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SECTION 1 

THE WATERSHED WORK' PLAN 

CENTRAL SONOMA WATERSHED 

Sonoma County, Cal i f o r n i a  

A p r i l  1958 

SUMMARY OF PLAN 

The Watershed Work Plan was prepared under the  guidance o f  a 
s tee r ing  committee composed o f  representa t ives  o f  the agencies s ign ing  the 
a p p l i c a t i o n  f o r  ass is tance under P u b l i c  Law 566, name%y, the Santa Rosa So i l  
Conservation D i s t r i c t ,  Gold Ridge So i l  Conservat ion D i s t r i c t ,  C i t y  o f  Santa 
Rosa, Laguna Storm Water D i s t r i c t  and the Bellevue-W% l f r e d  Drainage D i s t r i c t .  
P a r t i c i p a n t s  i n  the  technical  work were the Sonoma County Flood Contro l  and 
Water Conservat ion D i s t r i c t  and the Santa Rosa S o i l  Conservat ion D i s t r i c t ,  
ass i s ted  by the  U. S. So i l  Conservation Service, 

The t o t a l  watershed area f o r  which assis tance was requested inc ludes 
863,000 acres. The cu r ren t  work p lan  i s  conf ined t o  the 50,000 acre  (78 
square-mile) Santa Rosa Creek subwatershed, A new a p p l i c a t i o n  f o r  ass is tance 
on the remaining acreage i s  i n  process. A l l  re ferences t o  the  Centra l  Sonoma 
Watershed appearing i n  t h i s  r e p o r t  a r e  Flrnited t o  the Santa Rosa Creek 
subwatershed. 

Bn t h i s  watershed some 5% o f  the Band i s  i n  row and f i e l d  crops, 14% 
i n  orchard and vineyard, 56% i n  pasture and range, 82% i n  woodland and brush, 
and 8 3% i n  miscel  Ianeous uses, main1 y urban and suburban developments. 

T h i s  work p lan  describes a 6-year p r o j e c t  f o r  f l o o d  prevent ion  a t  an 
est imated t o t a l  i n s t a l l a t i o n  cos t  o f  $18,826,400. The non-federal share o f  
t h i s  w i l l  be $1,967,500. Bn add i t i on ,  l oca l  i n t e r e s t s  w i l l  beer the  cos t  of 
opera t ion  and maintenance w i t h  a c a p i t a l i z e d  va lve  o f  $3,692,800. O f  the 
t o t a l  p r o j e c t  cos t  o f  $15,519,200, the non-Federal share w i l l  be $5,660,300 
and the Federal shqre $9,858,900. 

The average annual cost  o f  the  p r o j e c t  i s  est imated a t  $547,300, o f  
which $347,600 w i l l  be borne by the Federal Government and $199,700 wilF be 
from non- federa l  sources. 

MEASURES TO BE INSTALLED 

LAND TREATMENT MEASURES 

Land treatment measures have been i n s t a l l e d  under the regu la r  So i l  
Conservat%on D i s t r i c t  programs t o  the ex ten t  t h a t  the watershed i s  w e l l  
s t a b i i i z e d  under i t s  present use and treatment.  The i n s t a l l a t i o n  o f  
a d d i t i o n a l  needed land treatment measures w i l l  no t  produce s ignE f i can t  and 



measurable e f f e c t s  i n  reducing f loodwater and sediment damages because o f  the 
small areas i n  i s o l a t e d  loca t ions  on which they are  needed. 

The Santa Rosa So i l  Conservation D i s t r i c t  w lB  l g ive  major emphasis 
t o  maintenance and improvement o f  the e x i s t i n g  measures and t o  the  planning 
and a p p l i c a t i o n  o f  add i t i ona l  measures where needed. 

STRUCTURAL MEASURE S 

St ruc tu ra l  measures inc luded i n  the p lan  ares s i x  f loodwater 
r e t a r d i n g  s t ruc tu res  having a  combined capac i ty  o f  5,960 acre  fee t ;  31.2 m i les  
o f  channel improvement i nvo lv ing  s t ra igh ten ing,  shaping, r i p r a p p i n g  and 
vegetat ing; 0.6 m i l e  o f  channel c o n t r o l  by r a i l  and w i r e  revetment; 1,8 mi les  
o f  channel improvement by i n s t a l l a t i o n  o f  concrete l i n i n g ;  and 2,000 l i n e a r  
f e e t  o f  stream bank s t a b i l i z a t i o n  s t ruc tu res  f o r  c o n t r o l l i n g  c r i t i c a l  sediment 
source areas. A l l  o f  these measures a re  planned f o r  c o n s t r u c t i o n  w i t h i n  s i x  
years. 

O f  the $ 1  5,5l9,2OO t o t a l  eost o f  s t r u c t u r a l  measures, the  l oca l  
share o f  $5,660,300 w i l l  be used f o r  the f o l l o w i n g  ob l i ga t i ons :  land, 
easements, r ights-of-way and u t i l i t y  re loca t ion ,  34%; opera t i on  and maintenance 
( c a p i t a l i z e d  a t  2% over 50 years), 65%; and admin i s t ra t i on  o f  cont rac ts ,  1%. 

DAMAGES AND BENEFITS 

The est imated average annual damage wi thout  t h e  p r o j e c t  from a l l  
storms up t o  the 1% frequency o f  occurrence >2 i s  $708,500. 

The est imated average annual damage w i t h  the p r o j e c t  (on the same 
basis)  i s  $3,000. 

The average annual pr imary b e n e f i t  accru ing t o  s t r u c t u r a l  measures 
i s  $705,500. O f  the average annual pr imary bene f i t ,  $602,700 i s  due t o  
reduct ion  o f  d i r e c t  damage and $102,800 i n d i r e c t .  

The r a t i o  o f  the average annual b e n e f i t  t o  the  average annual eost 
i s  1.3 t o  1. 

PROVlSBONS FOR ACCOMPLBSHING 
AND FBNANCBNG CONSTRUCTION 

The Sonoma County Flood Control  and Water Conservation D i s t r i c t  has 
been organized i n  accordance w i t h  the  laws o f  the State o f  CaB i f o r n i a  and i s  a  
l ega l  subd iv is ion  o f  the State w i t h  powers o f  t axa t ion  and eminent domain. I t  
can accept con t r i bu t i ons ,  l evy  assessments, issue warrants, ho ld  e l e c t i o n s  f o r  
the issuance o f  bonds and make Bevies t o  r e t i r e  bonds. Th is  agency w i l l  
prepare f i n a l  plans w i t h  the assistance o f  the So i l  Canservation Service and 
w i l l  cont rac t  f o r  the cons t ruc t i on  o f  a l l  s t r u c t u r a l  measures incBuded i n  the 
work plan. 

A  1% frequency o f  occurrence event 'is one o f  such magnitude t h a t  i t  w i l l  be 
equal l ed  or  exceeded i n  1% o f  the  years I n  a long period. 



OPERAT B ON AND MA B NPE NANCE 

A l l  s t ruc tu ra l  measures included On the plan w i 0 1  be operated and 
maintained by the Sonoma County Flood Control and Water Conservation D i s t r i c t .  

DESCRIPTION OF THE WATERSHED 

LOCAT! ON AND S I Z E  

The Central Sonorma Watershed l i e s  f i f t y  a i r l i n e  mi les  nor th  o f  San 
Franci sco and surrounds the C i t y  o f  Santa Rosa. It covers an area o f  50,000 
acres and I s  t r i b u t a r y  t o  the Russian River v i a  the baguna de Santa Rosa and 
the lowest segment o f  Mark West Creek. I t  includes a l l  o f  Santa Rosa Creek 
and i t s  t r i bu ta r i es .  

PHYSICAL DATA 

Santa Rosa Creek and i t s  major t r i b u t a r i e s  head i n  p rec ip i tous  
country w i t h  a maximum e levat ion o f  2,730 feet .  I n  general, the mountainous 
areas are wel l  wooded or  have an adequate grass cover, except f o r  a few 
massive outcroppings o f  hard rock. Mountain slopes steeper than 50% are 
common and the minimum channel gradient i s  about 2%. 

Af ter  leaving the mountains, the creeks f low through a b e l t  o f  
r o l l i n g  land, general ly  I n  grass, pasture or  cover-cropped orchard, and out 
onto the f l a t  f l oo r s  o f  t r i bu ta r y  va l leys before they reach the Santa Rosa 
Blain, Through the t r i b u t a r y  val leys,  the channels are inc ised some l o  t o  30 
feet  i n t o  a l luv ium and the gradients are i n  the range o f  0.25 t o  0.50%, 

Santa Rosa and Matanzas Creeks are entrenched through the C i t y  o f  
Santa Rosa and are p a r t l y  protected by na t i ve  vegetat ion and i n te rm i t t en t  
revetments, As i t  leaves Santa Rosa, the combined channel gets smaller u n t i l  
i t  becomes e n t i r e l y  inadequate t o  contain the f lows that  occur i n  most years, 
At the lower end o f  the watershed the gradient  f l a t t e n s  t o  about 0.1% before 
the stream enters the baguna. 

So i l s  o f  the mountainous areas are general ly  medium-textured, On 
the open grass-oak range areas they are moderately shallow, averaging two feet 
deep, but  where there i s  forest  cover the s o i l s  are somewhat deeper end have 
good moisture-holding capacity, On the r o l l i n g  Band some p r o f i l e  devePopment 
i s  common and run-of f  rates would be excessive i f  the land were l e f t  wi thout  
cover. The t r i b u t a r y  val leys are characterized by medium-textured recent 
a l l u v i a l  so i l s .  On the Santa Rosa P la i n  west o f  the cY t y  t o  the Leguna de 
Santa Rosa, the common s o i l  condi t ion i s  a medium t o  heavy surface s o i l  
under la in  a t  one or  two feet  by a claypan. 

With few exceptions, notably several small areas i n  the headwaters 
o f  Matanzas Creek, the cover on the e n t i r e  watershed i s  good, Cover crops 
are used almost un ive rsa l l y  I n  the orchards and vineyards and deple t ion o f  
range cover happens only i n  years whew r a i n f a l l  i s  unusual ly short. Only a 
small propor t ion sf the farmed land i s  i r r i ga ted .  



Land use by land c a p a b i l i t y  c lasses i s  as fo l%ows :  

LAND USE LAND CAPAB l L lTY CLASS To ta l  Tota 1 
I I I 1 1 1 1  BV V I  V I I  VBBl  Misc. Area Area 

Row and F i e l d  
crops 530 880 850 270 120 

Orchard and 
vineyard 690 2830 2950 290 200 

Pasture and 
range 540 3940 3440 10630 9550 

Woodland and 
brush 

M i  scel laneous 6420 6420 13 

TOTAL 1220 4250 7740 4000 % 1830 1 1990 2550 6420 50000 100 

P r e c i p i t a t i o n  i n  the  watershed ranges from about 22 inches annua l ly  
a t  the d r i e s t  po in t ,  on the Santa Rosa P la in ,  t o  some 38 inches i n  the upper 
reaches. A t  Santa Rosa the average annual p r e c i p i t a t i o n  i s  29.5 inches. The 
r a i n y  season normal ly  begins i n  October and ends i n  May w i t h  p r a c t i c a l l y  no 
e f f e c t i v e  p r e c i p i t a t i o n  i n  the r e s t  o f  the year. A l i t t l e  snow f a l l s  I n  the 
mountains bu t  almost none on the v a l l e y  f l o o r ,  At  Santa Rosa the average 
temperature i s  57 degrees, the h ighes t  temperature on reco rd  i s  112 and the 
lowest i s  15 degrees. The f r o s t - f r e e  season, as shown b y  Weather Bureau records, 
i s  213 days, 

ECONOMIC DATA 

There a re  no s i g n i f i c a n t  areas o f  publ ic ly-owned land i n  the  
watershed. Whi le a few range-land ho ld ings  a re  s t i l l  i n  u n i t s  o f  more than 
500 acres, the  t rend  elsewhere has been toward reduc t i on  i n  s i z e  and there  a re  
f e w  non-range ho ld ings  l a rge r  than 80 acres. 

U n t i l  World War 111,  the economy was l a r g e l y  a g r % c u l t u r a l  w i t h  some 
support from indus t r y  associated w i t h  the t imber resource o f  nearby areas. 
Production, harvest ing,  processing and market ing o f  t r e e  f r u i t s ,  grapes, hops, 
l i v e s t o c k  and d a i r y  products c o n s t i t u t e d  the major sources o f  income. 

O f  recent  years t h i s  economy has been undergoing a major change 
i n v o l v i n g  a tremendous increase i n  populat ion,  as i nd i ca ted  by the  f o l l o w i n g  
data. 



POPULATION 

Year - Ci ty of Santa Rosa Sonoma County 

3 Estimated by City of Santa Rosa Planning Commission and includes 
annexation of new developments necessitated largely by 
population influx. 

' Estimated by California Department of Finance. 

Sonoma County's rate of growth has been higher than that of the 
State as a whole since 1940, according to a 1957 report by industrial 
Planning Associates of San Francisco and Washington, D.C. 

Forecasts by the Sonoma County Planning Commission in 1947 and by 
Stanford University's Professor William A. Spurr in 1949 set 112,000 as the 
population the county would reach by 19601 For the same target date the State 
Office of Planning and Research, in 1948, predicted 125,000, All of these 
forecasts were exceeded by about 1955, when only two-thirds of the prediction 
per i od had el apsed. 

The most recent available authoritative forecasts are-those made by 
Mr, V. B, Stanbery, in 1956 studies for the Bay Area Rapid Transit Commission, 
He made a "hightr prediction, assuming continued national prosperity and the 
development of water resources and highways as now planned, and a1 so a "llow" 
prediction representing a less prosperous condition and a slowing down of 
physical developments. His estimates are as fol lows: 

E ST B MATED FUTURE POPULAT B ON 
OF SONOblA COUNTY 

Year - 
1960 

bow - 
1 37,000 

it may be noted that the Bow prediction for'1960 had already been 
exceeded at the close of 1957. 

The population increase has resulted from a number of factors: 



(1) The location with reference to San Francisco makes Santa Rosa 
an attractive headquarters for people who sell products and services 
originating in the San Francisco Bay Area to markets in the north coastal part 
of the State. 

(2) The same factors have encouraged the advent of people who are 
connected with the distribution of the products of the north coast area through 
the San Francisco markets, 

(3) Climatic conditions and the pleasant aspect of the region bring 
in many retired people, as well as business and professional people, who enjoy 
living within reasonable distance of San Francisco without the urban 
congestion. The large proportion of older people living In the area is 
attested by the fact that the average age of people in Sonoma County is i . 8  
years greater than the State average, 

(4) Recent increases in industrial development indicate that 
further expansion along this line will take place within the watershed and 
nearby. The number of people engaged in manufacturing in Santa Rosa increased 
by 2,000, or 66%, from 1950 to 1956. Transportation facilities, a new and 
adequate water supply, and a favorable labor market are expected to favor the 
trend. 

(5) Influx of the people in the above categories creates a local 
demand for building trades, services, professions and marketing facilities. 
(Over 2,400 building permi ts were issued in Santa Rosa from 1952 to 1956, 
inclusive.) 

These types of development will be encouraged by the introduction of 
a new water supply from Coyote Dam, now under construction on the Russian River, 
and by the recent completion of a new freeway to San Francisco. The new 
Richmond-San Rafael bridge now makes the Oakland-Richmond area more accessible, 
With new population arriving in the State at the rate of 1000 per day, it 
seems reasonable to expect a continued influx into the watershed. 

Agricultural production will continue but will be diminished by 
encroachment of residential, commercial and industrial developments. increase 
in the market value of land suitable for subdivision is forcing such land out 
of agriculture. It is not unusual for tracts of favorable land to bring more 
than $3,000 per acre. 

Current and expected changes in the population and economy of the 
watershed are particularly important in relation to the watershed project in 
that projections of the trend are used as a basis for much of the project 
evaluation. The city and county planning agencies predict that intensification 
of the land use pattern is inevitable; therefore, the project proponents 
believe strongly that joint action toward flood prevention should be taken 
now, before new installations are flooded and before serious encroachment onto 
the flood plain interferes with accomplishment of the necessary works of 
i mprovemen t . 





From Brush Creek through the C i t y  o f  Santa Rosa t o  a p o i n t  about a 
m i l e  west o f  the C i t y ,  the channel i s  deeply entrenched. I n t e r m i t t e n t  
revetments and p a r t i a l  vegeta t ive  cover now a f f d r d  onl y a minor degree o f  
p r o t e c t i o n  against  bank erosion, The channel i s  l a rge  enough t o  c a r r y  the 
stream f l ow  most years but ,  when unusual By l a rge  f l oods  (about 4% frequency 
o r  l a rge r )  occur, water will f l ow  i n t o  business and r e s i d e n t i a l  areas near the 
center of the c i t y .  A f t e r  the  f lood o f  1955-56, which d i d  not  over top  the 
banks, more than $60,000 was spent f o r  r e p a i r i n g  and r e h a b i l i t a t i n g  streamside 
bu i ld ings ,  u t i l i t i e s ,  b r idges and p r o t e c t i v e  works, band loss  through t h i s  
reach has been computed a t  0.37 acre per year. 

I n  the lowest reach o f  the Santa Rosa Creek channel, peak f lows from 
a l l  t r i b u t a r i e s  pour i n  concur rent ly  when there  a re  major storms. With a low 
channel gradient ,  inadequate cross-sect ion and slow egress through the  baguna 
de Santa Rosa, the creek channel i s  incapable o f  t ranspor t i ng  the  accumulated 
flow, and widespread inundat ion resu l t s .  F i e l d s  and pastures a re  f looded by 
s i l t - l a d e n  water and debr is  lodges against  obs t ruc t ions ,  Road c u l v e r t s  and 
t r i b u t a r y  channels f requen t l y  a re  plugged, increas ing the  spread o f  water, 
Pastures and o ther  crops a re  severely damaged and fences a re  broken down, 
E x i s t i n g  dikes, levees and revetments are  damaged o r  destroyed and gravel  bars 
and debr is  a re  deposited i n  stream and d r a i n  channels. Restora t ion  o f  the 
flood-damaged farm land t o  product ive use requ i res  c o s t l y  removal o f  debr is ,  
sand and gravel,  and shaping o r  re leve l  i ng  f o r  farming operat ions. Where a 
f l o o d  of 1% frequency o f  occurrence would now inundate main ly  pasture and farm 
crops, the development p a t t e r n  ind ica tes  t h a t  such a f l o w  15 years hence would 
damage about 3,900 homes and the associated improvements. 

The problem o f  d ischarging water a t  the o u t l e t  o f  Santa Rosa Creek 
I s  complicated by the  f a c t  t h a t  backwater f requen t l y  f i l l s  the Laguna de Santa 
Rosa when the Russian River  i s  i n  f lood.  

BRUSH CREEK 

Through most o f  Rincon Va l ley  the Brush Creek channel i s  i nc i sed  and 
has good capacity.  i n  the l a s t  m i l e  above Highway 12 i t  d imin ishes t o  an 
inadequate s i z e  and i s  choked w i t h  brush and trees. Several major t r i b u t a r i e s  
enter  the main channel I n  t h i s  r e s t r i c t e d  reach. The l a r g e s t  f l o w  i n  the past 
20 years inundated an area here about three- four ths o f  a m i l e  a long the creek 
and a h a l f  m i l e  wide. Several f lows i n  recent  years have r e s u l t e d  i n  o n l y  
s l i g h t l y  l ess  flooding. 

Under the present l eve l  of development, damage t o  about 44 homes i n  
the Brush Creek subwatershed would r e s u l t  from a f l o o d  o f  1% frequency o f  
occurrence. Under the a n t i c i p a t e d  Bevel o f  deve8opment 85 years hence, the 
number w i l l  increase t o  about 530. As the Bevel b u i l d s  up, the damageable 
values o f  roads, s t ree ts ,  and u t i l i t i e s  may be expected t o  increase. Problems 
r e l a t e d  t o  over f low o f  sep t i c  tanks probably w % 8  8 be e l im ina ted  by cons t ruc t i on  
o f  a san i ta ry  sewer system w i t h i n  the next  few years, 



P lNER CREEK 

With the exception o f  an area o f  h i l l y  headwater land, the Piner  
Creek subwatershed i s  r e l a t i v e l y  f l a t  and has a network o f  channels, some 
d i s t i n c t  and some obscure. Channel g rad ients  a re  low and the f l o o d  water 
v e l o c i t i e s  are  slow. Under these cond i t i ons  any r u n - o f f  r e s u l t s  i n  ponding, 
which expands i n t o  damaging inundat ion i n  prolonged o r  h i g h - i n t e n s i t y  storms. 
Under the present l eve l  o f  development a 1 %  frequency of occurrence f l o w  can 
be expected t o  damage about 182 houses, Wi th in  the next  15 years, however, 
the number i s  expected t o  increase t o  about 890. 

I n  add! t ion  t o  res ident  i a l  damage, orchards, pastures, roads and 
u t i l i t i e s  are  adversely a f f e c t e d  by standing water, An unhealthy c o n d i t i o n  i s  
Induced, e s p e c i a l l y  where sep t i c  tanks and water supply a re  a f fec ted.  

MATANZAS CREEK 

On the upper watershed, there a r e  several raw s l i d e  areas a long the 
channel and a number o f  small g u l l i e s  i n  the grassland. These represent 
sources o f  sediment t h a t  would lodge i n  the Matanzas f l o o d  detent ion  rese rvo i r  
( t o  be i n s t a l l e d  as a p a r t  o f  t h i s  p r o j e c t )  and reduce i t s  e f f e c t i v e  l i f e .  

Through Bennett Val ley, the Matanzas Creek channel i s  l a rge  and 
becoming la rge r ,  With grade recession and bank eros ion progressing r a p i d l y ,  
the major problem i s  eros ion  ra the r  than overf low. Land loss  i s  computed a t  
0.33 acre  per year. 

W i th in  the C i t y  o f  Santa Rosa the channel i s  l a rge  b u t  f l o w  i s  
moderately r e s t r i c t e d  by t rees  and brush and a p a r t  o f  t he  channel has 
vege ta t i ve  pro tec t ion .  

The e x i s t i n g  i n t e r m i t t e n t  s t r u c t u r a l  and vegeta t ive  p r o t e c t i o n  has 
not complete ly  solved the problem o f  bank erosion, 

When a f l o o d  occurs t h a t  i s  o f  about 2% frequency o f  occurrence, o r  
l a rge r ,  Santa Rosa Creek w i l l  a l ready be ou t  o f  i t s  banks near the confluence 
w i t h  Matanzas. Matanaas Creek w i l l  then over f low,  adding t o  the f l o o d  damage 
i n  downtown Santa Rosa. 

SPRUNG CREEK 

Spring Creek I s  t r i b u t a r y  t o  Matanzas Creek and dra ins  a l a rge  
p o r t i o n  o f  the v a l l e y  land l y i n g  between Matanzas and Santa Rosa Creeks, as 
we l l  as a l a rge  area o f  steep mountainous land. The channel across the  v a l l e y  
genera l l y  i s  shal low and, i n  some places, i n d i s t i n c t ,  p a r t i c u l a r l y  where i t  i s  
overgrown w i t h  brush and trees. Overtopping and ponding occur dur ing  about 
h a l f  the  years. Res ident ia l  development is r a p i d l y  encroaching, even onto 
c e r t a i n  lands t h a t  have o f t e n  been ponded. I n  one such case a reach o f  channel 
was cleaned by the subdiv ider ,  p rov id ing  temporary p r o t e c t i o n  f o r  the  homes 
j u s t  completed, however, measures o f  a more permanent nature are  needed. Under 
the present l eve l  o f  development a f l o o d  o f  8 %  frequency o f  occurrence could 
be expected t o  a f f e c t  144 residences. Under the  l eve l  o f  development expected 



15 years hence, the number would be about 529. Annadel Dam, a 500 acre- foo t  
water conservat ion s t r u c t u r e  i n  the h i l l s  w i t h  a watershed o f  1,090 acres, 
provides some p r o t e c t i o n  aga ins t  small f loods and might be operated t o  provide 
a higher degree o f  p ro tec t ion .  

EROS B ON PROBLEMS 

While eros ion  has been a major problem i n  p a r t s  o f  the watershed, 
the  e f f o r t s  o f  the So i l  Conservation D i s t r i c t  and o ther  agencies have r e s u l t e d  
i n  i t s  reduct ion  t o  a minor s tatus.  Only occas iona l ly  i s  a c u l t i v a t e d  f i e l d  
now caught w i thout  p r o t e c t i v e  cover dur ing  the rains, Widespread conversion 
t o  pasture and o ther  permanent o r  seasonal cover has removed most o f  the 
prev ious ly  eroding land from considerat ion.  Progress i s  s t i l l  be ing  made 
toward f u r t h e r  range improvement and cont ro l  o f  the remaining upland g u l l i e s .  
Other sources o f  sediment are  s l i p s  and bank c u t t i n g  i n  the  main channels. 

WATER SUPPLY PROBLEMS 

Over past  years the ground water resource has been somewhat ovePdrawn. 
Current cons t ruc t i on  o f  Coyote Dam ow the Russian R iver  by the U. S. Corps o f  
Engineers w i l l  'permit  i n t r o d u c t i o n  o f  a new and adequate water supply. 
Current s tudies o f  water conservat ion s i t e s  have shown t h a t  the cos t  o f  
b u i l d i n g  or  en la rg ing  rese rvo i r s  w i t h i n  the watershed t o  conserve the  n a t i v e  
supply i s  greater  than the cos t  o f  import ing an equal amount o f  water. 

PUBLIC HEALTH PROBLEMS 

I n  several pa r t s  o f  t he  watershed, sep t i c  tanks and domestic w e l l s  
may both be a f f e c t e d  by the same bodies o f  f l o o d  water t o  the detr iment  o f  the 
water supply and the  s a n i t a t i o n  o f  the area. While no excessive mosquito 
i n f e s t a t i o n s  are known, i t  i s  probable t h a t  ponding and imperfect s a n i t a t i o n  
encourage the breeding o f  undesi rable Insects, 

E f f l u e n t  from the C i t y  o f  Santa Rosa sewage treatment p l a n t  near 
Santa Rosa Creek i s  mingled w i t h  f l o o d  water when the stream overf lows i n  t h i s  
v i c i n i t y ,  While the t rea ted  e f f l u e n t  i s  not unsan t i t a ry ,  i t  i s  unpleasant t o  
the rec ip ien ts ,  and the detergents contained i n  i t  may have undes i rab le  e f f e c t s  
t h a t  a re  not now known. 

EX l ST B NG OR PROPOSED WORKS OF B MPROVEME NT 

STRUCTURAL MEASURES 

The State Water Plan, prepaied by the State Department o f  Water 
Resources, notes the p o s s i b i l i t y  o f  a water conservat ion dam on Mark West 
Creek below the Laguna de Santa Rosa. While the measures t o  be i n s t a l l e d  
under the work p lan  w i l l  s l i g h t l y  reduce the peak f l o o d  f lows a t  t h i s  s i t e ,  
they w i l l  not a f f e c t  the design or  func t i on  o f  the dam m a t e r i a l l y .  



Concurrent ly w i t h  the channel improvements t o  be accomplished under 
t h i s  work plan, o r  as the economic development creates the need, the  Flood 
Control D i s t r i c t ,  the So i l  Conservation D i s t r i c t ,  and other  agencies w i l l  
b u i l d  numerous l a t e r a l  channels t o  b r i n g  excess l o c a l  water i n t o  the  main 
channel system provided under t h t  s plan. Without the plan, such l a t e r a l  s 
could not  operate f o r  lack  o f  o u t l e t s .  Th is  endeavor w i l l  be e n t i r e l y  
separate from the present p lan  and the costs r e l a t e d  the re to  have not  been 
included as p r o j e c t  costs. i t  i s  est imated t h a t  some 50 m i les  o f  l a t e r a l  
channels w i l l  be b u i l t  a t  a cost  o f  about $1,500,000. Cur rent ly ,  some $70,000 
i s  being spent annua l ly  w i t h i n  the C i t y  o f  Santa Rosa f o r  storm d r a i n  
construct  ion. Tota l  storm d r a i n  conktrwct l ~ n  wi tl-sih,, the Santa Rosa Creek . 
watershed i s  es t imatpd a t  $1,5D,Q00 annual ly.  

PROGRESS B N ESTABL U SHMENT OF 
so le  CONSERVAT~ON PRACTBCES 

Since the  Santa Rosa So i l  Conservation D i s t r i c t  was organized i n  
1946, farmers owning approximately 60 percent o f  the  a g r i c u l t u r a l  land w i t h i n  
t h i s  watershed have entered i n t o  cooperat ive agreements w i t h  the  D i s t r i c t .  
Records show that ,dur ing  t h i s  period, 3,624 acres o f  c u l t i v a t e d  cropland were 
converted t o  permanent pasture, Th is  land conversion i s  predominantly I n  the 
upper p o r t i o n  o f  the  watershed area and i s  a f a c t o r  i n  the  reduc t ion  o f  run -o f f  
and sediment. A t o t a l  o f  5,152 acres o f  pasture and range were seeded. 
improvement o f  channels amounted t o  25,600 1 ineas f e e t  w i t h  1,450 f e e t  of 
revetments i n s t a l l e d .  Other p rac t i ces  include: 13 sediment dams, 2 m i l e s  o f  
d ivers ion  d i tches,  26 stock ponds, 13 spr ings developed, 2,660 rods o f  fencing, 
proper grazing use o f  21,808 acres, 18 i r r i g a t i o n  dams impounding 1,600 acre 
f e e t  o f  water, 194 m i  1 es o f  open deal n d i  tches benef i t l ng 1 ,626 acres, 
s p r i n k l e r  i r r i g a t i o n  on 1,840 acres, land Bevel ing  on 446 acres, and cover 
cropping on 876 acres. 

The cos t  f o r  the i n s t a l  l a t i o n  o f  e x i s t i n g  measures t h a t  reduce run- 
o f f  and sediment i s  over $152,000. Other conservat ion p rac t i ces  t h a t  have no 
d i r e c t  run-o f f  and sediment r e t a r d i n g  value f o r  the p r o j e c t  a re  not  inc luded 
i n  the cost  est imate o r  i n  the  l i s t  above. A d e t a i l e d  t a b u l a t i o n  i s  shown i n  
Table l A. 

Lands i n  the  drainage areas above f loodwater r e t a r d i n g  s t r u c t u r e s  
are under a c t i v e  Soil Conservation D i s t r i c t  basic farm p lan  cooperat ive 
agreements t o  the ex ten t  shown On the fo8Bowing tabu la t ion :  



(I, 

II Percentage o f  drainage Percentage o f  drainage 
St ruc ture  areas under SCD co- areas w i t h  bas ic  

opera t ive  agreement conservat ion farm plans 

Santa Rosa Creek Reservoir 8 1 8 1 

Brush Creek - Middle Fork 
Reservol r 

 rush Creek - West Fork 
Reservoi r 

Piner  Creek Reservoir 5 2 5 2 

Matanzas Creek Reservoir 77 7 2 

Spring Creek Reservoir 100 100 

MEASURES FOR F B SHERY B MBROVEMENT 

Cer ta in  dam s i t e s  would accommodate l a r g e r  r e s e r v o i r s  than a re  
planned f o r  f loodwater detent ion. Add i t i ona l  capac i ty  would be o f  value i n  
r e l a t i o n  t o  the f i s h e r y  resource; however, no f i r m  source o f  funds i s  
immediately a v a i l a b l e  f o r  de f ray ing  the cos t  o f  en la rg ing  the s t ruc tu res  and 
a l  t e r  i ng the  ou t le t s .  Should such funds become avai  l a b l e  before  deta i  l e d  
p lann ing i s  underway, the plans may be changed t o  i nc lude  economical ly 
j u s t i f i e d  f a c i l i t i e s  f o r  f i s h e r y  improvement a t  non-Federal cost.  Any change 
i n  r e s e r v o i r  design t o  provide conservat ion storage w i l l  be made i n  accordance 
w i t h  app l i cab le  State and Federal law. 

WORKS OF IMPROVEMENT TO BE B NSTALLEO 

LAND TREATMENT MEASURES FOR 
WATERSHED PROTECT B ON 

On-farm land treatment measures have a l ready been accompl ished t o  a 
h igh  degree dur ing  the 12 years the Santa Rosa S o i l  Conservation D i s t r i c t  has 
been i n  existence. (See Table l A 3  While a d d i t i o n a l  land treatment measures 
are  des i rab le  and w i l l  be accomplished under the  regu la r  program o f  the So i l  
Conservation D i s t r i c t ,  t h e i r  e f f e c t s  upon f loodwater and sediment product ion 
a re  no t  measurable and they are, there fore ,  not  inc luded i n  the work plan. 

T,he So i l  Conservation D i s t r i c t  w i l l  assure the  continuance o f  the 
p r o t e c t i o n  a f fo rded  by the  e x i s t i n g  land treatment measures by g lv ing ,major  
emphasis t o  t h e i r  maintenance. The D i s t r i c t  w i l l  a l s o  urge the establ ishment 
of a d d i t i o n a l  land treatment measures where needed. 



LAND TREATMENT MEASURES FOR 
FLOOD PREVENTION 

Protection from fire in the watershed is the responsibility of the 
State Division of Forestry and cooperating local fire control agencies. 
Inasmuch as the present level of protection, as indicated by recent fire 
history, is in line with Statewide standards of the Division, further fire 
protection measures are not included in the watershed work plan. 

STRUCTURAL MEASURES 

The watershed plan involves the construction of earth-fill flood- 
water retarding structures and channel improvements. Six floodwater retarding 
structures are included, one or more on each major tributary, and improvements 
are to be installed on 33.6 miles of channel. The locations of the structural 
measures are shown on Map No. 3 and the structural features are presented in 
drawings in Section 2 of this report and In Tables 3 and 3A. 

The floodwater retarding structures and channel improvements in 
combination are designed to afford protection against floods of 1% frequency 
of occurrence. This system will also provide outlets for local flood water, 
which will be conducted to the channels as a local project apart from the 
measures included in the work plan. 

All floodwater retarding structures will have ungated low-level 
outlets and will have emergency spillways designed to come into use when the 
1% frequency flood is exceeded. 

Improved channel s wi 1 l be shaped to conf O ne l ow flows to a l d f i sh 
migration. Channels will be provided with bank protection in all improved 
reaches. In channels having design flows in excess of 1,000 cubic feet per 
second, or having a combination of high velocity and flow depths in excess of 
five feet, rock riprap will be installed to a minimum of one-third of the 
design flow depth. Vegetation will be established above the riprap for added 
protection during infrequent high stage flows. On small channels where flow 
conditions are less severe, the main protective feature will be vegetation. 
Rock riprap to the full channel depth will be instal led at locations especially 
susceptible to bank erosion, and concrete grade stabilization structures w i l l  
be used where danger of grade recession exists. Concrete-lined channels will 
have 1-1/2:1 side slopes except for a short section at the junction of Santa 
Rosa Creek and Matanzas Creek where vertical walls will be used to negotiate 
two sharp bends, two bridges and the junction itself. Banks above the 
concrete lining will be sloped and vegetated. To prevent the erosion of banks 
by side drainage into the channels, all improved channels will be constructed 
so that side drainage is admitted only at structures built for the purpose. 

Vegetation on the bank slopes of most of the channels w i l l  be a 
sod-forming grass with high erosion-resisting ability. 



SANTA ROSA CREEK 

A f loodwater r e t a r d i n g  s t r u c t u r e  w i l  l be b u i l t  a t  the Santa Rosa 
Creek s i t e  where the topography a f f o r d s  an oppor tun i ty  f o r  r e l a t i v e l y  

. inexpensive of f -s t ream storage. A re in fo rced  concrete s t r u c t u r e  on Santa Rosa 
Creek w i l l  d i v e r t  f lows above 1,100 cubic f e e t  per second through a vegetated 
e a r t h  channel t o  the reservo i r .  The channel w i l l  have a capac i ty  o f  5,000 

am 
cubic f e e t  per second and the capaci ty  o f  the rese rvo i r  w i l l  be 3,500 acre 
fee t ,  An ungated low-level o u t l e t  through the dam w i l l  r egu la te  ou t f l ow  a t  
maximum water l eve l  t o  400 cubic f e e t  per second and discharge i t  back t o  
Santa Rosa Creek. Where t h i s  f l ow  enters  the creek,a b a r r i e r  w i l l  be i n s t a l l e d  

IS t o  prevent  f i s h  from en te r ing  the o u t l e t  channel, Automatic c o n t r o l  o f  i n f l o w  
by s p i l l  lng  from the d i v e r s i o n  dam and channel w i l  Y p r o t e c t  the  dam against  
f l oods  exceeding the 1% frequency event, 

Improvement o f  the main channel w i l l  inc lude concrete l i n i n g  through 
the downtown p a r t  o f  the C i t y  o f  Santa Rosa, some 1.4 mi les ,  where the channel 
w i d t h  I s  l i m i t e d  by the encroachment of urban development and where the  depth 
o f  t he  channel and steepness o f  the banks r e s u l t  i n  severe bank erosion. A 
small b a f f l e d  channel i n  the bottom o f  the  main channel i s  provided as an a i d  
t o  f i s h  migrat ion.  

Upstream from the concrete l i n e d  sec t i on  t o  Farmeras Lane, about O , 7  
m i l e s  below the j u n c t i o n  w i t h  Brush Creek, the  channel w i l l  be shaped and w i l l  
be provided w i t h  rock r i p r a p  t o  about 40 percent o f  t he  design water depth, 
Th is  reach, 1.6 m i les  long, w i l l  have concrete grade s t a b l l % z e r s .  A t  grade 
s t a b i l i z e r s  and a t  t r a n s i t i o n s ,  j unc t i ons  and c r i t i c a l  bends, the  banks w i l l  be 
r i  prepped t o  f u l  l channel depth. 

The remaining 0.7 m i les  t o  the Brush Creek j u n c t i o n  i s  wide and 
r e l a t i v e l y  shallow, w i t h  a s h i f t i n g  gravel bottom causing considerable bank 
erosion. Th is  reach w i l l  be shaped and the main flow w i l l  be conf ined by s a i l  
and w i r e  fences, each backed by two rows o f  w i l  how o r  b lack  locus t  t rees  and by 
vegetated banks. 

From the west end o f  the concrete- l ined sec t i on  t o  Piner  Creek, a 
d is tance o f  3 mi les ,  the channel w i l l  be shaped, eaadarged where necessary, and 
st ra ightened,  and w i l l  be provided w i t h  rock r i p r a p  t o  40 percent o f  the design 
water depth. At bends and junc t i ons  the banks w i l l  be r iprapped t o  f u l l  
channel depth. 

From Piner Creek t o  the Laguna de Santa Rosa bas in  a vegetated, 
leveed channel w i l l  be constructed. Upstream from Wi l lowside Road the banks 
w i l l  be r iprapped t o  about 40 percent o f  design water depth. Below WiI1owside 
Road the channel w i l l  take the form o f  a broad, leveed floodway conta in ing  a 
r e l a t i v e l y  small low-flow channel, The leveed channel w i l l  conf ine  the 
design f l o o d  as f a r  as Wi l lowside Road under a l l  cond i t ions ,  and the floodway 
3s designed t o  ca r ry  i t  t o  the baguna under normal backwater condi t ions.  The 
t o t a l  length  o f  the reach i s  3.7 mi les. 



Four small waterways t r i b u t a r y  t o  Santa Rosa Creek i n  the lower 
reach a lso  will be shaped and vegetated, and three o f  these, i d e n t i f i e d  as 
Channels 3, 4 and 5, w i  l l be leveed t o  prevent f lood ing by backwater from 
Santa Rosa Creek. The fourth,  Channel 80, drains e Bow l y i n g  area and w i l l  
be Bet i n t o  Santa Rosa Creek by f lap-gated pipes through the levee. 

BRUSH CREEK 

Two floodwater re ta rd ing  s t ruc tures are t o  be b u i l t  on t r i b u t a r i e s  
t o  Brush Creek, w i t h  a combined capaci ty o f  230 acre feet ,  From the dams t o  
the junc t ion  w i t h  Santa Rosa Creek, the channels w i l l  be enlarged and 
straightened and w i l l  be provided w i t h  grade s tab i l  i z a t i o n  s t ruc tures where 
needed. Two other t r i b u t a r i e s  w i l l  be given s im i l a r  treatment. Banks w i l l  
be riprapped a t  junct ions and sharp bends and the main channels w i l l  have 
continuous rock r i p rap  t o  a minimum o f  one-th i rd of the design f low depth. 
Bmproved channels w i l l  aggregate about 7.4 miles. 

BBNER CREEK 

Flood peaks w i l l  be reduced by a 230 acre f o o t  capaci ty floodwater 
S 

re ta rd ing  s t ruc ture  t o  be b u i l t  near the County Hospital on Paul i n  Creek, a 
major t r i b u t a r y  t o  Pinee Creek. The two main channels d ra in ing  the va l ley  
po r t i on  o f  t h i s  watershed w i l l  be enlarged and stra ightened t o  provide 
capaci ty f o r  the h i l l  run-off,which they col iect,and t o  f u rn i sh  an o u t l e t  f o r  
numerous small drainage channels whose t r i b u t a r y  area i s  mostly i n  the va l ley .  
Two smal lee t r i b u t a r i e s  con t r ibu t ing  t o  the f lood ing o f  the northwestern 
sect ion o f  the C i t y  o f  Santa Rosa a l so  w i l l  be enlarged upstream as f a r  as 
Mendocino Avenue. From the Northwestern Pac i f i c  Rai l road t racks t o  the 
junc t ion  w i t h  Santa Rosa Creek, these channels w i l l  have rock r i p r a p  t o  a 
minimum o f  one-th i rd o f  the design water depth. Banks w i l l  be r iprapped t o  
t h e i r  f u l l  height a t  junct ions and c r i t i c a l  bends. Real ignment o f  the lower 
end of Piner Creek w i l l  b r ing i t  i n t o  Santa Rosa Creek 0$4  milie upstream from 
the present junction, e l im ina t ing  0.4 m i l e  o f  inadequate channel. 

MATANZAS CREEK 

A re tard ing s t ruc ture  w i t h  a capacity of 8,500 acre f ee t  w i  l l be 
b u i l t  on Matanzas Creek near the po in t  where i t  emerges from the steep land. 
C r i t i c a l  s l i d e  areas con t r ibu t fng  sediment t o  the stream above the floodwater 
detent ion s t ruc ture  w i l l  be s t a b i l i z e d  by adjustments I n  the a l  lgnment o f  the 
channel and the i n s t a l l a t i o n  of about 2,000 feet  of p ipe and w i re  revetment. 

For a distance of about 0.4 m i l e  above the j unc t i on  w i t h  Santa Rosa 
Creek the channel w % l  l be concrete l ined.  Upstream f r o m  the l i n e d  sect ion f o r  
a distance of 8.5 mi les the channel w 1 1 1  be shaped and w i l l  be provided w i t h  
rock r i p rap  t o  a minimum of one-th i rd o f  the design f low depth. 

A t  junct ions and c r i t i c a l  bends the banks w i l l  be r iprapped t o  f u l l  
channel depth. Considerable bank protect ion work has been done 'in the upper 
por t ion  o f  t h i s  channel reach which w i l l  be l e f t  i n t ac t  wherever i t  i s  I n  
good cond i t i on. 



SPRING CREEK 

One floodwater re tard ing s t ruc ture  .w i  t h  a capaci t y  o f  467 acre feet  
w i l l  be b u i l t  near the po%n t  where the stream emerges from the h i l l s .  Below 
t h i s  s t ruc ture  1.3 mi les  o f  the main channel and 0,7 m i l e  o f  a t r i bu ta r y ,  
Channel 7-D, w i l l  be enlarged, straightened and vegetated, The banks o f  the 
lower reach o f  the maln channel w i l l  be protected w i t h  r i p r a p  t o  a minimum o f  
one-third o f  the design water depth. Channel 7-D w i l  % be rea l  igned t o  enter 
the maln channel 1,300 fee t  above the present junct ion.  Since f lood ing o f  the 
lower reach o f  Spring Creek8below the junc t ion  w i t h  Channel 7-D,wi l I  be 
reduced t o  minor amounts and infrequent occurrence by the re tard ing structure,  
the pro jec t  w i l l  not  include improvement of t h i s  reach. 

COSTS 

The t o t a l  i n s t a l l a t i o n  cost o f  the s i x  floodwater re ta rd ing  
structures i s  estimated a t  $3,300,300. i n  add i t i on  t o  const ruct ion costs, 
t h i s  includes such costs as rights-of-way and u t i l i t y  r e l oca t i on  as well  as 
engineering and other i n s t a l l a t i o n  services, but  does not  include the expense 
o f  operating and maintain ing the dams, A comparable f i g u r e  per ta in ing t o  the 
33.6 mi les o f  channel improvement i s  $8,526,100 and the sum o f  the two i s  
$ 1  1,826,400. The channel improvement cost includes replacement o f  bridges 
t o  t h e i r  present widths. Some o f  these bridges are t o  be widened a t  an 
add i t iona l  non-federal cost (see Table D) but  the widening i s  not included 
as a p ro jec t  cost because i t  i s  not performed i n  the i n te res t  o f  f l ood  
prevention, A break-down o f  p ro jec t  costs i s  presented i n  Table 1. 

The annual cost o f  a1 l s t ruc tu ra l  measures, computed over a 50-year 
period, i s $547,300. Federal and l ocal costs have been amort i zed a t  2,5% 
and annual charges fo r  operation and maintenance have been included, 



TABLE 1 - ESTIMATED PROJECT INSTALLAT ION COSTS 

Central  Sonma Watershed Project., C a l i f o r n i a  

No. t o  be Est imated Cost (Dol lars);k 
I n s t a l l a t i o n  Cost I tem Uni t Appl i ed Federal 

 on-Fed. (P. L. 566 Non- 
land) funds) Federal Tota l  

STRUCTURAL MEASURES 

Floodwater Retarding Structures 

Santa Rosa Creek Reservolr & D ive rs ion  No. 1 777,500 
Matanzas Creek Reservoir & Sediment 

Stabi i i z a t i o n  Structure No. 1 639,300 
Piner  Creek Reservoir No. 1 99,100 
Brush Creek Middle Fork Reservoir No. 1 141,900 
Brush Creek West Fork Reservoir No. 1 102,000 
Spring Creek Reservoir NO. 1 298,900 

To ta l  Floodwater Retarding Structures No. 

Stream Channel lmprovements 

Santa Rosa Creek (Ci ty)  M i .  
Santa Rosa Creek (Lower) Mi. 
Matanzas Creek Mi. 
P iner  Creek Mi. 
Brush Creek Mi. 
Spring Creek Mi. 

To ta l  Channel Improvements M i .  

Subtotal  - Construct ion 

l NSTALLAT 1 ON SERV 1 CE S 

Engineer ing Services 
Federal Admin is t ra t ion  
Hydraul i c  Model Studies 
Foundation Exp lo ra t ion  

Subtotal  - I n s t a l l a t i o n  Services 

OTHER COSTS 

Land, Easements and Rights-of-way 
Fenci ng 
Administration o f  Contracts 
S ta te  Dam F i  l ing Fees 

Subtotal - Other Costs 

TOTAL STRUCTURAL MEASURES 
TOTAL PROJECT 
TOTAL SCS 

* Pr ice  base, 1957 

A p r i l  1958 



BENEFITS FROM WORKS OF IMPROVEMENT 
I 

EVALUATED BE NE F I TS 

Only pr imary f l o o d  prevent ion b e n e f i t s  have been evaluated, These 
cons is t  o f  the  reduct ion  i n  f loodwater and sediment damages t o  e x i s t i n g  and 
an t i c ipa ted  improvements by v i r t u a l  e l i m i n a t i o n  o f  channel over f low from 
storms up t o  1% frequency o f  occurrence. The average annual values o f  
bene f i t s  by subwatersheds are  as fol lows: 

Santa Rosa Creek $420,200 
Brush Creek 100,800 
P i  nee Creek 83,700 
Matanzas Creek 72,600 
Spring Creek 28,200 

Tota l  $705,500 

The p r o j e c t  w i l l  reduce damages t o  the present development i n  the 
watershed i n  the amount o f  $300,900. Th is  i s  43.6 percent  o f  t he  t o t a l  
evaluated b e n e f i t s  o f  the  pro jec t .  The remaining b e n e f i t s  a re  based upon 
urban development which i s  expected t o  occur i n  the  next  f i f t e e n  years. 

The damages upon which these b e n e f i t s  a r e  based inc lude d i r e c t  and 
i n d i r e c t  pr imary damage f o r  storms up t o  1% frequency o f  occurrence. The 
types and amounts o f  damages are  as fol lows: 

Type o f  Damage Average Annual Damages 
Do1 l a r s  Per Cent 

F l  oodwa t e r  - 
A g r i c u l t u r a l  
Urban 
Road 

Sed i men t - 
Deposi t ion 

Erosion - 
Land Loss 

l ndi r e c t  103,200 14. 6 

TOTAL 708,500 100 

UNEVALUATEB BENEFITS 

Preservat ion o f  human l i f e  and p u b l i c  h e a l t h  a r e  not  suscept ib le  t o  
precise monetary evaluat ion.  However, i t  I s  c e r t a i n  t h a t  b e n e f i t s  w i l l  accrue 
through reduct ion  o f  over f low and ponding i n  the areas where sewage and water 
suppl ies  become intermingled dur ing  f l o o d  periods. Insec t  I n f e s t a t i o n s  and 



unhealthy dampness will be greatly reduced, All of these benefits related to 
public health are of national interest. 

Likewise, unevaluated secondary benefits are of interest outside the 
watershed. These are the benefits resulting from an increased demand for 
services and products stemming from the enhanced activity and general well- 
being in the improved watershed. 

The estimates of future development have been based on the most 
authoritative data available. Nevertheless, experience over the past several 
years indicates that estimates from similar sources have been conservative as 
the influx of people accelerates more rapidly than anticipated. 

The level of projected development used in the evaluation of project 
benefits considered the buildup that is expected to take place in the next 
15 years as actually occuring during the 15 years after project installation 
or, 21 years into the future. The project benefits that will accrue to the 
additional development that will take place from the 16th year to the 50th 
year have not been taken into consideration, though they will undoubtedly be 
substantial. Likewise, benefits from reduction of damage to streets, utili- 
ties, and automobiles in the areas of projected development were not 
evaluated. 

All of these factors lead to the conclusion that the project will be 
a better investment than is indicated by the benefit-cost ratios. 

COMPARISON OF BENEFBTS AND COSTS 

Works of improvement in each subwatershed will yield benefits in excess 
of costs as shown below: 

Subwatershed Annual Cost Annual Benef i t;k Benef i t-Cost 
Dol l ars Do1 l ars Ratio 

Santa Rosa Creek 320,500 420,200 1.3 

Matanzas Creek 59,800 72, 600 1.2 

Piner Creek 66,900 83,700 1.3 

Brush Creek 77,500 100, 800 I e 3  

Spring Creek 22,600 28,200 1.2 

;'<Benefits from reduction of damages on lower channel reaches have been allotted 
to structural measures i n  tributary subwatersheds in proportion to their effect 
on reduction of overbank flow. 

For the project as a whole, the annual cost i s  $547,300, the annual 
benefit is $705,500 and the benefit-cost ratio is 1.3:E. 



ACCOMPLBSMlNG THE PLAN 

The Sonoma County Flood Control  and Water Conservation D i s t r i c t ,  
he re ina f te r  r e f e r r e d  t o  as the Flood Control D i s t r i c t ,  w i l l  be the a c t i o n  
agency i n  i n s t a l l i n g ,  operat ing and main ta in ing  the works o f  improvement. As 
a lega l  subd iv i s ion  o f  the State o f  C a l i f o r n i a ,  es tab l ished under the 
prov is ions  o f  the  Sonoma County Flood Control and Water Conservation D i s t r i c t  
Act  (Stats. 1949, Chap. 994, pg, 1$793$ as amended), the Flood Control  
D i s t r i c t  has the a u t h o r i t i e s  requ i red  o f  l oca l  cooperat ing organ iza t ions  under 
Pub l ic  Law 566. It has powers o f  t a x a t i o n  and eminent domain and i s  
au thor ized t o  accept cont r ibu t ions ,  l e v y  assessments, issue warrants, ho ld  
e l e c t i o n s  f o r  issuance o f  bonds and make l e v i e s  t o  r e t i r e  bonds. i t  maintains 
a permanent techn ica l  s t a f f  which w l l l  be augmented as necessary f o r  the 
discharge o f  r e s p o n s i b i l i t i e s  assumed under t h i s  plan. A l l  the  powers and 
f a c i l i t i e s  o f  the  Flood Control D i s t r i c t  w l l l  be used to  whatever ex tent  i s  
requ i red  toward complet ion o f  the p ro jec t .  

Dur ing the 6-year p r o j e c t  pe r iod  the  cons t ruc t i on  u n i t s  w i l l  be 
accomplished approximately i n  accordance w i t h  the  f o l l o w i n g  schedule: 

F i r s t  year: 

Santa Rosa Creek Reservoir and D ivers ion  

P i  ner Creek 

Second year: 

Brush Creek 

Brush Creek 

Brush Creek 

Reservol r 

Middle Fork Reservoir 

West Fork Reservoir 

Channel Bmprovernen t 

Spr ing Creek Reservoir 

Spr i ng Creek Channel Improvement 

T h i r d  year: 

Matanzas Creek Reservoir and Sediment S t a b i l i z a t i o n  St ruc tures  

Matanzas Creek Channel lrnprovernent 

Fourth year: 

Lower Santa Rosa Creek Channel Urnprsvement 

F i  f t h  year: 

P iner  Creek Channel lrnprovement 

S i x t h  year: 

Santa Rosa Creek Channel Improvement ( c i t y  reach) 

- 20- 



I n s t a l l a t i o n  costs o f  the above measures are est imated by years as 
f o l  lows: 

F i sca l  Year Federa l Non- Federa l Total  

1 9 58- 59 $ 1,131,800 $ 451,300 $ 1,583,100 

1959-60 1,749,700 457,400 2,207,100 

1960-61 1 ,276,900 169,100 1,446,000 

1961 -62 2,499,600 517,200 3,016,800 

1962-63 902, I00  250,$00 1,l52,500 

1963-64 2,298,800 122,100 2,420, 900 

T OTA L $ 9,858,900 $ 1,967,500 $11,826,400 

Adjustments i n  the above schedulq may be made t o  prov ide  t h a t  
d e t a i l e d  p lanning w i l l  precede c o n s t r u c t i o n ' b y  a year o r  more. 

De ta i l ed  plans and s p e c i f i c a t i o n s  w i l l  be prepared by the  Flood 
Contro l  D i s t r i c t  i n  accordance w i t h  technical  and a d m i n i s t r a t i v e  standards o f  
t h e  S o i l  Conservation Service. Th is  work w i l l  be done b y  the D i s t r i c t  s t a f f  
i f  q u a l i f i e d  people are ava i lab le ;  otherwise, a c o n s u l t i n g  f i r m  w i l l  be 
employed fo r  the purpose. I n  e i t h e r  case, the Federal Government w i l l  be asked 
f o r  reimbursement w i t h i n  the l i m i t s  o f  Pub l ic  Law 1018. 

Construct ion w i l l  be done under coAtracts l e t  by  the  Flood Control 
D i s t r i c t  i n  accordance w i t h  procedures s a t i s f a c t o r y  t o  t h e  S o i l  Conservation 
Service. The necessary land, easements and r ights-of-way w i l l  be secured by 
the  Flood Control  D i s t r i c t .  

A c t i v i t y  i s  under way toward organ iza t ion  o f  a Flood Contro l  D i s t r i c t  
zone encompassing the t o t a l  drainage area o f  the Central  Sonoma Watershed 
Pro jec t .  I t  i s  planned t h a t  t h i s  w i l l  be consummated s h o r t l y  a f t e r  the 
cu r ren t  work p lan  i s  completed and the p lan  data a re  made a v a i l a b l e  f o r  
i nco rpo ra t i on  i n  the Zone Plan. Th is  zone w i l l  have power t o  r a i s e  funds by 
t a x a t i o n  and t o  use them f o r  p r o j e c t  maintenance and f o r  t he  cons t ruc t i on  and 
maintenance of necessary l a t e r a l  d ra ins  and channels. 

Funds required by the Flood Control  D i s t r i c t  f o r  p r o j e c t  expenditures, 
be fo re  regu la r  tax revenues a re  a t  hand, w i l l  be obta inab le  by o ther  means. 
L e g i s l a t i o n  now e x i s t s  under which the State o f  C a l i f o r n i a  may reimburse 
q u a l i f i e d  loca l  agencies f o r  t h e i r  expenditures under Federa l l y  approved 
p r o j e c t s  fo r  land, easements and r ights-of-way, i nc lud ing  r e l o c a t i o n  o f  
u t i l i t i e s .  



Federal assis tance f o r  ca r ry ing  out the works o f  improvement as 
described i n  t h i s  work p lan  w i l l  be provided under the a u t h o r i t y  o f  the 
Watershed Pro tec t i on  and Flood Prevention Act (Publ ic  Law 566, 83rd Congress; 
68 Stat.  666, as amended by Pub] i c  Law 1018, 84th Congress; 70 Stat .  r088), 

The Santa Rosa S o i l  Conservation D i s t r i c t ,  i n  cooperat ion w i t h  other 
appropr ia te  agencies, w i l l  conduct an informat ional  program t o  assure tha t  a l l  
those a f f e c t e d  by the p r o j e c t  w i l l  be acquainted with t h e  charac ter  and 
l o c a t i o n  o f  the measures t o  be i n s t a l  led, as we! B as the  cos ts  t o  be incurred 
and the b e n e f i t s  t o  be gained. 

PROVBSBONS FOR OPERATION AND MINTENANCE 

Maintenance o f  the e x i s t i n g  Band treatment measures f o r  watershed 
p r o t e c t i o n  i s  the r e s p o n s i b i l i t y  o f  the i nd i v idua l  Band owners. The Santa 
Rosa So i l  Conservation D i s t r i c t  w i i  O emphasize and encourage t h i s  a c t i v i t y  and 
w i l l  g ive  technical  assis tance through i t s  regu lar  s o i l  conservat ion program. 

The Flood Control  D i s t r i c t  wi G I assume f u l l  r e s p o n s i b i l i t y  f o r  
operat ing and main ta in ing  a l l  s t r u c t u r a l  works o f  improvement i n s t a l l e d  under 
t h i s  p lan  I n  such a  manner t h a t  they w i l l  serve the purpose f o r  which they 
were i n s t a l l e d ,  t o  the degree f o r  which they were designed. Deta i  l s  o f  the 
opera t ion  and maintenance obl  i g a t l o n  f o r  each cons t ruc t i on  u n i t  o r  group o f  
cons t ruc t i on  u n i t s  w i l l  be se t  f o r t h  i n  agreements t o  be entered i n t o  by the 
Flood Control D i s t r i c t  and the  So i l  Conservation Serv ice be fo re  issuance o f  
i n v i t a t i o n s  t o  b i d  on cons t ruc t i on  contracts,  

inspections o f  a l l  completed works o f  improvement w i l l  be conducted 
tw ice  annual ly  and a f t e r  each major f lood.  I n t e r i m  and Spr ing inspect ions 
w i l l  be made t o  asce r ta in  what maintenance a c t i v i t i e s  a r e  r e q u i r e d  as a  r e s u l t  
o f  f l o o d  flows. The Fal l i nspec t ion  w i  1 6  be t o  assure t h a t  the  s t r u c t u r a l  
measures are  i n  s a t i s f a c t o r y  c o n d i t i o n  t o  func t i on  through the  coming r a i n y  
season. The inspect ion  group w i l l  cons is t  o f  representa t ives  o f  the  So i l  
Conservation D i s t r i c t ,  the Flood Control  D i s t r i c t  and t h e  Soi I Conservation 
Service and may inc lude representa t ives  o f  other  i n t e r e s t e d  agencies. 

Operation and maintenance o f  s t r u c t u r a l  works o f  improvement are 
est imated a t  a  cost  o f  $130,200 per year, FdormaBOy the Fiood Contro l  D i s t r i c t  
w i l l  do the work w i t h  i t s  own personnel and equipment; however, con t rac t  
procedures may be employed f o r  maintenance work where advantageous. By the 
time maintenance i s  requ i red  on the measures i ns te l se$  under the  p r o j e c t ,  tax  
revenues w i l l  be a v a i l a b l e  t o  the Flood Control D i s t r i c t .  

P ro jec t  costs, 
as f o l  lows: 

COST SHARING 

est imated a t  a t o t a l  o f  $95,589,200 w i S  P be shared 

Mon-Federa l $5,660,300 
Fedesa i $9,858,900 



The non-Federal share includes acqu is i t i on  o f  Bawd, easements and 
rights-of-way ($928,600); re loca t ion  o f  bridges, roadp and u t i  % l t i e s  
('$939,500) ; admini s t r a t  ion sf contracts ($78,5801 ; Stake dam f i l l ng fees 
($20,900) ; and the value of annual operation end maintenance capi t a l  imed over 
a 50-year per iod a t  2 & i n t e r e s t  ($3,692,800). 

As the p ro j ec t  i s  t s  be b u i l t  e n t i r e l y  i n  the i n te res t  o f  f l ood  
prevention, the Federal Government w i l l  assume the e n t i r e  const ruct ion cost 
($7,829,400), and i ns ta l  !atDon services ($2,029,500). 

CONFOWNANCE OF PLAN TO FEDERAL 
LAWS AND REGULATIONS 

The p r i nc i p l es  on which the p ro jec t  i s  formulated a re  i n  harmony 
w i t h  those of comprehensive r8ver basin deve%opment. The plan represents an 
amp l i f i ca t ion  o f  the measures proposed i n  the United States Department o f  
Agr l cuP t u r e  "Report s f  Survey, Russian Wi vee WatershedtP dated Ju l y, 1950 and 
rewi sed i n June, 8953 gunpub8 %shed). 

The prov is ions o f  Section 211 o f  Publ ic  Law 9 0 ,  84th Congress, are 
not appl icable t o  the watershed, as new Band w i l l  not be brought under 
c u l t i v a t i o n  by v i r t u e  o f  the works o f  Improvernewt. 

The floodwater re tard ing reservs l rs  w i l l  be operated i n  conformance 
w i th  the regu la t ions prescribed by the Secretary o f  the Army, under the 
au thor i t y  o f  Section 7 sf the 194% Flood Control Act. 
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I NVE ST U GAB O ONS AND ANALYSES 

PROJECT FORMULABBON 

PRDNC lPLES 

Formulat ion o f  the p r o j e c t  has been based on the p r i n c i p l e  o f  
accompl l sh ing  the  sponsoring groups' f l o o d  prevent ion o b j e c t i v e s  I n  such a 
manner as t o  achieve the maximum net  p r o j e c t  b e n e f i t s o  Numerous a l t e r n a t i v e s  
have been compared, i nvo lv ing  k inds  o f  measures, l oca t ions  sf s t ruc tu res ,  
types o f  m a t e r i a l s  and degrees o f  p ro tec t ion .  Within t he  l i m i t s  o f  sound 
engineering prac t ices ,  the se iec t ions  have been made t h a t  gave the  maximum 
net  b e n e f i t s  w i thou t  regard t o  r e l a t i v e  Federal and non-Federal costs, 

ALTERNATE K B NDS OF MEASURE S 

Other th ings  being equal, f loodwater r e t a r d i n g  s t r u c t u r e s  have been 
favored over channel improvements, A p re l  l m i  nary  reconnai ssance revealed 48 
poss ib le  r e t a r d i n g  s i t e s .  Fur ther  study o f  physical  and economic f a c t o r s  
narrowed the  l i s t  t o  the s i x  t h a t  a re  incorporated i n  the  work plan. I n  no 
case d i d  the  r e t a r d i n g  s i t e s  have enough capac i ty  and the  s t r a t e g i c  l oca t ions  
t h a t  would be needed t o  a f f o r d  the requ i red  degree o f  f l o o d  p r o t e c t i o n  
w i thout  channel improvement. On some important t r i b u t a r y  streams, r e t a r d a t i o n  
d i d  not  prove feas ib le ,  The r e s u l t  is a p lan  p rov id ing  f loodwater  r e t a r d a t i o n  
balanced w i t h  channel improvement. 

ALTERNATE STRUCTURE LOCAT 9 ON% 

A l t e r n a t e  f loodwater r e t a r d i n g  s i t e s  a r e  discussed above. Bn the 
case o f  channel locat ions ,  e s s e n t i a l l y  the e x i s t i n g  l o c a t i o n s  were accepted. 
The i r  present al ignment i s  reasonably d i r e c t  and the greater  p a r t  o f  the  main 
channel i s  so deep t h a t  any subs tan t ia l  change would make excavat ion costs 
excessive. I n  the more populous p a r t s  o f  the watershed, r e l o c a t i o n  would a l s o  
invo lve  tremendous expenditures f o r  r ights-of-way and u t i l i t y  re loca t ion .  
Minor real ignment i s  planned to  the ex tent  o f  s t r a i g h t e n i n g  o u t  i r r e g u l a r i t i e s .  
The lower reach o f  B iner  Creek i s  shortened by sealignmenr t o  a j u n c t i o n  w i t h  
Santa Rosa Creek upstream from the e x i s t i n g  j u n c t i o n  and a cs ibu ta ry  of Spring 
Creek i s  shortened s i m l l a r % y .  

ALTERNATE TYPES OF HATER BALS 

Con f igu ra t i on  of the f loodwater  r e t a r d i n g  s i t e s  l e f t  l i t t l e  
p o s s i b i l i t y  o f  any a l t e r n a t i v e  t o  e a r r h - f i l l  dam const ruc t ion .  

Types o f  channel improvement t h a t  were 'included i n  comparisons were 
vegetated e a r t h  sect ions, soil cement, rock r i p r a p ,  sacked concrete r i p r a p ,  
asphal t  l i n i n g ,  gun i te  l i n i n g ,  concrete l i n i n g ,  p ipe  and w i r e  revetment and 
r a i l  and w i r e  revetment, Vegetated channels w i t h  s t r u c t u r a l  p r o t e c t i o n  a t  
c r i t i c a l  p o i n t s  proved most economical f o r  most o f  the p r o j e c t .  I n  downtown 
Santa Rosa, the need f o r  bank p ro tec t i on ,  the l i m i t e d  a v a i l a b l e  w id th  and the  
l a rge  number of b r idges d i c t a t e d  the use o f  concrete l i n i n g ,  A t  the upstream 



end o f  the improved p o r t i o n  o f  Santa Rosa Creek a  sec t i on  o f  r a i l  and w i re  
revetment was decided upon where impor ta t ion  o f  f i l l  ma te r i a l  would be 
requ i red  t o  cons t ruc t  a vegetated channel o f  s a t i s f a c t o r y  dimensions. 

ALTERNATE DEGREES OF PROTECTION 

Bene f i t s  were compared w i t h  cos ts  a t  the l e v e l s  o f  t he  4%, 2% and 
1% f requencies o f  occurrence. Th is  ana lys i s  i nd i ca ted  t h a t  the  maximum net 
b e n e f i t s  accrued w i t h i n  the  range inves t iga ted .  I t  a l s o  showed t h a t  costs 
increased s l i g h t l y  more than b e n e f i t s  when the l eve l  o f  p r o t e c t i o n  was ra i sed  
from 2% t o  1%. The dec i s ion  t o  prov ide p r o t e c t i o n  aga ins t  the  1% frequency 
o f  occurrence event was based on the fo l l ow ing :  ( 1 )  the d i f f e r e n c e  i n  cost  
i s  small f o r  the addi t i  onal p r o t e c t  i o n  af forded;  (2) numerous benef i  t s  
w i l l  accrue t h a t  were not  evaluated i n  t h i s  repo r t ;  and (3) the  hazard 
t o  l i f e  on the h i g h l y  developed f l o o d  p l a i n  warrants the a d d i t i o n a l  pro- 
t e c t  i on. 

HYDROLOGIC lNVESTDGATDON 

Hydrologic  procedures were developed f o r  t he  s o l u t i o n  o f  th ree  
probl  ems: 

1.  The determinat ion  o f  f l o o d  peaks f o r  var ious  f requencies o f  
occurrence a t  a  number o f  po in t s  i n  the watershed f o r  use i n  
design o f  channels and the eva lua t i on  o f  damages. 

2. The determinat ion  o f  f l o o d  hydrographs f o r  va r i ous  f requencies o f  
occurrence t o  es t imate  the cos t  o f  dams a t  d i f f e r e n t  l e v e l s  o f  
p ro tec t i on .  

3, The determinat ion  o f  f l o o d  hydrographs f o r  design o f  emergency 
spi l lways. 

GENERAL ASPECTS OF FLOODS 

Cyclonic storms form over the P a c i f i c  Ocean,' move e a s t e r l y ,  
t raverse  the coasta l  areas o f  Sonoma County, and produce the  f l o o d s  o f  
t h i s  region. Floods r e s u l t i n g  from snow-melt are non-exis tent ,  and con- 
vec t i ve  storms are  n e i t h e r  f requent  nor s u f f i c i e n t l y  l a rge  t o  i n f l uence  
f l o o d i n g  appreciably ,  I n  general,  f loods  are  due t o  in tense p r e c i p i t a t i o n  
o r  even moderate p r e c i p i t a t i o n  on sa tura ted  ground. 

RE G l ONAL STREAM STUD l E S 

A g iven f lood-producing storm i n  the C a l i f o r n i a  coas ta l  reg ion  
normal ly  i s  cons is ten t  i n  d u r a t i o n  and p a t t e r n  throughout t he  major p a r t  o f  
the area i t  covers. Consequently, reg iona l  f l o o d  s tud ies  a r e  a  va luab le  a i d  
i n  the es t ima t ion  o f  peak f lows and the cons t ruc t i on  o f  s y n t h e t i c  hydrographs 
f o r  ungaged streams. Pe r t i nen t  s t a t i s t i c s  from such a  study a re  tabu la ted  on 
page 29. Records from four teen gaging s t a t i o n s  on streams i n ,  and adjacent to ,  
the North Coastal reg ion  o f  C a l i f o r n i a  were analyzed; the values o f  median, 
o r  50% frequency o f  occurrence, peak f l o w  and o f  median peak one-day volume 
were p l o t t e d  against  drainage area and curves were drawn, w i t h  mean annual 
p r e c i p i t a t i o n  over the drainage bas in  as an a d d i t i o n a l  parameter. These 



curves, i n  the range o f  drainage areas app l i cab le  t o  the p ro jec t ,  a re  shown by 
Figures 1 and 2. F igure 3 i s  a p l o t  o f  peak f lows against  frequency o f  
occurrence f o r  the  var ious streams analyzed. 

PEAK FLOW - FREQUENCY DETERM l NAT B ON 

With the  values der ived from the regional  stream study serv ing as a 
check, syn the t i c  f l o o d  hydrographs were developed f o r  p o i n t s  of concentration, 
near the p o i n t s  where the streams emerge from the h i 1  1s onto the f l o o d  p la in ,  
and were routed downstream. The hydrographs f o r  the  var ious t r i b u t a r i e s  were 
combined by a d d i t i o n  a t  t h e i r  junc t ions .  

The syn the t i c  hydrographs were developed us ing  the uni t -hydrograph 
approach w i t h  component hydrographs developed from watershed and r a i n f a l l  
c h a r a c t e r i s t i c s .  Factors taken i n t o  account were watershed loss  r a t e  and time 
o f  concentrat ion,  r a i n f a l l  i n t e n s i t i e s  and the area l  and t ime d i s t r i b u t i o n  o f  
r a i n f a l l .  F igu re  8 shows the t ime d i s t r i b u t i o n  used. The ' in tensi ty  o f  the  
r a i n f a l l  f o r  var ious  frequencies was developed from Technical Paper No. 24 o f  
the U. S. Weather Bureau and, p l o t t e d  as shown I n  Figures 6 and 7. Differences 
i n  f l o o d  peaks f o r  i nd i v idua l  watersheds were a t t r i b u t e d  t o  d i f f e rences  i n  
s o i l s  and cover cond i t ions ,  v a r i a t i o n s  I n  t ime o f  concent ra t ion  o f  the  basins 
and d i f f e rences  i n  drainage area. 

The f l ood - rou t ing  method described by Walter 8. Wilson* was tlsedi 
One-third t o  two- th i rds  storage weight ing f a c t o r s  were app l i ed  i n  the  manner 
suggested i n  h i s  paper. 

Since subsurface f l ow  has l i t t l e  e f f e c t  i n  r a i s i n g  f l o o d  peaks on 
small watersheds, no mod i f i ca t i on  was made t o  incorpora te  subsurface f l o w  
independently i n t o  the hydrograph; the e f f e c t  was inc luded i n  the  sur face- f low 
phenomenon and peaks were ra ised accordingly.  

A t y p i c a l  curve o f  peak f l o w  vs. frequency o f  occurrence der ived 
from the s y n t h e t i c  hydrographs i s  p l o t t e d  i n  F igure 3 f o r  comparison w i t h  the 
curves from the reg iona l  stream study. F igure 4 shows curves o f  peak f l o w  vs. 
drainage area, based on the average o f  p o i n t s  from the syn the t i c  hydrographs. 
S im i la r  curves p l o t t e d  by l eas t  squares from the regional  stream study data 
are  shown f o r  compari son. 

The peak flow-frequency data developed are  summarized i n  Table A. 

FLOOD HYDROGRAPH DEVELOPMENT 

For the f loodwater re ta rd ing  s i t e s ,  hydrographs were developed 
s y n t h e t i c a l l y  f o r  a t y p i c a l  72-hour storm, based on r a i n f a l l  amounts of 1% 
frequency o f  occurrence. The r e l a t i o n s h i p  o f  f l o o d  volume t o  peak f l o w  was 
checked aga ins t  the regional  stream study r e s u l t s ,  and the general hydrograph 
shape was checked by comparison w i t h  recorded f l o o d  hydrographs o f  Santa Rosa 

Wilson, W.T., Trans. A. G. U . ,  V .  21, p t .  3, pp. 893-898, 1941 



Creek. Flood r o u t i n g  through the  f loodwater  r e t a r d i n g  r e s e r v o i r s  demonstrated 
t h a t  the 72-hour storm was o f  s u f f i c i e n t  du ra t i on  f o r  t h e  design o f  the 
s t ruc tu res .  Three representa t ive  hydrographs, cover ing the  range from the 
smal les t  t o  the l a r g e s t  watershed, a re  shown i n  semi-dimensionless form i n  
F igu re  5. 

EMERGENCY SP l LLWAV DES B GN FLOWS 

Synthet ic  f l o o d  hydrographs f o r  design o f  the emergency sp i l lways  f o r  
the  f loodwater  r e t a r d i n g  s t r u c t u r e s  were developed by the  uni t -hydrograph 
method. A r a i n f a l l  o f  9 inches was assumed t o  occur over the dra inage area 
i n  a per iod  o f  s i x  hours. 

The hydrographs were cons t ruc ted  I n  accordance w i t h  S o i l  Conservation 
Serv ice standards f o r  emergency s p i l l w a y  design as es tab l i shed  by  Engineer ing 
Memorandum Number 3 and the Nat ional  Engineering Handbook, Sect ion 4, 
Supplement A, 

The resu 1 t i  ng peak f 1 ows a re  shown i n  Tab1 e B. 



REGIONAL STREAM STUDY 
TABULATION OF STATISTICS 

Mean 
Seasona 1 

Per iod o f  Drainage Precip. f o r  Median Median Seasonal Maximum Median 
Gaging S t a t i o n  Record Area Per iod  o f  Seasonal I -day 2-day 3- day Seasona 1 

(sq.mi .) Record PeakF low Flow Flow Flow Runoff 
(i nches) (cf s) ( c f s  days) ( c f s  days) (cf  s days) (Acre Feet) 

Russian R iver  a t  Guernev i l l e  

Russian R iver  nr.  Healdsburg 

Russian R i v e r  nr .  Hopland 

East Fork o f  Russian R iver  
nr. C a l p e l l a  

Nor th  Fork Cache Creek nr. 
Lower Lake 

Kelsey C r .  nr. K e l s e y v i l  l e  

Dry Creek n r .  Cloverdale 

Stony Creek near F r u t o  

Conn Cr. nr.  St. Helena 

Napa R iver  nr .  St. Helena 

Putah Creek nr.  Guenoc 

Putah Creek a t  Win te rs  

Pu.tah Creek nr. Win te rs  

Petaluma Creek nr.  Petaluma 



TABLE A - PEAK FLOWS 

Drainage Peak Flows 
Area 

Pt.  o f  Square Frequency o f  Occurrence - 
Concentrat ion * Mi les  Un i t s  1 % 2% L:% 1 0% 50% 

Santa Rosa Creek 

c f s  
c sm 

c f s  
c sm 

c f  s 
c sm 

c f  s 
c sm 

c f s  
csm 

c f  s 
c sm 

c f  s 
c sm 

c f s  
csm 

c f  s 
csm 

c f  s 
c sm 

c f s  
c sm 

c f s  
c sm 

c f  s 
csm 

P iner  Creek 

15. 4.04 c f s  
c sm 

17. 2.45 c f s  

* Refer t o  Map No. 2 and Map No. 3 



TABLE A - Continued 

Drainage Peak Flows 
P t .  o f  Area 
Concentrat ion * Square Frequency o f  Occurrence 

Eli l e s  Uni ts  1 % 2% 4?? 1 0% 50% 

Brush Creek 

19. 10.51 c f  s 
csm 

23. 5.76 c f s  2,370 2,080 1,820 1 ,440 7 113 
c sm 41 2 361 31 6 2 50 124 

Brush Creek 1.55 c f  s 
M idd le  F o r t  Dam csm 

Drush Creek 0.81 c f s  607 547 4.86 3 89 194 
West Fork Dam c sm 7 50 67 6 600 480 2L:O 

Minor T r i b u t a r i e s  

25. 2.78 c f  s 
csm 

26. 1.27 c f s  4.7 0 430 379 30 5 151 
c sm 370 339 298 240 l I9 

Matanzas Creek 

Ma tanzas 11.65 c f  s 
Creek Dam c sm 

Spr i ng 2.31 c f  s 
Creek Dam c sm 

;': Refer t o  Map No. 2 and Map No. 3 



TABLE 5 

EMERGENCY SPU LLWAY DES BGN PEAK FLOWS 

Dra D nage 
Dam S i te  Area Peak inflow 

sq. m!. c f s  c sm 

Santa Rosa Creek Dam 20.83 25,000 1,190 

Matanzas Creek Dam 11.64 19,710 1,693 

Piner Creek Dam 2.20 4,000 1 ,820 

Brush Creek Middle Fork Dam 1.55 3,310 2,140 

Brush Creek West Fork Dam 0 .8% 2,125 2,630 

Spring Creek Dam 2.31 3,820 1 , 650 
- - 

The locations of  these dam s i tes  are  shown on Map No. 3. 



DRAINAGE AREA (Square  Miles 

FIG. I : Regional  Stream Study .  AREA-PEAK FLOW C U R V E S  

Central Sonoma Watershed 
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FIG. 2 : Regional Stream Study.  AREA-PEAK VOLUME CURVES 

Central Sonoma Watershed 

-34- 
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DURATION -TIME ( Minutes ) 

FIG. 6 Ra in fa l l  I n t e n s i t y  -Du ra t i on  Curves.  Cen t ra l  Sonoma Watershed 



FREQUENCY OF OCCURRENCE ( Percent ) 

FIG. 7 : Rainfa l l  In tens i ty  -Frequency Curves Central  Sonoma Watershed. 

7 -  L-19053 



TI ME ( Hours ) 

FIG. 8 : Time D is t r ibu t ion  of S to rm Ra in fa l l .  Central  Sonoma Watershed. 

-40- 7-L- 19053 



SEDdMENTATlON INVESTIGATION 

I n v e s t i g a t i o n  o f  sediment problems inc luded measurement o f  land 
loss; establ ishment of sediment product ion ind ices  above planned reservo i rs ;  
l o c a t i o n  and eva lua t ion  o f  s p e c i f i c  sediment sources and determinat ion o f  the 
e f f e c t  o f  remedial measures; and es t imat ion  o f  sediment storage requirements 
f o r  the r e s e r v o i r s  i n  the watershed plan. 

METHOD OF B NVE ST B GAT B ON 

Land loss  along Santa Rosa and Matanzas Creeks was measured between 
1942 and 1956 by use o f  comparative a e r i a l  photography. ln format ion  obtained 
from f l o o d  damage schedules dur ing  the f l o o d  con t ro l  survey o f  the  Russian 
River  i n  1949-50 and a survey i n  1956 a l s o  was used. These sources o f  
in format ion  gave comparable r e s u l t s  when data from the same reaches were 
ava i lab le .  

E x i s t i n g  data from the Walnut Creek Watershed were used i n  developing 
sediment product ion  ind ices  f o r  the Central  Sonoma Watershed. There was no 
such in format ion  a v a i l a b l e  from t h i s  watershed nor were there  rese rvo i r s  or  
ponds s u i t a b l e  f o r  sedimentation surveys. Considerable data were ava i lab le ,  
however, from the Walnut Creek Watershed about 50 m i l e s  t o  the  southeast. The 
two watersheds a re  s imi  l a r  i n  c l  imate, geology, so i  1 s, topography and land use. 
Use o f  the Walnut Creek data, therefore,  appeared j u s t i  f ied. 

RATES OF SE D i ME NT PRODUCT O ON 

Examination o f  the watershed showed t h a t  cover cond i t i ons  were f a i r  
t o  good from the standpoint  o f  e ros ion  cont ro l  except f o r  g u l l i e s ,  associated 
w i t h  s l i d e s  i n  the Matanzas Creek Watershed, An annual sediment product ion 
r a t e  o f  0 , l 8  acre- foo t  per square m i l e  was ind i ca ted  f o r  lands i n  f a i r  t o  good 
cover c o n d i t i o n  i n  the Walnut Creek Watershed. Th is  r a t e  was used i n  the 
watershed under cons idera t ion  except f o r  the g u l l i e d  areas, The l a t t e r  are 
almost f r e e  o f  vegetat ion,  a re  steep and subject  t o  s l i d i n g  d i r e c t l y  i n t o  the 
narrow v a l l e y  bottom. i n  add i t ion ,  some o v e r f a l l s  i n  unconsol idated mater ia ls  
are receding up the drainageways. Soi 1 loss measurements under s i m i l a r  
cond i t ions  have ind i ca ted  t h a t  an annual r a t e  o f  about 30 t o  40 tons per acre 
i s  reasonable. Th is  r a t e  was extended over the acreage a f f e c t e d  by t h i s  type 
o f  erosion, which was measured t o  be 18 acres on 1956 a e r i a l  photographs. 

Fur ther  adjustments i n  sediment product ion i nd i ces  were necessary i n  
the watershed above the proposed Matanzas Creek Reservoir.  S l ides  on exposed, 
near -ve r t i ca l  slopes about 100 f e e t  I n  he ight  and e ros ion  o f  banks a t  the 
f l o o d p l a i n  l eve l  a re  substant ia l  con t r i bu to rs  o f  sediment. Estimates o f  
c o n t r i b u t i o n  from these sources were made by comparison o f  the 8942 and 1956 
a e r i a l  photography. These con t r i bu t i ons  t o  t o t a l  sediment load a re  ca lcu la ted 
t o  be about 45% from s l  ides along h igh  banks, 30% from lower f l o o d p l a i n  banks 
and 5% from up%and g u l l i e s .  The remaining 20% I s  est imated t o  come from the 
greater  p ropor t i on  o f  t he  watershed which i s  i n  grass and brush. A r a t e  o f  
sediment o f  about 0.8 acre- foot  per square m i l e  i s  ind ica ted from these several 
sources. 



EVALUAT B ON OF MEASURES FOR SED l MENT REDUCT l ON 

The present densi ty of grass and brush growth over most o f  the upland 
t r i b u t a r y  watersheds indicates tha t  fu r the r  improvement i n  cover densi ty would 
cause only a minor reduct ion i n  sediment, Since t h i s  r a t e  i s  already small, no 
cover improvement measures are included i n  the project .  

Matanzas Creek Watershed i s  the on ly  area t r i b u t a r y  t o  a planned 
reservo i r  i n  which a substant ia l  reduct ion I n  sediment product lon may be 
achieved. The control  measures planned a t  the base of h igh s l i des  are designed 
t o  e l im ina te  these s l ides  as a sediment source. This con t ro l  w i l l  reduce 
sediment production by 45%. 

SEDIMENT STORAGE % N  PROPOSED RESERVOIRS 

Sediment production for  a 50-year period was computed f o r  each o f  the 
watershed areas above planned reservo i rs  w i t h  s t a b i l i z a t i o n  measures ins ta l led.  
Rates o f  sedimentation were then adjusted f o r  t rap  e f f i c i ency  i n  accordance 
w i t h  methods prescribed f o r  use by the Soi l  Conservation Service. An 
addi t iona l  10 percent adjustment i n  sediment production was made t o  account f o r  
sediment losses through ungated out le ts .  

The Santa Rosa Creek off-channel reservo i r  i s  a special s i tuat ion.  
With flows below 650 c.f.s. and por t ions o f  higher f lows cont inuing down the 
creek channel, i t  i s  estimated tha t  only about 50% o f  the  sediment load w i l l  
be d iver ted i n t o  the off-channel reservoir .  An addi t iona l  adjustment i s  made 
f o r  losses through the ungated ou t le t .  The t r ap  e f f i c i e n c y  o f  the reservoir  i s  
cons l dered very h i  gh. 

Sediment storage requirements f o r  the 50-year per iod f o r  the s i x  
proposed floodwater re tard ing reservo i rs  are given below: 

Reservoi r Sediment storage 
requirements 

Santa Rosa Creek Reservoir 85 acre f ee t  

Matanzas Creek Reseevoi r 200 acre f ee t  

Piner Creek Reservoi r 15 acre f ee t  

Brush Creek Middle Fork k s e r v o i  r 

Brush Creek West Fork Reservoir 

10 acre feet  

5 acre f ee t  

Spr i ng Creek Reservoi r 17 acre f ee t  



E C O N O M I C  EVALUATION 

FLOOD DAMAGE EVALUATION 

A previous ana lys i s  was made o f  the  f loodwater and sediment damages 
f o r  t h i s  watershed i n  the  development o f  the USDA Report o f  Survey, Russian 
R iver  Watershed, Cal i f o r n i a ,  dated July,  1950 (unpubl ished). Th is  ana lys is  was 
reviewed a t  the beginning o f  the  i n v e s t i g a t i o n  o f  t h i s  p r o j e c t .  $ t  was found 
t h a t  urban development had progressed so r a p i d l y  tha t  much o f  t he  data used i n  
t h a t  r e p o r t  was no longer vai id. Because o f  t h i s ,  new data were c o l l e c t e d  and 
a  new ana lys i s  was made. The damage items t h a t  s t i l l  appeared v a l i d  were 
re ta ined  and used i n  t h i s  i nves t i ga t i on .  

The damage area was d i v ided  i n t o  eva luat ion  u n i t s ,  each c o n s t i t u t i n g  
a  geographical area assumed t o  be subject  t o  i nd i v idua l  p lann ing and analys is ,  
as f o l  lows: 

A, Lower Santa Rosa Creek, extending from Wi l lows ide Road t o  the 
west edge o f  the C i t y  o f  Santa Rosa, and i n c l u d i n g  the  lower 
reach o f  Piner  Creek where f l o o d  waters o f  Santa Rosa and Piner 
Creeks co-mingle. 

B. Santa Rosa Creek, C i t y  and Upper reaches, upstream from the west 
edge o f  t he  C i t y  o f  Santa Rosa. 

C, Matanzas Creek ( t r i b u t a r y  t o  Santa Rosa creek) exc lus i ve  of 
Spr l ng Creek. 

D. Piner Creek ( t r i b u t a r y  t o  Santa Rosa Creek). 

E ,  Brush Creek ( t r i b u t a r y  t o  Santa Rosa Creek). 

F. Spring Creek ( t r i b u t a r y  t o  Matanzas Creek). 

The i n v e s t i g a t i o n  o f  damages was made I n  each e v a l u a t i o n  u n i t  
independently. i t  was concluded l a t e r  t h a t  U n i t s  A and B a c t u a l l y  were i n t e r -  
dependent and they were combined f o r  eva luat ion  as U n i t  AB. 

Damages were computed a t  1956 pr i ces  and then converted t o  the long 
term pro jec ted p r i c e  l eve l  by us ing  the  f o l l o w i n g  conversion fac tors :  

Crop damage 1 ,OO 
O t h e r a g r i c u l t u r a l  damage .95 
band damage $ 9 5  
Urban devel opment .97 

i n  the computation o f  average annual damages the  maximum f l o o d  used 
was tha t  o f  1% frequency o f  occurrence. Rare f loods o f  g rea te r  magnitude, i f  
included, would have produced a  small increase i n  the average annual damage. 

I n d i r e c t  damage was est imated as a  percent o f  d i r e c t  damage f o r  each 
c lass  o f  property .  The experience o f  res idents  and leaders o f  business, 
indust ry  and loca l  governments i n  t h i s  and other  f looded areas was used t o  



e s t a b l i s h  the  ra tes .  Twenty-f ive percent was used f o r  commercial p roper ty  t o  
cover the l o s s  o f  t rade dur ing  and a f t e r  f l oods  u n t i l  the  establ ishments can 
be cleaned up  and new goods obtained, the e x t r a  cos t  o f  buying and t ranspor t i ng  
new stock under emergency cond i t ions ,  and the e x t r a  cos t  o f  f i n a n c i n g  business 
operat ions a f t e r  heavy losses. Twenty-two percent was used f o r  i n d u s t r i a l  
p roper ty  t o  cover damage o f  manufactur ing m a t e r i a l s  and losses due t o  work 
stoppage caused by  f loodwater  damaging p l a n t  and i n t e r r u p t i n g  power and 
t r a n s p o r t a t i o n  f a c i l i t i e s .  F i f t e e n  percent was used f o r  a l l  o the r  damage t o  
compensate f o r  l o s s  o f  product ive t ime i n  rep lac ing  o r  renovat ing  damaged 
proper ty ,  e x t r a  t r a v e l  and expense t o  secure goods and serv ices,  and delay and 
inconvenience i n  secur ing f i n a n c i a l  ass is tance i n  r e p a i r i n g  damage. Other 
types o f  damage used t o  e s t a b l i s h  i n d i r e c t  damage r a t i o  were the  cos t  o f  re-  
r o u t i n g  t r a f f i c ,  evacuat ion o f  f looded areas, and p rov id ing  r e l i e f  t o  f lood-  
s t r i c k e n  res idents .  

Because o f  the  tremendous r e s i d e n t i a l  and commercial development the 
area i s  undergoing, described under ECONOMIC DATA i n  Sect ion 1 o f  t h i s  repor t ,  

o i t  was obvious t h a t  the  p r o j e c t  must be formulated t o  p r o t e c t  f u t u r e  
developments as we l l  as those e x i s t i n g  now. Accordingly ,  the  economic ana lys i s  
was based p a r t l y  upon f u t u r e  development pat terns.  

ill. The Sonoma County Planning Commission, as the  most a u t h o r i t a t i v e  
source, f u rn i shed  i n fo rma t ion  on the  u l t i m a t e  dens i t y  o f  f u t u r e  r e s i d e n t i a l  
development and the r a t e s  of development expected dur ing  the  nex t  15 years. 
Th is  i n fo rma t ion  was based on the assumption t h a t  adequate f l o o d  prevent ion  
measures would n o t  be i n s t a l l e d .  The watershed p lann ing  s t a f f  est imated the 
percentages o f  commercial and i n d u s t r i a l  occupancy by  comparison w l t h  
neighbor ing areas. The maximum u l t i m a t e  dens i t y  of development used was four  
homes per ac re  i n  the  most favorab le  areas and two homes per  ac re  i n  the l ess  
favorab le  areas. 

The p r o j e c t i o n s  used i n  damage computations a r e  those recorded below: 

Percentege o f  
Eva lua t i on  U n i t  f u l l  development Type o f  Development 

p red i c ted  i n  
I 5  years Res ident ia l  Commercial i n d u s t r i a l  

Lower Santa Rosa C r .  , Un i t A 80% 1 00% 

Piner Creek, U n i t  D 50% 90% 5% 5% 

Brush Creek, U n i t  E 80% 9 5% 5% 

IIY Spring Creek, U n i t  F 1 00% 1 00% 

sl 
The c i t y  reaches o f  Santa Rosa and Matanzas Creeks have a l ready  

reached p r a c t i c a l l y  f u l l  development so no p r o j e c t i o n  o f  f u t u r e  cond i t i ons  was 
needed. Future development was not  evaluated f o r  the  upper reaches o f  Santa 
Rosa and Matanzas Creeks a l though bu i ld -up  o f  these areas can be expected t o  

w take p lace a t  about the same r a t e  as i n  the areas tabu la ted  above. A 

t e n t a t i v e  examinat ion o f  damages showed tha t ,  because f l o o d i n g  i s  no t  a f a c t o r  



i n  these areas, f u t u r e  development w i l l  make l i t t l e  d i f f e rence  i n  the amount 
o f  damage. 

In making the p ro jec t i ons  quoted, the Planning Commission was guided 
by data contained i n  the f o l l o w i n g  reports :  

1 .  ItRegional Planning Needs o f  the San Francisco Bay AreaJt, prepared by 
Vanbueren Stanbery and publ ished i n  February, 1954, by  the Bay Area 
Council. 

2, "The Bay Area Rapid Trans: t Studytt, prepared b y  Parsons, Br lnckethof f ,  
H a l l  and McDonald i n  8956. 

3.  r tPopulat ion Pro jec t ions  f o r  the San Francisco Bay Areair, prepared by 
Vanbueren Stanbery i n 1956. 

These s tud ies  were used by the C i t y  o f  Santa Rosa and the Sonoma 
County Flood Control  and Water Conservation D i s t r i c t  i n  developing plans f o r  
sewer and water t ransmission f a c i l i t i e s  having an u l t i m a t e  cos t  i n  excess o f  
$20,000,000. Construct ion I s  c u r r e n t l y  underway on approximately $11,000,000 
o f  t h i s  t o t a l .  

Other forecasts,  made On the  l a t e  1940's and considered a u t h o r i t a t i v e  
a t  the time, a re  a l ready so f a r  exceeded as t o  be o f  no value except t o  
emphasize the  acce le ra t i on  t h a t  has occurred. 

Pub l i ca t i ons  were checked against  f i l e  ma te r ia l  r e l a t i v e  t o  sub- 
d i v i s i o n s  accomplished or  planned and against  popu la t ion  p r o j e c t i o n s  made i n  
connect ion w i t h  freeway development and expansion o f  the  Santa Rosa sewer and 
water systems. Records and est imates by p u b l i c  u t i l i t i e s  a l s o  were considered 
as s u b s t a n t i a t i n g  data. 

I t i s  noteworthy t h a t  the  p ro jec t i ons  o f  the  Planning Commission 
extend o n l y  15 years i n t o  the fu tu re .  To the ex tent  t h a t  t h e i r  p r o j e c t i o n  
f a r t h e r  i n t o  the f u t u r e  would y i e l d  add i t i ona l  p r o j e c t  b e n e f i t s ,  t h e i r  use i s  
conserva t l ve. 

The p r o j e c t i o n  est imates o f  f u t u r e  urban development made by the  
Planning Commission were used In damage computation as occur r i ng  dur ing  the 15  
years a f t e r  p r o j e c t  i n s t a l l a t i o n ,  Allowance was made I n  the der ived values 
f o r  l a g  i n  development and f o r  depreciat ion.  

Agr i cu l tusa l Damage: ' 

Age i cul  turaB damages, B argel  y conf ined t o  Lower Santa Rosa Creek, 
were est imated by use o f  data c o l l e c t e d  f o r  the USDA Report o f  Survey, Russian 
River  Watershed, supplemented by damage in format ion  c o l l e c t e d  on the four  
f l oods  t h a t  have occurred s ince 1949. Adequate damage data were a v a i l a b l e  f o r  
15 f l ood  events occur r ing  I n  19 years, 1937-55. Hydrologic s tud ies  showed 
t h a t  the  magnitudes and frequencies o f  f l oods  occur r ing  du r ing  t h i s  per iod 
approximate the magnitudes and frequencies o f  f loods l i k e l y  t o  occur i n  any 
rep reskn ta t i ve  19-year period. Therefore, the value o f  the h i s t o r i c a l  damage, 
computed a t  1955 pr ices,  was d i v ided  by 19 t o  g ive  the es t imate  o f  the average 



annual damage. Since the pro jec ted urban development i n  t h i s  watershed would 
rep lace about 80% o f  the ag r i cu l  t u r a l  area subject  t o  damage, a g r i c u l  t u r a l  
damages were reduced. 

Urban Damage: 

The major i tem o f  urban f loodwater damage was found t o  be the damage 
t o  e x i s t i n g  and pro jec ted r e s i d e n t i a l ,  commercial and i n d u s t r i a l  p roper ty  
caused by  overbank flow. Two o ther  items inc luded i n  t h i s  category were damage 
t o  municipal and p r i v a t e  property adjacent t o  the creeks by f l oods  contained i n  
the  channels and damage t o  channel banks as r e f l e c t e d  i n  the  cos t  t o  property 
owners o f  b u i l d i n g  and main ta in ing  p r o t e c t i v e  works t o  prevent land loss  and 
f lood ing.  

Floods w i  t h  below-bank f 1 ow through the C i  t y  o f  Santa Rosa have 
caused damage i n  the past t o  sewer l i nes ,  s t ree ts ,  br idges, channel banks and 
p r i v a t e  property.  The 1955 and 1952 f l oods  caused t h i s  type o f  damage, The 
amount was est imated by in terv iews w i t h  the C i t y  Engineer and p r i v a t e  property 
owners, and the  average annual damage was computed by the  h i s t o r i c a l  method. 

The average annual cos t  o f  main ta in ing  bank p r o t e c t i o n  and f l o o d  
prevent ion works along Santa Rosa and Matanzas Creeks was est imated by a survey 
o f  the s t ruc tu res  i n  the creeks and in terv iews w i t h  the owners, 

Damage t o  property as a r e s u l t  o f  over-bank f l o w  was est imated by 
p r o j e c t i n g  f l oods  i n t o  the f l o o d  p la in ,  determining the  values invo lved and 
appl y l  ng depth-damage curves. 

Peak f lows f o r  several frequencies o f  occurrence, as presented i n  
Table A,  were routed through the  f l o o d  p l a i n  t o  e s t a b l i s h  the  areas f looded and 
depths o f  f l o o d i n g  a t  each frequency. The r e s u l t i n g  f l o o d  pa t te rns  were checked 
aga ins t  maps and photographic records o f  the  1937, 1945, 1949 and 1955 f loods. 

An inventory o f  e x i s t i n g  homes was made t o  e s t a b l i s h  the  average 
he ight  o f  f l o o r  l e v e l s  above ground leve ls .  F i f t y - s i x  percent were found t o  
average 18 inches above ground, 30% t o  average 12 inches and the  remaining 14% 
o n l y  5 inches, I n d u s t r i a l  and commercial establ ishments were found t o  have an 
average f l o o r  e leva t ion  9 inches above ground. 

The value o f  homes t o  be constructed was assumed t o  be the same as 
the  value o f  those now being b u i l t  i n  the  same areas. Such homes have an 
average value o f  $ 1  0,000 t o  $12,000 i n  the  Lower Santa Rosa and P i  ner Creek 
areas and $14,000 i n  the Brush and Spring Creek u n i t s .  For i n d u s t r i a l  and 
commercial p roper t i es  a value of $200,000 per acre was est imated by comparison 
w i t h  s i m i l a r  developments. These values were reduced t o  50% i n  the Piner  
Creek u n i t  and 80% i n  the Lower Santa Rosa and Brush Creek u n i t s  t o  compensate 
f o r  the incompleteness o f  the development a n t i c i p a t e d  f o r  the  next  15 years. 
These reduced values f o r  r e s i d e n t i a l ,  i n d u s t r i a l  and commercial p roper t i es  
were app l i ed  t o  the f looded areas i n  p ropor t i on  t o  the p ro jec ted  developmental 
composition by subwatersheds. 



i n  the business sec t i on  o f  Santa Rosa the commercial and i n d u s t r i a l  
establ ishments subject  t o  f l ood ing  were i nven to r i ed  as t o  type, va lue 
( i nc lud ing  contents),  and e l e v a t i o n  o f  f i r s t  f l o o r .  The values were computed 
by a d j u s t i n g  values assessed f o r  t ax ing  purposes t o  1956 p r i ces .  Establ ishments 
w i t h  basements were i nven to r i ed  separate ly  and the value o f  t he  contents 
est imated w i t h  the assis tance o f  the owners o r  tenants. Damage t o  basements 
and contents was est imated on the assumption t h a t  f l o o d i n g  over  basement 
openings would admit a 34-foot depth o f  water. 

The proper ty  values and f l o o d i n g  depths were conver ted t o  f l o o d  
damage values by the a p p l i c a t i o n  o f  depth-damage curves developed from records 
o f  damaging f l oods  t h a t  have occurred i n  C a l i f o r n i a .  These c o n s i s t  o f  a fam i l y  
o f  curves represent ing  the  th ree  types o f  establ ishments and r e l a t i n g  water 
depth over f l o o r s  t o  the value o f  d i r e c t  damage expressed as a percentage o f  
the proper ty  value. 

D i r e c t  f l o o d  damages determined i n  t h i s  manner were p l o t t e d  aga ins t  
frequency o f  occurrence f o r  each damage u n i t ,  and damage-frequency curves were 
derived. I n d i r e c t  damages, est imated as percentages o f  d i r e c t  damage, were 
added. 

Damages i n  the  Spring Creek and Piner  Creek u n i t s  were ad jus ted  
upward by 25% t o  inc lude a d d i t i o n a l  damage due t o  ponding. T h i s  c o n d i t i o n  
occurs bo th  i n s i d e  and ou ts ide  the area o f  over-bank f l o o d i n g  and i s  o f  
considerably g reater  d u r a t i o n  than the more general type o f  inundat ion, 

Sediment Damage: 

Sediment damage i n  t h i s  r e p o r t  r e f e r s  t o  d e p o s i t i o n  o f  sediment on 
a g r i c u l t u r a l  land and the road system. Bt was no t  poss ib le  t o  segregate 
sediment depos i t i on  damage from f loodwater  damage i n  urban areas. Data were 
c o l l e c t e d  and converted t o  average annual damage by the  methods used f o r  
a g r i c u l t u r a l  damage. 

Erosion Damage: 

The r a t e  of land l oss  by streambank eros ion  was es t imated by a 
combination o f  f i e l d  measurements and comparison o f  a e r i a l  photographs taken 
14 years apar t .  Damage was computed a t  present land values ad jus ted  t o  long 
term p r i c e  l eve l .  

Damage Summary: 

A t a b l e  summarizing the  average annual damages by e v a l u a t i o n  u n i t s  
f o r  f l oods up t o  1% f eequency of  occurrence Sol l ows: 



AVERAGE ANNUAL FLOOD DAMAGE 

Evaluat ion Un i t  and Mind o f  Damage 

Lower Santa Rosa Creek - Uni t  A 

Fl  oodwater 

Ag r i cu l t u ra l  - Crops & Property 

Urban - Residential 

Woad 

Sediment - Deposit ion 

Sub-total, Un i t  A 

Santa Rosa Creek, C i t y  & Upper Reaches - Un i t  B 

Floodwater 

Urban - Sub-total 

Resident ia l ,  Corn. E Bnd. 

Municipal & Pr ivate  Property 

Channe l Damage 

Erosion - Streambank 

Sub-total - Un i t  B 

Matanzas Creek - Un i t  C 

Floodwater 

Agr%cul tuea l  - Crops 

Urban - Sub-total 

Resident ia l ,  Corn. G Und, 

Channe l Damage 

Erosion - Streambank 

Sub-total Damage - Uni t  C 

D i  sect 
Damage 

$ 

3,644 

235,710 

1,074 

1,097 

241,525 

190,472 

167,776 

5,403 

17,293 

1,558 

192,030 

i nd i r ec t  Total 
Damage Damage 

$ $ 



AVERAGE ANNUAL FLOOD DAMAGE . C OMV B NUED 

Evaluat ion Uni t  and Kind of Damage 

Plwer Creek - Un i t  0 

Floodwater 

Urban - Res., Corn., & Ond. 

Road 

Sediment - Deposit ion 

Sub-total - Un i t  D 

Brush Creek - Un i t  E 

Fl  oodwater 

Agr i cu l tu ra l  - Crops 

Urban - Sub-total 

Res. E; Corn. 

Channe % Damage 

Road 

Sediment - DeposO %Don 

Erosion - Streambank 

Sub-total - Un i t  E 

Spring Creek - Uni t  F 

F B oodwa t e  r 

Urban - Res%dentOal 

Road 

Sediment - Deposit ion 

Sub-to-tal - Un i t  F 

Total  o f  A l l  Damages 

DO r e c t  i nd i r ec t  Total 
Damage Damage Damage 

$ $ $ 



DETERMINATION OF BENEFITS: 

With the p r o j e c t  formulated t o  g i ve  over -a l l  p r o t e c t i o n  against  
f loods of 1% frequency o f  occurrence, on1 y  a  m i  nor p o r t i o n  o f  t he  $708,500 
average annual damage w i l l  remain a f t e r  p r o j e c t  i n s t a l l a t i o n ,  I n  the Matanzas 
Creek subwatershed, damage i n  the amount o f  about $1,600 w i l l  cons is t  p r i m a r i l y  
o f  land loss  along the creek banks. Cer ta in  low- ly ing lands i n  the Spring 
Creek subwatershed w i l l  s t i l l  s u f f e r  in f requent  f l o o d  damage amounting t o  an 
average o f  about $1,300 annual ly,  and e x i s t i n g  developments w i t h i n  the  upper 
Santa Rosa Creek channel w i l l  have damage valued a t  $100 per year, These 
res idual  damages, deducted from the t o t a l  damage, leave an average annual 
p ro jec t  b e n e f i t  o f  $705,500. (See Table 7.) 

The f loodwater r e t a r d i n g  s t ruc tu res  and channel improvements w i t h i n  
each eva lua t ion  u n i t  a r e  considered interdependent, s ince the  combined e f f e c t  
o f  the  two types o f  measures i s  requ i red  t o  provide the b e n e f i t s  ca l cu la ted  f o r  
the  u n i t ,  Benef i ts ,  there fore ,  were assigned t o  the  s t r u c t u r e s  w i t h i n  the 
u n i t s  i n  p ropor t i on  t o  the cost  o f  the s t ruc tures .  

The f loodwater r e t a r d i n g  s t ruc tu res  w i l l  produce b e n e f i t s  i n  u n i t s  
downstream from them. The b e n e f i t  a t t r i b u t e d  t o  seduct ion o f  overbank f l o o d i n g  
i n  each downstream u n i t ,  therefore,  was d i v ided  among the  measures responsible, 
i n  p ropor t i on  t o  t h e i r  i nd i v idua l  c o n t r i b u t i o n s  t o  the  r e d u c t i o n  o f  overbank 
flow; and the  b e n e f i t s  t h i s  c r e d i t e d  t o  the f loodwater r e t a r d i n g  s t ruc tu res  
were assigned t o  the  u n i t s  i n  which the  s t ruc tu res  w i l l  be located. The 
est imated peak f lows and peak reduct ions a t  1% frequency o f  occurrence were 
used f o r  t h i s  purpose. 

A  p o r t i o n  o f  tht i  p ro jec t ,bene f ' i t s  wr'El,.accri-ue t o i e x i S t i n g '  improvements 
and pa r t  t o  a n t i c i p a t e d  development. Those r e l a t e d  t o  e x i s t i n g  improvements a re  
tabu l a  ted be 1 ow: 

TY pe Average Annual B e n e f i t s  
D i r e c t  I nd l  r e c t  Tota l  

F l  oodwa t e r  
Ag r i cu l  t u r a l  
Non-Ags i cu 1 t u  sa 1 

Sediment 
E ros i on 

Tota l  

The $300,900 benef l t t o  ex i  s t i n g  development represents 43.6% o f  the 
average annual benef i t ($705,500) resu ff t i  ng from the p ro jec t .  The rema i n i  ng 
56.4% or  $404,600, w i l l  accrue t o  the development expected t o  take place I n  the 
coming 15 years. 



Unevaluated Benef i ts :  

i n  accord w i t h  the concept t h a t  i t  i s  not i n  the p u b l i c  i n t e r e s t  t o  
pursue b e n e f i t s  i n  excess o f  those t h a t  y i e l d  a favorable bene f i t - cos t  r a t i o ,  
c e r t a i n  r e a l  and substant ia l  b e n e f i t s  have not  been evaluated, Such 
unevaluated b e n e f i t s  include: 

I. Reduction o f  f l o o d  damage t o  improvements t h a t  w i l l  be b u i l t  
a f t e r  the 15-year pe r iod  used i n  the  County Planning Commisslonos 
pred ic t ions .  

2, Preservat ion o f  l i f e  and heal th.  Th is  is p a r t i c u l a r l y  s i g n i f i c a n t  
i n  areas where over f low now causes in te rm ing l i ng  o f  sewage and 
water suppl ies by inundat ion o f  w e l l s  and sep t i c  tanks. The 
e f f e c t  o f  insec t  i n f e s t a t i o n s  and unheal thy dampness dur ing  these 
events has not  been studied. 

3. Reduction o f  f l o o d  damage t o  s t ree ts ,  u t i l i t i e s  and automobiles 
i n  areas o f  p ro jec ted development, 

4. An increased demand f o r  serv ices  and products from ou ts ide  the 
watershed t h a t  w i l l  r e s u l t  from the enhanced a c t i v i t y  and general 
wel 1-being w i t h i n  the improved watershed. 

PREVENT l ON OF DAMAGE TO F B SH HAB lTAT 

Cer ta in  works o f  improvement t h a t  a re  planned f o r  i n s t a l l a t i o n  would 
have an adverse e f f e c t  on the f i s h e r y  resource through present ing impediments 
t o  steelhead migrat ion.  A f i s h  b a r r i e r  i s  provided a t  the o u t l e t  from the 
Santa Rosa Creek f loodwater r e t a r d i n g  s t ruc tu re ,  and a b a f f l e d  center  channel 
w i l l  be b u i l t  i n t o  the concrete l i n i n g  o f  the Santa Rosa Creek channel t o  prevent 
p r o j e c t -  induced adverse e f f e c t s .  Study by the U. S. F i  sh and W i  1 d l  l f e  Service 
and the  Sta te  Department o f  F i sh  and Game shows the expendi ture t o  be justified 
by the  value o f  t h i s  t r i b u t a r y  t o  the Russian River  as a spawning s i t e .  



FLOODWATER RETARD B NG STRUCTURE S 

Topography o f  the  rese rvo i r  s i t e s  was mapped by Kelsh p l o t t e r  from 
1:9600-scale a e r i a l  photography, t o  a scale o f  approximately 170 fee t  t o  the 
Inch, w i t h  a contour i n t e r v a l  o f  5 fee t .  Add i t iona l  d e t a i l s  a t  the  dam s i t e s  
were mapped by t r a n s i t - s t a d i a .  

CREEK CHANNELS 

The creek channels were surveyed by a combination o f  f i e l d  
measurements and a e r i a l  photography. S ta t i on ing  o f  t h e  channels was es tab l ished 
by measurement of a e r i a l  photographs a t  a nominal sca le  o f  8 inches per mile. 
The s t a t i o n i n g  proceeds upstream from the watershed o u t l e t  a t  the  Russian River.  
Representat ive cross-sect ions spaced 500 t o  1,000 f e e t  apar t  on a l l  major 
t r i b u t a r i e s  were se lec ted i n  the  f i e l d  and located on t h e  photographs. These 
were measured i n  the f i e l d  and l e v e l s  were run t y i n g  them t o  the USGS 1929 datum. 
Some o f  the l a rge r  cross-sect ions on open reaches o f  Santa Rosa Creek were 
developed by Melsh p l o t t e r  from 1:6000-scale a e r i a l  photography, us ing  f i e l d  
con t ro l  po in ts  es tab l ished as the l eve l  l i n e s  were run. Hydraul ic  c a l c u l a t i o n s  
and q u a n t i t y  est imates were made f r o m  p r o f i l e s  and cross-sect ions p l o t t e d  from 
these data. 

FOUNDATION DNVESTlGATlON 

FLOODWATER RETARDING STRUCTURES 

Geologic e x p l o r a t i o n  was made i n  s u f f i c i e n t  d e t a i l  t o  i n d i c a t e  the 
general f e a s i b i l i t y  o f  cons t ruc t i on  o f  e a r t h - f i l l  dams a t  the s i t e s  chosen, 
More d e t a i l e d  i n v e s t i g a t i o n  w i l l  be needed f o r  design o f  the s t ruc tures .  The 
formations a t  the planned loca t ions  are  described below and are shown i n  the 
l ong i tud ina l  sect ions o f  the dams on Drawings 7-E-19192-N through 7-E-19197-N. 

Santa Rosa Creek Reservoir:  

Three separate embankments are  requ i red  t o  conf ine  the r e s e r v o i r  a t  
t h i s  s i t e .  i n  the foundat ion f o r  the main dam and the south a u x i l i a r y  dam, one 
t o  s i x  f e e t  o f  p l a s t i c  c l a y  over1 l es  a few f e e t  o f  s t i f f e r  g r a v e l l y  c l a y  which 
i s  under la in  by a moderately compact clayey s i l t .  No s i g n i f i c a n t l y  permeable 
o r  compressible s t r a t a  were found, Construct ion o f  t he  dams w i l l  r equ i re  
s t r i p p i n g  o f  the sur face c l a y  t o  depths o f  two t o  s i x  fee t .  The west a u x i l i a r y  
dam s i t e  has three t o  fou r  f e e t  o f  s t i f f ,  red, rocky c l a y  over a compact, 
g rave l ly ,  c layey s i l t .  Here, about four  f e e t  o f  the sur face mate r ia l  w i l l  have 
t o  be s t r i pped  from the foundation. 

Exp lo ra t i on  i n  the d i ve rs ion  channel showed three f e e t  o f  rocky c l a y  
under la in  by moderately compact s i l t y  c l a y  near the entrance t o  the concrete 
chute on the r i g h t  abutment, On the v a l l e y  f l o o r ,  shal low bor ings  along the 
course o f  the d i ve rs ion  channel showed, i n  general, s i l t y  c lays  ove r l y ing  
rocky clays. 



Matanzas Creek Dam: 

The foundation a t  the Matantas Creek s i t e  cons is t s  main ly  o f  f i r m  
t u f f  and t u f f  b recc ia  o v e r l a i n  on the abutments by one t o  f i v e  f e e t  o f  rocky 
brown c l a y  and i n  the bottom o f  the creek by 4 t o  18 f e e t  o f  stream gravel.  A 
succession o f  interbedded s o f t  sandstones and shales occurs i n  the upper p a r t  
of the r i g h t  abutment and an outcrop o f  hard vo lcan ic  rock  shows a t  the toe  o f  
the r i g h t  abutment. Moderately hard t u f f  l i e s  under about one f o o t  o f  rocky 
c l a y  i n  the  s p i %  lway saddle. 

Geologic features make more d e t a i l e d  i n v e s t i g a t i o n  necessary t o  
e s t a b l i s h  the f e a s i b i l i t y  o f  t h i s  dam s i t e .  

The proposed p ro tec t i on  can be provided by t h i s  s t r u c t u r e  as a p a r t  
o f  the  i n t e r - r e l a t e d  system o f  improvements, o r  by increased channel capac i ty  
a t  s u b s t a n t i a l l y  the same cost.  

Pinee Creek Dam: 

The Plner Creek s i t e  i s  under la in  by a wide v a r i e t y  o f  formations o f  
the  Sonoma Volcanic ser ies  t rending o b l i q u e l y  across the dam axis.  The r i g h t  
abutment cons is t s  main ly  o f  compact, c layey s i l t ,  The l e f t  abutment i s  o f  
p a r t l y  decomposed volcanic rock o f  vary ing  hardness o v e r l a i n  by red, rocky, 
p l a s t i c  c lay.  F i rm clay, some o f  i t  rocky, occupies the  downstream p o r t i o n  o f  
the  planned sp i l lway  cut. Toward the upstream end, decomposed vo lcan ic  rock 
and t u f f  a re  present. Some hard rock w i l l  be encountered i n  the 
o f  the  cut ,  

S t r i pp ing  about four  f e e t  deep w i l l  be requ i red  
canyon and on the l e f t  abutment, and one t o  two f e e t  o f  c 
removed from the r i g h t  abutment. 

Brush Creek Middle Fork Dam: 

The formations a t  t h i s  s i t e  are  o l d  v a l l e y  f i l l  

i n  the  

deeper p a r t  

bottom o f  the 
l a y  w i l l  

mater ia  

have t o  be 

I s  cons is t i ng  
o f  compact sands, gravels, s i l t s ,  and & jays  w i t h  some s t r a t i f i c a t i o n  bu t  l i t t l e  
c o n t i n u i t y  o f  s t ra ta ,  The e n t i r e  deposi t  i s  t i g h t  and o f  low pe rmeab i l i t y  
because o f  the admixture o f  clay, except one lens o f  f a i i l y  c lean gravel  s i x  t o  
n ine  f e e t  below the surface i n  the v i c i n i t y  o f  the  stream channel. Exp lo ra t i on  
a long the  sp i l lway  alignment showed formations s i m i l a r  t o  those i n  the v a l l e y  
bottom. 

Only l i g h t  s t r i pp ing ,  s u f f i c i e n t  t o  remove the organic ma te r ia l  
f rom the surface, w i l l  be necessary. 

Brush Creek West Fork Dam: 

R e l a t i v e l y  t i g h t  and impervious g r a v e l l y  c lays,  grading down through 
sandy c l a y  t o  a near ly  b lack  p l a s t i c  c l a y  20 f e e t  below the surface, u n d e r l i e  
the e n t i r e  foundat ion a t  t h i s  s i t e .  On the abutments these are  covered by ten 
t o  t h i r t e e n  feet  o f  p a r t i a l l y  cemented sandy gravel which e i t h e r  crops out  a t  
the sur face o r  l i e s  under a t h l n  c l a y  s o i l  mantle. 



Three t o  fou r  f e e t  o f  c l a y  w i l l  have t o  be s t r i pped  from the  
foundat ion i n  the v a l l e y  bottom, and one t o  two f e e t  o f  sur face s o i l  w i l l  
have t o  be removed from the abutments. 

Spring Creek Dam: 

The e n t i r e  foundat ion a t  the Spring Creek s i t e  i s  u n d e r l a i n  by lava 
flows, some thin-bedded, some massive, a l l  d ipp ing  g e n t l y  toward the  l e f t  
abutment, A heavy c l a y  t o p s o l l  and a dense, rocky  cJsy hardpan cover the  
bedrock on the r i g h t  abutment. On the l e f t  abutment b a s a l t  i s  e i t h e r  exposed 
o r  covered by a very  t h i n  s o i l  mantle, and i n  the  stream bottom i t  i s  largel,y 
covered by  stream grave ls  up t o  f i v e  f e e t  i n  thickness. Surface exposures 
and bedrock uncovered i n  t e s t  p i t s  e x h i b i t  ex tens ive  j o i n t i n g  and f r a c t u r i n g  
t o  vary ing  depths. 

The foundat ion  should be s t r i pped  t o  f i r m  bedrock o r  t o  the hardpan 
where i t  i s  present.  

. . 
'''INVESTIGATION OF MATERIALS 

FLOODWATER RETARD D NG STRUCTURES 

Prospect ive  borrow areas f o r  the  e a r t h - f i l l  dams were examined and 
sampled t o  determine the type and l o c a t i o n  o f  s u i t a b l e  f i l l  ma te r ia l  as a 
bas is  f o r  cos t  es t imat ion .  Pre l im inary  l abo ra to ry  t e s t s  were made t o  c l a s s i f y  
the mater ia ls ,  and compaction t e s t s  were run on those occu r r i ng  i n  the  l a r g e s t  
quan t i t i es .  Fur ther  e x p l o r a t i o n  and t e s t s  w i l l  be needed f o r  f i n a l  design o f  
the s t ruc tures .  

Santa Rosa Creek Reservoir :  

Exp lo ra t i on  o f  borrow areas i n  the r e s e r v o i r  bas in  i n d i c a t e s  t h a t  one 
t o  s i x  f e e t  o f  p l a s t i c ,  somewhat organic c l a y  w i l l  need t o  be s t r i p p e d  and t h a t  
beneath t h i s  sur face s o i l ,  f i v e  t o  e leven f e e t  of usable ma te r ia l  w i l l  be 
ava i l ab le ,  c o n s i s t i n g  main ly  o f  s i l t y  c lays  and some sandy and g r a v e l l y  s i l t y  
clays. Two general areas were explored, one adjacent  t o  the main dam, 
cover ing about 25 acres and est imated t o  con ta in  260,000 cubic yards o f  
a v a i l a b l e  m a t e r i a l ,  and a 20-acre area near the  south a u x i l i a r y  dam, con ta in ing  
some 250,000 cubic yards. Add i t iona l  ma te r i a l  w i t h  s i m i l a r  p r o p e r t i e s  w i l l  
be a v a i l a b l e  from the excavat ion o f  the d i v e r s i o n  channel. 

Matanzas Creek Dam: 

Both slopes o f  the rese rvo i r  bas in  a r e  mantled by two t o  s i x  f e e t  
o f  dark brown rocky  c l a y  o v e r l y i n g  one t o  e i g h t  f e e t  o f  l i g h t  brown g r a v e l l y  
c l a y  over bedrock. The greater  thicknesses o f  these m a t e r i a l s  were found on 
the r i g h t  s ide  o f  the  bas in  I n  an area between 500 and 1400 f e e t  upstream 
from the dam s i t e ,  where a volume o f  32,000 cub ic  yards i s  est imated t o  be 
present below the planned h igh  water l i n e .  Approximately 84,000 cub ic  yards 
o f  sandy s i l t y  c l a y  i s  a v a i l a b l e  w i t h i n  an excavat ion depth o f  20 f e e t  on 
the k n o l l  on the r i g h t  bank o f  the rese rvo i r ,  1400 t o  1700 f e e t  upstream 
from the dam. M a t e r i a l s  from these sources w i l l  be s u i t a b l e  f o r  the  impervious 
core sec t i on  o f  the f i l l ,  The brown rocky c l a y  a l s o  b lankets  the s p i l l w a y  



s i t e ,  and a considerable p o r t i o n  o f  the 140,000 cubic yards excavated f o r  the 
s p i l l w a y  w i l l  be usable. 

W i th in  1800 f e e t  o f  the dam about 70,000 cub ic  yards o f  gravel ,  
usable i n  the ou ter  perv ious zones, i s  present i n  the  stream channel and i n  
benches adjacent t o  the channel. An a d d i t i o n a l  30,000 cubic yards i s  ava i l ab  
along the channel s l i g h t l y  f a r t h e r  upstream. Large q u a n t i t i e s  o f  p a r t i a l l y  
decomposed vo l can ic  bedrock, f r a c t u r e d  i n t o  small b locks  genera l l y  l ess  than 
th ree  inches i n  diameter, u n d e r l i e  the sur face c l a y  over a l a r g e  p a r t  o f  the  
r e s e r v o i r  area, Th i s  mater ial ,  a l s o , i s  s a t i s f a c t o r y  f o r  use i n  the  ou ter  
zones, Some 26,000 cubic yards i s  est imated i n  the area from 800 t o  1400 
f e e t  upstream from the dam. 

Biner  Creek Dam: 

M a t e r i a l s  which w i l l  be usable I n  the  a u x i l i a r y  dykes, c o n s i s t i n g  of 
sandy t o  g r a v e l l y  clays, were found around the per iphery  o f  the pond area. 
The s p i l l w a y  excavat ion w i l l  p rov ide  some 10,000 cubic yards o f  s i l t  and s i l t y  
c l a y  and 20,000 cubic yards o f  decomposed rock and t u f f ,  from which s e l e c t i o n  
can be made f o r  the main dam embankment. Add i t i ona l  m a t e r i a l  i s  a v a i l a b l e  i n  
the r i g h t  bank o f  the canyon. Th is  i s  most ly  a s i l t y  c lay .  The maximum haul 
d is tance w i l l  be about 400 fee t ,  

Brush Creek Middle Fork Dam: 

Borings made a t  the dam s i t e  and exposures on the stream banks 
i n d i c a t e  t h a t  the general run  o f  ma te r i a l  i n  the  basin,to a depth o f  30 fee t ,  
c o n s i s t i n g  o f  c layey sands, g rave ls  and s i l t s ,  w i l l  be s u i t a b l e  f i l l  ma te r ia l  
w i t h  very  l i t t l e  s e l e c t i o n  requi red.  i n  the emergency s p i l l w a y  s i t e  the 
ma te r ia l  cons i s t s  predominant ly o f  s i l t y  c l a y  and some c layey gravel .  Excavat ion 
of  the s p i l l w a y  channel w i l l  p rov ide  most o f  the requ i red  f i l l  ma te r i a l .  

Brush Creek West Fork Dam: 

Borings and stream bank exposures I n  the  r e s e r v o i r  bas 
from the  bo r ing  i n  the v a l l e y  bottom a t  the dam s i t e ,  i n d i c a t e  c 
g r a v e l l y  c l a y  t o  depths o f  s i x  t o  f i f t e e n  f e e t  extending over a 
o f  the basin. I t  i s  est imated t h a t  about 90,000 cub ic  yards, o r  
amount needed, i s  a v a i l a b l e  w i t h i n  the r e s e r v o i r  area. 

i n ,  p lus  data 
l a y  and sandy, 
l a r g e  p o r t i o n  
tw ice  the 

Spring Creek Dam: 

Exp lo ra t i on  o f  an area o f  about 20 acres i n  t he  upper p o t i o n  o f  the 
Santa Rosa Creek r e s e r v o i r  b a s i n  i nd i ca ted  t h a t  some o f  t he  ma te r ia l  there  
cou ld  be used i n  Spring Creek Dam. Beneath a laye  
t o  three f e e t  t h i c k ,  the s o i l  cons i s t s  p r i n c i p a l l y  
having s a t i s f a c t o r y  p r o p e r t i e s  f o r  the  center  sect  
depths o f  f i v e  t o  e leven f e e t  w i l l  be p r a c t i c a l  i n  
y i e l d  some 250,000 cubic yards. Some 50,000 cubic 
be needed f o r  the south a u x i l i a r y  dam a t  the Santa 
d is tance t o  the Spring Creek Dam s i t e  i s  about one 

r o f  b lack ,  pdas t i c  c l a y  one 
o f  c l a y s  and c layey s i l t s  

i o n  o f  the dam. Net borrow 
the area which thus could 
yards from t h i s  source w i l l  
Rosa Creek s i  te.  The haul 
m i l e .  



On the Spring Creek rese rvo i r  area, two t e s t  p i t s  were dug, one 
above the r i g h t  bank o f  the creek near the upper end o f  the  r e s e r v o i r ,  and 
another on the r i g h t  slope near the proposed h igh  water contour.  Black t o  
brown p l a s t i c  c l a y s  conta in ing  some rock were found, extending t o  depths o f  
f i v e  t o  seven f e e t  and under la in  by th ree  f e e t  o f  hard claypan over bedrock. 
These c lays  cou ld  be used i n  the core o f  the dam, bu t  i t  probably w i l l  prove 
more economical t o  use the imported ma te r ia l  from the  Santa Rosa Creek 
rese rvo i r  bas in  because o f  b e t t e r  w o r k a b i l i t y  and eas ie r  borrow excavat ion. 
Samples o f  t u f f  b recc ia  taken by bor ings  a t  the base o f  the road c u t s  a t  
d is tances o f  200, 800 and 1800 f e e t  upstream from the  dam s i t e  i n d i c a t e  t h a t  
78,000 cubic yards o f  ma te r i a l s  s u i t a b l e  f o r  the ou ter  zones o f  the f i l l  w i l l  
be a v a i l a b l e  i n  these areas. Most o f  the rock from the 20,000 cub ic  yard 
s p i l l w a y  c u t  a l s o  i s  expected t o  be usable i n  the ou te r  zones. 

CHANNEL IMPROVEMENTS 

I n v e s t i g a t i o n  o f  channel m a t e r i a l s  cons is ted  o f  observa t ion  o f  
exposures on the  c u t  banks o f  the channels and measurement o f  e x i s t i n g  bank 
slopes. I n  genera 1 , bank sP opes i n the  range o f  2: 1 t o  24: 1 were found t o  be 
s t a b l e  and i n  good cond i t ion ,  w h i l e  most slopes steeper than t h i s  showed s igns 
o f  washing o r  i n s t a b i l i t y .  Tests o f  the bank m a t e r i a l s  and s t a b i l i t y  analyses 
w i l l  be used I n  the  design stage f o r  a f i n a l  choice o f  the bank slopes. 

HYDRAULIC ANALYSIS 

FLOODWATER RETARD l NG STRUCTURES 

Performance o f  the f loodwater r e t a r d i n g  s t r u c t u r e s  was determined on 
the bas i s  o f  72-hour storm hydrographs developed as descr ibed on page 28. 
F igure  5 il l u s t r a t e s  the shape o f  the hydrographs. The maximurp, o r  peak, ra tes  
of f low used a t  t he  var ious  s i t es ,  f o r  storms o f  var ious  f requencies o f  
occurrence, a re  shown i n  Table A. 

On the  case o f  the Santa Rosa Creek s t ruc tu re ,  the f l o w  represented 
by the  design hydrograph was d i v ided  between the  d i v e r s i o n  channel and the 
d i v e r s i o n  dam bypass according t o  t h e i r  r e l a t i v e  capac i t ies .  The method o f  
doing t h i s  and the  r e s u l t i n g  d i v ided  hydrograph f o r  the  design f l o o d  a r e  shown 
i n  F igure  10. F igure  10 a l s o  shows a hydrograph o f  the  o u t f l o w  from the 
r e s e r v o i r  and the combined t o t a l  f l ow  On the creek below the s t ruc tu res ,  The 
ou t f l ow  hydrograph was computed by r o u t  l ng through the r e s e r v o i r  the d i v e r t e d  
p o r t i o n  o f  the  o r i g i n a l  i n f l o w  hydrograph. The p i l .nc ipa1 s p i l l w a y  i s  designed 
t o  empty the f l o o d  r e t a r d i n g  pool i n  s i x  days f o l  lowing a 1% frequency f lood.  

The o ther  f i v e  rese rvo i r s  were designed i n  the  convent ional manner 
f o r  s t r u c t u r e s  o f  t h i s  type. The design f l o o d  was rou ted through the  r e s e r v o i r  
g raph ica l l y ,  and the  s i ze  o f  the o u t l e t  condui t  and e l e v a t i o n  o f  the emergency 
s p i l l w a y  were chosen so tha t  the peak stage i n  the r e s e r v o i r  would j u s t  reach 
the c r e s t  o f  the emergency sp i l lway ,  thus making use o f  the f u l l  capac i ty  o f  
the r e s e r v o i r  bu t  a l l ow ing  no f l o w  over the emergency sp i l lway .  The f l o o d  
r o u t i n g  c a l c u l a t i o n  f o r  Matanzas Creek Reservoir ,  shown i n  F igure  9, i l l u s t r a t e s  
the method used. 



Flood hydrographs f o r  design o f  the emergency sp i l lways  were 
developed as described on page 28, and the r e s u l t i n g  peak i n f l o w  r a t e s  are  
g iven i n  Table B .  The sp i l lways  were designed t o  meet the c r i t e r i a  speci-  
f i e d  by So i l  Conservation Service Engineering Memorandum Number 3 f o r  "high 
hazard" s t ruc tures .  The peak o u t f  1 ow through the sp i  1 1 way was determi ned 
by r o u t i n g  through the r e s e r v o i r  assuming the de ten t i on  pool t o  be f u l l  a t  the 
beginning o f  the f lood.  I n  t h i s  computation the f l o w  i n  the p r i n c i p a l  s p i l l -  
way was assumed t o  be zero t o  a l l ow  f o r  the p o s s i b i l i t y  of i t s  becoming 
clogged, F igure  1 1  shows the f l o o d  r o u t i n g  computation f o r  Matanzas Creek 
Reservoi r. 

At  the Santa Rosa Creek s i t e ,  the maximum water l e v e l  i n  the 
r e s e r v o i r  i s  l i m i t e d  by f l o w  through the d i v e r s i o n  channel. Stage d i s -  
charge computations f o r  the creek and adjacent v a l l e y  show t h a t  a f reeboard 
o f  a t  l e a s t  2 .5  f e e t  w i l l  be maintained on the storage dam du r ing  the 
"emergency s p i l l w a y  design f lood"  w i t h  the vegetated wasteway shown on 
Drawing 7-E-19192-N serv ing  as a s p i l l w a y  t o  l i m i t  d ischarge from the 
d i v e r s i o n  channel i n t o  the damsite, Whi le the d i v e r s i o n  dam w i l l  be in -  
undated i n  a f l o o d  o f  t h i s  magnitude, and the v a l l e y  f o r  some d is tance on 
e i t h e r  s ide  o f  the creek w i l l  be under water,  the combinat ion o f  s p i l l  over 
the d i v e r s i o n  dam and f l o w  i n t o  the d i v e r s i o n  channel i s  designed t o  prevent 
h igher  f loodwater  l e v e l s  than the same f l o o d  would produce under present . 
channel condi t i  ons. 

P rov i s ion  i s  made f o r  hyd rau l i c  model t e s t s  o f  the d i v e r s i o n  works 
f o r  Santa Rosa Creek Reservoir  should such t e s t s  prove des i rab le  i n  the 
f i n a l  design o f  the s t ruc tures .  

Hydraul i c  and s t r u c t u r a l  data p e r t a i n i n g  t o  the f loodwater  re ta rd -  
i n g  s t ruc tu res  are  summarized i n  Table 3. 

CREEK CHANNELS 

The channels were designed by Manning's formula us ing  a value o f  
the roughness c o e f f i c i e n t  rrn't o f  .035 f o r  vegetated and r ip rapped channels 
and .015 f o r  concrete l i n e d  channels. I n  the u n l i n e d  channels where the 
v e l o c i t y  a t  design f low computed i n  t h i s  way would be greater  than 9 f e e t  per 
second, concrete grade s t a b i l i z a t i o n  s t r u c t u r e s  w i l l  be used. These s t ruc-  
t u res  w i l l  be placed as needed t o  reduce the channel g rad ien t  t o  the  value 
t h a t  g ives a computed v e l o c i t y  o f  9 f e e t  per second. A drop o f  no t  more 
than 18 inches i s  al lowed a t  each s t a b i l i z e r .  A summary o f  the h y d r a u l i c  
p rope r t i es  o f  the channels i s  g iven i n  Table 3A. 

I n  general, the alignment o f  the improved channels w i l l  be such 
t h a t  the superelevat ion o f  the water surface a t  the ou ts ide  o f  curves w i l l  
be l i m i t e d  t o  a maximum o f  one foo t ,  Th is  l i m i t  w i l l  be exceeded i n  Santa 
Rosa Creek j u s t  above i t s  j u n c t i o n  w i t h  Matanzas Creek, however, where 
e x i s t i n g  b u i l d i n g s  and br idges fo rce  the creek t o  f o l l o w  two sharp bends. 
Here a rectangular  concrete l i n e d  channel w i l l  be used, w i t h  a f i v e - f o o t  
f reeboard above the average water sur face t o  prov ide f o r  supere levat ion  and 
waves. The design here i s  considered t o  be conservat ive.  Model t e s t s  may 
be made t o  a i d  i n  the f i n a l  design o f  t h i s  sec t i on  o f  channel, i n c l u d i n g  the 
j u n c t i o n  o f  Santa Rosa and Matanzas Creeks, and o f  p a r t  o f  the  concrete l i n e d  
channel below the Santa Rosa-Matanzas Creek j unc t i on ,  



The computed f l o o d  peaks w i thou t  f loodwater  de ten t i on  a re  g iven f o r  
var ious l oca t i ons  throughout the watershed i n  Table A. The peak f lows were 
computed by channel f l o o d  rou t i ng .  The e f f e c t  o f  each f loodwater  r e t a r d i n g  
s t r u c t u r e  i n  reducing these f l ood  peaks was computed by  the  formula: 

Where R i s  the reduc t i on  i n  the f l o o d  peak I n  the channel reach 
under considerat ion,  

RD i s  the reduc t i on  i n  the  f l o o d  peak a t  the r e s e r v o i r  o u t l e t ,  
computed by f l o o d  r o u t i n g  through the  r e s e r v o i r ,  

A i s  the t o t a l  dralnage area t r i b u t a r y  t o  the  channel reach, 

AD i s  the  drainage area t r i b u t a r y  t o  the  r e s e r v o i r .  

The exponent .85 was chosen from the genera 1 s lope o f  the curves 
o f  peak f l o w  vs. drainage area, F igure  2. From the  curves, 

Peak f l o w  per square m i le ,  q = KA."~, approximately,  and 

Peak f low, Q = qA = KA* 85 

where A i s  the drainage area and K i s  a constant .  

Design peak f lows f o r  the channels, determined i n  t h i s  way, a re  
shown i n  Table SA, along w i t h  the  corresponding 1% frequency f l ows  w i thou t  
f l o o d  detent ion,  









STRUCTURAL DETAILS 

FLOODWATER RETARD B NG STRUCTURES 

The e a r t h - f i l l  dams forming the  s i x  r e t a r d i n g  r e s e r v o i r s  a re  o f  
convent ional design, The e a r t h  embankment w i l l  be zoned as needed t o  make 
the bes t  use o f  r e a d i l y  a v a i l a b l e  ma te r i a l .  For purposes o f  the  Work Plan 
the f i l l  slopes a re  3:1 on the upstream face and 2:l o r  2&:1 on the down- 
stream face, the steeper slope being used on l y  f o r  dams l e s s  than 40 f e e t  
high. F i n a l  design o f  the embankment w i l l  be based on more d e t a i l e d  foundat ion 
e x p l o r a t i o n  and t e s t s  o f  the f i l l  ma te r i a l .  Rock r i p r a p  w i l l  be provided on 
the upstream slopes o f  the Spring Creek, Matanzas Creek and Santa Rosa Creek 
dams, where the r e s e r v o i r  w i l l  be l a rge  enough t o  make wave a c t i o n  an important 
f ac to r .  

The r e i n f o r c e d  concrete p r i n c i p a l  sp i l lways  w i l l  have a n t i - v o r t e x  
covers and t rash  racks t o  insure  t h e i r  f unc t i on ing  a t  design capaci ty .  Model 
s tud ies  a re  c u r r e n t l y  underway a t  the U n i v e r s i t y  o f  C a l i f o r n i a  t o  develop 
designs capable o f  i n s u r i n g  c log - f ree  st ructures.  Ehergency sp i l lways  w i l l  'he ;  
concre te- l ined w i t h  c u t - o f f  wai I s  o f  adequate depth tlo py&v$nt,under~utt i "ng,~.  
except a t  Spring Creek Dam where the s p i l l w a y  w i l l  be i n  hard vo l can i c  rock. 

The d i v e r s i o n  s t r u c t u r e  f o r  the  Santa Rosa Creek r e s e r v o i r  i s  
designed as a  r e i n f o r c e d  concrete b u t t r e s s  dam w i t h  the  upstream face on a  
1 : l  slope. O r i f i c e s  a re  prov ided a t  t he  bottom and a  t rapezo ida l  notch 
s p i l l w a y  over the top. A concrete s lab  serves as a  f o o t i n g  f o r  the  bu t t resses  
and as an apron t o  p r o t e c t  the  channel from the s p i l l w a y  overpour and the 
discharge o f  the o r i f i c e s .  Cu to f f  w a l l s  extend i n t o  the  channel bottom and 
banks a t  t he  upstream and downstream edges o f  the slab. The channel i s  
p ro tec ted  b y  rock  r l p r a p  upstream and downstream f rom the  s t ruc tu re .  A graded 
gravel f i l t e r  i s  used below the downstream r i p r a p  as an a d d i t i o n a l  precaut ion 
against  p ip ing .  

Contro l  o f  the f l o w  i n t o  the d i ve rs ion  channel i s  prov ided by  a  
re in fo rced  concrete drop s t r u c t u r e  having a drop o f  3 f ee t .  Warped s t r u c t u r a l  
concrete s idewa l l s  form a  40 f o o t  long t r a n s i t i o n  f rom the  rec tangu lar  cross- 
sec t i on  o f  the  drop s t r u c t u r e  t o  the t rapezo ida l  c ross -sec t i on  o f  the channel. 

CHANNEL l MPROVEMENT 

Bank slopes f o r  the r iprapped channels and the  vegetated e a r t h  
channel s  were se t  a t  2;: 1 on Santa Rosa Creek and 2: 1 on the  o the r  creeks. 
The choice o f  slopes was l a r g e l y  the r e s u l t  o f  an examinat ion o f  the c o n d i t i o n  
o f  the e x i s t i n g  banks. A  slope o f  1* : l  was used f o r  the  t rapezo ida l  concrete- 
l i n e d  channels. F ina l  design w i l l  be based on t e s t s  and s t a b i l i t y  analyses o f  
the bank ma te r ia l s .  Riprap planned f o r  the channels cons i s t s  p r i n c i p a l l y  o f  
l a rge  rock, one t o  th ree  f e e t  i n  diameter f o r  the l a r g e  channels. Riprap w i l l  
con ta in  s u f f i c i e n t  s p a l l s  and f i n e s  t o  p r o h i b i t  passage o f  t he  n a t i v e  bank s o i l s  
o r  w i l l  be prov ided w i t h  a  f i l t e r  b lanket ,  

Except i n  the concre te- l ined reaches, a l l  channels having design 
f lows greater  than 1,000 cubic f e e t  per second, and a l l  smal le r  channels 



having water depths greater  than 5 f e e t  combined w i t h  v e l o c i t i e s  of  more than 
7 fee t  per second a t  design f low,  w i l l  have rock r i p r a p  t o  a minimum o f  one- 
t h i r d  o f  t he  design f l o w  depth. This  type o f  p r o t e c t i o n  was determined t o  be 
more economical, on an average annual cos t  bas is ,  than the  o ther  p o s s i b i l i t i e s  
inves t iga ted ,  recogn iz ing  t h a t  the cost  o f  maintenance would be h igher  than 
f o r  some o ther  types. The r i  prap i s  designed t o  prevent bank undercu t t i ng  by 
susta ined low f lows i n  the l a rge r  channels, w h i l e  a sod cover above the r i p r a p  
w i l l  p rov ide  p r o t e c t i o n  against  in f requent  h igh  f lows o f  r e l a t i v e l y  shor t  
dura t ion .  A t  bends and o ther  p o i n t s  where h igh  v e l o c i t y  f lows adjacent t o  the 
banks may be expected a t  h igh  stages, the r i p r a p  w i l l  be  extended t o  the f u l l  
channel depth, i nc lud ing  freeboard. 

The water surface a t  design f l o w  w i l l  be below na tu ra l  ground except 
i n  t he  lower reaches o f  Piner and Santa Rosa Creeks. Here levees w i l l  be 
provided, extending upstream t o  S t a t i o n  534 on Santa Rosa Creek and t o  S t a t i o n  
574 on Piner  Creek. Water aga ins t  the levees w i l l  reach a maximum depth o f  
about 2 f e e t  through the m a j o r i t y  o f  the pro tec ted  area. From a h a l f  m i l e  
above Wi l lows ide  Road t o  the Laguna,this w i l l  increase t o  a maximum o f  4 fee t .  
The levees a re  designed f o r  a minimum freeboard o f  3 f e e t ,  except i n  the reach 
below Wi l lows ide  Road where Laguna backwater w i l l  inundate them a t  t imes o f  
h i g h  f l o w  i n  the Russian River.  Levees below Wi l lows ide  Road w i l l  assure t h a t  
Santa Rosa Creek f loodwaters w i l l  be channel ized t o  the  Laguna under normal 
backwater cond i t ions .  Since c o n s t r u c t i o n  o f  these levees i s  planned f o r  the 
f o u r t h  year o f  the p r o j e c t  development, t h e i r  design w i l l  be coordinated w i t h  
the p lans c u r r e n t l y  be ing  developed f o r  f l o o d  c o n t r o l  on the  Laguna, 

Grade s t a b i l i z a t i o n  s t r u c t u r e s  w i l l  cons'ist e s s e n t i a l l y  o f  s labs o f  
p l a i n  concrete across the channel bottom, w i t h  c u t - o f f  w a l l s  a t  the  upstream 
and downstream edges. They a re  designed f o r  a maximum drop o f  18 inches a t  
each s t ruc tu re .  P ro tec t i on  o f  the  banks f o r  increased v e l o c i t y  a t  the 
s t r u c t u r e s  w i l l  be prov ided by rock  r i p r a p  extending downstream ten  times the 
design water depth. The slabs w i l l  be faced w i t h  cobbles t o  p rov ide  roughness 
comparable t o  the remainder o f  the  channel. 

The concrete l i n i n g  planned f o r  t rapezo ida l  channels i s  non- 
s t r u c t u r a l  b u t  i s  prov ided w i t h  s tee l  r e i n f o r c i n g  f o r  shr inkage and temperature 
changes. The rec tangu lar  concrete channels a re  designed t o  r e s i s t  e a r t h  and 
water loads on the s idewal ls .  A 9- inch  t h i c k  gravel underdra in  i s  provided 
f o r  a l i  concrete l i n i n g s .  

COST ESTIMATION 

Cost est imates were made on the bas i s  o f  q u a n t i t i e s  and est imated 
u n i t  cos ts  o f  the i n d i v i d u a l  i tems involved. The est imates f o r  the  s t r u c t u r a l  
measures inc luded i n  the Work Plan a re  presented i n  d e t a i l  i n  Table C. Some 
o f  the f a c t o r s  involved a re  discussed below. 

CONSTRUCTlON COSTS 

The u n i t  cos ts  used f o r  cons t ruc t i on  items were based on recent costs 
o f  s i m i l a r  work i n  the v i c i n i t y  o f  Santa Rosa and elsewhere. For the  ear th-  
f i l l  dams the u n i t  cos ts  o f  excavat ion and embankment vary,  w i t h  the  type o f  



material and the expected difficulty of construction, from $0.50 to $3.00 for 
excavation and from $0.60 to $ 1  .OO for compacted embankment. The $0.50 per 
cubic yard used for most of the channel excavation includes an allowance for 
wasting the spoil immediately adjacent to the channel. In those cases where 
the haul distances exceed 10 stations or where difficult digging conditions 
are expected, costs were increased. Reinforced concrete was estimated at $40 
per cubic yard for trapezoidal channel lining, $80 for rectangular 1 ining and 
$100 for structures, all including steel, and $20 per cubic yard was used for 
plain concrete. Riprap, estimated at $8.00 per cubic yard, is loose quarry 
rock with controlled grading, placed by dumping and bulldozing. 

The figure of $1,500 per acre used for most of the vegetation i s  
expected to cover all the work needed to establish a good stand, including 
importing topsoil, fertilizing, hand planting, and at least one irrigation. 
For drill seeding and fertilizing on relatively level ground $50 per acre was 
used, and for drill or broadcast seeding and fertilizing on channel banks $300 
per acre was used. The $0.10 per lineal foot for maintenance roads is for 
grad i ng on1 y. 

The estimated contract cost based on quantities was increased 15 
percent for contingencies. 

l NSTALLAT 1 ON SERV l CES 

installation services include foundation exploration, model tests, 
engineering and Federal administrative services. On the basis of past 
experience the combined cost of the last two of these items was estimated at 
25 percent of the total construction cost. Engineering includes design of 
the structures, preparation of plans and specifications and supervision of 
construct ion. 

R BGHT-OF-WAY COSTS 

Right-of-way areas for the channels include channel width plus 13 
feet for each maintenance road plus 4 feet clearance on each side. In leveed 
sections the maintenance roads are on the levees and the right-of-way extends 
4 feet beyond the outside toes of the levees. For the reservoirs the right-of- 
way I ine approximately follows the contour at the elevation of the top of the 
dam. 

Except for the acquisition of flooding easements on some land 
subject to infrequent flooding by the emergency spillways, and easements for 
the sediment stabilization work on upper Matanzas Creek, all right-of-way 
costs have been computed for fee-title acquisition of the property. Land 
prices have been estimated with the aid of local real estate agents, using 
recent property sales as an additional guide. 

BR l DGE REPLACEMENT 

The estimated costs of replacing bridges are shown in detail in Table 
D. For simplicity all inadequate bridges and culverts, with a few minor 
exceptions, were assumed to be replaced with bridges. A more detailed analysis 



i n  the design stage i s  expected t o  show t h a t  a  cos t  saving dan be made by the 
s u b s t i t u t i o n  o f  c u l v e r t s  i n  some cases. Replacement o f  highway br idges  was 
f i g u r e d  a t  $15 o r  $20 per square f o o t  o f  deck, depending on the  type o f  
e x i s t i n g  br idge,  and two f i gu res ,  $10 and $15  per square f o o t ,  were used f o r  
p r i v a t e  br idges,  the h igher  f i g u r e  being app l i ed  where the improved channel 
w i l l  r e q u i r e  a  b r i dge  more than 50 f e e t  long. The w i d t h  o f  the  water surface 
i n  the channel a t  design f l o w  was used as the requ i red  l e n g t h  o f  b r i dge  i n  
each case, the u n i t  costs be ing  chosen t o  coves approaches and miscel laneous 
costs. 

The cu r ren t  standard w id th  f o r  two-lane highway br idges ,  used by the 
County Road Department, i s  28 fee t .  Where the e x i s t i n g  b r i d g e  i s  narrower 
than t h i s ,  two costs a re  g iven i n  Table D ,  one being the  cos t  of rep lac ing  the 
e x i s t i n g  s t r u c t u r e  w i t h  another o f  the same width,  and the second, the  cost  o f  
a  b r i dge  28 f e e t  wide. The former cos t  i s  used i n  the Work Plan, s ince 
widening o f  the br idges  prov ides an a d d i t i o n a l  b e n e f i t  no t  r e l a t e d  t o  the 
ob jec t i ves  o f  the watershed p r o j e c t .  The u n i t  cos t  used f o r  a l l  replacements 
w i t h  28- foot  b r idges  i s  $20 per square foo t .  

RELOCATKON OF UTBLlTlES 

The cos ts  o f  moving o r  rep lac ing  u t i l i t i e s  were es t imated w i t h  
ass is tance from the u t i l i t y  companies. The Northwestern P a c i f i c  Ra i l road  
Company fu rn i shed  u n i t  cos ts  f o r  r a i l r o a d  t r e s t l e s .  

OPERAT I ON AND MA l NTENANCE 

The est imates f o r  opera t ion  and maintenance represent  t he  average 
annual cos t  o f  operat ion,  maintenance and replacement, i f  any, w i t h i n  a  per iod  
o f  50 years. They were computed as a  percentage o f  c o n s t r u c t i o n  cos t ,  based 
on experience i n  s i m i l a r  p ro jec ts .  The percentage v a r i e s  w i t h  the  type o f  
s t ruc tu re ,  from 0.5% f o r  f loodwater  r e t a r d i n g  s t r u c t u r e s  t o  6% f o r  vegetated 
e a r t h  channels. For channels having cont inuous r i p r a p  p r o t e c t i o n  on the  
bottom t h i r d  o f  the bank slopes p l u s  f u l l - h e i g h t  r i p r a p  a t  bends and junc t ions ,  
the amount a l lowed f o r  maintenance was 4% of the cos t  o f  channel en la rg ing  and 
shaping, p l u s  2% o f  the cos t  o f  the r i p r a p ,  p l u s  4% o f  the  c o s t  o f  the  
vegeta t ion  f o r  the bank slopes above the r i p rap .  



TABLE C - ESTlMATED COSTS 

FLOODWATER DETENTION STRUCTURES 

Santa Rosa Creek Reservoir & D ivers ion  

Federal Costs 
Storage Reservoir 

S t r i p p i n g  70,000 cay .  @ $.50 
Cut-of f  Excavation 11,300 c.y. @ $.75 
Compacted Embankment 385,000 c. y. @ $, 60 
Gravel Blanket & Drain, 36,000 c.y. @ $3. 
R/C P r i n c i p a l  Spi l lway 230 c,y. @ $100. 
Rock Facing 6,500 c.y. @ $8. 
F i  l t e r  Blanket f o r  Rock Facing 4,500 c.y. @ $3. 
Ou t le t  Channel Excavation 7,000 c.y. @ $.50 

Sub-total 

Concrete D ivers ion  Dam 
Clear ing  & Grubbing, Lump Sum 
S t ruc tu ra l  Excavation, 1,700 coy .  @ $2, 
S t ruc tu ra l  Concrete 290 coy .  @ $100 
Concrete Bank Paving 25 c.y. @ $75. 
Compacted Backf i 1 1 1,100 c. y. @ $4. 
Rock R i  prap 330 coy .  @ $8. 
Gravel F i  1 tee 130 c. y .  @ $3. 
Channel C lear ing  & shaping Upstream 200 1 .f. @ $4. 800 

sub- t o t a l  43,500 

D ive rs ion  Channel & Intake S t ruc tu re  
C lear ing  9 acres @ $200, 
Excavation & Haul 148,000 c o y .  @ $.75 
Was teway Levees 2,700 c. y. @ $. 50 
Vegetat I on  ( ~ a n k s  & sot tom) 1 1 acres @ $300. 
Concrete Out le t  Chute 310 c.y. @ $75. 
D ive rs ion  in take s t r u c t u r e  133 c o y .  @ $100. 

49 c.y. @ $ 75. 
Rock Riprap 24 c. y. @ $8. 
Gravel Fi l t e r  35 c. y .  @ $3. 

Sub- t o t a  1 158,100 

Tota l  Contract Cost 
Contingencies @ 15% 
Tota l  Construct ion Cost 
i n s t a l  l a t i o n  Services 

Engineering, Admin is t ra t ion  & Misc. @ 25% 
Foundation Exp lo ra t i on  
Hydrau 1 i c Model Tests 

Tota l  Federal Cost $1,004,900 



TABLE C - CONTINUED 

Santa Rosa Creek Reservoi r & D ive rs ion  ( ~ o n t . )  

Non-Federa 1 Costs 

Rights-of-way 
166 acres @ $400. 

4 acres @ $1 ,500 
16 acres @ $2,200 

3 Houses 

R/W A c q u i s i t i o n  @ 15% 
Bridges & Cu lver ts  
Replacement & P ro tec t i on  o f  
Re locat ion  o f  U t i l i t i e s  
F i sh  B a r r i e r  
Fencing, 200 1 .f. @ $1.85 p 
Admin i s t ra t i on  o f  Contracts 
State Dam F i l i n g  Fees 

Tota % Non- Federa l Cost 

To ta l  I n s t a l l a t i o n  Cost 

Sub- t o t a l  

24" Water Pipe 

l u s  1 5% cont  i ngenc 
@ 1% 

Annual Cost (50-ye. amort. @ 29A i n t e r e s t )  
Annual 0 & M Cost 

Tota l  Annual Cost 



TABLE C - CONTl NUED 
Matanzas Creek Reservoir & Sediment Stabilization Structures 

Federa 1 Costs 
Reservoi r 

Clearing 50 acres @ $300. 
Foundation Excavation 22,000 c.y. @ $.50 
Cut-off Excavation 5,900 cay. @ $2. 
Spillway Excavation 140,000 c.y. @ $.SO 
Compacted Embankment 215,000 c.y. @ $.75 
Gravel Blanket & Filter 3,300 c.y. @ $3. 
R/C Principal Spillway 1,300 c,y. @ $100, 
~ o c k  Facing, 2,800 c.y. @ $8. 
Filter Blanket for Rock Facing, 2,000 coy. @ $3. 
R/C Emergency Spi l lway 388 c. y. @ $75. 

1,750 c.y. @ $40. 

Sub-total 

Sediment Stabi l ization Structures 
Excavation 25,000 c.ye @ $140 
Revetment 2,000 l,f. @ $3.50 
Locust Trees 1.2 acres @ $500. 
Grass 1.2 acres @ $1,500. 

Sub-total 

Total Contract Cost 
Contingencies @ 15% 
Total Construction Cost 
instal lation Services 

Engineering, Administration & Misc. @ 25% 
Foundation Exploration 

Total Federal Cost 

Non-Federal Cost 
Rights-of-way 95 acres @ $400. 

7 acres @ $300. 
Building, Road, Powerline & Well 

Sub- total 
R/W Acquisition @ 15% 
Administration of Contracts @ 1% 
State Dam Fi  1 i ng Fees 

Total Non-Federal Cost 

Total Instal lation Cost 

Annual Cost (50-yr. amort. @ 2&, interest) 
Annual 0 & M Cost 

Total Annual Cost 



TABLE C - CONTINUED 

Piner  Creek Reservoi r  

Federa 1 Costs 
C lear ing  & Grubbing 2  acres @ $300. 

0.8 acre  @ $500. 
S t r i p p i n g  1,500 c o y .  @ $.SO 
Cut-of f  Excavat ion 1,300 c o y .  @ $.75 
Sp i l lway  Excavat ion 31,800 c o y .  @ $.SO 
Compacted Embankment 24,200 c. y. @ $. 75 
Gravel Blanket & Dra in  1,500 c.y. @ $3, 
R/C P r i n c i p a l  Sp i l lway  144 c.y, @ $ l o o .  
Spi l lway RBprap 300 c. y. @ $8. 
R/C Emergency Spi 1 lway 133 c. y. @ $75. 

450 c o y .  @ $40. 
Tota l  Contract Cost 
Contingencies @ 15% 
Tota l  Construct ion Cost 
I n s t a l l a t i o n  Services 

Engineering, Admin i s t ra t i on  & M i  sc. @ 25% 
Foundation Exp lo ra t i on  

Tota l  Federal Cost 

Non-Fedesa 1 Costs 
R i  ghts-of-Way 42 acres @ $400. 
~ e v e e  t o  p r o t e c t  Hospi ta l  B o i l e r  P lan t ,  

10,000 c.y. @ $.75 
Re locat ion  o f  Bu i l d ings  
Dra in  & Sump Pump f o r  Hosp i ta l  B o i l e r  P lan t  

R/W A c q u i s i t i o n  @ 15% 
Remove and Replace Br idge 
Remove and Repl ace Sewer L  i ne 
Admin i s t ra t i on  o f  Contracts @ 1% 
S ta te  Dam Fi l i ng Fees 

Tota l  Non-Federal Cost 

To ta l  I n s t a l l a t i o n  Cost 

Sub- t o t a  1 

Annual Cost (50-yr. arnort, @ 2&, i n t e r e s t )  
Annual 0  & M Cost 

Tota l  Annual Cost 



TABLE C - CONT l NUED 
Brush Creek - Middle Fork Reservoir 

Federal Costs 

Cleari ng & Grubbing 3 acres @ $300. 
Foundation Excavation 1,900 c.y. @ $.50 
Cut-off Excavation 8,700 c. y. @ $. 75 
Spillway Excavation 47,600 c.y. @ $.50 
Compacted Embankment 46,600 c. y. @ $. 50 
Gravel Blanket 3,000 c,y. @ $3. 
R/C Principal Spillway 150 cay. @$loo. 
Spillway Riprap 140 c,y. @ $8. 
R/C Emergency Spi 1 lway 160 c. y. @ $75. 

770 c. y. @ $40. 
Total Contract Cost 
Cont i ngenci es @ 1 5% 
Total Construction Cost 
Installation Services 

Engineering, Administration & Misc. @ 25% 
Fou nda t i on Expl ora t i on 

Total Federal Cost 

Non-Federa 1 Costs 

Rights-of-way 31 acres @ $1,500 
Farm Buildings 

Sub-total 
R/W Acquisition @ 15"h 
Administration of Contracts @ 1% 
State Dam Filing Fees 

Total Non-Federal Cost 

Total lnstallation Cost 

Annual Cost (50-yr. amort. @ 2& interest) 
Annual 0 & M Cost 

Total Annual Cost 



TABLE C - CONT 1 NUED 

Brush Creek - West Fork Reservoir 
Federal Costs 

Clearing 1 acre @ $300. 
Foundation Excavation 3,000 coy. @ $.SO 
Cut-off Excavation 9,600 coy. @ $.50 
Spillway Excavation 6,000 c.y. @ $.50 
Compacted Embankment 45,800 c. y. @ $. 60 
Gravel Blanket 1,300 c. y. @ $3. 
R/c Principal Spillway 144 c.y. @ $100. 
R/C Emergency Spillway 140 c.y. @ $75. 

570 c. ye @ $40. 

Total Contract Cost 
Contingencies @ 15% 
Total Construction Cost 
instal lation Services 

Engineering, Administration & Mlsc. @ 25% 
Foundation Exploration 

Total Federal Cost 

Non-Federa 1 Costs 

Rights-of-way 21 acres @ $400. 
R/W Acquisition @ 15% 
Road Relocation . I  mile @ $40,000 
B r  i dge 
Administration of Contracts @ 1% 
State Dam Fi  l i ng Fees 

Total Non-Federal Cost 

Total Instal lation Cost 

Annual Cost (50-yr. amort. @ 2$? interest) 
Annual 0 & M Cost 

Total Annual Cost 



TABLE C - CONTINUED 
Spring Creek Reservoir 

Federa 1 Costs 

Clearing 12 acres @ $500. 
Foundation Excavation 11,100 coy. @ $.75 
Cut-off Excavation 3,300 coy. @ $2. 
Spi l Bway Excavation 20,000 c.y. @ $3. 
Compacted Embankment l30,OOO c. y. @ $1 . 
Gravel Blanket & Fil tee 2,000 c.y. @ $3. 
R%C Principal Spil lway 280 c.y, @ $100. 
Rock Facing on Dam 1,500 cay. @ $8. 
Fil ter Blanket for Rock Facing 1,000 coy, @ $3. 

Total Contract Cost 
Contingencies @ 15% 
Total Construction Cost 
Instal Bation Services 

Engineering, Administration & Misc. @ 25% 
Foundation Exploration 

Total Federal Cost 

Non-Federa l Costs 

R l  ghts-of-Way 20 acres @ $400. 
Flood Easement 8.6 acres @ $250, 
Barn 

Sub-total 

R/W Acquisition @ 15% 
Relocation of Graded Road 0.75 mile @ $4,000. 
Concrete Box Cu l ver t 
Administration of Contracts @ I %  
State Dam Filing Fees 

Total Non-Federal Cost 

Total Onstallation Cost 

Annual Cost (50-yr, amort. @ 2& interest) 
Annual 0 E M Cost 

Total Annual Cost 



TABLE C - CONTINUED 
CHANNEL IMPROVEMENTS 

Santa Rosa Creek Channel Improvement - Lower Reach 
Federal Costs 
Clearing 60,800 1.f. @ $1. 
Excavation 969,000 c. y. @ $. 50 
Excavation 122,250 c.y. @ $.40 
Compacted Embankment 96,700 c. y. @ $, 50 
Levee Compaction 94,500 c.y. @ $.20 
Toe Ri prap 85,580 coy. @ $8, 
Bank R i  prap 14,640 c.y. @ $8. 
Filter Blanket for Riprap 33,400 c.y. @ $3. 
Vegetation 69.92 acres @ $1,500. 

96 acres @ $50. 
Side Drainage Inlets 125 @ Varying Costs 
Maintenance Road 109,100 1.f. @ $.I0 
Grade Stabilization Structure 70 c.y. @ $20, 

Total Contract Cost 
Contingencies @ 15% 
Total Construction Cost 
Installation Services 

Engineering, Administration & Misc. @ 25% 

Total Federal Cost 

Non-Federal Costs 

Rights-of-way 62.2 acres @ $1,100 
109 acres @ $550. 
41.2 acres @ $750, 
37.3 acres @ $1 ,500. 

Sub- total 
R/W Acquisition @ 15% 
Br l dges 
Administration of Contract @ 1% 

Tota 1 Non-Federa 1 Cost 

Total lnstallation Cost 

Annual Cost (50-yr. amort. @ 29h interest) 
Annual 0 & M Cost 

Total Annual Cost 

$ 60,800 
484,500 
48,900 
48,400 
18,900 

684,600 
1 l7,lOO 
100,200 
1 04, goo 
4,800 
53,500 
10,900 
1,400 



TABLE C - CONTINUED 

Santa Rosa Creek Channel Improvement - C i t y  Reach 

Federa 1 Costs 
C lear ing  16,100 1 . f .  @ $1. 
~ h a ~ i n ~ - 3 , 9 1 0  I .  f. @ $1, 
Shaping Concrete Subgrade 63,000 s.y. @ $. 35 
Excavat ion 128,600 c o y .  @ $.60 
Compacted Embankment 1 39,500 c. y. @ $. 50 
Toe Riprap 23,960 c. y. @ $8, 
Bank R i  prap 13,600 c. y. @ $8. 
F i l t e r  Blanket f o r  Riprap 12,500 c. y. @ $3. 
Vegetation-Grass 34.7 acres @ $1,500 
R a i l  & Wire Revetment 6,600 1.f. @ $17. 
Vegetation-Trees 3,300 1.f. @ $.20 
Side Drainage I n l e t s  32 @ Varying Costs 
Maintenance Road 38,800 1 .  f. @ $. 10 
Grade Stabi 1 i z a t i o n  St ruc tures  428 c,y. @ $20. 
Rectangular Concrete L i n i n g  688 c. y. @ $80. 
Trapezoidal Concrete L i n i n g  13,237 c.y. @ $40. 
Concrete F i sh  Channel 1,393 c.y. @ $100. 
F i sh  Channel B a f f l e s  . 
Gravel D ra in  12,774 c o y .  @ $3.25 
Replace Ra i l road  Br idge 

Tota l  Contract Cost 
Contingencies @ 15% 
Tota l  Const ruc t ion  Cost 
B n s t a l l a t i o n  Serv ices 

Engineering, Admin i s t ra t i on  & Misc. @ 2541, 
Hydrau l ic  Model Test  

To ta l  Federal Cost 

Non-Federa 1 Costs 
Rights-of-way 21.4 acres @ $500. 

9.4 acres @ $1,000. 
32.5 acres @ $1,500. 

Sub- t o t a l  
R/W A c q u i s i t i o n  @ 15% 
Re locat ion  o f  U t i l i t i e s  
Chain L ink  Fence 1,300 1.f. @ $1.85 p l u s  15% cont ingenc ies  2, 800 
Admin i s t ra t i on  of  Contract  @ 1% 18,300 

Tota l  Non-Federa l Cost $ 122,100 

Tota l  I n s t a l  l a t i o n  Cost $2,420, 900 

Annual Cost (50-yr. amort. @ 2% i n t e r e s t )  $ 85,400 
Annual 0 & M Cost 24,600 
Tota l  Annual Cost $ 110,000 



TABLE C - CONT l NUED 

Matanzas Creek Channel improvement 

Federa 1 Costs 
C lear ing  9,900 1.f. @ $1. 
Shaping 11,400 s.y. @ $.35 
Excavat ion 18,900 c.y. @ $.60 
Compacted F i l l  17,600 c,y. @ $,SO 
Toe R i  prap 1 1,730 c. y. @ $8. 
Bank R i  prap 4,340 c.y. @ $8. 
F i l t e r  Blanket  f o r  Riprap 5,400 c.y. @ $3.  
Vegetat ion 7.6 acres @ $1,500. 
Side Drainage I n l e t s  20 @ Varying Costs 
Maintenance Road 14,000 1.f. @ $. I 0  
Gravel D r a i n  1,050 c a y .  @ $3.25 
Trapezoidal Concrete L i n i n g  2,240 c.y. @ $40. 
Rectangular Concrete L in ing  495 c. y. @ $80. 

Tota l  Contract  Cost 
Contingencies @ 15% 
Tota l  Const ruc t ion  Cost 
i n s t a l  l a t i o n  Services 

Engineering, Admin i s t ra t i on  & Misc. @. 25% 
Hydrau l i c  Model Studies 

Tota l  Federal Cost 

Non-Federal Costs 
Rights-of-way 28,8 acres @ $1,650, 
R / W  k q u i s i t % o n  @ 15% 
Re locat ion  o f  U t i l i t i e s  
Chain L ink  Fence 720 1.f. @ $1,85 p l u s  15% cont ingencies 
Admin i s t ra t i on  o f  Contract @ 1% 

Tota 1 Non-Federa 1 Cost 

To ta l  I n s t a l l a t i o n  Cost 

Annual Cost (50-ys. amort. @ 2ph i n t e r e s t )  
Annual 0 & M Cost 

Tota l  Annual Cost 



TABLE C - CONTINUED 
Piner Creek Channel Improvement , 

Federal Cost 

Clearing 36,920 1.f. @$I. 
Excavation 279,000 c. y. @ $. 60 
Compacted Fill 17,600 c.y. @ $.50 
Railroad Trestle Replacement 78 1.f. @ $200. 
Bank Riprap 4,510 coy. @ $8. 
Toe Ri prap 31,760 c.y. @ $8. 
Filter Blanket for Rock Riprap 12,100 c.y. @ $3. 
Vegetation 27.4 acres @ $1,500. 
Side Drainage Inlets 75 @ Varying Costs 
Ma i ntenance Road 51 ,300 I. f. @ $. 10 
Grade Stabilization Structures 60 c.y. @ $20. 

Total Contract Cost 
Contingencies @ 15% 
Total Construction Cost 
Installation Services 

Engineering, Administration & Misc, @ 25% 

Total Federal Cost 

Non-Federal Costs 

Rights-of-way 70.8 acres @ $600. 
R/W Acquisition @ 15% 
Br l dges 
Relocation of Utilities 
Administration of Contract @ 1% 

Total Non-Federal Cost 

Total Instal lation Cost 

Annual Cost (50-yr. amort. @ 2 9 7  interest) 
Annual 0 & M Cost 

Total Annual Cost 



TABLE C - CONTINUED 
Brush Creek Channel improvement 

Federa 1 Costs 

Clearing 39,250 1.f. @ $1. 
Excavation 298,250 c.y. @ $.60 
Compacted Fill 33,000 c.y, @ $.SO 
Bank Ri prap 7,260 c. y. @ $8. 
Toe Ri prap 34,220 c. y. @ $8. 
Filter Blanket for Rock Riprap 13,800 c.y. @ $3. 
Vegetation 24,8 acres @ $1,500. 
Side Drainage Inlets 79 @ Varying Costs 
Grade Stabi 1 ization Structures 304 c.y. @ $20. 
Maintenance Road 48,100 1.f. @ $. 10 

Total Contract Cost 
Contingencies @ 15% 
Total Construction Cost 
Installation Services 

Engineering, Administration & Misc. @ 25% 

Total Federal Cost 

Non-Federal Costs 

Rights-of-way 71.1 acres @ $1,200, 
R/W Acquisition @ 15% 
Relocation of Utilities 
Br i dges 
Admimistration of Contract @ 1% 

Total Non-Federa l Cost 

Total Installation Cost 

Annua 1 Cost (50-yr. amor to @ 2 & i  n teres t) 
Annual 0 & M Cost 

Total Annual Cost 



TABLE C - CONTINUED 
Spr i ng Creek Channel Improvement 

Federal Cost 

Clearing 10,160 1.f. @ $1, 
Excavation 23,500 c.y. @ $.65 
Bank Ri prap 31 5 cay. @ $8. 
Toe R i  prap 1,620 c. y. @ $8. 
Filter Blanket for Riprap 600 c.y. @ $3. 
Vegetation 6.1 acres @ $1,500, 
Side inlets 20 @ Varying Costs 
Maintenance Road 10,200 1.f. @ $.I0 

Total Contract Cost 
Contingencies @ 15% 
Total Construct ion Cost 
Installation Services 

Engineering, Administration & Misc. @ 25% 

Total Federal Cost 

Non-Federa 1 Cost 

Rights-of-way 9.7 acres @ $1,650. 
4.5 acres @ $1,350. 

Sub-total 
R/W Acquisition @ 15% 
Bridges 
Administration of Contract @ 1% 

Total Non-Federal Cost 

Total Installation Cost 

Annual Cost (50-yr. amort. @ 2% interest) 
Annual 0 G M Cost 

Total Annual Cost 



TABLE D - BRIDGE REPLACEMENT DATA * 

Replacement w i t h  Equ iva lent  Bridge Bridge 
28' wi &;'a': 

Present Deck Deck cost /  
Channel S ta t i on  Road St ruc ture  Lenqth Width sq. f t .  Cost Cost 

( f t . )  ( f t . )  ($)  ($) ($)  

Santa Rosa Creek Channel lmprovement - Lower Reach 

Santa Rosa 38k-10 
Creek 

43k-1 0 

463+40 

527+40 

569+65 

Channel #3 46 1 +20 

466+00 

47 1 +oo 

485+30 

P r i va te  

Wi l lowside 

P r i va te  

P r i va te  

Fu l ton  

P r i va te  

P r i va te  

P r i va te  

Guernev i l le  

Channel #4 523+60 Guernev i l le  

523+50 P r i va te  

Channel #5 535+50 P r i va te  

Channel #6 562+40 Fu l ton 
(Piner Cr.) 

Santa Rosa Creek Reservoir 6 Dlvers ion 

Divers ion 
Channel 

P iner  Creek Channel lmprovement 

Channel #6 57hOO 

579+40 

595+30 

639+20 

647+90 

659+80 

672+00 

7 l7+3O 

Channel #6-C 630+50 

647+30 

650+30 

* Ra i l  road br idges not included. 

P r i va te  

Montgomery 

Montgomery 

Montgomery 

P r i va te  

Pr iva te-  
Vel ma Ave. 
P r i va te  

Guernev i l le  

Marl ow 

P r i va te  

P r i va te  

Coffey Ln. 

Pr i va te  

Marl ow 

Steele Ln. 

P r i va te  

Wood 
(Removab l e) 
Wood Truss 

Wood Deck 

Wood 
(Removab 1 e) 
Concr. Br. 

Concr. Br. 

Concr. Br. 

Wood Deck 

Concr. Br. 

Concr. Br. 

Wood Deck 

Wood Deck 

Wood Deck 

None 

None 

None 

Concr. Culv. 

Concr. Pipe 

Wood Truss 

Wood Deck 

Concr. Br. 

Wood Deck 

Wood Deck 

Wood Deck 

Concr. Box 

Wood Deck 

Concr. Br. 

Concr. Box 

Wood Deck 

Subtotal  

100 15 

170 20 

125 20 

(dbl. 4 1 ~ 6 1 x 5 0 ~  RCB) 

(dbl. 4 ' ~ 6 ~ x 2 0 '  RCB) 

Subtotal 

.*..a 

Last column represents the cost o f  r e b u i l d i n g  the br idges t o  cu r ren t  standerds f o r  2 lane bridges. 
.L.L.L ---  Two 24' long approach spans t o  e x i s t i n g  60' span. 
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TABLE D - Continued 

Replacement w i t h  Equiva lent  Bridge Br idge 
28' W i de;';;'; 

Present Deck Deck cost/  Cost 
Channel S t a t i o n  Road S t ruc tu re  Length Width sq.f t .  Cost 

( f t . )  ( f t . )  ($1 ($) ($1 

P i  ner Creek Channel lmprovement (contld.) 

655+70 P r i v a t e  Wood Deck 39 10 10 4,000 

662+60 P r i v a t e  Wood Deck 40 8 10 3,200 

7 1 5+50 US 101 Concr. Box (dbl. 61x81x1201  RCB) 34,000 

Channel #6-F 736+00 US 101 CMP (dbl. 3 'xS1x1201 RCB) 20,000 

Subtota l  177,400 218,200 

Piner  Creek Reservoi r  

Channel #6-C-3 Co. Farm Concr . Br. ( t r i p l e  ~ ' x ~ ~ x ~ ~ I R c B )  18,000 

Subtota l  18,000 18,000 

Brush Creek Channel lmprovement 

Channel #MI 9 1 9+00 

984+00 

984+80 

1 O33+6O 

1046+80 

1 O65+OO 

1 070.tL.IO 

1 106+60 

1 107+60 

Channel #43 97 1 +00 

974+30 

995+40 

101 6+7O 

1023+80 

Channel #42 965+50 

967+00 

Brush Creek West Fork Reservoir 

Spi l lway 

Hwy #I  2 

P r i v a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

Acacia Ln. 

Mid.Ri ncon. 

P r i v a t e  

Boas Dr. 

P r i v a t e  

P r i v a t e  

Riebl  i 

Concr. Br. 

Wood Deck 

Wood Deck 

Wood Deck 

\Jood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Concr. Box 

Wood Deck 

CMP 

Wood Deck 

Wood Deck 

None 

67 48 

45 10 

40 10 

39 10 

39 I 0  

39 10 

3 3 10 

28 10 

28 10 

37 10 

37 12 

36 28 

32 10 

32 3 1 

29 10 

29 1 0  

Subtotal  

50 20 

Subtota l  

-L.L -- Last column represents the cos t  o f  r e b u i l d i n g  the br idges t o  cu r ren t  standards f o r  2 lane bridges. 



TABLE D - continued 

Replacement w i t h  Equiva lent  Bridge Bridge 
281 W i  de;h: 

Present Deck Deck cos t /  
Channel S t a t i o n  Road S t ruc tu re  Length Width sq.ft, Cost Cost 

( f t . )  ( f t . )  ($1 ($1 ($1 

Spring Creek Channel Improvement 

Spring C r .  (Jn)  877+40 

91 1+00 

9 1 2+60 

920+40 

931+10 

932+20 

Channel 8 - 0  89 1 +40 

900+60 

Spring Creek Reservoi r  

Spring C r .  

T o t a l  Cost o f  Br idge Replacement 

Yulupa 

P r i v a t e  

Summerfield 

Pr i vate 

P r i v a t e  

P r i v a t e  

Mayette 

Hoen 

Pr i vate 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

Wood Deck 

40 20 

28 10 

28 12 

27 15 

27 8 

27 I 0  

29 10 

27 10 

Subtota l  

( 4 1 ~ 6 1 ~ 1 2 1 ~ ~ ~ )  

Subtota l  

;*< Last column represents the cos t  o f  r e b u i l d i n g  the br idges t o  cu r ren t  standards f o r  2 lane bridges. 
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SUPPORTING TABLES 



Measures 

TABLE BA - STATUS OF WATERSHED WORKS OF BMBROVEMENT 
(a t  time o f  work plan preparation) 

Central Sonoma Watershed Pro jec t  - C a l i f o r n i a  

LAND TREATMENT wt 
Conversion - Cropland t o  grassland :hhk 
Pasture and range seeding 
Feet % 1 %  mi ng (pasture c range) 
Channel % mprovement 
Revetments 
Sed Omen t Darns 
DiversOsn d l  tches 
Stock ponds 
Spring Development 
Fenc i ng 
Subsoi l ii wg 
I r r i g a t i o n  Dams (No, 88) 
Cover Croppl ng 
Brr igat Ion f a c i l i t i e s  
F i  r e  prevent ion  measures 

Subtotal 

STRUCTURAL MEASURES 
Channel tmprovement 
revetment, r ip rap,  levees and 
s im i la r  works i n s t a l l e d  by 
pub1 i c  and p r i va te  agencies 
but  excluding on-farm 
mea su r e  s , 

Appl ied  
Uni t  - t o  date 

acres 
acres 

I I 

Lin. ft. 
1 1  I t  

NO 0 

Mi les  
NO, 
NQ e 

Rods 
Acres 
Ac. ft, 
Acres 
Acres 

I t  

3,624 
5,152 
1,522 

25,600 
1 ,450 

13 
2 

2 6 
8 3 

2,660 
300 

1,600 
876 
390 

(uneva l uated) 

1 5a, goo 

Pr ice base, 1957. 
Only those Sawta Rosa Soi l  Conservation D i s t r i c t  land treatment measures are 
tabulated tha t  have values i n  reducing floodwater and sediment damage, Figures 
fo r  comparable non-d is t r i c t  farm measures are not  ava i l ab le  but  are estimated 
t o  be I n  excess o f  50,000 d o l l a r s  i n  the l a s t  10 years. Where measures ere 
multi-purpose, the t o t a l  costs have been reduced by est imat ion t o  shm only 
floodwater and sediment prevention values: e.g., the t o t a l  farmer cost. of 
I r r i g a t i o n  f a c l l i t l e s  i s  estimated a t  $ 1 3 6 m ,  o f  which $20,480, o r  85% i s  
charged as a con t r ibu t ion  t o  f l ood  prevention, a s i m i l a r  charge of 110% was 
estimated f o r  i r r i g a t i o n  reservo i rs  and 50% f o r  cover cropping, f e r t t 8  %zing,  
pasture seeding and s i m i  lap  practices, 

&..L*" 
d b n 4 b  Costs are l m l ~ d e d  i n  pasture seeding and f e r t i l l m l n g ,  

February, 1958 
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S t r u c t u r e  
I d e n t i f i c a t i o n  

* P r i c e b a s e .  1957 

UNlT AB - SANTA ROSA CREEK 

Floodwater Retard ing Reservo i r8D ivers ion  
Channel Improvement, Lower Reach 
Channel Improvement, C i t y  

Sub-total 

UNlT C - MATANZAS CREEK 

Floodwater Retard ing Reservoir & 
Sediment S t a b i l i z a t i o n  Structure 

Channel lmprovement 
Sub-total 

UNlT 0 - PlNER CREEK 

Floodwater Retard ing Reservoir 
Channel Improvement 

Sub-total 

UNlT E - BRUSH CREEK 

Middle Fork Floodwater Retarding Reservoir 
West Fork Floodwater Retarding Reservoir 
Channel lmprovement 

Sub-total 

UNIT F - SPRING CREEK 

Floodwater Retard ing Reservoir 
Channel lmprovement 

Sub- t o t a l  

TOTAL 

TABLE 2 - ESTIMATED STRUCTURE COST 0 ISTRlBUTl ON 

Central  Sonoma Watershed Pro jec t ,  C a l i f o r n i a  

(Dol lars)  * 

P u b l i c  Law ! 
Constr 

Engineer 's  
Est imate 

676,100 
1,738,900 
1,588,700 
4,003,700 

555,900 
325,400 
881 ,300 

86,200 
627,600 
713,800 

123,400 
88,700 

682,000 
894,100 

259,900 
55,500 

31 5.400 

t i o n  

ont ingencier 

6 i n s t a l l a t  
n s t a l l a t i o n  

Engineer 1 ng 
xw 

149,600 
299,900 
289,100 
7 38,600 

100, goo 
61,200 

162,100 

17.900 
108.200 
l26,lOO 

24,300 
18,300 

117,700 
1 60,300 

49,800 
9,600 

59,400 

9 Cost 
v v i c e s  

Other 

77,800 
200,000 
182.700 
+6O. 500 

63,900 
37,400 

101 ,300 

9.900 
72,200 
82,100 

14,200 
10,200 
78,400 

102,800 

29,900 
6,400 

36,300 

783,000 

Total 
Federal 

1 ,OO4,9OO 
2,499,600 
2,298,800 
5,803,300 

804. l o o  
472,800 

1,276,900 

126,900 
9O2,lOO 

1 ,O29,OOO 

180,400 
1 30,500 
980,400 

1,291,300 

378,600 
79,800 

458,400 

Othe~ 

Admins. o f  
Contracts  

7,800 
20,000 
18,300 
46,100 

6,400 
3,700 

10,100 

1 ,300 
7.200 
8,500 

1,400 
1,000 
7,800 

10,200 

3,000 
600 

3,600 

I n s t a l  l a t  

Easements 
g R/W ;'d'd'c 

327,900 
497.200 
103,800 
928,900 

98.100 
60,900 

159,000 

114,300 
243.200 
357,500 

58,800 
35.300 

261,300 
355,400 

19,600 
68.600 
88,200 

- -  

In Cost 

To ta l  
Non-Federal 

335,700 
517,200 
122,100 
975,000 

1 04, 500 
64,600 

169,100 

115.600 
250,400 
366,000 

60,200 
36,300 

269,100 
365,600 

22,600 
69,200 
91,800 

Est imated 
To ta l  Cost 

I,34O,6OO 
3,016,800 
2,420, goo 
6,778,300 

908.600 
537,400 

1 ,Ut6,OOO 

242,500 
1,152,500 
1,395,000 

240,600 166,800 

1,249,500 
1 ,656,900 

4Ol.2OO 
149,000 
550,200 

, * l n c l u d i n g  h y d r a u l i c  model s tud ies and geologic inves t iga t ions .  
-LL.L --- I n c l u d i n g  r e l o c a t i o n  o f  u t i l i t i e s ,  cons t ruc t ion  o f  s a f e t y  fence, and S ta te  Dam F i l i n g  Fees. 



TABLE 3 - STRUCTURE DATA - FLOODWATER RETARDING STRUCTURES 

Central Sonoma Watershed Project, California 

STRUCTURE 
ITEM UNIT Santa Rosa Matanzas Piner Brush Creek Brush Creek Spring 

Creek Creek Creek Middle Fork West Fork Creek TOTAL 
Reservoi r Reservoir Reservoir Revervoir Reservoir Reservoir. 

Drainage Area sq.mi. 20.8 11.6 2.2 1.6 0.8 2.3 39.3 

Storage Capacity 
Sediment ac-ft. 85 200 15 
Floodwater Detention ac. f t. 341 5 1300 21 5 
Total ac.ft. 3500 1 500 230 

Surface Area 
Sediment Pool 
Flood Det. Pool 

ac. 
ac. 

Maximum Height of Dam ft. 45 90 40 3 3 39 80 - 
Volume of Fill cu. yds. 355000 21 5000 24200 46600 45800 130000 8 1 6600 

Emergency Spillway 
Type 
Frequency of use 
Design storm rainfall 

Duration 
Total 

Bottom Width 
Design depth 
Design capacity 
Total freeboard 
Total capaci ty 

Principal Spillway 
Capaci ty 

Capacity Equivalents 
Sediment volume 
Detention volume 
Spillway storage 

- 
Years 

Hours 
l nches 
ft. 
ft. 
c.f.s 
ft. 
c.f.s 

- 
25000 
2.5 

39000 plus . 

Channel 
100 

Channel 
100 

Channel Channel Channel - 
100 100 100 - 

l nches .08 .32 .I3 
l nches 3.1 2.1 1.8 
l nches 1.1 1.6 2.8 

Class of Structure * - c c c c c c - 
Flood Peak Reduction 

c.f.s 61 20 5000 900 9 30 607 1015 - 
1 390 ;SV; 1 500 300 47 5 21 7 185 - 

* Emergency spill is passed over crest of diversion dam and over bank of diversion channel. 
-L-9- -- As defined in SCS Engineering Memorandum No. 3. 
d-S-9- --- Includes bypassed flow at diversion dam, (see ~ i g .  10) February 1958 



TABLE 3A - STRUCTURE DATA - CHANNELS 

Central  Sonoma Watershed Pro ject ,  Cal i f a r n i a  

Area & Channel S t a t  i o n  Numbering 
f o r  Reach 

Watershed 
Area 

(Sq. M i l . )  

76.75 
76.75 
59.47 
T r a n s i t i o n  
59.32 
Trans i t i  on 
33.47 
T r a n s i t i o n  

T r a n s i t i o n  

Transi t i  on 

2.78 

1.27 

0.57 

1.05 

22.51 
T r a n s i t i o n  

T r a n s i t i o n  

15.95 

]%-Frequency Design Flow Type o f  
Peak Flow w/o w/Retarding Channel 
Re ta rd i  ng S t ruc tu res  
S t ruc tu res  (c fs)  
(cfs) 

Waterway V e l o c i t y  Channel Bottom Water 
Area Gradient Width Depth 
(Sq. ~ t . )  (Ft./Sec.) (Ft./Ft.) (Ft.) (Ft.) 

SANTA ROSA CREEK 

Santa Rosa Creek Varies 
1460 
970 

Varies* 
7.6 
9.0 

Sod 
Sod & Riprap 
Sod & Ri prap 
Ri prap 
Concrete L i  ned 
Concrete 
Concrete 
Concrete 
Concrete L ined 
Concrete L ined 
Sod & Riprap 
Ri prap 
R a i l  E Wire 
Revetment 

I 

03 
vl I Channel #3 

Channel #4 

Channel #5 

Channel #10 

Sod 

Sod 

Sod 

Sod 
Sod 

MATANZAS CREEK 

Matanzas Creek 7270 3900 Concrete 
Concrete 

3900 Concrete Lined 
Concrete Lined 

3900 Sod t Riprap 
5590 2560 Sod & Riprap 

;' V e l o c i t y  i n  Santa Rosa Creek, Sta. 344t30 t o  434+10: Main Channel 4.6 t o  7.9 fps. 
Overflow Area 1.6 t o  4.2 fps. 



TABLE 3A - CONTINUED 

Area & Channel Stat ionNumbering Watershed 1%-Frequency DesignFlow T y p e o f  Waterway Ve loc i t y  Channel Bottom Water 
f o r  Reach Area Peak Flow w/o w/Retarding Channel Area Gradient Width Depth 

(Sq. Mi.)  ~ e t a r d i n g  Structures (Sq.Ft.) (Ft./Sec.) (Ft./Ft.) (Ft.) (Ft.) 
S t ruc tu res  (c fs)  
(cf s) 

PlNER CREEK 

Channel #6 Sod & Riprap 
Sod & Riprap 
Sod & Riprap 
Sod & Riprap 
Sod 
Sod 
Sod 

Channel #6-C Sod & Ri prap 
Sod & Riprap 
Sod 
Sod 

Sod Channel #6-C-3 

Channel #6-F 
I 

OD 
BRUSH CREEK 

Channel #40 

Sod 

Sod & Riprap 
Sod & Riprap 
Sod & Riprap 
Sod 
Sod 

Channel #41 Sod 
Sod 
Sod 

Channel #42 Sod 
Sod 

Channel #42-A 

Channel #4? 

Sod 

Sod & Riprap 
Sod 8 Riprap 
Sod & Ri prap 
Sod & Riprap 



TABLE 3A - CONTINUED 

Area & Channel Stat ion Numbering Watershed 1%-Frequency Design Flow Type o f  
For Reach Area Peak Flow w/o w / ~ e t a r d i n g  Channel 

(Sq. Mi.) Retarding Structures 
Structures (cfs) 
(cf s) 

SPR lNG CREEK 

Spring Creek 867+00 t o  880+00 5.75 
880+00 t o  888+00 3.96 
888+00 t o  90k70 3.38 
904-1-70 t o  913+70 3.25 
91 3+70 t o  935+00 

Channel #7D 880+00 t o  900+60 1. l I 
900+60 t o  916+00 

Waterway Ve loc i ty  
Area 

6 

Channel 

@ 

Bottom Water 
Gradient Width Depth 

(Sq.Ft.) (Ft./sec.) (Ft./Ft.) (Ft.) (Ft.) 

Sod & Ri prap 174 7.0 0.0041 12 6.8 
Sod 4.8 0.0023 10 6.2 

139 5.7 Sod 113 0.0036 10 5.4 
Sod 80 7.8 0.0088 10  4.3 
Sod 75 8.1 0.0101 10 4.1 

Sod 
Sod 

February 1958 



TABLE 4 - SUMMARY OF PHYS B CAL DATA 

Central Sonoma Watershed Project ,  Ca l i f o rn i a  

Quant i t y  Quant % t y  
B tem Un i t  W i  thou t W l  t h  

Pro jec t  Project. 

Watershed area 
Watershed area 

Area i n  Federal Ownership 

Sq. ; m i .  
Ac . 
Ac . 

Area o f  Crop1 and 
Area o f  Grassland 
Area o f  Woodland G Brush 
Area o f  Urban & Misc. 

Overflow area subject t o  
damage a t  1% frequency 

Av. ann, equ i'v. area damaged by 
' .  , Floodwater & sediment 

Streambank erosion 

Av. annual r a i n f a l l  

The land use acreages w i l l  change gradual ly  
i n  the d i r e c t i o n  o f  urbanization, but not  
as a d i r e c t  r e s u l t  o f  the pro jec t .  February, 1958 



TABLE 5 - SUMMARY OF PLAN DATA 

Central Sonoma Watershed Project ,  California 

l tem U n i t  Quant i t y  

Years t o  complete program Year 6 

Total lns ta l la t lon  Cost 
Pub1 ic Law 566 funds 
Other 

Annual 0 & M Cost 
Federa 1 
Non-Federa 1 

Dol l a r  
Do1 l a r  

Average Annual Monetary Benefits 
Agricul tural  
Non-Agri cul tural  

Dol l a r  
Percent 
Percent 

Structural Measures 
Fl oodwater retard! ng s t ructures  
Channel improvement 

Each 
M i  1 e s  

Area l nundated by Structures Upland 
Detent i on pool 
Sed i men t pool 

Acres 
Acres 

Watershed Area Above Structures Sq. M i .  

Reduction of Floodwater Damage 
By land treatment measures 
By s t ructural  measures 

Do1 1 a r  
Percent 
Percent 

Reduction of Sediment Damage 
By land treatment measures 
By structural  measures 

Do1 1 a r  
Percent 
Percent 

Reduct l on of E ros i on Damages 
By land treatment measures 
By structural  measures 

Do1 l a r s  
Percent 
Percent 

April,  1958 



TABLE 6 - ANNUAL COSTS 

Central Sonoma Watershed Project, Ca l i f o rn i a  

Amort izat ion o f  Operation & 
Measures Ins ta l  l a t i o n  Main. (Non- Total 

Cost- ;& Fed. ) Mia': 

UNlT AB 

Santa Rosa Creek Channel Improve- 
ment & Fl  oodwater Retarding Struc, 239,100 

Matanzas Creek Channel Bmprovement 
& Floodwater Retarding Structure 50~900 

UNlT D 

Piner Creek Channel improvement 
& Floodwater Retarding Structure 

UNlT E 

Brush Creek Channel Bmprovement 
& Fl oodwater Retarding Structures 

Spring Creek Channel Improvement 
& Floodwater Retarding Structure 19,400 3,200 22,600 

TOTAL 417,100 1 30,200 547,300 

Pr ice base, 1957. 
.q,P, Amortized over 50-year per iod a t  2&, In terest .  
,q-lll~ Computed a t  long-term projected pr ices by appl l c a t i o n  o f  f ac to r  0.97. 



TABLE 7 - MONETARY BENEFITS FROM STRUCTURAL 
MEASURES FOR FLOOD ~ ~ t v t m  l ON .'. , ,. 

Central Sonoma Watershed Project  - California 

0 tern - Estimated Av. Ann. Damage Av.Ann.Monetary 
W/O Pro ject  W/  Pro jec t  Benef i t s 

Floodwater damage 

Ag r i cu l t u ra l  

Non-agr f cu l t u ra l  

Urban 

Road 

Sub- t o t a l  

SedOment damage 

Depos i t i on 

Erosion 

Streambank 

i n d i r e c t  damage 

To ta l ,  a l l  damage 708,500 3,000 705,500 

TOTAL PRIMARY BENEFITS 70 5,500 

3% The pro jec t  work plan does not spec i fy  i n s t a l l a t i o n  o f  land treatment 
measures i n  add i t i on  t o  those already ins ta l led .  

3 h ' ~  Pr ice base: 1956 adjusted t o  long term. 

February 1958 





TABLE 9 - COST SHARING SUMMARY 
Central Sonoma Watershed Project, California 

Type of P o  L. 566 Funds Other Total Cost 
Cost Dol lars % Do1 lars % Dollars % - 

Structural Measures 
installation 
Flood Prevention 

Total Instal lation Cost 9,858,900 83 1,967,500 17 11,826,400 76 

Operation E Maintenance 0 o 3,692,800 100 3,692,800 24 

Total Structural Cost 

TOTAL PROJECT COST 
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MAP NO I 

CENTRAL SONOMA WATERSHED PROJECT 
SONOMA COUNTY, CALI  FORNI A 

FEBRUARY 1958 
I 0 I 2 3 4 

SCALE I N  MILES 

CENTRAL SONOMA WATERSHED PROJECT, CALIF 7-P-19189 - L 











STCRAGE foc. frl 

STORAGE CAPACITY CHART 

WORK P L A N  

MATANZAS CREEK RESERVOIR 
CENTRAL SONOMA WATERSHED 

SANTA ROSA S.C. D., G O L D  R I D G E  S.C. D. SONOMA CO., CALIF: 

PRELl MlNARY PLANS 
SONOMA COUNTY FLOOD CONTROL AN0 WATER CONSERVATION DISTRICT 
U S .  DEPARTMENT OF AORICULTURE, SOIL CONSERVATION SERVICE 
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NOTES 

Dminage Area 1.6 sq. mi. 
Primipal Spillway Capacity 475 c.ts. 
(Designed to control I% freqwncy flood) 

Emergency Spillway Capacity 2900.c.f.s. 

WORK PLAN 

BRUSH CREEK MIDDLE FORK RESERVOIR 
CENTRAL SONOMA WATERSHED 

SANTA ROSA S.C. R ;  GOLD RIDGE S.C. D. SONOMA CO., CALIF  

PRELIMINARY PLANS 
SONOMA COUNTY FLOOD CONTROL. AND WATER CONSERVATION DISTRICT 

U S. DEPARTMENT OF AGRICULTURE. SOIL CONSERVATION SERVICE 

Prepared by- Dote 6-57 Drwp No. 7-E - 19 195 -N 
Sheet I of I Sheets 



Flood 125 ac. ft. 
Debris 5 ac ft. 
Total 130 oc. ft. 

NOTES 
Drainage Areo  0 8 sq.mi. 
Pr inc ipal  Spil lwoy Capaci ty  217 cf.s. 
(Designed to control I% frequency flood) 
Emergency Spiilwoy Copacity 1800 c.f.s. 

WORK P L A N  

BRUSH CREEK WEST FORK RESERVOIR 
CENTRAL SONOMA WATERSHED 

SANTA ROSA S.C. D., GOLD RIDGE S. C. D. SONOMA GO., CALIF: 

PRELIMINARY PLANS 
SONOMA COUNTY FLOOD CONTROL AND WATER CONSERVATION DISTRICT 
U. S. DEPARTMENT OF AGRICULTURE. SOIL CONSERVATION SERVICE 
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PROFI LE Bank ond levee slopes 
ond floodwoy WpSfOted Vortable 

I I 
1000 I 0 

P L A N  
1000 

SCALE IN FEET I 
I 1 I I HALL 

...,.,.,.,.,,,.. .... ,,,. M - 1691 - 8 

TYPICAL CROSS SECTION 
STA. 3 4 4 + 3 0  to STA. 434+10 

END OF CHANNEL IMPROVEMENT 
I S7-A. 505+00 

I 
ROAD ' i  

I 

LEGEND 

Existing Channel - -  Channel Improvement ( vegetoted ) 

Levee 

A//  elevation+ 1929 dofum 

WORK PLAN 

SANTA R O S A  CREEK 
CENTRAL SONOMA WATERSHED 

SANTA ROSA S.C.D., GOLD RIDGE S.C.D. SONOMA CO, CALIF. 

PRELIMINARY PLANS 
SONOMA COUNTY FLOOD CONTROL AND WATER CONSERVATION DISTRICT 

U. S .  DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE 

Premrcdby R.T. Dote 6-57 DrwgNo 7-E-19198-N 
s h e e t ~ o f & S n e e t r  







Rock nipmck h n k  Slopes 
a distance of l o x  des~gn 
w f e r  depth d ,Charme/ h t f m  -- 1'0" Ploin concrete faced 

15'to 20' 
with rock. 

TYTJICAL GRADE SBBlLlZER 

CROSS SECTIONS 

LEGEND 

Existing Chonnel - Channel Improvement ( vegetoted ) 

- , . -  .-., Roil and Wire Revetment 

All e/svof/ms /929 datum 

WORK P L A N  

SANTA R O S A  CREEK 
CENTRAL SONOMA WATERSHED 

SANTA ROSA S.C.D., GOLD RIDGE S.C. D. SONOMA CO., CALIF: 

PRELIMINARY PLANS 
SONOMA COUNTY FLOOD CONTROL AN0 WATER CONSERVATION DISTRICT 
U. 9 .  DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE 

Prepared b y a  Dote 6 - 5 7  Orwp. No. 7- E- 19198 - N 
SheetQof Q Sheets 








