14,200 133,000 10ll,000 ll7,000 86,000 66,000
50 17,800 106,000 85,000 75,000 64,000 47,000
60 21,400 87,000 66,000 57,000 48,000 34,000
70 24,900 71,000 S2,00O H,OOO 3S,000 23,000

Sn ow-W al er Floeds.

30 10,700 494,000 I 479,000 I 466,000 455,000 439,000
40 14,200 191,000 184,000 177,000 169,000 157,000
50 17,800 92,000 83,000 78,000 72,000 62,000

Sa n Gab r iel River near Azusa . • • . .
60 21,400 42,000 36,000 32,000 28,000 21,000

5 1,000 160,000 149,000 145,000 141,000 133,000
10 1,900 131,000 112,000 106,000 97,000 86,000
20 3,800 109,000 86,000 76,000 65,000 51,000
30 5,800 93,000 69,000 59,000 50,000 35,000
40 7,700 84,000 57,000 48,000 39,000 24,000
50 9,600 75,000 49,000 40,000 30,000 14,000
60 11,500 66,000 41,000 32,000 22,000 7.000
70 13,400 58,000 34,000 26,000 15,000 2,000

*Rai n-wa ter and snow-wate r floods.

•• W ater Supply Paper N o. 5 5 1 of the U n ited States Ge olo g ical Survey, recently
publish ed, p la ces the m a ximum di scharg e of the Mokelumne Riv er a t Clements a t
25 ,5 0 0 s eco nd feet . This is ob t a in ed b y apply in g the r a tin g curve of the 19 11 flood
t o the gage h ei ghts o f 1 907. The crest d is ch arg e of t he 1 9 07 flood h a s be en p u blish ed
as 17,000 second feet in fo rmer publica ti on s including W a ter Supply P a pe r N o. 299
in which a re print ed the da ily d ischarges of t h e 1907 flood. T h e figures co nt a in ed in
W ater Supply Paper N o. 299 h ave been u sed in p r e paring this vo lu me. Should th e
dail y di s charg es of the 1 9 0 7 flood be r ev is ed by a p p li cation of the 19 07 gage h e igh t s
t o the 1 91 1 r ating cu r ve , the in crease in thei r va lues w ould be s o su bstan tia l as t o
r eq ui r e a com ple te r evi si on of the a nalyses of flood s on the Mokelumne R ive r con
t a in ed in this vo lu me in order t o m ake the a nalyses h a rmo nize with th e inc r ease d
d isch arge values. ~
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Variation in values w ith time of year a n d progressive rainfall index.

The reservoir space r equired to control floods deduced by the fo re
going ana lysis is the largest that may be needed under the ma ny cir
cumstances of flood occurrence. It was der ived from a disc ussion of all
r ecorded floods regardless of the t ime of year or the value of progressive
rainfall index with which they occurred. The reservoir space required
to control floods necessarily will vary with the time of year and va lue of
the progressive rainfall index in a way similar to the size of floods of
whi ch it is a function. 'I'his r elation of reservoir space required to con
t rol floods to the t ime of year and va lue of progressive r ainfall index
pa rallels so closely that of the size of floods which is fully presented in
Cha pter III, pages 29 to 50, that the plates setting forth th e cor respond
in g analys is in r espect to r eser voir space are presented without fu r ther
comment. Plates XIII and X IV, " Relation of Time of Year to Need
of Reservoir Space," are constr ucted in an identical way to Plates IV
and V, " Relation of 'rime of Year to Flood Occu rrence (pp. 30 an d
32). Likewise P lates XV, XVI and XVII, "Relation of P r ogressive
Rainfall Index to Need of Reservoir Space, " are constructe d in a way
identically parall el to Plates VII, VIII and IX , "Relation of P rogres
sive Ra infa ll Index to Flood Occnrrence" (pp. 44, 45 and 46) .

The limiting dates for the need of reser voir space to control floods
on the four ill ustr at ive streams are fo und to vary not more than 33 days
from the corresponding dates of flood occurrence (pp. 34 and 35) whi le
the culmi nating dates are not more than 11 da ys apart. Likewise the
limiting va lues of progressive rainfall index with which r eservoir space
is needed to control floods do not diffe r more than 16 points f rom the
corresponding va lu es with whi ch floods occur and th e greates t difference
in the most favorable values of th e index is 21 points. A complete
tabulation of these dates and values of progressive r ainfall index follow.
'I'hese tables are parallel in every respect to those r elating to flood
occurrence in Chapter II I (pp. 34, 35, 36, 48, 49 and 50) except that
"need of reserv oir space to control floods" is subst itu ted for" flood
occur rence. "

..

..

•

..
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PLATE XIII.

SACRAMENTO RIVER NEAR RED BLUFF

10,0001,00010010

Maxlfl1u:ncontrolled flow
Symbol

~~=n:,:;Socond fee'

30 1 4,100
0 40 99,600· 50 114,500· 60 149,400

aximum controlled flow to 'obtain
, 10 174 300

whic.h reservoir space is sometimes need-
ed SU nt to indicated dates.

- - .
I - 50% - ---

701G --;-~ -- - ,-- '- ~J12klimtor dates ~t "- "- o nee 0 reservoir
I-- . space o cntrol flcod, .
I-- nee reservoir
I-- space tocontrolfioo1, '/ v / , \. . .

• ./ Y ./...-
7 70 % ./ where data of two or

I more specifiedsizeso f

50 % .-:- f loware coincident,only
the symbol oflhe lar,gest
is shown. Anumera!

30 %- is placed at the Sid" r
~aximum conIrolled flow to obtain

such symbols which in-
ocate the ncm ber of

which reservoir spaceis sometimes need- symbols of ned lower
ed cr ie r to indica ted da tes . orde- represented~ it.

~tne

Jan

Apr;

Nov,

Mar

Aug

Sept

0,1

Ju ly

Dec.

May

Oct

Feb,

•

.,
SAN GABRIEL RIVER NEAR AZUSA

I MaxImumcontrolledfill,.
$jmbol

IZ;~~ S!<ondfe et

, 10 NBS10
30 5,6 00· 40 1,1 00

v 50 9,000· 60 11.50 0
70 13,4 00

~aXimum controlled flowto obIain I
whichreser'otlir space is sonetimes need- I
ed s ub u nt to indicated dates .

10% I

- - - ~ I ... , - .. ~- II
- _- - I - I I-r ll"}.+~:: .. - , I ~ I::J e I

- -'n i ..70 j7, = "1':'" -
L imt ng~ of

~~- "'- ofneed 0 reser....cir-- nee of re servoir y V N Spac.e 10controlFeeds- ' pace 10 control fIxxj, '. •
70% ? ...... • Where data of twoor

30 %
I mere scecfed sizes of
I floware comcident,only

10%
. the symbol of the largest
is shewn. Anumeral

~aXjmum controlled flow 10 obt

is placed at the Side of

ain
SUch symbols whith in·
dcates the number of

which reservoirspaceis sometimes need- symbols of nesttower
ed prior to indicated dates . order represcotec by II.

Jan

Aug

Mar,

Oct

Nov

June

May

April

Sept

0.1 I 10 100 1,000 10,000

Number of days in100 years onwhich some reservoir space is needed

J Uly

Dec.

Feb,

IRELATION OF' TIME OF' YEAR TO NEED OF RES ERVOIR SPAC E I
CURVES SHOW NUMBER OF DAYS IN 10 0 YEA RS ON
WHICH SOME RESERVOIR SPACE IS NEED ED PRIOR
AND SUBSEQUENT TO INDICAT E D DATES TO CONTRO L

FLOODS TO SPECIFIED MAXIMUM FLOW

•

Maximum controlled flow expressed In per cent of greatest daily rale offlow ofa once- in-25-year flood
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PLATE XIV.

MOKELUMNE RIVER NEAR CLEMENTS

• I
I

~ntffit,

- 1 ~pa,:g=1
rainwalerflcods

lmi inl dat
reservoir

space tocontrol
: ::J snow","' fJooo,s

-"-
,'-,..'...

- -<-

Maximum rontrolledfiow'forsnowwaterflood>to
obtain which reservoir space is sometimes needed
~SUb~t or~l2!"lor to indicated qares,

- -; 40 % -' - •
June -~~ ofneed -: -- .- - _

- reserwir space to cro ....
- 01 snowwat~lloods .

May : 40%

Apnl 30 %
~~f:f:m~50 % - :
P"i' 10%

Mar. H!rl,.....,-H+I-H+F ~

July

Feb f- lmhn. dates of need. t=~ac,e to (on·
r-r- trot rein water floods. .- .A,

Dec

Nov

_Ma:l.imum controlled flowfor rain water floodsto
oblai~~~~(]~i~~o~Si~~?e~d~~~~~S needed
~ i:;!;!,Qr to indicated dates.

Oct

Sept

0.1 10 100 1,000 10,000
II

SAN JOAQUIN RIVER NEAR fRIANT

Jut>'

Maximu"! controlled flow forsnowwaterfloods Io f+l-H--+-+-++-I-++H
obtain .....-hIm reservoir space's sometimes needed H:I:tt=+;=t=+:j::j:tt~Subsequent or l!!iQ!: to indicated dates. H---

hn ~'

June l-r- L!m~ dates ofneed
f-~ce to Cl:<1
,..- tml snowwater floods.

May ,60%

--- .- -· .... .. ..- x .... - I. · .. , ... ,
I ,. · ·

~W1nanngdate
Of reseror

space to control
snoHwaterfi

Dec.-j- 70%....\~
Nov 50%

OCt 30 %

Sept

_Maximumcontrolledflowforrain wall!rflooc to
oetai~uwhiCh re~~gir~lcM S:t~~~lt needed
~dicated dates .

April

Mar.
vr

Feb

., 30%

70"% _ -- ---- -•
· •
./

:/

Where data of two ri
more specifiedsizes of

-" Culminatin~ f--Oowarecoincident.only
()f .ll- " ornreaor7eserVOlf r- i~e~o~J ~I~~~r!er

, ~ space 10 control r- is placedattbeside~
rainwellerfloods.r- ~dl symbols which in

dicates the number of
':ljmbols ofned lower
orderrepresented~ it.

IMaximum COritrolied

Symbol r~of~~'fi~ Second feet

30 10,700
e 40 14,200
y 50 17,800
d 60 2 1,400
• 10 24.9 00

0,1 I 10 100 1,000 10,000

Number of days in100 years on which some reservoir space is needed

IRELATION OF' TIME OF YEAR TO NEED OF RESERVOIR SPACEl
CURVES SHOW NUMBER OF DAYS IN 100 YEARS ON
WHICH SOME RESERVOIR SPACE IS NEEDED PRIOR
AND SUBSEQUENT TO INDICATED DATES TO CONTROL

FLOODS TO SPECIFIED MAXIMUM FLOW

Maximum controlled flow expressed in per cent of greatestdailY rate offlow ofa once-in-25-yearflood
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PLATE XV,

SAN GABRIEL RIVER NEAR AZUSA

aximumcontrolled flowto obtain which reservoir
~:---1 ~pace is sometimes needed with values of pro-

'-/- gressive rainfall index or er indicated.

~
t"'lIod W

Symbol 'Secord feet

Il I 1,900

10,000

Where data .oftwc or

Mostfa~able YJj l ue of
prtl&e55IVera!l1talllndex
for Ihe needofreservoir
spacetocontrol floods.

Where data of two or
. more specifiedsizes of

floware co;nciden t,on~
_ thesymbolof the largest

IS shown A numeral
is placed at the sideof
SI..lcl1 symbols whit h ,n
dicates Thenumber of
symbolsofnext lower
order reoresentedbvit.

1,000100

. ..

..

I

10

10% --- " .. .
30 %
f-_ -
50 %
r-.

TIl % a , . ' •

m39
1ff=fMaximum controlledflow toobtain which reserI'Dir

s~:scs1v~ ~~~f;II~~ae~e1~~~ ~g~~ai~a;~C2.-

SACRAMENTO RIVER NEAR RED BLUFF

limit ing value1of
progressive ram all
indexbetweenwhich
reservoir space is
needed '" ccnlrol floods.

;,

300

w
~

-0
c:

200 -
~ -.
c: <,

'co
~

L..

Q)

> f--
' in r-
<1'> 100
~
'00
E IJI :

0-

0
0.1

•
400

;-

x 300 -Q)
-0 -,S -
~ -.c:
'ro

200~L..

Q)

>
'in -<J)
Q) -...... -'00

r~ 0 ==L..
0- 100

:7
~

RELATION OF PROGRESSIVE RAINFALL INDEX TO NEED OF RESERVOIR SPACE
CURVES SHOW NUMBER OF DAYS IN 100 YEARS ON WHICH
SOME RESERVOIR SPACE IS NEEDED TO CON TROL FLOODS
TO SPECIFIED MAXIMUM FLOW WITH VALUES. OF" PROGRESSIVE

RAINfALL INDEX GREATER AND LESS THAN INDICATED,

Maximum controlled flow expressed in per cent ofgreatest dailY rate offlow ofa once-in-25j ear flood

5- 52411
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PLATE ·XVI .

MOKELUMNE RIVER NEAR CLEMENTS

~
~

Symbol - Second feet

~
40 1. 100
50 8,900
60 10.100
70 12 500

Where dataof two or
more specified sizesof
floware coincident,only
thesymbol ofthelarteSt
is shown . A numera l
IS placedat the side of
ro symbols which in
dicatesthe number of
symbols ofned lower
orde- representedbyit.

Ifavorable value

inJe~gfa~s~~n~~d '~lt
reservoirspace facon
trol rain waterflcods.

I-

1,000 10.000

Maximum coolrolled flow
Symbol r;~~~~ISeCOl1d feet

• 18 I H~8

++++++
~ .

... . .

x 300
<1>

"0
C

~
Com
'- 200
<1>
>.iii
<J)
Q)
'-

'OJ)
0
L-

C- 100

~
a)( imUm controlled flow forsnow water

floods toobtain which reservoir spaceIS
sometimes needed with values of progress
ive rainfall index~ indic.aloo

- - 30% _
- 40 % --

- Umi1ir}~~ of progressive
- raiiil'aTnndex between which== ~~~~~?i~;g:C;aiie~efJ~~~ ::

30%
Malimum controlled flow for snowwater
floods toobtain which reservoir space is

~em~:i~~li~~~ i~~sv~h~~ i~&~l ~

Where data of two 0..-
_more specfied sizes of
. floware coi nc.iden~.on ly
the symbol oflhe lergest
is st-own. A numeral

- is placed at the side of
suchsymbols which in
dicates the number of
symbols ofnext lower
order reoreseoted by it.

Number of days in 100 yea rs onwhich some reserv~i r space is needed

IRELATION OF PROGRESSIVE RAINFALL INDEX TO NEED OF RESERVOIR SPACE I
CURVES SHOW ' NUMBER OF DAYS IN 100 YEARS ON WHICH
SOME RESERVOIR SPACE IS NEEDED TO CONTROL FLOODS
TO SPECIFIED MAXIMUM FLOW WITH VALUES OF PROGRESSIVE

RAIN FALL INDEX GREATER AND LESS THAN INDICATED.

Maximum controlled flow expressed in per cent ofgreatest dailY rate offlow of a once-in-Z5-year flood.
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PLATE XVII .

SAN JOAQUIN RIVER NEAR FRIANT
Maximum 'c;ootroIled flow

ymbol l~~~~~d Second feet
30 10,100
40 ' 4,200

~8 m88
10 24 ,900

70:;0 --- -~-... ..
...

~Qst ~ble value
pro l~raln all, index for the needrJ

./ . reservoir~c.etocon-. . . . frO rain wat.. floods.

a
0.1

10017-:

10,000

Where data of two or
roore specified sizesof
nowarecoincident,cny
thesymboloftr.Ia't'"
is shown. A numeral
is placedat the sideof
su:h symbols which io>
dicates the number of
symbols ofned lower
order represented~ it

ldaxinUIl controlled now
S)Ulbo l l~~fk:j Seccodfeet

30 10.100
o 40 14.200
y 50 17,800

60 2 1.400

1,00010010

aximumcontrolled flow for rainwafer
floods to obtain which roserwir spaceis
sometimesneeded withvalues rllJll8re5S
ive rainfall index greater than indicated.

t aximum controlle ow or rain Mer
. floods to obtain'which reservoir space is

s~~s~i~~e;arn7~r~n~~;h~0~~~.

170r.
50%
30%

- =

umi/ing values ofprogressi""

~
rain alllnaex between which
reservoir space is needed to
c.ontrol rain water floods.

1iS 300
-0
c::

~st favorablev~ lue
o pro~ress~ rainfall
index for !he nW!.~
reservoir space to~ '
to!SIlJftwat,r flood

Where data of twoor
morespecified sit es of
noware coincident,only
the 'Jmbolof the ~rt<st
is~. A numeml
is peced at the side fi
suchsJmbol~ which in'
dcates the number of
SJffibols r:fned lower
order,;..,; eel ;1.

... .
. .- L '

xmom controlledflow forsnow watu
floods toobam which reservoir spaceis
sometmes needed with values of prog",ss
ive rainfallIndex 1 indicated .

30); - -
60% -- .
60%

30",%

L-- llmitl~ val". s ofpro8ressi'le
rainanmcex between which
reservcir space is needed to
control snow water floods.

o
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Number of days in100years on which some reservoir space is needed
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IRELATION OF PROGRESSIVE RAINFALL INDEX TO NEED OF RESERVOIR SPACE I
CURVES SHOW NUMBER OF DAYS IN 100 YEARS ON WHICH
SOME RESERVOIR SPACE IS NEEDED TO CONTROL FLOODS
TO SPECIFIED MAXIMUM FLOW WITH VALUES OF PROGRESSIVE

RAINFALL INDEX GREATER AND LESS THAN INDICAT ED.

Maximum controlled flow expressed in per cent ofgreatestdaily rate offlow of a once-In- 25-year flooc



LIMITING DATES FOR NEED OF RESERVOIR SPACE TO CONTROL FLOODS ON SACRAMENTO RIVER.

Maximum cont rolled flow Opening dat es Closing dates
near Red Bluff

Frequency with which some reservoir space is needed Frequency with which some reservoir space is needed
In per cent prior to ta bula ted da tes subsequent to tabu la ted dates
of great est
dail y rate In second-
of flow of feet

One day I One day On. day One day One day One day I One day One day One day One daycnce-ln-zs-
year flood

in 1000 years in 100 years in 50 years in 25 years in 10 yea rs in 1000 years in 100 years in 50 years in 25 yea rs in 10 years

30 74,700 Oct . 14 Oct . 21 Oct . 25 Nov. 1 Nov . 11 May 13 May 7 May 3 Apr. 28 Apr . 1.9
40 99,600 Oct . 26 Nov. 3 Nov. 8 Nov. 15 Nov. 27 Mal' 1 Apr . 23 Apr . 19 Apr. 14 Apr. 4
50 124,500 Nov. 6 Nov . 15 Nov. 21 Nov. 29 Dee. 14 Apr. 22 Apr. 13 Apr. 8 Apr. 2 Ma r. 21
60 149,400 Nov . 15 Nov. 26 Dee. 3 Dec. 13 Dec. 31 Apr. 14 Apr. 5 Mar. 31 Mar . 23 Mar . 8
70 174,300 Nov . 23 Dee. 6 Dee. 15 Dec. 27 Ja n. 20 Apr. 8 Mar . 30 Mar. 24 Mar . 14 Feb. 20

LIMITING DATES FOR NEED OF RESERVOIR SPACE TO CONTROL FLOODS ON MOKELUMNE RIVER.

Maximum controlled flow Opening da tes Closing da tes
near Clements -

Frequency with which some reservoir space is needed Frequency with which some reservoir space is needed
In per cent prior to tabulated da tes subsequent to ta bula ted dat es
of greatest -dail y rat e In second-

I I I
of flow of feet One day One day One day One day One day One day One da y One day . One day One dayonce-in-zfi-
year flood in 1000 years in 100 yea rs in 50 years in 25 years in 10 years in 1000 years in 100 years in 50 years in 25 years in 10 years

I Rain-Wa ter Floods.

30 5,300 Nov . 6 Nov. 13 Nov. 17 Nov. 23 Dec. 3 Apr. 25 Apr. 22 Apr . 21 Apr. 19 Apr. 15
40 7,100 Nov. 19 Nov. 26 Dec . I Dec. 8 Dec. 20 Apr . 20 Apr . 17 Apr. 16 Apr. 13 Apr . 6
50 8,900 Nov . 30 Dec. 8 Dee. 14 Dee. 21 J an . 4 Apr . 15 Apr . 12 Apr . 10 Apr . G Mar. 26
60 1'0,700 Dec. 9 Dec. 18 Dee. 25 J an . 3 J ail. 21 Apr. 10 Apr . 5 Apr. 2 Mar. 27 Mar . 10
70 12,500 Dec. 17 Dec. 28 J an. 5 J an. 16 . . . . . . . . . . . . . . Apr. .5 Mar. 29 Mar . 24 Mar. 13 . . . . . . . . . . . . . .

Snow-Water Floods .

30 5,300 Apr . 21 Apr. 22 Apr . 23

I
Apr. 24

I
Apr. 25

I
Ju ly 16 Jul y 14 J uly 12 J uly 11 J uly 8

40 . 7,100 May 7 Ma y 9 May 11 May 13 May 18 Jul y 10 Jul y 7 Ju ly 5 J uly 2 Ju ne 28
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LIMITING DATES FOR NEED OF RESERVOIR SPACE TO CONTROL FLOODS ON SAN JOAQUIN RIVER.

LIMITING DATES FOR NEED OF RESERVOIR SPACE TO CONTROL FLOODS ON SAN GABRIEL RIVER.

Maximum controlled flow Opening dates Closing dates
near Friant

Frequency with which some reservoir space is needed Frequency with which some reservoir space is needed
In per cen t prior to tabulated da tes subsequent to tabulated dates

~af[;~~~~t In second- I I I I I
o~~~i; 2£ feet One day One day One day One day One day One day One day One day One day One day
yea; fl~o~- in 1000 year s in 100 years in 50 years in 25 years in 10 years in 1000 years in 100 years in 50 years in 25 years in 10 years

Rain-Water Floods.

30 10,700 Sept. 30 Oct. 16 Oct. 22 Oct . 31 "Nov. 15 Apr. 15 Apr. 10 Apr. 7 Apr. 3 Mar . 25
40 14,200 Oct . 17 Oct. 31 Nov. 8 Nov. 17 Dec. 1 Mar. 31 Mar . 26 Mar. 23 Mar. 18 M.r.9
50 17,800 Nov. 2 Nov. 15 Nov. 21 Nov . 30 Dec. 14 Mat . 20 Mar . 15 Mar . 12 Mar . 7 Feb. 24
60 21,400 Nov . 16 Nov. 28 Dec. 4 Dec. 12 Dec. 27 Mar. 12 Mot . 7 Mar . 4 Feb. 27 Feb. 15
70 24,900 Nov. 29 Dec. 10 Dec. 16 Dec. 24 Jan. 8 Mar. 5 Feb. 28 Feb. 24 Feb. 19 Feb. 5 .

--- - ---

Snow-Wate r Floods.

30 10,700 Mar . 19 Mar . 20 Mar . 22 1 Mar . 23 I Mar. 26 I Ju ly 30 J uly 26 July 25 J uly 22 July '19
40 14,200 Apr. 24 Apr. 25 Apr. 27 Apr. 28 May 1 July 21 July 17 July 16 July 13 July 10
50 17,800 May 7 May 8 May 9 May 11 May 15 Jul y 14 July 10 J uly 9 Ju ly 6 July 2
60 21,400 May 14 May 16 May 17 May 20 May 26 July 9 July 5 Jul y 3 June 29 J une 19

Ma ximum controlled flow
near Azusa

Opening da tes
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One day
in 10 years

One day I
in 25 years

One day I
in 50 years

Closing dates

One day
in 100 years

Frequency with which some reservoir space is needed
subsequent to tab ulat ed da tes

One day
in 1000 years

One day
in 10 yearsl

One day
in 25 years

One day
in 50 years

One day
in 100 years

Frequ ency wit h which some reservoir space is needed
prior to tabulated date s

One day
in 1000 years

In second
feet

In per cent
of great est
daily rate
of flow of

once-in-So
year flood

10
20
30
40
50
60
70

1.900 Oct . 27 Nov. 3 Nov. 6 Nov. 11 Nov. 19 Apr. 19 Apr . 17 Apr. 14 Apr. 12 Apr. 7
3,800 Nov. 7 Nov. 15 Nov. 19 Nov. 25 Dec. 5 Apr. 13 Apr. 9 Apr. 7 Apr. 3 Mar . 27
5,800 Nov. 16 Nov. 25 Dec. 1 Dec. 7 Dec. 20 Apr. 8 Apr. 3 Apr. 1 Mar. 27 Mar . 19
7.700 Nov. 24 Dec. 4 Dec. 11 Dec. 19 Jan. 4 Apr. 2 Mar . 29 Mar . 26 Mar . 20 Mar . 9
9,600 Nov. 30 Dec. 12 Dec. 19 Dec . 29 Ja n. 18 Mar . 30 Mar . 24 Mar.2U Mar . 13 Feb . 24

11,500 Dec. 5 Dec. 18 Dec. 27 Jan . 8 Feb. 1 Mar. 24 Mar . 18 Mar. 13 Mar . 5 Feb. 7
13,400 Dec. 9 Dec. 25 Jan. 4 Ja n. 17 ... ...... .. .. . Mar . 20 Mar . 13 Mar . 6 Feb. 23 . .............

cs
~
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CULMINATING DATE FOR NEED OF RESERVOIR SPACE TO CONTROL
FLOODS. • It-

San Joaquin River
near Friant

Maximum
controlled Bow

In per cent of
greatest daily rate

of flow of
oncc- in-25-year

flood

10
20
30
40
50
60
70

Sacramento
River

near Red
Bluff

Feb. 4
Feb. 4
Feb . 4
Feb. 4
Feb. 4

Date

Mokelumne River
ncar Clements

Rain-water I Snow-water
floods floods

... 'F~b: '22 '~i":y '2S .
Feb. 18 Ju ne 7
Feb . 15 .
Feb . 14 .
Feb. 12 ..

Rain-water
floods

.. . 'j":~: 'IS' "
Jan . 19
Jan. 20
Jan. 21
Jan . 22

Snow-water
floods

May 26
June 4
June 5
Ju ne 6

San Gabriel
River

near Azusa

Feb. 7
Feb. 7
Feb. 7
Feb. 7
Feb. 4
Feb. 4
Feb . 4

..

SACRAM ENTO RIVER.

LI MITING V ALUES OF PROGRESSI VE RAI NFALL INDEX* BETWEEN
WHICH RESERVOIR SPACE IS NEEDED TO CONTROL FLOODS.

Maximum controlled Minimumindex values Maximum index values
flow near Red Bluff

Frequency with which some reservoirspace is Frequency with which somereservoirspace is
I n per needed, with progressive rainfall index needed. with progressive rarnfall index
cen t of less than values tabulated greater than values tabulated
greates t Inda ily rate second-of flow of feet One day One day One day One day One day One day One day One day One day One dayonce-in-
25-year in 1000 in 100 in 50 in 25 in 10 in 1000 in 100 in 50 in 25 in 10

flood years years years years years years years years years years

- - - - ---- --- - - - --- - -- - - - - - - - - - - - - - - - -
30 74,700 42 47 49 52 58 212 206 202 197 188
40 99,600 46 51 54 58 65 205 199 194 188 178
SO 124,500 50 56 59 64 72 199 101 186 179 164
60 149,400 54 60 64 70 81 193 183 177 167 148
70 174,300 57 64 68 76 95 188 176 168 155 127

' At Rod Bluff rainfall sta t ion.

.,

"

,.
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MOKELUMNE RIVER.

LIMITING VALUES OF PROGRESSIVE RAINFALL INDEX' BETWEEN
WHICH RESERVOIR SPACE IS NEEDED TO CONTROL FLOODS.

Maximum controlled
Bow near Clements

Minimum index values Maximumindex values

One day One day One day One day One day One day One day One day One day One day
in 1000 in 100 in 50 in 25 in 10 in 1000 in 100 in 50 in 25 in 10
years years years years years years years years years years

In per
cent of
greates t

daily rate
of flow of
once-in
25-year
flood

In
second

feet

Frequency 'wit h which some reservoirspace is
needed, with progressive rainfall index

less than values tabulated

Frequency with whichsome reservoirspace is
needed, with progressive rainfall index

greater than values tabulated

- - - -1- - --1- - - - - - - -----.- - - - - - --- - - - - - - - -

Raln-Waler Floods.

30
40
50
60
70

5,300
7,100
8,900

10,700
12,500

50
56
62
68
74

55
61
67
74
81

58
64
71
78
86

Snow-Waler Floods,

228
213
198
185
172

222
207
191
177
163

215
199
183
168
151

204
186
169
150

'At Elect ra rainfall sta ti on....

30
40

5,300
7,100

67
83

68
84

69
85 70 I86

72

1
89 164 I156

163
154

162
153

161
151

159
149

..

SAN JOAQUIN RIVER.

LIMITING VALUES OF PROGRESSIVE RAINFALL INDEX' BETWEEN
WHICH RESERVOIR SPACE IS NEEDED TO CONTROL FLOODS.

Maximum controlled Minimumindex values Maximum index values
flow near Friant ..

In per
Frequencl withwhich some rcservoirspacc is Frequency with which some reservoirspaceis

neede . with progressive rainfall index needed, with progressive rainfall index
cent of less than values tabul ated greater th an values tabulated
greatest

daily ra te In
of flow of second- One day One day One day One day lo ne day One day lo ne day One day lo ne day One day
once-in- feet in 1000 in 100 in 50 in 25 in 10 in 1000 in 100 in 50 in 25 in 10
25-year years years years years years years years years years years

flood
--- - - --- -

Raln-Waler Floods,

30 10,700 45 47 49 52

I

59

I

190

[

185 183 179 173
40 14,200 53 55 57 60 70 186 181 179 175 167
50 17,800 60 62 65 68 79 182 177 174 170 160
60 21,400 66 69 71 76 89 179 173 170 164 151
70 24,900 71 74 77 83 101 176 169 164 157 140

Snow-Waler Floods.

30 10,700 60 62 64 65

I

68

I

150

I
148 147 146 144

40 14,200 69 71 73 74 77 143 140 139 137 135
50 17,800 77 80 82 84 88 138 134 133 131 128
60 21,400 84 88 91 94 101 134 129 127 125 119

•At Fresoo rain fall st ation.
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SAN GABRIEL RIVER.

LIMITING VALUES OF PROGRESSIVE RAINFALL INDEX· BETWEEN
WHICH RESERVOIR SPACE IS NEEDED TO CONTROL FLOODS.

Maximum cont rolled Mi nimum index valu es Maximum index va lues
flow near Azusa

I n per
Frequency with which some reservoir space is Fr equency with whic h some reservoir spac e is

needed, with progressive rainfal l index needed, with progressive rainfall index
cent of less than values ta hulated greater than va lues tabula ted
greatest

daily ra te In
of flow of second-

One day lo ne day One day One day One day One day One day lo ne day One day lo ne dayonce-in- fee t in 1000 in 100 in 50 in 25 in 10 in 1000 in 100 in 50 ill 25 in 10
25-year years years years years years years years years years years

flood
- - - --- - - - - - - -

10 1,900 27 30 32 35 40 294 282 277 270 257
20 3.800 35 39 41 45 51 279 264 256 245 226
30 5,800 42 47 49 53 61 265 248 238 226 203
40 7.700 48 54 57 63 78 252 233 222 207 181
50 9,600 54 59 66 77 102 241 219 206 189 158
60 11,500 58 66 76 90 127 230 205 191 173 133
70 13,400 63 73 86 106 . . . . . .. . 220 193 178 156 ........

*At Claremont rainfa ll st a tion.

MOST FAVORABLE VALUES OF PROGRESSIVE RAINFALL INDEX FOR
NEED OF RESERVOIR SPACE TO CONTROL FLOODS.

Maximum Mokelumne R iver San J oaquin Hiver
con trolled flow ncar Clements near Friant

Sac ramen to Sa il Ga briel
In per cent of River It iver

ncar Red
grea~efs~~~i ~Vf ra te , Bl uff

near Azusa
Rain -wa ter Snow-water Rain- wa ter Snow-wat er

onee-in-Ss -year floods floods floods flocda
flood

10 ...... ... ..... . . . . . ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . .. . . 12Z
20 .............. . . . .. .... . ... . . .. .. . . . . ... .. . . . . . . . . . .. . . . . . . . .. . ... ... . 117
30 110 130 120 122 110 l ZI
40 110 129 120 122 UO 125
50 110 128 . .. . . . . . . . . . .. 122 110 128
60 111 128 ......... . . . . . 122 110 130
70 110 125 . .. . . . . . .. . . . . 122 . ... .. .. . . . .. . 181
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THE RESERVOIR OPERATING DIAGRAM FOR CONTROLLING
FLOODS.

P r in ciples of operating reservo irs fo r contro ll ing floods .

Th e use of r eservoirs for flood control in California, being of com
paratively r ecent date; ha s not been standardized by the engineering
profession. The practi ce varies. In general, r eservoirs now in use for
flood control have allotted either the entire or a specific part of their
capacity for this purpose alone. The usual method of operation is to
hold this ent ir e space empty at all times except as it may be tempo
rarily filled while detaining excessive flood flows and the water that
accumulates while thus cont rolling floods is r eleased as soon as the
streams subside in ord er that this space may be empty for the control
of the run-off of subsequ ent storms. Any water that is retained in
stora ge is held upon the predi ction of the reservoir operators that the
space occupied by it will not be needed again that season for controlling
floods.

Th e prediction that floods will not occur again in an y season involves
an est imate of future weather condit ions, the most uncertain of all
events . When wat er is stored in flood control r eservoirs on such an
est imate , an er r or r esults in failure in control of subsequent floods
becau se the r eservoir space needed to detain excessive r at es of flow
would already be filled with water held from the first st orm. Failure
in the contr ol of floods mean s the loss of property and somet imes of
human life. W ere this danger not r eal , flood control r eserv oir s would
not be built. For matters of such importance, it would seem unsafe to
rely upon the judgment of operators in the most un certain of predi c
t ions, especially since th e decision s of gravest moment must be made
during' the stress of large floods, The ri sk of an error in judgment
under th ese circumstances is too great for attainin g surety in protec
ti on. For this r eason the use of flood cont rol r eservoirs for conserva
tion purposes generally has not been looked upon with fa vor.

For a like r eason , many eng ineers propose the exclusion of manually
oper at ed gates on the outlets of flood control r eservoirs. Content ion
is made that the risk is great in relying upon human activity of any
kind during critical periods; rather, they would have the reservoir
di scharge its water and empty automatically through ports in the dams
with fixed openings. This view, however, would seem to .be somewhat
extre me, for it is now common practice to place manually operated
ga tes in the spillways of r eservoirs. These are closed toward the end
of th e run-off season in ord er to utilize the top layers of .the reservoir
for stor ing water . Th ey are opened again after the summer's draft
has lowered the r eservoir level, bu t before th e next season's rains.
Should the att endants fail to open these gates, th e capacity of th e spill
way would be destroyed and a fa ir -sized flood would overtop th e dam.
I n spite of this danger , r eliance is placed on the manual operation of
th ese gates to clear the spillway prior to the occurrence of a flood.
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The manual operation of ,cont r ol mechanism is customary in many
other lines of endeavor where the safety of life and property is involved,
especially in our transportation system. Custom relies upon hand
controlled signals, valves and steering apparatus for the safety of life
and property in all modes of transportation. Dispatchers, tower men,
engineers of railroads, auto-bus drivers, and captains of ocean-going
vessels, in the faithful and exact performance of their duty, hold within
their hands the safety of millions of passengers and vast wealth. 'I'hese
men are required to operate apparatus under guiding rules. Judgment,
other than that necessary for applying the guiding rules, is not needed.
Because of the many successful years of the operation of our trans-"
portation systems on both land and water, it would seem that the man
ual operation of apparatus under guiding rules is quite safe. By
analogy, therefore, it would not seem necessary for safety to exclude
the use of manually operated gates on the outlets of flood control reser
voirs, provided that guiding rules, definite and enforcible, be laid down
for their opening and closing.

Without gates controlled by hand on the outlets of flood control
reservoirs, a coordinated use of their space for both flood control and
conservation is impossible. Gates that may be closed when desired
are necessary in order that flood control reservoirs may store water for
any length of time. 'l'herefore, the safe use of the same reservoir space
for both flood control 'and conservation is contingent upon working
out definite guiding rules for opening and closing the outlet gates that
do not employ judgment in their execution and that can be enforced.

Rules for opening and closing reservoir outlet gates that will control
floods with certainty may be worked out easily enough if no attempt
is made to avoid inter fer ence with the conservation values of the reser
voirs, To produce rules, 'however , that will hold sufficient reservoir
space empty during the flood season to assure the successful control of
floods while at the same time releasing this space as the season pro
gresses so that it may fill with water before the end of the run-off season,
is a complex undertaking, It has been the purpose of these investiga
tions to develop the principles upon which such rules might be scien
tifically constructed and, by way of illustration, to construct several
rules, te st their accuracy and determine their effect on conservation.
'I'hese principles have been developed in the foregoing chapters. The
construction of the rules, the test of their accuracy and the determina
tion of their effect on conservation occupy this and the concluding
~~~, '

The reservo ir operating diagram.

It has been pointed out in the preceding chapters, that the same
amount of reservoir space is not needed for controlling floods at all
times during a season nor in all seasons, 'I'he amount of space needed
under the many circumstances of time of year and type of season is '
determined by the analysis of the need of reservoir space for controlling
floods described in the previous pages. In general, the amount of space
needed for detaining excessive flood flows so that only limited amounts
pass the reservoir increases from zero in the early fall to a maximum
in midwinter and then, as the season progresses, decreases to zero in
the forepart of summer. It also fluctuates with the normalcy of the
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season's precipitation. In general, summarizing the deductions of the
first four chapters, when the seasonal precipitation to date is less than
half or more than double normal, large floods do not occur. Under
these conditions, res ervoir space is not needed for flood control regard
less of the time -of year. It is needed in the largest volume when the
precipitation to date is between normal and 50 per cent above. The
largest floods occur under th ese circumstances and the maximum reser
voir space is then required for controlling floods. Space in amounts
intermediate between zero and the maximum is necessary when the
seasonal precipitation to date is between 50 and 100 or between 150
and 200 per cent normal. The exact value of these requ ir ement s
varies with each stream and the degree of control desired.

The amount of res ervoir space required under the many variant cir- .
cumstances of time of year, type of season, and degree of desired control
may be specifically de rived through analyses' similar to the ones in the
preceding chapters. Having determined these amounts, rules may be
laid down that will release the space required for flood control as soon
as its need for that purpose has passed. This space may then fill for con
servation. The dependability of such rules .for controlling floods rests
upon the selection of adequate amounts of space to be held empty
during the flood season. Their value to conservation rests upon the
immediate release of this space for filling as soon as its need for flood
control has passed. Thus, the determination of the amount of space
that should be held empty during the flood season and of the time
that all or part of it may be r eleased safely for filling is the foundation
for formulating rules for the combined use of the same reservoir space
for both flood control and conservation.

The rules, as devised by this investigation, are expressed in the form
of graphic diagrams which show the amount of r eservoir space that, for
the circumstance existing on any current day, should be empty in order
to assure the degree of flood control desired. The reservoir outlet gates
would be opened or closed daily as may be necessary to provide within
24 hours the required empty space indicated on the diagram. The
gates would be op ened when this space is less than indicated and the
discharge through th e outlets is less than the desired maximum con
trolled flow. The gates would be closed wh enever the empty space in
the reservoir is greater than indicated on the diagram. All inflow to
the reservoir would then enter storage except as water may be with
drawn for some useful purpose.

These graphic rules are called "Reservoir Operating Diagrams for
Controlling Floods." Each diagram applies to a particular stream
and to a particular degree of control. The degree of control is
expressed by the maximum controlled flow desired at some point of
measurement and the probability that this will not be exceeded. This
probability is measured in the analyses herein described by the number
of days in an average hundred years on which greater flows may occur.
The greater the assurance of perfect control, the larger is the amount of
reservoir space required and the longer is the period during which it
should be held empty. Practical values in accord with the danger to
life and property must be selected for design purposes in each instance.
For sparsely settled rural lands, it is thought that adequate protection
would be had if the desired maximum controlled flow were exceeded on
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an average not oftener tha n one da y in 25 years, whil e for very thickly
populated territory, it probably should not be exceeded oftener than
one day in a thousand years or more.

After selecting the degree of control desired, a r eservoir oper ating
diagram for controlling floods may be constructed for any stream from
the analyses of its flow measurements. 'I'his diagram would apply only
to reservoirs having drainage areas between th em and th e poin t of
measurement that do not produce floods greater th an the selected
maximum contr olled flow. In r eleasin g water from reservoirs located
upstream from the poin t of measurement , the amount would be gov
erned by the flow at the point of measurement. The release f rom the
rese r voir would be lim ited to an amoun t that, combined with the natural
run-off from th e drai na ge ar ea downstream , would not exceed the
des ired cont rolled flow at the point of measurement .

The analyses of stream flow data required for th e const ruction of a
rese rvoir oper ating diagram are id entical to those described in Chapter
IV. 'I'he analyses there described of th e stream flow data on the Sacra
mento, Mokelu mne, San Joaquin and San Gabriel rivers furnish infor
mation for th e construction of reservoir operating diagrams for any
desired degree of flood contr ol on these fou r streams. 'I'he construction,
from th is information, of a diagram for one selected degree of contr ol .
on each of th e four st reams is described in th e following .pages of
this chapte r .

F'or convenience in working with these diagrams, th e use of th e name
" pr ogress ive rainfall index" that r epresents the normalcy of seasonal
precipitation in the ana lyses of Cha pters III and I V ha s bcen con
tinned . It is th e ratio of the precip it ation from ,Tuly 1st up to any
current day in a season to the normal precipitation for the same period.
Its va lu e ehanges daily as the season progresses. .

In using the diagrams, it is necessary to maintain a r ain gage in
order to obtain the cur rent value of the progressive rainfall index.
This gage should be r ead and th e value of the progressive r ainfall
index computed on each day. Th e diagram should be entere d with
this value and the amount of space r ead-off that should be empty at
the end of the current day. Th e outlet gates should t hen be regulate d
to obtain this empty space so far as may be done without causing a
flow at the poin t of measurement greater than the desired maximum.
If th e r eservoir outlet gates were so regulated daily , by r eason of the
method of constr uct ing t he diagram, th e. reservo ir would not be expected
to fill to over flowing except at th e average intervals contemplated in
the selection of the deg-ree of probable control. At these average inter
vals the reservoir would be exp ected to overflow whi le the maximum
controlled flow is passing the point of measurement . Thus, th e maxi
mum controlled flow below the reservoir may be exceeded by the amount
of this overflow at the average in tervals select ed in the construction of
the diagram . The amount of the over flow migh t be anything larger

.than zero with the greatest lik elihood of its being among the smaller
values.

Reservoir operat ing diag ram for co ntroll ing floods on S acramento R iver.

Plate XVIII, "Rescrvo~r Operating Diagram for Controlling Floods
on Sacramento River, " presents in graphic form the rule fo r operating
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a reservoir on the main Sacramento River in order to limit the flow
in the channel near Red Bluff to 125,000 second-feet . It indicates the
space in the r eservoir that should be empty in order to detain run-off
in excess of this desired r egulated flow for all conditions of previous
rainfall on every day of th e season . Th e amount of space that should
be empty changes with th e time of year and the normalcy of the season's
precipitation as shown by th e value of th e progressive rainfall index.
A maximum of 454,000 acre-feet is required to be empty in th e fore ..
part of February if th e precipitation up to that time is 10 per cent
abov e normal. On preceding and sub sequ ent days th e space r equired
becomes less until prior to November 21st and sub sequ ent to April Sth ,
no space is needed at all. Th e r equired space also becomes less for
seasonal precipitation to date either larger or smaller than 10 per cent
above normal and r eaches zero for precipitation greate r t han 186
per cent or less than 59 per cent normal.

Had there been a re servoir in exist ence and operated in accord with
this diagram through the thirty years of stream flow record on the
Sacramento Riv er, th e flow at Red Bluff would not have exceeded
125,000 second-feet at any time. Even the greatest flood of record
on F ebruary 3, 1909, which reached a cr est discharge of 278,000 second
fee t, would have been limited to a flow of 125,000 second feet , 153,000
second-fe et less than th e actual occurrence. Although cont rolling floods
to this discharge, the d iagram holds space in th e r eservoir empty no •
long-er than necessary. Thus, th e rule of reservoir operation laid down
by this diagram interferes as littl e as possibl e with th e use of the reser-
voir for conservation. .

Th e diagram applies to any r eservoir of mor e than 454,000* acre- ,
feet capacity that might be constructed on the main Sacr amento River
between the Red Bluff gaging station and th e K ennett r eservoir site
near th e confluence with the Pit Riv er . It does not apply to r eservoirs
further upstream than Kennett because it is estimated that a flood as
large as 125,000 second-feet may originate on the drainage area down-
stream from K ennett but tributary to the Red Bluff gaging station.

The values of the progressive rainfall index used in the construction
of the diagram were computed from the r ainfall r ecords of th e United
States W eather Bureau at Red Bluff. t Th ese values are marked on
the curved lines of th e diagram. Black lines are used for values of
110 or less and red lines for greater values. 'I'he intersections of th e
curved lines with the horizont al date lines indicate on th e lower scal e
the amount of empty space needed at any time. Th e diagram assumes
that th e reservoir outlet gates will be open ed or closed daily as may be
necessary to provide as nearly as possible within 24 hours without
causing the desired r egulated flow to be exceeded, the empty space
indicated on th e diagram for the current day and value of progressive
rainfall index. If th e r eservoir were located upstream from Red Bluff,
the r elease through th e outlet ga tes would be limited to amounts that
would not exceed 125,000 second-fee t after combining with the run-off ~

from the drainage area betwe en th e reservoir and Red Bluff.
• The reservoir spa ce n eeded for flood con t r ol in a d d ition t o 454 ,000 a cr e-f ee t is

that which would furn ish the minimum op er a ti n g hea d on the r ese rvoir ou tl e t s to dis
charge 12 5,000 second- feet.

t R ed Bluff is one of the p r incip a l s tations in pr eci p itation d iv isi on B of which m ost
of the flood producing a r ea of the Sa cra m en t o D ra in a g e Basin is part. See Chap. II,
Bul. 5, "Flo w in Ca li forn ia Strea ms," iss ued by the D ivision of E ngineering a nd I r ri
gation, State D epartm ent of P u b li c 'Yorks .
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The degree of control selected for construction of the Sacramento
River diagram contemplates that the desired regulated flow may be
exceeded on an average of one day in fifty years. This was used in
taking values off the charts of Chapter IV for constructing the diagram.
The maximum reservoir space required under the most severe circum
stances is taken from Plate X , p. 55. In the upper figure on this plate,
reading the 50 per cent curve (124,500 second-feet), it is found that
reservoir space in the amount of 92 per cent of the greatest daily run-off
of a once-in-25-year flood (454,000 acre-feet) is sufficient, on the aver
age, to control floods to 125,000 second-feet maximum flow at Red Bluff
on all but one day in fifty years. The time at which this maximum
space is required is taken from the upper figure of Plate XIII, p. 63.
The intersection of the full and dotted-line curves labeled 50 per cent
(124,500 second-feet) determines that the culminating date of need of
reservoir space to control floods is F'ebruary 4th. 'I'his date and the
maximum reservoir space needed locate on the diagram the apex of the
outside curve, the one of largest values of reservoir space.

The two arms of the outside curve are fixed in position by their inter
sections with the vertical line on the left representing zero reservoir
space. Their intersections with this vertical read on the time scale are
at the days before and after which reservoir space is not needed to
control floods. These dates are determined on the upper figure of
Plate XIII, p. 63, by the intersection of the 50 per cent curves (124,500
second-feet) with the vertical representing two days in 100 years on
which some reservoir space is required to control floods. The full-line
curve intersects at November 21st, the date before which reservoir space
is not needed. 'I'he dotted-line curve intersects at April 8th, the day
after which reservoir space is not needed. These two dates, plotted on
the operating diagram on the line of zero reservoir space, fix the position
of the arms of the outside curve. With the apex and the position of
the two arms fixed, the shape of the curve was estimated from a study
of the data on twenty major streams in California and by the trial
construction of diagrams. 'I'he shape given is the one that seems to fit
the data best.

This curve, outermost of all others on the .diagram, expresses the
largest values of reservoir space that are required at any time. The
amount of space indicated by it should be held empty when the condi
tions of previous rainfall are most favorable for the need of reservoir
space to control floods. The value of the progressive rainfall index
most favorable for the need of reservoir space is taken from the upper
figure of Plate XV, p . 65. Here the dotted and full-line curves repre
sentintr control to 50 per cent of a once-in-25-year flood (124,500 second
feet) intersect at a value of 110 read on the scale of progressive rainfall
index. This is the most favorable value for need of reservoir space to
control floods and hence is the value of the progressive rainfall index
that applies to the outside curve of the operating diagram.

The interior curves that indicate the empty space required with
values of the progressive rainfall index either greater or less than
the one calling for the largest amount of empty reservoir space are
drawn of a shape similar ' to the outside curve. 'I'here is one black
curve for each increment of five in the values of the progressive rainfall
index less than 110, and one reel curve for each increment of ten in
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the values of th e progressive rainfall index gr eate r than 110. The
cur ve of smal1est index value is 65 and largest 180. Both are close to
the zero ordinat e of reservoir spa ce on the diagram. The index values
coinc id ing with th e zero ordinate of r eservoir space are 59 and 186.
These are the limiting values between which reservoir space is required
to control floods. No space is needed when the index is either smaller
or larger, respectively. 'I'h ese values are derived from Plate XV, p. 65.
In the upper figure on this plate, th e two 50 per cent curves (124,500
second-feet) intersect th e vertical representing two days in 100 years
that values will be exceeded, at- 59 and 186 on the vertical scal e of
progressive rainfall index. The intersection of the full-line curve
shows that, for values of the progressive rainfall index less than 59,
reservoir space is not required oftener than two da ys in 100 years.
Similarly, the intersection of the dotted-line curve shows that r eservoir
space is not r equired to con tr ol floods except for two days in 100 years
when the progressive rainfall index exceeds 186.

The positions ' of the apices of the sever al interior curves on the
diagram are interpolated between the outside curve of maximum reser
voir space and zero on the reservoir space scal e along the line r epro
sen ting F ebruary 4th, the culminating date for need of r eservoir space
in contr oll ing floods. 'I'hey are not arranged with uniform intervals
beil""~l!.. them, but rather take positions having in creasingly smaller
intervals as the maximum reservoir space is approached. 'I'he arms of
the interior curves are drawn of the same general shape as the outside
curve and are interpolated in position with in creasingly smaller in ter
vals betw een th em toward the latter part of the flood season. While
normally the arms toward the fore part of th e flood season would take
similar positions, since at this time of the year th e index values fluctuate
rapidly and are not well established, they are all passed through
.November 21st on the zero reservoir space line, the opening date of the
flood season. This manner of fixing the positions of th e apices and arms
of the interior cu rve s was found to fit the data best after construction
of many trial and supplementary diagrams on this and oth er streams
and for other degrees of flood control.

Re servo ir o'pe rating dia gram for c ontrolli ng floods on Mokel u mne R ive r.

Th e rule for operating a reservoir to control floods on th e Mokelumne
River is expressed on Plate XIX, "Reservoir Operating Diagram for
Controll ing Floods on Mokelumne River. " As on the one for the
Sacramento River , the Mokelumne River diagram indicates the space
in a reservoir that should be empty on each day of the season for all
conditions of previous precipitation in order to detain discharges in
excess of a cer tain desired controlled flow. Th e Mokelumne River dia
gram would limit th e flow near Clements, th e point of measurement on
the Mokelumne River , t o a maximum of 5300 second-fee t for rain-water
floods and 7100 second-feet for snow-water floods. Th e diagram applies
to any reservoir within a distance of about 30 mil es upstream from
Clements. The reservoir would need to have a capacity greater than
92,000 '" acre-feet , the maximum space required . The Mokelumne dia
gram, like that for the Sacramento, assumes that the reservoir outlet

• T he r eservo ir space ne ed ed for flood cont ro l in a dd ition t o 92,0 00 acr e -fee t is
tha t which w ould fu rnish the min imum operati ng h ead on the r eservoir ou tlet s to dis
ch a rge 5300 s econ d -feet.
6-52411
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gates will be opened or closed daily as may be necessary to provide as
nearly as possible within 24 hours without cau sing a flow at Clements
greater than desired, th e empty space indicated on th e diag ram for the
cur re nt day and value of progressive rainfall index.

'I'he chief dist inc ti on between this diagram and the one for th e Sacr a
mento River is that it provides for eontrolling snow-water floods in the
early summer . 'I'hese do not occur on the Sacr amento bu t are a part
of th e normal r egim e of th e Mokelumne River . Th e Mokelumne dia
gr am provides for limi ting th eir maximum rate of discharge to 7100
second-feet, 1800 second-fcct mor e than th e maximum controlled flow
for rain-water floods. It is estimated that these two contr olled flows
would be about equivalent one to the other in th e lower channel of the
river because the snow -water flow will bc r educed by summer diver
sions for irrigation while th e natural run-off downstream from the
point of measurement will contribute some to the r egulated rain-water
floods.

The greatest rain-water flood contained in the tw enty-one years of
stream-flow record at Clements occurred on .January 30, 1911. The
cr est discharge was 20,600 ~:' second-feet, 15,300 second-feet larger than
the controlled flow to whi ch rain-water floods would be limited bv
reservoir operation in accordance with th e di agram. The mean daily
flow on January 30, 1911, was 16,700 second-feet. 'I'he largest-strew-
water flood appears in th e record on June 12, 1906, with a discharge
of 8740 second-feet. 'I'his is only 1640 second-feet larger th an the con
trolled snow-water flow that would result from use of the diagram.
Since snow-water floods do not attain as gre at a r ate of flow as those
fr om rain water , large r eductions are not necessary in order to con-
fine th em to a channel of r easonable size. For this r eason the re ser - /' _~

voir space r equired for th e contr ol of snow-water floods on the 1Hokel~
umne River is much less th an for the control of r ain-water floods. Th e
gre ates t space r equired in order to limit snow-water floods to 7100
second-feet is 13,000 acre-feet. A maximum of 92;000 acre -feet is
r equired to limit r ain-water floods to 5300 second-feet.

On the Mokelumne diagram during the period of r ain-water floods,
the greatest sp ace is held empty when the progressive rainfall index

. has a value of 130 and during the period of snow-water floods, when
it has a value of 120. Th e curv es in black indicate th e space to .be held
empty for index values less than 130 and 120, resp ectively, while the
eurves in r ed indicate th e space to be held empty for greater index
values. The extreme values between which any rese rvoir space is
needed at all are 58 and 222 for rain-water floods and 85 and 153 for
snow -water floods. 'I'hese differ somewhat from the corresponding
values on the Sacramento Riv er diagram. Similarly, the limiting dates
of the flood season are slightly different. Unlike th e Sacramento dia
gram, however, that for th e Mokelumne holds a small amount of space

• Water Supply Paper N o. 55 1 o f the United Sta t es Geo logical Su r vey, r ecently
published, places the m a x imum di scha r ge o f the Mokelumne R iver a t Clements at
25 ,500 secon d -feet . This is obtain ed by a pply in g the r a ting c urve of the 1911 flood
t o t he gage heights of 19 07. The cres t d ischarge of the 19 07 flood h a s b een publis h ed
a s 17,000 second-feet in former p ublica ti on s including "Va ter Supply P a per N o. 299
in which a r e printed the daily d ischarg es of the 190 7 floo d . The fig ures co ntaine d in
Water Supply P aper No. 299 h a ve been u sed in preparing th is vo lu m e. Should t he
daily d ischarges of the 19 07 floo d be revised b y application of t he 1907 ga ge h ei ghts
t o t he 1911 r ating curve. the in crea s e in their values wou ld be so s ubstantial as to
r equir e a complete r ev is ion o f the a n a lyses of floods on t h e' Mokelum ne' R iver con 
tained in this volume in order t o m ake them h armon iz e.
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empty between May 11th and -Iuly 5th for the control of snow-water
floods tha t do not occur on the Sacramento River.

The diagram for controlling floods on th e Mokelumne River is con
st r ucted in a way id enti cal to that previously descr ibed for th e one on
the Sacramento Rive r; the same probability of average except ional
behavior of one day in 50 years was selected, and the va lues are taken in
exactly the same way f rom t he analyses of Chapter IV whi ch were
carried out in parallel for the four illustrative st reams. Th e values of
the progressive rainfall in dex used in the Mokelumne Riv er analyses
were computed from the records of the Unite d States W eather Bureau
station at E lectra.* 'I'his is the stat ion at which the rain fall in dex
should be determined in applying the diagram.

The maximum r eservoir space r equired on the Mokelumne diagram
under the most severe circ umstances is taken from Plate XI, p . 56.
Reading the 30 per cent (5300 second-feet) cur ve for r ain-water floods
and the 40 per cent (7100 second-feet) curve for snow-water floods, t he
reservoir space requ ired for flood control except probably on an average
of two da ys in 100 years is 260 per cent of the greatest daily run-off
of a once-in-25-year flood (92,000 acre-feet ) for the contro l of r ain
water floods and 36 pel' cent (13,000 acr e-feet ) for the cont rol of S Il OW 

water floods.
The culminating date of the two flood seasons, at whi ch t ime t he

maxim um empty space is needed, is determined from the upperfigure
of Plate XIV, p . 64. H ere, on the par t pertaining to r ain-water floods,
the in tersecti on of the dot ted and full-line curves labeled 30 per cent
(5300 second-feet) shows the culmina ti ng date of the season to be F' eb
ruary 22d; on the part pertaining' to snow-water floods, t he intersect ion
of the dott ed an d full-line curves lab eled 40 per cent (7100 second
feet) shows the culminating date of the snow-wa ter flood season to be
June 7th. These two dates on whi ch maximum· empty space is needed
fix the positi on on the ti me scale of the ap ices of the two sets of curves
of the reservoir operating diagram.

Th e posit ions of the arms of the outsid e cur ves are fixed by the
limiting dat es of the flood season. These . dates are taken from the
upper figure of P late X IV, p. 64. On the pa rt of this figure per
taining to rain-wat er floods, the in ters ections of the two 30 per cent
(5300 second-feet) curves with th e vertical r epresenting tw o da ys in
100 yea rs on which some reservoir space is needed to contro l floods,
give November 17th and April 21st as the limit ing dates of the flood
season. Similarly, on the par t per taining to snow-wate r floods, the two
40 per cent (7100 second-feet) curves in ter secting on the same vertical
indicate the limiting da t es for this season to be May 11th and July 5th.
The arms of th e outs ide curv es on the reservoir operating diagram pass
through these dates on t he line of zero reservoir space. The shape of
the curves was determined by th e preparat ion of supplementary and
trial di agrams in the same way as for the Sacramento River diagram.

The value of progressive rainfall in dex with which this maxi mum
reser voir space is needed is taken f rom Plate X VI, p. 66. H er e the
in tersections of the full and dotted-line curv es labeled 30 per cent

• Electra is a cooperative s tation of the United Sta tes W eather ·B ur ea u ani! one
of t h e principal s t a tion s in p r eci pi tation d ivision K of wh ich t h e Mokelumn e dr a in a g e
ba sin is part. S ee Ch apter II, Bul. 5, "Flow in California Streams ," issued by the
Divis ion of Eng ineerin g and Irriga ti on , Sta te D epartmen t of P u blic Works .
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(5300 second-feet ) for rain-water floods and 40 per cent (7100 second
feet ) for snow-water floods indicate values of 130 and 120, r espectively.
These are the in dex values of the outs ide curves on the operating
diagram whose apices indicat e res pectively on the r eservoir spaee scale
the maximum empty space of 92,000 acre-feet for r ain-water floods and
13,000 acre-feet for snow-wate r floods.

The interior curves are draft cd in comparison wit h the exter ior
curves after in terpolating the positions of their apices between
th at of the outside curve and the line of zero r eservoir space and the
positions of the arms of th e cu rves betwe en th e limiting and centr al
da tes of the flood season as in the prep aration' of t he Sacr amento River
dia gram. Ther e is one black curve for each incr ement of 10 in the
progressive r ainfall index va lu es less than that most favorable for the
need of r eservoir space to control floods an d one r ed curve 'for each
simila r in cr emen t greater tha n the most favorable value. 'I'he values of
the progressive rainfall index that apply to the curves of small est and
lar gest va lues which are coincident with the line of zero r eservoir space
on th e ope rating diagram, and above and below which reservoir space is
not needed to contr ol floods, are obtained from Plate XVI, p. 66. On
th e part per taining to r ain-water floods, the intersections of the dotted
and f nll- line curves labeled 30 per cent (5300 second-fee t) with the
ver ti cal r epresen ting two days in 100 ye ars on whi ch values will be
exceeded, yield l imi ting values of th e progressive r ainfall index of
58 and 222 ; while on the part per taining to snow-wate r floods, the inter 
sect ions of the dotted and full-line curves labeled 40 per cent (710 0
second-feet) yield limiting values of 85 and 153.

Rese rvoir op erat ing d ia g r am for controlling floods on San Joaquin River.

'I'he rule for operating a reservoir on the San Joaquin River for flood
contr ol is delineated on P late XX, "Reservoir Op er ating Diagram for
Controlli ng Floods on San J oaquin Ri ver . " 'I'his diagram is quite
the same as the one fo r the Mokelumne River except that sno w-wate r
floods become r elatively more impor tant and r equire more r eservoir
space for th eir contr ol th an r ain-water floods. 'I'he maximum sp ace
r equired to contr ol r ain-water floods is 133,000 acre-feet while 177,000
acre-feet are r equired for the con tro l of snow-water floods. This maxi 
mum space for rain -water floods is needed on January 18th and fo r
snow-wat er floods on June 4th when th e values of the progressive rain
fall index are 122 an d no, r espe ct ively. The space r equired on these
and other dates when the index values are less than 122 for r ain-water
and n o for snow-water floods, is indicated by the several black curves
labeled with smaller index va lues. Th e red cur ves indicate the space
r equired when the index va lues exceed 122 and no, r esp ectively.

The diagram applies to any r eservoir within a distance of about 30
mi les u pst ream from Friant, the point of measur ement on the San J oa
quin River. 'With a capacity gr eate r th an 177,000j{, acre-feet the appli 
cation of th e rule would r esult in limiting rain-water floods to a
maximum flow of 10,700 second-fee t and snow-water floods to a maxi
mum flow of 14,200 second-feet at the po int of measurement. It is
estimated, because of di ver sions for i rr ig~tion from th e snow-water

• The r es ervoir space .need ed for floo d contro l in a d dition to 177,000 a cr e-feet is
that which would furnish the minimum opera t ing he ad on the r es ervoir ou tl ets t o dis
charge 14,200 second-feet.



86 WATER RESOURCES OF CALIFORNIA.

flows and accretions to the rain-water run-off downstream from the
point of measurement, that these two regulations will produce approxi
mately an equivalent effect in the lower channel of the river.

With the exception of a small fall flood occurring on October 2, 1918,
with a mean daily discharge of 10,900 second-feet, the diagram will
control all floods shown in the eighteen years of continuous record by
the United States Geological Survey. The flood of January 31, 1911,
with a mean daily flow of 38,800 second-feet was the largest during
this period. It was 28,100 second-feet greater than the maximum con
trolled rain-water flow that would be obtained by application of the
diagram. The largest snow-water flood during the period occurred on
June 13, 1911, when the mean daily flow was 23,100 second-feet. This
is 8900 second-feet larger than the maximum controlled snow-water
flow that would be obtained by application of the diagram.

The San Joaquin River diagram was constructed from data taken
from the analytical graphs of Chapter IV in a way identical to that
for the construction of the diagrams for the Sacramento and Mokelumne
rivers. The same probability that the desired maximum controlled flow
may be exceeded on an average of one day in 50 years was used. 'I'he
values of the progressive rainfall index for the San Joaquin River
were computed from the records of the United States Weather Bureau
at Fresno.'~ This .station should be used for determining the index
values in applying the diagram.

The positions of the apices of the outside curves along the scale of
reservoir space are taken from Plate XII, p. 57. Reading the 30 per
cent curve (10,700 second-feet) for rain-water floods and the 40 per cent
curve (14,200 second-feet) for snow-water floods, it is seen that, for

-full control except probably on an average of two days in 100 years,
the maximum space required is 188 per cent of the greatest daily
run-off of a once-in-25-year flood (133,000 acre-feet) for the control of
rain-water floods, and 250 per cent (177,000 acre-feet) for the control
of snow-water floods.

The dates on which this maximum space is required, the culminating
dates of the two flood seasons, are taken from the lower figure of Plate
XIV, p. 64. On the part of the figure pertaining to rain-water floods, the
intersection of the dotted and full-line curves labeled 30 per cent (10,700
second-feet) shows this to be January 18th. On the part pertaining
to snow-water floods, the intersection of the dotted and full-line curves
labeled 40 per cent (14,200 second-feet) shows this date to be June 4th.

The arms of the outside curves of the diagram have their positions
defined by the limiting dates of the flood season taken from the lower
figure on Plate XIV, p. 64. Here, on the part pertaining to rain-water
floods, the intersections of the two 30 per cent (10,700 second-feet)
curves, one dotted and one full-line, witli the vertical representing
two days in 100 years on which some reservoir space is needed to con
trol floods, give October 22d and April 7th. Similarly, on the part
of the figure pertaining to snow-water floods, the two 40 per cent curves
(14,200 second-feet) intersect the same vertical at April 27th and
July 16th. These are the limiting dates of the two flood seasons before

• Fresno is one of the principal stations in precipitation division Q of which the
San Joaquin drainage basin is part . . See Chap. II, Bul. 5, "Flow in California Streams,"
issued by the Division of Engineering and Irrigation, State Department of Public
Works.

, I

I



THE CONTROL OF FLOODS BY RESE RVOIR S. 87

and after wh ich r eservoir space is not needed to control floods. The
posit ions of the arms of the interior curves and their shapes were deter
mined as for the Sacr amento and Mokelumne river diagrams.

Th e index values with which the maximum r eservoir space is needed
were obt ain ed from P late XVII, p . 67. H er e the in tersections of the
fu ll and dotted-line curves labeled 30 per cent (10,700 second-feet )
for rain-water floods and 40 per cent (14,200 second-feet) for snow
water floods indicate values betw een 110 and 122 as being most favor
able f or the need of r eservoir space to contr ol both rain and snow-wate r
floods. These are the ind ex va lu es of the outside curves of the diagram.
Th e index values for the ext reme inside curves arc taken from the samc
plate. ' On th e part pertaining to r ain-water floods, the intersections of
the two 30 per cent (10,700 second-feet ) curves, one dot ted and one
full-line, with the ver tical representing two days in 100 years on whi ch
values will be exceeded, indicate limiting va lu es of the index of 49 and
183. Reservoir snace is not needed to control floods with either sma ller
or larger values ~than these. On the par t of the figure pertaining to
snow -wate r floods, th e corresponding limiting values arc fou nd t o be
73 and 139. Th e index values for the sever al inter ior curves on the
operating dia gram arc interpolated betw een these and t he values for
th e outsid e curve the same way as for th e dia grams of th e Sa cramcnto
and Mokelumne rivers.

Reservoir operating di a gra m f or controlling floods on San Gabr iel Riv e r.

Plate XXI, "Reservoir Operating Diagram for Controlling Floods
on San Gabricl River , " delineat es th e rule for operating a r eservoir on
this st ream in order to control floods with least interfer ence in its con
servation use. Like the diagrams for the Sacramento, Mokelumne and
San J oaquin r ivers, that for thc San Gabriel indicates the space tha t
should be empty on each day of the flood season for the amount of
seasonal precipitation to date, in order that excess flood waters may be
detained . Th e curves in bla ck indicate the space that should be empty
when the value of the progressive r ainfall index is less than 120 and
the r ed curves the spacc when the value is.greater than 130. The dia
gram .assumes that the r eservoir outlet gates will be opened and closed
as may be necessary to provid e within 24 hours as nearly as possible,
without causing th e desired regulated flow to be exceeded, the empty
space indicated on the diagram for the current day and va lue of progres
sive rainfall index.

The San Gabriel Rive r diagram is like that for the Sac ramento River
in that it does not provide for the control of snow-water floods. The
snow on the Sa n Gabriel drainage area that lasts until early summer
is too small in quantity to do more than help sustain the summer flow
of th e str eam when -it melts.

The dia gram applies to any r eser voir whose dam is within a distance
of about 5 miles upst ream f rom the Azusa gaging station, the poin t
of measurement. A capacity of 131,000 acre-feet ava ilable for flood
control purposes would be r equ ir ed . Th e applicat ion of the rule t o the
operation of a re servoir of thi s or greater capacity would result in
limi t ing flood flows to 1900 second-feet at Azusa gaging station . A
much la rger flow than this will pass safely down the channel of the
San Gabriel River to the ocean but it could not all be conserved. It is
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believed that flows up to 1900 second-fee t may be conserved conven
ientl y by sinking them into the large under gro und basin of the San
Gabriel Valley. This makes it desirable to r educe the San Gabr iel
River floods to a mu ch smaller flow than on the other illustrative
st reams.

'I'he largest flood in the thi rty years of st r eam flow record at Azusa
occurred on January 18, 1916, with a cres t flow of 40,000 second -feet.
This is 38,100 second-feet greater tha n the controlled flow that would
result from the applicati on of the diag ram. Th e greatest mean dail y
flow of the 1916 flood was 22,300 second-feet.

The diagram for the San Gabriel River was constructed f rom the
ana lytical gr aphs of Chap ter IV in a manner simila r to that employed
in the constr uction of diagrams for the other three illustrative st reams.
Instead , however, of usin g th e probability that the desired ma ximum
controlled flow may be exceeded . on an average of one day in 50
years in taking information from the charts as in the preparation
of the other diagrams, a frequ ency of one day in a thousand years was
selecte d because of the greate r property values and population concen
trating below the San Gabriel dam. The records of the United States
W eath er Bureau rainfall st at ion at Claremont" wer e used in comput ing
values of the progressive r ainfa ll index for the San Gabriel River.
T'his is th e station that should be used in the application of the
diagram .

The ap ex of th e outside curve on the San Gabri el diagram ha s its
positi on determined on the r eservo ir space scale from the largest
empty space that is r equired under the most severe cir cumstanced as
shown on the lower figure of Plate X , p. 55. The intersect ion of the
10 per cent curve (1900 second-feet) with the vertical .r epresent ing
full contr ol except on an average of 0.1 day in 100 years (one da y in
1000 years ) shows that the maximum reservo ir space req ui red is 344
per cent of the great est daily run-off of a onee-in-Sfi-year flood (131,000
acre-feet ) . Its position on the ti me scale is fixed by the da te most
favorable for the need of reservoir space for the control of floods. 'I'his
is ta ken from the lower cut on Pl ate XIII, p. 63. The intersection of
the dotted and full-line curves labeled 10 per cent (1900 second-feet)
indicates F ebruary 7th as the most fa vorable date.

The positions of the ar ms of the outside curve of the diagram
are also determined from Plate XIII, p . 63. . H er e the dotted
an d full-line curves labeled 10 per cent (1900 second-fee t) intersect
th e ver ti cal of 0.1 day exceptiona l behavior in 100 years (one day in
1000 years) on Octob er 27th and April 19th, respectively . Th ese are
the limiting dates of the flood season before and after which res ervoir
space is not needed for th e cont r ol of floods to th e degree selected·,

'I'he va lue of the progressive rainfall index with whi ch the greatest
r eservoir space is needed is taken from the lower figure of Plate XV,
p. 65. Th e intersection of the full and dot ted-line curves lab eled 10
per cent (1900 second-feet) marks th e index value 122 as being most
favorable for the need of reservoir space. The outside curv e that
indicates th e need of most space is given a value of f rom 120 to 130.

• Claremont is a cooperative stati on of the U nit ed States W ea t her B urea u a nd
one of t h e pr in c ip al s tations in prec ipitation divisi on W of which the Sa n Gabriel
dra in age ba sin is part . See Chap. II, B u l. No.5, "F low in Califor n ia Streams,"
issu ed by D ivision of Engin eerin g a nd I rriga tion, Sta t e D epa r tment of P ublic W orks .
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Th e index valu e for the extreme inside curve is taken from the same
plate. The inter sections of the two curves, one dotted and one fu ll -line,
labeled 10 per cent (1900 second-feet ) with the vertical on the extreme
lef t r epresenting an exceptional behavior of 0.1 day in 100 years (one
day in 1000 years), give limiti ng values for the inde x of 27 an d 294.
Reservoir space is not needed for contr olling floods when the index is
either smaller or larger than these values. Therefore, 27 and 294 are
the index values of the black and r ed curves r espectively that are coin
ciden t with the line of zero r eservoir space. 'l'he other interior curves
are interpolated in position between these and the outside curve as in
the construction of the diagrams for the other three illustrative st r eams.

Performance of t he four illustrat ive re serv o ir operating d iagra ms in controll ing
floods, not coo rd in a ted with conservation.

The performance in contro lling floods of the four r eser voir operating
di agrams just described has been tested by applying them respectively
to the reco r ds of daily flow on each of the four ill ustrative streams.
It was assu med that a rese rvo ir of required capacity existed at the p oint
of measurement on each st ream, that it was fu ll at the beginning of
each flood season, that it was held as nearly f ull as t he diagram would
permit during th e succeeding flood season, and that water was re leased
from sto r age only as r equired to gai n the emp ty space indicated on the
diagram. The following tables show for all" the lar gest floods of
r ecord, both rain and snow-wate r, th e dates on which th e r eservoirs
would have been nearest full and the amount of space st ill empty on
tho se days.

It may be noted that all floods of r ecor d on the four illustrative
streams would have been controlled without the reservoir s over flowing
except a small fa ll flood on the San Joaquin, occur r ing on October 2,
1918, with a discharge of only 200 second-feet in excess of the maxi
mum controlled flow. On the Sacramento River even the histor ic floods
of March 20, 1907, and February 3, 1909, would have been controlled
with 53,500 and 188,800 acre-feet of space to spa re respectively at the
t imes the reservoir was nearest full . The average space to spare at
the times nearest full while controll ing all floods on the Sacramento
River during the entir e thirty yea rs of r ecor d would have been equal
to half the space r equired under the most severe circumstances.

* All floods exceed ing the desired m a ximum r egulated flow are li sted w hen their
number is les s than t wenty, oth er wl se t he t wenty la r ges t are tabulated.

..



T H E CON TROL OF FLOODS BY RESERVOIRS. ' 91

•

.~

•

SACRAMENTO RIVER

UNUSED RESERVOIR SPACE

WHILE CONTROLLING ALL FLOODS OF RECORD BY RESERVOIR
OPERATING DIAGRAM 1895-1926

Not Coordinated with Conservation

Maximum flood flow-uncontrolled Flow controlled to 125,000second-feet maximum near Red Bluff

Reservoir space not used in
controlling flood

Mean daily

Date flow in second- Date reservoir nearest
feet near full In per cent of maxi-

Red Bluff In acre-feet mum space required
for flood control, (454,000 acre-feet)

Feb, 3, 1909 254,000 Feb, 4, 1909 188,800 42
Feb. 2, 1915 249,000 Feb. 2, 1915 200,900 44
Mar. 20, 1907 196,000 Mar . 21, 1907 53,500 12
Jan. 16, 1909 188,000 Jan . 18, 1909 191,400 42
Feb . 16, 1904 188,000 Feb. 16, 1904 357,700 79
Jan. 21, 1909 177,000 Jan. 21, 1909 150,700 33
Feb. 25, 1917 176,000 Feb. 25,1917 109,300 24
Feb. 21, 1914 160,000 Feb. 21, 1914 119,600 26
Ja n. 1, 1914 151,000 Jan . 2, 1914 129,900 29
Feb . 24, 1902 151,000 Feb. 26, 1902 289,100 64
Mar . 8,1904 147,000 Mar. 8,1904 332,400 73
Feb . 10, 1902 140,000 Feb. 12, 1902 327,600 72
Mar. 31, 1906 137,000 Mar. 31, 1906 105,500 23
,Jan. 19, 1906 136,000 Jan . 19, 1906 143,600 32
Feb . 4,1907 134,000 Feb. 4,1907 433,500 95
Jan. 25, 1903 131,000 Jan . 25, 1903 431,700 95
Mar. 7,1911 130,000 Mar. 7,1911 368,400 81
Jan . 27, 1896 128,000 Jan . 27, 1896 341,500 75

Average
I

237,500 52
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MO KELUMNE R IVER

UNUSED RESERVOIR SPACE

WHILE CONTROLLING TWENTY LARGEST RAIN WATER FLOODS OF
RECORD BY RESERVOIR OPERATING DIAGRAM 1904-1926

Not Coordinated with Conservation

Maximu m flood flow-uncont rolled Flow controlled to 5300 second -feet max imum ncar Clements

-
Reservoir spa ce not used in

contr olling flood
Mea n daily

Date flow in second- Date reservoir near est
feet near full I n per cent of maxi -
Clements In acre-feet mum space required

for flood contro l, (92,000 acre-feet)

Jan . 30, 1911 16,700 Feb. 1,1911 35,200 38
Mar . 19, 1907 15,3lD Mar . 27, 1907 7,100 8
J an. 26, 1914 11,lDO Jan. 27, 1914 68,900 75
Ja n. 14, 1909 10,400 J an. 17, 1909 5,200 6
Feb . 21, 1914 9,850 Feb . 21, 1914 82,700 90
Feb. 6, 1925 9,700 Feb. 6, 1925 27,800 30
Jan. 1,1914 9,250 Jan. 1, 1914 36,100 39
Jan. 21, 1909 8,400 Jan. 22, 1909 8,500 9
Ma r. 20, 1916 8,040 Ma r. 21, 1916 64,400 70
Feb . 2, 1907. 7,860 Feb . 4, 1907 79,300 86
Mar . 31, 1906 7.750 April 1, 1906 49,600 54
Mar . 23, 1907 7,6lD Ma r . 27, 1907 7,100 8
Ja n . 22, 1914 7,470 Jan.. 22, 1914 78,600 85
Ja n. 18, 1921 7,350 Jan. 18, 1921 75,700 82
Ma r . 7,1911 7,210 Mar. 11, 1911 70,900 77
Nov . 21, 1909 7,200 Nov . 21 1909 0 0
Feb. 11, 1919 7,060 Feb. 11, 1919 29,000 32
Jan. 19, 1906 6,960 Jan. 19, 1906 24,400 27
Mar . 12, 1918 6,940 Ma r. 12, 1918 9,400 10
Apri l 16, 1925 6,9lD Apri l 17, 1925 6,600 7

Average I 38,300 42
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MOKELUMNE RIVER

UNUSED RESERVOIR SPACE

WHILE CONTROLLING ALL SNOW WATER FLOODS OF RECORD BY
RESERVOIR OPERATING DIAGRAM 1904-1926

Not Coordinated with Conservation. .. ' .. .. . , .... ...~ ...... . .

Maximum flood flow-uncontrolled Flow controlled to 7100 second-feet maximum near Clements

Reservoir space not used in
cont rolling flood

Mean daily

Date flowin second.. Date reservoir nearest
. feet near full In per cent of maxi-

Clements In acre-feet mum space required
. for flood control

(13,000 acre-feet )...

June 12, 1906 · 8,740 June 13, 1906 1,900 15
June 18,1911 8,030 June 18, 1911 3,300 25
June ' 3, 1922 7,970 June 5,1922 2,600 20
June 12, 1911 7,960 June 12, 1911 3,100 24
June 6, 1911 7,880 Ju ne 6, 1911 4,000 31
May 31, 1922 7,770 June I, 1922 6,700 52
June 1,1915 7,750 June I, 1915 10,000 77
May 18,1922 7,670 May 19,1922 1,800 14
June 16, 1906 7,600 June 17,1906 . 4,500 35
June 10, 1917 7,550 June 10, 1917 2,900 22
May 24,1911 · 7,500 May 24, 1911 . 800 6
July 4,1906 7,480 J uly 4,1906 1,100 8

Kverage I 3,600 28

SAN JOAQUIN RIVER

UNUSED RESERVOIR SPACE

. WHILE CONTROLLING ALL RAIN WATER FLOODS OF RECORD BY
. RESERVOIR OPERATING DIAGRAM 1907-1926 '

Not Coordinated with Conservation

Maximum flood flow-uncontrolled Flow controlled to 10700 second-feet maximum near Friant

Reservoir space not used in
cont rolling flood

Mean daily

Date How in second- Date reservoir nearest
feet near full In per cent of maxi-

Fri ant In acre-feet mumspace required
for flood control

(133,000 acre-feet).

Jan. 31, 1911 38,800 Feb. 1, 1911 14,200 11
Dec ..31, 1909 27,900 Jan . 1, 1910 43,600 33
Jan; 14, 1909 26,800 Jan. 15, 1909 . 16,400 12
Dec. 10, 1909 26.800 Dec. 10, 1909 28,200 21
Jan. 26, 1914 24,700 Jan. 30, 1914 13,800 10
Jan. 21, 1909 18,900 Jan. 22, 1909 62,700 47 ·
Mar. 8,1911 18,800 Mar. 8,1911 67,400 51 .
Mar . 10, 1911 13,600 Mar . 12, 1911 55,900 42
Feb . 12, 1909 12,500 Feb. 14, 1909 104,100 78
Feb. 21, 1917 11,700 Feb. 21, 1917 100,700 76
April 6,1911 11,600 April 6, 1911 0 0
Jan. 18, 1916 11,000 Jan. 20, 1916 113,100 85
Mar. 21, 1916 11,000 Mar . 21, 1916 15,100 11
Oct . 2,1918 10,900 Oct. 2, 1918 0 0
Jan. 25, 1911 · 10,700 Jan . 25, 1911 79,300 . 60

. Average 47,600 36

-
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SAN JOAQUIN RIVER
UNUSED RESERVOIR SPACE

WHILE CONTROLLING ALL SNOW WATER FLOOpS OF RECORD BY
RESERVOIR OPERATING DIAGRAM 1907-1926

Not Coordinated ' with Conservation

.-
M~ximum flood flow-uncontrolled Flow cont rolled to 14200 second-feet maximum near.Friant

Reservoir space not used in
. contr olling flood

. Mean daily '

Dat e
flow in second- Date reservoir nearest

feet near full In per cent of maxi -
Friant In 'acre-feet mum space required

for flood control
(177.000 acre-feet)

J une 13, 1911 23,100 . Jun e 23, 1911 21,100 12
Jun e 4, 1909 22,800 June 8, 1909 89,100 50
June 16, 1911 21,500 June 23, 1911 . 21,100 12
Ju ly 7, 1911 19,500 Ju ly 7, 1911 57,600 33
June 5.1922 16,700 June 8, 1922 149,700 85
May 22, 1911 16,200 May 23, 1911 134,600 76
Jun e 6,1911 16,200 June 8, 1911 165,500 94
May 8, 1909 16,200 May 8, 1909 39,300 22
June 2, 1914 15,700 Jun e 2, 1914 167,500 95
Jun e 5, 1912 15,300 Jun e 5, 1912 33,000 19
J une 15, 1909 14,900 June 15, 1909 95,000 54
June 27, 1911 14,700 Jun e 28, 1911 38,200 22
May 31, 1922 14,700 . June I, 1922 171,200 97
June 24, 1909 14,600 Jun e 24, 1909 12g,3oo 73

Average I 93,700 53

SAN GABRIEL RIVER
UNUSED RESERVOIR SPACE

WHILE CONTROLLING TWENTY LARGEST FLOODS OF RECORD BY
RESERVOIR OPERATING DIAGRAM 1895-1926

Not Coordinated with Cons·ervation

Maximum flood flow- uncontrolled Flowcontro lled to 1900 second-feet maximum near Azusa

Reservoir space not used in

Mean daily
controlling flood

Date
flow in second- Date reservoir nearest..

feet near full In per cent of maxi-
Azusa In acre-feet mum apacerequired

for flood control
(131,000 acre-feet)

Jan . 18, 1916 22,300 J an. 20,1916 45,300 35
Dec. 19, 1921 16,000 Dec. 25, 1921 25.000 19
Jan . . 1, 1910 12,500 Jan. 3, 1910 .82,100 63
Feb. 20, 1914 11,800 Mar . I, 1914 64,500 49
Mar. 12, 1905 11,130 Mar. 14, 1905 87,100 66
Mar . 26, 1906 9,430 Mar. 29, 1906 29,100 22
Mar . 10, 1911 9,160 Mar. 14, 1911 71,400 54
Jan. .26, 1914 9.150 -Jan, 27, 1914 99,200 76
Feb. 9, 1922 8.200 Feb. 13, 1922 68,900 . - 53
Mar. 12, 1906 8,020 Mar. 13. 1906 88,900 68
Jan. 27, 1916 7,940 Jan. 30, 1916 37,100 28
Feb. 7, 1909 7,100 Feb. 8, 1909 118,100 90
Mar: 5,1907 6,810 Mar . 11, 1907 89,900 69
April I, 1903 5,920 April 2, 1903 95,400 73
Dec. 27, 1921 5.900 Dec. 29, 1921 12,700 10
Jan. 29, 1911 5,260 Jan. 29, 1911 80,400 61
Jan . 18, 1914 5.110 Ja n. 18, 1914 103,000 79
Mar . 11, 1918 5,030 Mar . 14, 1918 21,000 16
Jan. 10, 1907 4,670 . Jan. 11, 1907 108,600 83
Jan. ·31, 1911 4,220 Jan . 31, 1911 76,200 58

Average I
70,200 I 54
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On the Mokelumne River, the large flood of January 30, 1911, would
have been reduced from 20,600 second-feet to 5300 second-feet with
35,200 acre-feet of empty space in the reservoir to spare at the time
the reservoir was nearest full. The average ,spare space at the times ,
nearest full while controlling the twenty largest rain-water floods on
the Mokelumne River would have been 42 per cent of the maximum
required by the diagram. One small flood in the fall of 1909 would
have just filled the reservoir but there would have been more , space
than needed while controlling all other floods. '

On the San Joaquin River, the largest flood during the eighteen
years of record (January 31, 1911) would have been reduced from a
mean daily flow of 38,800 second-feet to 10,700 second-feet without
the use of the top 14,200 acre-feet in the reservoir. The average unused
space at the times the, reservoir was nearest full while , controlling all ,
rain-water floods would have been 36 per cent of the maximum space
required by the diagram. There would have been space to spare while ,
controlling all floods during the eighteen years of record except for ,
two small floods barely-larger than the controlled flow. One of these
occurred before the opening date of the flood season, on October 2, 1918,
and the other on' April 6, 1911, the closing date of the flood season.
All the snow-water 'floods of record on the San Joaquin River would
have been controlled without the ' reservoir till ing to within 21,100
acre-feet of ,the top. The average' space to spare at the times nearest .
full while controlling snow-water floods would have been 53 per cent
of the maximum required by ,the diagram.

' On theBan Gabriel River, the large flood of 'J anuary '18, 1916, '
would have been controlled without the use of the top 45,300 acre-feet '
of reservoir space. The nearest the reservoir would have filled while
controlling all floods during the 30 years of record would have been to
12,700 acre-feet of a full reservoir. The average unused space at the
times nearest full during the twenty largest floods of record would '
have been 54 per cent of the maximum required by the diagram. '

The full test of the four reservoir operating diagrams is expressed
graphically on Plate , XXII,' "Performance of Reservoir Operating
Diagrams in Controlling Floods of Record." The ratio of the empty
reservoir space provided by application of the diagrams to that actually
necessary to control the remainder of the flood was computed for every ,
day of-stream-flow record on each of the four illustrative streams. The
ratios on each stream were arranged in order of increasing magnitude
and the number smaller ,than each successive ' size counted. These '
counts were increased by proportion to the number had the -stream-flow
records been 100 years in length. Assuming that the trend of these
figures expresses the averagerelations of the future,' these counts were

,plotted on Plate XXII to show the probable frequency with which the
empty space provided by application of the diagrams will approach
the exact amount needed to secure the desired control.

Plate ' XXII indicates that the Sacramento River diagram , would
probably provide, on the average, more than twice.the empty reservoir
space actually required on all days except 30 'in ' eac.h . l 00-year period,
more than half again as much as needed on all days except 12 in ,each
100-year period and that its reservoir would probably fill to overflow
ing about one day in each 80 years. For the Mokelumne Riv er dia
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PLATE XXII.
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PERFORMANCE OF RESERVOIR OPERATING DIAGRAMS
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DIAGRAM TO THAT ACTUALLY REQUIRED FOR CONTROWNG
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gram, the indications are that probably more than twice the empty
space actually. needed would be provided on the average on all days
except 100 in 100 years for rain-water floods and 50 in 100 years for
snow-water floods; at least fifty per cent more than actually needed on
all days except 60 in 100 years for rain-water floods and 24 in 100 years
for snow-water floods; and that the reservoir would fill to overflowing
on two to three days in 100 years for both rain and snow-water floods.
The indications for the San Joaquin River diagram are that, on the
average; probably more ' than twice the empty space actually .needed
would be provided on all days except 70 in 100 years for rain-water
floods and 150 in 100 years for snow-water floods; at least half again
as much as needed OJ1 all days except 43 in 100 years for rain-water
floods and 100 in 100 years for snow-water floods; and that the reser
voir would probably fill to overflowing on three days in 100 years
for both rain and snow-water floods. For the San Gabriel River, the
indications are that probably more than twice the empty space needed
would be provided on all days except 120 in each 100-year period at
least 50 per cent mor e thanactually needed on all days except 50.in
each 100 years, and th at the reservoir would probably fill to overflowing
on about one.day in each' 500 years.

Th ese tes ts agree fairly closely with th e probability of except ional
. behavior selected for constr uct ion of th e dia grams. On th e Sacramento ,

Mokelumne and San Joaquin ri ver s, by construction, the controlled
flow for both rain and snow-water floods would be expected to be
exceeded on an average of one day in 50 years. By t est against the
period of record th e desired controlled flow of the Sacramento River
dia gram would probably be exceeded on an average of one day in 80
years and the "Mokelumne and San Joaquin river diagrams on an
average of one day in 30 to.40 years for both rain and snow-water
floods: The desired controlled flow of the San Gabriel River diagram
by construction would be expected to ' be exceeded . on an average of
one day in 1000 years . By test against th e period of record the .
probable except ional behavior of th is diagram is one day in 500 years.

7-52411
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CHAPTER VI.

EFFECT ON CONSERVATION OF CONTROLLING FLOODS BY
RESERVOIR OPERATING DIAGRAM.

Effect determined by d irect test.

Four reservoir operating diagrams are described in chapter V, one
for controlling floods on each of the four streams previously used to
illustrate the characteristics of flood occurrence. These diagrams indi
cate the reservoir space for all conditions of prior rainfall, that should
be empty on each day of the flood season in order to detain flow that
may occur in excess of a specified maximum rate. Subsequent to the
central date of the flood season, less empty space is required as the
season progresses toward its close. The diagrams are constructed to
release this reserved space as quickly as possible without sacrifice in
the effectiveness of flood control. Therefore, until some analysis is
developed that fits the characteristics of flood occurrence closer than
the one herein described, it may be said that reservoir operation in
accord with these diagrams secures the control of floods with a mini
mum interference with the use of the same space for conservat ion.

To what extent, if any, the reservation of the varying amounts of
space indicated on the diagrams may interfere with its use for conserva
tion is not apparent. The amount of the reservations relative to the
volume of subsequent run-off determines this in each instance. There
fore, it is evident that the degree of flood control desired and the regi
men of the stream are important factors in determining the extent of
interference, if any. Other factors are the size of the r eser voir and
the manner of its operation. If the total capacity of th e reservoir
were several times the largest res erve required for flood control, there
would be many days on which the empty space due to normal operation
for conservation would exceed that required for flood control. At
such times there could be no interference with conservation by reason
of the use of the same space for flood control. Therefore, the larger
the total capacity .of the reservoir in proportion to the maximum flood
control reserve, the less is the opportunity for interference. Likewise
the opportunity of interference is less, the greater the seasonal draw
down in the reservoir or the smaller the spring draft subsequent to the
central date of the flood season during normal operation for conserva
tion. Because of the complication of these relations, the determination
of the effect on conservation of controlling floods by the reservoir
operating diagrams must be made through the analysis of each specific
proposal. The interference or approach toward interference might
well be different for each stream, each degree of flood control, and each
size of reservoir and manner of operating it for conserving water.

The succeeding pages of this chapter are devoted to the presentation
of analyses of the effect on the water and power yield of combining
flood control with several modes of operating four specific reservoirs,
one on each of the illustrative streams. In these studies each reservoir
is assumed to have been in existence at the beginning of continuous

_.
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measurement of flow on its stream and to have been operated for con
servation in a specific manner through the entire period of stream flow
record both with and without flood control. The effect on conservation
in these instances of the use of the same space for both flood control and
conservation is determined by a comparison of the yield of water and
power in the two parallel sets of computat ions. In these computations
the inflow, evaporat ion and drafts from the reservoirs are balanced
daily and the new reservoir levels t abulated both with and without the
reservation of space for flood control in accord with the operating
diagrams. In doing this the daily values of the progressive rainfall
indices are computed from rainfall r ecords and the flood control
feature applied just as though the reservoirs had been operat ed through
these years according to the rules laid down by th e reservoir operating
diagrams. All conditions are held the same in the tw o parallel sets of
computations except for the in clusion of the flood cont rol feature in
one set .

Tables are inc luded herein summarizing these computations and
comparing th e yields of water and power month by month and year by
year through the entire period of run-off r ecord. Graphical compari
sons are also included of the reservoir levels with and without flood
cont rol and of the str eam flow below th e dam , controlled, as well as that
unimpaired by reservoir construction.

Kennett Reservo ir on Sacramento River.

Th e "Coordinated Plan " '~ for development of th e State 's waters '
presented to the 1927 session of the State Legislature proposes, among
others, that a reser voir be constructed on the main Sacramento River
with its dam near Kennett, about five miles below the confluence with
the Pit River . The plan proposes th at the dam be constructed to an
initial height of 420 feet. This would impound 2,940,000 acre-feet of
wat er . A power plant of 400,000 k. v. a. capacity would be const ructed
near the base of the dam.

Th e " Coordinated Plan " is d istinguished from oth er plans in that
its reservoirs would be operated coordinately for several differ ent
purposes in a way to subserve th e best interests of the State. 'I'he
Kennett reservoir would be operated coor dinately for th e benefit of
irrigation and domestic supply, navigation, salinity control, generat ion
of power and th e control of floods. During t he first period of years
while the demand for water is growing to meet its large yield, the
Kennett reservoir would be operated to secure the most valuable power
output while at th e same time limiting floods to half the largest on
record. In so doing, for a number of years to come, th ere would be
adequate water in th e discharge from the power plant for th e needs of
ir r igation, domestic supply, navigation and for salt water contr ol in
all except ext remely dry years. Later, th e increased demand for water
will r equire that th e operation of the reservoir be changed over to yield
the great est volume of water equalized in accord with the irrigation
demand while at th e same time meet ing the oth er needs. 'I'he genera
tion of power would become incidental to th e yield of water . So

• See ·B u l. No. 12; "Sum mar y Report on the W ater R esources of Californi a a nd a
Coor di na ted Plan for their D ev elopmen t ," D ivision of Engineering and Irrigation
State Department of Public Works. '
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operated, th e initial heigh t of dam would equalize for irrigation use
three-fifths of th e mean annual run-off of th e st ream and produce on
an average 159,400~' kilowatts of clectr ic energy .

Th e yield of th e Kennett reservoir in water and power for several
heights of dam together with a full description of its uses is contained
in Bulletin No. 15, "Thc Coordinate d Plan of Water Development in
the Sacramento Valley. " 'I'he r esults of computations for several
heights of dam are there tabulat ed. No special ent r ies are included '"
for navigation wat cr nor for water for salini ty control since their needs
would be more or less coincident with the irrigation demand. They
are regarded as part of this demand for est imat ing purposes. Like-
wise, no special entries are made for domesti c water supply because its
volume would be relatively small. TIle, effect of the in clusion of th e
flood control f eature of the " Coordinat ed Plan " upon the yield of a
reservoir with a 420-foot dam, the initial height proposed, is analyzed
in the following pa ges.

Plate XXIII , "Effect of Controlling Sacramento River F'loods upon
Stage of Kennett Reservoir," compares the reservoir stage day by day
had it been in existence in the year 1895 and been operated continu-
ously to January, 1926, as propo sed in the "Coordinated Plan, " with
the stage had the flood control feat ure been omitted. This period of
comparison is the extent of continuous records of st ream flow on the
Sacramento River. The comparison is delineated by lines extending
across the plat e in four rows. Each line represen ts a separate mode of
operation. Th ese lines fluctuate up and down and indicate by their
ver tical position the acre-feet of water in storage in the reservoir on
each day of the thirty-year period under the several differ ent modes of
operation. The top guide line of each row represents a full reservoir
and the bottom line an empty reservoir. 'I'he space between each pair
of guide lines represents 200,000 acre-feet of capacity.

'I'he heavy bla ck line ext ending across each row indicates the
reservoir stage had the most valu able power output been generated as
proposed in th e first or t emporary mode of operation under the
" Coordinated Plan. " A. da sh and d ot black lin e indicates the stage
had the greatest yi eld of irrigation water been obt ained with electric
power as an incidental product as proposed in the second or permanent
mode of operation under the " Coordinated Plan. " These lines approx
imate operation as proposed by the" Coordinated Plan" except that
the flood control feature is omitted. .

The reservoir stage resulting from the introduction of the flood
control feature is delineated by red lines. The light r ed line indicates
the stage had the reservoir been operated for flood control alone in
accordance with the rule developed in the fore part of this volume and
expressed on Plate XVIII, " Reser voir Operating Diagram for Con
trolling Floods on Sacramento River , " p. 76.

The heavy full red line indicates the departures in reservoir stage
by reason of the inclusion of th e flood cont rol feature in the first or
temporary mode of operation under the " Coordinated Plan ." 'I'he
light dash and dot red line indicates similarly the departures by reason
of the inclusion of the flood control fea ture in the second or permanent
mo'de of operation under the " Coordinated Plan. " Where the light

• Average for the 54-year period, 1871-192 5.
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dash and dot r ed line coinc ides with the heavy full r ed line, both are
represented by a heavy dash and dot r ed line.

Below the r eservoir stage lines in each row are drafted to a special
scale super imposed on · the re servoir stage scale, a light black line
showing the fluctuat ions of the st ream flow unimpaired by r eservoir
storage an d a ligh t red line showing the stream flow as controlled by
th e second or permanent mode of operation under the " Coordinated
Plan ." . Similar ly , a black dotted line delineates the va lues of the
progr essive r ainfall index th at wer e used with the r eser voir oper 
ating diagram (P late X VIII ) in comp ut ing the stage of the re servoir
with the flood control feature included.

The greates t emp ty depth r equired for flood control dur ing each
season is noted on the gr aph in feet below full r eservoir level. 'I'he
largest is seen to be 21 of the 415 fee t depth behind the dam when the
r eservoir is full . This was r equired during 13 of the 30 seasons. In 7
of the seasons there was no sp ecial lowering of the reservoir level for
flood control since the empty sp ace by reason of conservat ion operations
was larger than r equired for flood con trol. Th e average amount of
depression was about 11 feet, or 2.6 per cent , of the depth of a full
reservoir at the dam . Of the entire elapsed time during the 30 seasons,
the r eservoir level would have had to be depressed especially for flood
control only one-sixth of t he t ime while operat ing pr imarily for power
generation an d one-eighth of the t ime while oper ating primarily for
irrigati on.

The effect of including the flood contr ol feature of the" Coordinated
Plan " upon the reservo ir stage r esultin g from conservat ion operations
is seen to be sma ll, yet very sub stantial r eduction in flood volume is
obtained. The lar gest flood of r ecord occurred in F ebruary, 1909. It
reached a cr est discharge of 278,000 second-feet. The flood control
feature of the " Coordinated Plan" would have limited this flood to a
discharge of 125,000 second-feet. Likewise the floods of ten other
l isons of r ecord that exceeded 125,000 second -fee t would have been
limited to this r ate of discharge.

The effect upon the water and power yield of the Kennett r eservoir
in secur ing this limi tation t o flood flows is disclosed by comp arison of
parall el sets of comp utations , one with and the other without the flood
control feature of the "Coordinated Plan. " Th ese computations of
yield wer e car rie d out as described in Bulletin No. 15, "The Coordi
na ted Plan of W ater Development in the Sacramento Valley," except
that they were mad e on a daily instead of a monthly basis. The set of
computations with the flood control feature included had to be made
on a daily basis because the r eservoir oper ating diagrams require a
daily adjustment of reservoir stage during the flood season. There
fore, in order to make the two sets of computat ions exactly comparable,
both were car r ied thr ough the entire 30 years on a daily basis. The
assumpt ions emp loyed are li sted on page 216 her ein.

Th e water yield (without deduction for pri or rights downstream
.from the dam and with deficiencies in supply on an average of one
yea r in ten ) computed on a daily basis is id enti cal with that of Bulletin
No. 15 computed on a monthly basis excep t th at the deficiencies in per
cent of a full supply are increased from 0.1 to 0.3 per cent in three
out of the five deficient seasons. Th e power yi eld, however, is about
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3 per cent less when computed day by day rather than by monthl y
averages. It was 2.3 per cent less when operating primarily for power
generation and 3.7 per cent less when power generation is incidental to
ir rigation use. This results from the assumption in the monthly com
putations t hat flow is available for power generation as an average
monthly quantity instead of with th e large daily fluctuations that some
times occur. At times when th e r eservoir is full, some of this water
included in the monthly averages actually would have passed over th e
spillway instead of thro ugh the turbines. Therefore, the computat ions
on a monthly basis show somewhat more water running through the
power turbines than actually could have passed through them.

The stream flow dat a employed in these computat ions are the esti
mated mean monthly discharges at the Kenn ett dam site with the
entire flow of the P it River above Bieber dedu cted but without dedu c
tion for prior rights downstream fro m the darn. These are published
in Bulletin No. 15, " The Coordinated Plan of Water Development in
th e Sacramento Valley." For the purposes of computing the yiel d of
the reservoir on a daily basis, th ese estimated monthly means were
divid ed into daily dischar ges beari ng the same relat ion to the corre
sponding daily flows measured at the Red Bluff gaging sta tion as the
estimated mean monthly flows at the Kennett darn site bear to the
corresponding mean monthly flows measured at Red Bluff.

Summaries are prepared of these computations compar ing the water
and power yield of the Kennett reservoir in the " Coor dinated Plan,"
with and without th e flood control feature. Those by years foll ow
herewith but those by months, because of th eir size, have been assem
bled in the last chapter of this volum e.

It may be observed up on reviewing these tables that the in clusion of
the flood control feat ure of the " Coordinated Plan " has practi cally no
effect upon the yield of the Kennett reservoir either in wate r or power ,
The water yield equalized for irrigation use, both with and without
flood control, is identical either in the temporary or permanent mode
of operating the reservoir. The power yield is 0.9 per cent less under
the temporary and 0.2 per c ent greate r under the perm anent mode of
operation, all in the secondary output. Th ese differences are very
small and ar e discernible only because of the minute comparisons made
to detect them. They are much smaller than the error contained in
the usual computations of power output that are based on monthly
averages of stream flow.

The slightly less power output under the temporary mode of opera
tion when flood control is included, results from the extra water that
may be run through the turbines while the reservoir level is depressed
for flood control, being insufficient at t imes to compensate for the
slight reduc tion in power head. ' Th e table shows that this occurs at
times during 16 of the 30 years . In 7 of the years the extra water
available while the reservoir level is depressed for flood control is
sufficient to develop a gr eater power output with flood control than
without. In the remaining 7 years th e reservo ir stage is not affected
by th e inclusion of th e flood cont rol feature since th e empty space, by
reason of conservation operations, is at all times greater than needed
for flood control. Under such circumstances the power yield with and
without flood control is identical. The greatest difference in power

.~
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yield with and without flood control in any year of the 30 analyzed is
6.7 per cent. This occurred in 1900. The average reduction in power
head by the in clusion of flood control is 2.0 fe et. . .

Under the perm an ent mode of operating the r eservoir the power
yield is grea ter with flood control than without because the extra
~olume of water that may be run through the turbines by reason of
the in clusion of the flood control feature is more tha n sufficient to
compe nsate for the small depression in head. 'I'he average reduction
in power head that r esults from the depression of the reservoir level
at times for flood cont rol is 0.5 feet .

An a lt er nate ru le for cont ro lling floods by re se rvoi rs.

The rules for controll ing floods by reservoirs descr ibed her ein , gr ade
wit h scientific ni cety t he flood control reserve in accord with the
probabl e need for empty space to detain excess flood water. They wer e
so constructed in order that the program of flood control evolved by
the analysis would interfere as little as possible with conservat ion . It
appear s that ,under some circumstances, this nic ety of gradation in
th e amount of flood control r eserve might be neglected without par
t icula r detriment to the rese rvo ir yields. By holding the maximum
empty space ever r equired, in reserve throug hout each flood season
until it s close ins tead of varying it during the season with the changing
value of the progressive rainfall index, r esults could be obtained at the
Kenn ett r eservoir not greatly different from those secured by the appli
cation of the reservoir oper ating diag ram.

It is evident that such a rule would in ter fer e with conse rvation very
ser iously un der some circumst an ces, especially with a small reservoir.
On the oth er ha nd, it is surpr ising how well it fits occur re nces on the
Sacr amento River from 1895 to 1926 when applied to the size reservoir
proposed at K ennett. The total r eservoir capacity proposed at K ennett
equa ls almost half the mean seasonal r un-off and is about six times the
maximum flood control r eserve. In seasons of short run-off when it
woul d seem that the ni cety of gra dation in the flood control reserve
obtained by the operating diagram should be particularly valuable, it
is found generally that cons ervat ion draft holds the res ervoir below
the level of the maximum flood control r eserve. At such times flood
cont rol by either rule does not depress the r eservoir level. H ypotheti 
cal seasons might be constr ucted in whi ch this would not be so, however ,
the record of st ream flow shows that none have occurred within the
last thirty years. Should they occur, control by the rese rvo ir operating
diagram would interfer e less with conservation than by the alternate
r ule.

The water and power yield of the Kennett reservoir holding the
maximum flood control r eserve (454,000 acre-feet ) empty throughout
the season (until April 8th) was computed in parallel to that without
flood control and to that with cont rol by the reservoir operating dia
gram. The yearly and monthly summaries of these computations are
included with the others in the adj oining tables. 'I'he reduction in
yie ld from that without flood control is small . In the temporary mode
of operation under the "Coordinated P lan," the irrigation yield is
identical but the primary power output is reduced 3.5 per cent. The
second ary output, however , is in creased 5.6 per cent so that the net
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r eduction in total power is 1.0 per cent. Under t he p ermanent mode
of op eration, the aver age ir r igation yield is reduced 0.3 per cen t because
of the larger deficien cies in seasons of short supply . In 1923 the
deficiency is in creased by 210,000 acr e-feet , 5.0 per cent of the average
seasonal yield . The incidental power * under the p erman ent mode of
oper at ion is reduced betw een 1 and 2 per cent.*

• A full set of computations of the in cidental powe r y ie ld while operating pri
marily for. Ir rigation wa s not completed . H owever, It is estimate d the average power
head wo uld be reduced a bou t 7.0 f eet and 20,000 to 40,000 acre-feet m ore water
would pass thr ou gh the turbines.

,.
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KENNETT RESERVOIR ON SACRAMENTO RIVER.

Table of Yearly Summaries of Water and Power Y ield Co mp uted on a
Da ily Basis.

Showing the effect of in clu sion of the flood control feature of th e
"Coordina ted Plan." (See Chapter VIII for

corresponding monthly summaries.)

l(l7

•

TABLE 1-0perating primarily for pow er generation with incidental irrigation.
With and without flood control by re servoir oper ating diag ram.

T A BLE 2-0pera ting primarily for irriga tion with incidental power generation.
W ith and withou t flood cont rol by reser voir operating dia gram.

'l'A IlL E 3- 0 perating primarily for irrigation. Comparison for two methods of
flood control.

TABL E 4--0 perating pri marily for pow er generation wi th incidental irrigation.
Comparison for two methods of flood cont rol.

T A BLE 5-Summary of .power yie ld . " ' it h and without flood control by either of
two methons.
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TABLE 1. KENNETT RESER

WATER AND POWER YIELD, OPERATI NG PRIMARILY

BOTH

WITH AND WITHOUT FLOOD CONTROL

Ye arly Summary of Computations
(Fo r corresponding monthly sum

H eight of dam 420 feet. Ca paci t y of reserv oir 2,940,000 a cre-fe et .

Without flDod control
Est i-

mated
run-off Stage of Power draft Average power yi eldatYear dam reservoir through turbinee in Waste Average in kilowatt s

site at acre-feet Evapora- over power (Load factor= 0.75)

in beginning tion in spillway head in
acre-feet of acre-feet III feetyearin Primary Secondary acre-feet *Primary Secondary Totalacre-feet

- - - - - - - - -- ------ - - - --- --- - - - --- ---
1896 8,306,000 2,256,000 3,205,000 1,968,000 78,000 2,491,000 400 113,000 69,500 182,500
1897 6,052,000 2,820,000 3,201,000 1 662,000 78,000 1,671,000 401 113,400 59,100 172,500
1898 3,308,000 2,257,000 3,248,000 21,000 75,000 0 392 113,400 700 114,100
1899 5,050,000 2,221,000 3,206,000 990,000 78,000 299,000 400 113,400 34,900 148,300
1900 5,720,000 2,698,000 3,193,000 1,537,000 78,000 1,081,000 402 113,400 54,200 167,600
1901 5,724,000 2,529,000 a,I96,OOO 1,312,000 78,000 1,289,000 401 113,400 46,300 159,700
1902 8,685,000 2,378,000 3,201,000 1,659,000 78,000 3.185,000 400 113,400 58,900 172,300
1903 6,848,000 2,9,10,000 3,182,000 1,632,000 78,000 1,990,000 404 113,400 58,200 171,600
1904 10,378,000 2,906,000 3,204,000 2,437,000 78,000 5,144,000 400 113,000 85,600 198,600
1905 6,823,000 2,421,000 3,204,000 1,429,000 78,000 2,276,000 400 113,400 51,000 J64,400
1906 7,981,000 2,257,000 3,212,000 1,807,000 78,000 2,673,000 399 113,400 63,900 '177,300
1907 8,877,000 2,468,000 3,208,000 1,822,000 78,000 3,891,000 399 113,400 64,500 177,900
1908 5,355,000 2,346,000 3,202,000 1,390,000 78,000 774,000 400 113,000 49,500 162,500
1909 10,871,000 2,257,000 3,203,000 2,116,000 78,000 5,053,000 400 113,400 74,800 188,200
1910 5,801,000 2,678,000 3,201,000 1,478,000 78,000 1.465,000 401 113,400 52,300 165,700
1911 6,383,000 2,257,000 3,212,000 1,446,000 78,000 1,655,000 398 113,400 51,500 164,900
1912 4,935,000 2,249,000 3,21l ,000 1,333,000 78,000 305,000 398 113,000 46,900 159,900
1913 5,017,000 2,257,000 3,201,000 1,189,000 78,000 253,000 400 113,400 42,100 155,500
1914 9,085,000 2,553,000 3,211,000 1,921,000 78,000 4,171,000 399 113,400 68,000 181,400
1915 9,454,000 2,257,000 3,214,000 1,853,000 78,000 4,094,000 398 113,400 65,500 178,900
1916 7,127,000 2,472,000 3,208,000 1,588,000 78,000 2,468,000 400 113,000 56,300 169,300
1917 4,705,000 2,257,000 3,215,000 897,000 78,000 515,000 397 ' 113,400 32,000 145,400
1918 3,862,000 2,257,000 3,222,000 462,000 78,000 100,000 396 113,400 16,300 129,700
1919 5,306,000 2,257,000 3,211,000 905,000 78,000 1,185,000 399 113,400 32,400 145,800
1920 4,455,000 2,184,000 3,373,000 269,000 66,000 0 376 113,000 9,400 122,400
1921 6,255,000 2,931,000 3,199,000 1,447,000 78,000 2,139,000 400 113,400 51,600 165,000
1922 4,504,000 2,323,000 3,212,000 913,000 78,000 296,000 398 113,400 32,300 145,700
1923 3,294,000 2,328,000 3,223,000 133,000 78,000 0 398 113,400 4,600 118,000
1924 2,431,000 2,188,000 3,759,000 ' 0 53,000 0 339 113,000 0 113,000
1925 5,420,000 807,000 3,361,000 337,000 78,000 211,000 381 113,400 12,100 125,500

--- - -- - - - --- --- - - - - - - - - - - - - - --
Total 188,012,000 97.101,000 37,953,000 2,300,000 50,674,000
Average 6,267,000 3,236,000 1,265,000 77,000 1,689,000 395, 8 113,400 44,800 158,200

· Total primary power production in February of leap year, taken the same as in otber years. I

,I
(
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THE CON TROL OF FLOODS BY RESERVOIRS.

VOIR ON SACRAMENTO RIVER.

FOR POWER GENERATION WITH INCIDENTAL IRRIGATION

BY RES ERVOIR OPERATING DI AGRAM.
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Carried ou t on a Da il y Basis.
mary, see T able Ia , page 218.)

Installed capacity of power plant 400,000 k.v.a, P. F . = 0.80 .

Coordinated with flood control by reservoir operating diagram
Maximum controlled flowat Red Bluff 125,000sec.-ft. Maximum reservoir spacerequired 454,000ac.-ft. ·

Stage ~f Power draft Release Average power yield
reservoir through turbines in

t~g~Sb
Waste Average in kilowatts Yea r

at acre- feet Evapora- over (Load factor=0.75)
beginning tionin spillway power

control bead inof acre-feet outlet s in In feetyear in Primary Secondary acre-feet acre- feet *Primary Secondary Totalacre-feet
- - - --- - - - - - - - --- - -- ---- - - - - - - - - - - - --
2,256,000 3,225,000 1,701,000 78,000 1,640,000 1,323,000 398 113,000 59,700 172,700 1896

. 2,595,000 3,227,000 1,552,000 78,000 1,175,000 358,000 396 113,400 54,300 167,700 1897
2,257,000 3,248,000 21,000 75,000 0 0 392 113,400 700 114,100 1898
2,221,000 3,209,000 994,000 78,000 388,000 14,000 399 !l3,400 35,000 148,400 1899
2,588,000 3,214,000 1,238,000 78,000 1,228,000 21,000 398 113,400 42,900 156,300 1900
2,529,000 3,221,000 1.174,000 78,000 1,402,000 0 397 113,400 40,400 153,800 1901
2,378,000 3,214,000 1,569,000 78,000 2,936,000 614,000 398 113,400 55,300 168,700 1902
2,652,000 3,210,000 1,647,000 78.000 1,834.000 130,000 399 113400 57,800 171,200 1903
2,601,000 3,238,000 2,449,000 78,000 3,592,000 1,201,000 395 !l3,OOO 85,100 198,100 1904
2,421,000 3,217,000 1,504,000 78,000 1,903,000 285,000 397 113,400 53,100 166,500 1905
2,257,000 3,224,000 1,849,000 78,000 1,780,000 839,000 397 113,400 65,100 178.500 1906
2,468,000 3,230,000 2,042,000 78000 3,044,000 605,000 395 113,400 71,400 184,800 1907
2,346,000 3.226,000 1,146,000 78,000 930,000 64,000 398 !l3,OOO 40,200 153,200 1908
2,257,000 3,217,000 2,099,000 78,000 4,785,000 312,000 397 113,400 73.600 187,000 1909
2,637,000 3,210,000 1,443,000 78,000 1,036,000 414,000 399 113,400 50.800 164,200 1910
2,257,000 3,228,000 1,443,000 78,000 1,217.000 425,000 396 113,400 50,800 164,200 1911
2,249,000 3,2u ,000 1,333,000 78,000 0 305,000 398 !l3,OOO 46,900 159,900 1912
2,257,000 3,216,000 1,093,000 78,000 137,000 197,000 398 113,400 38,500 151,900 1913
2,553,000 3,221,000 1,914,000 78.000 3,358,000 810,000 397 113,400 67,400 180,800 1914
2,257,000 3,224,000 1,964,000 78,000 2,509,000 1,464,000 396 113,400 69,000 182.400 1915
2,472,000 3,236,000 1,704,000 78,000 2,149,000 175,000 396 113,000 59,500 172,500 1916
2,257,000 3,220,000 770,000 78,000 178,000 459,000 397 113,400 27,400 140,800 1917
2,257,000 3,222,000 462,000 78,000 0 100,000 396 113,400 16,300 129,700 1918
2,257,000 3,223,000 1,020,000 78,000 919,000 139,000 396 113,400 36,000 149,400 1919
2,184,000 3,374,000 270.000 66,000 202,000 0 375 113,000 9,400 122,400 1920
2,727,000 3,218,000 1,391,000 78,000 1,936,000 36,000 397 113,400 48,900 162,300 1921
2,323,000 3,215,000 832,000 78,000 136,000 238,000 398 113,400 29,400 142,800 1922
2,328,000 3.223,000 133,000 78,000 0 0 398 113,400 4,600 !l8,OOO 1923
2,188,000 3,759,000 • 0 53,000 0 0 339 113,000 0 113.000 1924

807,000 3,361,000 337,000 78,000 0 211,000 381 113,400 12,100 125,500 192.,
--- - -- - -------- - - - --- - - - - - - - - -

07,481,000 37,094,000 2,300,000 40,414,000 10,739,000 Total
3,249,000 1,236,000 77,000 1,347,000 358,000 393.8 113,400 43,400 156,800 Average
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TABLE 2. KENNETT RESER

WATER AND POWER YIELD, OPERATING PRIMARILY

BOTH

WITH AND WITHOUT FLOOD CONTROL

Ye arly Summary of Computations
(For corresponding monthl y sum

Height of d am 420 feet.

Capacity of r eserv oir 2,940,000 acre-feet.

Without flood control

Irrlgation
Estima ted Stage of dra ft in Pow er Deficiency Average Average

Year run-off reservoir acre-feet dr aft Wast e power power
a t dam a t (no Evapora- over III head yield inthro ugh irrigationsit e in beginning deduction t ion in turbines spill way supp ly through kilowat ts

acre-feet of for d OWIl - acre-fee t III period of (Load
year in strea m in acre-feet III opera tion factor=

acre-feet pr ior acre-fee t ac re-feet in feet 1.00)
r ights)

--- - - - - -- - - - --- - - - - - - - - - -- ---- ----
1896 8,306,000 1,860,000 4,276,000 65,000 5,286,000 1,678,000 0 375 178,400
1897 6,052,000 2,585,000 4,276,000 59,000 5,531,000 1,172,000 0 359 180,800
1898 3,308,000 1,408,000 4,189,000 43,000 3,149,000 0 87,000 342 91,200
1899 5,050,000 484,000 4,123,000 39,000 3,130,000 0 153,000 329 88,700
1900 5,720,000 1,372,000 4,276,000 55,000 4,723,000 327,000 0 337 145,500
1901 5,724,000 1,534,000 4,276,000 54,000 4,721,000 759,000 0 336 144,900
1902 8,685,000 1,268,000 4,276,000 61,000 5,051,000 1,919,000 0 361 166,300
1903 6,848,000 2,432,000 4,276,000 54,000 5,545,000 1,350,000 0 347 176,700
1904 10,378,000 1,872,000 4,276,000 65,000 5,055,000 4,108,000 0 372 170,200
1905 6,823,000 2,462,000 4,276,000 59,000 5,727,000 1,822,000 0 361 188,300
1906 7,981,000 1,206,000 4,276,000 69,000 4,713,000 1,491,000 0 378 161,500
1907 8,877,000 2,309,000 4,276,000 65,000 5,552,000 3,257,000 0 369 186,200
1908 5,355,000 1,795,000 4,276,000 58,000 5,170,000 302,000 0 353 166,000
1909 10,871,000 1,155,000 4,276,000 59,000 5,723,000 3,543,000 0 362 190,400
1910 5,801,000 2,216,000 4,276,000 55,000 5,383,000 911,000 0 347 171,100
1911 6,383,000 1,215,000 4,276,000 63,000 4,709,000 868,000 0 362 155,500
1912 4,935,000 1,447,000 4,276,000 61,000 4,032,000 83,000 0 360 130,200
1913 5,017,000 1,709,000 4,276,000 58,000 4,537,000 58,000 0 348 143,800
1914 9,085,000 1,611,000 4,276,000 65,000 5,729,000 2,744,000 0 370 192,800
1915 9,454,000 1,631,000 4,276,000 66,000 5,341,000 2,972,000 0 374 181,100
1916 7,127,000 2,138,000 4,276,000 59,000 5,627,000 1,798,000 0 358 183,300
;917 4,705,000 1,321,000 4,276,000 59,000 4,124,000 236,000 0 348 129,700
1918 3,862,000 1,132,000 4,276,000 50,000 3,158,000 0 0 354 96,400
1919 5,306,000 668,000 4,276,000 54,000 1,033,000 215,000 0 334 138,500
1920 4,455,000 719,000 3,121,000 24,000 1,979,000 0 1,155,000 315 53,400
1921 6,255,000 2,029,000 4,276,000 56,000 5,514,000 1,186,000 0 350 176,800
1922 4,501,000 1,059,000 4,276,000 56,000 3,801,000 0 0 342 116,700
1923 3,294,000 1,2,26,000 4,101,000 43,000 3,134,000 0 175,000 341 91,100
1924 2,431,000 376,000 2,136,000 13,000 1,072,000 0 2,140,000 283 25,600
1925 5,420,000 658,000 4,276,000 54,000 4,353,000 297,000 0 352 135,500

- - - --- --- - - - --- - - - - -- - - - ---
Total 188,012,000 124,570,000 1,641,000 136,102,000 33,096,000 3,710,000
Average 6,267,000 . . . .. .. . . . 4,152,000 55,000 4,537,000 1,103,000 124,000 353,4 145,300

I
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THE CONTROL OF FLOODS BY RESERVOIRS.

VOIR ON SACRAMENTO RIVER.

FOR IRRIGATION WITH INCIDENTAL POWER GENERATION

BY RESERVOIR OPERATING DIAGRAM.
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,- ..

Carried out on a Daily Basis.
mary. see Table 2a , page 234.)

Seasonal irrigation yield (deficiency in supply one year in ten, no
deduction for downstream prior rights) 4,276,000 acre-feet.

Installed capacity of power plant 400,000 k.v.a. P.F. = 0.80.

Coordinated with flood control by reservoir operating diagram
Maximum controlled flow a t Red Bluff 125,000sec-It, Maximum reservoir spac e req uir ed 454,000ac.-f t.

Irrigation
St age of draft in Po wer Re lease Deficien cy Average Average
reservoir acre-feet draft through Waste

III
power power Year

at (no Evapora- over head yie ld in
beginn ing deduction tion in through flood spillway irr igation thro ugh kilowattsturbines ' control supplyof for down- acre-feet in out lets in III

III
period of (Loa d

year in st ream acre-feet ac re-feet acre-feet acre-feet operat ion fac tor=
acre-feet ' prior in feet LOO)

rights )
--- - - - ------- --- - - - - - - - - - ---- - - - -

1,860,000 4,2i6,OOO 65,000 4,901,000 1,148.000 915,000 0 3i 3 164,000 1896
2,586,000 4,2i 6,000 59,000 5,616,000 916,000 lil ,OOO 0 358 181,900 189i
1,408,000 4,189,000 43,000 3,149,000 0 0 8i ,OOO 342 91,200 1898

484,000 4,123,000 39,000 3,130,000 0 0 153,000 329 88,iOO 1899
1,3i2,000 4,2i6,000 55.000 4,i45,000 305,000 0 0 342 145,300 1900
1,534,000 4.2i6,000 54,000 4,6iO,OOO 810,000 0 0 33i 142,000 1901
1,268.000 4,2i6 ,000 61,000 4,949,000 1,682,000 339,000 0 359 161,600 1902
2,432.000 4,2i6 ,000 54,000 5,i22. 000 1,149,000 24,000 0 345 181,QOO 1903
1,8i2,000 4,2i6 ,000 65,000 5,152,000 3.1iO,OOO 841,000 0 3iO li2,600 1904
2,462,000 4,2i6,OOO 59,000 5,908,000 1,550,000 91,000 0 359 193,300 1905
1,206,000 4,2i6 ,OOO 69,000 4,i98 ,000 1,100,000 306,000 0 3ii 163,i OO 1906
2,309.000 4,2i6,000 65,000 5,989,000 2,468.000 352,000 0 366 199,iOO 190i
1,i 95,000 4,2i6,000 58,000 4,919,000 5.53,000 0 0 352 155,900 1908
1,155,000 4.2i6,000 59,000 5,648,000 3,524,000 94.000 0 363 186,400 1909
2,216,000 4,2i 6,000 55,000 5,369,000 i 08,000 21i,000 0 34i 1iO,100 1910
1,215,000 4,2i6 .000 63.000 4,952,000 481,000 144,000 0 363 163,400 1911
l ,44i,000 4,2i6,000 61,000 4,032.000 0 83,000 0 360 130,200 1912
1,709,000 4.276.000 58,000 4,533,000 10.000 52.0ilO 0 352 143.600 1913
1,611,000 4,2i 6,000 65.000 5,761.000 2,214,000 498,000 0 369 192,900 1914
1,631,000 4,2i6 .000 66,000 5,390.000 1,896,000 1,027,000 0 3i2 181,900 1915
2,138,000 4,2i6.000 59.000 5.i 90,000 1,598,000 3i, OOO 0 355 187,200 1916
1,321,000 4,276.000 59,000 4,124,000 0 236,000 0 348 129,700 191i
1,132,000 4,276,000 50.000 3,158,000 0 0 0 354 96,400 1918

668,000 4,2i6,000 54,000 4,665.000 48,000 35,000 0 332 142,900 1919
it9,000 3.121,000 24,000 1,9i9.000 0 0 1,155,000 315 53,400 1920

2,029,000 4,276,000 56,000 5,608,000 1,092,000 0 0 348 l i 8,iOO 1921
1,059,000 4,2i6,000 56.000 3,801,000 0 0 0 342 116,700 1922
1,226,000 4,101,000 43,000 3,134,000 0 0 l i 5,000 341 91,100 1923

3i6 ,000 2,136,000 13,000 1.0i 2,000 0 0 2,140,000 283 25,600 1924
658,000 4,2i6,OOO 54,000 4,318,000 152,000 180,000 0 352 133,900 1925

- - -
124,570,000 1 1,641,000

--- - - -
5,642,000 [ 3,itO,000 1---1----136,982,000 26.5i4 ,OOO To tal

4,152,000 55,000 4,566,000 886,000 188,000 . 124,000 352.9 145,600 Average
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TABLE 3. KENNETT RE SER

COMPARISON OF WATER YIELD

FOR

TWO METHODS OF

Yearly Summary of Com p u t a t ion s
(For corresponding monthly sum

Height of dam 420 feet. Capacit y of reservoir 2,940,000 acre-feet.

Flood control ::r reservoir operating d iagram
Maximum controll flow a t Red Bluff 125,000 sec.-It ,

Maximum reservoi r space requ ir ed 454,000 au- ft .
Estimated

Year ru n-off a t Ir rigati ondam site in Stage of draf t in Release Deficiencyacre-feet reservoir at acre -feet Evaporation
ct~~fr~t~~t~~ts

Waste over in irrigationbeginn ing
(no deduction in acre-feet spillway in supply inof year in for downstrean in acre-feet acre-feet

acre-feetacre -feet pri or r ight s)- --
1896 8,306,000 1,860,000 4,276,000 65,000 1,767,000 1,472,000 0
1897 6,052,000 2,586,000 4,276,000 59,000 2,413,000 482,000 0
1898 3,308,000 1,408,000 4,189,000 43,000 0 0 87,000
1899 5,050,000 484.000 4,123,000 39,000 0 0 153,000
1900 5,720,000 1,372,000 4,276,000 55,000 1,053,000 174,000 0
1901 5,724,000 1,534,000 4,276,000 54,000 1,635,000 25,000 0
1902 8,685,000 1,268,000 4,276,000 61,000 2,507,000 677,000 0
1903 6,848,000 2,432,000 4,276,000 54,000 2,773,000 305,000 0
1904 10,378,000 1,872,000 4,276,000 65,000 4,264,000 1,183,000 0
1905 6,823,000 2,462,000 4,276,000 59,000 3,278,000 466,000 0
1906 7,981,000 1,206,000 4,276,000 69,000 1,887,000 646,000 0
1907 8,877,000 2,309.000 4,276.000 65,000 4,385,000 665,000 0
1908 5,355,000 1,795,000 4,276,000 58,000 1,401,000 260.000 0
1909 . 10,871,000 1,155,000 4,276,000 59,000 5,001,000 474,000 0
1910 5,801,000 2,216,000 4,276,000 55,000 1,586,000 885,000 0
1911 6,383,000 1,215,000 4,276,000 63,000 1,357,008 455,000 0
1912 4,935,000 1,447,000 4,276,000 61,000 336,000 0
1913 5,017,000 1,709,000 4,276,000 58,000 172,000 609,000 0
1914 9,085,000 1,611,000 4,276,000 65,000 3,843,000 881,000 0
1915 9,454,000 1,631,000 4,276,000 66,000 3,165,000 1,440,000 0
1916 7.127,000 2,138,000 4,276,000 59,000 3,223,008 386,000 0
1917 4,705000 1,321,000 4,276,000 59,000 559,000 0
1918 3,862,000 1,132,000 4,276,000 50,000 0 0 0
1919 5,306,000 668,000 4,276,000 54,000 591,000 334,000 0
1920 4,455,000 719,000 3,121,000 U ,OOO 0 0 1,15,; ,000
1921 6,255.000 2,029,000 4,276,000 56,000 2,682,000 211,000 0
1922 4,504,000 1,059,000 4,276,000 56,000 0 5,000 0
1923 3,294,000 1,226,000 4,101,000 43,000 0 0 175,000
1924 2.431,000 376,000 2,136,000 13,000 0 0 2,140,000
1925 5,420,000 658,000 4,276,000 54,000 526,000 487,000 0

'fatal 188,012,000 124,570,000 1,641,000 49,509,000 13,417,000 3,710,000
Average 6,267,000 4,152,000 55,000 1,650,000 447,000 124,000

.'
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VOIR ON SACRAMENTO RIVER.

OPERATING PRIMARILY FOR IRRIGATION

FLOOD CONTROL.
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Carried out on a Daily Basis .
ma ry, see Tabl e 3a , page 250.)

Seasonal irrigation yi eld (deficiency in supply one year in t en, no
deduction for downstream prior r ights) 4,276,000 acre-feet .

Flood contr ol, holding maximum res erv oir space required (454,000 ae--tt.) in reserve thr oughout flood seas on
Maxim um controlled flow at Red Bluff .125.000 sec.-ft .

Stage of Irrigat ion Year

reservoir at draft in Release Waste over Deficiency

beginning acre-feet Evaporation through flood spill way in in irrigation
(no deduc tio n in acre-feet control outlets supply inof year in for downst ream in acre-feet acre-feet acre-feetacre-feet pri or r ights) - -- - -

1,850.000 4,276,000 65,000 2,760,000 579,000 0 1896
2,486,000 4,276,000 59,000 2,747,000 48,000 0 1897
1.408,000 4,184,000 43,000 5,000 0 92,000 J898

484,000 4,123,000 39,000 0 0 153,000 1899
1,372,000 4,276,000 47,000 1,506,000 0 0 1900
1,263,000 4,268, 000 44,000 1,727,000 0 8,000 1901

948,000 4,276,000 61,000 2,705,000 159,000 0 1902
2,432.000 4,276,000 53,000 3,206,000 0 0 1903
1,745,000 4,276,000 65,000 4,634,000 686,000 0 1904
2,462,000 4,276,000 57,000 3,862,000 0 0 1905
1,090,000 4,276,00 0 69,000 2,253,000 164,000 0 1906
2,309,000 4,276,000 65,000 4,792,000 258,000 0 1907
1,795,000 4,276,000 54.000 1,867,000 0 0 1908

953,000 4,276,000 59,000 5,331.000 0 0 1909
2,158,000 4,276,000 53,000 2,556,000 0 0 1910
1,074,000 4,276.000 63.000 1,634.000 ,37,000 a 1911
1,447,000 4,276.000 59,000 511,000 0 0 1912
1,536,000 4,276,0 00 55,000 734,000 0 0 1913
1,488,000 4,276,000 65,000 4,337,000 264,000 0 1914
1.631,000 4,276,000 66,000 3,894,000 711,000 0 1915
2,138,000 4,276,00 0 55,000 3,735,000 0 0 1916
1,199,000 4,276,000 59,000 323,000 114,000 0 1917
J,132.000 4,248.000 45,000 110,000 0 28,000 19J8

591,000 4,276,000 51,000 948,000 0 0 1919
622,000 3,026,000 22,000 . 0 0 1,250,000 1920

2,029,000 4,276,000 51,000 3,119,000 0 0 1921
838,000 4,276,000 53,000 2,000 0 0 1922

1,011,000 3,891,000 38,000 0 0 385,000 1923
376,000 2,136,000 13,000 0 0 2,140,000 1924
658,000 4,276,000 54,000 959,000 54,000 0 1925

124,224,000 I 1,582,000 60,257,000 3,074,000 4,056,000 Total
4,141,000 53,000 2,009,000 102,000 135,000 Average
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TABLE 4. KENNETT RESER

COMPARISON OF WATER AND POWER YIELD, OPERATING PRIMARILY ..,

TWO METHODS OF

Ye arly Summary of Computations
(For co rrespond ing monthly sum

Height of dam 420 feet. Capacity of r eservoir 2,940 ,000 acre-feet.
tlf",

Flood control by reservoir operating diagram
Maximum controlled flow at Red Bluff 12f,000 sec.-It.

Maximum reserve space required 454,000 ac -ft ,

Primary Becond
ary Total

Average power yield
in kilowatts

(Load factor=O.75)';:~~e Average
spillway pow~r , .-y_ _ -,- _

i head In r-
nf feet S d

acre- eet *Primary ~ e~~; -

Release

tbfi~~~h
control
outlets

in
acre-feet

Power draft .
through tur bines in

ac re-feet

Stage of
reservoir

at Evap ora-
begi~f ingl ...,- I a~~:f~~t

year in
acre-feet

Es t i
mated
run-off

a t
dam
site
in

acre-feet

Year

..,

59,700 172,700
54,300 167,700

700 114,100

~~:g~~l l ~~:~~
40,400 153,800
55,300 168,700
57,800 171,200
85,100 198,100
53,100 166,500
65,100 178,500
71,400 181,800
40,200 153,200
73,600 187,000
50,800 164,200
50,800 164,200
46,900 15J,900
38,500 151,900
67,400 180,800
69,000 182,400
59,500 172,500
27,400 140,800
16,3001 129,700
36,0001 149,400
9,400 122,400

48,900 162,300
29,400 142,800
4,600 118,000

a 113,000
12,100 125,500

113,400 43,400 156,800

113,000
113,400
113,400
113,400
113,400
113,400
113,400
113,400
113,000
113,400
113,400
113,400
113,000
113,400
113,400
113,400
113,000
113,400
113,400
113,400
113,000
113,400
113,400
113,400
113,000
113,400
113,400
113,400
11:;,000
113,400

398
396
392
399
398
397
398
399
395
397
397
395
398
397
399
396
398
398
397
396
396
397
396
396
375
397
398
398
339
381

393.81

8,306,000 2,256,000 3,225,000 1,701,000 78,000 1,640,000 1,323,000
6,052,000 2,595,000 3,227,000

1
1,552,000 78,000 1,175,000 358,000

3,308,000 2,207,000 3,248,000 21,000 75,000 0 0
5,050,000 2,221,000 3,209,000 994,000 78,000 388,000 14,000
5,720,000 2,588,000 3,214,000 1,238,000 78,000 1,228,000 21,000
5,724,000

1

2,529,000 3,221,000 1,174,000 78,000 1,402,000 0
8,685,000 2,378,000 3,214,000 1,569,000 78,000 2,936,000 614,000
6,848,000

12

,652,000 3,210,000 1,647,000 78,000 1,834,000 130,000
10,378,000 2,601,000 3,238,000 2,449,000 78,000 3,592,000 1,201,000
6,823,000 2,421,000 3,217,000 1,504,000 78,000 1,903,000 285,000
7,981,000 2,257,000 3,224,000 1,849,000 78,000 1,780,000 839,000
8,877,000 2,468,000 3,230,000 2,042.000 78,000 3,044,000 605,000
5,355,000 2,346,000 3,226,000 1,146,000 78,000 930,000 64,000

10,871,000 2,257,000 3,217,000 2,099,000 78,000 4,785,00C 312,000
5,801,000 2,637,000 3,210,000 1,443,000 78,000 1,036,000 414,000
6,383,000 2,257,000 3,228,000 1,443,000 78,000 1,217,000

1
425,000

4,935,000 2,249,000 3,211,000 1,333,000 78,000 0 305,000
5,017,000 2,257,000 3,216,000 1,093,000 78,000 137,000 197,000
9,085,000 2,553,000 3,221,000 1,914,000 78,000 3,358,000 810,000
9,454,000 2,257,000 3,224,000 1,964,000 78,000 2,509,000 1,464,000
7,127,000 2,472,000 3,236,000 1,704,000 78,000 2,149,900 175,000
4,705,000 2,257,000 3,220,000 770,000 78,000 178,000 459,000
3,862,000 2,257,000 3,222,000 462,000 78,000 0 100,000
5,306,000 2,257,000 3,223,000 1,020,000 78,000 919,000 1119,000
4,455,000

1

2,184,000 3,374,000 270,000 66,000 202,000 0
6,255,000 2,727,000 3,218,000 1,391,000 78,000 1,936,000 36,000
4,504,000 2,323,000 3,215,000 832,000 78,000 136,000 238,000
3,294,000 2,328,000 3,223,000 133,000 78,000 0 0
2,431,0001 2,188,000 3,759,000 0 53,000 0 0
5,420,00~!~ 3,361,000 337,000 78,000~ _ 2_11_,0_0_0: : 1-_ _ + _

188,012,0001 97,481,00037,094,000
1

2,300,000

1

40.414,00010,739,0001
6,267,000 3,249,000 1,236,000i 77,000 1,317,000 358,000

1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925

Total
Average

'Total primary power produc tion in February of leap year s taken th e same as in other years.
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Carried out on a Daily Basis.
mar y, see Tabl e 4a, page 266.)

Installed capacity of po wer pl an t 400,000 k .v.a . P .F . = 0.80.

Flood control, holding maximum reservoir spa ce required (454,000 ac.at.) in rese rve
throughout flood season

Ma ximum cont rolled flow at Red Bluff 125,000 sec.-ft .

Stage of Power dr af t Release Average power yield Year
reservoir t hrough tu rbines in through Waste Average in kilowatts

at ac re-feet Evapora- flood ove r (Load factor=O.75)
beginning tion in co ntro l spillway power

head inof acre-feet outlets in feetyear in . Primary Second- in acre-feet *Primary Second - Tot alacre-feet ary acre-feet ary
--- - - - ------ - - - - - - - - - --- --- --- - - - - -

2,075,000 3,149,000 2,102,000 76,000 1,800,000 768,000 392 109,100 73,000 182,100 1896
2,486,000 3,149,000 1,933,000 i5,000 1,306,000 0 391 109,400 67.100 176,500 1897
2,075,000 3,190,01)0 46.000 72,000 0 0 384 109,400 1,500 .110,900 1898
2,075,000 3,149,000 887,000 73,000 541,000 0 390 109,400 30,400 139,800 1899
2,475,000 3,146,000 1,373,000 74,000 1,222,000 0 391 109,400 47,100 156,500 1900
2,380.000 3,154,000 1,270,000 73,000 1,356,000 0 389 109,400 43,400 152,800 1901
2,251.000 3,143,000 1,853,000 75,000 3,194,000 185,000 391 109,400 64,500 173,900 1902
2,486,000 3,140,000 1,567,000 74,000 2,089,000 0 392 109,400 54,100 163,500 1903
2.464,000 3,155,000 2,679,000 77,000 3,930,000 764,000 391 109,100 92.300 201,400 1904
2,237.000 3,157,000 1,525,000 H,OOO 2,229,000 0 390 109,400 52.800 162,200 1905
2,075,000 3,144,000 2,131,000 77,000 1,914.000 465,000 391 109,400 74,100 . 183,500 1906
2,325,000 3,147,000 2,264,000 76,000 3,307,000 233,000 391 109,400 78.500 187.900 1907
2,175,000 3.164,000 1,339,000 74,000 878,000 0 390 109,100 46,200 155,300 1908
2,075.000 3,153,000 2,202,000 75,000 5,051i,OOO 0 390 109,.100 76,100 185,500 1909
2,461,000 3,151,000 1,575,000 74,000 1,387,000 0 390 109,400 54,100 163,500 1910
2,075,000 3,157,000 1,699,000 75,000 1,378,000 74,000 390 109,400 59,300 168,700 1911
2,075,000 3,161,000 1,577,000 75,000 120,000 0 390 109,100 54,500 163,fiOO 1912
2,077,000 3,152,000 1,388,000 7·1,000 91,000 0 390 109,400 18,000 157,400 1913
2,389.000 3,147,000 2,209,000 76,000 3,695,000 272,000 390 109,400 76,500 185,900 1914
2,075,000 3,147,000 2,087,000 76,000 3,042,000 834,000 391 109,400 72,400 181,800 1915
2,343,000 3,161,000 1,695,000 74,000 2,462,000 0 389 109,100 58,300 167,400 1916
2,07S,00O 3,158,000 1,188,000 75,000 227,000 57,000 389 109,400 41,700 151,100 1917
2,075,000 3,168,000 409,000 74,900 211,000 0 387 100,400 H ,OOO 123,400 1918
2,075,000 U56,OOO 835,000 74,000 1,245,000 0 389 100,400 29,000 138,400 1919
2,071,000 3,290,000 192 ,000 66,000 492,000 0 371 109,100 6,500 115,600 1920
2,486,000 3,154,000 1,309,000 74,000 2,043,000 0 390 109,400 45,100 104,500 1921
2,161,000 3,159,000 981,000 74,000 296,000 0 389 109,400 33,900 143,300 1922
2.155,000 3,152,000 71,000 74,000 77,000 0 390 109,400 2,500 111,900 1923
2,075,000 3,692,000 0 53,000 0 0 334 109.100 0 109,100 1924

761,000 3,290,000 594,000 75,000 147,000 0 375 109,400 20,900 130,300 192.5
- - - --- - -------- - -- --- - - - - - - - - -

9.5,438,000 40,980,000 2,208,000 4.5,734,000 3,652,000 Total
3,181,000 1,366,000 74,000 1,524,000 122,000 386 .9 109,400 47,300 156,700 Average

8- 52411
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TABLE 5. KENNETT RESER

SUMMARY OF POWER '

BOTH

WITH AND WITHOUT

Summary of Tables
(For corresponding monthly sum J '

Height of dam 420 feet. Capacity of reservoir 2,940,000 acre-feet.

Operating primarily for power generation with incidental irrigation
Average power yield in kilo watts (Loa d factor=0.75)

Coordi nat ed wi tb flood control With. flood control,bolding

Year
by reservoir operating diag ram maximum reservoir space

Witbout flood control Maximum controlled flow required (454,000 ae.-It .) in
at R ed Bluff 125,000 see.-It . reserve throughout flood season
Maximum reservoir space Maximum controlled flow
requ ired 454,000 acre-feet at R ed Bluff 125,000 sec.-f t

-
"Primary Secondary Total *Primary Seconda ry Total "Pr imary Secondary Total

--- ------ - - - ---- --- - - - - ------ - --
1896 113.000 69,500 182,500 113,000 59,700 172,700 109,100 73,000 182.100
1897 113,400 59,100 172,500 113,400 54,300 167.700 109,400 67,100 176,500
1898 113,400 700 114,100 113,400 700 114,100 109,400 1,500 110,900
1899 113,400 34,900 148,300 113,400 35,000 148,400 109,400 30,400 139,800
1900 113,400 54,200 167,600 113,400 42,900 156,300 109,400 47100 156500
1901 113,400 46,300 159,700 113,400 40,400 153,800 109,400 43,400 152,800
1902 113,400 58,900 172,300 113,400 55,300 168,700 109,400 64,500 173,900
1903 113,400 58,200 171,600 113,400 57,800 171,200 109,400 54,100 163,500
1904 113,000 85,600 198,600 113,000 85,100 198,100 109,100 92,300 201,400
1905 113,400 51,000 164,400 113.400 53,100 166,500 109,400 52,800 162,200
1906 113,400 63,900 177,300 113,400 65,100 178500 109,400 74,100 183500
1907 113,400 64,500 177,900 113,400 71.400 184,800 109,400 78,500 187,900
1908 113,000 49,500 162,500 113,000 40,200 153,200 109,100 46,200 155,300
1909 113,400 74,800 188,200 113,400 73,600 187,000 109,400 76,100 185,500
1910 113,400 52,300 165,700 113,400 50,800 164,200 109,100 54,100 163,500
1911 113,400 51,500 164,900 113,400 50,800 164,200 109,400 59,300 168,700
1912 113,000 46,900 159,900 113,000 46,900 159,900 109,100 54,500 163,600
1913 113,400 42,100 155,500 113,400 38,500 151,900 109,400 48,000 157,400
1914 113,400 68,000 181,400 113,400 67,400 180,800 109,400 76.500 185,900
1915 113,400 65,500 178,900 113,400 69,000 182,400 109,400 72,400 181,800
1916 113,000 56,300 169,300 113,000 59,500 172,500 109,100 ·58,300 167,400
1917 113,400 32.000 145,400 113,400 27,400 140,800 109,400 41,700 151,100
1918 113,400 16.300 129,700 113,400 16,300 129,700 109,400 14,000 123.400
1919 113,400 32,400 145,800 113,400 36,000 149,400 109,400 29,000 138,400
1920 113,000 9,400 122,400 113,000 9,400 122,400 109,100 6,500 115,600
1921 113,400 51,600 165,000 113,400 48,900 162,300 109,400 45,100 154,500
1922 113,400 32,300 145,700 113,400 29,400 142,800 109,400 33,900 143,300
1923 113,400 4,600 118,000 113,400 4,600 118,000 109,400 2,500 111,900
1924 113,000 0 113,000 113,000 0 113,000 109,100 0 109,100
1925 113,400 12,100 125,500 113,400 12,100 125,500 109,400 20,900 130,300

- -- ---- - - - ------ - -- - - - - - - - - - - -
Averag e 113,400 44,800 158,200 113,400 43,400 156,800 109,400 47,300 156,700

"Total primary power production of leap years taken the same as i n oth er year s.

".
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1,2, an d 4,
mary, see Tabl e 5a, page 282.)

Installed capacity of power plant 400,000 k .v.a . P .F.=0.80.

Operating primar ily for irrigation with inciden ta l power generation
Seasona l irrigation yield 4,276,000 ac.-ft .

(Deficiency in supply one year in ten. No deduc tion for downstream prior rights )
Avera ge power yield in ki lowatts (Load factor=1.00)

Coordinated with flood cont rol
by reservoir operat ing diagram Year

Wit hout flood contr ol Maximum contr olled flow
at Red Bluff 125,000 sec.-ft .

Maximum reservoir space
required 454,000 acre-feet

-
Primary Secondary Tot al Prim ary Secondary Tot al

0 178,400 178,400 0 164,000 164,000 1896
0 180,800 180,800 0 181,900 181,900 1897
0 91,200 91,200 0 91,200 91,200 1898
0 88,700 88,700 0 88,700 88,700 1899
0 145,500 145,500 0 145,300 145,300 1900
0 144,900 144,900 0 142,000 142,000 1901
0 166,300 166,300 0 161,600 161,600 1902
0 176,700 176,700 0 181,000 181,000 1903
0 170,200 170,200 0 172,600 172,600 1904
0 188,300 188,300 0 193,300 193,300 1905
0 161,500 161,500 0 163,700 163,700 1906
0 186,200 186,200 0 199,700 199,700 1907
0 166,000 166,000 0 155,900 155,900 1908
0 190,400 190,400 0 186,400 186,400 1909
0 IiI ,I00 171,100 0 liO ,I00 170,100 1910
0 155,500 155,500 0 163,400 163,400 1911
0 130,200 130,200 0 130,200 130,200 1912
0 143,800 143,800 0 H 3,600 143,600 1913
0 192,800 192,800 0 192,900 192,900 1914
0 181,100 181,100 0 181,900 181,900 1915
0 183,300 183,300 0 187,200 187,200 1916
0 129,700 129,700 0 129,700 129.700 1917
II 96,400 96,400 0 96,400 96,400 1918
0 138,500 138,500 0 142,900 142,900 1919
0 53,400 53,400 0 53,400 53,400 1920
0 176,800 176,800 0 178,700 178,700 1921
0 116,700 116,700 0 116,700 116,700 1922
0 91,100 91,100 0 91,100 91,100 1923
0 25,600 25,600 0 25,600 . 25,600 192·\
0 135,500 135,500 0 133.900 133,900 1925

0 145,300 145,300 0 145,600 145,600 Average

I ..

•
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Pardee Reservoir on Mo kelumne R iver.

The East Bay Municipal Uti lity District proposes to construct the
Pardee r eser voir of 222,000 acre-feet capacity at the sit e on the Mokel
umne River kn own by many as th e Lancha P la na . It is est imated that
this r eservoir will y ield 200 million gallons per day equa lized for
mu nicipal supply . The dam would be 345 feet high. A power pl ant
of 15,000 lew. capacity at its base wou ld generate electr icity with the
water passin g by the dam. 'I'he effect of in cluding' in the pl an s of the
East Bay Municipal Ut ility District a flood control feature similar t o
that devised for the rese rvo irs of the" Coordinated Plan " was invest i
gated by the Di vision of Engineering and Irrigation under ag reement
with the district of date February 5, 1926.

The size of floods to be controlled on th e Mokelumne River is indi- .
cated by the largest ones in the stream flow r ecords. The lar gest rain
water flood in the twenty-one yea rs of measured flow occur red on
J anuary 30, 1911, with a crest discharge of 20 , 600 "~ secon d-feet. 'I'he
largest snow-wa ter flood occurred on -Iun e 12, 1906, with a discharge
of 8740 second-feet. 'I'he crest discha rge of these floods could be lim
ited by the Pardee r eservoir thro ugh the use of a diagram like that
on Plate X IX , " Reservo ir Ope rating Drag ram for Cont rolling Floods
on Mokelumne River " (p. 80), to 5300 second-feet for r ain-water
floods an d to 7100 second-feet for snow-water floods. 'I'hi s r educt ion
in flood flows could be obtained In' th e use at times of a maximum
r eser ve fo r Hood control of D2,OOO :'1crc-fcet, about two-fifths the total
capacity of th e reservoir. .

The cffect of in clu ding this flood cont ro l feature u pon r eservoir stage
and the yield of wate r and powe r f rom the P ardee r eservoir is der ived
f rom a compa rison of tw o sets of comp utations of the yie ld, one with
and th e oth er with ant flood control. As in study ing th e effect of the
inclu sion of a flood cont rol feature upon the yield of t he Ke nnett r eser
voi r, bot h sets of comp ut at ions were carried thro ugh the entire per iod of
meusnred flow Oil a dail y basis instead of Oil th e usu al monthly bas is in
ord er to mak e th e set wi th out flood control exac tl y compar able to th e
one with flood control in cluded. T he latter had to be carr ied through
on a dail y basis to acco mmodate the requirements of the res ervoir
ope rating diagram whi ch requires a daily adj ustment of r eservoir level
during the tfood season. 'I'he st ream flow data used are t hose published
in the 'Vater S up ply P aper s of the ' United States Geologica l Survey
fo r the Clements gaging station together with those in preparation for
publication. No deducti on was mad e for the 59 squa re mil es of drain
age area between Clements and th e ' dam . The assumpt ions employed
in these computations are list ed on page 298.

The effect of inc luding this flood contro l feature up on the reservoir
stage is delin eated upon P late XXIV, "Effect of Controll ing Mokel-

• Water Supply Paper No. 551 of the United States Geological Survey. recently
publish ed. places the m a ximum di scharge of the Mokelumne River at Cle men ts at
25,500 second-feet. This is obtained by a pp ly in g the rating cu r ve of the 1911 flood
to t h e gage heights of 1907. 'l'he crest di scharge of the 1907 flood h a s been published
as 17,000 second -feet in fo r m er publica ti ons in cluding Water Supply Paper No. 29 9
in wh ich are printed t h e daily discharges of the 1907 flood . T h e figures co ntained in
W a ter Su pp ly Paper No. 299 h a v e been used in preparing t h is vo lume. Should the
daily di scharges of the 1907 flood be r ev ised by application of the 1907 gage h ei ghts
to the 1 911 rating cu rve. th e in crea se in th eir va lue s w ould b e so substa ntial as to
r equire a complete r evisi on of the a nalyses of floods on the Mokelumne River con
tained in t hi s volume in or de r to m ake the a nalyses harmonize with the in c r ea sed
di sc harge values.
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umne River F'loods u pon Stage of Pardee Reservoir. " It is assumed
in preparing this plate that th e Pardee rese rvoir was constructed some
time prior to 1904, the opening year of continuous st re am flow me~sure

ments on theMokelumne River, and operated both with and without
flood cont rol through th e succee ding years fo r a municipal supply of
200 million gallons pel' day together with incidental power development
as proposed by th e East Bay Municip al Utility Di strict. The r eservoir
stage for every da y of the 21 year s from 1905 to 1926 is indicated by
lines exte nding across the plate in several r ows. 'I'heir vertical pos i
t ion , read on the r eservoir stage scale, shows th e number of acre-feet
Ji water in storage at all t imes. On this scale, the sp ace between
parallel guide lines r epresents ' 20,000 acre -feet of r eservoir capacity.
The top guide line of each row r epresents a f ull r eservoir and the
bottom one an empty r eservoir.

'I' he heavy black line extending across each row indicates the stage
were 200 million gallon s per day drawn from the re servoir and 140,000
acre-feet per year passed by the dam for prior r igh ts. 'I' he heavy r ed
li ne indicates the depar tur es from this stage by reaso n of the introduc
tion of the flood control feature. 'I'he ligh t r ed lin e indicat es the
stage were the r eservoir operated for flood control alon e in accordance
with the diagram. Red figures translate into feet of depth the greatest
draw down from a full reser voir r equired by flood cont rol during each

. season. A l ight bla ck line in each row below the reservoir stage lines
indicat es on a special scale super imposed on t he r eservoi r stage scale,
the undisturbed dailv flow in the Mokelumne River at Clements . The
light red line close at hand shows the flow below the dam as controll ed

. by the coordinate operatio n of the r eservoir for flood control and con
ser vati on . A bla ck dotted lin e shows throughout t he flood season the
dail y value of the progressive rainfall index used in en ter ing the
reservoir operating diagram to obta in the flood contro l r eserve on each
day.

In 8 out of the 21 seaso ns d isp la yed on the plate, flood control
requires a maximum dep th of empty space from 50 to 52.5 feet below
the fu ll reservoir level. In the other 13 seasons, th e maximum depths
r equired range from 0 to 50 feet . In one-third of th e seasons , the water
leve l due to conservation operat ions is lower than required for flood
control. 'I'he av erage actual depress ion of water level due to flood
cont r ol is 10 fe ct, 3.4- per cent of the average depth of water in the
reservoir at th e dam. 'I'h e re servoir level is depressed fo r flood control
more than one foot , about one-quarter of the entire elapsed ti me of the
analys is.

The water yie ld of the r eservoir is practically " the same both with
and without the inclusion of the flood control feature. A contin uous
draft of 200 million ga llons pel' day can be sustained through the entire
21 years either with or without flood control except in the fall of 1924
when there is a shortage of 19.9 billion gallons with and 19.1 bill ion
gallons without flood cont rol, a difference" of L 1 per cent of the annual
supply .

• It a ppea r s probable that the y ield of wa ter and pow er both with a nd withou t
flood con t r ol would be the same were indi ces of snow-on-the- ground used in s tead of
r amfa ll Indices in constructing and a pply ing tha t part of the reservoir operating
di agram per taining t o snow-w ater flood s (see page 213 ) .
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The average inc identa l power generate d is 6640 kilowatts without
flood cont rol and 6510 kilowatts with flood control, a differ ence of 2
per cent. In both instances the ent ir e amount is secondary power.

If flood control were attained by holding the maximum r eserve empty
throughout the flood season the inclusion of flood control would affect
the yield of wat er and power a li ttle more tha n if attained by use of
the reservoir operating diag ra m. In the computations f or this com
parison, 92,000 acre -feet of cap acity are held empty each year until
April 21st , the close of the r ain-water flood season . Th e reserve is then
reduced to 13,000 acre-feet. This is held empty from May 11th to
July 5th, the season of snow-water floods. Under this pl an of opera
ti on, flood control in cr eases t he shor tage in water yield in 1924, the
only year of deficient supply, from 19.1 to 24.6 billion gallons, an
increase of 2.8 per cent of the annual supply . A full supply is obt ained
in all of the other 20 years an alyzed. Th e average power output is
r edu ced 2.9 per cent.

The following tables present yea rl y summaries of all the computa
tions of yield of the reserv oir . Tables of monthly summar ies, because
of their volume, are pl aced in a sepa rate cha pte r ,

"

I ,

.'



Tali: CONT ROL OF FLOODS BY RESERVOIRS.

PARDEE RESERVOIR ON MOKELUMNE RIVER

Table of Yearly Summaries of Water and Power Yield Computed on a
Daily Basis

S howing th e effect of in clu sion of the flood control feature.

(See Ch apter VIII for corresponding
monthly summa ries .)

TABLE 6-'Vith and without flood contro l b~' re ser voir opera ting diagram.

'.rAB L E 7-Yield compare d for two meth ods of flood con t rol.

'l'ABL E 8---Summa ry of T ables 6 and 7.

/
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TABLE 6. P ARDEE RESERVOIR

WATER AND

BOTH

WITH AND WITHOUT FLOOD CONTROL

Yearly Summary of Computations
Fo r corre spo nd ing monthly sum ,41

H eight of darn 345 feet.

Capacity of reservoir 222',000 acre-feet.

Without flood contro l

R un-off Power
at Stage of draft Defici ency Average AverageYear Clements through power
in reservoir Municipal t urhines Waste III head power

acre-feet at dra ft including Evapora- over municipal through yield in
beginning in water t ion in spillway supply period kilowatts

of acre-feet passed acre-feet in III of (Load
year in for prior acre-feet acre-feet operation factor=

acre-feet rights in in feet , 1.00)

acre-feet
- - - - - - - - - - - - - - - - - - - --- --- --- - - - - - - -

1905 578,060 145,860 224.040 241,480 5,860 135,880 0 303 6,320
1906 1,415,400 ll6,660 224,040 325,760 6,400 794,280 0 307 8,650
1907 1,642,700 181,580 22-1,040 398,680 6,150 1.046,510 0 313 10,820
1908 455,340 14R,900 224,650 236,970 5,820 10,770 0 299 6,020
1909 1,278,230 125,030 224,040 346,350 6,160 618,790 0 315 9,480
1910 788,060 208,920 224,040 279,830 5,740 35.5,440 0 314 7,670
1911 1,515,830 131,930 224,040 315,670 6,210 970,250 0 3ll 8,630
1912 410,540 131,590 224,650 169,020 ",340 10,360 0 279 3,870
1913 ·105,950 132,760 224,040 183,270 ; ,820 3,280 0 286 4,370
1914 1,075,890 122,300 224,040 302,610 6,240 541,320 0 314 8,280
1915 82940 0 123,980 224,040 248,280 6,210 336,460 0 303 6,580
1916 1,049,320 138,390 224,650 303,750 6,210 508,860 0 308 8,240
1917 828,860 144,240 224,040 275,060 6,260 352,930 0 302 7,190
1918 546,170 ll4,810 224,040 179,270 6,220 ll6,680 0 293 4,680
1919 573,130 134,770 224,040 196,310 5,720 171,570 0 294 4,970
1920 506,310 IlO,260 224,650 159,980 5,870 64,340 0 283 3,930
1921 823,280 161,730 224,040 282,720 5,890 345,540 0 313 7,660
1922 974,010 126,820 224,040 243,190 6,300 450,540 0 301 6,390
1923 648,880 176,760 224,040 313,070 5,860 152,490 0 300 7,930
1924 206,650 130,180 166,010 140,000 1,760 0 58,640 208 2,590
1925 802,990 29,060 224,040 190,680 6,610 277,080 0 288 5,100

- --- --- - - - - - - - - - --- - --- - - - - - -----
Tota l 17,355,000 4,649,250 5,331,950 122,650 7,263,370 58,640
Average 826,430 221,390 253,900 5,840 345,870 2,790 296 6,640
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ON MOKELUMNE RIVER.

POWER YIELD

BY RESERVOIR OPERATING DIAGRAM.
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Carried out on a Daily Basis.
mar y see Table 6a , page 300.)

Yield in rrmnicipal supply 200 million gallons daily.

Installed capacity of power plant 15,000 k.w ,

Coordinated with flood control by reserv oir operating diagram
Maximum controlled flowat Clements- rain-water floods. 5,300 sec.-ft; snow-water floods, 7,100 sec- It,
Max imum reservoir space requi red-rain-water floods, 92,000 ac.-ft .; snow-water floods, 13,000 au-It ,

-
Power

Stage of draf t Average Averagethrough Release Deficiency power Yearreservoir Mu nicipal turbines thr ough Waste
In head power

at Evapora- over yie ld in
beginning draf t includin g tion in flood spillway municipal through kilowatts

of in water acre -feet control in supply per iod (Load
year in acre -feet passed out lets in acre- feet in . of factoree

acre-feet for prior acre-feet acre-feet operation 1.00)righ ts in in feet
acre-feet

--- - - -- --- --- - ----- --- - - - - --- - - - - -
145,860 224,040 241,160 5,860 111,840 26,380 0 302 6,300 1905
114,640 224,040 330,460 6,400 571,150 232,320 0 305 8,680 1906
165,670 224,040 415,450 6,150 521,260 492,570 0 305 10,820 1907
148,900 224,650 236,970 5,820 0 10,770 0 299 6,020 1908
126,030 224,040 345,820 6,160 552,980 114,450 0 304 9,010 1909
160,810 224,040 269,630 5,740 224,410 103,660 0 298 6,900 1910
121,390 224,040 339,400 6,210 730,430 205,550 0 302 $,850 1911
131,590 221,650 169,020 5,340 0 10,360 0 279 3,870 1912
132,760 224,040 183,270 5,820 0 3,280 0 286 4,370 1913
122,300 224,040 328,090 6,240 449,110 66,730 0 302 8,450 1914
123,980 224,040 230,140 6,210 333,570 21,030 0 302 6,080 1915
138,390 224,650 339,580 6,210 346,920 126,110 0 298 8,690 1916
144,240 224,040 259,550 6,260 263,350 105,090 0 302 6,790 1917
114,810 224,040 179,270 6,220 0 116,680 0 293 4,680 1918
134,770 224,040 196,310 5,720 0 171,570 0 294 4,970 1919
110,260 224,650 159,980 5,870 0 64,340 0 283 3,930 1920
161,730 224,040 280,900 5,890 293,730 55,850 0 302 7,170 1921
124,600 224,040 235,780 6,300 394,730 61,000 0 300 6,220 1922
176,760 224,040 288,000 5,860 169,370 10,520 0 297 7,250 1923
127,850 163,680 140,000 1,760 0 0 60,970 206 2,570 1924
29,060 224,040 189,850 6,610 182,850 99,770 0 286 5,040 1925- -------- - ----- - --- - --

4,646,920 5,358,630 122,650 5,145,700 2,098,030 60,970 Total
221,280 255,170 5,840 245,030 99,910 2,900 292 6,510 Average



126 WATER RESOURCES OF CALIFORNIA.

TABLE 7. PARDEE RESER

COMPARISON OF WATER

FOR

TWO METHODS OF

Yearly Summary of Computations
(For corresponding monthly sum

Height of dam 345 feet.

Capacity of reservoir 222,000 acre-feet.

Flood control by reservnlr operating diagram
Maximum controlled flowat Clements-rain-water floods,5,300sec.-ft.;

snow-water floods, 7,100sec.-ft.
Maximum reservoir space required-rain-water floods,92,000 ae.-ft.;

snow-water floods, 13,000ac.-lt.

Run-off
at Power

Year Clements Stage of draft Release Average Average·in
reservoir through through Waste Deficiency power

acre-feet Municipal turbine s III head power
at draft including Evapora - flood over municipal through yield in

beginning in water tion in control spillway supply period kilowatts
of acre-feet pas sed acre-feet outlets in of (Load

year in in acre-feet III factoree
acre-feet for prior acre-feet acre-feet operation 1.00)rights in in feet

acre-feet
- - - --- ---- ---- ------------------ ---

1905 578,060 145,860 224,040 241.160 5,860 lll ,840 26,330 0 302 6,300
1906 1,415,400 114,640 224,040 330,460 6,400 571,150 232,320 0 305 8,680
1907 1,642,700 165,670 224,040 415,450 6,150 521,260 492,570 0 305 10,820
1908 455,340 148,900 224,650 236,970 5,820 0 10,770 0 299 6,020
1909 1,278,230 126,030 224,040 345,820 6,160 552,980 114,450 0 304 9.010
1910 788,060 160,810 224,040 269,630 5,740 224,410 103,660 0 298 6,900
1911 1,515,830 121,390 224,040 339,400 6,210 730,430 205,550 0 302 8,850
1912 410,540 131,590 224,650 169,020 5,340 0 10,360 0 279 3,870
1913 405,950 132,760 224,040 183,270 5,820 0 3,280 0 286 4,370
1914 1,075,890 122,300 224,040 328,090 6,240 449,110 66,730 0 302 8,450
1915 829,400 123,980 224,040 230,140 6,210 333,570 21,030 0 302 6,080
1916 1,049,320 138,390 224,650 339,580 6,210 346,920 126,110 0 298 8,690
1917 828,860 . 144,240 · 224 040 259,550 6,260 263,350 105,090 0 302 6,790
1918 546,170 114,810 224,040 179,270 6,220 0 116,680 0 293 4,680
1919 573,130 134,770 224,040 196,310 5,720 0 171,570 0 294 4,970
1920 506,310 110,260 224,650 159,980 5,870 0 64,340 0 283 3,930
1921 823,280 161,730 224,040 280,900 5,890 293,730 55,850 0 302 ' 7,170
1922 974,010 124,600 224,040 235,780 6,300 394,730 61,000 0 300 6,220
1923 648,880 176,760 224,040 288,000 5,860 169,370 10,520 0 297 7,250
1924 206,650 127,850 163,680 140,000 1,760 0 0 60,970 206 2,570
1925 802,990 29,060 224,040 189.850 6,610 182,850 99,770 0 286 5,040

Total 17,355,000 4,646,920 5,358,630 122,650 5,145,700 2,098,0301- 60,970
Average 826,430 221,280 255,170 ,5,840 245,030 9P,91O 2,900 292 6,510

.'
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Carried out on a Daily Basis.
mary , see Tabl e 7a, page 312.)

Yield in municipal supply 200 million gallons daily.

Installed capacity of power plant 15,000 k.w,

Flood control, holding maximum reservoir space required (rain-water floods. 92,000 ac.-lt.
sn ow-water floods, 13,000 ac.-ft.) in res erve thr oughout flood s eason

Maximum cont rolled flow at Clements- ra in-water floods, 5,300sec.-ft . ; snow-wat er floods, 7,100se c.-ft.

Power

Sta ge of dra ft Release Average Average Year
thr ough Deficiency powerreservoir Municipal turbines thfi~~Sh Waste

III head power
at draft including Evapora- over municipal through yield in

beginning in water tion in control spillway supply period kilowatt s
of acre-feet outlets in (Load

year in acre-feet passed in acre-feet III of facto=for pri or acre-feet operationacre-f eet r ights in acre-feet in feet 1.00)

acre-feet
--- ------- - ----- - - -----------

101,560 224,040 234,520 5.860 111,540 0 0 285 5,700 1905
103,660 224,040 352,970 6,400 657,380 148,270 0 295 8,850 1906
130,000 224,040 412,760 6,150 864,760 141,480 0 298 10,560 1907
123,510 224,650 217,880 5,820 17,460 0 0 285 5,220 1908
113,040 224,040 386,170 6,160 617,970 32,030 0 292 9,490 1909
124,900 224,040 290,070 5,740 255,830 18,370 0 290 7,090 1910
118,910 224,040 347,480 6,210 877,030 64,780 0 295 8,750 1911
115,200 224,650 169,220 5,340 17,480 0 0 267 3,700 1912
109,050 224,040 175,860 5,820 0 0 0 273 3,950 1913
109,280 224,040 331,090 6,240 504,940 0 0 294 8,200 1914
118,860 224,040 253,800 6,210 336,770 0 0 293 6,340 1915
127,440 224,650 340,750 6,210 434,230 41,730 0 292 8,450 1916
129,190 224,040 262,890 6,260 350,310 6,030 0 293 6,580 1917
108,520 224,040 189,640 6,220 113,300 0 0 284 4,730 1918
121,490 224,040 193,870 5,720 134,780 38,960 0 286 4,760 1919
97,250 224,650 177,420 5,870 65,620 0 0 274 4,230 1920

130,000 224,040 301,710 5,890 307,810 0 0 292 7,440 1921
113,830 224,040 256,700 6,300 444,980 25,820 0 291 6,420 1922
130,000 224,040 299,750 5,860 136,040 0 0 282 7,010 1923
113,190 149,020 140,000 1,760 0 0 75,630 198 2,450 1924
29,060 224,040 214,330 6,610 248,080 18,280 0 279 5,420 1925--- - - - --- - - - --- --- --- - -- - ---

4,632,260 5,548,880 122,650 6,496,310 535,750 75,630 Total
220,580 264,230 5,840 309,350 25,510 3,600 283 6,450 Average
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TABLE 8. PARDEE RESERVOIR ON · MOKELUMNE RIVER.

SUMMARY OF WATER AND POWER YIELD BY YEARS
BOTH

WITH AND WITHOUT FLOOD CONTROL.

Summary of Tables 6 and 7.
(For corresponding monthly summary, see Table Sa, page 324.)

Height of dam 345 feet. Yield in municipal supply 200 million gallons daily.

Capacity of reservoir 222,000 ac.-ft. Installed capacity of power plant 15,000 k.w.

Coordinated with flood control by
Flood contro l, holding maximumreservoir operatingdiagram

Maximum controlled flow at reservoir space required (rain...water
Clements-rain...water floods, floods, 92,000 ac. -ft.; snow-water

5,300 sec.-ft.; sno-w-water floods, 13,000 ac.-It.) in reserve
Without flood centro floods, 7,100 sec.-ft. throughout flood season

Maximum controlled flow atMaximum reservoir space Clements-rain-water floods,requir ed-rain-water floods
92,000 ac.-ft .; snow-wate r 5,300 sec.-ft .; snow-water

Year floods, 13,000 ac.-ft . floods, 7,100 sec-ft .

Deficiency Avera ge Deficiency Average Deficiency Avera ge

in power in power
In

power
Mu nicipal mu nicipal yield in Municipal municipal yield i n Municipal municipal yield in

draft in kilowatts dr aft in kilowatts draft in kilowatts
acre-feet supply . (Load acre-feet supply (Load acre-feet supply

(Load
III factor= In factor= i n factor=acre-feet 1.00) acre-feet 1.00) acr e-feet 1.00)

- - -- ---------- ------- - -- - - - - -----
1905 224,040 0 6,320 224,040 0 6,300 224,040 0 5,700
1906 224,040 0 8,650 224,040 0 8,680 224,040 0 8,850
1907 224,040 0 10,820 224,040 0 10,820 224,040 0 10,560
1908 224,650 0 6,020 224,650 0 6,020 221,650 0 5,220
1909 224,040 0 9,480 224,040 0 9,010 224,040 0 9,490
1910 224,040 0 7,670 224,040 0 6,900 224,040 0 7,090
1911 224,040 0 8,630 224,040 0 8,850 224,040 0 8,750
1912 224,650 0 3,870 224,650 0 3,870 224,650 0 3,700
1913 224,040 0 4,370 224,0·10 0 4,370 224,040 0 3,950
1914 224,040 0 8,280 224,040 0 8,450 221,040 ° 8,200
1915 224,040 0 6,580 224,040 0 6,080 224,040 ° 6,340
1916 224,650 ° 8,240 224,650 0 8,690 224,650 0 8,450
1917 224,040 ° 7,190 224,040 0 6,790 224,040 0 6,580
1918 224,040 ° 4,680 224,040 0 4,680 224,040 0 4,730
1919 224,0·jQ 0 4,970 224,040 0 4,970 224,010 ° 4,760
1920 224,650 ° 3,930 224,650 0 3,930 224,650 0 4,230
1921 224,040 0 7,660 224,040 0 7,170 224,040 0 7,440
1922 224,040 0 6,390 224,040 0 6,220 244,040 0 6,4~0

1923 224,040 0 7,930 224,040 0 7,250 224,040 0 7,010
1924 166,010 58,640 2,590 163,680 60,970 2,570 149,020 75,630 2,450
1925 224,040 0 5,100 224,040 0 5,040 224,040 0 5,420

- - - --- - ----- - - - - --- - - - - '-- - - ---
Total 4,649,250 58,640 4,646,920 60,970 4,632,260 75,630
Avera ge 221,390 2,790 6,640 221,280 2,900 6,510 220,580 3,600 6,450

-

Temperance F lat Reservoi r on San J oa q ui n Rive r.

Among the reservo ir s of th e "Coordinated Plan,' " y" for developing
the State 's waters is one on the San Joaquin River, six mil es upstream
from F'riant. It is proposed that a dam 595 feet high be constructed at
this point. This would ere ate a reser voir of 1,071,000 acr e-feet capac
ity, sufficiently large to equalize seven-eighths of the mean annual
run-off of the San Joaquin Riv er f01' irrigation use and generate on an
average 62,000 kilowatts of in cidental power at a plant erected near
the base of the dam. 'I'he in st alled capac ity of the plant would be
220,000 k.v.a. Also, large floods 'would be cont rolled to about one-

• See Bul, N o, 1 2 , "Summar y R eport on the Water R esources of California a nd a
Coordinated Plan for thei r Develop men t, " Division of Engineering and Irrigation,
State Department of Public Works.
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qua rter of their na tural size. A full descripti on of this un it of the
"Coordina te d Plan, " toget her with est imates of the water and power
yield without flood control is contained in Bulletin No. 16, " Th e Coor 
dinated Plan of 'Vater Developm ent in the San J oaquin Valley." 'I'he
effect of including the flood control feature of the pl an is descri bed in
the following pa ges.

Th e rule for oper ating the Tcmperance Flat Reservoir for flood con
trol has been developed in ' the previous cha pters of this volume. It is
expressed on Plate XX, " Reservoi r Oper ating Di agram for Cont rolling
F'loods on the San J oaqu in River " (p. 84) . It would limi t r ain-water
floods. . in cluding the maximum of recor d, to 10,700 second-feet and
snow-water floods to 14,200 second-feet . Th e maximum r ain -water
flood of record had a mean daily flow of 38,800 second-feet . It OCCUlTed
on Jan. 31, 1911. .The ma ximum snow-water flood discharged 23,100
second-fee t and occurred on June 13, 1911. 'I'ho r eduction in flood
flows obtained through the use of this reservoir opera t ing dia gram
r equires a res ervation at times of a maximum space of 177,oon acre-
feet , one-sixth of th e to tal capacity of the r eservoir . -

'I'he effect of in cluding this flood cont r ol featu re up on the r eservoir
st age and upon th e yi eld of water and power is der ived from a com
parison of the yi eld comp uted both with and without flood control. In
order th at this might be an e xact compa ri son, both sets of comp utations
ar e car r ied out on a daily basi s to conform to the r equi rements of the
reservoir operating- di agram which calls for daily adj ustment of r eser 
voir level during the flood season. 'I' he parall el sets of comp utat ions
are made in exactly the same way except for th e excl us ion of t he flood
cont r ol feature in one set. 'I' hey are carri ed out simila rly to the com
putati ons of yield descr ibed in Bullet in No. 16, except tha t they are
mad e on a daily in st ead of the usu al monthly basis, include only th e 18
years of cont inuous stre am flow r ecord and make no deducti on for the
108 square miles of d rainage area between the Friant gaging station an d
t he dam site .':' Th e st rea m flow data used arc those published in t he
Water Supply P apers of t he United States Geological Survey for the
F'ri an t gag ing stat ion together with those in prep aration fo r publ i
cat ion. Th e assum pt ions of t he computat ions are listed on page a31.

The effect of inclusion of the flood control feat ure upon reservo ir
stage is delineated on Pl ate XXV, " E ffect of Cont roll ing Sa n .I oaquin
River Floods upon Stage of 'I'e mper ance Flat Reservoir . " H ere the
r eservoir stage is shown day by day from 1908 to 1926, the period of
continuous measurement of flow in the San J oaq uin River. It is
assumed for constructing this plate that the r eservoir was in existence
in 1907 and operated through the succeeding yea rs as proposed in the
"Coordinated P lan," first excluding and th en including the flood con
trol feature. The volume of wat er in storage throughou t the 18-year
per iod is shown on each day by the ver t ical posit ion on the reservoir
stage seale of lines extending acr oss th e pl ate in several r ows. To the
scale of the plate, each space between hori zont al guide lines equals
100,000 acre-fee t . 'I' he to p guide line of each r ow represen ts a full
reservo ir and the bottom line an empty r eservoir.

• The water a n d power y ield publi sh ed in Bul. No. 16 is a n estimate made on a
m onthly ba s ts cov er ing .t h e 54-y ear p er iod 1871- 19 25. It m a k es a d ed uct ion of 105
per cent from t h e m ea sured flow a t F rian t for the a rea !letween t he gag in g stati on
a n d the dam site. F or t h is r ea son the es t imates in Bul. N o. 1 6 a r e not exa ctl y
co m pa rable w ith the ones contain ed in t h is vo lu me. .



130 W ATER RESOU RCES OF CALIF ORN IA.

The rese rvoir stage operating' wit h the flood control feature excluded
is indicated by the heavy black line extending acr oss each row. 'I'he
departure f rom this stage caused by the in clusion of the flood control
fea ture is shown by a heavy re d lin e. A light red line indicat es the
rese rvo ir stage werc it operated for flood control alone in accord with
the diagram. Red figures t r an slate in to feet depth f rom full r eservoir
level, the greatest d raw down required by flood control in each season .
Below the reservoir stage lines in each row is shown in a ligh t bla ck
line to a special scale sup er imposed on the reservoir stage scale, the
uncontrolled flow of the river at F'r iant and in a light red line the con
t rolled flow downstream fro m the dam when the " Coordina ted Plan "
with its flood control feature is in operation. A lin e of black dots
shows the daily values of the progressive rainfall index used in enter ing
the reservoir oper ating diagram to obtain the n ecessary flood control
reserve.

It is observed in reviewing Plate XXV that in 12 of the 18 seasons
ana lyzed, the reserv oir stage result ing from oper at ion for conservat ion
is less than that r equired for flood control. In th ese seasons the
inclusion of the flood control feature does not affect the reservoi r stage
at all. In the oth er six seasons at times, the drawdown from a full
reservoir level r eaches a maximum of 35 feet, 6 per cent of the depth
of a full reservoir at the da m. Th e average actual depression of the
water level du e to flood control is 17 feet , 3.5 per cent of the average
depth of water in the reservoir at th e dam. 'I'he r eservoir level is
depressed by reason of the in clusion of the flood control feature , one
qua r te r of the entire elapsed t ime of the analyses.

Th e effect of the inc lusio n of the flood control feature in the" Coor 
dinated Plan " upon the water and power yield of the Temp erance
Flat r eservoir is shown by the accompanying summa ry tabulations of
the comput at ions of yield wit h and with out flood control carried out on
a daily basis in order to 'accommodate the requirements of the r eservoir
operating diagram. Monthly and year ly summaries are prepared .of
these computations. The yea rly summaries follow her ewith but th e
monthly summaries, becau se of the ir volum e, are placed in a separate
chapter .

These da ta show that the inclusion of the flood contro l feature has
no effect at all upon the water yield of the reservoir and very little
effect* upon the power generated. With flood control the average
power output is 61,400 kilowatts and without flood cont rol 62,000
kilowatts, a differ ence of 1.0 per cent. All is secondary power in both
instances.

If flood control wer e attained by holding the maximum reserve
empty throughout the flood season inst ead of by use of the reservoir
operating diagram, the .inclusion of flood cont rol would have a small
effect on the water as well as on the power yie ld. In the computations
for this comparison, 133,000 acre-feet of capacity are held empty each
year until April 7th, the close of the r ain-wat er flood season . Th e
reserve is then in creased to 177;000 acre-feet whi ch is held empty from
Apr il 27th t o July 16th, the season of snow-water floods. F or these
condit ions, the avera ge yield of irriga tion water is r educed 1.0 per
cent , the reductions occurring in the seasons of short supply, and the
average power output is r educed 6.0 per cent .

• It a ppears pro bable that the power yield would be a lmost id en ti cal both with
a nd w itho u t flood co n trol were indices of snow -on-the-grou nd used instead of rainfall
indices in constructing and apply ing that part of the res ervoir . operati ng diagram
perta ining t o sno w-water floods (see p. 213 ) .

•
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Table of Yearly Summaries of Water and Power Yield Comp uted on a
Daily Basis.

Show ing t he effect of in clu sion of t he. flood control feature of thc
"Coordinated Pla n." (See Chapter VI n for

corrcsponding monthly summaries.)

TABLE 9-'With and wit hout flood ' con t rol by reservoir operating diagram.

TABLE l o-Yield compa red for two met hods of flood control.

TABLE ll- Summary of 'I'ables 9 and 10.
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TABLE 9. TEMPERANCE FLAT RESER

WATER AND

BOTH

WITH AND WITHOUT FLOOD CONTROL

Yearly Summary of Computations
(For correspond ing month ly sum

Height of dam 595 feet .

Capacity of reservoir 1,071,000 acre-feet .

Without flood contra)

Hun -off
at Irrigati on Average

Year Friant St age of draft in Deficiency power Average
in reservoir acre-feet Power Waste head power

acre-feet a t (no Evapora- dra ft over III through yield illirrigationbeginning deduction tionin t hro ugh spillway supp ly period kilowatts
of for down- acre- feet turbines III in of (Load

yearin stream in acre-feet ac re-feet acre-feet operati on facto r=
acre- tee t j.rior in 1.00)

r ights ) feet.
--- - - - - - -- - - - - - - - - ----- ----

1908 1,115,000 797,100 1,800,000 13,700 1,699,100 0 0 488 73,800
1909 3,136,700 98,400 1,800,000 - 1R,400 1,811,400 568,600 0 5 10 85,800
1910 1,825,500 836,700 1,800,000 18,500 1,876,600 347,300 0 538 91,100
1911 3,562,200 419,800 1,800,000 20,100 1,831,700 1,416,500 0 556 91,900
191 2 1,023,700 713,700 1,686,900 10,200 1,510,300 0 113,100 454 60,900
1913 874,100 40,300 863,300 100 0 0 936,700 0 0
1914 2,905,300 51,000 1,800,000 18,900 1:811,600 361.100 0 514 86,600
1915 1,954,600 764,700 1,800,000 19,200 1,808,300 250,400 0 540 88,700
1916 2,827,000 641,400 1,800,000 20,200 1,868,800 849,600 0 557 93,500
191.7 1,860,100 729,800 1,800,000 18,900 1,804,700 176,900 0 537 88,100
1918 1,596,500 589,400 1,800,000 14,600 1,800,000 0 0 466 77,700
1919 1,191,400 371,300 1,505,700 8,300 1,302,600 0 294,300 416 49,200
1920 1,362,000 48,700 1,320,700 2,400 420,900 0 479,300 329 12,300
1921 1,580,300 87,600 1,576,000 5,600 1,361,500 0 221,000 344 42,700
1922 2,376,800 86,300 1,800,000 15,000 1,652,700 0 0 443 69,300
1923 1,604,900 648,100 1,800,000 16,400 1,800,000 0 0 500 82,900
1024 466,100 436,600 844,300 1,900 536,400 0 955,700 394 17,800
1025 1,413,400 56,500 1,387,600 2,600 111,400 0 412,400 298 2,900

- - - --- - - - --- - - - - --- - - - - --- - --
Total 32,675,600 28,984,500 225,000 25,008,000 3,970,400 3,415,500
Average 1,815,300 1,610,300 12,500 1,389,300 220,600 189,700 490 62,000

••OJ

,.



'l'HE CON 'l'ROIJ OF FLOODS BY RESEIWOIRS.

VOIR ON SAN JOAQUIN RIVER

POWER YIELD

BY RESERVOIR OPERATING DIAGRAM.

135

...,

I~
~l
, I

I
I
Ij ..
,I
\

,~,

l
l
,f

~)

Carried out on a Daily Basis.
mary, see Table 9a, page 332.)

Seasonal irrigation yield 1,800,000 acre-feet. (Supplemented by ground water
supply in years of deficiency. No deduction for downstream prior rights).

Installed capacity of power plant 220,000 k.v.a. P.F.0.80.

Coordinated with flood control by reservoir operailng diagram
Maximum controlled flow at Friant-rain-water flood" 10,700 see.-ft ; snow-water floods, 14,200 sec-It .

Maximum space required for flood control-rain-water floods, 133,000 ae.-ft : snow-wat er
floods, 177,000 ac-ft .

Stage of Ir rigation Average

reservoir draft in Release Deficiency power Averag e Year
at acre-fe et Power through WaRte

10
head power

beginning (no Evapora- draft flood over irrigation through yield in

of deduction tion in through con trol spilfway supply period kilowatts

year in for down- acre -feet turbines outl et s in
, 10

10
of (Load

stream in acre-fe et acr e-feet operation factor=acre-feet prior acr e-fe et acre-fe et in 1.00)
ri ghts ) feet

- - - - - - --- --- - --- - - - - -- - - - ---- - - -
797,100 1,800,000 13,700 1,699,100 0 0 0 488 73,800 1908
98,400 1,800000 17,800 1 ,~20,300 605,900 0 0 503 85,100 1909

791,100 1,800,000 16,500 1,868,200 401,300 66,500 0 506 86,200 1910
261,100 1.800,000 19,500 1,842,400 1,176,100 74,600 0 542 91,000 1911
713,700 1,686,900 10,200 1,510,300 0 0 113,100 454 60,900 1912
40,300 863,300 100 0 0 0 936,700 0 0 1913
51,000 1,800,000 18,600 1,821,400 357,900 0 0 510 86,400 1914

758,400 1,800,000 18,600 1,819,600 287,700 0 0 530 87,800 1915
587,100 1,800 ,000 19,400 1,838,500 644,200 232,200 0 544 90,300 1916
679,800 1,800,000 18,600 1,805,100 57,600 69,200 0 532 87,500 1917
589,400 1,800,000 14,600 1,800,000 0 0 0 466 77,700 1918
371,300 1,505,700 8,300 1,302,600 0 0 294,300 416 49,200 1919

48,700 1,320,700 2,400 420,900 0 0 479,300 329 12,300 1920
87,600 1,576,000 5,600 1,361,500 0 0 224,000 344 42,700 1921
86,300 1,800,000 15,000 1,652,700 0 0 0 443 69,300 1922

648,100 1,800,000 16,400 1,800,000 0 0 0 500 82,900 1923
436,600 844,300 1,900 536,400 0 0 955,700 394 17,800 1924
56,500 1,387,600 2,600 111,400 0 0 412,400 298 2,900 1925

-------------------------- ----
28,984,500 219,800 25,010,400 ,3,530,700 442,500 3,415,500 Tota l
1,610,300 12,200 1,389,500 196,100 24,600 189,700 484 61,400 Average

~-52411
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TABLE 10. TEMPERANCE FLAT RESER

COMPARISON OF WATER

FOR

TWO METHODS OF

Yearly Summary of Computations
(For corresponding monthly sum

Height of dam 595 feet.

Capacity of reservoir 1,071,000 acre-feet.

. Flood control by reservoir operating dia~ram
Maximum controlled flow at Fr iant-rain-water f100 s, 10,700 sec.-ft. ;

snow-water floods, 14,200 sec-ft .
Maximum reservoir spa ce requir ed-rain-water floods , 133,000 aa-ft .;

snow-wat er floods, 177,000 ac -It ,

Run-off
at Irrigation

Year Friant Stag e of draft Average Averagein reservoir i n Power Release Waste Deficiency power poweracre-feet at acre-feet Evapora- draft through over in head yield in
beginning (no tion in through flood spillway irrigation through kilowat ts

of deduction acre-feet turbines contr ol
III

supply perio d (Load
year in for down- in outletsin acre-feet III of factor=

acre-feet stream acre-feet acre- feet acre-feet operation 1.00)prior in feet

- -- - -- right s) - -- - - - --- - - - --- --- --------
1908 1,115,000 797,100 1,800,000 13,700 1,699,100 0 0 0 488 73,800
1909 3,136,700 98,400 1,800,000 17,800 1.820,300 605,900 0 0 503 85,100
1910 1,825,500 791,100 1,800,000 16,500 1,868,200 401,300 66,500 0 506 86,200
1911 3,562,200 264,100 1,800,000 19,500 1,842,400 1,176,100 74,600 0 542 91,000
1912 1,023,700 713,700 1,686,900 10,200 1,510,300 0 0 113,100 454 60,900
1913 874,100 40,300 863,300 100 0 0 0 936,700 0 0
1914 2,905,300 51,000 1,800,000 18,600 1,821,400 357,900 0 0 510 86,400
1915 1,954,600 758,400 1,800,000 18,600 1,819,600 287,700 0 0 530 87,800
1916 2,827,000 587,100 1,800,000 19,400 1,838,500 644,200 232,200 0 544 90,300
1917 1,860,100 679,800 1,800,000 18,600 1,805,100 57,600 69,200 0 532 87,500
1918 1,596,500 589,400 1,800,000 14,600 1,800,000 0 0 0 466 77,700
1919 1,191.400 371,300 1,505,700 8,300 1,302,600 0 0 294,300 416 49,200
1920 1,362,000 48,700 1,320,700 2,400 420,900 0 0 479,300 329 12,300
1921 1,580,300 87,600 1,576,000 5,600 1,361,500 0 0 224,000 344 42,700
1922 2,376,800 86,300 1,800,000 15,000 1,652,700 0 0 0 443 69,300
1923 1,604,900 648,100 1,800,000 16,400 1,800.000 0 0 0 500 82,900
1924 466,100 436,600 844,300 1,900 536,400 0 0 955,700 394 17,800
1925 1,413,400 56,500 1,387,600 2,600 111,400 0 0 412,400 298 2,900

--- --- --- - -------- - - - --- --- ---
Total 32,675,600 28.984,500 219,800 25,010,400 3,530,700 442,500 3,415,500
Average 1,815,300 1,610,300 12,200 1,389,500 196,100 24,600 189,700 484 [ 61,400
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Carried out on a Daily Basis.
•, mar y, see Table l Oa, page 342.)

Seasonal irrigation yield "1,800,000 acre-fee t . (Su p plem en t ed b y 'grou n d wat er
supply in years of deficiency . No deduction for downstream prior rights).

Installed capaci ty of power plant 220,000 k.v.a, P.F. =0.80.

Flood control, holding maximum reservoir space required (rain-water floods 133,000ac.-ft"
snow-water floods 177,000 ac.-ft.) In reserve throughout flood season

Maximum controlled flow at Frlant-s-rain-water floods, 10,700sec.-It : snow-water floods, 14,200sec.-ft.

Irrigation
Stage of draft Average Average Year

in Power Release Deficiency powerreservoir acre-feet draft tbJ~~!h
Waste

III bead power
at (no Evapora- through over irrigation through yield in

beginning deduction tion in tur bines contr ol spillway supply pericd kilowatts
of for down- acre-feet in outlets in in in of (Load

year in stream acre-feet acre-feet acre-feet acre-feet operation factor=
acre-feet prior in feet 1.00)

- - - - rights) - - - - - - - ---- --- --- --- - --- ---
797,100 1,800,000 13,700 1,699,100 0 0 0 488 73,800 1908
98,400 1,800,000 16.500 1,833,000 724,500 0 0 488 83,700 1909

661,100 1,800,000 16,000 1,848,200 377,500 0 0 496 83,900 1910
244,900 1,800,000 19,300 1,847,100 1,237,600 0 0 536 90,600 1911
703,100 1,676,500 10.000 1,494,600 0 0 123,500 454 59,900 1912
40.300 863,300 100 0 0 0 936,700 0 0 1913
51,000 1,800,000 17,500 1,832,100 497,400 0 0 495 85,000 1914

609,300 1,800,000 16,700 1,823,000 258,400 0 0 503 8' ,600 1915
465.800 1,800,000 18,000 1,862,900 852,100 4,200 0 522 89,000 1916
555,600 1,800,000 16,500 1,815.900 169,500 0 0 498 83,700 1917.
413,800 1,800,000 11,300 1,662,100 0 0 0 423 64.600 1918
199,000 1,336,800 4,900 1,100,500 0 0 463,200 357 35,500 1919
48,700 1,320.700 2,400 420,900 0 0 479,300 329 12,300 1920
87.600 1.576.000 5,600 1,361,500 0 0 224,000 344 42,700 1921
86,300 1,800,000 13,800 1,664.900 91,400 0 0 431 68,200 1922

545,700 1,800.000 14,900 1,800,000 0 0 0 473 79,000 1923
335,700 744,200 1,100 313,900 0 0 1,055.800 378 10.100 1924
56,500 1,387,600 2,600 111,400 0 0 412,400 298 2,900 1925

---- ------- - - - - - - --- - - - --- -
28,705,100 200,900 24,491,100 4,208,400 4.200 3,694,900 Tota l
1,594,700 11,200 1.360,600 233,800 200 205,300 467 58,300 Average
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TABLE 11. TEMPERANCE FLAT RESERVOIR ON SAN JOAQUIN RIVER.

SUMMARY OF WATER AND POWER YIELD BY YEARS
BOTH

WITH AND WITHOUT FLOOD CONTRO L.

Summary of Tables 9 and 10.
(For corresponding monthly summary, see Tabl e I l a, page 352.)

Height of dam 595 feet . Capacity of reservoir 1,071,000 acre-feet.

Seasonal irrigation yield, 1,800,000 acre-feet. (Su p plem en t ed by ground water
supply in years of deficiency. No deduction for downstream prior rights) .

Installed capacity of power plant 220,000 k.v.a, P .F. =0.80.

Coordinated with flood control by Flood control, holding maximum
~l:i:~~o~~~~~lPJi~~~::l reservoir space required (rain-water

Friant-rain-wate r floods, floods, 133,000ac-ft.: snow-water
floods, lIT,OOO ac.-fl .) in reserve

Wlthoul flood centro 10,700 sec.-ft. ; snow-water th roughout flood seasonfloods, 14,200 sec-ft. Maximum controlled flow atMaximum reservoir space Friant-rain-water floods.required-rain-water floods, 10,700 sec.-It . : snow-water133.000 ae.-ft .; snow-water
floods, 177,000 ac-It. floods, 14,200 sec.-ft .

Year

Irrigation Irrigation Irrigation
draft in Deficiency Average draft in Deficiency Average draft in Deficiency Average
acre-feet power acre-feet power acre-feet power

(no 1U yield in (no 1U yield in (no 1U yield in
deduction irrigation kilowatt s deduct ion irrigation kilowat ts deduction irri gati on kilowatts
for down- supply (Load for down- supply (Load for down- supply (Load

stream 1U factor= stream in factor= stream 1U factor=
pr ior acre-feet 1.00) prior acre-feet 1.00) prior acre-feet 1.00)

right s) rights) rights)
- - - -- --- ---- --- ------ ------ --- ----

1908 1,800,000 0 73,800 1,800,000 a 73,800 1,800,000 0 73,800
1909 1,800,000 a 85,800 1,800,000 0 85,100 1.800,000 0 83,700
1910 1,800.000 0 91,100 1,800.000 0 86,200 1,800,000 0 83,900

' 1911 1,800,000 0 91,900 1,800,000 0 91,000 1,800,000 0 90,600
1912 1,686,900 113,100 60,900 1,686,900 113,100 60,9CO 1.676.500 123,500 59,900
1913 863,300 936,700 0 863,300 936,700 a 863,300 936,700 0
1914 1,800,000 0 86,600 1,800,000 0 86.400 1,800,000 0 85,000
1915 1,800,000 0 88,700 1,800.000 0 87.800 1,800,000 0 84,600
1916 1,800,000 a 93,500 1,800,000 0 90,300 1,800,000 0 89,000
1917 1,800,000 0 88,100 l ,gOO,OOO 0 87,500 1,800,000 0 83.700
1918 1,800,000 0 77,700 1,800,000 0 77,700 1,800,000 0 64,600
1919 1,505,700 294,300 49,200 1,505,700 294,300 49,200 1,336,800 463,200 35.500
1920 1,320,700 479,300 12,300 1,320.700 479,300 12,300 1,320,700 479,300 12,300
1921 1,576,000 224,000 42,700 1,576,000 224,000 42,700 1,576,000 224,000 4Z,700
1922 1,800,000 0 69,300 1.800,000 0 69.300 1,800,000 0 68,200
1923 1,800,000 0 82.900 1,800,000 0 82,900 1,800,000 0 79.000
1924 844,300 95~,700 17.800 844,300 955,700 17,800 744,200 1,055,800 10,100
1925 1,387,600 412,400 2,900 1,387,600 412,400 2,900 1,387,600 412,400 2.900

- ------ - - -- ---------- --- - -- - --
Total 28,984,500 3,415.500 28,984,500 3,415,500 28,705,100 3,694.900
Average 1,610,300 189,700 62,000 1,610,300 189,700 61,400 1,594,700 205,300 58,300

S a n Ga b r iel Re servoir on the San Gabrie l Rive r.

The "Coordinated P lan " * in' southern California contemplates the
construction of reservoirs on all streams of suitable terrain for joint
operation in controlling floods and conserving water now unused. It
provides on each stream, to the extent desirable and to the extent that
physical conditions permit, for the coordination of flood control with
irrigation and municipal supply through both surface and underground
storage. It proposes, wherever possible, that flood control be coordi-

• See But No. 12, "Summary Report on t he Wa ter R esources of California and a
Coordinated Plan for theIr Development," Division of Engineering and Irrigation,
State Department of PubIlc Works.
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nated with the cha rging of the under ground basin s, f rom whi ch such
a large part of local supplies ar e obtained, with practi cally the entire
unused seasona l r un- off. 'l' he irregularly occurring flood wat ers would
be reduced by surface r eservoirs to flows of a work abl e size for intro
clueing into the subterranean basins but the princip al storage of water
for equa lizi ng the inter mit tent run-off would be in the large n at ural
underground basins on th e lower reaches of the streams wherever they
are available. In th eir natural state, flood water s rush down the cha n
nels in volumes t oo large for complete absorption by the underground
basins even with extensive spreading works. By redu cing these flood
flows through r eservoir control, pr acti cally their entire volume may be
in troduced in to the underground basin s eit her through absorption by
the natural stream channels or by artificially prepa red spreading works.
This wate r may th en be pumped from wells penetrating the subte r 
r an ean basin s at such t imes an d for such purposes as necessity demands.
It is ava ila ble for useful p urposes in the same way that most of the
local supplies in southern California are now obtained. In some
instances, it may be a matter of economy to take part of the ad di t ional
water made avail able through the construction of surface storage,
di rectly from th e reser voir witho ut incurring the expense of sinking
it underground and pumping it out again . Reservoir operation under
the" Coordinated P lan," th erefore involves all or in part, the contro l
of floods, the temporary st orage of flood water to be r eleased later at a
convenient t ime an d rate for sinking undergr ound, and the equaliza
t ion of some of the r un-off between seasons for an independent sur face
supply. A description of this pl an for southern Cali fornia is con
tained in Bullet in No. 17, " The Coordinated Plan of Water Develop
ment in Souther n Cali fornia."

The method devised by the "Coordina ted Plan " for operating sur
face reser voir s in southern California in order to secure the greatest use
of their capacity for both flood control and conservation is illustrated
in the following pages. The San Gabriel River is employed f or this
purpose thr ough the exempla ry use of the San Gabriel rese rv oir . This
river, in having the lon gest r ecord .::. of daily flow, is found to be the
most favorable of lar ge southern California st reams for an analysis
of the characte r ist ics of flood flow and is so used in the previous
chapters. The San Gabriel rese rvoir extends up the east and west
bran ches of the San Gabriel Ri ver from its da m site which is imme
diately below the forks an d eight miles up the canyo n fr om the edge of
the vall ey floor. 'I' he r eservoir is proposed for const ruction by the Los
Angeles County Flood Control District. Sin ce, at the time of -preparing
this t ext, the desir able cap acity for this r eservoir is still under discus
sion, two capacit ies are emp loyed in the illustrations, one 180,000 and

. the oth er 240,000 acre -feet. Th ese cor res pond to dam heights of 383
and 425 feet, r espectively .

Capacity as large as these is not necessary for flood protecti on alone.
The removal of the flood menace requires only that flow be limited to
an amount that will pass down the ri ver channel without endan gering
life or inflict ing ser ious property damage. F lows exceeding 10,000

• The Santa Ana h a s a r ecord a lm ost as long as th e San Gabr ie l River, but part
for the 1916 flood is mi ssing. This makes it less suitable for the purpose a t hand
than t he San Gabriel River s ince 1916 is the largest floo d year of t he period of
m ea surement.
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second-fe et r". have passed to the ocean without ser ious difficulty within
the last several years . E xclusive of space tha t should be provided for
the accumulation of silt and debris, the limitati on of floods to 10,000
second-fee t r equires only 75,000 acre-feet of r eservoir capacity. Simi
larly, 52,000 acre-feet is sufficient to limit flood flows to 15,000 secon d
fee t (see p. 61). Capacity in excess of these amounts, employed for
limiting floods to more convenient sizes, is essent ially useful in con
serving water that would otherwise waste in to the ocean . It makes
possible the sinki ng of greater por ti ons of the total run-off in to the
under ground basins tha n could be done with flows as large as 10,000
or 15,000 second-feet. Th e illustrat ions herein, limit flows to 1900
second-feet, an amount that, it is believed, can be sunk conveniently
in to the large subter ranean basin underl ying the San Gabriel Valley.

A rule for oper at ing a reservo ir on the San Gabriel River that will
limit floods to 1900 second-feet, is developed in the previous chapters
of this volume. It is expresse d on Plate XXI, "Reservoir Operating
Diagram for Cont ro lling Floods on th e San Gabriel River, " p. 88.
It would limit floods at Azusa, including the maximum of record. . to
1900 second-feet . Th e maximum flood of r ecord on the San Gabriel
River occurred on January 18, 1916, and discharged 40,000 secon d-feet.
'1'0 lim it this and even larger floods to 1900 second-feet, r equires the
reservat ion at times of a maximum space for flood control of 181,000
acre-feet .

The use of the oper ating di agram on Plate XXI for controlling floods
by a reservoir as far upstream as the San Gabriel, slightly exceeds the
technica l limits of its application. If the technical limit ations were
st r ict ly adhered to, not more tha n half the 16 squa re miles of drainage
area below the San Gabriel r eservoir bu t tributary to the Azusa gaging
station , should r emain uncontrolled since this area may produce floods
at long intervals about double the desired regulated flow of 1900 second
fee t . H owever , the only consequence of applying the di agram to the
San Gabriel r eservoir is that the desir ed maximum flow of 1900 second
feet at Azusa will be exceeded at average intervals of several decades by
the uncontrolled run-off ori ginating downstream from the dam. The
probable limit in th e rat e of flow at Azusa would be about dou ble the
desir ed quantity, but severa l cen tur ies may elapse between flows
approac hing such magnitude. At t imes of excess flow at Azusa the
gates at th e darn would be closed if operated in accord wit h th e reservoir
oper ating dia gram. The excess flow would all or iginate downstream
from the reservoir.

In usin g the reservo ir operating diagram of Plate XXI for limiting
the maximum flow to 1900 second-feet , only 181,000 acre-feet of the
total capac ity of the San Gabriel r eservoir need be employed for this
purpose. A diagram could be constructed that would employ a greater
capacity and regulate the flow to less than 1900 second-feet , however,
if applied to the San Gabr iel r eservoir, the desired r egulated flow, if
made mu ch less than 1900 second-f eet, would bc exceeded rather fre
quently by the run-off from the drainage area downstream from the
dam. If the maximum flood control reserve were increased, say to
160,000 acre-feet, the flow might be limited to 1000 second-fee t at
Azusa except at the times the drainage area between, the dam site and

• The crest di sch arge a t Azusa was 8,6 80 second-feet on March 7, 1918 22,300
s econd-feet on December 19, 1921, and 11.600 s econd-feet on February 9, 1922.

..
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Azusa produces a greate r amount. This might occur every few years
but the accumulated duration of flows in excess of 1000 second-feet
would be reduced and less effort would be required in sinking the water
into the underground basin . H owever , since it is believed that flows
approx imat ing 1900 second-feet may be made to percolate in to the
underground basin at a cost small in compar ison with that of 29,000
acre-feet of ad ditional r eservoir capacity, 1900 second-feet was selected
as a suitable r egulated flow for ill ustr ating the principles of coordinat
ing flood control and conservation in the same reservoir .

'I'he r eservoir operating di agram, in addit ion to securing the control
of floods through the reservation of adequate space at all times for
tem porarily detaining excess flow that might occur under the circum
stances then exist ing , accomplishes the stor age of water in amounts
va rying with the season. Through holding in reserve only th e space
req uired for the control of floods that may occur under exist ing circum
st ances and releasing this r eserve immediately as the possibility of it s
need for flood control has passed, run-off may be sto red in the part
of the max imum flood cont rol r eserve not required at that time for flood
cont rol. I n this way during many seasons, consider able volumes of
stored wat er are accum ulated without the usc of r eserv oir space
other than that included in the maximum flood control r eser ve, and
this is done without jeopardizing th e certainty of the control effected.
The water so stored may be drawn from the reservoir at whatever r at e
and t ime desired during the season of its detention. Should it be held
into the next flood season , it is subject to r elease as flood control wat er
if the space occup ied by it is needed in the flood control reserve.

Where the reservoir capacity exceeds the maximum flood cont rol
reserv e requ ired by the dia gr am, as in the illustrati ons herewith, the
excess capacity may be employed either for th e seasonal or over-year
storage of wat er . If employed for seasonal stora ge, its yield will be of
the sam e character as the water st ore d seasonally in the un used pa rt of
the maximu m flood control reserve and will au gment the quantity of
sto red water available in irregular amounts f rom season to season. If
employed for over -year stor age, its yield may be drawn from the
r eservoir in uniform amounts through all seasons an d so constitute an
in dependent surface supply that does not requ ir e auxilia ry sources
during seasons of deficient run-off. Thus the yield of r eservoirs under
the" Coordinated P lan" may be div ided in to three parts, namely, the
va r iabl e flow of limited size that occurs during the winter an d spring
months as a result of the flood control operati ons, the seasonally stored
water that may be drawn from the r eservo ir at any desired rat e and
time during the summer and fall of the year of its detention, an d the
flow equalized between seasons that may be drawn off at a uniform rate
year in and year out. 'I'he yield of the first class, in passing down the
channel in flows of lim ited size but at the t ime of natural r un -off, is
controlled in volume of flow only, while that of th e second and third
class, in being stored water , is controlled both in time and volume .
'I'he yield of all three classes is useful. Th e fin .t , arr-iving in the winter
and spring in flows of limit ed size; may be sunk underground as it
occurs. 'I'h e second, in being stored water , may be draw n f rom the
reservoir as conveni ent either for sinking under ground or for su ppl e
menting surface supplies . It being of irregular amount f rom season
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to season and in some seasons there being none at all, the yield of the
second class can not become an independent source of supply without
further equa lization in an underground basin . The yield of the third
class, in bein g equa lized between seasons, may constitute an indep en
dent surface supply .

'I'hese th ree classes into which the yield may be divided, together with
the wat er passed for prior r ights and evaporat ed f rom the reservoir
surface, include the entire surface run-off of the stream. Reservoir
capacity j ust equa l to the required maximum flood control r eserve will
conve rt the entire mean seasona l run-off into yi eld of the first two
classes. Capacity in ad dition to this either cha nges part of th e yield
of the first class t o yield of the second Class or from the first two
classes to the third, according as the space in excess of t he maximum
flood cont rol r eserve is emp loyed for seasonal or over -year storage. On
st reams having a lar ge subte rranean basin on their lower courses, the
t otal useful yield of .a reservoir can not be in cr eased by enlarging the
cap acity to an amount exceeding the maximum flood cont rol reserve
required to control flows to a size that may be compl etely sunk into the
underground basin . Th e fnnction of additional r eservoir capacity is
limi t ed to making the water ava ilable more conveniently either in
smalle r flows or at spec ia l t imes of the year.

Ana lyses were mad e of the 30 yea rs of stream flow record on the San
Gabriel River to determine the yield of th e San Gabri el r eservoir under
several modes of operation. In these tests it is assumed that the reser
voir was in exist ence at the beginnin g of the peri od and was operated
through the succeeding 30 yea rs as described in the several instances.
'I'he destruction of reservoir capacity by the accumulation of silt and
debris is neglected and the first 152 second-feet of natural flow ar e
pa ssed for prior r ights. Th e water passed for pr ior r ights in all modes
of reservoir operation and for all r eservoir capa cit ies const itutes 40.5
per cent of the total surface run-off of the per iod of ana lysis.

The applicat ion of the reservoir operating di agram herein descr ibed
to the daily flows throughout the 30-year p eriod of r ecord , r esults in
t he ave rage yield on the part of t he maxim um flood cont rol r eser ve
which is th e first 131,000 acre-feet of capacity, of 37,100 acre-feet pel'
season durin g the wint er and spr ing mon ths in flows controlled to less
than 1900 second-feet and of 36,700 acr e-feet per season in seasonally
sto red water that may be drawn from the reser voir as desi red within
the year of its detention. These yields are 29.6 and 29.2 per cent
resp ectively of the average run-off for the peri od. Some water is stored
in 27 of the 30 seasons analyzed but in no season is the en tire 131,000
acr e-feet filled. Th e nearest to filling is in 1907 when 110,300 acre-feet
are held in storage. This r eservoired water , in being store d with facili
tie s required to secure the desired limit to flood flows of 1900 second
feet , is held without ext ra expense . Together with the winter and
sp ring controlled flows resulting from flood regulation, it const it utes
the entire run-off f rom the San Gabr iel watershed tributary t o Azusa,
with the except ion of the water passed for pri or rights and evaporated
f rom the reservoir surfa ce.

With a capacity of 180,000 acre-feet, the space ill excess of the maxi
mum flood contro l r eser ve (131,000 acre-feet ) , if employed for seasonal
storage in conjunction with flood cont rol, would conver t 17,400 acre-
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feet of the average winter and spring yield in controlled flows of the
maximum flood control r eserve, into 17,100 acre-feet of seasonally
st ored water . On an ave rage about 300 acre-feet per season would be
lost by evapo ration in doing this. Similarly, wit h a cap acity of 240,000
acre -feet, the space in excess of the maxim um "flood cont rol r eserve
(131,000 acr e-feet ) would convert 28,800 acre-feet of the aver age
winter and spring yie ld in controlled flows of the maximum flood con
t rol r eserve, into 28,400 acr e-feet of seasonally stored water. About
400 acre-feet per season would be lost by evaporation on the average in
doing this. 'I'hese yields are 13.6 an d 22.6 per cent r espectively of the
average run-off of t he 30-yea r perio d. Thus, in a capacity of 180,000
acre-feet, the"49,000 acre-feet addit ional to the maximum flood control
r eserve would conve rt on an average 17,100 acre-feet of yield controlled
only in volum e, to yield controlled both in t ime and volume or one acre
foot for each 2.9 acr e-feet of storage capacity. In a capacity of 240,000
acre -fee t, the 60,000 acre-feet ad dit iona l to 180,000 acr e-feet, would
similar ly conver t on an average 11,300 acre-feet per season from flow
controlled only in volum e to flow controlled both in time and volume,
or one acre-foot for each 5.3 acre-fee t of stor age capacity. "

If the capacity in excess of the maximum flood control r eserve of
131,000 acre-feet were employed for over-year in st ead of seasonal
sto rage in conj unct ion with flood control, a uniformly continuous
supply of 22 second-feet or 15,900 acre-feet per season could be drawn
f rom a capacity of 180,000 acre-fee t. Similar'ly. va uniformly con
tinuous supply of 32f.' second-feet or 23,300 acre feet per season could
be drawn f rom a capacity of 240,000 acre-fee t . 'I'hese yields are 12.7
and 18.6 per cent, respect ively, of the average r un-off of the 30-year
peri od. In both instances this water would be derived from the winter
and spring controlled flows and the seasona lly stored water of the
maximum flood control reserv e. 'r hus, in a capacity of 180,000 acre
feet, th e 49,000 acre -feet addi ti onal to the maximum flood control
r eserv e would convert "3300 acre -feet per season controlled only in
volume t ogether with 14,000 acre-feet controlled both in time and
volume bu t not equa lized between seasons, into 15,900 acre -feet per
season controlled bot h in t ime an d volume and equalized between the
years, or one acre-foot per season brought under complete control for
each 3.1 acre-feet of ad dit iona l capacity. On an average about 1400
acre-feet per season would be lost by evaporation in doing this. In a
capacity of 240,000 acre -feet, the 60,000 acre -feet addit ional to the
180,000 acre-feet would simila rl y conve r t 11,600 acre-feet per season
controlled only in volume into 10,600 acre-feet per season controlled
in both time and volum e, of which 7400 acre-feet per season would be
equalized betw een seasons, or one acre-foot per season brought under
cont rol as to time for each 5.7 acr e-feet of additional st or age cap acity.

• I n the analyses of r eservoir y ield fo r the period of m ea sured run-o ff, Tables 13
a nd 13a, a yield of 41 second-feet continuous flow is obtaine d "from J an. I , 1897, to
Oc t . I , 1926, wi th a d raft of 61,300 acre-feet on water stored in t he r eservoir
pr ior to the beginning of the pe riod. At the time of making the com putations, It
was t ho ught that the rainfall of the seasons just prior t o Jan. I , 1897, w ould yi eld
t h is extra wa ter so that 41 secon d-f ee t w ould be the lon g time average yield; how
eve r , subseq uent detail stud y of r ainfalI r ecords Indicates that It is improbable that
so large a n a m ount of extra wa ter would h a ve accum ulate d during the season s just

" prior to 1897, but, suffi cien t w ould pro ba bly ha ve accumulat ed to in crease the yield
co ns iderably ov er tha t for the ex a ct period of a nalyses. The exact y ield In co n
ti n uo us flow fo r the period J an. I, 1897, t o Oct. I, 1926, Is 32 s econd-feet or 23,300
acre-feet per season.
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On an average about 1000 acre-feet per season would be lost by evap
oration in doing this.

Th e three followi ng tables summar ize thc yield of 180,000 and 240,
000 acr e-feet of capacity operated in accordan ce with the" Coordinated
Plan " and compare it with the yield of the maximum flood control
r eserv-e if not employed in conjunct ion with additiona l capacity. The
first two tabulate t he avera ge r un-off divided between the yield in prior
ri ghts wat er, controlled flows resultin g from flood regulation, seasonally
stored water , continuo us uniform flow equalized between seasons by
over -year storage, and evaporation loss from the reservoir sur face. The
first t abl e assumes that the space in addit ion to the maximum flood
control r eserve is employed for seasona l st or age in conjunct ion with
the flood control operat ions and the second tabl e for over -year storage .
The third t abl e fur ther segregates the yields of the first two tabl es
according to the size of total flows passing Azusa. Still further detail
is printed in the t abl es of yearly summaries at the end of this section
and in the tables of monthly summaries in Cha pter VIII. The actual
computat ions wer e carried out on a daily basis to meet the requirements
of the r eservoir operating diagram whi ch calls for a daily adjustment
of reservoir level during the flood season . Th e daily computations ar e
too voluminous t o pl ace in print.

It may be observed on r eviewin g the three following t abl es that the
maximum flood cont rol r eserve, without addit ional capacity, controls
all floods and r end ers the entire run-off of the st ream, except for 0.7
per cent loss by evaporat ion, available for sinking underground. It
yields 29.2 per cent of the average 'r un-off in seasonally stored -water
bu t does not create an in dependent surface supply . The two larger
capacities employed for flood control an d seasona l storage, control all
floods and render the entire run-off, except for slightly larger evapora
tion losses, ava ilable for sinking under ground. How ever , a larger f rac
t ion of the average r un-off is made avail abl e as seasonally stored wat er .
The two larger capacit ies conver t 42.9 and 51.9 per cent, respectively,
of the average run-off in to seasonally stored wat er in stead of 29.2 per
cent, the yield of the maximum flood control r eserve without addi
tiona l capacity. In so doing the two larger capacit ies do not conserve
more water bu t rather make larger por ti ons of the average run-off more
conveniently ava ilable. When employed for over -year storage in con
junction with flood control, the two larger cap acities st ill cont rol all
floods an d render the ent ire r un-off of the st ream avail abl e for sinking
und erground if desir ed, bu t 12.7 and 18.6 per cent, r espectively, of the
average run-off is in a uniformly continuous yi eld suitable for direct
diversion from the reservo ir for municipal pur poses. The losses by
evapor at ion from the reservoir sur face are 1.8 an d 2.6 per cent, respec
t ively , in doing this. I n all instan ces 40.5 per cent of the aver age run-off
passes the dam t o sat isfy downstream prior sur fac e rights.

In size of t otal flow passing Azusa, the maximum flood control
r eserv e yields 66.4 per cent of the average run-off in flows of less than
500 second-feet and 73.5 per cent in flows less tha n 1000 second-feet .
'I'he two larger capa cities of 180,000 and 240,000 acr e-feet, employed
for flood control and seasona l stor age, yield 85.7 and 93.5 per cent of '
their water , r espectively, in flows less than 1000 second-feet . Employed
for flood control in conjunction with over-year storage, 180,000 acre-

,

..



THE CON'l' ROL OF F LOODS BY RESERVOIRS. 145

I
I

•

-

feet of capacity would yield 74.3 per cent of th e average run-off in
flows of less tha n 1000 second-feet. Had a reservoir operating di agram
been constructed to limit flows to 1000 second-fe et instead of 1900, as in
the foregoing illust rations, its maximum flood control reserve of 160,
000 acre -feet woul d yield over 99 per cent of the average run-off -in
flows of size less th an 1000 second-feet. For a total capacity of 180,000
acre feet , the division of the yield into controlled flows and seasonally
stored water, however , would be different, the amonnt of the seasonally
stored water being less.
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AVERAGE WATER YIELD OF SAN GABRIEL RESERVOIR
UNDER "COORDINATED PLAN."

FLOOD CONTROL AND SEASONAL STORAGE COORDINATED
January 1, 1897 t o October 1, 1926

(For yearly va lues, see Tab le 12, page 158.)

Maximum flood oontrol
reserve or filet 131,000 180,000 acre-feet capacity 240,000 acre-feet capacity

acre-feet of capaci ty

It em
Per cent of Per cent of Per cent of

Acre-feet average Acre-feet average Acre-feet average
perseaaon seasonal per season seasonal per season seasonal

run-off run-off run-off

Passed by dam for prior rights
(first 152 second-feet of nat ur al
flow) .. .. .. ... .. . . .. . . . . . . .. . 50.900 40 .5 50,900 40. 5 50,900 40.5

Flood cont ro lwate r passingAzusa
duri ng flood season at rates less
th an 1,900 second-feet .. .. . . . . . 37,100 29.6 19,700 1S.7 8,300 6.6

Seasonally store d water . .. . .. . . .. 36,700 29.2 53,800 42 .9 6S,100 51. 9
Evaporationfromreservoirsurface 800 ~ .7 1,100 0.9 1,200 1. 0

Tota l . . .. . . . . . . .. . . .. . .. . . 125,500 100.0 125,500 100.0 125,500 100.0

..
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AVERAGE WATER YIELD OF SAN GABR IEL RESERVOIR
UNDER "COORDINATED PLAN."

FLOOD CONTROL, SEASONAL AND OVER-YEAR STORAGE
COORDINATED

January 1, 1897 to October 1, 1926
(For yearly values, see Table 13, page 160.)
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Maximum fiood control
180,000 acre-feet capa.cityreserve or first 131,000 240,000 acre-feet capacity

acre-feet of capacity

Item
Per cent of Per cent of Per cent of

Acre-feet average Acre-feet average Acre-feet average
per season seasonal per season seasonal per seaaon seasonal

run-off run-off run-off

Passed by dam for prior rights
(first 152second -feet of natural
flow) . .. .. .. .. .. .. .. .. .. . .. .. 50,900 40.5 50,900 40.5 50,900 40.5

Flood control water passing Azusa
during flood season at ra tes less
than 1,900 second-feet .... . .... 37,100 29.6 633,800 26 .9 b22,200 17. 7

Seasonally stored water... ... . . . . 36,700 29.2 22,700 18.1 b2.5,900 20 .6
Yield in a uniformly continuous

flow.. . .. .......... .. .. . .... . 0 0 15,900 12.7 b23,300 18.6
Evaporation from reservoir Bur-

face .. . .. .. .. .. ..... .. ....... 800 0.7 2,200 1.8 3,200 2.6

Total ....... . .... .. .. . .... 125,5PO 100.0 125,500 100.0 125,500 100.0

• The average yield in flood control water shown in Tables 13 and 13a from which this summary is comp.led.ls 34,000
acre-feet per season. In the computations for these tables, the period of analysis closed with 7,600 acre-feet less wat er
in storage than at the beginning. Th is water, the equivalent of 200 acre-feet per season, entered storage pri or to the
beginning of the period and was rel eased as flood control water during the first year . Therefore, it is deducted from the
average yield in flood control water shown in Tables 13 and 13a to obtain the exact yield for the pericd of analysis.

b The average yield in flood control wat er, seasonally stored water and uniformly continuous fiow shown in Tables
13 and 13a fr om which this summary is compiled, is 30,000, 13,800 and 29,700 acre-feet per Beason, respec tively. In the
computations for these tables the peri od of analys is closed with 61,300 acre-feetless wat erin storage than at the beginning.
This water, the equivalent of 2,060 acre-feet per season, entered storage prior to the beginning of the period. To obtain
the exact yield for the period, a supplementary analysis was made having the same amount of water in storage at the
beginning and at the end of the period. This gave the smaller values for flood control water of 22,200 acre-feet per season
and for uniformly continuous flow of 23,300 acre-feet per 'season , and the larger value for seasonally stored water of
25,900 acre-feet per season , entered herein. . .



AVERAGE SIZE OF F LOWS

OF

WATER YIELD OF SAN GABRIEL RESERVOIR UNDER " COORDINATED PLAN."
J an. 1, 1897 to Oct. I , 1926.

(For yea rly values see Table 14, page 162.)
Ma ximum con troll ed flow at Azusa 1,900 second-feet, M aximum flood cont rol reserv e 131,000 acre-feet.

Reservoir emptied of seasonal storage each year.
Natural flow up t o 152 second-feet passed for prior rights.

Flood control waler passing Azusa during flood season
Seasonally stored waler in acre-feet per Beason Yield in uniformlycontinuous fiowequalized betweenat rat es leas thau 1,900second-feet in seasonsby over-year st orage in acre-feet perseasonacre-feet per season

Flood Flood Flood
cont rol, cont rol, cont rol,

Flood control and seasonal seasonal Flood control and seasonal seas onal Flood control and aeasonal seasonal
storage coordinated and sto rage coordinated and storage coordinated and

over-year over-year over-year
Size of total flow at s torage storage s torage
Azusa in second-feet coordinated coordinated coordinated

Maximum Maximum Maximum
flood flood flood

control control control
r eserve 180,000 240,000 180,OUO reserve 180,000 240,000 180,000 reserve 180,000 240,000 180,000
or first aere-feet > acre-feet acre-feet or first acre-feet acre-feet acr e-feet or firs t acrc-fcet acre-feet acre-fcet
131,000 capacity capacity capacity s s 131,000 capacity capacity capacity« 131,000 capacity capacity capacity

acre-feet acre-feet acre-feet
capacity a eapacityv capacity
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0- 250•• ••• •• .. •. •.•• 230 90 30 190 14,640 11,720 11,350 6,060 0 0 0 13,540
250- 500••.• •••..••. . •• 1,370 470 150 1,340 16,240 27,360 . 16,590 13,630 0 0 0 1,710
500- 750•• . . . • • . . • •. . • . 1,540 1,120 580 1,380 5,800 14,700 29,830 2,980 0 0 0 240
750-1,000.. . . . • •. . • . . . . . 1,500 1,260 680 1,250 0 0 7,300 0 0 0 0 40

1,000-1,250. •• • . •• •. . •. . . • 1,150 890 330 1,550 70 0 0 0 0 0 0 40
1,250-1,500. . •. . • • .. . •. •.. 1,470 730 670 650 0 0 0 0 0 0 0 10
1,500-1,900. . .. . .. . . . .. ... 29,170 15,170 5,890 27,090 590 0 0 580 0 0 0 350

Total.. ... ..... . .. . .. 36,430 19,730 8,330 33,450 37,340 53,780 65,070 23,250 0 0 0 15,930
Aggregate of natural flow

up to 152 second-feet
24,250 24,250 24,250 26,620 26,620passed for pr ior rights . •. 24,250 26,620 26,620 .. . .. .. . . .. . .. .... ... ... . .. .. ... .. .. ... . .. .. . .. .

Evaporation loss from res-
0 0 0 300 800 1,060 1,170 1,900ervoirsurface, . . . . . . . . . . . .. .. . . .. . .. ... . ...... .. . . . . . . .. . . . . ... ... . .. . ..

Grand total. .. . •. .. . . a 60,680 43,980 32,580 858,000 b64,760 81,460 92,860 d 51,770 . .... .. . . ... .. .. .. . . . . . . .. . ...... .. . 15,930

a The aggregate of the entries in this column is smaller than the corresponding entries in the summary tab le, page 146, and Tables 12 and 12a, from ' which it is derived , by an average of about
700 acre-feet per season. This water was released in controlling floods during April, 1906, tota l amount 19,600acre-feet , but was included in seasona lly stored water in preparing this table.

b The aggregate of the entries in this column is larger than the corresponding entries in the summary table , page 146, and Tables 13 and 13a, from which it is derived, by an average of abont 700
acre-feet per season. This water was released in controlling floods duning April, 1906, total amount 19,600acre-feet, but was included in seasonally stored waterin prepa ring this table .

8The aggregate of the entries in this column is smaller than the corresponding entries in Tables 13 and 13a, from which it is derived, by an average of about 500 acre-feet per season. This water,
15,400 acre-feet total, was released in controlling floods during April, 1906, but was included in seasonally stored water in preparing this table. .

d The aggregate of the entries in this column is larger than the corresponding entries in Tables 13 and 13a, from which it is derived, by an average of about 500 acre-feet per season. This wate r,
15,400acre-feet total, was released in controlling floods during April, 1906, but was included in the seasonally stored water in pr eparing this table .

8Entries in this column taken from Tab les 13 and 13a. In the computations for these tables . the period closed with 7,600 acre-feet less water in storage than at the beginning. This wate r, the
equivalent of about 200 acre- feet per season , entered storage prior to the beginning of the period and was released as flood control water during the first flood season. It should, therefore, be deducted
from the average yield in flood cont rol water to obtain the exact yield for the period . This was not done in preparing this table.
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AVERAGE SIZE OF FLOWS

OF

WATER YIELD OF SAN GABRIEL RESERVOIR UNDER "COORDINATED PLAN" - Conclud:d.
Jan. 1, 1897 to Oct. 1, 1926.

(For yearly va lues see T able 14, page 162. )
Maximum controlled flow at Azusa 1,900 second-feet. Maximum flood control reserve 131,000 acre-feet·

Reservoir emptied of seasonal storage each year.
Natural flow up to 152 second-feet passed for prior rights.

Total yield

In acre-feet per season In per cent of averageseasonal fun-off

I Flood control, Flood control,

F lood control and seasonal storage coordinated sea sonal and Flood control and seas onal storage coordinated seasonaland
Size of total flow at Azusa in second-feet over-yea r s torage over-yearstorage

coordinated coordina ted

Maximumflood Maximum flood
control reserv e 180,000acre-feet 240,000 acre-feet 180,000acre-feet cont rol reserve 180,000 acre-feet" 240,000acre-feet 180,000acre-feet
or first 131,000 capaci ty capacity capacitya or first 131,000 capacity capacity capacity a

acre-feet capacity acre-feet capacity

0- 250... . . . . . .. . . . . . . . . . .. . . . . . . . .. . . . 14,870 11,810 11,380 19,790 11.9 9.4 9.1 15.8
250- 500. . . .. . .. .. . . • . . . . . .. .. . . . . . . . . . . . 17,610 27,830 16,740 16,680 14.0 22. 2 13.3 13.3
5OD- 750. . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . 1,340 15,820 30,410 4,600 5 .9 12.6 24 .2 3.7
750- 1,000.. . . . . . . . . . . . . . . . . . . .. •. . ... . . . . . 1,500 1,260 7,980 1,290 1. 2 1. 0 6 .4 1.0

1,000-1,250.. . . : . • . . . . .... . . . .. . . . . . . . . .. . . . 1,220 890 3:10 1,590 1.0 0 .7 0 .:1 1.:1
1,250-1,500. . . . . . . . . . . . . . . . . .. . . . .. . . . .. . . .. 1,470 730 670 660 1.2 0 .6 0 .5 0.5
1,500-1,900. . . . . . . . . ... . . . .... .. . . .. ... .. .. . 29,760 15,170 5,890 28,020 23.7 12.1 4.7 22.:1

. Total.. . . . . . . . . . .. . . . . . .. . . . . . • . •. . . .. . . . 73,770 73,510 73,400 72,6:10 58 .9 58 .6 58 .5 57.9
Aggregate of natural flow up to 152second-feet

passed for prior rights . . . . . . . . . . . . . . . . . . . . . ~. ·50,870 50,870 50,870 50,870 40 .5 40.5 40.5 40.5
Evaporationloss fromreservoirsurface. . . . . . . . 800 1,060 1,170 2,200 0 .6 0.9 1. 0 1.8

Grand total. .... . . . . . .. .. . . . . . . . . . • . • . . 125,440 125,440 125,440 a125,700 100.0 100.0 . 100.0 &100 .2

e, Entries in this column taken from Tables 13 and 13a. In t he computations for thes e tables , th e period closed with 7,600 acre-feet less water in storage than at the beginning. This water, th e
equivalent of about 200 acre-feet per season , entered storage prior to t he beginning of the period and was released as flood control wat er during the first flood season. It should, th erefore , be deducted
from the average yield in flood contro l water to obtain the exact yield for th e period. This was not done in preparing this tabl e.
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'rHE CONTROL 01" l~LOODS BY RESERVOIRS. 153

Monthly and yearly summaries of the computations from which the
foregoing tables were prepared have been assembled, together with
summaries of other comparisons made in studying various modes of
reservoir operation. · The yearly summaries follow herewith but the
monthly summaries, because of their bulk, are placed in a separate
chapter. Included in these is the test of 180,000 acre-feet reservoir
capacity operating as proposed in the "Coordinated Plan" except
that, instead of employing the reservoir operating diagram to grade
the flood control reserve in accord with current necessities, the maxi
mum amount of 131,000 acre-feet was held empty until April 19th, the
close of the flood season. With oyer-year storage, this change reduced
the average yield in seasonal stored water from 22,700 to 3000 acre
feet per season, a reduction of 87 per cent. It also reduced the yield
in uniformly continuous flow from 15,900 to 13,000 acre-feet per season.
Floods would have been limited to 1900 second-feet just the same.

In addition to the water yield, these computations furnish informa
tion upon the reservoir stage under the several conditions of operation.
Plate XXVI, "Effect of Controlling San Gabriel River Floods upon

te Stage of the San Gabriel Reservoir," delineates the reservoir stage
clay by day from 1896 to ] 927 for three conditions of 'operation repre
senting three steps in coordinating the several uses of 180,000 acre
feet of reservoir space; first, operating for flood control alone by the
reservoir operating diagram, second, operating for flood control ill
combination with a constant draft from over-year storage, and third,
completely coordinating the usefulness of the reservoir space by operat
ing for flood control, a constant draft from over-year storage and a
variable summer draft from seasonally stored water.

Plate XXVI assumes that a reservoir of 180,000 acre-feet capacity
was in existence in 1896 and operated through subsequent years in
accord successively with each of the three conditions of operation
above mentioned. 'I'he volume of water in storage expressed in aere
feet is shown on every day of the 30-year period by the vertical position
on the reservoir space scale, of lines extending across the plate in
several rows. The top guide line of each row represents a full reservoir
and the bottom line an empty reservoir. The space between each pair
of horizontal guide lines represents 20,000 acre-feet.

The light red line delineates the reservoir stage were it operated for
flood control alone by releasing water only as required by the reservoir
operating diagram. The heavy black line delineates the reservoir stage
were it operated for flood control and a constant draft of 22 second
feet from over-year storage. The heavy red line delineates the reservoir
stage were it operated coordinately for flood control, a constant draft
of 22 second-feet from over-year storage and a variable summer draft
from the seasonally stored water. Below the .reservoir stage lines in
each row is shown in a light black line to a special scale superimposed
upon the r eservoir stage scale, the unimpaired flow of the river at Azusa
and in a light red line, the flow as controlled by the coordination of flood
control, seasonal and over-year storage. A line of black dots shows the
daily value of the progressive rainfall index used in entering the reser
voir operating: diagram to determine the necessary flood control reserve.

The following table shows the average size of' the total flow passing
Azusa for the three steps in coordinating the use of reservoir space
described above. .
10-5.2411
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AVERAGE SIZE OF FLOWS OF WATER YIELD FROM

SAN GABRIEL RESERVOIR

FOR THREE STEPS IN COORDINATING THE USE OF RESERVOIR SPACE.
Jan. 1. 1897 to Oct. 1, 1926.

(For yearly values, see Table 18, page 186.)
Height of dam 383 feet. Maximum controlled flow at Azusa 1,900 second-feet.
Capacity of reservoir 180,000 acre-feet. Maximum flood control reserve 131,000 acre-feet.

Natural flow up to 152 second-feet passed for prior rights.

Floodcontrol completelycoordinated with conservation
Flood control alone Flood control partially coordinated with conservation Reservoir emptied each summer to a level that would

Water drawn from reservoir Constant draft of 22second-feet mainta ined, maintain constant dra ft thr ough critical period, eon-
only as required by reservoir other drafte only as required by stant draft of 22second-feet maintained, otber dra fts

operating diagram reservoir opera t ing diagram only as required by reservoir operating diagram
"Coordinated Plan"

Flood Flood Flood
control water Seasonally cont rol wat er Seasonally contro l SeasonallySize of tot al flow at Azuoa and waste and waste water

in second-feet over sto red over store d passing sto red
wate r wate r Constant wate r Constantspillway released spillway released flow from Azusa released flow frompassmg Total in passing Total in during Totatin

Azusa as a acre-feet Azusa as a over-year acre-feet flood season as a over-year acre-feet
at rates variable perseason» a t rates variable st orage per season v at rates variable st orage in per season>csummer summer in acre-feet Bummer acre-feetless th an flow in less than flow in per season less t han flow in per season1,900 second- 1,900second- 1,900 second-
feet in acre-feet feet in acre-feet feet in acre-feet

acre-feet per season acre-feet per season acre-feet per season e
per seasona f per seasonbg per sensoncd

0- 250. . . . .. . . . ..• ..... • . • . . .. . . . 740 0 740 300 0 14,860 15,160 190 6,060 13,540 19,790
250- 500••. . . .. . . . .. . . .• .• . • . • .. . . . 2,870 0 2,870 2,160 0 190 2,350 1,340 13,630 1,710 16,680
500- 750. . .. . . . .. .. .. .. .. ... .. .. .. . 3,820 0 3,820 3,100 0 140 3,240 1,380 2,980 240 4,600
750-1,000.. .. . . . . . . . . .. . . . . .. . . . . . . . 4,200 0 4,200 3,300 0 JOO 3,400 1,250 0 40 1,290

1,000-1,250.. .. ... . . . .. . . . . . . . . . . . ... . 4,000 0 4,000 3,430 0 80 3,510 1,550 0 40 1,590
1,250-1,500.. .. .. . . . . . . . . . .. . . . . . . ... . 2,7,150 0 2,750 2,290 0 40 2,330 650 0 10 660
1,506-1,900.. .. . . . . . . . . . .. .. . . . . . . . . .. 51,660 0 51,660 41,740 0 520 42,260 27,090 580 350 28,020.

Total. . .. . . . . . .. .. .. . . .. .. ... .. . . 70,040 0 70,040 56,320 0 15,930 72,250 33,450 23,250 15,930 72,630
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Aggre~.te of natural flow up to 152
second-feet passed for prior rights . .. '1 24,250 I 26,620 I 50,870 I 24,250 I 26,620 1·.. ··.. ·····1 50,870 I 24,250 I 26,620 \. . . ... . .. .. . 1 50,870

Evaporation 10SBfromreservoirsurface. . 460 2,480 2,940 390 2,190 . . . . . . . . . ... 2,580 300 1,900 . .. . . ; . . . . . . 2,200
---,- -

Grand total . .. . .. . . ... . . . .. .. . .. .. • 94,750 29,100 • 123,850 b 80,960 28,810 15,930 b 125,700 ed 58,000 · 51,770 15,930 e 125,700

• Entrieain this column taken from Tables 16 and 16a. In th e computations for these tables, th e period closed with 47,700 acre-feet more water in sto rage than at th e beginning, the equivalent of
about 1,600 acre-feet per seaeon. It should be added to the average yield in flood control wate r to obtain the exact yield of the period, Thia waa not done in 'preparing th is table ,

b Entries in thia column taken from Tabl es 16 and 16. . In the comput ations for th ese tables, th e period closed with 7,600 acre-feet leas water in storage tban at tbe beginning. Thia water, the
equivalent of about 200Bore-feet per season, entered storage prior to the beginning of th e period and waareleased us flood contro l water dur ing th e firat flood season, It should, therefore, be deducted
from average yield in flood control water to obtain th e exact yield of the period. This was not done in preparing t his table,

• Bntrles in th ia column taken from Tables 16 and 16a. In th e computa tions for these tables, the period closed with 7,600acre-feet less water in storage than at the beginning. Thia water, the
equivalent of about 200acre-feet per season, entered s torage prior to t he beginning of the period and waa released as flood contr ol water during the first flood seaaon. It should, therefore, be deducted
from the average yield in flood control water to obtain th e exact yield for the period. Th ia was not done in prepar ing this table.

d The aggregate of the entr ies in t,hia column is smaller than th e corresponding ent ries in Tables 16 and 16., from which it is derived, by an average of abou t 500 acre-feet per aeaaon Thia water,
15,400 acre-feet total, was released in controlling floods duri ng April, 1906, but was included in t he seasonally stored water in preparing th is table .

• The aggregate of th e entri es in this column ia larger than the corresponding entries in Tables 16 and 16a, from which it is derived , by an average of about 500 acre-feet peraeason. Thia water ,
15,400acre-feet total, was released in controlli ng floods during April, 1906, but waa included in the seasonally st ored water in preparing this table.

I Waste over spillway is included in these entries for ye" 1907, as follows: May, flow 0-250 second feet , 172 acre-feet ; 250-500 second feet , 1728 acre-feet ; J une, flow 0-250 second feet, 2494
acre-feet : 250-500 second feet, 28B acre-feet: July, Oow 0-250 second feet, 188 acre-reet . · .

• Waste over spillway is included in these entr ies for year 1907, as follows: Ju ne, Oow 0-250 second feet, 12!4 sere-Ieee: 250-500 second feet, 2107 acre-feet,

1-3
III
t':l

Q

~
1-3
~o
::-<
o
".l

~o
o
1:1
UJ

I:J:j
>1

~
r-:l
UJ
r-:l
~

<o
;;:;
V'

,....
<:,..,
CJl



' ~



THE CON TROL OF FLOODS BY RESERVOIRS.

SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.
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Tables of Yearly S umm aries of Water Y ield Computed on a Daily Bas is.

Showing t he effect of coo rdinati ng flood control and conserva t ion ,
( See C ha pte r VIII for corresponding

men thl y summa ries.*)

'l'ABLI<; 12-Yield under "Coor dinate d Pian," flood control and seusouul s tora ge
coor dina ted . Ca pacity 180,000 und 240 ,000 acr e-feet .

'l'AHU; 13-Yield under "Coord inated Plan," flood con t rol and seasonal and over
ye ar sto ra ge coo rd inuted. Ca pac ity 180 ,000 and 240,000 acre -fee t.

'rABI,1<; 14-Average size of flow s under "Coordina te d Plan." Capaci ty 180 ,000
and 240,000 acr e-feet.

T ABLI<; 15-Comparison of yi eld for two methods of flood control. F'lood control
coor dina ted with seasonal uno' over-year sto ra ge. Cupac ity 180,000
a cr e-feet .

'l' ABLE IG--Comparison of yield for three st eps in coordinating t he use of reser
voir space. Capaci ty 180 ,000 acr e-feet .

T ABLE 17- Comparison of yi eld op erating for flood control a nd constan t draft
only . Ca pacity 180,000 and 240,000 acr e-fee t .

T ABLE 18---Average size of flow s for three s te ps in coordina ti ng th e use of re ser
voir space . Cn pucity 180 ,000 acre-feet.

•Mon thl y s umma r ies not prepared for Tables 14 and I S,



TABLE 12. SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

WATER YIELD UNDER " COORD INATED PLAN"
FLOOD CONTROL AND SEASONAL STORAGE COORDINATED

Yearly Summary of Computations Carried out on a Daily Basis.
(For corresponding monthly summary, see Table 12a, page 360.)

Maximum con t rolled flow at Azusa 1,900 second-feet. . Maximum flood control reserve 131,000 acre-feet.
Natural flow up to 152 second-feet passed for pr ior r igh t s .

Reservoir emptied of seasonal storage each year.

Maximum flood control reserve or firs t 180,000 acre-feet capacity 240,000 acre-feet capac ity131,000 acre-feet of capacity

Flood Flood Flood
cont rol cont rol control

Passed water Pass ed water Passed water
passing . by dam passing by dam passi ngby dam Azusa Evapora - for prior Azusa Evapora- for prior Azusa Bvapora-

for prior du ring Seasona lly tion rights during Seasonally t ion rights during Scasona lly ti on
Year rights flood stored from (first 152 flood sto red from (first 152 flood stored from

(first 152 season water in reservoir Tot a l in second- season water in reservoir T ot al in second... season water in reservoir Total in
second- at rates acre-feet surface acre-feet fee t 0'1 at rates acre-feet surface acre-feet feet of a t rates acre-feet surface acre-feet
feet of less than in natura l less than in na tura l less th an in
natural 1,900 acre-feet flow) in 1,900 acre-feet flow) in 1,900 acre-feet
flow) in second- acre-feet second- . acre-feet second-acre-fee t feet in fee t in feet in

acre-fee t acre-feet acre -feet
- -- - ---- - - - - - - - - - - - - - - -- - - - - ---- - --- - - - - - - -- - - - - - --- - - -- ---- ----

1897 52,963 4,913 34,488 984 93,348 52,963 0 39,304 1,081 93,348 52,963 0 39,304 1,081 93,348
1898 15,687 0 2,732 190 18,609 15,687 0 2,732 190 18,609 15,687 0 2,732 190 18,609
1899 10,463 0 0 0 10,463 10,463 0 0 0 10,463 10,463 0 0 0 10,463
1900 11,976 0 0 0 11,976 11,976 0 0 0 11,976 11,976 0 0 0 11,976
1901 50,570 32,694 15,717 589 99,570 50,570 0 47,822 1,178 99,570 50,570 0 47,822 1,178 99,570
1902 21,816 0 437 61 22,314 21,816 0 437 61 22,314 21,816 0 437 61 22,314
1903 50,037 6,045 49,747 1,156 106.985 50,037 0 55,685 1,263 106,985 50,037 0 55,685 1,263 106,985
1904 24,180 0 2,482 174 26,836 24,180 0 2,482 174 26,836 24,180 0 2,482 174 26,836
1905 62,587 29,996 70,682 1,450 164,715 , 62,587 0 100,310 1,818 164,715 62,587 0 100,310 1,818 164,715
1906 67,456 43,937 120,438 2,029 233,860 67,456 2,864 161,113 2,427 233,860 67,456 0 163,981 2,423 233,860
1907 82,808 129,172 138,732 2,178 352,890 82,808 80,172 187,233 2,677 352,890 82,808 20,172 246,672 3,238 352,890
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1908 56,444 9,758 6,461 287 72,950 56,444 0 15,887 619 72,950 56,444 0 15,887 619 72,950

1909 72,101 62,243 49,468 1,174 184,986 72,101 13,243 97,859 1,783 184,986 72,101 0 110,956 1,929 184,986

1910 54,518 76,272 2,117 97 133,00,j 54,518 27,272 50,000 1,214 133,004 54,518 0 76,937 1,549 133,004

1911 70,413 118,339 85,892 1,636 276,280 70,413 69,339 134,347 2,181 276,280 70,413 10,977 192,140 2,750 276,280

1912 47,362 0 25,435 823 73,620 47,362 0 25,435 823 73,620 47,362 0 25,435 823 73,620

1913 40,386 0 9,481 456 50,323 40,386 0 0,481 456 50,323 40,386 0 0,481 456 50,323

1914 72,456 154,577 71,210 1,458 299,710 72,456 105,577 119,650 2,027 299,710 72,456 48,271 176,383 2,600 2~9,7 1O

1015 73,157 15,828 41,744 1,071 131,800 73,157 0 57,350 1,203 131,800 73,157 0 57,350 1,293 131,800

1016 77,852 152,147 54,093 1,251 285,343 77,852 103,704 101,945 1,842 285,343 77,852 43,704 161,330 2,457 285,343

1917 60,160 9,467 ll,487 473 81,587 60,160 0 20,608 729 81,587 60,160 0 20,608 720 81,587

1918 58,741 11,341 65,660 1,398 137,140 58,741 0 76,848 1,551 137,140 58,741 0 76,848 1,551 137,140

1019 37,874 0 0 0 37,874 37,874 0 0 0 37,874 37,874 0 0 0 37,874

1020 60,683 0 51,949 1,229 113,861 60,683 0 51,049 1,229 113,861 60,683 0 51,049 1,229 113,861

1921 54,013 38,907 18,143 649 111,712 54,013 6,295 18,143 6-10 79,100 54,013 0 18,143 649 72,805

1022 87,587 194,681 03,935 1,700 377,003 87,587 178,450 142,243 2,235 410,515 87,587 124,588 201,811 2,824 416,810

1923 51,298 13,042 1,109 46 65,585 51,298 0 13,714 573 65,585 51,298 0 13,714 573 65,585

102'\ 25,517 0 360 56 25,033 25,517 0 360 .J6 25,933 25,517 0 360 56 25,933

1025 21,878 0 1,411 111 23,400 21,878 0 1,411 111 23,400 21,878 0 1,411 111 23,400

' 1026 40,320 0 65,743 1,337 107,400 40,320 0 65,743 1,337 107,400 40,320 0 65,743 1,337 107,400

--- - - - --- - ----- - - - --- - - - --- - - - ------ --- - - - ----
Total 1,513,303 1,103,359 1,091,252 24,063 3,731,977 1,513,303 586,916 1,600,181 31,577 3,731,977 1,513,303 247,712 1,936,001 34,961 3,731,977

Average 50,867 37,088 36,681 809 125A 45 50,867 19 729 53,788 10 61 125,445 50,867 8,327 65,076 ' 1,175 125,445

' Part ial year, January 1 to October L
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TABLE 13. SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

WATER YIELD UNDER "COORDINATED PLAN"
FLOOD CONTROL, SEASONAL AND OVER-YEAR STORAGE COORD INAT ED.

Yearly Summary of Computations Carried out on a Da ily Basis.
(For corresponding monthly summary , see T able 13a , page 382.)

Maximum controlled flow at Azusa 1,900 second-feet . Maximum flood control reserve 131,000 acre-feet.
Natural flow up to 152 second-feet passed for prior rights.

Reservoir emptied of seasonal storage each year.

Maximum flood control reserve or first 180,000 acre-f eet total capacity 240,000 acre-feet total caw-city131,000 acre-feet of capaci ty

F lood Flood F lood I
control Yield control Yield cont rol YieldPassed water Passe d water Pass ed water

by dam passing in a uni- by dam passing in a un i- by dam passin g in a uni-
forml y formly Evapora- formly Evapora-for prior Azusa con- Evapora- for prior Azusa con- tion for prior Azusa con- tionYear right s during Seasonally ti nuous tion right s du -ing Seasonally ti nuous from righ ts during Seasonally t inuous from(firs t 152 flood stored supp ly f rom Tot a l in (firs t 152 flood st ored supply reservoir Total in (firs t 152 flood sto red supp ly reservoir Tot al in

second- season water in reservoir ac re-feet second- season wat er in acre-feet second- season water in acre-feet
fee t of at rat es acre-feet from surface feet of at rates acre-feet Crom surface feet of at rates acre-feet from surface
natural less t han over-year in natural less than over-year in natural less th an over-year in

flow) in 1,900 storage acre-fee t flow) in 1,900 storage acre-feet flow) in 1,900 storage acre-feet
in in inacre-feet second - acre-feet acre-feet second- acre-fee t acre-feet aeeond- acre-feetfeet in fee t in feet in

acre-feet acre-feet acre-fee t
--- - - - - --- - - - - - - - - --- --- - - - - - ------ - - - - - - - - - - --- - - - - - - - - - - --- - - - - - - - -

1897 52,963 4,913 34,488 0 9~4 93,348 52,963 16,407 16,901 15,922 2,466 104,659 52,963 15,089 0 29,672 3,802 101,526
189~ 15,687 0 2,732 0 190 18,609 15,687 0 0 15,922 1,926 33,535 15,687 0 0 29,672 3,170 48,529
1899 10,463 0 0 0 0 10,463 10,463 0 0 15,922 1,448 27,833 10,463 0 0 29,672 2,461 42,596
1900 11,976 0 0 0 0 1l, 976 11,976 0 0 15,922 796 28,694 11,976 0 0 29,672 1,677 43,325
1901 50,570 32,694 15,717 0 589 99,570 50,570 0 0 15,922 1,846 68,338 50,570 0 0 29,672 2,1l6 82,358
1902 21,816 0 437 0 61 22,314 21,816 0 0 15,922 1,374 39,112 21,816 0 0 29.672 1.269 52,757
1903 50,037 6,04,1 49,747 0 1,156 106 , 9~5 50,037 0 4,235 15,922 2,293 72.487 50,037 0 0 2C,672 1,959 81,668
1904 24,180 0 2,482 0 174 26,836 24,180 0 0 15,96,5 1,922 42,067 24,180 0 0 29,754- 1,168 55,102
1905 62,587 29,996 70,682 0 1,450 164,715 62,587 13,658 54,528 15,922 2,781 149,476 62,5~ 7 0 0 2G.672 2,931 95,190
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1906 67,456 43,937 120,438 0 2,029 233.860 67,456 39,397 107,768 15,922 3,189 233,732 67,456 9,428 82,724 29,672 4,536 193,816
1907 82,808 129,172 138,732 0 2,178 352,890 82,808 127639 123,335 15,922 3,301 353,005 82,808 127,605 108,051 29,672 4,755 352,891
1908 56,444 9,758 6,461 0 287 72,950 56,444 10,159 0 15,965 2,012 84,580 56,444 11,779 0 29,754 3,216 101,193
1909 72, 101 62,243 49,468 0 1,174 184,986 72,101 52,260 32,119 15,922 2.593 174,995 72,101 38,721 15,706 29,672 3,968 160,168
1910 54,518 76,272 2,117 0 97 133,004 54,5 18 75,162 0 15,922 1,892 147,494 54,518 75,055 0 29,672 3,114 162,359
1911 70,413 118,339 85,892 0 1,636 276,280 70,4 13 100,816 70,041 15,922 2,916 260,108 70,413 84,954 54,152 29,672 4,309 243,500
1912 47,362 0 25,435 0 823 73,620 47,362 0 7,761 15,965 2,356 73,444 47,362 0 0 29,754 3,658 80,774
1913 40,386 0 9,481 0 456 50,323 40,386 0 0 15,922 2,099 58,407 40,386 0 0 29,672 3,209 73,267
1914 72,456 154,577 71,219 0 1,458 299,710 72,456 145,722 54,901 15,922 2,785 291,786 72,456 123,839 39,467 29,672 4,178 269,612
1915 73,157 15,828 41,744 0 1,071 131,800 73,157 15,984 24,232 15,922 2,514 131,809 73,157 17,290 7,812 29,672 3,869 131,800
1916 77,852 152,147 54,093 0 1,251 285,343 77,852 152,317 36,625 15,965 2,625 285,384 77,852 1,\3,289 20,566 29,754 4,016 285,477
1917 60,160 9,467 11,487 0 473 81,587 60,160 10,464 0 15,922 2,122 88,668 60,160 12,270 0 29,672 3,308 105,410
1918 58,741 11,341 65,660 0 1,398 137,140 58,741 3,595 49,016 15,922 2,741 130,015 .\8,741 0 20,748 29,672 4,022 113,183
1919 37,874 0 0 0 0 37,874 37,874 0 0 15,922 1,848 55,644 37,874 0 0 29,672 3,150 70,696
1920 60,f>83 0 51,949 0 1,229 113,861 60,683 0 16,978 15,965 2,454 96,080 60,683 O· 0 29,754 3,527 93,964
1921 54,0 13 38,907 18,143 0 649 111,712 54,013 39,506 606 15,922 2,269 112,316 54,013 20,952 0 29,672 3,225 107,862
1922 87,587 194,681 93,935 0 1,700 377,903 87,587 195,520 77,276 15,922 2,970 379,275 87,587 190,726 61,586 29,672 4,349 373,920
1923 .... 51,298 13,042 1,199 0 46 65,585 51,298 12,056 0 15,922 1,858 81,134 51,298 10,928 0 29,672 3,084 94,982
1924 25,517 0 360 0 56 25,933 25,517 0 0 15,965 1,380 42,862 25,5 17 0 0 29,754 2,376 57,647
1925 21,878 0 1,411 0 111 23,400 21,878 0 0 15,922 744 38,544 21,878 0 0 29,672 1,601 53,15 1

- 1926 40,320 0 65,743 0 1,337 107,400 40,320 0 0 11,909 1,866 54,095 40,320 0 0 22,193 2,054 64,567--- - - - --- - - - ------ - --- - - --- - - - - --- - - ------ ---- - - ---------
Total 1,513,303 1,103,359 1,091,252 0 24,063 3,73 J,977 J,513,303 1,010,662 676,322 473,905 65,386 3,730,578 1,513,303 891,925 410,812 883,173 94,077 3,793,290
Average 50,867 37,088 36,681 0 809 125,445 50,867 b33,972 22,734 15,930 2,198 b125,701 50,867 029,981 013,809 029,686 3,162 0127,505

a Partial year, January 1 to October 1.
b These figures contain 7601 acre-feet total or an average of 256 acre-feet per season of water contributed from outside t he exact period of analysis. In the computat ions from which this table is pre

pared, the water in storage on October 1, 1926, th e end of the period is less by this amount th an on January 1, 1897, t he beginning of the period. Since in th e computations, this water was released as flood
control wat er during the first flood season of the period, th e exact yield of flood cont rol water for the period is less than here shown by this amount .

c These figures contain 61,313 acre-feet total or an average of 2060 acre-feet per season of water contributed from outside the exact period of analysis. In the computations from which this table is pre
pared , the wateri nsto rage on October 1, 1926, the end of t he period is less by t his amount than on January 1, 1897, t he beginning of the period. A supplementary analysis, having the same amount of water
in storage at t he beginning and at the end of the period, was made to obtzin t he exact yield for t he period, This gave 22.200, 25,900 and 23,300 acre-feet per season, respectively, for the flood contro l water,
seasonally stor ed wat er, and uniformly continuous flowinstead of 29,981, 13,809 and 29,686 acre-feet ,respectively, that are shown herein.

"3
P:1
tel

Q
o
Z
~o
t<

~
":I
r
og
tJ;j

>1

~
Ul

~o
~

f-l
m
f-l



TABLE 14. SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS
OF WATER YIELD UNDER " COORDINATED P LAN"

Yearly Summary of Computations Carried out on a D aily Basis.

Maximum controlled flow at Azusa 1,900 second-feet. Maximum flood control r eserve 131,000 acre-feet .
Natural flow up to 152 second-feet passed for prior rights.

Reservoir emptied of seasonal st orage each year.

Size of total flow at Azusa in second-feet

0-250

Yield in a
uniformly
cont inuous

Flood control water passing Azusa Aggregate of natural flow up to 152 second-feet flow
dur ing flood seas on a t ra tes less Seasonally sto red water in passed for prior rights in equalized

than 1,900 second-feet in acre-fee t acre-feet between
acre-feet seasons by

over-year
sto rage in
acre-feet

Year

Flood Flood Flood Flood
control, control, control. control,

Flood control and seasonal seasonal Floodcontrol and seasonal seasonal Floodcontrol and seasonal seasonal seasonal
storage coordinated and storage coordinated and storage coordinated and and

over-year over-year over-year over-year
storage storage storage storage

coordinated coordinated coordinated coordinated

Maximum Maximum Maximum
flood flood flood

cont rol 180,000 240,000 180,000 control 180,000 240,000 180,000 cont rol 180,000 240,000 180,000 180,000reserve reserve reserve
or first acre-feet acre-feet acre-feet or first nero-feet acre-feet acre-feet or first acre-feet acre-feet acre-feet acre-feet

131,000 capa city capacity capacity 131,000 capacity capacity capacity 131,000 capacity capacity capacity capacity

acre-feet acre-feet acre-feet
of capacity of capacity of capacity
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1897 334 0 0 1,966 34,488 36,002 39,304 16,901 51,458 48,473 52,963 50,358 15,049
1898 0 0 0 0 2,732 2,732 2,732 0 15,687 15,687 15,687 15,687 15,922
1899 0 0 0 0 0 0 0 0 10,463 10,463 10,463 10,463 15,922
1900 0 0 0 0 0 0 0 0 11,976 11,976 11,976 11,976 15,922
1901 491 0 0 0 15,il7 43,170 47,822 0 41,389 45,763 50,570 50,570 15,922
1902 0 0 0 0 437 . 437 437 0 21,816 21,816 21,816 21,816 15,922
1903 319 0 0 0 33,345 36,819 36,823 4,235 35,014 35,899 35,899 50,037 15,922
1904 0 0 0 0 2,482 2,482 2,482 0 24,180 24,180 24,180 24,1PO 15,965
1905 312 0 0 0 15,912 0 0 20,865 26,053 26,638 26,638 29,862 10,469
1906 0 0 0 0 0 0 0 0 21,922 23,733 24,034 21,924 7,635
1907 813 984 320 1,103 0 0 0 0 19,494 25,222 34,569 20,105 5,280
1908 521 0 0 148 6,461 15,887 15,887 0 53,735 56,444 56,444 53,130 15,484
1909 16 16 0 0 29,885 0 0 21,613 43,763 32,207 34,916 46,321 12,127
1910 443 570 0 310 2,117 42,369 32,809 0 43,970 39,889 36,569 43,969 14,397
1911 0 0 36 79 85.8;)2 0 0 0 59,261 23,992 30,924 22,485 6,413
1912 0 0 0 0 25,435 25.435 25,435 7,761 47,362 47,362 47,362 47,362 15,965
1913 0 0 0 0 9,481 9,481 9,481 0 40,386 40,386 40,386 40,386 15,922

. 1914 262 570 81 156 0 0 0 15,509 17,576 21,496 29,033 22,308 . 7,676
1915 403 0 0 199 27,352 18,246 18,979 19,211 54,447 37,123 37,384 59,693 13,960
1916 18 79 79 134 32,598 0 0 29,799 42,928 31,848 36,068 54,632 12,564
1917 823 0 0 558 11,487 20,698 20,698 0 f5 ,310 60.160 60,160 54,615 15,006
1918 0 0 0 0 28,115 0 0 26,724 31,208 25,556 25,556 34,747 12,040
1919 0 0 0 0 0 0 0 0 37,87i 37,874 37,874 37,874 15,922
1920 0 0 0 0 33,268 27.878 33,580 16,978 43,615 34,573 43,802 60,683 15,965
1921 342 0 0 16 18,143 18,143 18,143 606 50,697 53,411 54,013 50,396 15,398
1922 412 601 412 298 0 16,660 0 0 24,225 26,778 28,141 23,680 5,104
1923 1,219 0 0 610 1,199 13,714 13,714 0 47,709 51.298 51,298 47,445 15,224
1924 0 0 0 0 360 360 360 0 25,517 25,517 25,517 25,517 15,965
1925 0 0 0 0 1,411 1,411 1,411 0 21,878 21,878 21,878 21,878 15,922

"1926 0 0 0 0 17,286 16,852 17,722 0 20,986 20,924 21,049 40,320 11,909

Tota l 6,728 2,820 928 5,577 435,603 348,776 337,819 180,202 .1,041,899 978,566 1,027,169 1,094,419 402,893
Average 226 95 31 188 14,642 11,724 11,355 6,057 35,021 32,893 34,526 36,788 13,543

" Parti al year, January 1 to October 1.
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TABLE 14 (Con t in u ed ). SAN GABRIEL R ESERVOIR ON SAN G ABRIEL RIVER.

AVERAGE SIZE OF FLOWS
OF WATER YIELD UNDE R " COORDINATED P LAN"

Yearly Summary of Computa t ions Carri ed ou t on a Daily Basis .

Maximum con t roll ed flow at Azusa 1,900 second-feet. Maximum flood control reserve 131 ,000 acre-feet.
Natura l flow up t o 152 second-feet passed for prior rights .

R eserv oi r empt ied of seasonal stora ge each year .

T ear

Size of total flow at Azusa in second-feet

250-500

Yield in a
uniformly

continuous
F lood cont ro l wa ter passing Azusa Aggregate of natural flow up to 152 second-fee t flow

during flood season at rates less Seaso nally sto red wate r in equalized
than 1.900 second-feet in ac re-feet passed for prior rights in between

ac re-feet acre-fee t seasons by
over-yea r
s torage in
acre-feet

-
Flood Flood Flood Flood

control, control, control, control,
Flood control and sea sonal seaso nal Flood contro l and seaso na l seasonal Flood cont rol and seasonal seaso nal seas onal

storage coordinated and storage coordinated and storage coordinated and and
over-year over-year over-year over-year
storage storage storage s torage

coordinated coordinated coordinat ed coordinated

Maximum Maximum Max imum
flood flood flood

cont rol 180,000 240,000 180,000 contr ol 180,000 240,000 180,000 control 180,000 240,000 180,000 180,000
reserve reserve reserve
or firs t acre-feet acr e-feet acre-fee t or first acre-feet acre-feet acre-fee t or first acre-feet acre-feet acre-feet acre-feet

131,000 capacity capacity capacity 131,000 capacity capacity capacity 131,000 capacity

I
capacity capacity capacity

acre-feet acre-feet acre-feet
of capacit y of capacity of capacity

f-l
Cl'>
fl:o.

:!1
~
t':I
:;;

:;;
t':I
U1oq
:;;
o
t':I
U1

o
"l

o
i>
t"
;;:;
~
Z
~

..



,
•

1897 771 0 0 10,201 0 . 3,302 0 0 903 4,490 0 2,003 785
1898 0 0 0 0 0 0 0 0 0 0 0 0 0
1899 0 () 0 0 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 () , 0 0 0 0 0 0 0 0
1901 8,201 0 0 0 0 4,652 0 0 4,252 4,807 0 0 0
1902 0 0 0 0 0 0 0 0 0 0 0 0 0
1903 989 0 0 0 16,402 18,866 18,862 0 14,421 14,138 14,138 0 0
1904 0 0 0 0 0 0 0 0 0 0 0 0 C
1905 0 0 0 0 54,770 100,310 100,310 33,664 33,520 35,949 ·35,949 31,219 5,235
1906 0 0 0 0 103,666 19,209 19,674 91,153 34,757 9,042 9,042 35,314 6,804
1907 3,411 3,411 1,142 2,696 20,515 19,650 0 49,2~ 1 12,451 11,450 905 23,442 4,100
1908 1,308 0 0 1,286 0 0 0 0 1,505 0 0 1,809 262
1909 4,489 1,246 0 4,553 19,583 97,859 1l0,956 10,506 22,612 38,088 37,185 20,355 3,011
1910 3,861 3,861 0 3,468 0 7,631 44,128 0 2,709 10,407 17,949 2,712 393
1911 1,152 1,596 373 634 . 0 9·1,422 0 70,041 903 23,290 301 37,981 8,070
1912 0 0 0 0 0 0 0 0 0 0 0 0 0
1913 0 0 0 0 0 0 0 0 0 0 0 0 0
1914 1,541 1,539 293 1,994 71,219 119,650 0 39,392 40,108 . 40,106 302 35,980 6,195
1915 2,390 0 0 2,170 14,392 39,104 38,371 5,021 15,997 36,034 35,773 10,759 1,570
1916 0 1,262 200 468 21,495 101,945 17,933 6,825 21,662 36,055 2,122 9,958 1,484
1917 7,851 0 0 7,658 0 0 0 0 4,628 0 0 4,863 785
1918 0 0 0 0 0 76,848 76,848 22,293 0 33,185 33,185 23,391 3,795
1919 0 0 0 0 0 0 0 0 0 0 0 0 0
1920 0 0 0 0 18,681 24,071 18,369 0 17,068 26,110 16,881 0 0
1921 0 0 0 0 0 0 0 0 0 0 0 0 0
1922 1,029 1,071 2,338 955 93,935 37,518 0 77,275 44,976 18,990 1,810 44,977 8,071
1923 3,638 0 0 3,871 0 0 0 0 1,609 0 0 1,874 349
1924 0 0 0 0 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0 0 0 0 0

"1926 0 0 0 0 48,457 48,891 48,021 0 19,334 19,396 19,271 0 0

Total . 40,631 13,986 4,346 39,954 483,1l5 813,928 493,472 405,451 293,415 361,537 224,813 286,637 50,909
Average 1,366 470 146 1,343 16,239 27,359 16,588 13,629 9,863 12,153 7,557 9,635 1,711

• Par tial year, January 1 to October I.
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TABLE 14 (Con t in u ed) . SAN GABR IE L RESERVOIR ON SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS
OF WATER YIELD UNDER "COORDINATED PLAN"

Yearly Summary of Computations Carried out on a Daily Basis.

Maximum controlled flow at Azusa 1,900 second-feet. Maximum flood control reserve 131,000 acre-feet.
Natural flow up to 152 second-feet passed for prior rights.

Reservoir emptied of seasonal storage each year.

Size of total flowat Azusa In second-feet

500-750

Yield in a
uniformly
continuous

Flood control water passing Azusa flow
during flood season at rates less Seasonally stored water in Aggregate of natural flowup to 152 second-feet equalized

than 1,900second-feet in acre-feet passed for prior rights in betwecn
acre-feet acre-feet seasons by

over-year
storage in
acre-feet

Year

Flood Flood Flootl Flood
control, control, control, control,

Floodcontrol and seasonal seasonal Flood control and seasonal seasonal Flood control and seasonal seasonal seasonal
storage coordinated and storage coordinated and storage coordinated and and

over-year over-year over-year over..year
" storage storage storage storage

coordlnatod coordinated coordinated coordinated

Maximum Maximum Maximum
flood flood flood

control 180,000 240,000 180,000 control 180,000 240,000 180,000 control 180,000 210,000 180,000 180,000reserve acre-feet acre-feet acre-feet reserve acre-feet acre feet acre-feet reserve acre-feet acre..fcet acre-feet acre-feetor first capacity capacity capacity or first capacity capacity capacity or first capacity capacity capacity capacity131,000 131,000 131,000
acre-feet acre-feet acre-feet

of capacity of capacity of capacity
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• Par tial year, January 1 to October I.

1897 1,033 0 0 990 0 0 0 0 301 0 0 301 4
1898 0 0 0 0 0 0 0 0 0 0 0 0
1899 0 0 0 0 0 0 0 0 .0 0 0 0
1900 0 0 0 0 0 0 0 0 0 0 0 0
1901 10,044 0 0 0 0 0 0 0 2,986 0 0 0
1902 0 0 0 0 0 0 0 0 0 0 0 0
1903 0 0 0 0 0 0 0 0 0 0 0 0
1904 0 0 0 0 0 0 0 0 0 0 0 0
1905 968 0 0 0 0 0 0 0 302 0 0 0
1906 0 0 0 0 16,772 141,904 144,307 14,756 6,859 34,380 34,380 6,601 96
1907 9,390 9,390 3,856 8,960 118,217 167,583 29,388 74,054 37,287 38,288 10,247 25,999 4,62
1908 0 0 0 1,064 0 0 0 0 0 0 0 301 4
1909 2,358 1,556 0 2,988 0 0 0 0 903 602 0 1,206 17
1910 2,832 2,835 0 2,705 0 0 0 0 903 903 0 904 13
1911 945 5,479 1,146 4,161 0 39,925 192,140 0 301 17,098 37,680 1,507 21
1912 0 0 0 0 0 0 0 0 0 0 0 0
1913 0 0 0 0 0 0 0 0 0 0 0 0 ,

1914 3,828 4,071 0 3,673 0 0 176,383 0 1,207 1,204 38,901 1,206 17·
1915 1,754 0 0 1,682 0 0 0 0 602 0 0 601 8'
1916 0 3,788 0,006 0 0 0 143,397 0 0 1,208 35,442 0 I

1917 793 0 0 2,248 0 0 0 0 222 0 0 682 13
1918 978 0 0 0 37,545 0 0 0 26,030 0 0 0 I
1919 0 0 0 0 0 0 0 0 0 0 0 0 I

1920 0 0 0 0 0 ' 0 0 0 0 0 0 0 I

1921 0 0 0 1,107 0 0 0 0 0 0 0 301 4·
1922 4,014 6,080 0,141 5,090 0 88,005 201,811 0 1,508 25,841 46,181 1,749 20:
1923 6,240 0 0 5,683 0 0 0 0 1,730 0 0 1,729 30:
1924 0 0 0 0 0 0 0 0 0 0 0 0 I
1925 0 0 0 0 0 0 0 0 0 0 0 0 I

&1920 0 0 0 0 0 0 0 0 0 0 0 0 I

Total 45,782
1

33,199 17,149 40,957 172,534 437,477 887,426 88,810 81,741 119,524 202,831 43,087 7,199
Average 1,539 1,116 577 1,377 5,8<l0 14,705 29,829 2,985 2,748 4,017 6,817 1,448 242
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TA BLE" 14 (Con t in u ed). SAN GABRIEL R ESERVOIR ON SAN GABR IEL RIVER.

AVER AGE SI ZE OF FLOWS
OF WATER YIELD UNDER " COORDI NATED PLAN"

Yearly Sununary of Computations Carried ou t on a Daily B as is .

M aximum con trolled flow at Azu sa 1,900 secon d -feet. M aximum flood con t ro l re serve 131,000 acre-feet.
Natural flow u p to 152 se cond-feet passed for prior r ights.

Reservoir em pt ied of season al st orage each year .

Size of total flow at Azusa in second-feet

750-1,000

Yield in a
unifor mly
con t inuous

Flood contro l water passing Azusa flow
dur ing Hood season at rat es less Seasonally stored water in Aggregat e of natu ral flow up to 152 second-fee t equalized

t han 1,900 secon d-feet in acre -feet passed for prior rights in between
acre-feet acre -feet seaso ns by

over-year
sto rage in
acre-feet

Year

Flood Flood Flood ' Flood
cont rol, control, control, control,

Flood control an d seasonal seasona l Flood control and seasona l seasonal Flood cont rol and seasonal seasonal seasona l

s torage coordinated
and storage coordinated and st orag e coord inat ed and an d

over-year over-yea r over-year over-year
storage storage storage storage

coord inated coord inated coordinated coordinated

Maximum Maximum Maximum
flood flood flood

cont rol 180,000 240,000 180,000 cont rol 180,000 240,000 180,000 control 180,000 240,000 180,000 180,000
reserve rese rve reserve
or first acre-feet acre-feet acre-feet or first acre-fe et acre-feet nero-feet or first acre-feet acre-feet acre-feet acre-feet

131,000 capacit y capacity capacity 131,000 capacity capacity capaci ty 131,000 capac ity capacit y capacity capacity

acre-feet acre-feet acre-feet
of capacity of capacity of capacity
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1897 0 0 0 0 0 0 0 0 0 0 0 0
1898 0 0 0 0 0 0 0 0 0 0 0 0
1899 0 0 0 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 0 0 0 0 0 0
1901 6,946 0 0 0 0 0 0 0 1,339 0 0 0
1902 0 0 0 0 0 0 0 0 0 0 0 0
1903 1,241 0 0 0 0 0 0 0 301 0 0 0
1904 0 0 0 0 0 0 0 0 0 0 0 0
1905 1,573 0 0 1,520 0 0 0 0 301 0 0 301 4
1906 0 0 0 0 0 0 0 0 0 0 0 0
1907 11,494 8.693 1,257 13,220 0 0 217,284 0 2,410 1,808 35,578 2,713 30
1008 2,007 0 0 2,800 0 0 0 0 602 0 0 602 8
1000 0 1,438 0 1,427 0 0 0 0 0 301 0 301 4
1010 5,564 8,347 0 5,303 0 0 0 0 1,207 1,812 0 1,206 17
isn 0 3,834 4,825 0 0 0 0 0 0 003 004 0
1012 0 0 0 0 0 0 0 0 0 0 0 0
1013 0 0 0 0 0 0 0 0 0 0 0 0
1914 4,068 7,138 0 3,740 0 0 0 0 906 1,505 0 004 13
1015 5,437 0 0 5,204 0 0 0 0 1,207 0 0 1,206 17
1016 1,240 1,235 4,142 0 0 0 0 0 301 302 003 0
1917 0 0 0 0 0 0 0 0 0 0 0 0
1918 ·0 0 0 0 0 0 0 0 0 0 0 0
1910 0 0 0 0 0 0 0 0 0 0 0 0
1020 0 0 0 0 0 0 0 0 0 0 0 0
1021 0 0 0 0 0 0 0 0 0 0 0 O.
1022 4,067 6,882 9,875 3,910 0 0 0 0 003 1,510 2,112 004 13
1923 0 0 0 0 0 0 0 0 0 0 0 0
1024 0 0 0 0 0 0 0 0 0 0 0 0
1025 0 0 0 0 0 0 0 0 0 0 0 0

- 1026 0 0 0 0 0 0 0 0 0 0 0 0

Total 44,546 37,567 20,090 37,223 0 0 217,284 0 0,477 8,141 30,407 8,137 1,178
Average 1,497 1,263 676 1,251 0 0 7,304 0 318 274 1,328 273 40

- Partial year, January 1 to October 1.
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TABLE 14 (Con t in u ed) . SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS
OF WATER YIELD UNDER "COORDINATED PLAN"

Yearly Summary of Computations Carried out on a Daily Basis.

Maximum controlled flow at Azusa 1,900 second-feet. Maximum flood control reserve 131,000 acre-feet.
Natural flow up to 152 second-feet passed for prior rights.

Reservoir emptied of seasonal storage each year.

Size of total flow at Azusa in se cond-feet

1,000-1.250

Yield in a
uniformly
continuous

F lood contro l water pass ing Azusa flow
during flood season at rates less Seasonally stored water in Aggregate of natural flow up to 152 second-feet equalized

t han 1,900 second-feet in acre-feet passed for prior rights in between
acre-feet acre-feet seasons by

over -year
storage in
acre -fee t

Year

Flood Flood Flood Flood
control, control, control, control,

Flood control and seasonal s easonal Flood control and seasona l seasonal Flood control and seasonal seasona l sea son al

storage coordinated and storage coordin at ed and storage coord inated and and
over-year over-yea, over-year ove r-year
s torage st orage storage sto rage

coordin ated coordinated coordi nated coordinated

Max imum Maximum Maximum
flood flood flood

control 180,000 240,000 180,000
control 180,000 240,000 180,000 contro l 180,000 240,000 180,000 180,000

reserve acre-feet acre -feet acre-feet reserve acre-feet acre-feet acre-feet reserve acre-feet acre -feet acre-feet acre-feet
or first capacity capacity capacit y or first capacity capacity capacity or first capacity capacity capacity capacity
131,000 131,000 131,000

acre-feet acre-feet acre-feet
of capacity of capacity of capacity
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1897 0 0 0 0 0 0 0 0 0 0 0 0 01898 0 0 0 0 0 0 0 0 0 0 0 0 01899 0 0 0 0 0 0 0 0 0 0 0 0 01900 0 0 0 0 0 0 0 0 0 0 0 0 01901 0 0 0 0 0 0 0 0 0 0 0 0 01902 0 0 0 0 0 0 0 0 0 0 0 0 01903 0 0 0 0 0 0 0 0 0 0 0 0 01904 0 0 0 0 0 0 0 0 0 0 0 0 01905 0 0 0 1,850 0 0 0 0 0 0 0 301 441906 0 0 0 0 2,139 0 0 0 301 0 0 0 0
1907 18,039 12,375 1,963 25,319 0 0 0 0 2,715 1,812 302 3,616 5231908 0 0 0 2,136 0 0 0 0 0 0 0 301 441909 0 2,116 0 1,679 0 0 0 0 0 301 0 301 441910 3,937 ' 5,845 0 1,741 0 0 0 0 604 903 0 301 441911 0 1,870 2,118 2,013 0 0 0 0 0 301 302 301 441912 0 0 0 0 0 0 0 0 0 0 0 0 01913 0 0 0 0 0 0 0 0 0 0 0 0 0
1914 1,947 2,140 1,833 1,909 0 0 0 0 302 302 302 301 44
1915 5,844 0 0 3,959 0 0 0 0 904 0 0 601 87
1916 0 0 2,148 0 0 0 0 0 0 0 301 0 01917 0 0 0 0 0 0 0 0 0 0 0 0 01918 0 0 0 3,594 0 0 0 0 0 0 0 603 871919 0 0 0 0 0 0 0 0 0 0 0 0 01920 0 0 0 0 0 0 0 0 0 0 0 0 01921 0 0 0 0 0 0 0 0 0 0 0 0 01922 2,614 2,065 1,828 0 0 0 0 0 301 301 301 0 01923 1,945 0 0 1,892 0 0 0 0 250 0 0 250 H1924 0 0 0 0 0 0 0 0 0 0 0 0 01925 0 0 0 0 0 0 0 0 0 0 0 0 0

"1926 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 34,326 26,411 9,890 46,092 2,139 0 0 0 5,377 3,920 1,508 6,876 1,005Average 1,154 888 333 1,549 72 0 0 0 181 132 51 231 34

" Par tial year, January 1 to October 1.
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TABLE 14 (Con t in u ed ). SAN GABRIEL RESERVOIR ON SAN GABR IE L RIVER.

AVERAGE SIZE OF FLOWS
OF WATER YIELD UNDER "COORDINATED PLAN"

Yearly Summary of Computations Carried out on a Daily Basis.

Maximum controlled flow at Azusa 1,900 second-feet. Maximum flood control reserve 131,000 acre-feet.
Natural flow up to 152 second-feet passed for prior rights.

Reservoir emptied of seasonal storage each year.

Size of tolal flowat Azusa in second-feet

-.
1,25(1.1,500

~_.- -

Yield in a
uniformly

continuous
Flood control water passing Azusa Aggregate of natural flow up to 152second-feet flow

during flood season a t rates leas Seasonally stored water in equalized
than 1,900second-feet in acre-feet passed for prior rights io betweeo

acre-feet acre-feet seasons by
over-yea r
s torage in
acre-feet

Year

Flood Flood Flood Flood
control, control, control. control,

Floodcontrol and seasonal seasonal Floodcontrol and seasonal seasonal Flood control and seasonal seasonal seasonal

. s~orage coordinated and storage coordinated and storage coordinated and and
over..year . over-year over-year over-year
storage storage storage storage

coordinated coordinated coordinated coordinated

Maximum Maximum Maximum
flood flood flood

control 180,000 240,000 180,000 control 180,000 240,000 180,000 control 180,000 240,000 180,000 180,000
reser ve reserve reserve
or first acre-feet acre-feet acre-fee t or first acre-feet acre-feet acre-feet or first acre-feet acre-feet acre-feet acre-feet

131,000 capacity capacity capacity 131,000 capacity capacity capacity 131,000 capacity capacity capacity capacity

acre-feet acre-feet acre-feet
of capacity of capacity of capacity
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o Par tial year , January I to October L

1897 0 0 0 0 0 0 0 0 0 0 0 0
1898 0 0 0 0 0 0 0 0 0 0 0 0
1899 0 0 0 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 0 0 0 0 0 0
1901 0 0 0 0 0 0 0 0 0 0 0 0
1902 0 0 0 0 0 0 0 0 0 0 0 0
1903 0 0 0 0 0 0 0 0 0 0 0 0
1904 0 0 0 0 0 0 0 0 0 0 0 0
1905 0 0 0 0 0 0 0 0 0 0 0 0
1906 0 0 0 0 0 0 0 0 0 0 0 0
1907 26,259 6,621 4,622 12,354 0 0 0 0 3,321 906 603 1,507 21
1908 2,235 0 0 0 0 0 0 0 301 0 0 0
1909 2,656 0 0 0 0 0 0 0 301 0 0 0
1910 0 2,516 0 0 0 0 0 0 0 302 0 0
1911 0 0 2,479 0 0 0 0 0 0 0 302 0
1912 0 0 0 0 0 0 0 0 0 0 0 0
1913 0 0 0 0 0 0 0 0 0 0 0 0
1914 2,286 2,280 0 2,157 0 0 0 0 302 302 0 301 4
1915 0 0 0 0 0 0 0 0 0 0 0 0
1916 0 2,556 10,346 0 0 o . 0 0 0 301 1,208 0
1917 0 0 0 0 0 0 0 0 0 0 0 0
1918 10,363 0 0 0 0 0 0 0 903 0 0 0
1919 0 0 0 0 0 0 0 0 0 0 0 0
1920 0 0 0 0 0 0 0 0 0 0 0 0
1921 0 2,588 0 0 0 0 0 0 0 301 0 0
1922 0 5,069 2,614 4,861 0 0 0 0 0 602 301 603 8
1923 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0 0 . 0 0
1925 0 O' 0 0 0 0 0 0 0 0 0 0

01926 0 0 · 0 0 0 0 0 0 0 0 0 0

Total 43,799 21,630 20,061 19,372 0 0 0 0 5,128 2,714 2,414 2,411 349
Average 1,472 727 674 651 0 0 0 0 172 91 81 81 12
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TABLE 14 (Con t inued) . SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

AVERAGE SI ZE OF FLOWS
OF WATER YIELD UNDER " COORD INATED PLAN"

Yearly Sununary of Computations Carried out on a Daily Basis.
Maximum controlled flow at Azusa 1,900 second-feet. Maximum flood control reserve 131,000 acre-feet .

Natural flow up to 152 second-feet passed for prior rights.
Reservoir emptied of seasonal storage each year.

Size of total now at Azusa in second-feet

1,500-1 ,900

Yield in a
uniformly
continuous

Flood control water passing Azusa Aggregate of natural flow up to 152second-feet tiow
durine floodseason at rates less Seasonallystor ed water in equalized

than 1,900second-feet in acre-feet passed for prior rights in bstween
acre-feet acre-feet seasons by

over..year
storage in
acre-feet

Year

Flood Flood Flood Flood
control, control, control, control,

Floodcontroland seasonal seasonal Floodcontroland seasonal seasonal Floodcontroland seasonal seasonal seasonal

storage coordinated and storage coordinated and storage coordinated and and
over-year over-year over-year over-year
storage storage storage storage

coordinated coordinated coordinated coordinated

Maximum Maximum Maximum
flood flood flood

control 180,000 240,000 180,000 control 180,000 240,000 180,000 control 180,000 240,000 180,000 180,000
reserve acre-feet acre-feet acre-feet reserve acre-feet acre-feet acre-feet reserve acre-fest acre-feet acre-feet acre-feet
or first capacity capacity capacity or fir.t capacity capacity capacity or firat capacity capacity capacity capacity
131,000 131,000 131,000

acre-feet acre-feet acre-feet
of capacity ofcapacity of capacity
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1897 2,775 0 0 3,250 0 0 0 0 301 0 0 301 44
1898 0 0 0 0 0 0 0 0 0 0 0 0 0
1899 0 0 0 0 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 0 0 0 0 0 0 0
1901 7,012 0 0 0 0 0 0 0 604 0 0 0 0
1902 0 0 0 0 0 0 0 0 0 0 0 0 0
1903 3,496 0 0 0 0 0 0 0 301 0 0 0 0
1904 0 0 0 0 0 0 0 0 . 0 0 0 0 0
1905 27,143 0 0 10,287 0 0 0 0 2,411 0 0 904 130
1906 24303 2,864 0 23,964 17,495 0 0 17,292 3,617 301 0 3,617 523
1907 59,766 38,698 7,012 63,987 0 0 0 0 5,130 3,322 604 5,426 784
1908 2,787 0 0 2,725 0 0 0 0 301 0 0 301 44
1909 52,724 ' 6,871 0 41,613 0 0 0 0 4,522 602 0 3,617 521
1910 59,635 3,298 0 61,545 0 0 0 0 5,125 302 0 5,426 783
1911 116,242 56,560 0 93,929 0 0 0 0 9,948 4,829 0 8,139 1,177
1912 0 0 0 0 0 0 0 0 0 0 0 0 0
1913 0 0 0 0 0 0 0 0 0 0 0 0 0
1914 140,645 87,839 46,064 132,093 0 0 0 0 12,055 7,541 3,918 11,456 1,658
1915 0 0 0 2,770 0 0 0 0 0 0 0 297 44
1916 150,880 94,784 20,783 151,716 0 0 0 0 12,961 8,138 1,808 13,262 1,917
1917 0 0 0 0 0 0 0 0 0 0 0 0 0
1918 0 0 0 0 0 0 0 0 0 0 0 0 0
1919 0 0 0 0 0 0 0 0 0 0 0 0 0
1920 0 0 0 0 0 0 0 0 0 0 0 0 0
1921 38,565 3,707 0 38,383 0 0 0 0 3,316 301 0 3,316 480
1922 181,940 156,682 101,380 179,792 0 0 0 0 15,674 13,565 8,741 15,674 2,267
1923 0 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0 0 0 0 0

"1926 0 0 0 0 0 0 0 0 0 0 0 0 0

.Total 867,913 451,303 175,239 806,054 17,495 0 0 17,292 76,266 38,901 15,071 71,736 10,372
Average 29,174 15,170 5,890 27,095 588 0 0 581 2,564 1,307 507 2,411 348

"Par tial year , January I to October I.
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TABLE 14 (Con t inu ed) . SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS
OF WATER YIELD UNDER "COORDINATED PLAN"

Yearly Summary of Computations Carried out on a Daily Basis.

M axi m um controlled flow a t Azusa 1,900 se cond-feet. Maximum flood control reserve 131,000 acre-feet.
Natural flow u p to 152 second-feet passed for prior rights.

Reservoir emptied of seasonal storage each year.

Size of total flowat Azusain second-feet

:
Total

Yield in a
uniformly
continuous

Flood control water passingAzusa Aggregate of natural flowup to 152second-Ieet flow
during flood Beason at rates lese Seasonallv stored water in equalized

than 1,900second-feet in acre-feet passed for prior rights in between
acre-feet acre-feet seasonsby

over-yea r
storage in
acre-feet

Year -
Flood Flood Flood Flood

control, control, control, control,
Floodcontroland seasonal seasonal Flood controland seasonal seasonal Flood control and seasonal seasonal seasonal

storage coordinated and storage coordinated and storage coordinated and and
over-year over-year over-year over-year
storage storage storage storage

coordinated coordlnaled coordinated coordinated

bMaximum cMaximum Maximum
flood flood flood

control 180,000 240,000 d 1180,000 control 180,000 240,000 ' 180,000 control 180,000 240,000 180,000 180,000reserve reserve reserve
or first acre-feet acre-feet acre-feet or first acre-fee t acre-feet acre-feet or first acre-feet acre-feet acre-feet acre-feet
131,000 capacity capacity capacity 131.000 capacity capacity capaoity 131,000 capacity capacity capacity capacity

acre-feet acre-feet acre-feet
of capacity of capacity ofcapacity
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1897 4,913 0 0 16,407 34,488 39,304 39,304 16,901 52,963 52,963 52,963 52,963 15,9l
1898 0 0 0 0 2,732 2,732 2,732 0 15,687 15,687 15,687 15,687 15,9l
1899 0 0 0 0 0 0 0 0 10,463 10,463 10,463 10,463 15,9l
1900 0 0 0 0 0 0 0 0 11,976 11,976 11,976 11,976 15,9l
1901 32,694 0 0 0 15,717 47,822 47,822 0 50,570 50,570 50,570 50,570 15,9l
1902 0 0 0 0 437 437 437 0 21,816 21,816 21,816 21,816 1 5t9~

1903 6,045 0 0 0 49,747 55,685 55,685 4,235 50,037 50,037 50,037 50,037 15,9l
1904 0 0 0 0 2,482 2,482 2,482 0 24,180 24,180 24,180 24,180 15,91
1905 29,996 0 0 13,657 70,682 100,310 100,310 54,529 62,587 62,587 62,587 62,587 15,9l
1906 24,303 2,864 0 23,964 140,072 161,113 163,981 123,201 67,456 67,456 67,456 67,456 1 5, 9~

1907 129,172 80,172 20,172 127,639 138,732 187,233 246,672 123,335 82,808 82,808 82,808 82,808 15,9l
1908 9,758 ' 0 0 10,159 6,461 15,887 15,887 0 56,444 56,444 56,444 56,444 15,91
1909 62,243 13,243 0 52,260 49,46R 97,859 110,956 32,119 72,101 72,101 72,101 72,101 15,9l
1910 76,272 27,272 0 75,162 2,117 50,000 76,937 0 54,518 54,518 54,518 54,518 15,9l
19l1 118,339 69,339 10,977 100,816 85,892 134,347 192,140 70,041 70,413 70,413 70,413 70,413 15,9l
1912 0 0 0 0 25,435 25,435 25,435 7,761 47,362 47,362 47,362 47,362 15,91
1913 0 0 0 0 9,481 9,481 9,481 0 40,386 40,386 40,386 40,386 15,9l
1914 154,577 105,577 48,271 145,722 71,219 119,650 176,383 54,901 72,456 72,456 72,456 72,456 15,9l
1915 15,828 0 0 15,984 41,744 57,350 57,350 24,232 73,157 73,157 73,157 73,157 15,9l
1916 152,147 103,704 43,704 152,318 54,093 101,945 161,330 36,624 77,852 77,852 77,852 77,852 15,91
1917 9,467 0 0 10,464 11,487 20,698 20,698 0 60,160 60,160 60,160 60,160 15,9l
1918 11,341 0 0 3,594 65,660 76,848 76,848 49,017 58,741 58,741 58,741 58,741 1 5,9~

1919 0 0 0 0 0 0 0 0 37,874 37,874 37,874 37,874 15,9~

1920 0 0 0 0 51,949 51,949 51,949 16,978 60,683 60,683 60,683 60,683 15,91
1921 38,907 6,295 0 39,506 18,143 18,143 18,143 606 54,013 54,013 54,013 54,013 15,9l
1922 194,681 178,450 124,588 195,521 93,935 142,243 201,811 77,275 87,587 87,587 87,587 87,587 15,9l
1923 13,042 0 0 12,056 1,199 13,714 13,714 0 51,298 51,298 51,298 51,298 15,9l
1924 0 0 0 0 360 360 360 0 25,517 25,517 25,517 25,517 15,91
1925 0 0 0 0 1,411 1,411 1,411 0 21,878 21,878 21,878 21,878 15,9l

01926 0 0 0 0 65,743 65,743 65,743 0 40,320 40,320 40,320 40,320 11,9(

Total 1,083,725 586,916 247,712 995,229 1,110,886 1 1,600,181 1,936,001 691,755 1,513,303 1,513,303 1,513,303 1,513,303 473,905
Average 36,428 19,729 8,327 33,454 37,341 53,788 65,076 23,252 50,867 50,867 50,867 50,867 15,930

o Partial year , January I to October I.
b Tbe aggregate of tbe entr ies in this column is smaller than t be corres ponding entries in tbe summary table page 146, and Tables 12 and 12a, from which it is derive d, by an average of abont 700

acr e-feet per season . This wate r was re leased in controlling floods dur ing April , 1906, total amo unt 19,600 acre -fee t , bu t was inclnded in seasonally stored wat er in preparing this table.
• The aggrega te of th e ent r ies in this column is larger t ban t beeorresponding ent r ies in the su mmary table page 146 and Tables 12 and 12a, from which i t is derived, by an average of about 700 acre

feet per season. Tb is water was released in cont ro lling floods during April, 1906, tota l amount 19,600 acr e-fee t , but was included in seasonally s to red water in pr eparin g this table.
d T be aggr egate of the entr ies in this colum n is sma ller t han th e corres ponding entries in Tab les 13 and 13a, from which it is der ived, by an average of about 500 acre-feet per seaso n. Tbis wat er,

15,400 ac re-fee t tota l, was released in controlling floods during April, 1906, but was included in seasonally s tored water in prepa ring this table .
• Tbe aggregate of the en tr ies in this column is larger t han th e correspondin g entr ies in Tables 13 and 13a, from wbich it is derived , by an avera ge of abo ut 500 acre -feet per seas on. This wa ter ,

15,400 acre-fee t total, was released in controlling floods du ring April , 1906, bu t was included in tb e seasonally sto red wat er in preparin g this table .
f En tr ies in this colum n taken from Tables 13 and 13a. In tb e computati ons for these tables, theperiod closed with 7601 acr e-fee t less wat er in storag e th an at the beginning . T his water, tb e

equi valent of 256 acre-fee t pe r sea son, ente red s torag e prior to th e beginnin g of th e period a nd was released as flood contr ol water during the first flood seaso n. It should, t herefore, be deduct ed from
the average yield in flood control water t o obtain t be exact yield for tbe period. T his was not done in preparing this ta ble,
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TABLE 14 (Concluded). SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

AVERA GE SIZE OF FLOWS
OF WATER YIELD UNDER "COORDIN ATED PLAN"

Yearly Summary of Computations C arried out on a Daily Basis.

Maximum con t roll ed flow at Azusa 1,900 secon d-fee t . Maximum flood control reserve 131,000 acre-fee t.
Natural flow u p to 152 second-feet passed for prior rights.

R eservoir em pt ied of seasonal storage each year .

Grand total in acre-feet Grand totalin acre-feet

Flood control, Flood conlrol,
Flo od control and seaso na l sea sonal and Flood cnntrol and seas onal seasonal and

Year storage coordinalod over-year slorage Year storage coordi nated over-year slo rage
coordi nal ed coordin aled

Maximum flood Maximum flood
controlreserve 180,000 acre-fee t 240,000 acre-feet 180.000 acre-feet control reserve 180,000 acre-feet 240,000 acre-fee t b180,OOO acre-feetor first 131,000 or first 131,000

acre-feet of capacity capacity . capacity acre-feet of capacity capacity capacity

capaci ty capacity

1897 92,364 92,267 92,267 102,193 1914 298,252 297,683 297,110 289,001
1898 18,419 18,419 18,419 31,609 1915 130,729 130,507 130,507 129,295
1899 10,463 10,463 10,463 26,385 1916 284,092 283,501 282,886 282,759
1900 11,976 11,976 11,976 27,898 1917 81,114 80,858 80,858 86,546
1901 98,981 98,392 98,392 66,492 1918 135,742 135,589 135,589 127,274
1902 22,253 22,253 22,253 37,738 1919 37,874 37,874 37,874 53,796
1903 105,829 105,722 105,722 70,194 1920 112,632 112,632 112,632 93,626
1904 26,662 26,662 26,662 40,145 1921 111,063 78,451 72,156 110,047
1905 163,265 162,897 162,897 146,695 1922 376,203 40~, 280 413,986 376,305
1906 231,831 231,433 231,437 230,543 1923 65,539 65,012 65,012 79,276
1907 350,712 350,213 349,652 349,704 1924 25,877 25,877 25,877 41,482
1908 72,663 72,331 72,331 82,568 1925 23,289 23,289 23,289 37,800
1909 183,812 183,203 183,057 172,402 "1926 106,063 106,063 106,063 52,229
1910 132,907 131,790 131,455 145,602
1911 274,644 274,099 273,530 257,192 Tota l 3,707,914 3,700,400 3,697,016 3,674,192
1912 72,797 72,797 72,797 71,088 Average 124,636 124 ,3~4 124,270 123,503
1913 49,867 49,867 49,867 56,308 Average evaporation 809 1,061 1,175 2,198

Aver age t ota l flow 125,445 125,445 125,445 125,701

"Par tial yea r, J an uar y I t o October 1.
b Entries in thi s column ta ken from Tab les 13 and 13a. In the computations for th ese tables, the period closed with 7601 acre-feet less water in sto rage than at the beginning. Th is water. the

equiv alen t of 256 acre-feet per season, ente red storage pri or to th e beginning of the period and was released as flood control wat er during the first flood season. It should , therefore, be dedueted from
the average yield in flood control wat er to obtain th e exact yield for t he per iod. This was not done in preparing this ta ble.
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180 WATER RESOURCES OF CALIFORN IA.

TABLE 15. SAN GABRIEL RESER

COMPARISON OF WATER YIELD FOR

COORDINATED WITH SEASO~AL

Yearly Summary of Computations
(For corresponding monthly sum

Height of d arn 383 feet.
Capacit y of r eservoir 180,000 acr e-feet .
Natural flow u p t o 152 secon d-feet passed for pr ior ri ghts.

Flood control by reservoir operating diagram
Reservoir emptied each summer to a level that would maintain constant draft through critical

period; constant draft of 22 sec.-ft. maintained, other drafts only as required by
reservoir operating diagram

Flood
Hun-off control

Year at Azusa water Constantin acre-feet Stage ~f Passed passing draft Evaporationreservoir by dam Azusa from over- Seasonally from Waste
at during stored over

beginning for prior flood season year storage water in reservoir spillway
of year rights in at rates (22 second- acre-feet surface in acre-feet-acre-feet feet) in in acre-feetin acre-feet less than acre-feet1,900 second-

feet in
acre-feet .

1897 96,270 62,650 52,963 16,40b 15,922 16,901 2,466 0
1898 15,687 54,261 15,687 15,922 0 1,926 01899 10,463 36,413 10,463 0 15,922 0 1,448 0
1900 21,986 19,043 11,976 0 15,922 0 796 0
1901 89,560 12,335 50,570 0 15,922 0 1,846 01902 22,314 33,557 21,816 0 15,922 0 "1,374 01903 106,985 16,759 50,037 0 15,922 4,235 2,293 01904 26,836 51,257 24,180 0 15,965 0 1,922 01905 164,715 36,026 62,587 13,658 15,922 54,528 2,781 01906 241,430 51,265 67,456 39,397 15,922 107,768 3,189 01907 345,320 58,963 82,808 127,639 15,922 123,335 3,301 01908 72,950 51,278 56,444 10,159 15,965 0 2,012 01909 199,540 39,648 72,101 52,260 15,922 32,119 2,593 01910 118,450 64,193 54,518 75,162 15,922 0 1,892 01911 276,280 35,149 70,413 100,816 15,922 70,041 2,916 01912 73,620 51,321 47,362 0 15,965 7,761 2,356 01913 50,323 51,497 40,386 0 15,922 0 2,099 01914 299,710 43,413 72,456 145,722 15,922 54,901 2,785 01915 131,800 51,337 73,157 15,984 15,922 24,232 2,514 01916 294,220 51,328 77,852 152,317 15,965 36,625 2,625 01917 72,710 60,164 60,160 10,464 15,922 0 2,122 01918 137,140 44,206 58,741 3,595 15,922 49,016 2,741 01919 38,005 51,331 37,874 0 15,922 0 1,848 01920 113,730 33,692 60,683 0 15,965 16,978 2,454 01921 186,760 51,342 54,013 39,506 15,922 606 2,269 01922 316,690 125,786 87,587 195,520 15,922 77,276 2,970 01923 - 51,750 63,201 51,298 12,056 15,922 0 1,858 01924 25,933 33,817 25,517 0 15,965 0 1,380 01925 23,400 16,888 21,878 0 15,922 0 744 0"1926 107,400 1,744 40,320 0 11,909 0 1,866 0

Total 3,731,977 -1,513,303 bl ,OlO,662 473,905 676,322 65,386 0Average 125,445 50,867 b33,972 15,930 22,734 2,198

" Partial year, January 1 to October 1.
b These figures contain 7601 acre-feet tot al or an average of 256 acre-feet per season of water contrihuted from outside

th e exact period of analysis. In the computations from which this table is prepared, the water in storage on October I, 1926,
th e end of the period, is less by this amount than on January I, 1897, the beginningof the period. Since in the computati ons
th is water was released as flood control water during the first flood season of the period, the exact yield of flood contr ol water
for the period is lees than here shown by this amount .



.- ..

&

THE CON TROL OF FLOODS BY RESERVOIR S.

VOIR ON SAN GABRIEL RIVER•

TWO METHODS OF FLOOD CONTROL

AND OVER-YEAR STORAGE.
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Carried out on a Daily Basis.
mary , see Table 15a, page 404.)

Maxim.U1TI controlled flow at Azusa 1900 second-feet .
Maximum flood control reserve 131,000 acre-feet.
Reservoir em.ptied of seasonal storage each year .

Floodcontrol, holding maximumreservoir space required (131,000 ac.-tt. ) In resefve
throughout flood season

Reservoir emptied each summer to a level that would maintain constant draft thrOUthcrit ical
period; constant draft of 18 sec.-ft. maintained, other drafts only as required y

. reservoir operating diagram

Flood
control
water Constant Year

Stage of Passed passing draft Evaporation Wastereservoir by dam Azusa from over- Seasonally from overat for prior during yea r storage stored reservoir spillwaybeginning rights in flood season (18 second- water in s urf ace illof year acre-feet at rates feet) in acre-feet in acre-feet acre-feetin acre-feet less than acre-feet
1,900 second-

feet ill
acre-feet

49,122 52,963 33,933 13,032 0 2,006 0 1897
43,458 15,687 0 13,032 0 1,688 0 1898
28,738 10,463 0 13,032 0 1,263 0 1899
14,443 11,976 0 13,032 0 644 0 1900
10,777 50,570 0 13,032 0 1,854 0 1901
34,881 21,816 0 13,032 0 1,463 0 1902
20,884 50,037 11,429 13,032 4,588 2,186 0 1903
46,597 2-1,180 0 13,068 0 1,836 0 190!
34,349 62,587 73,010 13,032 1,734 2,140 0 1905
46,561 67,456 136,655 13,032 19,376 2,350 0 1906
49,122 82,808 228,430 13,032 21,229 2,352 0 1907
46,591 56,444 10,356 13,068 0 1,928 0 1908
37,745 72,101 91,415 13,032 2,644 2,165 0 1909
55,928 54,518 68,002 13,032 0 1,911 0 1910
36,915 70,413 176,382 13,032 4,617 2,194 0 1911
46,557 47,362 13,060 13,068 0 2,082 0 1912
44,605 40,386 2,687 13,032 0 1,909 0 1913
36,914 72,456 197,801 13,032 4,554 2,176 0 1914
46,605 73,157 35,855 13,032 7,618 2,201 0 1915
46,542 77,852 198,835 13,068 0 2,028 0 1916
48,979 60,160 8,027 13,032 0 1,946 0 1917
38,524 58,741 60,968 13,032 0 2,000 0 1918
40,923 37,874 0 13,032 0 1,623 0 1919
26,399 60,683 20,118 13,068 0 2,068 0 1920
44,192 54,013 46,315 13,032 352 2,108 0 1921

115,102 87,587 259,909 13,032 19,973 2,328 0 1922
48,963 51,298 0 13,032 0 1,850 0 1923 ·
34,533 25,517 0 13,068 0 1,453 0 1924
20,428 21,878 0 13,032 0 1,010 0 ·1925

7,908 40,320 11,836 9,747 1,088 1,772 0 -1926

1,513,303 1,685,053 387,891 ' 87,773 56,534 0 Total
50,867 56,641 13,039 '2,950 1,900 Average

oIn the computations for this table, the period of analysis closed with 1423acre-feet more water in storage than at the
beginning, the equivalent of 48 acre-feet per season. Since in the computations this water wasstored in the last year of the
period of analysis, the exact yield in seasonally stored water for the period is larger than here shown by this amount.



Height of dam 383 feet.

Capacity of reservoir 180,000 acre-feet.

"Partial year, January 1 to October 1. .
b In the computations for this table, the period of analysis closed with 47,727 acre-feet more water in storage than at the

beginning, th e equivalent of 1604acre-feet per season. Since in tbe computations this wate r was stored in the last year of
the period of analysis, the exact yield of flood control water for the period is greater than here shown by th is amount.

Floodcontrolalone Floodcontrol partially coordinated
Water drawn from reservoir only as required by Constant draft of 22 sec.-ft. maintained,

reservoir operating diagram required by reservoir

Flood Flood

Run-off control control Constant
at water water ' draft

Year Azuaa Stage of Passed pass ing Evapora- Stage of Passed passing fromAzusa Azusain reservoir by dam during tion Waste reservoir by dam durin g over-
acre-feet at for from over at for year

beginning prior flood reservoir spillway beginning prior flood storageseason seasonof rights at rates surface in of rights at rates (22
year in in less than in acre-feet year in in less than second-

acre-feet acre-feet 1,900 acre-feet acre-feet acre-feet 1,900
feet) .

insecond- second- acre-feetfeet in feet in
acre-feet acre-feet

------- ------ --------------- - - - ---
1897 96,270 62,650 52,963 30,209 2,830 0 62,650 52,963 • 16407 15,922
1898 15,687 72,918 15,687 13,484 2,273 0 70,937 15,687 10,849 15,922
1899 10,463 57,161 10,463 0 2,219 0 42,090 10,463 0 15,922
1900 21,986 54,942 11,976 0 2,166 0 24,561 11,976 0 15,922
1901 89,560 62,786 50,570 36,470 2,405 0 17,571 50,570 0 15,922
1902 22,314 62,901 21,816 0 2,357 0 38,663 21,816 0 15,922
1903 106,985 61,042 50,037 18,087 3,100 0 21,716 50,037 0 15,922
1904 26,836 96,803 24,180 0 3,157 0 60,266 24.180 0 15,965
1905 164,715 96,302 62,587 99,337 3,569 0 44,803 62,587 32,989 15,922
1906 241,430 95,524 67,456 201,800 4,497 0 94,565 67,456 184,996 15,922
1907 345,320 63,201 82,808 212,060 4,663 7,426 63,201 82,808 201,165 15,922
1908 72,950 101,564 56,444 62,322 2,245 0 100,648 56,444 59,529 15,965
1909 199,540 53,503 72,101 104,979 3,124 0 39,648 72,101 75,341 15,922
1910 118,450 72,839 54,518 85,557 2,072 0 72,839 54,518 83,808 15,922
1911 276,280 49,142 70,413 153,559 3,871 0 35,149 70,413 124,229 15,922
1912 73,620 97,579 47,362 11,255 3,573 0 97,099 47,362 496 15,965
1913 50,323 109,009 40,386 47,834 2,546 0 103,463 40,386 39,563 15,922
1914 299,710 68,566 72,456 227,682 3,549 0 55,522 72,456 198,812 15,922
1915 131,800 64,589 73,157 31,417 2,967 0 64,589 73,157 29,236 15,922
1916 294,220 88,848 77,852 238,753 3,262 0 75,288 77,852 209,378 15,965
1917 72,710 63,201 60,160 14,791 2,302 0 63,201 60,160 13,501 15,922
1918 137,140 58,658 58,741 61,007 3,529 0 44,206 58,741 31,054 15,922
1919 38,005 72,521 37,874 7,081 2,568 0 72,261 37,874 0 15,922
1920 113,730 63,003 60,683 41,059 3,263 0 54,111 60,683 16,619 15,965
1921 186,760 71,728 54,013 62,355 2,484 0 71,466 54,013 60,199 15,922
1922 316,690 139,636 87,587 301,585 3,953 0 125,786 87,587 271,925 15,922
1923 51,750 63,201 51,298 13,408 2,048 0 63,201 51,298 12,056 15,922
1924 25,933 48,197 25,517 0 2,012 0 33,817 25,517 0 15,965
1925 23,400 46,601 21,878 0 1,984 0 16,888 21,878 0 15,922

"1926 107,400 46,139 40,320 0 2,842 0 1,744 40,320 0 11,909
- ----~ - -- - - -- - -------------- - - -

Total 3,731,977 1,513,303 b2,076,091 87,430 7,426 1,513,303 01,672,152 473,905
Average 125,445 50,867 b69,785 2,939 250 . 50,867 ' 56,207 15,930

-.........-.-

Yearly Summary of Computations
(For corresponding monthly sum '

Natural flow up to 152 second-

TABLE 16, SAN GABRIEL RESER

COMPARISON OF WATER YIELD FOR
THE USE OF

WATER RESOURCES OF CALIFORNIA.

-------~ - -~- ~--- -------~-------------- - -
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Carried out on a Daily Basis .
mary, see T able l 6a, page 426.)

feet passed for prior rights.

Maximum controlled flow at Azusa 1900 second-feet.

M aximum flood con t rol rese rve 131,000 acre-feet.

•

THE CON TROL OF FLOODS BY RESERVOIRS.

VOIR ON SAN GABRIEL RIVER.

THREE STEPS IN COORDINATING
RESERVOIR SPACE.
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with conservation Flood control completely coordina ted with conservation

ot her draf ts only as Reservoir emptied each summer to a level that would maintai n constant draft thro ugh
criti cal period ; consta nt draf t of 22 sec.-ft. maintained, other dra fts onlyoperating diagram as required by reservoir operat ing diagram

Flood
contro l Consta ntwater draft

Stage ~f Passed passing from Variable Year
Evapora- Waste by dam Azusa Bummer Evapora- Wastereservoir during over- dra fttion from over at for flood year from tion from over
reservoir spillway beginning prior season sto rage seasonal reservoir spillway
surface in in of rights at rates (22

s torage surface in In
acre-feet acre-feet year in in less than second- in acre-feet acre-feel,

acre-feet acre-feet 1,900 feetl acre-feetinsecond- acre-feetfeet in
acre-feet

---- --- - - - -- - - - - - - - - - - - - ---- ----
2,691 0 62,650 52,963 16,407 15,922 16.901 2,466 0 1897
2,076 0 54,261 15,687 0 15,922 0 1,926 0 1898
1,607 0 36,413 10,463 0 15,922 0 1,448 0 1899
1,078 0 19,043 11,976 0 15,922 0 796 0 1900
1,976 0 12,335 50,570 0 15,922 0 1,846 0 1901
1,523 0 33,557 21,816 0 15,922 0 1,374 0 1902
2,476 0 16,759 50,037 0 15,922 4,235 2,293 0 1903
2,154 0 51,257 24,180 0 15,965 0 1,922 0 1904
3,455 0 36,026 62,587 13,658 15,922 54,528 2,781 0 1905
4,420 0 51,265 67,456 39,397 15,922 107,768 3,189 0 1906
4,627 3,351 58,963 82,808 127,639 15,922 . 123,335 3,301 0 1907
2,012 0 51,278 56,444 10,159 15,965 0 2,012 0 1908
2,985 0 39,618 72,101 52,260 15,922 32,119 2,593 0 1909
1,892 0 61,193 54,518 75,W2 15,922 0 1,892 0 1910
3,766 0 35,149 70,413 100,816 15,922 70,O·U 2,916 0 1911
3,433 0 51,321 47,362 0 15,965 7,761 2,356 0 1912
2,393 0 51,497 40,386 0 15,922 0 2,099 0 1913
3,453 0 43,413 72,456 145,722 15,922 51,901 2,785 0 1914
2,786 0 51,337 73,157 15,984 15,922 24,232 2,514 0 1915
3,112 0 51,328 77,852 152,317 15,965 36,625 2,625 0 1916
2,122 0 60,161 60,160 10,461 15,922 0 2,122 0 1917
3,368 0 44,206 58,741 3,595 15,922 49,016 2,741 0 1918
2,359 0 51.331 37,874 0 15,922 0 1,848 0 1919
3,108 0 33,692 60,683 0 15,965 16,978 2,454 0 1920
2,306 0 51,342 54,013 39,506 1.5,922 606 2,269 0 1921
3,841 0 125,786 87,587 195,520 15,922 77,276 2,970 0 1922
1,858 0 63,201 51,298 12,056 15,922 0 1,858 0 1923
1,380 0 33,817 25,517 0 15,965 0 1,380 0 1924

744 0 16,888 21,878 0 15,922 0 744 0 1925
1,866 0 1,744 40,320 0 11,909 0 1,866 0 "1926- --- - - - - ---- ---- - - - - ---- - --- ---- ----

76,867 3,351 1.513,303 c1,010,662 473,905 676,322 65,386 0 Tot.,1
2,584 113 50,867 c33.972 15,930 22,734 2,198 0 Average

c Th ese figures contain 7601 acre-feet total or an aver age of 256 acre-feet per season of wat er cont ribu ted from outside
th e exact period of ana lysis. In the computations from which th is table is prepared, the water in storage on October I , 1926,
th e end of the peri od, is less by this amount than on Janu ary I, 1897, t he beginning of the per iod. Since in t he computat ions
th is water was released as flood control water dur ing the first flood seaso n of the peri od, the exact yield of flood contr ol water
for the period is less than here shown by this amoun t.
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TABLE 17. SAN GABRIEL RESER

COMPARISON OF WATER YIELD FOR
OPERATING FOR FLOOD CONTROL

Yearly Summary of Computations
(Fo r correspond ing monthly sum

Natural flow up to 152 second

Maximum controlled flow at Azusa 1900 second-feet.

Height of dam 383 fe el Capacity of res ervoir 180,000 ac.-fl .
Constant draft 01 22 sec.-It . maintained, oth er drafts only as

required by reservoir operating diagram

Run-off
at Flood cont rol

Year Azosa Stag e 01 water passing Constant dra ft
in reservoir at Passed by Azusa during from over- Evaporation Waste overacre-feet beginning dam for flood season at year stora£.c from reserv oir spillway inprior righ ts rates less th an (22 seeon - surfaceof yearin

1D acre-feet 1,900second- feet) in in acre-feet acre-feet
acre-feet feet in acre-feet

acre -feet

1897 96.270 62,650 52,963 16,407 15,922 2.691 0
1898 15,687 70,937 15,687 10,849 15,922 2,076 0
1899 10,463 42,090 10,463 0 15,922 1,607 U
1900 21,986 24,561 11,976 0 15,922 1,078 U
1901 89,560 17,571 50,570 0 15,922 1,976 U
1902 22,314 38.663 21,816 U 15,922 1,523 0
1903 106,985 21,716 50,037 0 15,922 2,476 0
1904 26,836 60,266 24,180 0 15,965 2,154 0
1905 164,715 44,803 62,587 32,989 15,922 3,455 0
1906 241,430 94,565 67,456 184,996 15.922 4,420 0
1907 345,320 63,201 82,808 201,165 15,922 4,627 3,351
1908 72,950 100,648 56,444 59,529 15,965 2,012 0
1909 199,510 39,648 72,101 75,341 15,922 2,985 0
1910 118,450 72,839 51,518 83,808 15,922 1,892 0
1911 276,280 35,149 70,413 124,229 15,922 3,766 0
1912 73,620 97,099 47,362 496 15,965 3,433 0
1913 50,323 103,463 40,386 39,563 15,922 2,393 0
1914 299,710 55,522 72,456 198,812 15,922 3,453 0
1915 131,800 64,589 73,157 29,236 15,922 2,786 0
1916 294,220 75,288 77,852 209,378 15,965 3,112 0
1917 72,710 63,201 60,160 13,501 15,922 ~ , 122 0
1918 137,140 44,206 58,741 31,051 15,922 3,368 0
1919 38,005 72,261 37,874 0 15,922 2,359 0
1920 113,730 54,111 60,683 16,619 15,965 3,108 0
1921 186,760 71,466 54,013 60,199 15,922 2,306 0
1922 316,690 125,786 87,587 271,925 15,922 3,841 0
1923 51,750 63,201 51,298 12,056 15,922 1,858 0
1924 25,933 33,817 25,517 0 15,965 1,380 0
1925 23,400 16,888 21,878 0 15,922 744 0

"1926 10i, 400 1,744 40,320 0 11,909 1,866 0

'fotal 3,731,977 1,513,303 bl ,672,152 473,905 76.867 3,351
Average 125,445 50,867 b56,207 15,930 2,581 113

" Par tial year , Januar y 1 to Oetobe r 1.
bTh ese figures conta in 7601 acre -fest total or an average of 256 acre-feet per season 01 wate r contributed from ontside

the exact period of analysis. In th e comp utations from which this tab le is prepared, th e water in storage on Octob er I, 1926,
th e end 01t he period, is less by this am ount th an on Januar y I, 1897, the beginning 01 t he period. Since in the computations
t his water was released as flood control water during the first flood season of t he peri od, th e exact yield of flood control wate r
lor the per iod is less t han her e shown ly thi s amount ,
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TR E CONTROL OF FLOODS BY RESERVOIRS.

VOIR ON SAN GABRIEL RIVER.

TWO SIZES OF RESERVOIR
AND CONSTANT DRAFT ONLY.

Carried out on a Daily Basis.
ma ry, see Tabl e 17a , page 448.)

fee t passed for prior rights.
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Maximum flood control res erve 131,000 acre-feet.

Height of dam 425 feet Capacity of reservoir 240,000 ac.-ft.
Constant draft of 41 sec-It, maintained, other drafts only as

required by reservoi r operating diagram

Flood control

Stage of waterpassing Year

reservoirat Passed by Azusa during Coustant draft Evaporation Wasie over
beginning dam for flood season at (41 second- fromreservoir spillway in
of year in prior righ ts rates less than feet) in surface acre -feet
acre-feet in acre-feet 1,900 second- acre- feet in acre-feet

feet in
acr e-feet

----
122,650 52,963 15,089 29,672 3,802 0 1897
117,394 15,687 0 29,672 3,170 0 1898
84,552 10,463 0 29,672 2,461 0 1899
52,419 11,976 0 29,672 1,677 0 1900
31,080 50,570 0 29,672 2,116 0 1901
38,282 21,816 0 29,672 1,269 0 1902

7,839 50,037 0 29,672 1,959 0 1903
33,156 24,180 0 29,754 1,168 0 19C»
4,890 62,587 0 29,672 2,931 0 1905

74,415 67,456 90,216 29,672 5,300 0 1906
123,201 82,808 190,451 29,672 5,733 0 1907
159,857 56,444 57,178 29,754 3.216 0 1908
86,215 72,101 47,055 29,672 4,088 0 1909

132,839 54,518 82.307 29,672 3,114 0 1910
81,678 . 70,413 96,025 29.672 4,819 0 1911

157,029 47,362 0 29,754 4,471 0 1912
149,062 40,386 24,723 29,672 3,529 0 1913
101,075 72,456 169,521 29,672 4,543 0 1914
124.593 73,157 27,425 29,672 3,903 0 1915
122,236 77,852 181,433 29,754 4,216 0 1916
123,201 60,160 12,270 29,672 3,308 0 1917
90,501 58,741 2,982 29,672 4,212 0 1918

132,034 37,874 0 29,672 3,481 0 1919
99,012 60,683 0 29,754 3,860 0 1920

118,445 54,013 35,443 29,672 3.457 0 1921
182,620 87,587 253,954 29,672 4,896 0 9122
123,201 51,298 10,928 29,672 3,084 (J 1923
79,969 25.517 0 29,754 2,376 (J 1924
48,255 21,878 0 29,672 1,601 0 1925
18,504 40.320 0 22,193 2.054 0 '1926

--- -
1,513,303 1,297,000 ' 883,173 99,814 0 Total

50,867 '43,597 ' 29,686 3,355 0 Averag e

e These figures contain 61,313 acre -feet total or an average of 2060 acr e-feet per season of water cont ributed from outside
the exac t period of ana lysis . In the comp utations from which this ta ble is pr epared the water in storage on October 1, 1926,
th e end of th e perio d, is less by th is amo unt than on January 1, 1897, the beginning of the period , A supp lementary ana lyais. .
having t he same amou nt of water in storage at the beginning and a t the end of the peJ;iod, was made to obtain the exact yield
for the period. This gave 47,900 and 23,300 acre -feet per season, respect ively, for the flood control wat e rand uniformly con
t inuous flow inste ad of 43,597 and 29,686 acre-feet,respectively, tha t are shown herein.

12-52411
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TABLE 18. SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE

Height of dam, 383 feet. Maximum controlled flow at Azusa , 1,900 second-feet .
Capacity of reservoir, M aximum flood control

180,000 acre-feet . r eser ve , 131,000 acre - feet .
Natural flow up to 152 second-feet passed for prior rights .

Size of total flow ai Azusa In second-fe et

0-250

Flood control completely coordinated

Flood control partially coordinat ed with conservation

Flood control alone with conservation Reservoir emptied each Bummer
Water drawn from reservoir only Constant draf t of 22 second-feet t o a level t hat would maint ain

a const ant draft of 22 second-feetas required byreservoir maint ained, oth er drafts only through crit ical period ; constantoperatin g diagra m as required by reservoir dra ft of 22second-feet maintained,operatingdiagram other drafts only as required by
reservoiroperating diagram

Year

Flood Flood Flood
cont rol cont rol control
water Seasonally water Seasonally wate r Seasonallypassing sto red passing stor ed passing st oredAzusa water Constant Azusa water Constant Azusa water Constan tduring released flow from during released flow from during released flow fromflood as a over-year flood as a ove r-year flood as a over-yearseason variab le sto rage in season variable sto rage in season variable sto rageinat rates · summer acre-feet at rates Bummer acre-feet at rates summer acre-feetless th an flow in less than flow in less than flowin1,900 acre-fee t 1,900 acre-feet 1,900 acre-feetsecond- second- second-
feet in feet in feet in

acre-feet acre-feet acre-feet

---- - --- - - -- - --- - --- ---- - --- - ---
1897 4,122 0 0 1,966 0 1.5,049 1,966 16,901 15,049
1898 191 0 0 107 0 15,747 0 0 15,922
1899 0 0 0 0 0 15,922 u 0 15,922
1900 0 0 0 O· 0 . 15,922 0 0 15,922
1901 889 0 0 0 0 15,922 0 0 15,922
1902 0 0 0 0 0 15,922 0 0 15,922
1903 1,808 0 0 0 0 15,922 0 4,235 15,922
1904 0 0 0 0 0 15,965 0 0 15,965
1905 513 0 0 401 0 15,137 0 20,865 10,469
1906 591 0 0 688 0 13,391 0 0 7,635
1907 4,590 0 0 2,251 0 10,950 1,103 0 5,280
1908 62 0 0 23 0 15,179 . 148 0 15,484
1909 1,409 0 0 88 0 14,003 0 21,613 12,127
1910 445 0 0 310 0 14,307 310 0 14,397
1911 1,342 0 0 261 0 14,046 79 0 6,413
1912 161 0 0 143 0 15,921 0 7,761 15,965
1913 0 0 0 12 0 15,311 0 0 15,922
1914 477 0 0 151 0 12,694 156 15,509 7,676
1915 597 0 0 324 0 15,182 199 19,211 13,960
1916 14 0 0 0 0 12,563 134 29;199 12,564
1917 793 0 0 0 0 15,398 558 0 15,006
1918 209 0 0 78 0 14,831 0 26,724 12,040
1919 137 0 0 0 0 15,922 0 0 15,922
1920 2,341 0 0 1,375 0 15,485 0 16,978 15,965
1921 0 0 0 0 0 15,092 16 606 15,398
1922 307 0 0 225 0 11,342 2£8 0 5,104
1923 984 0 0 610 0 15,224 610 0 15,224
1924 0 0 0 0 0 15,965 0 0 15,965
1925 0 0 0 0 0 15,922 0 0 15,922

-1926 0 0 0 0 0 11,909 0 0 11,909---- ---- ---- - - - - ---- ----------- ----
Total 21,982 0 0 9,013 0 442,145 5,577 180,202 402,893
Average 739 0 0 303 0 14,862 188 6,057 13,543

- Partial year, January I to October I.

'-.
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TABLE 18 (Con t in u ed). SAN GABRIEL RESERVOIR ON ·
SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE

187
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Height of dam, 383 feet. Maximum controlled flow at Azusa, 1,900 second-feet ;
Capacity of reservoir, Maximum flood control

180,000 acre-feet. reserve, 131,000 acre-feet.
Natural flow up to 152 second-feet passed for prior rights.

Size of total flowat Azusa in second-feet

250-500

Flood controlcompletelycoordinated
Floodcontrol partially coordinated with conservation

Floed control alone with conservation Reservoir emptied each summer

Wat er drawn from reservoir only Constant draft of 22 second-feet to a level that would maintain
a constant draft of 22 second-feetas required byreservoir maintained, other drafts only through crit ical period; constantoperating diagram as required byreservoir draft of22 second-feet maintained,operating diagram othe r drafts only as required by

Year
reservoir operatingdiagram

Flood Flood Flood
control cont rol cont rol
water Seasonally water Seasonally water Seasonallypassing stored passing stored passing storedAzusa water Constant Azusa water Constant Azusa water Constantduring released flow from during released flowfrom during released flow fromflood flood flood
season as a over-yea r season as a over-year season as a over-year

at rates variable st orage in at rates variable storage in at rates variable storagein
less than summer acre-feet less than Bummer acre-feet less than summer acre-feet

1,900 flow in 1,900 flow in 1.900 flow in
second.. acre-feet second- acre-feet second- acre-feet
feet in feetin feet in

acre-feet acre-feet acre-feet

- --- ---- ---- ---- ---- - - -- ---- ----
1897 {2,490 0 0 10.201 0 785 10,201 0 785
1898 0 0 0 0 0 0 0 0 0
1899 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 0 0 0
1901 8,976 0 0 0 0 0 0 0 0
1902 0 0 0 0 0 0 0 0 0
1903 0 0 0 0 0 0 0 • 0 0
1904 0 0 0 0 0 0 0 0 0
1905 952 0 0 1,699 0 171 0 33,564 5,235
1906 2,815 0 0 2,679 0 174 0 P1,153 6,804
1907 10,817 0 0 7,/72 0 1,090 2,696 49,281 4,100
1908 0 0 0 566 0 44 1 , 2~ 6 0 262
1909 2,624 0 0 4,553 0 524 4,553 10,.506 3,011
1910 3,861 0 0 3,468 0 393 3,468 0 393
1911 1,156 0 0 634 0 87 634 70,041 8,070
1912 0 0 0 353 0 44 0 0 0
1913 0 0 0 1,191 0 131 0 0 0
1914 4,524 0 0 5,633 0 480 1,994 39,392 6,195
1915 2,581 0 0 2,186 0 218 2,170 5,021 1,570
1916 3,074 0 0 2,a04 0 174 468 6,825 1,484
1917 8,843 0 0 8,589 0 262 7,658 0 785
1918 2,197 0 0 2,149 0 175 0 22,293 3,795
1919 1,586 0 0 0 0 0 0 0 0
1920 11,700 0 0 3,424 0 218 0 0 0
1921 0 0 0 352 0 44 0 0 0
1922 2,899 0 0 2,714 0 218 955 77,275 8,071
1923 4,220 0 0 3,871 0 349 3,871 0 349
1924 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0

-1926 0 0 0 0 0 0 0 0 0---- ---- ---- ---- ---- - - - - ---- --- - ----
Total 85,315 0 0 64,338 0 5,584 39,954 405,451 50,909
Average 2,868 0 0 2,162 0 188 1,343 13,629 1,711

- Part ial year,'January 1 to October 1.
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TABLE 18 (Con t in u ed) . SAN GABRIEL RESERVOIR ON
SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE

Height of dam; 383 feet. Maximum controlled flow at Azusa , 1,900 second-feet .
Capacity of reservoir, Maximum flood control \i

180,000 acre-feet. reserve, 131,000 ac re-feet.
Natural flow up to 152 second-feet passed for prior rights.

Size of total flow at Azusa in s econd-feet

500-750

Flood control complet ely coordinated

Flood cont rol par tially coordin ated
with cons ervation

Reservoir emptied each summer
Flood control a lone with conservati on to a level that would mai ntain

Water drawn from reservoir only Constant draft of 22 second -feet a constant draft of 22 second -feet
as required by reservoir maintained , other drafts only through crit ical period; constant

operating diag ram as required by reservoir draft of 22 second-feet ma intained ,
operating diag ram ot her dr afts only as required by

res erv oir operating diagram
Year

F lood Flo od F lood
control control control Seasona lly
wate r Seasonally water Seasonal ly water stored

pass ing stored passing stored
pass ing waterAzusa wate r Constant Azusa water Cons tant Azusa re leased Constant

during released flow from
during

released flowfrom during as a flow from
flood as a over-year flood as a over-year flood var iable over-yea r

season var iable storage in season variable storage in seaso n summer storage in
at rates at rates at rates

less than summe r acre-fect less than Bummer acre -feet less t han flow in acre-feet

1,900 flowin 1,900 flowin 1,900 acr e-feet

second- ac re-feet seeon d- acre-feet second-
fee t in feet in feet in

acre-feet acre -feet acre -feet

- --- ---- - - -- - - - - ---- - - - - - - - - ----
1897 3,366 0 a 990 0 44 990 0 44
1898 0 0 0 1,316 0 44 0 0 0
1899 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 a a 0
1901 11,032 0 0 0 0 0 0 0 0
1902 0 0 0 0 0 0 0 0 0
1903 0 0 0 0 0 0 0 0 IJ
1904 0 0 0 0 0 0 0 0 IJ
1905 2,133 0 0 1,345 ·0 44 0 0 0
1906 3,195 0 0 3,177 0 131 0 14,756 960
1907 14,447 0 0 13,749 0 654 8,960 74,054 4,624
1908 0 0 0 0 0 0 1,064 0 44
1909 3,735 0 0 6,253 0 305 2,988 0 175
1910 2,833 0 0 2,705 0 131 2,705 0 131
1911 5,594 0 0 5,907 0 305 4,161 0 218
1912 0 0 0 0 0 0 0 0 0
1913 823 0 0 0 0 0 0 0 0
1914 4,869 0 0 5,780 0 262 3,673 0 174
1915 1,816 0 0 2,200 0 87 1,682 0 87
1916 15,131 0 0 14,527 0 611 0 0 0
1917 5,155 0 0 4,912 0 262 2,248 0 131
1918 13,094 0 0 11,619 0 480 0 0 0
1919 5,358 0 0 0 0 0 0 0 0
1920 8,181 0 0 3,402 0 131 0 0 0
1921 878 0 0 0 0 0 1,107 0 44
1922 5,753 0 0 8,547 0 392 5,696 0 262
1923 6,225 0 0 5,683 0 305 5,683 0 305
1924 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0

' 1926 0 0 0 0 0 0 0 0 0
---- - - - - -1----- - - - - ---- --- - ---

Total 113,618 0 o 92,112 0 4,188 40,957 88,810 7,199
Aver age 3,819 0 o 3,096 0 141 1,377 2,985 242

• Par t ial year , J anuary 1 to Octob er 1.

'.
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TH E CONTROL OF F LOODS BY RESERVOIRS.

TABLE 18 (Con t in u ed) . SAN GABRIEL RESERVOIR ON
SAN GABR IEL RIVER.

AVERAGE SIZE OF FLOW S OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE

189
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He ight of dam, 383 feet . Maximum controlled flow at Azusa, 1,900 second-feet.
Capacity of reservoir, Maximum flood control

180,000 acre-feet. r eserve, 131,000 acre-feet.
Natural flow u p to 152 second-feet passed for prior rights.

Size of total flow at Azusa in second-feet

750-1,000

Flood cont rol completely coordinated

Flood control partially coord inated
with conservation

Flood cont rol alone with conservation Reservoir emptied each Bummer

'Vat er drawn from reservoir only Constant draft of 22 second -fee t
to a level tha t would maintain
a constant dr aft of 22 seco nd-feet

as require d by rese rvoir mai ntained, other drafts on ly t hr ough critical period ; cons tant
operating diagram as required by reservoir draft of 22 second-feet maintained ,

operating diagram ot her drafts on ly as required by
reservoir operating diagram

Year

Flood F lood F lood
cont rol contro l control
water Seasonally

water Seasonally
wate r Seasonally

passing stored
pass ing s tored

passing stored
Azusa water Cons ta nt Azusa water Constant Azusa water Constant
dnring released flow from

during re lease d flow from
du ring re leased flow from

flood as a over-year flood as a over-year flood as a over-yea r
season variable storage in season var iab le storage in season variable storage in
at rates at rates at rates

less than
summer acre-feet. less than

summer acre -feet less th an
Bummer acre-feet

1,900
flow in 1,900

flowin 1,900 flow in

sec ond-
acre-feet second-

acre-feet second-
ac re-feet

feet in feet in feet in
acre-feet acre-feet acre-feet

----- - - - - --- - ---- ---- ---- ---- ---- - - - - --- -
1897 1,783

..
0 0 0 0 0 0 0 0

1898 0 0 0 0 0 0 0 0 0
1899 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 0 0 0
1901 5,590 0 0 0 0 0 0 0 0
1902 0 0 0 0 0 0 0 0 0
1903 0 0 0 0 0 0 0 0 0
1904 0 0 0 0 0 0 0 0 0
1905 3,360 0 0 10,971 0 305 1,520 0 44
1906 3,183 0 0 4,145 0 131 0 0 0
1907 17,511 0 0 16,833 0 524 13,220 0 393
1908 0 0 0 0 0 0 2,800 0 87
1909 11,714 0 0 10,091 0 305 ] ,427 0 44
]910 4,034 0 0 3,903 0 131 5,393 0 174
1911 1,563 0 0 0 0 0 0 0 0
1912 0 0 0 0 0 0 0 0 0

1913 1,501 0 0 0 0 0 0 0 0
1914 0 0 0 2,504 0 87 3,740 0 131

1915 6,824 0 0 5,204 0 174 5,204 0 174

1916 16,279 0 0 9,467 0 305 0 0 0

1917 0 0 0 0 0 0 0 0 0

1918 16,235 0 0 7,715 0 218 0 0 0
1919 0 0 0 0 0 0 0 0 0

1920 9,715 0 0 1,546 0 44 0 0 0

1921 1,436 0 0 1,215 0 44 0 0 0

1922 24,377 0 0 24,627 0 742 3,919 0 131

1923 0 0 0 0 0 0 0 0 0

1924 0 0 0 0 0 0 0 0 0

1925 0 0 0 0 0 0 0 0 0

' 1926 0 0 0 0 0 0 0 0 0

- --- ---- ---- - - - - ---- - - - - ---- --- - ----
Total 125,105 0 0 98,221 0 3,010 37,223 0 1,178

Average 4,205 0 0 3,302 0 101 1,251 0 40

• Pa rtial year, January 1 to October 1.
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TABLE 18 (Con t in u ed) . SAN GABRIEL RESERVOIR ON
SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE.

Height of dam, 383 feet . Maximum controlled flow at Azusa, 1,900 second-feet.
Capacity of r eservoir, Maximum flood control

180,000 acre-feet. reserve, 131,000 acr e-feet.
Natural flow up to 152 second-feet passed for prior rights.

Size of total flow at Azusa In second-feet

1,000-1,250

Flood control completely coordinated
Flood control partially coordinated with conservation

Flood control alone with conservation Rese rvoir emptied each Bummer
Water drawn from reservoir only Constant draft of 22 second-feet to a level that wonld maintain

a constant draft of 22 second-feetas required by reservoir maintained, other drafts only
through critica l period; constantoperati ng diagram as required by reservoir

operat ing diagram draft of22second-feet maintained,
other drafts only as reqnired by

reservoir operating diagram
Year

Flood Flood Flood
control cont rol control
water Seasonally water Seasonally water Seasonallypassing stored passing stored passing storedAzusa water Constant Azusa water Constant Azusa water .Constantduring released flowfrom during released flowfrom during released flow fromflood . as a over-year flood as a over-year flood as a over-yearseaso n variable storage in season variable sto rage in season variable storage inat rates at rates at rates

less than summer acre -feet less than summer acre-feet less than Bummer acre-feet
How in flow in flow in1,900 acre-feet 1,900 acre-feet 1,900 acre-feetsecond- second- second-

feet in feet in feet in.
acre-feet acre-feet acre-feet

---- ---- ---- ---- - --- ---- ----
1897 2,181 0 0 0 0 0 0 0 01898 2,199 0 0 2,136 0 44 0 0 01899 0 0 0 0 0 0 0 0 01900 0 0 0 0 0 0 0 0 01901 0 0 0 0 0 0 0 0 01902 0 0 0 0 0 0 0 0 01903 0 0 0 0 0 0 0 0 01904 0 0 0 0 0 0 0 0 01905 8,014 0 0 1,923 0 44 1,850 0 441906 2,182 0 0 2,238 0 44 0 0 01907 42,477 0 0 41,522 0 916 25,319 0 5231908 0 0 0 0 0 0 2,136 0 441909 9,501 0 0 9,302 0 218 1,679 0 441910 1,802 0 0 1,758 0 44 1,741 0 441911 6,102 0 0 2,013 0 44 2,013 0 441912 0 0 0 0 0 0 0 0 01913 0 0 0 0 0 0 0 0 01914 0 0 0 5,845 0 131 1,909 0 441915 2,059 0 0 2,014 0 43 3,959 0 871916 6,170 0 0 4,061 0 87 0 0 01917 0 0 0 0 0 0 0 0 01918 ll,795 0 0 9,493 0 218 3,594 0 871919 0 0 0 0 0 0 0 0 01920 2,182 0 0 0 0 0 0 0 01921 0 0 0 0 0 0 0 0 01922 20,396 0 0 17,755 0 392 0 0 01923 1,979 0 0 1,892 0 44 1,892 0 441924 0 0 0 0 0 0 0 0 01925 0 0 0 0 0 0 0 0 0"1926 0 0 0 0 0 0 0 0 0---- ---- - - -- ---- ---- - --- - - - - - - -- ----Tot.l 119,039 0 0 101,952 0 2,269 46,092 0 1,005Average 4,001 0 0 3,427 0 76 1,549 0 34

• Par tial year, January 1 to October 1.

..
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TABLE 18 (Continued). SAN GABR IEL RESERVOI R ON
SAN GABR IEL RIVER. '

AVERAGE SIZE OF FLOWS OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE.

Height of dam, 383 feet. Maximum controlled flow at Azusa, 1,900 second-feet.
Capacity of reservoir, Maximum flood control

180,000 acre-feet. reserve, 131,000 acre-feet.
Natural flow up to 152 second-feet passed for prior rights.

-.-Size of total flowat Azusa in second-feet

1,250-1,500

Floodcontrol completelycoordinated
Flood control partially coordinated with conservation

Flood control alone with conservation Reserv oir emptied each summer
Water drawn from reservoir only Constant draft of 22 second-feet to a level t hat would maintain

a constant draft of 22 second-feetas required by reservoir maintained, other drafts only through critical period; constantoperating diagram as required by reservoir draf t of 22 second-feetmaintain ed,opera tin g diagram other drafts only as required by
reservoir operating diagram

Year

Flood Flood Flood
control control eontrol
water Seasonally water Seasonally water Seasonallypassing st ored passing st ored passing st oredAzusa water Constant Azusa wat er Constant Azusa water Constantduring released flowfrom during released flowfrom during released flowfromflood as a over-year flood as a over-yea r flood as a over-yearseason variable storage in season variable storage in season variable storage inat ra tes at rate s at rates

less than summer acre-feet less than summ er acre-feet less than summer acre-feet
How in flow in flow in1,900 acre-feet 1,900 acre-feet 1,900 acre-feet

second- second- second-
feet in feet in feet in

acre-feet acre-feet acre-feet

---- ---- ---- ---- ---- ---- - --- - ---
1897 0 0 0 0 0 0 0 0 0
1898 0 0 0 0 0 0 0 0 0
1899 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 0 0 0
1901 0 0 0 0 0 0 0 0 0
1902 0 0 0 0 0 0 0 0 0
1903 2,255 0 0 0 0 0 0 0 0
1904 0 0 0 0 0 0 0 0 . 0
1905 0 0 0 0 0 0 0 0 0
1906 0 0 0 2,957 0 44 0 0 0
1907 46,603 0 0 43,615 0 785 12,354 0 218
1908 2,576 0 0 0 0 0 0 0 0
1909 2,404 0 0 0 0 0 0 0 0
1910 2,435 0 0 2,391 0 44 0 0 0
1911 0 0 0 0 0 0 0 0 0
1912 0 0 0 0 0 0 0 0 0
1913 0 0 0 0 0 0 0 0 - 0
1914 2,284 0 0 4,890 0 87 2,157 0 44
1915 0 0 0 0 0 0 0 0 0
1916 ' 8,806 0 0 2,334 0 44 0 0 0
1917 0 0 0 0 0 0 0 0 0
1918 0 0 0 0 0 0 0 0 0
1919 0 0 0 0 0 0 0 0 0
1920 ' . 0 0 0 0 0 0 0 0 0
1921 0 0 0 0 0 0 0 0 0
1922 14,287 0 0 11,906 0 218 4,861 0 87
1923 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0

-1926 0 0 0 0 0 0 0 0 0
--- ---- ---- ---- ---- ---- ---- - --- ----

, Total 81,650 0 0 68,093 0 1,222 19,372 0 349
Average 2,745 0 0 2,289 0 41 651 0 12

.
• Partia l year, January 1 to October 1.



• Par tial year, January 1 to October 1.

Height of dam, ~83 feet . Maxim um con t roll ed flow at Azusa, 1,900 second-feet.
Capacity of reservoir , M aximum flood control

180,000 acre-feet. reserve, 131,000 ac re-feet .

Natural flow up to 152 second-feet passed for prior rights.

Size of total flow at Azusa in second-feet

1,500-1,900

Floodcontrolcompletelycoordl nated
Floodcontrol partially coordinated with conservation

Flood control alone with conservation Reservoir emptied each Bummer
Water drawn from reservoir only Constant draft of 22 second-feet to a level that would maintain

a constant draft of 22 second-feetas requ ired by reservoir maintained, other drafts only through critical period; constantoperating diagram as required by reservoir draf t of22second-feet maintained.operating diagram otber draft s only as required by
reservoir operating diagram

Year

Flood Flood Flood
cont rol cont rol contr ol
water Seasonally water Seasonally water Seasonallypassing stored passing stored passing st oredAzusa water Constant Azusa water Constant Azusa wat er I Constantduring during during
flood r eleased flowfrom flood released flowfrom flood released flowfrom

season as a over year season as a over -year Beason as a over year

at rates variable storage in at rat es variable storage in at rate s variable storage in
leasthan Bummer acre feet less than Bummer acre-feet less than summer acre-feet

flow in flowin fiowin1,900 acre feet 1,900 acre feet 1,900 acre feetsecond- second- second-
feet in feet in feetin'

acre-feet acre-feet acre-feet

- - - - ---- - - -- - - -- - --- ---- - - - - ---- ---- ----
1897 6,267 0 0 3,250 0 44 3,250 0 44
1898 1l ,094 0 0 7,290 0 87 0 0 0
1899 0 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 0 0 0
1901 9,983 0 0 0 0 0 0 0 0
1902 0 0 0 0 0 0 0 0 0
1903

.
14,024 0 0 0 0 0 0 0 0

1904 0 0 0 0 0 0 0 0 0
1905 84,365 0 0 16,650 0 218 10,287 0 130
1906 189,834 0 0 169,1l2 0 2,007 23,964 1i ,292 523
1907 83,041 0 0 78,774 0 1,003 63,987 0 784
1908 59,684 0 0 58,940 0 742 2,725 0 44
1909 73,592 0 0 45,054 0 567 41,613 0 521
1910 70,147 0 0 69,273 0 872 61,545 0 783
19l1 137,802 0 0 ll5,414 0 1,440 93,929 0 1,177
1912 1l,094 0 0 0 0 0 0 0 0
1913 45,510 0 0 38,360 0 480 0 0 0
1914 215,528 0 0 174,009 0 2,181 132,093 0 1,658
1915 17,540 0 0 17,308 0 218 2,770 0 44
1916 189,279 0 0 116,685 0 2,181 151,716 0 1,917
1917 0 0 0 0 0 0 0 0 0
1918 11,477 0 0 0 0 0 0 0 0
1919 0 0 0 0 0 0 0 0 0
1920 6,940 0 0 6,872 0 87 0 0 0
1921 60,041 0 0 58,632 0 742 38,383 0 480
1922 233,566 0 0 206,151 0 2,618 179,792 0 2,267
1923 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0

"1926 0 0 0 0 0 0 0 0 0- - -- - - - - - --- - - -- - - - - ---- ---- ---- ----
Total 1,536,808 0 0 1,241,774 0 15,487 806,054 17,292 10,372
Average 51,658 0 0 41,741 0 521 27,095 581 348

..

.'

TABLE 18 (Con t in ued). SAN GABRIEL RESERVOIR ON
. SAN GABRIEL RIVER.

AVERAGE SI ZE OF FLOWS OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE.
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TABLE 18. (Cont inued) . SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE.

f-'
<0
fl:>.

Capacity of reservoir, 180,000 acre-feet . Maximum flood control rese rve, 131,000 acre-feet.

Natural flow up to 152 second-feet passed for prior rights .

Size of total flow at Azusa Insecond·feet

Total. 0- 1900

Flood control completely coordinated with conservation
Flood Control Alone Flood control partially coordlnatod with conservation Reservoir empt ied each summer to a level tha t would

maintain a constant dra ft of 22 second-feet thr oughWater dr awn from reserv oir only as requir ed Constant draft of 22second-feet maintained, other drafts crit ical period, constant dr af t of 22 second-feet main-hy reservoir operati ng diagram only as requir ed by reservoir opera t ing diagram tained, other draft s ooly as required by
reservoiroperatingdiagram

Year

bFlood -Flood deFloo<!
cont rol Seasonally Aggregate cont rol Seasonally Aggregat e cont rol rScasonally Aggregatewater water water
passing stor ed water of na tura l Constant passing s tored water of natu ra l Constant passing storedwater of nat ura l Consta nt
Azusa released flow up to flow fr om Azusa released flow up t o flow from Azusa released flow up to flow from

du ring flood as a 152 second- over-year during flood as a 152 second- over-year during flood as a 152 second- over-yearvar iable fcet passed variable feet passed varia ble feet passedseason at Bummer for prior storage season at Bummer for prior storage aeason at summer for prior storage
rates less in acre-feet rates less in acre-feet ra tes less in acre- feet

t han 1,900 flow in rights t han 1,900 flow in rights th an 1,900 flow in right s
second-feet acre-feet in acre- feet second-feet acre-feet in acre-feet second-feet acre-feet in acre-feet
in acre-feet in acre-feet in aore-feet

1897 30,209 0 52,963 0 16,407 0 52,963 15,922 16,407 16,901 52,963 15,922
1898 13,481 0 15,687 0 10,849 0 15,687 15,922 0 0 15,687 15,922
1899 0 0 10,463 0 0 0 10,463 15,922 0 0 10,453 10,922
1900 0 0 11,976 0 0 0 11,976 15,922 0 0 11,976 15.922

Height of dam, 383 fee t.

• "

Maximum controlled flow at Azus a, 1,900 second-feet .
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1001 36,470 0 50,570 0 0 0 50,570 15,022 0 0 50,570 15,922
1902 0 0 21,816 0 0 0 21,816 15,922 0 0 21,816 15,922
1903 18,087 0 50,037 0 0 0 50,037 15,922 0 4,235 50,037 15,922
1904 0 0 24,180 0 0 0 24,180 15,965 0 0 24,180 15,965
1905 99,337 0 62,587 0 32,980 0 62,587 15,922 13,657 54,520 62,587 15,922
1906 201,800 0 67,456 0 184,996 0 67,456 15,022 23,964 123,201 67,456 15,922
1007 219,486 0 . 82,808 0 204,516 0 82,808 15,022 127,639 123,335 82,808 15,922
1908 62,322 0 56,444 0 59,529 0 56,..44 15,065 10,159 0 56,444 15,965
1909 104,979 0 72,101 0 75,341 0 72,101 15,922 52,260 32,110 72,101 15,922
1010 85,557 0 54,518 0 83,808 0 54,5l8 15,922 75,162 0 54,518 15,922
lOll 153,559 0 70,413 0 124,220 0 70,413 15,922 100,816 '/0,041 70,413 15,922
1912 . 11,255 0 47,362 0 496 0 47,362 15,965 0 7,761 47,362 1b,965
1913 47,834 0 40,386 0 30,563 0 40,386 15,922 0 0 40,386 15,922
1914 227,682 0 72,456 0 198,812 0 72,456 15,922 145,722 54,901 72,456 15,022
1915 31,417 0 '/3,157 0 29,236 0 73,157 15,922 15,984 24,232 73,157 15,922
1916 238,753 0 77,852 0 200,378 0 77,852 15,S65 152,318 36,624 77,852 15,965
1917 14,791 0 60,160 0 13,501 0 60,160 15,922 10,464 0 60,160 15,922
1918 61,007 0 58,741 0 31,054 0 58,741 15,922 3,594 49,017 58,741 15,922
1910 7,081 0 37,874 0 0 0 37,874 15,922 0 0 37,874 15,922
1920 41,050 0 60,683 0 16,619 0 60,683 15,965 0 16,978 60,683 15,965
1021 62,355 0 54,013 0 60,199 0 54,013 15,922 30,506 606 54,013 15,922
1922 301,585 0 87,587 0 271,925 0 87,587 15,922 195,b21 77,275 87,587 15,922
1023 13,408 0 51,298 0 12,056 0 51,298 15,922 12,056 0 51,298 15,922
1924 0 0 25,517 0 0 0 25,517 15,065 0 0 25,517 15,065
9125 0 0 21,878 0 0 0 21,878 15,922 0 0 21,818 15,922

' 1926 0 0 40,320 0 0 0 40,320 11,909 0 0 40,320 11,909

Total 2,083,517 0 1,513,303 0 1,675,503 0 1,513,303 473,905 095,229 691,755 1,513,303 473,005
Average b70,035 0 50,867 0 ' 56,320 0 50,867 15,930 d'33,454 '23,252 50,867 15,030..

• Parti al year , January 1 to October 1.
b Entries in this column taken from Tabl es 16 and 16a. I n the comput at ion for th ese ta bles, the period closed wi th 47,727 acre-feet more wat er in storage than at the beginning, the equivalent of

1,604 acre-feet per season. It should be added to the average yield in flood cont rol water to obtain the exact yield of the period. This was not done in prepar ing th is tab le.
c E ntri es in this column take n from Tables 16 and 16a. I n t he computations for these tab les, the period closed with 7601 acre-feet less wat er in storage th an a t the beginning. . Th is water . the

equiva lent of 256 acre-feet per season, ente red sto rage prior to the beginning of the period and was released as flood contro l water durin g the first flood seaso n. I t should, there fore , be deducted from
average yield in flood cont rol water to ohtain th e exact yield of th e period. This was not done in prepar ing this tab le.

d Entries in this column ta ken from Tables 13 and 13a. In the computations for these tab les, the period closed with 7601 acre -feet less water in storage than at the beginning. This wat er, the
equivalent of 256 acre-feet per season, enteredstorage prio r to t he beginning of the period and was released as flood contro l wate r during the first flood seaso n. I t should, therefo re , be deducted from th e
average yield in flood cont rol water to obtain th e exact yield for the period. This was not done in prepar ing thi s table.

• Th e aggregate of th e entries in this column is smaller than t he corr esponding ent ries in Tables 13 and 13a, from which it is derived, by an average of about 500 acre-fee t per season. This water ,
15,400acre-feet total, was released in controlling floods durin g April , 1906, but was ineluded ina easonally stored water in preparing this table.

f The aggregate of the entriesin this column is larger than the correspondingentries in Tables 13 and 130., fromwhichit is derived,by an average of about 500 acre-feet perseason. This water,
15,400 acre-Icet to ta l, was re leased in cont rolling floods during April, 1906, but was inclnded in seasonally sto red wat cr in prepari ng this ta ble.
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TABLE 18, (Con clud ed). SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

AVERAGE SIZE OF FLOWS OF WATER
YIELD FOR THREE STEPS IN COORDINATING THE USE OF

RESERVOIR SPACE.

Height of dam, 383 feet. Maximum controlled flow at Azusa, 1,900 second-feet. .

Capacity of reservoir, 180,000 acr e-feet . Maximum flood control reserve, 131,000 acre-feet.

Natural flow up to 152 second-feet passed for prior rights.

Size of total flowat Azusa In second-feet Size of total flow at Azusa in second-feet

Grand total, 0-1900 Grand total. 0-1900

Flood control completely Flood control completely
coordinated with coordinated with

Flood control partially conservation Flood control partially conservation
Year coordinated with dResen·oir emptied each Year eoordinated with :::~of~e:\':~~1 ~h~Flood control alone conservation summer to a level t hat Flood control alone conservation

bWater drawn from reser- 'Constant draf t of 22 would maintain a COD- bWater drawn from reser- 'Constant draft of 22 would maintain a con-
voir only as required second-feet maintained, stant draft of 22 second- voir only as required second-feet maintained, stant draft of 22 second-

feet t hrough cri t ical feet through criticalby reservoiroperating ot her drafts only as period, eonstant draft of by reservoiroperating other draft s only as period, constant draft ofdiagram, in acre-feet required by reservoir 22 second-feet main- diagram, in acre-feet required by reservoir 22 second-feet main-operating diagram, in tained , ot her drafts only operating diagram, in tained, other drafts onlyacre-feet as required by reservoir acre-feet as required by reservoir
operating diagram, in operating diagram, in

acre-feet acre-feet

1897 83,172 85,292 102,193 1914 300,138 287,190 289.001
1898 29,171 42,458 31,609 1915 104,574 118,315 129,295
1899 10,463 26,385 26,385 1916 316,605 303,195 282,759
1900 11,9/6 27,898 2/ ,898 1917 74,951 89,583 86,546
1901 87,040 66,492 66,492 1918 119,748 105,717 127,274
1902 21,816 37,738 37,738 1919 44,955 53,796 53,796
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1903 68,124 65,959 70,194 1920 101,742 93,267 93,626
1904 24,180 40,145 40,145 1921 116,368 130,134 110,047
1905 161,924 111,498 146,695 1922 389,172 375,434 376,305
1906 269,256 268,374 230,543 1923 64,706 79,276 79,276
1907 302,294 303,246 349,704 1924 25,517 41,482 41,482
1908 118,766 131,938 82,568 1925 21,878 37,800 37,800
1909 177,080 163,364 172,402 '1926 40,320 52,229 52,229
1910 140,075 154,248 145,602
1911 223,972 210,564 257,192 Total 3,596,820 3,662,711 3,674,192
1912 58,617 63,823 71,088 Average 120,902 123,117 123,503
1913 88,220 95,871 56,308 Average

evaporation 2,93Q 2,584 2,198
. Average

total flow 123,841 125,701 125,701

• Partial year , January 1 to October 1.
b Entries in this column taken from Tab les 16 and 16a. In the computations for these tables, th e period closed with 47,727 acre-feet more water in storage than at the beginning, the equivalent of

1604 acre-feet per season. It should be added to th e average yield in flood contr ol water to obtain the exact yield of the period. This was not done in preparing th is table.
'Entriesin this column takenfrom Tab les 16and 16a. In th ecomputationsfor th esetables, th ep eriod closed with 7601acre-feet less water in storage t han at the beginning. This wate r, the equival

ent of 256 acre-feet per season, ent ered storage prior to the beginning of the period and was released as flood contro l water during the first flood season. It should, therefore, be deducted from average
yield in flood control wate r to obtain the exact yield of the period. This was not done in preparing this table. .

d Entries in this column taken from Tables 13 and 13a. In the computations for th ese tables, the period closed with 7601acre-feet less water in storage t han at the beginning, This wate r, the
equivalent of 256 acre-feet per season, entered storage prior to th e beginning of the period and was released as flood control water during the first flood season. It should, therefore, be deducted from
the average yield in flood contro l water to obtain the exact yield for the period. This was not done in preparing thi s table .
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198 WATER RESOURCES OF CAL"[]'ORNIA.

Performance of the four illustrative reservoir operating diagrams in controlling
floods when coordinated with conservation.

The last section of Chapter V describes the performance of the four
illustrative reservoir operating diagrams in controlling 'floods. Tests
are tabulated of their application to the records of all important floods
on their respective streams. It was shown tha t r eservoir operation in
accord with these diagrams would provide mor e space than needed to
detain the excess water of all floods of record and that the average

.space to spare whil e controlling all the la rge floods of r ecord would
have been about half the maximum reserve. In these computations,
it was assumed that no water was r eleased from the res ervoir except
as required by the diagrams. It may be observed in reviewing Plates
XXIII to XXVI, inclusive, on which is delineated the reservoir stage
while so controlling floods, tog ether with the stage while controlling
floods coordinately with conservation as described in this chapter, that at
times the reservoir is needlessly full of water when operating for flood
control alone, but when flood control is coordinated with conservation,
it may be observ ed that the draft for useful purposes lowers the reser
voir level mu ch of the time below that r equired for flood control only.
At these times the space available for detaining flood water is increased
over that resulting f rom the application of the diagram not coordinated
with conservation. Although this extr a empty space is variable in the
time and amount of its occurrence , nevertheless, it is useful in detain
ing some flood water .

Tables of unused reservoir space in controlling the floods of record
when flood control and conservation are coor dinate d as described in this
chapter, ar e prepared in parallel to those of Chapter V which tabulates
the unused space in controlling the same floods by the same reservoirs
and by the same reservoir operating diagrams but independently of
conservation. A comparison of these tables shows that coordination
with conservation as herein described for the Kennett reservoir on the
Sacramento River did not alter the minimum space t o spare of 53,500
acre-feet on March 20, 1907, but did increase the ' av erage space to
spare in controlling all the floods of record from 52 to 85 per cent of
the maximum flood cont rol r eserve. Coordination with conservation
in the Pardee reservoir on the Mokelumne River, as described herein,
increased the minimum space to spare in controlling the rain-water
floods from zero to 6600 acre-feet and the average from 42 to 68 per
cent of the maximum flood control reserve . It had no effect, however,
on the unused space in controlling snow-water floods. On the San
Joaquin River, the coordination of flood control and conservation in
the Temperance Flat reservoir, as described herein, increased the
minimum unused space in controlling the rain-water floods from zero
to 74,500 acre-feet and the average from 37 to 370 per cent of the
maximum flood control res erve. It did not increase the minimum
unused space in controlling the snow-water floods of r ecord but did
raise the average unused space from 53 to 111 per cent of the maximum ..
space required. On the San Gabriel River, coordination of flood control
with seasonal storage and a constant draft, as described herein, increased
the minimum unused space from 12,700 to 32,600 acre-feet and the
average unused space while r egulating all the floods of record from 54
to 69 per cent of the maximum flood control reserve.
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KENNETT RESERVOIR ON SACRAMENTO RIVER.
UNUSED SPACE WHILE CONTROLLING ALL FLOODS OF RECORD BY

RESERVOIR OPERATING DIAGRAM, 1895-1926.
Reservoir Operated Coordinately for Irrigation with Incidental Power, and

Flood Control.
Height of dam 420 feet. Capacity of reservoir 2,940,000 acre-feet.

Maximum flood flow-uncontr olled Flow contr olled to 125,000 second-feet maximum near Red Bluff

Reservoir space not used In
controlling flood

Mean daily flow In per cent ofDate near Red Bluff Date reservoir nearest fall
in seoond-feet maximumspace

In acre-feet required for
flood control
(454,000 acre-

feet)

Feb . 3, 1909 254,000 Feb. 4, 1909 188,800 42
Feb. 2, 1915 249,000 Feb. 2, 1915 200,900 44
Mar. 20, 1907 196,000 Mar . 21, 1907 53,500 12
J an. 16, 1909 188,000 Jan. 18, 1909 191,400 42
Feb. 16, 1904 188,000 Feb. 16, 1904 357,700 79
Jan. 21, 1909 177,000 Jan. 21, 1909 150,700 33
Feb. 25, 1917 176,000 Feb. 25, 1917 761,400 168
Feb . 21, 1914 160,000 Feb. 21, 1914 119,600 26
Jan. 1,1914 151,000 J an. 2, 1914 926,300 204
Feb. 24, 1902 151,000 Feb. 26, 1902 289,100 64
Mar . 8, 1904 147,000 Mar . 8,1904 332,400 73
Feb. 10, 1902 140,000 Feb. 12, 1902 528,400 116
Mar. 31, 1906 137,000 Mar . 31, 1906 105,500 23
J an. 19, 1906 136,000 J an. 19, 1906 1,158,800 255
Feb . 4,1907 134,000 Feb. 4, 1907 433,500 95
J an. 25, 1903 131,000 J an . 25, 1903 431,700 95
Mar . 7,1 911 130,000 Mar. 7, 1911 368,400 81
J an. 27, 1896 128,000 Jan . 27, 1896 341,500 75

Average . . .. .. .. . .. ..... . .. . . . . . . . .... .. .... ... . .. .. .. .. . .. . 385,500 85
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. PARDEE RESERVOIR ON MOKELUMNE RIVER.

UNUSED SPACE WHILE CONTROLLING TWENTY LARGEST RAIN WATER
FLOODS OF RECORD BY RESERVOIR OPERATING

DIAGRAM, 1904-1926.
Reservoir Operated Coordinately for Municipal Supply with Incidental '

Power, and Flood Control.

Height of dam 345 feet. Capacity of reservoir 222,000 acre-feet.

Maximum flood f1ow-uncoutrolled Flow controlled to 5,300 second-feet maximun, near Clements

Reservoir space not used in
controlling flood

Mean daily flow In per cent of
Date near Clements - Date reservoir nearest full maximumspace

in second-feet
In acr e-feet required for

flood control
(92,000 acre-

feet)

J an. 30, 1911 10,700 Feb. 1,1911 35,200 38
Mar. 19, 1907 15,310 Mar. 27, 1907 7,100 8
Jan. 20, 1914 11,100 J an . 27, 1914 08,900 75
Jan . 14, 1909 10,400 J an. 17, 1909 19,500 21
Feb . 21, 1914 9,850 Feb. 21, 1914 82,700 90
Fe b. 0,1925 9,700 Feb. 6, 1925 167,800 182
J an . 1,1914 9,250 J an . 1,1914 82,000 89
J an. 21, 1909 8,400 Jan. 22, 1909 8,500 9
Mar. 20, 1916 8,040 Mar. 21,1916 04,400 70
Feh. 2,1907 7,860 Feb. 4,1907 79,300 80
Mar. 31, 1906 7,750 Apr il 1, 1906 49,600 54
Mar . 23, 1907 7,610 Mar . 27,1907 7,100 8
Jan. 22, 1914 7,470 J an . 22, 1914 78,600 85
Jan. 18, 1921 7,350 Jan. 18, 1921 75,700 82
Mar. 7,1911 7,210 Mar. 11, 1911 70,900 77
Nov. 21,1909 7,200 Nov. 21, 1909 68,300 74
Feb. 11, 1919 7,060 Feb . 11, 1919 90,400 98
Jan. 19, 1906 6,960 Jan. 19, 1906 76,400 83
Mar . 12, 1918 6,940 Mar. 12, 1918 109,600 119
April 16, 1925 6,910 April 17,1925 6,600 7

Averag e 62,400 68

•

..,

...\
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PARDEE RESERVOIR ON MOKELUMNE RIVER.

UNUSED SPACE WHILE CONTROLLING ALL SNOW WATER FLOODS OF
RECORD BY RESERVOIR OPERATING DIAGRAM, 1904-1926.

Reservoir Operated Coordinately for Municipal Supply with Incidental
Power, and Flood Control.

Height of dam 345 feet. Capacity of reservoir 222,000 acr e- feet .

Maximum flood flow-uncontrolled Flow controlled to 7,100second-feet maximum neal Clements

Reservo'r space not used in
controlling flood

Mean daily flow In per cent ofDate near Clements Date reservoir neares t full
in second-feet maximum apace

. In acre-feet required for
flood control
(13.000 acre-

feet)
-

Ju ne 12. l a06 8.740 June 13. 1906 i.soc 15
-June 18. 1911 8.030 June 18. isn 3.300 · 25
June 3.1a22 7,a70 J une 5. 1922 2,600 20
'June 12, 19l! 7.960 June 12, 19l! 3,100 · 24
1June 6. 1911 7.880 June 6.19l! 4,000 31
.May 31. 1922 7,770 June 1,1922 6.700 52
, June 1. 1915 7,750 June 1, 1915 10,000 77
.'May 18. 1922 7.670 May la , 1922 1,800 14
June 16. 1906 1,600 June 17, 1906 4.500 35

-Tune 10. 19J7 7.550 J une 10. la17 2.900 22
May 24. 1911 7.500 May 24. 1911 800 6
July 4. 1906 7.480 July 4, J906 1,100 8

Average
I

3,600 28

13 - 02 111



TEMPERANCE FLAT RESERVOIR ON SAN JOAQUIN RIVER.

UNUSED SPACE WHILE CONTROLLING ALL RAIN WATER FLOODS OF
RECORD BY RESERVOIR OPERATING DIAGRAM, 1907-1926.

Reservoir Operated Coordinately for Irrigation with Incidental Power, and
Flood Control.

Height of darn 595 feet. Capacity of reservoir 1,071,000 acre-feet.

Maximum flood flow-uncontrolled Flow cont rolled to 10,700second-feet maximum near Fri ant

ReBe'YO;r apace net used In
controll ing flood

Mean daily flow In per cent of
Date near Friant in Date reservoir near est full maximumspacesecond-feet

I n acre-feet required for
flood cont rol
0 33.000 acre-

feet)

J an. 31, 1911 38,800 Feb. 1, 1911 53e,OOO 405
Dee. 31, 1909 27,900 Jan. 1, 1910 260,300 196
Jan . 14,1 909 26,800 Jan. 15, 1909 853,400 642
Dec. 10, 1909 26,800 Dec. 10, 1909 418,100 314
Jan. 26, 1914 24,700 Jan. 26, 1914 811,700 610
Jan. 21, 1909 18,900 Jan. 22, 1909 751,400 565
Mar . 8,1911 18,800 Mar. 8,1 911 344,700 259
Mar . 10, 1911 13,600 Mar . 10, 1911 310,200 233
Feb. 12, 1909 12,500 Feb. 12, 1909 631,800 475
Feb. 21,19 17 11,700 Feb . 21, 1917 321,700 242
April 6, 1911 11,600 Apri l 6, 1911 141,900 107
Jan. 18, 1916 11,000 Jan. 18, 1916 414,500 312
Mar . 21, 1916 11,000 Mar .21, 1916 74,500 56
Oct. 2, 1918 10,900 Oct. 2, 1918 775,000 583
Jan, 25, 1911 10,700 Jan. 2.5, 1911 735,900 5.53

Average I I I 492,200 370

-
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TEMPERANCE FLAT RESERVOIR ON SAN JOAQUIN RIVER.

UNUSED SPACE WHILE CONTROLLING ALL SNOW WATER FLOODS
OF RECORD BY RESERVOIR OPERATING DIAGRAM 1907-1926.

Reservoir Operated Coordinately for Irrigation with Incidental Power, and
Flood Control.

Height of dam 595 feet. Capacity of reservoir 1,071,000 acr e- feet.

Maximum flood f1ow- uncontr olIed Flow controlled to 14,200 second-feet maximum near Fr iant

Reservo 'r space not used in
contr olling f1o :d

Mean daily flow I n per cent ofnear Friant in Date reservoirnearest fullDate second-feet maximum space
In acre-feet required for

flood cont rol
(177,000acre-

feet )
-

Jun e 13, 1911 23,100 J one 23, 1 ~ 11 21,100 12
Jun e 4, 1909 22,800 Jun e 8, 1909 89,100 50
Jun e 16, 1911 21,500 June 23, 1911 21,100 12
Ju ly 7, 1911 19,500 Ju ly 7, 1911 57,600 33
June 5,1 922 16,700 Ju ne 8, 1922 417.100 236

-May 22, 1911 16,200 May 23, 1911 134,600 76
June 6, 1911 16,200 J une 8, 1911 165,500 94
Mny 8, 1909 16,200 . May 8, 1909 308,800 174
Ju ne 2, 1914 15,700 June 2, 1914 167,500 95
June 5, 1912 15,300 June 5,19 12 526,400 297
June 15, 1909 14,900 June 15, 1909 95,000 54
June 27, 1911 14,700 June 2~, 1911 38,200 22
May 31, 1922 14,700 Ju ne I, 1922 575,000 32.5
June 24, 1909 14,600 June 24, 1909 129,300 73

Average 196,200 111
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SAN GABR IEL RESERVOI R ON SAN GABR IEL R IVER.
UNUSED SPACE WHILE CONTROLLING TWENTY LARGEST FLOODS OF

RECORD BY RESERVOIR OPERATING DIAGRAM,' 1895-1926...

Reservoir Operated Coordinately for Flood Control, Seasonal and Over-year
Storage.

Height of dam 383 feet. Capacity of reservoir 180,000 acre-feet.

Maximum flood flow- uncontrolled Flow controlled to 1,900 second-feet maximum near Azusa

Reservcir snice not used in
c0.11ro:ling flood

Mean da ily flow In per cent ofnear Azusa in Date reservoir nearest fullDate second-feet maximumspace
In acre-feet requi red for

flood cont rol
(131,000 acre -

feet)

Jan . 18,1 916 22,300 J an. 20, 1916 50,800 39
Dec. 19, 1921 16,OuO Dec. 25, 1921 71,800 55
Jan. 1,1 910 12,500 J an. 3,1 910 89,000 68
Feh. 20, 1914 11,800 Mar. 1, 1914 64,500 49
Mar . 12, 1905 11,130 Mar . 14, 1905 94,000 72
Mar.26, 1906 9,430 Mar. 29, 1906 32,600 25
Mar. 10, 1911 9,160 Mar . 14, 1911 71,400 54
Jan . 26, 1914 9,150 . Jan . 27, 1914 111,600 85
Feb. 9, 1922 8,200 Feb. 13,1 922 104,300 80
Mar . 12, 1906 8,020 Mar . 13, 1906 103,400 79
Jan. '27, !!H5 7,940 Jan. 30, 1916 42,600 33
Feb. 7, 1909 7,100 Feb. 8, 1909 118,100 90
Mar . 5, 1907 6,810 Mar . 11, 1907 89,900 69
April 1,1903 5,920 April 2, 1903 137,700 105
Dee. 27, 1921 5,900 Dee. 29, 1921 53,700 41
Jan. 29, 1911 5,260 Jan . 29, 1911 126,600 97
J an. 18, 1914 5,110 Jan. 18, 19U 125,600 96
Mar . 11, 1918 5,030 Mar . 14, 1918 91,600 70
J ar . 10, 1907 4,670 Jan . 11, 1907 110,900 85
Jan. 31, 1911 4,220 Ja n. 31, 1911 122,400 93

I I I
--

Average 90,600 69

'I'he full test s are expressed graphically on Plat e XXVII, "Per
forman ce of Reservoi r Operat ing Diagrams in Cont roll ing Floods of
Record Coordina te ly with Conserv ation ." Th e ratio of the empty
reser voir space while cont roll ing floods coordinately with conservation
as descr ibed herein , to that actually necessary for control of the
remainder of the flood was computed for every day of stream flow
record on each of the four illustrative st reams. Th e rati os on each
st ream were arranged in order of in cr easin g magni tude an d the number
smaller than each successive size counted. 'I'hese counts were increased
by propor t ion to th e number had the st r eam flow records been 100
years in length , and pl otted on Plate XXVII. Smooth curves wer e •
drawn which in dicat e the probab le frequency wit h whi ch t he empty
space on hand at any t ime will approach th e exact amount that should
be on han d to insure the desir ed flood regulation. Super impos ed on
these are dashed-line curve s transposed from Plat e XXII, p . 96.
'I'heso indicate the cor responding relati ons in controlli ng floods when •
not coordinated with conservation.

Comparison is mad e in the following tabl e of the probabl e number
of days in 100 yea rs on which empty space equal to or greater than
th e exact amoun t r equired for cont roll ing floods would be provid ed in
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Ratio of reservoir space provided tothat actually required.

PERFORMANCE OF RESERVOIR OPERATING DIAGRAMS IN CONTROLLING
FLOODS OF RECORD COORDINATELY WITH CONSERVATION

CURVE S SHOW NUMBER OF DAYS IN 100 YEAR S ON WHICH
RATIO Of RESERVOIR SPACE PROVIDED BY APPLICATION OF
DIAGRAM TO T HAT ACTUALLY REQUIRED fOR CONTROLLING

f LOODS Of RECORD IS SMALLER THAN INDICATED.
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the two instan ces. Th e probabl e f req uency wit h whi ch the desired
controlled flow would be exceeded downstream from the K ennett r es
ervoir on the Sacramento River, would be raised by coordination with
conservation as descr ibed herein, from about one day in 80 to one day
in 100 years ; downstream from the Pardee reservoir from about one
day in 40 to one day in 50 years for r ain-water floods with no change
for snow-water floods; downstream from the Temp eran ce Flat r eser
voir from about one day in 30 to one day in more tha n 1000 years for
r ain-water floods, but with no change for snow-water floods; and below
the San Gabrie l r eservoir the frequency with whi ch the desired con -

. t r olled flow may be exceeded would be in creased from one day in 500
to one day in mor e than 1000 years: .

PROBABLE FREQUENCY WITH WHICH LESS EMPTY SPACE THAN
FROM ONE TO TWO TIMES THE EXACT AMOUNT REQUIRED TO

CONTROL FLOODS WILL BE PROVIDED.
(Frequency in number of days in 100 years).

Fiood contr ol coordin at ed with cens er- Flood control as descr ibed in Ch apter V,
vat ion as described in Chapter VI notcoordinatedwith conservati on

Reserv oir as descnbcd herein

I
Equal to H alf again T wice that Equal to Ha lf again T wice thatthat that requir ed th at t hat r equir edrequired requir ed required r equired

Kennett . .. .... .. ... ... .. .. .... 1 9 20 1. 2 12 30

Pa rdee-
Rain-water floods . . . .. . . .. .. . . 2 .0 40 70 2 .5 GO 100
Snow-water floods . . .... . .. . . . . 2 .5 24 50 2 .5 24 50.

Temperance F lat-
Rai n-water floods . . . . . .. . .. .. . Less than 0 .1 Less th an 0 .1 Less tha n 0 .1 32 43 70
Snow-water floods .... . . . . . . . . 3 .2 100 150 3 .2 100 150

San Gabri el . .. . ... .... . .. ... . .. LeSB than O. 1 40 50 05 50 120

C '

- - - - ' - ~----------------------
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CHAPTER VII.

CONCLUSIONS.
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Rel iability of analyses.

The system of flood 'analysis herein described, illustrated, and tested
is ent ire ly empir ical. Although it is in accord with theoret ic considera
t ions, nevertheless, it does not r est up on hypoth esis but rather is
deduced directly from t he past beha vior of floods as shown by the
records of their measurement. But one assumption is employed,
nam ely, that 'whatever re lati on that may exist between the time of
year, the occasion and th e size of flood occurrence, should be contained
within exist ing stream-flow data. In order to discover this relation,
the usual distinct ion betw een flood and normal flow is omitted . The
r elat ion betwe en t ime of year , occasion and size of occurrence is songht
for flows of all magnitudes contained in the measured r ecord with the
expectancy that this r elation, when found , may be extended to disclose
the cir cumstances under which flows of extraordinary size may occur,
flows larger than are contained within the st ream flow records or are
evidenced by high wat er marks or dimensions of exist ing flood cha nnels .
In seeking this relation interest is not center ed in ave rage occurrences
as in many eng ineer ing investigations, but rather in th e limiting con
ditions of flood occurrence. The safety of lives and property r equire
that works fcil; flood protection be designed for exceptional r ather than
aver age conditio ns, otherwi se, the flood menace would not be r emoved.
Th erefore, the ana lyses ta ke the form of discussions of th e frequ ency
with which various size flows occur at different times' of th e year and
with different amounts of seasonal precipitation up to the time of
th eir occurrence.

'I'he limiting condit ions of flood occurrence about whi ch knowledge
is desired, are the circumstances . under whi ch the very infrequent
floods occur. Th e limits in ti me of yea r and in the amount of previous
rainfall with whi ch extraor dina ry st ream discharge occurs, are sought
through the development of curves expressing th e aver age frequency
of past occurrences. It was .found by t rial that the data expressing
th e relation between size of flow and average frequency of its occur
r ence pl ot on fairly smooth curves of similar shape for all California
st re ams on which continuous measurements have been made. While
most of th e data from whi ch th ese curves are developed concer n
ordinary events , as th ey happen less f r equ ently they appr oach the
extraordinary. By the extension of these curves beyond the limits of
the plotted data, the frequ ency may be ant icipated of events so
extraordinary that not even a single one is contained within the period
of record. By this system of graphical analysis, est imate is made of



208 WATE R RESOUR CES 01-' CAL IFORN IA.

what the record s would disclose wer e they many t imes lon ger than
they actually are.*

'I'he in clusion in these an aly ses of all data on st ream discharge
without dist inct ion between flood and norm al flow multiplies many
times the number of dat a avai lable t o guide the drafting of curves of
r elationship. In a record of st rea m flow, say thirty years long, there '
may be from three to six thousand entr ies of daily flow while the
ent r ies customarily regarded as floods may be limited to perhaps from
fift een t o thirty. Thus, in the system of analyses her ein employed, a
large volume of data defines with cons iderable cer ta inty that part of
th e curves of r elationship per taining to usual occurrences so t ha t t he
trend of the curves is est ablished as they appr oach the zones of
infrequen t occurrence into whi ch they are extended.

'Whether or not st ream discharge follows sufficiently definite rules
to warran t th e close consideration her ein given was seri ously qu estioned
at th e time the work was started. For this r eason , th e first effort held
to a comparati vely simple scheme of analys is. Working with an appre
cia tion that th e su bject is not one fav orable for exac tness, two effor ts
were made before the subject could be adequately gauge d. While a
casual r eview of the work as finally completed is not.entirely conv incing
that the great volume of detail with which the subjec t has been pursued,
is warranted, yet, to th ose who have taken part in the intricat e com
parisons, it became evident befor e proceeding very, far , tha t mu ch of
the apparent scat te r ing of pl ot ted points on the diagrams is the r esult
of th e small amount of dat a on in frequent flows contain ed in the com
paratively short period of st ream flow record in California, rather
than of in consist encies in relationship. 'I'he r elationship under study
pertains only to the average f requency of occurrence without r egard to
the sequence of events, so that , in plotting the data, frequencies were
assign ed 'necessar ily based upon the number of times events occurred
within the peri od of measured record. The infrequent events that

• I na smuch a s t h is en t ire work is a n ana lysis of t h e historica l t rend of flood
occu r-rence, as d isclosed by the period of m ea su r ed s t rea m flow r ecord, it is of
in t e r es t t o discov er if p ossible to what extent discordant even t s m a y be expected t o
occur . I n r evi ew in g this p os si b ili t y among ra infa ll da ta tha t a ntedate stream flow
r ecords by so m e 30 or 40 years, it w a s observed that the seasons 1883-4 and 1889-90
in so u thern Cali fornia w ere very u nusu al. Both h a d m or e than double n ormal
pr ecipitation while the largest season durin g the p er iod of m easur ed ru n -off h ad
barel y 50 pe r cen t m ore than n ormal precipitation . Al s o the season 1883- 4, as di s
closed by th e r ecords a t L os A ngeles, was u nu sual in h aving a s tor m of 2.32 inch es
in t w o da y s durin g the f or e part of A pril, w h il e the season 1889- 90 was ext r em ely
unusual in the vo lu me of f all p r ecipitation , it aggregating by J a nuary 1, 1890, 62 per
ce n t in excess or .th e t otal for a n or m al season. A detail study of the daily p recipi t a 
ti on of thes e t w o seaso ns shows tha t, h ad the r eservoir op erating dia gram for the
San Gabrie l River be en in u s e, th er e m ig ht h ave b een t echnical fa il ure in its operation
by the r eservoir filli n g a n d so me water pa ssing ove r the spillway to a ugmen t the
controll ed flow bel ow the reservoir, h owever, no reason was fo u n d to suppose t h at
thi s qua n ti t y wou ld h a ve been la r g e en ough to b e ser ious. It is evid ent from s tudy
ing the r ecords tha t both of thes e season s h ad un u su al features that dep a rt m ater ia ll y
from th e tren d of the period of m ea s u red r u n -off so that some m od ifica t ion of the
r eservoir operating diagra m f or the San Gabriel R iver, as h erein pr es en t ed , w ould
probably b e r equir ed if it were de si red tha t the oper ation of t h e di agram be t ech 
n icall y perfect in t hese t wo se asons a n d run-off recor ds w ere at h and to wor k w ith .

R u n -off data collected ' on t he . fo u r ill u strati ve str eams s ince the cl os e of t he
analyses contain ed in t h is b ull e t in h a ve a ls o been reviewed for d iscorda n t events.
It was found tha t a ll floo ds, including t h a t of March 25- 27, 1928, would h ave b ee n
controlled as a n ti ci pated. T h e flood of March 25-27, 192 8, on the M ok elumne R iver ,
h ow ever, exceeded the once -in -5 0-year value which , by constr uction, the d iagram is
not ex pected to co n t r ol. 'l' h erefor e, the empty s pace provided by' the di a gram fa ils
t o con t r ol t his flood under d irec t t est. N evertheless, w ith flood co ntrol and cons er va 
tion co or di nated as described her e in , t his floo d w ould h ave been controll ed t o the
specified m a ximum flow by r ea son of t h e a dd itional em p ty s pace provided by the
dra wdown resu lting f r om n orm al con serva t ion draft,
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occur but once or tw ice wit hin the peri od of r ecord, are thus accorded
an average st anding that may or may n ot be actually theirs. It is
apparent that the occurre nce of these infrequent events within the
yea rs during whi ch st rea m flow meas urements happened to be mad e,
is mu ch a matter of circ umstance since there appears to be no orderly
sequence in the size of st ream flow. When longer r ecords of st ream flow
become available, no doubt man y of these events will be found to per
t ain to qui te differ ent average in tervals than those herein assigned.
Wi th this viewpoint in min d, positi ons on th e di agrams were found for
the curves and parts of curves re present ing infrequ ent events that ' are
logical in relation to the plot ted data bu t that appear in places t o' be
out of sympathy with some of them. Whether or not the in terpretations
are cor reet can not be foretold . Greater length of st ream flow record
alone can furnish the mean s of improving the se interpretations ' of the
data . In the meantime the res ults of the an alyses should be employed
with judgment.

The four reservoir oper at in g diagrams, constructed as a' conclusion
of the analyses described- herein , are tested against the ent ire : period
of"st ream-flow record on their r espective:st r eams at the close of Chap
ter s V and VI and' are found t o be entirely ' adequat e for controll ing
all floods of r ecord. In fact ; for the most part , 'more than half r the
space provided by the diag rams for detaining excess flood water is
seldom used in ' these tests. E ven the largest floods of record do not
r equire the ent ire r eserve to detain their volume of excessive flow.
Although in engineeri ng practice, t est against the peri od of r ecord is
often deemed sufficient to deter mine the reliability of perform an ce of
proposed control works, never theless, it is thought that a particular
adva ntage of the system of analysis herein descr ibed is tha t it afford s
the means of designing flood control works not only adequate for all
occurre nces of histor ical record bu t adequate, to the deg ree selected,
for future expectancies as disc losed by the t rend of the histori cal r ecord.
It is of interest to note, for in stan ce, in connecti on with the reservoir
operating diagram for controll ing floods on the San Gabrie l River
when employed in th e "Coordinated Plan," that only t hree -fifths of
the 131,000 acr e-feet of maximum flood cont rol rese rve is filled while
controlling the largest flood of r ecord to 1900 second-feet, and that only
one-third of this maximum reserve is filled on an average in so control
ling the tw enty largest recorded. floods. This r eservoir operat ing dia
gram was designed to control floods larger than have occurred within
the period of record. For this r eason the floods of r ecord do not fill
the entire reserve. A safety fac tor either greater or less tha n indicated
by th e above figure s could have been introduced in the diagram at the
t ime of it s cons t ruction if it wer e thought desir abl e.

In response to the questi on as to what would happen if several large
floods should follow one another, the largest flood of record in each
calenda r month f rom December to April on the San Gabriel River was
selecte d and they were assumed to follow .one another, each occurr ing
on its actual calenda r date under the condit ions of recorded precip ita
tion bu t transposed to a hypothet ical year . Th e transposition was
made from one year to t he other on the day before the first rapid
in cr ease in flow of the next flood. By test aga inst this ser ies of floods,
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th e San Gabriel diagram was thus found to be ad equate to cont rol in
succession th e floods of December, 1921, January, 1916, F ebruary, 1914,
March, 1905, and Apri l, 1926.

It may be concluded, therefore, that the reliabil ity of the system of
analyses herein described is essen ti ally dependent upon the extent to
which the future will r epeat the past . If it does and the years of
stream flow record at han d disclose the past correctly, then the deduc
tio ns of these analys es ar c reliable. If it does not, the deductions
involve the same er ror that is conta ined in all other hydrau lic est imates
of common use. The founda tion of all eng ineer ing rests upon the
expectancy of a r epetition of past events under like circumstances in
the future. Many millions of dollars are spent an nually and whole
cities are erected upon this assumption. 'Without it practical engineer 
ing could not progress. The nineteen to thirty-one years of stream flow
measurement upon whi ch the illust rations of this volume are based,
furnish a longer record than is available in many instances for
hydraulic design. The lack of data often makes it necessar y t o base
hydraulic design on rather bri ef stream flow records and sometimes
none at all. Because these illust rations arc based upon the longest
r ecords of st ream flow in the state, it is believed that they have a
stronger claim for accuracy than most work of the kind. Therefore,
the analyses of this volume are presented as illustrative of principles
relating to the control of floods by reservoirs ad equately reliable in
their essential features for practical application, if judgment is
employed. Although the reservoir operating diagrams are presented
as a culmination to these analyses, never theless, it is not intended that
their features should be appli ed indiscriminat ely . They are presented
as illustrations and their feature.s should be adjust ed to the necessities
of each specific instance in order to secure good results.

Accuracy of analyses.

Essentially speaking, the accuracy of the analyses contained herein
is ' dependent upon the correctness of the rainfall and st r eam gaging
r ecords employed. It is commonly known that the cost of gaging
streams with exactness is prohibitive' for general work. On the other
hand, experience in ' California indicates that for the most part, t he
record s of the Unite d States Geological Survey that have been used
exclus ively in this work , are substantially correct. To seriously affect
the analyses there would ha ve to be an error in either the observations
of rainfall or st ream flow continuing- through years of time, or in the
records of the larger floods that cast the greater influence in the exten
sion of the curves of th e several diagrams. 'I'his volume is prepared
wit h full acceptance of the st ream gag ing and rainfall records as pub
lished or in preparation for publication by th e fed eral bureaus. It has
been left to the judgment of whoever may uti lize it s contents, to in t ro
duce such safety factor in this respect as may be deeme d desirable
under the cir cumstances at th e time of use, Attention has been placed
on producin g a work that would make this possibl e.

Effect of length of stream flow record u po n the acc uracy of deductions.

In reviewing the analyses described in this volu me, it may seem
rath er bold to attemp t to predict the vast future from the trend of
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occurrcnces during the past 15 to 30 years, yet , there appears to be
no alternative, if such knowledge is desired , until sufficient time has
elapsed from the beginning of syst ematic r ecor ds for the accumulation
of more data. Svstematic measurements of California streams started
in 1895, only thirty-two years ago. It was some time, however , before
many streams wer e included in the program, so that there are now only
a few that have been measured for more than tw enty years. Fortu
nately , as closer settlement and larger property va lues urge greater
accuracy in flood an alysis than can be attained at present, the expe
rience of additional years will be at ha nd for more perfect analyses
than can be attained with present information. In th e meantime ,
judgment must be employed in th e application of the best analyses
possible of available data.

In order to throw some light upon the extent to which the length of
stream flow record affects the r equired reservoir space for controlling
floods indicated by these analyses, P late XXVIII, " E ffect of Omission
of the First H alf of the Years of Recor d that Contains Five of the
Largest Floods on Indicated Reservoir Space Required to Control
F'loods on Sacramento River near Red Bluff ," has been prepared. It
illustrates th e variance in deductions that may be made from two
records, one half the length of the other and contain ing only the lesser
floods. The analy sis shown in bla ck is taken from P late X of Chapter
I V. It employs the ent ire thirty yea rs of r ecord on the Sa cramento
-River , Superimposed in r ed is an analysis of the last fifteen years,
simila r in all respects to the first except that it employs only the half
of the r ecord subsequ ent to the hi storic flood years of 1907 and 1909.

It may be observed, in the part of the plate r elating to the data used
in constructing P late XVIII, "Reservoir Operat ing Diagram fo r Con
trolling F loods on th e Sacra mento River," that the di fference in th e
maximum flood control reserve det ermined by these two analyses, is
15 per cent.

Geographical lim itations of system of analysis.

Since the en tire analysis herein presented is empir ical and ha s been
develop ed and test ed ent irely from da ta on California st reams , it is not
known to what extent it may be successfully applied in other local it ies.
No doubt the definite limits to the flood season found in these analyses
bear some relation to th e sharp demarcation betw een the wet and dry
seasons, one of the distinctive features of California climate. Since
this distinct wet and dry season is the reason for conserving flood
waters in California, it seems probable that the double use of the same
reservoir space for bot h flood control and cons ervation would not be of
such economic impor tance if climatic conditions were different. There 
forc , it can not .be said, without extended inquiry which has not been
made, to what extent th e system of analyses herein described appli es
to localit ies of less marked wet and dry seasons than California. 'I'h e
discussion herein presented is of Cali for nia conditions.

Future possibilit ies of im pr ovi ng proposals for control of floods by reservo irs.

The 'proposals for con t roll ing floods by r eservoirs descr ibed her ein
all pertain to single reservoirs. At the time of preparing this work, a
la rge program of r eservoir construction is in its inc eption in California .
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'Since this program must necessar ily be constructed progr essively, the
possibilit y of coordinating flood control by reservoirs an d conservat ion
is illustrated herein in its r elat ion to the first installment of this large
reservoir const ruction progra m. 'I'he examples worked out demonstrat e
tha t the first units of this large reservoir constr uction program may be
used to control floods wit hout interference with conserv at ion values.
How ever, as time goes on and more tha n one large reservoir is con
structed on each stream, t he flood cont rol reserve may be divided
among several r eservoir s instead of being allocated entirely to one as
in the illustrati ons herein . In doing this, either a greater degree of
flood control may be effected by enlarg ing the t otal r eserve or the
possibility of in terference with conservat ion may be made even more
remote than in the proposals herein described and t est ed by dividing
t he reser ve without enlargement among several r eservoirs.

Th e proposals for the cont rol of floods by reservoirs may be still
further improved as years pa ss by, since st ream flow data covering
longer periods of time will be at hand. The added data will permit
new analyses to be made tha t will offer great er assurance of accuracy
than is possible at present and th rough closer st udy mad e possibl e by
addit ional data, no doubt improvements may be devised in the con
st r uct ion of the reserv oir operat ing diagrams. It is cer tain that much
improvement may be mad e inthe part of the diagrams pertaining to
snow-water floods.

In the an alysis her ein, the part of th e diagrams pertaining to snow
water floods is constructed using indices of r ainfall . Since snow-water
floods pertain more to the amount of snow-on-the-gr ound at any t ime,
rather than upon the total of previou s seasonal precip itation, it is evi
dent th at , were data of snow-on-the-ground available, superi or r esults
could be obtained . Thi s is indicated on Plate X XIV, p . 119, and Plate
XXV, p . 131, which show the effect on reservoir stage of contr olling
floods on the Mokelumne and San Joaquin rivers by the reservoir
operating diagrams described in Chapter V. In reviewing these plates,
it is noticeabl e in man y instances, th at sp ace is held in reserve for
flood control du ring the la tter part of J une and the first part of July ,
when, by the in dicat ions of subsequent st ream flow, the snow in the
mountains mu st have been too far melt ed t o produce floods. Since these
reservations of reservoir space are held nearly to the close of the run-off
season, they resul t in the reservoir f ailing to fill to the point th at it
other wise would, had spac e not been r eserved for flood control, and
cause a slightly redu ced yield there by. While in these two inst an ces
the differ ences in reservoir yield with and without flood control are

. small, nevertheless, it is believed that a not iceable improvement could
be made in the part of the work relat ing to snow-water floods, if data
relating to snow-on-the-ground wer e availab le. It is believed that
superio r r esults could be obtained by constr ucting t he part of th e
reservoir operating diagram relat ing to snow-water floods upon indices
of snow-on-the-ground inst ead of upon indices of precipitation. The
rainfall in dices apparently indica te the general cha racte r of the season
fa ir ly well so far as r ain- water floods are concerned, but, in failing to
in cor porate the effect of weath er conditions subsequent to precipitation
upon the amount of unmelted snow r emaining on the gr ound, lead to
the unnecessary reservation of r eservoir spa ce for the cont rol of snow-
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water floods alm ost up to the close of the run-off season . If indices of
snow-on-the-ground at some suitable mountain station were used both
in const ruct ing and applying the part of the reservoir operating dia
grams r elating to snow-water floods, the P ardee and Temperance Flat
reservoirs undoubtedly would have filled t o the same point each year
both with and without flood cont rol and there woul d not have been
even the slight r educti on in reservoir yield with the in clu sion of flood
control that is noted in the tests of the r eserv oir ope rating diagrams on
these two streams. (See pp. 121 and 130. )

Indices of snow-on-the-ground could not be used in cons tructing the
reservoir operating diagra ms for the Mokelumne and San Joaquin
ri vers because r ecor ds suita ble for this purpose are not available. So
far as known, the only r ecords of snow-on-the-ground of any length are
at points in the Sacr amento River drainage basin . Since snow melts
ear lier in the season in the Sacra mento than in th e San Joaquin basin,
these records are not ada p ted for use on the Mokelumne and San
Joaquin r ivers.
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TABLES OF MONTHLY SUMMARIES OF WATER AND POWER
YIELD OF RESERVOIRS ON THE FOUR ILLUSTRATIVE
STREAMS.

Yi eld computed on a daily basis to show the effect of in clusion of
the flood cont rol feature up on the yield of the " Coord inated Plan."

KENNETT RESERVOIR ON SACRA MENTO RIVER.

T'able H eight of dam 420 feet . Cap acity of reservoir 2,940 ,000 acre-feet.
No . Page

Assumptions employed in computing water and power yield 216
1a. Op erating primarily for power gen eration with incid en tal irrigation.

W ith and without flood control by reservoir operating diagram 218
2a . Operating primarily for irriga tion with incidental power gen eration.

'With and without flood cont rol by rese r voir operating dia gram 234
3a. Operating primarily for ir riga tion. Comparison for two methods of floodcontrol 250

4a. Oper a ting prima ril y fo r power generation with in cidental irrigation.
Compa riso n for two meth ods of flood controL 266

5a . Summ ary of power yield. With and without two meth ods of flood cont rol 282

PARDEE RESERVOIR ON MOKELUMNE RIVER.

H eight of dam 345 fee t . Capacity of reservo ir 222, 000 ac re -feet .

Assumptions emp loyed in comput ing water and pow er yie ld 298

6a. Yi eld with and withou t flood cont rol by reser voir operating diagr am 300
7a . Compariso n of yield for tw o methods of flood controL 312
8a. Su mmary of yield in water and powe r with and withou t flood control, __ 324

TEMPERANCE FLAT R ES E RV OI R ON SAN JOAQUIN RIVER.

H eight of dam 595 feet. Capacity of reservoir 1,071 ,000 acr e-feet.

Assumpti ons employ ed in comput ing wate r an d power yield 331

9u. Yi eld with and without flood cont rol by reservoir operating diagram 332
l Oa . Compar ison of yield for two meth ods of flood con t roL 342
lla. Summa ry of yield in water and power , 352

SAN GABRIEL RESERVOIR ON SAN GABRIEL RIVER.

H eigh ts of dams 383 and 425 feet . Ca pacity of reserv oirs 180,000 and 240,000
ac re- feet .

Assumptions employed in computi ng wuter yield 358

12a . Yi eld under "Coordin ated Plan ." Flood control and seasonal storage
' coordina ted. Cap acity 180.000 and 240 ,000 aere-fee t ., 360

13a. ' Yield under "Coordinated Plan ." Flood cont rol and seaso nal and over -
year storage coordinated. Capacity 180 ,000 and 240 ,000 ac re- fee L 382

1Ga. Compariso n of yield for tw o meth ods of flood control. F lood control
coord inated wi th seasona l a nd over-year s to rage . ' Ca paci ty 180 ,000 '
acre-feet 404

1ua . Compa rison of yield for three steps in coordinating th e use of reservoir
space. Capacity 180,000 acre-feeL 426

17a . Comparison of yield operating for flood cont ro l and constan t draft only .
Capacity 180,000 and 240 ,000 acre-fee t ., 448



ASSUMPTIONS EMPLOYED IN COMPUTING WATER AND POWER YIELD
OF KENNETT RESERVOIR ON SACRAMENTO RIVER ON DAILY BASIS.

1. Water supply at dam site is the flow at the Red Bluff gaging
station of the Unite d States Geological Survey unimpaired by upst ream
diversions, less 25.9 per cent which is est imated to originate on th e
'aver age on th e drainage area between th e dam site and gaging station,
an d less the unimpaired flow of the P it River at Bieber. No deduction:'!
are made for prior ri ghts downstream from t he dam. .

2. Daily stream flow at the dam site On any day within a month
bears the same relation to the monthly mean at t he dam site as the
measured mean daily discharge of t he same dat e at the Red Bluff
gagin g stat ion of the Unite d States Geologica l Survey bears to the
corresponding measured monthly mean at this station.

3. The reservo ir is full on June 1, 1895, th e opening date of the
estimates. Run-off index of season 1894-1895 is 124. Th e reservoir
fills in 1925 with a run-off index of 81.

4. 'I'he -net evaporation f rom the reservoir sur face equals 3.5 feet
depth per annum , divided among the months as follows :
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Month
Apr il _
~Iay ~~ _
J une _
J uly _
August ~ ~ ~ _
Septe lnber _
October _
November _

D epth in
f eet
0.32
0.44
0.52
0.62
0.58
0.45
0.34
0.23

3.50

P er cent Of
sea son a l t otal

9.2
12.6
15.0
17.8
16.6
12.7
9.6
6.5

100.0

5. The total seasonal demand for irrigation water is divid ed among
the months as follows :

D emand in per
cent Of tota l

M on th seasona l use
. January _~ _~ ___ ___ _ _ _ ______ ___________ ______ _ ______ __________ 0
. February ._ ____ ________________ _____ 0
~[arch . 1
April 5
~Iay ~____ _ _ _____ _______ 16
June 20
July 22
August 20
September 12
October 4
November 0

·.December ~_______ ___________________________ 0

Total ~ 100

6: The seasonal irrigation yield is that which can be obtained during
t he per iod with a deficiency on the aver age not oftener than one year
in ten.

'7. Power is generated at a plant near the base of the dam with a
power factor of O.~Oand load fa ctors as noted..

,
•
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8. Primary power yield is th e energy that can be generated without
fail through every season f ro m 1871 to 1926, divided am ong th e months
as follows :

B l ect ric pow m' con
sumption i n pm'
cent of an nual
t otal i etute-ioul e

Month averag e)
.I a nua ry 7.3 ..,< ,.."
F ebr uary 6.9 ·
Mar ch _______ _____ ____ 7.8
April : ________ _____________________ ________________ 7.9
May . 8.S
Juue 9.0
.luly ·_...: ...: .:.________ 9.4
Augu st 9.5
September ___ _ _ 8.7
October ~ __ __ 8.5 '
Noveluber ...:...:_ _ 8.0
December- 8.2

T ot al 100.00

9. Th e seconda ry power yield is the energy that can ' be generated
in termit tentl y by the installed capacity of t he power plant in ,ad dition
to the primary output. " . .

10. 'I'he over all plant efficiency is 75.0 per cent a,t: fullreservo,ir
level, increases to 77.4 per cent at 0.8 depth and then ' decreases to 75'.0
per cent at 0.6 depth of a full r eservoir . .

11. Th e elevation of the t ail race r ises 26 feet when 100,000 second:
feet are passing the dam , 17 feet wh en 50,000 second-feet are passing;
10 feet when 25,000 second-feet are passin g and cor responding amounts
fo r other flows. . . ' . ' .

.~, i .

. ~-

..f
"l ' ; : "
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TABLE 1a . KENNETT RESER

WATER AND POWER YIELD, OPERATING PRIMARILY FOR
BOTH

WITH AND WITHOUT FLOOD CONTROL
.M on t h ly Sununary of Compu t a

(For corresponding yearly sum
Height of dam 420 feet . Capacity of r eservoir 2,940,000 acre- fe et.

Without floed control
Est i-

mated
fun-off Sta ge of Power dra ft Average power yieldYear and a t reservoir thr ough turbines in Waste in kilowatt smonth dam at acr e-feet Evaoom- over Average (Load factcr = 0.75)site beginning tion in spillway power

in headin
acre-feet . of acre-feet in feetmonth in acre-feet

acre-feet Primary Secondary "P rimary Saconde ry Tot al

- - - --- - - - - - -- - - - - -- --- - - - - - - - - - - - - ---

1896
J an. 1,980,000 2,256,000 238.000 98,OJO 0 960,000 389 97,400 40,500 137,900
Feb. 474.000 2,940.000 218,000 173.000 0 83,000 408 98,400 78.000 176.400
Ma r . 738,000 2,940,000 245,000 215,000 0 278,000 410 101,200 91,100 195,300
April 891,000 2.940,000 249,000 231,000 7,000 401,000 408 109,000 101,000 210.000
May 1,194,000 2,940,000 279.000 219,000 10,000 685.000 407 117,500 92.500 210,000
June 53<;,000 2.940,000 283.000 196,000 12,000 80,000 410 121,200 85.800 210,000
July 313,000 2.00.; ,000 298,000 151,000 14,000 0 407 125,400 63.700 189,100
Aug. 268.000 2.755,000 301,000 102.000 13.000 0 400 126,700 42,500 169,200
Sept. 258,000 2,601.000 282.000 101.000 10,000 0 394 120.000 42.800 162.800
Oct. 262.000 2.469.000 278.000 . 75.000 7.000 0 388 113.400 39.000 143.! OJ
Nov . 472,000 2.371.000 264.000 161,000 5,000 0 385 110.300 63,800 177.100
Dec. 920,000 2,413,000 267,000 246,000 a 0 392 109,400 100,600 210,000

To ta l or - - - ---- - - - --- - - - - -- - -- - - - - - - - - -
average ' 8,306',000 3,205,000 1,968,000 78,000 2,491,000 400 113,000 69,500 182.500

1897
2~820,000J an. 577,000 229,000 129,000 0 99,000 412 97,400 55,000 1., 2,400

Feb. 1,338,000 2.940,000 218,000 231,000 0 889,000 408 101.900 108.100 210,000
Mar. 737.000 2,940.000 247.000 251,000 0 239,000 407 101,200 105.800 210,000
April 858,000 2,940.000 219.000 231,000 7,000 371.000 408 109,000 101.000 210,000
Ma y 551,000 2,940,000 276,000 19,;,000 10,000 73,000 411 117,500 82.500 200.000
June ~ 1O.000 2.940,000 283.000 73.000 12.000 0 410 121,200 32.100 155.300
July 2/5.000 2.S82.000 298,000 90.000 14.000 0 407 125.400 3 1.900 163.000
Aug. 251 000 2.755.000 305.000 87,000 13,000 0 400 126.700 3'l,200 162.900
Sept. 247.000 2.604.000 282.000 90.000 10,000 0 394 120.000 38.200 158.200
Oct . 262.000 2.469.000 278.000 75.000 7,000 0 388 113.400 30.500 ' 143,900
Nov . 274.000 2.371,000 265,000 97.000 5,000 0 382 110,300 40,300 150,600
Dec. 366.000 2,278,000 274,000 113,000 0 0 380 109,400 45,200 154,600

Total or - -- - - - - - - - - -- - - -- - - - - - - - - -- - - - - --
average 6,052,000 3,204,000 1,662.000 78.000 1,671,000 401 113,400 59,100 172.500

1898
Jan. 257.000 2.257.000 213.000 0 0 0 380 97.400 0 97.400
Feb. 478,000 2,27 1.000 226.000 0 0 0 388 101,900 0 101,£00
Mar. 380,000 2,523,000 218.000 0 0 0 397 101,200 0 104,200
Apr il 274,000 2.655.000 253.000 0 7.000 0 400 IOJ.OOO 0 109.000
May 300.000 2.669.000 281.000 0 10.000 0 401 117,500 0 117.500
J une 301,000 2,678,000 287,000 0 11.000 0 401 121.200 0 124,200
J uly ' 237,000 2.684.000 301,000 0 14,000 0 400 125,400 0 125,400
Aug. 225,000 2,606.000 307,000 0 12.000 a 316 126,700 0 126,700
Sept. 198,000 2,512,000 284,000 0 9,000 0 390 120,000 0 120,000
Oct. 221.000 2.41 7.000 279,000 0 7,000 0 386 113,100 0 113,400
Nov. 217,000 2.352,000 265,000 21,000 5,000 0 383 110,300 8,800 119,100
Dec. 217,000 2.278,000 274,000 0 0 0 380 . 109.400 0 109,400

Total or --~
.._ - - - - - - -- - - -- - - - - - - - --- - --- - ----

average 3,308,000 3,218,000 21,000 75,000 0 302 113,400 700 114.100

1899
Jan. 605.000 2,221,000 239,000 0 0 0 388 97,400 0 97.400
Feb. 253.000 2.587,000 222,000 0 0 0 398 101.900 0 101.£00
Ma r . 900,000 2,618,000 219,000 65,000 0 264.000 404 104,200 27,300 131,500
Apr il 456.000 2.940.000 217.000 174.000 7.000 28,000 411 IOJ,OOO 76.300 185.300
May 330,000 2.940.000 276.000 44.000 10.000 a 412 117.500 18.800 1 ~ ' . ~00

June 302,000 2,940.000 282.000 5~.000 12,000 7,000 411 121,200 25,700 149.900
Jul y 240,000 2.882,000 298,000 55,000 14.000 0 407 125,400 23.100 118.500
Aug. 224,000 2.755.000 304.000 58.000 13.000 0 400 126,700 21.200 150,900
Sept. 197.000 2,601.000 282,000 40.000 10,000 0 394 120,030 11) ,900 135.900
Oct. 252.000 2,469,000 278,000 65.000 7.000 0 3S8 113,400 23,500 131,[ 00
Nov . 645,000 2.371,OCO 261.000 18 7.000 5,000 0 385 110300 77,900 188 200
De c. 646.000 2.560.000 265,000 243.000 0 0 398 109,400 100.600 210,000

Total or - - - - - - - - - - - - - - - --- --- - - - - - - - - --
average 5.050,000 3,206,000 990,000 78.000 299,000 400 113,400 3 1,900 148,300

"Total primary powerproduction in February of leap years taken the same as in other years.

,
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BY RESERVOIR OPERATING DIAGRAM.
tions Carried out on a Daily Basis .
mar y , see T able 1, page 108.)

Installed capacity of power plant 400,000 k .v.a , P . F.=0.80

Coordinated with flood control by reserveir operating diagram
Maximum controlled flow at Red Bluff 125.000 sea-ft. Max imum reservoir space required 454.000 ac.-ft.

Stage of I Power dra ft Rel ease
Averag e power yield Year and

reservoir through tu rb ines in th rough Waste Average in Kilowatt s month
at acre-feet Eva nora - over (Load facwr=0.75)

beginn ing t ion in flood spillway power
cont rol head inof acre-feet out lets in in feetmonth in Pri mar y Secondary acre-feet acre-feet " Pr imary Secondary Tet al

acre-feet
- -- - - - --- - - - --- - -- --- - -- --- --- - - -

1896
2,256.000 242,000 118.000 0 1.367,000 0 383 97,400 47.200 144,600 Ja n.
2,509,000 231,000 51,000 0 50,000 0 396 98,400 22,300 120,i 00 Feb.
2,651.000 241,000 49,000 0 0 153.000 405 104,200 20,400 124,600 Mar .
2.940.000 249,000 231,000 i .OOO 0 404,000 408 109,000 101,000 210,000 April
2,940.000 279,000 219,000 10,000 0 686,000 407 117,500 92,500 210.000 May
2,940.000 283.000 196,000 12,000 0 80,000 410 124,200 85,800 210,000 June
2,905,000 298.000 151,000 14.000 0 0 407 125,400 63,700 189,100 July
2,755.000 304,000 102.000 13.000 0 0 400 126,700 42,500 169.200 Aug.
2,604,000 282.000 101,000 10.000 0 0 394 120.000 42,800 162,800 Sept.
2,469,000 278,000 75.000 7,000 0 0 388 113,400 30.500 143,900 Oct.
2,371,000 264,000 161,000 5,000 0 0 385 110,300 66,800 177,100 Nov.
2,413,000 268,000 247,000 0 223,000 0 3, 0 109,400 100,600 210,000 Dec.

- - - --- -- -- - -- --- - -- - - - - -- --- - - - Tola l or
3,225.000 1,701,000 78,000 1,640,000 1,323.000 398 113,000 59,700 172,700 averag e

1897
2,595,000 238,000 174,000 0 252.000 0 .92 97,400 71,000 168,400 Jan.
2,508,000 228.000 242,000 0 846,000 0 385 101,900 108,100 210,000 Feb.
2,530,000 251,000 130,000 0 75,000 0 398 101,200 53.200 157,400 Mar .
2,811,000 249.000 186,000 7,000 2,000 285,000 408 109,000 81,400 190,400 Apr il
2.940,000 276,000 195,000 10.000 0 73,000 411 117,500 82,500 200.000 May
2,940,000 283,000 73,000 12,000 0 0 410 124,200 32,100 156,300 Jun e
2.882,000 298.000 90,000 14.000 0 0 407 125.400 37,900 163,300 July
2,755,000 305,000 87.000 13,000 0 0 400 126,700 36,200 162.900 Aug.
2 604,000 282.000 90,000 10,000 0 0 394 120,000 38,200 158,200 Sept.
2,469,000 278,000 75,000 7,000 0 0 388 113,400 30,500 143,900 Oct.
2,371,000 265,000 97.000 5,000 0 0 382 110,300 40,300 150,600 Nov.
2,278,000 274,000 113,000 0 0 0 380 109,400 45.200 154,600 Dec.
--- --- --- --- - -- --- - - - - - - - --- --- Total or

3,227,000 1,552,000 78,000 1,175,000 358,000 396 113,400 54,300 167,700 average

1898
2,257,000 243,000 0 0 0 0 380 97,400 0 97,400 Jan .
2,271,000 226,000 0 0 0 0 388 101,900 0 101,900 Feb.
2,523,000 248,000 0 0 0 0 397 104,200 0 , 104,200 Mar .
2.655,000 253,000 0 7,000 0 0 400 109,000 0 109,000 April
2,669,000 281,000 0 10,000 0 0 401 117,500 0 117,500 May
2,678,000 287,000 0 11,000 0 0 401 124,200 0 124,200 J une
2,684,000 301,000 0 14,Q00 0 0 400 125.400 0 121i,400 July
2,606,000 307,000 0 12,000 0 0 3,6 126,700 0 126,700 Aug.
2,512,000 281,000 o · 9,000 0 0 390 120,000 0 120,000 Sept.

. 2,417.000 279,000 0 7.000 0 0 386 113,400 0 113,400 Oct.
2.352,000 265,000 21,000 5.000 0 0 383 110,300 8,800 119,100 . Nov.
2.278,000 274,000 0 0 0 0 380 109,400 0 109,400 Dec.

- -- - -- --- - - - - - - - - -- --- - - - - -- Total or
3,248,000 '21,000 75,000 0 0 392 113,400 700 114.100 aver age

1899
2,221,000 241,000 45,000 0 2,000 0 387 97,400 18,400 115,800 Jan .
2,538,000 223,000 0 0 0 0 396 101,900 0 101,900 Feb.
2.568.000 219,000 57,000 0 278.000 0 399 104,200 23,900 128,100 Mar .
2,884,000 216,OCO 140,000 7,000 0 7,000 412 109,000 61,500 170,500 April
2,940.000 276,000 44.000 10.000 0 0 412 117,500 18,800 136,300 May
2,940,000 282,000 59,000 12,000 0 7,000 411 124.200 25,700 149,900 June
2,882,000 298,000 55,000 14,000 0 0 407 125,400 23,100 148,500 Jul y
2,755,000 304.000 58.000 13,000 0 0 400 . 126,700 21,200 150,900 Aug.
2.604.000 282,000 40,000 10,000 0 0 394 120,000 16,900 136.£00 Sept.
2,469,000 278,000 65.000 7,000 0 0 388 113,400 26,500 139,900 Oct.
2,371,000 264,000 187.000 5,000 0 0 386 110,300 77,900 188,200 Nov.
2,560,000 266.000 244,00) 0 108.000 0 396 10).400 100,600 210,000 Dec.

- --- - - - - - - - - - - - - - - -- --- - - -- - - -- - - - Total or
3,209,000 994,000 78,000 388,000 14,000 399 113,400 35,000 H~,400 ave rage
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TABLE la (Continued). KENNETT

WATER AND POWER YIELD, OPERATING PR IMAR ILY FOR
BOTH t .

WITH AND WITHOUT FLOOD CONTROL
Monthly Summary of Computa

(For corresponding yearly sum
Height of dam 420 feet . Capacity of r eservoir 2,940,000 acre-feet.

Without flood control
Esti-
mated

Year and
ru n-ofl Stage of Power draft Average power yield

at reservoir through turbines in Waste in kilowattsmonth dam at aere-feet Evapora- Average (Load faetot=O.75)
site

over power
in

begin ning tion in spillway head in
acre-feet

of acre-feet in feetmonth in acre-feet
acre-feet Pr imary Secondary "Primary Secondary Tot al

--- --- --- --- - - - --- - - - --- - - - - - - ---
1900

Jan . 1,299.000 2,698,000 2~2,000 247,000 0 578,000 40,; 97,400 103.500 200,900
Feb. 391.000 2.910,000 217,000 134.000 0 40,000 410 101.900 62.500 164,400
Mar . 912.000 2,940,000 24.>.000 242.000 0 425,000 410 104,200 102.400 206,600
April 457,000 2.940,000 246,000 183,000 7,000 21.000 412 109,000 80,300 189,300
May 4 1~.000 2.940,000 276,000 110.000 10,000 17,000 412 117,500 46,600 164,100
June 247,000 2.940,000 282,000 11,000 12,000 0 412 124,200 4,900 129100
J uly 219,000 2,882,000 297,000 3'>,000 14,000 0 408 125,400 14,800 140,200
Aug. 208,000 ~ ,755,000 303,000 43,000 13,000 0 402 126,700 17,900 144,600
Sept. 201.000 2,604,000 282.000 44,000 10.000 0 394 120,000 18,800 138,800
Oct. ,0 8,000 2.469,000 278,000 121000 7,000 0 388 113,400 49,200 162,600
Nov. 368.000 2,371,000 2M,000 14.>,000 5,000 0 384 110,300 59,700 170,000
Dec. 697,000 2,325,000 271,000 222,000 0 0 384 109,400 89,000 198,400

Total or --- - - - ------ - - - --- - - - - - - - - - ---
average 5,720,000 3,193,000 1,537,000 78,000 1,081,000 402 113,400 54,200 167,600

1901·
Jan. 895,000 2,529,000 230,000 95,000 0 15P,OOO 406 97,400 39,900 137,300
Feb . 1,304,000 2,940,000 218,000 223.000 0 863,000 408 101,900 104,200 206,100
Mar. 749,000 2,940,000 247,000 246,000 0 256,000 407 104.200 103,800 208,000
Apri l 382,000 2,940,000 246,000 123,000 7,000 6,000 412 109,000 54,000 16.1,000
May 411,000 2,940,000 276,000 120,000 10,000 5,000 412 117,'>00 51,100 168,600
June 240.000 2,940.000 282,000 4,000 12,000 0 412 124,200 1,800 126,000
Ju ly 218.000 2 ,8~2 ,000 297,000 34,000 14,000 0 408 120,400 H ,200 139,600
Aug. 206.000 2,755,000 303,000 41.000 13,000 0 402 126.700 17,100 143,800
Sept . 200.000 2,604,000 282,000 43,000 10,000 0 394 120,000 18,200 138,200
Oct. 215,000 2,46g,OOO 278,000 28,000 7,000 0 388 113,400 1l .400 124.800
Nov. 354,000 2.371,000 265,000 103.000 5,000 0 383 110,300 42,500 152.800
Dec. 550,000 2,352,000 . 272,000 252,000 0 0 383 109,400 . 100,600 210,000

Total or --- --- - - - - - - - - - - - - - -- --- - - - - - -
average 5,724,000 3,196,000 1,312,000 78,000 1,289,000 401 113,400 46,300 159,700

1902
Jan. 227.000 2,37Q.000 240,000 0 0 0 3R6 97,400 0 97,400
Feb . 2,782,000 2,365,000 224,000 1 5~.000 0 1 ,8~0, 000 392 tn 1.900 6Q,300 171,200
Mar . 1.115.000 2,940,000 248,000 253,000 0 614,000 404 104,200 I 10'>,800 210,000
April 891,000 2,940,000 249,000 232,000 7,000 403,000 408 109,000 101,000 ' 210,000
May 76,;,000 2,940,000 278,000 216,000 10,000 261,000 409 117.500 91,400

,
208.900

June 407,000 2.940,000 282,000 164,000 12,000 7,000 410 124,200 71,700 195,900
Ju ly 2,';4,000 2,882,000 298,000 69,000 14,000 0 406 125,400

I
29,000 154,400

Aug. 234,000 2,755,000 304,000 08,000 13,000 0 400 . 126,700 28,400 15'> ,100
Sept . 181.000 2,604,000 282,000 27,000 10,000 0 394 120,000 11,400 131,400
Oct . 2~'> , OOO 2,469,000 278,000 48,000 7,000 0 388 113,400 19,500 132,900
Nov. 829,000 2,371,000 258,000 190,000 5,000 0 396 110,300 81,100 191,400
Dec. 762,000 2,747,000 260,000 239,000 0 70,000 407 . 109,400 100,600 21O,000

Total or - -- --- - -- - --- - -- - - - ---
113,400

- - - - --
average 8,685,000 3,201,000 1,659,000 78,000 3,185,000 400 58,900 172.300

1903
.,

Jan. 1,113,000 2,940,000 230,000 214,000 0 669,000 409 97,400 90,300 , 187,700
Feb. 633,000 2,940,000 218,000 231,000 0 184,000 408 101,900 108,lO0 210,000
Mar. 1,339,000 2,940,000 246,000 2'>2,000 0 841,000 408 104.200 105,800 2lO,OOO
April 765,000 2,940,000 250,000 232.000 7,000 276,000 407 109,000 101,000 2lO,OOO
May 458,000 2,940,000 276,000 152,000 1O,000 20,000 412 117,500 61,700 182,200
June 278,000 2,940,000 282,000 42,000 12,000 0 412 12 !,200 . 18,300 142,500
July 231,000 2,882.000 297,000 47,000 14,000 0 408 125,400 19,800 , 145,200
Aug. 204,000 2 755000 o' 303,000 39,000 13,000 0 402 126,700 16,300 143,000
Sept . 174,000 2:604:000 ' 282,000 17,000 10,000 0 394 120,000 7,200 127,200
Oct. 199,000 2,469,000 278,000 12,000 7,000 0 388 113,400 4,800 118,200
Nov . 924,000 2,371,000 261,000 156,000 5,000 0 390 110,300 65,600 175,900

. Dec. 530,000 2,873,000 . 259,000 238,000 0 0 ... 408 . 109,400 . IOO,600 2lO,Ooo
Total or - -- - - - --- --- - -- --- - - -- --- - - - ---
average 6,848,000 3,18~,OOO 1,632,000 78,000 1,990,000 404 113,400 58,200 171,600

. _. . . . . .

•

'.

'.

......
"Total primarypower production in February of leap years taken the same as in other years.
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BY RESERVOIR OPERATING DI AGRAM.
tions Carried out on a Daily Bas is .
mar y, see Table I , page 108.)

" Installed capaci ty of power plan t 400,000 k.v. a . P.F. = 0.80

.'

Coord inated with flood contr ol by res ervoir operating diagram
Max imum controlled flow at Red Bluff 125,000 sec-ft. Maximumreservoir space required 454,000 ac.-It .

Stage of Power draft Average power yield
reservoir th roug h turbines i n Release Waste in kilowatt s

a t acre-feet Evapora- th rough over Average (Load factor= 0.75) Year and
beginning tion in flood spillway power mont h

of acre-feet control in head in
month in outlets in acre-feet feet
acre -feet Pr imary Seconda ry acre-feet "Primary Secondary Total

--- - - - - - - - - - - - - --- - - - - -- - - - --- ---
1900

2,588,000 240,000 274,000 0 883.000 0 388 97,400 110,900 208,300 J an. '
2.490,000 224,000 49,000 0 29,000 0 394 101,900 22,000 123,900 Feb.
2,579,000 250,000 107,000 0 316,000 0 400 104,200 43,800 148,000 Ma r.
2,818,000 247,000 77,000 7,000 0 4,000 411 109,000 33,900 142,900 April
2,940,000 276,000 110,000 10,000 0 17,000 412 117,500 46,600 164,100 May
2,940,000 282,000 11,000 12,000 0 0 412 124,200 4,900 129,100 J une
2,882,000 297,000 35,000 14,000 0 0 408 125,400 14,800 140,200 J uly
2,755,000 303,000 43,000 13,000 0 0 402 126,700 17,900 144,600 Aug . .
2,604,000 282,000 44,000 10,000 0 0 394 120,000 18,800 138,800 Sept.
2,469,000 278,000 121,000 7,000 0 0 388 113,400 49,200 162,600 Oct.
2,3i1 ,000 264,000 14",000 5,000 0 0 384 110,300 59,700 170,000 Nov .
2,325,000 271,000 222,000 0 0 0 384 109,400 89,000 198,400 Dec.
------ - - - - - - - -- --- --- - ----- - -- Total or

3,214,000 1,238,000 78,000 1,228,000 21,000 398 113,400 42,900 156,300 average

1901
2,529,000 239,000 251,000 0 446,000 0 389 97,400 101,600 199,000 J an .'
2,488,000 227,000 223,000 0 801,000 0 386 101,900 99,400 201,300 Feb .
2,541,000 251.000 128,000 0 155,000 0 398 104,200 52,400 156,600 Mar.
2,756,000 249,000 0 7,000 0 0 408 109,000 0 109,000 April
2,882,000 276,000 67,000 10,000 0 0 412 117,500 28,500 146,000 Ma y
2,940,000 282,000 4,000 12,000 0 0 412 124,200 1,800 126,000 June
2,882,000 297,000 34,000 14,000 0 0 408 125,400 ' 14,200 139,600 J oly
2,755,000 303,000 41,000 13,000 0 0 402 126,700 17,100 143,800 Aug .
2,604,000 282,000 43,000 10,000 0 0 394 120,000 18,200 138,200 Sept.
2,469,000 278,000 28,000 7,000 0 0 388 113,400 11,400 124,800 Oct .
2,3i1 ,000 265,000 103,000 5,000 0 0 383 110,300 42,500 152,800 Nov .
2,352,000 272,000 252,000 0 0 0 383 109,400 100,600 210,000 Dec.

- - - ------ - - - - - - --- - -- --- - ----- Total or
3,221,000 1,174,000 78,000 1,402,000 0 397 113,400 40,400 153,800 average

1902
2,378,000 240,000 0 0 0 0 386 97,400 0 97,400 Jan: '
2,365,000 230,000 176,000 0 2,175,000 0 381 101,900 77,100 179,000 Feb.
2,566,000 . 251,000 183,000 0 409,000 0 398 104,200 75,300 179,500 Mar.
2,838,000 249,000 187,000 7,000 0 346,000 408 109,000 81,500 190,500 April
2,940,000 278.000 216,000 10,000 0 261,000 409 117,500 91,400 208,900 May
2,940,000 282,000 164,000 12,000 0 7,000 410 121,200 71.700 195,900 June
2,882,000 298.000 69,000 14,000 0 0 406 125,400 29,000 154,400 J uly
2,755,000 30l, 000 68,000 13,000 0 0 400 126,700 28,400 155,100 Aug.
2,604,000 282,000 27,000 10,000 0 0 394 120,000 11,400 131,400 Sept .
2,469,000 278.000 48,000 ' 7,000 0 0 388 113,400 19,500 132,900 Oct.
2,371,000 ·258,000 190,000 5,000 0 0 396 110,300 81,100 . 191,400 Nov .
2,747,000 264,000 241,000 0 352,000 0 400 109,400 100,600 210,000 Dec.

- - - --- - - -- - - - --- - - - - - -- - - - - - - --- Total or
3,211,000 1,569,000 78,000 2,936,000 614,000 398 113,400 55,300 168,700 average

1903
2,652,000 240,000 264,000 0 772,000 0 388 97,400 106,900 204,300 Jan.
2,489,000 226,000 222,000 0 126,000 0 390 101,900 100,100 202,000 Feb.

,. 2,548,000 253,000 242,000 0 580,000 0 394 104,200 99,600 203,800 Mar.
2,812,000 249,000 225,000 7.000 46,000 110,000 408 109,000 98,100 207,100 April
2,940,000 276,000 152,000 10,000 0 20,000 412 117,500 64.700 182,200 May
2,940,000 282,000 42,000 12,000 0 0 412 124,200 18,300 142,t'OO Jun e
2,882,000 297,000 47,000 14.000 0 0 408 125,400 19,800 145,200 July
2,755,000 303,000 39,000 13.000 0 . 0 402 126,700 16,300 143,000 Aug .
2,604,000 282,000 17,000 10,003 0 0 394 120.000 7,200 127,200 Sept .
2,469,030 278,000 12,000 ' 7,000 0 0 388 113,400 4,800 118,200 Oct .
2,371.000 261.000 156,000 5,000 0 0 390 110,300 65,600 175,900 Nov.
2,873.000 263,000 229,000 0 310,000 400 109.400 95,300 204,700 D~c.
--- - ----- - - - --- - - - --- - - - - - - - - - Total or

3,210,000 1,647,000 78,000 1,834,000 130,000 399 113,400 57.800 171,200 average

----------~ -- - - - - -- - -- - -- - - -
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TABLE 1a (Continued). KENNETT

WATER AND POWER YIELD, OPERATING PRIMARILY FOR
BOTH

WITH AND WITHOUT FLOOD CONTROL
Monthly Summary of Computa

(For correspond ing yea rly sum
Height of dam 420 feet. Capacity of reservoir 2,940,000 acre-feet.

Without flood control
Esti-

mated
fun-off Sta ge of Power draft Avei~g:iroo~e~:ieldYear and at through turbines in Wast emonth da m reservoir Average

at acre- feet Evapora- over (Load factor=0.75)site begi nning tion in spillway power
in head in

acre-feet of acre-feet in feetmonth in acre-feet
acre-feet Primary Secondary "Primary Seconda ry Tot al

- -- --- - - - - - - --- - ----- - -- - - - - - - - - - -
1904

Jan. 473,000 2.906,000 229,000 188,000 0 22,000 412 97.400 80,000 177,400
Feb . 1,742.000 2.940.000 217.000 204.000 0 1,321,000 410 98.400 92.400 190,800
Ma r. 2.877.000 2.940.000 248,000 254.000 0 2,375,000 403 104,200 105,800 210,000
Apri l 1,467,000 2,040,000 252,000 235,000 7,000 973,000 402 109,000 101,000 210,000
May 914,000 2,940,000 2i9,000 220,000 10,000 405.000 406 117,500 92,500 210,000
June 505,000 2,940,000 283,000 196,000 12,000 48,000 410 124,200 85,800 210,000
Ju ly 377,000 2,906,000 298,000 201,000 14,000 0 405 125.400 84,600 210,000
Aug. 282,000 2,7i O,000 304,000 131,000 13,000 ' 0 400 126,i OO 54,600 181.300
Sept. 2it,000 2,604,000 282,000 114,000 10,000 0 393 120,000 48,300 168,300
Oct. 491,000 2,469,000 2i6,000 201,000 7,000 0 391 113,400 81,900 195,300
Nov. 3i9,000 2,4i6,000 263,000 241,000 5,000 0 386 110,300 99,iOO 210,000
Dee. 600,000 2,346,000 2i3 ,000 252,000 0 0 381 109,400 100,600 210,000

Total or - - - --- - -- --- - --- --- - - - - - - - --- - - -
average 1O,3i 8,000 3,204,000 2,43i ,000 78,000 5,144,000 400 113,000 85,600 198,600

1905
Jan. 1,371,000 2,42 1,000 234,000 8i,000 0 531,000 400 9i,iOO 36,300 133,iOO
Feb. 1,027,000 2,940,000 218,000 231,000 0 5i8 .000 408 101,900 108,100 210,000
Mar . 1,335,000 2,940,000 247,000 252,000 0 836,000 406 101,200 105,800 210,000
April 753,000 2,940,000 250,000 232,000 7,000 261,000 40i 109,000 101,000 210,000
May 560,000 2,940,000 2i 6.000 207,000 10,000 67,000 411 11i ,500 87,600 205,100
June 365,000 2,940,000 283,000 128,000 12,000 0 410 124,200 56,100 180,300
July 269,000 2,882,000 298,000 84,000 14,000 0 407 125,400 35,500 160,900
Aug. 236,000 2,755,000 304,000 i O,OOO 13,000 0 400 126,iOO 29,200 155,900
Sept. 208,000 2,604,000 282.000 51,000 10,000 0 394 120,000 21,700 141,700
Oct . 221,000 2,469,000 278,000 34,000 ' 7,000 0 388 113,400 13,800 12i ,200
Nov. 229,000 2,371,000 264,000 53,000 5,000 0 384 110,300 21,900 132,200
Dec. 249,000 2,278,000 2iO,000 0 0 0 380 109,400 0 109,400

Total or --- - -- --- --- - - - --------- - - - - - -
average 6,823,000 3,204,000 1,429,000 78,000 2,2i6 ,000 400 113,400 51,000 161.400

1906
Jan. 851.000 2,257,000 23i,000 0 0 0 393 97,400 0 97,400
Feb. 8i2,000 2,8it ,000 21i,000 139,000 0 447,000 409 101,900 64,700 166,600
Mar. 1,546,000 2,940,000 24i ,000 252,000 0 1,147,000 406 104,200 105,800 210,000
April 995,000 2,940,000 250,000 233,000 7.000 505,000 406 109,000 101,000 210,000
May 817,000 2,940,000 2i 8,000 220,000 10,000 309,000 408 117,500 92,500 210,000
June 756,000 2,940,000 284,000 196,000 12,000 265,000 409 124.200 85,800 210,000
July 362,000 2,939,000 297,000 201,000 14,000 0 408 125.400 84,600 210,000
Aug, 280,000 2,789,000 304,000 148,000 13,000 0 400 126,700 61,i OO 188,400
Sept. 24i ,OOO 2,604,000 283,000 89,000 10,000 0 394 120,000 37,800 157,800
Oct. 251,000 2,469,000 278,000 64,000 7,000 0 388 113,400 26,100 139,500
Nov . 256,000 2,3it ,000 265,000 79,000 5,000 0 383 110,300 32.800 143,100
Dec. 548,000 2,278,000 272,000 186,000 0 0 382 109,400 74,300 183,700

Tota l or --- - - - - - - - - - - - - --- - - - - - - --- - - -
average 7,981,000 3,212,000 1,807,000 i 8,000 2,673,000 399 113,400 63,900 li7,300

1907
Jan. 936,000 2,468,000 231,000 44,000 0 189,000 406 97,400 18,500 115.900
Feb. 1,636,000 2.940,000 218,000 231,000 0 1,187,000 408 101,900 108,100 210,000
Mar. 2,115,000 2,940,000 249,000 254,000 0 1,612,000 402 104,200 105,800 210,000
April 1,250,000 2.940,000 251,000 234,000 7,000 758,000 404 109,000 101,000 210,000
May 646,000 2,940,000 2i8,000 219,000 10,000 139,000 408 117,500 92,500 210,000
June 42 1,000 2,940,000 282,000 179,000 12,000 6,000 410 124,200 78,200 202,400
July 334,000 2,882,000 298,000 149,000 14,000 0 406 125,400 02,600 188,000
Aug. 291,000 2,755,000 301,000 125,000 . 13,000 0 400 126,700 ,52,000 178,700
Sept . 252,000 2,601,000 282,000 95,000 10,000 0 394 120,000 40,300 160,300
Oct . 261,000 2,469,000 278,000 74,000 7,000 0 388 113,400 30,100 143,500
Nov. 256,000 2,371,000 264,000 80.000 5,000 0 384 110,300 33,300 143.600
Dec. 479,000 2,2i8,000 273,000 138.000 0 0 380 109,400 55,100 161,500

Total or - - - - -- --- ---- --- ---- - -- - - - - - - - --
average 8,877,000 3,208,000 1,822,000 78,000 3,891,000 399 113,400 61,500 177,900

'Total primary power produ ction i n Febru ar y of leap year s taken th e sa me as in oth er years.

•
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RESERVOIR ON SACRAMENTO RIVER.

POWER GENERATION WITH INCIDENTAL IRRIGATION

BY RE SERVOIR OPERATING DIAGR AM.
tions Carried ou t on a D a il y B asis.
ma ry , see Table I , page 108.)

Insta lled capacity of power p lant 400,0 00 k .v.a , P . F . =0.80

Coord inated with nood contr ol by res ervoir ope rating diagram
Maxi mum contr olled flow a t Red Bluff 125,000 sec-ft . Maximum reservoir space required 454,000 ac.-ft .

Stag e of Power dr aft Average power yield Year and
reservoir through turbines in Release Wast e in kilowatts mont b

at acre-feet Evapora- t~:fb over Average (Load faelor= 0.75)
beginning ti on in spillway power

of acre-feet control in bead in
month in outlets in acre-feet feet
acre-feet Primary Seconda ry acre-feet · Primary Secondary Tota l

---- --- - --- - -- - - - - - - - ----- --- --- - - -
- 1904

2,601,000 238,000 232,000 0 83,000 0 392 97,400 94,500 191,900 Jan.
2,521,000 236,000 165,000 0 1,332,000 0 386 98,400 70,500 168,900 Feb .
2,530,000 256,000 262,000 0 2,031.000 0 387 104,200 105,800 210,000 Mar .
2,858,000 250.000 234.000 7.000 146,000 748,000 405 109.000 101,000 210,000 April
2,940,000 279,000 220.000 10,000 0 405,000 406 117,500 92,500 210,000 May
2,940,000 283,000 196,000 12,000 0 48,000 410 124,200 85,800 210,000 June
2,906,000 298,000 201.000 14,000 0 0 406 125,400 81,600 21O.00J July
2,770,000 304.000 131,000 13.000 0 0 400 126.700 54,600 181,300 Aug.
2,604,000 282,000 114,000 10,000 0 0 393 120,000 48,300 168,300 Sept.
2,469,000 276,000 201,000 7,000 0 0 391 113,400 81,900 195,300 Oct .
2,476,000 263,000 211,000 5,000 0 0 386 110,300 99.700 210,000 Nov.
2,316,000 273,000 252,000 0 0 0 381 109,400 100,600 210,000 Dec.

- -- - - - --- - ----- - - - --- ------ --- Totalor
3,238,000 2,449,000 78,000 3,592,000 1,201.000 395 113,000 85.100 198,100 average

1905
2.421.000 238,000 179,000 0 743.000 0 391 97,400 72,600 170,000 J an.
2,632.000 221,000 229,000 0 607,000 0 393 101,900 103,600 205,500 Feb.
2,599,000 251,000 238,000 0 524,000 0 398 104,200 98,400 202.600 Mar.
2,921,000 219,000 231,000 7,000 29,000 218,000 408 109,000 101,000 210,000 April
2.940,000 276,000 207,000 10,000 0 67,000 411 117,500 87,600 205,100 May
2,940,000 283,000 128,000 12,000 0 0 410 121,200 56,100 180,300 June
2.882,000 298,000 84.000 14,000 0 0 407 125,400 35,500 160,900 J uly
2,755,000 301.000 70,000 13.000 0 0 400 126,700 29,200 155,900 Aug.
2,61H,OOO 282,000 51,000 10,000 0 0 394 120,000 21,700 141,700 Sept.
2,469,000 278,000 31,000 7,000 0 0 388 113,400 13,800 127,200 Oct .
2.371,000 261,000 53,000 5,000 0 0 384 110,300 21,900 132.200 Nov .
2,278,000 270,000 0 0 0 0 380 109,400 0 109,400 Dec.

- - - --- - - - --- - - - - - - - - - --- --- --- Total or
3,217,000 1,504,000 78,000 1,903.000 285,000 397 113,400 53,100 166,500 average

1906
2,257,000 239,000 52,000 0 109.000 0 390 97,400 21,600 119,000 J an.
2,708,000 222,000 141,000 0 611,000 0 398 101,900 63,700 165,600 Feb .
2,606,000 253,000 211,000 0 921,000 0 394 104,200 98,900 203,100 Mar.
2,834,000 249,000 232,000 7,000 136,000 235,000 408 109,000 101,000 210,000 April
2,940,000 278,000 220,000 10,000 0 309,000 408 117,500 92,500 210,000 May
2,940,000 281,000 196,000 12,000 0 265,OJO 409 124,200 85,800 210,000 June
2,939,000 297,000 201,000 14,000 0 0 408 125,400 81.600 210,000 Ju ly
2.789,000 304,000 148,000 13,000 0 0 400 126,700 61,700 188,400 Aug.
2,604,000 283.000 . 89,000 10,000 0 0 394 120,000 37,800 157,800 Sept.
2,469,000 278,000 64,000 7,000 0 0 388 113,400 26,100 139,500 Oct.
2,371,000 265,000 79,000 5,000 0 0 383 110,300 32,800 143,100 Nov .
2,278,000 272,000 186,000 0 0 0 382 109,400 74,300 183,700 Dec.
--- - - - --- - - - - - -- - - - - -- - - - --- --- Totalor

3,221,000 1,819,000 78,000 1,780,000 839,000 391 113,400 65,100 178,500 average

1907
2.468,000 239,000 217,000 0 430,000 0 389 97,400 100.300 197,700 J an.
2,488,000 229,000 243,000 0 1,122,000 0 384 101,900 108,100 210,000 Feb.
2,530,000 251,000 259,000 0 1,314,000 0 392 104,200 105,800 210,000 Mar.
2,818,000 249,000 234,000 7,000 178,000 460,000 406 109,000 . 101,000 210,000 April
2,940,000 278,000 219,000 10,000 0 139,000 408 117,500 92,500 210,000 May
2,940,000 282,000 179,000 12,000 0 6,000 410 121,200 78,200 202,400 June
2,882,000 298,000 149,000 14,000 0 0 406 125,400 62,600 188.000 J uly
2,755,000 301,000 125,000 13,000 0 0 400 126,700 52,000 178,700 Aug.
2,601,000 282,000 95,000 10,000 0 0 391 120,000 40,300 160,300 Sept .
2,469,000 278,000 71,000 7,000 0 0 388 113,400 30,100 143,500 Oct.
2.371,000 261,000 80,000 5,000 0 ° 381 110,300 33,300 143,600 Nov.
2,278,000 273,000 138.000 0 0 0 380 109,100 55,100 161.500 Dec.- - - - -- - - - - - - - --- --- --- - --- - - - - -- Total or

3,230,000 2,012,000 78,000 3,044,000 605,000 395 113,400 71,400 184,800 average
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TABLE la (Con t in u ed). KENNETT

WATER AND POWER YIELD, OPERATING PRIMARILY FOR
BOTH

WITH AND WITHOUT FLOOD CONTROL
Monthly Summary of Computa

(For corresponding yea rly sum
Height of d arn 420 feet. Capacity of reser voir 2,940,000 ac re- feet .

With oul flood contr ol
E sti -
mated

Year and
run-off Sta ge of Power dr aft Average poweryield

at
month dam reservoir through t ur bine ein Wast e Average in kilowatts

at acre-feet Evapora- over (Load factor=O,75)site beginni ng tion in spillwa y power
in bead i n

acre-feet of acre-feet in feetmontbin Primary Secondary acre-feet ·Primary Secondary Tot alacre-feet
- - - - - - --- - ----- - --- --- - -- - - - - - -- ---

1908
Jan. 904,000 2,346,000 234,000 '48,000 0 28,000 400 97,400 20,200 117,600
Feb, 970.000 2,940.000 217,000 246,000 0 507,000 409 98,400 111,600 210.000
Mar, 669,000 2.940,000 246.000 251,000 0 172,000 408 104,200 105,800 210.000
April 527,000 2,940,000 247,000 225,000 7,000 48,000 411 109,000 98.100 207,100
May 492,000 2,940,000 276,000 187,000 10,000 19,OJO 411 117,500 79,600 197,100
June ,,340.000 2.940.000 283.000 103,000 12,000 0 410 124.200 45,100 169.300
Ju ly '260,000 ,2.882,000 298,000 75,000 14,000 0 407 125,400 31,600 157,000
Aug. '229,000 ' 2,75; ,000 301,000 63.000 13.000 0 400 126,700 26,200 152,900
Sep t. 205,000 2;604.000 282,000 ,,48,000 10,000 0 394 120,000 20,400 140,400
Oct. 235,000 2,469,000 278,000 48,000 7,000 0 388 113,400 19,500 132,900
Nov. ' 257,000 2,371,000 264,000 81,000 5,000 0 384 110,300 33,800 144,100
Dec. 267.000 '2,278,000 273,000 15.000 0 0 380 109,400 5,900 115,300

Total cr - - - --- - - - --- - -- - - - --- --- --- ---
average 5,355,000 3,202,000 1,390,000 78,000 774,000 400 113,000 49,500 162,500

1909
Jan . 3,260.000 2,257,000 236,000 185,000 0 2,156,000 396 97,400 76.200 173.600
Feb . 2,526,000 2,940,000 221,000 235,000 0 2,070,000 400 101,900 108,100 210,000
Mar. 977,000 2,940,000 , 248,000 253,000 0 476,000 404 101,200 105,800 210,000
'April 756,000 2,940,000 249,000 231,000 7,000 269,OJO 408 109,000 101,000 210,000
May 581,000 2,940,000 276,000 216,000 10,000 79,000 410 117,500 91,500 209,000
J une 410.000 2,940,000 282,000 171,000 12,000 3,000 410 124,200 1 74,900 199,100
Ju ly 308,000 2,882,000 298,000 123,000 14,000 0 406 125,400 51.700 177,100
Aug. 264,000 2,755,000 301,000 98,000 13,000 0 400 126,700 40,900 167,600
Sept. 246,000 '2,604,000 282,000 89.000 10,000 0 394 120,000 37.800 157,800
Oct. 284,000 2,469,000 278,000 97,000 7,000 ' 0 388 113,400 39,400 152,800
Nov . 538,000 2,371,000 264,000 174,000 5,000 0 384 110,300 72,500 182.800
Dec. 721,000 2,466,000 265,000 244,000 0 0 396 109,400 100,600 210,000

To lalor - - - - - - - - - - - - - - - - - - --- - - - - - - - - -
average 10,871,000 3,203,000 2,116,000 78,000 5,053,000 400 113,400 74,800 188,200

1910
Jan. 708,000 2,678,000 231.000 60,000 000 146,000 407 97,400 20.000 126,400
Feb. 847,000 2,940,000 217,000 230.000 0 400,000 410 101,900 108,100 210,000

.Mar, 1,230,000 2,940.000 247,000 251,000 0 741,000 407 104,200 105,800 210,000
April 665,000 :2.940,000 249,000 ,232,000 7;000 177,000 408 109,000 101,000 210,000
May 415,000 ;2,940,000 276,000 128,000 10,000 1,000 412 117,500 054 ,400 171.900
June 282,000 2.940.000 282.000 46,000 12.000 0 412 124,200 20,100 144,300
J uly 251,000 '2,882.000 297,000 70,000 14,000 0 408 125.400 29,400 151.800

, Aug . ;236;000 '2,755,000 304,000 70,000 13,000 0 400 126,700 29,200 1505,900
Sept , 214.000 ,2,604,000 282,000 ' 57.000 10,000 0 394 120,000 24,200 144,200
Oct. 231;000 2,46[1,000 '278,000 44.000 7,000 0 388 113,400 17,900 131,300
Nov , '274.000 2,371.000 265,000 97,000 05,000 0 383 110,300 40,300 150.600
Drlc. , '436,000 2,278,000 273,000 184,000 0 0 380 109,400 73,400 182,800

Tot~l or ,-,,- - - .---- --- --- - - - - - - - -- - - -averagel' 5,801,000 3;201,000 1,478,000 78,000 1,4605,000 401 113,400 52,300 105,700

1111'1: ; ,"

2,257,000 '240,000 :: . ,
385 97,400 0 , 97,400

~~b:
700,000 0 0 0

, 848,000 '2,717,000 • 217,D00 ) 87,000 , o 221,000 409 101,900 88,100 190,000
;Mar. 1,278,000 2,940,000 246,000 248,000 o '. 78tOOO 408 104,200 104,400 208,600
' April 962,000 ' 2,940,000 , '250,000 232.000 7,000 473,000 406 109,000 101,000 210,000
May 671,000 "2,940,000 278,000 219,000 10,000 164,000 408 117,500 92,0500 210,000
J une '431.000 .,2,940,000 282,D00 182 .000 12,000 13,000 410 124,200 70,600 203.800
J uly , 287,000 . 2,882,000 298,000 102,000 14,000 0 406 12-5,400 42,000 168,300
AUg, 244,000 '2,755,000 '" 304,000 ' 78,000 13,000 0 400 126,700 32,500 1050,200
Sept 231,000 ~,~~,ggg 2S2.000 74,000 , 10,000 0 394 120,000 30,700 1050,700
Oct , '246,000 278,000 59,000 7.000 0 388 113,400 24,100 137,500
Nov . 241,000 2:371:000 264,000 65,000 5,000 0 384 110.300 26,900 137,200
Dec. 244,000 2,278,000 273,000 0 0 0 380 109,400 0 109,400

Tota l or --- - - - - - - - - - --- - - - - -- - - - --- - - -
average 6,383,000 3,212,000 1,446,000 78,000 1,655,000 398 113,400 51,500 164,900

'Total primary power production in February of leap years tak en tb e sam e as in otber year s.




