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FOREWORD


The D epartment of W ater R esources is committed to prote ct, develop,


and manage California 's water for a l l be ne ficial use s, including re cre ation and


fish and wild life uses. The D epartment's in te rnal policy suggests th at


" ··· instream water uses for re cre ation, fish , wild life , and re late d purposes


sh all be balanced with oth e r use s."


In support of th is policy, th e D epartment has incorporated prote ction


and re storation of fish e ry h abitat as part of it s future water development


program in th e Sacramento R iver Basin. The D epartment's Northern D istrict


surveyed seve ral tributary streams in 1982 to determine th e pote ntial for


improving fish e rie s, re cre ation, and ae sth e tic quality. Clear Creek, th e f ir s t


major tributary of th e Sacramento R iver below Shasta Dam, was se le cte d for


concentrated study because it appeared to be th e most promising for enhancement


of th e fish e ry. R e storation of Clear Creek could provide substantial opportu-

n itie s for increasing anadromous fish runs in th e Sacramento R iver system as


well as incre asing opportunitie s for fish ing , swimming, and oth e r re cre ation.


This report describes th e D epartment's study and pre sents suggestions


for re h abilita tion of th e fish e ry and enhancement of re cre ational opportunitie s


in th e Clear Creek are a.
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CHAPTER I. INTRODUCTION


Summary


W ater management policy of th e D epartment of W ater R esources includes


a balanced in te re st in nonconsumptive instream water uses for re cre ation and


fish and wild life purposes as well as for consumptive uses such as domestic,


municipal, ind ustria l, and ag ricultural. One expression of commitment to th is


policy is th e Clear Creek fish e ry study, which concentrate s on water for


instream uses in th e upper Sacramento R iver system near R edding. Bene ficiarie s


of such water use include th e commercial fish ing industry, as well as those who


enjoy fish ing , swimming, rafting , and tubing or simply walking along a h ealth y


stream system.


Clear Creek has experienced fish e ry h abitat degradation problems


similar to th e nearby T rinity R ive r, including dive rsion of most of it s water


supply, heavy sedimentation from decomposed g ranite sand, riparian vege tation


encroachment, reduction of available spawning g rave ls, and past mining damage.


H owever, th e creek s t il l supports a sizable run of salmon and a few ste e lh e ad ,


which could be substantially increased by modified flow re le ase s and by imple-

menting h abitat re storation measures.


Clear Creek is re la tive ly unusual in th at th e majority of it s fish e ry-

improvement pote ntial lie s in th e lower 8 miles, where streamflow is almost


tota lly controlle d by W hiskeytown Dam located a t mile 16 .5 . Consequently, much


of th e fish e ry h abitat improvement could be accomplished immediately, simply by


re le asing increased water below th e dam. The remainder of th is ch apte r pre -

sents study findings and recommends spe cific actions to g re atly increase th e


anadromous fish e ry use of Clear Creek.


F indings


1. Clear Creek is th e f ir s t major tributary to th e Sacramento R iver below


Shasta Dam. I t is an important stream for salmon production, local


re cre ation use and as a gre enbe lt divide between th e rapid ly growing


communities of R edding and A nderson. This area is rapid ly urbanizing and


is losing much of it s natural ch aracte r.


2 . Chinook salmon spawn h eavily in th e lower 6 miles of Clear Creek during


years when e arly f a ll rain provides suitable a ttraction flows. Spawning


use was measured a t 4,000 salmon in 1982 and 2,000 in 1983. A verage


spawning since 1951 is estimated a t approximately 1,950 salmon per year.


3 . Salmon can be attracte d to Clear Creek by increased flow re le ase s from


W hiskeytown Dam, as evidenced by the larg e run in 1963-64 (10,000 fish ) .


That year, water re le ase s ranging from 500 to 1,500 cfs were made from


September through F ebruary.


1




4 . Suitable h abitat, particularly clean spawning g rave ls, is a limiting


factor affe cting anadromous fish e ry production in Clear Creek and th e


upper Sacramento R iver. Clear Creek could provide much ad d itional spawn-

ing and re aring h abitat for both salmon and ste e lh ead if h abitat


re storation work is performed.


5 . The larg e amount of decomposed g ranite sand produced by Clear Creek


tributa rie s below W hiskeytown Dam, combined with th e lack of high-volume


flush ing flows and th e blockage of grave l orig inating upstream of th e


dam, adverse ly affe cts th e availability and suitability of spawning


g rave ls. Gravel gradation analysis taken during th is study consiste ntly


showed excessive sand, which adve rse ly affe cts egg survival.


6 . Sae ltze r Dam a t mile 6 pre sently blocks a l l anadromous fish  from th e


10 miles of stream between Sae ltze r and W hiskeytown Dams. A tunne l fish 


ladd e r constructed in 1958 proved to be unsuccessful in providing fish 


passage around th e dam. There are 2 miles of good salmon and ste e lh ead


spawning h abitat immediately above Sae ltze r Dam and 8 miles of fa ir - to-

poor ste e lh ead rearing h abitat above th a t. These are as could be substan-

tia lly improved once suitable fish  passage is provided.


7 . H istoric g rave l mining activity in th e lower 4 miles of Clear Creek has


re sulte d in th e loss of tremendous amounts of spawning g rave ls. The only


sig nificant remaining grave l sources with in th e flood plain are located


between miles 3 and 5. R emoval of th e majority of th ese remaining grave ls


for commercial use has been proposed by th e prope rty owner.


8. The quantity and quality of fish e ry h abitat in Clear Creek have declined


sig nificantly during th e la s t 20 years, due to low sustained flow re le ase s


below W hiskeytown Dam, reduced incidence and inte nsity of flush ing flows,


mining of spawning grave l sources, increased amounts of sand -size se d i-

ment, and riparian vege tation encroachment.


9. P resent flow re le ase s repre sent about 13 percent of th e natural flow of


Clear Creek a t W hiskeytown Dam. F lows recommended as a re sult of th is


study repre sent about 24 percent of th e natural runoff. These flows could


g re atly increase th e quality and quantity of h abitat for both salmon and


ste e lh e ad .


10. Intensive use of Clear Creek's available spawning h abitat during years of


high a ttraction flows caused by e arly storms or W hiskeytown Dam re le ase s


ind icate s th at ad d itional constructed or re h abilitate d h abitat would be


used by spawning fish .
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R ecommendations


The following actions, if taken by F ede ral, State , and local agencies,


would sig nificantly improve th e Clear Creek fish e ry.


1. A dditional flow from W hiskeytown Dam could be re leased in a schedule


similar to th at shown in F igure 7, page 57. These re le ase s, when added


to natural inflow from lower creek tributa rie s, would tota l 150 cfs a t


Sae1tze r Dam from A pril 1 th rough O ctober 15, and 200 cfs th e re st of


th e year. A dditional a ttraction re le ase s should be made pe riod ically


during th e f a ll to coincide with natural storms, suitable water temper-

ature s, and movement of fish in th e Sacramento R iver. E ffe cts of th e


suggested re le ase s should be monitored and th e re le ase schedule " fine -

tuned" as it s fish e ry impacts are determined.


2. Spawning rif f le s should be reconstructed in a t le ast th e following


th re e are as: (1) th e flood-damaged R enshaw r if f le , mile 4 .5 to 4 .8;


(2) th e O aks and Schmidt prope rtie s, mile 3 .5 to 4 .0 ; and (3) below


H ighway 273, mile 0 .4 to 0 .7 .


3 . Suitable portions of a l l major r if f le  are as in th e lower 6 miles of


Clear Creek should be ripped to loosen compacted grave ls and reduce th e


amount of s il t and sand -size sediment pre se nt.


4. The fish ladd e r a t Sae1tze r Dam should be reconstructed to allow


e ffe ctive fish passage above th e dam.


5. The D epartment of F ish and Game (D FG), working th rough th e State


W ild life Conservation Board and in cooperation with Shasta County and


th e City of R edding, should e ith e r purchase land along portions of th e


Clear Creek flood plain or obtain long-term easements to allow re stora-

tion and prote ction of fish and th e ir h abitat. A wa1king-jogging-

cycling t r a il system, similar to th e one on th e Sacramento R iver below


Keswick Dam, could be developed in conjunction with th is recommenda-

tion.


6 . Shasta County should continue to enforce zoning ordinances along Clear


Creek to prevent e x traction of spawning g rave ls from with in the Clear


Creek designated f1oodway.


7 . A program should be in itia te d to implement th e fish e ry h abitat re stora-

tion opportunitie s discussed in Chapter V.


8. F unding should be id e ntifie d to implement th e re storation measures pre -

sented in th is re port.
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CHAPTER II . BACKGROUND AND STUDY AREA DESCRIPTION


In re ce nt ye ars, Californians have become incre asing ly aware of how


th e na tura l environment a f f e c ts th e ir we lfare . A fte r obse rving numerous


examples of land and streams e x ce ssive ly modified to unnatural sta te s in larg e


urban are as, many people have developed a strong commitment to pre se rving much


of th e remaining natura l systems. H owever, turning those commitments into


re a lity is d if f ic u lt when socie ty 's colle ctive live lih ood must be de rived from


th e land . T h e re fore , wise planning and care ful stewardsh ip of land and wate r


re source s have become a major concern of public ag encie s, such as th e


D epartment of W ater R esources (DW R ).


DWR has an oblig ation to prote ct, deve lop, and manage Californ ia 's


wate r for a l l be ne ficia l use s, includ ing re cre ation and fish  and wild life


purposes. DWR in te rn a l policy sugge sts " th a t instre am wate r uses for re cre a-

tion , fish , w ild lif e , and re la te d purposes sh a ll be balanced with oth e r use s."


A beaver swims upstream in Clear Creek.
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In support of th is policy, DWR's Northern D istrict surveyed seve ral


Northern California streams in 1982 to determine th e pote ntial for improving


th e ir fish e ry, re cre ational, and ae sth e tic quality through increased instream


flows and h abitat re storation work. Streams in itia lly evaluated were th e Scott


R iver, and Clear, Churn, M ill, and D eer Creeks. Clear Creek was se le cte d from


among th e se streams for concentrated study because it was th e most th reatened


by urban development and because it offe red an e x ce lle nt opportunity for


immediate fish e ry enhancement.


One of th e cre e k 's most apparent enhancement possibilitie s is th e


capability of W hiskeytown Dam to improve instream flows in th e lower 16 miles


of creek simply by increasing re le ase s from th e Dam. The ope rator of


W hiskeytown R ese rvoir, th e U. S. Bureau of R eclamation, through The Secre tary


of th e In te rior, has a commitment state d in th e implementing le g isla tion " to


adopt appropriate measures to insure th e pre se rvation of fish and wild life ,


including ···th e maintenance of th e flow of Clear Creek. . . . . .


A nother reason th e D epartment is inte re ste d in fish e ry h abitat


improvement on Clear Creek, as we ll as th e re st of th e Sacramento R iver system,


is th e re lationsh ip between future water development planning and anadromous


fish e rie s. The D epartment has incorporated prote ction and re storation of


fish e ry h abitat as a part of it s future water development program on th e


Sacramento R iver. Improvement of Clear Creek could be a key fe ature of th e


re storation e f forts .


Study A rea


Clear Creek is a major westside tributary of th e Sacramento R iver and


has a drainage are a of 238 square miles. I t begins in th e mountains e ast of


T rinity L ake, approximately 35 miles from it s confluence with th e Sacramento


R iver, and flows into th e Sacramento R iver near th e South R edding city lim its.


W hiskeytown Dam and R eservoir store s natural creek flows and water d ive rte d


from th e T rinity R iver a t L ewiston through th e Clear Creek Tunnel. A ll of th e


T rinity R iver water and 87 percent of th e natural flows of Clear Creak are


d ive rte d th rough th e Spring Creek Tunnel to th e Sacramento R iver above Keswick


Dam. The remaining 13 percent is re le ased to Clear Creek. The Clear Creek


study are a (F igure 2) includes th e e ntire l6 .5 -mile reach below W hiskeytown


Dam. H owever, most of th e study e ffort was concentrated along th e 6-mile


portion of creek from Sae ltze r Dam to th e mouth because anadromous fish cannot


pre se ntly pass above th e dam.


The te rrain of Clear Creek can be divided into two predominant types


a t th e Clear Creek R oad Bridge (mile 7 .9 ) . U pstream, th e creek is ste ep with


many fa lls and cascades and is surrounded by high canyon walls. The creek


bottom is composed mostly of larg e rock and decomposed g ranite sand. By


contrast, th e 8 miles of creek below th e bridge have a f la t te r g rad ient with


few cascades or f a lls , and th e creekbed mate rial is composed mainly of grave l


mixed with sand. M ost of th e suitable fish -spawning and re aring grave ls are


locate d in th is reach .
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The lower 8 miles of stream basin were mined by gold dredges se ve ral


decades ago. A pproximately 60U acre s of d re dge r ta ilin g s from th is mining


a c tiv ity can s t il l be observed north of Clear Creek R oad. These ta ilin g s are


pre se ntly being processed for aggregate products and will be comple te ly used in


about 40 ye ars.


E x tensive aggregate mlnlng of th e Clear Creek channel and surrounding


are a in th e lower 3 -1/2 mile s occurred during th e 19S0s th rough th e 197 0s.


M ining in th e Clear Creek channe l is not occurring now, but th e d e trimental


e f f e c ts of past mining on th e cre e k 's g rave l source s ling e r on. A ggregate


mining has re sulte d in th e g e ne ral absence of larg e g rave l te rrace s, th e


e x iste nce of se ve ral larg e g rave l-e x traction p its , and a re la tive ly f la t cross-

se ction to th e flood plain .


The lS -foot-h ig h Sae ltze r Dam a t mile 6 was constructe d in th e e arly


190U s to d ive rt wate r in to th e Townsend F la t W ater D itch . This d itch  is th e


only larg e wate r d ive rsion below W hiskeytown Dam. I t take s up to 18 cfs during


summer months to ir r ig a te  approximate ly 200 acre s of land north of th e cre ek.


M uch of th is wate r seeps th rough th e unlined d itch  back to th e cre ek be fore it 


can be used for irrig a tion . The only oth e r sig n ifican t consumptive use of


wate r occurs on th e R enshaw R anch (mile 4 .7 ) , where up to 1 cfs is pumped p e ri-

od ically th roughout th e summer for ir rig a tion , and a t th e B & S Gravel P lant,


where wate r is used occasionally for washing g rave l. Some prope rty owners in


th e lower 2 mile s d ive rt small quan titie s of wate r for garden irrig a tion .


Sae ltze r Dam provides ir rig a tion wate r to th e Townsend D itch . A tunne l-

type fish  lad d e r was constructe d around th e dam; it s e x it is in th e shadow


on th e opposite bank.
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Clear Creek is unique among westside streams tributary to th e


Sacramento R iver because it is a constantly flowing stream near a growing


metropolitan are a th at has not ye t been ex tensive ly developed. Some ind ustria l


uses of th e land , such as aggregate production, lumber milling , auto disman-

tling , and truck re pair, occur along Clear Creek R oad, which paralle ls th e


creek approximately one -quarte r of a mile to th e north . A t pre sent only a


limite d number of homesites or businesses inte rrupt th e natural riparian


landscape along th e stream.


Clear Creek pre sently receives substantial public re cre ation use a t


seve ral locations even though almost a l l land along th e creek is private ly


owned. This use includes swimming, fish ing , and tubing . M ost of th e creekside


land is posted against public use , and if th is re stric tion is e ffe ctive ly


enforced , most future public use will be prevented . The Clear Creek flood


plain is pre se ntly zoned as green be lt by th e Shasta County General P lan, which


re s tric ts uses to flood control, ag riculture , mining, fish  and wild life prote c-

tion, and re cre ation. County use permits requiring environmental impact


re ports are required for any development with in th e flood plain.


Study A rea A tlas


A map-and-photo a tla s of th e Clear Creek study are a from th e


Sacramento R iver to W hiskeytown Dam was prepared for th is study. The a e ria l


photos were taken during a June 1982 f lig h t. F eatures added to th e base maps


and photos are property ownership, creek mileage, th e approximate lO O -year


flood line and d e tails re late d to th e instream flow need study, such as


re pre se ntative study reach locations and th e ir application to th e oth e r


portions of th e creek. The a tla s can be used as a d e taile d re fe rence map for


subje cts discussed in th e remainder of th is re port.
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CHAPTER III . FISHERY PROBLEMS AND IMPROVEMENT OPPORTUNITIES


M an's a c tiv itie s in th e Clear Creek Basin have re sulte d in a larg e


decrease in fish e ry h abitat for both Clear Creek and th e Sacramento R iver.


H owever, se ve ral re h abilita tion actions are possible th a t would help re store


th is loss. Chapter III discusse s Clear Creek's e x isting problems and possible


solutions.


Sacramento R iver


D uring th e la s t 30 years, Sacramento R iver salmon runs have fa lle n


from a peak of around 400,000 fish  to le ss th an 200,000 annually. Similarly,


ste e lh ead numbers during th e same pe riod have decreased from 20,000 fish 


annually to le ss th an 10,000 curre ntly. These reductions have adve rse ly


affe cte d many economically important use r groups, including sport fishermen,


th e tourist industry, and th e commercial fish ing industry. P ublished e stimate s


of th e combined tota l commercial value of th e upper Sacramento R iver salmon


fish e ry run as high as $86 million annually. P re se ntly, Clear Creek produces


approximately 2 pe rcent of th e Sacramento R iver salmon and, with re h abilita tion


work, has th e pote ntial to produce 6 pe rcent or more of th e tota l run. This


would be equivalent to approximately $5 million in annual economic value to th e


commercial fish ing industry alone .


Causes of th e d ecline in th e Sacramento R iver fish e ry are numerous.


Significant factors include (1) p a rtia l migration blockage along with predation


a t th e R ed Bluff D iversion Dam, (2 ) heavy metal pollution from old mine are as


near Keswick Dam, (3) and loss of spawning g rave ls in th e rive r below Shasta


Dam. O ngoing e f forts will no doubt eventually re sult in improved fish  passage


a t th e R ed Bluff D iversion Dam, and re solution of heavy metal pollution and


increased spawning are as. P rote ction and re storation of spawning grave ls in


Clear Creek would incre ase spawning and rearing h abitat in both Clear Creek


and, eventually, in th e Sacramento R iver as g rave ls are moved downstream during


floodflows.


Clear Creek


Clear Creek's importance to anadromous fish e ry is larg e ly due to it s


influence on th e Sacramento R iver fish e ry. The Clear Creek fish e ry h abitat has


suffe re d severe damage during th e la s t se ve ral decades. Three primary causes


have been id e n tifie d : (1) loss or degradation of spawning g rave ls, (2 ) reduced


flows caused by W hiskeytown Dam and water d ive rsions, and (3) blockage of fish 


passage a t Sae ltze r Dam.


Loss of Gravels


Gravel m ~ n ~ n g  in th e lower 3 miles has removed most of th e streamside


g rave l te rrace s and a r tif ic ia lly re locate d a larg e reach of th e stream channel


to areas devoid of g rave ls. Several g rave l-e x traction p its remain in th e creek


flood plain. These p its trap much of th e downstream-moving sand and g rave l.


A lso, construction of W hiskeytown Dam in 1963 blocked migration of a l l stream


grave ls orig inating in th e upper watershed. A 1980 DWR study e n title d "U pper
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Sacramento R iver Spawning Gravel Study" found th at during th e grave l mining


period prior to 1980, th e annual amount of grave l removed from Clear Creek was


roughly 20 times g re ate r th an th e amount th at ente red th e Sacramento R iver from


Clear Creek.


H ighly e rosive decomposed g ranite soils cover about h alf of th e wate r-

shed below W hiskeytown Dam. Logging and oth e r land use ac tivitie s on th ese


soils have re sulte d in larg e quantitie s of sand being washed into th e creek


channel. In th e absence of frequent larg e winte r flush ing flows due to control


a t W hiskeytown Dam, th e sand f il l s g rave l voids in th e stream channel. This


lowers th e survival rate of developing salmon eggs, and reduces th e stream


bottom inse ct population which provides food for fish . Sediment buildup has


narrowed th e creek and re sulte d in th e growth of extremely th ick riparian


vege tation along th e banks.


R educed F lows


W hiskeytown Dam pre sently d ive rts approximately 87 percent of th e


natural flows from lower Clear Creek to Keswick R ese rvoir. The present


W hiskeytown ope ration schedule provides for a Clear Creek flow re le ase of


50 cubic fe e t per second (cfs) from January th rough O ctober and 100 cfs during


November and D ecember. These flows are not adequate to provide sediment flush -

ing or a ttrac tion for migrating fish .


W hiskeytown Dam, a t mile 16 .5 , permanently blocks upstream-migrating


salmon and stee1h ead . Sae1tze r Dam has blocked th e migration of salmon and


ste e lh ead to spawning and rearing areas above mile 6 since th e e arly 1900s.


A ttempts to provide fish  passage around Sae ltze r Dam have not been succe ssful.


In spite of lustoric damage, th e lower 6 miles of Clear Creek s t il l


supports a sizable f a ll run of chinook salmon. As part of our cooperative


study on Clear Creek, DFG estimated th at about 4,000 fish  spawned from O ctober


1981 th rough M arch of 1982 and th at about 1,000 spawned from O ctober through


D ecember of 1983. (Counts a f te r D ecember were not possible due to high water


cond itions.) The presence of re la tive ly larg e numbers of salmon in a 6-mi1e


reach of stream which has experienced severe h abitat degredation would seem to


ind icate th at th e creek would support much larg e r runs if th e h abitat were


re store d and adequate flows maintained.


The pote ntial for instream flow enllancement is discussed in


Chapter IV, and opportunitite s for h abitat-re storation are presented in


Chapter V.


F ish ery Inve stig ations


The D epartment of F ish and Game, under contract with DWR, conducted a


2-year fish e ry study of Clear Creek. R esults of th is study are contained in a


F ebruary 1984 report tit le d  "The P ote ntial for R e h abilitating Sa1monid H abitat


in Clear Creek". This study examined th e following elements re late d to chinook


salmon h abitat in Clear Creek: (1) population le ve ls of adult salmon,


(2) juvenile out-migration, (3) spawning h abitat, (4 ) fish -lad d e r re h abilita -

tion, (5) a r t if ic ia l propagation, and (6) enhancement techniques. D ata from


th is study are used to develop recommendations for future enhancement and


re h abilita tion work.
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Salmon P opulation tre nd


The e stimate d average run of fa ll- run chinook s ~ l m o n  in Clear Creek


since 1951 has d e cline d slig h tly , as shown in Table 1.


F rom O ctober 1981 th rough D ecember 1983, 37 weekly counts of salmon in


th e lower 6 mile s of Clear Creek were made during th e f a l l and la t e - f a l l runs


ex tending from O ctober th rough mid -A pril. D uring th e 1981-82 season, 4,008


spawning fish  were e stimate d from th e se counts and during th e f ir s t h a lf of th e


1 9 ~ 2 - 8 3  season, 785 were e stimate d . The la t e - f a l l runs during th e 1982-83


season could not be counted due to ex tremely h igh flows. Counts made during


th e 1981-82 season are th e most inte nsive and accurate spawning-use e stimate s


for Clear Creek. O th er years of d ata are shown in Table 1 and are d e rived from


a e ria l redd counts and carcass surveys. A ll spawning ac tivity occurred down-

stream from Sae ltze r Dam because it is pre se ntly impassable , and most spawning


was concentrate d from mile s 3 to 5 because most of th e remaining suitable


g rave ls are locate d in th is reach .


W et su its and in f la table ra f ts were used by


DFG pe rsonne l to survey fish  in Clear Creek.
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TABLE 1


FALL-RUN CHINOOK SALMON SPAWNING STOCK ESTIMATES FOR CLEAR CREEK


FROM THE MOUTH TO SAELTZER DAM, 1951-1982!/


Survey 

A ctual Number of P ercent


Y ear 

T rips Carcasses Counted R ecovery E stimate


1951 

E stimate is based 

on sing le 

ae ria l 

survey redd counts 

700'!:..!


1952 E stimate is based on sing le a e ria l 

survey 

redd counts 

550

2

/


1953 E stimate is based on sing le a e ria l survey redd counts 

1,580""%./


1954 No recorded information is available


1955 

1 , 0 0 0 ~ / 


1956 4 

530 

20 2,650


1957 

6 66 20 

330


1958 6 313 

20 1,600


1959 

4 

62 

8 

755


1960 6 116 

13 900


1961 

No survey


1962 

2 

1,071 20 

5,400


1963 6 1,169 

12 

10,000


1964 

3 718 

29 2,500


1965 2 843 

34 2,500


1966 5 

230 

26 

900


1967 3 66 

18 

370


1968 

5 

280 

35 

800


1969 3 310 

25 1,240


1970-75 

No survey


1976 

9 

152 

15 

1,013


1977 5 165 

12 1,362


1:J78 2 3 

No estimate


1979 2 75 

No estimate


1980 No survey


1981 23 701 

17 4,008.Y


1982 

11 

492 

63 

785l...!


1 / V illa, 1984.


2 / Conducted by U. S. F ish and W ild life Service (W arner, 1956).


3 / This figure repre sents an actual count of ad ult fish  planted in Clear Creek


th at were trapped and trucked from th e Keswick trap (W arner, 1956).


4 / Includes la te fa ll- run estimate of 875.


5 / P artia l season tota l; high water conditions ended survey in D ecember.
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Spawning H abitat Conditions


The lack of adequate spawning h abitat is a major problem contributing


to d ecline s in fish  populations in th e Sacramento R iver. Much of th e suitable


g rave ls between R edding and R ed Bluff have migrated downstream during flood -

flows, leaving bottom mate rials th a t, in most locations, are too larg e and


armored for succe ssful spawning. Suitable grave ls are not being naturally


replaced because of th e blockage a t Shasta and W lrlskeytown Dams and because


many tributary streams, including Clear Creek, have been h eavily mined for


g rave ls.


The suitability of grave ls in Clear Creek for salmon spawning was


inve stig ate d in 1982 by analysis of th e size composition of streambed samples


from th irte e n r if f le s below Sae ltze r Dam and five rif f le s above th e dam.


Crite ria developed by DFG for id e ntifying suitable chinook salmon-spawning


grave l are given in Table 2. R esults of th is g rave l screening analysis are


shown in Table 3 . Samples taken in 1965 by DWR and DFG are also shown.


TABLE 2


DEPARTMENT OF FISH AND GAME CRITERIA FOR IDENTIFYING


SUITABLE SPAWNING GRAVEL FOR CHINOOK SALMoN!1


11 P ollock (1969).


Gravel Size 

(inch es) 

6-12 

3-6 

1-3 

0 .5 -1 

0 .16 -0 .5 

0.015-0 .16 

A llowable Volume


(pe rcent)


30 or le ss


10 or more


50 or le ss


20 or l es s

21


20 or l e s s ~ 1 


20 or l es s

21


21 The th re e smalle r size s in combination should not exceed


50 percent (Van W oert and Smith, MS).
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TABLE 3


PERCENT GRADATION DISTRIBUTION OF CLEAR CREEK BOTTOM GRAVELS


D ate Creek


Sampled M ile 6-12 

3-6


Size R ange in Inches M eets


Smaller DFG


1-3 0 .5 -1 0 .16 -0 .5 than 0.16 Crite ria


Below Sae1tzer Dam


1965


1965


1965


1965


1982


1982


1982


1982


1982


1982


1982


1982


1982


1982


1982


1982


1982


3 .7


3 .7


3 .7


3 .7


2 .4


4 .2


4 .4


5 .1


5 .2


5 .2


5 .2


5 .2


5 .2


5 .3


5 .3


5 .3


5 .4


o


6 .9


o


5 .0


o


o


o


o


o


o


o


o


o


o


o


o


11.5


20.0


17 .6


34.0


22.0


5


o


o


13


o


12


21


20.5


32.6


15 .5


9.3


13


21.4


26.7 

29.3 

31.6 

27 .4 

30 

32 

42 

22.5 

32 

29 

25 

22.1 

20.9 

22.2 

26.5 

31 

13 .7 

17 .3 

13 .4 

8.6 

10 .9 

13 

19 

13 

13 .8 

12 

14 

12 

11.9 

9.7 

8.7 

13 .2 

15 

9.4 

19.4 

16 .8 

11.4 

16 .2 

21 

22 

18 

12 .3 

18 

21 

18 

12 .1 

14 .7 

10 .1 

8.2 

18 

11.5 

16.6.!1 

16.0.!1 

14.4.!1 

18.5.!1 

31 !:.I 

27 21 

27 21 

3 8 . 4 ~ 1  

38 :5:.

1 

24 21 

24 "!:.I 

3 3 . 4 ~ /  

22.8}..! 

4 3 . 5 ~ /  

42.8}..1 

23 2/ 

32 .51

1 

No


Yes


Y es


Yes


No


No


No


No


No


No


No


No


No


No


No


No


No


Above Sae1tzer Dam


1982


1982


1982


1982


1982


6 .5


6 .6


6 .7


6 .7


7 .6


o


o


o


10 .4


8.2


10


31.9


12 .9


16 .8


17 .7


36 

19.1 

24.8 

18.8 

13 .7 

13 

9.3 

11.6 

9.2 

7 .9 

17 

10 .3 

10 .2 

9.8 

13 .7 

24 21 

2 9 . 4 ~ 1  

40.5:5:.

1 

35 }..I 

3 8.8l

1 

No


No


No


No


No


II H inton, unpublished DFG file  data.


2/ DWR, unpublished data.


3 / V illa, 1984.
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None of th e samples taken in 1982 met th e DFG c rite ria , whereas


75 percent of those taken in 1965 did . The 1982 bottom samples contained from


47 to 68 percent sand and s il t fine r th an one -h alf inch . The combined sand and


s il t has th e following undesirable e ffe cts on fish : I t (1) compacts th e


grave ls so th at ne st digging is d if f icu lt for th e fish ; (2) re s tric ts th e flow


of water th rough th e g rave ls, thus reducing oxygen to th e eggs; (3) f il l s th e


void spaces between grave l particle s so th at emerging fish are trapped; and


(4) g re atly reduces food production by covering or f illin g space needed by


bottom organisms.


Spawning salmon s t il l attaine d some degree of success, as shown by a


fyke ne t outmigration study conducted during 1982. In digging th e ir ne sts


(re d d s), salmon separate some of th e sand from th e g rave ls. E ven so, cle ane r


g rave ls would re sult in high er hatch ing rate s for deposited eggs.


Comparison of data colle cte d in 1965 and 1982 ind icate s th at th e


quality of Clear Creek spawning g rave l has declined markedly since 1965. This


seems log ical considering th at (1) W hiskeytown Dam blocks a l l grave l sources


above mile 16 .5 , (2 ) 87 percent of th e natural flow of Clear Creek is dive rte d


from th e creek a t th e re se rvoir and (3) approximately h alf of th e creek


watershed below th e dam is comprised of decomposed g ranite soils. O ther


stud ie s substantiate th is fish e ry h abitat degradation following th e con-

struction of W hiskeytown Dam. DFG biolog ist George W arner in 1956 estimated


th e salmon-carrying capacity of Clear Creek above Sae ltze r Dam a t around 6,000


salmon annually. L ate r work by DFG biolog ist M illard Coots (unpublished)


determined th at for th is same are a, 93 percent of th e spawning grave ls were


lost during th e years following completion of W hiskeytown Dam (Table 4 ) .


TABLE 4


COMPARISON OF SALMON-SPAWNING HABITAT CHANGES


ON CLEAR CREEK FROM 1956 TO 1970*


Section by


R iver M ile


U sable Spawning A rea ( f t

2

)


1956 Survey 1970 Survey-

Change from


1956 to 1970


11.6 -10 .6


10 .6 -10 .0


10 .0 - 5 .6


5 .6 - 4 .3


Total


89,995


86,604


39,104


131,596


347,299


7,804


4,004


3,595


8,815


24,218


-91%


-95%


-91%


-93%


-93%


(average)


*Coots, unpublished DFG f ile  data.
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O ther sig nificant findings re sulting from study of pre sent and past


h abitat conditions follow:


1 . V irtually a l l of th e stream are as below Sae ltze r Dam with suitable


depth , ve locity, and bottom g rave l (substrate ) conditions were utilize d


for spawning during th e 1981-82 season. T h ere fore , spawning h abitat


apparently lim its th e number of salmon produced in Clear Creek.


2 . M ost spawning occurs between miles 3 .0 and 5 .5 , which contain th e


majority of remaining suitable spawning g rave ls.


3 . No anadromous fish  were observed above Sae ltze r Dam.


4 . Many are as in lower Clear Creek have suitable depth and ve locity for


salmon spawning and re aring , but th e bottom mate rial is unsuitable .


These are as could be re h abilita te d by cleaning (ripping ) e x isting


g rave ls and by placing ad d itional screened g rave ls in th e stream


channel. Low weir structure s (gabions) would be used to keep th e new


grave l in place .


F ish P assage P roblems


Seve ral pote ntial barrie rs to anadromous fish  migration e x ist on Clear


Creek. The f ir s t is th e 4 -foot-h igh sh e e t piling dam a t mile 1 .2 , constructed


by th e U. S. Bureau of R eclamation to prote ct th e A nderson-Cottonwood


Irrig a tion D istric t Canal's inve rte d siphon th at crosse s Clear Creek. E ven


though it appears imposing, th e stepped spillway in th e ce nte r, combined with a


deep plunge pool, does not appear to sig nificantly h inde r fish passage .


The lS-foot-h ig h Sae ltze r Dam a t mile 6 .0 , built in 1903 to d ive rt


water th rough th e Townsend D itch for mining and irrig a tion , is a tota l fish 


barrie r. E ven though fish -passage structure s were constructe d around th e dam,


they were never succe ssful. The e x isting fish -passage structure , a 37 0 -foot-

long tunne l ladd e r constructed in 1958, consists of a se rie s of pools ascending


41 ve rtica l fe e t around th e rig h t dam abutment. This lad d e r has not been main-

tained for seve ral years and is pre se ntly inope rable . D uring ope ration, th e


following major problems prevent it from attracting and passing fish :


1. The upstream water entrance to th e lad d e r is e asily blocked by


accumulated sediment.


2 . The downstream fish entrance is positioned in a low-ve locity backwater


are a, and although th e maximum design flow is 15 cfs, usual flows do


not cre ate enough ve locity to a ttra c t fish .


3 . The tunne l is dark, which may discourage fish  from ente ring .


4 . The ladd e r is d if f icu lt to maintain due to limite d access and somewhat


hazardous conditions insid e .
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The sh e e t piling dam a t th e A nderson-Cottonwood Irrig a tion D istric t


siphon crossing is not considered a ba rrie r to fish  passage .


A proposal has been made by P h il W arner of th e DFG R edding office to


construct an open pool and weir lad d e r from th e plunge pool immediately below


th e dam rig h t abutment. This would connect into th e upper 50 fe e t of th e


e x isting lad d e r.


In ad d ition to th e new se ction of lad d e r, th e are a around th e water


entrance to th e e x isting lad d e r needs to be cleaned of sediment and ve g e tation,


and a rock fish -passag e barrie r immediately below Sae1tze r Dam should be


removed. If th is lad d e r can be made ope rational, it would open up an ad d i-

tiona l 2 miles of salmon-spawning and re aring h abita t sim ilar to th a t below th e


dam. I t would also make 10 miles of stee1h ead h abita t acce ssible . Summer


wate r temperatures in th e f ir s t 8 miles below W hiskeytown Dam are acceptable


for stee1h ead re aring under th e e x isting water re le ase sch edule of 50 cfs.


L arger summer flow re le ase s would extend suitable temperatures downstream.
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The concre te structure on th e le f t is th e downstream


entrance to th e inope rable Sae ltze r Dam tunne l-type


fish  lad d e r.


Juve nile Chinook E migration


To de te rmine th e timing and cond ition of out-mig rating chinook salmon,


a fyke ne t was placed near th e mouth of Clear Creek. The ne t was in place


continuously from J-anuary 27 th rough June 11, 1982, except during weekends and


ex tremely lrlgh flows. Captured fish  were counted and fork le ng th s of a re pre -

se n ta tive sample were measured. No attempt was made to e stimate th e tota l


number of out-mig rating fish . Juvenile salmon were caugh t th e f ir s t day of


sampling, which demonstrated th a t out-mig ration began p rior to January 27 .


W eekly fish  counts d id not corre la te we ll with , e ith e r flow le ve l or wate r


tempe rature .
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The average le ng th of out-migrants was 1 .5 inch e s. This work demon-

stra te s th at sig nificant numbers of young salmon migrated out of Clear Creek to


th e Sacramento R iver from mid-January th rough e arly June. T h ere fore , even


though th e stream grave ls are h eavily laden with sand, th ey are s t il l capable


of supporting some succe ssful egg incubation and h atch ing .


Survey of R esident F ish Species


D uring th e f a l l of 1981 and th e spring of 1982, re sid e nt fish  surveys


of small r if f le s and pools in Clear Creek were made by DFG personnel using a


backpack e le ctrosh ocke r. L arger pools were sampled with a boat e le ctrosh ocke r


or seine ne t. The survey was conducted to determine th e varie ty of fish 


spe cie s, not to estimate population.


Twenty-two specie s of fish e s were observed (Table 5 ). The most


abundant nongame fish  found above Sae ltze r Dam were sucke r, squawfish , and


prickly sculpin, while th e most abundant game specie s were rainbow trout and


blue g ill. Below th e dam th e most abundant nongame fish  were sucker, squawfish ,


and hardhead, while blue g ill and green sunfish were th e most abundant re sid ent


game fish . L arge and smallmouth bass were also pre sent in larg e numbers.


TABLE 5


FISHES OBSERVED IN CLEAR 

CREEK!.!


Above 

Below


Common Name Scie n tific Name 

Sae ltze r 

Dam 

Sae ltze r Dam


P acific lamprey L ampetra trid e n ta ta 

NF:!:..! 

A?:./


Chinook salmon O ncorhynchus tshawytscha NF 

C


R ainbow trout Salmo gaird ne ri 

C 

U


Stee lh ead Salmo gaird ne ri gaird ne ri NF 

U


Speckled dace R hinich thys osculus A 

U


Carp Cyprinus carpio 

C 

A


California 

roach 

L avinia symmetricus 

U C


H itch 

L avinia e x ilicauda U 

U


H ardhead 

M ylopharodon conocephalus 

C 

A


Sacramento 

squawfish 

P tychoch eilus grandis 

A A


Sacramento sucker Catostomus occid e ntalis A A


W hite ca tfish  Ictalurus catus U 

U


Black bullh ead Ictalurus melas C 

C


Brown bullh ead 

Ictalurus nebulosus C 

C


Nosquitofish 

Gambusia a f fin is 

A A


Threespine stickleback 

Gaste rosteus acule atus C 

C


Green sunfish 

Lepomis cyane llus 

C C


Blue g ill 

Lepomis macrochirus 

A A


Smallmouth 

bass 

M icropterus dolomieui 

C 

C


Largemouth bass 

M icropterus salmoides 

C 

C


'rule perch 

H ysterocarpus trask i 

U 

C


P rickly sculpin 

Cottus aspe r 

A 

C


11 V illa, 1984.


2/ A = A bundant, C = Common, U Uncommon, NF 
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M ost of th ese fish prey on or compete for food and cover with juvenile


salmon and stee1h ead . Some management techniques, such as trapping predators


or manipulating creekf10ws to d isfavor predator fish , could be implemented but


probably are not justifie d . F or example, if Clear Creek were to be managed


sole ly for chinook salmon production, th e creek could be d ried up during th e


summer to e liminate pre d ators. H owever, th is would also e liminate aquatic


inse cts, summer re cre ation use , and th e pote ntial to re ar stee1head in th e


lower reaches of th e creek. F or th e se reasons, no recommendations are made in


th is report to control predator spe cie s. Control of predator species should be


inve stig ate d furth e r as part of th e monitoring and evaluation of future fish e ry


re h abilita tion work on th e creek.


A rtif icia l P ropagation


Clear Creek has received cursory inve stig ation in th e past to d e te r-

mine it s pote ntial to support a fish  h atch e ry, re aring ponds, or a r tif ic ia l


spawning channel. F ollowing is a discussion of opportunitie s for each .


F ish H atchery


Because of th e e x ce lle nt quality and quantity of Clear Creek flows


immediately below W hiskeytown Dam and th e size able run of chinook salmon


pre sently using th e lower creek, th e upper portion of th e stream would appear


to have good pote ntial for a h atch e ry. H owever, two sig nificant problems must


be solved before a hatch ery could be built:


1. There is a de ficiency of f la t areas along th e creek on which to locate


a h atch e ry. The only suitable location above Sae1tze r Dam is pre se ntly


occupied by an environmental education camp, although it might be


possible to locate both fa c ilitie s in th e same are a. A hatch ery could


be locate d in th e area immediately below Sae1tze r Dam, provided stream-

flows are increased sufficie n tly to assure suitable summer water


temperatures.


2. F ish passage problems a t Sae1tzer Dam and a t seve ral natural f a lls


between Sae1tze r and W hiskeytown Dams must be solved before adult fish 


could re turn to an upstream hatch e ry.


The recent discovery (f a ll 1985) of wh irling disease in th e Coleman


National F ish H atchery on Battle Creek may g re atly incre ase th e need for a


stee1head hatch ery on Clear Creek.


F or many years, Coleman H atchery has been th e major source of ste e l-

head in th e Sacramento R iver above R ed Bluff. H owever, as a re sult of th e


outbreak of wh irling d ise ase , no stee1head will be produced a t Coleman H atchery


for a t le ast 2 years, and possibly much longe r. T herefore , stud ie s should be


undertaken to determine if a ll or part of th e Coleman ste e lh ead production


should be moved to Clear Creek.
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F ollowing are some pote ntial reasons why construction of a ste e lh e ad


hatch ery on Clear Creek may be more advantageous than rebuild ing Coleman.


1 . Coleman H atchery is 43 years old and outdated . A new hatch e ry may be


le ss costly than rebuild ing th e old one.


2 . Battle Creek is subje ct to continued contamination from upstream


sources (h atch e rie s, e tc . ) .


3 . Clear Creek is assured of an adequate supply of cold , cle ar water a t


a l l times, while Battle Creek flows are quite variable .


4 . A Clear Creek water supply is not affe cte d by drough t, floods, and


turbid ity , except on very rare occasions.


5 . Spawning and re aring of salmon and ste e lh e ad a t separate h atch e rie s in


separate stream systems might re sult in be tte r conditions for both


specie s (d ise ase control, temperatures, growth, e tc . ) .


R earing P onds


R earing ponds to raise yearling chinook salmon or ste e lh e ad for


re le ase as smolts could also be locate d below W hiskeytown Dam or below Sae ltze r


Dam. R earing ponds would require an egg-taking and incubating fa cility , or


importation of juvenile fish  from an e x isting fa c ility . DFG has inve stig ate d


construction of a temporary swimming pool-size re aring pond a t th e environ-

mental camp below W hiskeytown Dam. F ish raise d a t th is pond would be re le ase d


in Clear Creek to in itia lly "seed" th e cre ek. H owever, before a more permanent


re aring pond is locate d on th e cre ek, adequate spawning h abitat should be


constructed to prO Vide for natural spawning of re turning ad ults. The use of


re aring ponds would be considered an inte rim measure un til th e number of fish 


re turning to th e creek increased adequate ly. A fte r a few ye ars, th e main creek


channel would support th e increased run size and th e re aring ponds could be


removed.


A r tif icia l Spawning Channels


A chinook salmon-spawning channel along lower Clear Creek, north of


th e county road, was proposed by th e Greate r R edding Chamber of Commerce F ish


and Game Committee in a 1971 re port, but a source of funds for it s construction


was never id e n tifie d . P re sently, a r t if ic ia l spawning channels are not viewed


as favorably as th ey were a decade ago because th e constructe d channels have


not produced as many fish  as expected . M ost recent fish e ry re h abilita tion work


on th e T rinity R iver and oth e r locations has consiste d of attempts to improve


h abitat conditions with in th e e x isting stream channel rath e r th an construction


of a r t if ic ia l channels.
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Stee lh ead E nhancement


Chinook salmon juvenile s begin th e ir seaward migration soon a f te r


emerging from th e g rave ls, and th e re fore are not dependent on sustained summer


flows. Consequently, opportunitie s for improving chinook salmon are available


on almost any stream tributary to th e Sacramento R iver, even though th e stream


may become e n tire ly dry during th e summer. Stee lh ead , on th e oth e r hand, must


remain in fre sh water for a t le a st one fu ll year (and ofte n two or th re e )


before migrating to th e ocean (M oyle, 1976). O pportunitie s for incre asing


ste e lh e ad runs on tributa rie s to th e Sacramento R iver are th e re fore extremely


limite d . H owever, due to sustaine d year-round flows below W hiskeytown Dam,


Clear Creek is th e only tributary on th e west sid e of th e Sacramento V alley


with sig nificant pote ntial for producing ste e lh e ad . A lthough ste e lh e ad runs in


Clear Creek are though t to be small, some local landowners have reported catch -

ing lim its of larg e trout which may have been anadromous ste e lh e ad . T h ere fore ,


a l l reasonable opportunitie s for incre asing ste e lh e ad populations should be


thorough ly evaluate d .


O pportunities for incre asing ste e lh ead populations in Clear Creek are


limite d by th re e factors: summer wate r temperatures, blockage by Sae ltze r Dam,


and suitable spawning and re aring h abitat. A ll of th e se lim itations are cor-

re ctable , as discussed below:


1 . Suitable temperatures could be accomplished by re le asing ad d itional


summer flows into Clear Creek from W hiskeytown Dam.


2 . Blockage could be solved by reconstructing th e e x isting fish  ladd e r a t


Sae ltze r Dam.


3 . D egraded h abitat could be re store d by cleaning e x isting grave ls and by


adding cle an, graded spaW Iling g rave ls.


The recommended flow re le ase schedule in Chapter IV will provide ne ar-

optimum water temperatures for ste e lh ead above Sae ltze r Dam and would maintain


acceptable temperatures for some distance below Sae ltze r Dam. F unds to recon-

struct th e fish  lad d e r a t Sae ltze r Dam have been budgeted by DFG, and construc-

tion will probably begin during th e summer of 1986.


H abitat in th e upper reaches of th e cre ek could be re store d by se le c-

tive ly placing screened g rave ls a t available access points and allowing them to


be d istribute d by high winte r flows. A lso, spawning and re aring are as could be


constructed a t numerous locations, and h eld in place by gabions or oth e r


control structure s.
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W ater Quality


F or salmon and stee1head to th rive in a stream system, th e quality of


th e water must be with in ce rtain lim its of temperature , turbid ity , chemical


purity, acid ity , and oxygen content. D uring 1981 and 1982, DWR e stablish e d 16


water quality monitoring stations from W hiskeytown R ese rvoir to th e Sacramento


R iver. Sampling and monitoring a t th e se stations were used to determine th e


quality of Clear Creek water as re late d to fish e ry use . Complete re sults of


th is work are contained in a se parate ly publish ed 1982 DWR memorandum re port,


which is summarized below.


Chemical analysis of th e water revealed seve ral heavy metals, includ -

ing copper, zinc, and selenium, in concentrations th at could be pote ntially


d e trimental to fish  lif e  under ce rtain cond itions. H owever, most of th e water


samples th at contained ne ar-th re sh old amounts were colle cte d during low-flow


summer months when chemical concentrations were h ig h e st. On th e basis of th e se


d ata, it does not appear th at heavy metal concentrations are pre se ntly


d e trimental to fish  lif e  although ad d itional te sting should be performed pe ri-

od ically to assure acceptable lim its.


Summer water temperatures were continuously monitored with recorde rs


a t th e following four locations: (1) P aige Bar, mile 14 .7 (P late 5 ) ;


(2) P lace r R oad crossing , mile 10 (P late 4 ); (3) L ittle  M ill R oad, mile 4 .6


(P late 2 ) ; and (4) near th e mouth, mile 1 (P late 1 ) . Sa1monids are coldwater


fish  which experience stre ss when water temperatures rise above 66 degrees F 


and will normally die when temperatures exceed 80 degrees F for prolonged


pe riods. Salmon are not pre sent in Clear Creek during th e summer months, but


stee1head would have to e ith e r stay in th e stream or move to th e Sacramento


R iver when temperatures became too warm. Th ere fore , th e possibility of


improving Clear Creek fish e ry h abitat for stee1head would be larg e ly controlle d


by summer water temperatures.


A t th e e x isting summer flow re le ase of 50 cfs from W hiskeytown Dam,


h igh e r-th an-suitab1e water temperatures occur in th e lower reach es during most


summer months, and maximum water temperatures occur during A ugust. P eak water


temperatures reached 60 degrees F a t P aige Bar, 65 degrees F a t P lace r R oad,


79 degrees F a t L ittle  M ill R oad, and 82 degrees F a t th e mouth. These data


show th at th e majority of water warming occurs between creek miles 8 and 5,


where th e stream e x its from a ste e p, shaded canyon to an open, f la t valle y


te rrain .


D uring A ugust, maximum water temperatures incre ase a t th e rate of


0 .85 degrees F pe r mile from P aige Bar to R eading Bar (locate d 2 miles below


th e P lace r R oad bridge a t th e end of th e shaded canyon te rrain ) but are


estimated to warm approximately 3 .7 degrees F pe r mile in th e 3 -1/4 mile -reach


from R eading Bar to th e L ittle  M ill R oad temperature sta tion . A long th e


4 miles from L itt le  M ill R oad to near th e mouth, th e stream h eats a t th e rate


of 0.91 degrees F per mile . This lowered h eating rate is probably because th e


water reaches ne arly ambient (maximum pote ntial) temperature by th e time it


reaches th e L ittle  M ill R oad sta tion .
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In July of 1982, th e U. S. Bureau of R eclamation made experimental


flow re le ase s from W hiskeytown Dam of 150 and 300 cfs for seven days each to


assist DWR in monitoring th e variable impacts of water ve locitie s, depth s, and


temperatures on fish e ry h abitat. W ater and a ir temperatures were measured


during th is pe riod . A summary of summer water temperatures vs flow le ve ls for


th e lower 16 miles of Clear Creek is shown in F igure 4 . H igher flows produced


lower stream temperatures a t most locations, particularly below Sae ltze r Dam.


H owever, th e se h igh er flow re le ase s were made during a period of below-normal


a ir temperatures. The lack of g re ate r temperature spread between th e 150 cfs


and 300 cfs re le ase s is probably due to th e re la tive ly cool a ir temperature


(90 degrees F maximum) during th e 150 cfs re le ase . F uture high -flow tempera-

ture measurements will be made in cooperation with th e Bureau of R eclamation to


obtain more typical summer d ata.


D ata ind icate th at a t flows of 150 cfs, maximum d aily water tempera-

ture s between Sae ltze r Dam and th e mouth ranged from 61 degrees F to


71 degrees F during A ugust 1982, while flows of 300 cfs re sulte d in tempera-

ture s between 58 degrees F and 64 degrees F . Temperatures below Sae ltze r Dam


at 150 cfs are a t th e upper lim it of th e acceptable range for salmonoids, while


water temperatures a t 300 cfs f a ll with in th e optimum range a t a l l locations.


W ater temperatures above Sae ltze r Dam are gene rally adequate for salmonoid


rearing a t pre sent summer flows of 50 cfs, but th is are a is pre sently inacce s-

sible to anadromous fish  due to blockage of th e dam. Cooler water temperatures


below Sae ltze r Dam are c r itic a l only if ste e lh ead are to be encouraged to re ar


in th is reach . If Clear Creek is to be managed primarily for salmon produc-

tion, or if a fish  ladd e r a t Sae ltze r Dam is succe ssful a t passing ste e lh e ad ,


coole r summer temperatures below th e dam are le ss important.


Numerous samples taken on Clear Creek show th at turbid ity le ve ls are


re la tive ly low and th at cle aring a f te r a storm is normally rapid . W hiskeytown


R eservoir probably acts to reduce turbid ity le ve ls in th e creek. A lso, most of


th e inflow to th e re se rvoir comes from th e T rinity R iver, which normally pro-

duces cle ar water.


Continuous water quality measurements were made a t e ig h t stations in


September 1981. M easurements included stream and a ir temperature , dissolved


oxygen, and pH . A ll monitored stations produced acceptable water quality


conditions.


Stream bottom-dwelling inse cts (benth ic microinve rtebrate s) were


colle cte d from e ig h t repre sentative rif f le s on May 21, 1982. A ll sample


stations contained a varie ty of specie s, (stone flie s, mayflie s, cad d isflie s)


th at are gene rally intole rant of organic pollution. H owever, th e population


le ve ls of th ese organisms were quite low probably due to a combination of


recent high winte r flows and a high percentage of g ranitic sand in th e stream-

bed g rave ls. This sand f il l s th e void areas with in th e g rave l, reducing living


space for organisms, and is very abrasive when it moves during high flows.


A dditional benth ic samples should be taken a t various times of th e year to


obtain a more re liable estimate of food production in Clear Creek.
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Figure 4
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NOTE:This 150 cfs curve data was collected during an abnormally cool summer


weather period. Line A-B is an adjustment to a portion of this curve to


more closely approximate normal year conditions.


Additional temperature data will be collected to verify this adjustment.


Maximum observed summer water temperatures vs


flows along Clear Creek below Whiskeytown Dam.
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W ater samples were colle cte d from various depth s in W hiskeytown


R e se rvoir. D issolved oxygen le ve ls were in th e normal range . The re se rvoir


e x h ibits a typical temperature d istribution vs. incre asing depth with th e


g re a te st temperature variation occurring during summer. In A ugust, surface


water temperatures reach a maximum of around 75 degrees F , with bottom


temperatures of 52 degrees F a t a depth of about 150 fe e t. F low re le ase s to


Clear Creek from th e re se rvoir can be made from two outle ts, one a t e le vation


~ 7 2  fe e t (238 fe e t deep) and th e oth e r a t e le vation 1,110 fe e t (100 fe e t


deep). A t pre se nt, re le ase s are made from both e le vations simultaneously to


ach ieve d e sire d temperatures in Clear Creek. A e ration of th is re le ase d water


a t th e outle t works ensures th a t oxygen saturation is near 100 pe rcent.


R ecreation


Clear Creek h istorica lly re ce ive s a substantial amount of summer


re cre ation use , which h as incre ase d with th e a re a 's population. The most


frequent re cre ational a c tiv itie s are swimming, sunbath ing, re lax ing , and


fish ing .


Clear Creek is nearly a l l private ly owned, and most are as are posted


ag ainst public use . H owever, th is posting does not e ffe ctive ly stop re cre ation


use , which concentrate s in are as close st to th e road. The are as of g re ate st


use are as follows:


1. The l-m ile reach between th e creek mouth to just above H ighway 273


bridge crossing is acce ssible from th e bridge or from th e City of


R edding re cre ational access easement near th e mouth. Bass and trout


fish ing occur in th is reach , and swimmers are a ttracte d to a deep pool


below th e highway bridge . Some ille g a l salmon snagging may occur


upstream of th e bridge during th e winte r.


2 . & 3 . The next two are as of sig nificant use are near Sae ltze r Dam


between stream miles 5 .5 and 6. The majority of re cre ational use along


th e cre ek occurs h e re . The are a immediately below Sae ltze r Dam is


dominated by a deep, rock-walled canyon containing se ve ral deep pools


th at are id e a l for swimming. The canyon h ides th is are a from public


view, although it is e asily acce ssible from nearby Clear Creek R oad.


Because of it s visual isola tion , some nude bath ing occurs in th e


canyon. The small re se rvoir behind Sae ltze r Dam rece ive s conside rable


summer re cre ation use . Some overnigh t camping use occurs h e re ,


although th e re are no sanita tion f a c ilitie s to accommodate it . 


R ecently, th e prope rty owner blocked th e access road to th is dam and


posted th e are a so future re cre ation use may be reduced.


4 . The R eading Bar are a, which is 2 miles upstream from Sae ltze r Dam, is


acce ssible by th e upper Clear Creek R oad bridge . M oderate swimming and


sunbath ing use occur a t th is location, which is th e dividing point


between th e cre e k 's canyon (upstream) and valle y (downstream) te rra in .


5 . A private re cre ation club owns prope rty immediately above th e old


P lace r Stre e t road bridge a t th e mouth of th e South F ork of Clear


Creek. A sandy beach and deep pools in th is are a are used for


sunbath ing and swimming.
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6 . th e fe d e rally operated National E nvironmental E ducation Camp is locate d


a t P aige Bar approximately 1.5 miles below W hiskeytown Dam. Students


from surrounding schools atte nd th is camp. A ssociated re cre ation use


includes h iking , tubing , and fish ing . The water is normally too cold


in th is are a for prolonged swimming.


A re cre ation use survey of th e e n tire creek below W hiskeytown Dam was


conducted by D W ~  from July th rough September of 1980. M ethods used were a e ria l


counts, ind ividual use r counts, use r inte rviews and cre e l censuses. D ata


re sults ind icate th at tota l re cre ational use from May th rough September is in


th e range of 15,000 re cre ation use r days. M ost use is on th e weekends


(72 pe rce nt) , and most use is by local re sid e nts (85 pe rce nt) . The major


a c tivitie s are re lax ing (42 pe rce nt) , beach use (26 pe rce nt) , and swimming


(23 pe rce nt) . Camping, fish ing , picnicking , h iking , and tubing combined


account for 7 pe rcent of th e tota l use .


Some pote ntial conflicts re late d to continued re cre ational use of


Clear Creek e x ist in th e lower four are as between th e mouth and th e upper Clear


Creek R oad bridge . A ll acce ssible cre ekside are as in th is reach rece ive sig ni-

ficant summer re cre ational use . This would seem to ind icate th at th e pre se ntly


inacce ssible creek reach es would also be used if th ey were made available for


public use . The pre sent use is on private lands without th e owner's permission


and is th e re fore subje ct to closure .


M ost owners want to close off th e ir land to public use but are not


able to enforce such a closure without conside rable expense. There is no


agency or organization responsible for maintaining th e se are as or supe rvising


th e ir use . As a re su lt, l it t e r is a major problem, as is th e abuse of alcohol


and drugs by some re cre ation use rs. U ncontrolled overnigh t camping and salmon


poaching are also problems. These problems may become more pronounced as are as


surrounding th e creek become more urbanized and prope rty owners attempt to


develop them for oth e r purposes. P lanning now could h e lp avoid th ese pote ntial


future problems.


In view of Clear Creek's e x isting sig nificant re cre ational use and it s


pote ntial for larg e -scale re cre ational development, Shasta County and th e City


of R edding should cooperate in planning for future re cre ational use and


development around th e creek. A cquisition of a public-use re cre ational e ase -

ment along th e creek and development of a t r a il system should be considered by


th e county and city as a future development alte rna tive . The major source of


funding for purchase and re cre ational development of th is land could probably


be obtained th rough th e State W ild life Conservation Board and th rough th e


F ederal Land and W ater Conservation F und P rogram. P re liminary discussions


ind icate th a t local, State , and F ede ral agency re pre se ntative s involved in


review and approval of funding for th is purpose view th e proposal favorably.
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CHAPTER IV. INSTREAM FLOW NEEDS


Clear Creek below W hiskeytown Dam has th e pote n tial for sig nificant


fish e rie s re storation because th e flow throughout th is reach is controlle d by


W hiskeytown Dam. The only exceptions are during pe riods of heavy tributary


flows or when th e re se rvoir sp ills water to th e cre ek. The ability to control


flows a t W hiskeytown Dam makes it possible to maintain a flow re le ase schedule


th at maximizes th e quality and quantity of fish e ry h abitat. This is a powerful


management tool not available to most streams. The re le ase s from W hiskeytown


Dam and th e estimated average tributary inflow between W hiskeytown and Sae ltze r


Dams are shown in Table 6.


TABLE 6


ESTIMATED AVERAGE ANNUAL FLOW AT SAELTZER DAM


Jan F eb M ar A pr May 

Jun Jul Aug Sep O ct Nov Dec 

(cfs) 

R elease from


W hiskeytown Dam 50 

50 

50 50 50 

50 50 50 50 

50 100 100 

Ave. Normal Y ear


T ributary Inflow 120 140 145 95 35 

10 3 

3 

3 

5 

30 

65 

T otal F low a t


Sae ltze r Dam 170 190 195 145 85 

65 53 

53 

53 55 130 165 

Total


(ac- f t)


42,000


39,000


81,000


A major task of th e Clear Creek fish e ry study was to determine th e


flow needs (re lationsh ip between flow le ve ls and th e amount of fish e ry h abitat


available ) for th re e targ e t spe cie s: chinook salmon, ste e lh ead trout, and


smallmouth bass. Salmon and ste e lh e ad were chosen with th e obje ctive of


improving h abitat conditions, while bass were se le cte d to evaluate th e possi-

bilitie s of limiting th e ir predation impacts on salmon and ste e lh e ad . The


method used to make th is de te rmination is calle d th e Instream F low Incremental


M ethodology (IF IM ) and was developed by th e U. S. F ish and W ild life Service


cooperative Instream F low Service Group a t F t. Collins, Colorado. This


methodology is commonly regarded among fish e rie s biolog ists as th e most


advanced and accurate means of pre d icting changes in th e amount and quality of


fish h abitat re sulting from various le ve ls of streamflow.


The IFIM  technique uses computer modeling to simulate stream system


variations in fish e ry h abitat a t d iffe re n t flow re le ase le ve ls. Basically, it


cre ate s a computer model of th e stream, using data colle cte d a t th re e d iffe re nt


flow le ve ls. These data de fine such stream ch aracte ristics as water depth and


ve locity, stream bottom composition (substrate ) , and fish  cover. A dditional


data de fining th e range of stream conditions a t which chinook salmon, s te e l-

head, and smallmouth bass are found throughout th e ir various lif e  phases (fish 
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pre fe rence curves) are also supplied to th e computer. The computer program


th en compares e x isting stream conditions a t various flow le ve ls with th e range


of conditions pre fe rre d by th e targ e t fish specie s a t various lif e  stag e s and


calculate s th e amount of usable fish e ry h abitat (calle d weighted usable h abi-

ta t - WUH) available to th ese fish . The procedure is fa irly complex and is


continually being improved by th e Instream F low Group to more close ly model


actual stream cond itions. A d e taile d d e scription of th e IF IM  is contained in


th e U. S. F ish and W ild life publications lis te d  in th e bibliography.


The instream flow study covers th e e n tire 16 .5 miles of Clear Creek


below W hiskeytown Dam, although most of th e data were colle cte d below Sae ltze r


Dam. D ata repre senting stream conditions were colle cte d a t five study-reach


locations below Sae ltze r Dam and one above. The location of th e se study


reach es and th e tota l creek are as th ey repre sent are shown in th e a tla s pre -

sented in Chapter II. Study reach d e scriptions and s ta tis tic s are given in


Tables 7 and 8. These reach es were se le cte d by a team composed of DFG fish e ry


biolog ists and DWR engine e rs.


E ach study reach consists of 7 to 15 transe cts (line s across th e creek


along which d ata-colle ction points were e stablish e d ) . D ata on water depth and


ve locity, substrate composition, and fish  cover were colle cte d a t each


transe ct. The data were colle cte d during flow re le ase s from W hiskeytown Dam of


50, 150, and 300 cfs. T ributary inflow below W hiskeytown Dam was insig nificant


during th e measurement pe riods.


The in it ia l d ata colle ction period was from June 9 th rough July 10 of


1 ~ 8 2 .  E nough data were colle cte d to determine th e instream flow needs a t th at


time. H owever, in M arch of 1983, an extremely inte nse and prolonged storm


re sulte d in flows ranging from 12,000 to 18,000 cfs for seve ral days in lower


Clear Creek. This was th e h igh e st flow since th e Igo stream-gaging sta tion was


e stablish e d in 1940. This storm g re atly changed th e ch aracte r of th e creek in


seve ral are as below Sae ltze r Dam, as illu stra te d in th e photographs on pages


48 and 49.


Generally, th e creek changed channel locations along a 1.5 -mile reach


and th e channel was widened in oth e r are as. E xce llent r if f le  are as on th e


R enshaw property (near mile 4 .7 ) and below th e H ighway 273 bridge (mile 0 .7 )


were washed out, leaving are as now classifie d as run and pool h abitat in th e ir


place .


As a re sult of th ese larg e -scale changes, some of th e data colle cte d


in 1982 were no longe r valid . T h erefore , from June 28 th rough July 13 of 1983,


ad d itional data were colle cte d a t th re e new study reach es (G and H ), and two of


th e 1982 study reaches were e liminated (C and D ). A ddition of th e th re e new


study reach es in 1983 is responsible for th e unsequential labe ling of study


reaches shown in th e a tla s . One of th e reaches th at was g re atly changed by


floodflows was s t il l used in th e model, since th e orig inal data close ly re pre -

sented an upstream reach th at was unchanged by th e flood .
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TABLE 7


STUDY REACH DESCRIPTIVE SUMMARY


Study


R each


A


B 

C & D 


E  

F  

G 

D escription


This reach consists of a wide pool/wide r if f le  sequence in th e down-

stream h alf and seve ral braided narrow pool/narrow rif f le  sequences in


th e upstream h alf . O verhead cover was 5 pe rcent in th e lower h alf .


The upper h alf had no cover. The upper se ction 's narrow channel had a


water plant growth covering h alf th e channel. Spawning g rave ls were


p le n tifu l and of good quality. This are a was changed to pool-and-run


h abitat during th e 1983 high wate r. The data colle cte d a t th is reach


s t il l apply to th e creek immediately above th e H ighway 273 bridge .


This reach consists of a wide-shallow pool/narrow-deep pool/ narrow


riffle /narrow-sh allow pool sequence. O verhead cover is 30%. R iffle


spawning g rave ls are good. This area wasn't changed sig nificantly


during 1983 high wate r.


These study reaches and th e are as they represented were g re atly


changed during 1983 high water; th e re fore , data colle cte d were not


used and new study reaches F and G were e stablish e d a f te r th e floods


to repre sent th is are a.


This reach , located in th e ste ep canyon are a above Sae ltze r Dam,


consists of a wide-shallow pool/wide-deep pool/narrow riffle /wid e -

shallow pool/wide r if f le  sequence. O verhead cover is 15%. R iffle


spawning grave ls are poor (larg e g rave l to larg e cobble ). L arge


amounts of decomposed g ranite (DG) e x ist in pools. Channel slope is


g re ate r th an a t lower reach es. This one reach repre sents a ll th e


canyon h abitat (8 miles) above Sae ltze r Dam.


Study reach F consists of a wide-shallow pool/wide-deep pool sequence


with 15% overhead cover. The bottom is composed of D G-covered


cobbles. M ost pool h abitat below Sae ltze r Dam is represented by th is


reach .


Study reach G consists of a narrow riffle /wid e -d e e p pool sequence with


no overhead cover. Good spawning grave ls e x ist in th is r if f le .


H  This reach consists of a sp lit channel of narrow pools/narrow rif f le s


in th e downstream h alf and a sing le channel with a wide riffle /wid e


pool sequence. The s i r ~ l e  channel area has good g rave l, but th e sp lit


channel contains pockets of grave l in a clay bed formation. The whole


reach has about 5% overhead cover.
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Comparison of the Clear Creek channel, between miles 2. 4 and 4. 0, before and after the


26, 1984
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A pprox. scale I" = 500 '


M arch 1983 flood . This is th e are a of g re a te st change in ch anne l alignment and ch aracte r.


47




TABLE 8


STUDY REACH STATISTICS


Creek L ength R epresented


R each 

(1,000 fe e t)


Study 

Stream L ength Number of M outh to 

M outh to


R each M ile 

(fe e t) T ransects 

Sae ltze r W hiskeytown


A 0 .5 900 15 2.7 5 

6.28


B 2 .2 980 13 7 .15 

10.69


C 4 .1 860 

10 

* *


D 

4 .8 1,100 10 

* 

*


E 9 .8 

570 10 0 45.14


F 

4 .9 

670 

4 12 .46 12 .46


G 

2 .8 

470 

7 3.89 7 .43


H 3 .3 

840 

9 6.04 6.04


* Study reaches C and D were not used due to changes caused by


high water in M arch 1983.


th e computer-generated data output of th e instream flow needs study,


along with th e fish  pre fe rence curve d ata, is publish ed in a separate appendix


report (DWR, 1985). This report is available but will probably be use ful only


to those fam iliar with th e IF IM . The output data are summarized in Tables 9


and 10 . Table 9 gives th e percentage of optimum spawning h abitat for chinook


salmon (S), ste e lh ead (SH ), and bass (B) a t each study reach location for creek


flows from 40 to 500 cfs. Table 10 shows th e same d ata for th e composite


stream reaches from th e mouth to Sae ltze r Dam, th e mouth to W hiskeytown Dam,


and th e Clear Creek road bridge to W hiskeytown Dam. Similar information for


re aring h abitat a t th re e lif e  stag e s (ad ult, juvenile , and fry) is shown in


Tables 11 and 12 . The weighted usable h abitat a t th e optimum flow is included


in each table . " P e rfe ct Substrate " is used to demonstrate th e pote ntial for


improvement if id e al substrate conditions can be re alize d .


Table 13 shows th e percent of optimum fish e ry h abitat occurring a t


four flow-re lease schedules varying from th e e x isting re le ase to optimum.
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TABLE 9


OPTIM SPAl'tNING HABITAT CORRESrolDING WITH VARHUS FLOO


AT REPRESENTATIVE STUDY SITES ct4 CLEAR CREEK


.SITE A 

SITE B 

SITE G 

SITE H 

SITE F SITE E 


FLCW


(CFS) 

S SH B S SH B 

S 

SH B S 

SH B 

S 

SH 

8 

S SH B


(Perca'lt of OptilllJlll Habitat)


40 

91 71 77 41 

39 

35 

86 24 

13 26 

3 

0 76 

96 84 72


50 97 80 95 86 52 

80 

46 

44 

88 31 

18 38 

7 0 

80 

98 91 

74


62 >100 90 94 63 53 52 

90 39 

24 52 12 

4 

83 

>100 

99 

77


75 

98 

95 

>100 

98 

72 94 

61 57 91 

47 31 

62 18 

10 

89 

95 

99 80


87 94 98 99 79 

67 

61 

93 55 

35 70 

25 

16 

91 89 >100 

83


100 89 

>100 94 

>100 86 

99 

72 

67 94 

62 

41 79 32 

21 

95 

86 

99 85


112 84 99 99 

90 

>100 75 76 95 

68 46 

84 

36 27 

96 

84 

94 

87


125 79 98 81 

99 94 99 

78 81 

96 

74 52 

90 42 

33 99 

81 

90 

90


137 

75 95 97 97 99 

81 

83 97 

78 57 93 

46 37 

99 

76 

88 

93


150 

71 

93 81 

94 98 98 85 86 98 

82 64 

96 

52 42 >100 72 88 

95


175 63 

88 

90 >100 92 90 

99 89 75 99 61 51 

99 65 86 98


200 

55 

81 73 86 

99 85 

97 94 99 

95 

84 >100 

72 

59 99 62 83 98


228 49 73 82 97 >100 

96 >100 98 90 99 84 

76 98 

59 

78 98


280 

44 

67 69 

79 94 

76 99 

97 99 >100 96 98 99 

86 

97 

57 76 >100


300 37 57 68 71 

88 

70 96 

99 99 

98 

>100 90 >100 >100 

88 

49 

75 99


400 

29 

44 

53 70 70 90 99 97 

86 96 

81 

75 93 76 

41 

75 99


500 26 39 42 

56 

87 >100 

96 

76 

85 84 63 

88 78 

37 

74


Weighted Usable ~ i n g  Habitat at OptilllJffi F10\ll


(1000 Sq.Ft. of Habitat per 1000 Ft. of Stream Reach)


Existing


Substrate 12 

11 

12 17 

22 20 

24 18 34 

80 77 

20 

5 9 

16 

4


Perfect


Substrate 19 22 18 

23 

33 22 

39 46 42 

97 96 25 30 58 49 23 

32 19


Portia; of Reach Represented by Site


fr'cuth to


Sae1tzer Dam 

-9%- 

-22%- -12%- 

-19%- 

-38%- -0%-

fr'cuth to


WhiskeytO\tll Dam 

-7%- 

-12%- -9%- 

-7%- -14%- -51%-

> =OptilllJm F10\ll S=Chinook Salmon 

SH =Steelhead B=Smallmouth Bass
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TABLE 10


OPTlr.tJM SPAV,NING HABITAT CORRESPONDING WITH VARIaJS FLOO


IN DESIGlATED REAa-IES ON CLEAR CREEK


rbJth to rbJth to Clear Creek Road Bridge


Saeltzer Dam WhiskeytCWl Dam to WhiskeytCWl Dam


(6 mi) (16.5 mi) (7.9 mi)


F10ltl 

S 9i B 

S 

9i B S 9i 8


(cfs)


(Percent of OptilllJlll Habitat)


40 37 

21 

70 

49 29 76 96 84 

72


50 45 27 77 56 

36 

81 

98 

91 74


62 52 35 83 64 

45 87 

>100 

99 

77


75 

60 42 

88 71 

51 

91 

95 

99 80


87 66 47 

92 

76 

56 94 89 >100 83


100 72 53 

95 

80 

62 97 86 99 

85


112 76 

59 97 

84 

67 

98 

84 94 87


125 

80 64 99 

87 

72 >100 81 90 

90


137 84 

70 99 

89 

75 99 76 

88 93


150 87 73 

>100 91 

80 

99 72 

88 

95


175 91 

81 99 

94 

86 

99 

65 86 

98


200 

96 

87 97 98 

91 99 62 83 98


225 98 93 96 99 

95 98 

59 78 98


250 

>100 97 94 

>100 

98 

97 

57 76 >100


300 97 >100 88 96 >100 

93 49 

75 

99


400 

83 92 82 82 91 

89 

41 75 

99


500 73 

83 

73 

83 

37 

74


Weighted Usable Spawning Habitat at Optimum F10ltl


(1000 Sq.Ft. of Habitat per 1000 Ft. of Stream Reach)


Existing


Substrate 746 

806 617 

931 

995 1014 

61 45 

181


Perfect


Substrate 1303 1705 1121 2478 3455 

2243 

1032 1443 839


> =OptilllJlll F10ltl S=Chinook Salmon 

9i =Steelhead 8 =Smallmauth Bass
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TABLE 11


OPTIMJM REARING HABITAT CORRESJl(}4DING WITH VARIOJS FLOr'IS


AT REPRESENTATIVE STUDY SITES ()4 CLEAR CREEK


SHE A SITE B 

SITE G 

SITE H SITE F 

SITE E 


FLOrI S SH B S SH B S SH 

B 

S SH B S SH B 

S SH 8


(CFS) 

Jw. 

Juv. 

Fry 

Juv. Jw. 

Fry Juv. Juv. 

Fry 

Juv. Juv. 

Fry 

Juv. 

Juv. Fry 

Juv. 

Juv. 

Fry


(Percent of OptilllJn Habitat)


40 

73 96 96 84 87 >100 

76 

75 84 

73 

68 80 84 81 >100 81 

82 

95


50 

75 

98 93 

87 

90 99 80 

78 

85 81 

74 

87 

89 

84 99 86 

88 

98


62 76 99 90 88 93 92 86 83 90 87 

80 

93 

93 86 

97 

90 92 

99


75 76 

>100 

86 

90 

95 

97 90 87 93 

92 84 98 96 89 96 

93 96 

>100


87 

76 99 83 92 96 96 

94 

90 95 95 88 >100 

98 

91 96 

96 98 

99


100 

75 

99 79 

94 97 

95 

96 

93 97 96 

89 98 99 93 

95 

98 99 97


112 74 

99 76 95 98 95 98 95 98 

97 92 97 >100 94 93 99 >100 95


125 73 97 74 96 99 95 99 96 99 

98 94 96 99 95 92 

>100 

99 92


137 

72 96 

73 97 

99 95 99 

97 >100 

98 95 

95 99 

97 

91 99 99 89


150 

72 95 72 98 

99 96 

>100 98 99 

99 97 94 99 97 

90 

99 

99 

87


175 71 92 71 >100 99 96 99 99 99 

99 98 

91 

98 99 88 96 

98 82


200 

71 

89 70 99 >100 94 99 99 98 98 

99 88 96 

>100 

86 92 96 77


228 71 

88 

71 

98 99 93 98 

99 

96 97 

99 85 

94 99 84 

89 94 73


280 72 

88 

74 96 

98 90 97 

>100 

95 >100 >100 86 

92 

99 81 

86 92 

71


300 

78 

89 

84 

92 95 86 95 99 

91 

97 

96 

78 88 

98 

77 

81 88 67


400 

90 94 99 87 88 

79 

91 

95 86 89 85 63 79 88 64 

74 

80 

64


500 

>100 

92 >100 87 81 76 89 91 

85 77 79 

54 

72 79 56 69 75 63


weighted Usabie Rearing Habitat at OptilllJm Flow


(1000 Sq.Ft. of Habitat per 1000 Ft. of Stream Reach)


Existing


Substrate 42 37 33 44 

52 39 73 

88 

57 77 121 110 64 75 40 46 49 37


Portion of Reach Represented by Site


t>bJth to


Saeltzer Dam 

-9%- 

-22%- 

-12%- 

-19%- -38%- 

-0%-

t>bJth to


WhiskeytO\lll Dam 

-7%- 

-12%- 

-9%- 

-7%- 

-14%- -51%-

> =OptilllJm F100ti 

S=Chinook Sa11lO1 

SH =Steelhead B=Smallmouth Bass
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TABLE 12


OPTHU REARING HABITAT CORRESPa'olDING WITH VARIOJS FLOO


IN DESI(}lATED REACHES CN CLEARCREEK


tbJth to tbJth to Clear Creek Rbad Bridge


Saeltzer Dam \'lhiskeytOltll Dam to WhiskeytOltll Dam


F10\tl 

S 

SH SH SH 

S 

SH 

SH 

SH 

S 

SH SH 

SH


(CFS) Juv. 

Adult Juv. 

Fry Juv. 

Adult 

Juv. 

Fry 

Juv. 

Adult Juv. 

Fry


(Percent of OptilJlJm Habitat)


40 

82 29 78 93 82 31 81 95 

81 

29 

82 95


50 

87 34 

82 96 

87 

36 

86 

98 86 34 

88 98


62 

91 40 

86 98 

91 41 

90 99 

90 39 

92 

99


75 94 45 

89 99 

94 48 

94 99 

93 46 96 

>100


87 97 51 

92 

>100 96 

54 

96 

>100 

96 53 98 99


100 

98 

57 

93 99 98 61 

97 

98 

98 

61 

99 

97


112 

99 63 95 98 99 67 

98 

97 

99 70 >100 

95


125 

99 68 

96 

97 99 

73 99 95 >100 74 

99 92


137 99 

72 

97 

97 

>100 

78 

99 

94 

99 80 

99 89


150 

>100 

76 

98 96 99 82 

99 

93 

99 85 

99 

87


175 

99 

85 

99 

94 98 

89 >100 89 96 

92 98 82


200 

98 92 

99 92 96 95 

99 

86 

92 98 

96 77


225 

97 97 

99 

90 

94 

98 98 83 89 99 

94 73


250 96 

>100 

>100 

89 92 >100 

98 

82 

86 

>100 

92 

71


300 

94 99 

97 

84 88 

99 

94 

78 

81 98 

88 67


400 

87 95 

89 73 

82 

90 

87 

72 74 

84 

80 

64


500 

82 90 

83 66 

78 

84 

81 68 69 78 

75 63


Weighted Usable Rearing Habitat at OptilllJm F10\t1


(1000 Sq.Ft. of Habitat per 1000 Ft. of Stream Reach)


Existing


Substrate 

1921 1202 

2460 1701 4526 3090 

5245 

3761 

2089 

1612 

2219 

1650


> =OptilllJm F10\tl S=Chinook Salmon 

SH =Steelhead
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TABLE 13


PERCENT OF OPTIMJM FISHERY HABITAT BY t(A'olTH RESULTING FI\Ut1 ALTERNATIVE STREAMFLOfI REGIMES (IN CFS)


OCCURING FR()1 SAELTZER D.AM TO THE to./TH WRING YEARS OF NORMAL STRE.AMFLOfI


(The additimal quantity of water required to make the altemative fishery releases is si'xJ\.,n m the last line.)


NEAR OPTIMJM FLOfI _1/ 

80%OF OPTIMUM FLOW 65%OF OPTIMJM FLOW 

EXISTING FLOO


t(A'olTH 

Salroon 

Steelhead 

Salroon 

Steelhead 

Salroon Steelhead 

Salroon 

Steelhead


CFS 

CFS CFS

CFS 

CFS

CFS CFS


CFS


- 

- - 

-

January 250 

1 ) / 

250 

I 

200 

I 

200 

I


170_90%


170_79% 170_90%


170


I

February 250 

I 

250 

I 

200 96% 

200 87% 

190 

I 

190 

I 

190 

I 

190 

I


March 

250 

I 

250 

I 

200_1_ 200_1_ 

195_93% 195_85% 195_95% 195 

I


100% 97% 

98% 

i I I 

I 

1-

April 225 

I 

225 

I 

180_1_ 180 96% 

150 

I 

150 76% 

145 86% 145 

I


May 1 150 

1 

150_1_ 

120 

I 

120

_1- 

100 89% 

100

_1- 

85 

I


85


I 

May 15 150_1_ 250 

I 

120_100% 200 

I 

100_1_ 

160 

I 

85 95% 85 

I


* 

I 

* 

I 

* 

I 

* 

--1-

June 

50 

* ) / 

250 

I 

50 * 

200 

I 

50 * 

160 

I 

60 * 

60 

I


July 50 

* 

250 

I 

50 * 200 

80% 

50 * 

160 

65% 50 * 

50 O%J/


August 

50 * 

250 100% 

50 * 

200 

I 

50 * 160 

I 

50 * 50 

I


* 

I 

* - - - - 1  

* 

j - - - - *  

j-

September 

50 * 

250

. I 

50 

* 

200 

I 

50 

* 

160 

I 

50 * 50


Ck:tober 1 50 * 250

_I- 

SO * 200 

i


50 

* 

160

_ ! - 

55_*_ 

55


_ 1 -  

Ck:tober 15 250 

I 

250 

I 

200 

I 

200 

I 

160 

I 

160 

I 

55_47% 55


100%- - -  97% 

96% 

81% 89% 76% 

1- 

- - I -

I


November 

250 

I 

250 

I 

200 

I 

200 

I 

160 

I 

160 

I 

130 82% 130 

I


December 

250

I 

250

_1_ 

200

_1- 

200

_1_ 

160

_1- 

160

_1- 

165_89% 165

_-1-

-, -

Total Quantity of Additimal Water Required _5/


(Acre-Feet)


42,500 

99,200 

21,100 

63,500 

6,500 3,800 0


_1/ Flows si'xJ\.,n in the table are CQllposed of WhiskeytO\ln Dam releases plus tributary inflows below the dam.


_2/ The percent coIUl111s reflect the optimum fishery habitat occurring at the flow release


si'xJ\.,n in the left adjacent colUI111.


J/Asterisks indicate periods when salroon are not present in the stream.


_4/ Zero percent steelhead habitat due to lethal sumner water temperature.


_5/ Flow releases si'xJ\.,n are for norll'a1 years which occur approximately 19 percent of the time.


During dry years (12 percent of the time). flows \QJld be reduced to 65 percent of normal and during


critically dry years to 40 percent of normal. Flow releases under no cmditims \QJld be reduced


below the currently existing scheduie.


NOTES:


A. Additional fishery attractim flow releases during the Ck:tober-November period will be made in the


magnitude of 5,000 acre-feet during normal years.


B. The optimum SUlTITer steelhead flow is si'xJ\.,n at 250 cfs instead of 300 cfs to obtain rrore steelhead


juvenile and fry habitat while not increasing water temperature significantly.
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D evelopment of Instream F low R ecommendations


Se le cting a recommended flow-re le ase schedule based on IF IM  is not an


exact science , but re lie s partly on subje ctive judgment and th e willingne ss of


those involved in th e process to compromise. In an attempt to develop a join t


recommended flow schedule , two meetings were h eld with re pre se ntative s of th e


D epartments of W ater R esources and F ish and Game, th e U. S. Bureau of


R eclamation, and th e U. S. F ish and W ild life Service . An agreement on th e


gene ral magnitude of optimum flow le ve ls for both salmon and ste e lh ead shown in


F igure 5 re sulte d from th e se meetings. O ther gene ral are as of agreement


concerning th e de te rmination of instream flow re le ase s are liste d as follows.


1. In analyzing th e impacts of supplying ad d itional water for instream


flows, d e ficie ncie s of 40 pe rcent for dry years and 60 percent for


c ritic a lly dry years should be applied to th e recommended fish e ry


re le ase s. H owever, re le ase s a t W hiskeytown Dam should never be le ss


th an th e current minimum re le ase of 100 cfs during November and


D ecember or 50 cfs during th e remainder of th e year.


2 . T ributary streamflows occurring below W hiskeytown Dam should be


included in computing th e ad d itional re le ase s required from W hiskeytown


Dam to meet th e tota l recommended fish e ry flow needs.


3 . Spawning h abitat appears to be_the limiting factor for salmon produc-

tion, while summer-rearing h abitat re sulting from high water tempera-

ture s is th e limiting factor for ste e lh e ad . R earing h abitat for


ste e lh ead can be g re atly increased by incre asing summer flows to


provide coole r water temperatures.


4 . A ttraction flows of up to + 500 cfs, as shown on F igure 6, should be


re le ased for sh ort periods-from one to four times a year from O ctober


th rough January as needed to a ttra c t ad ult salmon and ste e lh e ad into


Clear Creek. P ast obse rvation ind icate s th at salmon have used th e


creek most h eavily for spawning during years of high e arly flows.


As a re sult of data analysis, numerous agency meetings, and d iscus-

sions concerning th e most d e sirable flow-re lease sch edule , th e gene ralized


schedule shown in F igure 7 and Table 14 was developed by DWR. This schedule is


intended as a f ir s t proposal for consid e ration by a l l inte re ste d agencies and


ind ividuals. I t could be used as an inte rim flow re le ase schedule for monitor-

ing purposes and would be "fine -tuned " as it s fish e ry impacts are determined.


If implemented, th e proposed schedule would approximately double th e quantity


of water pre sently re le ased from W hiskeytown R ese rvoir into Clear Creek (from


42,000 to 91,000 acre -fe e t pe r ye ar) , and would re sult in substantial improve-

ment in th e cre e k 's salmon and ste e lh ead h abitat from W hiskeytown Dam to th e


mouth.
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TABLE 14


COMPONENTS OF THE GENERALIZED RECOMMENDED FLOW RELEASE SCHEDULE


(in cubic fe e t per second)


Jan F eb 

Mar A pr May Jun Jul Aug Sep 

O ct O ct 

Nov Dec 

Total


1-15 16-31 (ac-f t)


P resent R eleases 

from


W hiskeytown Dam 50 50 50 

50 

50 50 50 50 50 50 

50 100 100 42,000


R ecommended 

A dditional


R eleases 

30 10 

5 

5 65 90 

97 97 

97 

95 145 

70 

35 

49,00o.!/


Ave. Normal Y ear


T ributary Inflow 120 140 145 

95 35 

10 3 3 

3 

5 

5 30 65 39,000


R ecommended 

Total F low


a t Sae ltze r 

Dam 

200 200 200 150 150 150 150 150 150 150 200 200 200 

130,000


1 / Total includes two 2,500 acre -foot spawning a ttraction


re le ase s sometime during O ctober and November.


The U. S. Bureau of R eclamation is responsible for ope ration of


W hiskeytown R ese rvoir and will be th e agency th at ultimate ly must decide on th e


le ve l of flow re le ase s into Clear Creek. The Bureau is now conducting a Central


V alley fish  and wild life management study with help from various State and


F ederal resource agencies, including DWR, DFG, and th e U. S. F ish and W ild life


Se rvice . A spe cial inte ragency team is assigned to work on a Clear Creek


anadromous fish e ry improvement study. R esults of th is study are scheduled for


publication in th e f a ll of 1986.


Impacts of R eleasing R ecommended F lows


The recommended in it ia l flow re le ase schedule would approximately


double th e amount of water re le ased into Clear Creek from W hiskeytown


R ese rvoir. These re le ase s would have a sig nificant be ne ficial impact upon th e


cre e k's fish e ry h abitat. They would increase th e quantity of spawning and


" re aring h abitat in th e lower 8 miles by about 10 percent under pre sent condi-

tions. This action by its e lf will produce only a moderate increase in h abitat


are a, but when combined with oth e r actions such as r if f le  ripping and recon-

struction, sediment control, and fish passage a t Sae ltze r Dam, th e re sulting


increase will be in th e magnitude of seve ral times e x isting h abitat. An


analysis of th e ove rall increase in fish use re sulting from various combinations


of actions proposed in th is report is being prepared by th e U. S. F ish and


W ild life Service for th e Bureau of R eclamation's Central V alley F ish and


W ild life M anagement Study. R esults of th is study should be available in th e


f a ll of 1986.
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Increased instream flows would extend th e amount of time the creek


flows are high enough for spawning. Many salmon are ready to spawn in e arly


O ctober, but available rif f le s are ofte n unsuitable because of low flows in


tributary streams. The recommended flow schedule would provide f a ll a ttraction


flows to bring more fish into th e creek during th e e arly part of th e run.


T h e re afte r, adequate flows would be maintained for spawning use.


Summer flows should be maintained a t approximately 150 cfs to provide


suitable water temperatures (below 75 degrees F maximum) for ste e lh ead


re aring . This would allow year-round use by ste e lh e ad , which are pre sently


excluded by unsuitably high summer water temperatures. Lowering of th ese


temperatures will probably have some negative impact on creek swimming use


above mile 4, but th is could be pa rtia lly offse t by increased tubing and


rafting use made possible by th e h igh e r summer flows. Below mile 4, summer


water temperatures should normally remain in a range acceptable for swimming


(65 to 75 degrees F ).


Increased re se rvoir re le ase s would also have a steadying e ffe ct on th e


creek by reducing th e re la tive impact of h igh ly fluctuating natural tributary


inflows. A dditional re se rvoir re le ase s would be most be ne ficial during pro-

longed d rie r pe riods or between storms when natural inflow becomes low.


F ish ery bene fits would also re sult from reducing re se rvoir re le ase s during


pe riods of h igh e r th an optimum tributary inflows, although minimum re le ase s a t


W hiskeytown Dam should never drop below 50 cfs.


To maximize fish e ry bene fits while keeping re le ase s from W hiskeytown


R eservoir a t a minimum, re se rvoir re le ase s should be close ly coordinated with


available natural flows. The id e al operating procedure would be d aily ad just-

ment of flow re le ase s based on th e le ve l of tributary inflow measured a t th e


Igo stream gage. (A utomation of th e water re le ase control valves a t


W hiskeytown Dam may be required to accomplish th is . ) Because of the moderate


leng th of creek affe cte d (below W hiskeytown Dam) and th e gene rally concentrated


ch aracte r of tributary streams (most tributary flow occurs above mile 10 ), fine


tuning of th e re se rvoir re le ase schedule on a d aily basis during periods of


rapid ly fluctuating tributary inflow could be very e ffe ctive to maintain near


optimum flows in th e best h abitat reach (th e lower 10 miles) of Clear Creek.


Since any ad d itional water re leased below th e dam will re sult in


reduced power gene ration from Spring Creek and Keswick P owerhouses, th e re is an


energy loss associate d with increased flows in Clear Creek. O nce th e City of


R edding completes construction of it s hydropower proje ct on W hiskeytown Dam,


water re le ased from th e re se rvoir to Clear Creek will recover part of th is


loss. A ssuming approximately 50,000 acre -fe e t of ad d itional annual re le ase s


down Clear Creek an annual reduction of about 17 .5 million KwH would re sult.


D uring years defined as dry and c ritic a lly d ry, th e augmented flow


re le ase s to Clear Creek could be reduced to help prevent power shortages. A


possible reduction schedule could be a 40 percent d e ficiency during dry years


and 60 percent during c ritic a lly dry years. These percentage reductions are


patte rned a f te r th e recent T rinity R iver instream flow decision.
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R e le ase s of ad d itional wate r in to Clear Creek should not a f fe c t wate r


le ve ls a t W hiskeytown R e se rvoir, since ad d itional wate r re le ase d down Clear


Creek would oth e rwise be d ive rte d th rough th e Spring Creek Tunnel to th e


Sacramento R ive r. F lows in th e Sacramento R ive r downstream from th e mouth of


Clear Creek would remain e sse n tia lly unchanged. H owever, a small re d uction of


up to 100 cfs in rive r flows between Keswick R e se rvoir and Clear Creek would


occur during summer months.


F low measurements a t many transe cts were made to g ath e r


d ata for th e instre am flow study.
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CHAPTER V. REHABILITATION OF CLEAR CREEK FISHERY HABITAT


Much of th e damaged fish e ry h abitat in Clear Creek could be


re h abilita te d by th e following measures:


1. A dditional instream flow re le ase s to improve both th e quantity and


quality of h abitat.


2 . R iffle ripping to loosen and cle an streambed g rave ls compacted with


sand sediment.


3 . R econstruction of h istoric spawning r if f le  are as th at have been


degraded by floodflows and sediment d eposits.


4 . Control of sand -size sediment by construction and pe riod ic excavation


of sediment colle ction pools.


5 . Construction of instream structure s for h abitat improvement and mainte-

nance of th e stream channel.


6 . P urchase of land for h abitat prote ction.


The ad d itional flow re le ase s were discussed in d e ta il in Chapter IV. This


ch apte r d e scribe s oth e r re h abilita tion techniques in more d e ta il and evaluate s


th e ir pote n tial application to Clear Creek.


R iffle R ipping


This is a rath e r simple and inexpensive technique for improving spawn-

ing and re aring h abita t. I t involves use of a bulldoze r with ripping attach -

ment to loosen th e compacted stream bottom and expose it to water ve locity.


This washes some of th e sediment downstream and out of th e immediate r if f le 


are a. To be e ffe ctive it must be repeated pe riod ically, depending on how much


sand and sediment is produced upstream. R ipping is performed in r if f le  are as


th at have been degraded by sediment deposition and become too compacted for


spawning fish  to e asily dig ne sts in . If fish  do manage to spawn in such


are as, th e ir eggs ofte n do not receive adequate oxygen due to low streambed


pe rmeability, or th e hatched " fry" are trapped by th e sand.


P art of th is removed sand will be flush ed out of th e stream during


high winte r flows, but part of it will eventually d eposit on downstream r if f le 


are as. K ipping should th e re fore be performed from an upstream to downstream


d ire ction. R ipping can also be combined with pool construction to trap and


remove th e loosened sand. The cost of ripping is approximately $50 pe r


1,000 square fe e t. I t would cost approximately $20,000 to rip a l l th e suitable


r if f le  are as in Clear Creek below Sae ltze r Dam, assuming required access could


be obtained . A fte r ripping , some monitoring work should be conducted to evalu-

ate th e e ffe ct on th e h abitat and to determine when ad d itional ripping work


needs to be done.
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R econstruction of Spawning R iffle s


Seve ral productive r if f le  are as on Clear Creek were degraded or


destroyed by th e M arch 1983 high wate r. M ost seve re ly damaged were th e R enshaw


r if f le  and th e 1/4 mile reach below th e H ighway 273 bridge . Both of th ese


ex tensive are as were completely changed from r if f le  to run-and-pool h abita t.


Before th e flood damage, th e R enshaw r if f le  was th e best sing le spawning are a


on th e cre ek. I t contained th e h igh e st concentration of spawning fish  counted


in 1981 and 1982. A lthough th e flooding did cre ate some new spawning rif f le s


downstream, th ey are not equivalent in size to th e are as los t .


O nce productive , but now degraded, creek-spawning reach es can be


re built, as was done a t numerous locations on th e upper T rinity R iver near


L ewiston. Clear Creek is an id e al are a for r if f le  re construction because of


th e controlle d flows below W hiskeytown Dam and th e nearness of ex tensive


commercial g rave l re source s.


A sig nificant factor in determining th e cost of re constructing r if f le 


are as is th e nearness and availability of suitable screened " fish  rock" or


spawning g rave ls between 1/2 inch and 4 inch es in size . Commercial spawning


g rave ls from outsid e th e Clear Creek flood plain are a are re ad ily available


with in a 2 .5 -mile h aul d istance from a l l pote ntial r if f le  re storation are as


below Sae ltze r Dam.


R iffle re storation require s a moderate amount of planning, design,


environmental documentation, and acquisition of needed pe rmits prior to th e


beginning of construction a c tiv itie s . The construction phase consists of


hauling prope rly screened g rave ls to th e r if f le  are a and spreading them to a


spe cifie d th ickness and e le vation. The estimated cost of th is work for an


average size r if f le  of 300 fe e t by 50 fe e t is approximately $1.10 pe r square


foot, as shown below:


R iffle R econstruction Cost E stimate


M obilization and equipment 

Control structure s 

Spawning g rave l 

Subtotal 

E ngineering and contingencies 

Total 

U nit cost per f t

2 

of


spawning are a 

$ 5,200


700


7 ,700


$13,600


2,700


$16,300


$ 1.10


About $100,000 would be required to re construct both th e R enshaw and


th e rif f le s below H ighway 273. An ad d itional $150,000 would be needed to pe r-

form th e oth e r pote ntially needed r if f le  re storation work on Clear Creek.


A fte r re construction, th e se r if f le s will need some continuing pe riodic mainte-

nance depending on th e le ve l, frequency, and duration of floodflows and th e


quantity of sand sediment carrie d by th e creek. Long-term maintenance costs


should average around $10,000 pe r year, but actual maintenance work would only


be required every 3 to 5 years.


62




Sediment Control


A pproximately h alf of th e Clear Creek watershed below W hiskeytown Dam


is composed of g ranitic soils. These soils are part of th e Shasta Bally


Bath olith formation, which is also th e source of massive sediment problem in


th e T rinity R iver Basin. This study did not inve stig ate spe cific sediment


sources with in th e Clear Creek drainage , but it is known from sampling stream


bottom mate rials t l ~ t  sand -size sediment is a sig nificant problem th at must be


d e alt with in ord e r to g re atly improve th e cre e k 's fish e ry h abitat.


Sediment problems on th e T rinty R iver have been controlle d to a degree


by constructing sediment trap pools and evacuating them as th ey f il l . This


method could also be applied to Clear Creek. The most obvious sediment control


site  on Clear Creek is a t Sae ltze r R ese rvoir, which is pre sently fille d  with


sediment. Sae ltze r R eservoir is locate d below a l l th e tributa rie s th at con-

tribute sand to th e cre ek, and th e re fore it could trap nearly a l l of th is


mate rial before it reached th e be tte r spawning grave ls in th e lower 6 miles.


The re se rvoir also has good access to a county road for e fficie n t transport of


excavated mate rials to disposal site s . P ool construction a t th is site  would


also incre ase th e re se rvoir's re cre ation pote ntial.


The pool would be constructed by a larg e d rag line or backhoe


(h ydraulic excavator) loading into dump trucks. The spoil mate rial would be


hauled to d isposal are as above th e flood plain and could be be ne ficially used


to surface nearby dredger tailing are as for possible reclamation. A verage


depth of th e pool would range from 10 to 15 fe e t below water surface and th e


maximum capacity would be approximately 30,000 cubic yards. Cost of in it ia l


excavation and d isposal of mate rial would range from $6 to $10 pe r cubic yard ,


depending on hauling distance s to disposal site s .


There may be oth e r suitable sediment trap site s in th e 2-mile reach


between Sae ltze r Dam and th e Clear Creek road bridge , but it appears th at


Sae ltze r R eservoir is probably th e most favorable for in it ia l construction.


The ste ep canyon area upstream from th e bridge appears unsuitable for pools


because of shallow bedrock conditions and lack of easy access for equipment.


Stream F ish e ry H abitat Improvement Structure s


A current trend in fish e ry h abitat improvement is construction of


stream channel structure s to control water depth , d ire ction and ve locity to


bene fit th e fish e ry. These structure s are usually made of logs, timbers,


boulder cluste rs, or gabions (rocks placed in wire baske ts) , and th e ir design


is tailore d to corre ct spe cific stream conditions, such as lack of pools,


spawning g rave ls, or cover. The types of structure s most applicable to Clear


Creek are rock cluste rs, gabions, and log weirs.


Boulders of 1 cubic yard or larg e r size are id e al for cre ating a


d ive rsity of h abitat conditions in an oth erwise uniform and unproductive reach


of stream. Boulders can cre ate cover by providing shade, turbulence , and scour


pools. Boulders are normally placed in cluste rs of th re e to five . TIle cost of


boulder placement ranges from $40 to $75 per cubic yard if a source of rock is
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nearby and if good stream access is available , as is th e condition on Clear


Creek. P opulation incre ase s of more th an 100 pe rcent for ste e lh e ad "smolts"


have been documented in th e Smith R iver drainage as a re sult of boulder place -

ment.


Low check dams or log weirs extending across th e stream a t various


angles or configurations, such as V or Y, can be used to slow water ve locity,


cre ate and maintain pools, catch and re tain spawning g rave l, and provide cover


for young fish . These structure s, although simple and re la tive ly inexpensive


to construct, require site -sp e cific design based on a thorough analysis of


e x isting stream configuration, hydrology, and h abitat cond itions. Low dams can


be constructe d of larg e rock cluste rs, gabions or log s. The curre nt pre fe rence


seems to be for log or loose rock weirs, mainly because of th e ir more natural


appearance and lower cost. H owever, gabions may be more applicable on Clear


Creek because of th e ex tensive availability of small rock.


Seve ral stream reach es on lower Clear Creek have a hard clay bottom,


devoid of g rave l d e posits. Such are as do not provide suitable h abitat for


salmon and ste e lh e ad during any phase of th e ir lif e  cycle . Construction of


gabions or low rock or log dams a t th e lower end of th e se reach es would pond


water and catch g rave ls to cre ate usable spawning and re aring h abitat.


P artly as a re sult of th e 1983 flood , which f ille d  pools and washed


away much riparian veg e tation, seve ral reaches of Clear Creek do not have much


h iding or escape h abita t. F ish in th e se are as are very vulne rable to preda-

tion. In-stream structure s can be constructed or placed to provide suitable


fish  cover and sh e lte r a t stra te g ic locations, such as pools or undercut banks,


where fish  would lik e ly congregate . Cover structure s are normally made of


poles or logs placed along streambanks e ith e r above or below th e water surface .


D esign is quite fle x ible , depending on site  spe cific stream conditions. The


structure must be prope rly locate d and anchored to avoid cre ating e rosion or


flooding problems.


P lanting of streamside vege tation provides anoth e r form of overhead


cover. The proper type and amount of vege tation will not only improve cover


conditions but will also h elp stabiliz e streambanks, cool th e wate r, and


incre ase th e fish  food supply as a re sult of inse cts dropping into th e water


from overhanging vege tation.


In are as where natural streambank e rosion provides a source of su it-

able spawning g rave ls to th e creek bottom, streambank vege tative growth should


be discouraged . Consideration should be given to placement of instream struc-

ture s th at would incre ase streambank e rosion in th ese are as. Such structure s


would d ire ct th e water ve locity against th e streambank during high flows.


A nother pote ntial method of incre asing available streambed g rave ls is to


mechanically push suitable stream te rrace g rave ls into th e creek preceding


high flows.
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P urchase of P roperty E asements for H abitat P rote ction


The lower 6 miles of Clear Creek below Sae ltze r Dam are pre sently very


valuable as anadromous fish e ry h abitat. A lso, th e 2 miles of creek immediately


above th e dam have similar ch aracte ristics. This are a would become acce ssible


if planned fish  passage work by DFG a t th e dam is succe ssful. The most c r it i-

cal reach of creek is from mile 3 .5 through 4 .5 , where th e few remaining


streamside grave l te rrace s are locate d . These te rrace s constitute th e la s t


remaining sizable source of fish  spawning grave ls below Sae ltze r Dam th at can


migrate naturally into th e stream channel during high flows. Their prote ction


from mining is c r itic a l to th e success of any fish e ry re storation program on


th e creek and th ey should receive priority atte n tion .


The most ce rtain way to prote ct th ese g rave ls is to purchase them.


A nother method is to purchase a conse rvation easement in instance s where owners


in sis t on excluding public use along th e cre ek. DFG, in cooperation with th e


W ild life Conservation Board, is inve stig ating th e possibility of purchasing


portions of th e flood plain along th e lower reaches of Clear Creek. P roperty


or easement purchase would make it possible to construct fish e ry re storation


proje cts on th e creek with th e assurance th at long-term maintenance work can


also be performed.
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CHAPTER VI. PLAN OF ACTION AND POSSIBLE FUNDING


SOURCES FOR RESTORATION WORK


The preceding ch apte rs id e n tifie d seve ral fish e ry re storation actions


th at could be implemented on Clear Creek. M ost of those actions are patte rned


a f te r work th a t has been conducted on th e T rinity R iver since 1976. Many


sim ila ritie s e x ist between Clear Creek and T rinity R iver fish e ry problems.


H owever, Clear Creek has only 16 miles of main stream available for re stora-

tion, compared with approximately 110 miles on th e T rinity R iver.


Both DWR and th e Bureau of R eclamation have ongoing fish e ry stud ie s on


Clear Creek. A statutory commitment in th e 1955 T rinity R iver D ivision imple -

menting le g isla tion require s th e Bureau of R eclamation to "insure th e pre se rva-

tion and propagation of fish  and wild life " in both th e T rinity R iver below


L ewiston and Clear Creek below W hiskeytown Dam. F ollowing is a l is t of


suggested proje ct p rioritie s for work needed to "insure th e pre se rvation and


propagation of fish  and wild life on Clear Creek."


1 . The most sig nificant sing le action th at could pre se ntly be taken is


modification of th e instream flow re le ase s below W hiskeytown Dam to a


schedule gene rally sim ilar to th at shown in F igure 7 .


2. O f equal p riority is th e pre se rvation of streamside g rave l te rrace s


between mile 3 .5 and 4 .5 , which will naturally provide most of th e


future spawning grave ls in th e h eavily used lower portion of th e


cre ek. L imited long-term be ne fit would re sult from increased stream-

flows unle ss adequate quantitie s of spawning and re aring grave ls are


pre se nt. P urchase of th e flood plain prope rty or a resource conserva-

tion easement are probably th e be st methods of prese rving th ese


g rave ls.


3 . A functional fish  passage structure around Sae ltze r Dam is a h igh -

p riority item th at will open up seve ral miles of ad d itional fish e ry


h abita t. The D epartment of F ish and Game is planning to modify th e


e x isting ladd e r around th e dam during th e summer of 1986.


4 . Seve ral spawning rif f le s which have been damaged by e rosion or se d i-

ment d eposition should be reconstructe d . The two most c r itic a l are as


are th e R enshaw rif f le  and th e 1/4 -mile reach downstream of th e H ighway


273 bridge .


5 . A ll e x isting compacted r if f le  are as below Sae ltze r Dam should be ripped


to loosen and cle an them. This work is re la tive ly inexpensive and


could probably be accomplished by a sing le dozer in 5 to 10 working


days.


6 . A ccumulated sediment in Sae ltze r R ese rvoir should be removed to provide


a catchment pool for th e d e trimental decomposed g ranite sand before it


is washed into th e productive r if f le  are as below Sae ltze r Dam.
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7 . The recent (November 1985) incidence of wh irling disease in stee1head


populations a t th e Coleman National F ish H atchery on Battle Creek may


g re atly incre ase th e d e sirability of improving stee1head h abitat or of


locating a hatch ery on Clear Creek. This possibility should be evalu-

ate d fully in deciding how to maintain or improve stee1head populations


in th e upper Sacramento R iver Basin.


8. A dditional site  spe cific planning and design work should be performed


to id e ntify instream h abitat improvement structure locations and types


appropriate for construction on Clear Creek.


9. A dditional study of a r t if ic ia l propagation possibilitie s (re aring ponds


or hatch ery) should be conducted by DFG, which is curre ntly conducting


some re aring and fish  re le ase experiments on th e creek near th e NEED


Camp.


Several pote ntial sources of funding could h e lp support th is work, but


allocation of a portion of th ese funds to Clear Creek may depend to a larg e


degree on th e le ve l of local government and conservation group support. Some


spe cific sources of pote ntial funding are :


1. The R enewable R esources Investment F und was cre ate d by le g isla tion


passed in 1979. This fund provides a tota l of $10 million, a portion


of which was designated for use in re storing salmon stocks. O ver


$1 million was allocate d to th is program during 1984-85.


2. L e g islation passed in 1981 require s commercial salmon trolle rs to


purchase an annual stamp costing between $55 and $215, depending on


th e ir previous ye ar's catch . The stamp fe e s are administered by an


advisory committee for th e purpose of funding salmon re storation


programs. A pproxiamte1y $600,000 was available in 1984-85.


3 . The continuing California E nvironmental L icense P late Fund P rogram


contributed $1.4 million for construction of fish  h abitat re storation


work, including spawning r if f le  construction in 1984-85.


4. P roposition 19, passed by th e vote rs in June 1984, will provide a


continuing source of funds for stream re storation for th e next


5 years. In 1984-85, $1.25 million was allocate d to th is program.


5. Senate Bill 400 provides $5 million annually for 2 years to re store


fish e rie s h abitat.


6 . In th e future , funding could be provided by th e State or F ederal


Government as mitigation for fish e rie s losse s re sulting from construc-

tion of new water proje cts in th e Sacramento R iver Basin.
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