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DrrrovueTIon

The drainage aystem of ﬁw Senta Ana aivar and its
tributaries mavs 1485 squm miles sbove the lowsr vanyon
of the rivar. The total watercrop for the last fen years
has been estimated at over 506,069 amere feol per awum, and
from this watey, the counties of San Barnartiim, Rifvermﬁdﬁ
m& Orenge heve obisined ﬁmir wafher supply, Part of the
wator is spread to unﬂergrmmd hgama, part is awmd in
mmmirzwﬁaiargemm&moft Due to lack
of control at many peinta large floods have resulted ami
considerable damsge dons, In 1914 and 1916 these damgea
were ostimated at sw,fom.ma‘v. In Pebruary 1927 destgoyed
bridges alone sost. Ri;veréide County @00,-000‘.., In Orange County
the 1916 flood resulted in a loos of %391.000,060:

In 1923 the three counties Interested in the Senta Ama
sought eid from the stebe in studying and controlling the mm:.
Chapter 476 of the Ststutes of 1925 provided for %25,&;30 to
be expended between 1925 and 1927 ﬁ the investigation,

Bach county pms.dad a congulting engineer to work with the
State Enginesr, J, P, Lippencoti rasxremting t}rarxge ﬂeumy.
A, L Sonderegger from Rivemi&e Courtty and G, S, Iiimkley
from San Bernerdino Qmmty, The river, ils dreinasge system,
and hydraulic structure wers investizated; an undorgreund
contour map wes made and several plans wore offersd by which



the water could be better consey

ed and the floods more com-
pletely sontrolled, The systeme included additional dems for
m:aemiré,, imream& spreading areas and rip—-mp ard soncrete
charmels, | | |

Tn the study hore presented the work has besn sonfined
to & study of the river flow 'i?eariy fi@&p aafam chosen as
being uf pargmourd Interest rather then merxt.my, éaﬁy, -ér
-ghort dﬁrsbién ﬂw&a, &mm ’Elfw ‘pmblm of the Banta Ans,
wim the mﬁ: being wriaé on irx imreasingraaerwm and
apmadiﬂg grwmh will be &apemmt nerYe on Izmg tine flow
than on ﬂm runeff,

me a%atieﬁaai ehametarist&e:s of the aam: am River
are compubed, & attziy of thefr&qzwmy ard mgmtuﬂa of
yesax};sr floods is pvmeaﬁeé and the pnssxmilit;y of eyslic |
flow is examined,
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The &aﬁa used in ithis investizetiony as &rawn fron three
sources--"Nater Supply Papere®, "The Santa Anp Tnwvestigallon®
ard "8tream Flow in the Unlted States®, The first covered
t%m period 1807 - 1924, t&;a ?mané vovered the pm“ié& 1895 -
1928 and the t hird covered a perlod 1872 - 1921, The data from
the threo sources do mob cheek, "Stream Flow" glves ﬁanm
Ang Tributaries, the Santa ina Xﬁv&stig&tiw gives Santa |
Ang at Mentone corrscted for storage st Bear Valley ami
Yetor Supply P&gém sive flow of Sante Ana at Nentons a&s
observed. In order to check these sources the flow indicated
in one source was plotted againet the flow in one of the
other sources, As might be expocted the controlled {low of
the Santa Ana, as indicated by the Water SBupply Papers showed
no correlation x%ith unrestrained flow, A correlation curve
betwoen Santa dna Tribuberies end Bants Ana al Hentone was
plotted and from this curve it was possible to extemd the
flood records at Hentone back 12 years to 1872 and the flood
records of Tributaeries up to 1928, In the extrspolstion of
lentone records thef low of 1884 was omitted since it Pell
oubside of the correlation curve, It must have boon, however,
vory high. It was bolieved thal perhaps ar elationship between
locgl yearly minfall: and yesrly rumoff could be deduced and
from such a relationshin oven & more complote extension of the

records might be pessible, Points vere plotted for yearly



A

rainfall vs, Sonta Ana et Forntone, NHo curve could be d rawm
through the resulting points so the graph wes ebandoned,

Although the aérwlation curve of Tributarice ve, Uentone
is setisfactory and ressonebly accurate in the lower ranges of
flow, the varlation sbove 2007 of nmoan flow mey be % ° O,S’S.

For thips reason extrapolated points wore npt taken in the
compubatlions and in the sﬁudiés of eyeles, For statistical
gtudlen the 34 year data gethered from the Senta Ana inves-
tigation was used, For eyelic inveetipation tﬁe longer, 50
year record ol Sants Ana Tributarics was ussd‘.

"The gulde streoan edopted is the Santa Ana River at
ﬁéeﬂtmé. The laat 10 years show a substantial gpreement with
the other streans of the hasin with the exception of San Ane.
tonio Creek.” This statemont taken frem the Santa Ana inves-
tigation has been ¢ hecked by the correlation curve. In obher
words hydrographs, curves,ete,, made al Mentone, if exprossed
ag porcent of mean will have é.pprcximately tho same values as
those of the Tributaries, UConversely the Tributaries will
have the samo percent ascale and form as flow at ’!sntme.
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DATA (comt, )

Stroam Flow In Cnlifornia - Bulletin Yo, 19 ¥ater Supply
Tributariens to 8ants Ana 8, A, Investigation Papers

% of Wean Runoff % of Mean  Acre Feet
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STATISTIOAL COEFFICIENTS AND FREQUENGY OURVES

In a statistical study the aoafﬁcient of varia‘isicn,
G 7. and the coefficient of akew, G 3 are often r.teeﬁ The
coefficient of variation = 4%{-—? is en indication of the

variation of the plotted curve to the probability curve

while the coefficient of skew = e 0 . . .
a “(ﬁ-‘l) ,fs' is an indi.

cat:!m: of theahifting of the curve axis from the mean flow
axia The coeffid ents were ampu&ed as ahom in Teble 2

478 .

and have the values G.V. =,756m&cs ==1(5 Hall,

S ‘ L3 .

writing in the Transactions of the A,8,0.5. Vol 84 on "Prob-
gble Varistion in Yearly Runoff from & Study of califarrﬁa

4 s

Streams® detormines, from a 16 year record, the 0.V, = 56

'R

Hazen in his bool on Flood Flows ﬁet.emines t.ne V., = 1.0?3

and the corrocted coefficient of siow as 2 5 Tha corrected

A 4

coofficient ofskew = 3,8, x P uhore P = 1 + .‘?’..ar.’. » in which
N n

n = mmber of yeavs in deta, This corroction must be applied
to the coofficlent of skow as it ecan be shown that 5;, .E‘;. is &
fure tion of tha mriber of obgservations ¢ akmt, The corrected
value of G‘. 8. as deternined in this paper would then be (since
the 34 year record was telen) 1;65 x (1 + ;8.%.55) = 2:,06 |
By comparing these resulteit is obvioust hat the statis-
tieal coefficlents, gartiﬁular‘ty the ¢,.8, io very senpitlve
to large or small floods and will very considerably if a large
flood enters into the ?eeoré:. The importanco of +the coeffic-

fonts lies in thef act that from them a curve cen be plotted,



using values developod by THazen, which should indicate the
probable distribution of flood magﬁi‘méuas‘. The apparent
importance and value of theso }ccafi-’icien@s is somevwhetl de~
ercased by noting that there han{ge so repidly when subject to
the addition or wmission of of ome flood from the rocord that
ﬁhﬂ dape € the curve 18 'ﬁﬁ%arisii,y c%znget{.

A probable flood distribution curve was drawn by a
'meﬁmé of moving :avmfagaa‘. {ﬁgum 2) Tho two sets of
dotted lines roepresent the acmaz distribution at the points
eonsidercd I 207 of the megnitude and the curve represents
the approximete distribution vhen moati‘w& out, This curve
cheols in shape st lomst typical curves for river ﬂaw‘. The
acele on the left shows the number of times in 34 years which
the flood of the botton ordinate (+ end - 207} took place’.

The right ordinates are expressed as percent of time in which
this £low took place, Trom this graph the most probable flow
skt (2 202, 1: ef. S, - ?&fﬂ) caen be expecied w'...i"; times in

3% years or about 3% of the sige,

A ourve somevhat similar in vaelue but quite different in
shape is e tom in figure 3, This curve was detormined by making
a tadle shoving the percent of menn value 68 the flow and the
tinen oqualled or excceded, {(The values in Table 2 are arranged
in thie or&m:.) The points were plotted on rectanguler coord-
inates and the (zema-&mm a8 ﬁhoim... Scales sre indiceted on
the grapé—z‘, This curve is the one on which design of structures

+

subject to floods wuld be used, By following over the ordinate
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4, for example, we find that four times in 34 years, or ,
on the average, once every 8.5 roars, there would be a
flood of 2004 of the mean flow or greater, It might be
pertinent to remark st this peint that when the floods will
occur is not considered, They may occcur in four consecutive
years, or in any form of dstribution, All that is shown
io that, on e basis of past records, four floods 2007 or
greater of the nmean flow may Sa. axpected during a 34 year per
iod, For this reason the scale on the right or the percent
of tine acala ls‘ proforable to use in exymasing the rasu‘l‘é.é. .
Prom this scale it would be sa'iﬁ that 11.75% of the years a
flood of 2007 or groster is ezxpected, |

The curve plotied on rectanpular coordinetes wes then
rlotted on logarithmic paper end the resulting curve was
concave downwards, im’éingting that perhaps s semi-logaritimice
plotting would result in a straight lim; The curve was
plotted on semi-log paper and a straizht line was obtained by
rlotting values up to 2407 of the mean flow, ms- atraiht
line was eztrapolated as a siraicht line and It éms noticed
that the maximm flood rocorded (3707 of the mean) was not a
ropresentative flood, that it should not have occurred once
in 3% years, but .35 of a time in 4 years, or, Tfollowing the
percentare time neymitude line, it wee a 1.25¢ {locd instead

of a 3% time flood as the data would indicate,
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From this stralsht line relationships the relationship
between £ requency and m‘agzituﬁe was deduced as follows:
On semii~1qg paper a straight line is of theform
y = c-107% or y= cotlx
where slope = - 1403
Im = - 1,403 Bt = - 1,503
k = seale value {distance on =z- axis which corresponds
40 one udt on y- exis. k = 280
¢ = y intercept

¢ = 45,0 for times line ¢ = 1224 for 7 line
mﬂ;l&_gzn-.‘mﬁgl or mu’“l_zfg = - 0186
For times curve For % curye
? = hox10--00%01p P = 132, 4x10™-00501p
T « 4%xems0156D P = 132,4xe ~-0190P

where T = timos equalled or exceeded in 34 year period
P= porcert. of time oqualledor encesded in 34 yoar period

p = porcent of mean flow,
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DETERMINATION OF STATISTICAL QCEFFICIZNTS

Tinmes Zqualled Flow  Varietion
or Zzceeded % of Mean v o3 §3

i 270 +* 27 7.3 +19:60

2 - 25k 1,84 .56 bX.

2 217 117 1‘;_56 1,60

4 207 1,03 1506 109

5 182 s 67 Fle

: 162 L62 .37 L2

7 4y '!;Z 132 L 10

8 124 L34 L 10 ;

2 124 W24 .06 . 01
0 114 w14 02 +72'5:T§§
il 113 8 02
12 111 o L 01
13 106 : + 206 L0
14 92 ~ 407 L 01
15 g0 LI0 01
16 8 1k L 02 .
17 a1 £19 w0 -0l
T g0 120 0% 201
19 79 2 506 L0l
20 71 ; e - 02
21 65 3 RS- Ok
22 62 Y L 14 L 06
‘?‘5 58 '.&2 . = 1w ] Q?
24 5o W58 .23 c11
25 5l A9 25 L 12
- i % .31 218
27 2 161 237 n‘g
28 28 62 .28 N
29 34 166 435 29
20 3 67 VA5 5
21 2 68 A8 L3
"y 2k . W47 "
3 il ‘ 60 A7
3 21 79 052

Zv‘* =18.82 Zv2=23, 59
C.V, = 2_3...‘.'8 22

S8 = .241%.
o 55’&va 3§X.
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 FLOW CYCLES

In considering {low of sbrem one may consider that the
mﬁtu&e is pavely. forhuitmzﬁ, purely cyelie, or a combination
of botii At the present timo the prevailing opini’.an seons to
be that flow is mostly chance:‘i‘or the majority of cases end
that oyciss,» although they my be present, are oither so cmlex
to iamlyw or ere subject }ta-;m aeh variation that they m
of little value in Ap‘mdicting; :f‘m;ure flows, erm, discusasing
eyoles of the River HWile in the Jamuary 1956 Proceodings points
out that cyecles may be detormined frcm year %o yoar by haraoniec
enalysis, which consistes ossontially of bieazm up {low rec~

ords by Fourler Series, _These eyeleon canot be satisfactorily
pro;}ected into the i‘uﬁum. Shuman proroscs cyclic smalysis
waiich Yconslsts of breeking up data into comronont elements,
by suitable reducing meoanc into, guite differently {than in
harmonic analysis, and deriving certain patiern ciwves or
cycles, which are sinmllar to curves derived from sunspot data,
giving thereby somebhing to which terrestial phonomena can
be tied, andt hus en Inkling of what is to come =nd of what has
gone before, beyond the poriods of known date,® 3y a ::ze'tmd
of movinz aversges end residuals he indicetes that i here is
evidence of cyeles In flood flcrw

Gyeles vhich have been developed are: OClouzh Cyels, 2
to 3 years, ¥olf Cycle, dependent on mumber and area of gun -
spots, Double ?ialf‘&,fcle. 5.5 years, Solar Cycle, 11 years,
Bruckner COyele, 22,23 years, Double %Wolf Secular, twice period

{ Bruekner, ‘and Secular Cycle, variable amplitude and frequency.
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Although eyelic analysia soems to work sa%iﬁf&ﬁ%crﬁ;y in
somo cases, they oristion fromthe cyele seems to be too grost
to justify eny attempt to do long ranpe Porecasting. An in-
diestion of the ineccuracy of suche yeles is given ina |
later issue in the ?mweémgs in vhich tiﬁ standard @oviation
fyom & developed cycle ( “:‘?} is ghown Lo be greater "%.han
3007 of the mgnitude of the eycle, In attanp tiag; ayelic
~mnalysis, long time rocords are necessary, f&x longer th&'s the
50 yoar vecords available on the Sambe ina River,

The other me thod of a%tm;:tin*m deteornine the mg,zxim&a»
and froquency ol ayﬁles mmxiam of inepection and 'bria’i
e mothed used in tais paper consists of 3 steps which may
be repested as often as desired: |

1., The hydvosraph of the river is plottod as showm
in I, TPigure 8. This hydrogreph 1s inspected for evidencos
of cycles, The most prominent oyole is plof;mﬁ along the
nean {low iine, ‘

2, The differonces betwesn the cycle chosen and the or=-
iginal hydropraph ave thon ;m&m& on o second sraph, still
using tha mesn flow asthe axls,

3’;, These differences, or residunls are thon trested as
the eriginal hydrograph, new cycles, 1f ay noted, plotted
and the differences gzain roplotted, The procedure is yepeabted
wbdl furbher cycles no longer reduce ther easiduasls. The
cyclos are then added algebraicly ¢o give the complote oycle,
The residuals left aftor the finsl cycle then indicate the

variation {ron the conbinabtion of cycles deduced,
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In this ss»'t.msf the hydwocraph was mmlyzed in this mnmr
end broken dowmn into 4 cyeles by starting with-a 2 year oyzle-
with en amplitude of X 507 of the mean flow. By sgharting with
a2 y@r ayele of 257 of the mean flow (plus ond minus) nore
sabiefectory resulis wore cbtained by using 2 cyclaé;

figure 5, curve I shows the hydrogyaph of Smta ans
Trﬁmﬁeiaﬂﬂé from 1872 to 192.2. Curve 11 shows the rosiduals
. after a 2 yoar ¢yele of 307 mean flowa mplitude nas heen row
moved, Uurve IXa shows the residuslsaller a 2 year cycle of
257 of mean flow hay besn removed, The deshed 1lw shovs a
10 yoar cycle with ‘:55‘;’5 amplitude plated on ﬁmresiﬁa#:w. Suyve
III indicates the residualsa fter the longer cycle has been
removed, (}uwe IV ghows the 2 vrovalling cyeievs gslgs%.m&

inaimw&en*lv Curve "x? a‘:o"a gyeles rlotted combined, The

nean d evistion, - Z._.. snd the planderd deviation, &g’@

wore compubed, Hoan Smriaticn avd. ﬁwm%n
From mean flow rocords | &Z} 2% afxi‘i%
From 2 year 255 cycle e . B é*«k'v:;f’;
From 2 yeor 287 oycle and
10 year 5% cycle 25,4 9.8

By comparing graphs IT and I'a it appoars that the mage
nitude of the two year cycle may I;@e mriable; A 607, anplitude
soems *‘w fit better during theearllier Jﬂ&rﬁ, o a 255 emplitude
sooms to £ii better in the later years. 3y plotting the dif-
forences in successive years gn atbempt was vade to determing

“how the sggnitude of this cycle vm«ﬁké:. Posulis wero unsatis-
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factory. It should also be roted that at 1805 and 1912 the

2 yoar ¢ clo rove.ees, Urnforfunately the hydrograph is not

long enough to determine whether this cyclic reversal is peried-
ic or merely chance, Tie definitenses of the 2 year cycle

would iﬁiﬁa‘tﬁ, however, that chance slone doos mot control
f1iood £low,

Theresiduale in Curve III; Figure 6, should be Pukther
investigated for cycles, but i’__mmi@n indicates that another
eycle would have a large smplitude and long period (ﬁppmxm:aly
507 and 10 years) out of phase witht he 10 year 3% cycle
adovted, A large discrepency would occur sbout 1895, ¥With
the length of the hydrogresh a oyecle of this nature would

not be justified w»ith such major disereponcies,
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1, The mfﬁcim of §gr*;a:&.5n:n ¢ ¥t Santa Ane River
ie _756 : |

2, The ceefficlont of skew, corrected, is 2,06

3. These cosfflelents are vory sensitive to changes in
data end should not be relied upon for thedetermination of
the p'rqbab};e flow cwm;,

4. The most probable fm is 547 of ‘bfw mean (= 20%)
and may be expected 317 oft he timel

5. The relationship between percent oft ime end percent
of mean flaog nay palexprmm by the & quations .

P= 132‘_.4210" .00301p | or Pa 133:2;3@'.0156}7
vhere P 1s percent oft_ime which will have a flow of p percent
of the meagn or grsatex;

6‘,. There are spparently at least two cycles evident in
the flow of the Sanis Ana River, a two year cycle with an am~
plitude 25% of the mean flow, and a 10 year cycle with an am-
plitude of 357 of the meen flom,

; ? The records aveilable are not sufficiently long to
obtain more then an spproximate determinstion of the cyelea;

8 Fromtherecords availeble it appears that chence has

&

aa mich influence on flowat the Santa Ana River as do cycles,
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