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LEGEND

I. Esist i ng Pro j ect s (t n  operation 1965)

Reseraoir or LOk e

Le vee  A Channel P r o j e c t s

I East We aver Cr , Tr init y R 3. Mad Riv~ At Bloc Loke
2 Eel Riaer , SOnd y Prairie Area

2 Potential Future Flood Control Program
A(19 66—l980) ,A ,(Co nst ruc led or Funded fo r Constr uction as of FY 1970 l,
6(1981-2000 1, C l2001-2020l ISee Tables 6&7)

V

Reservoirs wi th  Flood Control

I But ler V a l ley  (A l  6 Sctrneide rs Bor 181
2 Col lOtron (8) 7 Dos Rios (B)
3 Crai g s IBI 8 Engl is h Ridge (B)
4 Helena (81 9 Yel low Ja c ket  (C)
5 Et top om (B)

Lenee A Channel PrO lect s

I Klamoth P NeOr Klomoth lAil 6 Scott P (B )
2 Redwood Cr. lAo ) 7. Von Duzen R (B)

~ Eel River Delta Area lA l  8 Eureka Plains IC)
4 Ktatirath R Near Keno (A 1) 9. fda t t o le R. (C)
S Coffee Creek (8) t O Garcia P ( C )

W ater shed Projects

• Loco? ~ons of Nor’ - S ’r i c l o ~ l
Flood Plain Management  Measures
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L E G E ND

Areas Subject to Flooding

2 • Major Urban Damage Centers

3. River Forcosting Points

Rive r  Stage ( Enist ing )

I Dr Fine Bridge II. Scot ia
2 Jed Sm ith Park 12 br idgeni l le
3 icla moth Glen 13 Peppe rwood
4 O r i ck  4 Weott
5 Fort Jones IS Miranda
6 Orleans IA Ft Seward
7 Noopa 17 Gar b erv i l l e
8. A r c Q t o  18 Legge n
9 Fernbr idge 19 Dos Rios
ID Stor v a ? ,on  F la ts

P lo e r Sta ge (Future )

I C ni d V O l ley  3 Yre ko
2 Happy Camp 4 Hyompom

Re~ er o o i r  Iri hee ) Eois t in g)

I Sully Darn

\ / dnse,, ~ -, Inf l ow (Fut u re)

Trinit y Dow

4. Reservoir or Lake

§ Potential Res ervior With Flood Control
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SAN FRANCtSCO BAY ~JBREGI0N

General

The San Francisco Bay Subregion (SF) is an area of 6,112 square miles
along the central California Coast. It extends about 150 miles along the
ocean from the mouth of the Russian River in Sonoma County on the north,
to just south of Ano Nuevo Point in San ?‘~.teo County on the south. (See

~ap SF-i)

The clinBt e of the subregion is characterized by mild , wet winters and
warm, dry summers inland with cool , foggy summers along the coast . Temp-
eratures throughout the year range from over 100 degrees to below freezing ;
with an average mean daily temperature of around 60 degrees. Average annual
precipitation is approximately 32 inches , ranging from ab out 2~) inche s for
study areas in the south to over 40 inches for the Russian River Basin to
the north. Snowfal l is rare and is not a contributing factor to runoff .

The subregion had an estimated population of 4 million people in l~’65.

~a , 1 or urb an centers include the metropolitan areas of San Francisco, Oakland
and San Jose. The economy is dominated by highly diversified manufacturing,
industrial , and service activities. Agriculture and related activities,
sn ip ping, and distribution also comprise ma~or segments of the economy of
the area.

Transportati c-n facilities are extensive. A highly developed Federal,
State and county highway and road system offers ready access to all parts of
the subre~-~or and ad,~oining areas. The San Francisco Subregion is served
by three ma,lor railroad s, and airlines provid ing passenger and cargo service
throughout the world . There are seven r~a,or seaports, permitting ocean-
going vessels to t ransport commercial cargoes and otherwise serve important
industrial and agr icultural  centers.

~.a,ior streams Include the Russian River , Napa River , Alameda Creek,
Coyote Creek , Guadalupe River and Pen-cadero Creek. The Russian River is
the largest stream in the subregion, draining an area of about l,5)(- square
miles or about 25 percent of the subregion ’s area . Its ma,~or tributaries
are Dry Creek and Big Sulphur Creek . Addit ional  information on the sub-
region can be found in App endix  I I , “I’he Region ”.

Drainage basins within the subregion range from mountainous regIons to
flat coastal plains. These d iversified hydrologic characteristics provide
the basis upon which to group the streams into convenient study areas for
investigat ive purposes. The subregion is separated into the following study
areas : Russian River Basin; North Bay Stream Group; East Bay Stream Group;
South Ba; Stream Group; and West Bay Stream Group. These study areas wi th
t heir prir~cf~~ l streams are shown on ~~p 2.
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History of Flood 1n~

Recording of flood damage data pr ior to the early l~~ uJ ’s has been
lim ited in the subregion . Floods are caused by intense raln”torms , gen-
erall-i preceded b-i r a infa l l  that has saturated the watershed. A typtca~.
flood producing storm ma -i last from three to six days ; arid actually be a
rap~~ succession of several fronts . Peak flows , however, are generally
of short duration . The frequency of flood ing on the Russ ian  River is
one of the highest in the State, with most of the flooding problems
occurring below Hopland , particularly in the Guerneville area.

The December l95F~ and December 1964 floods are the most severe re-
corded in the Sari Francisco Ba’ Subregion. The two floods claimed four
lives. About 9 ’- , -J00 acres were inundated during the 1955 flood and dam-
ages totaled nearly $23 million , about 7 percent of which were agri-
cultural, residential and commercial losses. Total damages for the 1964
event were substantially under those of the record flood of December 1955
for the subregion as a whole. However, the Russian River Basin sustained
unprecedented damage from the December 1964 flood accounting for virtually
a~ J of the report~~ 

-
~ ~~ from this event within the subregion . The li~64

flood inundated °-
‘
~ -res in the Russian RIver Basin, resulting in dam-

ages of nearly -n , approximately 80 percent of which were agri-
cultural , res~~ commercial losses. Included in the total dam-
ages were f1 ~ and cleanup costs of approximately $1 million
each for tse r -r ~,055 and December 1964 floods.

Damages from these and other sI~~Ificant recent floods in the sub-
r~~-ion are summar~zed as follows and are shown in more detail in Tables
L and 2 . Photo SF- shows f looding of Guernevil le by the Russian River
dur in- th~ flood of February l~ 63. Photo SF-Il show -~ f looding of Kent-
~‘ie~~ bi Corte ~~dera Creek during the flood of Februar y l96fl.

Flood damages 1/ ($1,W))
P1o~-ii :For~st °. range:Agricultural:Residential:Industr ial: Public :Total
season: resources : : : :facilities:

~ facilities : land : commercial : utility

l~5~-56 0 6,170 9,931 3,106 3, 740 22 ,047
1 3,485 7,l~3 1,474 2,008 14,071

1 0?-~3 0 1,838 1,475 15 240 3,568
2 4, l7i 8,738 119 3,845 16,883

~~~~ on prices and pro,t ect and economic cond itions at t ime of occur-
rence sf flood .
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Estimated damages from a 100-year frequency flood for selected streams
in the subregion are shown in Table 3. Peak flows of maximum floods of
reco~J, 10)-year flood s , and standard proj ect f loods for selected streams
~n the subre g ion are shown In Table 11.

Present Status of Flood Control Improvements

The existing flood control improvements within the subregics include a
var iety of measures to reduce floodflows . Included are flood forecastIng ,
flood cont rol storage, levees and channels and land treatment . For the most

~~rt , the degree of protection prov ided by ex i s t ing  measure s vary from the
100-year or greater flood in urban areas and 1 . - to 5u year protection in
agricultural areas.

The Federal-State River Forecast Center in Sacramento prepares r iver
and flood forecasts for th I s  subr~gicn which are cisseminated through the
National Weather Service River Dictrict Cff ce is San Francisco. These fore-
casts are for flood stage at key points a l o r g  t n- ~ ~us:

- ian and Napa Rivers .
Cccastonal warrino: of potentIal high wat -r are issued to Interests is the
San ~~blo Rae reach. Forecast points are shown on ~v~ p 4.

The Russian River Basin is the only stud y area ir . the San Francisco
Bai Subregion with existin~ (1065 ) flood control stor~~e or-s e c t s .  C rote
Valley Reservoir provides a maximuri of 4e,000 acre-feet of flood storage
capacity during the most critIcal flood situations , controlling runoff from
a drainage area of 105 square miles . Numerous smaller detention structures
provide an additional 5,000 acre-feet of flcod detention capacity.

The exi sting flood control levees arid channels are widely scattered and
have been, for the most part, only partly effective . Existing (1065 ) levee
and channels total 222 m iles and 371 mi les , respect~ve1y, as listed by study
area in Table 7. The ma,~ority of these hav~ been constructed be local in-
terests and are of varying quality . i~ost of these local improvements provide
protection from flccd s expected to occur on the average of once every 10 to
25 ears. Orojects with 100-year or greater flood protection account for
only about lo percest of total 1er~ th of exis t ing  leve~ and channel improve-
ments. Existing (1~-65 ) Federal-local protection pro,~~cts include Coyote
Creek is tn~ Nort h Bay Stream Group, and Bheem and Sari Lorenzo Creeks in the
East Bay Str~ a1r Group.

At present watershed pro~ects are inotailoii on the Napa River in the
N or th  Ba-i Stream Group, the R’~sstari River Basin in th~ vic in ity of Santa
Rosa and on Walnut Creek , in the East Bay Stream Group. These projects are
shown on 

~~
p 3.
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No flood plain information studies were prepared in the subregion
prior to 1065. Currently, flood plain informat ion reports are being
prepared for several streams in the subregion . Flood hazard information
has been, and is being, provided to governmental agenc ies to permit them
to proceed with such planning, engineering studies and other action as
ma-i be nec~ o sary for wis~ use of flood plains. The Flood Plain ~~nage-
merit Services Program is covered in detail in the Reg ional Summary of
th is appendix.

In t r ibutary watersheds progre:- s has been made in alleviating flood
control problems, however, much work is st i l l  to be done . One of the
subreg ion ’s remaining problems is the reduction of damages resulting
fro:s streamb ank erosion . Of the 2 , 15)  bank miles  of stream channels wi th
erosion problems approximately  4:3 - bank miles are cons idered as having
ser iou s problems. Work on some of the 43) bank miles of stream banks
having serious erosion problems is included with levee and channel
works. About one quarter c-f the sed iment produced in this subregion
comes from streambarik erosion. As indicated by the tables delineating
flood damages, land damage including channel and bank erosion is wide-
spread throughout the subregion.

The accomplishments of the existing (1965 ) flood control measures

~n the San Francisco Bay Subregion have been significant. Under 1965
pro lect and econom c conditions , the flood control system would have
prevented about ~5 mIllion in damages from the December 1955 flood
and over $3 million in dan~ ges from the December 1964 flood . Most of
this damage reduction would be credited to the Coyote Valley Reser-
voir in the Russian River Basin. Md ttlonal details are shown in
Table 2. During th~ flcodr of 1958, Coyote Vall~ v Reservo ir, wh i le
un der con struct ion, reduced flood damages by $27~ ,0 - 0 . it was estI-
mated that had the nro. ect been in full oneration, a reduction of

~5 ,0D. would have been realized . In addition, watershed improve-
ments on Walnut Creek and its trIbutaries (East Bay Stream Group)
prevented an estimated ~345,000 in damages to agricultural , resi-
dent ial arid commercial properties during the 1955 flood .

While the subregion enjoys a moderate degree of flood protection,
sIgn ificant flood problems stIll exist throughout all the study areas .
As indicated by the tables delineating flood damages, land d amage , in-
c lu d ing channel and bank erosion , is widespread throughout the San
Francisco Bay Subregion .

Average annual damage s are summarized as follows for the f ive  study
areas .

SF -4
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i- st i m at o d  Average 
-

~~~~~~

Study area An n u a l  i)amaoe~- (si , 0- Y) ) I

Russian 9~ ver Basin 2,?~ -
North Bay Stream Group 2 , 20
East Ba-i ~tream Grou c 5 , 4 5 )
South Bay Stream Group 1, 3 7
West Bar Str eam Group 1, 27

Total San Francisco Bay Suhr -~don lo, 1 -

if Based on 1165 prices , econom i c and pr-e~~ ct conditions.

Ad ditional d — tailc are contairod In ~a h i E s  3 aud 4 for the entire sub region
-
~~r~~ 

is ~-ab
’. e - fo— - r o -  - -~~~s i- i cr r1 ::~ d -or~~oo c~~tc~rs -~r -  s of

t or sobr~ ., 
- os m b  - - -o~. - co- i I , - - - - on -ia o 4

Future Nee d s

An examination of th~ tabi s and the pr-~viousi y discussed infcroiat i -r,
on 1065 flood problems ind i cates that aiidi~ Iona1 flood protection rr .- asure s
are requ i red . It is estimated that average annual flood d m ~~~~i- in the
San Francisco Bar Subregion (based on 1055 or-ices and condItions ) total
$12.1 m illion . The flood probl em s are expected to Increase i n  the future
because of antic 1pated economic ~rowt h and change In the use of to- flood
plain. °opu lation In the subr-~ -lon is r’xn- ct d to increase from 4 , -51 , 00L)
In 1965 , to 5, 697 , -0 be 1909 , to - ) ,42l , 0i) i b-i 2 5 and l1 ,22 ,oX-~) by 2u2
(base plan oroje ct I o n s) .  Du~ to thes factors, th-~ averag e annual damages
are expected to incr -a -~ to about :~-2l .l m i l l i o n  by  i s - , to $42.7 mi l1 i~~r
by  205- ) and $5o . 7 m i l l I o n  he 2 2  i f  addItional damage reduction neasur~ s
are not provided . ~s t i m a t e i  d amage data for e xi st ~~ng and fu tu re  cond i t i ons
are contained In Tables S and -a.

Measures Required to Sat i s f v  Futur~ Ne eds

np rnv - d f lood fo recast ing  w i l l  be a neces--ar - .’ mart of a compr ehensive
flood control program. A weli-co rd~ nated svst ’-rn of fo recas t ing  w i l l  p ermi t
more n e a r l i  on t I m um  operat i on of r :ro i ect s for  a ll  purposes .  The smal ler
streams ar ound th~ San Frari cir cu Ba-i w I l l  ne~’~ sorr -~ atterilicn both in  tele-
metered I n o t r u m - st a t  icr. and for ea-~t uroc edur s , p ar t i c u l a r ly  In  the Walnut
fr ock  and San nr - n -~o flr r’k areas . S i m i l a r  measur”s w i l l  a loe  be noc~~ssarv
for  the forecas tin g  of fl~~ xis r e s ul t i n g  from hi~~h t ide s  !n the nor thern  San
F r a n c i s c o  Ba -i . : - - :x i st lng  and potentIal  r iv e r  for -cast point s ar -- shown on
Map 4 .  The requ i red imnr cm v~ment.s to the f ln-d for -cast ing s’;stem have been
est ima ted  to total ~15 ,

)O0 for  ~h -  per 1c~ 1) 6 6 - 1 0 , $230 , 005 for 11-0 1—
2 )0O , and $2 )- ) ,u05 for 2- - 1-2 2.

SF-S
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The future flood control program wIll  include flood water storag e
reservoirs w I t h  an addit ional 393 ,(K)0 acre -feet of flood control cap-
acity to satisfy future needs. Potential reservoirs and aetention
structures are listed in the following tabulation .

Flood
Study area/ : control Drainage
tIm e frainc~ : Reservoir : Stream :capacltv : area
in which needed : (ac.-ft.):(sq. miles )

Ru ssian River Basin
loSS-100 - Warm Springs i; Dry Creek 13- ,000 130

KnIghts Valley Franz ~ ~~acama
Creeks 20,000 So

Detent ion
Structures (2) (Various) 5,1)00 29

1081-20 )3 Li t t le  Sulphur Lit t l e  Sul phur
Creek 36,300 32

Redwood Valley Russian RIver 13,090 14
N~.rk West ~~rk West Creek 26 , - ~ 34
Mill Creek Mill Creek 16,000 17
Detent ion
Structures (5) (VarIous) 3,0)0 35

2 0l-2 2~ Rob in son ~reek Robinson Creek 19,000 23
McDowell Creek ~.IcDowell Creek l7,~ ) 25
Fel l z  Creek Fel i z Creek 20 ,000 39

North Ba r Stream Grou p
1066-1980 Detention

Structure ‘~o Name 2,t00 P
1)0 1-2. 0- ; Detention

Structures (7) (VarIous) 3,300 26

East Bay Stream Grou p
1.5 6-110- - Del V a l l -  1/ Arro’io Valle 35,33) 146

Detention
Structures (6) (Various) 13,000 50
Detention
Structur~s (4) (VarIous) 3,3-39 23

South Bar Strea’r Grou p
Deten t ion
Structure Silver Creek 2 ,005 A

1981-? . S Det’~nt Ion
Structures ( 3 )  (VarIous) 3, 53-0 14

2 -  1-2 2 Detent ion
Structures  ( 4 )  ( Var ious ) 2 , fl~ 7

SF -6
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Flood
Study area/ : : : control : Drainage
time frame : Reservoir : Stream :capac ity : area

In which needed : : : (ac .- f t . ) : ( s q . mi les )

West Bay Stream Grou p
1966-1980 Worley Flat Pesc~~er o Creek 12 ,000 38

Detention
Structure No Name 5~~~. 1 12

Total 31-3 , 3 - i )

L7 Completed or fund ed for construction as of FY 1970.

Included in the above tabulation is the Knights Valley Reservoir which
has been authorized for construction . In addition , local intere sts antici-
pate construction of several small reservoirs with total flood control stor-
age of about l ,fl0~ acre-feet in the East Bay Stream Group. These reservoirs
are shown on ~~p 3 and additional details are contained in Table 6. Est i-
mated cost for the addit ional flood control ca~ac1ty totals $58.8 mi l l i on
for the period 1966-1980 , $3i..~ mi l l ion  for 1981-2-300 , and $15.4 mil l ion for
2001-2320- .

These flood control reservoirs alone are not sufficient to furnish the
desired degrees of protection to the subregion . Additional levee and chan-
nel improvements wIll be necessary to contain floodflows in those channels
of limited capacity which cannot safely pass flood dIscharges. °reliminary
studies indicat e that maj or d ownstream levee and channel improvement-c are
desirable in the follow ing areas :

Study area/t i me frame : Levees 17 : Channels
in which  needed : ( Bank Miles ) : ( M J e s )

Russian River Basin
1966—198: 0 -

1981-2000 3
2001-232 .~ 0 16

North Bay Stream Grou p
l°68-1980 33 77
1191-2 )01) 6 11

East 3ay Stream Grou p
1066— 1083 36

0 7
2 - l-202-~ 4) 2

SF-7
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dfud ar- -~n t. erie ~r ar- - : :- eve~ s 1/ : Chanrv- l s
i n w h i c s  need~ -d : ( Bank M i 1 ~~s )  : (Mi l e s )

South Oar Stream Grou p-
0 00

l :-~~1-2- - - 2
2 1-2-2 2

C-~st Ba’ Stress ( r o e
1 0 _ i - S  — ) 4
1081—2-jO. 7 14

1 2-  3:-I’

1 nc1ud~ s 35 mIles oO levee an i’~~~I ’ o I l -  of channe l w h i c h ,  have been
ccop1-~t--d or fun--I r construction br FY LI’

l ocal In ter -e-t ;  are :.x~~ ct~ .
.l t- - r - s v i - -) e o r -  ~t--ct~ or: r i - ~ar u r • - s  along 2 —

c: chan rv 1 in t n  kis s Ian R i v - r Basin , 22 m i leo 01 channel  in tsr”
Sor ‘i Sac Jtr-~am Gro : r , 12 m I l e s  of channe l in tn~ East Bai Stream Or o u p ,
23 rr l le s of channel  In the South Bay Str”ar: G r o up ;  and , t o u r  m I l e s  of chan-
nel in the  West Oar Str”am Group. rv’l-ei - -’d in th- above tabulations are
the Napa 8iver aol Sonorn a Creek -ro -’ct- in tO’ .‘~ortri Ba’, Stream Group, now
in tb- advance er~rtneerIn,r and t h s I~rn sta.o- - ;  and , the Alhambra Creek Pro$-
“ct  now au t I -r o r l - e d  for c on s t r u c t i o n .  Also  included Is th~- C m ”  Creek
wat~ rshed cro ect w h i c h  has h’”n author i zed for construction .

Locat i ons of l- ’v - ’s and channel work arc i n - I  Icated on Yap 3, and adli-
t i o na t d e t ai l s  ar - l n c l - -- i--J in  ‘i’ah i - ~ 7. i- st Imated cost for  addi tional
leve” and channel  wo r k  to ta ls  ~2 2 O . 4  o i l  1 i;r  for the ~~- r i o l  1 : t) 6- 1. -5 .

- m i l l i o n  for  1oo-~~-2 - , and ~ i. - .2 m i l l i o n  for  2 ; 1-2°2- .

Gt ruc tura l  mea~ ur - ’- included ir  t h -  proceedIng tables w i l l  he con p l”-
n”nted by land tr -atc . . nt r. - -a sur e s .  Such land t r”a tm r.t measures as crit-
ical  area rla nt in o , b r u s h  control , farm pond s, and ran~-” seed i ng w i l l  be
~ost wid I-, us I . Go- - ~‘as 3 for l oc a t ion  a) ’ ncit- r,tial watershed proj ects .

o areas ‘s t  - i -  c ’ wat- ’r ’be -l oro ect areas , thr oughout the  subregion ,
~n d i v L - l u a ) s and grou nis ci’ I n - 9 l v i . - r o a l s in s t a l l  mane land t reatment s- --asures
to r”tard r s n o~~f s r i  r d - -’ er o s i o n .

~Ir t lmated  costs ansi ac”- ’s  ct t b -  above land treatment measures are

—



‘~~~~~~~
-

~~~~~~~ --—-—--~~
-

~~-~~~~~~—--_ - -  - - - -

land Treatmer.t i .  un-h - -s - lPs l -2-  )00 2 .  1-? 2

Thousand acres 1 - 5  1-2 1-7

Thousand dollars I”- ’ - I 0%

There are s”veral cco-um:rnit je~ tr . tb- s~,:) r egi  i n  woer c  1’~ oc~i run ’ es, f
exist which nay” not b”eo exam i ned 10 h - t a i l .  fli” .’e pro-b l ur .  t ’-r. t ar.t ’;’ - l ’,’
i lontifled could b- - cr-nv h”d witr . possible rc,utior .s b-i to ’ - use of Flc 8
PlaIn l nf o rm a t i c n  ke ports , and c-t n”r inv e st l oa t Ion prngr ao:s . At tb ’  present
t ime Flood °lain Informa tion Stu d ie~ are schedui”d  for  several of the se
communities.

W i t h i n  tho subregion cer tain  noo - -t r u ct ’i r a l  f l oo d  con t r o l  o”ao:r”s  w”r”
considered part of th~- overall program , rr irnar il ’i flood ‘‘lain :cnin ~r and
flood pr oof ing . Cheso wer ”  ;~~rt t o u l a r l apoll i cab Ic  I r . th”  lout s  an-I ~last Bay
Stream Grou~~i in the San , r0.~~ ash t u -  ‘~- a i  r.u~ ~‘r e ’-k ar--ar , and involved about
53 miles of stream . i)as.a .’- - r” - t i o ros  for urban  r- -r: 4

~~r -  a t t rih  ~t ab l e  to non-
s t ruc tu ral n~ asures ar” fo :nd in  T h r - h ’  h .  (s U rs at ’-i  o ’~ ’ f o r  th” above
m”asur ” s  to~ a1s -~-4 . 3 d I l l o n  for toe : rhx~ 1 - ~ 0 — L-~’2, ~~~~~° .“ m i l l i o n  for
100 1—? -- and ~ l t . : i n)  j U no f -o r 2 1-2 2 - ph- - t ;~~~ of n~- o - s tr ~ ot.u~~~l f lood
p l a i n  manac--ment ‘r au sr e s  ~ “c d i s co ’s - ’i ‘in ocr -- o- ” a ~ in  t o -  -~e~h coal Sur~tarv
of th i s  a~~~~ndIx .  (See Tables 8 and - b

- ‘otential to Sat ’, s f - .’ F’ :t : r - ’  Oce-l s

The :lood con t ro l  n’rogram n-rr ’~ - -ri t h - r ” - I r. w — ~ :11 r - - -l ’r c ’- t oe- nir ohected
average annual dan.aoes :~ l 4 .  - m ’,llhn b r 1 °  , -~~~~ .1’ m i l l I o n  b- ’ ?h - ~, and ~52 .4
m i l l i o n  by 2 2: at an ~‘stimat -~c3 ln-t .aliat f cn cost of ~2 E .5 m illion for the
per iod 1.-~ 6-l h- , ~f-5 . m I l l i o n  for  1 -81-2  ~ , and ~4° .3 m I l l I o n  for 2 0 ’ t -
2 - 2  . Est imated annual ( - Y ’~? costs fo— to” 1 I - i ,  - - 

, 11 -1- 2 and 2 h  1-222-3
::rtlon of the flood conr1 rol prooram are -~l .43 m il lion , ~0 .7l mi ll io n and ~~~.63
m i l l i o n . (See Tab 1e~- 1  -

, l a  and 1 h ) .  I’S-- ef f - ’c t  of toe- po tent ial  flood con-
t rol  program on f u t u re  dan~ .ges 15 shown In Table 0 and ~-raph ica l1y on Figure
SF-i , sun its effect  on flood flow s Is snewn In Table 11.

SF - - -



- 175

-1 50

BASE PLAN

-125

~ -100

44

LU

4

4 - 7

4

z 57 2 —.~~j~~—--——--—-~~~~~
z
4

-50 4 7 5
LU ,— —

-~
4a:
LU ~~~ -

>
4 -

‘25 -
‘

‘ 2 ’  ‘ “ - i n,?,

6 .3 5. 9 6 3

-0
I965  1 980 2000 2020

Y E A R

Domo g e Reduc t ion  du e to 200’ - 2C?~ F lood C o n t r o l  Program

Damage Reduc t i on  due to 1981 - 2000 FlOod Cont ro l  Progra m

Damage Redu c t i on due to 1966 980 Flood Control  Progrom

Resi duo l  Damag e

CALIFO RN IA REG I ON
C0NPREHEN S~VE FRA ME WO RK STUDV

PROJECTED AVERAGE ANNUAL FLOOD DAMAGES
(1965 PRICES AND PROJECT CONDITIONS—DATA FROM TABLES 5 & 8)

APPENDIX IX F IGURE SF—I

- - ______ e-—~~~~~~~ -— —- -.
~~~~

.- - ---‘--



_ _ _ _ _ _ _  - -

— - 3-- 0 :: L5~~~~~~~~” -i ‘ -“- - - “~~
‘
~~~

‘- . - . _ _ s - _ - _____

I- 4 ~~ 4 -- t ‘ 5 - 4  ~4 4 ,  -5S F  ~ .9  ‘ - - 4 -
- - - - - ‘  ‘ - 4 U 4 ‘, 4~— - , - - 3 -- - - - ‘ iS~ 7.7  - , , ‘ 0 ~~- - - 

- - ,- ‘ - -  _ ‘ ‘ — - 0 ‘ 4 - - - 4

- ‘4 ~ - -  £7  4 .
- -,‘- ~.4  , : 0 C ‘4 . 4  -4 .. - : 1  ~~2 

- - -~ 4-) . ,  44 -- 775 5 € 7

, r  0 0 - , - -  ‘ _ _ 4 _  4
- - - 

- .F .i U U - - - - 1. 4~ - - ‘. - 4 -

, - 0 ~,‘ ‘. 4. , 4 4 , , 

- - 5 -  ,,3 0 0 5~ 4 ‘ .54- 0 ‘7

- S.4 F ) t .
Cree4-  at ‘.ano- r-l

r - - .4  0 3 SS .. ‘ . 5’i 0
- 43 43 ‘- ‘ 0 4) : 4

- 4 - - - - - , .‘ - ,~~~ ‘ ‘- , ‘‘ - - ,Sc- 43i ,3~~ 3 ,_ 77

-~~~~~

- ‘ - - - - _ ,5t- _ - _ _ _ 4 ,

4-U. , ,.‘-. - --

- - 
s~-~~ t 

- 

~~, 
- ,  

- -  
3,._ ) 7.,:,7 ) 4- ,. ‘5

7-- - - - - -
- 4  - _ ,3,_ Q - - ‘- S

j4n~ 3.~~)1 

- , —~~- -- ---



-~~ --  - ~~~~
, - #

SC) 43 5: 4 : € - 4 : - S-. : 5 .:

r~r 43- - . - t -  s ,,., —

- - .s~~4 — Id,-~ ’ 
- ______________

: t - .- ,U-:a)~ - t .  
~‘c

- : - ‘ UU. t : 4- rs~~~- - . ~~ - a4 4- - , U ,, : & : - - .,. . , 4 4 3 . 4 - . - -- : S : -.

-. - - - - — -- - - : 1 0~~~

3 43 ‘ 4 ~~~~‘ ‘ 2: , - -~ 5~c,- 243 ,4-.
- - - - : 4 - - 43 - - . 435) .5 1 , 7757 C 43 7 3 0 ‘ — .-, 7 - 43 10 7 _ _ 7

~~~~~~~ O5’O~ 1 .. 0 2 -4 ’  4 S ,  - -4.1’.- . 4-U - U’
1 - - r- 01 43 . ,  St 7 43 :: .-7- 434 7- - ‘U - r- ,. - 0 3- - ‘ St - 

- 44 4 - 
- 4 - - - 

- 
- - 7 . 43 4) , - ,  0 - ‘ - - -  U So - .  £54) - - - i _ _ _ 

— V - . .-  -
- 

. 4 4 -4 - -t .~~ - - 4 - ‘ ‘~~ 4

- - ~~~~
_ 

- - - - 43 43 7 :.c :,- ,--  -~~i 43 43 -S ‘43 - C 7. - — ‘ - - . 4 5- 0 1 .- 4 - 4‘7 - ‘ . .43 0 5 75 - - , - 4~~.4 4  , -: ~
. - ~~~- 43)43 4 . (7 43 2 3 - 5 -  .54)’ 43 — 4 , s4’fl, - ~~~~~~ -

. 
43 3 0 3 4 ~64-7 7 5 - ~ 

. - 4 - ’ -  ‘ 4  4 3 , 4 3 ’ 43 , 4 ’  

- - - — 4 ’ , 4- 4) C- 2 , ‘o - . 4 4- ‘ - - - 43 - - ‘ - .43 - , . 4 -- - ‘ 4- - - .4 -  0 2)4- - 4)43 0 ‘ . - - ‘ 4- 4 043- 43 - - 4 .

-- -9  - 43 .‘ 4- - U ‘‘ 4-Co.7 .1 0 U 4 4 - 0 4  (43 4
. - - 4) 5) 7 1) , 7 4 

43 . . 0 . 4 3  7

5121.3-: 4

43 £5543 7- 5 - -  :4),) ‘ 5 - 4  - ‘. , 4 3 : 0 .  430.43 4- - :4:43 ‘- 4 )447 .

0- - 
, 

- 

_
~~~~~ T ihT~~~~ o~~ 

- - - 
~~- — - —

- - - - - .5 ‘ ‘  4-.’ .- - , . -. ~4 44

~~~~~~~~~~ 
-
~~ 4 .4 . 2-~ 3- ~ _ _ 4  4 1

-~~ 51.’. 4 - . 4 - U  
~~
, 5

-  - __ , _  U 0 - ‘4 4 ‘- 
~

- . 4 ’ . •  - ‘ 
- 

£4 - - 4 ’ ., - 43’ - 4- -

43 t ’,~ U.: . -

4- *4  ~~~~~ ~~~~~~ - ‘
- .



r - ‘- - — —- -  — —— -------_____ — —
~ 

-

5 - , 4 3 9 .

- - - - -
-

.4 ) 4 -  -s . .- - : - ,~ - 4

4 - : -  ~ . 4-

— -
~~ — 

, 4 .15 043 5 — -

43 ,7, _ 
- ‘- - - ‘ - - - 

_
5.~~~~~~

- 1 , 4 - 1  - 7 ,0.9

-: , :- .S.  0 - - - , 7 .   ‘~ 1.,. 4 5~, -4 - )

— .,‘.—a. ‘St ’ 4 3 4 3 - - . : ’ 1 - .4 - -U5 .. , ‘. s . 4 - ’ : 1 - -S70I±t’ - e: .43 - :~1 43 ’ ns ’ . -. - ,c-

4 . ’: 5-.A ’SC SI :43 5 4 3 . ’ - 4 3 1 ’ c l - t o .? S ,  - -

1-7 .4-0 - 4 -‘- -

- - - ‘43 ‘ 1) 4-,

- S 0 43.

. 7 43 0 - ,

- _ ) 4 ) S t 4 - : ’ U _- _  51. ‘ 4343 ’ 15’ S4

_ _ _ _  

- 

_

_

_ _  

i

b

i~~~~~~



5.19. 8

7 7 0 5 4 3 5 2 : (ta 43 4- 43 4- : 7 7 - 2 4 3 . 4 3 7  4 - 1 43 ,  . 7 4 . 1

I .43) l raSt - , ’ ta. ,- A :nu a t I  -~ d OUa4 ~~~ :,‘.-t.a~~’ 4- . ) , . - ’ 4 3 -

-- ~~~~~~~~~~

-—------—-— 
~~~~~ 3 c ~rn~~~ = -

4) n’5, It ,‘~0*’ 4 O’~ 4- .‘n.4’ : T .43 . , ,  4- 43t*) 4 t I ns ‘ eCerOt i ,’ 43O’ ’ — : 43 -‘ ~‘ ~“t:-n ~4- ;,- , ‘~~~ t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ‘4- 4 -- . ‘ S R,)OfO-: In ‘ ~aS~~5,5 : 4 3 ”
pt- - - . - ?  : S&ra,ze n 1 : -  d.jta, ,tar, ) ? .aJ, ’ ’ 4 ) - .  : a t*-,~~rt, - 1.~~~, .• 4 ) , .  :

1 -  : 4 )o , . l ’ t  ‘4- - — 4- - S t~ 1 4 ) 1 - 4 3 - - : .  , - -‘ - ‘ 2  - —— : 2 ’ :,~1 43,:: tr ,’i - 4 3 - ~~~ ‘ : - f l - t a t  cot t ,ol - 1 - ’.’ - -  - !1~~t*t 43- : t t t r O ’

I -~ -- - ‘~ T ~~~~~~~ ~ - 
- 

~~~~~~~~~~~~~~~~~~ 
- - 4 

~~J43o-~~ 
4),

-~ - - - -- I ‘ . 
- - — - ‘ - 4 - ‘ ‘  - - ‘ -7 - - - n€ I - —

75 .~ 13’ 957 54- :’ 414 1 .0 ‘9.

-. 
. 4-~ o- 4)43:: 9,869 - 1., .4 t ’  , , ,- ‘4 2 ,11,’ 4 ’

- 5- , .~~~ - .n - ,3~~ 35)4 .5 - .4-1 4-43

151 ~~C, ’ 7 5.4 7 ,, ‘ 4 :5__ ’ ‘ 5 . 0

:1 -5 -4 , 1 . .  i~~, . n  431 ,5~ , 4 ~~~~ , t- !5: - — n , , -t-:- 5, 5 1.!

- ‘  — ~- - .=- ~~~~ trot - - . ,4),a. ‘ -:7 5*: - - 5 ,

Sm,-, 4 .

-“.me 10’: 

-
-
~~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~



-- -.- — -..- .~~~~~~~~~ - - - - -  ---r - - ,  -‘

03 7 5 . 1  - -4- - 4 3 4 - 4 3  : 4 4  
, 

1 :1’ TOO 1043 43~ 5 055- - 0 : -

, : - ‘ , c O t  S I 4 ’ I a  , .  - - i ’ r -  - St:-

~
__ ______

sn_, t ., ~~~~~~ 1 4 - 4 - ’~~~ I 
_______ - 4 - 4 - - -’ - .~ 77 .1 not’.-t ~~2~~’ 1

- c~-: ‘ O ’ .  4’U . - :,):.ttt- 4 n : : 1 4 -  1 - - ‘rs,. —

,u~~r n - - v a  4 - 4 -  . 0:, U ~~43 44

5 14 2.’- ,. .--.5a a ’ .’ ,.: .0 10 3 ~ t, 4_ _v _ , ,,c _ * r :  4’ -- ’ - .4- : ’nta,- . 7’ “. ‘7
r’ -~~ - ’ 4 - - -

~~,- - . - - - 1:5 ; -
— — II 5 0

51.0 ~~ 4 39

-  4 n . 4 3  Cr - -Un 1~~4 -- 43~ - . _J .7. .55
- r -  - . . 4- .  1 5 ’ ’  - 4  ( . 4  4 - . 4

A .  m,.,:’o 4 4 - 4 -’.5 : ,  72 ‘~, 0 4
5 s5 . 4 - .  4 ‘‘.4 “ta - - . 7 1., iS  44  4 4 ’

:4) 0 0
( (043 .0  t n - n, (1.: 5 43 1 5 -

- - :. ‘ r I  nI 4 4 9 - - -

- ,  

- - ta I 4 ‘~ ‘ 4 .  79
I’’

~

.., 5 4  55 - 22
‘F 0 :-  - ‘ - 4

‘ - .4 -  - - - - r 4 - 4 - n t t  4 .  435. . 11 5 - 4
a r .  ‘-‘ 1 ’ . 9 5 ‘7 34

Sc - ‘ ‘431 7 5134
7,’. ’ 4-a.’: se -5 43 43 50 

- . -~:.:- - .4 9’ r (L43 EaSt So - S- ’ . - . 7- - 
_ -

- *  5 . t ~
- 5434 - 43 243 4 4

1, . .,.- : o I O - - . t . 5)
r - “ - - ‘ a t’4 -  - 1 4  4 4) •

~ 4. %‘ 95-,, ,.. - ISCn ’ 4 ’ t- 4 1 - : -  -.4 4 . — . - . - 4)

T ’ .n. :-,ta . ?r-ta , I:, ~~~~~~~ n _ I  ‘ 4 , 4 1 ,.-7 I 5” 5 -  

ST’ ‘ ‘ 9 ’  - 1’ - ‘1 -- - , — ‘2 . 4 5 ’ 5 .- - , - : - 75 7::.-
i - s i - . ’  1’ - 5—- ,- Sat, , ,~ : . . - 1~~~

- . . ,‘,5.s’1,~ ‘r j ’. - - 4 - t a ’.: U - n r Cr ’ ” : - srI late Ar. l’m,,

‘04’ 797 1

.

9 -- -- 

~~~~~~~~ -4 .-- 
- .~t . - - -~~~~~~~~-



—,__,-—-?__—,‘--—-—--— -.—..-—‘•--‘——-— —..— -— .-——,—---—- — -4.--. -.4.-. -.-~~~~~~~~~~~~ r~~ . -. — . _ . , _, _. ,,4. ‘ _.‘ - ‘

- - - tI, . 5. ,.. - ~~~~~~~~~4 - t  4) ‘7 SC4. - - * 1 - 43 - -

- S n : a ’ : - _ I~. .1 ,~~:t r  - S4~ ~~~~ -

- I  - - - - D~4as. ’ - _~ ,.-__ ._ .__.~ - - _.,_1.51.L5143 ’t1.4-.C 1. - - .i,~~
_ _________ —

4~~- 4 S~~~ 4

4 -~0 1~~~4

- - - I , -  1-I1~~~~.n. 1 .’:. ‘ 43 ’ 4 , 5  175 

.‘ 43- .:: ‘- - - 743 .  - ‘ 4  - . - 
, 

5 ,
5-.-- ta . ‘ :at’( 4 , 7-5. 4 .

4 .1,..’,. -- a-- - ‘U- . - .4 ~~. 70 :

- - U -- 4-. 9 — 4

- - - - - 7 4 79 ’

- -  

- - - - - .7”3- ‘~~~‘ H—2

- - ‘  ‘
- - , - : - -I.  . - 43, _ S 1

- _ 0_ :- , - - . ,, 4- - 4- , _ - 4 3  ‘ S :. _ ( 4)43   ‘.. -- 4 043 ,’&0

- . _~~~:~~ T’~~ ~~~~~~~~~
‘ 

- ._
‘:

~~~~~~~~~~~~~~~ - -  -



2 _ _



- — 4- .~~~~~~~~~ ~~~~~~~~ —— -- - ‘ -—-- -- -~~~~~~~~

7 4 1 1 ) 4  4 3 4 3

43, . ,‘-,43 5 ‘ 0 :  - - 1,43 : 32-555914 5 - ., 7-5 5- 4 - : ) -  43 1; ~~ :

St S -o - - a - . -l.,’..:.- -0  : — ‘ r r- - ’ ~~:’ , Ir a a I- - ,tr. ‘-jrsl ,eas r-n
Vt : lot-a - I - N osfe1, re, : ‘ - - t raS : 15- : Fn t r ra  

- :- - - U S sl!ta - a - I l . ,r .a A .‘ :51 : 9, , I - -~- - ,5, a na. ’ a:, 51’7 - - ‘-s, .0.
- - , : 5 , . ~~’ - : - ‘4)9,, ‘43 5’:- , 74,43 :5 ‘ 5 9 ,- a ,‘ :: - : f rat.- S : -

- 4 , 47 C 45! .  ~1 , ‘ , ‘2(43- . 4 .  43 72 51 00 - t  5 4 - ’

4 , 1 ’  C .:- ,-ta ’~
- 7)4 ’: 

~~
t.’- 4- 4 ~ ‘ 7- - * 50 10

0 34 4nv ‘ 145!’- 65 15 7 ,  .~ ,‘ ,

543  43 4~ ,4 3 - v  4 ’ a S 4) 5)4 2 43 555 43 45 . 7~

- 
43 5) 2 ,4- ’ 17 45 2 .4. .7 1: : s.~-) 5

0444- .54-4- 1.1,50-
a-,: C v r - , . 1 - 0 .r, ,r.-. a ’ ,4 4 : 4 3  2439 4 ,311 0- ’ 251 4 5,3643 50

5..:: 

I ,50-1: : SC5 5 5 - 9 1 : 1 4 * ’ -’. 5, 50 - 743: 43 -1;

- , r s t’, 043 t5 t.u:- ’ - £1 ‘ 1 -1 :,. 431. 43

043 350 ’

- - . 
- C-:Iee.l - - 0 - ,I-- ’ rl - ‘43 1,-eO : 

- 
‘~~ F: ’ era.1 - ) - -1e r ~~ -

: ‘ - s ’.ai 1a ’7  ~~ a I  - s-tai>C ’ - :  :lr sSss , a I l r : I - .n- ,,43 ‘. i v s ,a S , ,t I : r . : A ran sa~~~ 1.n,taJ a ’’ ;r. .’ A r : . . :The ’. n S - , t ’. ; : . :

- ~~ :5, 4-9. - .1 5.. 5 - r ~~43~ - ,4 .aA? : 5,4), -. 07-4,4- - c : , ’ — 1 n 5 ’ ’ , ’ . : 7 -15.
- - - - - - - Costs ’, a Coat s : - - . Pt,

S ‘ 
— — I - 7 - -- 5 

a - - ,: - :  r , - - 4-43 4) taO ‘ 43 , ’. ’ 91 - 6 50 54) 45  71-

7 , 14 .  3 ‘ , : -l.C 1. 3 ,9 . -  43 190 :5 5 ~ . ~~443 5

7 ,43 a - 5~ 43 70 43 1 - - 4~ 43 64- 9 - 4 3 °  . 4 , - 4, 139

St 44 4- - - - 7 - .7 4 . ’  14- 43.  2 . 43! : 4 .

2 - 5 5  0 5- ’ 1 ‘ 1) 0 43 4) 4: , .77 ,4

- 
- -
~~~ ~~‘, - - : -~~;.

‘-  
~~~~~~~ U 07-1 0’  2 4 3 . ’St2 4-0 0 -53,’ 34 - \~ 1)4- 554-- ~~ ,

2m~ 1971

— ‘ T ~ - -  

-

~~~~~

. . 

- -  -



SAN FRANCISCO 2)43 S2-SFOI,7- OF TS~ 064315 -4 -4151)4 ‘ 74307 -

S Ssta *7 Se l et -S nI  43,-, : . t iona
FIcan In 1,359. O o I

— It~~:. t a - -a- S L,cnt lor : 4),,.’ 1 4)603434,4- :iur3 :7 r.,cr ’, : • t n ’ las ’ - * 4 - 4 - 7  ‘ -a i4~0tp5t435 3a3c S 75-a- ‘ lIT 5 ‘ - .1 - 
~~~~s~- - :  - -S I 4 3 1 . a  S a A t  a Eo ls t l n 74 a F __t,,- — Ccl ‘- 1 1 :  

~ a ‘ .t” :~ c 1 ‘ o s  —a a a a tt,-.n, a i 5 5 ~~
t
~~ --- ‘ n: - ’. 1 1 - - -. 5- ~~~I a

~ 0 5 
4. 

SI 
t IUlls : :t l r - a :  : 5 - n  -~~

‘~~0’ - :r,- ,s ev l Ip 4 n-c ’ ,4 95 ‘43.7 ‘3 64- 61 14 ’ 58 571 1,4- 1(71, 99 4-4 
- - - * 1.1 : e s  12 Doc55 214 27- 23 431 243 ‘0 4-1 4-I 47 7.’ ‘7 34)

u . n: ‘: 1 es.,adero
3 5.-54- 1,1 .43  7 7 ‘ 2(1 16 C : €  437 51 12 51

t o ,  as 4 - ’ : l f I e S  by ~r. ,• .,:43C S c’  : 4 3 , -  I C  I . .  f’~ ’ :u’ - 7143: - : ‘ 7 . - 1 T oo-no- 7) t e y~~tre I ~~ - Sn ’ -

.I~~nn 195

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
- . 4-



_______________ —_—_ -—r--__ ’_ _ _______ ’___ _ _ ’ ____ _______ _ _ —— — — ‘ -——4.- -- ‘ 57’ I ’
- .

_7



~~~~~~~~~~ ‘ 1TS( -
~~~~ ~~~~~ ~~~~~~~ 

-‘----,— — - . -——-_- —-—‘- - ‘v —-——--.—--’--_ — —  — - I — — - — —‘—— - — _ -

‘
S

X 1
~~~ 

• 
- , -

-
~

-‘\
~
/ / —~

‘ E A S T  BA Y 
~ 

j V ~C 1 ’I BAY

~~~~ —_—-
~~~

.‘.. 
‘ s ’S E, I - - 

S T R E A M  ‘ —

C 

— • 
- A s ’t --~4 - S O  

,
, 

I

/ - 
,
~~~~ 

-

~~ 

,,
,
~ U /

RUSS IA N ‘ ~-. ,
S

Re yes

p.

_ _ _ _ _ _ _ _ _ _  ~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
~‘



- — — —. -r ’ ta” r — - . — ‘ a  --  -,c .~~~——_ ~~— r

L E G E N D

I . Reservo i r With Flood Control

2 ‘ . tq, Study Area Boundary

‘S

1’
~~~~~~~~~~~~ 

- 
• 

~ 
-

- 

-

c S T  BAY 4- i
S T R E A M  ‘“ I ~~~

- . ,
(1 ~~~~

_ 
•

—5 i

I
4

~~~~~
• S ”_ 

~~~~4 41 ,.‘~4

4-’ , , B~~~ 

- 
- ‘ - - 4 0

- -
9

(

MAP 2

SAN F R A N CIS CO BAY SUBREGION
CALIFORNIA REG ION

FLOOD CONTROL STUDY AREAS
(0 0 (0 2~O

SCA LE IN WILES

20—- - _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_



— - - 
~~~“ r’l - ’ ’

I E s i

I

2.~~~

- ‘44)2

y~~~~~H 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ cS i’

* - - ‘a’ .
~ - 

,,, - 
____.~~

.t
_____ — 4 —-  ‘. --



— .. ‘- -~~ ‘~~~~~~~~~~~ 4 ’ ’ 7 ’  —‘.- -‘
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CENTRA L COASTA L SUB R~GI0N

General

The Central Coa stal Subregion ( CC ’) extends along the Pacific Ocean
for approximately 350 miles, fr om Ano Nuevo Point in San !~~teo County
on the north to near the Santa Barbara-Ventura county line on the south.
The subregion extends inland an average of about 50 miles to the crest of
the coastal ranges and encompasses an area of 11,452 square miles. (See

~~
p CC_ 1.~ It is comprised of drainage areas of streams discharging into

the Pacific Ocean and includes a closed basin in the southeastern part of
the Salinas River Basin Study Area.

The clinate of the subregion is temperate, with warm dry suxnn~rs and
mild wet winters. Local topography has marked effect on the direction of
prevailing winds , frosts and amounts and areal distrIbution of rainfall.
Temperatures along the coast range from a winter low of about ~ degree s
to a summer h igh of nearly 10~ degrees , with interior valleys having tem-
peratures from below 10 degrees in the winter to well over 110 degrees in
the s um m e r .  About 90 percent of the precipitation occurs dur ing the months
from November to April. Normal annual precipitation is around 21 inches,
ranging from 17 inches for the Sal inas River Basin , 20 inches for the Santa
Yne z River Bas in anI. 47 inches for the San Lorenzo River Basin and over 64-
inches in the mountains southeast of Monterey.

The subregion had an estimated population of 5n7 , 4-O Q in 19 65. ~~ jor
urban centers include Salinas, Monterey, Cam el, Santa Cruz, Watsonv ille,
San Luis Obispo , Santa ~~r ia and Santa Barbara . The economy of the sub-
region is supported primarily by agriculture and related industry. In
addition , manufacturing, petroleum, mineral production and the recreation
Industry are contributors to the basic economy.

The basin is served by Federal , State and county roads, which afford
ready access to all parts of the subregion . The subregion is also served
by railways and several airlines.

Important streams include San Lorenzo, Pa.iaro, Salinas, Carmel, Santa
Mar ia and Santa Ynez Rivers. The Salinas River is the largest stream in
the subre&eion , draining over 4:’ percent of the total area. I ts ma j or tn-
S 1 *~ r~e~ include t’ro Nacimiento River, San Antonio River and Arroyo Seco ,
~-r~ :~~naYn:o west of the main stem in the Santa Lucia ~~nge, and Thtr~ lla

rr ’ar
~~
.
~ an~ San Lorenzo Creek , originating east of the main stream in th~

~~a~ i-i Ranr” . Add itional information on the subregion can be found in
.-“ rr~~ni’x T, Th~ Region.

;‘~~~ “n~~ i1 Coastal 3uhr~~~on has been su hi~ vided Into hydrologic study
ar’-’an t- - fa-~f1itat’° inv~ st~pation of ~r~~~ nt anii future flood problems.

~~ 5~~ 30’ ~tu:~ ,’ ar ’a3 are’: Santa ~ruz Stre am Group; Pajaro River Basin; Salinas

CC-’
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River Basin ; Carmel River Group ; Morro-San Simeon Streams; Elan Luis
Obispo-Arroyo Grande Streams; Santa ~~ria River Basin; Santa Ynez River
Group; and Santa Barbara Streams . (See ~~p 2.’)

History of Flood ing

Although storms reaching the Central Coastal Subregion occur in con-
siderable variations, certain characteristic conditions are conducive to
flood producin rainfall over the area. In general, these storms occur
with a southward displacement of the Aleutian Low and its associated
frontal systems. The closer the center of the low to the California
coast, the more severe the rainfall. Flood produc ing storms vary in
duration from three clays to six days. Storms lasting longer than three
days generally result from a combination of weather patterns. Because
of steep gradients , fl oods on streams in the subregion are characterized
by extremely rapid rise and almost as rapid recession.

Rece n C ma~ or floods occurred in February-~~ rch 19~ 9, January 1952,
Decembe r 1955, April l95-~, December 1966, January 1967, and January and
February 1969. On a subregion basis, the 1938 , 1955, and 969 floods
are the most signifIcant and widespread, with the 1969 flood being the
most severe of the three . Available records indicate 16 persons lost
their lives to floods this century.

The flood s of January and February 1969 were caused by a serles of
Pacific storms which brough t widespread and severe damage to large
areas in central and southern California , includ ing nearly all of the
study areas in the Central Coastal Subregion. Damage from the January
and February 19~ 9 floods totals approximately ~61 c~ill 1on for the sub-
region , including nearly ~‘34 mill ion in the Salinas River Basin and
-~ 11 million in the Santa Yne z River Group. Flood fighting and cleanup
costs for these two floods exceeded ~2.5 million. ~~mages to a~-ricul-
tural and urban categories were about equally divided . Photo CC-I shows
flooding condition s along the Salinas River near Spreckles during the
February 1269 flood .

The 1955 flood inundated 14,42~ acres in the northern portion of
the subregion, resu1t~nrr in ~16 million In damages , of which 8-~ percent
were agricultural, residential and corruiiercial in nature.

The 1938 flood was extensive throughout the subregion. However,
due to the low scale of development at the time, only about ~1.2 mil-
lion in damages were recorded . ~~mages from these and other signifi-cant floods in the subregion are tabulated - 
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Flood damages 1/ - (~ i , ooo ’)
Flood :Forest & range~AgrIcultural:Residential : Industrial: Public :Total
season : re sources : & : & : & :facilities:
(year): & facilities : land :commerclal : utility

l937-3~ 18 737 51 153 205 1, 164
195 1-52 34 169 25 48 25 3~ l
1955—56 2 3,545 9,389 540 2,606 16,082
1957-58 111 2, 67 5 921 394 2, 1C2 6,263
1266 — 67 76 4, 1lfl 715 1,350 1,490 7 , 741
1968-69 28 27,422 4,447 6, 175 22, 733 60,805

Based on prices and project and economic conditions at time of
occurrence of flood.

~1stimated damages from a 1~ fl _year frequency flood for selected streams
in the subregion are shown in Table 3. Peak flows of maximum floods of re-
cord , 1-~~ -year floods, and standard proj ect floods for selected streams are
shown in Table 11.

Present Stat~is of Flood Control Improvements

The subregion has a moderate degree of flood protection on streams with-
in the area. ( See ~~p 3.) The exis t ing  flood damage reduction measures in-
clude flood forecasting, flood control storage and levee and channel improve-
ments. The degree of protection provided by these measures varies fr om the

- -y~’ar or greater flood In urban areas, and from 1~ to 50-year flood pro-
tection in agricultural areas.

The Federal-State River Forecast Center in Sacramento prepares river
and flood forecasts which are disseminated through the San Francisco River
Jistrict Office of the National Weather Service. These forecasts are for
river stages during hIgh water periods. The locations of fore casting points
are shc’~n on t~ .p 4.

Fxisting (19 65 ) flood control reservoirs are located in the Salinas
River Basin and the Santa ~~ria River Basin. They provide a maximum storage
of 289,~ flfl acre-feet during the most critical flood situations. These re-
servoirs are:

CC -3
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Flood
Study area : Re servoir : Stream : control : Drainage

: : : capacity : area
(a c. _ f t. ’ :(sg. miles ’)

Salinas River
Basin San Antonio San Antonio River 52- , ~ 

- 
-324

Nac iiniento Nac imiento River ~5~ , -7fl~ 324

Santa Maria
River Basin Twitchell Cuyama River 89,20-’) 1, 135

Lake Cachuma on the Santa Yrtez River and Lake Salinas on the upper
Salinas River, both water supply reservoirs, al so, contribute to flood
damage reductions at times, especially when the reservoirs are not full
at the beginning of flood runoff. The locations of these projects are
shown on Map 3, with additional information given in Table 6.

Fxisting local protection works are composed of 69 miles of levees
and 2 miles of improved channels. Of the 6~ miles of l~vees, approxi-
mately 36 miles are located in the Pa,laro River Basin and 24 miles in
the Santa MarIa River Basin. The only ex is t ing  channel improvement
projects providing better than 10’_year flood protection are the San
Lorenzo River Project completed in 1952- and the Santa Maria River Proj-
ect completed in 1963. ~xisting (1965

’) levee and channel projects are
listed in Table 7 and shown on Map 3.

The Arroyo Grande Watershed Project on Arroyo GrancIe Creek , installed
prior to 1965, provides protection of the flood plain by channel improve-
ment. The structural measures wi th in  this project are complemented by
non-structural land treatment measures which retard r inoff and reduce
erosion.

The Flood Plain Management Services Program is explained in detail
In the Regional Summary of this appendix. No flood plain information
studies were conducted in the subregion pr ior to 1965. Three flood
plain information reporta have subsequently been published: one for
the lower Cartnel River in May 1967, and for two reaches of the Santa
Ynez River In April 1969 and April 1972. Flood hazard Information has
been , and Is being, provided to governmental agencies to permit them to
proceed with such planning, engineering studies and other action as may
be necessary for wise use of the flood plain.

CC -4
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In the Central Coa stal Subregion, the accomplishments of existing flood
control measures have been substantial. The existing system of reservoirs,
levee and channel improvements, augmented by flood forecasting, has pro-
vided floodflow reduction and prevention of flood losses.

Under 1965 proj~~ct and economic condition s, existing flood control
developments would have prevented about h 12.6 million in flood damages from
the December 1955 flood and did prevent ~2 million In d ama~~ s during the
1966 flood and ~6. 4 million in the January_February 12 69 floo- in .  ia c i miento
and San Antonio Reservoirs provided effect i ve control of runoff on the
Salinas River during the floods of December 1966 and January-February 1962.
The two reservoirs prevented an estimated -~2 million in flood damage s durm n~
the December 1966 flood and ~6.2 mi l l i on  ci ur inr  tine February ~269 floods.
Photo CC—IT shows the Nacimiento Reservoir in  operation -1urir.c~ th ’~ flood of
February 1969 . The Twitchell Reservoir on tine Cuyama River , together wit }~
the levee proj ect on the Santa Mar i a River , prevented about ~~~~~~~~ in fl ood
damages during the January 1969 flood . The Arroyo Grande Watershed Pro i ect
was effective in preventing about ~1 mill ion in flood damage s for the same
fl ood . Approximately ~45O,0OO in actual flood losses were prevented by the
existing levee project in the Pajaro River Bas in dur i ng the December 1955
flood (1955 pr ices) .  Addi tional details are included in Table 2.

As is evident from an examination of the flood damage table s, si~mifi-
cant problems exist  within the subregion . Thes’~ problems ar~ particularly
serious in the Pajaro River Basin , Sal inas River Basin, Santa Barbara
Streams study area and in the populated downstream section r of the var ious
coastal streams such as the Santa Mar i a , Santa Ynez and Sisquoc Rivers .

Streambank erosion , wh i ch Is a major problem In downstream channels such
as those of tin—~ Salinas and Carme l Rivers , is not considered a s~ rious pro-
blem in the tributary watershed areas. The subregion has a total of 9,7~~
miles of eroding streambank, of which l,47n miles are considered serious.
The primary erosion problem in the tributary areas is sedIment production and
deposition resulting from surface erosion. Present land treatment practic~ s
are primarily fire prevention and suppression , range seeding , critical area
planting and crop residue utiliza4 ion.

Average annual damages for the subregion are sunmEri zed as follows:
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~ stimated Average
Study Area Annual i~ mages (-~1,

r’2fl~ ‘~I

Santa Cruz Stream Group
Pajaro River Bas i n
Sali nas River Bas in  3, 6L1
Carmel River  Group
Norro-San Slmeon Streams 296
San Lu i s  Ob i spo -Arroyo Grande Streams 27~
Santa MarIa River Basin 728
Santa Yne z River Group
Santa Barbara Streams ] , 512

Total

1/ Based on 1965 prIces, economic and pro lect conditions.

Add itional details are contained in Table 4 for the entire subregion and
in Table 2 for urban areas. Major urban damage centers and areas sub-
ject to flooding r~r-e shown on Map 4.

Future N ’~”ds

The Centra l Coastal ’ s future problems wil l  stem largely from antici-
pated economic growth and change in the use of flood plains , thus requir-
ing additional flood protection measures. I t Is est imated that the aver-
age annual flood damag~ s in the Ce ntra l Coastal 3uhreg~ on (based on ~265
prices and economic condit ions~ ~x ’e’~ t 1 r r i l l ion . The subregion ’ s pop-
ulation is expected to increase from 6R~ ,fl0e in I965 to 1, 66 ,000 by 1902 ,

2,280, 1~~c- by ~~~~~~~~~~ and 4 ,26~ , by 2~ (base plan proj ect ions) .  Due to
these fa ctor s , the average annual damages are expe cted to increase to
about ~14. 7 million by ~ 902

, ~26.5 m i l l i o n by ~~~~~
-
, and ~~~~ m I l l I o n by

2020 if additional reduction measures are not provided after ]~965. !~~s-

timated damage data for ‘existing and future conditions are contained In
Tables 5 and 2a.

Measure s Required to Sat is fy Fu ture Needs

Improved flood forecasting s~-i l l  become a necessary element In a com-
prehensive flood control program. A well-coordinated system of fore-
casting will permit more nearl~iy optImum operation of projects for all
purposes. ~1fforts will have to be made in developing procedu -es for
flood forecasts in pr ovIding an adequate -hydrologic data network and In
expanding the area of coverage of r iver  and flood forecasts. Future
forecasting points are shown on Map 4. The required improvements to
the flood forecasting system have been estimated to cost ~~~~~~~~~~ for
the period 1966_ 19 °( , ~22’ , -~~-~ for 19~~i-2 -~’ - , and ~23fl,~~ C for 2°01-
~*2C- .
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Flood water storage will be important in the future flood control
program . An additional 514,000 acre-feet of flood control capacity are
required in the Central Coastal Subregion to satisfy future needs. The
potential reservoirs and detention structures are contained in the
following tabulation :

Flood
Study Area/ : Reservoir : Stream : Control : Dra inage
time frame : : :Capaclt y : Area

in which needed : : :(ac. _ f t . ) :( s g .  miles)

Santa Cruz Stream Group
1966-1980 Soquel Soque l Creek 19,000 32

Pajaro River Basin
Detention
Structure No Name 4,000 19

1981-2000 Gllroy Carnadero Creek 23,000 64
Detention
Structures (7) (Various ) 6,000 59

20fl 1-2020 Detention
Structures (6) (Various) l5,00fl 70

Salinas River Basin
1966-1980 Detention

Structures (3’) ( Variou s ’) 4 ,000 48
l9P1-2~~~ Greenfleld Arroyo Seco 90,00(’ 217

Salinas Salinas River 50,(0~’ 112
Detention
Structure No Name 6,000 220

Carmel River Group
1981-2000 Kiondike

Canyon Carmel River 4fl , fl~~ 185
200 1-20 2~’ Detention

Structures ( 8 )  ( VarIous) 29 ,000 155

Morro-San Simeon Streams
Santa Rosa Santa Rosa Creek 2,000 12

Santa Mar ia River Basin
1966-198(1 DetentIon

Structures (5) (Various’) i,ono 2
1981-2000 Round Corral Sisquoc River 108,000 280
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Flood
Stuly ~r—’a, : Reservoir : stream : C’ontrnl : Drainage

t im~ frame : : :Capac !ty : Area
in which need’~d : : :(ac ._ f t . ’ :( sq. miles’)

Santa Yne z ~trearn I~~~~~~~~ 1T~

S. 02_L-R0 Lom~~- c -acta Ynez Ri~~ r l25 ,~~
1)~tent ion
:tructur~’c 

(p) (Varlous~

- -arSa farbara ?tream~
t~ tention
Structure rca Name 1 mr ~ 4

Total 5~ 4 ,~~(Y

These re~ erv-oirs are shown on ~-‘n i  and c-i-I ~ tional details are contained
in Ta~ Ie  6. ~

‘stimated Installation cost fCr the additional flood control
capacit y tota l ~~ . 7 m~ i 1 io n  for the ~~ riod i 7 6 6 _ l P R ~ , ~52~ 9 mi l l ion  for

- and ~13.2 ~rt1iion for i~ 01-2~-2

Limited capac i ty  of channels  in various areas will require levee and
channe l w:rk to ~afe1:i pess fb oodflows. Preliminary studies ind icate
that ad-litlonal levee anl channel work i~ desirable in the following
areas )f tine Central Coastal Subrec~on:

:t’i-I’,’ area/time frame : Levees : Channels
in which needed : ~Pank Mi1es~ 

(~-‘ i les)

Pa l arc River Basin
1-266 - 91~~- 31

0 6
2’-L 1-7 2~~ 

20- 9

Salinas  R i v e r  Bas i n
1266 — ~90~~ 0

-- 0

Marro— Sa n Stni ’~an Otr eams
0 2

~
-
‘ 01—~ 0 3

CC-S
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Study area/time frame : Levees : Channels
in which needed : (Bank Miles 1 : (Miles’)

San Luis Ob i spo -Arroyo
Grande Streams
1966-1980 o 2
1981-2000 0 3
20~i 1_ 2~C20 0 1

Santa Maria River Basin
1966-1980 0 2
1991—20-01 4

0 2

Santa Ynez River Basin
1966-1980 1

0 5
2 0 ’  1_20 20 0 5

Santa Barbara Streams
1966-1980 1 12

2 11
11

Total 54 275

Included in the above tabulation are the authorized modification of
the existing Pajaro River  Project, now in advance engineer ing and desi gn
stage, arid the authorized , but inactive , bank stabilization and channel
improvement project for the Salinas River. Also included are the author-
ized Upper and Lower Liagas Creek ‘~4ater shed Projects which are now in the
advan ce enoineer ino and ieriim stage. Locations of levee and channel
work are indicated on Map 3 and additional details are included in Table 7 .

Levee and channel work by local interests in the future is expected to
be of l imi t ed scope and would probably not have significant influence in
reducing the overall potential flood ~ama~c’ in the subregion . The esti-
mated Installation cost for a’i-i ttional levee and channel work totals
‘~67.7 million for the period ~966_190 , ~40.4 million far ~70~~ 2 20, and
t g I  m i l l i o n  for 20 1-2 2

The structural measure r included in the preceedinc tables are to be
complemented by non-st ructural  land treatment practices. The mosl frequently
used present practices of’ crit i cal area planting , rotation—defered grazing ,
ran, ’e seeding and brush control are expected to be effective in the futu~e.
2 Map ~ for potential watershed land treatment locations.

CC_ 9
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!~stimated costs and acres of watershed land treatment measures are
suimi~ rized below.

Land Treatment 1966-1980 1901-2°10 20Cl-2~2~’

Thousand acres 76 92 36

Thousand dollars 2,4~ 5,820 2 , 200

To combat existing and anticipated flood problems, emphasis on non-
structural fl ood plain management measure s will  increase to become a
more important component of the flood control program in the subreg ion.
These measures will consist primarily of flood plain zoning and flood
proofing. Particularly adaptable to such measures would be about 85
stream miles in the urban areas of the San Luls Obispo, Santa Maria
and Santa Barbara stream groups. Table 9b lists damage reduction
in urban areas attributable to future non-structural measures for
the subregion. Non-structural flood plain management measures are
discussed in the Regional Summary of this appendix. (Also see Table
8). The estimated costs for the above measures are ~~~ mill ion forthe period 1966-~ 9~~ , ~ 15.9 million for 1991-2002 arid *22 .2 mill ion
for 200 1-2020.

Potential to Satisfy Future Needs

The flood control program presented her’~in would reduce the pro-
jected average annua l damages ~‘4.l million by 1P0-~, ~i 7 .2 million by
2000 and -~36.6 mil l ion by 2020 at an estimated installation cost of
~1fl9. mil l ion for the period 1266_19~~ , ~122.2 million for 1991—
2-’-i , and *64 .6 mi l l i on  for 20”1-202’. ~sti~~ ted annual 0~~R costs
f or the l966_ 1980, l981-20~ -~ and 20-” 1-2020 portions of the flood
control program are ~fl . 79 million , ~1 .21 mil l ion and ~°.91 mill ion
(See Tables ic , lOa and lob.’) The effect of the potential flood
control program on future damages Is shown in Table 8 and graph-
ically on Figure CC-i , and Its effect on flood flows is shown in
Table 11.

CC-in
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SO1.YI’H COASTAL. SUBREGION

General

The South Coastal Subregion extends for about 200 miles along the
k3acific Ocean from the ?~~xican border on the south to the northwestern
boundary of the Ventura River Basin. The subreg ion , with a n~.ximuni width
of 75 miles, has an area of 10,981 square mi les and comprises the drainage
areas of mny coastal streams flowing into the k’acif IC Ocean .

The subregion rises from sea level to the peaks and ridges of the
Tehachapi , San Gabriel , San Bernardino, and San Jac into ~k untains and the
coastal ranges of San Diego County. The coastal plain , about 1/3 of the
area of the subregion, slopes gently upward from sea level to an elevation
between 500 and 800 feet at the base of the several nx,untains . On the
plain, the contig~~us drainage areas of adjacent streams are separated by
low divides.

In general , the climte of the coastal basins of the South Coastal
Subregion is mediterranean a subtropical and semiarid climte . Tempera-
tures are moderate , norr~~11y with si~~ll daily and annual ranges , and infre-
quent freezing on the coast . Temperatures in the mountains depend on alti
tude and topography,  with below-freezing temperatures occurring at times
during the winter. However, variations in c1in~ te are wide , ranging from
arid desert-like conditions In the upper reaches of the Santa Aim drainage
ar ea. to r. mi ld and equable climte along the coast in San Diego County.

~‘recIpItation falls prin~r1ly from December to ~~rch , inclusive . It ranges
from a mean seasonal minimum of about 10 inches on the coastal plain to as
much as 45 inches in the mountains. Snow is co~~~ n in the mountains but is
rare in the Interior valleys and on the coastal plain.

The South Coastal Subregion contains over one-half of the state ‘s popu-
lation in less than seven percent of the state ’s area . It had an estin~.ted
population of 9,910,000 in 1965. Important population centers are the
Ventura 0xnard area , the Los Angeles Long Beach area , Orange County area ,
the San Bernardino-Riverside area , and San Diego County area. Because of
its highly desirable c1in~ te and other favorable factors such as transpor-
tation and harbor facilities, the area has experienced a very intensive
growth in population and industry. The areas economic activities are diverse .
~~j or activities inc1~zIe agriculture , finance , mineral production , mnufac-
turing, and foreign , retail and wholesale trade.

Transportation facilities in the subregion are well-developed and ex-
tensive . Highly developed Federal , State , and county roads , highways, and
freeways af ford ready access to all parts of the subregion except for some
higher mountain areas • The road system also provides ready access to adja-
cent areas . Rail service is supplied by three transcontinental rail lines.
There are several n~~j or airports serving transcontinental and overseas air
lines, while a nun~ er of sn~ ller airports connect with feeder and commuter
air lines. Coastal harbors are developed for all craft from deep-draft ocean
vessels to snail recreation boats. -
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The subregion 1~as bee-~ divided Into study areas. These are delinea
ted on ~~p 2 and listed in the several tab les. Eacri study area includes
the named n~ jor stream and also mi nor coastal streams flowing directly
into the ocean. Inc  study areas are: Ventura i~iver Basin , Santa C lara
River Basin , Calleguas Creek Basin , ~~1ib u coastal streams, Santa l~’bnIca
Bay coastal streams, Los Angeles River Basin , San Gabriel River basin,
3anta Aria River Basin , Oran~’e County streams, Santa ~~rgar ita River
basin , San Lui s Hey River Basin , San Diegulto River Basin, San Diego
River basin , Sweet’water River basin, and the Otay~Tijuana Rivers basin.
Some 48 urban danage centers are affected by floodf lows from one or
more of these streams . Tab le 9 lists the communities and the study
areas .

Additional inforn~tion about tne sunregion can be found in Appendix
II , “T:~c Region ’.

Ristory of Flood L,~~

Tne area is suoject to sudden and severe floods, with some flood
la~m~’e occurring In n~ st years. Fost floods in the area are produced
by general winter storms, usually occurrln.~- from December to ~ .rch, In~
clusive. Snow is seldom a factor in floodini~. Thunderstorms occur very
infrequently alon4~ the coast arid usually only ci ur i ng winter months, but
are not uncommon in the hi~ ner im untalns at any time. Thunderstorms
cover comparatively sn~ ll areas but n~ y re su~t in :iigh’ intensity precipl
tation for short durations , usual ly  triree hours or less. Flooding ~~y
occur from these storms .

,Lnfor rr~ tIon about floods in t~e Soutti Coastal streams begins In the
diary record of the travels c~f the Spanish ~1issio n Fatxiers between San
DIe~’o arid San Francisco in 1769 70. Infor,’~~ti on on early flood s is in
the regional section of this  appendix. These early records are not
detailed enough to determine toe me~gni tude of the ear ly flood s, nor are
records of monetary damge available . ~owever , these records are extensive
enough to indicate that flood runoff in toe r~ ny streams of toe sub-
re~iLon has periodically siibmcr~,-eI , dameged and washed away crops , res-
idential , commercial and industrial deve lopments , highways , railroads,
bri d~ es , and u t i l i ty  and pub lic properties. And since 1914 , 234 per sons
are known to have lost their Lives from various floods.

The extensive fLood of 1938 provided the f i rs t  for which detailed
darrage and discnar ’e records are available . It caused the loss of 87
lives and dan~,ge estirrated at $78.6 million inundat ing 249 ,000 acres in
the overflow areas of the streams from the Tijuana River in the south
to the Ventura River In the north.

Iari’e floods occurred in January and Februar y 1969 resulting in the
losn of 103 lives an~i extensive dasm~ e particularly in the north pert of
the subregion. The high stages on three streams during this period are
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shown in Photos SC-I, SC-Il and SC III. In x~~ny areas the flood was the
most severe of record. The danages amount to $157.4 million in the north
part and $2.7 million in the south pert of tne subregion (San Diego County).
Moderate and snail floods have occurred frequently on several stream basins .
A moderate flood causing some severe local danage occurred in 1943, whi le
snall local floods occurred In 1940, 1945, 1952, 1954, 1956 , 1957 , 1958,
1961, and 1965.

Emergency flood control activities, including flood fighting , rescue
wor k , repair of existing flood control facilities, cleaning of streams and
emergency bank protection, amounted to ~tss~,ooo through 1965. About
$2,500,000 was expe nded on emergency restoration work to public facilities
after the November-Decerr~ er 1965 floods. Danages from significant floods
in the subregion are tabulated below and are shawn in detai l in Tables 1
and 2.

Flood of Total danag~~ Acreage Inundated

1916 $10,981,000 96 ,500
1938 78 ,600,000 248,900
1965 5,005,000 5,000
1969 160,140,000 203,000

The danages shown are based on prices , and project arid economi c conditions
at time of occurrence of the flood.

Peak flows of naximurn floods of record , 100-year floods and standard
project floods for selected stations in the subregion are snown in Table 11.

Present Status of Flood Control Improvements

An extensive flood control system nas been developed in this subregion.
Concentrated generally in three river basins--Los Angeles , San Gabriel and
Santa Ana~~Its accomplishments have been substantial, functioning effec-
tively to reduce flood dE .nages. (see ~~ p 3). The existing flood d.anage
reduction measures , whlcn provide flood protection to about three quarters
of the area subject to flooding , include flood forecasting, flood control
stor age, levees and cnannels, floodwater detention and debris control struc-
tures and watershed treatment . t-’art of the improvement provides protection
to urban areas from discnarges of 100-year or greater flood nagnitudes,
whereas most tributary stream improvements provide only 50-year protection
or less. In a~~ Icu1tural areas improvements provide protection generally
for 10 to 50-year nagnitudes.

River and flood forecasting service is provided by the Federal-State
River Forecast Center in Sacramento. Although no direct forecasts are pre-
pared by the Center , advisory service is provided the county flood control
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off ices in developing flash flood forecast procedures for their use .
The Los Angeles County Flood Control District provides river and flood
forecasts for the county. Federal and State agencies and county flood
control district personnel actively engage in emergency operation pro-
grams at the time of possible flood overflow. River and flood fore-
casting pethts are shown on Map 4.

Existing flood control reservoirs in the subregion supply a total
of 438,000 acre-feet of storage . Reservoirs are listed in the following
tabulation and shown on Map 3.

Flood
Study area : Reservoir : Stream : control : Drainage

capacity area
(~ c. -ft .) : ( sq .  mi les )

Los Angeles River
Basin Devils Gate Arroyo Se ’c~ 2,700 32

Big Tuj unga ff1 Big Tujunga Wash 4 ,100 82
Hansen Tujung a Wash 32,000 147
Sepui.veda Los Angeles River 17 ,300 155
Lopez Pacoin~ Creek 200 34

San Gabriel River
Basin £- uddlngstone Walnut Creek .7 ,L~O 32

San Dimas San Dirnas Creek 1,000 16
Cogswell San Gabr iel West

For k 10,700 39
Santa Fe San Gabriel River 33,400 231
Whittier Narrows San Gabriel River 36,200 554
brea Brea Canyon Creek 4,100 23
Carbon Canyon Carbon Canyon

Creek 7 ,000 19
Fullerton Fullerton Creek 700 5

Santa Aria River
Basin San Antonio San Antonio Creek 9,300 27

~rado Santa Arm River 219,000 2,264
Sycamore Sycamore Creek 1,200 15
Santiago Santiago Creek 25,000 63
Villa Park Santiago Creek 15,600 83

San L.uis Rey
River basin Dixon Escondido Cree k 400 4

These projects are shown on Hap 3. Hansen Reservoir Is shown in Photo SC-fl .
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A nun~ er of other reservoirs in tx’ie subregion do not have flood control
as a designated function. Some of these provide incidental flood control
storage whicn at times can be significant.

Reservoir Stream : Construction A gency

Lake Hodges San Dieguito River City of San Diego
San Vicente San Diego River City of San Diego
El Capitan San Diego River City of San Diego
Sweetwat er Sweetwater River California-American Water Company
Lower Otay Sweetwater River City of San Diego
Barrett Cottonwood Creek City of San Diego
Morena Cottonwood Creek City of San Diego
R odr iquez* Tijuana River r-~ xico , D. F.

* In Baja , California.

A n important element in the existing flood control system for tnis sub-
region is the extensive levee and cnannel system. The levee and crlannel
system consisting of 114 miles of levee arid 2 ,202 miles of channel, results
f rom the joint effort of’ Federal and local a~encies. Suppiementini tni s
system are ~30 debris storage and flood water detention basins providing
7 ,218 acre-feet of storage and 2 ,1s4 acres of percolation beds for ground
water recF~ rge . The Federal portion of this system generally affords
protection frorr a l-in lOO year flood to standard project flood . The
local agencies works which are generally along tributaries to ~~ in streams
supplements tne Federal works arid affords protection ranging from l i n ~~
year to i in-50 year flood. In the Los Angeles County draina~e area t~e
Federal first cost amounts to $350 million (1970) whereas tocal interests
have spent about $863 million (1970 ) for the required non Federai coopera-
tion and for projects described above as supplemental. L)ata concernin~.— tne
existing (1965 ) levee and channel pro~ ects are in Table 7.

The Buena Vista and Calleguas Creek watersned protection projects nave
functioned effectively and provide excellent examples of comprehensive water-
shed projects wherein both structural and non-structural measures combine
to provide needed flood protection while reducir~- erosion and sediment ~.ro-
duction . Additi onal effort  will be necessary throughout the subregion to
comp iete needed facilities of a comparable nature.

Inc ~-‘l~ od Lain ~-~~:~.a -€-mc nt Services ~ro~-,ram is explained in detail in
t: i e -egiona l S t-r-,r~,- oi t :~ts appendix. No flood plain information stu.~lcs
nave ~ec~ con~ ~~t ’~~ t :~v ~uut : Coastal Subre/ -ion prior to 1965 and no
f l ood nazar —~ r e - , ~~-t~ ..av’- ~een requested prior to that t in -  -

- ‘ 
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The accon~ lLshment s of the existing flood control developments have
been suostantial. ‘i’ne systen nas functioned effectively to reduce flood
flows and to reduce flood dan~ges. From their completion date to 1965,
existing reservoir , levee , and cnannel projects have prevented damages
estimated at $327 million. During the January Februar y floods in 1969 ,
$900 million in damages were prevented in Los Angeles County drai~~ge
area alone . Averai -e annual damages prevented by the system in the sub-
re~ ion exceed $30 million. Additional detai ls are included in Table 2.

As beneficial as the present flood control system has been , flood
prob lems still exist . The problems are especially serious in the Santa
Clara Ri ver , lower Caileguas Creek , Santa Ana River Basin, and in several
basins in San Diego County. A large part of the flood damages occurring
in the subregion result from inundation of urban properties. These
damages are sometimes compounded by hlgh velocity flow and by deposition
of sediment from upstream sheet and sully erosion. Flooding also occurs
from standing water in poor ly drained urban areas .

Streaithan k erosion in the subregion, while not as widespread as other
forms of land erosion , is a serious prob lem. Streambank erosion occurs
principally ci ~ring winter rainstorms particularly those which cause short
duration, hit -h - velocity flows . A total of 5,200 miles of streambanks
—lave an erosion prob lem, 740 miles of which are considered serious .
Approximately ~~ ~~~~~ a year is lost in direct land damage , and over
$300 ,000 by downstream deposition of streaz~~ank sediment . As tne demands
uaon land continue to p-row throughout the subregion, erosion and sedi
nent dan~ges are expected to become more severe.

There is a continuini- land treatment program in the upstream water-
shed areas. However, a serious problem exists in this subregion relat-
m r  to brush fires and the afterma --soil erosion. Soils are pre-
domi nantly fine grained throughout the subregion. Denud ing by f ire of
~he steep terrain creates potential for n~vement of soil mantle during
neavy rains. Tne sediment produced under such conditions contributes
greatly to the downstream damages previously discussed.

The aforementioned flood problems have resulted in aver age annual
dama°es as follows:
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Estimated Average
Study Area : Annua l Damages ($1,000) ~/

Ventura River Basin ~46
Santa Clara River Basin 2,068
Calleguas River Basin 1,105

~~libu Coastal Streams 144
Santa Monica Bay Streams 1,255
Los Angeles Ri ver Basin 1,546
San Gabriel River Basin 1,665
Santa Ama River Basin 9,475
Orange County Streams 148
Santa ~&rgar ita Ri ver Basin 790
San Luis Rey River Basi n 929
San Dieguito River Basin 663
San Diego River Basin 1,184
Sweetwater River Basin 248
Otay Tijuana Rivers Basin 

— 
144

Total South Coastal Subregion 21,710

- Bnsed on 1965 prices, economic conditions, and project
conditions .

Additional details are contained in Tables 3, 4 , and 9. ~~j or urban damage
centers and areas of the subregion subject to flooding are shown on !~~p 4.

Future Needs

Flood damages will be greater in the future with no additional flood
control improvements , because of the anticipated increase in urban devel-
opment in the numerous flood plains of the area . Recent new developments
and the continuing urban expansion of the area will greatly increase the
value of property subject to overflow and damage ~y floods . The population
~f the South Coastal Subregion is projected to increase from 9,910,000 in

. 9&5 to 13,895,CX)0 in 1980, 19,200,000 in 2000, and 23,771,000 in 2020 (base
Lan projections). Floodways pass through scnr of the ni st intensively

- - ‘i’- Lo ed urban areas in the United States and through hi ghly developed
t~.-r~ :-~j tural areas . An examination of current flood problems indicates that

- - ~ o~~ of additional flood control measures are needed to provide at least
:~~r flood protection to the developing urban areas and 10-year to 50

-
~~~~~ 

-r to ‘t l - ~r~ to the remaining agricultural areas. Table 5 indicates
- - a - - ia flood damages may be expected to increase from $21.7 million

- : ‘a . • a mill ion by 1980, $82.2 million by 2000, and $185.9 million
-~~~~~~t ’ 1~ no rv~d1tiona1 flood control measures are provided after 1965.

• - -
~ ‘c ~, average ann ual damages in urban centers are expected to

-~ ~~ “ .- ~Ii1ion in 1965 to $14.7 million by 1980, $31.0 million
- 

• ~M !- ~ . miul ic-n by 2020. Estimated daa~ ge ‘d~ta for existing and
p 12~ .~~ j na are contained in Tab les 5 and 9a.
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Measures Recjuired to Satisfy Future Nec 1.;

Improved flood forecasting will be an important part of the flood con-
trol program. The operation of flood control projects can only be assured
by a well-coordinated system of forecasting and project operation. Although
the Los Angeles County Flood Control District handles the flood forecasts
for that c inty, areas in Ventura , Orange , San Diego, San Bernardino and
Riverside Counties will need flood forecast services. An adequate hydro-
logic data telemetering network will have to be developed before much work
can be done on flood forecasts because of the flashy nature of the streanr
flow and the short duration of runoff.  Addttional flood forecast points
needed are shown on ?~~p 4. The estimated costs of the required improvements
to the flood forecasting system are $1.5 million for the 1966-1980 period,
$1.2 million for 1981 -2000 and $0.8 mi llion for 2001-2020.

Additional flood water storage in reservoirs and detention basins needed
in the future ai~Dunts to 557 ,000 acre-feet . Details are shown in the fol
lowing tabulation :

Detention structure : : Flood
Study Area - : or : Stream control :Drainage
time frame in: reservoir : : capacity: area
which needed : : :(ac . ft.) : (sq . mi . )

Santa C lara River Basin
1981-2000 Detention structures (3) Various 2,000 10
2001-2020 Topatopa Sespe Creek 75 ,000 180
2001 2020 ‘~old Springs Sespe Creek 12,000 108

Calleguas Creek Basin
1981 2000 Calleguas Arr oyo Conejo 16,000 65

?~~libu Coastal Streams
1981-2000 Detention structures ( 9 )  Various ,000 10

San Gabriel River Basin
1981-2000 Detention structures (15) Various 7 ,000 14

Santa Ama River Basin
l966 1980 Prado Santa Arm R iver 238,000 2,264
1966-1980 Detention structures (13) Various 18,000 140
1981-2000 Salt Cree k Salt Creek 5,000 10
198l 2000 Detention structures (21 ) VarIous 18,000 126
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Detention structure : : Flood
Study Area - : or : Stream : control ~Drainage
tine frame in: reservoir : : capacity : ar ea
which needed : : :(ac .-ft .):(sq . ml.)

Orange County Streams
1981-2000 San Juai Creek San Juan Creek 30,000 106
1981-2000 Detention structures (3) Various 1,000 30

Santa ~~rgar ita River Basin -

1981 -2000 Deluz Santa ~~rgarita
River 13,000 

~J 
705

San Luls Rey River Basin
1981-2000 Monserate San Luis Rey

River 6 ,000 373
1981-2000 tetention structures (6) Various 6 ,000 35

San Dieguito River Basin
1966-1980 Detention structures (3) Various 2,000 13
1981 2000 San uieguito San Dieguito

Ri ver 92,000 303
2001-2020 Detention structures (2) Various 3,000 18

San Diego River Basin
1966 l980 Detention structure No name ,000 3
l981-2000 Detention structures (4) Various 2,000 15

Sweetwater River Basin
2001-2020 Detention structures (5) Various 1,000 7

Otay Ti~1uana Rivers Basin -

2001 2020 Detention structures (8) Various 6 ,000 83

Total 557,000

~
j’ Recent studies indicate that the 13,000 may be increased to as much as

40,000.

None of the reservoirs or detention structures listed above will be com-
pleted or under construction during the period 1965 l970. The reservoirs
are shown on ~~p 3 and additional details are contained in Table 6. Esti-
mated cost s for additional flood control capacity an~ unt to $92 .3 million
for the 1966 l980 per iod , $147.5 mi llion for 198l 2000 and $34.6 million
for 2001 2020.
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Construction of the above reservoirs would only partially control the
flood problem. A large part of the dan~ges occur along other tributary
streams and water courses where available reservoir sites do not exist.
Thus, a future plan consisting of 134 miles of levee and 588 miles of
channel is considered necessary (see Table 7 and ~~p 3). These levee and
channel improvements would in some instances supplement the proposed
reservoirs and detention str uctures , and in other instances would provide
pr otection independent ly . Studies indicate that major levee and channel
work is desirable Iii the following areas of the South Coastal Subregion:

Study area/time frame : lavees : Channels
in which needed : (Bank Mi les ) : (Miles )

Ventura River Basin
1966 1980 0 5
1981-2000 0 10
2001-2020 0 2

Santa Clara River Basin
1966-1980 22 28
1981-2000 12 12
2001 -2020 0 7

Calleguas Creek Basin
1966-1980 0 17
1981-2000 0 18
2001-2020 4 30

?~~libu Coastal Streams
1981-2000 0 4
2001-2020 0 3

Santa ~~nica Bay Stream
1966 1980 0 6
1980-2000 0 7
2001-2020 0 5

Los Angeles River Basin ~
1966—1980 0 6
1981-2000 0 16
2001 -2020 0 8

San Gabriel River Basin 
~~~/

1966 1980 0 53
198l 2000 0 20
2001-2020 0 3

SC-b



Study area/time frame : Levees : Channels
in which needed : (Bank Miles) : (Miles)

Santa Ama River Basin
1966 1980 4 95
1981-2000 40 89
2001 -2020 38 45

Orange County Streams
1981-2000 0 13
200b -2020 0 20

Santa ~~rgar ita River Basin
1981-2000 0 1
2001 -2020 0 4

San Luis Rey River Basin
1966— 1980 11 10
1981-2000 0 9
2001 -2020 0 3

San Dieguito River Basin
1966-1980 0 8
1981 2000 0 5
2001-2020 0 2

San Diego RIver Basin
1966-1980 3 8
2001 2020 0 2

Sweetwater River Basin
1966-1980 0 3
198l 200() 0 2
2001-2020 0 4

Otay ’rijuana Rivers Basin
1966 1980

Total 134 588

~j 
Under construction or funded for construction by Fl 1970.

The approximate location of levees and channels are shown on ~~ p 3 and addi
tional details ar~ Included in Table 7. Of the amounts shown in the above
tabulation, 5 m i l e s  of channel in the Los Angeles River Basin and 44 miles
of channel in the San Gabriel River Basin wi ll be completed or under con
struction in the ;eriod between 1965 and 1970. The estimated costs for

SC-il
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required levee and c: annel wor k are ~~~b6.6  u i l l Iun  f-o r toe 1966—1980
~er1od , ~~~~~~ r~i11Ion for 98~~b O00, ~-nd ~169.2 :nlllton for 2001—b c2O.

Structural measures will he complemented by land treatment practices.
T:~e most freq uently needed practices wltn in  t: .is subre~ ion are: f i re
prevention and suppression , -rus:L control, critical area seedlr~ and
Th~ris basins. See ~~ j- 3 for potential watersoer~ project areas. Esti-
mated costs and acres -

- watershed land treatment measures are suzrm~r
ized below .

Lard Treatment 1966 1980 198~~20O0 2001—2020

T -~ousa n-i acres 61 247 152
T:~ousand dollar s 7,800 17 ,900 10,800

~‘lood plain Information reports will be an important adjunct to the
-overall  flood control prof-r an . ~orty ei~~~t urban centers in tne sub
re~~ on oave r C l O Vf l  si~~r~If icant  flood pr oblems . These centers are listed
in Tab le S and are s:~own on -Bp 4 . ~~ny communities with expanding
:-op uiatlons are ex~ ecte~ to have flood problems in the future and will
~-e studiec~ as tneir needs are made ~nown . From 965 to June 1968 five
flood p lain information reports were completed in tne subregion. It
is anticipated tr~at flood plain information reports for all the corrimnun
Ities affected will be completed before tne year 2000. Aiso, from 1965
to June 1968 sixty-three flood hazard reports were completed for both
Federal arid non-Federal agencies0

:~on ~st ructurai measures of flood plain management will become a
Rreater part of community planning in the South Coastal Subregion because
of existing and anticipated flood problems not only in the present urban
centers but also in the communities, now small, wruich will become future
urban centers. ~~asures adopted will be prin~r ily  zoning and flood
proof ~~~ Most areas w i tn i n  t:~e subregion have the potential for some
reduction in dao~ ges at tributab le to tnese measures and about 230 miles
are suitab le . See ~~p 3 and Table 9b for principal  areas where non
structural flood plain management measures are proposed.

Costs for future non-structural flood plain management measures are
estimated at $32.9 million for the 1966-1980 period , $39.9 million for the
1961 -2000 period , and ~55.0 million for the 2001 2020 period. The effect
of the potential flood control plan on future flood damages is presented
next . Additional details are included in Table 8 and 9b.

P otential to Satisfy Future Needs

The flood control program presented herein would reduce the pro-
jected average annua l damages $ls.3 million by 1980, $65.4 million by
2000 , and $171.4 million by 2020 at an est~msted installation cost of
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~4’1 .i million for the period 1966 1980, $425.6 million for l981 2000,
and ~ -70. 4  million for 2001 2020. Estimated annual OM&R costs for the
1b6€- 1980 , 1981 2000 and 2001 2020 portions of the flood control program
are ~3.2l million, ~5.27 million and $4.03 million (See Tables 10, b a
and lob ) .  The effect of the potential flood control program on future
~iama~ es is snown in Table 8 and graphically on Figure SC~~, and its effect
on floodflows is shown in Table 11.
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SAC A~~ !fPO BASIN SUBRFX~ ION

General

The Sacran~ nto Basin Subregion (SB ) is situated In northeentral
California and southern Oregon and covers approximately the northern half
of the Great Central Valley of California. It is bounded by the Sierra
Nevada on the east , the Coast Ranges on the vest , the Cascade Range and
Trinity ~.buntains on the north , and the northern border of the Delta
Central Sierra Subregion near the city of Sacramento on the south. (See

~~p SB ’i.) A portion of the watershed of Pit River , the most northern
tr ibutary of Sacramento River , lies outside the mountains delimiting the
basin In the northeast, but drains through the crest of the Cascade Range
into the Sacramento Basin proper . The subregion is about 280 miles long
and 130 miles wide and comprises an area of 26 ,498 square mi les in Calif or
nia and 717 square miles in Oregon.

The c1in~ te of the subregion Is characterized by hot , dry summers and
mi ld winters with relatively light precipitation in basin fl oor areas , and
by warm, dry su~~~rs and cold winters with heavy rain and snow in the moun
tainous areas . Average annual precipitation varies with elevation, ranging
from less than 10 inches on the basin floor to over 95 inches in the Sierra
Nevada and Cascade Range . Temperatures on the valley floor norn~ lly range
from winter lows near freezing to sunm~ r highs of about 110 degreeB. In
mountainous areas , winter temperatures average about 30 degrees , but occa-
sionally fall below zero.

The subregion had an estimated total population of 1,089,000 in 1965.
Agriculture is the dominant economic activity of the subregion and includes
both crop and livestock production. Crop production shows a high degree of
diversification with grain , deciduous and citrus fruits , and truck crops
all being produced within the subregion. Livestock production is represented
principally by the raising of beef and dairy cattle and sheep. Important
economic functions subsidiary to agriculture include the packing and proc-
essing industry, the agricultural-service industry, and the farm equipment
industry. The production of natural gas , clay , limestone, sand and gravel,
and luiflb er and other forest products are also significant economic activities
in the subregion. In the Sacramento area, military activities, Federal and
State Gover nn~nt agencies and the aerospace industry comprise an importan t
segment of the economy.

The Sacramento Basin Subregion is veil provided with highways, airlines,
railroads, and waterway transport facilities, including the Sacramento Deep
Water Ship Channel. A highly developed Federal , State , and county highway
and road system affords ready access to a].]. parts of’ the basin and to adjoin-
ing areas.

The Sacramento River is the principal stream in the subregiooi . Its head
waters near tstunt Shasta rise to an elevation of 6,000 feet and descend

SB 1
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through a deep canyon to Shasta Lake where it is joined by the McCloud
and Pit Rivers0 From Shasta Lake, Sacramento River flows southward to
the edge of the alluvial valley south of Red Bluff. From near Chico the
river flows southward to Colusa, thence southeasterly in a leveed chan-
nel along an alluvial ridge flanked by overflow basins . An overflow
basin to the west receives flow fr om several minor tributaries. Butte
Basin , the overflow basin to the east, receives the flow of several mi nor
tributaries , natural overflow fr om Sacramento River in the reach below
Chico, and overflow from two weirs acting as safety valves for the Sac-’
ramento River levee project. Outflow from Butte Basin discharges through
the Sutter Bypass and reenters the Sacramento River at the confluence of
Feather River. At this point ‘when Sacramento River flow exceeds about
70,000 cubic feet per second spill occurs over a weir into the leveed
Yolo Bypass. Sacramento River is joined by the American River at City
of Sacramento. Large flows from American River create backwater as far
upstream as the confluence of Feather River reducing flow in the main
stem leve~d channel between this point and a downstream overflow weir
dischargIng into Yolo Bypass opposite the confluence of American River.
This weir diverts combined American River backwater and Sacramento River
flows in excess of about 65,000 cubic feet per second and hence out of
the Sacramento Basin Subregion into the Delta”Central Sierra Subregion.

Additional inf ormation on the subregion can be found in Appendix II,
‘~the Region .”

For the investigation of present and future flood problems and the
analysis of potential solutions , the subregion has been subdivided Into
the following study areas : Sacramento River Basin above Shasta Dem,
Sacramento River’Shasta Dam to Sacramento, Redding Stream Group, Middle
Sacramento R iver Tributaries Eastside, Middle Sacramento River Tribu
taries”Westside, Stony Creek Basin, Colusa Basin and Tributary Streams,
Butte Basin and Tributary Streams, Feather River Basin, Yuba River Basin,
Bear River Basin, Coon Creek Stream Group, American River Basin, Cache
Creek Basin, Putah Creek Basin , MDrrison Creek Stream Group, and Project
Bypass in Sacramento Basin. The principal streams in these areas are
shown on ?.~p 2.

History of Flooding

The Sacramento Basin Subregion, similar to other subregions in north-
ern and central California, is periodically subject to widespread storms
during the winter season, which extends from November through March.
Winter storms account for about 8O~ of the annual precipitation of this
area.

The subregion experiences two types of flood : 1) those that occur
dur ing the late fall and winter months, primarily as a result of pro-
longed general rainstorms in the mountain and valley floor areas; and

SB -2
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2)  those that occur during the spring and early summer months, prinmrlly
as a result of the melting of the winter snowpack in the high areas of
the Sierra Nevada . The most significant type is the late fall and winter
flood caused by general rainstorms . A description of the most noteworthy
floods of the late 1800’s arid early 1900 ’s is included in the regional
section of the appendix. On a subregional basis , ti~ flood of December
1955 was the most widespread and destructive since the floods of 1862 and
1867. Thirty-eight persons lost their lives dur ing the December 1955 flood.
Rainfall exceeded 30 inches dur ing a period of 12 days over the headwaters
of’ the Sacramento, Feather , and American Rivers. The resultant floodf lows
were substantially larger than the previous record flows of 1950. Although
the Sacramento River was confined within its levees , overflow occurred at
all of the relief weirs along the river (which are a part of the Sacramento
River Flood Control Project), arid flooding occurred within the project
floodways and natural storage basins. Levees on Feather River failed south
of the ~~rysvi1le-Yuba City area flooding most of Yuba City and portions
of other towns and suburban developments. Over 80,000 acres of agriculture
lands were inundated. See Photos S BI , Sb ’I L and SB III. Agricultural,
public facility, and residential damage comprised nearly 9O~ of the total
flo od d.aaa~e. About 50,000 people evacuated their homes for periods rang-
ing from a few days to three months . Large evacuations occurred from Sutter
and Yuba Counties. About 10,000 people were forced to flee their homes due
to the Yuba City levee failure arid the threat of flooding forced the evacu-
ation of about 18,000 people from Ma.rysville and vicinity. A levee failure
downstream of Yuba ’City near Nicolaus also caused widespread flooding and
damages. Subregiow’wide , about 263,000 acres were inundated principally
by the Feather , Bear , and Sacramento Rivers and flood damages exceeded $65
million. Flood fi ghting arid cleanup costs under the various Federal pro
grains exceeded $4 mi llion.

The second most destructive flood in the subregion on ~ dollar damage
basis was the flood of December 1964-Januar y 1965. Photo SB-ill shows
result of’ record flow on Thomes Creek. It is significant to note that
damages dur ing this flood would have exceeded those of 1955 if it were
not for improvements made in the flood control system in the intervening
nine years. Damages from these and other significant recent floods in
the subregion are tabulated ~ri pag’- ~F~’!t an ~;hc ’~n n more detail in
‘Iahler 1, ~rid 2.

SB “3
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Flood damag,e 1/ ($1,000)
Flood :Forest & range :Agricultural:Residential:Industrial: Public :Total
season: resources : & : & : & :facilities :
(year): & facilities : land :commercial : utility

1950-
1951 2,375 1,338 3,983 3,059 2J lC ,755

1955-
1956 4 ,536 23,994 14 ,486 5,159 17 ,482 65,657

1957
1958 524 5,341 977 187 2 ,759 9,788

1962
1963 978 1,177 267 426 3,233 6 ,081

1964
1965 4,531 7 ,559 1,533 3,913 21,562 39,098

l966
1967 0 1,780 44 7 58 1,869
1J Based on prices and project and economic conditions at t ime of occurrence

of flood.
2J Total damages - industrial and utility, and public facilities.

Peak f lows of maximum floods of record, 100-year floods , and standard
project floods for selected stations in the subregion are shown on Table 11.

Present Status of Flood Control Improvements

The existing flood control improvements within the subregion include
a variety of measures to reduce flood damages. (See Map 3.) They include
flood forecasting, flood control reservoirs, floodwater retardation struc-
tures, levees and channels , tributary watershed treatment, and flood plain
information studies. Existing measures , which are described in more detail
in following paragraphs , provide flood protection to 50~t of the area sub-
ject to flooding. The measures are located principally along the mai n
river channels in the Sacramento Valley. Very little of the tributary area
has flood protection works of any kind . Many of the tr ibutary flood plains
are frequently inundated, and sustain a great deal of damage due mainly
to high crop values. In other areas, land is not used to Its highest
capabi lity for fear of flood damage . With a few exceptions, the degree of
protection provided by existing flood control measures varies from
lo0 year to standard project flood protection in urban areas, and from
10 to S0 year flood protection in agricultural areas .

SB 

__.3~~~~ ‘- -.3 .- ‘
--- -

-.3 --— - -  -- - -.3— .3 ~~~~~~~~~~~



.3— - —~ — ~~~~~~~~~ - -  • -~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

_—__._j--

_  _  ~~~~~~~~~~~•
‘~1~~~~~

•’ ~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
~~~~~~~~~~~~~~~ ---—

~w _ J -‘  
- “ i1’~ D1I ~~~~~~~~~~~ -

~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~

~~~~~~~~~

Yuba City, De- .”ther 1955. (Corps of Engin .’(-’r,c Photo.)

I’HO T() Sfl~~I i

- - - — -. 3  .‘- 
‘- 

,~~~



- . 3’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~ ‘
~~

-
~~ : 

‘
~~~~

-‘-,: ,
‘

-.~~~~~~~
“ 

.3.-

- 
- 

~~~~~~~~~ ~~~~ J

— 
a

— ‘ ‘  ‘ .

- •
‘ 

~

p’~
I 

~

-

- .3 

“,~~~~~~~- ~~~~‘.; .3- 

~~~~~~~~~~ 
~ ‘ 7 . 3  

‘ -* ‘•“ 
/ .3

~~~~~ 

-

- 

I
~~~~ ~~— -

‘ -
‘

-
.3 

~~~~~~~~~~ -. i’ “4

i Br i ~/ g -  des ( r ~~~v ’( I !~ r e”~~ r ( I  T/ ~~m:~-~ C r e e k  f l o o d l i o w s  • D e c e m b e r
1964. (Tv.” ha m,’v. C ov. j rv.  t V P 1w t •, . )

PHOTO SB - I l !

‘-‘.3-——- --. - - 
— . 3 -



.3 .3 —-.~~~~ ~~~‘ - - - -~~~~~~~~~ .3~~~~~~~~ .-- - .--.3~~~’ - .3- ~~~~~~~~~~~~~~~~~~~ ‘___ -.3.3- -

The Federal-State River Forecast Center Sacramento prepares and dis-
tributes river and flood forecasts. These include: 1) inflow to the
major structures such as Shasta and Oroville Dams, 2) routIng of flow
downstream where both forecasts of flow and stage height are made for
significant points, 3) forecasts of flow into the Sutter and Yolo Bypass
systems, and 4) stage forecasts on tributary streams .

Flood problem areas in the Sacramento Basin Subregion are quite varied .
Though the bypass systems are designed to divert large quantities of water
during high water periods, forecasts of overflow at the weirs are required
so that livestock and equipment can be moved to higher ground.

Forecasts of local flow in the reaches below Shasta , Oroville, and
Bullards Bar Dams are required for scheduling releases from these struc-
tures so that the flood hazard can be reduced • Other areas of concern
are along the main stem of Sacramento River where marinas and other facil-
ities located inside the levees are subject to high water inundation. The
forecasting points are shown on MaP 4.

Major existing flood control storage projects In the subregion are
operated to provide a maximum of 2,008,000 acre-feet of flood control stor-
age din-ing the most critical flood situations. These projects are:

Flood
control : Drainage

Study area : Reservoir : Stream :capacity area
:(ac. — ft . ) :(sq . milesj

Sacramento River Basin
above Shasta Dam Shasta Lake Sacramento River 1,300 ,000 6 ,421

Stony Creek Basin Black Butte Stony Creek 150,000 740

Feather River Basin Oroville Feather River 155,000
(1965)

750,000 3,611
(1968)

American River Basin Folsom American River 400,000 1,861

Putah Creek Basin Lake Berryessa
(~
.bnticeUo

Dam ) Putah Creek 
~,/ 566

~J No specific flood control space, but flood control Is a designated
function utilizing surcharge storage (300,000 ac. “ft.) because outlet
works have limited capacity.
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These projects are shown on Map 3 and the three largest reservoirs in
the subregion are shown in Photos SB”IV , SB-V , and SB-VI.

Other reservoirs in the subregion , though not having flood control
as a designated function , provide incidental , but often significant,
flood control benefits. Major reservoirs of this type are:

Reservoir : Str eam : Constructi ng agency

Whiskeytown Clear & Spring Creeks Bureau of Reclamation
Bowman Canyon Creek Nevada Irr igation Dist .
Camp Far West Bear River South Sutter Water Dist.
Clear Lake Improvement Cache Creek Clear Lake Water Co.
Jackson ~~adows Middle Yuba River Nevada Irrigation Dist.
L. L. Anderson Middle Fork American Ft . Placer Co. Water Agency
Lake Almanor N. Fork Feather River Pacific Gas & Electric Co.
Lake Spaulding S. For k Yuba River Pacific Gas & Electric Co.
Little Grass Valley S. Fork Feather River Oroville Wyandotte

Irrigation DIst .
Loon Lake Gen e Creek Sacramento Municipal

Utility Dist.
Lower Hell Hole Rubicon River Placer Co. Water Agency
Rollins Bear River Nevada Irr igation Dist.
Sly Creek Lost Creek Oroville Wyandotte

Irrigation Dist.
Union Valley Silver Creek Sacramento Municipal

Utility Dist.
Virginia Ranch Dry Creek Browns Valley Irrigation

Diet.

~J Partly completed 1965.

An extensively developed system of 851 mi les of flood control levees ,
channels, and bypasses is another element in the overall flood control
program of the subregion. ~.bst of this integrated , continuous , system
is part of the Sacramento River Flood Control Project 

~J, a Federal-non
Federal -private interest undertaking . These features are indicated on
Map 3 and data concerning the existing (1965 ) levee and channel projects
are contained in Tab le 7.

As supplemented and extended by the Sacra mento River and Major and Minor
Tributaries Project and the Sacramento River Bank Protection Project .
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Watershed treatment areas in the subregion supplement the other measures
discussed previously. The Adobe Creek Watershed Project near Clear Lake is
an excellent example . The installation of upstream floodwater retarding
structures and channel improvement structural works are complemented by
non-structural land treatment measures installed throughout the watershed
by individuals. Some of these practices are range seeding, fire prevention
and suppression, and diversion ditches.

The Flood Plain Management Services Program is covered in detail in
the Regional Smllivn-y of this appendix. Flood plain information reports
on streams in northeastern Sacramento County; the }.brrison Creek Stream
Group; Snodgrass Slough 2J; and the American, Feather , and Yuba Rivers
have been completed . Under the program, flood hazard information is being
furnished to private interests and local governmental agencies for evalu
sting the flood hazards associated with individual site locations.

In the Sacramento Basin Subregion, the accomplishments of the existing
flood control improvements (and other x~~asures that provide incidental
flood control benefits ) have been substantial. They have functioned
effectively to reduce flood.flows and flood damage. The f lood control sys-
tem existing in 1965 would have prevented $75 mi llion in flood v.~~n~ ges
dur ing the 1950 flood ; $160 million in flood damages during the 1955 flood;
and prevented $274 million in damages during the 1964-1965 flood . It is
estimated that, on the average, existing measures prevent flood damages
in excess of $25 million annually . Additional details are included in
Table 2.

Although the existing flood control measures have functioned effec-
tively, f lood problems still exist in some areas . (See tabulation, Page
SB 8. ) The pr~~lems are especially serious on streams of the Redding
Stream Group; in Colusa and Butte Basins ; and along the Sacramento, Fea-
ther , Yuba, Bear , and American Rivers.

Damages from erosion in this subregion are substantial, with 7 ,850
miles of channel subject to some streaithank erosion, of which 740 miles
are considered “serious”. Such i~ama,ges, resulting primarily from high
velocity flows, average in excess of $iso,000 annually. Average land loss
from channel banka aloughing an~ unts to about 250 acres annually, n~ st1y
in rural areas. The Sacramento River Bank Protection Project is directed
towards restoring eroded banks and levees and prevention of further erosion.
Sbeet erosion is a problem on delta fans approaching the valley floor .
This type of erosion is generated by high flow rates on unconf ined stream-’
beds and is particularly destructive to uncropped agricultural lands. (See
Tables 1, 3 and 4 for f lood damage categories, some of which index the
n~gnitude of the erosion problem).

2J The study areas for the ?~brrison Creek Stream Group and Snod,grass
Slough reports overlap into the Delta Central Subregion.
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The aforementioned flood problems result in the following average annual
damages .

Estimated average —
~~~~~~

Stnd~r area : annual damages ~~i~ooo ) 1]

Sacramento River basin above Shasta Dam 1,593 2J
Sacramento River -Shasta Dam to Sacramento 716
R edding Stream Group 626
Middle Sacramento River Tributaries

Eastside 271
Middle Sacramento River Tributaries

Westside 389
Stony Creek Basin 303
Butte Basin 841
Colusa Basin & Tributary Streams 674
Feather kUver Basin 3,117
Yub a River Basin 706
Bear River Basin 1,529
Coon Creek Stream Group 233
American River Basin 1,794
Cache Creek Basin 550
Putah Creek Basin 134
Morrison Creek Stream Group 125
Project Bypass in Sacramento Basin 4

Total Sacramento Basin Subregion 13,605

Based on 1965 prIces , economi c conditions, and project conditions.
2J Includes $451,000 in the State of Oregon .

Additional details are contained in Tables 3 and 4 for the subregion
as a whole and in Table 9 for urban areas . Major urban damage centers and
areas of the subregion subject to flooding are shown on Map 4.

Future Needs

It is evident from an examination of the current (1965 ) flood problems
that additional flood control measures are required. It is estimated that
average annual flood dannges in the subregion (based on 1965 prices and
conditions) ameunt to $13.6 million. The flood problems of the area will
increase in the future due to the pressures of population and economic
growth and resultant increases in use of flood plains. The population of
the Sacramento Basin Subregion is projected to increase from 1,069,000 in
1965 to 1,534,000 in 1980, 2,742 ,000 in 2000 and 4,977 ,000 in 2020 (base
plan projections). Average annual flood t1ci~n~i-ges are estimated to increase
as follows if additional flood control measures are not provided :
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Projected Average Annual Flood Damages ( $Nillion )
State by 1980 by 2000 by 2020

California 20.2 37.0 82.0
Oregon 0.7 1.2 2.3

Subregion Total 20.9 38.2 84.3

Estimated damage data for existing and future conditions are contained in
Tab le 5 and 9a.

t.~ asures Required to Satisfy Future Needs

Improved flood forecasting will be a necessary part of a comprehensive
flood control program. The optimum operation of flood control projects can
only be approached by a well-coordinated system of forecasting . Updated
forecast procedures as well as additional deve lopment of procedures to
accorma date new projects will be required . New hydrologic data networks
and telemetry will be necessary to improve the quality of the forecasts
and to aid in the coordinated operation of projects. Costs of the re-
quired improvements to the flood forecasting system are estimated as fol-
lows :

Cost of Flood Forecasting ~~asures ($1,000 )
State 1966-1960 1981 2000 2001-2020

California 1,389 1,129 1,089
Oregon 1 1 1

Subregion Total 1,390 1,130 1,090

Floodwater storage in reservoirs and detention structures will be an
important element of the future flood control program. An additional
2,961,000 acre-feet of flood control capacity as shown in the following
tabulation is required in the subregion to satisfy future needs.

Flood
Study area/ : : : control : Drainage
time frame : Reservoir : Stream : capacity : area

in which needed : : : (ac . ft . ) : ( sq . miles )

Sacramento River Basin
above Shasta Dam 1J
1966”l980 Detention

Structures (6)  (Various ) 14,000 
~J 182

1981-2000 Allen Camp Pit River 60,000 1,550
1981-2000 Detention

Structures ( 4 )  (Various ) 13,000 913
2001 2020 Detention

Structures (3) (Various) 7 ,000 2J 180

SB 9
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: Flood
Study area! : : : control : Drainage
time frame : Reservoir : Stream : capacity : area

in which needed : : : (ac. f t. ) : (sq . miles )

Redding Stream Group
1966-1980 Dutch Gulch Cottonwood Creek 250,000 392
1966-1980 Tehama Cottonwood Creek 250,000 382
1981-2000 Saeltzer Clear Creek 90,000 235
l98l - 2000 Bella Vista , Cow &

Millvillito Bear Creeks 125,000 283
1981-2000 Wing Inks , Battle &

Paynes Creeks 80,000 461
1981-2000 Detention

Structures (10) (Various) 29 ,000 91
2001 -2(~ 0 Oak, Clover Cow & Bear Creeks 32,000 82
2001 2020 Detention

Structures (2)  (Various ) 5,ooo 13

Middle Sacramento River
Tributaries Eastside

198l 2000 Belle Mill Antelope Creek 39,000 153
1981-2000 Crown Mill Deer Creek 20,000 62
l981 2000 Sycan~ re Big Chico Creek 30,000 70
1981 2000 Detention

Structures (7) (Various ) 38,000 310

Middle Sacramento River
Tributaries Westside

1966 1980 Paskenta Thomes Creek 80,000 194
1981 2000 Galatin Elder Creek 25,000 93
1981 2000 Detention

Structure (No Name ) 1,000 5
200l 2(~ 0 Schoenfield Red Bank Creek 12,000 47
2001 2(20 Detention

Structures (2)  (Various ) 11,000 37

Stony Creek Basin
2001 2(~ 0 Detention

Structures (6) (Various) 8,000 72

Colusa Basin and
Tributary Streams

1981 2000 Detention
Structures (21 ) (Various) 39,000 246

2001 2C~0 Detention
Structure (No Name ) 2,000 37
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Flood
Study area/ : : : control : Drainage
time frame : Reservoir : Stream : capacity : area

in which needed : : : (ac .~ f t.) : (sq . miles)

Butte Basin and
Tributary Streams

198l 2000 Covered Bridge Butte Creek 30,000 148
1981 -2000 Detention

Structures (4)  (Various ) 17 ,000 55

Feather River Basin
1966-1980 Oroville 

~J 5J Feather River 595,000 3,611
1966-1980 Detention

Structure (No Name ) 5,000 34
1981-2000 Detention

Structures ( 6 )  (Various ) 21,000 120
2001-2(20 Detention

Structures ( i i )  (Various ) 23,000 148

Yuba River Basin
1966-1980 ~~rysville Yuba River 260 ,000 1,324
1966-1980 New Bullards Bar~ /Yuba River 170,000 487

Bear River Basin
l98l - 2000 Garden Bar Bear River 125,000 286
1981-2000 Detention

Structures (3) (Various ) 7,000 89
2001-2020 Spenceville Dry Creek 25 ,000 57

Coon Creek Stream Group
1966-1980 Detention

Structures (3) (Various) 11,000 167

American River Basin
1966-1980 4J Auburn American River 250,000 982

Cache Creek Basin
1966 1980 Detention

Structure (No Name ) 2,000 11
1966-1980 Lakeport Scotts Creek 24 ,000 53
1981 2000 Indian Valley Cache Creek 40,000 121
1981 2000 Wilson Valley

(Blue Ridge) Cache Creek 65,000 801
198l-’2000 Detention

Structures (6)  (Various) 6,000 30
200l ’2(20 Kelseyville Cache Creek 5,000 36
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Flood
Study area/ : : : control : Drainage
time frame : Reservoir : Stream : capacity : area

in which needed : : : (ac. ft .) : (sq . miles)

Putah Creek Basin
1966-1980 Detention

Structure (No Name) 2,000 30
1981 -2000 Detention

Structures (6)  (Various ) 9 ,000 36

Morrison Creek
Stream Group
1966 1980 Vineyard Elder and Lagui~&t

Creeks 9 ,000 37

Total 2,961,000

j  Includes 7,000 ac ft  in State of Oregon .
2J State of Oregon.
3J Oroville Reservoir partially completed 1965 ( 155 ,000 ac f t ).  Total

flood control capacity 750,000 ac-ft.
±1 Under construction or funded for construction as of Fl 1970.

~J Completed .

The reservoirs listed above are shown on Map 3 and additional information
on flood control storage is contained in Tab le 6.

Ccsts for additional flood control capacity are estimated as follows:

Costs of Additional Reservoirs ( $Mi llion )
State 1966 l980 l98l 2000 200l 2020

California 187.7 203.4 21.7

Oregon 2.1 0.0

Subregion Total 189.8 203.4 25.0

In addition , preliminary studies indicate that levee and channel wor k
is desirable in the followi ng areas of the subregion:
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Study area : Levees : Channels
(Bank Miles) : (Miles )

Sacramento River basin above
Shasta Darn

1966-1980 1 3
1981-2000 0 44
2001 -2020 25 25

Sacramento River -Shasta Darn
to Sacramento

1966—1980 0 3
2001-2020 48 0

Redding Stream Group
l966 1980 2 17
1981 2000 0 1

Middle Sacramento River
Tributaries Eastside

1966 1980 0 5
1981-2000 15 5
200l 2020 28 0

Middle Sacramento River
Tributaries Westside

1981-2000 12 10

Colusa Basin and
Tributary Streams

1981-2000 29 15
2001 2020 0 4

Butte Basin and
Tributary Streams

198l 2000 1 33
2001-2020 48 0

Feather River Basin
l966 1980 11 7
200l 2(20 15 9

Bear River Basin
200l 2020 3 4

Coon Creek Stream Group
2001-2 (20 15 5
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Study area : Levees : Channels
(Bank Miles) : (Miles)

Cache Creek Basin
l966-1980~~~~ 0 36
1981-2000 0 4

~utah Creek Basin
1966—1980 0 10

?t rrison Creek Stream Group
1966-1980 60 92

Total 313 332

The approximate location of levees and channel wor k is indicated on Map
3 and additional details are included in Tab le 7. The estimated costs
for required levee and channel wor k are $40.5 million for the 1966-1980
period , $11.5 million for the 1 q81-2000 period , and $27.9 million for
the 2001 2020 period.

The structural measures which have been included in the preceding
para~~aphs will be complemented by noxv~structural land treatment measures.
Within this subregIon ~onditions span the full spectrum of soils, climate
and geology. Consequently, most of the land treatment practices listed
in the Reg~.onal Summary of thi s appendix will be applicable . Map 3
shows potential watershed land treatment areas . Estimated costs and
acres of land treatment measures are summarized below.

Land Treatment 1966 1980 1981-2000 2001-2020

Thousand acres 278 645 226
California (278) ( 530 ) (226 )
Oregon (0) (115) (o)

Thousand dollar s 2 ,150 4 ,170 2,590
California (2 ,150 ) (3,370) (2 ,590)
Oregon (0) ( 800 ) (o)

Flood plain zoning, flood proofing and other non-structural flood plain
management measures will become a greater part of coninunity planning in the
SB Subregion because of existing and anticipated flood problems. Communities
in this subregion with populations in excess of 2,500 with known significant
flood prob lems include Alturas, Anderson , Dunsmuir, Redding, Davis, Dixon ,
Willows, Red Bluff , Saramento, Roseville , Folsom, Lincoln, Gridley, Quincy,
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and Grass Valley. Many communities with expanding populations are expected
to have flood problems in the future, and will be studied as their needs
are made known. Flood plain information reports for Anderson, Redding,
Red Bluff , Roseville , Lincoln and Quincy are scheduled for completion by
1980. It is anticipated that flood plain information reports for the
remaining coimnunities named above will be completed before the year 2000.
Comprehensive flood damage prevention planning and implementation of flood
plain management measures would follow in each flood problem area identified.

Damage reduction attributable to non-structural flood plain measures
is shown in Table 9b • The Redding Stream Group and the American River Basin
are the principal areas where such measures are considered to be applicable .
Approximately 155 stream miles would be suitable for the non-structural
flood plain management measures • Estimated costs for future flood plain
management measures are as follows :

Cost of Flood Plain Management Maasures ( $Million)
State 1966 1980 l98l ’2000 2001 2020

California 4.5 6.6 22.9
Oregon 0.0 0.0 0.0

Subregion Total 4.5 6.6 22.9

Potential to Satisfy Future Needs

The flood control program presented herein, would reduce projected aver-
age annual flood damages as follows ;

Flood Damage Reduction ( $Million)
State by 1980 by 2000 by 2020

California 8.3 25.9 68.1
Oregon 0.4 0.7 1.5

Subregion Total 8.7 26.6 69.6

The total installation cost is estimated at about $238.3 mill ion for the
period 1966-1980, $226.8 million for ~981 2000, and $79.4 million for
2001-2(20. Estimated annual O~~R costs for the 1966-1980, 1981-2000 and
2001-2020 portions of the flood control program are $1.83 million, $2.78
million and $2.65 million. (See Tables 10, lOa and 1(t). The effect of
the potential flood control program on future damages is in Tab le 8 and
shown graphically on Figure S B l, and its effect on flood flows is shown
in Tab le 11.
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TAB(R 2

SACRA)~~N’1’0 R AS IR SUBR!OI O N OF ‘P857 CAUPOmI A Re,GION

Flood i*~~ ge ,~J
St- , ly  .rc,, Fl ood LocatIon! Tota l ~~~~~~~~~~ - ($1 .3’X’~ 

-
~~~~~~~~a f lo, a At t ime of flood 2/ a 1965 ecooon ,iaa co,adl tt ooa & pr ’,ae. 1’
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D~~~LTA-C~~~NTRA L SIERRA SUBR~GICt{

General

The Delta-Central Sierra. Subregion (DC ) is in central California .
It extends generally from Sacramento on the north to Stockton on the
south, and from the crest of the Sierra Nevada on the east to the foot-
hills of the coastal ranges on the we st . ( See ~~p DC-i.) The subregion
is about 120 miles long and 60 miles wide and comprises an area of
4,947 square miles.

The climate of the subregion is characterized by hot , dry sunnners and
mild winters with relatively light precipitation in valley floor areas and
by warm, dry suxrm~ rs and cold winters with heavy rain and snow in the noun-
tainous areas. Average annual precipitation varies with elevation, ranging
from less than 10 inches on the valley floor to over 96 inches in the Sierra
Nevada. Temperatures on the valley floor normally range from winter lows
near freezing to summer highs of about 110 degrees. Temperatures in the
Sierra Nevada portion of the subregion range from below zero in the winter
to about 80-90 degree s in the surm~ r.

The subregion had an estin~ ted populat ion of 386,000 in 1965. Its
economy is dominated by highly diversified agr icultural and related manu-
facturing and industrial activities such as food processing and fabricat ion
of agricultural machinery. The production of natural gas , clay and clay
products , limestone , sand and gravel , arid lumber and forest products are
also significant economic activit ies.

Transportation facilities in the subreg ion are extensive . H~gh1y devel-
oped Federal , State, and county highway and road systems afford ready access
to all part s of the subregion and to adjoining areas. The area is served
by air and rail l ines and the Stockton and Sacramento Deep Water Ship Chan-
nels,

The Sacramento and San Joaquin Rivers are the principal streams in the
Delta-Central Sierra Subregion and in the Central Valley of California. In
general , Sacramento River drains a smal l area in the northwe sterly sector
of the subregion and San Joaqu i,n River and some of its principal tributaries
drain the remainder. The main tributary of Sacramento River in the subregion
is Cache Slough . The bypass system of the Sacramento River Flood Control
Project also has its terminus in this area . The principal tributaries of
San Joaquin River in the subregion are the Cosumne s, Mokelumne , and Calaveras
Rivers. ( See ~~p 2.)  All these streams drain into the Sacramento-San Joa-
quin Delta and to a common mouth at the upper end of Suisun Bay. The delta,
a low-lying tidal area comprising about 500,000 acre s of highly productive
farmland, has been reclaimed by the construction of over 1,000 mile s of
levees al ong natural channels and dredge cuts that divide the area into
about 100 tracts locally known as islands. Land surface elevations range
from about 10 feet below sea level in the central portion of the delta to
about 20 feet above sea level along the periphery.
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A’~c~~tiona1 information on thp suhr ’~ — ’in can btt found in Appendix IT ,
“Thafl Re~?ion.

’

For the in~’estL-’at~ on of pr r~ ent an~ future flood prob1ern~o and t~’la~
analysis of potent~al solutions, tha- ’ o ’jh re ~ ’ion has beer, divided into the
following stud y areas: ~~~~ij r n~~ R~~r-’r ~ r 1n , !‘~ok~’lumne River l3asin,
stock ton Area ~tr”ar’~’, 

‘ -
~~~~~~- ‘ C da~ tr a”ar~ -~ro’~p-Dei ta “~ ntra l Sierra , T~~lta

Islands , Cache ~lou~h ar,~ T r ~ h ’itary tr~ams , Sacramento Deep Water Ship
Channel and Pro,~’-’ct h~mac-~’-’ 

- is Delta °a”nt~~ l -~ia’rra, and Sacramento River
below Sacramento.

~~~ t-~rv ~
-a~~ ‘ - ‘aYn~

F’1ood~N ha’.t-’ ~~~~~~ a sh ’s ’~ ~~~ ‘ar, t a’R ~~~~~~~ ~n thr-’ ~‘~ve1-onrirnt of the sub-
r”a~-~~ n.  P -o-’u i s ar~ o~’ ‘~ . r - e  t- ,’~-~-’s: 1 thos” that oc~ur ‘lu~’~ny~ the late
fall ar-i ~~st”'r -~ ~~s, orirarily as a resul t of prolonged general ra in-
st rc C 15 ~~:, “ a 

~~~~ I s ’~~1’~fl s~ vall-’-’v floor areas: 2” thcsCe that occur -~urino
th’- ’ Cpriri ,-’ ar,~ early o io’;”-” r r ’s , ’ ’s , pr~~~ r ’lv as a result of the eitin~
Of th° W ’ ’ :; ~ , ‘

~~~~~~~~ “ ‘~ 0; a’ h i / s  ‘io”ar d’ t b”  Sier ra Devada ; and 3’) th ose
~hat occ ur is “C - ” ~~‘rsi ’o ’-” ‘- , ‘aas , T mar~ - ,~~~n Delta as the result of a c omh~ na~
t~ on cs ” hi -h ‘a ~ i,’-’:, ~r~~-t ’.- rn ’ ~~“ w’1n~ cor- 1 t - loss , and fl ood inflows. The
most  s l o n ~ f~~- ’an ” - “- is  t ” ” l a t”  f~ l~ an~ w i n ”er flood caused by i”'neral
ra~~r;tnrrn’ . A - i - ’ri o~ ‘n of ‘- , “ - c-”~” ’-’r fl -o rkd s of the late l~ - ”- ‘‘ s and
ea r ly 17”' ’ s is ~rOl~L : a - ’ a ’  “ s ~’ - o n s ’ol se~ t ’ on o~’ the arpe rv i ix .  ~~ a
su t r ~’~-i~-nal na s’ : - , t t , ” l , ’ t l . - - 

C ’  f I  oo--i is c-on s’l ’- ’r ed to he the most severe
tre st r — ’amn ~‘l o w l s - ” ~‘ro~’, t o ’ ’  w” ,ct ~~ -~e of the suhreoion and the 1II°5F~“SG flood tb’-’  m- ’c~ s~v’r~ flood on t h ’  str’”s-’rs fl owing from the east side ,

ai tbnu~oh ot;’-’o’ f l o~-’s- Ic on’,’ -‘a’~’-” oa o~s’-’d h ’l - ’ber flows on ~nd J vid ual streams.

ZYur~r~-’ a ooo-ics ’i less thas ‘7 h , o’Crs in ia’~ December 1955, intense
rains ’,corms in t ; , ” ‘j nt s t , l n  an] ‘~a ’l ’L”v fl oor areas of the subre~’aion resulted
in exceptional ly ~ar~”~ strearoflows and subsequent floodin,”- of adjacent
lands. -Tnnwm ’ilt  a , i da -a-i a~-ou~ i n - ’Th of water to the basin mean runoff of
at-out 15 inches .  ioousua lly h’i ,’-’h t ides aggra ’~at’-’-I the flood problem by
lmr ~”~in~ t o ’,’’ ~~ ssa,a”e of floodwat ’-’rs t’tCO UC’ h the Sacran~ nto-San JoaquinDelta. A~’r]cultural, pub lic facility , and r~’s~ - 1’’nt-ial dana~es comprisedsva ’ r l°~~-T -of tb”' total flood darna~-”-’. Although no loss of life was re-
por~ ”i as a resu lt of the flood s ov’~r - 1 , -”~° people were evacuated from
tl- ’-’lr homes. ‘ui--reoion-w 5 ’ie, atout l79 ,

50” acres we re inundat’-’d and
f l o od ‘1ama~r-’s exce ”-lc ’d “

I T . ’° mi lli on .

Flood damages ‘iurir,1~ the 1b62_ 95” flood was ~~rticularly seriousal-’c-o , ” th~ streams fl~ w i n~ f rom the’ western part of’ the subregion . About -
I 7 , 

“ 
- acres were inundated durinl” the flood and total damages ex-

~a a a ~~~~a’a~~j  ~~~~~ r u i l l i on , over 9” ,i- of which were agricultural and public
facility losses.
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Flood fighting and cleanup costs under the various Federal programs
exceeded ~0.9 million for the 1955-1956 flood and about ~to.i million for
the 1962-1963 flood . t~ mages fr om these and other significant , recent
flood s are tabulated as follows and are shown in more detail in Tables
1 and 2. Typical flood damages are shown In Photos DC-I and DC-TI.

Serious rainfl oods occurred in the Delta-Central Sierra Subregion
during the 1968-1969 flood season . The floods resulted from precipita-
tion ranging from 5 inches in the valley floor area to over 20 inche s in
the headwaters of the various streams . Over 63,500 acres were inundated
with fl ood damage exceeding ~15 mi llion .

Flood damages 1/ (~~1,°00 )
Flood :Forest & range :Agr icultural :ResidentIal :Industrial : Public :Total
season : re sources : & : & : & :facilities:
(year ” : &‘ facilities : land :commercial : ut i l ity

195’ -

:951 15”' 3,123 41 170 2,485 5,969

1955-
1956 79”' 6,01” 1, 745 265 5, 555 12,465

1962- -
1963 0 1, 619 90 26 325 2,060

19 64-
19 65 940 1,940 42 91 3, 849 6,762

19 C 9—
1969 2 1 6,2-i4 405 7 8,436 15, 103

1/ Based on prices and pro ,iect and economic conditions at time of occurrence
~~~

‘ fl ood .

F~stiniated damages from a 100-year frequency flood for selected streams in
the subregion are sh own in Table 3. Peak flows of maximum floods of record ,
10” -year flood s, and standard project floods for selected stations in the
subregion are shown in Table I ’i .

Present Status of Flood Control Improvements

The existing flood control Improvements within the subregion include a
variety of measures to reduce flood damages. (See ~~p .. They include
flood forecasting, flood control reservoirs, floodwater retardation struc-
ture s , levees and channels , tributary watershed treatment and flood plain
information studies. ~,x isting flood control measures on the Sacramento
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and San Joaquin Rivers and their tributaries within the subregion and
in other subregions provide flood protection to about 25~ of the area
subject to flooding . With a few exceptions , the degree of protection
provided varies from 100-year or greater flood protection in urban
areas, and from 10 to 50-year flood protection in agricultural areas .

Flood forecast procedure s are established as an Integral part of
the existing flood control develo~znents . The Federal -State River
Forecast Center in Sacramento maintains continuous surveillance of
flood situat ions Issu ing forecasts for the following : reservoir
Inflows; expected downstream flows and stages on the Sacramento ,
San Joaquin , Cosumnes and Mokelumne Rivers ; and , stages in the Sac-
ramento-San Joaquin Delta . The below-sea-level islands in this area
are subject to flooding during period s of high inflow from the area ’s
tributaries , particularly when the inflow occurs in conjunction with
high t id’,os and strong southerly or southwesterly winds. Flood fore-
casts have been developing in an effort to gain valuable time to pro-
tect the levees. The key forecast point is Rio Vista with stages
throughout the Delta referenced thereto. Forecasting points are
shown on ~~p 4.

?‘~ j or flood control reservoirs in the subregion are operated to
provide a maximum of 417 ,000 acre-feet of flood control storage
dur ing the most critical flood situations. These projects are as
follows:

DC -4
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Flood
control : Dra inage

Reservoir : Stream : capacity : area
(ac. _ft.) :(sq. miles)

~okelumne River Basin

Can~.nche Mokelumne River 2~~,-000 513

Stockton ?~rea Stream s

New ~-Iogan ~alaveras River 165,~ 0C

Farmington Lit t le j ohns  Sreek 52,°~’S 21k?

These projects are shown on ~ap ~~~• Pew Poc’an Reservoir is shown in Photo
DC— V .

~~ny reservoirs in the subregion , though not 
having flood control as

a designated function , provide incidenta l P,it. often significant flood
control benefits. Principal reservoirs of this type are :

Reservoir : Stream : ~-‘n~ truc 4 ion agency

Pardee Mokelumne River  ~1as~ ~~y ~-~un i c~pa~ Ut~~1~~ty District
Salt Springs P. Fork Mokelumrie R . Pa c i f i c  Gas an-i ~lect r ic  Company
Jenkinson Lak e Sly Park Creek Surea u of Reclanat ion
(Sly Park ~~m)

An extensIve system of ,545 miles  of flood control ‘ovee s, channels and
bypasses is an impor tant element in t~.e overall flood control program of
the Delta-Central Sierra Subregion. ~1ost of this integrated, continuous
system Is part of the Sacramento River Flood “antrol Project, a Federal-
non-Federal and pr ivate undertaking . A portion of this system is shown
In Photo DC-VI. However, a ‘~ i~ n i fi c a nt  segment of the Lower San Jc~~quin
River and Tributaries Project is also located in the subregion. These
features are indicated on ~~p ~3 and data concerning t~ e existing (1965’l
levee and channel projects are contained in Table 7. In addition to the
principal levee and channel systems, local Interests have constructed
numerous secondary levees and improved channels. These secondary improve-
ments primarily to agricultural areas, vary in quality and provide varying
degrees of protection. In general, the protectIon afforded ranges from
a once-in-2-year flood to a once_in-25-yea,r flood.
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Three watershed projects have been constructed to alleviate water-
shed problems. They are: 1’) Ulatis Creek Project near Vacaville,
2” ~~rsh-Kellogg Project near Brentwood, and 3’) Mosher Creek Project
near Stockton . These pro ,~ects protect 44 , 72~- acres of prime agr i-
cultural land s from ]~ to 5- -year floods. Flood prevention measures
in other tributary watershed areas of the subregion have been in-
stalled by Individua l landowners , grou s of farmers and ranchers and
Fede ral and State land-management agencies.

The Fl ood Plain ~~nagement Services Program is covered in detail
-!n the Regional Summary of this appendix. Flood plain information
reports on lower Cosumnes River and tributaries, Morrison Creek
Stream Group and the Snodgrass Slough area have been completed for
parts of Sacramento and San Joanuin Counties. Under the program,
flood hazard informat ion is being furnished to local agencies for
use in evaluat in ~’ the flood hazard of individual site locations.
The coun ties have requested assistance in implementing zoning and
in specif ic  interpretation of flood hazard information as It applies
to site development.

Accompli shments of the existing flood control measures (and others
that provide Incidental flood control benefits’) have been substantial.
The measures have functioned effectively to reduce floodflows and
flood damage . The flood control system existing in 1965 would have
prevented ~4.5 million in flood damages during the 1950-1951 flood;
1~5.0 million in flood damages during the 1955-1955 flood; and, ~-4~ fl
million in flood damages during the 1.964-1965 flood. Additional de-
tails are included in Table 2. It is estimated that average annual
damages prevented by existing measures exceeds ~~% . 2 million.

Although the subregion currently is afforded a considerable degree
of flood protection, flood problems still exist in some areas. Flood-
ing occurs along some of the streams in the area with resulting
damages to agricultural and urban properties. (See tabulation, Page
D C_ 7 ) .  The problems are especially serious along Sacramento River
below the city of Sacramento and in the Cosumnes RIver Basin, West-
side Stream Group, Cache Slough and Delta Islands study areas.

~rosion presents a problem in the Delta-Central Sierra Subregion.
Of the l,99~ miles of stream channels subj ect to erosion, about 935
miles are classed as “serious~

’, accounting for ~‘5~~~, fl~~-S danRges
annually. Frosion in the Delta is caused primarily by wave action
generated by high winds, high tides and wavewash from boats, or a
comb ination of these . In terms of potential erosion damage , land
loss and depreciation In productivity of adjacent agricultural land
from stream bank erosion pose the greatest threat. Currently, about
‘
~~
‘

- acres of land are lost annually with about 10 acres occurring in
urban areas. ( See Tables 1, ‘~ and 4 for various categories of flood
damages some of which index the magnitude of the problem of land and
erosion damage.’)
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Yolo Bypass ,-,nd t h c  I n t e r s t a t e  80 crossing (Yolo Causeway) during

the December 1964 flood. (Department of ~$ ,e te r Resource’ s Photo .)
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Much of the flood problem in trIbutary watershed areas has not been
alleviated. Less than lC~ of the tributary areas are 

receiving flood
protection and this Is often limited.

The aforementioned flood problems result in average annual damages as
follows:

Fstimated Average
Study area : Annua l Bamages (~~t , nnn~ ~:

Cosumnes River Basin 717
Nokelumne River Basin 276
Stockton Area Streams 355
Westside Stream Group-

)elta Central Sierra 2 2 7
Delta Islands P, 15~
Cache Slough ~

‘.- Tributary Streams 84
Sacramento Deep Water Ship -Thannel -

arid Project B3rpas5 in DC 295
Sacramento River below Sacramento 856

Total Delta-Central Subrep’ion 5 , 7
’
~~~~

Based on ~955 prices , economic conciit~ons, an-I pro,iec~-
condit ions.

AdditIonal details are contained in Tables ~ and 4 for the subregion as
a whole and in Table 5 for urban areas. Majo r urban damage centers and
areas of the subregion subject to flooding are shown on Map ‘~~.

Future Peeds

It is ‘~v ident from an examination of ~5~
’5 f lood problems that addi-

tional flood control measures are requir’-’d . It is estimated that average
annual flood damages in the Delta-Central Sierra Subregion (based on ~565
prices and conditions 1 amount ~-o ~5.7 million . The flood problems of the
area will increase in the future due to the pressures of population and
economic growth and resultant Increase s In use of flood plains. The popula-
tion of’ the  subregion is projected to increase from 3P6,c~0° In 1965 to
5~- ” - ,~ 00 In 29-~, 9”5,’Y~fl In ?C “ , and 1, 9 ° 1 , 04°° in 2~~~~ - . Average annual
flood damages are expe cted to inorease to ~‘7 .9 million by i2P’~- , to ~ 14 . °
mi ll ion by 2(~O~, and ~‘‘4 .5 million by 2’~2° if additional flood control
measures are not provided. Fstimated damage data for existing and future
“mnd~ tions are contained in Tables 5 and ~a.

DC— ?
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Measures Required to Satisfy F~ ture Needs

Improved flood forecast in~-~ will be a part of a comprehensive flood con-
trol program . The optimum operation of flood control proje cts can only he
approached by a well-coordinated system of fore casting and pro ,lec t opera-
tion. Hence, procedural development for forecasts of inflow to reservoirs
wIll be required as new dams and levees are built. Ad di t iona l hydrologic
instrumentation and telemetry systems will he needed to facilitate these
forecasts and subsequent operation of the projects. Flow forecasts in the
Delta will become increasIngly more important wIth expand1n~ port develop-
ment, agricultural usage, and urbanizati on. large scale wa~ -’r diversion
and related salt water intrusion will also require long-ra nge and short-
range flow forecasts. The cost of impro’vin~ the flood forecasting system
is est imated to cost ~~~~~~ for the 1065-1960 period , ~25 , .~0( for the
19~~1_2° Y~ period, and ~25°, ~ - for the ~~~~~~~~~ period .

Floodwater storage in reservoirs and detention structures will he an
important element of the future flood control program . An additional
621,005 acre-feet of flood control capacity are required in the subregion
to satisfy future needs as sh own in the-’ followIng tabulation:

Flood
Stud’z area/ : : : control : Drainage

program period : Reservoir : Stream : capacity : area
in which needed : : : (ac._ft.’):(sq. miles)

C~sumnes River Bas i n
1966—1960 County Line Deer Creek i5,~~1~ 4 T h

1965- ~-:ashville Cosumnes River P0~,I’--5C) 4
_
~’5

1966-1990 Detention
Structures (3” (Various~ 7 , ~-oo C)9

20Th -~~~2C Latrohe Cosumnes River 15°, °~0 530

~‘~okelumnr River Basin
Hutson School Dry Creek 15 ,50-0 2n3
Irish Hill Dry Creek 1~5,000 79

2~fll-2’2° Detention
Structures (21 (‘iarious’) 14,05-0 120

Stockton Area Streams
- - 1_

~’2~ South Gulch Calaveras River 35,000 418
2C°1-?°~~ ~ugene Littlejohn Creek 55 ,~~ Oc 83

DC -9

-i



Flood
Study area/ : : : control : Drainage

program period : Reservoir : Stream : cape.c ity : area
in which needed : : : (ac .-ft .) : ( sq . miles )

Westslde Stream Group
1966-1980 Kellogg Kellogg Creek 8,000 27
1981-2000 Detention

i.tructures (3) (VarIous) 6,000 59

Cache Slough and TrIbutary Streams
1981-2000 Detention

Structures (2) (Various) 1,000 30

TOTAL 621,000

These reservoirs are shown on Map 3. AddItional information on flood control
storage Is contained in Table 6. Estimated costs for additional flood con-
trol capacity are estimated at $15.4 million for the 1966-1980 period, $9.0
million for the 1981-2000 period, and $14.5 million for the 2001-2020 period .

In some areas, limited capacities of downstream channels will require
associated levee and channel work to pass project releases safely. In the
Delta substandard levee sections must be improved and the total levee system
upgraded . Preliminary studies indicate that levee and channel work is
desirable in the following areas of the Delta-Central Sierra Subregion :

Study area : Levees : Channels
( Bank Miles)  : (Mi les )

Cosumnes River Basin
1966-1980 46 33
2001-2020 48 20

Mokel umne River Bas in
1466 1.80 12 6
1981-2-S0() 14 7
2001-2520 3 5

Stockton Area Streams
1966-1980 12 61
2001-2020 35 20
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Study area : Levees : Channels

~Bank Miles’l (MIies ’
~ _ _ _ _ _

Veatside Stream Gro~p-
Del ta-Central Sierra

1966-199° C 12

Delta Islands
1966-199° 25 C

1~’~
-

2~~~1_ P~~ Th C

Cache Slough and
Tributary Streams

199 1_20 ’~0 4 1°

Sacramento River
below Sacramento

1991-2000 7,—

2 ° Th 1~~202~ 1 1 T h  0

T~ TAL 669 1~2

1/ Under construction or funded for construction as of FY 1970.

The approximate locations of levees and channels ar~ Indicated on Map 3.
Addit i onal details are included In Table ‘ . The estimated costs for re-
quir ”d levee and channel wcrk are ~?1.0 million for the 1966-10°fl period,
~~5 1 4  million for the 19°I-2°°’~ per iod , and ~~~~ million for the 2501_
2~ 2’~- per iod .

The structural measures Included In the preceerling paragraph will be
complemented by non-structural land treatment measures consisting primarily
of range seeding, critical area planting , drop inlets, fire prevention and
suppression and brush control. See Map for potential watershed land
treatment areas. Hstimated costs arid acres of land treatment measures
are tabulated below.

Land Treatment [266-l50~ 190l~ 2Th ’~ 210 1-2’ 2”

Thousand acres 70 1~ 25

Thousand dollars 79~~ n5-Th 5f~(’

DC -10

_ _ _ _ _ _ _ _ _ _ _  - - ~~~~~

. ‘ 0. ’L Th .  T —  - ~~~~~~~~~~~~~~~~~~~ --- -—----.
- .-



-- 
- -~~~~-~~~~~— - - ~~~~- - ~~~~ -_ _

Flood plain zoning, flood proofing and other non-structural flood
plain management measures will become part of community flood control
planning because of existing and anticipated flood problems. Com-
munities with populations in excess of 2,500 with known si gnif i cant
flood problems Include Antioch, Lodi , Stockton, VacavilLe, Tracy, and
Brentwood. Many communities with expanding populations are expected to
have flood problems in the future, and will be studied as t}’ir needs
are made known. Flood plain Information reports for Calaveras and
Mokelumne Rivers, including the principal urban areas of Lodi and
Stockton, are scheduled for completion by 1980. It is anticipated that
flood plain information reports for all the communities named above will
be completed before the year 2000. Comprehensive flood damage preven~
tion planning and implementation of flood plain management measures
would follow in each flood problem area identified . Non-structural
flood plain management measures along approximately 5” stream miles
could be implemented for urban areas, including the above listed com-
munities. Table 9b contains data of damage reduction attributable to
non-structure measures. Map 3 indicates several areas for which non-
structural flood plain management measures are proposed.

Costs for future non-structural flood plain management measures are
estimated at ~‘l .2 million for the 1966_1980 perIod, *3.

0 million for the
198 1_2000 period, and ~12.° million for the 20°1_2020 period.

Potential to Satisfy Future Needs

The flood control program presented herein would reduce the projected
average annual damages *~~ .° mIllion by 19°5, ~‘B.8 million by 2(Y-~, and
~‘20 . 7 million by 2°20 at an estimated installation cost of ‘~3~’.R million
for the period 1966-1980, 4~63.5 million for l991-25”, and ~‘9fl.3 million
for 2-°-’1-2020. ~stimated annual 0M~R costs for the 1 9 6 6_ 1 9~ °, 1PC 1_ 2’ ’~~
and 202°-202° portion of the flood control program are ~

‘.46 million ,
~~~ 74 million and ‘~‘2.9’~ million (See Tables 10, 1°a and l0b.~ The effect
of the potential flood control program on future damages is shown in
Table 9 and graphically on Figure DC_ i , and its effect on flood flows is
shown on Table 11.
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I Exist i ng Projects ( In  operation 196 5 )

R e s ~~r s o i r ~ w i t h  F loo d Co n t r o l
I Co ma nch e
2 Neo. Hogan
3 F a c m , i r 9 t o n

Other Rese r uOi r or Lake

Lev ee B channe l  Pro jec t s

V I Sacramento R ue r B Delt a 5 Son J o a Q u i n  Riser
2. Bear Creek 6 cache Slough &T ribut o r ,e$
3 Ltt l . j o h n s  Creek 7 Sac ramento Dee p Water Sh sp
4 Ca laoe r os Rs oer  Channel B P r o j e c t  Bypasses

W a t e r s h e d  P r o j e c t s

I Masher Cr eek 3. U 1 2 r s
2 M a rsh —K e l l o g g

2. 
A l I 9A 6 l9801 Ai (Constructe d 0 50 1  FY 19701 ,6 ) 1 9 8 1 - 2 0 0 0 ) ,

Potential Future Flood Control Progra m

C 12001- 2080) 1 See table 6 87)

Re ser o o i r s

— I Counn y Line I A  I 5 Hu t s o o  Schoo l 16 )
2. Nas ho i l le  IA 1 6. Sou th  Gulch I C )
3 Lat r o be  lC l  7 E u g e r i e l c I
4 I r i sh  H i l l  I C )  8 K e l l o g g  jA b

vi
’ Le vee B Channel Projects

I Cos u mne s R ive r  I A c )  5 L i t ’ t l e lo hns Cre.k (CI
2 Dry Creek 181 6 Scn ,Ioaq u in R
3 M Okelure r n8 Riv er IA ) 7 Delta IC)
4 Co lov e ras Ri Re c IA.) B Dee r Creek IA )

( M ormon Slough) ~ Duck Creek (A 1I

Wa tecih.d Projects

• Locations of non -st ru c tura l  f loodplai n
man ag emen t m eoi u re $

MAP 3

DELTA-CENTRAL SIERRA SUBREGION
CALIFORNIA REGION

FLOOD CONTROL PLAN
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LEGEND

Areos Sublect to Flooding

2. • Major Urban Damage Cente rs

3. River Forecasting Points
River St oge I Existing I

I Rio Vista 5 Ben s o Ws Ferry
2 L isbon 6. LathrOp
3. I Str eet 7. Mich igan Bar
4. Mc Ca nnel 8 Wood krid ge

R isen Stage ( F utu r e  I
I Tracy Pump 4 B urn s Cutoff
2 Port of Sto c kton 5. Port of Sa c rm in $o
3. B e l l o t o

MAP 4

DELTA-CENTRAL SIERRA SUBREGION
CALIFORNIA REGI ON
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SAN J~~~UIN BASIN SUBR~~ION

General

The San Joaquin Basin Subregion (sj ) is sitmted in central California.
It extends generally from near Stockton on the north to near Fresno on the
south, and from the crest of the Sierra Nevada on the east to the coast
ranges on the vest . (See ?‘~ p sj -i.) The subregion is about 110 miles long
and 95 mi les wide and comprises an area of 11,061 sqt~re miles.

The cli~~te of the subregion is characterized by hot , dry summers and
mi ld winters with relatively little precipitation in valley floor areas ,
and by warm, dry summers and cold winters with heavy rain and snow in the
n~ untainous areas. Average annual precipitation varies with elevation,
ranging from about 5 inches in the southern part of the valley floor to
over 70 inches in the Sierra Nevada. Temperatures nornElly range from
winter lows below zero in ni untain areas to summer highs of about 115 de-
grees on the valley floor .

The subregion had an estir~~ted population of 385,000 in 1965. Its
economy is dominated by highly diversified a&icultural activities and
related mnufacturing and industrial activities. Mining and lumbering
are significant in the Sierra Nevada.

Transportation facilities in the subregion are extensive. Highly de-
veloped Federal , State , and county road systems afford ready access to all
parts of the subregion and to adjoining areas . The area is served by air
and rail lines, and the Stockton Deep Water Ship Channel which terminates
in the Delta-Central Sierra Subregion.

The San Joaqui ri River is the principal stream in the San Joaquin Sub-
region . Originating in glacial lakes in the Sierra Nevada, it flows south-
westerly to the vicinity of ~~ndota , thence northwesterly to its r~~uth in
Suisun Bay. (See Delta-Central Sierra 3ubregion. ) The principal tributaries
to San Joaquin River within the region are the Stanislaus, Tuolumne, and
Merced Rivers . A number of minor tributaries originating on the eastern
slopes of the coastal ranges join San Joaquin River from the west.

Additional inforn~tion of the subregion can be found in Appendix 11,
~Phe Region.”

For the investigation of present and future flood problems and the
analysis of potential solutions, the subregion has been divided into the
following study areas : Stani slaus River Basin, Tuolumne River Basin, ~~rced River Basin , ~~rced County Stream Group, ~~dera County Stream Group,
San Joaqui n River Basin, and Westside Stream Group -San Joaquin Basin . The
principal streams in these areas are shown on ~n~~~p 2.

S’J— 1
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History of Flooding

The San Joaqui n Subregion is subject to two types of floods : 1) those
that occur during the late fall and winter months , prinErily as a result
of prolonged general rainstorms in the npuntain and valley f loor areas ;
and 2) those that occur dur ing the spring and early summer months, pri
mrily as a result of the melting of the winter snowpack in tne high
areas of the Sierra Nevada. The most significant type is the late fall
and winter flood caused by general rainstorms. A description of a few
of the mjor floods of the late 1800 ’s and early 1900 ’s is m elded in
the regional section of the appendix. On a subregional basis, the Januar y
1969 flood is considered to be the most severe although other floods n~ y
have caused higher flows on Individual streams. The November 1950 flood
claimed one life .

During the 1955 flood , antecedent rainfall for the period 21 24 Dec-
ember averaged about 16,5 inches in the upper reaches of the basin and
snovrne lt added about 1 inch of water w the basin mean rainfall of
10-15 Inc hes . Extensive flood ing occurred along the San Joaqui ri River
and all of its ~~ jor tributaries. Flooding also occurred on the larger
westside tributary streams. Over 7 ,000 people evacuated their homes
dur ing the ChristnEs holiday season and several people died of heart
attacks caused by excitement during the flood . Agricultural, public fa-
cility, and residential d.anEges comprised nearly 85~ of the total flood
dan~~ e. About 127 ,000 acres were inundated dur ing the flood and danr
ages exceeded $7 million. Dan~ ges for the 1955 and other significant
recent floods In the subregion are tabulated on page SJ-3 and are shown
in more detail In Tables and 2.

Both rain arx~ snowmelt flood s occurred in the San Joaquin Basin
‘Jubregion durin,~ the •E~~1Y6 ~J flood season. About 285,000 acres were
inundated and r lood ds.na~.-e s exceeded $19 million. Flood fighting and
cleanup costs under various Federal programs were about $800,000. The
rain floods resultt- i from more than 25 Inches of rain during January,
arid substantial but lesser amounts in February. The elevation of this
basin reaches 14,000 feet with about 40 percent lying above 8,000 feet,
Dur ing the rain-flood producin~-’ stor ms a snowpack of unprecedented depth
arid water content (22o 340 percent of normi ) was accumulating in the
higher elevations . The flood season was c1iir~~ ed ‘by near record snowrnelt
floods durirw the period Apr i l  through July . Flooding along the Stanis
laus and Tuoluxnne Rivers is shown In 1 hotos SJ-I and 3J 11. Total volume
of snowineit for the Sari Joaquin Basin Subregion was estinEted at 9,000,000
acre feet which appr oacned the record established in 1906.
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Tuolumne River in Modesto . January 1969. Floodwaters r eached a widt h

of a half m i l e  in the c i t y  and da-r- a~~cd more than fifty homes. (Modesto

Bee Photo.)
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Flood ‘iamages 1/ ($1,000)
Flood :Forest ~ range :Agr icultural :Resident ial :lndustr lal : Public  :Total
( ‘rear): resources & : : :faci l lt ies :

& facilities : land : commercial: utility

1S55 722 3,081 30~ 432 2 ,715 7 ,25~

l~58 0 3,382 114 6 589 4 , 091

1962-63 C. 279 77 1 168 525

1964-65 238 1,160 9 529 1,326 3,262

1968-69 949 14,347 1,425 298 2,o3l 19,050

17 Based on Drices and project and econon~~c’ cond itions at time of occur-
ence of f lcc i i .

‘e~ik flows of maximum flood s of record , lC\) year fl ood s , and standard proj-
ect floods for selected stations in the subregion are shown in Table 11.

pre sent Status of the Flood Control Impr ovements

The ex~~ t 1n~ f~~’c ~ c~ r trr ~ improvements include a var i ety of measures
to reduce flood ri arr a.i~ . See ~~ p 3 . )  They include flood forecasting, flood
co;.tr c~ ri- serv c- !r s , flocd water retardat ion structures, levees and channel s ,
tr~ b’ tar i watershed tre atrner ~i’ , and flood p1a~n information studies. Exist-
i f lp ’ measures , -~~~ch are descr ib ed in more detail  In following paragraphs,
~rc’i~ d~ ~ iOC~. pr otect ion to 38~ of the areas subject to flood ing . With a
few except ions , the degree of protection provided by existing flood control
measure s varie s from 1 - s-year or greater flood protection in urban areas ,
and fr ~~i 1’ - to 5. -v’~ar flood protection In agricultural areas .

Flood f orecasts are prepared by the Federal -State River Forecast Center
in Sacramento arid distributed by the Sacramento and F’resno River District
Offices of the National WeatF~ r Service. These forecasts include : 1) in-
flow to the major reservoirs , 2 )  routed flow and stage forecasts downstream
of the dam s, and 3) ~.tage and flow forecasts along the mainstem of the lower
San Joaquin River.  Forecasting points are shown on ?‘~~p 4.

Existing major flood control reservoirs In the subregion are operated
to provide a maximum of 863,100 acre-feet of flood control storage during
the most critical flood situations . These projects are:

SJ-3
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Flood
: : control : Drainage

Study area : Reservoir : Stream :capacity : area
:(ac .— f t . ) : ( aq. mi les)

Tuolu mne River Basin Don Pedro Tuoluznne River 200,000 1,530

Retch Hetchy Tuolumne River 160,000 455

Cherr y Valley Cherry Creek
80,000 187

Lake Eleanor Eleanor Creek

Merce d Count y Stream
Group Burns Burns Creek 6 ,800 74

Bear Bear Creek 7 ,700 72

Owens Owens Creek 3,600 26

Mer iposa ~~riposa Cree k 15,000 107

San Joequin River
Basin Millerton San Joequin 390,000 1,633

Lake (k ~riant ) River

These projects are shown on T~~p 3. Friant t~m and Cherry Valley Dam are
shown in Photos SJ III and SJ IV.

Meny reservoirs in the subre gion, thoug h not having flood contr ol as
a designated function , provide incident al, but often significant, flood
control benefits . Important reservoirs of this type are:

Reservoir : Stream : Construction agency

Bear dsley Middle For k Stanislaus Oakdale South San Joequ.tn ID
Florence Lake S. For k San Joequin Southern California Edison Co.
Hwitington Lake Big Creek Southern Californi a Edison Co.
Memz~~th Pool San Joequin River Souther n California Edison C3.
Shaver Lake Stevenson Creek Souther n Californi a Edison Co.
Thiloch Stanislaus River Oakdale South San Joaquin ID
Vermilion Valley ~~no Creek Southern California Edison Co.

SJ _4
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Fri ant D~irn and M z I I ~~rton L a k e  on  San Joaqu in R i v e r .  A p o r t i o n  of th e

Fr i a n t - K e rn  C a n a l  a p p e a r s  i n  t h e  r i g h t  f o r e g r o u n d .  (B u r e a u  of
Rec l am ation Photo.)
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An extensive system consisting of 277 miles of flood control levees, chan-
nels, and bypasses is another element in the overall flood control devel
opment of the San Joaqu.tn Subregion. The locations of these features are
indicated on t~~p 3 and data concerning the existing (1965 ) levee and channel
projects are contained in Table 7. In addition to the principal levee and
channel systems, local interests have constructed numerous secondary levees
and improved channels . These secondar y improvements provide a varying de-
gree of protection primarily for agricultural areas . In general , the pro-
tection afforded ranges from a once in-2-year flood to a once-in-25-year
flood.

Flood prevention measures installed by private parties in tributary
watershed areas are mostly confined to stream channel work and some small
levee and channel construction. A few grade stabilization structures are
also being installed by these individuals and groups .

The Flood Plain Menagement Services Program is covered in detail in the
Regional Summary of thi s appendix. Under the program, flood hazard inf or-
matlon is being furnished to local agencies for use in evaluating the flood
hazard of individual site locations .

Summarizing the flood control improvements the San Joaquin Basin Sub-
region is afforded a considerable degree of flood protection fr om the
existing flood control measures and other measures that provide incidental
flood control benefits. The flood control system existing in 1965 would
have prevented $9 .6 million in flood damages during the 1955 flood; and
prevented $5.3 million in flood damages during the 1964-1965 flood. It is
estimated that aver age annual daj imges prevented by existing measures exceeds
$2.5 million. Additional details are included in Tab le 2. During the
1968-1969 flood season emergency work was accomplished under Operation
Foresight due to the unprecedented snowpack conditions existing prior to
the snowmelt flood period . The work consisted largely of channel clearing,
and strengthening, raising, extending and reinforcing existing levees on
streams that might be affected by runoff from the extremely heavy snowmelt .
Most of the work was accomplished on non-Federal improvements. Generally
the emergency protective measures were very effective arid should be of con-
tinuing benefit because the facilities are to be maintained by local Inter-
ests . The preventive measures taken resulted in benefits exceeding three
times the costs expended.

As effective as the existing flood control measures have been to reduce
floodi’lows and resulting flood damage , flood problems still exist in some
areas . A major problem in the subregion occurs in the streams below the
dams where channel capacities are so restrictive that releases often exceed
flood stage damaging agricultural and urban areas • Combined flows from
reservoirs from the upper San Joaquin River north to the Stanislaus River
can cause considerable flooding along the main stem San Joaquin River below
Friant. Some flooding occurs along the F-resno and Chowchilla Rivers In the
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vicinity of ~~dera and Chovchil].a. Flooding also occurs along other
streams in the area with resulting dci~n~ ges to agricultural and urban
properties. (See tabulat ion below.) The problems are especially
serious along the streams of the Merced County and Medera County Stream
groups

This subregion has erosion and sediment problems associated with
flooding. In terms of present and potential dci mage, streambank erosion
and eroding land pose the greatest threat, particular ly in the valley
areas where intensive agriculture exists. About 2,780 miles of stream
channels have erosion problems with 350 mi les classed as “serious ’.
Annual losses of land due to bank slough.lng amounts to $100,000 and
f i f ty six acres of land are lost annually, 30 percent of which occurs
in urban areas. (See Tables 1, 3, and 4 for the monetary losses associ-
ated with land loss and depreciation of productivity on agricultural
lands).

In the tributary areas much of the flood problem has not been allevi-
ated. In ter ms of potential damage , main streambarik erosion occurr ing
in the lower elevation tributary watershed areas poses the greatest
threat . The land adjoin ing these channels is used intensively for
agriculture and streambank erosion damage occurs as larxl loss with
associated depreciation of the productive capacity of adjacent lands .
I~~ny additional land treatment and flood prevention measures are needed
if adequate protection is to be afforded this area .

The aforementioned flood problems result in average annual ~~i mages
as follows :

Estimated Average
Study area : Annual Damages ($1 ,O00J~~/

Stanislaus River Basin 365
Tuolumne River Basin 383
Merced River Basin 450
Merced. County Stream Group 618
Me.dera County Stream Group 882
San Joaqu.In River Basin 1,091
Weatside Stream Group 103

Total San Joaquiri Basin Subregion 3,892

~J Based on 1965 prices, economi c conditions and project
conditions.

Additional details are contained in Tables 3 and 4 for the subregion as
a whole and in Table 9 for urban areas . ~~jor urban centers and areas of
the subregion subject to flooding are shown on ~~p 4.

5J 6
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Future Needs

It is evident from an examination of current (1965 ) flood problems
that additional flood control measures are required. It is estimated that
average annual flood dan~ ge in the subregion (based on 1965 prices and
conditions) is about $3.9 million. The flood problems of the area will
increase in the future due to the pressures of population and economic
growth and resultant increases in use of flood plains . The population of
the San Joaqu.tn River Basin Subregion is projected to increase from 385,000
in 1965 to 487 ,000 in 1980, 853,000 in 2000 and 1,626 ,000 in 2020 (base
plan projections). Average annual flood damages are expected to increase
to about $6.8 million by 1980, to $14.7 million by 2000 and to $36.3 million
by 2020 if additional flood control measures are not provided. Estimated
damage data for existing and future conditions are contained in Tables 5
and 9a.

Measures Required to Satisfy Future Needs

Improved flood forecasting will be a part of a comprehensive flood con-
trol program. The optimum operation of flood control projects can only
be assured by a well-coordinated system of forecasting. Forecast proce-
dural development and improvement should continue apace with the develop-
ment of new projects. But improved forecasts are dependent upon improving
the network for collecting hydrologic data . This will require expansion
of the present data network including a considerable anx,unt of additional
telemetry for this subregion which at the present time has the least instru-
mentation of any major runoff area in the State of Californip . The required
improvements to the flood forecasting system are estimated to cost $330,000
for the 1966-1980 period , $260 ,000 for the 1981-2000 period, and $210,000
for the 2001-2020 period .

Floodwater storage in reservoirs and detention structures wifl be an
important element of the future flood control program. An additional
1, 775 ,000 acre-feet of flood control capacity are required in the subregion
to satisfy future needs . This total is derived from the following tabu-
lation :

Flood
Study area/ : : : control : Drainage
time frame : Reservoir : Stream : capacity : area

in which needed : : (ac. f t . ) : (sq . miles)

Stanislaus River Basin
1966 1 980 1J New t4lones Stanislaus River 450,000 900

Tuoluinne River Basin
1966-1980 1J 2J New Don l’edro Tuoluznne River 340,000 1,542

SJ7
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: Flood
Study area/ : : : control : Drainage
time frame : Reservoir : Stream : capacity : ares.

in which needed : : (ac . ft .) :(sq . miles)

Merced River Basin
1966-1980 lJ New Exchequer Merced River 400,000 1,037
1966-1980 Detention

Structures (2) (Various) 1,000 12
1981-2000 !~trntgomery Merced River 45,000 68
1981-2000 Bagby Merced River 350,000 912
2001 -2(~ 0 Detention

Structures (2) (Various) 4,000 22

t*rced County Streams
1966-1980 Merced Group ~~rced Stream Group 37,000 385
1981-2000 Detention

Structures (2) (Various) 14,000 96

~~dera County Streams
1966-1980 Buchanan Chowehilla River 45,000 235
1966-1980 Hidden Fresno River 65,000 237
1966-1980 Detention

Structures (9 )  (Various) 6 ,000 93
1981-2000 Detention

Structures (3) (Various) 2,000 39
2001-2020 Detention

Structure No Name 2,000 16

Westside Stream Group
San Joequ.in Basin
1966-1980 3J Los Banos Los Banos Creek 14,000 156

Total 2J 1,775,000

~J Under construction or funded for construction as of FY 71.
2J Pending construction of Ne-v Don Pedr o Reservoir , 440,000 acre-feet of

flood control capacity are provided in upstream reservoirs and is
deducted from the future capacity total. See Table 6.

~J Completed in FY 69.

The reservoirs listed above are shown on ~~p 3 and additional information
on flood control storage is contained in Table 6. Estimated costs for
additional flood control capacity are $84.6 million for the 1966 1980 period,
$38.3 million for the 1981-2000 period and $2.5 million for the 2001 2(20
period .
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In addition to these reservoirs, levee and channel work is desirable
in the following areas of the San Joaquin Subregion.

Study area : Levees : Channels
(Bank Miles) : (Miles )

Tuoluxnne River Basin
2001 -2020 10 5

Merced River Basin
1966-1980 0 17
1981-2000 2 0
2001-2020 0 6

Merced County Stream Group
1966-1980 36 52
1981-2000 5 a

Madera County Stream Group
1966-1980 16 11
1981-2000 0 3
2001-2020 15 7

San Joaquin River Basin
1966-1980 

~J 1~ 0
1981-2000 4~) 5
2001 -2020 15 10

Total 158 125

Under construction or funded for construction as of FY 70.

The approximate location of levees and channel work is lnd i~ ated on Map 3
and additional details are included in Table 7. The estimated costs for
requ ired levee and channel work are $3.9 mlllior for the 1966-1980 period,
$8.8 mill ion for the 1981-2000 period, and $6.1 million for the 2001-2020
per lcd.

Structural measures wil l  be complemented by non-structural land treat-
ment measures for necessary soil and water conservation. In this subregion,
the land treatment measures will Include most of the practice discussed in
the Regional Summary of this appendix. Map 3 shows potential watershed pro-
jects . Estimated costs and acres of watershed land treatment are tabulated
on rage SJ-lO.
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Land Treatment 1966-1980 1981-2000 2001-2020

Thousand acres 15 38 20
Thou sand dollars 800 1,900 1,100

Non-structural flood plain management measures will become an increas-
ingly importan t part of community fl ood control planning in the San Joaquin
River Basin during the 1966-1980 time frame, in the Merced Stream Group and
Tuolumne River Basin after 1981 and in the Madera County Stream Group after
2001 . Table 9b shows damages reduced by such measure s for urban centers .
Non-structural flood plain management measures to accomplish these reduc-
tions will consist primarily of zoning and flood proofing . Communities in
this subregion with populations in excess of 2,500 with known significant
flood problems Include Los Banos , Modesto, Newman, Madera, Merced , Paradise ,
Patterson, Sonora, Chowchllla, and Firebaugh. Many communities with expand-
ing populations are expected to have flood problems in the future , and will
be studied as their needs are made known. Flood plain information report s
for the communities named above are scheduled for compl etion by 1980. Com-
prehensive flood damage prevention planning and implementation of non-struc-
tural flood plain management measures would follow in each flood problem
area identified . Flood plain management measures along approximately 55
stream mi les could be implemented for urban areas including the above listed
communities. Map 3 shows the areas for which non-structural flood plain
management measures are proposed.

Costs for future non-structural flood plain management measures are
estimated at $2.8 million for the 1966-1980 period, $6.2 million for the
1981-2000 perr cd, and $14.0 million for the 2001-2020 period.

Potential to Satisfy Future Needs

The flood control pr ogram presented herein would reduce the projected
average annual damages $4.4 million by 1980, $12.1 million by 2000, and
$30.8 million by 2020 at an estImated installation cost of $92.4 million
for the period 1966-1980, $55.4 million for 1981-2000, and $23.~ million for
2001-2020. Estimated annual OM&R costs for the 1966-1980, 1981-2000 and
2001-2020 portions of the flood control program are $0.76 million , $0. 69
million and $0.63 million (See Tables 10, lC~ and lob). The effect of the
potential flood control program on future damages is shown in Table S and
graphically on Figure SJ-l , and its effect on flocdflows Is shown in Table
11.

SJ-lO
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TULA R~ BASIN SUB R~GT ON

Genera l

The Tulare Basin Subregion (TB ’) is s~tuat~d in south central Calif-
ornia. It extends vz~neral1y from Fresno on the north to the T~hachapi
Mountains on the south , and from the crest of th m Sierra N~ vada on the
east to th ’~ coastal ranges on the west . ~~~~~~ ~‘ap Th_ 1 , ’) TTh~ suh r~~~ or.

~s about 1E- ° miles long and 150 miles wid~ and compris~ s an area of 7 , ’9 1
square m iles.

rh~ climate of the subregion is charact~ r i z m — ’I 
~
-- ‘

~
‘ hot , dry summers and

mild winters with relatively littl~ precipitation in vallvoy floor areas,
and by warm dry sumn~rs and cold winters with heavy rain and snow in the
mountainous areas. Ave rage annual precipitat ion vari~~s with ôl~ vat1on ,
rang ’~,n~ from a m1n~mum of about 5 inches on th~ vailmy floor to ovmr 5

’
inches In the Sierra Nevada . Temperatures normally rang, from winter  lows
well below zero In mountain areas to summer highs of over 115 degr’es or,
the valley floor.

The subr’&~lon had an estimated populat-~on of 1~’)1,Ofl~” in 
‘~15. Its eo,on-

-‘my is based primarily on agriculture, th~ petrolmum and other v”rs’if1~’dO n iu s t r l ,’m s mineral production , and tour ism. Lumn~:v~rinrr and the’ pr~’ii cti” 'r.
of e lect ric  transformers , volect ronic and component parts for m1ss~ lms ar-d
satellites, Portland cement , tile , brick , and pharmac~ut~ cal pr~~uct~ armalso sign ~ f icant  economic ac tivi ti~’s .

TransportatIon facilitIes in the subregion are ~xt~ fl 5’iv o ’a. S i a ’h ly  1~ v~ 1-
3D”d Federal , Stat~ , and county road systems afford ready acc~ss to all parts
of tho ~ubrep’~.jn and to ad ,~o in tha _’ area s. The area is servmd by air  ar~-i r a I l
lines,

Tb~ basin, whose only outlet to the sea is a distributary of Kinos S ly er ,

Is separated from San Joaquin BasIn to the north by a low rIdI’~ form’-’d by
t-h”' coalesced alluvial con~s of the Kings and upper San Joaquin Rivers.

Tho ~~~~ streams ~training the subregion are Kings, ~1aw~ah , Tu~~ , and
K~rn Rivers . These streams all risC’ in th~ Sierra N~vada and , with th’ ex—
c~ptlon of Kings River , terminate in 4’he ancient beds of Tular’ or Bu’na
Vista Lakes. Kings Ri~’~r, flowing along the alluvial ridge betwmmn th~Tulare and San Joaquin Basins, divides to form K I n g s  River South, wh i ch flows
i nto i’ular’ 1ak~ , and Kings River North, which flows into San Joaquln River.

~ ~‘ imb°’r of minor  streams and stream groups drain the armas hetw,mn th~ ma, ior
~ t,raoan basins along Sierra N,avada, and other stream groups drain th~ mastn~rn
slopes of thc’ coa stal ranges.

Add~t,Ional information of the subregion can h’ found in Appen d i x  TI ,
“ The Region . ”

TB~~1 
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For the investigation of present and future flood problems and the
analysis of potential solutions , the subregion has been divided into
the following stud y areas : Fresno County Stream Group, Kings River
Basin , Kaweah River Basin , ‘Nile Ri ver Basin , Poso Creek Stream Group,
Kern River Basin , Caliente Creek Basin , Stream s Tr ibutary to Buena
Vista Lake, Westside Stream Group-Tu lar e Basin , and Tulare Lake. The
principal streams in these areas are shown on 

~
m
~~~p 2.

History of Flooding

Flood s have been a si~~’iifIcan t factor in the develoçxnent of the sub-
region . The two general flood types are: 1) the late fall and winter
months rainflood primarily as a result of prolonged general rainstorms
in the mountain and valley floor areas ; and 2)  the spring and early
summer months runoff primarily as a result of the melting of the winter
snowpack in the Sierra Nevada. A description of the most noteworthy
floods of the late 1800’s and early 1900 ’s is included in the Regional
Summary of the appendix . A flood In 1532 caused 16 persons to lose
their  lives but damage record s are not available for that time p er iod .
On a subregional h~ sis , the 1955-1956 , the 1966-1967 and the 1968-
1969 f loods are considered to be among the more severe , although other
floods may have caused higner flow s on individual streams .

During late December 1955 , Inte~ m .~e rainstorms in the subregion re-
sulted In exceptionally large streamflow s and subsequent flood ing . Snow-
melt added ab out 1 inch of water to the basin-mean runoff.  About 183,000
acres were Inundated (almost all agricultural lands ) dur in g the flood
with damages totaling nearly $18 million .

During 1966-l~67, floods claimed three l ives and inund ated ab out
142 , 000 acres. Resulting damages totaled $26.4 million with agri-
cultural and pibllc fac i l i ty  damage’s comprised over 65~’ of the total .
Floodflow s along the Kaweah and Tule Rivers are shown in Photos TB-I
and TB-Il .

Rain and snowrnelt floo~~ occurred in the Tulare Basin Subregion
during the 1968-1562 flood season . Up to 50 Inches of rain occurred in
the upper portion of the Tulare Basin in Je.nuar~,r , and substantial but
lesser amount s in February. The-’se storms in addition to causing flood-
ing left a snowpack of unprecedented depth and water content (220-340
percent of normal).  The flood season was climaxed during the period
Apri l  through July when near record snowrnelt flooding inund at ed about
540 , Y):) acres causing flood damages in excess of $76 million . Total
volume of snowmelt for the subregion was estimated at 5.77(2,000 acre-
feet which approac hed the previous record in l I , ~~.

Fl ood fight ing and cleanu p costs under variou s Federal program s were
about $0.9 million during the 1955-1956 f’Io:’i~ and about $2.5 million for

TB -2
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tbe 1966.-1967 flood . ~~mages from these and other significant, recentflood s in the subregion are tabulated below and are shown In more detail
In Tables 1 and 2.

Flood damages 1/ (~~ 1,~~00 Y

Flood:Forest & ranc~e:Agr icul-  :Residential :Industr lal : Public : Total
year : resources : tural : & : & : f acl li t l es :

facilities : & land :cormui~erc~al : utility
1955-
1956 ~~~~ 5,859 5, 5°1 9~ 9 4 ,27 ’

~ 17 ,985

1555 ‘1 1r , 4~~1 T”4 1 ~~~ “ , 939

1963 0 95 32 5’~ 369 446

1966—
~967 5, ~47 4 , 7 55 1, 977 2, 124 12,574 26 , 49~

1265 2, 242 39 ,~’9A ‘1,~~ 95 6, 2~~i 2 1, 7~ 5 76 , 368

Based on prices and pro,lect and economic conditions at tIme of
occurrence of flood.

Peak flows of maximum floods of record, i’~ ~-year floods, and standard
project floods for selected stations in the subregion are shown in Table 11.

Pr’~s~”nt Status of the Flood Control Improvements

ITh” exlstin~ flood control improvements within the subregion compris’~
a vari’~ty of measures to reduc~ flood damages. (See ~~p ~~ They include
flood forecasting, flood control reservoi rs, floodwater retardation struc-
tur”s, locally owned lev~e systems, and tributary watershed treatment,

~xisting measures, which are described in more deta1l in following para-
graphs, provi~~ flood protection to 6’~ of the area sub ,iect to flooding.
I~’ith a few exc~ptions 

(principally the locally owned levels~, the degreeof’ protection provided by existing flood control measures varies from 5’~.
year or p’r’~at’~’r flood protection in urban areas, and from i~ to 5°-year
flood protection In agricultural areas.

River and flood forecasts are prepared and distributed by the Federal.
State River Forecast Center in Sacramento. These include: 1’) inflow fore-
casts for the maj or structures such as Pine Flat, T~rniInus, Success and
Isabella J~ rns , 2~ flood stage forecasts for urban areas above and below
the dams as required, and 3’

~ forecasts of volume of inflow into Tulare
Lak’-’ dur incm periods of high snowmelt.

TB_3
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During period s of heavy wInt’~r rainfall, warnings are issued for Spring-
yu le, Three Rivers, and Kern’ville, and for Bakersfield and. Portervllle
when upstream flows exceed channel capacity. Inflow forecasts to th~
reservoir are provided to aid in flood control operations during winter
storm periods and the spring snowmelt period. Forecast points are in-
dicated on 

~~
p 4.

‘s~xistfng major flood, control reservoirs in the subregion are operated
to provide a maximum of 1,821 ,020 acre-feet of flood control storage
during the most critical flood situations. (See Table 5’). These pro ,~-
ects are shown on ~~p .3. Success and Pine Flat I~ ms are shown in Photos
TB_Ill and TB_TV . The ~xistin~ flood control reservoirs are:

Flood
Study area : Res”'rvoir Stream control

capacity : area
(ac.—ft.’~:(sq . miles

’

KinRs Riv?r Basin Pine Flat KIn~~ River ~~~~~~~~ i ,5~2

Fresno County Stream
Group Si- Dry Creek Big Dry Creek 15, nOn 55

Kaweah River Basin Terminus Kaweab River 152, ‘n~ 560

Tule River Basin Success Tule RIver 55, 2(” fl

Kern River Basin Isabella K~rn River 572, ”-’~O 2, ’4

Other reservoirs In the subregion, though not having flood control as
a designated function, provide Incidental , but often significant, flood
control benefits. Reservoirs of this type are:

Reservoir : Stream : Construction agency

Courtright Helms Creek Pac i f ic  Gas & Flectric Company

Wishon North Fork
Kings River Pacific Gas & 1

~lectric Company

TB — 4
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To ~r i t ~’ot ,ar’,n wator’~’n -~ ~r°a’ , ‘~1oo i prr” !r”n t i o n  w~’vr ”. ‘-a ’- h’-’-’r ‘l ie

‘-“r ~~ r ” ly  to T~r 1\’atp ~~ a~ i ’ •~ a n )  1~~ n ‘~~“'“' ‘~ ~~n
’I n ~”~ ~rroo ‘ ‘-  to orann”‘T

wor .~, ‘~tar  ~lizat~ on st ~~’1c ’o~ro~~, levee “‘cnntr ’:r ~ i on , ar ~a si o  la n~i tr oe . _

ment measures.

The F1nO~I Plain ~anar”'n”‘n
4 1i”r’, ceo Pr~~’ruo’i of ~he -“r ::~ ~f “~~,

I ~ rn\ ’c”rer. I n .l’-’ta~ 1 In tb ”  R~” o ) n n q l i~n~ irv cf t~ Is arr”n-ij x Th~ ”'r
pr~ oram , flood bas~ r1 i nf o r ~ at ’. nn is t e in o  I ~rn ’n~el to 1 raT a r. r,~’ Ie s

for use in evaluatlro- t~° fl o-~f hazard r” m i  i ’ ,’ ’ict i ~~~ter’ .

The acorn o’
~ -‘~~n~ s i’o’ ~ 0 1 ‘- t i n  - f’1 ”~ I - , ‘ntrr eas~ r”’~ 

(and c~~n~ rs
t h a t  pr ovide  In c  b ”ntal  fl oo i ~~~ r’~l b~ nofi t s na ’.~’ he~ n ruI o~ an lal .
Tn” bavo nc~ i o n°d “ ' f f ” ' c~ I ‘ “ '1’,’ ‘ n r”' iur ~ ~‘l r o l f l o w - an i  r en ’ll t Ino fl ood
ianl> ’n. H o  f l o o d  con trol sys~ ”‘” “‘X i S t i n ’-  in 1065 ~oul’I have or ’~v~ n te d
~~~~~~~~ ~~ll4 on ‘in flood daoa~’°n ‘1~r i r ,o the ‘t955 flood an-I 115.5 r’.ilhion in
flood ‘Iaoaoen b r  in - th~ l25’~ fl ‘io’I . )‘jriro- the 95S—1269 f loo d season
omeroc”ncy worb wan accornplInh’-’i un±or ~rneration Foreslr -ht du”‘ to t}i~ Un-
pren’or”’ote i snowpack c0niit m on : ex -:s’ b r -  n r l ’ - ° ‘~o tb” sriowrnelt fl Ood p e r i o d .
Tb~’ work c 2 r , Ois t e i ~nrr-e 1y o~ r ’ ann’~’l n i ° a r  ‘ n. - aod, strenotheninr-, rai sinio ,
ex t e n d in ’- a n )  r ’- ’l n f o r o i n r -  e x i n t i n o  1°’°’-n on ntr”-aror expected to tie a f—
fec te’I by the ~xtrerv~ly ‘~oa- ” snnw’~~~’t’: ru n rd’f’ , ~‘lont of the work was a’rcov-
p l ir l-ed on non-Federal ro- ”~oeo~ n . Tb’” rapacltbor o~’ ~luccesS and Ternin ;i s
R e s erv ob r n  were t0000rarilSi incr”’as’~ i b y nn”ans of spiliwa y ba r rier s  wh I ch
r enu l~.°J in a n ’V stan t ‘ al r ” I u o ’ ion o’ f l :~~i f lows . Generally the “rnergencv
protective r-~as’~r~”r w°r -- “-‘pr e :‘f’-’o~ iv”  an~~~ol- oul d ho of c-”ntbnu’I  no b°n~ fi ~ ~
:2’-’ca’lce 1:” ” f a r i l b t i o s  are t’ t’-~ ma 4 r’a n~~’n~~ ~~~y 1r ’rai i n te r e n ts .  The pre _

rt lv”’ r”’a ’n- - ” - ta~ r’~o r .-~s~lte ’l in  r o n e f n t n  eyooe-~ ’ n--  thr er” mm es the occ t . s
~‘xp”'n1’-’d . It is  “:‘~ ‘ -m t”i t” :a~ a’,’~r r ’~ anr,oal •ian~~oos rr”'’.-onted by ex b s t ~ no
0easnrns  ‘-‘xc ”-~” ’ ) n  ‘~“ .2 r~-, l l l l r n . ~l-l ”b i t iona l  d°”a l s  are tncl ’oT ezb in  Th~ le 2.

~
,ni t ’ ouoh toe r’2~ r o,- ’ i o n  ~nr~-r~rtl’r is af4 ’orded a orr n 4 d ” ' rn ~- 1° d°or”° of

f lood p r ’- ’t ”t i on, f l oo d  p r nh ien -n  s t i l l  ex i n + . s ”rr ”' areas. P lo o d i r n
alon - s’rr”' of tb ”  r I v e r s  ‘in tb’~ area re’~’j ’it b n dar~~’-~s to acrr I c ’ult ’~rml an-)
ur - ar propert i’~n . ( . “e~” tabu ’tat “n ~~~~~ Th _ 6. ‘~ Tb’-’ nro’nl’-vn an”

in ~~~~e I(b~~-s , ‘law”‘an , T oTe , and Kerr R’1~,’rvr Basins; in th e  a l i en t e
r”°’~ ba’~ ’ r ; a n )  i n  th e  Pn~~’~ ao l  ~e~~t .nb ’ b e  Strean Grours ,

To the ‘:a1. le’,~s of t o ”' Thiar ’-’ 0an ’ n i u r e ~~!on ‘-ons ” der a h l e  streambank
“‘r-’-’ ‘on arid l a n )  1 “on du e  ° ol n u r - i ,) rj~ ‘ noup o In  ranv areas. Ttr”'an ’ank
- ‘r o n i ” ‘n ran I’~-” ‘ - u~~l t~ a certa~ n ~ie oree alono 4 , 210 nil ’- ’n of stream char.
n”l , v i t o  75 n ’ le n  r ”n r i -n -’re ‘ rr ’r iou s ’ 

. The a” ,’erar ’e annual land lcn .s
iaoa ’~e l i e  - s ’ roan ’ an~’ ero si ’- r i  thr our-nout  th e  subre~-ion reaches ~2’~ ,nnr ’

~
“-“  l an I  l°ns avera ’~’ - a’ ot. L’S acre s earl  of wt i ch  about 25 percent is

ir . ur~ an area ’ . In to” unstr ean wa + ershe ,d ~rea’i , sheet eros ion on steeper
ler ,Is • s a constant t)r’-a~ . Tables  I , ‘ and I show damage categories,
1 ct , I r .~ lan-I arc ~Hront aol range re ’ o’2r~’on . The~~~e twp oate~ r.r1es index
t0 e n i .’— n I t c ’ ) ” '  of tb~’ orno’i on pr ob - len ~“'r the sutirec-10n.
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‘Pi ~ aforement ioned flood pr oblems result in average annual damages
summarized as follows :

Study area : Bo t imated average
annual damage 1/ ( -~ l, flO0~

Fr”sno Geunty Stream Group 541
Kin.ts RIver Basin 672
Kaweab River Basin 1, 255
Tule River Basin 661
Poso Creek Stream Group 1, 018
Kern River Basin 2,632
Callente Creek Basin 1,162
Streams Tributary to Buena Vista Lake 169
Wes t side Stream Group-Tulare Basin 991
Tulare Lakebed 364

Total Tulare BasIn bubreob on 9 , 465

‘ Based on 1955 prices, economic conditions, and pro ,1ect c o r l i t b o n s .

A d d it i onal details are conta ined ‘in Tables ~ and 4 for the subre~ b on as
a whole and in Table 9 for urban areas. Waj or urban damage centers and
areas of tb ’  subregion suh , i ect to flooding are shown on ?‘~ p 4 .

Future Needs

It Is evident from an examination of current (1,965 1 flood problems,
additIonal flood control measure s are required. Average annual flood
damages ~based on 1955 prices and conditions’) amout to ~9.5 million.
The flood problems of the area will increase in the future due to the
pressures of population and economic growth and resultant increases in
use of flood plains. The population of the Tulare Basin Subregion is
oro,iected to increase from 2’E ,°fl°’ in 1965 to 1,171,000 in 1980, l , 9f l 2 ,°0°
I r~ 20”‘ ’l and ‘~,454,nCbo in 2020 ‘base plan projections’l . Average annual
flood damages are expected to increase to 114.2 million by I2~”', to ~‘2” .7
m illion by 200~ , and to 

117~ O mill ion by 2°20 if additional flood control
measures are not provided after 1955. Pstlmated dairage data for existing
and future conditIons are contained in Tables 5 and Oa.

Measures Reguired to Satisfy Future Needs

Tnp rovi-’d fl ood forecast I ng wil l  he part of the comprehensive “lood
control program. The optimum operat i on of flood control pro . ’ e” + r can
most nearly he obtained by a well-coordinated system of fore ’t n I r ~~. Th~
leveloprrent of’ impro”ed forecast procedures , part i cularly f or sn-n.r”rl’t

TB— S



periods , will be a high pr ior i ty  requirement . Such procedures will be
required for coordinating releases from major reservoirs during high in-
flow periods. To do so, however, extensive supplementation of the ‘nydro-
logic data collection and telemetering network must be effectuated. ~m-
phasis must be placed on additional precipitat i on, temperature, and snow
water sensors, particularly in the higher elevations. The required Im-
provements to the flood forecasting system are estimated to cost 142”‘, 000
for the l966_ 1900 period, ~5P0, flQ0 for the 19R 1-2000 period , and 17~ °, ”
for the 20°l_202 ° period.

Floodwater storage in reservoirs will he an important element future
flood control program. An additional 1, 597 , 000 acre-feet of flood con-
trol capacity are required in the subr ’ r- -I on. 50e the following tabula-
tion:

Flood
Study area/ : : : control : Drainage
time frame : Reservo ’r Stream : capacity : area

in wh ich needed : : : (ac. -ft.’~:(sq . miles)

Fresno Coun ty Stream Group
Rio Dry
(‘ enlaroementi Sir- Dry Creek P~ , °0°

199 1 -2 ” ” ”  Owens Mountain Little Dry Creek ~fl” 00’0 ‘

Detent ‘~ on
Structure Sn Name 1,000 6

Kinr-s River Basin
Piecira, tilb il blob s River ,

11111 Greek 15 ,flO°
Detent ion
Structures ( t I  ‘V ar I ous 1 l, ”°° 5
Roi- °rn ~‘r~~~ s 1 n~. K I n ” s  R iv er  ‘~‘ ‘ , “‘0fl 956

baweah R iv e r  Basin
inn

Gtr1r~ iire n (~~1 ( ‘ ‘.ar ’ ous 1 1 , 000 10
l2 ° I — 2  ‘ “  Deton ”~ on

Strucf or es (~~ 1 (‘~
‘arious l 2,000 01

2°” H P ” 2 ’  South Fork
baweab Kaweab Rive r 25, 000 095

2’-’ -2 2 L i r n ek i l n  L l m ek i ln  Cre -’k 2° , °Ofl

Tub River .Oarbn
2 1-7 2 N or th  ~l f-’!

Fork Tule River 63,~~°° 2 10
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fl .1 _ i

h i n o s  Ri ver Basin
— 

HC0 _ 1 ’ O ‘ 7-” 5 ’

?lawr’ah River Basin
0 23

F” os’~ ‘reek .itream Group
19” — ? ’ ’ 5
0 ’~’ 1-2  2 0 0

Cal lont .”' T” r”'ek Bas in
h”06- :~~ “ 

‘ 10 3.

i n .lo , trear: Grour-
Thb ar” Basin

0 1.2
2 °°1-? ’2 ’- . 11

‘F “77-0 ‘70 251

approx ’ ma ’~~ location of 1’~ve-~n an) r”.arin”l work in inIicat .ed on V~p 7
ar , I a )  i lt i o n a l  Ie ’a i b s  are I n ” 'lude~i In Tab le “ . The e st i m a~~’l costs fr -r
requirc i levi”' ani ci’~anne l work are “~I5. O m illion for the .l95 5 ,_ 19°  per i o ,

7 m I l l  ‘ i i i  C ” r  i b  e 12°I_ 0°°fl  p er iod , and ~‘1’’ .F roil l ion  “nr the .2
pc’r iol .

SI~~e s~~r ’ic ’,urai mea r uri’s discussed  in  the preceeciinr’ paragraphs wi l l  be
complement .~-I i-v n~ n str uctural land treatment measures for soil and water
conservat i on . In t hi s subrer-ion , the lan-) treatment measures will incluIe
rn-st of t~ ° pract i oc s l i sb r ’G in the Rembona l Summary of th is  appendix. 5cc
M ap  “ for nn~o~it ial watersI~e’) nrn,’i’ct.. 0 s f l p~~t~~-) costs an”) acres of wat,er_
~“o ’~ an i  r”atir’nt, measures are tabulated “'1 “w.

t~ n 1 Treatment  1550 _ ir ” ‘ -i ‘ - ‘r 
~~ 2 ’

acr~ s “'7 95

Th nioa ’~ ) dollars 1,200 3, 1 :,



Flood plain zoning , flood proofing and other non—structural flood
plain management measure s have been Incorporated in the future flood con-
trol program. F’resno County Stream Group and Caliente Creek Basin are
the primary areas considered In the 1966-1990 time frame . Af ter 1980
Kawesh River Basin and Caliente Creek Basin would receive most consider-
ation for such measures. Table 9h shows damages reduced by such non-
structural measures for urban areas in the subreg ion . Communities with
populations In excess of 2, 500 wi th known significant flood problems
include BakersfIeld , Clo’vis , Coalinga , Exeter , Ford City, Taf t , Fre sno,
Kernville, Lamont , Lindsay, Mendota , Portervil le , Reedley, Tulare , and
\‘i salIa. ~~ny communities with ex~~ ndi ng populations are expected to
have flood problems in the future and will  be studied as their needs
are made kn own. Flood plain information reports for Kaweab, Kern , and
Tale Rivers; Fresno County Stream Group; Calie nte Creek Grour; and
Streams Tributary to Buena Vista Lake; are scheduled for completion by
1980. It Is anticipated that flood plain information reports for all
the communitIes named above will be completed before the year 22””'” . Corn-
prehensive flood damage prevention planning and implementation of flood
plain management measures would follow in each flood problem area identi-
f ied . Non-structura l flood plain management measures along approximately
140 stream miles could be implemented for urban areas including the above
listed communities. ?~ p 7- shows principal areas for which non-structural
flood plain management measures are proposed . Costs for fu ture non-
structural flood plain management measures are estimated at ~‘1O .7 million
for the 1966— 1980 period , :~‘4.4 million for the 1991-2°”‘fl period, and 4’i~~.8
million for the 2001-2020 perIod.

Potential to Sati,sfy Future Needs

The flood control program presented herein would reduce the projected
average annual damages ‘~‘l .5 million by 1990, ~9.8 million by 2200 , and
i~’32.4 million by 2020 at an estimated installation cost of 1’3° .2 million
for the period 1965— i9 ~ fl , ‘~‘ l59 .5 million for 1901_2°°° , and ‘~‘l l 4 . 4  mil l ion
for 2001-2020. Estimated annual O?V~ R costs for the 1966-1980, 1981-2000
and 2001-2020 portion of the flood control program are ~i~,SO million ,
‘~l.24 million and ‘~1.19 million ( See Tables 10, 10a and lob) .  The e ffect
of the potential flood control program on future damages Is shown in Table
8 and graphically on Figure TB-I, and Its effect on flood flows is shown
in Table 11.
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NORTH LA HOWPA N SUBR~3 ION

General

The North Lahontan Subregion (NL ) is situated in northeastern
California . It extends generally from Oregon on the north to Bridgeport,
Mono County, on the south, and from the crest of the Sierra Nevada on the
west to the California-Nevada state line on the east . (See ~~p NL1.) The
subregion is about 270 miles long and 20 miles wide and comprises an area
of 6,084 square miles.

The cli nEte of the subregion varies widely because of differences In
topography, elevation and exposure to moisture-bearing winds . Some sec-
tions of the subregion in the Sierra Nevada average 40 inches of pre-
cipitation per year whi le more desert areas receive only 3 inches.
Temperat ures also show wide seasonal variations with a sumner mean monthly
n~ ximum temperature of 87 degrees and a winter mean monthly mxlrnuzn temp-
erature of 37 degrees. With the exception of the high mountain areas,
suz~~~rs are short and hot and winter s are long but only moderately cold .

The subregion had an estin~ted total population of 39,000 in 1965.
The econon~j  is dependent upon agriculture, recreat ion, luntering and
mining. The principal agricultural activities are cattle raising and
production of forage crops • The Lake Tahoe area has a lar,s’e summer popu-
lation and is an Important year round recreation area.

Transportation facilities, with the exception of the Lake Tahoe area,
are not extensive due to the sparse population and scattered land develop-
ment. However, one rrBjor highway extends north and south through the sub-
region, and a nuither of state highways provide access to adjoining areas.
South Lake Tahoe is the only city to which airlines x~ ,1ntain scheduled
flights.

The subregion consists of the California portions of the Susan , Truckee,
Car son, and Walker River Basins , and Surpise Valley. These areas have no
outlets to the sea and stream courses terminate in lakes or playas that
are remnant s of ancient Lake Lahontan . Susan River flows generally south-
easterly terminating in Honey Lake . The Carson and Walker Xivers originate
in California but termir~ te in Carson Sink and Walker Lake , respectively,
In Nevada . Truckee River , originating at Lake Tahoe , flows to Pyramid
Lake in Nevada, Most of the streams draini ng Surprise Valley ori ginate
along the steep slopes of the Warner Mountains and discharge Into Upper ,
Middle or Lower Alkali Lakes.

Additional Inforr~~tIon on the subregion can be found in Appendix Ii ,
‘5The Reg lon. ’
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~“a or tr~e Investigation of present and future flood problems ~,r1I~ t~it~
analy~ 1s of potential solutions, the subre

gion has been subdivided 1r 1t~’
t~ e following study areas: Surprise Valley, Susan River Basin, ‘rucr~ee
River Basin, Carson River Basin and Walker River Basin. The j~rIncipa l
streams in these areas are shown on ~~

p 2.

History of Flooding

The North Lahontan 3ubre:’Ion , similar to other subregions In northern
and central California, is periodically sub ject to widespread storms dur-
ing the winter season from Noventer through ~&rch. Floods are of triree
ten : 1) those that occur during the late fall and winter months, pri
rnrl ~y as a result of prolonged general rainstorms; 

2) those that occur
th’,rin~ the spring and early summer months, primrily as a result of the
:oeltir~’- of the winter snowpack in the high areas of the Sierra Nevada;
and 3) those tnat occur during the late spring through fall months as
a result cf Intense local rainstorms. The most significant type Is toe
late fall and winter floods caused by general rainstorms. On a subre

~iona l basis, the 1950—1951 and 1962-1963 floods are considered to be
the most severe, altr~ou~ n other floods my have caused higher flows on
frJIvicIuai streams .

1)ur i r1~-_’ the 1950~~951 flood , dacages occurred as a result of intense
- toter  rainstorms ‘~~ uci,n ’ lar~’e strearnf lows on the Truckee, Carson, and
~a~ icer Rivers. A:’udl. 5,000 acres were inundated during the flood and
daxxE.ges were nearly t8OC,000. 1’ :ae floods of 1962-~963 caused extensive
i~a:~~~e In trie Carson 

‘l-~iver basin. P~bout 18,700 acres were Inundated
and ~a’~~ es exceeded ~‘a0U,iC(X). Agricultural and public facility damages
c.’norised over 80’ of the total flood d,amge. The most severe floods
of record occurred in )ecernber 1964-January 1965. Nearly $900,000 danr
a~’e resulted f rom to-_ inundation of about 20,000 acres, with the greatest
!ari~~’e occurr in,-’ in the Truckee River Basin.

‘~sy~ f i~~:~t~ r’~’ and cleanup costs under the various Federal programs
were about ~~~~~~ for the 1950-1951 flood and abo~rt $60,000 for the
l’3~~ -I 963 flood . t~ nages from these and other significant recent floods
in the suore~-’ion are tabulated ‘ art  j~a” ,~ ‘L 3 i~~~~~O ~‘~~“ “- r ,’OWT. -~ Or ’ ~~~~ I

I ar~51 2.
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Flood damages 1/ ($1,000 )
:Forest ~ range:Agricultural :Residential :Industrial: Public :Total

Flood : resources : : & : & :faci litj es :
year & facilities : land :commercial : utility

1 95C- -
1951 367 157 24 245 793

1955-
l~ 56 322 31 0 21 276 650

1962-
1963 13h 273 18 1 400 8~~

1964-
1h65 311 217 58 18 278 882

Based on prices and project and economic conditions at time of occurrence
of flood .

2J Total damages includ ing industr ial , utility, and ~*ib 1ic facilities.

9~ak flown of maximum floods cf record, 100-year floods and standard
proJect floods for selected stations in the subregion are shown in Table 11.

Present Status of Flood Control Impr ovements

The existing flood control improvements within the subregion comprise a
variety of measures to reduce flood damages. (See ?~~p 3 . )  They included
flood forecasting, flood control reservoirs, minor channel projects and
tributary watershed treatment. Existing measure s, which provide o ’uiy minor
protection to the area as a whole, are described in more detail in follow-
ing paragraphs. About 5~ of the area subject to flooding is protected .

Flood forecasts are prepared and distributed by the Federal-State River
~~~~~~~~~~~~~~~~ Center in Sacramento. These forecast~’ involve principally:
(1) inflow to Lake Tahoe to allow operators to make releases that will pre-
-‘~~r. 1 th~ lake frn r ,  exceeding the maximum elevation (6,22S.l feet) set by
- - ‘ ‘ ‘-

~~~~ d’~cr-~ in September 1944; (2) inflow forecasts for regulation of
ro- •‘r and Boca Reservoirs; and (3) river stage forecasts at downstream

~~~~~ ~i r,~ the Truckee, Carson, Wa1~er, and Susan Rivers . Forecast points
‘- —  i’~ 

. . -
~~ ‘ 

‘
~~~~~~ 4 .

~~~~~
- 

~ ‘ - ‘ ~ r’io~ r Ls the only reservoir in the subregion operated for
- - ~ . V ‘-,~~~~

‘ a drainage area of 50 square miles and provides a
- . - , 

‘
, ic~r~ -~ ppt of flood control storage during the most cr1-

.1 ~ 
• r, . yap 3 show s Prosser Reservoir and the other exist-

- - ‘  ~~ - ‘- .‘ s ‘-~‘~“~rred to In this report. Other reservoirs in the

NL -3
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subregion, though not having flood control as a designated function, pro-
vide incidental , but often significant flood control benefits . Reservoirs
of this type are:

Reservoir : Stream : Construction agency or operator

Boca Little Truckee River  Washoe County Conservation Dis t r i c t
Br iWzep East Walker River Walker River Irrigation District
Tahoe Truckee River Federal Court Watermaster

The only channel proJect in the subregion is on the 1~ruckee River. It
is less than 1 rile long arid is immed iately downstream from ake Tahoe
outlet .

Work in watersh~’i areas has been m ain ly local land treatment . nd’-
vldual la idowner~ ann groups of farmers and ranchers have instal led thr~se
measures, working w[th some aid from various State and Federal agencies.

The Flood Tlat n ~~nagement Services Program Is cover~’d In detail In the
Reg iona]~ Summary of this appendIx. Under the program, flood hazard infor-
mation Is being fu rn I sh e d to local agencies for use In eval’~ating the flood
hazard of Individual sites.

The flood control meas-:r~’s ex,nth’ig in 1965 prevented about ~l,500,X- ’)
to flood damages during t - i- 1I-62-t63 fl-n od and would have prevented about
$25 ,300 in flood damages Juring the 195 --li ’hl flood . t is estimated
that annual darri~~’s pr~ v~ nte i by existing measures exceed $15,000. Add i-
tional details are Included In Table 2.

Flood prob l~ mn ~n the North Lahontan Subr egion are much in evidence .
In contrast t o many of the other subregion s I n the California Region, th i s
subregion does not have a hipth’iy ~~velnped flood protection system.
Flooding o”cur:’ ator~’. many of the streams with resulting damages to agri-
cultural and urban roo~r’t~ € s. The problems are especially serious along
Bidwell Creek in Surprise Valley and the Susan, Truckee , Carson, and
Walker Rivers. ~uch of the flood problem in tributary watershed areas
has not been allevIated .

As Ind icated in the tables on flood damages (‘rabies i, 3, and 4) con-
siderable land damage, including channel and bank erosion, occurs in many of
trio areas subject to inundation . ~ak~’ Tahoe, Susan River and the Surprise
Valley st,r’~ari”~ In particular are areas of critical erosion problems. In
these areas over I )T~ acres of ntrearz-nr~Jacent land are lost annually; up
to 5-~~ of the sediment production is streambank erosion . ThIs is çarticu-
lar i -, serious in the Tahoe ar-na where vulnerable creekside land Is under-

~-oIrig nrr)an deve1o~~ent. The problem In this part of the region is com-
pounded by summer convecttn storms which produce hi gh intensity rainfall
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w i t o  higri volume r nn:’ ’ : . The most s - v ~ r e L y  a f f e c t o n  r e aos- ’n - or ’ nt r ear .  chan-
nel ar ’•~ the upoe r a l l u v i a l  faj in wsor o the c oar n e l o  em~ r , ’- ’ f ro m the hI l ls .  In
the sub r~ gion as a whole , there are about 4 ,.~ r r r i i n n  of c~ ar. r.~ l ~or h ,6i:
bank m )l’~s). Cf these, over L , 1211 bank miles have norr.e eros ton problems with
about 43: miles classed as “serious ” . Average anrn~aI eros ion damage is over
,~‘Lo ,000 with t t L C  sed iment produced causing an additional ~~‘~~0 1’ -~ damage
annual ly.

The aforement i c - ned f l  “ cxi pr c~b lens result Ir. average annuai damages
as follows :

Stud y area : Est imated average
annum], damages : 

~~ , 000l

Surorlse ‘~‘al i CY  4:),
Susan l~iver Basin 331
Tr’..-:k~”~ Ni’.”-’r ?a~~ n 927
a~’ ’ - n . ~-~lv ’~r I~as in  1.- ’

‘
~a k ”r ’  91v~~- na’- ~r 4 -6

‘ :~ a i .nr ’t n Lahontan 3rnreo:on 2, 3- -

- l~a -‘0 or, ~~~~ prices , ‘~coror’Io condItion s an~ pro, -~ct
Coo n ,i iO flS.

Addi t iona l  ~~t a l l s  are contained in Tables 3 and 4 for the subregion as
a who le  ar,I in  T h b l ’- P for urban areas. ‘-‘~~or urban damage centers and
areas of t1-i .~ suhr~~~ion sub . -’o~. to flooding are shown on ~~p 4.

Future Need s

It ~n e v i d e n t  from an examination of cu rrent (1965 ) flood problems
t hat addi t ional  flood control measure s are requ i red . It is estimated
that average annual flood damages in th- ’ subr” -g  ion (based on 1965 prices
and conditions ) amount to $2. r.)llion. The flood problems of the area
v i i i Increas -~ Ii- the future due to the pressures of pooulatlon and eco-
nomic gr ow-t h and resultant Increases in the use of land. The poWlatlon
of the North Lahontan Subregion is pro ’ected to Increase from 31 ,000 in
1965 to 51, 1)00 in 1980 , 82 , 000 in 2n-’5-O and 152,000 in 202fl (base plan
pro.~ections). Average annual “I nod damages are expected to Increase to
about ~3.0 million b-i li~b . ,  to $5.3 millIon by 2:~ o, and to $11.3 million
by 21.2 if additional flood con t rol measnr”r: are not provIded . Esti-
mated damage f~r existing and future condItions is contained in Tables
5 and ~a.

NL -5
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!‘~easures Required to Satisfy Future Needs

Improved flood forecast ing wi l l  be a ~~.rt of a comprehensive flood
control program. A well coordinated system of forecast ing and project
operation Is necessary to operat e the projects effectively.  Some addi-
tional forecast procedure development will be required in this sub-
region as new projects are developed . The subregion lacks telemetered
hydrologic data. Improvement will have to be made in the data networks
to upgrade the quality and timing of the forecasts. The required im-
provements to the flood forecasting system are estImated to cost $130,000
for the l966-l9°-0 period, $120,000 for the 1981-2000 perIod , and $110,000
for the 2001-2020 period .

Floodwater storage in reservoirs will be an important feature in a
future flood control program especially because such storage would also
reduce flood damages further downstream in Nevada (Great Basth Region).
An additional 220,000 acre-feet of flood control capacity are required
in reservoirs in the subregion as follows:

Flood
Study area/ : : : control : Drainage
time frame : Reservoir : Stream : capacity : area

in which needed : : : (ac.-ft.):(sq. miles)

Surprise Valley
1981-2000 Detention

Structures (2) (Various) 2,000 44

Susan River Basin
1966-1980 Detention

Structure No Name 4,000 96
1981-2000 Detent ion

St ructures ( 7 )  (Various) 20,000 281

Truckee River Basin
1966-1980 

~ / ~/Stainpede Lit tle Truckee R.  22 ,000 137
1966-1980 

~~ ~/Boca Little Truckee R.  8,000 172
1966-1980 !/ ~/!~~rtis Creek ?‘~.rtIs Creek 15,000 39
1966-1980 Detention

Structure No ?~me 1,000 1
1981-2000 Detention

Structures (2) (Various) 7,000 38
2001-2020 Detention

Structures (2)  (Various) 8,000 32

NL-6
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Flood
Study area/ : : : control : Drainage
time frame : Reservoir : Stream : capacity area

In which needed : : (ac .-ft.):(sq. miles)

Carson River Basin
1981-2000 i/Hope Valley W . Fork Carson R. 2),-~0() 52

Waike r River Basin
1966-1980 DetentIon

Structures (2) (Various) 13,000 88
1991-200:) ~, Pickle Meadow 

‘w’~~ Fork Walker R. 1 - -0.~300 115

‘1~ TPd, 220 ,000

1J Under construction or funded for construction as of FY 1)7 ) .
2J Also provIdes flood control for areas in Nevada (Great ~as1r , 0e~c i o n ) .

These reservoirs are shown on ~~p 3 and add i ti nna ’, i:J ’ormaUon on f l o o d  con-
trod storage is contained In Table 6. i’lstimat.ed costs fon additIonal floc :~
control ca~~cItv are $11.0 m ill ion for the l~-65-L-0 C period, ~‘l~~.6 million for
the 1991-2-1100 period, and $2.1 million for tO” 2’~~1-2 2” period.

In addit ion to these reservoirs , pr el iminary stud I”s Indicate that
levee and channel work is desirable In th-” following areas:

Study area : Levees : Channels
(Bank MIles) : (Miles)

Surprise Valley
1966-1980 0 33
1981-20(X) 0 7
2001-202.. 1 1

Susan River Basin
1981-2000 

— 

0 8

Truckee River Basin
1966_lOOr : 0 1
109 1—200 - 0 11
2001-2)2--: 0 1

Walker River Basin
1966-1980 3 5

~~TAL 1- 76
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The approximate location of levees and channel work are indicated on Map
3 and additional details are included in Table 7. The estimated costs
for required levee and channel work are $11.6 million for the 1966-1980
period, $5.6 million for the lOOl-20CJ period, and $3.7 million for the
2001-2020 period.

The structural measures will be complemented by non-structural land
treatment measures for soil and water conservation. In this subregion,
the land treatment measures will be primarily range seeding, critical area
planting, brush control, rotation-deferred grazing and fire prevention.
Map 3 indicates potential watershed projects. Estimated costs and acres
of land treatment measures are summarized below :

Land Treatment 1966-1980 1981-2000 2001 -2-020

Thousand acres 221 97 27

Thousand dollars 470 490 290

Non-structural flood plain management measures will be a part of com-
munity planning to reduce existing and anticipated flood problems. Flood
plain zoning during 1966-1980 time frame appears to be the most practical
mean s available. After 1980 flood proofing and other measures will also
be practical In the Susan River Basin. Table 9b shows the reduction in
damages expected from such measures. CommunitIes in this subreg ion w ith
populations in excess of 2,500 with si~~iificant flood problems include
Susanville, South Lake Tahoe, and Tahoe City . Many communities with ex-
panding populations are expected to have flood problems in the future and
will be studied as their needs become known. Flood plain information re-
ports for Tahoe City, South Lake Tahoe, and Susanville  are scheduled for
completion by 1980. ComprehensIve flood damage prevention planning and
Implementation of flood plain management measures would follow in each
flood problem area identified . Non-structural flood plain management
measures along approximately 20- stream miles could be Implemented for the
communities named above . Map 3 shows principal areas for which non -
structural flood plain management measures are proposed .

Costs of future non-structural flood plain management measures are
estimated at $1.3 million for the 1966-1980 period, $2.8 million for the
1191-2000 period, and $4.C million for the 2001-2020 perIod .

Potential to Satisfy Future Needs

The flood control program presented herein would reduce the projected
average annual damages $0.6 mill ion by 1980, $3.3 million by 2000, and
$8.4 million by 2020 at an estimated installation cost of $25.3 million
for the period 1966-1980, $27.6 million for 1981-2000, and $10.2 million

NI, -8
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for 2001-2020. Estimated annual OM~~ costs for the 1966-1980, 1981-
2000 and 2001-2020 port ions of the flood control program are $0.28 mil-
lion, $0.38 million and $0.28 million (See Tables 10, lC~ and 1(b). The
effect of the potential flood control program on future damages is shown
In Table 8 and graphically on Figure NL-l , and Its effect on flood flows
is shown In Table 11.
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