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I. Existing Projects(in operation 1965)

‘ Reservoir or Laoke
A Levee 8 Channel Projects

| Eost Weover Cr, Trnity R
2 Eel River, Sondy Proire Areo

3. Mod River At Blue Loke

2. Potential Future Flood Control Progrom :
A(1966-1980), A|(Constructed or Funded for Construction as of FY'I970),
B(1981-2000), C(2001-2020) (See Tables 6 87)

“ Reservoirs with Flood Control

( Eo/

I. Butler Valley (A) 6 Schneiders Bor (B)
2 Callahan (8) 7 Dos Rios (B)
3 Croigs (B) 8 English Ridge (B)

4 Helena (B)
5 Eltopom (B)

Levee 8 Channel Projects

9 Yellow Jacket (C)

| Klamath R Near Klomath(A) 6 Scott R. (B)

2 Redwood Cr. (A)

3 Eel River Delto Area (A)

4 Klamoth R. Neor Keno (A)
5 CoffeeCreek (8)

7. Von Duzen R

8)

8 Eureko Plains (C)

9. Mattole R. (C)
t0. Garcia R (C)

Watershed Projects

ES Locations of Non-Structural
Flood Plain Management Measures

MAP 3
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LEGEND

| Areags Subject to Flooding

2 Py Major Urbaon Damage Centers

3. River Forcasting Points
D River Stage (Existing)

| Dr. Fine Bridge 1. Scotio
2 Jed Smith Park 2. Bridgeviife
3. Klamath Glen 13 Pepperwood
4 Orick 14 Weott
S Fort Jones IS Miranda
6 Qrleans 16 Ft Seward
7 Hoopa 17 Gorberville
8. Arcqto 18 Leggett
9. Fernbridge {9 Dos Rios

10 Storvotion Flots

River Stage (Future)

| Seid Volley 3 Yreka

2 Happy Camp 4 Hyampom
V Reservoir Infiow (Existing)

! Ruth Dam

Reservoirr Intlow (Fulure)

L Trinity Dom

4. . Reservoir or Lake

5 Q Potentiol Reservior With Flood Control
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MAP 4
NORTH COASTAL SUBREGION
CALIFORNIA REGION

FLOOD DAMAGE AREAS AND
RIVER FORECAST SERVICE
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NC — NORTH COASTAL
|SF — san_Francisco av|
CC — CENTRAL COASTAL
SC — SOUTH COASTAL

SB — SACRAMENTO BASIN
DC — DELTA-CENTRAL SIERRA
SJ — SAN JOAQUIN BASIN
TB — TULARE BASIN

N L — NORTH LAHONTAN
SL — SOUTH LAHONTAN
CD — COLORADO DESERT

MAP SF-|

SUBREGIONS OF |
CALIFORNIA REGION \
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SAN FRANCISCO BAY SUBREGION

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 §OUth of Ano Nuevo Point in San Mateo County on the south. (See
Map SF-1

The climate 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 about 20 inches for
study areas in the south to over 40 inches for the Russian River Basin to
the north. Snowfall is rare and is not a contributing factor to runoff.

The subregion had an estimated population of 4 million people in 1565.
Major urban centers include the metropolitan areas of San Francisco, Oakland
and San Jose. The economy 1s dominated by highly diversified manufacturing,
industrial, and service activities. Agriculture and related activities,
shipping, and distribution also comprise major segments of the economy of
the area.

Transportation facilities are extensive. A highly developed Federal,
State and county highway and road system offers ready sccess to all parts of
the subregion and ad joining areas. The San Francisco Subregion is served
by three major railroads, and airlines providing passenger and cargo service
throughout the world. There are seven ma jior seaports, permitting ocean-
going vessels to transport commercial cargoes and otherwise serve important
industrial and agricultural centers.

Ma jor streams include the Russian River, Napa River, Alameda Creek,
Coyote Creek, Guadalupe River and Pescadero Creek. The Russian River 1s
the largest stream in the subregion, draining an area of about 1,500 square
miles or about 25 percent of the subreglon's area. Its major tributaries
are Dry Creek and Big Sulphur Creek. Additional information on the sub-
region can be found in Appendix II, "The Region'.

Drainage basins within the subregion range from mountainous regions to
flat coastal plains. These diversified hydrologic characteristics provide
the basis upon which to group the streams into convenient study areas for
investigative purposes. The subregion s separated into the following study
areas: Russian River Basin; North Bay Stream Group; East Bay Stream Group;
South Bav Stream Group; and West Bay Stream Group. These study areas with
their principal streams are shown on Map 2.
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History of Flooding

Recording of flood damage data prior to the early 1¢50's has been
limited in the subregion. Floods are caused by intense rainstorms, gen-
erally preceded by rainfall that has saturated the watershed. A typical
flood producing storm may last from three to six days; and actually be a
rapid succession of several fronts. Peak flows, however, are generally
of short duration. The frequency of flooding on the Russian 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 1955 and December 1964 floods are the most severe re-
corded in the San Francisco Bay Subregion. The two floods claimed four
lives. About 90,000 acres were inundated during the 1855 flood and dam-
ages totaled nearly $23 million, about 70 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 1855
for the subregion as & whole. However, the Russian River Basin sustained
unprecedented damage from the December 1964 flood accounting for virtually

all of the reported dnmage from this event within the subregion. The 1964
flood inundated 3° cres in the Russian River Basin, resulting in dam-
ages of nearly ¢ n, approximately 80 percent of which were agri-
cultural, resi ~ommercial losses. Included in the total dam-
ages were flo . and cleanup costs of approximately $1 million
each for the ! L1955 and December 1864 floods.

Damages from these and other significant recent floods in the sub-
region are summarized as follows and are shown in more detail in Tables
1 and 2. Photo SF-I shows flooding of Guerneville by the Russian River
during the flood of February 1963. Photo SF-II shows flooding of Kent-
field by Corte Madera Creek during the flood of February 1960.

Flood damages 1/ ($1,000)

Flood :Forest % range:Agricultural:Residential:Industrial: Public :Total

season: resources s " 3 R : R sfacilities:
(year): % facilities : land : commercial: utility : :
1955=-56 0 6,170 2 e 3,106 3,740 22,547
1 958-59 1 23,485 75103 1,474 2,008 14,071
1662-63 0 1,838 1,475 15 240 3,568
1964-65 2 4,179 8,738 11¢ 3,845 16,883

1/ Based on prices and project and economic conditions at time of occur-
rence of 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
record, 100-year floods, and standard project floods for selected streams
in the subregion are shown in Table 11.

Present Status of Flood Control Improvements

The existing flood control improvements within the subregion include a
variety of measures to reduce floodflows. Included are flood forecasting,
flood control storage, levees and channels and land treatment. For the most
part, the degree of protection provided by existing measures vary from the
100-year or greater flood in urban areas and 10 to SO year protection in
agricultural areas.

The Federal-State River Forecast Center in Sacramento prepares river
and flood forecasts for this subregion which are disseminated through the
National Weather Service River District Cffice in San Francisco. These fore-
casts are for flood stage at key polnts along the Russian and Napa Rivers.
Occasional warnings of potential high water are issued to interests in the
San Pablo Bay reach. Forecast points are shown on Map 4.

The Russian River Basin is the only study area in the San Francisco
Bay Subregion with existing (1965) flood control storage projects. Ccvote
Valley Reservolir provides a maximum of 48,000 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 existing flood control levees and channels are widely scattered and
have been, for the most part, only partly effective. Existing (1965) levee
and channels total 222 miles and 371 miles, respectively, as listed by study
area in Table 7. The majority of these have been constructed by local in-
terests and are of varying quality. Most of these local improvements provide
protection from floods expected to occur on the average of once every 10 to
25 years. Projects with 100-year or greater flood protection account for
only about 10 percent of total length of existing levee and channel improve-
ments. Existing (1¢65) Federal-local protection projects include Coyote
Creek in the North Bay Stream Group, and Rheem and San lLorenzo Creeks in the
East Bay Stream Group.

At present watershed projects are installed on the Napa River in the
North Bay Stream Group, the Russian River Basin in the vicinity of Santa
Rosa and on Walnut Creek, in the East Bay Stream Group. These projects are
shown on Map 3.
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No flood plain information studies were prepared in the subregion
prior to 1965. Currently, flood plain information reports are being
prepared for several streams in the subregion. 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 flood plains. The Flood Plain Manage-
ment Services Program is covered in detail in the Regional Summary of
this appendix.

In tributary watersheds progress has been made in alleviating flood
control problems, however, much work is still to be done. One of the
subregion's remaining problems is the reduction of damages resulting
from streambank erosion. Of the 2,150 bank miles of stream channels with
erosion problems approximately 430 bank miles are considered as having
serious problems. Work on some of the 430 bank miles of stream banks
having serious erosion problems is included with levee and channel
works. About one quarter of the sediment produced in this subregion
comes from streambank 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
in the San Francisco Bav Subregion have been significant. Under 1965
proiect and economic conditions, the flood control system would have
prevented about &5 million in damages from the December 1955 flood
and over $3 million in damages from the December 1964 flood. Most of
this damage reduction would be credited to the Coyote Valley Reser-
voir in the Russian River Basin. Additional details are shown in
Table 2. During the floods of 1958, Coyote Valley Reservoir, while
under construction, reduced flood damages by $270,000. It was esti-
mated that had the project been in full operation, a reduction of
$520,000 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-
dential and commercial properties during the 1955 flood.

While the subregion enjoys a moderate degree of flood protection,
significant flood problems still exist throughout all the study areas.
As indicated by the tables delineating flood damages, land damage, in-
cluding channel and bank erosion, is widespread throughout the San
Francisco Bay Subregion.

Average annual damages are summarized as follows for the five study
areas.

SF-4
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Estimated Aversge

Study area t Annual Damages ($1,000) 1/
Russian River Basin 2,280
North Bay Stream Group 2,028
East Bay Stream Group 5,458
South Bay Stream Group 1,507
West Bay Stream Group lzu27
Total San Francisco Bay Subregion 12,100

l/ Based on 1965 prices, economic and project conditions.

Additional details are contained in Tables 3 and 4 for the entire subregion
42 30r urban damage centers and sre=s of

ng are saown on Map 4.

and In Table & for urban areis,
the subregion subject tec flood

Future Needs

An examination of the tables and the previously discussed information
on 1965 flood problems indicates that additional flood protection measures
are required. It is estimated that average annual flood damages in the
San Francisco Bay Subregion (based on 1965 prices and conditions) total
$12.1 million. The flood problems are exbpected to increase in the future
because of anticipated econcmic growth and change in the use of the flood
plain. Population in the subregion is expected to increase from 4,061,000
in 1965, to 5,697,000 by 1980, to 8,421,000 by 2000 and 11,225,000 by 2020
(base plan projections). Due to these factors, the average annual damages
are expected to increase to about $21.1 million by 1980, to $42.7 million
by 2000 and $58.7 million by 2020 if additional damage reductiocn measures
are not provided. HEstimated damage data for existing and future conditions
are contained {n Tables S and Ca.

Measures Required to Satisfy Future Needs

Improved flood forecasting will be a necessarv part of a comprehensive
flood control program. A well-coordinated system of forecasting will permit
more nearly optimum operaticn of pro.jects for all purposes. The smaller
streams around the San Francisco Bay will need some attention both in tele-
metered instrumentation and forecast procedures, particularly in the Walnut
Creek and San lorenzo Creek areas. Similar measures will also be necessary
for the forecasting of floods resulting from high tides in the northern San
Francisco Bay. Existlng and potential river forecast points are shown on
Map 4. The required improvements to the flocd forecasting svstem have been
estimated to total $150,000 for the period 1966-1960, $230,000 for 1981-
2000, and $200,000 for 2001-2020.

SF-5




The future flood control program will include flood water storage
reservoirs with an additional 333,000 acre-feet of flood control cap-

acity to satisfy future needs.

structures are listed in the following tabulation.

Potential reservoirs and detention

3 2 ¢ Flood s
Study area/ A g : control : Drainage
time frame S Reservoir Stream :capacity : area
in which needed : (ac.-ft.):(sq. miles)
Russian River Basin
1G66-15R0 Warm Sporings l/ Dry Creek 130,000 130
Knights Valley Franz % Maacama
Creeks 20,000 59
Detent ion
Structures (2) (Various) 5,000 29
1881-2000 Little Sulphur Little Sulphur
Creek 36,000 32
Redwood Valley Russian River 13,000 14
Mark West Mark West Creek 26,000 34
Mill Creek Mill Creek 16,000 L7
Detention
Structures (5) (Various) 3,000 35
2001-2020 Rob inson Creek Robinson Creek 19,000 23
McDowell Creek McDowell Creek 17,000 25
Feliz Creek Feliz Creek 28,000 39
North Bav Stream Group
1866=-1980 Detention
Structure No Name 2,000 9
1881-2000 Detention
Structures (7) (Various) 3,000 26
Fast Bay Stream Group
1966-1360 Del Valle 1/ Arroyo Valle 35,000 146
Detention
Structures (6) (various) 13,000 50
1081-2000 Detention
Structures (4) (various) 3,000 20
South Bay Stream Group
1866-1580 Detention
Structure Silver Creek 2,000 8
1881-2000 Detent ion
Structures (3) (various) 3,000 14
2001=2020 Detent ion
Structures (4) (Vvarious ) 2,00 7




3 s ¢ Flood ]
Study area/ : p : control : Drainage
time frame s Reservoir 3 Stream tcapacity : area
in which needed : : : (ac.-ft.):(sq. miles)
West Bay Stream Group
1966-1S80 Worley Flat Pescadero Creek 12,000 38
Detention
Structure No Name 5,000 12
Total 393,000

l/ Completed or funded for construction as of FY 1970.

Included in the above tabulation is the Knights Valley Reservoir which
nas been authorized for construction. 1In addition, local interests antici-
pate construction of several small reservoirs with total flood control stor-
age of about 1,000 acre-feet in the East Bay Stream Group. These reservoirs
are shown on Map 3 and additional details are contained in Table 6. Esti-
mated cost for the additional flood control capacity totals $58.8 million
for the period 1966-1980, $31.0 million for 1981-2000, and $15.4 million for
2001-2020.

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. Preliminary
studies indicate that major downstream levee and channel improvements are
desirable in the following areas:

Study area/time frame Levees 1/ E Channels 1/
in which needed 3 (Bank Miles) : (Miles)
Russian River Basin
1966-1980 0 80
1881-2000 6] 3
2001-2020 0 16
North Bay Stream Group
1666-1980 S5 i
1¢81-2000 6 11
Fast 3ay Stream Group
1666-1980 36 87
1881 -2000 0 i1
2001=-2020 40 2
SF~7
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Study area/time frame : levees L/ s Channels
in which needed : (Bank Miles) : (Miles)

South Bay Stream Group

1566-1080 é 58
1681-2000 ) 2
2001-2020 ) 2

West Bay Stream Group
1866-1980 ) 4

1881 -200(

Total 128 595

1, I[ncludes 35 miles of levee and 83 mliles of channel which have been
completed or funded for construction by FY 1270.

Local interests are expected to provide protection measures along 28
miles of channel in the Russian River Basin, 22 miles of channel in the
North Bay Stream Group, 12 miles of channel in the East Bay Stream Group,
28 miles of channel in the South Bay Stream Group; and, four miles of chan-
nel in the West Bav Stream Group. Included in the sbove tabulations are
the Napa River and Sonoma Creek Projects in the North Bay Stream Group, now
in the advance engineering and design stage; and, the Alhambra Creek Proj-
ect now authorized for construction. Also included is the Pine Creek
watershed project which has been authorized for construction.

Locations of levees and channel work are indicated on Map 3, and addi-
tional details are included in Table 7. Estimated cost for additional
levee and channel work totals $222.4 millicn for the period 1966-1980,
$46.0 million for 1981-2000, and $18.2 million for 2001-2020.

Structural measures included in the preceeding tables will be comple-
mented by land treatment measures. Such land treatment measures as crit-
ical area planting, brush control, farm ponds, and range seeding will be
most widely used. See Map 3 for location of potential watershed projects.
[n areas outside of watershed oroject areas, throughout the subregion,
individuals and groups of individuals install many land treatment measures
to retard runoff and reduce erosion.

fistimated costs and acres of the above land treatment measures are

1 7 p A il g
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land Treatment 1966-1480 1681 =-20C 2001-2020
Thousand acres 105 g2 c7
Thousand decllars 380 G1¢ 530

There are several communities in the subregion where flood problems
exist which have not been examined in detail. These prcblems tentatively
identified could be provided with possible solutions by the use of Flood
Plain Information Reports, and otner investigation programs. At the present
time Flood Plain I[nformation Studies are scheduled for several of these
communities.

Within the subregion certalin non-structural flood control measures were
considered part of the overall program, primarily flood plain zoning and
flood proofing. These were particularly applicable in the South and Fast Bay
Stream Groups in the San Jose and the Walnut Creek areas, and involved about
50 miles of stream. Damage reductions for urban centers attributable to non-
structural measures are found in Table ¢b. Xstimated cost for the above
measures totals $4.8 million for the period 1%:66-1980C, $16.8 million for
1981-2000 and $11.9 million for 20C1-2020. The types of non-structural flood
plain management measures are discussed in more detail in the Regional Summary
of this appendix. (See Tables & and ©b .

Potential to Satisfy Future Needs

The “lood control program presented herein would reduce the projected
average annual damages $14.8 million by 1580, $36.¢ million by 2000, and $52.4
million bv 2020 at an estimated installation cost of $286.5 million for the
period 1966-1980, $95.0 million for 1881-2000, and $46.3 million for 2001-
2020. Estimated annual OM&R costs for the 1866-1980, 1881-2000 and 2001-2020
ccrtion of the flood control program are $1.43 million, $0.71 million and $0.63
million. (See Tables 10, l0a and 10b). The effect of the potential flood con-
trol program on future damages is shown in Table 8 and graphically on Figure
SF-1, anc its effect on flood flows {s shown in Table 11.

SF=9
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FEGION OF THE CALIFORNIA REGIOH

FRANCISCO EAY SUBK.

Estiwated Flood Damag
the 100-Yemr Froquency
for Selected Streams

Study ar :  Area g = 8,000
strewn ¢ inundated : Forest : Forest T Croj f : Reafdential : Industrial : T Total
¢ (1,0 3 1 & runge 2 & : agricul= @ 5 & H & g g
:__acres) : facilities i tural i comwercial ; utilities : 5
1 p 2 3 3 4 £ [§ 3 7 3 8 3 g 5 g1 =X
Hussian River
Russlan River al.4 3 0 3,634 1,013 456 11,986 156 22,80
Diy Creek 3.6 0 < 632 185 181 110 L:! 1,233
Sulphur Creek 0.} (o] (o} 1 3 3 1 0 11
Santa Rosa Cr b § 1 0 7 7 1 10 (¢ 76
North 5 Strean Sroug
Corte Madere Creek l.4 0 0 0 ¢ Q 2,043 146 358 z
TOy0o Corte Madera
iel frestdio 0.2 Q 0 Q < 896 0
Novatro C 6.0 o D 305 u 1,244 47 r’
retelwm S.0 C 0 81 383 o 9X
Sonuma 8.9 C 34 06 8 1,836
Naje Hiver 12.0 o ¢ FLH ,263 o4 ,72
Falrileld Streams 4.0 0 ) i9 ( 1,500 Le 20
0.9 0 0 ) 93¢
0.7 0 0 ¢ ¢ %5
0.5 0 0 a 0 5
7.0 Qo S5 17 4,144
4.0 ¢ (o} 1,680
0.3 (4] ) o o 0
22.0 3 0 1,193 352 1 5,264
8,5 2 0 2,788 1,485 124 3,338 1,978 700 10,408
8. o 284 a ,613 9 4,655 ,546
scadero Creex 0.9 0 0 115 33 Q 569
an Francisquitc Creex XS 0 0 4 o 8,292
San Mateo Streams 1.8 C ] ) 0 3,666
Colma Creex 1.0 0 0 0 0 1,829
3 See Table 1T for magnitude of 100-year filomd at selrcted stations.
5_- Based on July 1965 prices, econcmic conditions, and prolect conditions,
GAN FRANCISCCO BAY S
Estimated Averase Annual Flood Damage
[ t y Study area b
H t 2 totals
; 2 : : : : : F 10
Fussian Rlver bus 339 e 338 i o4 44
—_
Russtan River
) 145 2 2 1,264 74 47 2,008
1 “ 17 1,e08 1,168 36 5,456
Soutr bay Str i 0 L 248 % (3% 143 224 1,307
(Coyote River
J se 33 768 0 180 1,027
1 843 ] e 6,971 AER] 1,735 12,100
5 Damages basel on culy (965 prices, economic conditions and pretect comditions,
June 1871
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SAN FRANCISCO BAY SUBREGION OF THE CALIFURNIA REGION

Estimated Aversse Annual Flood Damege and Damage Keduction
= fresent and Future Economic Condftions =

Ttudy area 3 Total damages - 15965 prices [¥1,000)
princtml strear): [ 9BS econamic 1“A0 economic cond{tions 3 2007 econaric cond tions : 2027 econam'c conditions
3 L project W 1965 T Reduction In : Residuml W 1066-10R° : Reduction in ¢ Restdual :w 19A1-200C : Reduction in : Residual
conditions protect : damages due : damage : prograx ¢ Aamages 4ue : damage  program © Aamages due @ Adamage
1 : conditions : to 1966-1%A0 : W/ 3 : to 1981-2000 @ w ‘) : to 2001-200 : v/
2 :flood control :1966-1980 : :flood control :flood control :2001-202
program 3 2 ram 4 i __program 3 g 3
Al 1 2 ] 4 g T 2 [ s 7 11
2,280 3,521 1,724 1,797 3,370 1,353 2,017 2,667 e 1,64
2,08 3,463 2,708 1,837 857 680 885 113 1682
5,458 10,305 8,869 1,436 3,03 1,149 1,874 2,618 495 2,123
1,307 2,00 1,3 700 1,308 356 kLS 1,285 S0 1,198
West buy Streas
Sroup 1,027 1,886 239 1,627 3,524 250 332 0 332
San Francisqul®
“reek
12,160 21,156 14,5841 6,315 12,762 6,969 5,773 7,197 1,523

%1t

(B}

3 = Column 4.

olumi € are from Column 10 Of Table 4 and are also shown In G
iumn 3 are from Column 3 of Table S.
*tural and non-structural measures.

of Table 5.

June 1971




TABLE

FRANCLSCC BAY SUBREGION OF THE CALIFURNIA KEGION

Estimated Average Annual Flood Damage for Urban

sa8 witn Significant Flood FProvlems

Stuly areas : Darage : Averese annual (32,0007 Y
stream : conter = Resident!ial : D {al ¥ [ 3 Totel
k! ' 2 3 3 B 4 4 : : S
Husslan River fasin
Risslun River Suernevilie 620 280 § 25 L, l44
North Hay Stream Croug
Sonoma Creek Sonoma 5 L4 &
Nuim Rive Nale & 4
Novuto Cr Novato ( - 91
etalum fetaluma 18 28
San Refael San Rafael 37 )
‘orte Madera Kentfield 125 4
> Corte adera del iTestdio 35 S5 4
1d Streams Falrfiel 1 ‘
Subtotal 0y
Walnut Creek 1,880 366 315
B Concord 336 B4 40
Alr Martinez 72 35 3
Wilicat and San iablo Creeks San Fablo 15 44 3
San Leandr San Leandro ez 0
Rodeo Creek Rodeo 27 15
Fincle Creek Finole 12 c
Mt. Diablo Creer Concord 86 43
Temescul Emeryville 1 0 31
Alameda Creex t leasanton & e 1
Fremc 47 16
Kirker Creek Fittabhurg 124 S5
Subtotal Z,857 60
Soutt
Matadero=Adobe~tarron Creeks ralo Alto s 7 47
Stevens Mountain View L} 2
juadalupe River San Jose 256
East San Juse 3 S0
East San Jose 2/ 137 358
brss 7=
Falu Alto 248 56 0 20 44
San Francisc 7 186 36 229
lero 4 33 Sl
San Mateo 14 ) 7 169
<80 &} EiAs
Total San Francisco bay Subregion 4,040 1,930 1,350 1,351 9,27

Demages are bnsed o July 1965 prices, economic conditions, and pro

1
Includes Stlver Creek, San Felipe Creek, Upper lenitencla Creex, Parkwood Creek, Canada Creek, Hoover Cre C:

and lae Animas Creek,

o

June 1971
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n y = ) S B [
1,144 S8 4 £,240

0%
1,168
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TASLE 10
SAN FRANCISCO BAY SUBREGION OF THE CALIFORNIA KEGION
Estinated Costs of Puture Flood Control Program

= 1964 to 1950 =
($2,000)

-

Study area levees & channels B control reservoirs B Non=structural meesures
Federal 3 ~Federal : 2 Non=Feleral : Federal ¢ Non-Feieral
nstallation: Annual :in : : Annual .Installation: Annual :Installatfon: Annua! :Installation: Annual
: costa H tOOMA 8 costs ¢ OMKR @ costs UMER @ costs : UMAR costs : O
H H t costs ¢ : costs S H i __costa
3 2 4 3 SRS € 3 ; (IR0 8 TNNRNR SRS 310 g 3] A 12 5 15
4,430 0 4,730 n 27,990 142 270 19 50 o€ 200 36
4,150 Q 12,820 186 1,500 0 740 33 30 14 S0 10
0 34,460 306 20,370 65 1,970 23 10 © prly) 26
210 o] 45,100 408 cea 0 200 2 150 be 4,200 32
¢ o 2,880 11 4,530 2 13 30 2 €0 S

rancisco
n 122,360 (o) 99,950 977 54,450 209 4,320 90 270 L1 5,080 108

Ease Flan
TABLE 10e

N FRANCISCO BAY SUBREGION OF THE CALIFORNIA REGION

Esti{mated Costs of Future Floocd Control Frogram
= 1881 to 2000 =
{(#1,000)

Study ares s Tevees & chanrel: : Flood control reservoirs Non-gtructural measures
: Federal g Non-Federal $ Federal B Non-Federal Federal 3 Non-Federal
tallation: Annual :Inatellat! Annual :Instaeliation: Annual :Installat Annual :lnstallation: Anriel 2
: costs i OMBHR costs N ¢ costs i OM&R 3 costs : OMMKR costs ¢ OMEK
H :__costs : : 3 3 :_costs : ¢ _costs :__costs
3 2 2 & 4 3 % 6 2 VT 8 : (I 10 EE: §)
90 0 50 3 22,000 a1 1,380 6 S0 35
Q 1,850 8 3,320 ) 120 16 20 21
East “ay Stream
Sroup 1,960 ¢ 70 21 Qo 60 9 26
22UE
Sout Yy S
Group 230 0 40 8 1,250 Q 400 3 30 12
dest ay Str
Jroug 29,300 0 5,300 100 0 (o} 0 0 40 e

Total n Francisco
Hay Subresion 38,720 0 7,810 210 29,000 o8 2,030 24 200 106




base i lan

£ 1
SAN FRANCISCO BAY SUMNES ION OF THE CALIFUMN1E HEGION

Estimated Coats of Future Flood Control Frogram
to €020 =
\

Study area & levees & channels

Flood control remervoirs Non=structural measures

Federal

Non=Federal Federal ¢ Non-Federal Federal 2 Nor=Feleral

slnstallation: Anm

¢ Annual :Instellatl Arnual :Installation: Annual :inatallstior: Annie]l :1nstallation: Annual
costs Opc costs ¢ OMBH costs : OMKR costs T OMex costs : OMsR
i costs :_costs : :_coets : :_costs : :__costs
b 2 : - [ it [ B - I 10 ¢ 11 g 12 I %
3,400 0 190 78 14,700 3 0 0 40 44 3,970 69
0o (o} 0 (8} (o} 0 0 0 20 2€ 1,760 26
3,840 0 9,920 19 0 0 [} 0 30 35 5,370 64
750 0 70 3 630 0 100 1 3(C ée 1,300 29
[} ¢ & C (8] o 0 0 30 &0 <l
tal
& 5,080 0 10,180 200 15,330 73 100 1 150 172,480 208
base ilan
TABLE 11
SAN FRANCISCO BAY SUBREGION OF THE CALIFURNIA REGION
Flow Data at Selected locations
(Flows {n 1,000 cfs)
Location Non= : Maximum £lood of record < Flow of standard
idamaging: Date Flow 2 Jroject flood
: flow & ¢ At :Existing: Future g8 Future
B 1 B : time : (1965) : project : (1965) :
3 2 t of :project : conditions 2 iproject :
H H foccur<: condi= : 1980 : 2000 ¢ condi= : 39 2000 : 2
: irence : tions : tiors : : H
e T R T 19 21 2
flussian Rive-~ fasin
Russfan River ruerneville 4 Dectd 93 93 i 66 63 146 1i8 103 9f b a a9 84
ka3t Bay Stream
Alameda Creek Niles 12 Dec55 29 es ee ez 22 70 Sl S1 S1 4 33 33 33
Wt y Stream Srou
Fescaderc Creek Fescadero
Roed 3 DecSS 10 10 7 7 7 (o} 16 6 16 7 ie 12 12
T7 Under 1965 protect conditions.
2/ Flows as modified by projecte likely to be {n a future flood control Program by the years 1980, 2000, and 2020,
June 1971
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I. Existing Project (in Operation 1965)

| Coyote Valley

Levee 8 Channel Projects

‘ Reservoirs With Fiood Control

| Coyote Cr. (Marin Co)
2. Rheem Cr.
3 San Lorenzo Cr

O Wotershed Projects

I. Centrol Sonoma Area
2. Nopo R.
3. Walnut Creek

2. Potential Future Flood Control Program
A(1966-1980), A;(Constructed or Funded for Construction
os of FY'1970), B(1981-2000),C(2001-2020),(See Tabies 6 87)

*im Reservoirs with Flood Control

| Warm Springs (Ai)
2 Knights Valley (A)
3. Del Valle (A;)

4. Worley Flat (A)

Mill Creek (B)
Mark West (B)

Feliz (C)

¥
8
9. Robinson (C)
o]
|

5. Redwood Valley (B) Mc Dowell (C)

6.Little Sulphur (8)

Levee 8 Chonnel Projects
Sonoma Cr. (A) 14 Walnut Cr. (A)
Nopa R. (A) 15 Russion R. (A}
Novato Cr. (A) 16.Dry Cr. (A)
Corte Madera Cr (A) 1 7. Guodoiupe R. (A)

Arroyo Corte Madera Del 8. Coyote Cr.(Santa Ciara Co.) (A)

COUE@NO b UN

Y Persidio (A) 19 Silver Cr 8 Vicinity (A)
=5 Wildcot-San Pablo Crs(A) 20 Pine Cr Streoms (A)
Athambra Cr (A) 21 Petalumo R (B)
Fairfield Strms (A) 22 Son Rafoel Cr (B)
Rodeo Cr. (A)) 23 Son Mateo Strms. (B)
10 Pinole Cr (A) 24 Son Francisquito Cr (B
Il San Leandro Cr (A) 25.Colma Cr (B)
12 Atlameda Cr (A)) 26 Aflomeda Cr - Livermore (C)
13 Walnut Cr (A)
Watershed Projects
. Locations of Non Structural
Flood Plain Monagement Meosures
MAP 3
CALIFORNIA REGION
10 0 10 20
SCALE IN MILES
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Areas Subject to Flooding
Major Urban Damage Centers

River Forecasting Points

D River Stage (Existing)

| Hoplang 4 St Heleno
2. Healdsburg 5. Napo
3. Guerneville Bridge

River Stage (Future)
I. Walnut Creek

Reservoir Inflow (Fufure )
I. Coyote Dam
2 Dry Creek Dam

4 ‘ Existing Reservoir With Flood Control

Potential Future Reservoir With Flood Control

MAP 4
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CENTRAL COASTAL SUBREGION

General

The Central Coastal Subregion (CC) extends along the Pacific Ocean
for approximately 350 miles, from Ano Nuevo Point in San Mateo 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
Map 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 climate of the subregion is temperate, with warm dry summers 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 20 degrees
to a summer high of nearly 100 degrees, with interior valleys having tem-
peratures from below 10 degrees in the winter to well over 110 degrees in
the summer. About 90 percent of the precipitation occurs during the months
from November to April. Normal annual precipitation is around 21 inches,
ranging from 17 inches for the Salinas River Basin, 20 inches for the Santa
Ynez River Basin anc 47 inches for the San Lorenzo River Basin and over 60
inches in the mountains southeast of Monterey.

The subregion had an estimated population of 687,000 in 1965. Major
urban centers include Salinas, Monterey, Carmel, Santa Cruz, Watsonville,
San Luis Obispo, Santa Maria and Santa Barbara. The economy of the sub-
region 1s supported primarily by agriculture and related industry. 1In
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, Pajaro, Salinas, Carmel, Santa
Maria and Santa Ynez Rivers. The Salinas River is the largest stream in
the subregion, draining over 40 percent of the total area. Its major tri-
butaries include the Nacimiento River, San Antonio River and Arroyo Seco,
originating west of the main stem in the Santa Lucia Range, and Estrella
Creek and San Lorenzo Creek, originating east of the main stream in the
Diablo Range., Additional information on the subregion can be found in
Appendix II, The Region.

The Central Coastal Subregion has been subdivided into hydrologic study
areas to facilitate investigation of present and future flood problems.
These study areas are: GSanta Cruz Stream Group; Pajaro River Basin; Salinas

CC-1
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River Basin; Carmel River Group; Morro-San Simeon Streams; San Luis
Obispo-Arroyo Grande Streams; Santa Maria River Basin; Santa Ynez River
Group; and Santa Barbara Streams. (See Map 2.)

History of Flooding

Although storms reaching the Central Coastal Subregion occur in con-
siderable variations, certain characteristic conditions are conducive to
flood producing 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 producing storms vary in
duration from three days to six days. Storms lasting longer than three
days generally result from a combination of weather patterns. Because
of steep gradients, floods on streams in the subregion are characterized
by extremely rapid rise and almost as rapid recession.

Recent major floods occurred in February-March 1938, January 1852,
December 1955, April 1953, December 1966, January 1967, and January and
February 1969. On a subregion basis, the 1938, 1955, and 1969 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 floods of January and February 1969 were caused by a series of
Pacific storms which brought widespread and severe damage to large
areas in central and southern California, including nearly all of the
study areas in the Central Coastal Subregion. Damage from the January
and February 1969 floods totals approximately #61 million for the sub-
region, including nearly ¢34 million in the Salinas River Basin and
211 million in the Santa Ynez River Group. Flood fighting and cleanup
costs for these two floods exceeded $2.5 million. Damages to agricul-
tural and urban categories were about equally divided. Photo CC-I shows
flooding conditions along the Salinas River near Spreckles during the
February 1969 flood.

The 1955 flood inundated 14,400 acres in the northern portion of
the subregion, resulting in £16 million in damages, of which 80 percent
were agricultural, residential and commercial 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. Damages from these and other signifi-
cant floods in the subregion are tabulated 1 rage (U= ari are -=hcwn
in more detail in Tables 1 and 2.
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Flood damages 1/ - ($1,000)
Flood :Forest & range:Agricultural:Residential:Industrial: Public :Total

season: resources : & - & * & :facilities:

(vear): & facilities : land scommercial : utility :

1937-38 18 157 51 153 205 1,164
1951-52 34 169 25 48 25 S0L
1955-56 2 3,545 9,389 540 2,606 16,082
1957-58 111 2,675 921 294 2,162 6,263
1566-67 76 4,110 715 1,350 1,490 7,741
1968-69 o8 27,422 4,447 6,175 22,733 60,805

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

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 re-
cord, 100-year floods, and standard project floods for selected streams are
shown in Table 11,

Present Status of Flood Control Improvements

The subregion has a moderate degree of flood protection on streams with-
in the area. (See Map 3.) The existing 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 from the
100-year or greater flood in urban areas, and from 10 to SO-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
District Office of the National Weather Service. These forecasts are for
river stages during high water periods. The locations of forecasting points
are shoWn on Map 4.

Txisting (1965) flood control reservoirs are located in the Salinas
River Basin and the Santa Maria River Basin. They provide a maximum storage
of 289,000 acre-feet during the most critical flood situations. These re-
servoirs are:




: s s Flood :
Study area : Reservoir $ Stream : control : Drainage
- 2 : capacity @ area
: : : (ac.-ft.):(sq. miles)
Salinas River
Basin San Antonio San Antonio River 50,000 324
Nacimiento Nacimiento River 150,000 324
Santa Maria
River Basin Twitchell Cuyama River 89,000 1,135

Lake Cachuma on the Santa Ynez River and lake Salinas on the upper
Salinas River, both water supply reservoirs, also, 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.

Existing local protection works are composed of 69 miles of levees
and 2 miles of improved channels. Of the 6% miles of levees, approxi-
mately 36 miles are located in the Pajaro River Basin and 24 miles in
the Santa Maria River Basin. The only existing channel improvement
projects providing better than 100-year flood protection are the San
Lorenzo River Project completed in 1959 and the Santa Maria River Proj-
ect completed in 1963. TExisting (1965) levee and channel projects are
listed in Table 7 and shown on Map 3,

The Arroyo Grande Watershed Project on Arroyo Grande Creek, installed
prior to 1965, provides protection of the flood plain by channel improve-
ment. The structural measures within this project are complemented by
non-structural land treatment measures which retard runoff 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 prior to 1965. Three flood
plain information reports have subsequently been published: one for
the lower Carmel River in May 1967, and for two reaches of the Santa
Ynez River in April 1969 and April 1970. Flood hazard information has
been, and 1s being, provided to governmental agencies to permit them to
proceed with such plarning, engineering studies and other action as may
be necessary for wise use of the flood plain.

CC-4




In the Central Coastal 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 project and economic conditions, existing flood control
developments would have prevented about #12,6 million in flood damages from
the December 1955 flood and did prevent 22 million in damages during the
1966 flood and £6.4 million in the January-February 1969 floods. Nacimiento
and San Antonio Reservoirs provided effective control of runoff on the
Salinas River during the floods of December 1966 and January-February 1969.
The two reservoirs prevented an estimated $2 million in flood damages during
the December 1966 flood and *6.2 million during the February 1969 floods.,
Photo CC-IT shows the Nacimiento Reservoir in operation during the flood of
February 1962. The Twitchell Reservoir on the Cuyama River, together with
the levee project on the Santa Maria River, prevented about #600,000 in flood
damages during the January 1969 flood. The Arroyo Grande Watershed Project
was effective in preventing about ¢1 million in flood damages for the same
flood. Approximately $450,000 in actual flood losses were prevented by the
existing levee project in the Pajaro River Basin during the December 1955
flood (1955 prices). Additional details are included in Table 2.

As is evident from an examination of the flood damage tables, signifi-
cant problems exist within the subregion. These problems are particularly
serious in the Pajaro River Basin, Salinas River Basin, Santa Barbara
Streams study area and in the populated downstream sections of the various
coastal streams such as the Santa Maria, Santa Ynez and Sisquoc Rivers.

Streambank erosion, which is a major problem in downstream channels such
as those of the Salinas and Carmel Rivers, is not considered a serious pro-
blem in the tributary watershed areas. The subregion has a total of 9,700
miles of eroding streambank; of which 1,470 miles are considered serious.

The primary erosion problem in the tributary areas is sediment production and
deposition resulting from surface erosion. Present land treatment practices
are primarily fire prevention and suppression, range seeding, critical area
planting and crop residue utilization.

Average annual damages for the subregion are summarized as follows:
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Kstimated Average

Study Area Annual Damages ($1,000) 1/

Santa Cruz Stream Group 193
Pajaro River Basin 2,103
Salinas River Basin 3,613
Carmel River Group €35
lorro-San Simeon Streams 296
San Luis Obispo-Arroyo Grande Streams 270
Santa Maria River Basin 728
Santa Ynez River Group 604
Santa Barbara Streams 1,512

Total 10,004

1/ Based on 1965 prices, economic and project conditions.

Additional 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 are shown on Map 4.

Future Needs

The Central Coastal's future problems will stem largely from antici-
pated economic growth and change in the use of flood plains, thus requir-
ing additional flood protection measures. It is estimated that the aver-
age annual flood damages in the Central Coastal Subregion (based on 1965
prices and economic conditions) exceed #10 million. The subregion's pop-
ulation 1s expected to increase from 687,000 in 1965 to 1,066,000 by 1980,
2,080,000 by 2000, and 4,063,000 by 2020 (base plan projections). Due to
these factors, the average annual damages are expected to increase to
about $14.7 million by 1980, #26.5 million by 2000, and $47.3 million by
2020 if additional reduction measures are not provided after 1965. Es-
timated damage data for existing and future conditions are contained in
Tables 5 and 9a.

Megasures Required to Satisfy Future Needs

Improved flood forecasting will become & necessary element in a com-
prehensive flood coatrol program. A well-coordinated system of fore-
casting will permit more nearly optimum operation of projects for all
purposes. Efforts will have to be made in developing procedures for
flood forecasts in providing an adequate hydrologic data network and in
expanding the area of coverage of river and flood forecasts. Future
forecasting points are shown on Map 4. The required improvements to
the flood forecasting system have been estimated to cost $1RO,ﬁDO for
the period 1966-1980, $220,000 for 1981-2000, and $230,000 for 2001-
2Ce0.,
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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:

s e ¢ Flood =
Study Area/ Reservoir : Stream ¢ Control : Drainage
time frame 2 2 :Capacity : Area
in which needed : s :(ac.-ft.):(sq. miles)
Santa Cruz Stream Group
1966-1980 Soquel Soquel Creek 19,000 32
Pajaro River Basin
19621580 Detention
Structure No Name 4,000 19
1981-2000 Gilroy Carnadero Creek 23,000 64
Detention
Structures (7) (Various) 6,000 59
2001-2020 Detention
Structures (6) (Various) 15,000 70
Salinas River Basin
1566-1980 Detention
Structures (3) (various) 4,000 48
1981-2000 Greenfield Arroyo Seco 80, 000 217
Salinas Salinas River 50,000 112
Detention
Structure No Name 6,000 220

Carmel River Group

1981-2000 Klondike
Canyon Carmel River 40,000 185
2001-2020 Detention
Structures (8) (various) 29,000 155
Morro-San Simeon Streams
1981-2000 Santa Rosa Santa Rosa Creek 2,000 12
Santa Maria River Basin
1966-1980 Detention
Structures (5) (various) 1,000 2
1981-2000 Round Corral Sisquoc River 108, 000 280

CC-7
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3 . s Klood @
Study Area/ - Reservoir : Stream : Control : Drainage
time frame . : :Capacity : Area
in which needed : : :(ac.-ft.):(sq. miles)
Santa Ynez Stream Group
1966-1980 Lompoc Santa Ynez River 125,00( 790
Detention
Structures (2) (Various) 1, 000 3
Santa Barbara Streams
1966-1980 Detention
Structure No Name 1,000 4
Total 514,000

These reservoirs are shown on Map ? and additional details are contained
in Table 6. Estimated installation cost for the additional flood control
capacity total #30.7 million for the period 1966-1980, $52,9 million for
1981-2000 and *13.5 million for 2001-2020.,

Limited capacity of channels in various areas will require levee and
channel work to safely pass floodflows, Preliminary studies indicate
that additional levee and channel work is desirable in the following
areas of the Central Coastal Subregion:

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

Pa jaro River Basin

1966-1980 31 33

1981-2000 0 6

2001-2020 20 a
Salinas River Basin

1966-1980 0 39

1981-2000 0 120

Morro-San Simeon Streams
19812000 0 °
20012020 0 3




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

San Luis Obispo-Arroyo
Grande Streams

1966-1980 0 2
1981-2000 0 3
2001-2020 0 1
Santa Maria River Basin
1966-1980 0 2
1981-2000 0 4
2001-2020 0 2
Santa Ynez River Basin
1966-1980 0 5
1981-2000 0 S
2001-2020 0 S
Santa Barbara Streams
1966-1980 1 12
16812000 2 11
2001-2020 9 1]
Total 54 275

Included in the above tabulation are the authorized modification of
the existing Pajaro River Project, now in advance engineering and design
stage, and the authorized, but inactive, bank stabilization and channel
improvement project for the Salinas River. Also included are the author-
ized Upper and Lower Llagas Creek Watershed Projects which are now in the
advance engineering and design 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 limited scope and would probably not have significant influence in
reducing the overall potential flood damage in the subregion. The esti-
mated installation cost for additional levee and channel work totals
$67.7 million for the period 1966-1980, #49.4 million for 1981-2000, and
$26.4 million for 2001-2020,

The structural measures included in the preceeding tables are to be
complemented by non-structural land treatment practices. The most frequently
used present practices of critical area planting, rotation-defered grazing,
range seeding and brush control are expected to be effective in the future.
52e Map 3 for potential watershed land treatment locations.
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Ustimated costs and acres of watershed land treatment measures are
sumarized below.

Land Treatment 1966-1380C 1881-2000 20012020

Thousand acres 76 90 36
Thousand dollars 2,400 3,800 2,200

To combat existing and anticipated flood problems, emphasis on non-
structural flood plain manacement measures will increase to become a
more important component of the flood control program in the subregion.
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 Luis 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 $3.0 million for
the period 1966-1980, #15.9 million for 1981-2000 and $22,2 million
for 2001-2020.

Potential to Satisfy Future Needs

The flood control program presented her~in would reduce the pro-
Jjected average annual damages #4,1 million by 1980, #17.2 million by
2000 and #36,6 million by 2020 at an estimated installation cost of
$109.0 million for the period 1966-1920, $122,2 million for 1981-
2000, and $64.6 million for 2001-2020, %stimated annual OMR costs
for the 1966-1980, 1981-2000 and 2001-2020 portions of the flood
control program are $0,79 million, $£1.21 million and #0.91 million
(See Tables 10, 10a and 10b.) The effect of the potential flood
control program on future damages is shown in Table 8 and graph-
ically on Figure CC-1, and its effect on flood flows is shown in
Table 11.

CC-10
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TABLE )

CENTRAL CGASTAL SUSREGION OF THE CALIFOKNIA REG ION

Historical Flood lLeta

Study ares T Location] : Area : ¥lood dammges 1) - [§1,000)
: flow ‘inundeted: Forest : Porest : Crop : (Rher : land :Residentlal:Industriaml: FPublic : Total
3 H (cts) 2 (1,000 @& range : & range & t agricul- H & & ifacilities:
: : i acres) iresourcesa:facilities: pasture : tural icommercia utility :
1 WS 3 i 4 : S : 6 : 7 : 6 ] : 10 N : i2 13
junta Cruz Stream Uroup San Lorenzo River
at 5lg Trees
DecSS 30,400 1.8 o 0 150 . 0 8,611 & 773 9,564
8 urc River Bas!: Chittenden
Deebs 24,000 12.6 < 0 1,468 979 200 718 532 1,833 €,4986
Aprss 23,50 19,2 e Q 870 760 873 713 34 2,136 5,546
Selinae River haslr
Febes 12 0 12,860 1,345 2,276 S6 2,5%) 6,958 26,267
Janeg 0 o 2,650 680 960 200 459 2,380 7,329
DectE © 0 640 3,115 300 135 1,120 1,262 5,572
Spreckles
Feh38 75,000 39.5 O [} 463 131 0 0 by %0 Bk
Carmel River Grou KRobles del Rio
Jan-Feb €9 7,40 0.6 8 0 0 e 304 i6 270
Aprde 7,100 1.3 © 55 15 2 208 0 26
Morro=han Simeon Streams Sante Hose Creek
near Cambria
3,400 N.A. o 0 120 38 4] 97 163 B85 1,270
2,50 N.AL 0 (V] “«W 13 4] @ 51 34 470
San luls Qvisjo - Arroyo
srenie Streams At Arroyo
Grande
Janby 3,800 o (V] 150 41 Q 967 143 1,178 2,480
Febb9 3,800 o 0 49 17 [e] 4 39 2€1 360
Janoe 5,370 ¢ 4 22 10 30 S 0 S T4
varll 35,000 - - - - - = = & As§/
Janos 32,50 e = = = = = = = 432
Santa Maria River basin At Guada.iupe
Jants 24,50 N.AL v 0 150 &8 0 21 9 112 380
Feb69 p: N.AL Qo [e] SOC 208 0 375 1,083
Janie , 400 i 29 50 7 S0 ee 48 20 227
Santa Ynez River Groug Near lompoc
70,000 N.A. 0 o 162 108 0 150 €85 1,108 2,179
100,000 0 0 1,877 251 0 611 1,655 3,908 8,287
45,00 ) 3 1 60 40 43 Sl 31 115 358
64,000 - == = i = s » = léb?
79,0 = = - - > - = = 6le/
Santa bartara Streams Atascadero Creek
5,500 o 0 1,902 0 0 1,755 378 5,086 9,068
5,000 O 76 25 S 25 580 230 26 1,169
Imta based on prices and project and economic conditions at time of occcurrence of flood.
Detalls of total are not avallable. Most damages occuwrred to agricultural, hignhway and rallroad jrc perty.
Detalls of total are not avatlable, All catepories of agricultural, public and urban properties were damaged.
o = Not avallatle.
June 1971
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TABLE

TENTRAL COASTAL SUBREGION OF THE CALIFORNIA REGION

Flood Damage 1/

Base Plan

Study ares T Flood @ ilocation s Total dammges - 'hgrwf
b 3 . flow At time of flood 2] : 19F5 aconomic conditions & prices */
E 3 (cts s Antunl T Tmrace vithout : Dmmmge prevented : Damase wvith : Dmmage without : Damage prevented
s 8 £ amage £1o0d control @ by flood control : 1965 project : flood control : by 1965 profects
3 % 3 0 projects H projacts 4 = conditions : _ prolects 4 5/
Ji 1 7 B b 3 4 & S % [ % 7 3 [ s ]
an lorenzo River :
at Big Trees !
DecS 50, 40¢ L 2,584 3,040 14,900 11,860 !
Pa‘aro River Tasir Chittenden 1
DecSS 24,000 6,498 6,953 455 10, 253 10,963 710
“ Bradley '
Fehfs 117, 26,267 32,467 6,20 22,700 27,900 5,200 3
“arme’ River Grour Rohles del Rio ;
Jan-Feb§a 7,400 1,002 1,002 873 ars 0 j
an Simeon {
’anta Rosa Creek j
near Cambria L 3
Tan69 5,4 1,27 1,27 ) ,010 1,010 0 1
|
Streans At Arroyo Grande
Jan6s 3, 60 2,450 4,100 1,720 1,880 2,620 40
anta Maria River Haain At Guadalupe
Jan€s 24, 30 a0 280 ¢ 304 684 80
‘anta ‘nez River Group Near Lompoc
FabfS 100, 8,297 3, 267 6,630 6,60 0
Aanta Sarvara Jtreams Atascaders Cresk
Jang 5,5 3,068 3, 068 ) 7,250 7,250 o
Maximum Tloot for which data are available.
™ata hased on prices and project and economic conditions at time of occurrence of flood.
Data based on recurrence of original flood.
Lum € 4
5/ Colwmn 9 =C - 7
June 1971
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CENTRAL TCASTAL SURREGION OF THE CAL

frated Flood Pamge for

the 1 iency Flood )
f reamus
S s Ares :
Stream : inundated : Forest 3 Forest : Croy Induatr Total
3 5 ORX : & range : & “ s
acres) : wagources : SrE g1 8e
S 3 g . L ’
€y ¢ s T wy 53 5 v &y
1.5 . 1o s x 7 07 5= " s
- g . ) 5 i, ’ Vi 45
355 149 1 1 '
1 Y : 11 44 : 7
5 y e ¥ c ' ) ¢ P ¢
ta bartaru frean 7% 106 1,8 321 1,9% 14, . X '
i Tor magnitule of 1 A £loon -

aly 1965 prices, sconomic conditior




Base Flan

E 4
CENITRAL COASTAL SUBREGION OF THE CALIFURNIA REGION

Estimuted Average Annwal Flood Damage

Stuly area : - (¥, 000]
yrinctpal stream) : Forest 5 Crog : : Residenti{al : Industrial : Fublic i Stuly areas
& range & : H : & i facilities totals
i rescurces jasture 3 : commercial : utflities @
= 1 g E: A 3 : ) g : [ : 1 $ 8 § 3 : !
0 o 8 1 L 137 0 4 193
b3 0 420 434 545 240 o4 309 2,103
Salinas River Sasir 6 59 968 927 926 S2 154 450 3,613
e e
Saiinas Rive:
&} 69 30 ] 36 a4 4 63 685
e 2 27 24 S04 E T 45 65 296
2 3 28 16 23 114 4% “ 210
20 140 178 96 114 - 62 27 728

(Santa Maria Fiver

Sante Ynez River Group L= 63 118 65 14 107 3 i6c B4

(Santa Ynez Hiver)

) 21 127 47 174 a8 109 20¢ :,82
33 359 1,900 1,629 2,041 2,06 574 1,408 10,004

X Duosges based on July 1965 prices, economic conditions and project conditions.
Ease [lan
TABLE S
b CENTRAL COASTAL SUEF REG IO
Summary of Estimated od Damage for ire.
and Future Cond f Economic Develojment
with Existir lood Control Measures
Tl Area Average annual flood damages 1 - (¥ 00C)
rine stream : 1980 economic 3 2000 economic 7 2020 economic
5 z conditions i conditions 3 tions
! e s b ¢ 3 4 4 £

193 .2 EE 2,008

2,103 2,763 4,784 8,76

3,613 4,416 6,592 11,01

685 1,353 3,ns 8,24

296 470 880 P Y 0

Srasde Streans 270 40 995 2,100

728 1,107 1,640 &,634

604 1,018 1,807 3,3a

AA0A Luroarn Streams 1,812 2,13 5,101 7,504
Tota entral Comstal Subregion 10,004 14,759 26,506 47,066

3 otect conditiona and estimated economic cond{tions for the year shown.

Trmans tased on July 965 prices ant jr
Flgur=s in Column ¢ are from Column 10 of Table 4,

June 1971
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TABLE 6

CENTRAL COASTAL

UBREGICN OF THE CALIFURNIA REGION

xd Control Capmcity for Extating
wid Future Keservotry

TSy Of

Stuly area Flood control capec
i Frojects B 4 :  Totel
& : 2 g 5 a8
2 2 3 B 4 : B
swrita Cru: eam Groug Q 19 Q Q i9
| alnro River Sas ) 4 29 1§ 4
| ——— TV Jedtn
X0 4 136 340
0 Q 40 =] 69
0 0 2 0 z
| T 3
| arAnds
| 0 5] Q 0 s
| 0
| 89 1 108 ] 198
Q 126 0 o 126
|
0 2 0 C 3
Tota vastal Suby 289 3 315 a4 803

lude surcharze storage.
ter, at the damst

Otected,

fload control cajacity.
8 troll
site where

i€ at least thy

nlove urban aress and reserviirs controll

Base Flan

CENTRAL o CALIFURNIA REGION

Protection Frojecta

isting and Future -

s e

B P! Projec 2001 =2 020 s Total protect
- $ i R 1 2 as of 20c0
2 t leveea % : Channels : levees i Channels : lavees : Channels
g mil 5 tlea) : (miles) : (miles) : (mtles)
3 4 0 ) Q Q < N 4
36 ) 32 33 0 6 2 9 a7 4¢&
£ C 58 Q 120 (8] o] S5 159
BX R i B 3 ) o < 0 0 0 X 0
—VCT TA9T
Morro-tan Simeon Streams (o} Q Q 0o t (8 3 0 S
— T lreams
San Luis (bispo =
Erroyo Grande Streams o 3 ) ‘ o 3 0 -] 0 g
rroy ey
anta Maria Hiver Basi!s o4 ‘ 0 5 o] 4 ¢ 2 4 10
— e T rasln
Santa Yne: River Basin ) 0 0 3 0 5 a s 0 15
—_— e el
Sante Harbara Streans 0 0 1 1e E i Y 1 3 3¢
—srasa e

51 20 31 123 2

better, to urban urens and at leaat 10-year flood protection to agricultural areas,

June 1971




base :ian
TABLE 8

TRAL COASTAL SUBREGION OF THE CALIFOKNIA REGION

Eetimated Averasge Annual Flood Dommge and Dumage Redu
- ires Muture Economic Condd =

Stuly area ¢ o Total damages - 1965 prices ($1,000)
princ!{pai streum): 165 econamic * 15R0 economic conditions : 20°% economic cond{tions
P % protect ¢ GUI065  : Reduction in : Reatdual :W/1966-1GA0 : Reduction in : Residual
corditions : pro'ect ¢ damages due : damage @ program ¢ damages due @  Adamage

2020 econamic cond{tions
W/1981-2000 : Reduction in : Residual
program ¢ damages due @ damage

E '_ : comditiona @ to 1966-1GR0 @ w 2 : to 1981-2000 : w f te 2001-2020 3 -
: 2 :flood control :1966-1980 : tflood control :1981-20K ifload control :2001-202

P __program % fprogram 4 : __program 3 L program
3 4 ¥ S s 3 A

:__program %' :prograr 6
10 £ AL

oy

i : 3 T 3

193 421 S8z 39 80 0 80 112 o 112
er)
River Basin 2,108 2,763 1,257 1,506 2,515 547 1,968 3,389 1,464 1,925
a'aro River) 1

3,513 4,46 257 6,260 3,311 2,949 4,504 602 4,00
1,353 o 1,358 3,718 6500 1,288 1,054 2

Morro-San Stmeor
Streams 296 a0 25 445 805 £65 S40 1,080 310 40

Marro Creek)

San luls Oispo =
ArToyo Srande Streans 270 480 215 265 530 295 235 450 138 315

{Arroyo Grande Creek) F

o

Santa Maris hiver

Zasin 1,107 155 952 1,434 620 Al4 1,195 130 1,065
(Santa Maria Hiver)
4 1,008 609 40e 730 190 961 325

ta Ynez Eiver

Santa Sarvara Streams 1,512 2,151 1,236 1,495 ,534 1,545 2,730 1,085 3,695
o LR
Mission Creek
T Constal
10,004 14,759 4,1 16,148 9,877 8,27 15,746 5,055 10,691
WA shown {n Column @ are from Column 10 of Tatle ¢ and are a in Column 2 of Table 5.

i ‘olumn 3 are from Column 3 of Table 5.
3 i cturnl measures.
i

June 1571
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base ilan
TABLE 9
CENTRAL COASTAL SUBREGION OF THE CALIPORNLA REGION
Estimated Aversse Annual Flood Demege for Urban
Areas witn Stgnificant Flood Problems
Study area, s Deamage 3 Average annua. 11000 es ($1,000) 1/
Stream : center ;7 Residential Tommercial i Industria : PuwTic 3 Total
: H : & utilities 3 facilities :
G ; B 2 : 3 : 4 : 9 : [ ¢ 1
Santa Cruz Stream Group
Soquel Creek Soquel 27 69 0 33 12
San loren:zo River Santa Cruz Vicinity 25 16 0 9 S0
Supbtotal ) 8 T e 73
fajaro River Basin
5 aiaro River Watsonville & Pajaro “ 66 11 101 222
Gilroy 18 24 4 21 67
Subtotal [+ 3 b { z 78
Carmel River Sroup
Tarme] River Carmel Valley & Vicinity 407 10 o 2 459
San luts ®ispo -
‘rroyo Crande Streams
an [uis Cblspo Creek San Luts Obispo 18 23 23 19 83
Arruoyo Grande Creek Arroyo Grande ) 10 L 15 56
Suptotal 34 % .| i 155
Santa Marta RBiver basin
Sarta Mar i River Santa Maria 4 39 S8 26 165
Santa Ynez River Dasin
Santa Ynez River Lompoe 27 “ 61 109 o4l
Santa Sarbuara Streams
Migalon Creek Carpenteria S 2 4 4 15
Santa Barbara 3N S6 34 70 537
Goleta 18 817 Sl 54 300
Suntotal 0 G 8 5% B
Total € gl Comstal Subregion 1,117 “e 258 543 2,364 :
': Pamnses ace Tesed on July 1965 prices, economlc conditlons, and project cond{tions. ‘
June 1971




Hase I'lan
TABLE Ya

CENTRAL COASTAL SUBREGION OF THE CALIFORNIA HEGION
Summry of Fstiumted Average Annual Flood Dumge for Urban Areas vith S{unificant Flood Problems

= Present and iuture Conditions of Economic Develiopment
with Existing Fluod Control Measures =

aren 3 Dermag e D Tv:-r?e annual f100d Aamages - [¥1,000)

treaz : center : T355 economic : 1980 econonic 2000 economlc 3 20 economlc
2 : conditions ¢ £ conditions 3 conditions 3 conditions
B 1 i < < T 2 4 s z 3 [
santa Soquel 1,731
Santa Cruz Vicinity o4 276 ‘
Suntotal 7% z,;607 1‘
T 222 434 1,15 2,55( ]
L3 36 866 _
Suktotal 5 535 AT [
Carmel River Grouj '
,037 3,095 6,979 :
l
s
6 33 660 1
senta Ynez Kiver Sasir 4 a5 964 ‘
Santa Barbare Str 2 3 S 100 ‘
537 2,14 3,200
X 1,200 1,800
Subtotal e L ’..,,'5
stal Central Coastal Subregion , 364 4,46 11,363 22,442 ‘
) July 1965 pricea and pr wi{tions and estimted economic conditlons for the year shown.
2 F >lum S are from Colum 7 of T |
June 1971 |




base Plan
TASLE 9b

CENTRAL CUASTAL SUBREGION OF THE CALIFORNIA REGION

Estimated Average Annual Flood Damage and Damage Keduction
for Upban Areas with Significant Flood Froblems
- fresent and Future Economic Condltions =
Study area B Total damages - 1965 prices (§1,000)
streem 3 1985 : 1980 economic conditions 5 2000 econamic cond{tions : 2020 economic conditions
: econamtc :W/1965 : Reduction due to :RAniduAl:W 1066-: Reduction due to :Residual:W/1%1-: Reduction due to :Residual
¢ % profect: 1866-1980 program : damage : 1980 : 1981-2000 program : damage : 2000 : 2001-2020 program : dammg-
¥ ! mrotect : cond!-: ] : Ww/1466~:program: : w/1981+~:program: B : w/2001-
g tconditions: tions : Nor = ¢ Struc- 1980 : S Non- Struec- : 2000 : H Non - i Struc- : 2020
: = 1 3 : :structurel: tural :program : istructural: tural :program : istructural: tural :program
: ! MEASures measures: 33 i measures 4 E i measures measures: S
1 2 3 c 4 2 S G & 7 0 ¢ Q : 11 32t 13 : 14 s 15
Santa Cruz S
Soquel Cr Soq 129 271 (o] 5 14 Q 0 4 32 0 0 32
Santa Cruz
Vicinity 50 71 38 1 0 o 71 9 0 96
Subtotal 179 k)Y a3 85 0 0 85 178 0 Z8
a Jroug
3 jaro River Watsonville
and Fajaro 434 [V} L) 9 4 0 0 4 53 ¢ o 53
3 lroy a5 0 0 138 385 O 377 8 18 0 0 i8
Subtotal 5 hrSl o3 ) 7 3 T ) ] TE
aroel River Grouy
SAEDE RS MEDNE
River Carmel
Valley and
cintvy 469 1,087 b} > 1,087 3,085 ¢ 3,033 62 140 0 0 140
San s Obispo =
Arroyo Grandie Streams
§ Jolsgo
83 70 50 40 8¢ 180 3 08 45 100 S0 o 50
58 [¢] 40 90 40 0 SC
Subtotal LE 55 =5 8 150 a3 T by
Santa Maris Rlver Lasin
Santa Marfa
River Santa Maria 165 33 25 80 218 450 90 24C 120 270 10 90 170
asin
Lompoc P L ( 3AE 897 o 50 S( I 200 0 150 SO
Santa Harvara Streams
Comstal Streams
Carjenteria 1 3 4 23 3 [ ) Q 6 10 0 0 10
Senta Bartara S37 ,070 100 0 a70 1 1,100 730 1,100 40 800 260
joleta 300 600 4 400 50 0 200 300 75 Q 225
btotal g I, Ty o Y158 =3 T, Y60 8% TY,al0 19 BOC 455
Total Central Cosatal
2,364 4, 140 2,802 6,545 4 5,025 1,420 2,409 21s 1,040 1,154 3
I 3 shown {n Column S are from 0 also shown In Column § of Table 9a.
5/ San Francisco District portion only.
3/ Column 7 = Column 4 = Column § = Column 6.
4/ Colum 1l = Column & = wm (
5 olumn 15 = Column 12 = Column
June 1971
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Base

TABLE 1(
CENTRAL CUASTAL SUBREGION OF THE CALIFORNIA REGICN

s of Future Flood Control irogram
- 1906 to 190 -

Estimated C.

Flan

($&2,000)
Study ares F Levees & crannels Flood control reservoirs 2 Not~structural measures
3 Federal 5 Non-Federal Federal 3 Non-Federal 0 Federal 5 Kon-Federal
:Installation: Annual nstallation: Annual : iInstallation: Annual :Installation: Annual
: costs T OMER H costs o OMER : costs ¢ OM&R costs OMat
$ s costs : : costs :_costs : 3 i costs : costs
3 3 2 : ) 4 : GO [ : e 2 10 IR & T 2 13
Sants Cruz Strean
arouy Q 0 (o] 0 3,100 i (o] o 20 7 20
atarc River B 19,140 0 5,270 52 760 0 940 2 60 13 33
LA A LR 2
Salinas River Bastn 11,400 0 5,620 75 2,550 0 2,500 10 590 70 530 7%
carnel River Grouj 0 a Q o Q 0o 0 0 60 8 90 13
e e i
0 ] Q < 0 8] 8} (6] 120 11 440 12
2,0 0 500 8 Q Q Q [e} 100 7 1,760 15
BOO Qo e 3 850 0 90 4 170 20 540 e8
3t
STou 4,000 0 1,000 15 14,630 0 4,860 S0 370 37 470 23
14,550 0 3,180 109 230 0 70 1 100 15 3,950 4
‘entral Coastal
ston 51,890 0 15,770 262 22,220 ? ,460 67 1,590 188 9, 04( 262
fase {lan
TABLE 10a
CENTRAL COAST) SUBREGION OF THE CALIFORNIA REGION
Estimated Costs of Future Flood Control Program
= 196, o 2000 =
$1,000)
Study Levees & channels ¢ Flood control reservoirs 2 measures
: Federal A Federal 3 Non-Federal 3 ¥ Non=Federal
:Installation: Annual Annual natallation: Anhual :Installation: Annual :Installation: Annual @
¥ osts ¢ OMRR Mac coste ¢ OMABR : costs OMWR @ costs ! OMAR : '
H : _costs : i _co :__Costs ¢ i _costs @ :_costs @ :_costs
1 g 2 : & 4 : S = [ 3 y S 8 3 Gt 10 5 ¢ 12 3 ad
C o 0 o o 0 0 0 310 17 100 30
750 0 80 12 10,8% 12 150 8 150 23 1,750 7
Sallnas River Basin 14,100 (o] 2,500 i 15,590 30 220 3 510 125 €,570 210
0 0 0 0 9,400 15 0 0 70 14 160 2s
Morro=San Simeon o
Srnas 3,600 0 500 & 280 0 50 2 70 4 160 o4
San Luls (hispo =
Arroyo Grande .
Riene = 1,500 o 1,000 14 0 0 0 0 50 21 §10 18
s 2 0 £00 8 15,500 0 700 48 160 3 1,690 &y
4,000 0 1,000 15 o} (o} 0 0o 170 59 1,560 53
12,000 0 5,560 55 0 0 0 0 29 5,430 63
Total entral Coastal
Subreat 38,150 0 212 57 1,120 (51 1,600 18,330 563
June 1971
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fase lan

CALI 1A

control irogram

lev : 1 rvoi{rs : 5 tural meusSures
> Federal ‘ederal : % Non-Federal Non-Federal
stallation: Annual r ton: Ar iing : nstallation: A
costs 5 K : :
1 & 2 4 : : & % ? 8 B 3 - B 3 le 3
¢ Q a 0 o 0 40 " ” v
,55¢ 1,240 26 0 1,49( 21 x3 6,23 ]
< 0 < ¢ C 2680 1
e C C 4,390 1,190 17 E 1 3
2,000 TOX 1 C ) 4 4 3 -
X 200 3,8 4
H0C C “x 3 0 €0 44 5€ 4
4, " 15 ¢ 0 60 4 2
4, 5 RIS F a N &g
astul
© 5,74 20, 82( 2,680 38 &6 324 0 45

Stud; a 7 o
sty t
i : 2 : 3 : 4

s z_Str Sroy
———— e
: Soquel 5 12 12

Chtttenten 19 24 ‘4 24 21 21 85 [ 58 42 43 40 40
ratley 20 117 117 117 . {0 108 137 117 aé g6
4 7 7 ? 3 3 37 5 5 3 3 4 4
ear Cambria 3 Jan69 3 3 3 H ! € 2 3 3 15 e 2
Sarte Maria #{
Santa Maris H{ver At Guadalupe 160 Janse -2 Y o5 160 160 il0 110 110 1 ]
Sisqu.c River Near Sisquoe  NA Janbe 21 21 12 4 7 [ 4 50 28 ce 30
3anta Ynez Kiver Gp.
Santa Ynez River Near lLospoc 15 Jan07 120 126 15 18 15 130 15 15 16 110 12 12 i3
1 Under 1965 conditiona.
z wE as m jects Yy o ve in a future flood control program by the years 1580, : 000, and 2020,

1
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2 Potential Future Flood Control Program
A(1966-1980), 8 (1981-2000), C(2001-2020),
(See Tables 6 8 7)
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SOUTH CQASTAL SUBREG ION

General

The South Coastal Subregion extends for about 200 miles along the
Pacific Ocean from the Mexican border on the south to the northwestern
boundary of the Ventura River Basin. The subregion, with a maximum width
of 75 miles, has an area of 10,98l square miles and comprises the drainage
areas of many coastal streams flowing into the Pacific Ocean.

The subregion rises from sea level to the peaks and ridges of the
Tehachapi, San Gabriel, San Bernardino, and San Jacinto Mountains 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 mountains. On the
plain, the contiguous drainage areas of adjacent streams are separated by
low divides.

In general, the climate of the coastal basins of the South Coastal
Subregion is mediterranean = a subtropical and semiarid climate. Tempera-
tures are moderate, normally with small daily and annual ranges, and infre-=
quent freezing on the coast. Temperatures in the mounteins depend on alti-
tude and topography, with below-freezing temperatures occurring at times
during the winter. However, variations in climate are wide, ranging from
erid desert=like conditions in the upper reaches of the Santa Ana dralnage
area to & mild and equable climate along the coast in San Diego County.
Precipitation falls primarily from December to March, inclusive. It ranges
from & mean seasonal minimum of about 10 inches on the coastal plain to es
much as 45 inches in the mountains. Snow 1s common 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 estimmted
population of 9,910,000 in 1965. Important population centers are the
Ventura=Oxnard area, the Los Angeles~Long Beach area, Orange County area,
the San Bernardino-Riverside area, and San Diego County area. Because of
i{ts highly desirable climate 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.
Me jor activities include agriculture, finance, mineral production, manufac=
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 afford 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 major alrports serving transcontinental and overseas air
lines, while a number of smaller airports connect with feeder and commuter
alr lines, Coastal harbors are developed for all craft from deep=draft ocean
vessels to small recreation boats.
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The subregion has been divided into study areas. These are delinea~
ted on Map 2 and listed in the several tables., Each study area includes ]
the named major stream and also minor coastal streams flowing directly
into the ocean. The study areas are: Ventura River Basin, Santa Clara
River Basin, Calleguas Creek Basin, Malibu coestal streams, Santa Monica
Bay coastal streams, Los Angeles River Basin, San Gabriel River besin,
Santa Ana River Basin, Orange County streams, Santa Margarita Kiver
Basin, San Luis Rey River Basin, San Dieguito River Basin, San Diego
River Basin, Sweetwater River Basin, and the Otay-Tijuana Rivers Basin.
Some 48 urban damage centers are affected by floodflows from one or
more of these streams. Table 9 lists the communities and the study

areas.

Additional information about the subregion can be found in Appendix
II, "The Region".

History of Flooding

The area is supject to sudden and severe floods, with some flood
damasre occuwrring in most years. Most floods in the area are produced
by general winter storms, usually occurring from December to March, in=
clusive. Snow is seldom a factor in flooding. Thunderstorms occur very
infrequently along the coast and usuelly only during winter months, but
are not uncommon in the higher mountains at any time. Thunderstorms
cover comparatively small areas but mey result in high-intensity precipi-
tation for short durations, usually three hours or less. Flooding may
occur from these storms.

Information sbout floods in the South Coastal streams bvegins in the
diary record of the travels of the Spanish Mission Fathers between San
Diego and San Francisco in 1769=70. Information on early floods is in
the reglonal section of this appendix. These early records are not
detailed enouzh to determine the magnitude of the early floods, ncr are
records of monetary damage available, However, these records are extensive
enough to indicate that flood runoff in the many streams of the sub+~
region has periodically submerged, damaged and washed away crops, res<
idential, commercial and industrial developments, highways, railroads,
bridges, and utility and public properties. And since 1914, 234 persons
are known to have lost their lives from various floods.

The extensive flood of 1938 provided the first for which detailed
damage and discharge records are available, It caused the loss of 87
lives and damage estimated at $78.6 million inundating 249,000 acres in
the overflow areas of the streams from the Tijuana River in the south
to the Ventura River in the north.

large floods occurred in January and February 1968 resulting in the

loss of 103 lives and extensive damage particularly in the north part of
the subregion. The high stages on three streams during this period are

SC=2




shown in Photos SC-I, SC~II and SC-III. In many areas the flood was the
most severe of record. The damages amount to $157.4 million in the north
part and $2.7 million in the south part of tne subregion (San Diego County).
Moderate and small floods have occurred frequently on several stream basins.
A moderate flood causing some severe local damage occurred in 1943, while
small local floods occurred in 1940, 1945, 1952, 1954, 1956, 1957, 1958,
1961, and 196S.

Emergency flood control activities, including flood fighting, rescue
work, repalr of existing flood control facilities, cleaning of streams and
emergency bank protection, amounted to $559,000 through 1965. About
$2,500,000 was expended on emergency restoration work to public facilities
after the November-December 196S floods. Damages from significant floods
in the subregion are tabulated below and are shown in detail in Tables 1
and 2.

Flood of Total damages 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 damages shown are based on prices, and project and economic conditions
at time of occurrence of the flood.

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

rresent Status of Flood Control Improvements

An extensive flood control system has 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 demmges. (See Map 3). The existing flood damage
reduction measures, which provide flood protection to about three=guarters
of the area subJject to flooding, include flood forecasting, flood centrol
storage, levees and channels, floodwater detention and debris control struc=
tures and watershed treatment. rart of the improvement provides protection
to urban areas from discnarges of 100-year or greater flood magnitudes,
whereas most trioutary stream improvements provide only SO=year protection
or less. In agricultural areas improvements provide protection generally
for 10 to SO-year magnitudes.

River and flood forecasting service 1s 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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offices 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 agencles and county flood

control district personnel actively engage in emergency operation pro-=

grams at the time of possible flood overflow.

casting points are shown on Map 4.

River and flood fore=

Existing flood control reservoirs in the subregion supply a total

of 438,000 acre~feet of storage.

tabulation and shown on Map 3.

Reservoirs are listed in the following

: : ¢ Flood :
Study area : Reservoir s Stream : control : Drainage
s s : capacity : area
s : : (ac.=ft.):(sq. miles)
Los Angeles River
Basin Devils Gate Arroyo Seco 2,700 32
Big Tujunga #1 Big Tujunga Wash 4,100 82
Hansen Tujunga Wash 32,000 147
Sepulveda Los Angeles River 17,300 155
Lopez Pacoima Creek 200 34
San Gabriel River
Basin Fuddingstone Walnut Creek 17,200 b2
San Dimas San Dimas Creek 1,000 16
Cogswell San Gabriel West
Fork 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 S
Santa Ana River
Basin S5an Antonio San Antonio Creek 9,300 27
trado Santa Ane River 219,000 2,264
- Sycamore Sycamore Creek 1,200 15
Santiago Santiago Creek 25,000 63
Villa btark Santiago Creek 15,600 83
San Luis Rey
River Basin Dixon Escondido Creek 400 4

These projects are

shown on Map 3.

Hansen Reservoir is shown in Photo SC=IV.
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Flood damage along Santiago Creek

(Orange County Register Photo.)

1n Santa Ana, February

Flood damage along Big Tujunga Wash,

Los Angeles,

1969.

PHOTO SC-1I

February 1969.

(KTLA Telecopter

by Harold Morby. )

PHOTO SC-IT
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Improved channel, Los Angeles River at Los Feliz Boulevard bridge,

Los Angeles during January 1969 flood (Los Angeles Times Photo. )

PHOTO SC-II1I

Hansen Flood Control Reservoir on Tujunga Wash, showing discharge
during February 1969 flood. (Corps of Engineers Photo.)

PHOTO SC-1V




A number of other reservoirs in the subregion do not have flood control
as a designated function. Some of these provide incidental flood control
storage which at times can be significant.

Reservoir : Stream : Construction Agency

Lake Hodges San Diegulto River City of San Diego

San Vicente San Diego River City of San Diego

El Capitan San Diego River City of San Diego

Sweetwater 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

Rodriquez* Tijuana River Mexico, D. F.

* In Raja, California.

An important element in the existing flood control system for thnis sub-
region is the extensive levee and channel system. The levee and cnannel
system consisting of 114 miles of levee and 2,202 miles of channel, results
from the joint effort of Federal and local agencies. OSupplementing this
system are 90 debris storage and flood water detention basins providing
7,218 acre=feet of storage and 2,154 acres of percolatlion beds for ground
water recharge. The Federal portion of this system generally affords
protection from a 1-in=100 year flood to standard project flood. The
local agencies works which are generally along tributaries to main streams
supplements the Federal works and affords protection ranging from l-in-2
year to 1=in=50 year flood. In the Los Angeles County drainage area tne
Federal first cost amounts to $350 million (1970) whereas local interests
have spent about $8668 million (1970) for the required non-Federal coopera=
tion and for projects described above as supplemental. Data concerning tne
existing (1965) levee and channel projects are in Table 7.

The Buena Vista and Calleguas Creek watershed protection projects have
functioned effectively and provide excellent examples of comprehensive water=
shed projects wherein both structural and non=structural measures combine
to provide needed flood protection wnile reducing erosion and sediment pro=
duction, Additional effort will be necessary throughout the subregion to
complete needed facilitles of a comparable nature.

The Flood i'lain Management Services Program i1s explailned in detail in
the ~“ecgional Summary of this appendix. No flood plain information studies
have been completed in the South Coastal Subregion prior to 1965 and no
flood hazard reports have been requested prior to that time.




The accomplisnments of the existing flood control developments have
heen substantial., The system has functioned effectively to reduce flood=
flows and to reduce flood damages. From their completion date to 1965,
existing reservoir, levee, and channel projects have prevented damages
estimated at $327 million. During the January=February floods in 1969,
$900 million in damages were prevented in Los Angeles County dral-=ge
area alone. Average annual damages prevented by the system in the sub-
region exceed $30 million. Additional details are included in Table 2.

As beneficial as the present flood control system has been, flood
problems still exist. The problems are especially serious in the Santa
Clara River, lower Calleguas 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
damaces are sometimes compounded by high=velocity flow and by deposition
of sediment from upstream sheet and gully erosion. Flooding also occurs
from standing water in poorly drained wban areas.

Streambank erosion in the subregion, while not as widespread as other
forms of land erosion, 1is a serious problem. Streambank erosion occurs
principally diring winter rainstorms particularly those which cause short-
duration, nigh-velocity flows. A total of 5,200 miles of streambanks
have an erosion problem, 740 miles of which are considered serious.
Approximately $700,000 a year 1s lost in direct land damage, and over
$300,000 by downstream deposition of streambank sediment. As the demands
upon land continue to grow throughout the subresion, erosion and sedi-
ment damasges are expected to become more severe.,

There 1s a continuing land treatment program in the upstream water=-
shed areas. However, a serious problem exists in this subregion relat-
ing to brush fires and the afterma-h==soil erosion. Soils are pre=
dominantly fine grained throughout the subregion. Denuding by fire of
the steep terrain creates potential for movement of soil mantle during
neavy rains. The sediment produced under such conditions contributes
sreatly to the downstream damages previously discussed.

The aforementioned flood problems have resulted in average annual
damages as follows:
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: Estimeted Average
Study Area : Annual Damages ($1,000) 1/

Ventura River Basin 346
Santa Clara River Basin 2,068
Calleguas River Basin 1,208
Malibu Coastal Streams 144
Santa Monica Bey Streams 1,255
Los Angeles River Basin 1,546
San Gebriel River Basin 1,665
Santa Ana River Basin 9,475
Orange County Streams 148
Santa Margarita River Basin 790
San Luls Rey River Basin 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

_j’ Besed on 1965 prices, economlc conditions, and project
conditions.

Additional details are contained in Tables 3, 4, and 9. Major urban damege
centers and areas of the subregion subject to flooding are shown on Map 4.

Future Needs

Flood damsges will be greater in the future with no additional flood
control ilmprovements, 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 wi}l grestly increase the
value of property subject to overflow and damage by floods. The population
of the South Coastal Subregion is projected to increase from 9,910,000 in
1965 to 13,895,000 in 1980, 19,200,000 in 2000, and 23,771,000 in 2020 (vase
plan projections). Floodways pass through some of the most intensively
ieveloped urban areas in the United States and through highly developed
nsricultural areas. An examination of current flood problems indicates that
a roaber of additional flood control measures are needed to provide at least
w=year flood protection to the developing urban areas and 10-year to S0-
enr rotection to the remaining agricultural areas. Table S indicates

craov annual flood damages may be expected to increase from $21,7 million
to $38,0 million by 1980, $82.2 million by 2000, and $185.9 million
¢ {¢ no additional flood control measures are provided after 196S.
smourts, average annual dameges in urban centers are expected to
“rom §£7.6 million in 1965 to $14.7 million by 1980, $31.0 million
¢ 00,2 million by 2020. Estimated damage data for existing and
‘ti.ns are contained in Tebles § and 9a. v
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Measures Required to Satisfy Future Neel:

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 county, 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 stream=
flow and the short duration of runoff. Additional flood forecast points
needed are shown on Map 4. The estimated costs of the required improvements
to the flood forecasting system are $1.5 miliion for the 1966-1980 period,
$1.2 million for 1981~2000 and $0.8 million for 2001-2020.

Additional flood water storage in reservoirs and detention basins needed
in the future amounts 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 s : capacity: area
which needed : : :(ac.~ft.):(sq, mi.)

Santa Clara River Basin

1981-2000 Detentlon structures (3) Various 2,000 10

2001-2020 Topatopa Sespe Creek 75,000 180

2001=2020 <o0ld Springs Sespe Creek 12,000 108
Calleguas Creek Basin

1981=-2000 Calleguas Arroyo Conejo 16,000 65
Malibu Coastal Streams

1981-2000 Detention structures (9) Various Z,000 10
San Gebriel River Basin

1981-2000 Detention structures (15) Various 7,000 14
Santa Ana River Basin

1966=1980 Prado Santa Ana River 238,000 2,264

1966-1980 Detention structures (13) Various 18,000 140

1981-2000 Salt Creek Salt Creek 5,000 10

1981-2000 Detention structures (21) Various 18,000 126
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: Flood :

: control :Drainage
: capacity: area
:(ac.~ft.):(sq. mi.)

2 Detention structure
Study Area = : or
time frame in: reservoir
which needed :

Strean

ee 00 ee oo

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

Santa Margarita River Basin

1981-2000 Deluz Santa Margarita
River 13,000 1/ 705
San Luis Rey River Basin
1981-2000 Monserate San Luis Rey
River 6,000 373
1981-2000 Detention structures (6) Various 6,000 35
San Dieguito River Basin
1966-1980 Detention structures (3) Various 2,000 S
1981=2000 San ULieguito San Dieguito
River 92,000 303
2001=2020 Detention structures (2) Various 3,000 18
San Diego River Basin
1966-1980 Detention structure No name 1,000 3
1981-2000 Detention structures (4) Various 2,000 15
Sweetwater River Basin
2001-2020 Detention structures (S5) Various 1,000 7
Otay=Tijuana Rivers Basin )
2001=2020 Detention structures (8) Various 6,000 83

Total 557,000

y 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 1965-1970. The reservoirs
are shown on Map 3 and additional details are contained in Table 6., KEsti-
mated costs for additional flood control capacity amount to $92.3 million
for the 1966=1980 period, $147.5 million for 1981-2000 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 damages 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 Map 3). These levee and
channel improvements would in some instances supplement the proposed
reservoirs and detention structures, and in other instances would provide
protection independently. Studies indicate that major levee and channel
work is desirable in the following areas of the South Coastal Subregion:

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

Ventura River Basin

1966=13980 0 5

1981 =2000 0 10

2001 -2020 0 2
Santa Clara River Basin

1966-1980 22 28

1981 =-2000 g2 12

2001 =2020 0 7
Calleguas Creek Basin

1966-1980 0 17

1981-2000 0 18

2001 -2020 4 30
Malibu Coastal Streams

1981 -=2000 0 4

2001 =2020 0] 3
Santa Monica Bay Stream

1966-1980 0 6

1980-2000 (0] 7

2001 =2020 0 5
Los Angeles River Basin 1/

1966-1980 (0] 6

1981=2000 0 16

2001 =2020 0 8
San Gabriel River Basin 1/

1966-=1980 0 55

1981 =2000 0 20

2001 =2020 0 3
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Study area/time frame Levees ¢ Channels
in which needed ¢ (Bank Miles) : (Miles)

Santa Ana River Basin

1966=1980 4 2 15)

1981-2000 40 89

2001 =2020 38 45
QOrange County Streams

1981 -=2000 0 13

2001 -2020 0 20
Santa Margarita River Basin

1981 -2000 0 1

2001 =2020 0 4
San [uis Rey River Basin

1966-1980 ikt 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 &
Sweetwater River Basin

1966-1980 0 3

1981 -2000 0 2

2001-2020 0 4
Otay=Ti juana Rivers Basin

1966-1980 _0 5

Total 134 588

1/ Under construction or funded for construction by FY 1970.

The approximate location of levees and channels are shown on Map 3 and addi-
tional details are included in Table 7. Of the amounts shown in the above
tabulation, 5 miles of channel in the Los Angeles River Basin and 44 miles
of channel in the San Gabriel River Basin will be completed or under con-
struction in the period between 1965 and 1970. The estimated costs for
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required levee and channel work are $266.6 million for tne 1966-1980
period, $219.1 million for 1981=2000, #nd $169.2 million for 2001-2C20.

Structural measures will be complemented by land treatment practices.
Tne most frequently needed practices within this subregion are: fire
prevention and suppression, brusn control, critical area seeding and
debris basins. See Map 3 for potential watersned project areas., Esti-
mated costs and acres :° watershed land treatment measures are summar=
ized below.

Land Treatment 1966-1980 1981 =2000 2001 =2020
Thousand acres 81 247 152
Thousand dollars 7,800 17,900 10,800

Flood plain information reports will be an important adjunct to the
overall flood control program. Forty~elght urban centers in the sub-
resion nave known significant flood problems. These centers are listed
in Table ¢ and are snown on Map 4., Many communities with expanding
populations are expected to have flood problems in the future and will
pe studied as tneir needs are made known. From 1965 to June 1968 five
flood plain information reports were completed in the subregion. It
is anticipated that flood plain information reports for all the cormun=
ities affected will be completed before the year 2000. Also, from 1965
to June 1968 sixty=three flood hazard reports were completed for both
Federal and non-Federal agencles,

Non=structural measures of flood plain management will become a
greater 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, which will become future
urban centers., Measures adopted will be primarily zoning and flood
proofing. Most areas witnin the subregion have the potential for some
reduction in damages attributable to these measures and about 230 miles
are sultable. See Map 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.¢ million for the 1966-1980 period, $39.9 million for the
1981 =2000 period, and $55.0 million for the 2001-2020 period. The effect
of the potential flood control plan on future flood damages 1s presented
next. Additional details are included in Table 8 and Sb.

Potential to Satisfy Future Needs

The flood control program presented herein would reduce the pro=
Jjected average annual damages $19.3 million by 1980, $65.4 million by
2000, and $171.4 million by 2020 at an estimated installation cost of
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$421.1 million for the period 1966-1980, $425.6 million for 1981 -2000,
and $£70.4 million for 2001-2020. Estimated annual OMXR costs for the
1966-1980, 1881-2000 and 2001-2020 portions of the flood control program
are $3.21 million, $5.27 million and $4.03 million (See Tables 10, 10a
and 10b). The effect of the potential flood control program on future
damages 1s shown in Table 8 and graphically on Figure SC-1, and its effect
on floodflows is shown in Table 11.
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TABLE I

SOUTH CCASTAL SUBREGION OF THE CALIFOKNIA KEGION

Historical Flood Data

Stuly area * Flood : Locatlon ¢ Area @ Fiood
: : flow :inundated: Forest : Yorest :  Crop @ Other B
z (cfs) ¢ (1,000 : & range : & range & : agricul- : & g &
3 : ncre-) iresources:facilities: pasture : tural H icommercial : utility
1 R 3 F : S 3 [ F g 3 ) 2 10 A 12 I3
Ventura
Mur38 39,200 6.0 0 50 90 S0 575 450 8l 1,582
‘anb e 54,900 N.A. 0 0 2,200 550 260 670 6,217 3,108 1,000
Fenbs 40,000 N.A. 0 0 880 220 10 48 1,097 2,012 4,739
Santa Clara River
Basin Montalvo
e, 115,000 0 S 1,000 0 391 100 1,078 1,551 4,600
Y 60, 000 o 290 €0 0 « 300 (o} 272 <74 1,196
Janés 165,000 0 0 2,5¢ 703 136 3,594 3,230 5,008  15,23)
Fevg9 152,000 o} 3,100 $80 1g2 4,498 3,893 12,951 25,614
Calleguns Creek Basin Camariilo
Jane9 9, 500 N.A, 0 0 811 perl ) 30 7 782 G904 2,990
Fents N.A. N.A. o 0 310 76 e 25 511 340 1,264
Santa Monica Bayv Streams Culver City
Ve 38 18,000 9.4 ) 0 0 79 15 2,214 1,774 9€C 5,014
FehS4 4,300 .2 ¢} Q 0 0 ) 48 0 e 50
Los Angeles River Sasin Los Angeles
67,000 25.0 0 10¢ 228 307 1,631 8,975 3,472 25,564
o0 N.A. o) a0 0 153 0 541 753 4,301
15,30 N.A 0 1 b} z o 5 0 1
41,800 N ) 0 0 0 0 1,529 33 2
4,100 N ) o] 0 Q e 210 167 2,627
Fico
5.3 o 140 88 562 1,122 2,023 1,978 801 6,714 4
Mar38 5.0 Q o) 0 1,734 l4 4,743 369 225 7,085
Jansg 0 0 0 0 0 919 36 1,609 2,564
Feb69 o} 0 0 Qo o 188 8 599 795
near Arlington
Janld 45,000 0 35 0 760 440 2,300 €80 3,600 7,615
Mar38 100,000 o 45 Q 2,X 1,203 5,738 1,855 9,916 29,757
Jand3 ,40C 0 2s Q is0 2 1o} 450 <00 900 1,865
NovES 400 0 235 0 10 0 440 $70 3,660 5,005
s 0 0 0 4,805 0 8,569 9,27 13,462 36,131
0 o 7,325 0 13,737 13,841 17,190  S2,093
1 25 B0 60 ) 652 200 1,088
[ 12 a3 p: o 3 15 98
0 0 23¢ 1,381 1,627
28 200 4] o] 200 300
15 30 90 6 25
¢ 9 0 65 70 227
0 0 s ( 300 45 S
o J S C 68 8 1
Sweetwter
47,600 1.0 0 18 0 100 10X 200 418
33,90 ] o 13 C 0 S 10 113
) 65 S0 S0 100 0 0 0 265
0 15 (o] 0 0 Q 0 64 79

Data tased on prices and project and economic conditions at time of occurrence of flood.
N.A, = Not Avatlatle




TABLE 2

SOUTH CCASTAL SUBKEGION OF THE CALIFORN[A REGION

Flood Damage 1/
area + Flood Tocatlon; 3 Total Jamages - SE !ml
3 flow At time Of flood 2 £ economic conditions & prices ¥
3 (cra) Actual e without : e prevented : e with : ce without | Dumage jrevented
: 5 damage * flood control @ by flood control : 1965 progect :
H : ects : olects ¢ :__conditions
1 F 5 B 4 &
Venturs River Zasin Ventura
T R Mar3g 35,200 1,562 1,552 0 1,670
Jan69 54,900 11,000 14,000 3,000 8,800
Santa Clara River EBasin Montalvo
Mar33 115,000 4,600 4,600 0 14,800
Febs9 165,000 25,614 63,614 38,000 20,000
Santa Montca Say Streams Culver City
Mar3s 19,000 5,014 5,014 0 1,150
Los Argeles River Sesin los Angeles
Mar38 67,000 25,564 £5,564 0 S, 900
San Gabriel River Bastn Fico
i Mar38 22,70 6,714 6,714 0 2,560
Mur38 3,810 7,085 7,085 0 1,000
Sunta Ana River Easin near Arlington
il i Mar 38 100,000 20,757 20,757 5} 3,400
Santa Marzarita River
Zasin Ystdora
Janlé 56,500 1,089 089 o 6,000 0
Fen6g 19,200 1,627 627 0 1,300 0
3an lufs Rey River Bastin Oceanslde
Janls 35,600 1,009 1,009 0 7,200
Febt69 11, § 46 462 ) 370 C
3an Diego River Hasin Santee
Janlé 70,200 565 565 0 7,300
Sweetwater River Easin Sweetwater
Janle 47,500 48 418 0 3,800
Nestor
Janlé 75,000 265 265 Q 1,760 o
- Madmun rT553 for which date are amllable.
T Datat on grices and project and economic conditions at time of occurrence of flood.
. 1 recwrrence of original flood.
i 1 & .4
S Js G=




Sase lan

SOUTH CGADTAL

Forest ¢ Forest
& orange o J

4

e e e e s L




TABLE 4

SOUI'H CUASTAL SUBREGION OF THE CALIFURNLA REGION

Estimated Average Annual Flood Uamage

Flood damage 1

= ¥ 000)

: Forest Forest B Crop 3 her : land : Restdential : Industrial : Public : Study area
: & range : & ¢ agricul- & : & 3 c t totals
i resource : pastur : tural H : commercial : utilities :
1 g 2 : 5 £ [5 7 : 8 2 10
(o) 98 110 35 i 33 3¢ 39 34€
0 778 222 1ce 756 97 2,068
0 0 4 45 El 316 204 129 1,105
Q Q a5 8 28 4 10 6
daice Bay 0 0 55 5 35 585 220 255 1,255
ona Creex
0 205 13 13 & 188 577 1,546
0 288 89 40 360 52¢ 9 268 1,665
0 a 653 425 4y 4,112 2,13 1,644
¢ 4 10 37 1 1 S3 148
Santa Margartta River Hasin s 10 Q 350 5 17 505 780
~[San Marsarita River
0 6 162 117 140 N4 es 74 929
(¢} 53 17 76 186 11 56 663
o 4 1 0 L% 48
14 31 3 10 3 36 144
Total ‘oastal Subregion S 1 1,86 1,36 8,63 3,813 3,58¢ ai,
) Damases bage jrice o conditions and project
June 1871




CUASTAL SUBREGION OF THE CALIFURNIA REGICN
stimated Average Annual Flood Demmge for iresens
wiitions of Economic Devel prent
ng Flood Control Megsures
Fverage wel el A =T8N
1 1880 econom! ¢ ]

condition
T

lons Y
34¢ 4 el ,
nta Clara Ri “s < ,068 5, 6 R )
(Santa Clara River
‘allesuns k Hastr 1 16 4,65( 1
ellesuas Creex
144 28(¢ o
1,25¢ 1,865 3,04 4,800
1, 54€ 2,20 o5
2 28 4,4
santa Ana River Basin 9,475 18,800 43, 28¢ 106, 4
(Sante Ans
Tange County Stre 148 S3 44
1,14 2,c ’
1,720 .
%€ 1,96 , &
2,335 5
,1E
38, G ", o4 85,83

P e p——




Base tlan

SCUTH CCASTAL SUBREGION OF THE CALIFCRNIA REGION

Summary of Flood Control Capacity for Existing
and Future Reservoirs

Study area < Flood control capacity 17 = (1,000 ac-ft]
. sting () Frojects TS66-1980 £ Prolects 1G81-2000 7l Projects 2001=-2020 :  Total projects
3 ots (1965) @ 2 R 2 £ 2/ 2 as of 2020
. < 4 3 5 4 3 S 2 [3
Ventura River Huslin ) 0 0 0 0
Santa Clarm River Basin 0 e 2 87 8s
Jallesuas Creek Hasis 0 o 16 (¢ 6
Malibu Coustal Streans o] 0 3 0 3
Streams o ) 0 0 0
56 (¢} 0 0 =13
o (o} 7 0 1
27 256 23 o 550
0 31 Q 31
Santa Murzarite River Basin 0 ) 133/ 0 13
i 0 12 0 13
9 e 3 97
o 1 (o} 3
etwater Hiver Hasir 0 C C bt 1
tay~T{ juana Y o & 6
Tot 435 258 2a &7 995

better, et the dams{te above urban areas and reservoirs
T 10-year flood at iamst g 1 » be prote
!/ Recent studies indicate that the 1% may be increased to as much as 40,

June 1971
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Base lan

TABLE 7
SOUTH COASTAL SUSBREGION OF THE CALIFORNIA REGICN

Summary of Levee and Channel Flood Frotection Projecte
= Existing and Future =

Study area

: Frojects (1965) g 1
i Tevees : Channels : Levees @

total profects

Levee and channel projects
Extsting T frojects 1966-1980 :  Prolects 1981 -2000 T frojects cO01-2020 ¢

3/

Channels Tevees ¢ Crannels Tevees @ Channels
(miles) : (miles) : (miles) (miles) (miles) : (miles) (miles) (miles)
1 B 3 B 4 5 [ T : S
Ventura River Zasin 22 a 0 5 0 10 o 2 11 98
Santa Clare River Hasi S 3 i 28 12 P o 7 39 50
Calleguas Creek Basin Q 14 C 17 ¢} 18 4 30 4 79
Malibu Coastal Streams Q (4] c 0 0 4 (o} 3 C T
Sarta Monica “ay Streams 0 16 ) € o 7 0 5 0 179
Lea Angeles River Easin 0 1,358 0 6 0 16 0 8 0 1,388
Sen Cabriel River Basin 0 443 0 53 c c0 0 3 C 519
Santa Ana Hiver Sasin n 92 4 95 40 1) 38 45 153 321
Tange County Strears 8 ce o 0 0 13 0 20 i8 55
Sante Margarite River
sasin S 2] J Q0 (o 1 C 4 2 S
San Luls Rey River Easin 1 13 11 10 0 9 ) 3 12 =5
San Dieguito Biver Saslin 0 3 0 8 0 5 C 2 0
San Diege Hiver Hasin € 3 3 8 o 0 (s 2 G 13
Sweestwater Hiver Basin Q 9 ) 3 [} 2 0o 4 0 8
(tay =T juans Kivers
Zasin 0 Q o 5 0 0 ( 0 0 S
’ 114 2,200 40 244 52 208 w“ 138 248 2,790

s giving Ea,-y-a_r flood protection, or better, Lo urben areas and at least 10-year flood protection to agricultural areas.

June 1971
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TABLE &
SOUTH COASTAL SUBREGION OF THE CALIFOKNIA REGION

Estimated Average Annual Flood Damage and Dumege Keduction
- iresent and Future Economic Conditions =

Base Flan

Studv area : Total demages - 1965 prices (§1,000]
(princtmml stream): 1965 economic : 108 aconamic cond (tions : 2000 mconomic conditions B 2020 econamic conditions
: % project TTTOAE T Reductior in : Reaidua) W/ 10BA-10@7 : Reduction in : Residual :w/10B1-2000 : Reduction in : Residual
cordttions project Ammages due ® damage ¢ Program : damages due : damage : [rogram ¢ Aamages due : damege
1 : comdfttons : to 1966-1980 : w/ H i to 19681-2000 : W H : to 2001-2020 : w/
2 ood control :1966-1980 @ :flood control :1881-2000 : iflood eontrol :2001-2020
=k 3 o & ram 3 :pr 4 :__program '/ program S program %, iprogres 6
S i 2 At T B 2 7 B 8 2 9 10 L&—
346 s 183 297 529 cc4 308 554 90 444
2,068 3,62¢€ » 769 3,528 1 2,05 5,728 1,1se 2,570
a Clara River
alleguas Creek EZasin ,105 2,168 1,11¢ 1,050 2,318 1 722 1,425 570 755
‘alleguas Crees¥
144 28C 20 260 453 316 165 330 240 9C
5 1,255 1,865 690 »275 1,900 920 980 1,550 600 950
Ballona Creex
Los Angeles Hiver
: 1,548 2,200 Qs 1,364 2,210 1,150 1,020 1,590 670 920
1,665 2,250 745 1,505 2,210 1,460 750 1,030 450 560
1,475 10,415 8,385 19,270 11,973 7,297 18,020 12,964 5,056
148 4 249 479 234 540 375 166
73 1,067 2,100 1,367 733 1,410 500 610
929 1,720 125 995 1,815 1,070 745 1,138 440 695
663 1 27 798 1,340 289 1,081 1,454 4lc 1,042
1905 2,004 321 599 7 3e2 633 309 324
Sweetwnter Rive u3ir 48 540 366 174 380 138 45¢ 133
Sweetwnter Hiver)
144 260 133 127 234 o4 330 212 i18
Total South Coastal
Subreglon 21,710 38,956 19,644 39,369 22,574 16,815 24,165 19,M2 14,453
Y Table 4 and are also shown irn Column 2 of Table S.
g2
i
-
June 1§71
!
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base |lan
TABLE 9
SOUPH CUASTAL SUHREGION OF THE CALIFORNIA REGION
Estimated Average Annual Flood Damuge for Urbun
Areus with Significant Flood Problems
Study area, : Damage Average annual f1ood dammges | $1,000) 1
stream : center Resldential Tommerclal : Industrial : Fublfe i Total
2 H : & utilities : facilities :
1 = 2 3 3 i : S B 3 : 1
Ventw'a River Basin
entura River Ventura 3 2 3 7 15
Ventura River Melner'a Oaks S 2 3 1 11
Stewart Wash OJjal 13 8 10 37 €8
Subtotal T e e =
Senta Clara River Basin |
anta ver Oxnard 40 60 10 1 120 |
Santa Clara River El Rio 70 30 10 Cl 118 |
Santa Clara River Sants faula 75 46 1 S 135
Santa Clara River Fillmore 113 1 4 319 1
Santa Clare River Newhall 6 6 3 |
Sutotal e = b4 |
1
Calleguas Creek Basin ]
Callesuas Creek Camarillo 10 60 95 60 285 |
Arroyo Conejo Thousand Onks T 3 L 5 20 {
Arroyo Simt MoOT ek 60 40 90 50 240 |
Subtotal 4] ™= b7 ms 55 |
Santa Monica Streams '
una Dominguez los Angeles 7 S is <47 ’
Senadict Canyon Severly iills 11 1 8 220
Henedict Canyon West Hollywood 10 2 3 188 !
Centinela Creek Inglewood 6 (3 10 272 J
Ballona Creek Culver City 20 15 . 48
Sepulveda Canyon Santa Monica 8 4 ] -10
Subtotal 4 = =
los Angeles River Basin
Tos Angeles River Los Angeles 135 1 287 616
Los Angeles River Burbank 50 28 97 2
los Angeles River Glendale 78 c 109 45
Los Angeles River la Canada 50 15 A4 167
Suptotal 357 b{:-4 14 1,793
San Cabriel River Basin
rcalla E] Arcails 2 18 85
Big Dalton Wash Baldwin Park 3 20 i10
Walnut Creek Covina 30 15 o«
San Gabriel River Duarte 30 20 90
Coyote Creek E. Wnittier 20 15 70
Little Dalton Wash Glendora ¥ 100 i
Coyote Creek la Mirada 1 85
San Jose Creek la tuente 0 75
Subtotal ™
Santa Ana River Easin
San Antonio Creek Chino 1z 6 2 ] 29
Cucamonga Creek Upland 5 25 22 45 167
Cucamonss Creex Ontario 100 53 3e 53 238
Warm Creek San Bernardino 110 65 % o4 321
M1l Creek Redlands 170 55 12 10 47 |
Santa Ana River Riverside 20 10 10 4 “
Temescal Creek Corona 80 3 12 ‘4 137
Bautista Creek San Jacinto 28 B 4 5 45
San Jaci{nto River Perris ‘ 1 2 6
Senta Ana River Santa Ana 15 S 25 31 76
3ubtotal 63 355 b1 5 1,510
1 1 b 8

Crange County Streams Laguna beach 4
Lasuna Creek

San luis Rey River Hasin
San Luls Rey River Oceanside 100 so 2 2 164
Buena Yista Creek Vista 8 4 1 0 b
San Marcos Creek Leucadia 80 2¢ 5 S 110
Subtotal o] k0 = i 7
San Dieguito Eiver Basin Del Mar 68 30 0 13 m
San Diegﬁto River
San Diego River Basin
San 5iego River San Diego 217 156 145 56 634
San Diego River El CaJjon 250 135 10 X4 433
Subtotal 27 - = b2 7
June 1971
!
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Base ¥lan
TABLE 9

SOUTH COASTAL SUBREGION OF THE CALIFORNIA KEGION (Cont'd)

Estimated Average Annual Flood Dumage for Urban
Areas with Significant Flood Froblems

Stuly area, : e 3 Average annual flood ggel (31,0007 T
stream : center : Resldential : CommercTa : ustrial B Public B Total
: 3 : : & utilities : facilities :
1 3 2 B 5 : 4 B S 5 [ H 7

Sweetwater River Yasin

las Chollas Creex San Diego 17 15 10 S0

Sweetwater River National City S3 20 o 12 88

Sweetwater River Chula Vista 35 15 2 9 61

Subtotal 165 = B 5 b

Otay=T{ tuana Rivers EBasin

Ctay Imperial Beach 30 16 3 36
Total Soutn Coastal Subregion 2,701 1,421 1,034 2,461 7,837
T 7 Damnges are vased on July 1965 prices, economic cond{tions, and project cond{tions,

June 1971
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Base Plan
TABLE 9a
SOUTH COASTAL SUBREGION OF TH® CALIPORNIA REGION
Summary of Zstimated Average Annual Flood Damage for Urban Areas vith Significant Flood Problems
- Present and Puture Conditions of Economic Development
with Bxisting Flood Control Msasures -
Study area/ s Damage : lnﬁ % _T_IE danage s !g - [?‘1:000)
stream H center H econamic s e ¢ t ecol c : 2020 economic
H : Jeﬁim_ﬂ : conditions : conditions : conditions
1 : 2 : $ 4 : s :
Ventura River Basin
Ventura River Ventura 15 23 60 120
Ventura River Meiner's Omks 11 16 44 88
Stewart Wash 0Jjai 68 1 72 54
Subtotal 5 Tg% %TE 70
C. Rive in
ta {iver Oxnard 120 300 750 1,87S
Santa Clare River El Rio 118 295 735 1,835
Santa Clara River Santa Paula 135 338 845 2,120
Santa Clara River Fillmore 319 795 1,990 4,970
Santa Clara River Newvhall 63 1S 380 950
Subtotal 75 tﬁ% 3,700 11,750
Calle Creek Basin
Calleguas Camarillo 285 710 1,775 4,450
Arroyo Conejo Thousand Oaks 20 S0 125 300
Arroyo Simi Moarpark 240 600 1,500 3,750
Subtotal 55 1,3% 500 8,500
Monica Bay Streams
Dominguez Los Angeles 247 370 610 970
Benedict Canyon Beverly Hills 220 330 550 880
Benedict Canyon West Hollywood 198 300 500 800
Centinela Creek Inglewood 272 410 670 1,070
Ballone Creek Culver City 48 70 110 170
Sepulveda Canyon Santa Monica 10 310 510 810
Subtotal 1','?'5 1,790 3,950 %,700
8 River Basi
Los es River Los Angeles 616 920 1,520 2,430
los Angeles River Burbank 206 310 510 830
Los Angeles River Glendale 245 370 610 980
Los Angeles River la Camads 167 250 410 660
Subtotal 1,25 1,850 3,050 ,900
San Gabdbriel River Basin
Arcadia Wash Arcadis 8S 130 230 370
Big Dalton Wash Baldwin Park 110 165 260 415
Walnut Creek Covina 92 135 225 360
San Oabriel River Duarte 90 135 215 345
Coyote Creek East Whittier 70 105 170 270
Little Dalton Wash Glendora 100 150 240 380
Coyote Creek Ia Mireda 85 130 230 370
San Jose Creek La Puente 75 110 290
Subtotal 1,080 1,%% 2,800
Santa Ana River Basin
San Antonio Creek Chino 2 60 145 360
Cucamonga Creek Upland 167 350 840 2,100
Cucamonga Creek Ontario 238 500 1,200 3,000
Warm Creek San Bernmardino 321 675 1, 620 4,050
Mill Creek Redlands 247 518 1,250 3,120
Santa Ana River Riverside 4“4 90 230 5§70
Temescal Creek Carona 137 288 $%0 1,470
Bautista Creek San Jacinto 45 95 220 550
San Jacinto River Perris 6 13 30 70
Santa Ana River Santa Ana 7 37 O
Subtotal b5 1'o§ a"%, Eﬁ T&!‘g
3
Laguna Beach 8 16 32 80
Luis Rey Ri Ba,
8 Rey River Oceanside 184 415 970 1, 650
Buena Vista Creek Vista 13 45 95 160
San Marcos Creek Leucadia 0 370 S00
Subtotal % 8% 1,'g§ i, 310
Dieguito River in
eguito Del Mar 1m 250 590 1,000
Wﬂ*&m
ego River San Diego 634 1,271 2,561 5,080

San Diego River
Subtotal

e o 4 14
’ ’ ’

June 1971




Base Plan
TABLE 9a

SOUTH COASTAL SUBREGION OF THE CALIFORNIA REGION (CONT'D)
Summry of Tstimated Average Anmal Flood Damage for Urban Areas with Significant Flood Problems

- Present and Puture Conditions of Fconomic Development
with Existing Flood Control Measures -

— Study area/ T Tamage T
stream H center H economic e o : e e
3 g conditions 2/ conditions g conditions H conditions
1 2 2 5 M g g 2
Sweetwater River Basin
s ) e San Diego S0 100 200 400
Sweetwater River National City 88 198 470 800
Sweetwater River Chula Vista 61 1 320 S50
Subtotal b1 T& 3% 1,750
g%ﬁ.ﬂim Rivers Basin
y-T1juana River Imperial Beach 8s 191 450 768
Total South Coastal Subregion 7,617 14,679 31,038 65,238
L/ Damages based on July 1965 prices and project condltions and estinsted economic conditions for the year shown.
2/ Figures in Column 3 are from Column 7 of Teble 9,
June 1971
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TABLE 9b
SOUPH CCASTAL SULREGION OF THE CALIFORNIA REGION
Estimated Average Annual Flood Damage and Dumege Reduction

for Urban Areas with Signi{ficent Flood iroblems
= Fresent and Future Economic Conditions =

base Plan

udy area Damage : “Total dws =165 prices [31,000)
stream : center :T 1085 ¢ Ta& ( 2000 ef‘onmlc conditions 2020 econamic condition,
- : econamic 713 : uction due to ual
: : b WO‘ect 1966-1960 program : damage : 1960 1061 -erm wom damage : 2000 @ 2001-2020 program : dammge
: : project : comdi-: S i W/ 1066~ program: 3 v/l"&x- program: : 1 w/2001-
: :conditions: tions : Non- @ Struc- : 1980 : Non= 2000 :  Non- : Struc- : 2020
3 1 3 g’ :structural: tural program : tructural Iprogram : :structural: tural prograz
B ! measures measures: ] measures 4/ 5 : memsures imeasures: 5/
T 2 s S T S £ A q 5 ) T Y - S 13 P, (ST 1)
Ventura River
Bast
entura River Ventura 15 2 (o} 2 1 30 o 18 12 24 3 18 3
Ventura River Meiner's Oaks 11 16 7 0 9 24 10 0 14 28 4 17 7
Stewmrt Wash OJjal 68 1 15 42 45 120 Q 90 30 60 30 0 30
Subtotal o T 3 5 (33 a7y o) 108 5¢ - L5 ©
Santa Clara
River Basin
Santa Clara
River Oxnard 120 300 70 (] 230 575 20 S1s 40 100 S0 o 50
Santa Clara
River El Rio 18 295 70 o 225 560 20 500 40 100 S0 0 50
Santa Clara
River Santa iaula 135 338 60 226 5% 130 0 110 20 58 17 30 11
Saunta Clara
River Fillmore 319 795 0 7S 80 200 o 0 200 500 10 475 15
Santa Clara
River Newhall 63 162 Q 143 k] 25 10 0 15 30 14 0 16
Subtotal 755 1,880 550 T, 064 566 T490 ) &S IS 7 be>s 505 br3
Camarillo 285 70 0 570 140 350 105 35 210 525 140 10 375
Arroyo Conelo Thousand Oeks 20 50 2 0 30 s 20 0 55 135 65 0 70
Arroyo Simi Moorpark 240 600 40 0 560 400 0 1,260 140 350 10 175 108
Subtotal L . 0 570 5 r,‘r b A -4 = T = =
Santa Monica
Say Streams
Lasuna
Domingues 247 370 i10 ) 260 430 140 100 190 300 90 S0 160
Henedict Canyon Beverly Hills 220 330 9% o 235 390 170 55 165 260 80 (o] 180
HBenedict Canyon West lollywood 198 300 80 0o 220 360 100 55 205 330 85 0 245
Centinela Creek Inglewood 272 410 95 0 315 520 190 40 290 460 135 100 2%
ballona Creex Culver City 48 70 1 ) 60 1 20 ) 80 130 20 (o] 110
vedsa
Canyon Santa Monica 210 310 _60 220 30 50 30 (*] 20 40 30 0 10
Suptotal TY95 17750 g 2% T, T80 50 550 350 = it 0
ws Angeles
River Fasin
“Ios Angeles
River Los Angeles 616 920 0 500 420 700 0 600 100 160 (o} 140 20
Los Angeles
River Furbank 206 310 110 0 200 330 140 0 190 300 o 230 70
los Angeles
River Glendale 245 370 110 0o 260 430 110 200 120 1 35 5 80
los Angeles
River la Canads 167 250 70 ) 180 300 110 0 180 300 S0 110 140
Suntotal bgy-3.7 S 850 350 50 T,000 T,7%0 b5 ol &0 350 5343 T
San Satriel
River Basin
Arcadia Wasn Arcaila 85 130 0 11¢ 1§ 25 0 o 25 40 15 o és
¥z Dalton Wash baldwin fark 110 165 70 0 95 155 70 (o} 85 138 0 90 45
Walnut “reek Covina 92 135 0 o 65 1o 40 0 70 110 50 0 60
San Gabriel
River Duarte 90 135 60 0 5 128 60 0 65 1056 45 0 60
Coyote Creek East Whittler 70 108 0 80 a5 40 Q0 0 40 65 2s 0 40
11ttlie Dmlton
Wash Slendora 100 150 50 ) 100 165 70 0 95 150 o] 120 30
Coyote Creek La Mirada 85 130 0 i;r 40 0 0 AC 65 25 0 40
San Jose Creek la fuente 75 110 0 J 20 0 ] 20 30 10 0 20
Subtotal o7 3 550 w0 300} 21 il % 70 121 by
June 1871
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Base Flan
TABLE 9b

SOUTH COASTAL SUBREGION OF THE CALIFORNIA REGION (Cont'’d)
Estimated Average Annual Flood Demege and Damege Reduction

for Urban Areas with Significant Flood Problems
= Present and Future Economic Conditions -

Total dumages - 1965 prices ($1,000)
1980 economic conditions economic conditions 1 2020 econamic conditions

Study area/

stream : center L :
C : economic :W/1985 : Reduction due to :Residual:W/1966-: Reduction due to :Residual:W/1981-: Reduction due to :Residua]
s s L tproject: 1966-1980 program : damage 1980 : 1981~2000 program : 2001 -2020 progras : damage
3 : Ject : condi-: 0 s w/1966 ogram 7 : T 1 w/2001-
2 tcond{tions: tions : : 1980 : Non- : Struc- : @ Non- : Struc- : 2020
t y < 2J ] 3 :program : tstructural: tural :program @ istructural: tural :program
: : : s :measures: 3/ 3 ! measures :measures: 4/ 3 : measures :measures: 5/
T £ PR AR R, A T (R PR S I T AR © T - S % ST U AR
Santa Ana
ver in
ntonio
Creek Chino 29 60 a Q 60 144 o 132 12 30 15 o 1s
Cucamonga Creek Upland 167 350 35 180 135 324 140 o] 184 460 140 140 180
Cucamonga Creek Ontario 238 500 Q 455 45 100 20 55 25 62 20 0 42
Warm Creek San Bernardino 321 675 S0 552 73 175 28 [} 147 368 35 150 183
Mill Creek Redlands 247 518 35 235 248 590 0o 485 105 263 35 130 98
Santa ina River Riverside “ 90 15 (o} 5 180 (o] 165 15 38 15 o 23
Temeacal Creek Corona 137 288 0 199 89 214 Q 18 32 80 30 0 50
Sautista Creek San Jacinto 45 95 0 sl “ 108 (o] 92 13 32 10 o 22
Sen Jecinto
River Ferris 6 13 o 0 13 31 0 Q 32 78 0 66 12
Santa Ana River Santa Ana 76 151 0 0 151 372 0 322 S0 145 10 100 35
Subtotal ;36 5,760 b1 bt 17 T S 158 s M 15 me 1.4
e Count
treams laguna Beach 8 16 (o] 0 16 32 0 28 4 10 o [} 3
“Taguna Creek
San Luls Re:
ver n
R 3 Rey
River Oceanside 184 415 0 385 30 70 [s] 0o 70 120 40 0 80
Buena Vista
Creek Vista 13 45 [} 0 45 108 40 0 65 110 0 5 35
San Marcos
Creek Leucadia 110 370 o) 179 200 470 70 250 150 255 30 150 75
Suptotal %7 8%0 0 555 3 -3 1% 58 2 s k1 %
San Ditﬂto ®
River Basin
TSan Dleguito
River Del Mar 111 250 0 135 115 270 (o] 195 75 125 45 4] 80
San Diego River
Basin
T%an Diego River San Diego 634 1,211 0 1,170 101 203 70 5} 133 263 95 90 78
San Diego River El Cajon 433 864 o 800 64 228 45 0 5 166 60 0 106
Subtotal T, %7 5 3 1,370 bU: =T bosy 3 314 b1
Sweetwater River
Sasin
“Tas Chollas San Diego 50 100 20 0 80 160 35 0 125 250 70 110 70
Sweetwater
River National City 88 198 0 les 10 24 0 (o] 24 41 0 26 1s
Sweetwater
River Chula Vista 61 138 0 130 8 19 (4] g 19 N 0 2] 1)
Subtotal 193 & % 378 38 bI0g 5 o oY 7o 7 114
T{juana
Rivers Basin
“TRayTT Juas Imperial
River Beach 85 191 14 115 [ 147 20 0 127 216 72 46 98
Total South Comstal
Subregion 7,617 14,679 1,441 7,593 5,645 11,642 1,903 5,484 4,255 8,224 1,877 2,144 3,603
T7 Flgures shown in Column 5 are from Column 7 of Table Y and are also shown in Column I of Table Sa.
5/ Figures {n Column 4 are from Colum 4 of Table 9a.
¥ Colum 7 = Column ¢ = Column 5 ~ Column 6.
T/ Column 11 = Column 8 - Column 9 - Column 10.
g Column 15 = Column 12 = Column 13 - Column l4.
June 1871
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Base Flan
TABLE 10
SOUTH COASTAL SUBREGION OF THE CALIFORNIA REGION
Estimated Costs of Future Flood Control Frogram
- 1906 to 1980 -
(82,000)
Stuly area B Levees & channels : Flood control reservoirs B Non=structural measures
5 Federal B Non-Federal = Federal : Non=Federal : Federal : Non=Federal
:Installation: Annual :Installation: Annual :Installation: Annual :Installation: Annual :Installation: Annual :Installation: Annual
costs i OOMAR costs t OM&R @ costs oOMa costs : OMMR ¢ costs i OM&R costs : OMAR
2 costs s _coets i __costs : i _costs : :_costs : :_costs
1 £ 2 : 3 ¢ 4 : S € : R 8 B 9 10 : 11 : 12 Ca -
Ventura River Sastn 4,500 0 1,500 20 0 0 0 0 110 20 460 29
Santa Clara River
Basin 25,800 0 8,900 104 0 (4] 0 0 720 93 5,250 143
Calleguas Creek
Sasin 9,400 0 5,100 35 (] 0 0 0 a0 i3 2,500 37
Malibu Coastal
Streams 0 0 (¢] o (] 0 o] 0 70 11 450 26
Santa Monics Say
Streams 3,500 0 1,000 la Qo (o] Q0 0 i10 L} 6,850 52
ngeles Hiver
3,300 o} 1,100 13 0 0o 0o 0 390 107 5,440 480
Sas 15,000 0o 5,000 60 o (o) Q 0 580 75 4,060 90
Santa Ana River
Sasin 97,670 o 31,890 379 69,590 0 15,650 269 680 10 $,130 238
Urange County
Streams (o] 0 0 (8] (o] [\ 0 (o} 140 37 260 53
Senta Margerita 2
River Basin 0 8] 0 o (o] 0 0 0 220 39 1,490 75
10,700 o 3,600 44 0 Q (] 0 130 21 290 46
£,450 0 1,270 70 5,750 0 500 24 100 15 420 33
$,100 (o} 7,000 80 20 0 360 1 130 20 800 47
T 4,900 Q 4,300 30 (&} (o] 0 () 110 7 510 39
{luana Rivers
10,350 0 2,250 17 (o} 0 (¢} 0 160 24 520 S3 1
Total South Coastal
Subregion 215,670 0 70,910 876 75,760 0 16,510 294 3,740 601 38,430 1,441
June 1671
!
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Base blan
TABLE 10a
SOUPH COASTAL SUHKEGION OF THE CALIFORNIA REGION
Estimated Costs of Future Flood Control irowram
= 1981 to 2020 =
($1,000)
Study area B Tevees & channels : Flood control reservoirs Non-structural asures
: Federal B Non-Federal : Federal : Non-Federal Federal : Non=Federal
T T W P T 551 7
:Tnstallation: Annual stallation: Annual :Installatiol wal :Installati 7rnual :lnatallation: Annual :lnstallation: Annual
2 costs o OMEE costy T OMMR costs : costs OMR costs : OMMH @ costs
: 1 _costs $ _costs @ : costs : : _costs :
1 3 2 g 3 4 3 5i 6 2 8 g 10 5022 : 12
€,800 ¢ 2,200 25 0 (o} 0 0 180 39 820 s7
Tasir o 11,900 0 3,660 ) 2,070 0 300 7 1,030 181 3,050 298
callegzuas Creex
Seslr 3,500 0 3,200 40 7,500 0 2,500 30 200 32 2,850 75
Maltbu
Strean 1,500 Qe SO0 6 4,230 0 450 16 160 28 370 59
Santa Monica Say
Streams 3,700 0 1,200 15 0 &) 0 0 200 20 10,000 9
9,500 o 3,100 40 Q 0 Q 0 800 167 6,880 €73
,070 0 1,900 32 24,460 o 740 91 710 138 4,580 177
89,500 0 29,280 401 65,900 0 11,310 260 1,260 14,150 real
14,550 o 4,000 S5 6,850 (v} 2,260 24 260 4 540 115
340 0 10 8 1,870 (o) £30 8 500 a9 1,120 174
7,330 0 1,600 76 5,450 0 600 22 350 53 2,830 126 ]
Q 1,200 35 800 0 £,800 25 230 38 1,030 82
0 o 0 Q 1,930 (¢} 860 10 300 S 2,360 11
Bealn 0 Q 1,800 B 0 o o 0 250 44 1,040 92
a Rivers
0 Q 0 Q 0 (e} & Y} 350 60 980 128
Total South Cosstal
Sunregion 165,490 0 53,650 765 121,060 0 453 6,57 52,400 2,740
June 19671
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HYDROLOGIC SUB REGIONS

NORTH COASTAL
SAN FRANCISCO BAY
CENTRAL COASTAL
SOUTH COASTAL
SACRAMENTO BASN
DELTA CENTRAL SIERRA
SAN JOAQUIN BASIN
BAS/

NORTH LAMONTAN
SOUTH LAMONTAN
COLORADO DESERT

LEGEND

I. Existing Projects (in Operation 1965)
(See Table 6 8 7))

»

2 Potential

k.2

Reservoirs with Flood Control

I. Devils Gate 8 Cogswell

2.Big Tujunga No. | 9.Santa Fe

3 Honsen 10. Whittier Narrows
4 Sepulveda |l. Brea

5 Lopez 12.Carbon Canyon
6. Puddingstone 13.Fullerton

7. San Dimgs (4.San Antonio

Other Reservoirs or Lakes

Levee 8 Channel Projects

|.Ventura R 6.Ballong Cr 8 Tribs
2.Stewart Cn

3.Santa Cloro R
4.Calleguas Cr 8 Tribs
5.Kenter Cn

8.San Gobriel R Basin
9 Santo Ana R Bosin

Watershed Projects

|. Beardsley 4. Bueno Vista
2. Calleguas Cr 5. Escondido
3 Revolon

Future Flood Control Program

A (1966-1980), A (Constructed or Funded for Construction
as of FY 1970),B(1981-2000), C (2001-2020).(See Tables 6 87)

Reservoirs with Flood Control

I. Topatopa (C) 4 Prado (A)
2.Cold Springs (C) 5.Salt Cr (B)

3. Caolleguaos (B) 6.San Juan Cr(B)

Levee 8 Channel Projects

|. Ventura R(A,B,C)

2.Santa Clara R(A,B,C)

3. Calleguas Cr (A,B,C)

4 Malibu Cr (B,C)

5.Topanga Cn Cr (B,C)

6. Kenter Cn Cr (A,B)

7 Ballona Cr (8,C)

8 Los Angeles R Basin(A,A;,B,C)
9. San Gabriel R Basin (A,A},B,C)

Watershed Projects

Locations of non-structural floodplain management measures

7 Los Angeles R Basin

10. Orange County Streams

10. Santa Anc R Basin(A,B,C)

I1. Orange County Streams (B,C)
12. Son Morgorito R Bosin (B, C)

13.San Luis Rey R Basin (A,B,C)
14 Son Dieguito R Basin (A,B8,C)
15.San Diego R Basin (A,B)

16 Sweetwater R Bosin (A B, C)

17 Otgy-Tijuana R Bosin (A,C)

15. Prado
16.Sycamore
17 Santiago
18, Villa Park
19 Dixon

I1.Santa Margarito R Basin
12.San Luis Rey R Bosin
13.San Dieguito R Basin
14.Son Diego R Basin

7 De Luz (B)
8 Monserate (B)
9. >aon Dreguito (B)

MAP 3

CALIFORNIA
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SOUTH COASTAL SUBREGION
REGION
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YOROLOGIC SUB REGIONS
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Areas Subject to Flooding

Major Urban Damage Centers

River Forecasting Points
River Staoge (Existing)

l. Escondido
2. San Diego

River Stage (Future)

4, Sonto Ang
5. San Bernardino

I. Ventura
2. Santa Paulo
3. Camarlllo

Reservoir Inflow (Existing)

Lake Henshaw
2. El Caopiton
3. Lower Otay

4. Barrett

Reservoir Inflow (Future)

I. Prado

Existing Reservoir with Flood Control

Other Reservoirs or Lakes

Potential Future Reservoir with Flood Control

MAP 4

SOUTH COASTAL SUBREGION
CALIFORNIA  REGION

FLOOD DAMAGE AREAS AND
RIVER FORECAST SERVICE
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SACRAMENTO BASIN SUBREGION

General

The Sacramento Basin Subregion (SB) is situated in northcentral
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 west, the Cascade Range and
Trinity Mountains on the north, and the northern border of the Delta-
Central Sierra Subregion near the city of Sacramento on the south. (See
Map SB-1.) A portion of the watershed of Pit River, the most northern
tributary 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 i1s about 280 miles long
and 130 miles wide and comprises an area of 26,498 square miles in Califor=
nia and 717 square miles in Oregon.

The climate of the subregion is characterized by hot, dry summers and
mild winters with relatively light precipitation in basin floor areas, and
by warm, dry summers 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 normally range
from winter lows near freezing to summer highs of about 110 degrees. 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 196S.
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 lumber and other forest products are also significant economic activities
in the subregion. In the Sacramento area, military activities, Federal and
State Government agencies and the aerospace industry comprise an important
segment of the economy. 3

The Sacramento Basin Subregion is well 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 all parts of the basin and to adjoin-
ing areas.

The Sacramento River is the principal stream in the subregioan. Its head
waters near Mount Shasta rise to an elevation of 6,000 feet and descend
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through a deep canyon to Shasta Lake where it is joined by the McCloud
and Pit Rivers, 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 e leveed chan-=
nel along an alluvial ridge flanked by overflow basins., An overflow
basin to the west receives flow from severel minor tributaries., Butte
Basin, the overflow basin to the east, receives the flow of several minor
tributaries, natural overflow from Secramento 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 welr into the leveed
Yolo Bypass. Sacramento River 1is jolned by the American River at City
of Sacramento. lLarge flows from American River create backwater as far
upstream as the confluence of Feather River reducing flow in the mein-
stem leveed 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 sbout 85,000 cubic feet per second and hence out of
the Sacramento Basin Subregion into the Delta=Central Sierra Subregion.

Additional information 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 Dam,
Sacramento River=Shaste Dam to Sacremento, Redding Stream Group, Middle
Sacramento River 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, Morrison Creek Stream Group, and ProJject
Bypass in Sacramento Basin. The principal streams in these areas are
shown on Map 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 Merch.
Winter storms account for about 80% of the annual precipitation of this
area.

The subregion experiences two types of flood: 1) those that occur
during the late fall and winter months, primarily as a result of pro-=
longed general rainstorms in the mountain and valley floor areas; and
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Although seriously eroded by extremely high stages caused by runoff
from over 30 inches of precipitation on the basin during the preceding
12 days, the east levee on the Feather River midway between Yuba City
and Sacramento still confined the river at noon on 23 December 1955.
(Corps of Engineers Photos.)

PHOTO SB-1a

b S T d |
> “,'-%.

Ten minutes later, however, the levee was breached and floodwaters

began to flow.

PHOTO SB-Ib




Efforts to provide emergency reinforcement were useless.

PHOTO SB-Ic

After forty minutes, uncontrolled floodwaters poured through the

breached levee to inundate about 25,000 acres of farmland and parts of

two nearby towns. Damages were estimated at almost $7 million.

PHOTO SB-Id




2) those that occur during the spring and early summer months, primarily

as a result of the melting of the winter snowpack in the high areas of

the Sierra Nevada. The most significant type 1s the late fall and winter
flood caused by general rainstorms. A description of the most noteworthy
floods of the late 1800's and early 1900's is included in the regional
section of the appendix. On a subreglonal basis, the flood of December
1955 was the most widespread and destructive since the floods of 1862 and
1867. Thirty-eight persons lost their lives during the December 1955 flood.
Rainfall exceeded 30 inches during a period of 12 days over the headwaters
of the Sacramento, Feather, and American Rivers. The resultant floodflows
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), and flooding occurred within the project
floodways and natural storage basins. Levees on Feather River falled south
of the Marysville=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 SB-I, SB-II and SB-IIl. Agricultural,
public facility, and residential damege comprised nearly 90x of the total
flcod dammge. 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 and the threat of flooding forced the evacu-
ation of about 18,000 people from Marysville and vicinity. A levee failure
downstream of Yuba=City near Nicolaus also caused widespread flooding and
damages. Subregion-wide, about 263,000 acres were inundated principally
by the Feather, Bear, and Sacramento Rivers and flood damages exceeded $65
million. Flood fighting and cleanup costs under the various Federal pro-=
grams exceeded $4 million.

The second most destructive flood in the subregion on & dollar~damsge
basis was the flood of December 1964-January 1965. Photo SB-=1II shows
result of record flow on Thomes Creek. It is significant to note that
damages during 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 on page SR-4 and shown in more detail in
Tables 1 and 2.
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Flood damage 1/ ($1,000)
Flood :Forest & range:Agricultural:Residential:Industrial: Public :Total
season: resources g & : & H & :facilities:
(year): & facilities land :commercial : utility : :

1950-

1951 2,375 1,338 3,983 3,059 g/ 10,755

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

1966~

1967 0 1,780 44 7 58 1,889

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

2/ Total damages = industrial and utility, and public facilities.

Peak flows of maximum floods of record, 100-year floods, and standaird
project floods for selected stations in the subregion are shown on Table 11l.

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 5S0x of the area sub=
Ject to flooding. The measures are located principally along the main
river channels in the Sacramento Valley. Very little of the tributary area
has flood protection works of any kind. Many of the tributary flood plains
are frequently inundated, and sustain a great deal of damage due mainly
to high crop values. In other areas, land i1s not used to its highest
capability for fear of flood damage. With a few exceptions, the degree of
protection provided by existing flood control measures varies from
100=year to standard project flood protection in urban areas, and from
10= to SO=year flood protection in agricultural areas.
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Yuba City, December 1955.

(Corps of Engineers Photo.)

PHOTO SB-I1




Paskenta Bridge destroyed by record Thomes Creeck
1964. (Tehama County Photo.)

floodflows, December

PHOTO SB-III




The Federal=State River Forecast Center Sacramento prepares and dis-
tributes river and flood forecasts. These include: 1) inflow to the
ma jor 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.

Ma jor existing flood control storage proJjects in the subregion are
operated to provide a maximum of 2,008,000 acre=feet of flood control stor=
age during the most critical flood situations. These projects are:

$ : ¢ Flood :
2 s ¢ control : Drainage
Study area : Reservoir : Stream :capacity : area
: : :(ac.~ft.):(sq. miles)
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
(Monticello
Dam) Putah Creek 1/ 566

y 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.

R B R R R T IEIRErIT=——

E—— . — — : ‘




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,
Ma jor reservoirs of this type are:

flood control benefits.

Reservolr :

Stream

Constructing agency

Whiskeytown
Bowman

Camp Far West
Clear Lake Improvement
Jackson Meadows

L. L. Anderson

Lake Almanor

Lake Spaulding

ILittle Grass Valley

Loon Lake

Lower Hell Hole 1/
Rollins

Sly Creek

Union Valley

Virginia Ranch

Clear & Spring Creeks

- Canyon Creek

Bear River

Cache Creek

Middle Yuba River
Middle Fork American R,
N. Fork Feather River
S. Fork Yuba River

S. Fork Feather River

Gerle Creek
Rubicon River
Bear River
Lost Creek
Silver Creek

Dry Creek

Bureau of Reclamation
Nevada Irrigation Dist.
South Sutter Water Dist.
Clear Lake Water Co.
Nevada Irrigation Dist.
Placer Co. Water Agency
Pacific Gas & Electric Co.
Pacific Gas & Electric Co.
Oroville Wyandotte
Irrigation Dist.
Sacramento Municipal
Utility Dist.
Placer Co. Water Agency
Nevada Irrigation Dist.
Oroville Wyandotte
Irrigation Dist.
Sacramento Municipal
Utility Dist.
Browns Valley Irrigation
Dist.

1/ Partly completed 1965.

An extensively developed system of 851 miles of flood control levees,
channels, and bypasses is another element in the overall flood control

program of the subregion.

Most of this integrated, continuous, system

1s part of the Sacramento River Flood Control Project 1/, 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 Table 7.

1/ As supplemented and extended by the Sacramento River and Major and Minor
Tributaries Project and the Sacramento River Bank Prqtection 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 1is
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 Summary of this appendix. Flood plain information reports
on streams in northeastern Sacramento County; the Morrison Creek Stream
Group; Snodgrass Slough 2/; 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=
ating the flood hazards associated with individual site locations.

In the Sacramento Basin Subregion, the accomplishments of the existing
flood control improvements (and other measures that provide incidental
flood control benefits) have been substantial, They have functioned
effectively to reduce floodflows and flood damage. The flood control sys=
tem existing in 1965 would have prevented $75 million in flood damaeges
during the 1950 flood; $160 million in flood damages during the 1955 flood;
and prevented $274 million in dameges during the 1964-1965 flood. It is
estimated that, on the average, existing measures prevent flood dameges
in excess of $25 million annually. Additional details are included in
Table 2.

Although the existing flood control measures have functioned effec-
tively, flood problems still exist in some areas. (See tabulation, Page
SB=8.) The problems 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 streambank erosion, of which 740 miles
are considered 'serious'. Such damages, resulting primarily from high
velocity flows, average in excess of $150,000 annually, Average land loss
from channel banks sloughing amounts to about 250 acres annually, mostly
in rural areas. The Sacramento River Bank Protection Project is directed
towards restoring eroded banks and levees and prevention of further erosion.
Sheet erosion is a problem on delta fans approaching the valley floor.
This type of erosion is generated by high flow rates on unconfined stream=
beds and is particularly destructive to uncropped agricultural lands. (See
Tables 1, 3 and 4 for flood damage categories, some of which index the
magnitude of the erosion problem).

2/ The study areas for the Morrison Creek Stream Group and Snodgrass
Slough reports overlap into the Delta=Central Subregion.

SB=7
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The aforementioned flood problems result in the following average annual
damages.

Estimated average

Study area annual damages ($1,000) 1/
Sacramento River Basin above Shasta Dam 1,593 2/
Sacramento River=Shasta Dam to Sacramento 716
Redding 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 River Basin 3,117
Yuba River Basin 706
Bear River Basin 1,529
Coon Creek Stream Group 233
American River Basin 1,79
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

1/ Based on 1965 prices, economic conditions, and project conditions.
2/ 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 damege 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 damages in the subregion (based on 1965 prices and
conditions) amount 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 1,089,000 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 damages are estimated to increase
as follows 1f additional flood control measures are not provided:

SB=8




Projected Average Annual Flood Dameges ($Million)

State by 1980 by 2000 by 2020
California 20.2 37.0 82.0
Oregon 0.7 1 2.3
Subregion Total 20,9 38.2 84.3

Estimated damage data for existing and future conditions are contained in
Table S and 9a.

Measures 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-coordinsted system of forecasting. Updated
forecast procedures as well as additional development of procedures to
accommodate 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 Measures ($1,000)

State 1966-1980 1981 =2000 2001 =2020
California 1,389 1,129 1,089
Oregon 1 18 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.

g s Flood :
Study area/ : $ : control : Drainage
time frame : Reservolir s Stream : capacity : aresa
in which needed : : ¢ (ac.=ft.):(sq. miles)
Sacramento River Basin
above Shasta Dam 1/
1966-1980 Detention
Structures (6) (Various) 14,000 1/ 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 2/ 180
SB-9
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Study area/ : : control : Drainage
time frame ¢ Reservoir Stream ¢ capacity : area
in which needed : : (ac.=ft.):(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
1981=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 9l
2001 -2020 Oak, Clover Cow & Bear Creeks 32,000 82
2001 -2020 Detention
Structures (2) (various) 5,000 13
Middle Sacramento River
Tributaries-Eastside
1981 -2000 Belle-Mill Antelope Creek 39,000 153
1981 -2000 Crown Mill-Deer Creek 20,000 62
1981 =2000 Sycamore Big Chico Creek 30,000 70
13881 -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 S
2001 =2020 Schoenfield Red Bank Creek 12,000 47
2001 -2020 Detention
Structures (2) (various) 11,000 37
Stony Creek Basin
2001 =2020 Detention
Structures (6) (various) 8,000 72
Colusa Basin and
Tributary Streams
1981 -2000 Detention
Structures (21) (Various) 39,000 246
2001 -2020 Detention
Structure (No Name) 2,000 37
SB-10




Study area/ 3
time frame : Reservoir
in which needed :

Stream

: (ac.~ft.):(sq. miles)

Flood

control : Drainage

capacity :

aresa

Butte Basin and
Tributary Streams
1981 =2000
1981 -2000

Covered Bridge
Detention
Structures (4)

Feather River Basin

1966-1980 Oroville §/ §/

1966=1980 Detention
Structure

1981 -2000 Detention
Structures (6)

2001 -2020 Detention

Structures (11)

Yuba River Basin

1966=1980 Marysville
1966=1980
Bear River Basin
1981 -2000 Garden Bar
1981-2000 Detention
Structures (3)
2001 -2020 Spenceville

Coon Creek Stream Group
1966-1980 Detention
Structures (3)

American River Basin
1966-1980 4/ Auburn

Cache Creek Basin

1966=1980 Detention
Structure
1966=1980 Lakeport
1981-2000 Indian Valley
1981 -2000 Wilson Valley
(Blue Ridge)
1981-2000 Detention
Structures (8)
2001 =2020 Kelseyville

Butte Creek

(various)

Feather River
(No Name)
(various)

(various)

Yuba River

New Bullards BarS5/Yuba River

Bear River

(Various)
Dry Creek

(Various)

American River

(No Name)
Scotts Creek
Cache Creek

Cache Creek

(various)
Cache Creek

SB-11

30,000

17,000

595,000
5,000
21,000
23,000
260,000
170,000
125,000

7,000
25,000

11,000

250,000

2,000
24,000
40,000

65,000

6,000
5,000

148

55

3,611

120

148

1,324
487

286

89
57

167

982

11
53
121

801

36




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 Lagunn
Creeks 9,000 37
Total 2,961,000
1/ Includes 7,000 ac~ft in State of Oregon.
2/ State of Oregon.
3/ Oroville Reservoir partially completed 1965 (155,000 ac=ft). Total
f£lood control capacity 750,000 ac=ft.
5/ Under construction or funded for construction as of FY 1970.
§/ Completed.

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

(csts for additional flood control capacity are estimated as follows:

Costs of Additional Reservoirs ($Million)

State 1966=1980 1981-2000 2001 -2020
California 187.7 203.4 21.7
Oregon 2.1 0.0 3.3
Subregion Total 189.8 203.4 25.0

In addition, preliminary studies indicate that levee and channel work
is desirable in the following areas of the subregion:
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Study area Levees H Channels
(Bank Miles) : (Miles)
i
Sacramento River Basin above
Shasta Dam
1966=1980 al 3
1981 -2000C 0 44
2001 =2020 25 25
Sacramento River-Shasta Dam
to Sacramento
1966=-1980 0 3
2001 =2020 48 0
Redding Stream Group
1966=1980 2 17
1981 =2000 0 1
Middle Sacramento River
Tributaries-Eastside
1966=1980 0 )
1981 -2000 15 S
2001 =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
1981 =2000 1 33
2001 =2020 48 0
Feather River Basin
1966=1980 3ia 7
2001 -2020 15 9
Bear River Basin
2001 -2020 3 4
Coon Creek Stream Group
2001 -2020 15 S
SB=13
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Study area : Levees 2 Channels
: (Bank Miles) : (Miles)
Cache Creek Basin
1966=1980 0 36
1981 =2000 0 4
Putah Creek Basin
1966-1980 0 10
Morrison Creek Stream Group
1966=1980 60 92
Total 313 332

The approximate location of levees and channel work is indicated on Map
3 and additional details are included in Table 7. The estimated costs
for required levee and channel work are $40.5 million for the 1966-1980
period, $11.5 million for the 1981-2000 period, and $27.9 million for
the 2001-2020 period.

The structural measures which have been included in the preceding
paragraphs will be complemented by non=structural land treatment measures.
Within this subregion conditions span the full spectrum of soils, climate
and geology. Consequently, most of the land treatment practices listed
in the Regional Summary of this 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) (0)

Thousand dollars 2,150 4,170 2,590
California (2,150) (3,370) (2,590)
Oregon (0) (800) (0)

Flood plain zoning, flood proofing and other non=structural flood plain
management measures will become a greater part of community 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 problems include Alturas, Anderson, Dunsmuir, Redding, Davis, Dixon,
Willows, Red Bluff, Saeramento, Roseville, Folsom, Lincoln, Gridley, Quincy,
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and Grass Valley. Many commnities 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 communities named above will be completed before the year 2000.
Comprehensive flood damage prevention planning and implementation of flood
plein mansgement measures would follow in each flood problem area identified.

Damage reduction attributable to non=structural flood plain measures

1s 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 menagement measures. Estimated costs for future flood plain
management measures are as follows:

Cost of Flood Plain Management Measures ($Million)

State 1966=1980 1981 =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 Damege Reduction ($Million)

State by 1980 by 2000 by 2020
California 8.3 25.9 68.1
Oregon 0.4 Q.7 £S5
Subregion Total 8.7 26.6 69.6

The total installation cost is estimated at about $238.3 million for the
period 1966-1980, $226.8 million for 1981-2000, and $79.4 million for
2001-2020. Estimated annual OMXR costs for the 1966-1980, 1981-2000 and
2001-2020 portions of the flood control program are $1.83 million, $2.78
million ard $2.65 million. (See Tables 10, 10a and 10b). The effect of
the potential flood control program on future damages is in Table 8 and
shown graphically on Figure SB-1, and its effect on flood flows is shown
in Table 11.
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base Plan
TABLE |
SACRAMENTO BASIN SUBREGION OF TH® CALIFORNIA REGION
Historical Flood Data
Study area T Flood : Location/ ¢ Area ¢ Flood damages 1/ - (§1,0007
3 flow iinundated: Forest : Forest ¢ Crop : Other : land :Residential:Industrial: Putlic : Total
: (cts) : (1,000 : & range : & range & : agricul- : g & : & acilitie
: : acres) ‘resources:facilities: pasture : tural : commerc putilfey :
1 & o 3 3 3 4 £ S 3 6 2 7 A 2] SN, 2 10 g i1 8 12 : 25
= to River Basin
above Shasta Dam Dec55 Shasta Inflow 20 Wl 1,269 13 66 62 31 83 i6s 1,701
193, 000
(Outflow 46,800)
Decé4 Shasta Inflow sS4 30 1,312 43 227 212 232 2, 00¢ 1,200 5,317
187,000
(Outflow 54,500
Jacranento River Shasta
Daz to Sacrament Fab40 Ord Ferry 44 C 0 223 207 191 270 16 20 1,590
370,000
DecS5 Ord Ferry 41 0 0 199 193 176 14 48 576 1,20€
170, 000
FabS6 Ord Ferry 32 o 0 S16 S02 457 102 4F 888 2,511
240,
Dec64 Ord Ferry 44 o 0 556 449 351 536 37 1,485 3,416
186,000
3edding Stream Group DecS5 Cottonwood Cr. 6.0 1 SO 19 L} 76 S 17 117 366
nr. Cottonwood
49,000
Uecé4 Cottonwood Cr. 5.9 ) & 53 44 185 i67 82 32 1,068 1,632
ar. Cottenwood
60, 500
Middle Sacrament, River
Tridbutaries-“astside Jan65 Big Chico Creek 1.8 0 20 6C 12 17 42 e? 754 927
ar. Chico
9,500
Middle Sacramento River
Tridutaries-Weatside Jec64 Thomes Creek 9.8 0 341 21 260 368 56 455 1,098 2,808
at Paskenta
37,800
Stony Creek Hastn Feb40 Unknown 20.9 o 48 B B3 63 k] o 9 20C
FebS8 Black Butte site 18,0 0 298 s 108 0 il 21 i73 37
36,300
Dect4 Black Butte 3 (o) 472 6 44 44 o 3 542 i,1i4
Inflow 47,000
(Outflow 19, 30X
Colusa Basin and
Tributary Streams FabS58 Willow Creek 80.0 0 0 754 201 50 0 o 212 1,217
14, 00¢
Butte BSasin and
Tritutary Streams Mar©7 Butte Creek nr. No damage data available
Chico 27,000
Fat58 Butte Creek nr. 111.0 0 0 544 449 268 0 7 1X 1,498
Chico 9, 10
Dect4 “utte Creek nr. 100.4 0 0 331 273 223 6 61 i67 1,061
Chico 21,200
Faather “iver Pasin DecS5 At Oroville 100.2 32 2,199 20,903 42 2i 13,903 3,850 12,546 53,796
' 203,000
Dec64 Oroville, Inflow 27.1 15 2,227 2,537 S0 26 18i 398 Z,641 6,016
250, 000
(Outflow i58,000)
\Yugg River Basin Nov-Dec Engletiright 43.4 o 579 213 167 127 1,989 108 1,474 4,614
0 Inflow 107,000
(Outflow 107,000)
DecSS  Znglebright 4.4 0 978 162 127 97 153 392 2,188 4,098
Inflow 159,000
(Outflow 153,000)
Jan-Feb Englebright 4.4 o} 978 74 58 44 340 9% 1,044 3,431
63 Inflow 150,000
(Outflow 150,000)
June 1972
!
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Base Plan
TABLE 1
SACRAMENTO BASIN SUBRYGION OF THE CALIFORNIA REGION (CONT'D)
Historical Flood Data
Study area : Flood : Location/ : Area : Flood damages 1/ - [§1,000)
3 3 flow :inundated: Forest : Forest : Crop : Other : land :Residential:Industrial: Public : Total
(cfs) : (1,000 : & range : & range & ¢ agricul- : % & g & :facilities:
: 3 : acres) :resources:facilities: pasture : tural icommercial : utility : H
1 & 2 2 5. 3 4 B S 3 [ g % 3 8 2 9 3 10 g 1y 2 12 2 15
{ata River Fastn
Cont'd Dec64 Englebrignt 4.7 Q 1,132 106 B4 64 a2 104 2,065 3,637
Inflow 176,000
(Outfrlow 171,000
SBear River Hasin DecS5 Near Wheatland 12.5 0 0 2% 350 542 47 335 4654 1,977
33,000
:reek Stream
Octf2 At Hwy 99% 17.2 0 ¢ 198 22 19 2 4 5 280
7,500
Jan67 Unknown T 0 0 37 (o] 0 o 0 10 47
Americar River Basin Nov60 At Folsom 2.1 0 1,796 35C 150 12 1,621 188 1,184 S, 301
210,000
Dec64 Folsam Inflow 3.8 9 2,395 13 0 0 o47 42 1,837 4,921
280,000
(Outflow 115,000)
Cache Creex Basin Feb4l Near Capay No damage breakdown awailable
52, 00¢
FebS8 Near Capay 217.2 0 226 450 30 47 834 1L 457 2,055
51,600
Dech4 Near Capey 16.2 0 99 450 30 40 2 122 803 1,546
32,900
Putan Creek HSasin Feb40 Monticello No damege breakdiown available
Damsite 51,000
Feb63 Monticello Dam 0.4 0 0 4 5 2 1 54 76
/6, 000
Morrison Cre=k Stream
Jroup D Morr {son Creek 8.3 (&) 0 Lo 4 8 2 ( 89 213
ar. Sacramento
1,300
FebS8 Morrison Creek 10.6 0 0 150 10 19 10 0 15 204
nr. Sacramento
1,200
Oct62 Morrison Creek 8.0 o) 0 1% S 11 1 161
nr. Sacramento
1,300
MarC7 Yolo at Lisbon No damage data awatlable
428, (0
DecSS Yolo at Lisbon B83.7 ) 308 ) 0 (o} 0 87 1,088
310,000
Decf4 Yolo at Lishon 92.4 0 o 1,253 0 0 0 17 2,129 3,399
370, 00X
i Mata basel on prices and project and economic conditions at time of occurrence of flood.
June 1971
!
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Base Plan
TABLE 2
SACRAMENTO BASIN SUBRGION OF THE CALIFORNIA R%GION
Flood Damage 1/
Study area t Flood : Location/ : Total damages - ($1,000]
4 : flow : At time of flood 2/ B 1965 economic conditions & prices %/
3 (cfs) ¢ Actual : Damage without : Damage prevented : Damage with : Damage without : prevented
g 3 : damage : flood control : by flood control : 1965 project : flood control by 1965 profects
2 : H 3 projects : projects 4/ : conditions :  projects S/
by O 3 $ 4 : S 2 6 $ 7 : 8 : 9
Sacrament> River Basin
above Shasta Dam Dec64 Shasta Inflow 5,317 5,317 0 s, 317 S5, 317 0
187,000
(Outflow 54,500)
Jacranento River-Shasta
Dam to Sacramento Dec64 Ord Ferry 3,416 81,491 78,075 3,416 81,491 78,075 6/
186,000
Seddtng Stream Group Decé4 Cottonwood Creek 1,632 1,632 0 1,632 1,632 0
nr. Cottonwood
60,000
Miidle Sacramento River
Tributaries Fastside Jan6S Big Chico Creek 927 2,588 1,661 927 2,588 1,661
nr. Chico
3,500
Middle Sacramento River
Tributarfes-Westside Dec64 Thomes Creek 2,809 4,270 1,461 2,809 4,270 1,461
nr. Paskenta
37,800
Stony Creek Saain Decf4 Black Butte 1,114 1,673 559 1,14 1,673 559
Inflow 47,000
(Outflow 19,300)
Colusa Basin and
Tritutary Streacs FabS8 Willow Creek 1,217 1,217 0 1,294 1,294 0
14,000
Butte Hasin and
Tributary Streams Decf4 Butte Creek 1,061 5,916 4,855 1,061 5,916 4,875
nr. Chico
21,200
Feather River Hasin Dec64 Oroville Inflow 8,078 71,474 63, 398 8,076 71,474 63,398
250, 000
(Outflow 1s8,000)
Yuba River Hasin Decf4 Engledright 3,637 3,637 (o] 3,637 3,637 (o
Inflow 176,000
(Outflow 171,000)
Sear River Basin Nec55 Near Wheatland 1,977 4,756 2,779 2,788 6,706 x,918
33,00
Coon Creek Stream
Jroup et62 At Hwy 99% 280 280 0 324 324 0
7,500
American River Ras'n Decf4 At Folsom 4,921 51,049 46,928 4,921 51,849 46,928
280, 000
(Outflow 115,000)
Cache Creek Hasin FabS8 Near Capay 2,088 2,401 246 2,192 2,604 412
51,600
Putah Creex Bas!n Fab63 Monticello Inflow 78 1,125 1,049 B2 1,216 1,134 ‘
86, 00 1
(Outflow 10) 3
|
Morrison Creek Stream :
Jroup Octh2 Morrison Creek 161 161 (o} 180 180 0 :
nr. Sacramento ]
1,300
I
oJlect Bypasa in
acramento Bas'n Dec64 Yolo at Lisbon 3,399 3,399 0 3,399 3,399 0
370, 000
’
|
L Maximum flood for which data are aaileble,
2 ata based on prices and project and economic conditions at time of occurrence of flood.
2/ Data basel on recurrence of original flood.
4/ Column 6 = colum S - eolumn 4,
2/ Column 9 = column A . column 7,
6/ Includea $40, 700 000 flood dammges pravented by Shasta Dam, 4
June 1971 ]




Base Plan
TABLE 3
SACRAMENTO RASIN SUBREGTON OF THE CALIFORNIA REGION
fstimted Flood Damaze for
the 100-Year Frequency Flood L/
for Selected Streams
Study area Area 3 Flood damage 27 - [$1,007]
atreamn inundated : Forest 0 Forest ;| Crop : Other - land : Regtidential : Industrial Public : Total
(1,000 1 & range : : agricul- : H & : & : facilities :
acres) : resources : i _tural : commercial : utilities : :
1 2 3 2 4 B [3 7 % ] s 9 s 1 is
Sacramentc River Hasin
above Shacta Dam
Sacramento River 113.9 = 1,71s 1,33¢ 1,312 549 966 661 651 7,189
Sacramento River-Shasta
Dam to Sacramento
Sacramento River 23.¢6 1,217 699 524 442 114 1,801 4,797
Redding Stream Sroup
Cottonwood Creek 15.4 3 16 68 501 274 622 56 1,564 3,548
Middle Sacramento River
Tributaries-Sastside
Antelope “res: 13.3 46 1, 16¢ 2% 2 51 178 a2 2,603
14.3 4 48 4% 182 525 259 f4E 1,307 3,908
.8 1,026 1 64 116 5 341 1,603
0 axa 622 713 1,791 £18 849 5,452
128.9 1,027 A49 (5.1 217 27 362 3,120
157.8 4 2,784 17,800 3,001 2,149 14,882 s, 225 16,925 62,815
Yuha Riv as
Yuta River 24.0 1,287 s 36 €17 4,181 1,42 2,616 10,851
jear River fasin
Bear River 86. 2,340 3, 600 , 760 540 1, 26 4,50 18,000
0n Cresk Strear Sroupd
Toon Creek 2s. 1,066 7 25 1,166
\merican River Pasin
American River 4.4 ) 2,994 44 107 15 469 74¢ 3, 640 8,015
lache Crees Hasin
Cache Creek 4.1 365 693 123 32 3,111 35 818 S, 177
Putah Creek Hasin
Putah Creek 3.5 0 531 38 4 194 0 143 974
Morrison Creek St m Gro
Morrison Creex 8. o €5 16 4l 2n€ 49 358 815
0 ) 0 17 2,330 3, 600
June 1971
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Base I'lan
TALLE 4
SACRAMENTO BASIN SUBREGION OF THE CALIFGRNIA REGION
Estimted Average Annual Flood Damage
Study area 3 Flood damage 17 = T3 000]
(principal stream) : Forest ¢ Forest B Crop Other : Land i Residential : Industrial : Fublic T Study erca
i & range & range H & 1 egriculs : 4 & 3 & : facilities : totals
: resources : facilities : pasture : tural : : _compercial : utilities : :
8 : 3 : 4 : S : =0 : 7 : 8 : 8 : 10
Sasin
& 2 343 341 378 180 158 B89 10 1,593
(Sacrament. River)
River = Shasts
) Qo o 140 63 46 56 38 373 ne
)} 3¢ 11 S8 62 S0 g 323 626
o 9 140 40 10 1 9 46 2n
(Antelope Creek
Midile Sacramento River
Tridutaries - Westside 1 70 36 37 51 12 61 121 38¢
(T 2es Creek)
o 205 Neg. 1 18 1 2 66 303
(V] 0 190 138 206 61 24 55 674
n_and
treamns v} o 31 241 136 28 4 NE 841
Sasin
‘eatner River Hasin 8 567 795 245 130 525 208 649 3,117
ather River
Yuba River basin Q0 as7 13 18 37 108 86 le? 706
Yuba River
| Bear River Basin ¢ ¢ 199 306 489 46 107 382 1,529
| (Bear River
Coon Creek Stream Group 0 o a3 0 0 15 C s 233
| (Coon Creek)
Aperican River Basin (4 599 9 119 3 3%0 232 S02 1,794
(American River
eek basin 0 3 106 13 S 233 4 114 550
Creek)
Futan Creek Basin Q Q e S it 22 4 14 134
(Futah Creek)
Morrison Creek Stream Group (o} (4] 10 3 4 44 8 56 125
| (Morrison Creek)
| |
| rrofject Bypess in |
Sacramento Sasin (o} 0o 1 0 [¢] o 1 2 4
Sutter Lypass) — p——y
| lotal Sacramento Basin
i Subreglon 12 2,145 2,605 1,722 1,364 1,741 886 3,11 13,608
| |
| 1/ Damages vased on July 15965 prices, economic conditions, and project conditions. {
June 1871
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TABLE S

and Future Conditfons of Economic Development
with Existing Flood Control Measures

SACRAMENTO BASIN SUBREGION OF TH% CALIFORNIA RZGION

Summary of ©stimated Average Annual Flood Damege for Present

fase Plan

Study area s Ave amual flood e 1/ - ($1,000]
(principal stream) 2 1965 economic 1980 economic t 2000 economic 2020 economic
conditions 2/ conditions z conditions conditions
1 2 2 3 : 4 S
Sacramento River Bas!n above Shasta Dam
Sacramento River 1,593 2,331 3,669 6,688
Sacr nto River-Shasta 1o _Sacramento
(Sacramento Rfver] 716 1,127 2,444 6,328
Reddirg Stream }roug
Cottonwood Creek 626 1,003 2,129 5,214
Middle Sacrament- River Tributaries-Fastside
Antelope Creek 271 399 690 1,373
Miitle Sacramenty River Tributaries-Westside
Thomes Creek 389 806 1,153 2,785
Stony Creek Basin
{Stony Creek 303 358 491 813
Colusa fasin and Tridbutary Streams
Willow Creek! 674 967 1,498 2,442
Sutte Sasin and Tributary Streams
Butte Basin 841 1,352 2,042 3,578
Feather River Sasin
Feather River 3,117 4,725 R,ETS 20,178
Yuba River Basin
(Yuba River 706 1,002 1,791 4,202
Sear River Sasin
Bear River 1,529 2,285 3,998 8,175
“20n Creek Stream Group
Coon Creek 233 408 S$31 ase
American River Jasin
American River 1,794 2,782 5,359 12,343
Cache Creek Sasin
Cache Creak 550 1,117 2,756 7,088
Putah Creek Sasin
e =L 32t
Putanh Creek 134 228 449 984
Mo;:&ggn Cresk Stream Croup
Morrison Creek 125 218 469 1,051
&;‘gct 3ypass in Sacremento Pasin
Sutter Bypass 4 6 14 30
Total Sacramento Basin Subregion 13, 605 20,914 38, 158 84,318
L/ Damages based on July 1965 prices and project conditions, and estimated econamic conditions for the year shown.
2/ Figures in eolumn 2 are from column 10 of Table 4.
June 1971
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TABLE 6
SACRAMENTO SASIN SUBKEGION OF THE CALIFORNIA REG ION
Summary of Flood Control Capacity for Existing
and Future Reservoirs
Study area 3 Flood control cejacity 1/ = (1,000 ac=ft)
H Ex{sting T irojects 1966-1980 @ frojects 1961-2000 : frojects 2001-2020 ¢  Total jro ects
i prodects (1965) 2/ & 2l g 2/ F as of 2020

1 : & : 3 : 4 : S : [

>acranento River Sasin above
(o} 14 A 7 94

Sacramento River = Shasta Dax
T3 Sacramnto 1,300 0 0 0 1,300
Reddins Stream Srouj (o] S00 324 37 861

Midile Secrame:to River
Tritutaries < Eastside V] o 127 o 127
ile Sacrame:nto Kiver

utaries = Westside (¥ 80 26 23 12s
Stony Creex basin 150 C o 8 158
—osuse busin and Triiutary Streams o] o 39 2 41
sutte Sesto and Trivutary Streams (4] (o} 47 0 47
Featier River tasin 155 600 2 23 799
Yuba River basin © 430 (o} 0 430
Sear Hiver Basin 0 0 1352 25 157
Coon Creek Stream Sroup o b 10 § 0 C i1
American River Basin “00 @50 (o} 0 650
Cacne Creek basin 3 26 11 S 145
rutah Creex Basin (o] e 9 (o] 1
Morrison Creex Stream Group Qo 9 (¢} o g
Total Sacramento casin Subregion 2,008 1,922 909 130 L, w9y

Maximum flood control capacity. Does not include surcharge storage.
Includes only reservoirs controlling the 100-year flood, or better, at the damsite above urban areas and reservoirs controlling at least the
10=year floo! at the damsite where only rural areas are to be jrotected.

L

June 1871
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Base Plar
TABLE 7
SACRAMENTO BASIN SUBREGION OF TH¥ CALIFORNIA REGION
Summary of Levee and Channel Flood Protection Projects
- “x1sting and Future -
Stuly area Levee and channel projects
3 Existing Projects 1966-1980 b Projects 1981-2000 % Projects 2001-2020 t Total prolects
: projects (1965) 1 : 1 $ 1/ : as of 2020
: levees levees : Channels : Levees : Channels : Lewees Channels : levees : Channels
: (miles) (miles) : (miles) : (miles) : (miles) : (miles) (miles) : (mtles) : (miles)
3 : 2 4 g S B € 2 it : a 9 : 10 R 11
Sacramento River Basin
above Shasta Nam 1 3 0 44 25 25 26 12
Sacramento River
Dar to Sacrament 233 2 ) 3 0 45 281 3
2 17 ) 1 0 2 15
e Sacramento River
T tarfes-“astsiie 31 ) S 15 s 28 0 74 1
4iddle Sacramento River
butarisg.Westside a C 12 10 0 0 P pU
“olusa Basin and
Iributary Streams 36 29 15 0o 4 65 19
Butte Basin and
Tridutary Streams 86 C 1 33 40 0 135 33
Featier River RHasin 100 1 7 0 0 15 9 126 1€
Yuba River Hasin 13 (o] 0 13 0
3 River Basin 54 0 (o] C 3 4 s7 4
Zoon Creek Stream Group 37 0 15 S 52 5
American River Basin 4 0 o) (o} 0 0 0 4 (o]
ek Basin 73 o 36 0 4 9) 0 73 45
Putah Creex Basin 31 X (6] 0 0 3 10
80n Creek Stream
6 92 0 0 o 0 60 g2
110 0 0 o 0 (o o) 110 0
Total Sacramento Basin
Subregion 846 74 173 57 112 182 47 1,158 337

e

Inclules only pro'ecta giving 100-year flood protection, or better, to urban areas and at least 10-year flood protection to agricultural areas.
Projects include associated channel work in Secramento Basin.

June 1971




TABLE 8
SACRAMENTO BASIN SUBREGION OF THY CALIFORNIA REGION

“stimated Average Anmual Flood Damage and Damage Reduction
- Present and Future Economic Conditions -

Study area T Totsl damages - 1965 prices ($1,000)
(principal stream): 1965 economic : 1380 economic conditions : 2000 economic conditions : 2020 economic conditions

: & project W/1365  : Reduction in : Residual :W/1966-13980 : Reduction in : Resjdual :W/1 s uction {n : Resi

2 conditions : protect : damages due damsge :©  program : dammges due : damage @ program : dameges due : damage
: Y/ : conditions @ to 1966-1980 % 2 w/ 2 ! to 2001-2020 : v/

: 2/ :flood control

A - $ 3/

1 B 2 B S : 4

Sacramento River Basin
above Shasta Dam
Sacramento River) 1,593 2,331 654 1,677 2,538 530 2,008 3,604 677 2,927

Sacramento River.
Shasta Dam to
Sacramento
Sacramento River) 716 1,127 234 833 1,885 85 1,500 4,084 3,109 975

Redd{ng Stream Oro
TCot tonwood Creeki 626 1,003 378 625 1,406 785 621 1,444 332 1,112

Middle Sacramento
River Tributaries-
Sastside
(Antelope Creek) 271 399 55 344 609 503 106 224 (o} 224

Middle Sacramento
River Tributaries.
Westside
{Thomes Creek a9 606 491 115 219 80 139 334 90 244

Stony Creek Basin
Stony Creek 303 358 1 357 488 (¢ 488 808 258 550

|

“olusa Basin and
Tributary Streams
Willow Creek 674 987 203 764 1,138 340 798 1,174 102 1,072

841 1,352 270 1,082 1,634 €15 1,019 2,265 997 1,268

Feather River Basin
“Treathér River) 4
Feather River 3,117 4,725 3,743 982 1,511 205 1,306 2,567 1,219 1,348

Yuba River Rasin
Yuba River 706 1,002 530 472 573 0 573 792 0 792

Bear River Basin
==8r L At
Bear River) 1,529 2,285 2 2,283 3,992 3,591 401 881 224 657

Coon_Creek Stream
Srou!
Coon Creek) 233 408 290 118 14 136 48 77

o

77

American River Baain
e =
American River 1,794 2,782 1, 105 1,677 2,437 198 2,239 3,680 1,048 2,632

Cache Creek Basin
Cache Cresk 550 1,117 290 827 2,043 1,845 198 523 65 458

Putanh Cresk Basgin
Putah Creek 134 228 172 s6 138 47 91 300 126 174

Morrison Creek

Stream Group
(Morrieon Creek) 125 218 190 e 60 o 60 134 0 1%

Project Bvpass {n
Sacramento fasin

Sutter Bypasa) 4 [ o b 14 0 14 30 o) )
— — — —_— —— —_— —
Total Secramento
Rasin Sutregion 13, 805 20,914 8,668 12,046 20,869 9,060 11,609 22,921 8,247 14,674

Fizures shown in column 2 are from column 10 of Table 4 and are alao shown in column 2 of Teble 5,
Flaures {n column 3 are from column 3 of Table 5,

Includes structural and non-structural measures.

Column S = eolumn 3 - column 4.

Column & = column 6 - column 7.

Column 11 = column 9 - column 10,

G o A

June 1871




TABL? §
SACRAMENTO BASIN SUBREGION OF THE CALIFORNIA REGION

Estimated Average Annisl Flood Damage for Urban
Areas with Significant Flood Problems

Base Plan

Study area/
strean

Damge 2 Average annual flood damages ($1,0007 17

center : Residentinl ¢ Commercial :

Industrial
& utilities

Public

Total

1

3 g 4 ¢

S

facilities
6

Sacramento River Basin above
Shasta Dam
TPit River

Sacramento River

Redding Stream Sroup
Sacramento River and Redding

Area Streams

Middle Sacramento River
Tritutaries-Sastside
Big Chico Creek

Stony Creek Basin
Stony Creek

Colusa Hasin and Tributary
Streams
Willow Creek

Butte Bastn and Tributary

Streams
Big Chico Creek

Feather River Basin
Feather River
Feather River
Feather River
Feuther River

Yuba River

Bear River Dasin
Wolf Creek

American River Basin
American River
American & Sacramento Rivers
Dry Creek

Cache Creek Basin
Cache Creek

Putan Creek Basin
Putah Creek
Dickaon Creek

Morrison Creek Stream Group
Morrison Creek

Total Sacramento Basin Subregion

Alturas 33 13
Dunsmu {r 6 0

Anderson 0 0
Redding 20 S0

Chico 1 1

Orland o o
Willows 41 1

Chico 8 4

Gridley 1
Quincy 1
Oroville 62 37
Marysville 19

Marysville 40 15
Grass Valley

Folsom ) 1
Sacramento 248 74
Roseville 1 2

Woodland 3 1

Davis 2 1
Dixon 1 1

Sacramento 38 3

I

n

86
16

34

S0
21

16
95

92

S1

108

910
14

/ Damages are based on July 1965 prices, aconomic cond{tions, and project conditions.

June 1871



Base Plan
TABLE 9a
SACRAMZNTO BASIN SUBRZGION OF TH® CALIFORNIA REGION
Summary of ©stimated Average Annual Flood Damage for Urban Areas with Significant Flood Problema
- Present and Future Conditions of Zconomic Development
with Existing Flood Control Measures -
Study area/ £ Damage : Average ernual flood damages 17 - T¥1.000T
stream B center : 1965 economic : 1980 economic B 2000 economic s 2020 economic
: ¢ conditions 2/ : conditions g conditions 3 conditions
1 : 2 B 3 B 4 $ S : [3
Sacramento River above
Shasta Dam
Pit River Alturas SO 109 24C 573
Sacramento River Dunsmuir 21 39 86 e21
Redding Stream Group ’
Sacramento River & Redding
Area Streams Anderson 1€ 26 €1 1S€
- Redding o5 163 429 1,097
Middle Sacramento River
Iributaries_Tastside
Big Chico Creek 4 7 17 S1
tony C astn
Stony Creak Orland 2 3 7 1€
Colusa Hastin and 1
Tributary Streams ]
Willow & Walker Creeks Willows g2 149 291 714 ‘
Butte Basin and 1
Tritutary Streams g
Little Chico Creek Chico 20 37 A8 257 3
v
Feather River Basin '
Feather River Gridley 5 9 21 61 1
Feather River Quincy 11 18 42 127 l
Feather River Oroville 206 375 885 2,565 :
Feather & Yuba Rivers Marysville 159 269 801 1,593 j
Bear River PBasin 1
Wolf Creek Graas Valley 5 2] 16 44 '
4
American River Basin ]
American River Folsom € 11 24 sa ’
American & Sacramento Rivers Sacramento 910 1,668 3,648 9,324 1
Dry Creek Roseville 14 s SS 132 :
Cache Creek Basin
Cache Crask Woodland S 10 2 97
Putah Creek Hasin
Dickson Creek Dixon S 13 38 90 :
Putah Creek Davis 8 15 40 1% 1
Morrison Creek Stream Group
Morrison Creek Sacramento 72 136 304 726 }
Total Sacramento Basin Subregion 1,706 3,110 6,922 18,032 i
,
1/ Damages based on July 1965 prices and projact conditions, and estimated econom{c cond!tiona for the year shown.
2/ Pigures in column 3 are from colum 7, "Total,” shown on Table 9.
June 1871
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Base Plan
TABLE 9b

SACRAMENTO BASIN SUBREGION OF THE CALIFORNIA REGION
gt imated Average Annual Flood Damage and Damage Reduction

for Urban Areas with Significant Flood Problems
- Present and Future Zconomic Conditions -

Study area’ i Damage : Total dameges ~ 1965 prices ($1,000]
stream : center : 16965 1980 economic conditions : 2000 economic conditions : 2020 economic conditions
: . economic :W7TGBS ¢ Reduction due to :Residual:W/1366-: Reduction due to TResidual:W/ 1% Reduction due to :Residua
% & sproject: 1966-1980 program : damage : 1380 1981-2000 program @ damage : 2000 2001-2020 progras : damage
: project : condi-: } 1 w/1966=:prog mu: ¥ : w/1981-: program $ : w/2001~
2 ;conditions: tions : Non- @ Strucs : 1980 1 :  Non- : Struc- : 2000 Non- -: Struc- @ 2020
s 3 1/ H 2 satructural: tural :program structural : tural program :structural : tural progras
= g G 3 T : measures measures: 3/ £ : memsures :measures: 4/ H : measures Imeasures: S
N : 2 : 3 A SR S (I T N W El AR Lo R R T 13 T 16 ¢ 18

sacramento River
above Shasta Dam

P{t River Alturas S0 109 S 96 8 15 S 0 10 24 18 0 €

Sacramento

River Dunsmu{r 21 39 14 25 72 8 0 4 169 129 0 40
Redd ing

Sacramento e
| % Redding Area
| Streams Anderson 16 26 7 0 19 54 20 26 8 20 8 12
i Redding 95 183 95 B¢ 33 77 1% 26 = 7 39 o S8
Middle Sacramento
River Tributaries-
Sastside
Big Chico Creek Chico 4 i) 0 0 7 17 0 17 S1 0 ¢} 51
& 3 ) ( 3 7 o 0 7 16 0 16
|
F Walker Creeks Willows 92 149 14 104 31 60 23 0 37 91 44 0 47
|
| te Sasin and
| Tributary Streams
Li{ttle Chico
Creek Chico 20 37 ) 37 a8 0 0 88 257 ¢ e 257
| Feather River Aasin
| Feather River Oridley 5 9 3 0 6 18 ia ) 8 48 37 0 11
Featner River Quincy 11 18 3 12 36 19 0 17 102 68 0 34
Featner River Oroville 206 3715 0 T66 7 17 0 0 17 49 0 12 37
| Feather & Yuba
| Rivers Marysville 159 269 0 255 14 33 0 (e} 33 82 0 52 30
Bear River Dasia
Wolf Creek Srasa Valley S 8 2 0 (] 14 6 (o] 8 36 22 o 14
Ameri{can River Basin
Arerican River Folsom 6 11 4 o ? 20 10 0 10 44 27 0 17
American &
Sacramento 91 1,668 65 177 826 1,313 164 0 1,149 2,045 530 256 1,259
Dry Creex Roseville 14 bcl 9 16 46 24 0 22 99 62 o 37
he Creek Basin
‘ache Creek Wood land S 1 D o) 10 29 0 8 1 3 0 0 3
Putan Creek Basin
Dickson Creek 1xon 5 13 6 0 i 32 20 o] 12 64 46 o 18
Putah Creek Tavia .} 15 () 9 4 20 0 14 104 80 [s) 24
Morrison Creek
Stream Group
Morrison Creek Sacramento 12 136 =0 122 14 31 0 2 31 74 0 0 74
Total Sacramento Basin
Subregion 1,706 3,110 236 1,777 1,097 2,013 372 80 1,561 3,475 1,110 20 2,045
T Fiaires shown in column 5 are fram c-lumn 7 of Table O and are Alao shown in colum 3 of Table Sa.
2/ Figures in column 4 are from column 4 of Table 9a.
3/ Column 7 = column 4 - colum S - column 6.
4/ Column 11 = column 8§ - colum 9 - column 10.
§/ Column 15 = column 12 - column 1% - colum 14,
June 1971
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TABLE 10
SACRAMENTO BASIN SUBREGION OF THZ CALIFORNIA REGION
Estimated Costs of Future Flood Control am

- 1966 to 1980 -
($1,000)

Study area f leveés & channels : Flood eontrol reservoirs : Non-structural mea
1 Federml _ :  WonTederal 3 Federal _Non_Federal 7 Federal _ _Jﬁ. adel_—n!
'lnaulhtion' Annual :Installation: Annual :Installation: Annual n-nlht!on' Annual :Installation: Annual :installation: Annual
QM OMR

costs : costs : OMKR costs @ OMKR costs : OMWR : costs : : costs : OMR
3 :_costs : :_costs : : costs :_costs : : costs : :_costs

1 3 2 : 3 4 S° 1 6 $ 7 8 F ! 10 Iy | 12 4=
Sacramento River
above Shasta Dam 660 Qo 240 8 3,610 0 480 1€ 310 37 730 €1
Sacramento River.
Shasta Dam to
Sacramento (4] 0 (5] ) o 0 0 200 160 200 200
Redding Stream Group 1,960 350 1 38,000 s8 0 o 220 96 1,880 51
Mtddle Sacramento
River Tridutaries.
Zastside 300 0 80 3 0 ) (o] (o] 40 9 60 12
Middle Sacramento
River Tributaries-
Westside 0 14,01 7 ) C 40 7 40 7
Stony Creek Basin ) 0 o 0 8 16 60 10
Colusa Basin and
Tributary Streams 0 0 0 o) 40 6 380 13
Butte Basin and
Tributary Streams 0 (8] (o J ) ¢ (o] 0 7 25 80 33
Feather River Basin 4,140 ) 1,7X 4 70, 480 (C 150 (3 210 47 530 139
Yudba River Basin C ¢ 34,870 a8 0 0 1X 47 160 ST
Bear River Basin C ¢ ) 0 0 0 0 20 8 70 10
Coon Creek Stream
Group < ) o 0 1,850 1,010 7 0 4 S0 S
American River Basin 0 8,2 S 0 o 160 41 1,800 a3
Cache Creek Basin 2,690 0 4% 31 4,24 39 8 23 & 14 70 23
Putah Creek Basin 65( 0 350 5 $70 Q 500 L) -8 ? 240 14
Morrison Creek
Stream Oroup 11, 04X C 15, 8¢ 162 5,410 ( s, 630 35 10 1 1 2
Protect Bypass in
Sacramento faain 2 -8 0 a0 9 2 — 8 —— A
Total Sacramento
Basin Subregion 21, 40¢ 0 19,060 263 181, 26 197 8,570 13 1,6% S €, 370 735

June 1971
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TABLE 10a
SACRAMENTO BASIN SUBRFGION OF TH® CALIFORNIA REGION
mat{mated Costs of Future Flood Control Prograw
-19al to 2000 -
($1,000)
Study area 2 levees & channela g Flood control reservoirs Non-structurel measures
s Federal B Non-Federal 3 Federal 3 Non-Federal Federanl : Non-Faderal
:Tnstallation: Annual :lnstallation: Annual “Installation: Annual :Installatfon: Annual hatallation: Annual :Installatfon: Annual
& costs @ OMWR ¢ costs OMXR @ costs : OMWR costs @ OMR costs : OMKR ¢ coste : (MR
H :_costs @ costs : : _costs : : _costs : __costs :_costs
1 : 2 : b R 4 2 3 6 4 A 8 F ] 1 1Y : 12 s 15
Sacramento River
above Shasta Dam 3, 460 D 320 80 19 180 17 490 93 2, X 146
Shasta Dam to
Sacramento 0 Q 0 (] (o] (o} 20( 24 200 280
Reddt Stream Grou 170 o) 12 (2 26, 36 90 1, 650 18 170 118 REC 8S
Middle Sacramento
River Tridutaries-
Fastside 210 '] 1 12 33,850 40 1, 360 83 70 18 12X 26
Middle Sacramento
River Tributaries-
Westside 1, 340 ) 200 12 2,0 13 320 3 S 13 9 17
Stony Creek Basin 0 (o 0 0 90 27 140 23
Colusa Basin and
Tributary Streams 2,490 1,220 23 7,69 1,360 37 11¢ 15 560 32
Butte Fagin and
Ty ‘butary Streams 920 30 2 8, 20X 14 210 19 60 37 110 45
Feather Rivar Basin 8, 58( 440 33 280 87 1,08 219
Yuba River Basin ) 0 0 (o] 130 74 19 89
Bear River Basin 0 0 9, 49( 33 AC 4 4 14 170 19
Coon Creek Stream
Groy ) 0 ( o) 0 30 8 & 13
American River Basin J 0 0 0 0 C 160 65 2,970 124
Cache Creek Basin 260 0 120 4 83,770 3N 2% 15 100 35 150 49
Putan Creek Basin 0 0 0 5,68 1,790 22 60 13 710 28
Stream Group 0 0 0 0 0 0 o0 4 4 8
Projact Bypass in
Sacramento sasin 0 0 0 -9 Q =l e =9 50 28 10 —
Total Sacramento
Basin Subregion 8,850 0 2,640 159 195, 730 246 7,620 251 2,110 aRY 9,800 1,232
June 1871
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TABLE 10b
SACRAMENTC BASIN SUBREGION OF TH® CALIFORNIA REGION

Bst{mated Costs of Future Flood Control Program
- 2001 to 2020 -

(41,00
Study area % laveas & channels : Flood control reservoirs [ Non-structural measures
H Federal 3 Non-Federal : Federal 2 Non-Federnl : Federnl 8 Non-Federal
:Tnstallation: Annual :1inatallation: Annual :Installatfon: Annual :Installatfon: Annuel :Installatfon: Annual :Installatfon: Annual
: costs : OMWR costs : OMWR ¢ costs : OMWR @ costs : OMKR @ costs : OMR ¢ costs MR
3 s _costs : :_costs @ :__costs ¢ : _costs : i _costs : costs
1 £ 2 G D g 4 3 St 3 s A 8 3 g=f 1 P s 12 2 15
Sacramento River
abtove Shasta Dam 1,360 0 4 30 3,950 0 590 15 33¢ 6 6, 32 122
Sacramento River-
Shasta Dam to
Sacramento 3,1% 1, 6X 30 0 o] (¢ 0 2 32 20 36/
Redding Stream Group } o 3,180 17 3% 3 160 131 5,290 114
Middle Sacramento
River Tributaries-
“Tastside ) 0 0 ) 0 ) o SO 18 8 23
Middle Secramento
River Tributaries-
Westside o ) o o 4,24 7 680 14 L 12 & 14
Stony Creek Basin 0 0 ) 0 870 0 490 3 60 27 9 16
Colusa Basin and
Tributary Streams 80 0 10 1 470 0 0 3 70 9 B P
Butte Basin and
Tributary Streams 9, 650 o 5,97 48 0 ) 0 0 S 42 7 s2
Feather River Basin 3,200 0 B840 45 6, 15C ) 640 26 200 94 1,520 236
Yuba River Basia o 0 0 0 D ) 0 0 Q 87 14 101
Bear River Basin 840 0 640 4 2,55 13 (o} 0 30 ) 33 4 20
Coon Creek Stream
Group 330 e 18( 3 ( ) 0 ) P c 4 11
American River Basin 0 e e ) 0 Q 164 8 8,25 158
Cache Creek PBasin (o} 0 0 ) /00 1 0 o (& 44 9 5
Putah Creek Hasin (o) 0 0 ) ) S 12 1,760 32
Morrison Creek
Stream Group 0 0 D ) 1 5 1 1
Broject Bypass tn
Sacramento fasin (2] 2 ( 0 Coaml> 20 4 35 4C 2
Total Sacramento
Basin Subregion 19, 63 0 3,31 161 22,21 A 2,760 64 1,610 1,018 24,920 1,366
June 1971




Base Plan
TABIE 11

SACRAMENTO HASIN SUBRUGION OF TH® CALIFORNIA REGION

Flow Data at Selected locations
(Flows {n 1,000 cfs)

Study area/ Maximum flood of record : Flow of standard Flow of 100.year
' atream Date : Flow : project flood frequency flood
" : At :Fxisting: Future Existing: Future Existing: Future
3 s time : (1965) : project : (1965) : project : (1965) project
z : of :iproject : conditions 2/ :project : conditions 2/ :project : conditions 2/
: toccur-: condi- : 1980 : 2000 : 2020 : condi- : 1880 : 2000 : 2020 : condi- : 1980 : 2000 : 2020
irence : tions : g H : tions : H : : tions : : H
1 3 2 3 ! S T - S - T S R R ! Ve T e Yo S i O VT T v S e 7 T e U ST 1. I )
Sacramento River Hasin
above Shasta Dam
Sacramento River Shasta
: Inflow 22Dec55 193 193 193 193 193 343 343 343 343 52 252 252 252
i’ Outflow 8 22DecSS 47 47 47 47 47 15C 150 150 150 80 80 80 80
‘. Sacrame River-Shasta
: Dam to Sacramento
% Sacramento River rd Ferry 108 28Feb40 37 192 164 155 152 410 350 330 325 248 200 185 180
& Ord Ferry 25FebS8 24( 240 215 20% 200
:
) Redding rean sroup
E Tottonwood Creek Near Cotton-
wood 15 22Dec64 60 80 [ 6 (3 130 9 9 2 110 15 15 15
t Midile Sacramento River
Tributaries-Fastaide
Big Chico Creek Near Chico 10 SJanés 10 10 10 9 9 16 16 14 14 13 10 10 10
] Thomes Creek At Paskenta s 22Dmchq 38 38 S L] S 46 11 11 11 47 7 7 7
! Black Butte
Inflow 2'hech4 47 7 47 47 47 s 95 95 95 78 78 78 78
Outflow 10 2%Dech4 19 18 19 19 19 21 21 21 21 15 15 15 15
Colusa Basin and
Tributary Streams
{1low Creek Willow Creek 1 24FebSA 14 14 14 14 i4 22 22 22 22 20 20 20 20
Butte Basin and
Trivutary Streams
Autte Creek Near Chico 15 19Maro? 27 27 7 16 16 4% 43 36 36 30 30 20 20
Feather River Basin
t'er River Oroville
Inflow 22Dec64 25 25( 250 250 Eal 440 440 440 440 320 320 320 300
Qutflow 15¢ 22DmcF4 158 158 150 150 150 ;/’ 150 150 150 _3/ 150 150 150
Yuba River 3asin
Yuba River At mouth 120 22Dech4 180 180 100 100 100 28 120 120 120 200 120 120 120
YNear Wheat-
land 3 22DecSS 33 33 33 21 21 73 73 s 5 €2 62 24 24
Coon Creek Stream
3
Coon Creek At Hwy 99% L7 Oct62 A a 8 8 8 18 18 18 18 14 12 12 12
American Niver Basin
American River Folsom
Inflow 2™Dmchd4 2/0 210 1X 1% 130 460 290 290 290 330 170 170 170
Outflow 115 23Dmch4 115 ) 115 115 115 380 115 115 115 118 115 115 115
Zache Creek Basin
Cache Creek Near Capay 21 Feb4O 52 s2 41 21 21 7 70 24 24 60 50 17 17
Putah Creek Sasin
Putah Creak Monticello
Inflow 2SFeh4l a1 a1 81 A1 Al 11 110 110 110 90 90 90 90
Outflow 62 25Fab4l - 4 &/ 8/ 8/ 13 13 13 13 10 1 10 10
ison Creek
St
Morrison Creek Near Sacra-
mento 4 140ct62 1 1 1 > 1 ? 4 4 4 s 4 4 4
L Under 1965 project conditions.
g/ Flovs as modifieq by future projects likely to be in a future flood control program by the years 1980, 2000, snd 2020,
1 Orovills Reservoir under construction (1965),
4 less than |, 0 cfs.
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Existing Projects (In operation (965)

. Reservoirs with Flood Control

! Shasta
2. Black Butte
3. Oroville

‘ Other Reservoir or Lake

A& Levee B Channel Project
Sacramento River
Big Chico Diversion
Deer Creek

Mud Creek

Sycamore Creek
Elder Creek

Colusa Drain

Butte Creek
Cherokee Canal

10 Colusa Bypass

Il Moulton Bypass

12 Feather River

13 Honcut Creek

14 Notomas Cross Canal
15 Simmerly Slough

16 Yuba River

17 Bear River

DB NOD DG N~

C! Watershed Projects
| Adobe Creek

4 Folsom
5 Laoke Berryesso
(Monticello)

18 Interceptor Canal
19 SouthDry Creek

20 Yankee Slough
21.Coon Creek

22 Natomas Canals

23 American River

24 Arcode Croek

25 Naotomas East Canal
26 Linda Creek

27 Coche Creek @& Settiing Basin
28 Middle Creek

29 Putah Creek
30Willow Slough

3| Sacramento Bypass
32 Sutter Bypass

33 Tisdale Bypase

34 Wodsworth Canal
35 Yolo Bypass

2. Ulatis Creek

T T . TV T —

2. Potential Future Flood Control Program
A (1966-1980), A (Constructed or Funded for Construction as of
FY'1970), B(1981-2000), C(2001-2020) ( See tabie687)

Allen Camp(B)
Dutch Gulch (A)
Tehama (A)
Saeltzer (B)
Bella Vista (B)
Millvillito (B)
Wing (B)

Oak (C)

Clover (C)
10.Belle-Mill (B)
1. Crown (B)

12 Sycamore (B)
13 Paskenta~Newville (&)
14 Galatin(B)

WE® NO WA N

Levee 8 Channel Projects
I Pit River (A)

2 Churn Creek (A)

3. Thomas Creek (B.

4. Antelope Creek (B)

-]

6

Reservoirs with Flooa Control

15. Schoenfield (C)

16 Covered Bridge (B)
17. Oroville (A})

18. Marysville (A)

9. N Bullards Bar (A)
20.Garden Bar (B)

21 Spenceville (C)
22 Auburn (A)

23 Indian Valley

24 Lokeport (A)
25.Wilson Valley(B)
26 Kelseyville (B)
27 Vineyard (C)

7 Feather River (A C)
8 Simmerly Slough (A)
9 Dry Creek (C)

10. Putah Creek (A)

9 N = S / Willow Creek (8) Il Morrison Creek (A)
g ‘ s . Butte Bypass (C) 12 Reeds Creek (C)
) |# Watershed Projects
g ¢ Locations of non-structural floodplain
management measures
i MAP 3
4 SACRAMENTO BASIN SUBREGION
CALIFORNIA REGION
FLOOD CONTROL PLAN
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| Area Subject toFlooding
2 @ Major Urban Damage Centers

3 River Forecasting Points
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Lake
Herryessa

D River Stage (Existing )

\/ Reservoir (nflow (Existing)

‘ Other Reservoir or Loke

I Clear Creek 16 Moulton Weir

2. Cow Creek 1T Coluso Waew

3 Cofttonwood Creek I18. Colusa Bri#ge

4 Bottie Creek 19 Meridian

5 Bend Bridge 20 Yuba City - Marysville
6 Red Bluff Highway 99 2! Tisdole Weir

7 Tehama 22 Wheatland

8 Deer Creek 23 Nicolaus

9. Vina Bridge 24 Rumsey

10. Hamilton City 25.Knight

1. Butte Creek 26.Verono

12 Ord Ferry 27 H Street

I3 Orovile Dam 28 | Street

14 Butte City 29 1500 Pumphouse
15, Gridley 30 Fremont Weir

River Stage (Future)
I Mill Creek
2 Thomes Creek

I, Shasta Dam

2 Englebright Dem
2 Camp Far West
4 Folsam Dam

Reservoir Inflow (Future

| Block Butte € Oroville Dam

2 Clear Laoke 7 Marysville Dam
3 Bullords Bor Dom

4 Auburn Dam

5 Union valley

Reservoirs with Flood Control

Potential Future Reservoir with Flood Control

MAP 4
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DELTA-CENTRAL SIERRA SUBREGION

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 west. (See Map DC-1.) 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 summers and
mild winters with relatively light precipitation in valley floor areas and
by warm, dry summers 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 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 degrees in the summer.

The subregion had an estimated population of 386,000 in 1965. TIts
economy 1s dominated by highly diversified agricultural and related manu-
facturing and industrial activities such as food processing and fabrication
of agricultural machinery. The production of natural gas, clay and clay
products, limestone, sand and gravel, and lumber and forest products are
also significant economic activities.

Transportation facilities in the subregion are extensive. Highly devel-
oped Federal, State, and county highway and 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 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 small area in the northwesterly sector
of the subregion and San Joaquin 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 Cosumnes, Mokelumne, and Calaveras
Rivers. (See Map 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 delts,
a low-lying tidal area comprising about 500,000 acres of highly productive
farmland, has been reclaimed by the construction of over 1,000 miles of
levees along 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.

v —————— —_— .




Additional information on the subregion can be found in Appendix IT,
"The 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: Cosumnes River Basin, Mokelumne River Basin,
Stockton Area Streams, Westside Stream Group-Delta Central Sierra, Delta
Islands, Cache Slough and Tributary Streams, Sacramento Deep Water Ship
Channel and Project Bypasses in Delta Central Sierra, and Sacramento River
below Sacramento.

History of Flooding

Floods have been a significant factor in the development of the sub-
region. Floods are of three types: 1) those that occur during the late
fall and winter months, primarily as a result of prolonged general rain-
storms in the mountain and valley floor areas; 2) those that occur during
the spring and early summ=r months, primarily as a result of the melting
of the winter snowpack in the high areas of the Sierra Nevada; and 3) those
that occur in the Sacramento-3an Joaquin Delta as the result of a combina-
tion of high tides, unfavorable wind conditions, and flood inflows. The
most significant type is the late fall and winter flood caused by general
rainstorms. A description of the greater floods of the late 180Q0's and
early 1900's is included in the reszional section of the appendix. On a
subregional basis, the 1962-1963 flood is considered to be the most severe
on the streams flowing from the west side of the subregion and the 1955-
1966 flood the most severe flood on the streams flowing from the east side,
although other floods may have caused higher flows on individual streams.

During a period of less than 72 hours in late December 1955, intense
rainstorms in the mountain and valley floor areas of the subregion resulted
in exceptionally large streamflows and subsequent flooding of adjacent
lands, OSnowmelt added about 1 inch of water to the basin mean runoff of
about 1S inches. Unusually high tides aggravated the flood problem by
impeding the passage of floodwaters through the Sacramento-San Joaquin
Delta., Agricultural, public facility, and residential damages comprised
over 907% of the total flood damage. Although no loss of life was re-
ported as a result of the flood, over 4,000 people were evacuated from
their homes. Subregion-wide, about 179,000 acres were inundated and
flood damages exceeded *12.4 million.

Flood damages during the 1962-1963 flood was particularly serious
along the streams flowing from the western part of the subregion. About
117,300 acres were inundated during the flood and total damages ex-
ceeded #2,0 million, over 90% 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 $0.1 million for
the 1962-1963 flood. Damages from these and other significant, recent
floods 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-II,

Serious rainfloods 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 inches in
the headwaters of the various streams. Over 63,500 acres were inundated
with flood damage exceeding $15 million.

Flood damages 1/ (&1,000)
Flood :Forest & range:Agricultural:Residential:Industrial: Public :Total

season: resources : & . & s & :facilities:
(year): & facilities : land :commercial : utility : :

1950~

1851 150 8,195 41 170 2,485 5,969
1955-

1956 790 6,010 1,745 265 3,655 12,465
1962

1963 0 1,619 90 26 325 2,060
1964 -

1965 940 1,840 42 91 3,849 6,762
1968-

1969 51 6,234 405 0 8,436 15,103

3/ Based on prices and project and economic conditions at time of occurrence
>f flood.

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 record,
100-year floods, and standard project floods for selected stations in the
subregion are shown in 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. F%xisting flood control measures on the Sacramento

B . - -




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 SO-year flood protection in agricultural areas.

Flood forecast procedures are established as an integral part of
the existing flood control developments. The Federal-State River
Forecast Center in Sacramento maintains continuous surveillance of
flood situations issuing 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 periods of high inflow from the area's
tributaries, particularly when the inflow occurs ir conjunction with
high tides 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 Map 4.

Major flood control reservoirs in the subregion are operated to
provide a maximum of 417,000 acre-feet of flood control storage
during the most critical flood situations. These projects are as
follows:

DC-4

- " —

e b s L a



Levee erosion along Cosumnes River, December 1964. (Corps of Engineers

Photo.)

PHOTO DC-1
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Break in the east levee of San Joaquin River near Mossdale, 1950 floods.
(Corps of Engineers Photos) PHOTO DC-11
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s f Flood s
: : control : Drainage
Reservoir s Stream : capacity area
: : (ac.-ft.) :(sq. miles)
Mokelumne River Basin
Camanche Mokelumne River 200,000 613
Stockton Area Streams
New Hogan Calaveras River 165, 000 363
Farmington Littlejohns Creek 52,000 212

These projects are shown on Map 3. New Hogan Reservoir is shown in Photo
DC-V.

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

Reservoir $ Stream : Construction agency
Pardee Mokelumne River Fast Bay Municipal Utility District
Salt Springs N. Fork Mokelumne R. Pacific Gas and Electric Company
Jenkinson Lake Sly Park Creek Bureau of Reclamation

(S1ly Park Dam)

An extensive system of 1,545 miles of flood control levees, channels and
bypasses is an important element in the overall flood control program of
the Delta-Central Sierra Subregion. Most of this integrated, continuous
system is part of the Sacramento River Flood Control Project, a Federal-
non-Federal and private undertaking. A portion of this system is shown

in Photo DC-VI, However, a ~ignificant segment of the Lower San Joaquin
River and Tributaries Project is also located in the subregion. These
features are indicated on Map 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 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-year flood.




Three watershed projects have been constructed to alleviate water-
shed problems. They are: 1) Ulatis Creek Project near Vacaville,
2) Marsh-Kellogg Project near Brentwood, and 3) Mosher Creek Project
near Stockton. These projects protect 44,720 acres of prime agri-
cultural lands from 10 to SC-year floods. Flood prevention measures
in other tributary watershed areas of the subregion have been in-
stalled by individual landowners, groups of farmers and ranchers and
Federal and State land-management agencies,

The Flood Plain Management Services Program is covered in detail
in 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 Joaacuin Counties. Under the program,
flood hazard information is being furnished to local agencies for
use in evaluating the flood hazard of individual site locations.

The counties have requested assistance in implementing zoning and
in specific interpretation of flood hazard information as it applies
to site development.

Accomplishments 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;
5.0 million in flood damages during the 1955-1956 flood; and, $4.0
million in flood damages during the 1964-1965 flood. Additional de-
tails are included in Table 2. It is estimated that average annual
damages prevented by existing measures exceeds $3.2 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
DC-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 1,980 miles of stream channels subject to erosion, about 830
miles are classed as "serious”, accounting for #50,000 damages
annually. F®rosion in the Delta is caused primarily by wave action
generated by high winds, high tides and wavewash from boats, or a
combination 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
30 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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New Hogan Dam and Reservoir on Calaveras River.
Photos )

(Corps of Engineers

PHOTO DC-V




Yolo Bypass

t he December

and the

Interstate 80 crossing (Yolo Causeway) during

1964 flood. (Department of Water Resources Photo.)

PHOTO DC-VI




Much of the flood problem in tributary watershed areas has not been
alleviated. lLess than 10% of the tributary areas are receiving flood
protection and this is often limited.

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

s Tstimated Average
Study area : Annual Damages (#1,000) 1/
Cosumnes River Basin Tl
Mokelumne River Basin 276
Stockton Area Streams 555
Westside Stream Group-

Delta Central Sierra 227
Delta Islands 2, 150
Cache Slough & Tributary Streams 841
Sacramento Deep Water Ship Channel )

and Project Bypass in DC 285
Sacramento River below Sacramento 856

Total Delta-Central Subregion 8., 70T

i] Based on 1965 prices, economic 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. 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 19f5 flood problems that addi-
tional flood control measures are required. It is estimated that average
annual flood damages in the Delta-Central Sierra Subregion (based on 1965
prices and conditions) amount to 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 increases in use of flood plains. The popula-
tion of the subregion is projected to increase from 386,000 in 1965 to
530,000 in 1980, 985,000 in 2000, and 1,981,000 in 2020. Average annual
flood damages are expected to increase to ¢7.9 million by 1880, to t14.8
million by 2000, and $34.9 million by 2020 if additional flood control
measures are not provided. Fstimated damace data for exlisting and future
conditions are contained in Tables S and 9a,
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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
approached by a well-coordinated system of forecasting and project opera-
tion. Hence, procedural development for forecasts of inflow to reservoirs
will be required as new dams and levees are built. Additional hydrologic
instrumentation and telametry systems will be needed to facilitate these
forecasts and subsequent operation of the projects. Flow foracasts in the
Delta will become increasingly more important with expanding port develop-
ment, agricultural usage, and urbanization. lLarge scale wat~r diversion
and related salt water intrusion will also require long-range and short-
range flow forecasts. The cost of improving the flood forecasting system
is estimated to cost $760,000 for the 1966-1980 period, $250,000 for the
1981-2000 period, and $250,000 for the 2001-2020 period.

Floodwater storage in reservoirs and detention structures will be an
important element of the future flood control program. An additional
621,000 acre-feet of flood control capacity are required in the subregion
to satisfy future needs as shown in the following tabulation:

s s ¢ Fleod :
Study area/ : : control : Drainage
program period @ Reservoir s Stream ¢ capacity : area
in which needed : 3 : (ac.-ft.):(sq. miles)

Cusumnes River Basin

1966-1980 County Line Deer Creek 15,000 40
1966-1980 Nashville Cosumnes River 200, 000 435
1966-1980 Detention

Structures (3) (various) 7,000 a9
2001-2020 [atrobe Cosumnes River 150, 000 530

Mokelumne River Basin

1981-2000 Hutson School Dry Creek 100, 000 283
2001-2020 Irish Hill Dry Creek 35,000 79
2001-2020 Detention

Structures (2) (Various) 14,000 120

Stockton Area Streams
2001-2020 South Gulch Calaveras River 35, 000 418
2001-2020 Tugene Littlejohn Creek 50, 000 83
DC-8
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: : ¢ Flood s
Study area/ : : : control : Drainage
program period Reservoir s Stream : capacity : area
in which needed : : : (ac.-ft.):(sq. miles)
Westside Stream Group
1866-1980 Kellogg Kellogg Creek 8,000 27
1881-2000 Detention
Structures (3) (various) 6,000 59
Cache Slough and Tributary Streams
1881-2000 Detention
Structures (2) (various) 1,000 30
TOTAL 621,000

These reservoirs are shown on Map 3. Additional information on flood control
storage 1s contained in Table 6. Estimated costs for additional flood con-
trol capacity are estimated at $15.4 million for the 1966-1980 periocd, $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 s Channels
(Bank Miles) : (Miles)

Cosumnes River Basin

1966-1980 46 33

2001-2020 48 20
Mokelumne River Basin

1966-1980 12 6

1981 -2000 14 7

20012020 3 )
Stockton Area Streams 1/

1566-1980 12 61

2001-2020 99 20

DC-9




Study area $ Levees ¢ Channels
: (Bank Miles) : (Miles)
Westside Stream Group-
Delta-Central Sierra
1966-1980 0 12
Delta Islands
1966-1980 25 0
1981-2000 130 0
2001-2020 130 0
Cache Slough and
Tributary Streams
1981-2000 4 18
Sacramento River
below Sacramento
1981-2000 70 0
2001-2020 140 0
TOTAL 669 182

£7 Under construction or funded for construction as of FY 1970,

The approximate locations of levees and channels are indicated on Map 3.
Additional details are included in Table 7., The estimated costs for re-
quired levee and channel work are #21.0 million for the 1966-1980 period,
$50.4 million for the 1981-2000 period, and #63.0 million for the 2001-
2020 period.

The structural measures included in the preceeding 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. T"stimated costs and acres of land treatment measures
are tabulated below.

Land Treatment 1966- 1980 198 1-2000 2001-2020
Thousand acres 70 i 25
Thousand dollars 390 850 500

DC-10
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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 significant
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 their 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 SO stream miles
could be implemented for urban areas, including the above listed com-
munities. Table Sb 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 #1,2 million for the 1966-1980 period, $3.0 million for the
1981-2000 period, and #12.0 million for the 2001-2020 period.

Potential to Satisfy Future Needs

The flood control program presented herein would reduce the projected
average annual damages $3,0 million by 1980, #8,8 million by 2000, and
428,7 million by 2020 at an estimated installation cost of $32.8 million
for the period 1966-1980, %63.5 million for 1981.2000, and #90.3 million
for 2001-2020, Estimated annual OMXR costs for the 1966-13980, 1981-2000
and 2001-2020 portion of the flood control program are *0.46 million,
$0.74 million and *0.98 million (See Tables 10, 10a and 10b.) The effect
of the potential flood control program on future damages is shown in
Table 8 and graphically on Figure DC-1, and its effect on flood flows is
shown on Table 11,
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DELTA-CUNTRAL SIWRRA SUHRVGION OF THZ CALIFORNIA R¥GION

li{storical Flood Data

Base Plan

Study area : Flood : Location/ : Area : Flood damages 1/ - (¥1,000)
3 H flow tinundated: Forest : Forest Crop land :Resfdential:Industrig Public : Total
2 (cfs) 1 (2,000 range : & range & ] & : & facilitiea:
s : acres) urces:facilities: pasture : tural :commercial : utility : H
1 P < ! S B [ Tl : 8 ] : 10 : 11 £ 12 13
_osumnes River Basin DecSS Michigan Bar 42.4 486 459 268 2 41 378 2,285
42,000
AprS8 Michizan Bar 32.1 07 320 178 3 37 38 1,577
29,300
Mokelume River Sasin NovS(  Camanche 19.4 150 558 82 49 299 1,71s
26,700
DecS5S 31.5 225 755 30 9 139 3ie i,69¢
kton Area Streams DecSS  Hogan Inflow 9.1 9 139 6 1,580 101 5 2,461
31,000
(Outflow 11,170)
Jan-Apr Hogan Inflow 137 92 413 18 19¢ 37 409 1,184
58 42,000
(Outflow 11,000)
destside Stream Group - >
Delta-Central Sierra DecS8< Marsh Creek 10.6 0 42 12 26 0 30 345
l.4\\’
Jan63 Marsh Creek 11.3 216 24 9 43 476
5,90
Delta Islanis Varnalis 57.0 0 1,743 477 78 ) 2,187 4,906
5 79, 00
cache Slough and
Tributary Streams AprS8 Unknown 20.0 0 294 S0 3 1 257 (2]
Sacramentc Deap Water
Bypasses fn D.C, Mar07 Lisbon Gage No Damage Data
428, 00
Dect4 Lisbon Gage 59.6 0 69% (o} 17 1,700 2,410
370,000
Sacramento River
below Sacramento DecSS Rio Vista 1. D 2 0 108 X 474 602
9.8 (£t.)
Decf4 Rio Vigta 0.3 n 42 12 135 186
8.9 (frt.)
L Data hased 5n prices and project and aconomic conditions at time of occurrence of flood,
2/ Flood damages for all streams in group for which iamage lata was avatllable,
June 1971
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Base |lan
TABLE :
.
SIERKA SUBREGION OF THE CALIFORNIA REGION
Floo! Damage 1
Stu . aren T riood ¢ ) Total damages - (§ 000)
§ ¥ flow 3 AL time of flood 2) : 1565 economic conditions & prices S
i (efs Actua. : Dumege without : Dumege prevented : Damegc with : Dameee Wit Ut : Damege prevented
H 3 Ty ¢ flod control : by flood control : 1965 project : flood coatrol : Ly 1965 projects
" g g H : . projects H jrojects 4 H conditions irotects H 5/°
1 : : 3 3 4 $ 5 $ 3 7 B 8 : S
- “ 2,295 2,295 (o] 2,955 3,095 140 &/
NMowe 1 umn, fver oasi Nowhi e 1,18 X,1S 0 1,061 2,158 1,698
—_ e sy
26,7
Stockton Ares Streams Jan-Apr Hogan Inflow 1,184 16,516 18,33¢ S9e 52,118 31,526
L arma otroan
o u.‘u
1 Outriow 11,0
ané3  Marsh Creek 4% 79 27 59¢ 328
3, %00
Dech0 Vernalls 4,006 4,906 0 14,575 23,350 8,775
9,
AprS8  Unknown 689 689 Q 420 878 450
Decod  Lisbon Gage 2,410 Ly Qo 2,40 7 ¢
370,000
Sacramento River bhelow
——s TS De oW
Decod 189 10,189 10,000 189 10,188 10,000
1/ Maximum flood T data are avall
€, Data bvased on prices and project and economic conditions at time of occurrence of flood.
3/ Data base! on recwrrence of original flood,
4 It = coluan 4.
5 = column 7.
g on {n Cosumnes "pool” area creditable to Camanche Reservoir. ”
Z :nt damages to the Sacramento River below Sacramento and the damages jrevented are assigned to Sacramento Kiver helow
inl damages are to flowmge easement areas in the Bypasses and sedlmentat!on in the navigable channels.
June 1871




TABLE 3
DELTA=CENTRAL SIERRA SUBREGION OF THE CALIFORNIA REGION
Estimated Flood Damege for

the 100-Year Prequency Flood 1/
for Selected Streams

Study ares, © Area :
stream : inundated :@ Forest Forest : Crop s

& range : & : agricul=- :

(1,000 : & range H : : & facilities
acres) : resources : facilities : sture : tural H : commercial : utilities H
3 3 3 B 3 B 1 : S p [ 3 1 : ] B 9 B 10 T 5 3 }
Cosumnes River Basin
osumnes River 56.6 0 607 938 1,299 648 26 8 558 4,155
Mokelumne River hasin -
ume River 28.5 Q 564 288 120 139 6 46 115 1,348
1
Stockton Area Streams }
Calaveras River 20.6 0 140 %8 140 o4 3,460 243 1,133 5,670 ;
;
Weststde Stream Sroup=
Delta=<Central Sierra
Marah-Kellogs Creeks 19.6 ¢ 0 30 431 187 266 69 5 1,330
Delta Islands
Tower San Joaguin River l8l.0 0 18,949 7,27 7,265 1,164 0 23,806 58,600
Cache Slough and
Tributary Streams
Tiatls Creek 119.8 15 0 939 345 226 429 898 910 3,762
Sacramento Deep Water Ship
Thannel and Troject fy-
passes in D.C.
Yolo Byress 64.0 0 ) 778 [ 0 &} 19 1,903 2,700
Sacramento River below
Sacramento
Sacramento River 86.3 0 ) 23,500 12,000 700 38,400 5,000 6,000 85,600
T See Table 11 for magnitude of L00-year flood at selected stations.
5_’ Based on July 1965 prices, economic conditions, and project conditions,
Base Plan
TABLE 4
DELTA-CENTRAL SIERRA SUBREGION OF THE CALIFORNIA REGION
Estimated Average Annual Flood Damage
Study area B Flood e 1/ = (31,0007
(principal stream) i~ Forest : Forest B Crop B Other i : Residentlal : Industrial : Tubllc T Study ares
& range : & range : & ¢ agricul=- @ : & ¢ & : facilities totals
: resources : facilities : pasture tural i _commercial : utilities @
1 3 2 g 2 5 4 2 S $ [3 : 7 4 [3) : 9 ¥ 10
Cosumes River Basin o) 151 156 193 109 S 12 91 1484
Cosumnes River
Mokelumne River Basin 0 135 a2 20 24 19 13 23 276
{Moke lumne River)
Stockton Area Streams 0 25 61 16 3 179 11 60 355
TCalaveras River)
Westside Stream Sroup =
lta~Central Sierra o o] 36 loe 46 30 7 6 227
TMarsh-Kellogg Creeks )
Delta Islands 0 (o] 636 307 288 36 0 883 2,150
“(San Joaquin River)
Cache Slougn and
Tributary Streams 3 (V] 328 106 70 56 138 140 841
TUlatis Creex)
Sacramento Deep Water
hannel and Pro=
Ject Emnel in D.C. 0 0 as 0 0 0 3 199 28s
Yolo Bypass
Sacramento River below
cranento 0 0 235 120 7 384 50 60 856
TSacramento River ) o o SN —— —hy i
Total Delta<Central
Sterra Subregion 3 sl 1,577 864 547 709 234 1,462 5,707
I/ Damages based on July 1965 prices, economic conditions, and jroject conditiona.
June 1971
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TABLE &
DELTA=CENTRAL SIERRA SUBKEGION OF THE CALIFURNIA KaGION

Summary of kstimated Average Annual Flood Damsge for iresent
and future Conditions of Economic Development
witl Existing Flood Control Messures

Study 1 3 Average annual T1o0d demeges 1/ = (31,0007
rincliial stream E 1565 economic : 1980 economic % 2000 economic : 2020 economic
3 conditions 2/ : conditions 2 conditions H conditions
o - : R s :
1 3 B 2 4 3 S
n1 934 1,396 2,239
27¢ B4 519 959
355 560 1,320 3,975
e 317 L4 1,167
2,150 2,946 9,540 14,040
541 1,@3 1,857 3,040
Froject
285 311 £45
1,443 6,193
5,707 7,866 34,8568
2 ¥ 1965 prices and project conditions, and estimmted economic conditions for the year shown.
< 1 € are from column 10 of Table 4.
base Plan
TASLE 6
DELTA=CENTRAL SIERKA SUBKREGION OF Tk CALIFORNIA REGION
Summary of Flood Control Capacity for Existing
and Future Reservolrs
Study ares 2 Flood control cajmecity 1/ = (1,000 ac-ft)
: Existing E Frojects 19661980 Z Frojects 1961 =2000 3 Trojects 2001-2020 ¢ Total projects
: _prolects (19 s 2/ 2 2 & 2 3 as of 2020
3 $ 3 $ S5 % 3 r S 3 6
0 e (0] 150 372
X 0 100 49 39
Stockton Area Streams 217 0 0 85 308
Westaside Stream Group <
felta-Central Sierra S (0] 3 0 19
jache Slough and Tributary Streams o 0 o & 0 1
Total Delta=Central Slerra Subregion b22 230 107 284 1,043

1 Max{mum flood conirol capacity. Does not inclule surchar;e storasge.
Z Includes only reservolirs controlling the 100~year flood, or better, at the damsite above urban areas and reservoirs controlling at least the
10=year flood at the damaite where only rural areas are to be provected.

June 1971
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Bese Plan
TABIE 7
DZLTA-CENTRAL ST®RRA SUBREGION OF THY CALIFORNIA RUGION
Summary of Levee and Channel Flood Protection Projects
- Existing and Future -
Study area Levee and channel projecte
Existing B Projects 1966-1980 t  Projects 1981-2000 & Profects 2001-2020 7 Total profects
projects (1965) 2 1/ $ T s 1 3 a8 of 20
Levees : Channels : lewees : Channels : levees : Channels : levees : Channels : levees : Channels
(miles) (miles) : (miles) : (miles) : (miles) : (miles) : (miles) : (miles) : (miles) : (miles)
1 : 2 3 2 4 B S $ [3 7 & é : g 2 10 2 1
_Osumnes Ri{ver Basin ) 46 3T o) y an 20 a4 =
Moxelumne River Basin 38 2 12 3 14 7 3 5 67 40
Stockton Area Streas SS 3 12 61 35 P 102 118
destside Stream Group-
Delta-Central Sierra D 11 ) 12 y A o1
Delta Islands 60 ) 25 \ 1% P 1% S
cache Slough and
Trivutary Strean: 16 64 4 18 = 10 -
sacramento Deep Water
i
48 0 ) 48 0
Sacramento River
below Sacramento 1,173 70 o] 140 0 1,383 0
Total Delta-Central
Subrezion 1,410 135 95 112 218 25 356 45 2,079 317

Includes only prolects giving 100.year flood protectinn, or better, to urban areas and at least 10-year flood protection to agricultural ureas.

June 1971
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Base Plan
TABLF A
| DELTA-CENTRAL SI®RRA SUBREGION OF TH® CALIFORNIA RRGION
‘ “stimated Averaze Annual Flood Damege and Damage Reduct fon
- Present and Future Zconomic Conditions -
£ Total d S - 1965 prices ($1,000)
Study area 3 demages - z
Iprin)cipx stream): 1<65 economie : 1980 econam'c conditions 5 2000 economic conditions B 2020 economic conditions
& project : W/ 1965 1 Reduction {n : Restdual :W/1966-1GR0 : Reduction in : Restdual :W/1981- B l:ductiond(n : Residual
conditions : project ! damages due : damage program damsges dus : damage program anage s vue 3
1/ i conditions ! to 1966-1980 : W/ : to 1981-2000 : W, 3 to 2001-2R0 w/
- : 2/ iflood control :1966-1380 : :flood control :1981-2000 : lood control :2001-2020
3 : i __program 3/ :program program 3/ :program 5/: : __program S/M
1 3 2 G 3 ] 4 I S s 3 n 3 2] B G £ 10 % 11
“Jsumnes River
Jasin
“osumnes River TXT 934 703 231 329 38 291 444 298 146
Mokelumne River
Jasin
Mokelumne River) 276 42 10 332 482 199 283 466 21s 251
355* 560 444 ne 313 mn 242 833 440 393
227 317 & 315 538 158 380 616 38 578
Delta Islanis
TSan Joaquin 2,946 1,823 1,123 2,046 853 1,413 3,533 2,047 1,486
1,013 C 1,013 1,657 411 1,246 2,061 400 1,661
311 8] 31 395 e} 595 645 (o 645
1,445 ) 1,44 3,107 1,358 1,748 4,615 3,599 1,016
Total Delta-Cantral
Sterra Subregion 5,707 7,866 2,986 4,880 9,067 3,069 5,998 13,213 7,037 6,176
1/ Flgures shown in column 7 are from colum 10 of Tatle 4 and are also shown In column 2 of Teble S5,
k 2 Fizures in column 3 are from colum = of Table S,
. 2/ Includes structural and non-structura! measures,
4 Column 5 = column ¥ - column 4.
2/ Column A = column 6 - columm 7. !
8/ Column 1! = column 9 - column 10. :
1
June 1971 ‘
i
A
|
e ——————— e
1 N




TABIE 9

DELTA-CENTRAL ST¥RRA SUBRSGION OF TH® CALIFORNIA RRGION

Zstimated Average Annual Flood Damage for Urban
Areas with Significant Flood Problems

fnse Plan

Study area/ 2 Damage Average annual flood damges (¥$1,0007 17
stream : center Residential Commercial : Industrial : Public : Total
H 2 & utilities facilities :
1 2 5 3 4 H S [3 ) 7

Mokelumne River Basin

Mokelumna River Loat 10 3 1 s 21
Stockton Area Streams

Calaveras River Stockton 122 30 9 29 190
Westside Stream Sroup-
Delta_Central Sierra

Marsh-Kallogg Creeks Erentwood 7 22 4 1 34

Corral Hollow Tracy 0 o] 1 “ s
Delta Islands

Lower San Joaquin River Anttoch 1 4 0 4 9
Sache Slough and
Tributary Streams

Natis Creek Vacaville s S 10 1o &0
Total Delta-Central Subregion 155 64 25 SS 299
1l DamAges are Sased on July 1965 prices, economic conditions, and project conditions.

Base Plan

S

TABIE 9a

DELTA-CENTRAL SIFRRA SUBRZGION OF THY CALIFORNIA RZGION

- Present and Future Condit{ons of Zconomic De ve lopment
with Extsting Flood Control Measures -

ummary of “stimated Average Annual Flood Damage for Urban Areas with Sign{ficant Flood Problems

Study area Tamee : Average annual flood damages 1] _ (31,0007
stream center 1965 economic 1930 economic s 2000 economic B 2020 economic
conditions 2/ conditions conditions : conditions
1 2 3 4 3 S [3

Mokelumne River Basin
——mne_liver Masin

Mokelumne River Lodt 21 36 94 307
Stockton Area Streams
SO0 7I7a otreams

Calaveras R{var Stockton 190 332 8R6 2,817
Waststde Stream Group-
St nrean roups
Delta-Cantral Sierra
- ~27ral olerra

Marsh-Kellogp Creeks Brentwood 34 64 173 637

Corral Hollow Tracy 5 8 20 62
Delta Islands

Lowar San Joaquin River Antioch 9 15 45 164
cache Slough and
Tribu Streams

Ulatis Cresk Vacaville 18 215 679
Total Delta.Central Subregion 299 533 1,433 4,726

-

Damages tasad on July 1965 prices and project conditions, and estimated econom!
Figures {n colum 3 are from column 7, "Total,"” shown on Table 9,

¢ condftions for the year shown.

June 1871
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TABIE 9b

DELTA-CENTRAL STRRRA SUBR®GION OF THS CALIFORNIA REGION

“atimated Average Annual Flood Damage and Damage Reduction
for Urban Areas with S{imif{cant Flood Problems
- Present and Future Econcmic Conditions -

Base Plan

Total damages - 1965 prices [$1,000)

Study area Damage  :
stream center : 1965 - 1580 econom!c conditions : 2000 economic conditions B 2020 economic conditions
. economic W 1965 : Reduction due to :Res{dual:W/1066-: Reduction due to :Residual ‘W/1G81-: Reductfon due to :Restdusl
% sprofect: 1966-1980 program : damage : 19680 @ 1981-2000 program : damage @ 2000 : 2001-2020 program : damage
project : cond{-: £ : w/19686-: program: & : w/1981-:program: : w /2001~
:conditions: tions Non- : Strue- : 1980 ¢+ Non- @ Struc- : 2000 : :  Non- i Struc- : 2020
2 1 H _‘ structural: tural :program @ :structural: tural :program : :structural: tural :program
$ £ measures :measures: 3 ¢ measures :measures: 4/ ¢ : measures :measure S5/
1 O % 3 4 FES St g S : 10 11 12 13 : 14 : 1S
™
21 36 1 26 84 45 0 39 258 166 0 92
Stoeston Area Streams
Calaveras River Stockton 19 332 18 279 35 93 46 47 153 74 61 18
34 64 ¢ 54 17% 0 149 24 a7 o] e7
S € 2 0 € 18 9 o} 9 51 38 0 13
Q 15 & 10 4 24 0 16 135 104 0 31
Cache Slough and
Tridutary Streams
Natis Creek Vacaville 40 0 18 215 c 185 20 63 0 0 63
tal Delta-Central 299 533 35 2719 218 623 124 44 155 747 382 €1 304
rra Subrezfon
17 Fizures shown in column 3 are Trom column 7 of Table @ and are also shown in colum % of Table Sa.
2/ Figures { ylumn 4 are from column 4 of Table Sa.
3/ Col 7 - colum 5 - column 6.
4/ Col 11 = colt ~ colum 9 - column 10.
S 1 15 = column 12 - column 13 - column 14,
fase Plan

TABLE 10

DELTA-CENTRAL SIFRRA SIBREGION OF THE CALIFORNIA REGION

Batimated Costs of Future Flood
- 1966 to 1980 ~
(#1,000)

Flood control reservoirs

Non-structural measures

Stly area Tlevess & channels
£ Federal : Non_Fedaral Faderal f Non-Faderal 3 Fedaral s Non-Federal
.Thetallation: Annual :Installation: Annual :Instellation: Annual :Installation: Annual :Inetallation: natallation: Annual
costs OMR costs ¢ (MR costs : OMMR ¢ costs : OMER coats costs : (MR
g : _coats : costs costs : : _costs @ :__costs
1 : 2 $ 3 : 4 ¥ S (3 : 1 [ B 9 : 10 12 : 13
Cosurmes River Hasin 5, 160 2,530 58 14,81 23 130 4 110 el S0 10
Moxelumne River Bagin 1,300 70X a 0 110 S8 870 112
stockton Area Streams 4,65 2,35 8 0 30 4 (:al 12
Waatside Stream Sroup-
Delta-Central Slerra 490 E 10 1 90 s
Delta lslands 1,28 3, 13 16 0 4 17 24(C 17
“acne Slough and
Tributary Streams > 0 0 10 8 10 4
Sacramento lesp Water
Ship Channel and
Projest Bypasses in DC 0 0 20 ie 30 17
Sacramento River
telow Sacramento 3 - - 0 (o] 40 12 12 4
Total Delta-Central
Slerra Subresion 12,560 8,71 11 15, 3% 30 130 4 270 134 1,950 181
June 1971
'
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TABLE 10a

DELTA-CENTRAL SIERRA SUBRUGION OF TH® CALIFORNTA REGION

Fatimated Costs of Puture Flood Control Program

Study area i

levees & channels

Flood control reservoirs

Non-at.ructuml meagures

: Federal

Pedenl

:Installation: Annual

Non-Federal :

on-Federal

: Annual :Installation:

: Federal Non-Federa
Annusl ‘fmmlfluon' x'munl

: costs : OMR costs : costs costs : OMR @ costs : (MR : costs ¢
H t _costs H :__costs : :_costs : mau
1 2 2 8 3 4 < S [3 8 3 £ ) 10 I b 12 i
Cosumnes River Basin Qo o 0 0 0 0 0 0 90 33 140 24
Mokelumne River Basin 1,220 0 660 15 S, 000 30 0 (] 110 a2 1,000 148
Stockton Area Streams o 0 0 0 0 0 0 0 §0 10 1,630 2
Westside Stream Group-
Delta-Central Siarra 1,050 70 22 2,570 0 1,220 43 10 2 250 1
Delta Islands 29,250 (o] 3,500 81 (o} (0] o 50 30 620 35
Cache Slough and
Trivutary Streams 1,230 0 120 7 100 o 100 2 20 13 €0 14
Sacramento Deep Water
Ship Channel and
Project Bypasses in DC o] o] 0 (¢ (o] 0 0 0 10 16 20 22
Sacramento River
below Sacramento 8,850 o 4,470 A48 0 2] 0 L0 20 _20 10 3
Total Delta-Central
Sierra Subregio 41,600 0 8,820 173 7,670 30 1,320 45 360 206 3,730 290
Base Flan
TABLE 10v
DELTA-CFNTRAL SIVRRA SUBRSGION OF TH® CALIFORNIA REGION
Estimated Costs of Future Flood Control Program
- 20Q1 to 2020 -
($1,000)
tudy area ¥ levees & channels Flood control reservoirs 2 Non-structural measures
Federal : Non-Federal Federal Non-Federal : Non-Federal
-Installation Annual :Installation: Annual :Installation: Annual :Installation: Annual nstallation: Emml
{ costs : OMR costs : OMR @ costs : OMKR costs OMKR costs @
: : costs ¢ costs ¢ costs :__costs H coats
1 3 2 £ 3 : 4 2 SE € B P S 8 B 9 12 3 1S
“osumnes River Basin 4,950 0 2,670 40 3,000 32 0 o] 60 47 90 18
Mokelumne River Basin 390 0 80 14 4,200 13 300 1 100 103 2,510 167
Stockton Area Streams 3,190 (o] 1,720 30 7,030 30 0 0 40 13 1,560 22
Wdestside Stream Group-
Delta-Central Sierra 0 0 0 0 o] 0 0 0 10 1 520 9
Delta Islands 11,500 0 13,500 120 0 0 0 0 60 42 1,580 4
cache Slough and
Tributary Streams (o] o] 0 0 0 0 0 0 80 17 6,080 43
Sacramento Deep Water
Ship Channel and
Project Bypasses in DC o o 0 0 0 o (o] 0 10 20 20 25
Sacramento River
below Sacramento 13,300 2 21,700 120 0 ) ] [ 20 2 —10 -
Total Delta-Central
Sierrs Subregion 33,330 0 23,670 04 14,230 7% 300 1 380 2n 12,370 335
June 1971
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Base Plan
TABIE 11
DFLTA-CENTRAL STYRRA SUBRSGION OF TH® CALIFORNIA REGION
Flow Data at Selected Locations
(Flows {n 1,000 cfs)
Study area : Location : Non- : Maximum flood of record Flow of standard : F ow of 100 .year
stream H damaging: Date @ Flow project flood y frequency flood
H flow : : At :Existing: Future Bxisting: Future Existing: Future
: SV : time : (1965) : project : (1965) : project : (1965) : project
: : T of :project : conditions 2/ tproject : conditions 2/ iproject : conditions 2/
C t ioccur-: condi- : 1980 : 2000 : 2020 : condi- : 1980 : 2000 : 2020 : condi- : 1960 : 2000 : 2000
s : irence : tions : : : tions : : : : tions : H
1 3 2 R IS A SO - S T < M D 1, T e - YD v 0 s Y S b T S NG ¥ BT
Cosumnes River Bastin
Cosummes River Michigan Bar 10 23DecS5S 42 42 10 1 10 ar 60 60 10 62 11 11 10
Mokelurme River Basin
Mokelurme River Camanche
Inflow 21NovsO 7 27 27 27 27 115 115 115 115 70 70 70 70
Outflow 5 21INovS0 28 5 S S S 3 30 30 30 6 € 6 6
Stockton Area Streams
Calaveras River Hosan
Inflow 2Aprse 42 42 42 42 42 66 66 66 66 54 54 54 54
Outflow 6 2Aprs8 il 6 103/ 10 10 36 11 11 1 3/ 16 10 10 10
wWestside Stream Group-
Delta-Central Sierra
Marsh Creek At mouth 1 Jan63 4 4 4 4 4 9 3 3 3 7 1 1 1
Delta Islands
San Joaquin River Vernalis 30 9DecSO 79 58 31 31 31 160 8s 8 8s 115 61 61 61
Cache Slough and
Tridbutary Streams
Cache Slough Yolo Bypass Aprsa Unknown 865 785 780 775 500 450 45 4%
Sacramento Deep Water
Ship Channel & Prolect
3ypasses in DC
Yolo Bypass Lishon Gage S00 20Mar07 428 Unknown
Lisbon Gage 500 b' 2SDechq 370 370 330 320 3 850 770 765 760 490 440 425 420
Sacramento River
below Sacramento
Sacramento River R0 Viata Varies 26DecS5S 9.8 9.8 9.7 9.6 9.6 10.3 10.1 10.0 10.0 10.1 9.9 9.8 9.8
(re) (re) (re)

Under 1965 project conditions.

Flows as modiffed by future projects ltkely to be in & future flood control progrum by the years 1980, 2000, and 2020.

Non-damaging flow 10,000 cfs after 1980.

All of the lands within the bypass are owned by the State of California or are covered by flowage easements. However, these fertile lands are
intensively farmed and sustain substanti{al damages fram floodflows.

B
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= . Reservoirs with Flood Control

2. «ffp Otner Reservoir or Lake

3. ==~ Study Area Boundry

HYDROLOGIC SUB REGIONS

SC SOUTH COASTA
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LEGEND

| Existing Projects ( In operation 1965)

‘ Reservoirs with Flood Control

I Comanche
2 New Hogan
3 Farmington

. Other Reservoir or Lake

Levee 8 Channel Projects

Sacramento River & Delta 5 San Joaquin River

2. Bear Creek 6 Cache Slough B Tributaries

3 Littlejohns Creek 7. Sacramento Deep Water Ship

4 Calaveras River Channel 8 Project Bypasses
O Watershed Projects

| Mosher Creek 3. Ulatis

2 Marsh-Kellogg

2. Potential Future Flood Control Program
A (1966 -1980) , A (Constructed as ot FY 1970),B (1981-2000),
€ (2001-2080) (See table 687)

« Reservoirs

County Line (A) Hutson School (B)

I S

2. Nashville (A) 6. South Guich (C)
3 Latrobe (C) 7 Eugene(C)

4 Irish Hill (C) 8 Kellogg (A)

Levee 8 Channel Projects

I Cosumnes River (A C) 5. Littlejohns Creek (C)
2 Dry Creek (B) 6 San Joaquin R

3 Mokelumne River (A) 7. Delta (C)
8
9

4. Calaveras River (A) Deer Creek (A)
(Mormon Slough) Duck Creek (A))

Watershed Projects

® Locations of non-structural floodplain
management measures

MAP 3
DELTA-CENTRAL SIERRA SUBREGION
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FLOOD CONTROL PLAN
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LEGEND

E Areas Subject to Flooding

2. ] Major Urban Damage Centers
3. River Forecasting Points
[:] River Stage (Existing)
I. Rio Vista 5. Benson's Ferry
2 Lisbon 6. Lathrop
3. | Street 7. Michigan Bar
4. McConnel 8. Woodbridge

River Stage (Future)

I. Tracy Pump 4. Burns Cutoff
2. Port of Stockton 5. Port of Sacrmento
3. Bellota
v Reservoir Infiow (Existing}

| Pardee 2. Salt Springs
Reservoir Inflow (Future)
I. Farmington 3. Nashville
2. New Hogan 4. Sly Pork

a. ‘ Existing Reservoir with Flood Control

5. ’ Other Resrvoir or Lake

6. Potential Future Reservoir with Flood Control

MAP 4
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SAN JQAQUIN BASIN SUBREGION

General

The San Joaquin Basin Subregion (SJ) is situated 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 west. (See Map SJ-1.) The subregion is about 110 miles long
and 95 miles wide and comprises an area of 11,061 square miles.

The climate of the subregion is characterized by hot, dry summers and
mild winters with relatively little precipitation in valley floor areas,
and by warm, dry summers and cold winters with heavy rain and snow in the
mountainous asreas. Average annual precipitation varies with elevation,
ranging from about S inches in the southern part of the valley floor to
over 70 inches in the Sierra Nevada. Temperatures normally range from
winter lows below zero in mountain areas to summer highs of about 115 de-
grees on the valley floor.

The subregion had an estimated population of 385,000 in 1965. Its
economy is dominated by highly diversified agricultural activities and
related manufacturing and industrial activities. Mining and lumbering
are significant in the Sierrs 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 Joaquin 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 Mendota, thence northwesterly to its mouth in
Sulsun Bay. (See Delta=Central Sierra Subregion.) 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 Joaguin River from the west.

Additional information of 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 divided into the
following study areas: Stanislaus River Basin, Tuolumne River Basin, Mer=
ced River Basin, Merced County Stream Group, Madera County Stream Group,
San Joaquin River Basin, and Westside Stream Group=San Joaquin Basin. The
principal streams in these areas are shown on Map 2.




History of Flooding

The San Joaquin Subregion is subject to two types of floods: 1) those
that occur during the late fall and winter months, primarily as a result
of prolonged general rainstorms in the mountain and valley floor aress;
and 2) those that occur during the spring and early summer months, pri-
marily 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 a few
of the major floods of the late 1800's and early 1900's is included in
the regional section of the appendix. On a subregional basis, the January
1969 flood is considered to be the most severe although other floods may
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~
enber averaged about 16.5 inches in the upper reaches of the basin and
snowmelt added about 1 inch of water to the basin mean rainfall of
10-15 inches. Extensive flooding occurred slong the San Joaquin River
and all of its major tributaries. Flooding also occurred on the larger
westside tributary streams. Over 7,000 people evacuated thelr homes
during the Christmes holiday season and several people died of heart
attacks caused by excitement during the flood. Agricultural, public fa~
cility, and residential dameges comprised nearly 85% of the total flcod
damage. About 127,000 acres were lnundated during the flood and dam-
szes exceeded $7 million. Dameges for the 1955 and other significant
recent floods in the subregion are tabulated on page SJ-3 and are shown
in more detail in Tsbles 1 and 2.

Both rain and snowmelt floods occurred in the San Joaguin Basin
Subregion during the 1968-1969 flood season. About 285,000 acres were
inundated and flood dameses exceeded $19 million. Flood fighting and
cleanup costs under various Federal programs were about $800,000. The
rain floods resulted from more than 25 inches of rain during January,
and substantial but lesser amounts in February. The elevation of this
basin reaches 14,000 feet with about 40 percent lying above 8,000 feet.
During the rain-=flood producing storms a snowpack of unprecedented depth
and water content (220-340 percent of normal) was accumulating in the
higher elevations. The flood season was climaxed by near record snowmelt
floods during the period April through July. Flooding along the Stanis=-
laus and Tuolumne Rivers is shown in Photos SJ=I and SJ=II. Total volume
of snowmelt for the San Joaquin Basin Subregion was estimated at 9,000,000
acre=feet which approached the record established in 1906.
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Flooding along Stanislaus River, January 1969. (Corps of Engineers
Photo. )

PHOTO SJ-I




Tuolumne River
of a half mile
Bee Photo.)

in Modesto, January 1969. Floodwaters reached a
than fifty homes.

in the city and damaged more

width
(Modesto

PHOTO SJ-TT




“Flood damages 1/ ($1,000)
Flood :(Forest & range:Agricultural:Residential:Industrial: Public :Total

(year): resources @ & : & : & :facilities:

: & facilities : land : commercial: utility : %
1955 702 3,081 309 432 2,715 17,259
1958 0 3,382 114 6 589 4,091
1862-63 ¢! 279 17 1 168 525
1964-65 238 1,160 9 529 1,326 3,262
1968-69 949 14,347 1,425 298 2,031 19,050

27' Based on prices and project and economic conditions at time of occur-
ence of flood.

Pesk flows of maximum floods of record, 100 year floods, and standard proj-
ect floods for selected stations In the subregion are shown in Teble 11.

Present Status of the Flood Control Improvements

The existing flood control improvements include a variety of measures
to reduce flood damage. (See Map 3.) They include flood forecasting, flood
control reservolirs, floodwater retardation structures, levees and channels,
tributary watershed treatment, and flood plain information studies. Exist-
ing measures, which are described in more detail in following paragraphs,
provide flood protection to 387 of the areas subject to flooding. With a
few exceptions, the degree of protection provided by existing flood control
measures varies from 100-year or greater flood protection in urban areas,
and from 10- to 50-year flood protection in agricultural areas.

Flood forecasts are prepared by the Federal-State River Forecast Center
in Sacramento and distributed by the Sacramento and Fresno River District
Offices of the National Weather Service. These forecasts include: 1) in-
flow to the major reservoirs, 2) routed flow and stage forecasts downstream
of the dams, and 3) stage and flow forecasts along the mainstem of the lower
San Joaquin River. Forecasting points are shown on Map 4.

Existing major flood control reservoirs in the subreglion 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 :
3 : ¢ control : Drainage
Study area : Reservoir @ Stream :capacity ¢ area
: s :(ac.~ft.):(sq. miles)
Tuolumne River Basin Don Pedro Tuolumne River 200,000 1,530
Hetch Hetchy Tuolumne River 160,000 455
Cherry Valley Cherry Creek
80,000 187
lake Eleanor Eleanor Creek
Merced County Stream
Group Burns Burns Creek 6,800 74
Bear Bear Creek 7,700 72
Owens Owens Creek 3,600 26
Mariposa Mariposa Creek 15,000 107

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

Lake (¥riant) River

These projects are shown on Map 3. Friant Dam and Cherry Valley Dam are
shown in Photos SJ-III and SJ-IV.

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

Reservoir : Stream : Construction agency
Beardsley Middle Fork Stanislaus Oakdale South San Joaquin ID
Florence Lake S. Fork San Joaguin Southern California Edison Co.
Huntington lake Big Creek Southern California Edison Co.
Mammoth Pool San Joaquin River Southern California Edison Co.
Shaver Lake Stevenson Creek Southern California Edison Co.
Tulloch Stanislavs River Oakdale South San Joaquin ID

Vermilion Valley Mono Creek Southern California Edison Co.
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Friant Dam and Millerton Lake on San Joaquin River. A portion of the }
Friant-Kern Canal appears in the right foreground. (Bureau of
Rec lamation Photo.)

PHOTO SJ-T11I
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Cherry
(Corps

Valley Dam on Cherry Creek,

of Engineers

Photoae )

—— .

a

tributary

of Tuolumne Rivera.

PHOTO SJ-1V




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 Joaquin Subregion. The locations of these features are
indicated on Map 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 secondary improvements provide a varying de-~
gree of protection primerily 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 Management Services Program is covered in detail in the
Regional Summary of this appendix. Under the program, flood hazard infor=
mation is being furnished to local agencies for use in evaluating the flood
hazard of individual site locations.

Summarizing the flood control improvements the San Josquin Basin Sub~
region is afforded a considerable degree of flood protection from 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 dameges during the 1964-1965 flood. It is
estimated that average annual damages prevented by existing measures exceeds
$2.5 million. Additional details are included in Table 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 and 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
floodflows 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 slong the Fresno and Chowchilla Rivers in the
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vicinity of Madera and Chowchilla. Flooding also occurs along other
streams in the area with resulting damages to agricultural and urban
properties. (See tabulation below.) The problems are especially
serious along the streams of the Merced County and Madera County Stream
Croups.

This subregion has erosion and sediment problems associated with
flooding. In terms of present and potential damage, streambank erosion
and eroding land pose the greatest threat, particularly in the valley
areas where intensive agriculture exists. About 2,780 miles of stream
channels have erosion problems with 350 miles classed as "serious'.
Annual losses of land due to bank sloughing amounts to $100,000 and
fifty=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 ?ith land loss and depreciation of productivity on agricultural
lands).

In the tributary areas much of the flood problem has not been allevi-
ated. In terms of potential damege, main streambank erosion occurring
in the lower elevation tributary watershed areas poses the greatest
threat. The land adjoining these channels is used intensively for
agriculture and streambank erosion damage occurs as land=loss with
assoclated depreciation of the productive capacity of adjacent lands.
Many additional land treatment and flood prevention measures are needed
1f adequate protection is to be afforded this area.

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

: Estimated Average

Study ares : Annual Damages ($1,000) 1/

Stanislaus River Basin 365
Tuolume River Basin 383
Merced River Basin 450
Merced County Stream Group 618
Madera County Stream Group 882
San Joaguin River Basin 1,091
Westside Stream Group 103

Total San Joaguin Basin Subregion 3,892

;/’ Based on 1965 prices, economic 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. Major urban centers and areas of
the subregion subject to flooding are shown on Map 4.

S5J=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 flocd damage 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 plaeins. The population of
the San Joaquin 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 considersble amount 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 Californie. The required
improvements to the flood forecasting system are estimmted 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 will be an
important element of the future flood control progrem. An additional
1,775,000 acre-feet of flood control capaclty are required in the subregion
to satisfy future needs. This total is derived from the following tabu=
lation:

$ 2 : Flood s
Study area/ : : control : Drainage
time frame : Reservolr : Stream : capacity @ area

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

Stanislaus River Basin
1966=1980 1 New Melones Stanislaus River 450,000 900

Tuolumne River Basin
1966=1980 1/ 2/ New Don Pedro Tuolumne River 340,000 1,542
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s < ¢+ Flood :
Study erea/ : : : control : Drainage
time frame & Reservoir $ Stream : capacity : area

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

Merced River Basin

1966=1980 1/ New Exchequer Merced River 400,000 1,037
1966=1980 Detention
Structures (2) (various) 1,000 12
1981-2000 Montgomery Merced River 45,000 68
1981-2000 Bagby Merced River 350,000 912
2001 =-2020 Detention
Structures (2) (various) 4,000 22
Merced County Streams
1966=1980 Merced Group Merced Stream Group 37,000 385
1981 -2000 Detention
Structures (2) (various) 14,000 96
Madera County Streams
1966-1980 Buchanan Chowchilla 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 Joaquin Basin
1966-1980 3/ Los Banos Los Banos Creek 14,000 156
Total 2/ 1,775,000

1/ Under construction ar funded for construction as of FY 71.

2/ Pending construction of New Don Pedro 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.

3/ Completed in FY 69,

The reservoirs listed sbove are shown on Map 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 3
$38.3 million for the 1981-=2000 period and $2.5 million for the 2001-2020

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 2 Levees 3 Channels
(Bank Miles) 2 (Miles)

Tuolumne River Basin

2001-2020 10 S
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 3 9
Madera County Stream Group

1966-1980 16 181

1981-2000 0 3

2001-2020 15 i
San Joaquin River Basin

1966-1980 ;] 19 0

1981-2000 40 5

2001-2020 15 A0

Total 158 125

L/ Under construction or funded for construction as of FY 70.

The approximate location of levees and channel work is indicated on Map 3
and additional details are included in Table 7. The estimated costs for
required levee and channel work are $3.9 millior for the 1966-1380 period,
$8.8 million for the 1981-2000 period, and $6.1 million for the 2001-2020
period.

Structural measures will be complemented by non-structural land treat-
ment measures for necessary soll 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-
Jjects. Estimated costs and acres of watershed land treatment are tabulated
on page SJ-10.
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Land Treatment 1966-1980 1981 -2000 2001-2020
Thousand acres 15 38 20
Thousand dollars 800 1,900 1,100

Non-structural flood plain management measures will become an increas-
ingly important part of community flood control planning in the San Joaguin
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 measures for urban centers.
Non-structural flood plain management measures to accomplish these reduc-
tions will consist primarily of zoning and flood proofing. Commnities 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, Chowchilla, 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 reports
for the communities named above are scheduled for completion 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 S5
stream miles 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 period, and $14.0 million for the 2001-2020 period.

Potential to Satisfy Future Needs

The flood control program 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 $23.9 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, 10a and 10b). The effect of the
potential flood control program on future damages is shown in Table 8 and
graphically on Figure SJ-1, and its effect on floodflows is shown in Table
11.
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TABLF 1

SAN JOAQUIN SASIN SUBRSGION OF THE CALIFORNIA REGION

Higtorical Flood Deta

Base Plan

Study area : Flood : Location/ Area Flood damages 1/ - [$1,0007
H s flow :inundated: Forest : Forest : Crop : Other : land :Residential:Industrial: Public : Total
8 : (cfs) : (1,000 & range ! & range : & : agricul- @ H & H :facilities:
< : acres) sources:facilities: pasture : tural : icommercial : utility : :
1 A T 3 s 4 : S 2 6 $ 7 : 8 9 $ 10 F 1l 12 3 15
Stanislaus River Basin Nov-Dec Melones Inflow 15.0 4 35 318 22l %44 58 20 176 ,176
S0 90, 000
(Outflow 45,000)
DecSS Melones Inflow 1S.1 S 7 315 219 342 85 94 893 2,027
102, 00X
{Outflow 62,800)
Dec64 Melones Inflow 11.4 2 24 352 244 el 9 ) €33 1,664
46,1\\!‘
(Outflow 39,000)
Nov-Dec Don Pedro Inflow 8.1 2 58 124 98 74 30K 15 38 710
5 90,000
3 (Outflow 64,500)
DecSS Don Pedro Inflow 7.1 3 106 85 112 14% 10 289 748
100,000
(Outflow 42,800)
Merced Rive Nov-Dec ®xchequer Inflow 19.8 0 509 130 130 112 37 164 1,353 2,435
50 88,000
(Outflow 38,000)
DecSS Exchequer Inflow 3:9 3 247 7 7 [ (6} 24 542 £36
100, 00C
(Outflow 10,700)
Dec-Jan Zxchequer Inflow 1.9 S 35 2s 6 30 (o} 5§20 321 942
65 35,000
(Outflow 17,000)
JacS5 Mariposa Inflow 15.3 0 o 163 24 46 a1 24 174 S22
15, 00C
(Outflow 5,800)
Madera County Straanm
3roup DecSS Fresno River at 57.6 0 43 301 178 21 49 11 341 944
1 site
Friant Inflow 19.6 1 240 234 307 39 S 28S 164 1,626
a6, 00
(Cutflow 6,000)
Jan-Apr Friaat Inflow 84.9 1 60 505 667 848 11 0 294 2,386
SR 20, 70
(Outflow 7,100)
destside Stream Group-
34 oaguin Ba DacS5 Los Banos site 8.7 0 41 32 24 33 158 289

1,900
11,9

1" Data based on prices and project and aconomic

conditions at time of occurrence of flood.




SAN JOA

QUIN

TABLE 2

BASIN SUBR®GION OF THY CALIFORNIA REGION

Flood Dumee i

Hase Flan

Study area : Flood : Locatfon/ Total damges - '$1,077
£ 1 flow 2 At time of flood 2/ $ 1965 economic sonditions & prices *
s £ efs! . Actual : Damage without : Damase prevented : lamgee with : Damage withou! : Damage prevented
9 1 [ Aamage ¢ flood control : by flood control : l96S project : flood control @ 1965 protects
Y B B 3 projects s projects 4/ : conditions : projecte : &
- P 3 B 4 : 5 3 [ : 7 : 8 3
tanislaus River Basin DecSS Melones Inflow 2,027 2,027 3,255 5,2%
102, 00X
(Outflow 62,800)
Tuolumne River Hasin DecS5S Don Pedro 748 1,R3%4 1, 0R¢ , 758 JEoa
Inflow 100,000
{Outflow 42,800)
DecS5S Exchequer Inflow A3E Are 1,4 L4
100, 000
(Outflow 10,700)
Merced County Stream
roo DecSS Mariposa Inflow 520 5,202 4,70 A9 a, 068
15, (0¥
(Outflow 5,8
Madera County Stream
Sroup Chowchilla R. at 344 944 1,651 1,655
Buchanan sf{te
30,000 and Fresno
R. at Hidden site
17,50¢
5an Joaquin River Basin Dec5S Friant Inflow 1,626 i i4, 354 " e * *
‘;F", LR}
(Outflow 60X
Wests!de Stream Jroup-
Jan _Toaquin Smain DecS5 Los Bancs site 28 37 €8S 56
11, X
i/ Maximum flood for which data are available
Z/ Data based on prices and profect and aconomic conditions at time of £
3 Data bdased on recurrence of original flood.
Column & = column 5 - column 4.
Colum % = column & - column 7
Base Plan
™S RRTA RESION
Study area/ t  Area S Flood damage 2/ - (£1,00¢
atream : frundated : t Forest : Cyop t Other : Tland ¢ Residential : Industrial : Public : Total
B 1, 0% ' : & range @ & africul- : LS : & : facilities :
: acres resources : facilities : pasture : tural : i_commercial utilities
1 : 2 H 3 ¥ 4 H S ¢ [ 3 7 3 £ ¥ 9 i 1 3 il
Stanislaus River Basin
Stanialaus River 39:5 9 70 901 625 99R 243 354 2,627
Tuolume River dasin
Tuolumna River 13.6 6 4% 572 755 176 2,625 4,751
Merced R{
Veros: Riv 3.1 a 1,F41 , 018 a5 ap7 2,156 A, 182
Mercad County Stream Group
Gear Creayk 7.7 1,916 Sa21 AR 3,245 31 X3 1
Madera
Freano-"howch{lla Rivers 4.5 0 5 4,147 1,498 184 3,195 4,098 13,987
)an oaquin River Sasin
San Joaquin River . ? X 2,595 %y 40X 4,536 1,391 1,681 2,075 15,78
Wegtside Stream Sroup-
‘oaguin Mmsin
Loa Banoa Cresk 5.3 63¢ L% 71 164 W G99 2,345
i 5ae TAble for mumitude of 100 .ysar floo! at a atations,
2/ fmsed an July 1965 prices, sconomic sonditiona, and pr conditions,
June 1971
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TABLE 4
SAN JOAQUIN HASIN SUBREGION OF THE CALIFORNIA REGION
Estimated Average Annual Flood Damage
Study area 3 Flood damage 1/ = gg.ooo)
(princtpel stream) : Forest : Forest Crop :  Other 2 land : Residential : Industrial : Fublic ;3 §Ludy area
i & range & range 4 & ;. agricul= ¢ $ & : & : facilities : totals
: resources : facilities : pasture :__ tural : : commercial : utilities : :
1 : 2 3 3 : 4 2 S : [3 : 14 3 8 B ] : 10
Stanislaus Kiver Basin 2 14 54 38 (2] 13 24 157 365
(Stanislaus River)
Tuolumne River Hasin 1 37 42 56 76 S 0 162 383
Tuolumne River
Merced River Basin 2 38 75 13 46 20 37 a 450
[Merced River)
Merced County Stream Grouj 0 (o] 240 32 12 326 4 “ ALE
(Geer Creek
Madera County Stream Group (&} 15 308 126 24 112 22 274 882
Fresno=Chowchilla River)
San Joegquin River Basin 0 60 158 22 212 us 123 142 1,091
San Joaquin River
Westside Stream Group =
San Joaguin Basin (] 0 30 6 3 17 S 42 108
\b! Banos Creek) —_— —_— — — — —— —_— — e
Total San Joequin Subregion 5 164 908 611 496 €10 215 882 3,852
1/ Damages based on July 1965 prices, economic conditions, and project conditions.
bBase flan
TABLE S
SAN JOAQUIN BASIN SUBREGION OF THE CALIFORNIA REGION
Summary of Estimated Average Annual Flood Damage for iresent
and Future Conditions of Economic Development
with Existing Flood Control Measures
Study area Average annual flood d es 1/ = (§1,000)
(principal stream) 965 economic 980 economic g 2000 economic : 2020 economic
: conditions & conditions : conditions : conditions
g f 3 : B 5
jtanislaus
Staniala 365 590 1,232 3,07
Luolumne b B - 5
TTuolwme Rivar) 363 604 1,212 2,96
Yerced River 3asin
TVerce ] > 450 737 1,293 3,362
618 1,190 2,655 6,562
B8 1,637 3,952 10,769
1,091 1,011 3,907 8,646
Westside Stremn Group~San Joaguin Basin
(Los Banos) 103 178 391 1,018
Total San Joaquin basin Subregion 3,892 6,047 14,657 36,310
n on July 365 prices and pro ect COMLLLONS, AN eATLMALOY ecONnOmic CONnTILIONS fo0r Lhe year Shown.
Z tgures !n column 2 arc from colum 10 of Table 4.
June 1971
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1 BLE €
aal UF THE CALIFORNIA REGION
SR f F ntrol Capacity for Existing
! Future Reservolrs
tudy area : Flood control capacity =z
xIsting T Trojects 1566- Ciik ects 1081 ~et Totel projects
o 36! % < as of 2020
i 3 T
E 1
Stanislaus River bast 4 ) o 450
lunne River Jasia a0 340 O 0 540 3/
5 4 B
14 4
0
Q 39
-4
4 € 2,198

areas and reservoirs controlling at

1e dnamsite apov
irot

edr ¥ tr fon.

Base Plan
TABLR 7
SAN JOAQUIN BASIN SUBREGION OF THY CALIFORNIA REGION
Summary of lavee and Channel Flood Protection Projecta
- Existing and Future -
Study area : [aves and chenne] prolects
: Existing +  Projects 1966-1980 T Projects 19A1.2000 : Projects 2001-2020 @ Total prolects

1 H 1 : 1 : as of 20X
Tavwes : (hammels : levees : Channels : levees : Channels : Tavees : Channels
(miles) : (miles) : (miles) : [miles) : (miles)
B

] projects [1965)
: levees : Channels

milea) : (miles) miles) : (mites) : (miles)
1 : 2 i 3 $ 4 i :v € 7 3 ] B 3 10 = 11
Stanislaus River Basin 4 4 0
Tuolumne River Basin 0 D ) 10 S 10 S
Merced River Dasin 0 17 2 0 6 2 23
Merced County Stream
3roup 32 36 52 5 9 0 0 7 £1
Madera County Stream
aroup 0 16 11 3 15 ? b | 21
Jan Joaguin River fesin 241 2 B QL o -3 15 10 315 15
Total San ‘raguin
Subregion a4 n Ao 47 17 « o8 435 125

17 Includes only projects giving 100-year flood protection, or better, to urban areas and at Tenat 1 -year flood protection to agricultural areas.

June 1971
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fase Plan
TABLE &

SAN JOAQI'IN RASIN SUBR®GION OF TH® CALIFORNIA R2ZGION

Zatimated Average Annual Flood Namage and Reduct {fon
- Present and Future Economi{c Cond{tions -

Studv area : Total damages - 1565 prices [§1,0007
(principal stream): 1765 economic : 1080 econamic condit{ons £ X% econamic conditions 2020 econamic conditions
H L protect w1565 Reduction {n : Res{dual J196E-19RT : Reduction in @ Restdual 1481-2000 : Reduction i{n '@ Residual
cord{tions protect damages due @  damage program damages due Adamage program t demages due Asmmge
1/ : comditlons : to 1966-1°980 w : 1 to 1981-2000 : w ¢ to 2001-2R20 w
2 :flood control 6 : iflood control :1u81-200. iflood contro 00} -202
i __program am 4 _program * iprogram o _pr 3 iprograx €
b 2 3 1 B 5 ¢ [ 7 [ ] 2 11
365 590 509 a1 151 151 135 538
Tuolumne River Basin
Tuclumne River LR A4 424 18 194 1 ons w2 295 487
Merced River Basin
Nercad River 450 73 Wy 154 623 198 429 1,07 1,065
Merced County Stream
Jroup
Bear Creex) 618 1,190 952 238 531 303 228 747 29 457
Maiara County Stream
882 1,637 1,555 82 i 28 542 1,126 294 as2
) 1,09 1,911 472 439 3,086 2,056 1,0% 2,092 15¢ 2,142
westside Stream Group
103 178 114 f4 172 42 15 338 144 194
Total San Joaquin
Subregion 3,892 6,347 4,409 4% 5,397 2,806 2,591 6, 690 178 5,512
1/ Flgures shown {n column 2 are from oolumm 10 of Table 4 and are also shown in column 2 of Tabdle 5.
2/ Figures {n column 35 are from column % of Table S,
3 ludes structural and non-structural measures,
4/ Colum S = column 3 - column 4,
5/ Column 8 = colum 6 - column 7,
&/ Column 11 = column 9 - column 10.
Hase Flan
TABLE 9
SAN JOAQUIN BASIN SUBRMGION OF TH® CALIFORNIA RRGION
Fat{mated Average Annual Flood 'mamagze for Urbtan
Areas with S{mnificant Flood Problems
Stuly area/ Tamage Average annual flood damages (¥1,000] 1/
atrean 3 center Reatdent ia) Commercial ¢ Industrial B Pudblic Total
3 3 : & utilities H facilities
1 2 2 3 3 B 4 S [3 7
Tuolurne River Basin
Tuolumne River Parad!ae 2 o 15 17
Tuolumne River Modesto 7 (o] [N ar
Wooda Creek Sonora 2 3 2 S 12
Verced “ounty Stream Oroup
Bear Creek Merced 102 10 2 1 11S
Chowehilla 15 37 11 18 A1
Madera 39 20 1 bl R
Firebaus! b) | 26 22 40 119
Wastside Stream Group-
p Joagu'!n Baain
Salals Treek Patterson 1 3 0 2 6
Los Banos Cresk Los Panos (3 s 2 3 16
(rmatimia “resg Newmar g 0 4 A 12
Total San Joaquin Subregion 205 104 53 01 563
1/ Damages are tased on July T0PE priowea, sconomis ~onAitions, And proiact conditions.
June 1971
!
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TABLE 9a
SAN JOAQUIN BASIN SUBREGION OF TH® CALIFORNIA REGION
Summary of ©stimted Average Annual Flood Damage for Urban Areas with Significant Flood Problems

- Present and Future Conditions of ®conomic Development
with Zxisting Flood Control Measures -

Base Plan

Study area; 3 Damage 2 Average annual flood damages 17 - ($1,000)
stream H center : 1965 economic 1980 economic 2000 economic

: 2020 economic

: cond{tions 2/ conditions conditions : conditions
~soncirlons <L —cons mtong S
1 ! 2 : 3 $ 4 g S 3
Tuolumne River fasin
Tuolumne Riwv: Paradise 17 28 7€ 22€
Tuolurne River Mode sto 87 142 386 1,148
Woods Creek Sonora 12 24 €6 220
Merced County Stream Group
Bear Creek Merced 113 254 698 1,964
Madera County Stream Group
Chowchilla River Chowchilla 81 193 65¢ 2,085
Fresno River Madera 98 32 783 2,026
San Joaqu'n River Hasin
San Joaquin River Firebaugh 119 274 99 2,070
Westside Stream Group-
San Joaguin Bestn
Salalo Creek Patterson 6 11 31 91
Los Danos Creek Los Banos 16 33 91 252
Crestimba Creek Newman 22 21 53 149
Total San Joaquin Subregion 563 1,212 3,735 10, 231
1 Dmmages are basad on July 1965 prices and proiect conditions, and estimated economic conditions for the year shown.
2/ s in colum 3 are from column 7, “Total,” shown on nm- 9.
Base Plan
TABLF. 9b
SAN JOAQUIN BASIN SUBRSGION OF THW CALIFORNIA REZGION
©gtimated Average Annual Flood Dammge and Damage Reduction
for Urban Areas with Significant Flood Problems
- Pregsent and Future Sconomic Conditfons -
Studv area/ : Damage Total damages ~ 1965 prices ($1,000]
stream : center : 1365 1980 econamic conditions B 2000 economic conditions : 2020 ecanomic conditions
: : economic WTE Reduction due to :Residual W/1966-: Reduction due to :Res{dusl: ml-' Reduction due to 'Rendul
: % :project: 1966-1980 Egg : demage : 1980 : 1981-2000 progrsm : damage 2000 :_2001-2020 Er_'s
2 : project : condi-: : w/1966~-:program: 0 H v/l%l-‘promn: 1 v/200)-
H iconditions: tions : Non - + Struc- : 1980 : Non=- : Struc- : 2000 ¢ : Non~- : Strue- : 2020
Yy : g/ :structural: tural :program :structural: tural :program : istructural: tural :program
; : : z : measures :measures: 3/ ! measures :measures: 4/ : measures :measures: 5/
T T e SR WA D, e e e T L TR TR I T D CE e -5
Tuolumne River 3asin
Tuolumne River Paradise 17 28 0 19 9 24 12 0 12 36 1 11 14
Tuolumne River Modesto a7 142 0 896 46 125 63 (o} 62 184 (31 58 75
Woods Creek Sonora 12 24 10 0 14 58 34 0 24 176 134 o 42
Merced County
Stream Oroup
Bear Creek Merced 115 254 o 106 148 407 207 (o} 200 562 290 o 272
Maders County
Stream Group
Chowchilla Chowchilla A1 193 0 188 S 17 (o} 0 17 54 0 0 54
Fresno Madera 98 232 0 192 40 135 76 0 s9 2715 173 o 102
San Joaquin River
Basin
San Joaquin
River Firebaugh 119 274 124 0 150 775 (o} 667 108 248 0 (o} 248
Wastside Stream
3 n_Joaguin
&uin
T los Sanos Creek Los Panos 16 33 0 32 1 3 o] 0 3 8 0 0 8
Oreatimba Creek Newman 12 21 0 14 46 26 (o} 20 116 9C 0 26
Salido Creek Patterson l 11 4 o | =l 27 8 — S A\ 54 £ al
Total San Joaqu!in Subregion 563 1,212 145 63% 474 1,617 434 667 516 1,730 803 69 858
I7 Figures shown in column 3 are from “alumm 7 of Tanle 9 and are also shown in column 3 of Table %
2 Fieures tn column 4 are fram column 4 of Table 9a.
3/ Column 7 « column 4 - column S - column 6.
4/ Column 11 = colum 8 - column 9 - column 10.
S/ Column 15 = column 12 - column 13 - eolumn 14.
June 1971
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Base Plan
TABIE 10
SAN JOAQUIN BASIN SUBREGION OF THW CALIFORNIA REGICN
“stimated Costs of Future Flood Control Program
- 1% to 19
(¢1,000
Study area £ levees & channels % Flood control reservoirs 3 Non-structural measures
B Federal B Non-Federal : Federal : Non-Federal : Federal : Non_Federal
:Tnstallatfon: Annual :installation: Annual :Installation: Annual :Installation: Armual :Installation: Annual :installation: Annual
costs : OMR ¢ costs : OMR @ costs : MR costs : GBR costs : OMWR costs : OMR
: costs : :__costs : : _costs : : __costs @ : _costs : :_costs
1 : 2 g 5 4 : [ 1 6 s (O ) : LT 10 P R 12 $_ 13
3tanislaus River Hasin C ) al 0 20,400 68 0 0 80 16 40 11
Duolumne River 3asin 0 0 ) 0 15,100 o} 38 10X Pl 290 26
Merced River Basin 330 D 25 S 8,880 C 200 38 50 i 7 10
Merced County
Stream Oroup 0 ) 1 1 1 17,060 13 2,020 62 SC 17 11¢ 2
tadera County
Stream Group 2/ ) 2/ > 2/ 16,970 95 1,380 2 70 17 70 16
San Joaguin River
Basin 950 0 2, 3R 12 ( 0 0 ) 200 41 2,470 S5
wWestside Stream Group-
San Joaquin Basin [} 0 _0 2,620 i ] _0 50 6 290 12
Total San Joaquin
Subregion 1,280 ) 2,630 17 81,030 295 1,600 167 600 124 %, 340 159
L Costs of <“crk !ncluded with ated reservoir costs.
2/ Costs of ci.unel work included with associated reserveir costs.
Base Plan
TABIE 10a
SAN JOAQUIN BASIN SUBREGION OF TH® CALIFORNIA REGION
“atimated Costs of Future Flood Control Program
- 1881 to 2000 -
(41,000}
Study area B Leveas & channels : Flood control reservoirs H Non-structural measures
Federal : Non-Federal B Federal : Non-Federal : Federal : Non-Federal

\Tnstallation: Annual :Installation: Annual :Installation: Annual :Installatfon: Annual :Installatfon: Annual :Installation: Annual

costs : OMR @ costs : (MR costs : OMWR costs : OMR costs : (MR : costs

MR

: : _costs : : costs t : _costs : :_costs : : _costs : costs
1 : 2 2 Fo % 4 : Se s 6 3 7 : 8 : 9 : 10 TR b T 12 13
Stantslaus River fasin ) 0 o 0 0 0 0 100 n 100 23
Tuolumne River fasin J 2 o] 0 (o} 0 (¢} 190 42 1,010 61
Yerced River fasin 170 o} 30 1 35,200 n o 0 110 17 160 24
Merced County
Stream Group 90X C 20 20 1, 680 o 700 9 170 bl 2,930 57
Yadern County
Stream Group 120 0 40 3 410 (o} 300 2 130 54 1,190 3
San Joaquin River
Basin 2,330 0 §,180 25 0 (] 0 o 240 ™ 2%C 82
Westside St
3an Joaquin Basin (4] [} 0 (4] o) - (4] 2 110 15 820 <1
Total San Joaquin
Subregion 1,520 0 5,270 49 37,230 n 1,000 n 1,080 247 7,280 313
June 1971
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TABLE 10b

SAN JOAQUIN BASIN SUBRSGION OF THE CALIFORNIA REGION

Estimated Costs of Future Flood Control Program
to 2020 -

- 2001

($1,000)

fase Plan

Study area

levees & channels

Flood control reservoirs

Non-structural measures

Federal

Non-Federal

Federal

: Non-Federal

:Installat{on: Annual

Non-Federal : Federal

:Installat{on: Annual :Installation: Annual

nstallation: Annual :Installation: Annual :Installation: Annual

costs OMKR costs OM&R costs : OMKR costs costs : OM&R costs : OMR
i __costs : :__costs i_costs : : :__costs :__costs
1 : 2 B - T 4 : Sy 6 B 7 GO 8 : 10 ;SR ) (i 12 : 1%
Stanislaus River Basin ) 0 0 0 (o} o} 60 37 [ 22
Niolumne River Basin 980 530 9 Q 0 Q b 14 42 3,27 €3
Merced River Basin 19 3) §C 17 2,050 ¢} 60 12 (3 1n 100 14
Marced County
Stream Group (o] 0 34C 0 80 1 9 4 4,400 2]
46 250 4 ) ) 0 0 100 32 2,35 39
1,400 2,2% 10 0 ) 160 82 2,550 91
Westside Stream Group-
San Joaquin basin ( Q ) 0 0 o) 0 0 100 s 1,860 35
Total San Joaquin
Subregion 3,03 3,060 40 2,330 140 13 7€ 247 14, 610 333
June 1971
!
—— ” . -




M amiit i o o o i
Base Plan
TABLE 11
SAN JOAQUIN BASIN SUBREGION OF TH® CALTPORNIA REGION
Flow Data at Selected Locations
(Flows in 1,000 cfs)
Stuly area : Locatfon : Non- : Maximum flood of record : Flow of standard B Flow of 100-year
stream : :damaging: Date Flow * project flood frequency flood
- s flow ¢ : At :Existing: Future Bxisting: Future xisting: Future
3 v 1f : time : (1965) : project. 1 (1965) : project (196s) : project
: : s of :project : conditions 2/ iproject : conditions 2/ roject : conditions 2/
t : roccur-: condi- : 1980 : 2000 : 2020 : condi- : 1980 : 2000 : 2020 : condi- : 1980 : 2000 : 2020
: : : irence : tions : H : : tions : tions : H
1 : 2 - O | N - (S G i S, T e T I & G N - I TR 7 R e T
Stanislaus River Hasin
Stan{slaus River Melones
Inflow 23DecS5 102 90 90 90 90 142 142 142 142 111 111 m m
Outflow 8 23DecSS 63 47 8 8 ) 142 8 8 8 1m 8 8 8
DTuolumne River Hasin
Tuolumne River Don Pedro
Inflow 22DecSS 100 100 100 100 100 2% 230 230 2% 135 135 135 138
Qutflow 9 22Dec5S 42 42 9 9 9 230 165 165 165 135 3 30 30
Merced River Basin
Merced River “xchequer
Inflow 23DecSS 100 100 100 100 100 167 167 167 167 138 138 138 138
Outflow 6 23DecSS 10 10 S S S 142 120 6 6 102 60 (3 6
s Merced County
Stream Croup
Mariposa Creex Mar{posa
Inflow 23DecSS 15 1 n 11 Db 20 20 20 20 17 17 17 17
Outflow 2 23DecSS 6 6 2 2 2 14 6 6 (3] 9 3 3 3
Madera County
Stream Srou
Chowchilla River Buchanan
Inflow 23DecSS 30 30 3 30 30 59 59 59 53 39 39 39 39
Outflow S 23DecSS 30 30 4 i T 59 36 36 36 39 7 it 7
Fresno River Hidden
Inflow 23DecS5 18 18 18 18 18 49 49 49 48 30 30 30 30
Qutflow S 23DecsSS 18 18 S S 5 49 17 17 17 30 S S S
San Joaquin River Besin
San Joaquin River Friant
Inflow 23DecSS 96 96 96 96 96 161 161 161 161 108 108 108 108
Outflow a 23DecSS 6 6 6 6 6 8 8 8 8 8 8 8 8
Westside Stream Oroup-
San Joaquin Pasin
Los Banos Creek Los Banos
Inflow 23DecSS 11 11 1 11 11 26 26 26 26 20 20 - -]
Outflow 1 23Dec5S 11 3/ 3/ 3 3/ 4 4 4 4 2 2 2 2
1" Under 1965 project conditions.
2/ Flows as mod{fisd by future projects likely to be in a future flood control program by the years 1980, 2000, and 2020.
3 Less than 1,700 cfs.

June 1971
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LEGEND

| Existing Projects (in operation 1965)

‘ Reservoirs with Flood Control

I. Cherry Valley 6. Hetch Hetchy
2 Burns 7. Don Pedro

3 Bear 8 Lake Eleanor
4 Owens 9 Millerton Lake
5 Mariposa (Friant Dam)

‘ Other Reservoir or Lake

A Levee 8 Channel Projects
| San Joaquin River (Non Federal)
2 Stanislaus River
3. Merced Stream Group

2. Potential Future Flood Control Program

A (1966 -1980), A|(Constructed or Funded for Construction as of

FY (970), B8(1981-2000), C (2001-2020)(See Table 6 8 7)

'ﬁ% Reservoirs with Flood Control

I New Melones (A}) 3. Burns (A)

Cherry vaol ey
,’ oke Eleanor

wu A Herchy

2. New Don Padro (A|) 10. Bear (A)

3. New Exchequer (A}) 11. Owens (A)

4.Bagby (B) 12. Mariposa (A)
5. Montgomery (B) 13. Marguerite (A)
6. Castle (A) 4. Buchanan (A)
7. Los Banos (A)) 15 Hidden (A})

8. Haystack Mtn (A)

L
MARIPOSA

Levee 8 Channel Projects
o |. San Joaquin River (Federal) (A}, B, C)
,'.”A,r,‘d,)fdg‘;; 2 Cottonwood Creek (C)
3 Chowchilia River (A)
4 Fresno River (A)
5 Tuolumne River (C)
6. Merced Stream Group (A)
Watershed Projects
L Locations of non-structural floodplain

management measures

MAP 3

SAN JOAQUIN BASIN SUBREGION
CALIFORNIA REGION

FLOOD CONTROL PLAN

10 ) 10 20

SCALE IN MILES
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LEGEND

| Areas Subject fo Flooding

2 o Major Urban Damage Centers

3. River Forecosting Points

D River Stage (Existing)

| Orange Blossom Bridge 5 Newmon

2 Ripon 6 Raymond
3 Vernalis 7 Knowles
4 Modesto 8 Mendotc

River Stoge (Future)

| Yosemite

v Reservoir Inflow (Existing)
| Melones Reservoir 4 Exchequer Reservoir
2 Tulloch Reservoir 5 Friant Reservoir

3 Don Pedro Reservoir
Reservorr (nflow (Future)

| Hetch Hetchy

4. ‘ Existing Reservoir with Flood Control
| Cherry Valley 6 Hetch Hetchy
2 Burns 7 Don Pedro
3 Beor 8 Loke Eleanor
4 Qwens 9 Millerton Lake
5 Mariposo (Friant Dam)
5 . Other Reservoir or Lake
6 a-.“,‘:".«_, Potential Future Reservoir with Flood Contro!
Y lerton Loe
nt Dom
MAP 4

SAN JOAQUIN BASIN SUBREGION
CALIFORNIA  REGION

FLOOD DAMAGE AREAS AND
RIVER FORECAST SERVICE
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NC — NORTH COASTAL
SF — SAN FRANCISCO BAY
CC — CENTRAL COASTAL
SC — SOUTH COASTAL
SB — SACRAMENTO BASIN
DC — DELTA-CENTRAL SIERRA
SJ — SAN JOAQUIN BASIN
(TB — TULARE BASIN |

NL — NORTH LAHONTAN
SL — SOUTH LAHONTAN
CD — COLORADO DESERT

MAP TB-|
SUBREGIONS OF
CALIFORNIA PEGION
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TULARE BASIN SUBREGION

General

| The Tulare Basin Subregion (TB) is situated in south central Calif-
ornia. It extends generally from Fresno on the north to the Tehachapi
Mountains on the south, and from the crest of the Sierra Nevada on the
east to the coastal ranges on the west, (See Map TB-1,) The subregion

is about 160 miles long and 150 miles wide and comprises an area of 17,3%91
square miles,

The climate of the subregion is characterized by hot, dry summers and
mild winters with relatively little precipitation in valley floor areas,
and by warm dry summers and cold winters with heavy rain and snow in the
mountainous areas. Average annual precipitation varies with elevation,
ranging from a minimum of about 5 inches on the valley floor to over 57
inches in the Sierra Nevada. Temperatures normally range from winter lows
well below zero in mountain areas to summer highs of over 115 degrees on
the valley floor.

The subregion had an estimated population of 906,000 in 1965. Its econ-
omy is based primarily on agriculture, the petroleum and other diversified
industries, mineral production, and tourism. Lumbering and the production
L of electric transformers, electronic and component parts for missiles and
satellites, Portland cement, tile, brick, and pharmaceutical products are
also significant economic activities.

Transportation facilities in the subregicn are extensive., Highly devel-
oped 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.

The basin, whose only outlet to the sea is a distributary of Kings River,
is separated from San Joaquin Basin to the north by a low ridee formed by
the coalesced alluvial cones of the Kings and upper San Joaquin Rivers.

The major streams draining the subregion are Kings, Xaweah, Tule, and
Kern Rivers. These streams all rise in the Sierra Nevada and, with the ex-
ception of Kings River, terminate in the ancient beds of Tulare or Buena
Vista Lakes, Kings River, flowing along the alluvial ridge between the
Tular~ and San Joaquin Basins, divides to form Kings River South, which flows
into Tulare lake, and Kings River North, which flows into San Joaquin River,
A number of minor streams and stream groups drain the areas between the major
stream basins along Sierra Nevada, and other stream groups drain the esastern
slopess ot the coastal ranges.

Additional information of the subregion can be found in Appendix IT,
"The 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: Fresno County Stream Group, Kings River
Basin, Kaweah River Basin, Tule River Basin, Poso Creek Stream Group,
Kern River Basin, Caliente Creek Basin, Streams Tributary to Buena
Vista Lake, Westside Stream Group-Tulare Basin, and Tulare lLake. The
principal streams in these areas are shown on Map 2.

History of Flooding

Floods have been a significant factor in the development 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 1932 caused 16 persons to lose
their lives but damage records are not available for that time period.
On a subregional basis, the 1955-1956, the 1966-1967 and the 1968-

1869 floods are considered to be among the more severe, although other
floods may have caused higher flows on individual streams.

During late December 1955, intense rainstorms in the subregion re-
sulted in exceptionally large streamflows and subsequent flooding. Snow-
melt added about 1 inch of water to the basin-mean runoff. About 183,000
acres were inundated (almost all agricultural lands) during the flood
with damages totaling nearly $18 million.

During 1966-1967, floods claimed three lives and inundated about
142,000 acres. Resulting damages totaled $26.4 million with agri-
cultural and public facility damages comprised over 65% of the total.
Floodflows elong the Kaweah and Tule Rivers are shown in Photos TB-I
and TB-II. :

Rain and snowmelt floods occurred in the Tulare Basin Subregion
during the 1868-196% flood season. Up to 50 inches of rain occurred in
the upper portion of the Tulare Basin in January, and substantial but
lesser amounts in February. These 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
April through July when near record snowmelt flooding inundated about
540,000 acres causing flood damages in excess of $76 million. Total
volume of snowmelt for the subregion was estimated at 5,770,000 acre-
feet which approached the previous record in 1906.

Flood fighting and cleanup costs under various Federal programs were
about $0.9 million during the 1955-1956 flood and about $2.5 million for
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the 1966-1967 flood. Damages from these and other significant, recent
floods in the subregion are tabulated below and are shown in more detail
in Tables 1 and 2.

Flood damages 1/ (£1,000)
Flood:Forest & rance:Apgricul-:Residential:Industrial: Public : Total

year : resources : tural : & e & :facilities:

: & facilities : & land :commercial : utility : s
19655=
1956 1,376 5,859 5,501 989 4,270 17,985
1558 0 3,481 34 )2 323 3,839
1962-
1963 0 95 32 50 369 446
1966-
1967 5,043 4,765 1,977 2,124 12,574 26,483
1968-
1969 2,249 39,098 7,085 6,231 21,705 76,368

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

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

Present Status of the Flood Control Improvements

The existing flood control improvements within the subregion comprise
a variety of measures to reduce flood damages. (See Map 3.) They include
flood forecasting, flood control reservoirs, floodwater retardation struc-
tures, locally owned levee systems, and tributary watershed treatment.
“xisting measures, which are described in more detail in following para-
graphs, provide flood protection to 60% of the area subject to flooding.
With a few exceptions (principally the locally owned levels), the degree
of protection provided by existing flood control measures varies from 50-
year or greater flood protection in urban areas, and from 10 to 50-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 major structures such as Pine Flat, Terminus, Success and
Isabella Dams, 2) flood stage forecasts for urban areas above and below
the dams as required, and 3) forecasts of volume of inflow into Tulare
Lake during periods of high snowmelt.
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During periods of heavy winter rainfall, warnings are issued for Spring-
ville, Three Rivers, and Kernville, and for Bakersfield and Porterville
when upstream flows exceed channel capacity. Inflow forecasts to the
reservoir are provided to aid in flood control operations during winter
storm periods and the spring snowmelt period. Forecast points are in-
dicated on Map 4.

Bxisting maior flood control reservoirs in the subregion are operated
to provide a maximum of 1,821,000 acre-feet of flood control storage
during the most critical flood situations. (See Table 6). These proj-
ects are shown on Map 3. Success and Pine Flat Dams are shown in Photos
TB-III and TB-IV. The existin~ flood control reservoirs are:

g : o H¥oed <
Study area - Reservoir c Stream : control : Drainage

s e ¢ capacity : area

: : : (ac.-ft.):(sq. miles)
Kings Rivor Basin Pine Flat Kings River 1,000,000 1,545
Fresno County Stream
Group Big Dry Creek Big Dry Creek 16, 000 86
Kaweah River Basin Terminus Kawegah River 150, 000 560
Tule River Basin  Success Tule River 85,000 391
Kern River Basin Isabella Kern River 570,000 2,074

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 Pacific Gas & Tlectric Company
Wishon North Fork

Kings River Pacific Gas & Flectric Company
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Success Dam and Reservoir on Tule River during the December 1966 flood.
(United Aerial Survey Photo.)

PHOTO TB-T111
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In tributary watershed areas, flood prevention work has been due
entirely to private initiative and has been confined mostly to channel
work, stabilization structures, levee construction, and basic land treat-
ment measures.

The Flood Plain Management Services Program of the Corps of ¥ngineers
is covered in detail in the Regional Summary of this appendix. Under the
program, flood hazard information is being furnished to local agencies
for use in evaluating the flood hazard of individual sites,

The accomplishments of the existing flood control measures {and others
that provide incidental flood control benefits) have been substantial.
They have functioned effectively to reduce floodflows and resulting flood
damage. The flood control system existing in 1965 would have prevented
¢23,0 million in flood damages during the 1955 flood and #15.5 million in
flood damages during the 1958 flood. During the 1968-1969 flood season
emergency work was accomplished under Operation Foresight due to the un-
precedented 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 expected to be af-
fected by the extremely heavy snowpack runoff. Most of the work was accom-
plished on non-Federal improvements. The capacities of Success and Terminus
Reservoirs were temporarily increased by means of spillway barriers which
resulted in a substantial reduction of flocodflows. Generally the emergency
protective measures weres very effective and should be of continuing benefits
because the facilities are to be maintained by local interests. The pre-
ventive measures taken resulted in benefits exceeding three times the costs
expended. It is estimated that average annual dameges prevented by existing
measures exceeds #9.6 million. Additional details are included in Table 2.

Although the subregion currently is afforded a considerable degres of
flood protection, flood problems still exist in some areas. Flooding
along some of the rivers in the area result in damases to apricultural and
urban properties. (See tabulation, Page TB-g.) The problems are especially
serious in the Kings, Kaweah, Tule, and Kern River Basins; in the Caliente
Creek Basin; and in the Poso and Westside Stream Groups.

In the valleys of the Tulare Basin Subregion considerable streambank
erosion and land loss due to sloughing occurs in many areas. Streambank
erosion can be found to a certain degree along 4,940 miles of stream chan- _
nel, with 760 miles considered "serious”. The average annual land loss
damage due to streambank erosion throughout the subregion reaches $200,000, ‘
The land loss averages about 170 acres yearly of which about 25 percent is ;
in urban areas. In the upstream watershed areas, sheet erosion on steeper ;
lands ‘s a constant threat. Tables 1, 3 and 4 show damage categories,
listing land and forest and range resources. These two categories index
the magnitude of the erosion problem for the subregion.
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The aforementioned flood problems result in average annual damages
summarized as follows:

Study area s “stimated average
: annual damage 1/ (#1,000)

Fresno County Stream Group 541
Kings River Basin 672
Kawegh River Basin 1,256
Tule River Basin 661
Poso Creek Stream Group 1,018
Kern River Basin 2,632
Caliente Creek Basin 1,162
Streams Tributary to Buena Vista Lake , 169
Westside Stream Group-Tulare Basin 991
Tulare Lakebed 364

Total Tulare Basin Subregion 9,466

1/ Based on 1965 prices, economic conditions, and project conditions.

Additional details are contained in Tables 3 and 4 for the subregion as
a whole and in Table @ 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 current (1965) flood problems,
additional flood control measures are required. Average annual flood
damages (based on 1965 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
projected to increase from 906,000 in 1965 to 1,171,000 in 1980, 1,902,000
in 2000 and 3,454,000 in 2020 (vase plan projections). Average annual
flood damages are expected to increase to %14.2 million by 1980, to *23.7
million by 2000, and to #47.8 million by 2020 if additional flood control
measures are not provided after 1965. FEstimated damage data for existing
and future conditions are contained in Tables S and %a.

Measures Required to Satisfy Future Needs

Improved flood forecasting will be part of the comprehensive flood
control program. The optimum operation of flood control projlects can
most nearly be obtained by a well-coordinated system of forecusting. The
development of improved forecast procedures, particularly for snowmelt

TB-6
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periods, will be a high priority 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 hydro-
logic data collection and telemetering network must be effectuated. Fm-
phasis must be placed on additional precipitation, temperature, and snow
water sensors, particularly in the higher elevations. The required im-
provements to the flood forecasting system are estimated to cost $420,000
for the 1966-1980 period, $390,000 for the 1981.2000 period, and *340,000
for the 2001-2020 period.

Floodwater storage in reservoirs will be an important element future
flood control program. An additional 1,687,000 acre-feet of flood con-
trol capacity are required in the subregion. See the following tabula-
tions

s £ ¢ Flood ;
Study area/ 3§ : control : Drainage
time frame 5 Reservoir C Stream ¢ capacity : area
in which needed : ! : (ac.-ft.):(sq. miles)

Fresno County Stream Group

19812000 Bic Dry

(enlarsement) Big Dry Creek 26,000 104
1981-2000 Owens Mountain Little Dry Creek 600,000 1/ 30
1981-2000 Detention

Structure No Name 1,000 6

Kings River Basin

1981-2000 Piedra, Mill Kings River,
Mill Creek 150, 000 1,707
1981-2000 Detention
Structures (3) (Various) 1,000 6
2001-2020 Rogers Crossing Kings River 300,000 956

Kaweah River Basin

1966-1980 Detention

Structures (3) (various) 1,000 13
1981-2000 Detention

Structures (2) (various) 2,000 31
2001-2020 South Fork

Kaweah Kaweah River 25,000 R96
2001-2020 Limekiln Limekiln Cre=k 20,000 0]

Tule River Basin

2001-2020 North & Middle

Fork Tule River 63,000 210




& : Flood %

Study area / x 2 : control : Drainage
time frame 2 Reservoir : Stream ¢ ‘capgclity area
in which needed : s : (ac.-ft.):(sq. miles)
Poso Creek Stream Group
1981-2000 Hungry Hollow Deer Creek 52, 000 126
1981-2000 Poso Poso Creek 40,000 298
1981-2000 Detention
Structures (5) (Various ) 5,000 47
2001-2020 Quincy School White River 25, 700 98
2001-2020 Detention
Structures (4) (Various) 6,000 151
Kern River Basin
1981-2000 Junction,
Rockhouse Kern River 220,000 1,080
2001-2020 Anthill Kern River 50, 000 2,384
Caliente Creek Basin
1966-1980 =tention
Structures (2) (Various) 1,000 11
1981-2000 Detention
Structures (11) (Various) 19, 000 443
2001-2020 Caliente Creek Caliente Creek 50,000 743
Westside Stream Group-
Tulare Basin Zapato, Nunez,
1981-2000 Alcalds, Jacalito Coalinga Group 37,000 285
1981-2000 Detention
Structures (7) {Various) 12, 000 206
2001-2020 Detention
Structures (2) (Various) 1,000 10
TOTAL 1, 687,000

1/ Offstream storage.

The reservoirs listed above are shown on Map * and additional information on
flood control storage is contained in Table 6, Fstimated costs for additional
flood control capacity are estimated at #2.8 million for the 1966-1980 period,
$£141.9 million for the 1981-2000 period, and $#81.6 million for the 2001-2020
period.

Preliminary studies indicate that levees and channel work is desirable
in the following areas of the subregion:
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Study area 2 levees 8 Channels
: (Bank Miles) : (Miles)

Fresno County Stream Group

1981-2000 0 44
Kings River Basin

1966-1980 30 60
Kaweah River Basin

1966-1980 0 23
Poso Creek Stream Group

1981-2000 0 50

2001-2020 0 8
Caliente Creek Basin

1966-1980 10 3

2001-2020 3 =0
Westside Stream Group-
Tulare Basin

1981-2000 8 12

2001-2020 0 1)

TOTAL 78 261

The approximate location of levees and channel work is indicated on Map 3
and additional details are included in Table 7., The estimated costs for
required levee and channel work are #15.0 million for the 1966-1980 period,
£9.7 million for the 1981-2000 period, and #10.9 million for the 2001-2020
period.

The structural measures discussed in the preceeding paragraphs will be
complemented by non-structural land treatment measures for soil and water
conservation. In this subregion, the land treatment measures will include
most of the practices listed in the Regional Summary of this appendix. See
Map % for potential watershed project. Wstimated costs and acres of water-
shed and treatment measures are tabulated below.

[and Treatment 1966-1980 1981-2000 2001-2020

Thousand acres 47 a6 447

Thousand dollars 1,200 3,100 1,800
TB-9
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Flood plain zoning, flood proofing and other non-structural flood
plain management measures have been incorporated in the future flood con-
trol program. Fresno County Stream Group and Caliente Creek Basin are
the primary areas considered in the 1966-1980 time frame, After 1980
Kaweah River Basin and Caliente Creek Basin would receive most consider-
ation for such measures, Table 9b shows damages reduced by such non-
structural measures for urban areas in the subregion. Communities with
populations in excess of 2,500 with known significant flood problems
include Bakersfield, Clovis, Coalinga, Exeter, Ford City, Taft, Fresno,
Kernville, lamont, Lindsay, Mendota, Porterville, Reedley, Tulare, and
Visalia. 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 Kaweah, Kern, and
Tule Rivers; Fresno County Stream Group; Caliente Creek Group; 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 2000. Com-
prehensive flood damage prevention planning and implementation of flood
plain management measures would follow in each flood problem area identi-
fied. Non-structural flood plain management measures along approximately
140 stream miles could be implemented for urban areas including the above
listed commnities. Map 3 shows principal areas for which non-structural
flood plain management measures are proposed. Costs for future non-
structural flood plain management measures are estimated at $10,7 million
for the 1966-1980 period, #4.4 million for the 1981-2000 period, and $19.8
million for the 2001-2020 period.

Potential to Satisfy Future Needs

The flood control program presented herein would reduce the projected
average annual damages $1,5 million by 1980, #9,8 million by 2000, and
$32.4 million by 2020 at an estimated installation cost of #30.2 million
for the period 1966-1980, $159.5 million for 1981-2000, and $114.4 million
for 2001-2020, FEstimated annual OM&R costs for the 1966-1980, 1981-2000
and 2001-2020 portion of the flood control program are $0,60 million,
$1.24 million and #1.19 million (See Tables 10, 10a and 10b). The effect
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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Historical Flood Data

tuly erea lood Area @ Flood damages 17 = [31,000)
3 ;- flow wrilated: Forest : Forest : Crop : Other : Land :Residential:Industrlal: fublic : Total
(efs) : (1,000 @ & range & : agricul~ g & 2 & :facilities:
: acres) iresource : pasture : tural H icommercial : utility :
2 3 R ¢ 3 (=3 7 s € TR g 10 T b B 12 e b
£ s Dry site 31.8 0 C 8 8 25 390 30 4 S15
500
Dec37 iine ¢ 58.0 ¥ 1,148 37 33 6 27 232 54 1,880
80,000
iine Flat 69.% 13 1,326 2,252 3 31 203 9l4 516 5,268
91,000
naweas DecS5 Near Three 1238, 4c 343 986 1,976 834 5,33 8zz 3,407 13,744
Rivers 80,700
Dec6b Terminus Inflow > £y / a2 2,358 203 398 72 744 294 1;159 5,e5¢
105,000
(Cutflow 5,
HovS0 Worth bBridge 49.0 0 25 103 354 87 186 229 235
28,000
DecSS Worth Bridge 38.0 8 963 238 814 200 116 145 [ 5% 2,916
24,700
Dectbé Success Inflow 26.3 14 1,694 209 729 181 447 660 3,173 7,107
61,000
(Outflow 8,300)
Mar43 foso Cr. Hwy 99 34.6 1 21 50¢ 244 34 o Q 446 1,080
10,000
Dec6é FPoso Cr. near 13.9 2 144 231 285 loe 5 o9 576 1,444
Ofldale 4,300
Kern River Basin NovS0 Isabella site 3.5 (4] 134 163 383 213 192 256 790 2,131
39,000
Dec6€é Isabella Inflow 20.6 33 720 c89 185 167 564 662 2,218 4,838
120,000
(Outflow 400)
Sep32 Sivert Damsite 10.0 14 0 0 o 70 47 859 50 1,040
16,000
} Dec66 Sivert Damsite 1X.7 50 (3] 94 336 241 143 17 i%8 1,179
3,800
Apr56 Varied No historical flood data
Decéé los Gatos Creek 19.2 5 0 97 18 43 (o) 228 im 69¢
4,600
Tulare laxebad Jan=Mar Tulare lake 193.0 Damage data not available
06 Inflow
2,010,000 ac=ft
1938 Tulare Lake 78.0 0 0 4,209 1,764 0 0 2,837 70 8,90
Inflow
1,185,000 ac=ft
Juné9 961,800 ac-ft Damages currently belng assessed = expected to exceed $20,000,(l 0
—  Data vased on prices and project and economic conditions at time of occurrence of flood.
June 1971
-
!
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“ase Plan
TABLE 2

TULAR® BASIN SUBRRGION OF TH® CALIFORNIA REGION

Flood Damage 1/

Stuly area : Flood ¢  Location/ : Total 1,000)
3 : flow 2 At time of flood 2 6S economic conditions & prices */
H § (efs) & Actual : NDamage without : Damage prevented : Namage with : Damage without : Darmge prevented
: ' : wnage flood control by flood control : 1965 project : flood control : by 1565 projects
H : H projects projects 4/ H conditions : prolects 2 S
1 [ e 3 g 4 : S s [3 8 7 : 2 : ]
“sunty Strean
TeeSS  Dry Cresk 46 %, 046 5,000 126 8,326 8,2%
g Inflow 3,80
foutflow 80)
MeSS  Pine Flat 27 5,237 s, 000 2,156 15,058 12,900
Inflow 112,00
{Outflow 240)
Sawear River %asin Dacff  Tarminus 5,252 25, 188 19,938 5,146 27,196 22,050
Inflow 108,00
{Outflow §,700)
Decis  Success 7, 107 18,787 11,68 6,965 16,411 11,446
Inflow 61,0
(Outflow §,300)
Dec66 Poso Creek near 1,444 1,444 0 1,416 1,41€ 8]
Ofldale 4,30
Decff Isabella Inflow 4,830 54,859 $0,021 4,745 53,765 49,0290
120, (KX
120,
{Outflow 470)
‘allente “reak tasin Decff  Stvert Damsite 1,179 0 1,185 1,155 )
3, R00
Streams Tributary to
3uena Vista [ake Aprss No flood damage data
vastside Stream Group -
Tulare Rasin Decbf  Los Gatos Creek 692 1,192 S 1,168 1,168 9
4, A
Tulare lakebed 9% Tulare lake 8,920 8,920 o 2,300 1R, 60X 16, 300
Inflow
1,195,000 ac-ft
Junéd 861,80 ac-ft Damages currently heins assessed - axpectad to axceed #20,

Max!mum flood for which data are awilable,

: Mata based on prices and project and economic conditions at time of occurrence of flood.
3/ Data hasad on recurrence of originel flood.

& C enlumn S - column 4.

S column 8§ - column 7.

June 1971
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Base @ lar
TULARE BAGIN SUSREGION OF Tas
stimsted Flood
tue 100~Yenr Frequ
or lected
STud) : 3 T3, 000
stres : : Forest : Forest T Residentlal : Industrial : ‘fublic @ Total
2 DN PAIg® ! & rAnge H £ { & s fac{lities :
: acres) i resources : facfl/ties : commercial : utilities : :
3 : 2 2 3 g 3 B 8 : ] S 10 =31
8.4 0 0 1,214 o4 1 8,365 860 2,690 13,3
29.3 7 204 466 235 16 €,950
85.7 56 451 1,134 80¢ 2,018 3,049 1,25¢ 4,402 13,490
22.4 L4 1,694 S4 353 44 1,359 3e: 1,380 5,420
13,2 S 404 1,879 1,734 963 5i0 555 2,734 6,804
68.0 13C 9,074 317 346 57¢ 2,288 564 997 14,346
7.3 8 0 210 563 745 3,083 2,548 1,053 £,300

0 360 ) 49 34y 76 36 104 1,800

Tuiare 34
Toailngs Stream Grouj 1®.0 27 o] 1,857 654 920 1,654 416 2,171 7,708

94. 0 7,750 3,085 ¢ 0 20 55 10,900

5f 100-year f1ood at selected stations,
nomic conditions, and project conditions.

ased on Ju 965 prices, ecor

June 1971
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TABLE 4
TULARL BASIN SUBREGIUN OF THE CALIFORNIA REGION

Estimated Average Annual Flood Damege

Study ares 3 1/ = T8 5007
(principa) stream) : Forest : Forest 5 Crop ¢ : Real{dentlal @ Industrial & Tuoiic : Study area
& range & range o & 3 H & & : facilities : totals
: resources : facilities pasture H i commerciel : ut{lities :
1 B 2 X 3 4 £l : 7 : 8 9 C
o 0 59 3¢ 7 318 2s 96 541
Aings River Basin 1 18 144 4 150 54 19 111 677
Kings River
11 90 290 220 273 103 51 21z 3,256
3 333 12 85 69 68 1€ 6¢ 66
3 85 240 209 225 on 36 ,018
<6 1,815 17 116 183 47 59 68 e ,E3
i6 (o} 5 40 208 357 257 »- B
0 72 55 3 23 ? 3 6 £
€ 0 259 178 233 14 31 lec 9]
0 o o 0 1 1 264
Tt s ragion 64 1,510 1,128 1,368 1,306 508 1,03¢ 9,466
3 e S e 5 ¢ cond{tions, and project conditions.
June 197]
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TABLr S

TULARE BASIN

A LCh OF Tis O

of Estimated Avers nual Fio
and Future Conditiol of sconoml
with Existing Fload Control

LIFURNIA

G ION

ol Damage for Present

¢ Development
Measures

: Average annua) f100d damages 1) - (81,000)
s 1665 economic : 1680 omi ¢ 2000 economic B
H conditions 2 H cor 5 conditions :
5 tream Sroup
= \ R 2] 541 1,081 2,543
67¢ 956 1,394 2,228
1,256 L, 888 2,790 4,806
58 G449 1,52z 2,898
1,018 1,56. z 5,145
,632 3,34 4,468 €,485
1,162 1 4,135 10,693
s Vista lake
169 <4l 348 5§52
esvside Stren lare
alinsa Stroam 3 991 1,657 3,098 6,726
364 806 1,080
tal Tulare sin Subreston 4,466 14,218 23,73 47,775

Table 4.

TABLE 6
TULARE BASIN SUBREGION OF THE CAl

Summary of Flood Control Capa
and Future R

ject conditions, and estimated economic con

IFCRNIA REGION

for Existing

iitfons for the year showii.

Pase ilan

ituly area B Flood contro ac=t)

: Existing ¢ Trojecta 1966=1980 : ir frojects f001-eQc0 : Total projects
L6 0 6273/ 0 643
,000 0 151 3 1,451
150 1 z 45 R ]
85 0 0 63 Tl
585 Creek Streen Grou 0 0 77 31 108
kern River Has 570 0 2 50 B40
nilente Creek 0 1€ 50 70
egtside otrean Sroup < Tulare Sesin e 2 — o 50
1 re ior 1,821 P 145 %5 LW

caacity. Does not Include surcharge o
Incl trs controllin, 100=year flood, or better, at the dams!te
) '

J=year ' at the lansite wiere only rural arcas are protectey,

1/ Includes 600,000 acre-fest at Ovens Mountain offstream storags project,

ubove urhun areas and reservolrs controlling at least the

June 1971




Base ilan
TABLE 7

TULARE bASIN SUBKEGION OF THE CALIFUKNIA REGION

Summary of lLevee und Channel Flood |rotection trojects
= Existing and Puture -

Study

aren

levee and channel projects

Existing i Frojects 1966-1980 @  irojects 198172000 : irojJects cO01-2020  : Total jroject
jrojects (1965) 1 I 2 : 2 3 2/ 2 as of 2u¢
levees : Channels : Levees : Channels : Levees : Channels : Levees : Cnannels : Levees

: (amtles) : (miles) : (mtles) : (miles)
B & : 5 4 : 5

(miles) : (mfles) : (miles) : (miles) : (mlles)
6 5 7 B 8 : S : 10 : i3

4

e

0 ) Q 0 44 o o 44
C 0 30 60 4 Y (0] 0 0 20 60 4
0o Q o 23 (Y] (4] (o} (o} 0 23
0 0 Q 0 o 50 (0] 8 Qo 58
O 0 3 0 ¢ ¢ o Q0 3
Q o 10 3 o 0 30 50 40 53
0 ¢ 0 o ] i} 1 ] 23
(V] o 40 86 8 106 30 6€ 78 ctl

[

le locally owned levee systems which provide varying degrees of flood protection.
iving 100-year flood protection, or better, to urban areas and at least 10-year flood protection to asriculturs) areas.
ecn Kern River and California Aqueduct = Capacity 3,000 c.f.s.

June 1971
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TABLE 8

TULAR® BASIN SUBR®GION OF THY CALTFORNIA RWGION

“stimated Average Annual Flood Damage and Damage Reduction
- Present and Future Fconomic Conditions -

Base Plan

‘1, Study area Total @e- - 1365 prices (§1,000]
| Princtial strru‘ 1765 economic : 1980 economic conditions 2000 econamic conditions

2020 economic conditions

% project w1365 t Reductfon {n : Resi{dual ~\7f19§3-1‘v§5 * Reduction {n : Residual -1 1GB1-Z0007: Reduction in : Residual
com{tions project : damages due : damage : program damages due @ damage program : damages due : damage
3 1 : corditions : to 1966-19680 : W) 3 to 1981-2000 : w/ i to 2001-2020 : w/
| 2 = G 2/ :flood control '1‘166 maﬁ s lood control :1981-2000 : ifload control :2001-2020
| - : d o i program 3/ :pr. [: JEogran 5) . iprogram S/ :_program 3/ :program 6/
| o 1 : 2 B 5 3 4 == : [ 7 & A g £l 10 g 1
T
| roun
| Red Jank & Fanch
“reacs 541 1,051 297 754 2,246 1,956 290 1,337 2% €14
| £inzs River 3asin
‘!‘ “inzs River €72 956 34 922 1,334 159 1,175 1,847 601 1,246
|
\ 1,258 1,888 474 1,414 2,109 103 2,006 3,496 1,175 2,321
Zule River Basin
Tile River 861 343 ) 949 1,522 0 1,522 2,898 1,252 1,646
1,562 0 1,562 2,629 1,045 1,584 2,968 1,157 1,811
3,342 36 3,306 4,392 577 1,815 5,205 azs 4,380
i
i fal te Creek fasin
i Callants Craek) 1,162 1,952 469 1,483 3,182 687 2,495 4,167 1,532 2,634
i Streams Tributary to
I Jusna Vista laxe
t San "migidio Creek) 169 242 4 238 343 17 326 518 68 450
d23tside Stream Group-
b Tulare Sasin
—e=asn
L Soalinga Stream
Sroup) 391 1,697 102 1,598 2,865 2,769 96 436 250 186
1
i Zulars lakebed
| Tulare lake! 364 576 106 470 6s8 102 S56 167 644 123
s Total Tulare Resin
| Subreston 3,466 14,215 1,522 12,693 21,280 7,415 13,965 23,639 a,208 15,411
|
1 Flgures shown in column 2 are from column 10 of Table 4 and are also shown {n colum 2 of Table 5.
2 Flaures in column 3 are from column 3 of Table 5.
3 ludes structural and non-structural measures.
LY umn S = column 3 - column 4,
S umn 8 = colum 6 - colum 7,
| &/ Column 11 = column 9 - colum 10,
‘ June 1971
|
r
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fmse Plan
TABLE 9
TULART BASIN SUBRRGION OF TH® CALIFORNIA RREGION
Astimated Average Annual Flood Darmage for lrtan
Areas with Significant Flood Problems
area 2 Terage Average annual flood damges 131,000) 1
stream 2 center Residential 3 Commercial : Industrial : Public B Total
3 3 a & utilities facilities 2
1 : 2 B 3 : 4 $ S 4 € £ 7
Stream Group
her X B
Fresno 132 as 27 7% a5
B
Mendota 1 X 2 1 5
Readlay 2 1 1 2 £
Visalia 20 15 ) 9 49
Tulare 1 D 1 4
Lindsay 11 1 3 0 15
Cxeter 1 4 1 4 10
Porterville 25 15 8 6 51
Kernville 1 7 4 6 18
Bakersfield 15 20 9 4 48
Lamont 38 19 1 S 63
Ford, Taft City S )\ 1 3 8
deatside Stream Group-Tulare Sasin
los catos ¥ Tacali{tos Creeks Coal inga 46 34 12 2% 115
Total Tulare Bas‘n Subregion 357 214 67 139 777 ’
1’ Darmges are basad on July 1965 prices, economic conditions, and project cond!tions.
June 1971
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Base Plan
TABLE Sa
TULAR® BASIN SUBR®GION OF THW CALIFORNIA RRGION
Summary of “stimated Averase Annual Flood NDamage for Urban Areas with Significant Flood Problems
i - Present and Future Conditions of Fconomic Development
with Sxisting Flood Control Measures -
Study area Namaze 3 Average annual flood damages 1/ - 71,0001
strean center 1965 economic & 1980 econom!c : 2007 economic : 2020 economic
B conditions 2/ conditions H conditions 2 cond{tions
1 2 2 ¥ 3 £ 4 B 5 g [
Fresno County Stream Oroup
Red Bank, Fancher and
Biz Dry Creeks Fresno & Clovis 385 a03 2,128 6,346
Alngs River Basin
Panoche K Mendota S 10 25 69
Wahtoke Creek Reedley [ 12 651 81 ,
49 a6 647
4 8 1= S4
S 0 72 197
1 19 14 126
Tule River Hasin
Porterville 51 102 241 683
Kern River Basir
Kern River Kernville 18 2 77 236
Kern River Hakersfield 48 89 21 £74
Lamont 63 114 293 949
Ford & Taft City A 13 24 109

Creeks Coal {nm 115 6526
Total Tulare Basin Subregton 777 1,566 4,036 12,035

1 Damaces based on July 1965 prices and project conditions, and estimated economic conditions for the year shown.
Fizures in column 3 are from column 7, "Total," shown on Table 9.
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TABIE Sh
TULAR® BASIN SUBR®GION OF THW CALIFORNIA REGION
“stimated Average Annual Flood Damage ani Damage Reduction

for Urban Areas with Significant Flood Problams
- Present and Future ©conomic Conditions -

Total damages - 195 prices [$1,000)

1565 : 1980 econamic cond{tions : 2000 economic cond{tions : 2027 economic conditions
conomic ¢ Reduction due to :Residual W/1:66-: Reduction due to :Residual W/ 1561-: Reduction due €0 ‘Residual
& :profect: 1966-1980 program : damage @ 1960 1981 -2000 program : damage : 2000 : 2001-202 program : damege
protect B3 : w/1966 - program d : w/l®l-:program: 7 : w/2001-
H Non- ¢ Struc- : 1880 : Non = Struc- : 2000 : Nori = : Struc- : 2020
structural: tural :program : sstructural: tural :program : istructural: tural! :program
MEASUres measures: 3/ : i _MeAsures :measures: 4 : ! measures :measures: S
] 5 B 2 7 CAR 3 S 2 G 5 VR e 13 Fa 1 i 1S
385 506 1, %41 0 979 362 1,079 0 55 se9
4 [ 21 2 G 7 4 1
£ 5 7 26 15 1 71 54 17
4 G o8 208 £47 S33 11
4 8 19 19 54 2 12
15 12 18 & 33 27 152 115 5
\ ) ? 37 20 17 s 75 24
s1 102 41 241 683 21 62
1 el 17 £1 1€ 48 0 43
an 15 4 191 qe Ay 256 218 18
63 0 21 147 109 76% 7% 24
0 ) s 17 0 13 88 6a D £
14 528 ¢ S0 28 82 ) 82
1,083 3,041 24 1,638 1,163 4,077 352 2,723 1,002
' and are also sh>w in column 5 of Tahle 9a.
June 1871




TULAR® BASIN SUBRECION OF TH® CALIPORNIA REGIOW

“stimated Costs of Future Flood Control Program
- ot

Study area : leveas & ctannels B Flood control reservoirs : Kon-atructural
: Federal £ Non-Federal Federnl 5 Non-Federal : Federal B
:Installation: Annual :Installation: Annual :Installation: Annual :Installation: Annual :Installation: Annual :
H costs ¢ OMKR : costs : OM&R costs : OMWR costs : OMR : costs : OMR :
: ;__costs : : _costs 1 _costs : : costs : : _costs
1 : 2 : 3 £ 4 3 5 5 6 g 7 i 8 3 9 5 i 2 11 z
=3 River Basin 5,85 3,15 24 3
Kaweah Riyer 1,¢ 59 1n 17 4 14
Tule River Basin
88 \ 1 : .
2,39 ot 51 1,5 ¢ , . 0%
Streams Tributary ¢
3uena Vista lake d
Westside Stream Group-
—_— -
Tulare Basin 1
lare lakebed )
Total Tulare Rasin
Sabregzion 10,94 0 1, O 87 2,57 19 Y
ass Fla
TULAR® HAS 5
x1 Control Program
Study area ¢ lavees & channels $ Flood control ressrvoirs
z Federanl % Non-Federal z Federal % Non-Faderal
:Installation: Annual :Installation: Annual :Tnatallation: Annunl :Inctallation: Annual
: costs OMR costs : OM&R ¢ costs : OMRR ¢ o8t s+ OMR
: costs : ; _costg : 2 IS : _cogts :__OOgts
1 : 2 : 5 : 4 2 $ H 3 : 7 H 8 b ! % 1 H 11 1 & 1*

Kings River fBa 36, OF 49 > . 4

“‘awal River fHasin 7 Ty * :
Tule River 3msin ¥ 1% Y

—_ e s 1

Pogg Crase Stream
=232 rone DIrean

3 X 1 c 0 @ y . %
sin ) 14, 7% s o 3 , >

Calisnts Creok Hasin 7, 5% 1,1 y 4 .

streams Tributary to

Huena Vista la<e 1

destaide Stream Sroup-

Tulare Basin 1,25 68 11 14,81 64 x . x p

Dulare lakahet D 1 : 1 1

Total Talare Haain

Subregion 6,9¢ 2,75 15A, 641 11 74 1,43 4" 8,4 154

June 1971




fase Plan
TASLE 1R
i
TULAR® BAS SUBREGION OF TH® CALIFORNIA R
©gtimated Costs of Future Flood Control Prosram
- 2001 to 2000 -
(%1, 00
» .
.
Lros % Teveas & channels Flood control reservoirs 2 Non-structural measures ;
Federal Nor. aral Federal 2 Yon-Federal 4 Fadernl 5 Non-Federal :
atfon: Annual Annual Stallation: Annual tinstallation: Annual :installation: Annual :Installation: Arnual ’
3 : OMER OMMR @ costs ¢ OMKR ¢ costs : R ¢ costs : OMR @ costs 1 OMER
costs : : costs @ { costs @ : costs ¢ : _costs ¢ : _costs ;
3 & 4 5 6 S 7 3 8 2 9 5 ] £ 11 o 12 5 pE: ;
S 31 o 30
4 23 117 4,67 129 ]
:
23 0 16 74 7,54 A ~’
22 ) 7 38 1,55 o8
12 2K 4 e 21 1% 26
17 27 114 5,74 B4
13 3 8 50 12
0 4 8 o) 16
o 4 € 11 21 24 41
0 0 10 16 1 18
133 24 10 1,0% 445 20,930 465
June 1971




TABLE 11
TULAR® BASIN SUBRUGION OF THY CALIFORNIA REGION

Flow Dats at Selected Locations
(Flows in 1,000 cfs)

fmse Plan

Study area : Location : Non- Maximum flood of record ¥ Flow of standari 4 Flov of 170 .year
stream H :damaging: Date low H project flood 1
: 8§ Tlow & ¢ At :Existing: Puture Existing: Future
o X : time : (1965) : protect ¢ (1965) protect
5 g & : of :project : conditions 2/ project @ cor conditions 2
s 2 toccur-: condi- : 1980 t 2000 : 2020 : condi- : 198 1980 : 2000 2 2020
2 irence : tions : 24 : tions 3 :
1 2 S 3 4 o (T T (0 s . [ 1 &1 s O T |
Big Dry
Inflow Mar38 3 3 3 3 3 3 9 3y 11 6 e
Outflow 1 Va8 L 3 3 1 1 2 1 1 1 1 1 1
i1 9 91 91 91 25 25 25 8 156 156 156
13 91 11 11 11 1 39 39 39 39 19 18 19
6DechE 105 105 105 105 105 115 115 115 115 9 98 96 S8
Dutflow 6 EDech6 6 (] 6 3 6 2?2 22 22 € 13 13 13 6
Tule River B
Tule River Success
Inflow 6Dechb €1 61 61 61 61 12 72 72 72 62 62 €2 62
Cutflow 5 EDecif 8 a a R 3 1 1 11 ) A 8 a T
P2so Creek Stream Croup
Poso Creek Poso
Inflow SMard® 1 10 10 10 10 X 30 30 30 20 20 X 20
Qutflow 1 SMarss 10 10 10 1 1 3¢ 30 -} 20 20 20 6 6
Kern River RHasin
Kern River Isabella
Inflow Dec66 12 12 120 71 71 148 148 90 79 79 42 42
Gutflow 1 Jan67 3 3 3 3 3 o8 28 11 11 15 15 T 7
Sivert
Inflow 305ep32 16 16 16 16 A sl 29 2 15 11 1 11 4
Outflow 3/ 30Seps2 16 16 16 16 3y & 2 2 3 11 1 1 3/
2am Group-
tream Los Gatos
Group
Inflow 6Dec66 5 5 o S 5 S3 S3 S3 s3 37 37 37 37
Outflow 2/  6Decéb 5 S 5 by 3/ 53 53 12 12 37 37 S S
Tulare lake
Inflow 1906 2,000 S0 500 180 1,200 975 508 o 8 660 370 120
(1,000 ac-ft)
L’ Under 1965 projfect condftions.
2/ Flows as modified by future projects likely to be {n a future flood control program by the years 1980, 2000, and 2020,
3/ less than 1,000 cfs.
June 1871
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LEGEND

I. Existing Projects (in operation |965)
‘ Reservoirs with Flood Control
I Pine Flat 3 Success

2 Terminus 4 lsobello

2. Potential Future Fiood Control Program
A(1966-1980), B(1981-2000), C(2001-2020)(See Tovie 6 8 7!
Reservoirs with Flood Control

I. Big Dry Creek (B)(enlorgement) (3 Junction (B)

2. Qwens Mountain (B) 14 Rockhouse (B)
3 Piedro (B) 15 Ant Hill (C)
%Mt Whitney (4 495 \
Highest poinf in fhe 4. Mill (B} 16. Caliente ‘Streom Group
M
United Stotes ~ \
' outside Alaska 5 Rogers Crossing (C) Detention Basins (C)
6 S F Kaweah (C) |7 Zapato Chino (B)
- 2 :
; '. : 7 Limekiln (C) 18 Nunez Ranch (B)
z/ 7 Terwims ) >
/ = THREE ,
I RIVERS \ 8 N F Tule(C) 19 “lcalde Ranch (B
‘e
9 MF Tule(C) 20 Jccolitos (B)
3 10 Hungry Hollow (B)
\ SPRINGVILLE 1. Poso (B)
& :
. « 12 Quincy School (C
‘_ ess Levee 8 Channel Projects
- vt
)7 e p h I Kern River (4) 4 Kings River (A)
; v ; 2. Caliente Streom Group (C S5 Little Dry Creek (B)
3. Coalinga Stream Group (B) 6 Redbonk B Fancher Creeks (B)
R
N
Watershed Projects
Locations of non structural floodplain
management measures
sobello
\
eel
Coliante,, Cr
Bue

MAP3
TULARE BASIN SUBREGION
CALIFORNIA  REGION

FLOOD CONTROL PLAN
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(e Area Subject to Flooding

2" “ Major Urban Damaoge Centers

3. River Forecasting Points
D River Stage (Existing)
|. Mendota Pool
. Three Rivers
Springville
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a s uN

Kernville
6. Bakersfield
River Stage ( Future)
| Miramonte
2 Orange Cove
V Reservoir Inflow (Existing)
| Pine Flat Reservoir
2. Terminus Reservoir
J. Success Reservorr

4 |sobelia Reservoir

4 . Existing Reservoir with Flood Control

| Pine Flat Dam
2 Terminus
3 Success Res

4 |sabella Dam

5 ‘ Other Reservoir or Lake

Potential Future Reservoir with Flood Control

MAP 4
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SF — SAN FRANCISCO BAY
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NORTH LAHONTAN SUBREG ION

General

The North lLahontan 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=Neveda state line on the east. (See Map NL-1.) The
subregion is about 270 miles long and 20 miles wide and comprises an area
of 6,084 square miles.

The climate 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 while more desert areas receive only 3 inches.
Temperatures also show wide seasonal variations with a summer mean monthly
maximum temperature of 87 degrees and a winter mean monthly maximum temp-
erature of 37 degrees. With the exception of the high mountain areas,
summers are short and hot and winters are long but only moderately cold.

The subregion had an estimated total population of 39,000 in 1965.
The economy is dependent upon agriculture, recreation, lumbering and
mining. The principal agricultural activities are cattle raising and
production of forage crops. The Lake Tahoe area has a large summer popu-~
lation and is an important year round recreaticn aresa.

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

The subregion consists of the California portions of the Susan, Truckee,
Carson, 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 remnants of ancient Lake Lahontan. Susan River flows generally south-
easterly terminating in Honey lLake. The Carson and Walker Rivers originate
in Californis but terminate in Carson Sink and Walker lLake, respectively,
in Nevada. Truckee River, originating at Lake Tahoe, flows to Pyramid
Lake in Nevada. Most of the streams dralning Surprise Valley originate
along the steep slopes of the Warner Mountains and discharge into Upper,
Middle or Lower Alkali Lakes.

Additional information on the subregion can be found in Appendix II,
""The Region,'

NL-1
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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: Surprise Valley, Susan River Basin, Truckee
River Basin, Carson River Basin and Walker River Basin. The principal
streams in these areas are shown on Map 2.

History of Flooding

The North Lshontan Subregion, similar to other subregions in northern
and central California, 1s periodically subject to widespread storms dur<
ing the winter season from November through March. Floods are of three
types: 1) those that occur during the late fall and winter months, pri-
marily as a result of prolonged general rainstorms; 2) those that occur
during the spring and early summer months, primarily as a result of the
melting of the winter snowpack in the high areas of the Sierra Nevads;
and 3) those that occur during the late spring through fall months as
a result cf intense local rainstorms. The most significant type 1s the
late fall and winter floods caused by general rainstorms. On a subre=
gional basis, the 1950-1951 and 1962-1963 floods are considered to be
the most severe, although other floods may have caused higher flows on
individual streams.

During the 1950-1951 flood, damages occurred as a result of intense
winter rainstorms producing large streamflows on the Truckee, Carson, and
Walker Rivers. About 5,000 acres were inundated during the flood and
damages were nearly $800,000. The floods of 1962-1963 caused extensive
damage in the Carson River Basin. About 18,700 acres were inundated
and damages exceeded $800,000. Agricultural and public facility damsges
comprised over 80k of the total flood damrge. The most severe floods
of record occurred in December 1964=January 1965. Nearly $900,000 dam=
age resulted from the inundation of about 20,000 acres, with the greatest
damage occurring in the Truckee River Basin.

Flood fighting and cleanup costs under the various Federal programs
were about $40,000 for the 1950-1951 flood and about $60,000 for the
1962-1963 flood. Damages from these and other significant recent floods
in the subregion are tabulated ©n page N.-3 and are shown in more detail

n Tables 1 and 2.
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Flood damages 1/ ($1,000)
:Forest % range:Agricultural :Residential :Industrial: Public :Total

Flood: resources - X g & s & :facilities:
year : & facilities : land :commercial : utility @ .
1950~
1951 367 157 24 245 g/ 793
1955~
1356 322 31 0] 21 276 650
1962~
1963 130 273 18 it 400 822
1564~
1965 311 217 58 18 278 882

L/ Based on prices and project and economic conditions at time of occurrence
of flood.
2/ Total damages including industrial, utility, and public facilities.

Peak flows 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 Improvements

The existing flood control improvements within the subregion comprise a
variety of measures to reduce flood damages. (See Map 3.) They included
flood forecasting, flood control reservoirs, minor channel projects and
tributary watershed treatment. Existing measures, which provide only 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
Forecast Center in Sacramento. These forecasts involve principally:

(1) inflow to Lake Tahoe to allow operators to make releases that will pre-
vent the lake from exceeding the maximum elevation (6,2259.1 feet) set by
Feders)l decree in September 1944; (2) inflow forecasts for regulation of
~naser and Boca Reservoirs; and (3) river stage forecasts at downstream

‘nt along the Truckee, Carson, Walker, and Susan Rivers. Forecast points

nown on Map 4.

ser Reservolir is the only reservoir in the subregion operated for
t=.. It has a drainage area of 50 square miles and provides a
] ’ acre-feet of flood control storage during the most cri-
tuat . ons. Map 3 shows Prosser Reservoir and the other exist-
# works referred to in this report. Other reservoirs in the




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 District
Bridgepo: East Walker River Walker River Irrigation District
Tahoe Truckee River Federal Court Watermaster

The only channel project in the subregion is on the Truckee River. Tt
is less than 1 mile long and is immediately downstream from lake Tehoe
outlet.

Work in watershed areas has been mainly local land treatment. Indi-
vidual landowners and groups of farmers and ranchers have installed these
measures, working with some aid from various State and Federal agencies.

The Flood Plain Management Services Program is covered in detail in the
Regional Summary of this appendix. Under the program, flood hazard infor-
mation is being furnished to local agencies for use in evaluating the flood
hazard of imdividual sites.

The flood control measures existing in 1965 prevented about $1,500,000
in flood damages during the 1562-13963 flood and would have prevented about
$250,000 in flood damages during the 1950-1951 flood. It 1s estimated
that annual damages prevented by existing measures exceed $15,000. Addi -
tional detalls are included in Table 2.

Flood problems in the North Lahontan Subregion are much in evidence.
In contrast to many of the other subregions in the California Region, this
subregion does not have a highly developed flood protection system.
Flooding occurs along many of the streams with resulting demages to agri-
cultural and urban properties. The problems are especially serious along
Bidwell Creek in Surprise Valley and the Susan, Truckee, Carson, and
Walker Rivers. Much of the flood problem in tributary watershed areas
has not been alleviated.

As indicated in the tables on flood damages (Tables 1, 3, and 4) con-
siderable land damage, including channel and bank erosion, occurs in many of
the areas subject to inundation. Lake Tahoe, Susan River and the Surprise
Valley streams in particular are areas of critical erosion problems. In
these areas over 100 acres of stream-adjacent land are lost annually; up
to 507 of the sediment production is streambank erosion. This is particu-
larly serious in the Tahoe area where vulnerable creekside land is under-
going urban development. The problem in this part of the region is com-
pounded by summer convection storms which produce high intensity rainfall
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with high volume runoffs. The most severely affected reaches of stream chan-
nel are the upper alluvial fans where the channels emerge from the hills. In
the subregion as a whole, there are about 4,300 miles of channel (or 8,600
bank miles). Of these, over 1,120 bank miles have some erosion problems with
about 430 miles classed as '"serious'. Average annual erosion damage is over
$150,000 with the sediment produced causing an additional $280,000 damage
annually.

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

Study area e Estimated average
annual damages ($1,000) 1/

Surprise Valley 455
Susan River Basin 351
Truckee River Basin 827
Carson River Basin 19
Walker River Basin 406

Total North Lahontan Subregion 2,038

/" Based on 1965 prices, economic conditions and project

conditions.

1
=

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

Future Needs

It {s evident from an examination of current (1965) flood problems
that additional flood control measures are required. It is estimated
that average annual flood damages in the subregion (based on 1965 prices
and conditions) amount to $2.0 million. The flood problems of the area
will Increas~ in the future due to the pressures of population and eco-
nomic growth and resultant Increases in the use of land. The population
of the North Lahontan Subregion is projected to increase from 39,000 in
1965 to 51,000 in 1980, 82,000 in 2000 and 152,000 in 2020 (base plan
projections). Average annual flood damages are expected to increase to
about $3.0 million by 1960, to $5.3 million by 2000, and to $11.3 million
by 2020 if additional flood control measures are not provided. Esti-
mated damage for existing and future conditions 1s contained in Tables
S and 9a.
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Measures Required to Satisfy Future Needs

Improved flood forecasting will be a part of a comprehensive flood
control program. A well coordinated system of forecasting and project
operation is necessary to operate 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 1966-1980 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 Basin Region).
An additional 220,000 acre-feet of flood control capacity are required
in reservoirs in the subregion as follows:

C £ ¢ Flood
Study area/ : k : control : Drainage
time frame g Reservoir $ Stream : capacity : area
in which needed : : : (ac.-ft.):(sq. miles)
Surprise Valley
1581-2000 Detention
Structures (2) (various) 2,000 44
Susan River Basin
1966-13980 Detention
Structure No Neme 4,000 96
1981-2000 Detention
Structures (7) (various) 20,000 281
Truckee River Basin
1966-1980 l/ g/Stampede Little Truckee R. 22,000 137
1966-1980 ;/ g/Boca Little Truckee R. 8,000 172
1966-1980 l/ g/Martis Creek Martis Creek 15,000 39
1966-13980 Detention
Structure No Name 1,000 il
1981-2000 Detention
Structures (2) (various) 7,000 38
2001-2020 Detention
Structures (2) (various) 8,000 32
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: : ¢ Flood
Study area/ : 4 : control : Drainage

time frame : Reservoir : Stream ¢ capacity : area

in which needed : : : (ac.-ft.):(sq. miles)
Carson River Basin

1981-2000 2/Hope Valley W. Fork Carson R. 20,000 52
Walker River Basin

1566-1380 Detention

Structures (2) (various) 13,000 88
1981-2000 g/?ickle Mead ow W. Fork Walker R. lOO!OOO 115

TOTAL 220,000

£] Under construction or funded for construction as of FY 1870.
2/ Also provides flood control for areas in Nevada (Great Basin Region).

These reservoirs are shown on Map 3 and additional Information on flood con-
trol storage is contained in Table 6. Estimated costs foir- additional flood
control capacity are $11.8 million for the 1966-1980 period, $18.6 million for
the 1981-2000 period, and $2.1 million for the 2001-2020 period.

In addition to these reservoirs, preliminary studies indicate that
levee and channel work is desirasble in the following areas:

Study area ¢ Levees s Channels
: (Rank Miles) : (Miles)
Surprise Valley
1966-1980 0 53
1981-2000 ‘ 0 7
2001-2020 10 10
Susan River Basin
1981-2000 0 8
Truckee River Basin
1566-1980 0 7h
1981-2000 0 11
2001-2020 0 1

Walker River Basin
1966-1980 0 5




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 1981-2000 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 1881-2000 2001-2020
Thousand acres 221 97 27
Thousand dollars 470 430 220

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
means available. After 1980 flood proofing and other measures will also
be practical in the Susan River Basin. Table S shows the reduction in
damages expected from such measures. Communities in this subregion with
populations in excess of 2,500 with significant 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 1366-1980 period, $2.8 million for the
1981-2000 period, and $4.0 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 million 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
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for 2001-2020. Estimated annual OM&R costs for the 1966-1980, 1981~

2000 and 2001-2020 portions of the flood control progrem are $0.28 mil-
lion, $0.38 million and $0.28 million (See Tables 10, 1Ca and 10b). The
effect of the potential flood control program on future damages is shown

in Table 8 and graphically on Figure NL-1, and its effect on flood flows
is shown in Table 11.
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Aalier Sivar Amain
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T ntan
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Plaures shown in eolumn o are from column 10 af Tabla 4 and are ala. in column 2 of Table 5,
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TABLE 9

NORTH LAHONTAN SUBREGION CF THE CALIFORNIA REGION

Estimated Averag ual Flood Damage for Urban
Areas with Significant Flood Froblems

Stuly area Demagze : Average annual £100d damages ($1,000) 1)
stream center : ‘Residentfal E Commercial : Tndustrial : Fublic : Total
: : : : & utflities : factlities :
i ¢ 2 : 3 : 4 : S : [ : 7
Susan River Basin
Susan River Susanville 20 10 8 1 50
{5 ce River Basin
xee River Tanhoe City 2 1 1 S 9
T Truckee River South lake Tahoe 4 2 1 & 15
Trout Creek _ = — P s
Total North lahontan Subregion 26 13 1o 25 74
Dempses are based on July 1965 jrices, economic conditions, and project conditions.
Base Flan
TABLE Sa
NORTH LAHONTAN SUBREGION OF THE CALIFORNIA R&GION
Summary of Estimated Average Annual Flood Damage for Urban Areas with Siunificant Flood Problems
- fregent and Future Cond{tlons of Economic Development
with Existing Flood Control Measures -
Dumage Average annual flood d%es Bl $T,000]
center T355 cconomic F 1980 economlc s 2000 economic : 200 economic
: conditions 2 : conditions : conditions : conditions
2 : 2 $ 3 : 4 3 :
Susanville 50 90 18l 469
er Tahoe City 9 18 40 116
ee River & South lake Tahoe 1§ 29 69 83
Trout Creek ) _— ol
Total North lanontan Subregion T4 137 290 768
1 Damases based on July 19A5 trlces and project conditions, and estimated economic condltions for the year Snown.
.’: Flgures i{a coluan 3 are from column 7, "Total"”, shown on Table 9.
base I'lan
TABLE 9%
NORTH LAHONTAN SUBREGION OF THE CALIFORNIA REGION
Zstimated Aversge Annual Flocd Damage and Damage Reduction
for U n Areas with Signi{ficant Flood Froblems
- esent and Future Economic Conditions -
Stud. aren ¢ Damage _Total dmr" - 1%5 prices [$1,000)
stream : center : 1965 l'ti\ mconamic cond T ions | 2000 economic r‘onr"t(cn'i 2020 econamic conditions
: ¢ economic H 1985 ¢ Reduction dus to :Aeaidual ] 1566-: ReducUon due to :Res{dual: U 1081- Reduction due to :Residual
. . % prw‘pc(_ 1966-14R0 program : damage : 1680 : 19R]-200 gm damage : 2000 2001-2020 program : damage
prolect : cond!-: 7 1 w/1466+: program: w/1581-2 pvcmm 0 T W /2001~
tconditfonsa: tions : Non - : Struc- : 1980 ¢ Non- ¢ Struc- ¢ 2000 : : Non= ¢ Struc- : 202
4 1 g .: tructural : tural program : istructural: tural :program : istructural: tural :program
% 3 - ¢ meASras :me: 3 s I meAmsures imeasures: 4 3 ! measures :measures: S
1 : 2 : 3 4 $ % TR El : 10 £ 11 T 13 s 14 t 1S
Susan River Basin
Susan River Susanville 50 90 32 o} 58 49 3 30 46 s S8 0 61

Truckee River 3ns

Trackee River !r\ e City 9 18 7 0 11 33 18 0 18 91 70 Q

15 21
Upper Truckee
River & Trout South Lake 15 i) 11 0 18 58 3 0 26 140 106 (o} 34
Creek Tahoe s . o = al ey e ol Al _— — - —
Total North Lahontan
Subregion 74 137 50 0 87 240 123 30 87 350 234 0 116
1/ Flguras shown {n column 3 are from column 7 of Table & and are also shown In column § of Tatle On.
5/ Ftgures {n colum 4 are from colum 4 of Table 9.
I/ Colum 7 = column 4 = column 5 - column 6.
4/ Column 1) « column & = colum © = column 10,
s Column 15 = column < column 13 = colum 14. June 1971
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