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GENERAI, DESIGI? MENORANDUM 

REDWOOD C R E m  F m D  CONTROL PROJECT 

CALIFORNIA 

FORWARD 

This General Design Memorandm was prepared in accordance with 
the  provisions of 324 1110-2-1150. 

The Redwood Creek Flood Control Project  was authorized by the  
Flood Control Act of 1962, Public Law 87-874, Eighty-seventh Congress, 
Second Sessioii, approved 2 3  October 1962. 

Tlie D i s t r i c t  Engineer reco.mends a plan f o r  the construc.tion of 
l o c a l  protectio:l worlts on Redwood Creelc iiear the towil of Orick. The 
pr incipal  fea tures  of the  plan include construction of levees and 
channel iqxover~en t  of Redwood Creek f r o m  the confluence with P r a i r i e  
Creek t o  a poic t  approxiczteQ 70C f e e t  upstream of the .mouth of Red- 
trood Creelc, a distance of 3 .4  rxiles, constn?ction of i n t e r i o r  drainage 
f a c i l i t i e s ,  a i d  re locat ion of u t i l i t i e s  and county roads. 

Current t o t a l  e s t i r a t e d  cos t  of the  p ro jec t  i s  $6,050,000, cf 
~ d ~ i c k i  $5;530,000 would be  Federal cos t s  =d $520 , 000 non-Federal cos ts  
f o r  land m d  re locat ions .  The b e n e f i t  t o  cos t  m t i o  i s  1.3 t o  1. m e  
time required -Lo construct  the p ro j ec t  i s  estimated a t  three years. 



G E N U  DESIGN MPIORANDUM 

REDWOOD CREEX W D  CON'IROL PROJECT 

HUMBOLDT COUNTY, CALIFORNIA 

PMTINENT DATA 

HYDR0LM;IC DATA: 

The drainage area 
Standard project flood a t  Orick 

Maxim discharge of record, December 
1964 

Design flood veloci t ies  

Length, t o t a l  
Length, r ight  levee 
Length, l e f t  levee 
Bottom width 
Side slopes, channel 
Side slopes, levees 

Channelside 
Iandside 

Freeboard 

PRINCIPAL QUANTITIES: 

hcavation, unclassified 
Wankment 
Waste 
Excavation, inter ior  drainage di tch 
Riprap 

283 square miles 
77,000 cubic f e e t  per 

second 
50,500 cubic f e e t  per 

second 
11 to  20 f e e t  per second 

17,700 f e e t  
15,500 f e e t  
17,600 f e e t  

250 f e e t  
1 on 3 

1 on 3 
1 on 2.5 
3 f ee t  

1,360,000 cubic yards 
778,000 cubic yards 
467,000 cubic yards 
114,000 cubic yards 
270,000 tons 



ESTIMATED CC,STS: 

I tern - F i r s t  Cost 

Federal $5,530,000 
Non-Federal 520,000 
Non-Federal Maintenance, 

Operation and Replacement 

Project ,  Total  $ 6,050,000 

ESTIMATED BESJWITS: 

I t e n  - 
Flood Control 
Iand bliancement 

Total  

aENEFIT TO COST RATIO: 

Avera~e  Annual Cost 

Average Annual Benefit 
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GENERAL DESIGN MEMORANDUM 

REDWOOD CRWK FUXID CQNTROL PROJECT 

HUMBOLDT COUNm, CAtIMlRNIA 

PROJECT AUTHORIZATION 

1. AUTHORITY 

The Redwood Creek Flood Control Project ,  Hmiboldt County, California,  
was authorized by the Flood Control Act of 1962, Public Law 87-874, 
EighQ--seventh Congress, Second Session, approved 2 3  October 1962, 
which a c t  reads i n  p a r t  as follcws: 

"Section 203. The following works of improvement f o r  the  
bene f i t s  of navigation and the control  of des t ruct ive  
f lood waters and other  purposes a r e  hereby adopted and 
authorized t o  be prosecuted under the d i rec t ion  of the  
Secretary of the Axmy and the supervision of the  Chief of 
Engineers i n  accordance with the plans in the respective 
repor ts  he re inaf te r  designated m d  subject  t o  the con- 
d i t i ons  s e t  f o r t h  there in ."  

REDWOOD CREEK BASIN 

"nie project  f o r  f lood protect ion on Redwood Creek, 
Huiboldt County, California,  i s  hereby authorized 
sub stantially i n  accordance with the  recommendations of 
the Chief of Engineers and House Document No. 497, Eighty- 
seventh Congress, a t  the  e s t i m t e d  cos t  of $2,580,000." 



DESCRIPITION OF PROJECT DOCUMENT PLAN 

2. GENERAL 
I 

The p ro j ec t  document plan found t o  be  most feas ib le  f o r  r e s o l v h g  
the  f lood problem on Redwood Creek provided for  channel improvenents 

I 

I 

a long the  lower 4 miles of the  stream. The improvements would consist  
of channel enlargement, ea r th  levees with service  roadways on both 
s ides  of the  channel, dumped stone revetment along most of the  levee and 
riverbank length and other features  pe r t i nen t  t o  a channel lnprovement 
2roJect .  The works would extend from above the  raouth of P r a i r i e  Creek , 
almost t o  t he  ocean. 

SPECIFIED LOCAL C00F'EXATION 

Aa specif ied i n  the p ro jec t  document, l o c a l  i n t e r e s t s  must cooper- 
a t e  in construction of the Redwood Creek Flood Control Project ,  H w o l d t  
County, California, by giving assurances s a t i s f ac to ry  t o  the  Secretary 
of the  Anqy t h a t  they w i l l :  

a. Provide a l l  lands, easements, and rights-of-way, including 
borrow areas  and spoil-disposal a reas  necessary f o r  t he  construction of 
Lhe project;  

b .  Accomplish a l l  re locat ions  and a l t e r a t i o n s  of buildings, 
u t i l i t i e s ,  roads and re la ted f a c i l i t i e s  necessary f o r  the  construction 
znd c-aintenance of the project; 

c .  Hold and save the  United S t a t e s  f r e e  from damges due t o  - .-,,2 >- construction works; 

d. B i n t a i n  and operate a U  the  works a f t e r  completion i n  
accordance with regulations prescribed by the  Secretary of the  Anqy; and 

e .  Prevent any encroachment on the f lood channels and ponding 
a reas  which would decrease the  effect iveness  of the  flood-control b 
?rovements, and if ponding a reas  and capac i t i es  a r e  impaired, promptly 
provide subs t i tu te  storage capacity o r  equivalent  pumping capacitiy. 

INVESTIGATIONS 

Studies  and invest igat ions  made w i t h  survey repor t  (published as 
House Docurtbent No. 497, Eighty-seventh Congress, Second sess ion)  were- 
su f f i c i en t l y  comprehensive to adequately e s t ab l i sh  the  need, jus t i f i ca t ion ,  



and cos t  of the proposed plan f o r  protect ion of economic development i n  
Oriclc and the vicifiity aga ins t  floodflows on Redwood Creek. Topographic, 
Iqrdrogl-aphic zlld subsurface invest igat ions  were mde  along the  lower 
reaches of tke r i ve r  where l o c a l  protect ion works were proposed f o r  con- 
t r o l  of floodflows. Topographic and preliminary geologic invest igat ions  
were rrade of a possible ,mlt iple-purpose rese rvo i r  s i t e  upstrean1 of 
P r a i r i e  Creek i n  +,lie v i c in i t y  of McArthur Creek. Information on damges 
r e s u l t i n g  f ron  floodflows i n  the bas in  was obtained fro,m flood-damage 
surveys and :iis.toricsl accounts of f loods  contained i n  newspaper f i l e s ,  
corribined wit!.. l ~ d r o l o g i c  ana lys i s  of probable f loodplains f o r  flows 
exceeding those of record. Streax-flow records were obtained fr0.m 
p-dblicztions of tke United S'tates Geological Survey. A s  a r e s u l t  of 
a publ ic  heerinz 5eld on 1 1u'oves;iPer 1255 an invest igat ion of multiple- 
i;urpose reservoirs  a:ld a diversion 5-a.nnel were conducted duricg the 

--oi.i:.ei- 7.- s~i.l-v?:~ re2or-c. 1; - --  ,.2qsosal IE.S f o u d  econon'zicalQ feas ib le  . 
Zniergenc;- ha:*. protection were constructed i n  1953 and 1956 under 
authori t ;  of Sec-llc;;: 14 of -the Flood Control Act of 24 J u k  1946. me 
t ror i ;~  w i l l  not 5 e  ii~.m~l~l.ded ir, t L e  :):-ese:ll ;;la..n of I~provexent ;  bowever 

, - . - ,ne ~-ipl-z.i? :ill bc salvazed t o  .z!-!e ix?.:rir.as e::ten't pract iczble .  

T1;e a.~:tlsorizin~ l eg i s l a t i on  pi-ovides t h a t  l o c a l  i i ~ t e r e sSs  'shall  
coopzrate i i ~  pro j =c-t cons+,i~c%iion bk.7 accol?qlis~-~l;e??'i of the i t e n s  spe- 
c i f i e d  i:: ?ara~a::;:.:' 3. Local i n t e r e s t s  iiave deri:ons%.s.ted t ba t  they a r e  
i n  cor.?ple.te zccol-d t.?i",l t:?e pro;ecAi. 

By l e t t e r  datsd 24 J a n ~ a l l j  1961, the Board of Supervisors, Euvboldt 
CO-LI".::, s t ipula ted t h a t  t h e i r  agency woxld accorcplisl~ a l l  necessarj  non- 
Federal  plzses of the lied~rood Creek Flood Control Proiect  a s  specif ied 
i n  the  pro,jec+v d~cu::-~en.t. Althou&- no aclditional public hearings took place, 
l o c a l  intel-ests  have indicated a s t rong de s i r e  f o r  t t e  p ro jec t  and a 
wil l ingness t o  give f u l l  cooperation. The l o c a l  views of concurrence 
with 'ihe project  were ob'uained by conferences. On 16 November 1965, the  
Board 02 Supervisors n e t  and Gayre assurances of .the Covllty of I i u~bo ld t  
t o  fu rn i sh  .21.;e reciuired l o c a l  cooperation. A Cer t i f i ed  copy of the 
proceedings ms furnished +,:?is Disvr ic t .  T1:e es t i ra2ed cost  of 
required l ocz l  coopsration w i l l  be $520,000 including rights-of -waj. and 
re locat ions .  The Public T?orks Department of Xuttiboldt County i s  being 
a s s i s t e d  by the S ta te  of Cal i fornia  in accor~plishing i t e .m  of l oca l  
cooperation. 



7. UCAL OFF'ICIAIS RESPONSIBLE 

Local o f f i c i a l s  responsible f o r  cooperation in the  authorized 
f lood control  p ro jec t  are: 

Melvin J. Bare i l l e s ,  Chairman, Board of Supervisors, Rio D e l  
Elwyn L. Lindley, Board of Supervisors, Ferndale 
N o m  R.  Robertson, Board of Supervisors, Eureka 
Sam S. Mitchell,  Board of Supervisors, Eureka 
W. F. Iandis ,  Board of Supervisors, Crannell 
Guy Charles K u l s t a d ,  Director of Public Works, Hunkoldt County 

LOCATION OF PROJECT AND TRIBUTARY ARM 

8. U)CATIOH OF THE PROJECT 

The Redwood Creek Flood Control Project  i s  located along the  lower 
reaches of Redwood Creek- near Orick, Huiboldt County, California.  The 
creek discharges i n t o  the Paci f ic  Ocean approxjmately 50 miles south of 
the  Oregon-California border. The bas in  i s  an elongated a rea  of approx- 
i m t e l y  283 square miles. It extends about 56 miles from the northwest 
t o  the  southeast  and has a caximurn width of about 7 miles. The l a r g e s t  
t r i bu t a ry  t o  Redwood Creek i s  P ra i r i e  Creek which d r a in s  t he  northern 
p a r t  of the watershed and jo ins  the m i n  stream about 3.5 miles above 
i t s  mouth. P r a i r i e  &eek dra ins  an a rea  of about 40 square miles, ex- 
tending approximtely  1 2  miles north of the junction of the  two streams. 
The other  t r i b u t a r i e s  a r e  shor t  steep-gradient creeks which extend t o  
the  ,rain stream from each s ide  throughout i t s  length.  The a r ea  pro- 
tec ted from floods a t  the completion of the p ro j ec t  will be the  lower 
3.5 .miles of Redwood Creek and the town of Orick. 

PROJECT PLAN 

9. GENERAL 

The proposed plan f o r  control  of f loods  along the  lower p a r t  of 
Redwood Creek provides f o r  channel improvement, with levees  on both  
s ides  f o r  a dis tance  of 3.4 ,miles in  the  v i c i n i t y  of Orick. The p ro jec t  
i s  designed to 'd i scharge  the  standard pro jec t  f lood with a minimum free-  
board of 3 f e e t .  The improvements w i l l  cons i s t  of channel enlargement, 
e a r t h  levees with service  roadways on 'top, r i p r ap  slope protect ion along 
the levee and s ides  of the channel and o ther  f e a tu r e s  pe r t inen t  to a 
channel improvement project .  The work w i l l  extend from above the  m u t h  
of P r a i r i e  Creek almost t o  the ocean. Lacal geologic and s o i l  conditions 
and a v a i l a b i l i t y  of constrution mi t e r i a l s  a r e  favorable f o r  the  type 
of work proposed herein.  F a c i l i t i e s  f o r  removal of l o c a l  runoff from 
behind the levee system w i l l  consis t  of gated cu lver t s  through the 
levee and gravi ty  systems coqosed  of open channels and closed conduits. 



Re-alignment of the channel near the mouth of Redwood Creek w i l l  provide 
f o r  a more d i r ec t  and effectivk flow to the Pacific Ocean. The 
exis t ing sand bar a t  the ,muth w i l l  not be remved as par t  of the 
construction since it i s  anticipated that 'stream veloci t ies  will effec- 
t ive ly  scour t h i s  bar out pr ior  to  occurrence of peak floodflows, even 
though it will be f i l l e d  in eachyear  during low flows. The iqproved 
channel w i l l  have a bottom width 250 f e e t  throughout the en t i r e  length, 

DEPARTURES FROM PROJECT D O m T  

The plan prcposed i n  t h i s  design me.mrandum i s  substantially the 
same as the project document plan. Some changes a re  required as a 
r e s u l t  of (1 )  co,ments from the Office, Chief of Engineers during re- 
view of the survey report, ( 2 )  detailed hydraulic design, and ( 3 )  
foundation and so i l s  analyses. The following variations .my be noted: 

a .  C h m e l  and levee extensions. Right bank levee and riprap 
have been extended upstream, because rais ing U. S. Highway 101 a s  called 
fo r  in the project document would cost .more ($160,000) than extending 
the levee ($60,000). The termination of the downstream end of the 
project i s  extended "a within 700 f e e t  of the .muth of Redwood Creek to 
provide fo r  be t t e r  flushing of s i l t  during low flow. 

b. Control S i l l .  A control s i l l  has been added a t  the out le t  
end of the channel to  s tab i l ize  the end of the levees and to prevent 
degradation of the channel bottom. 

c. Seepage control. A sjstem of r e l i e f  wells has been placed 
adjacent t o  the landward toe of the levee, in  c r i t i c a l  areas, discharging 
the anticapted seepage into the collector drains that a lso  serves to 
col lec t  the in t e r io r  drainage. This modification in design eliminates 
the need f o r  the 5 foot toe drain indicated in the project docuwnt. 

d. Inter ior  drainage. The pumping plant  has been deleted and 
a graviw system substituted. Emergency s l ide  gates have been placed 
on the r ive r  side of a l l  drainage system out lets .  

e.  Bridge. The project document does not indicate any work 
required on the U.S. 101 bridge. This design memorandum ca l l s  f o r  
modification of the bridge p iers  t o  provide f o r  rnore e f f i c i en t  hydraulic 
conditions. 

H Y D R O r n  

ll. GENERAL 

Basic &drologic data and procedures pertaining t o  t h i s  Design 
Memrandum a re  given in bpendix  B . 



Tllese data include events subsequent t o  t'ne preparat ion of the p ro j ec t  
document. M t e r  consideration of the e f f e c t  of the  addi t ional  hydro- 
l o g i c a l  data, it was found t h a t  no depar tures  f ron l  t he  c r i t e r i a  presented 
i n  t he  p ro j ec t  document a r e  required. 

12. DESIC27 VALUES 

a. Channel. The p ro jec t  i s  designed f o r  the  standard project  
f lood of 77,000 cubic f e e t  per second. 

b .  I r t e r i o r  drainage. The lvdrologic  c r i t e r i a  were based on 
ass~ lnp t ions  of: 

( 1 )  Runoff fi-orr. ?;he 100-year i n t ens i t y  shor t  duration 
r a i n f a l l  when the  cree!~ i s  a t  low stages,  

( 2 ) R~moff f ror,l r a i n f a l l  coinciding t r i  t h  -the lOO-year f lood 
l~ldrograph in Redwood Creek. A de t a i l ed  anak - s i s  i s  given 1-1 Appendix B. 

c. Frict ion fac to rs .  The fol lo~.r ing coef f i c ien t s  of 1-oughness 
i n  -tl:e Manning F o m l a  weye used i n  backwater analysis:  

( 1 )  Unlined bottom tr i th r i p r a p  s ide  s lopes  - a co,mposite 
1 1 ~ 1 1  ec~ua l s  0.032, 

( 2 ) m i s t i n g  natui.al sec t ions  upstream from the excavated 
c l - :m~el  - "n" e:y.als 0.060. 

:he rugged Alort..west-tl-endi:l& r.lounmi?ls and V-shaped caarons tha-c 
r: .a:zcterize the Iied~rood Creek *ainage Sas in  a r z  c o q ~ l e t e u  covered with 
,-rei.;;1-ee~i f ores-cs . h e  r e g i o n ~ l  alignment of these topographical 
l e a t u e s  i s  controlled 'c;r the geologic s t r uc tu r e  of t1.e underu ing  rocks, 
whic3 cons i s t s  of a sys tec  of near ly -para l l e l  n-ajor f o ld s  and f a u l t s .  
Redwood Creek flows nor t:?+;e s terl;- along one of tne  s e  f a u l t s  throughout 
most of i t s  uppermost water course, then t u rn s  abrupt ly  westward, cu t t ing  
through the  munta ins  and across  the reg iona l  trend, and flows across  
a fairly wide f h t - f l o o r e d  val ley  LY the last  four  miles of i t s  journey 
t o  the Pac i f i c  Ocean. This f a u l t ,  hown as the  Grogan Fault,  separates 
the Jurassic-Cretaceous m r i n e  sedixentary rocks of the  Franciscan 
Formt ion  on the e a s t  frotr. the o lder  metasedimentary rocks of the Kei-r 
Ranch Sch i s t  f o r m t i o n  on the west. The va l l ey  f l o o r  i n  the p ro jec t  
a r ea  i s  an a l l u v i a l  plaiil  t h a t  s lopes gent ly  seaward. Most of t h i s  
p la in ,  a t  l e a s t  the lower ha l f ,  represents  the  exposed upper surface of 
t he  d e l t a  constructed by Redwood Creek. 



The predo.riina.te coarseness of the m t e r i a l s  indicates that  the streams 
a r e  vigorouslS. down-cut tin^ the i r  canyons and a r e  rapidly washing the 
erosion products into the valley and de l t a  area. Soft  clay was encoun- 
tered i n  one boring, which suggests t h a t  the f l u v i a l  sediments a t  the 
lower end of the valley my interfinger with marine deposits. Although 
the explorator; b o r i n ~ s  in the valley only extend to  a mimum depth of 
100 feet ,  the local geology indicates t h a t  tlie valley f i l l  m t e r i a l s  
m y  be over 200 fee t  thick. Results from laboratory t e s t s  on these 
, m t e r i a l s  show tlmt they w i l l  provide an adequate foundation for  the 
proposed structures. 

14. SEISMIC ACTIVIW 

No earthquake epicenters have been located i n  the project area 
during h is tor ic  times, and there a re  no known active f au l t s  in  the 
immediate v i c in iw .  Bowever, the area off Cape Mendocino, about 40 to 
70 miles southwest of Redwood Creek Valley, i s  one of the mst seismi- 
c a m  active areas in California. Numerous strong earthquakes have 
originated in th i s  region and some of them have generated suff ic ient  energy 
t o  radiate  into %:e Orick area and cause s l i g h t  damge. Records show 
that t h i s  ac t iv i ty  i s  contiiiuing; therefore, an earthquake acceleration 
fac tor  of 0.1 &raviQ wil l  be incorporated i n  the design of the engineer- 
ing structures.  

SOILS 

Field explorations indicate tha t  the subsurface m t e r i a l s  are 
predominately fLle s i l t y  sand and sandy s i l t ,  v i t h  so.me sandy c h y s  and 
s i l t  lenses overuing pervious sand and gravel. The xlaterials above 
the pervious sand & ~ d  zravel i s  an impervious blanket and the thick- 
ness rznges frorn 2 to 25  f ee t  on the righ'i bank and from 2 t o  19 f e e t  
on the l e f t  bank of the creek. 

Enibanknent ,mter ia l s  fo r  levee construction w i l l  be obtained from 
the required channel excavation. The e s t i m t e s  indicate that  there will 
be  suf f ic ien t  amounts of sand a n d  gravel aqd f ine  grained .materials. The 
excess m t e r i a l  w i l l  be wasted i n  the island areas  between the abandoned 
channel and the project channel near the downstream end of the project. 

Riprap slope protection w i l l  be provided f o r  the levee and the 
channel slop'es in  accordance with R4 110-2-3901 "Riprap Channel Protection." 
The thickness of the riprap layer and f i l t e r  blanket wlU be increased 
by 50 percent when placed under water. A layer  of stre-ed sand and 
gravel h i l l  be required under a l l  r iprap  placed on fine-gained mate- 
rials exposed in  the channel slopes. 



OTHER F'IANS ~ V E S T I G K E D  

In  t he  studies and investigations made in connection with t h i s  
Design Memorandum for  developing the mst satisfactory solutions for  
the flood problem on Redwood Creek, two plans were considered. One plan 
was essent ial ly  tha t  indicated in the project document. The second 
plan, a s  adopted in t h i s  Design Memorandum, c a l l s  fo r  the levees t o  be 
extended about 2,000 f e e t  downstream from the point of termination in 
the project document plan. The adopted plan w i l l  provide m r e  campre- 
hensive flood control f o r  the valley, and the indicated high ve loc i t ies  
w i l l  keep the lower reach of the channel clear of the bulk of debris and 
silt.  

DGSCRIPTION OF PROPOSED STRUCIURES AND PIPROVENBITS 

The proposed plan of improvement consists of 3.4 miles of trap- 
ezoidal channel ~ r o v e m e n t s ; ' c o n s t r u c t i o n  of levees along both banks, 
averaging 10 f e e t  i n  height, with side slopes of 1 on 3 on the channel 
s ide and 1 on 2-1/2 on the land side, and with 12-foot wide graveled sur- 
face service roads on top of the levees; modification of the upstream 
side of the center bridge p iers  a t  Orick by the addition of wing walls 
that a re  s e t  in l ine  with the stream flow; construction of an in t e r io r  
drainage system on each side of the channel that i s  comprised of rein- 
forced concrete pipe and open ditches; and ins ta l la t ion  of individual 
culverts extending through the levees a t  the upstream portion of the 
project  in order to drain isolated areas. The completed channel w i l l  
have suff ic ient  capacity to contain 77,000 cubic f e e t  per second, the 
peak flow fo r  the standard project  flood, with a minFmum freeboard of 
three fee t .  Both the design and the construction .methods have been 
coordinated with conservation agencies in order to minimize stream pol- 
lut ion during construction which might adversely a f f ec t  f i s h  migrating 
t o  spawnFng beds. Details of the Fmprovements a re  shown on Plates 2 
through 13, and a re  described in %he following paragraphs. 

CHANNEL IMPROVENEXT 

20. G r n E F u u  

The aligrment of the improved channel follows the exis t ing align- 
ment of Redwood Creek, with the exception of the f i r s t  2,000 f e e t  a t  
the downstream end, where it i s  real ie~led to  eliminate the last bend 
and obtain a m r e  d i r ec t  route t o  the Pacific Ocean. The channel align- 
ment i s  shown on Plates 2 through 9. 



The cross-section of the improved cliannel i s  trapezoidal, with a bottom 
width of 250 f e e t  and with riprapped side slopes of one v e r t i c a l  on 
three horizontal. Typical sections a r e  shown on Plate  12. The channel 
bottom w i l l  be graded i t s  f u l l  width from'station 15+50, the downstream 
end of the project , to  Stat ion 182+10, a point 000 f e e t  upstream from the 
confluence of Pra i r ie  and Redtrood Creeks. No channel excavation occurs 
upstrearc of t i 5 s  area. A lirxited z~:ount of ~;1?ading 1111 be done a t  the 
,nouth of Pra i r ie  Creek t o  permit a b e t t e r  e n t v  to the realigned and 
re-shaped Redvood Creek. A control  s i l l  t r i l l  be constructed a t  the down- 
stl-ean end of %he 2i.0 jec t  $0 maintain the d e s i a  inver t  elevation ard. 
t o  prevent degraiiation of .the channel under flcod flows. Stone used i n  
the s i l l  constiuci;ion t r i l l  have a maximm weight of 5 'cons and w i l l  
average 2 tons. Tile slope of the s i l l  a t  the downstrean face i s  1 on 3, 
and a t  the v-pstreeri? face i s  1 OK 2 .  The downstrean face of the s i l l  w i l l  
t e r rh i a t e  a t  an elevation 15 f e e t  below the design cbmmel invert ,  and 
the upstream face w i l l  terminate a t  an elevation varying f rox  8 t o  10 
f e e t  below tk~e design channel inver t .  S i l l  d e t a i l s  a r e  shown on Plate  11. 
Levees, v i t h  an i~apervious core, w i l l  be constructed on each side of the 
charmel, beginning a t  the downstream end of the project .  The levee on the 
r i g h t  bank wi l l  terminate against  the Redwood Higlxm~ (u. S. 101) a t  
Stat ion 171+75. No levee > r i l l  be provided on the r i gh t  bank of Redwood 
Creek between the confluence of t i e  Redtrood and Pra i r ie  Creeks and the 
upstre= end of t i e  project .  I n  t h i s  area  the exis t ing channel i s  con- 
siderably wider than the proposed channel, and the high h i l l s i d e  w i l l  
confine the flood waters t o  the channel. The levee on the l e f t  bank 
w i l l  terminate a t  Sta'iion 192+90 where it i s  t i e d  into, a h i l l .  On the  
land side of the l e f t  bank levee, between Stat ion 22+00 and Stat ion 
192+90, it w i l l  be necessary t o  f i l l  depressions within the construction 
right-of -ww with excavated- m t e r i a l  to- the leve l  of the surrounding 
ground t o  e l in ina te  ponding. Similar work w i l l  occur along the r i g h t  
bank between Station 164+00 and Stat ion 171+50. Access ranps, leading 
to a service road on top of each levee, w i l l  be provided a t  four points  
along the r i gh t  bank, and a t  two points along the l e f t  bank; the ramps will 
terninate  a t  public roads. The service roads and the access ramps will 
be 1 2  f e e t  wide; the access ramps w i l l  have a m i m u m  grade of 1 5  percent. 
The prof i le  of the top of the levees pa ra l l e l s  the center l ine  water 
surface prof i le ,  except a t  the outside of curves where the levees a r e  
ra ised t o  accommodate the super-elevation of the water surface. Rip- 
rap protection w i l l  be provided on the channel side slopes throughout 
the en t i r e  length of each levee. The thickrless of the r ip rap  var ies  from 
1 2  inches t o  24 inches, with the toe of the r iprap extending from 7 t o  10 
f e e t  below the channel inver t .  A discussion of the r iprap and the con- 
s t ruct ion of the levees i s  contained i n  Appendix A. Zxisting r ip rap  
located on tile l e f t  bank, between Stat ions  78+00 and 93+00 and between 
Stat ions  123+00 and 139+00, w i l l  be salvaged where practicable.  Seepage 
under the levees, occurring a t  several  reaches of the pro jec t  during 
the high water stage, w i l l  be controlled by the i n s t a l l a t i on  of r e l i e f  
wells in a 12-foot wide berm located on the land side of the levees. 



Seepage from the r e l i e f  wells  w i l l  'ae conducted to a pipe o r  t o  an open 
d i t c h  t h a t  co l l e c t s  l o c a l  runoff. 

BRUX;ii PIER EXTENSION 1 

Reinforced concrete s i e r  extensions, constructed on p i l e s ,  w i l l  
be  provided on the upstream s ide  of the two ex i s t i ng  center  p i e r s  of 
the S t a t e  High~my bridge a t  S ta t ion  127+50. The axes of the extensions 
w i l l  be  orie-1.tar;ed t o  p a r a l l e l  the d i rec t ion  of flow. De ta i l s  of the 
p i e r  extensions a r e  sho~rn on P la te  11. The p i e r  extensions w i l l  be 
d e s i g e d  f o r  two conditions: subclerged and channel empty conditions. 
For the  submerged condition t;le l a t e r a l  loading w i l l  be  the force of 
the current  a c t i ng  a t  an assuraed m g l e  of 15 degrees with the center- 
l i n e  of the p i e r s ,  and flowing with a veloci ty  of 15 f e e t  per second. 
This assunption r e s u l t s  i n  a d e s i w  load of 800 pounds per l i n e a l  foot  o r  
i e r .  Passive res i s t ance  of $he s o i l  agains-t ti:e s ides  of the p i e r s  w i l l  
be i p c r e d ,  due t o  possible scouring. Seisrfiic load of 0 . 1 ~  does not  govern. 
FGT .?,he channel er.pty condition o n u  the dead load ac t i ng  on the sup- 
por t ing  p i l e s  w i l l  be considered. This condition r e s u l t s  i n  a design 
load of 35 tons per p i l e .  S t e e l  E-piles w i l l  b e  used i n  order t o  drive 
-througl: the  streanbed gravels. The d e s i ~ l  wit s t r e s s e s  f o r  reinforced 
concrete w i l l  be  i n  accordance trith EkI 1110-1-2101, 'Working Stresses  f o r  
S t ruc tu r a l  Design" and the ACI Building Code 31e-63. 

I Allovable mit s t r e s s e s  f o r  reinforced concrete w i l l  be  as follows: 
I 

t 
Concrete f, = 3,006 pounds per square inch 

f c  = 1,050 pounds per square i ~ c h  
S t e e l  f s  = 20,006 pounds per square inch ( ~ n t e r ~ e d i a t e  

Graae ) 

D,j T B  IOR DRAII.1 AGE Si STDI 

The i n t e r i o r  drainage i s  d z s i g e d  in  accordance with EM 1120-1410 
t o  prevent ponding i n  the v i c i n i w  of Oriclc during t he  channel high 
water stage,  and t o  perxi: the  l o c a l  m l o f f  t o  flow by gravi ty  t o  the 
Pac i f i c  Ocean, as show1 on P la tes  1 throu@. 1 2  and discussed i n  d e t a i l  
i n  Appendix 3 .  IJear the upstream end of the p ro j ec t  a l imi ted  number 
of cu lver t s  \ r i l l  be ins ta l l ed ,  extending through t he  levee. These cul- 
v e r t s  will dra in  the Redwood Bi~hway and the  a rea  adjacent  t o  the  levees, 
Through the  town of Orick, the dra in  w i l l  cons i s t  of re inforced concrete 
pipe. Downstream of the  town, the pipe empties i n t o  an open d i t ch  which 
c a r r i e s  the  l o c a l  runoff t o  an ex is t ing  slougl-I and creek t h a t  leads to  
the ocean. 



23. DITERIOR DRAIIJAGZ SYSTE24 - RIGHT SIDE 
L 

>r 
11 
rern. 

A t  the  upstream end of the project ,  between S ta t ion  192+90 and 
P r a i r i e  Creek, no drainage s t ructures  w i l l  be. provided. b c a l  runoff 
reaches e i t h e r  P r a i r i e  Creek o r  Redwood Creek through ex i s t ing  di tches  
and swales. from P ra i r i e  Creek ( s t a t i o n  175+00) t o  S ta t ion  159+00, it 
i s  necessary t o  extend three  culver ts  through the  levee in order t o  
d ra in  the  nearby Redwood Hi@-nmy and v i c i n i w .  The culver ts  occur a t  
S t a t i ons  170+90, 170+00 and 166+75. me extensions under the levee 
w i l l  c ons i s t  of reinforced concrete pipe. Manholes w i l l  be provided a t  
the po in t s  where the ex i s t ing  culver ts  a r e  t o  be extended so that the 
extensions m y  run nor.ml t o  the levee. The cu lver t  i n s t a l l a t i ons  w i l l  
cons i s t  of reinforced concrete pipe and re inforced concrete i n l e t ,  o u t l e t  
and gatewell  s t ructures .  The gatewells w i l l  be  g on the  channel side of 
the levee and w i l l  be complete w i t 1 1  s l i d e  gates .  Flapgates w i l l  be 
provided a t  each o u t l e t .  From Sfat ion 159+00 t o  S ta t ion  118+50, reinforced 
concrete pipe w i l l  b e  i n s t a l l ed  near the  i n t e r i o r  toe of tho levee. 
Catch bas ins  w i l l  be  constructed t o  c o l l e c t  the  l o c a l  runoff, and manholes 
w i l l  be constl-ucted where a change i n  pipe s i z e  occurs and where neces- 
sary f o r  proper mintenance.  Generally, catch ba s in s  o r  .mixholes occur 
a t  in tervals  of 200 f e e t  t o  400 f e e t .  The pipe w i l l  be l a i d  pa r a l l e l  t o  
the channel a l igment ;  a 24-Fnch diameter pipe i s  the  s m l l e s t  s i ze  t o  be 
i n s t a l l ed .  The r e l i e f  wells,  i n s t a l l e d  between the  pipe and the toe of 
the levee, w i l l  discharge d i r ec t l y  i n t o  the  pipe .  A reinforced concrete 
endwall including the  necessary r iprap,  w i l l  be  constructed a t  Sta t ion 
ll8+50, the downstream terminus of the pipe.  From Sta t ion  ll8+50 to  
S ta t ion  43+00, an open d i t ch  w i l l  be provided, p a r a l l e l  t o  the levee, t o  
t r anspor t  tlie l o c a l  drainage carr ied  by the  re inforced concrete pipe and 
runoff from the adjacent  land. The d i t c h  w i l l  have a bottom width of 
seven ( 7 )  f e e t  and s ide  slopes of 1 on 3. Rel ief  we l l s  w i l l  be i n s t a l l ed  
i n  tke  12-foot ber.n? located between the drainage d i t c h  and the toe of 
the levee. The r e l i e f  wells  w i l l  discharge d i r e c t l y  i n to  the drainage 
d i t ch .  A reinforced concrete box cu lver t  w i l l  b e  provided a t  Sta t ion 
57+30 where an access road leading t o  the  top  of t he  levee crosses the 
drzii-iage d i t ch .  Do~mstream from Sta t ion 43+00, t he  drainage d i t ch  w i l l  
branch o f f  t o  the north t o  discharge i n t o  an e x i s t i n g  slough. A rein-  
forced concrete 'cox culver t  w i l l  be  provided near the  downstream terminus 
of the d i t c h  where a pr ivate  road crosses it. 

24. INTERIOR DRAINAGE SYSTEM - LEFT SJDE 

Between S ta t ion  132+90, the upstream end of t he  project ,  and Sta t ion 
123+00, it i s  necessary t o  provide f o r  only one culver t ,  t o  be i n s t a l l ed  
through the  levee a t  S ta t ion  161+60. The cu lve r t  i n s t a l l a t i o n  consists  
of 36-inch reinforced concrete pipe, and re inforced concrete i n l e t ,  
o u t l e t  and gatewell s t ructures .  The &atewell  w i l l  be  located on the 
channel s i de  of the  levee and w i l l  be  complete with s l i d e  gate,  A f l a p  
gate w i l l  be  provided a t  the ou t l e t .  From S t a t i on  123+00 t o  Sta t ion 
85+00, reinforced concrete pipe w i l l  be  provided t o  co l l e c t  the  l oca l  
runoff . 



M h o l e s  and catch bas ins  w i l l  be provided i n  the same mrmer as described 
f o r  the  r i g h t  bank. Relief wells  a r e  no t  required between S ta t ion  192+90 
and S t a t i on  85+00. Riprap proteotion and a re inforced concrete endwall 
w i l l  b e  provided f o r  the o u t l e t  of the  pipe a t  S ta t ion  85+00. From Sta t ion  
85+00 t o  S t a t i on  76+00, an open d i t ch  w i l l  be  constructed f o r  the  l o c a l  
runoff ,  and f o r  the  waters collected by the pipe system upstream. The 
d i t c h  w i l l  have a bottom width of 4 f e e t  and s i de  slopes of 1 on 2.5. 
Rel ief  wells,  located on the 12-foot berm provided between the  top of 
the  d i t c h  and the  toe  of the levee, w i l l  discharge i n t o  the  d i t ch .  
From S t a t i on  65+00 t o  Sta t ion 75+00, a V-ditch with s i de  slopes of 1 
on 2.5 w i l l  b e  provided t o  dra in  the l o c a l  runoff back t o  S t a t i on  
76+00. Relief we l l s  w i l l  a l s o  be provided i n  t h i s  reach, located on 
the  berm provided between the d i t ch  and the  toe  of the  levee, and d i s -  
charging i n t o  the  d i t ch .  A t  S ta t ion 76+00, the ex i s t i ng  drainage 
channel w i l l  be  deepened f o r  a distance of 300 f e e t  t o  conduct the  ac- 
cumulated drainage t o  S t ramer ry  Creek and thence t o  the ocean. The 
concrete drainage s t ruc tu res  w i l l  conform t o  EM 1110-2-2502, "Retaining 
Walls." The following design da ta  w i l l  b e  used: 

Concrete: f i  = 3,000 pounds per square inch 
f, = 1,050 pounds per square inch 

Reinforcing Bars: f ,  = 20,000 pounds per square inch ( ~ n t e r m e d i a t e  
Grade ) 

S o i l s  D a t a :  

General: 

Weight of Water = 62 pounds per cubic f oo t  
Weight of .mist s o i l  = 118 pounds per cubic f oo t  
Wei&t of sa tura ted s o i l  = 125 pounds per  cubic f oo t  
Buoyed weight of s o i l  = 63 pounds per  cubic f oo t  
Bearing Value: 1,500 pounds per square foo t  (dead load only) 

2,250 pounds per  square foo t  (dead plus  l i v e  load)  
Angle of i n t e r n a l  f r i c t i o n  - 31.0 degrees 

Cohesion = 0 

Stolm Drain Headwalls: 

Active ea r t h  pressure coef f i c ien t  K, - 0.77 
Slope of b a c k f i l l  i = 18.5 degrees 
Point  of Application of r e su l t an t  pressure = 0.38 h 

(where h = height  of w a l l )  
Inc l ina t ion  angle of r e su l t an t  pressure = 2 / 3  9 = 19 degrees 

Gatewells: 

At-rest  pressure  coef f i c ien t  K, P 0.8 
Wall F r i c t i on  angle = 0 degrees 

1 2  



ibed 1 I n l e t  and Outlet Structures: 

At-rest pressure coefficent Kr = 0.99 
Slope of backf i l l  ( i n l e t )  i F 2 1  degrees-50' 
Slope of backf i l l  (out le t )  i = 18 degrees-30' 
Wall Friction angle = 0 degrees 
Point of application of resul tant  pressure 0 0.38 h 

(where h = height of wall)  

Deck Slab had ing  (Gatewells): 

Dead load = 200 pounds per square foot  l i v e  load + l i f t  thrust  
load of the gate. 

25. DESIGN ANAUSIS 

The three components of the drainage s t ructure ( in l e t ,  ou t l e t  and 
gatewell works), a t  Stations 161+60 (L) ,  166+75 (R) ,  1 7 ~ 0 6  (R) and 
170+90 (R ), w i l l  be designed a s  r ig id  structures,  subject to external 
a t - res t  pressure. The gatewell w i l l  a l so  be subject to hydrostatic pressure. 
The governing condition fo r  the gatewell occurs when it is empty and the 
levee i s  subjected to hydrostatic head because of high water i n  the 
channel. This condition w i l l  be used to determine stebillty and t o  
prevent floatation. Moist earth i s  assumed above the water level. The 
base slab w i l l  be extended beyond the outer face of the valls to e n a g e  
the xmss of surrounding earth. The i n l e t  and ou t l e t  structures wlll be 
designed fo r  a t-rest  mist earth pressures with the channel empty. The 
at-rest  pressure coefficient, Kr will take in to  account the sloping 
backf i l l  which varies fo r  these structures.  A review of the wall des im 
of the structures w i l l  be mde t o  insure that the surcharge pressures due 
t o  construction equipment and service road t r a f f i c  w i l l  not overload 
the s t ructure beyond allowable limits. The construction surcharge w i l l  
be taken as tha t  caused by n o m l  compaction equipment operating within 
two (2)  f e e t  of the w a l l  t o  a height two ( 2 )  f e e t  below the top and four 
( 4 )  f e e t  from the w a l l  f o r  the top two (2 ) f ee t .  The weight of two ( 2 )  
f e e t  of ear th w i l l  be used a s  the equivalent of the road t r a f f i c  sur- 
charge loading. Concrete headwalls f o r  the storm drain out le t s  a t  
Stations 118+50 ( R )  and 85+00 (L) ,  w i l l  be designed a s  Gt3rpe cantilever 
retaining walls using active ear th pressures. Weepholes w i l l  be provided 
in the endwalls, and a one-foot layer of gravel extending fo r  the f'ull 
height of the wall w i l l  be provided f o r  drainage of the backfi l l .  Desim 
w i l l  be based on moist ear th conditions of the backf i l l  with the channel 
empty. Temporary construction loading w i l l  be checked, a s  previously 
described. The concrete box culverts w i l l  be checked f o r  an alternate 
loading due to ve r t i ca l  loads from overlying s o i l  plus act ive ear th 
pressure acting against the sides. The s t ructures  w i l l  a l so  be  designed 
f o r  surcharge pressures due to construction equipment and nsintenance 
service road t r a f f i c .  The s o i l s  constants and un i t  d e s i m  stresses  w i l l  
be  the same a s  previously described. 



ACCXSS ROADS 

During cons.tluction, ex i s t ing  county roads w i l l  be  used f o r  
access t o  the  p ro j ec t  s i t e .  These roads w i l l  a l s o  be  ava i l ab l e  f o r  
eccess and per.mnent use upon co.mpletios? of construction.  I n  some cases 
s i t e  access can be gained d i r ec t l y  from the turnoffs  on H i @ ~ w a y  U. S. 101. 
Access from the  public roads t o  the levee w i l l  be ,mde by ramps as indi-  
cated on P l a t e s  2 through 9.  In accordance with Sect ion 207 (a),  Public 
L a r ~  66-645, whenever public roads a r e  u t i l i z e d  f o r  access  during construc- 
tion and require  inprove.~nent, reconstruction o r  mintenance,  the  accomplish- 
:ner.t of such work w i l l  be  carr ied  out  a s  required, as a f ede ra l  cos t  of 
-t::e pro jec t .  

SOURCES OF CQJSTRUCTION MATERIALS 

E~:iba.nkr~ent m t e r i a l s  f o r  construction of levees w i l l  be  obtained 
from the  required cliannel excavation, where ample q u a ~ t i t i e s  of su i t ab l e  
r a t e r i a l  a r e  ava i l ab le .  

ZS. RIPRAP 

a. Risrap can be obtained from three  sources within 22 miles 
of tY:e pro jec t ,  a l l  of which have been t e s t ed  i n  the  laboratory and 
aisproved by the  D i s t r i c t .  They are: 

( 1  ) Iarry Cr ive l l i ,  Cr ive l l i  ' s Q u a r r y ,  Klamth,  Cal i fornia  
( 2 )  Simpson Lumber Co., Klamth Quarry, K l m t h ,  California 
( 3 ) Mercer-Frezer Construction Company, Trinidad Quarry, 

Trinidad, California 

b .  Additional f i e l d  recannaissance .my loca t e  o ther  po t en t i a l  
rock sources nearer  the  project  . 
29. SAND AND GRAVEL 

Sand and gravel  w i l l  be  obtained fr0.m the required excavation. 

Concrete aggremtes  a r e  avai lable  in areas  adjacent  t o  Redwood 
Creek bu t  no t  i n  the  imnediate v ic in i ty .  Sources of concrete aggregates 
are shown in "Test  Data, Concrete Aggregates i n  Continental United 
States, " Technical Nemorandum No. 6-370, compiled by Waterways Experiment 



Station, Volume 1, Area 1, Latitude 40' North and Longitude 124O West. 
All of the sources shown have been approved for  use on Corps of Engineers 
projects.  

31. GENERAL 

Local in te res t ,  a s  required by authorizing legis lat ion,  w i l l  ac- 
quire  project  rights-of-wqr, areas needed fo r  teqporary use during 
construction of the improvements and land required f o r  disposal areas. 
The Huuiboldt County Department of Public Works has assumed the respons- 
i b i l i t y  of representing loca l  in te res t  fo r  this project. The Department 
w i l l  acquire an in t e res t  in land fo r  the project, a s  follows: ( a )  land 
occupied by the channel and appurtenant structures would be acquired in 
fee  t i t l e  o r  by permnent easement; (b )  land used f o r  temporary con- 
s t ruct ion would be acquired by permits or leases; and, ( c )  Land used 
f o r  disposal areas w i l l  be acquired by permits, leases o r  f ee  t i t l e .  
Local in t e re s t  w i l l  .mke no rights-of-way conveyance t o  the United States.  
However, when loca l  in te res t s  have acquired appropriate i n t e r e s t  in the 
necessarj  rights-of-way, the Government w i l l  be f o m l l y  authorized to 
enter upon the rights-of-trey fo r  prosecution of construction and future 
project  inspection. The Board of Supervisors of HmiDoldt County has 
assumed the responsibil i ty of providing a l l  the rights-of-way, land 
and easemerits f o r  construction of the project works without cost t o  the 
United States.  

RELOCATIONS 

The right-of-way required for  the c b m e l  improvements w i l l  en- 
croach on several exis t ing roads, bu i ldhgs  and u t i l i t y  poles. The 
roads and poles w i l l  be relocated a s  noted below. 

33. ROADS 

a. Huffords Road - Right Bank 

T~ie portion of th i s  road lying between Stat ions 45+50 and 
57+30 w i l l  be relocated to  the north side of the in t e r io r  drainage 
ditch. Between Stations ll4+00 and 124+00, i t  w i l l  be relocated adds- 
cent to  the pement right-of way l ine .  

b. Orick River Road - Right Bank 

From Station 14&00 to  Station 151+00, a portion of t h i s  
road w i l l  be relocated adjacent to  the permanent right-of-way l ine .  

15  



c. Drydens Road - Left Bank 

Between Stations 127+00 and 143+00, and between Stations 
159+00 and 160+50, t h i s  road w i l l  be relocated adjacent t o  the p e m e n t  
right-of-way l ine.  

a.  Between Station 45+50 and Stat ion 57+10 on the r ight  bank 
of Redwood Creek, Pacific Gas and Elec t r ic  Company and the West Coast 
Telephone Coqany have f ive joint-use poles which pa ra l l e l  Huffords 
Road which mst be relocated adjacent t o  the p e m e n t  right-of-way. 

b . Station 83+70, Pacific Gas and Elec t r ic  Company has a 60 . 

ki lovol t  l i n e  crossing the cbmnel. Twr, poles are  presently located 
vhere the levee w i l l  be constructed and will be relocated adjacent to 
the  p e m e n t  right-of-way. 

c. Between Station ll4+25 and Stat ion 123+30 on the r ight  
bank, f ive  joint-use poles carrying 1 2  ki lovol ts  of power, telephone 
l ines  and a television cable must be relocated adjacent to  the p e r m e n t  
right-of -way. 

d. A t  Station 127+20, joint-use poles carry telephone l ines  
and a television cable across the channel pa ra l l e l  t o  the Redwood 
11ighwa;r. One pole on the l e f t  bank w i l l  be relocated since it inter- 
fe res  with the in te r ior  drainage pipe. The r a i n i n g  pole, on the 
r igh t  bank, i s  on the permanent right-of-ww l ine  and can r emin  i n  i t s  
;resent location. 

e. A t  Station 127+95 a 1 2  ki lovol t  l i ne  crosses the channel. 
;ID poles w i l l  require relocation to avoid the levees. 

f , Between Station 127+35 and S a t i o n  133+10 on the l e f t  
bank joint-use poles carrying 1 2  ki lovol t  power and telephone l ines  
mst be relocated adjacent to  the p e m e n t  right-of-way. 

g. A t  Station 149+55 on the right bank one telephone pole 
w i l l  be relocated to  avoid the levee. 

AND CARE OF WATER 

ContinuFng cooperation with the U.S. Fish and Wildlife Service and 
the S ta te  of California, Department of Fish and Game was .mintained 
throughout the preparation of t h i s  general design memorandum. Fish 
mitigation measures agreed upon include the following: 



a. Specif ica t ions  w i l l  provide f o r  preservation of the ex i s t ing  
low flow channel a i d  r e s t i ng  pools botli during construction and a t  
campletion of the project .  

b .  In  sectors  where the ex i s t ing  streambed l i e s  below channel 
d e s i g i  grade the  c k i e l  bottom w i l l  no t  be  dis turbed.  

c. In areas  where the streatrbed requ i res  ~ a d i n g ,  r e s t i ng  
pools about one tenth  mile apa r t  w i l l  be  constructed having a minimum 
depth of four  f e e t  and one v e r t i c a l  on f i v e  horizontal  s ide  slopes. They 
w i l l  b e  connected by a low flow channel one f o o t  deep and two t o  three 
f e e t  wide. 

COST ESTWkTE 

The  zit pr ices  shovnl f o r  cons t ruc t io~ l  f e a tu r e s  i n  the current  pro- 
2ec.t e s t i r e t e s  aye based on Sep t e~32 r  1965 p r i c e  levels .  In accordance 
,Ti s o u A - i -  L,- Pac i f i c  Division, Design hle~xorandun: Procedures, Regulation 
1110-2-3, p a r a ~ ~ a p k  6b., dated 14 October 1965, the  bases f o r  the pre- 
pa ra t ion  of t h i s  Design Meclorandurn E s t i m t e  i s  a s  follows: 

a. I-Lens No. 1 Lhrou&- 6, 1 3  and 14a through 14d were developed 
i n  a cco rda~ce  w i t h  i n s t ~ ~ ~ c t i o n  c i t ed  i n  EM 1110-2-1301, Chapter 1, 
paragrap!: 1-10 m d  1-34. Unit p r ices  f o r  the above iterns of work a r e  
current  c a i t  p r i ces  32'. :?or sitxilzr i t e m  of work within the  l oca l  geo- 
graphic are&. 

b. 1"uens No. 7 a i d  1 2  a r e  based on an in-place quotat ion from 
"Kercer-F:e s e r  Co . Inc., " EureIa, California,  with the  stone being procured 
and produced f;-om t h e i r  "Trinidad :juarl-y," located approxirnatelJr twenty- 
one (21)  .Iriles f r ox  the project  s i t e .  

c. The conponent pa r t s  of Items No. 8, 9, 11, 14e and 14f 
have been developed as described i n  paragraph 36a ebove and compiled t o  
a r r i v e  a t  a lu!;lp sum or  a weigj~ted average l inea l - foo t  u n i t  cost.  

. Item 110. 1 0  1.a~ developed based oil a c_uoted m t e r i a l  cos t  
p lus  a p r e l i ~ ~ a r j  developed p lan t  and labor  item. 



I te.m Unit 
No Description Qwnt i ty  Unit P r ice  Amunt. 

a. FEDERAL COSTS-CHANNEL 

Diversion and Control of Water 1 
Clearing and Grubbing 235 
Erribankment - 

a. Lmpervious Core 388,900 
b . Sand and Sl-avel 326, GO0 

Excavation, unc lass i f i ed  1,244,900 
Str ipping 101,000 
Disposal 467,400 
R iprap 269,600 
Drainage S t ruc tu res  -- 

a. S t a t i on  161+60 ( L )  1 
b .  S t a t i on  166+75 ( R )  1 
c. S t a t i on  170+00 ( R )  1 
d .  Sta t i on  170t90 ( R )  1 

Pie r  Ektensions 1 
S t e e l  P i l e s  1,400 
Rel ief  Wells 6,600 
Control Sil l-Stone 23,200 
LDW Flow C: - -me1  and Resting Pools 3,100 

INTERIOR DMINAGE AND SEEPAGE CONTROL 
a. Excavation, Ditch 114,200 
b . I n l e t s ,  Drainage 
c. Manholes 
d. Reinforced Concrete Pipe 

( 1 )  24 iI1ch 
( 2 )  30 inch 
( 3 )  36 inch 
( 4 )  42 inch 
(5 )  48 inch 

Job L.S . 
Acre $500.00 

I 0 - 
c .ye 0.45 
c .y . 0.40 
c.y. 0.75 
c.y. 0.35 
C . Y ,  0.30 
Ton 7 .OO - 0 

Job 
Job 
Job 
Job 
Job 

L.F. 
L.F. 
Ton 

c.y. 

c.y. 
Ea . 
Ea. 
-0 

L.F. 
L.F. 
L.F. 
L.F. 
L.F. 

- - 
L.S. 
L.S. 
L.S . 
L.S. 
L.S. 
7 ,OO 

26 ..80 
9.50 
2 .oo 



- 
I tern Unit - 

~ u n t .  - No . Description quanti ty Unit Price Atmmt 

e .  Box Culvert, Concrete -I -- -- ,- 
( 1 )  S ta t ion  34+84 . 1 Job L.S. 9,500 
( 2 )  S ta t ion  57+30 1 Job L.S. 12,300 

f .  Drainage Structure  
(1) Endwall a t  S ta t ion  85+00 ( L )  1 Job L.S. 1,100 
( 2  ) Endwall a t  S ta t ion  118+00 ( ~ ) 1  Job L.S. 1,100 

Sub t o t a l  4,246,700 

Sub t o t a l  $4,900,000 

Zngineering, Design 
Supervision and Administration 

Total  Federal Cost $5,530,000 

b . NON-FEDERAL COST 

b n d s  and Damges(inc1uding acquisi t ion cos t )  
U t i l i t i e s  Relocation 
Roads Relocation 
Engineering and Design 
Supervision and Administat :on 

Total,  Non-Federal Cost 

TOTAL, PROJECT COST 



37. SUMMARY OF COST INcmAsEs 

a. A comparison of costs i n  the project document with the approved 
m-3 cost and the current estimate presented in t h i s  memorandum follows: 

I 

Estimated Costs 
( i n  thousands of dol lars)  

i 
July 1960 F!B -3 Difference I 

I 

No. I tern price levels approved Current between approved ! 
1 Jul 65 (project and current 

I 

do cumen t ) I 

FEDExuIL COSTS 

9.  Channels 2,130.0 2,560.0 4,900.0 +2,340.0 
13. Pumping plant  50.0 60.0 0 - 60.0 
30. Engineering and Design 190.0 225.0 300.0 + 75.0 
31. Supervision and Adminis- 

t r a t ion  2U .O 255.0 330.0 + 75.0 

Total Federal F i r s t  
Cost 2,580.0 3,100.0 5,530.0 2,430.0 

NON-FEDERAL COSTS 

Lands and damges 190.0 365.0 + 175.0 
Relocations: 130.0 155.0 + 25 

Buildings 
' l t i l i t i e s  

( 0 )  
(30.0) 

Roads (125.0) 

Total non-Federal cost 270.0 320.0 520.0 + 200.0 

Total project  costs 2,850.0* 3,420.0 t/ 6,050.0 2,630.0 

*Excludes $50,000 pre-authorization studies 

1/Tlle increase in costs between the project document and the PB-3 are  due to  
price escalation. 

5. The increase in the estimated Federal cost fo r  the project 
i s  the r e s u l t  of several factors  stemming from the more detai led designs, 
more detai led topography and more extensive subsurface explorations. The 
principal items M n g  up t h i s  increase are: (1) the greater  quantity and 
estircated higher un i t  costs f o r  riprap slope protection, ( 2 )  inclusion of 
an erosion control s i l l  a t  the lower end, ( 3 )  addition of r e l i e f  wells 



1 and seepage control, ( 4 )  extension of the project l M t s  approximately 
2,000 f e e t  downstream, (5 )  extension of the r igh t  levee approximately 
600 f e e t  upstream and ( 6 )  bridge p ier  extension. The need fo r  the mdi f i -  
cations i s  given under Departures from Project Document, in other 
sections and in the appendices of th i s  design memorandum. Of the t o t a l  
$2,430,000 cost increase, the i t e m  of riprap accounts fo r  approximtely 
$700,000 and the downstream project extension, f o r  approximately $500,000. 
A suna~ary of the cost increases including the aforementioned s ix  items 
i s  given below, with de ta i l s  of the i r  deviation being contained i n  
Attachment I to  t h i s  design memorandum: 

SUMMARY 

rence 
Sppsoved 
?nt 

I tern - Cost Increase 

1, Original Reach 
a. Riprap $ 700,000 
b e  Levees - 130,000 
c. Channels 394,000 
d. Drainage and Seepage Control 466,000 
e.  Bridge Pier Extension 79,000 

Sub-Total $1,509,000 
2. Downstream Extension 458,000 
3 .  Upstream Extension 41,000, 
4. Erosion Control S i l l  254,000 

Total Increase $2,262,000 

c. Attachment I a t  the end of t h i s  memrandum itemizes m j o r  
increases in cost between the Project Document and t h i s  Design Memorandum. 
The pumping plant considered in  the project document was deleted a s  
being 1r;rpracticable based on the inclusion of the seepage system and i ts  
joint  use of the in te r ior  graviw drainage disposal system. 

d. The increase i n  Ehgineering ;md Design cost i s  due to  
increased scope of the project explained i n  sub-paragraph a,  cost of re- 
survey necessitated by the flood of Decenher 1964 and extensive sub- 
surface exploratione required due to  the nature of materials encountered. 

e. Supervision and Administration cost i s  increased based on 
current overhead r a t e s  and increased scope of project.  

f .  The increase in the cost of lands and damges i s  due to  the 
increased scope of the project explained in  sub-paragraph a .  

g, The increase i n  the cost of relocations i s  due t o  refined 
detailed appraisals.  



No add i t i ona l  design .memoranda a r e  contemplated; plans and spec i f i -  
ca t ions  f o r  the  channel improvement a r e  scheduled f o r  completion in 
February 1966. 

39. SCHEDUIE FOR CONSTRUCTION 

Construction of the p ro jec t  w i l l  be  accomplished i n  th ree  seasons 
by a s l ng l e  con t rac t  scheduled t o  start by Apri l  1966. Work w i l l  cons i s t  
of channel c lear ing,  channel excavation, e&ankment construction and 
r i p r ap  placements. The work f o r  t h i s  f i r s t  construction season will 
extend f r o n  the  upper end of the project  t o  the Highway 101 bridge.  The 
second construction season w i l l  be from m y  1967 t o  November 1967, and 
the worlc w i l l  extend a5out one n i l e  below Iiighway 101 bridge.  The 
t h i r d  construction season, from JBJ 1968 t o  Noveriiber 1968 w i l l  r e s u l t  
i n  co.npletion of ccns-truction f o r  the e n t i r e  p ro jec t .  During the  season- 
a l  delays from No-fe,~ber 1966 t o  b y  1967 and Noverber 1967 t o  Piay 1968, 
the co,npleted channel w i l l  be  uiobstlucted f o r  a l l  floodflows, and t he  
contractor  w i l l  no t  be  required t o  work. 

40. FUNDS REi-;IUIRED 

P r io r  t o  constructioc,  funds f o r  F i s ca l  Years 1964 and 1965 t o t a l ed  
$135,00C. It i s  an t i c ipa ted  t h e t  orderb-  prosecution of construction as 
discussed above  rill re2uire funds by F i sca l  Years a s  fol lovs:  

F i s ca l  Year 

1966 
1967 
1966 
1969 

Federal W d s  

OPEilATIQI\T AND MAINTETJANCE 

I n  accordance with the authorizing l eg i s la t ion ,  l c - a 1  i n t e r e s t s  
w i l l  b e  required t o  . m i n t a h  and operate the completed f lood con t ro l  
p ro jec t  i n  accordance with the regula t ions  prescribed bjr the  Secre tary  
of the A r q y .  Total  average annual cos t  of the p ro j ec t  operation, 
ordinary mintenance and m j o r  replacements i s  e s t i m t e d  t o  be  $19,000. 



The c ~ i n t e n a n c e  cos t  e s t i m t e  i s  based on experience crith similar p ro j ec t s  
i n  t h i s  D i s t r i c t  m d  on an o f f i c e  me~norandurfl of the  Sacramento D i s t r i c t ,  
dated 1 Ydy 1961, subject ,  'Basis  of Cost Estimates f o r  C iv i l  Works," 
updated t o  r e f l e c t  the Dece.&er 1965 cost  'index. The c r i t e r i a  used a r e  
a s  follows: 

a ,  Le7:ees - $400 plus $10 per foot  of height  per  mile of levee 

3. Channels - $100 per mile 

c. Riprap - $ 3 ~  per foot  of heiglit per  mile 

d .  Iil . terior Drainage - 1% of f i r s t  cos t  

e .  Specie l  a l l o ~ i a i c e  f o r  cos t  of s i l t  re.mval t o  keep channel 
!:!outl-: open f o r  low flow 

The Redwood Creek Flood Control Project  has been iiesigned t o  require  
only noderete operations by l oca l  i n t e r e s t s .  It i s  e s t i r a t e d  t h a t  
necessary operations,  including inspection of f lapgates,  w i l l  average 
about a $1,000 a :.ear. 

It i s  an t ic ipa ted  %at yearQi ~mintenance w i l l  be required 011 

Redwood Creelc. EXnor displacenent of r iprap,  minor r e s t o r a t i on  of 
levee slopes duri:ig earl;; years of the project ,  small s i l t a t i o n  
p r o - ~ l e r ~ s  iii the  lower 1-eacnes of the project ,  c lear ing of f lapgates ,  
na in t e~~ance  aad ciinor repai r  of access roads, and yes to r ing  e f fec t ive -  
ness of the r e l i e f  wel ls  a r e  ant ic ipated.  Average annuzl .mintenance 
w i l l  cos t  an es'iiiiated $18,000 

The current  e s - t i m t e  of damages i s  based on e. review of: ( a )  
consideration of p r i c e  l e v e l  increases; ( b )  considera'iion of the  e f f e c t s  
of the  Decenker 1S64 flood; and, ( c )  extension of the  plan cf improve- 
ment. 

A corxparison of the  h i s t o r i c a l  3amges prepared Por the  Survey 
Report (1961) t o  t h a t  determined f o r  t h i s  design .me.morandum follows: 



January 1950 January 1953 Decenber 1955 Decenber 1964 

Agricultural $ 68,000 $106,900 
Residential  17,000 191,500 
Commercial 26,000 296,200 
Indus t r ia l  1,000 115,000 
Public u t i l i t i e s  20,000 231,400 
Public f a c i l i t i e s  - - 
Roads and bridges $i3+. m 

HISTORICAL FLLX)D DAMAGE I 
Histor ical  flood damges a s  presented i n  Survey Report under April 1960 

price levels  and development. 

Standard 

ZLE 1950 - 1953 - 1955 - Project Flood 

Agricultural $ 82,000 $ 115,000 $ 56,000 $ 155,000 
Residential 24,000 245,003 E l ,  000 344,000 
Connnercial 41,000 401,000 266,000 568,000 
Industr ia l  1,000 156,000 231,000 206,000 
Public f a c i l i t i e s  

45. FUX)D AAMAGES UNDER PRESENT CONDITIONS I 
in order to present flood d~lllages under 1965 price levels,  the his- 

tor: ,.?.I. flood data was brought to 1965 prices by application of standard 
price *.dices. Recurrence of recent floods would cause darnages within 
project l M t s  under 1565 prices  as  shown in the following tabulation. In 
addition, the e s t i m t e d  damages for a flood of standard project magnitude 
are  tabulated. 

HISTORIC FLLXlD DAMAGES 
(1965 Price Level and Development) 

Standard 
1950 - 1953 - 1955 - - 1964 Project Flood 

Agricultural $ 83,000 $ 116,000 $ 57,000 $ 292,000 $ 307,000 
Residential 26,000 267,000 88,000 142,000 374,000 
Comer c ia1  46,000 450,000 298,000 408,000 484,000 
Industr ia l  1,000 175,000 259,000 153,000 3ll,OOO 
public u t i l i t i e s  - - I 25,000 58,000 
h b l i c  f a c i l i t i e s  36,000 352,000 63,000 20,000 480,000 
Roads and bridges 70 000 216 000 m $1,362;000 $%$688 $- - 



46. AVERAGE ANNUAL DAMAGES 

Average annual damges were computed by standard damage-frequency analysis. 
Total average annual damage within the project area f o r  the Survey Report were 
$100,000 under 1960 prices.  For t h i s  Design M ~ m d ~ m j  average annual 
damges under 1965 prices and revision of discharge-damage curve t o  include 
the Dece.&er 1964 flood, average annual datmges amount t o  $246,000. 

47. FU!lWRE AVERAGE AIWUAL DAMAGES 

Existing average annual damges must be increased t o  r e f l ec t  datmge under 
future development, based on .methodology developed in Survey Report. Under 
1965 prices and 3-118 percent in t e re s t  r a t e  average annual damges amunt 
$352,000, ($246,000 x 1.43) fo r  50-year project l i f e .  

BENEFITS 

The ctlrrent es t inate  of project benefi ts  i s  based on a review of: 
( a )  flood plain values contained i n  the project document giving considera- 
tion to  price leve l  increase; and ( b )  local  developments occurring subse- 
quent to the project document. A comparison of the e s t l m t e d  average annual 
benefi ts  prepared for  project document t o  that  determined f o r  t h i s  design 
me.nlorandum i s  a s  follows: 

ESTDIATRI PROJECT DOCUMENT BENEFITS - 1962 
( ~ v e r a g e  Annual) 

1. Prevention of flood danage $222,000 
2 .  Higher land u t i l i za t ion  6,000 

Total, e s t i m t e d  average annual 
benefits $228,000 

ESTWATED DESIGN W O R A N D U M  BmEFITS - 1965 
( ~ v e r a g e  Annual ) 

1. Prevention of flood damge $343,000 
2 .  Higher land u t i l i za t ion  7,000 

Total, e s t i m t e d  average annual 
benefi ts  $350,000 

49. P';;NEFITS, FROM FLIX)D-DAMAGE FC2lXlCTION 

Benefits from f looddamge reduction creditable t o  the proposed 
improvements, with protection against the standard-project flood of 77,000 
c.f ,s .  a re  the difference i n  darwges with and without the project.  



Residual danrsges w i t h  the  p ro jec t  would accrue t o  a g r i c u l t u r a l  lands 
which l i e  downstream from the  improvements o r  would be affected by back- 
water around t he  open-ended levees. Residual damtges under these  con- 
d i t i ons  a r e  e s t i m t e d  t o  be $6,300 annually under 1965 pr ices .  Flood- 
control  b e n e f i t s  a r e  e s t i m t e d  a t  $240,000 ($246,000 - 6,000) under 
ex i s t ing  conditions. Under future  conditions res idua l  datmges f o r  50- 
year l i f e  would b e  $9,000. Average annual flood-control bene f i t s  c red i t -  
able  to the  p ro j ec t  a r e  $343,000 ($352,000 - $9,000). 

Iand enhancement bene f i t s  as developed in Survey Report have been 
re -es t imted  t o  r e f l e c t  a 3-1/8 percent i n t e r e s t  r a t e  and a r e  e s t i m t e d  
t o  3 e  $7,000. 

Based on an economic pro jec t  l i f e  of 50 years and an i n t e r e s t  rate 
of 3-1/8 percent, e s t i m t e d  average annual Federal and non-Federal cos t s  
a r e  as follows: 

Federal: 

F i r s t  co s t  $5,530,000 x 0.03979 $220,000 

F i r s t  co s t  $520,000 x 0.03979 $21,000 
Maintenance and operation cost  19,000 

Average annual non-Federal cost  40,000 

Total, Average Annual Project  cost $ 260,000 

A comparison of e s t i m t e d  benef i t s  with estimated average annual 
cost  indicates a benef i t -cost  r a t i o  of 1.3 t o  1. 

It i s  recomended t h i s  general design memorandum be approved as a 
b a s i s  f o r  preparation of contract  plans and specif icat ions  and construction 
of authorized works on Recwood Creek, Humboldt County, California,  a t  a 
currently e s t i m t e d  Federal  cos t  of $5,530,000. The works t o  be constructed 



8 include channel excavation, levees, .minor mdif ica t ions  of channel align- 
ment, in te r ior  drainage system, mdification r?f U.S. Hi&way 101 bridge 
p iers  and relocation of roads and u t i l i t i e s  within the project  area. 

RCrBERT H* A u A N  
L t .  Colonel, CE 
Distr ic t  Engineer 



1. The l a t e s t  cost estimate of the Redwood Creek Flood Control 
Project i s  approximtely $6,000,000, twice the updated project document 
cost. The reasons fo r  t h i s  cost increase as  well as the jus t i f ica t ion  
f o r  najor design changes a re  explained in  the Design Memrandum and in  ' 

the appendices which follow. This attachment i s  furnished i n  support 
of the cost e s t i m t e  t o  give a detailed comparison and accounting of 
m J o r  cost increases fo r  construction de ta i l s  involved. 

2 .  Items which constitute a m j o r  increase i n  the cost of tha t  
shown in  the project document, or which were not included originally 
a s  pa r t  of the project are  designated i n  the following tables: 



TABLE 1 

MAJOR COST INCREASES OF ITEMS I N  ORIGINAL REACH OF PROJECT 

Contin- ENR Update 
encies- t o  July 65 

[PD = 20%. (1.20) 
Studs I tern Quantitv Unit Unit Price Amount DM = 15%) Subtotal FD Onlv 

RIPRAP 

Project 
Document Riprap 184,000 Ton $4.50 $ 828,000 $ 165,000 $ 993,000 $l,lq0,000 
Design 
Memb Riprap 234,000 Ton 7.00 1,6L$0,000 246,000 1,890,000 1,890,000 

Difference 700.000 
INTERIOR DRAINACE AND SEEPAa CONTROL 

Project 
Document Drainage: 

Drainage f ac i l  . 1 
Pumping plant 1 

Total 
Design 
Mmo Drainage : 

Drain. structure 4 
Relief Wells 6,600 
Interior drainage Composite. 

Total 
Difference 

Project 
Document Levees: 

Clearing & grubbing 1 
Fi l t e r  gravel 60,000 
Ehbankment p e n .  390 , 000 
Embankment. imperv. 113,000 

Total 

Job 
Job 

Job 
L.F. 
Jobs 

Job 
Ton 
C.Y. 
C.Y. 

L.S. 17,000 
L. S. 50,000 

67,000 13 000 80,000 96,000 

& ,300 L.S. 
26.80 176,700 
L.S. 287,7 00 

489,000 73,000 562,000 562,000 

LEVEES - 
L.S. 26,000 
2.50 150,000 
0.25 98,000 
o .40 45,000 

319,000 64,000 383,000 460,000 



TABLE 1 

MAJOR COST INCREASES OF ITEErS I N  ORIGINAL REACH OF PROJECT (continued) 

Study I tem Quantity Unit Unit Price Amount DM = 15%) Subtotal  PD Onlv 
LEVEES (continued) 

Design Levees : 
Memo Embankment, sand 

and grsvel 337,300 C.Y. $ ( 

Embankment, imperv. 337,500 C.Y.  0.45 152,000 
Total 287.000 L3,OOO 330,000 330,000 

Difference 
CIIANNELS 

Project Channels: 
Document Stripping 140, 000 

Excavstion, perv. 463,009 
Excavation, imperv. 294,000 
Excavation, waste 287,000 

Total 
Design 
Memo Channels : 

Stripping 89,400 
Excavation, unclss. 1,102,000 
Disposal 413,600 
Clearing & grubbing 208 
Water diversion 1 

Total 
Difference 

Design Bridge: 
Memo P i e r  extension 1 

Stee l  p i i e s  1,400 
Total 

C.Y. 0.25 35,000 
C.Y. 0.60 278,000 
C.Y. 0.65 191,000 
C.Y.  0.35 1OO,OOO 

604,000 121., 000 725,000 870,000 

C.Y. 0.35 31,300 
C.Y. 0.75 827,000 
C.Y. 0.30 123,8 00 
Acre 500.00 lO4,OOO 
Job L.S. 15,900 

1,102,000 162,000 1,264,000 1,264,000 
39L. 000 

BRIDGE PIER EXTENSION 

Job L. S. 59,200 
L. F. 7.00 9,800 

69,000 10,000 79,000 ,- 

To tsl Difference $1.509.000 



.- - Xotsl Uif ference 
$1,509.000 ; 

TABLE 2 

MAJOR INCREASES OF ADDITIONS TO PROJECT 

Contin- ENR Update 
gencies to  July 65 

(PD = 20% (1.20) 
Studv I tern '&anti tv  U n i t  Unit Price Amount DM = 15"& Subtotal FD Only 

DOiJNSTREAl4 EXTENSION OF PROJECT (2.000 feet1 
Design 
Memo Riprap 31,000 Ton $ 7.00 $217,000 $33,000 $250,000 - 

Levees : 
Embankment, sand 

and gravel L&,700 C.Y. 0.40 17,900 
Embankment , imp. 44,800 C.Y. 0.45 20,100 

Total 38,000 5,700 43,700 

Channels: 
Stripping 11,600 C.P. 0.35 4,100 
Excavation, unclas. l43,000 C.Y. 0.75 107,000 
Disposal 53,800 C.Y. 0.30 16,200 
Clearing and 
grubbing 27 Acre 500.00 13,500 

Water diversion 1 Job L.S. 2,100 
Total 42,900 21,400 1&,300 

Reach t o t a l  $4 58 I 000 



Pro jec t  
Document Riprap 

1/12 Of 
Design 
klemo Levee : 

Embankment, perv. 
Embankment, imperv. 

T o t  a 1  

Projec t  
Document Riprap 

Levee: 
Embankment, sand 

and gravel  
Embankment, imperv. 

Total 
Difference 

380 Ton $4.50 $ 1,700 I 

TABLE 2 

MAJO!' IKruREASES GF ADDITIONS TO PROJECT -. . -" 
Contin- 
gencies 

(FD = 209 
- Studs Item Quantity Unit Unit P r i c e  Amount DM - 15%) Subtota l  PD Only 

UPSTREAM EXTENSION OF RIGHT LEVEE (&I0 f e e t 1  

ERDSION CONTROL SILL 
Design 
Memo Stone 23,200 Ton 9.50 220, 400 33,100 253,500 25L.000 

- - -  - 

550 C.Y. 
550 C.Y. 

4,600 T o n  

6,600 C.Y. 
6,600 C.Y. 



TABLE 3 

Design Fro j e c t  
Item Memorandum Document Mf f e rence  

Original reach : 
Riprap $1,890,000 $1,190,000 $ 700,000 

Levees 330,000 460,000 -130,000 

Chsnnel 1,264,000 P'70,OOO 394,000 

Drainage and seepage c o n t r o l  562,000 96,000 466,000 

Bridge p i e r  ex tens ion  

Subtot ril 

Downstream extens ion  458,000 458,000 

Upstream extens ion  41,000 41, 000 

Sill 

T o t s l ,  mqjor i t ems  

I~l iscel laneous 

Total ,  I r o j e c t  
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DESIGN MEMORAKDUM 

REDWOOD CREEK FLOOD COT:!I'ROL PROJXCT 
HUMBOIDT COUTTTY, CAL1FORI:IA 

HYDROLOGY NJD HYDRAULIC M~iALYSES 

SCOPE 

This appendix presents  :?ydrolo,y and 1l;ldraul.i~ c r i t e r i a  used as 
the  bzses of desigr, of t h e  levee  and c i ~ ~ ~ e l  s:rstem i n  the cozs ta l  1jlai11 
ci' Redwaod Creek 'oasln, Humboldt Co~mt:~ ,  Cal i l c r l~ ia .  Iilcluded a r e  de- 
s ign flood, discharge-frequency c u n e  aid. lydraullc desitri; c r i t e r i a  Tor 
cb.nrlel works and i n t e r i o r  drai?.age faci1i"iies. 

The authorized proJect  cons i s t s  0;" 3.4 miles of inproved charnel  
s e c t i c ~ ~ s  and levees from a poiilt  700 f e e t  i n l a ~ d  cf the sa?dbar a t  t h e  
Paci f ic  Ccesu? t o  0.8 mile above t h e  town of Oi-ic:; on the r i g h t  b&. 
and 1.3 miles above Orick on t h e  l e f t  banl:. 

Redwood Cree!; drai!?s a n  a r ea  a f  283 square miles along t he  !-;orthem 
Califorlzia coast. The bas in  is  s i t ua t ed  en t i re ly  witLli1-, !.Iumboldt C C J L Q I ~ ~  
and flms d i r e c t l y  i n t o  t he  Pac i f i c  Ocean a t  e po i r t  50 miles south of 
the  Oregon-California border. Oriel:, t!le @-Jy tcwii Ln the  basin, i s  
located about th ree  miles upstrean from the nouth oP Redwood Creek and 
irimediately d m ~ s t r e a m  from P r a i r i e  Creek. l he  basin has &,rl elongated 
sliape, I s  mou~tairious and heavi ly  wooded. It extends about 56 miles 
along a northwest-southeast a x i s  wl th  a mll;ir,:m.~ width of abov-t sever. 
miles. The e l e v a t i o ~ s  of t h e  bas in  'uomda;?y vary f r m  sea l e v e l  a t  t h e  
mouth t o  about 5,400 f e e t  above mean sea l eve l  a t  the southeastern 
extremity of the  basin. The most remote par t  of the basin l i e s  30 a l e s  
i n l a i d  from the  Pac i f i c  Ocem and has a? average wilidward b a r r i e r  he igh t  
of 2,500 f e e t  and a v e r q e  leeward height of 3,500 fee t .  Approximately 
50 perce:lt of the  bas in  l i e s  above elevation 2,000 f e e t  mean s ea  l e v e l  
and f ive  percent above 4,000 f e e t  mean sea levs l .  It? the luwer four-  
mile reach, the creek has a f a i r l y  uniform slope of about e igh t  f e e t  
per mile. The main stream has a watercourse length of about & miles. 
The .only s ign i f i can t  a r ea  of l e v e l  laud i s  located alo12g the  lower 
reaches of Redwood a d  P r a i r i e  Creeks. 



B-4. CLIMATE 

The lower portion of the basin is characterized by mild, dry sum- 
mers with frequent local fog, and mild, wet winters. The inland por- 
tion of the basin has little summer fog and a greater diurnal temper- 

the higher elevations but snarmelt is of relatively Inklor importance 
in increasing flood peaks since less than five percent of the basin 
lies above elevation 4,000 feet mean sea level, the elevation above 
which snowfall Is significant. The basin normal annual precipitation 
is estimated to be about 80 inches, varying from 70 inches at the lower 
portion of the basin to over 85 inches across the central portion. ! h e  
high seas~nal total compared to coastal basins further south, is due 
to more frequent ~reclpitation occurrences rather than to rainfall in- 
tensity. Preci2itation in excess of 0.01-inch can be expected to occur 
3r, the average of 120 days each year. 

HYDROLOCY 

3-5. DEPARTURES FRCM THE PROJECT DOCUMENT 

Sash hydrologic data and procedures pertaining to the design of 
the yoject are given in Appendix A of the District Engineer's Report, 
"Survey Report for Flood Control and Allied Purposes, Redwood Creek, 
Iiw.boldt Count;. , California, " dated August 1961. !be only departure 
from the hydrologic criteria presented in the project document is the 
revision of t!ie lnterlor dra5nage design criteria for the condition of 
high stage in the creek. In order to obtain a more realistic condition 
cf runoff from lnterior drainqe areas during high stages in the creek, 
the criterza of 30-year rainfall coincident with the standard project 
flaod in Redwood Creek was revfsed to 100-year flood in the creek with 
coincident rainfall over interior dra'nage areas. It is believed that 
this criterion represents an actual possible occurrence and furnishes 
the same desigr, frequency as the criterion of 100-year short duration 
storm rainfall coincident with low ri-ver stages. 

3-5. MAJOR STORE AID FLOODS SJXCE 1961 

!he largest s t o m  which have occurred since submittal of the pro- 
ject document were during January 1964 and December 1964, Rainfall 
recorded at stations ir? or near the Redwood Creek basin during these 
two storms is presented in the folluwing table. 



Storm Rainfall Data 
(inches ) 

Date - Eureka Hoopa Orick P.C. Knee1ar.d 10 SSE Hympom - 
17 Janllary 1964 0.68 
18 Januaqj 1964 1.31 
19 January 1964 1.03 
20 January 1364 1.29 
21 Ja.r,uq,- 1764 0.54 

20 December 1'64 0.15 
21 December 1964 2.15 
22 December 1964 0.89 
23 December 1~64 0.87 
24 Decemker 1964 0.27 

* = accumulated to next day 

The January 1$64 storm produced a peak discharge of 37,700 c.f.s. at 
Grick from a drainage area of 278 square miles. The great storm of 
December 1964, which produced record peaks in many basins in northern 
California, produced a peak discharge estimated at 50,500 c.f.s. which 
is slightly larger than the previous maximum of 50,000 c.f.s. reccrded 
in January 1953 and December 1955. The stream gage well was unaermined 
by flood waters during 22 December 1964 and dropped about three feet and 
was suspended at ax angle at the time repairmen were &'ale to reach the 
site and secure the well to the bridge. Regular stage readings were 
made by a local observer until the recorder could be placed back in 
complete working order. Estimates b; the U. S. Geological Survey in- 
dicate that the rucoff during 21-24 December 1554 was 246,000 acre- 
feet and during the six-day period, 21-26 December 1964, it was about 
336,000 acre-feet. This is significantly greater than runoff of 152,000 
acre-feet and 192,000 acre-feet which occurred during similar periods 
in December 1955. A storm isohyetal map and discharge hydrograph 
estimates are presented in Plate B-1 f o r  the December 1964 stonn. 

B-7. DESIGTT FLOOD COASTAL P m T  W D Z L  IMPRUVR4ETS 

The channel project is designed for the standard project flood, the 
derivation of which is shown in Appendix A of the project document aid 
which was apprwed by the Office, Chief of Engineers. The hydrology was 
reviewed to determine the effect of the great storm of December 1964 on 
the standard project flood. As a result of a study by the U. S. Weather 
Bureau on an improved index for quantitative precipitation forecasts, 
this office is modifying the procedure used to transpose standard pro- 
ject storms. The Weather Bureau constructed a map of average rainy 
day emounts over northern and central California. The tremendous volume 

73-3 



of computations required was accomplished by use of a computer at the 
ITational Weather Records Center. Formerly, the standard project storm 
was transposed within a limited range of latitude without correct5qn 
for north or south movement. By utilizing the ratio of average rainy 
day amounts over the basin under consideration to the average rain day 
amount at the storm center, a storm may be transposed anywhere over the 
San Francisco District except over the upper Klamath River basin which 
is located in a different hydrologic regime. Transposition of the 
December 1964 storm over the Redwood Creek basin using the latitude 
adjustment f'rom its center over the Eel River, resulted in a flood peak 
discharge of 79,000 c.f.s. Since this peak is practically t3e same as 
the stan6ard project flood peak of 77,000 c.f.s. adopted in the project 
document and since considerable design work had been accomplished prior 
to the December 1964 flood, the design flood discharge has not been 
cFar,,ged. 2ydrogrzphs of the design flood are s h m  on Plate B-2. 

Tie discharge-freq~ency curve for Redwood Creek at Orick shown on 
Plete 5-3 does not differ significantly from the curve adopted in Appendix 
A of -the Survey Report. The curve was redrawn using the additional five 
years of anr?ua.i maximm flood peaks for the period 1961 through 1965, 
",us extending the record to 17 years, 1948 through 1965, minus 1949. 
,Bble 3-1 lists tiie recorded annual maxima flood peaks for Redwood Creek 
2: Oi-ick. ' ihe curve mas computed using the analytical method presented 

"Statistical Methods in Hydrology" by k o  R. B e d ,  dated January 
:cs2, Vdues f r m  the adopted discharge-frequency curve are presented 
i- the following -tabulation : 

Di scharge-Frequenc 
Re3k-306 Creek at Orick (278 :q. mi. ) 

2 
5 
10 
2 5 
5 G 
100 

Standard Project Flood 

Discharge 
(c.f.s.) 

- D-2. DT!ERIOR DMIT71CE HYDROLOGY 

a. Problem area. The project levees through the Coastal Plain 
of Redwood Creek will interrupt surface runoff from relatively small 
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areas which presently drain into the creek through natural drainage 
ways. The only major tributary, Strawberry Creek (drainage area 3.0 1 
square miles), will drain directly into the old Redwood Creek channel 
and residual flood plain behind the sandbar. This area is frequently I 

flooded under present conditions and consists of sloughs and l& grade 
agricultural land. Maximum elevation of flooding in the area during 
a-standard prodect flood will be to elevation 12-feet mean sea levei. 1 - - 
Drainage areas and the extent of residual flood plain are s h m  on 
Plate B-4. Culverts through the levee m e  ~rovided at Stations 166f75, 
170400 and 170490 on the riaht bank and 161460 on the left bank. 

' I -  

Ikainage ditches and conduits intercept surkace runoff and seepage from 
the creek and carry it along the toe of the levees to the lower end of 
the project where it is discharged into natural sloughs in the residual 
flood plain area. 

b. Hydrologic criteria. The limited area of flat land avail- 
able in this gwt of-the State will place a. premium on the area protected 
by the project. Expected development warrants a high degree of protectior 
from flooding due to interior runoff. For this reason, the foll&ing - 
criteria were adopted for computed runoff hydrographs : - 

(1) Runoff from the 100-year intensity short duration 
rainfall when the creek is at law stages, 

(2) Runoff from rainfall coincident with the 100-year 
flood hydrograph in Redwood Creek. 

c. Rainfall-freauencv curves. Rainf d l  deuth-duration-freauencv " - 
curves were derived by procedures outlined in Technical Paper No. 28, 
"Rainfall ~ntensities- for Local Drainage Design in western-United states," 
U.S. De~artment of Commerce. Weather Bureau, Washington. D.C.. Kovember - .  
1 5 5 6 .  h analysis was made-of daily pecipitation recorded at Oriclc 
Prairie Creek Park for the period 1954-63 to add confidence to the 
adopted curves. Values taken from the curves presented in Plate B-3 
were used in the interior runoff and drainage studies conducted under 
criterion (1) above, by use of the "~ationar Fonrmla" and an infiltration 
factor. The modified "Rational Forrnula" is $ I C (I-f)~, where "Q" is 
discharge in cubic feet per second, "C" is a coefficient of reduction 
of outfiar over inflat resulting from surface and surcharge storage, 
"I" is rainfall intensity in inches per hour during the critical time 
duration. "f" is infiltration rate and "A" is the contributing area in . - 

acres. summary of criterion (1) discharges at left (L) and-right (R) 
bank control points is presented in the'table which follows. 



Control 
Point 
Station 

Design Discharge at Selected Control Points 
100-vear Short Duration Storm 

Drainage Critical Rainfall 
Area Duration Intensity "f" 

(qcres) (~nlnutes) ( i n . .  ) "C" (in./hr. ) - 
Discharge 

( c . f . s . )  

d. General-storm determination. Rainfall intensities and 
duration utilized in criterion (2) studies were determined by reducing 
standard project rainfall intensities over the interior drainage areas 
by the ratio of the Redwood Creek 100-year flood peak discharge to the 
standard project flood peak discharges. This resulted in a 72-hour 
stom depth of 13.8 inches with a maximum hourly value of 0.93 inch. 
Rainfall depth for durations from one to 24 hours are plotted on Plate 
B-3 to indicate their approximate frequency of occurrence. Hourly dis- 
tribution of the storm total was based on the same three recorders used 
t c ~  distribute the rainfall causing the flood hydrograph in Redwood Creek 
with an arbitrary distribution during 30-minute periods of each hour. 
Thirty-minute unit hydrographs were derived by synthetic procedures for 
Station 161f 50(~), Station 115f00(~) and Station 118f00(~), and discharge 
:?ydrographs derived by applying unit hydrographs to raicfall excess 
amounts. Hydrographs at the cther area points were estimated by Us- 
charge area ratio and lag-averages of the three principal index points. 
The ascharge hydrograph for Redwood Creek was determined by rmiltiplying 
the ordinates of the standard project flood by 0.88 (the ratio of 100- 
year to standard project flood peak). High river stages will cause 
controlled seepage through the porous gravels beneath the levees via 
the drainage wells provided. Seepage estimates were added to surface 
runoff estimates in proper time relation to derive a maximum discharge 
to compare with criterion (1) and determine the critical design discharge 
for the interior drainage system. Same surface runoff upstream of 
Station 161+50(L) can enter the creek through the outfall drainage 
structure before the creek rises to a stage which will close the auto- 
matic drainage gate; subsequent runoff will pond a negligible amount and 
then flow through the natural drainage way, behind the levee, to Straw- 
berry Creek. Design discharges are presented with other hydraulic design 
data in Plate 10 of the main report. 
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HYDRAULIC m m S E S  

B-10. D E P A R W  FRCM PROJECT DOCUMENT 

a. Detailed hydraulic studies indicate that the revetted 
levees should be extended damstream 2,000 feet to a point about 700 
feet upstream from the sand spit at the mouth of Redwood Creek. The 
extended channel provides improved control of flows, a more dependable 
drainage system and will reduce the area of the residual flood plain. 
The stream carries a substantial sediment load during floods. The 
extension would cause the 5ulk of the sediment to deposit in the ocean 
where the prevailing littoral currents would progressively move it along 
the coast. The termination of the levees is sufficiently back from the 
ocear. to be protected from ocean stoms and ts allow spzce fcr entrance 
of interior draicage between the levees and the sand spit. 

A control sill is to be placed scrgss the chamel invert 
at the dmlstream end of t'ne levees to prevect excessive degradation 
of the bottom during flood flows. 

c, The left bank of the existil-g channel i:ea the upstream 
end of the project was eroded during the December 1964 flood. This 
unstable condition requires the replacement of the off-set levee with 
a levee along the ba.11.k and carrying the revetted slopes to belcw stream- 
bed. 

d. The pumping station in Oricl; for interior drainage has 
been replaced by a ditch along the landward toe of the levee to carry 
the runoff to the luwer end of the _project. This cl~a.nge was the result 
of a more refined and detailed stuw of runoff axd seepage which indicated 
that drainage ditches would be required for practically the full length 
of the proJect. Only nominal increase Fn size of the ditch results from 
the elimination of the pumping station. 

e. Upstrean extensions are pr~vided for the main piers of the 
highway bridge at Orick in order to increase clezrance ur-der the bridge 
to facilitate passage of floating debris during floods. 

1 1  DESIGN CRI7ERI.A 

a. The applicable parts of the following referexes were used 
for design criteria: 

(1) Appropriate Engineer Manuals for Civil Works Construction. 

(2) The Distribution of BoundECqj Shear Stresses in Curved 
Trapezoidal Channels by A. T. Ippen, et al, Technical Report No. 43, 
Massachusetts I~stitute of Technology, October 1960, 

3-7 



(3)  Engineering Hydraulics by Hunter Rouse. 

b. Plan, profiles and cross-sections are shown on Plates 2 
through 9 and Plate 12 of the main report. The channel alignment was 
selected to closely follow the existing alignment except near the mouth 
of the creek where the alignment has been changed to cut across a bend. 
!he flow is directed toward the sand spit to accelerate its removal by 
erosion during rising flood stages, The invert grade closely follows the 
existing channel thalweg. Adopted channel cross-sections are the most 
economical which will meet the hydraulic and stability requirements, 
preserve the existing highway bridge and hold real estate requirements 
to a practical minimum. 

c. The following coefficients of roughness in the Manning 
Formula were used in backtmter analyses: 

(1) Unlined bottom with riprap side slopes - a composite 
"nu . 0.032 

( 2 )  12xistirAg catural sections upstream from the excavated 
channel - "n" 1 iS.060 

d. Acceleration arld deceleration enera losses were taken as 
proportion of the change in velocitjr head betveer, hydraulic sections 
as follows: 

(1) Uniform channel sections - 0.1 and 0.2 
( 2 )  Graciuai transitions - 0.2 and 0.3 

( 3 )  -Y2r"i?pt transitioris at bridge piers - 0.5 and 0.5 
e. Levee grades were established tc provide at least three 

feet of free'roac? z3ove the maximum water surface resulting from design 
:load flow meeting the highest estimated tide level ir, the Pacific Ocean. 
Additional. height o l  levees is provided for superelevation of the water 
surfsce caused 'EL- flows arcud bends aid upstream from the bridge at 
Crick to allm fcr higher beclwater c~lused by obstructio~s due to debris. 

3-12. HYDRAULIC DESIGJ; DETAILS 

a. Plates 2 through 9 and Plate 12 of the main report shows 
pertinent d a ~ a  on channel sections, depths, discharges and velocities. 
The charnel is desimed for 77,000 cubic feet per second to the 
confluence of Prairie Creek and 66,000 cubic feet per second above the 
confluence. 



b. A tr:pezoidnl sect ion has been used throughout the project  
f o r  t h e  inproved channel. ?he adopted channel sec t ion  has a 250 foot  
bottom width with one v e r t i c a l  on th ree  hor izon ta l  s i de  slopes from 
S t a t i on  17fCO t o  S ta t ion  171f71, the h - a i r i e  Cree!: confluence. The 
same sectioi i  extends from S t a t i on  175f50 t o  S t a t i on  182i10. From 
Sta t ion  182f10 t o  the end of the  p ro jec t  a t  S t a t i on  192i90 the exis t -  
ing channel w i l l  be undisturbed. Cllannel v e l o c i t i e s  range from 11 t o  
13 f e e t  per second except a t  t he  mouth where t he  flow may pass through 
c r i t i c a l  depth with a ve loc i ty  of 20 f e e t  per  second. A l l  slopes a re  
t o  be protected with r ip rap  which i s  t o  ex t e~ ld  seven f e e t  below streambed 
except on curves and a t  the  downstream end of the  levees where the 
r i p r ap  w i l l  extend f r m  seven to t en  f e e t  belcw stream bed. These 
depths of r ip rap  were s e l e c t e d ' i ~  l i e u  of the  f i v e  f e e t  generally 
adopted due t o  r e l a t i ve ly  3igh d e s i s  ve loc i t i . e s  and the  t ) ~ e  ~f mater ia l  
li; the  cl?alx;el which w i l l  proba'cly 1-esv.lt I:-- degradatlml durLn,: high 
f locd flows which &re g e a t e r  than :10m11y encou>tered, 

a. P ie r  extensions. Die only b r f Q e  c r c s s i ;~g  the  pro2ect 
channel i s  the two-lane Highway U. S. 101 bridge at Orick with a center 
sFan of 22C; fee t ,  f i ve  approach spms  of 30 f e e t  each on the l e f t  bank 
and one 60-foot and f i v e  30-foot a22roach spa l s  ~ i 1  the  r i g h t  bald<. 
Streamlined p i e r  extellsions a r e  t o  be provided a t  t he  u:pst,rezm side of 
the  two main piers .  Tlle extel isial?~ t r i l l  lower the water surface 
elevation under the  bridge, reduce turbulence caused by exis t ing p ie r s  
and mi~iirilize the tendency t o  co l l e c t  t r a s h  o r  debr is .  Detai ls  of the 
p i e r  ex%ensior,s a r e  shown on P la te  11 of the  main report .  Bridge 
clearances W i n g  the design discharge wocld be four  f e e t  under the 
main spa1 a??d about two and one-half f e e t  under t h e  approach spans. I? 
est imating the maximum r ~ t e r  surface ups3eam from the  bridge, one-half 
of the  a rea  of the  approach spans ws assumed blocked by debris. 

b. Control S i l l .  A rock s t r uc tu r e  w T l l  be placed across the 
chumel a t  the  downstream ei?d of the  p r3  j e c t  tc sta'oilize the channel 
zrade. Studies of various t m e s  of s t r uc tu r e s  i cd i ca t e  t h a t  a r i g id  
s t ruc tu re  would be t oo  costljr and tha-k a rock s t ruc tu re ,  which would 
withstand the  f ~ r c e s  from discharges of f reqcent  f l sods  but which might 
require  m i n t e ~ a n c e  a f t e r  infrequent f loads ,  would be the  most economical 
solution.  The s t ruc tu re  w i l l  consis t  of a s i l l  i n  the  shape of an 
inver ted  trapezoid formed by heavy r ip rap .  The t o p  width is  10 feet ,  
the  damst l -em apron w i l l  have a slope of one on th ree  and the approach 
apron, a slope of one on two. Riprap s i z e  is  based on a velocity of 20 
f ee t  per s e c o ~ d ,  the maximum velocit:. a t  c r i t i c a l  depth. The apron 
w i l l  extend t o  an elevation 20 f e e t  below streambed and w i l l  be below the  
an t ic ipa ted  depth of scour. m e  top of the  s i l l  i s  about minus 4.5 
f e e t  mean sea l e v e l  which i s  about equal  t o  mean lower low water t i d a l  
elevation.  



The design water surface w i l l  drop from four t o  14 f e e t  a t  t h e  sill 
t o  t he  tidal l e v e l  dependent upon the  tidal stage i n  the  ocean. The 
da i ly  tidal cycle has two highs and two lows. Flow during t h e  design 
flood i s  near peak discharge f o r  about 12 hours. Therefore, it i s  
necessary t o  design t h e  s i l l  f o r  c r i t i c a l  conditions occurring w i th  
the  design discharge during t h e  e n t i r e  t i d a l  cycle. Flow leaving t h e  
confined channel w i l l  spread fanwise, develop a scour hole and breach 
thesand sp i twhich  w i l l  form during periods of low flows. The s i l l  
w i l l  help t o  p ro t ec t  the  downstream ends of the levees and wLll limit 
the depth of scour i n  t he  reach of the  project  channel upstream sub jec t  
t o  accelera ted ve loc i t i e s ,  thereby preventing undermining of t h e  levees. 
The height  of the  levees  was es tabl ished a t  three f e e t  above t h e  water  
surface with no c r e d i t  being taken f o r  the  drop through c r i t i c a l  depth. 
The r e su l t i ng  increased freeboard may be required i n  the  event t h e  
sand s p i t  does n o t  WIJ scour. 

B-14. IhrD3FlIOR DRAIl\:AGE SUB-AREA DE2AILS 

The boundaries of i n t e r i o r  drainage sub-areas and the  l oca t i on  of 
drainage s t r uc tu r e s  a r e  shown on P la te  B-4. 

a. Sub-area "A" cons i s t s  of 206 acres of h i l l s i d e  and v a l l e y  
land on t he  r i g h t  bank of Redwood Creek. Runoff from the  a r e a  i s  
concentrated a t  S t a t i on  56f00 i n  the  northwest corner of t he  area. 

b. Sub-area "9" cons i s t s  of 218 acres on the  r i g h t  bank of 
the  p ro jec t  channel which includes 200 acres of steep h i l l s i d e  lands  
r i s i ng  t o  e levat ion 800 f e e t  mean sea  level .  The time of concentrat ion 
i s  shor t  and m ~ o f f  flows i n  a na tu r a l  drainage channel which e n t e r s  the  
r i gh t  bank drainage d i t ch  a t  S t a t i on  118f00. Some runoff from t h e  up- 
stream por t ion of the  a rea  w i l l  discharge through exis t ing cu lve r t s  
which w i l l  be extended through t h e  p ro jec t  levee. 

c. Sub-area "C" cons i s t s  of 14 acres of f l a t  land between 
Highway U. S. 101 and t he  r i g h t  bank pro jec t  levee i n  the  tam of Orick. 
An in terceptor  conduit behind t h e  levee, extending from S t a t i on  159f00 
t o  S ta t ion  118f00, w i l l  conduct runoff from t h i s  area  t o  t he  head of 
the  d i t ch  at  S t a t i on  118f 00. 

d. Sub-area "D" cons i s t s  of 60 acres of f l a t  lands between 
the l e f t  bank pro jec t  levee and Highway U. S. 101. Drainage w i l l  flow 
in a conduit between S t a t i ons  123f00 and 85f00 and i n  an open d i t c h  
between Sta t ions  85f00 amd 74f00. Flow i s  then t h o u g h  a slough i n t o  
S t r a w b e r j  Creek. 

e. Sub-area "E" cons i s t s  of 33 acres  of f l a t  lands and 30 
acres of steep,  timbered h i l l s i d e  on the  l e f t  bank of Redwood Creek a t  
the  upper end of t he  project .  A na tu r a l  depression near S t a t i on  193f00 
w i l l  be f i l l e d  t o  t h e  adjacent  ground surface, 



1 Drainage accumulates at a gated culvert near Station 161f50. Gate 
closure during high flows in Redlwood Creek which will occur infrequently, 

* w i l l  result in shallow ponding and diversion of flow d m  a natural 
watercourse to the Strawberry Creek channel. 

a. Plan. The plan, profiles and details of the interior 
_I_ 

drainage system are shown on Plate B-4 of this appendix and Plate 10 
of the main report. The plan consists of interceptor conduits and 
ditches along the landward toe of the levees to carrj surface runoff 
and seepage to the lower end of the project. The drainage line along 
the right bank levee is discharged into a slough that extends inland 
from the mouth of Redwood Creek. The line along the left bank is U s -  
charged into a swale that drains into Strawbery Creek which discharges 
into the by-passed existing section of Redwood Creek and mound the 
damstream end of the levee. The right ban!; drain consists of 4,100 
feet cf concrete pipe, two to four feet in diameter, in the upper reach 
through the built-up area and 7,350 feet of open trapezoidal earth ditch 
with a bottom width of seven feet and side slopes of one on three. 
The capacity of the conduits varies from 16 c.f.s. to 80 c.f.s. and the 
ditch from 340 c.f.s. to 425 c.f .s. The left bank drain consists of 
3,800 feet of concrete pipe, two to four feet in diameter for the upper 
reach through the built-up areas and 2,200 feet of open earth ditch in 
separate reaches having bottom width of four feet and one foot and side 
slopes of one on two and one-half. !he capacity of the conduits varies 
from g to 42 c.f.s,, the main ditch from 42 to 71 c.f.s. and the branch 
ditch from 1 t o  15 c.f.s. On the left side of Redwood Creek at Station 
161f50, a three foot drainage culvert with a capacity of 66 c.f .s. 
with flapgate a d  an emergency slide gate will pass under the levee. 
Near the upstream end of' the right bank levee, three existing culverts, 
18 to 24 inches in diameter, will be extended through the levee and 
equipped with flapgates and emergei~cy slide gates. Several small 
depressed areas behind the levees will be earth filled to prevent local 
ponding . 

b. Design capacities. ?"ne capacity of the drainage ditches 
and conduits is designed for the maximum discharge resulting from one 
of the two criteria discussed in paragraph B-9 b. Seepage is added 
when Redwood Creek is at high stages. 

c. Seepage. On the left side of Redwood Creelc, the accumulated 
meximum peak seepage rates increase almost uniformly from zero at 
Station 85f00 to 43 c.f.s. at Station 65f00. Qr, the right side of 
Redwood Creek, the accumulated peak rates increase from zero at Station 
158f00 to 192 c.f.s. at Station 75f00. Seepage is added to the general- 
storm hydrograph in the applicable time sequence to obtain the maximum 
combination column (3) of the following tabulation: 



Control Point 100-year local-storm Seepwe plus 100-year 
Station disch,lrge and no seepage general-storm discharge 

r ' I  I 
I I 130$00 R 12 70 

118f00 R 340 
gofoo R 

156 
340 240 

6 ~ l n n  R 77c; 

:;I: ' 56joo R 425 
..I1 I 

* Includes contributing seepage from downstream reach. I 
water surface profile is below the adjacent final ground grade. A 
roughness coefficient in the Manning Formula of 0.012 and 0.015 resnect- 1: 



I APJTJUAL MAXIMUM DISCHARGE 

I Redwood Creek a t  Oricl: 

- .  Water Year I ,  Date Stage Discharge 
(ft. ) (c.f 0s.) 

l/le January 
&'17 J a i ~ u w j  

1 February 
y18 Januwr 

24 1:ovember 
31 December 
22 December 
12 March 
13 November 
12 January 
2 February 

25 Eovem-~er 
19 December 
2 December 

20 Jariua.ry 
22 December 

ST4TISrnCS : 
(1948-65 period, l e s s  missins yeax)  
Geometric near. discharge.. . . , . . . . . . .28,60~ c.f. s o  
Standard deviation.. . . . . . . . . . . . . . . . . 0.154 

I NOTE : 



DEPARTMENT OF THE ARMY 
SAN FRANCISCO DISTRICT. CORPS OF ENGINEERS 

1 0 0  McALLlSTER STREET 
SAN FRANCISCO. CALIFORNIA 94102 

I. I N  R E P L Y  REFER T O  

I SUBJECT: General Design Mewrandurn, Redwood Creek Flood Control Pro 
Humboldt County, California, Supplement No. 1, Proposed 
bbdification of Authorized Project  

' Division Engineer, South Pacif ic  

/ 1. I n  accordance with EM 1110-2-ll50 and South Pacif ic  Division 
Regulation 1110-2-3, 15 Septeniber 1967, subject  supplement i s  submit 
f o r  approval. 

1 2. The bas i s  f o r  cost  estimate i s  the  same as  i n  t he  General Design 1 Memorandum. 
I. 
r 3. The erosion problem described i n  t h e  inclosure i s  c r i t i c a l .  The 

1 proposed should be a c c o ~ l i s h e d  pr io r  t o  t he  next flood season, i f  
practicable, i n  order t o  prevent the  po t en t i a l  l o s s  of the road. Ea 

1 advice of action taken i s  therefore requested. 

C 1 Inc l  (14 cys) / As s ta ted  
HARRY@. ROPER, Jk. 
EFC, CE 

D i s t r i c t  Engineer 

ted 

wor 

r l Y  
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GENEFUL DESIGN MENORANDUM 
REDWOOD CREM FLOOD CONTROL PROJECT 

HUMB0LJ.T COUNTY, CALIFORNIA 

PROPOSED MODIFICATION OF EXISTING PROJECT 

1. GENERAL 

The project  on Redwood Creek a t  Orick i n  Humboldt County authorized 
i n  the  Flood Control Act of 1962, i s  nearing completion. The p ro jec t  i s  
described i n  d e t a i l  i n  the  General Design Memorandum dated February 1966. 
The project  consis ts  of channel widening, deepening, realignment, levees, 
r ip rap  protection on both s ides  of channel and appropriate i n t e r i o r  
drainage f a c i l i t i e s .  The general  layout of the  project  is  shown on 
P la te  1. 

2. BASIS FOR MODIFICATION 

During t he  winter flows of t he  pas t  several  yeass it was noted t h a t  
t he  channel upstream from t h e  p ro jec t  terminus was meandering and eroding 
t he  banks of t he  creek. The upper end of the  l e f t  levee, including r i p -  
r ap  protection of the  slopes, was extended 400 f e e t  i n  1967 t o  prevent 
t he  poss ib i l i ty  of outflanking t he  project  i n  the  event t h a t  the  channel 
course changed so a s  t o  d i r e c t  f u l l  force  of flow agains t  the  l e f t  bank 
upstream from the  previous termination point .  Continued erosion on t h e  
r i gh t  bank, however, i s  endangering a road known a s  the  Bald H i l l  Road 
on the r i gh t  s ide  of the  val ley .  The functioning of t h i s  project ,  how- 
ever, i s  not affected by t h i s  erosion and a consideration of any pro- 
t e c t i ve  measures has t o  be based on i t s  own merits  and economics. 

PURPOSE OF REPORT 
3. SCOPE 

The purpose of t h i s  r epor t  i s  t o  present, i n  de t a i l ,  t h e  problem 
being caused by channel meandering and resu l t ing  erosion, t o  propose 
modifications, and t o  request  author izat ion t o  modify t he  exis t ing pro- 
j ec t  so as  t o  include t he  proposed modifications under t he  genera1,di.s- 
cret ionary author i ty  ava i l ab le  t o  t h e  Chief of Engineers. The scope of 
t h i s  report  consis ts  of an analys is  of t he  problem,, t he  economic evalua- 
t i o n  of the  damages, t h e  desc r ip t ion  of measures required t o  prevent 
damages, the  cost  of such measures, economic j u s t i f i c a t i on  and t h e  appro- 
p r i a t e  recommendation. 



4. PROBLnvr 

The c o n t i n u a l  severe e ros ion  of  t h e  r i g h t  bank of  Redwood Creek up- 
s t ream of  i t s  confluence with P r a i r i e  Creek has  c r ea t ed  a se r ious  pro- 
blem. The p rog res s ive  e ros ion  t ak ing  p l ace  w a s  most apparent  i n  1965 
and 1967. The stream i n  t h i s  reach of Redwood Creek has  meandered t o  
such an e x t e n t  t h a t  t h e  flow a t t a c k s  t h e  r i g h t  bank a t  a n ine ty  degree 
angle,  makes a one hundred and e igh ty  degree t u r n  from t h e  nor th  t o  t h e  
south  and t h e n  makes a  n ine ty  degree t u r n  from t h e  south  t o  t h e  west 
where it e n t e r s  t h e  improved channel of  t h e  au tho r i zed  p r o j e c t .  I f  no 
c o r r e c t i v e  measures a r e  taken, t h e  con t inua l  e r o s i o n  would eventua l ly  
d e s t r o y  Bald H i l l  Road. The importance of Bald H i l l  Road t o  Humboldt 
county, a s  w e l l  a s  t o  t h e  town of Orick becomes ev iden t  when it i s  
r e a l i z e d  t h a t  t h i s  County road i s  t h e  only  d i r e c t  l i n k  between Orick, 
t h e  b e n e f i c i a r y  of t h e  authorized p ro j ec t ,  and t h e  a r e a s  t o  t h e  e a s t .  
A de tou r  by Highway 101 through Arcata t o  Weitchpec would be a t  l e a s t  
t h r e e  t imes  longer  than  t h e  d i r e c t  r o u t e  between t h e s e  po in t s .  Approxi- 
mately 120,000 veh ic l e s  used t h e  road i n  1967, o f  which 24,000 were 
t r u c k s .  The economy of Orick depends upon t h e  o p e r a t i o n  of  i t s  lumber 
companies which a r e  served t o  a  l a r g e  e x t e n t  v i a  Bald H i l l  Road. 

5. PREVIOUS DAMAGES 

Bald H i l l  Road was subjected t o  severe  damages i n  1962. The 
damages as measured by t h e  c o s t  of r e s t o r a t i o n  o f  t h e  road were about 
$60,000. The road was out  of s e r v i c e  t o  l o g g i w  t r u c k s  f o r  a period 
of 30 days. T ra f f i c  t o  Weitchpec and t o  o t h e r  p o i n t s  e a s t  had t o  . 

w i t h  one way se rv i ce  f o r  fou r  months. 

PROPOSED MODIFICATIONS 

The proposed modi f ica t ion  needed t o  prevent  t h e  damages would con- 
s i s t  of p lac ing  r i p r a p  along t h e  r i g h t  bank o f  Redwood Creek, from 
S t a t i o n  185+00 t o  S t a t i o n  214+80, and along a p o r t i o n  o f  t h e  Bald H i l l  
Road embankment a s  ind ica ted  on P l a t e s  2 and 3. The t o e  of t h e  r i p r a p  
placement would be  approximately 7 f e e t  below t h e  bottom of t h e  n a t u r a l  
channel which would be b a c k f i l l e d .  The t h i c k n e s s  o f  r i p r a p  would be 12 
inches and t h e  r i p r a p  would extend upstream t o  t h e  n a t u r a l  t i p  of t h e  
bank, a s  shown on P l a t e  3. The des ign  water  s u r f a c e  e l e v a t i o n s  would be 
h igher  t h a n  t h e  e x i s t i n g  ground on t h e  r i g h t  bank and t h e  overbank v e l o c i t i e s  
i n  t h e  v i c i n i t y  of  Bald H i l l  Road would be about  8 f e e t  per  second. The 
proposed modi f ica t ion ,  therefore ,  c a l l s  f o r  r i p r a p  a long  a  po r t ion  of Bald 
 ill Road as shown both on t h e  p l an  and p r o f i l e  drawings of P l a t e  2. Other 
p o r t i o n s  of t h e  road do no t  need r i p r a p  because t h e y  a r e  no t  exposed t o  
e ros ive  a c t i o n  from overbank flow. The a l t e r n a t i v e s  t o  bank p ro t ec t ion  



i e s  

would be  r e l o c a t i o n  of Bald H i l l  Road o r  c o n t i n u a l  r e p a i r  of t h e  road 
a f t e r  damage t a k e s  p lace .  Both a l t e r n a t i v e s  would be  more c o s t l y  than 
t h e  proposed modif icat ion.  

7. CtIANNEL CLEARING 

To improve flow condi t ions  i n  t h e  creek t h e  proposed modif icat ion 
a l s o  inc ludes  some channel c l ea r ing .  The a r e a  o f  t h e  channel t o  be 
c leared  i s  ind ica ted  on P l a t e  2.  It would b e  about  250 f e e t  wide and 
extend f c r  t h e  e n t i r e  l eng th  of t h e  modi f ica t ion ,  from S t a t i o n  185+00 
t o  S t a t i m  214+80. 

8.  CCST OF MODIFICATIONS 

The t o t a l  c o s t  of modif icat ions i s  es t imated  t o  be  $235,000. The 
u n i t  p r i c e s  shown f o r  cons t ruc t ion  f e a t u r e s  i n  t h e  c u r r e n t  est imates  a r e  , 

based on Apr i l  1968 ? r i c e  l e v e l s .  The i temized c o s t  es t imate  follows: 

. ..- - -- - 
Unit *< Item . 

No. Descript ion -.--.- Quan t i ty  Unit  P r i ce  Amount I 
- 

1 Mobil izat ion & Demobilization 1 Job  L.S. $ 3,000 
2  Channel Clearing 17 Acre 300.00 . 5,100 
3 C l e a r i n g & G r u b b i n g  6 Acre 600.00 3,600 

i\ 1 / 

!+ R a n d o m F i l l ( N o ~ o m p a c t i o n )  82,600 C.Y. .40 33,100 
5 Embankment 6,500 C.Y. -30 2,000 

14,400 Ton 4 Riprap, 12" (1n p l ace )  7.60 109,200 
I 
i 
I Sub to ta l  
i 
j 

Contingencies 

! Sub to ta l  

Engineering and Design 
Suoervis ion and Administration 

Sub to t a l  $230, om 

7 Lands & Damages ( inc luding  a c q u i s i t i o n  c o s t )  L.S. 5,000 

T o t a l  Cost $235,000 

The .cusrent  es t imate  of  t o t a l  cos t  f o r  t h e  au tho r i zed  p r o j e c t  i s  $4,870,000. 
Inc ludi% t h e  proposed modi f ica t ion  c o s t  o f  $235,000 would r e s u l t  i n  a t o t a l  
c o s t  o f  $5,105,000. 

I 
1 9 .  EFFECT OF MODIFICATIONS 

The propcsed modif icat ions w i l l  P r o t e c t  Bald H i l l  Road from further  
d e s t r u c t i v e  a c t i o n  of Redwood Creek i n  t h i s  v i c i n i t y .  The r i p r a p  would 



p r o t e c t  t h e  bank of t h e  creek from f u r t h e r  e ros ion  and t h e  channel 
c l e a r i n g  would inprove flow cond i t i ons  so t h a t  t h e r e  w i l l  be l e s s  
tendency f o r  t h e  creek t o  meander. The proposed modif icat ion,  
t h e r e f o r e ,  has t h e  purpose of s t a b i l i z i n g  t h e  r i v e r  so  as t o  prevent  
f i r t h e r  e ros ion  of Bald H i l l  Road. However, it would not  reduce 
f lood ing  nor a f f e c t  t h e  func t ioning  of t h e  f lood con t ro l  p r o j e c t .  

BENEFITS 

10. ";IS OF BENEFITS ANALYSIS I 
In  g rae r  t o  e s t a b l i s h  t h e  b e n e f i t s  r e s u l t i n g  from t h e  proposed 

modif icat ions,  assumptions were made a s  t o  what would occur i n  way of 
uamages i f  t h e  proposed modi f ica t ions  were not  constructed,  and what 
would be t h e  amount of t h e  damages t h a t  would occur .  The damages were 
d iv ided  i n t o  two ca t egor i e s ;  d i r e c t  damages t o  road, and i n d i r e c t  
damages t o  t h e  use r s  of t h e  road.  The b e n e f i t s  were a l s o  divided i n t o  
t h e s e  two ca t egor i e s .  In  t h e  eva lua t ion  of bo th  d i r e c t  and i n d i r e c t  
b e n e f i t s ,  an i n t e r e s t  r a t e  of 3-1/8 percent  and a  p r o j e c t  l i f e  of 50 
y e a r s  were used t o  correspond with t h e  values i n  t h e  General Design 
Memor andun. 

11. DIRECT DAMAGES AND BENEFITS I 
I n  order  t o  eva lua te  t h e  damages t h a t  could occur t o  Bald H i l l  

Road, it was assumed t h a t  t h e  p re sen t  t rend  of  e ros ion  would cont inue 
a t  approximately t h e  same r a t e .  kn a n a l y s i s  of t h e  cu r r en t  r a t e  of 
e r o s i o n  ind ica ted  t h a t  Bald H i l l  Road would erode l i n e a r l y  a t  an  average 
r a t e  of about 200 f e e t  per  year  over a  ten-year  period f o r  a  t o t a l  of 
approximately 2,000 f e e t .  Damages i n  t h i s  case would, therefore ,  be ! 

! 
based on t h e  cos t  of r econs t ruc t ion  of t h e  eroded po r t ion  of Bald H i l l  i 

! Road and added r i p r a p  p ro t ec t ion  a s  F- c revzn t lve  measure aga ins t  
futul-e e ros ion  of t h e  recons t ruc ted  ?sac. Although 200 f e e t  of road 
wouic be repaired a t  one time, t h e  f3l.iowing year  erosion,  i n  a d d i t i o n  I 

t~ removing 200 f e e t  of n a t u r a l  bank, could e a s i l y  over lap  and t ake  ou t  
a p o r t i o n  of t h e  previous y e a r ' s  cons t ruc t ion .  Experience i n  observa- i 1 

t i 3 n  of e ros ion  p a t t e r n s  on var ious  p r o j e c t s  has ind ica ted  t h a t  incom- 
p l e t e d  r i p r a p  placement (which would be t h e  case  i n  progress ive  road 
r e s t o r a t i o n ) ,  i s  sub jec t  t o  some f a i l u r e  when t h e  a r e a  ad jacent  t o  t h e  i 

work i s  eroded. Therefore,  more than  200 f e e t  of r e s t o r a t i o n  work each i 
year  would be requi red .  To al low f2r t h i s  over lap  of e ros ion  it was i 
assumed t h a t  20 percent  of t h e  prece2ing y e a r ' s  road r e s t o r a t i o n  would be 
damaged and r e q u i r e  r e p a i r .  To eva lua t e  t h e  b e n e f i t s  on an average annual  

i 

b a s i s ,  t h e  annual r e s t o r a t i o n  c o s t  was brought  back t o  present  worth and 
I 

t hen  amortized over t h e  50-year l i f e  of t h e  p r o j e c t .  The cos t  of r e s t o r a -  I i 
t i o n  including r i p r a p  p ro t ec t ion  a f t e r  t h e  f i r s t  year  of e ros ion  was 
es t imated  t o  be $102,000. This  e ros ion  would take p lace  a t  t h e  upstream 

1 
end of t h e  a r ea  under a t t a c k  by t h e  creek flow, t h e  a r e a  sub jec t  t o  
most damages because of t h e  contour c h a r a c t e r i s t i c s .  The c o s t  of recon- i s t r u c t i o n  every year  t h e r a f t e r  for t h e  next  n ine  yea r s  would be approximately 

1 
f 



$30,000. Based on project  l i f e  and i n t e r e s t  r a t e  previously stated,  it 
was determined t ha t  the  average annual d i r e c t  benef i t s  from prevention 
of damages would be $13,400. 

12. INDIRECT DAMAGES AMD BENEFITS 

In  addit ion t o  d i r e c t  benef i t s  from prevention of damages t o  t he  
road, the re  a r e  a l so  the  i nd i r ec t  benef i t s  rea l ized by avoiding the  
rerouting of t r a f f i c ,  which would be necessary should t h i s  County road 
be washed out and require res to ra t ion .  This has been the case i n  t h e  
pas t  a s  c i ted  previously i n  t h i s  supplement. The distance from Orick 
t o  Weitchpec i s  25 miles. Rerouting of t r a f f i c  from Orick south on 
Highway 101 t o  the  v i c in i t y  of Arcata and then t o  Highway 99 t o  Willow 
:reek and thence from Willow Creek t o  Weitchpec, would be a t o t a l  d i s -  
tance of 90 miles. This represents  a ne t  reroute  distance of 65 miles. 
The average da i ly  t r a f f i c  count of vehic les  from Orick t o  Weitchpec i s  
321 a s  furnished by the  California S t a t e  Department of Motor Vehicles. 
The reroute cost  was based on data  of t he  cost  of operating trucks on 
a per mile bas is  as  obtained from the  California Trucking Association, 
Burlingame, California.  Further data  were furnished on t h i s  cost  by 
t n e  S t a t e  Division of Highways, S t a t e  of California.  Cost of operating 
automobiles was assumed t o  be t en  cents per mile. Based on the  pre- 
vious in terrupt ions  of  service by bank erosion it was assumed t h a t  t h e  
road would be out of service f o r  a period of 30 days f o r  each year 
involved i n  t h i s  analys is .  The average number of vehicles per day 
which use the  road was adjusted t o  1970 conditions and then projected 
f o r  t h e  auto and truck usage t o  1980 based on the  projections made by 
the  S t a t e  of California Department of Motor Vehicles. This analys is  
resul ted  i n  an average annual benef i t  of $5,900 which represents t he  
equivalent l o s s  incurred by rerout ing t r a f f i c .  

13. T'3TA.L BENEFITS SUMMARIZED 

AciCiing the  d i r ec t  benef i t s  of  damages prevented t o  Bald H i l l  Road 
(513,400) t o  the  indirect  benef i t s  r ea l i zed  by prevention of in terrupt ion 
;f service along Bald H i l l  Road ($5,900) r e s u l t s  i n  a t o t a l  average annual 
benef i t  of $19,300. 

LOCAL COOPERATION 

14. UCAL COOPERATION AND CONTRIBUTION 

1 In the  event the proposed modifications are adopted as an ext.nrion 
of t h e  authorized project ,  t h e  only assurance required from l o c a l  interertcl  

- other  than those outl ined in the  General Design Memorandum, would be  for 
cos t  sharing for  the proposed nrodifications and oraintrining the addltiorzal 

i 
works. U c a l  i n t e r e s t s  vould be approached f o r  a cos t  contribution rince 

tely 
I 

I 



t h e  proposed modifications include a l o c a l  slope p ro tec t ion  work which 
i s  not d i r e c t l y  r e l a t ed  t o  the  bank of the  flood con t ro l  p ro jec t .  Present 
pol icy  regarding cos t  contr ibut ion f o r  bank protect ion works would require  
a 50 percent  pa r t i c ipa t ion  i n  t he  cos t  of t he  proposed modifications, now 
estimated 8.t $ll5,000 not including cos t  of lands and damages. The Board 
of Supervisors of Humboldt County have not been requested t o  furnish  a 
formal assurance r e l a t i v e  t o  complying with the  requirements f o r  l o c a l  
cooperation a t  t h i s  time. Members of t he  s t a f f  of the  county have been 
contacted concerning the  p ro jec t  and they have indicated t h a t  t h e  county 
would meet t h e  requirements a t  t he  time a formal request  i s  made. It i s  
the  opinion of the  D i s t r i c t  Engineer t h a t  l o c a l  i n t e r e s t s  would be wi l l ing  
t o  meet t h e  requirements of l o c a l  cooperation. 

JUSTIFICATION 

15. ECONObIIC JUSTIFICATION 

The estimzted average annual Federal and non-Federal co s t s  estimated 
a t  3-116 percent i n t e r e s t  fo r  50-year economic p ro jec t  l i f e  are as follows: 

Federal : 

F i r s t  cos t  $115,000 x 0.040 $ 4,600 

Non-Federal: 

F i r s t  cos t  $115,000 x 0.040 $4, 
Lands and Damages $5,000 x 0 . O b  200 
Maintenance & Operation Cost 1,600 

Average annual non-Federal cos t  

Total,  Average Annmi Project  Cost $11,000 

A camparisan of estimated benef i t s  of  $19,300 with estimated average annual 
cos t s  indicates  a benef i t -cos t - ra t io  of 1.6 t o  1.0, showing economlc 
Ju s t i f i c a t i on  fo r  the  proposed modifications. 

It i s  recommended t h a t  the  proposed lnodification of the  ex i s t ing  
project  be approved under the  discre t ionary au thor i ty  avai lable  t o  t he  Chief 
of Engineers and t h a t  t h i s  Supplement No. 1 t o  t h e  General Design Memorandum 
be approved as a ba s i s  f o r  preparat iou of contract  plans and speci f ica t ions  
and construction of the  proposed modification of t h e  ex i s t i ng  project  on 
Redwood Creek, Eumboldt County, Cal i fornia ,  a t  a cur ren t ly  estimated Federal 
cos t  of $~5,000. ,- 

EPC, CE 
Acting D i s t r i c t  Ehgineer 


