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1 - INTRODUCTION

1.1 - Approach to Mitigation

Th Alaska Power Authority's (APA) goal for Susitna Hydroelectric

Project fisheries mitigation is to maintain the productivity of

natural reproducing populations (Acres erican 1983). Thi is

consistent with the aitigation goals of the U. S. Fish and Wildlif

Service (USFWS) and the Alaska Depart nt of Fish and Game (ADF61G)

(APA 1982. ADF~ 1982a. USFWS 1981). The APA plans to either in~ain

existing habitat or provide replacem nt habitat of sufficient quantity

and quality to intain this productivity. Where it is not feasible

to achieve this goal. APA will co pensate for the i pact with

propagation facilities.

Mitigation easures proposed for the Susitna Hydroelectric Project are

grouped into two broad approaches:

Modifications to design, construction, or operation of the

project

Resource management strategies

The firs t approach is project specific and emphasizes the avoidance,

minimization, rectification, or reduction of adverse impacts according

to the Fish and Wildlife Mitigation Policy established by the APA

(1982) and coordinating agencies (ADF&G 1982a, USFWS 1981). Thes~

ea ures involve adjusting or adding proj ect features during design

and planning so that itigation becomes a built-in component of

project actions.

If impacts cannot be mitigated by the first approach. reduction or

compensation JDeasures will be impl ented. This type of mitigation

will involve manage ent of the resource rather than adjustments to the

proj ct, nd will require concurrence of resource manag ent board or

agencies with jurisdiction over resources within the project area.

1
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1.2 - Scope

and their habitat.

Monitoring and maintenance of adtlg_tion features to redue

over time are recognized 8S integral parts of the ~ltigatlor

The lIOniroring program will be developed during detailed er

design and construction planning and be applied to fiahery
. ' I L / '~~'
, ~L,.o.J . ~

. ...... ~.~ V V" 5 '
'1GY' I " J- ' -

.- I ~';l"'J ' '''''' ' .

o
~. ~~~

Thia report praaenta alternativ8_proj t . flow regimea aa the primary -. ~~

mitigative alternative fo t-chinook uvenile d artial miti ation for ~ ~~~~
chua apawning. Additional chua aalmon apawning mitigation followa one ~J
of the following atrategiea : (1) atructural modification to preaently - ~r .
utilized aide alougha to asintain aemi-natural ' apawning and ~, <J- J

- '}t J,'<"k Qjt< j

tm~

Mitigation planning for the Suaitna Hydroalectric Project baa

eaphaalzed both approaches. The sequence of options from avoidance

through ca.penaation haa been applied to each !apact iasua. If full

mitigation can ba achieved at a high priority option, lowe.

asy not be conaidared . In the reaulting mitigation plana, me.

avoid , mintmize, or rectify potential impacta are treated in

datail. Specificationa for facility aiting and deaign,

attigation facilities, construction procedures, and sched

project actioDS to mitigate adverse effecta on the b

presented.

/This report 8I!ecific"'y "."8.'.' pl ans to .1 tiget. impacts on chum. __

~ aalmon apawning habitat in the Talkeetna to Devil Canyon reach of the

/' Susitna River (middle Suaitna River). The plana are preaented for

~~ selected sloughs; however, they are applicable to other sloughs in~
~~J middle Susitna River, where physical impacta are expected to be

~ ( IjW,J similar. The sloughs selected for detailed analysis in this report

~ are the slougbs IDOst heavily utilized by SPlDITl 1ng ,.Imon during the

1981-1984 atudy period. The mitigation plans for other apecies/life

stages (e.g. chinook rearing). other project areas (e.g. impoundment),

and the applicability of propoaed mitigation plans to other phasas of

the project (e.g. Watana filling) are aubjects of upcoming reporta.

'-
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project actions

presented .

over time are recognized 8S integral parts of the mitigation process.

Mitigation planning for t he Susit.

emphasized both approache.. The .equ

through compensation has been applied

mitigation can be achieved at a high

may not be considered. In the result!

avoid, minimize. or rectify potential

detail. Specifications for facili•

The monitoring program viII be developed during detailed engineering

design and construction planning and be applied to fishery resources

and t heir habitat . . . ....,) .<-,L.I f~'
. . ..... ~.4 l.-" ,..- V ", ', h 5 .

'1 rr: , J. ' ~'.,/ ~;~"J, ,"~ ,

Monitoring and maintenance of

• ltigation facilities ,

I
I
I
I
I
I
I
I
I
I

/
I

This report sf!ecifica#,'y IfId' _II18pe plen s to mitigate impacts on chum. ""---

,,- salmon spawning habitat i n the Talkeetns to Devil canyon reach of the

/' Susitna Rt ver (mi ddl e Sus1tna Iliver) . The plans sre presented for

I if o;;v selected sloughs ; however. they a r e applicable to other sloughs in~
~/f.~';:) m.iddle Susitna River , where physic.al impacts are expected to be

1 0 1U( /.9-0 s imi ar. The sloughs selected for detailed analysis in this report

~ are the s loughs most heavily utilized by spaynfpr sIlmon during the

I 198 1- 1984 study pe riod. The mitigation plans for other spedes/life

stages (e .g. chinook rearing), other project areas (e.g. impoundment),

I and the applicability of proposed mitigation plans to other phases of

the project (e.g. Watana filling) are subjects of upcoming reports~ <7

I -'.~ V;{,J-
This report presents alternaU 1la-projeet flow regime. as the pr ima ry _ ,..(""

mitigative alternative for .chinook J uvenile 8lld partial mitigation for ¥'" ;;...J.. .{;..~
I ~hum spawning. Additional chum salmon spawning mitigation follows one- l-1t""J

of the following strategies: (1) structural modification to presently _~
I utilized side sloughs to maintsin semi-natural ' spawning and .... . t,t..
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Mitigation planning for the Susitna Hydroelectric Project has

emphasized both approaches. The sequence of options from avoidance

through compensation has been applied to each impact issue. If full

mitigation can be achieved at a high priority option, lower options

may not be consider-d. In the resulting mitigation plans, meesu~as to

avoid, minimize, or rectify potential impacts are treated in greatest

detail. Specifications for facility siting and design, 8p~cia1

mitigation facilities, construction procedures, and scheduling of

project actions to mitigate adverse effects on the biota are

presented.

The monitoring program will be developed during detailed engineering

design and construction planning and be applied to fishery resources

and their habitat. , I.L / ~.
I I "

••~ t h , ·
'\ I J

1.2 - Scope

Monitoring and maintenance of mitigation features ttl reduce impacts

over time are recognized as integral parts of the mitigation process.

middle Susitna River, where physical impacts are expected to be

similar. The sloughs selected for detailed analysis in this report

are the sloughs most heaVily utilized by spawnina salmon during the-1981-1984 study period. The mitigation plans for other species/life

stages (e.g. chinook rearing), other project areas (e.g. impoundment),

and the applicability of proposed mitigation plans to other phases of

the project (e.g. Watana filling) are subjects of upcoming
-. ~-----

This report presents a1te~~proj I t flow regimes as the rimary

mitigative alternative fo ~hinook juvenile artia1 mitigation for

chum spawning. Additional chum salmon spawning mitigation follows one

of the following strategies: (1) structural modification to presently

utilized side sloughs to maintain semi-natufa1 ' spawning and r:

-~( . J C{Qif!'J
~i ..11 ~

l .AAt ~~

,I

This report s~ecifica]'y ~888 plans to mitigate impacts on chum /

~ salmon spawning habitat in the Talkeetna to Devil Canyon reach of the

/ Susitna River (middle Susitna River). The plans are presented for-selected sloughs; however, they are applicable to other sloughs in the-
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(2) artificial propagation with atrellJll-alde egg boxes t o compensete

for 108ses. As stated in the License Application (A..:res American

1983), full mitigation can be achieved with either strategy. Final

decisions on the strategy to be implemented will be made through

discussions with resource managers .

1.3 - Selection of Evaluation Species

All three mitigation policies (MA, A.~F&G and USFWS) imply that

project impacta on the habitats of certain senaitive fish species will

be of greater concern than changes in distribution and abundance of

les8 senaitive species. Sensitivity can be related to high human uae

value as well 8S 9usceptlbl1ity to change because of project impacts.

Statewide policies and management approaches of resource agencies

Buggest that concern for fish and wildlife sp e c i e s with commercial,

subsistence. and other consumptive uses 18 greater than for species

without such value. These species are often numerous , and utilize a

vide range of habitats. as well as having high hu~ use value. Such

characteristics often result in thes~ species being selected for

careful evaluation when their habitats are subjected to alternative

uses. By avoiding or minimizing alterations to habitats utilized by

these evaluation species. the impacts to other les8 sensitive species

that utilize similar habitats can also be avoided or reduced.

The evaluation species were s e l ec t e d after initial baseline studies

and impact assessments had identified th~ dcminant speices and

potential impacts on available habitats throughout the year e

Mitigations were then developed that will reduce impacts on habitat
~

parameters that are expected to control populations.

Species with high regional visibility and cQllllllerc1al, sport ,

subsistence. or aesthetic value were given prioritye Within this

category. species sensitive to proj ect effects were highly

rated. Since the evaluation species play a dominant role in the

ecosystem. they may serve as indicator 8P~Se By maintaining

3



critical habitats for evaluation species.

impacts on less sensitive species or

evaluation priority may be mitigated.

many of the

species with

potential

a lower

I V . - I I '. I
/ ,..

I
I
I , f ,_' ,

I I "
;r •J •

I' •
,I'

. '

~v"
"f).

.'" r~'

....

Based on the aquatic studjes baseline reports. impact assessments. and

harvest contributions. five species of Pacific salmon (chum. sockeye.

chinook. coho. and pink) were identified as evaluation species for the

Susitna River downstream from Devil Canyon. Sockeye salmon were not

included in Exhibit E as an evaluation species since. at that ti e.

they were considered strays of the Chulitna River stock. However.

recent evidence indicates that sockeye in the middle Susitna River may

be a viable stock (Dana Schmidt. ADFSG. pers. comm•• 1984).

Since the greatest changes in downstream habitats are expected in the ) .
.J".Jreach between Devil Canyon and Talkeetna. fish using that portion of :; (

the river were considered to be the most sensitive to project effects. Ie
Because of differences in their seasonal habitat requirements. not all ? ~

salmon species would be eq-ally affected by the proposed project. Of

the five species. chum and sockeye salmon appear to be the most

vulnerable in this reach. because of their dependence on slough

habitats for spawning. incubation and early rearing. Of these two •

chum salon are the dominant species. Chinook and coho

less likely to be impacted by the project because two critical life

stages. spawning and incubation. occur in habitats that are not likely

to be altered by the project. While some pink salmon spawn in slough

habitats in the reach between Devil Canyon and Talkeetna. mest of

these fish utilize tributary habitats. The mitigations proposed to

maintain chum salmon productiVity should allow sockeye and pink salon

to be maintained as well. The chinook and coho salmon juveniles rear

in the river for one to two years prior to out-migration. Much of the

coho rearing apparently occurs in clear water areas. such as in

sloughs and tributary mouths. with chinook rearing in turbid side

channels as well as clear water areas. Improved conditions in the

mainstem are expected to provide replacement habitat to mitigate for

the potential loss of rearing areas in slough habitats. Juvenile

overwintering habitats are not expected to be adversely affected.

4
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Ir In auDlllLary. the evaluation species and life stages selected for the

Susitns Hydroelectric Project in the Devil Canyon to Cook Inlet Reach

are:

Chua Sa1lllon

Spawning adults;

E.bryos and pre-emergent fry;

Emergent fry;

Returning adults ; and

OUt-uigrsnt juveniles

Sockeye Ss1lllon

Spawning sdults;

Embryos and pre-emergent fry;

Emergent fry;

Returning adults; and

OUt-migrant juveniles.

Spawning adults; and

Embryos and pre-emergent fry;

Emergent fry; ~
Returning adults; d

OUt-uigrant juv iles.

I{ L U-r? 7

1··...-
(1.·1

I I,
,~

( ,, -

.."

) C t·

~
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Chinook Salmon --rt~
b ... '0>'

v- t -'
Resring juveniles; snd u" v-~.

-J • ,p ' .. ,0'
- Returning sdults' r (. ";,, 0( " ., '1"
U((..2..-r :7 ~ _ ~v: ..J I I · 7

rJ'r"';.v ¥ J'"
Coho Salmon ./; I ) ,-

11'
- Rearing jUVenil~~ and

Recurning a4ad'ts.
{j L-~ 1

Pink Salmon
r
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I
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H
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1.4 - Overview of Selected Evaluation Speciea in the KiddIe Susitna

River

Fishery resources in the Susltna River comprise a major portion of the

Cook Inlet commercial salmon harvest and provide sport fishing for

residents of Anchorage and the surrounding area . The Talkeetna-Devil

Canyon sub-basin provides habitat for annual escapements of

approximately 24.100 chum; 8.500 chinook; 2,200 coho; 54,800 even-year

pink; 4,400 odd-year pink; and 2.800 sockeye (Table 1) . Of the annual

escapement to the Susltna River Basin, the sub-basin escapements are

about 7 percent each for chum and chinook, 3 percent for coho. 4

percent for even-year pink, 3 percent for odd-year pink and 1 percent

for sockeye. Figures 1 to 5 show annual salmon escapements to the

Talkeetna-Devil Canyon sub-basin and relative utilization of slough,

tributaries and maiustem areas .

Most chtrn salmon above RM 98.6 spawn in either slough or tributary

stream habitats (ADF&G 1981, 1983a. 1984a). About 93 percent of the

10.570 chum sa~n counted during peak index surveys were observed in

trihutary or slough habitats; the remaining 7 percent were observed at

mainstem spawning sites (Table 2). In 1983, chum salmon peak index

counts in tributary and slough habitats were about equal. while in

1982 and 1981, counts were higher in slough habitats (Thble 2).

Chum salmon peak index counts in middle Susitna River sloughs are

presented in Table 3. Eleven of the 33 sloughs surveyed in all three

years supported chum salmon spawning in each year. Four of the

eleven . Sloughs 8A. 9. 11 and 21. averaged over 200 fish annually for

the three years and accounted for about two-thirds of the total chum

salmon counted in slough habitats.

Chum salmon pe.lk counts at mainstem spawning sites are presented in

Table 2. Eighteen chum salmon main~tem spawning sites were identified

during 1981-1983 surveys; seven sites were used in two or more of the

three years (Table 3).

6



numbers of spawning

Sloughs 8A, 11 and 21

peak counts in 1981.

(Table 4) • The peak

Auguat and the end of

I
I

I

•

•

The peak of chum salmon spawning occurred during the last week of

August in tributaries . the first week of September i n sloughs, and the

first ~o weeks of September at ..lusten spawning sItes in all three

years (ADF&G 1981. 1983a. 1984a).

Sockeye salmon escapements t o the Susltn. River system 'cons i s t of ~

distinct runs. The first-run sockeye spawn exclusively in the

Ta l ke e tna River drainage. Second-run sockeye are distributed

system-wlde . Host second-run sockeye salmon in the Talkeetna-Devil

Canyon sub-bssin spawn in slough habitat (ADF&G 1981. 1983a. 1984a).

Approximately 99 percent of the 2,420 second-run sockeye counted

during peak spawner counts were observed in sloughs . The remaining

second-run sockeye salmon were in the malnstem and tributaries. One

main chsnnel site (RH 138.6-138.9) spswning site vas identified during

the 1981-1983 surveys (ADF&G 1981. 1983. 1984) • Six second-run

sockeye were observed in tributaries duri ng the 1981-1983 surveys.

All six, however, were co nsidered milling fish that did not spawn in

streams (ADF&G 1981, 1983. 1984) . During s ravning surveys in

1981-1983, second-run sockey e were obse rv ed in 17 sloughs above

RH 98.6 (Table 4). Only 3 of the 17 sloughs contained significant

second-run sockeye in all three years .

accounted for 89 percent of the total slough

9S percent i n 1982 and 92 percent in 1983

of spavning occurred between the last week of

September in all three years (ADF&G 1984a) .

tributaries . Only five coho salmon were observed spawning in mainstem

and slough habitats (ADF&G 1983a).

Mo st pink salmon in the Talkeetna-Devil Canyon Bub-basin spawn in

tributaries (ADF&G 1984a) . Pink salmon vere documented spawning in

sloughs in 1981 and 1982 (ADF&G 1981, 1983a) . Total alough escapeme nt

of pi nk salmon above RH 98.6 in 1981 vss 38 fish in Slough 8

•
I•
•
•

I•

Most coho s almon in

tributaries . During

99 percent of the

the Talkeetna-Devil Canyon sub-basin spawned in

spawning ground peak surveys in 198 1-1983, over

1,336 coho salmon counted were observed in
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(Table 5). In 1982, total pink salmon escapement above Rll 98.6 was

about 297 fish in seven sloughs (Table 5). Two of the seven sloughs,

11 and 20. accounted for over 80 percent of the pink salmon total

escapement in sloughs in 1982. No pink salmon were observed spawning

in sloughs in 1983; Ush counted in slough habitat during spawning

surveys in 1983 were considered milling fish (ADF&G 1984&). In 1981.

the peak of pink salmon spawning in Slough 8 occurred about the last

week of August, while in 1982 the peak of pink salmon spawning in

8loughs occurred during the first three weeks of August (ADF&G 1984a).

No pink salmon were observed spawning in the matnacem of the Susitna

River above Rll 98.6 in 1981-1983 (ADF&G 1984a).

ChinooK salmon spawn exclusively in tributary stream habitat above

Rll 98.6 (ADF&G 1984a). No chinook spawning has been observed in any

matnacem, side channel or slough habitats.

8
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2 - MITIGATION OPTIONS - HISTORICAL PERSPECTIVE

~ -.u..r. " v\.<..i A '-h -It, D 'J,;JjJ~ V/ J ",J"t.U
->- .

2. 1 - Flow Release ,;\ - "-"-- I?C-<-<~

Flow releases designed to meet instream flow requirements of fishery

reaourcetr are mitigative m.",sures that have recently been routinely

incorporated in ?roject operations. Historically, this was not always

the case. As older projects are relicensed, flow-release restrictions

are being instituted to protect downstream. fish habitat. Instream

flow requirements for anadromou8 species have generally focused on the

spawning and incubatio~ life stages as flow needs for these life
'"». -I>--~ (1i h '1. "

stages are more easIly assessed than for other stages. Minimal and

target maxillum flows are often required during the spawning season r:&:J:' ....., -while minimum flows based on the s awning flow are implemented during , <. . / r.-' _ )' ~~ ( -<..., -.....
the periods of incubation and emergence. Recently. · ramping rate and ~V ~ L' r" ' i t.( S

amplitude restrictions have been placed in the flow release schedules ) f. . -c .~~

of several projects to avoid stranding of fry and juveniles during

flow fluctuations. A selection of rivers with anadromous fish

populations and hydroelectric or flood control projects and associated

mitigation measures. including flow release restrictions . Is presented

in Table 6.

2 . 2 - Habitat Modification

enhancement projects are more commonplace. and the various techniques

employed are applicable to the slough and side channel areas of the

Susitna River. Examples of mitigation and/or enhancement projects in

Alaska, British Columbia and Washington State are presented below.

I

I

I

On-site habitat modification

projects has rarely been

8S a mitigation option for hydroelectriC

employed . Habitat modifications as

I

I

I

•

2. 2. 1 - Alaska

(a> Chilkat River Salmo~ Enhancement Project

Yn 198~. the Northern Southeast Regional Aquaculture

Association (NSRAA> completed construction of a ISOO-foot

9
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spawning channel for chum s almon near Haines , Alaska

(Dachen 1984). The channel was located in the f Iocdp Lafn

of the Klehini River above the confluence with the Chilkat

River. The existing channel had supported chum spawning in

previous years. In the construction process native

material vas excavated from the channel and sorted on site;

particl.s in the size range of 3/4 to 3 inch were returned

to the channel. Flow through the channel wss supplied by

6-7 ·C groundwater at a rate of spproximately 2.7-5.6 cfs .

The channel was divided into three level sections with

six-inch drops beeween sectioDs . Wooden check dams placed

at the lover end of each section provided adequate depth

for spawning upstream.

During the first year of operation. 461 chum salmon and 117

coho salmon returned to the channel. Approximately 700

chum. salmon had used the channel in previous years. The

lover than average utilization may be attributed to the

weak escapement in 1983. However . the estimated egg-co-fry

survival the following spring was 22-24 percent ,

substantially greater than the survival In the unimproved

system. In the second year of operation, approximately

1500 Ush had returned to the channel by the end of

October.

The channel was designed to accommodate as many as 3000

females assuming uniform distribution of fish at a density

of one female/II square feet.

The channel was constructed at a cost of $125,000 or

approximately $37 pe r square yard. The only scheduled

maintenance for the channel is weekly removal of carcasses

during the spawning season to prevent increased oxygen

demand resulting from decomposition.

10
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Application to Suaitna River Kitigation Plan . Although the

project bas only been in operation for 2 years. chum salmon

escapement in the second year was at least 1500 fish , over

twice ita hiatorical uae. If egg-to-fry aurvival rate of

22-24 percent (about 2-3 U.... the esUmated survival in

unimproved channels) Is repeated the s econd year. the net

result would be a 400-600 percent increase in production

over historical levels. This Is encouraging and indicates

the potential production that can be attained with

appropriate habitat modification techniques.

(b) Tern Lake Enhancement Project

The U.S. Forest Service completed a spawni ng enhancement

? ~ect on Daves Creek immediately below the outlet of Tern
, ----,.~J- Lak,w Prior to construction. the channel geometry and

substrate in this reach of the creek prOVided only marginal

habitat for chinook and coho salmon spawning. The channel

was restructured and substrate appropriate for chinook

salmon spawning added. The pool-riffle sequence was

established with notched logs. Following two years of

operation, increased use by spawning chinook as well as

coho salmon has been reported (Ralph Bravoing , USFWS, pers.

comm., 1984) . A two year project evaluation report will be

forthco..ing by the end of 1984.

Application to Susitna River Mitigation. The Tern Lake

project is a recent development and evaluations at this

point sre preli.. inary. It does appear that it has met its

general objective of providing additional spawning habitat

in an area that was only marginally usable earlier.

•
•
•

(c) Chakachatn<

During logging practices in the late 1970s, a bridge

crossing was constructed over the Chakachatna River near

11
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the confluence with Straight Creek. To eneure stabilized

abutments on either side of the river. guide banks

consisting of local sands, gravels. and cobbles vere placed

aloDg the banks of the main channel to direct the river.

In the process of guide bank construction, material vas

ucavated frcna a slough channel in the flood plain. The

slough vas located upstream of the approach road which

required placement of culverts beneath the road to allow

free passage of vater. Following construction, the portion

of the slough above the culverts vas rectangular in shape

reflecting the excavation process and measured 50-70 feet

in width and about 400 feet in length . Flow through this

portion of the slough during the spawning season in October

vas about 2 eta. Below the road croBsing excavation was

minimal and the slough took. on natural channel

characteristics before feeding into a side channel

connected to the mainstem river.

A field survey during the 1984 spawning season indicated

that approximately 200 chum and sockeye salmon used the

modified portion of the slough upstream of the road

crossing for spawning. In addition. an earlier field

survey during the spring indicated sockeye salmon juveniles

may also be using the area for rearing. This was confirmed

in the fall survey when several hundred sockeye juveniles

were observed in the headwaters of the slough. The

historical use of this channel for spawning and rearing is

unknown.

Application to Susitna River !litigation Plan. The

mechanical modification of this slough without regard to

preserving the habitat and the subsequent use of this

channel by spawning chum and sockeye salmon indicates that

properly designed and implemented slough modifications in

the Susitna should maintain if not improve the existing

habitat conditions.

12
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(d) Portase Creek

Among the techniques used to enhance these spawning areas were

to 1) provide access into the channels by removing obstructions;

2) lower the bed elevation of the channel to increase

groundwater flow. depth. and area available for spawning;

3) install weirs to increase water depth and control gradient;

and 4) add suitable spavnins sravels where previously lackins.

Chum salmon egg-to-fry survival for seven i mprov ed channels

after the first year of operation averaged 16.3 percent.

approximately twice the averase (7.9 percent) documented at six

natural spavninS areas in British Columbia . Survi~al at two of

the s ites, 33.5 and 20.7 percent, exceeded ess-to-fry survival

previously reported for chum salmon under natural conditions.

the main river except durinS flood

of flow through these areas Wd8

generally separated from

conditions . The s ource

generally groundwater.

Construction of salmon enhancement project by ' the U.S .

Forest Service and Alaaka Department of Transportation Is

currently undenray at Portage Creek. A groundwater-fed

spavninS channel measurins approximately 3,000 feet in

lensth and 20 feet in width has been dea1sned principally

for chum salmon but may be used by all five species of

Pacific Salmon that occur in the area. In addition . 4

rearins ponds totalins five acres have been planned.

Exp,,-cted completion date is fall 19.85. , J" _ -4...-p , ,
l e. ) 1 I.JU'- ~i)~ ' <., (...0. < .- , / 4' I~: , · L .. -

~ v - , ., -r- ( I

2.2 .2 - Canadian Chum! ance_nt Projects LMl ~ c. :; . - ;;; ~' < ,

"hrv
In the late 1970s the Canadian Department of Fisheries and

Oceans initiated a prosram in Southern British Columbia to

increase chum salmon production by developing new spawning areas

or improvins extstins ones (Lister et al. 1980a). The areas

selected for enhancement were located in overflow channels

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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and compared favorably with the average (27 percent) achieved at

a spawning channel with controlled flow at Big Qualium River on

Vancouver Island. Moreover. one channel that did not support a

spawning population of chum salmon in the past received over

1,300 spawners in the first year of operation with a 20 percent

egg-to-fry survival.

In channels where sorted gravel was added. both high and low

survivals were recorded. The removal of fine material may allow

for greater egg deposition; however t the overall survival may

have been reduced because of facilitated access to interacts!

space by predators. The advantages of sorted gravel may also

have been masked by other site specific biological and physical

features that affect survival such as density of spawning fish

and channel characteristics that determine the gradient and

groundwater flow.

Application to Susitna River Mitigation Plan. The CanadillIl

enhancement projects demonstrated that through various habitat

modification techniques the production from historical spawned

areas can be improved by increasing the amount of sui t abl e

spawning habitat and thereby accommodating more spawning pairs

and by attaining high egg-to-fry survival rates . As applied to

the Susitna River . improvement of habitat quality in selected

#!reas of the middle Susitna River may be used to mitigate for

some spawning azeas that will be lost.

2. 2.3 - Washington State

I

I

I

I

(a) Satsop River Chum Enhancement Projects

In recent year s the Washington State Department of

Fisheries ha s undertaken instream chum enhancement projects

along the Satsop River to restore chum salmon runs in this

area to their hIstorical levels (Dave King. Wash . Dept.

Fisheries pers . comm • • 1984) . Three projects completed to

14
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data have involved modificationa to old river channels that

convey vater only during high flow. In tvo of tha channels

the silt-aand substrate vas excavated to a depth to

intercept the vater table and replaced with 1/4 to 3 inch

leveled gravel. r'1. the third channel, after excavation,

the gravel in the channel appeared suitable for spawning

and did not require replacement. The channels were graded

to an approximate 2 percent gradient and, where necessary,

diked off at the upper end to prevent overflow during flood

perioda.

Although the projects have been in operation only for 1 or

2 years, preliminary evaluations appear promising with

egg-to-fry survival ranging f r Oll 38 to 78 percent. The

highest survival vas documented in the channel in which the

native gravel VAS retained. This channel vas only a

depression before it was modified and had not been used by

fish preViously. Its dimensions were 7 feet by 500 feet.

It received 52 fish its first year of operation. The low

density (reduced likelihood of superimposition) and the

protecti03Q afforded against predation by smaller gravels

and sand found in the natural subateaee may have

contributed to the high survival rate. Dimensions and

densities of spawning fish in the ocher channels were :

20 feet by 600 feet with 600 fish and 15 feet by 1, 000 ft

with 1,000 fish.

The Washington State costs associated with these proj ects

were $15 per square yard for channels with replaced gravels

and $11-12 per square yard without replacement. During the

construction process some sand and silts were deposited

over the replaced gravels and were removed with a gravel

cleaning machine at cost of $2-4 per square yard.
~

•
•

(
Application to Susitna River Mitigation. The

projects were patterned after the pioneering

15
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(b)

Canadians in British Columbis and their application to the

Su.itna River are sla11ar . The egg- to-fry survival frena

the Washington projects Is particularly encouraging and

indicates the potential production that can be attained

with sppropriate habitat modification techniques.

~ ..,
Application to Susltna Il1ver 111 tigat ion Plan. The

Washington State projects ....ployed similar technique to

those in British Columbia. The egg-to-fry survival

however, vas Bubstantially greater . The survival rate from

these projects reemphasizes the potentIal for increasing

the natural production of chum salmon fry in the Susltna

River several fold in selected areas.

Baker Lake Substitute Spawning Beach

Hi s t or i cally . an estimated 95 percent of the s ockeye salmon

spawning in the Baker River , Washington system vas confined

to two beach spawning areas on Baker Lake. Completion of

the second Baker Lake Dam resulted in the reservoir

inundating the lake shore spawning beds to a depth of

60 feet. Periods o~ reservoir drawdown also coincided with

hatchi ng and fry emerge nce, with the result that any egg

deposition withi n the e levat ion range of drawdown would be

subject to dewatering or f r eezing . As a mitigation measure

a subst itute spawning beach was developed to perpetuate

t hi s s t ock of fish.

Studies done before the dam. was built indicated that the

spawning areas were associated with entry points of

coldwat e r springs. At average lake levels the temperature

of these springs va! indep!'!.ndent of lake temperatures and

vari~d only a few degrees f rom the t ime fish spawned until

fry eeerged , However , dur i ng ~all floods when the lake

level rose 5 feet or more, the temperature in the spawning

areas approximated lake temperature. possibly indicating

16
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cessation of flow frOll "'ti springs due to hydrostaeic

pressure. Fall reservoIr conditions (60 feet of head at
/:

the spawning areas) would be likely t / f f ec t the ssme

cbaagea , One of the criteria for selecting a aite for

development of a substitute spawning beach vas based on

acquiring a vater supply with temperature patterns and

water chemistry similar to those present in the lake shore

spawning grounds. Of the tributary streams entering Baker

Lake. only one possessed similar vater quality while the

others differed remarkedly. Moreover, this stream did

support a small number of spawning sockeye .

Preliminary testing involved a 1,000 square feet beach in

which water diverted from the selected stream provided

upwelling through the area by means of a timber gridwork.

Following the success of the test beach, two 15,000 square

feet earthen beach ponds were added. Each accommodates

approximately 1 , 500 adult fish . The source water is

supplied through a diffusion system consisting of two

14-inch supply mains drawing water from a diversion dam

each connected to 50, four-inch pipes stationed three feet

apart . Water exits each set of 50 pipes through 3/16 inch

holes drilled 8 inches apart . The network is covered with

1/4 to 3/4 inch gravel and supplies the entire area with.
upwelling water . The total flow required for the system is

approximately 3.75 cfs . The head differential between the

headworks of the dam and the spawning pools is about

3 feet.

The system has operated successfully for many years with

excellent egg deposition efficiency and egg-to-fry survival

ranging from a low of 35 percent to a high of 89 percent of

potential egg deposition .

The success of this project may have been due in l arge part

to selecting a source of water with water quality

17
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(c)

characteristics similar to those present in the historical

spawning gTounds.

Application to Susitna RiveT Mitigation Planning. SimilaT

mitigative measures for the middle Su.itna River which

propose the use of supplemented water supply wlll include

evaluations of the water quality and temperature profile to

insure satisfactory results . The Baker River beach

spawning upwelling system described in detail above

demonstrates that such a system. can be used with great

success for those species on the Susitna River. I. e . chum

and sockeye salmon, that appear to depend on upwelling for

spawning.

Columbia River Spawning Channels

Construction of dams on the Columbia River has been

responsible for the inundation and subsequent loss of the

historic malns~em spawning grounds for fall chinook. l~e

natural habitat f or salmon above Bonneville. the dam

farthest downstream. has deteriorated as a result of

increased water temperatures. pollution. predation and

decreased velocities (Heekin. T. K. 1967). Although these

environmental conditions have af fected several life stages.

loss of suitable habitat for spawning has been the

principal concern.

The Washington Department of Fisheries. faced with the

decision of how to perpetuate the Columbia River runs.

considered two alternatives. The first was to develop fish

hatchery programs and the second was co construct

artificial spawning channels simulating natural conditions.

The Department opted for the second alternative and in 1954

initiated a program to evaluate the physical habitat

requirements f or spawning chinook salmon so that artificial

8~awnin8 channels could be constructed to mitigate for the

18
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1088 of mainstem. spawning areas. This resulted in the

construction of the KeNary Supplemental Spawning Channel in

1957, tha first of its kind for the propogation of chinook

salmon. Th. Canadian Department of Fisheries and Oceans

had experimented with artificial spawning c~annels for pink

salmon in British Coluabia since 1954 and had reported good

egg-to-fry survival (Houston and Mackinnon 1957).

The spawning channel program expanded with the completion

of five hydroelectric projects sbove KeNary D"';i : Chief
J

Joseph Dam i n 1957, Priest Rapids in 1960, Rocky Reach in

1961 , lIanspum in 1967 and lIe11s in 1967. Each of these

dams incorporated fish passage facilities. except for Chief

Joseph Dam which marked the endpoint for upstream migration

of anadromous fish. As mitigation for the inundated

spawning grounds, spawning channels were also developed at

Priest Rapids, Rocky Reach , snd lIells Dams .

I

I

I

Evaluations

maintaining

during ee cb

belovo

of the performance of each of these channels in

the malustem chinook stocks were conducted

year of operation. The ' r esul t s are summarized

I

I

I

I

I

I

I

(i) KeNary

The McNary spawning channel consisted of 12 spawning

runs measuring 22 by 175 feet with each run

separated by a pool. Gravel size ranged from 0.5 to

3 inches. Flow through the channel was 92 cfs . As

this was the first spawning channel completed,

several important conclusions were derived that were

of use in development of subsequent channels (Meekin

1967) •

1) It was demonstrated that chinook salmon would

voluntarily enter a channel with physical

conditions resembling natural ones and spawn.
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2} The poor return of marked fish indicated that a

self-perpetuating run had not been established.

3) The allocated area of 55 square feet per female

was insufficient to support spawning and at

least 165 square feet was required.

4} Low egg-to-fry survival resulted from high water

temperatures , silt deposition, and

superimposition.

5} Attempts to transplant fall chinook indigenous

to the upper reaches of the river resulted in

excessive pre-spawning mortallt~ •

(ii) Rocky Reach

The Rocky Reach Spawning Channel was constructed as

a mitigation facility for loss of chinook salmon

spawning grounds resulting from the construction of

Rocky Reach Dam. The I,OOO-foot long spawning

channel was designed to accommodate 330 pairs of

chinook salmon - the number of fish estimated to

spawn historically in the reach inundated by the

reservoir. The results of seven years of operation

were:

1) High prespawning mortality of adults.

2) Low numbers and small fry production with

correspondingly small size and few j uvendIea

released.

3} Extremely low adult returns.

4} High operational costs.
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Prespawning mortality resulted from excessive

hand ling combined with high temperatures, which

increased the susceptibility to disease.

Egg-to-mlgrant survivals were quite variable over

the seven years of operation with three years

greater than 40 percent and the other four years

les8 than 10 percent. 'actors thought responsible

for the low survival included superimposition,

predation by juvenile coho. and nitrogen

supersaturation (Meekin et al. 1971) .

The poor returns of adult fish may have been

attributable to low survival during outmigration or

perhaps straying of adults, since the channel water

was pumped directly from the Columhia; however.

significant numbers of marked adults were not

observed at upstream dam fish ladders.

In summary, the channel did not fulfill its intended

purpose of maintaining a viable run of chinook

salmon that historically spawned in the Rocky Reach

section of the Columbia.

The channel is presently being used as a coho egg

incubation channel and rearing station .

(iii) Prie. t Rapids

The Priest Rapids ~, .. "~ing Channel was completed in

1963 as a mitigation meag~re for the loss of chinook

salmon spawning grounds fo l lowing the construction

of Priest Rapids and Wanapum Dams on the Columbia

River. The channel was 'appr oximat e l y 6 ,000 ft and

designed to accommodate 2,500 pairs of chinook

spawners.
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Prespavning mortality resulted f rom excessive

handling combined vith high temperatures, vhich

increased the susceptibility to disease.

Egg-to-aigrant survivals were quite variable over

the seven years of operation with three years

greater than 40 percent and the otber four years

1es8 than 10 percent. 'actors thought responsible

for the low survival included superimposition,

predation by juvenile ccho , and nitrogen

supersaturation (Keekin et al. 1971) .

The poor returns of adult fish may have been

attributable to low survival during outmigration or

perhaps straying of adults, since the channel water

was pumped directly from the Columhis; however,

significant numbers of marked adults were not

observed at upstream dam fish ladders.

In summary, the channel did not fulfill its intended

purpose of maintaining a viable run of chinook

salmon that historically spawned in the Rocky Reach

section of the Golumbia.

The channel is presently being used as a coho egg

incubation channel and rearing station.

(iii) Prie. t Rapids

The Priest Rapids ~. ", "'vn i ng Channel was completed in

1963 as a mitigation meas~re for the loss of chinook

salmon spawning grounds fo llowing the construction

of Priest Rapids and Wanapum Dams on the Columbia

River. The channel vas 'appr oximat e l y 6.000 ft and

designed to accommodate 2,500 pairs of chinook

spawners.
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The period of cbannel operation from 1963 to 1967

was characterized by 8ub8tan~ial prespawnlng

mortality and poor juvenile production ranging

between 5 and 14 percent of tbe potential egg

deposition. The 1967-68 oeaoon marked a transition

point in the channel operation. For three seaSODa ,

production In the channel was ecnaf.atent , and was

greater than 50 p et-c ent; of egg deposition (Allen

1968) . The increased production of tbe later years

was attributed to :

1) Decreased superimposition resulting from reduced

number of adults in the channel and their forced

dispersion.

2) Lower incidence of disease and elimination of

treatments.

3) Maintenance of adequate f l ows through the entire

i ncubation periods.

4) Negligible i nt r oduct i on of wind-blown sand

deposits into the spawning channel.

However t this channel . like the others . suffered

from the lack of slrnlflcant adult return to the

facility apparently due to the poor seaward survival

C' f outmigrants and a high rate of straying for

returning adults .

(iv) Wells Spawning Cbannel

The Wells Spawning Cbannel was designed to

accommodate 3. 000 female spawners . The spawning

channel. measuring 6.000 feet. began operation in

1967. For the first five years of ope ration, fry
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production ranged fr01ll 48 to 66 percent of egg

deposition. Moreover, prespavnlng mortality was

less prevalent in this channel than in some of the

older ones. However , this channel. like those that

preceded it . was unable to produce fry of a size

that would enable the. to survive the downstream.

passage through numerous dams and predator-Infested

waters. The Det result was that self perpetuating

runs could not be maintained. In time the

facilities were converted to rearing areas for

hetchery produced fry.

The overall failure of the Columbia River Spawning

Channel program. was largely attributable to

environmental conditions unique to that system.

Severa! of the channels, particularly Wells t were

successful in producing fry from naturally spawning

adults . Extraneous factors such 8S low survival of

Quemigrants and possible straying of returning

adults, however, contributed to the program's

eventual demise .

Application to Susitna River Mitigation Plan. The

Columbia River Spawning Channels provide evidence

that chinook salmon would voluntarily enter and

successfully spawn and incubate in an artificially

constructed channel if conditions resembling the

natural environment were simulated. In addition ,

the eventual failure of the channels and replacement

with art1fie1al incubation facilities and rearing

ponds emphasize the importance in developing

alternative mitigation options should failu re of

higher priority measures occur.
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3 - SUSITNA RIVER MITIGATION PLAN

It 18 expected that the distribution and abundance of fish species

downstream of the proposed Susitna Hydroelectric Project will chsnge

a. a result of project operation. The impact asseS8lIlents presented in hv~v

this report were developed for the maximum power flows (Case P-l) \ ('J t,.L..J Tv
which includes no minlmum oinstream flow requirements, and three of the ) ~!/(~J'

potential project flows (Csse C, Case tv. and Case tvI). which are . ..-/~
\ ~ \~ based on different minimum lnstreaa flow requiTements. The

~ I 11 ~lopment of these flow regimes are discussed in Harza-Ebasco

6L VV· J.~~~( 1 984b)~ The general impacts related to all flow regimes are

~r' d ed in the followin secti~specificdifferences in the degreer of impact among the various flow regimes are discussed in subsequent

sectioDs. The impact assessments link predicted physical changes with

(habitat utilization to provide a qualitative statement of impacts

~.~ ~ikely to result from the Susitna Hydroelectric Project. Impact

~ I>h l~ issues have been identified and ranked by procedures estsbliSh~y
~ ~ Cthe Susitna Hydroelectric Project Fish and Wildlife Mitigation Policy

AyJ A (Acres American 1982).

lJ 'M '
V

3.1 - Impact Assessment t.J 14 . i ' ")
k- V\.R...<. t ( ~ 'Tt-~ - t" is .., See ..... .

3.1.1 Spsvning Habitat Utilization in Sloughs and Side Ghannel~

The area of spawning habitat utilized within selected sloughs

. ..#-1"" J ! 7( and side channels was estimated by digitizing the actual areas

YIU/1 ,,,,,,,•.<l ')7 spawned during the 1982. 1983, and 1984 spawning seasons ss N

outlined by ADF&G (unpublished maps of spswning areas~(~fl~.::.::;)-<.~·; \
1981 data were not used because the high flows and poor ~

~

visibility during the spawning sesson precluded definition of

spawning areas. The areas outlined by ADF&G indicate general

areas of spawning. not the area actually excavated by spawning

fish. For ex imple. a circumscribed area of 10,000 square feet

may have hsd 50 spawning psirs of fish widely distributed, while

s similar area elsewhere may have accommodated several hundred

spawning fish over the course of the season. The areas spawned
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The composite areas spawned can be considered representative of

the potential spawning habitat within the s loughs and side

channels evaluated if the following conditions are satisfied:

Fur the r evaluation of the above conditions will be undertaken

when the flow and eseapement records for t he 1984 sed80n become

aVailable. The fortuitous occurrence of a high 1984 escapement

and a period of high flow coincident with the historical

for all three years were c lassified 8S composite or total areas.

Composite areas were obtained by superimposing maps of spawned

areas for each year and measuring the area spawned one or more

t imes. Total area vas the sum of the area spawned i n each of

the three years. Figure 6 illustr£tes the difference between

composite area and total area . Th£ ratio of t he composite areas

spawned to the total area used over the three years 18 presented

in Tables 7 through 13 for Sloughs 8A, 9. 9A , 11 snd 21 and Side

Channel 21 (ADF&G 1984c). The ratio of the composite area to

total area serves 8S an index of the amount of area repeatedly

spawned during the three years. If the same area were used each

of the three years the rat 10 would be .33. Greater values

indicate less repeated use of spawning habitat. A va lue of 1.0

indicates different areas were used in each of the th:ee years.

the

wereand passage cond1 tions

flows coincided with

The periods in whieh access

provided by the 1982-1984

availability of spawning fish.

Flows during the 1982, 1983. and 1984 spawning periods

provided average access and passage conditions to spawning

habitat that were representative of the conditions the long

term flow record has provided .

Sufficient numbers of fish annually escaped to the sloughs

and side ehanne l s t o occupy generalized areas of available

spawning hab itat .

2)

1)

3)
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beginning of the peak apawning period during the 1984 season

should provide a valuable dat a base for evaluation of conditions

that allowed access to and utilization of most of the potential

slough and side channel spawning habitat in the middle Sus ltna

River .

3.1.2 Project Related Physical Changes in Sloughs and Side

Channels

Operation of .t he Susitna Hydroelectric Project will modify the

annual flow and temperature regime of the Susitna River. thus

causing physical changes in sloughs and side channels in the

middle reach. In general, flows during project operation wil l

be less than natural f lows during June. July, August , and

September and higher than natural flows in the remaining months

as the reservoir Is drawn down. Project flows will be

relatively constant throughout the year as compared with the

natural variability of flows. The project flow regime would

cause the following physical changes in sloughs and side

channels of the Middle Susitna River:

Reduced backwater effects during summer

Reduced frequency of breaching during summer

Reduced groundwater upwe l l i ng

Increased frequency of winter overtopping

Susitna River discharges presented in this report are flows at

the Gold Creek gage maintained by the USGS.

(a) Backwater

A backwater area forms at the mouth of a slough or side

channel if t he s t age in the mainstem is greater than the

stage of the flow in the slough or side channel at its

mouth. If the mainst em stag~ rises with no change In flow

in t he slough or side channe l , the level of the backwater
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incre.... and the aerial extent of backwatar influence

moves upstream in the slough or side channel. If the

maln.tea stage drops, then the backwater level also drops

and its length Is shortened. The drop in maiostem stage

can be sufficient to eliJDinate the backwater completely;

the stage and corresponding maioatem discharge at which

tbis occurs varies from site to site. The stage of the

backwater may be defined by the mainstem discharge that

forms the backwater. Prnject operation will generally

cause a decrease in backwater area and stage during June

through September.

(b) Breaching

A slough or side channel breaches when the flow overtops

the upstream end. or head t of the channeL Breaching Is

directly related to matoatem discharges; as the discharge

increases, the stage increases and when stage exceeds the

elevation of the top of the berm at the head of the slough

or side channel. flow is diverted through the channel.

Further increase in stage will cause additional flow to

pass through the slough or side channel. Project operation

will generally cause a significant decrease in the amount

of time that a slough or side channel breaches.

(c) Groundwater Upwelling

Groundwater flows out of (upwells from) the bed of a slough

or side channel when the elevation of the bed is less than

that of the local groundwater leveL Studies have been

conducted to relate the flow and temperature of the

mainstem. to upwelling quantity and temperature in sloughs

and side channels (APA 1984). Although a complete

evaluation of the sources of groundwater was not crdducted.

the apparent groundwater upwelling component of slough flow

was isolated from the surface inflow component and related
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to mainstea discharge st Sloughs 8A, 9. and 11. At these

three sites. variatioDs in the inferred upwelling

components ranged frOlD 0.0001 to 0.00035 of corresponding

variations in mainstem discharge measured at Gold Creek

(APA 1984). Relationships vere developed in the fOnD of

regression equations for inferred upwelling component 8S a

function of mainstem flows; these were used in malting a

preliminary analysis of project related changes in the

groundwater upwelling component of slough discharge as

described in Appendix A.

The temperature of the groundwater upwelling appears to

remain relatively CODstant at a value approximately equal

to the raean annual river temperature (APA 1984). A mean

annual temperature increase resulting from project

operation viII probably be reflected as a slight increase

in the temperature of groundwater upwelling flow (APA

1984) •

Project operation during winter would affect upwelling in

the sloughs. The higher project f10vs in conjunction vith

increased water temperatures will change the ice processes

in the middle Susitna River. As the mainstem forms an ice

cover, the stage increases because of backwater effects

from frazil ice particles and pans jamming in constricted

areas or building up on downstream jams. Thus river stage

with an ice cover at low flow may approximate the stage of

a much larger flow in the open channel conditions of summer

flovs .

Under project operation, the upstream edge of the ice cover

viII vary from RH 125 to RH 142 depending on meteorologic

conditions and the elevation (and thus temperature) at

which water is withdrawn from the reservoir (Harza-Ebasco

19848). Upstream of en ice cover, the stage in the river

would decrease relative to natural stage experienced under
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an ice cover . According to preliminary upwelling studies ,

this will result in decreased groundwater upwelling i n

sloughs and side channels throughout the winter.

Cd) Winter Overtopping

The stage increase during ice cover formation (winter

Btaging) was described briefly in the previous section in

relation to the reduced upwelling at locations upstream

from the ice front. Wlt~ proje~t flows higher than natural

flows during winter, th, staging effect will be higher

during project operation downstream. f rom the ice front.

Thus , the probability of breaching caused by ice staging at

and downstream from the ice front Is also greater. Under

natural conditions, the staging effects occasionally cause

slough and side channel overtopping. When an ice cover

forms , shore ice develops causing flow channelization (R&M

Consultants. Inc. 1983 ). The shore ice may act as a

barrier to contain the flow and prevent the mainstem from

overtopping the slough berms (Figure 7) . However . under

higher mainstem discharges. the probability of overtopping

will increase. Figures B through 12. derived from ice

cover prediction modeling (Harza-Ebssco 1984a). may be used

to predict possible overtopping events unde r natural asd

project winter flow regimes at Sloughs BA. 9 . 9A. 11 and

21. They do not , however, identify the probability or

duration of actual event s which are dependent on other

factors besides mainstem stage.

3.1.3 Relationship Betw~en ?hysical Changes and Available

Habitat in Sloughs and Side Channels

The physical changes as soci at ed with project flows as discussed

in Section 3.1.2 woul d directly affect the quantity and quality

of spawning and incubation habitat by reducing the area that

sat i s f i e s t he physical requirements of these life stages or
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indirectly effect the avai l ab i lity of spawning habitat by

restricting access to those areas .

(a) Direct Effects

(i) Reduced Backwater

Backwater effects in the area of the slough mouth

under natural conditions provide greater depths in

the affected zone · than would be provided by -local

slough flow . Project flowa will subataotially

reduce the backwater zone in some sloughs resulting

in a decrease i n the surface area with suitable

spawning deptha and a loss of spawni ng habitat at

the slough mouth. The degree of 10s8 Is dependent

on the relative spatial distribution of availab le

spawning habitat under natural and project

conditions.

(Ii) Reduced Frequency of Breaching Flows

Breaching flows also provide additional spawning

habitat within the slough and side channels by

increasing the amount of area with suitable spawning

deptha. Project flows will substantially reduce the

frequency of breaching flows and thus decrease the

potential spawning habitat. The amount of habitat

lost Is dependent on the site specific frequency of

breaching flows under natural conditions. Spawning

habitat provided at breached conditiona in sites

with relatively high breaching diachargea (l ow

frequency of occurrence ) is generally of

insufficient duration for fish to effectively

utilize; if such habitat were used, it would likely

result in dewatering and freezing of the embryo.

Spawning habitat provided under breached conditions
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in channels with relatively low breaching discharges

(high frequency of occurrence) can be effectively

utilized; embryo have a higher probability of

remaining wetted and unfrozen at such sites. The

infrequent breached condi t i ons under project flows

would result in a loss of this spawning habitat.

The quantity of habitat loss would depend on the

relative spatial distribution of available spawning

habitat under natural and project conditions .

(iii) Reduced Upwelling

I

I

I

I
r
I"

I

I

I

I

(iv)

Reduced mainstem. flows during the spawning season

would also decrease the amount of upwelling in the

slough. Chum salmon prefer to spawn in areas with

upwelling flow. The reduction in the rate and

aerial extent of upwelling would reduce the quality

and quantity of available .spawning habitat. Winter

flows, although hi gher than natural, would result i n

reduced upwelling in sloughs upstream of the ice

cover because the staging effects during ice

fonn8ti.on will no longer occur. A decrease in the

rate and areal extent of upwelling in winter may

decrease ~he quality of incubation habitat .

Increased Frequency of Winter Overtopping

Proj ect winter flows would be higher than flows

under natural conditions. Thus. the probability of

breaching caused by ice staging at. and downstream

from. the ice front is also greater. Under natural

conditions. the staging effects occasionally cause

slough overtopping.

For those sloughs which are overtopped. the influx

of near freez ing water and ~ubsequent ice f ormat i on
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in channels with relatively low breaching discharges

(high frequency of occurrence) can be effectively

utilized; embryo have a higher probability of

remaining wetted and unfrozen at such sites. The

infrequent breached condi t i ons under project flows

would result in a loss of this spawning habitat.

The quantity of habitat loss would depend on the

relative spatial distribution of available spawning

habitat under natural and project conditions .
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(iv)

Reduced mainstem. flows during the spawning season

would also decrease the amount of upwelling in the

slough. Chum salmon prefer to spawn in areas with

upwelling flow. The reduction in the rate and

aerial extent of upwelling would reduce the quality

and quantity of available .spawning habitat. Winter

flows, although hi gher than natural, would result i n

reduced upwelling in sloughs upstream of the ice

cover because the staging effects during ice

fonn8ti.on will no longer occur. A decrease in the

rate and areal extent of upwelling in winter may

decrease ~he quality of incubation habitat .

Increased Frequency of Winter Overtopping

Proj ect winter flows would be higher than flows

under natural conditions. Thus. the probability of

breaching caused by ice staging at. and downstream

from. the ice front is also greater. Under natural

conditions. the staging effects occasionally cause

slough overtopping.

For those sloughs which are overtopped. the influx

of near freez ing water and ~ubsequent ice f ormat i on
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(b)

will result in a higher rate of embryo mortality

(ADF&G 1983b). reduced growth of surviving embryo.

and reduced juvenile overwintering habitat

(Harza-Ebasco 1984b).

Indirect Effects

The physical changes to sloughs and side channels resulting

from project operation will reduce the frequency of

successful passage into aad within these sites , and thus

the availability of upstream habitats. During the open

water season, the depth at any location in a slough or ~lde

channel Is a function of the cumulative effect of

backwater, breaching, and local flow in the channel. Local

flow is generated by surface inflow ( sur f ace runoff and

tributary inflow) and groundwater upwelling.

The influence of mainstem discharge on backwater.

breaching, and groundwater upwelling was i ntroduced

previously. Variations in surface inflow are not dependent

on the mainstem discharge directly, even though t he re Is

some correlation through their mutual dependence on

precipitation. Thus, a consideration of project effects on

flow depth, and thus passage reaches, must address changes

in backwater , breac~ing, and groundwater upwelling, and add

unchanged surface inflow to these parameters.

Decrease In slough or side channel depth resulting from

project operation Is dependent on the location within the

slough or s ide channel . Relative changes in depth

gene rally decrease in the downstream direction f or a given

channel configuration and will also be greater for riffle

configurations than for pool configuratIons. For example ,

1£ a pool is 3 feet deep and the ad j acent riffle is 0.5

f ee t deep , then a O.25-foot reduction in both will have a

much greater effect i n the riffle than the pool. Thus, the
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Assessment of the relative" impacts of project operation on

passage conditions can be accomplished by identifying how

often a certain depth occurs under natural and project

conditions. For example. specified depth for successful

passage at a passage reach located near the mouth of a

slougb may be reached or exceeded 80 percent of the time

due to backwater only. 20 percent of the time due to

breaching only. and 40 percent of the time if an average

groundwater were supplemented by surface inflow. Since

backwater, breaching, and groundwater upwelling are

functions of mainstem discharge, the frequency of a certain

depth being equalled or exceeded can be obtained from the

flow duration curve for the period of interest. An

approximation of the frequency of surface flow can be

obtained from a precipitation duration curve, which is

r eLat ed to the surface flow through a runoff r.oefficient .

If it is assumed, to be conservative, that the backwater,

breaching, and precipitation events are coincident, then in

the example above, the frequency that the specified depth

is equalled or exceeded is 80 percent, corresponding with

the frequency due to backwater. The evaluations of project

effects can address the frequencies corresponding to

project operation, which may be 0 percent of the time due

to backwater only, 0 percent of the time due to breaching

only, and 35 percent of the time if average groundwater

were supplemented by the unaffected surface inflow. Thus,

the effects of the project for the passage reach in this

example is reduction in the percent of time that a

specified depth for successful passage is equa Lled or

exceeded from 80 percent to 35 percent. This relative

change is fairly t ypical of the change that may occur to a

passage reach near the mouth of a slough or side channel,

while a change from 10 percent to 8 percent may be more

typical of a passage reach located farther upstream in the
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site. Analyses in Appendix A provide results indicating

project inf luence on pas sage reache s in s elected sloughs

and side channels of the middle Sus itna River.
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3.2 - Mitigation Optiona

For the middle section of the Susltna River. altered flows would

affect the fish population. Under natural conditions, maiDstem

diacharges are high in late May, June, July, August, and early

September and decrease during September and October to low flows

throughout the winter (Figure 13). Hydroelectric power is

desired primarily during winter and water 1s retained during

summer to fIll the reservoir. Flows under project operation

would be much more u~lform throughout the year and thus would

necessarily be higher in the winter and lower in the summer than

natural flows.

Three levels of mitigation can be applied to mitigate for

impacts to the fish population in the middle Susitna River

resulting from project operation; these are flow release,

habitat modification. and artificial propagation. The purpose

of flow release is to avoid or minimize the impacts by

maintaining an acceptAble amount of suitable habitat for

limiting species/life stages which cannot be ~conomically

maintained using other techniques. The purpose of habitat

modification is to minimize. rectify. or reduce the residual

impacts remaining after implementation of the flow release

mitigation; this will be accomplished through modification of

existing habitats to maintain or enhance the natural

productivity of the habitat. The purpose of artificial

propagation is to compensate for losses which cannot be

economically mitigated for by flow release and habitat

modification .

3.2 .1 - Flow Release

II
II
II

(a) Impact Issue

The proposed hydroelectric

is for power production.

35
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benefits, the discharge downstream of the dams would follow

Case P-l. presented in Tsble 14 (Hsrza-Ebasco 1984b). This

schedule of flows varies greatly from the natural mean

monthly flows recorded at Gold Creek (Figule 13).

Case P-I flows average 9.700 ers during both the winter

(October through April) and su~er (Kay through September)

periods (Harza-Ebasco 1984b). During winLer. flows will

gradually increase to a maximum of approximately 12, 000 efs

in December. followed by a gradual decrease through the

rest of the winter . Mean December flow can be as high 8 S

14, 000 cfs in some years . Minimum monthly mean flows would

rarely be less than 7. 000 efs during the winter period

(Harza-Ebasco 1984b).

Summer flows would exhibit more variability around the mean

C! 9,700 cfs , During high flow years , mean flow in Kay,

June , and July could approach 20 , 000 ets while mean flow in

August and September could be greater than 20.000 cf.

(Harza-Eba.co 1984b) . In low flow year., the flow could be

4,500 cfs for extended periods. Summer flow would be less

than 7,000 efs about 30 percent of the time (Harza-Ebasco

1984b).

The comparatively low flows during August and September

would restrict movement of adult salmon into and within

sloughs . At a mainstem discharge of 6 ,000 cfs under Case

P-l, backwater effects at the slough mouths would be

negligible, breaching of the sloughs would rarely occur ,

and the upwelling component of local flow will be less.

Project flows would also reduce the spawning habitat

available due to reduced backwater, breaching. and

groundwater upwelling effects. Proj ect flow in the

mainstem during winter can cause reduced upwelling upstream

of the ice front and increased potential for overtopping

downstream of the ice f ront .
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Juvenile salmon resring hsbitst would be significsntly

reduced under Case P-l flows during both summer and winter

months. Flows of 4.500 cfs in summer months would result

in 8 substantial 10s8 of the m.ainstem and side-channel

resring habitst presently used by chinook juveniles

(Harza-Ebasco 1984b) . Mainstem discharges of 9.000 cfs at

Gold Creek are necessary to maintain 7S percent of the

existing habitat being used by chinook juveniles

(Harza-Ebasco 1984b). Juvenile overwintering habitat would

also be adversely affected under Case P-l flows; the

increased winter mainstem stage would overtop the sloughs

more frequently and may result in displacement or mortality

of juveniles .

(b) Mitigation

Of the project flow schedules which have been identified

(Harza-Ebasco 1984b) . three mitigation flow schedules are

discussed to reduce the adverse impacts of Case P-l. Case

C, preViously selected as primary environmental flow case

presented in the License Application , Is intended to

mitigate spawning impacts. Case EV Is designed to reduce

both spawning and rearing habitat impacts. The Ala ska

Power Authority's designated flow case , Case EVI. is

selected primarily to reduce loss of chi nook rearing

habitat (Harza- Ebasco 1984b).

II

II

(i) Case C

The environmental flow components of Case Care

designed to maintain suitable conditions for the

upstream migration of adult salmon during t he summer

and to prOVide access to side sloughs by chu~ salmon

for spawning during August and September

(Harza-Ebasco 1984b) . Mainstem f l ows in August and

September are constrained to provide a minimum of
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12,000 cfs (Figure 14) to increase the frequency of

salmon access to and within side sloughs . No

maximum flow constraints throughout the year are

established.

In comparison to Case P-l flows, Case C will improve

the frequency of salmon passage into and within

sloughs and side channels in August and September.

A mainstem discharge of 12,000 cfs under the Case C

flow schedule will increase the backwater effects in

slough mouths. Breaching of side channels may occur

at this flow. The local flow in side sloughs will

also Increase due to upwelling related to malnstem

discharge ,

However . thl ~ lack of a constraining maximum flow

adversely affects rearing and overwintering habitat

as well as incubating conditions; the low mainstem

flows of 6.000 efs in summer months prior to August

under Case C will result in the loss of most of the

existing chinook juvenile habitat currently in use

(Harza-Ebasco 1984b) . The potential magnitude of

these adverse impacts prompted the identification of

more detailed and refined environmental flow

I schedules (Har za- Ebas co 1984b).

(11) Case EV

Case EV flow constraints are designed to maint~in 75

percent of the existing chum salmon slough sp4~ing

habitat and 75 percent of the ex isting chinook

salmon side channel rearing habitat.

Spawning habitat will be partially preserved by

mainstem flows which are constrained to a minimum of
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12, 000 cfs during August and early Septemb~r when

chum salmon are migrating and spawning in sloughs of

the middle Susitna River (Figure 15). ~ase P-l

flows are projected to approach 6,000 ets during

this time . A mainstem discharge of 12.000 cfs will

create backwater effects increasing the frequency of

passage in the mouths of many sloughs and side

channels. Breaching may occur in side channels.

Greater mainstem flows are required to breach the

sloughs containing the majority of the spawning

hsbitat in the middle Susitna River (Sloughs 8A, 9,

9A, 11 and 21).

Local slough flow6 are anticipated to increase for

Case EV in comparison to local flows under Case P-l.

An increase of 6.000 efa from Case P-l flows of

6,000 eta is estimated based on current information

(APA 1984) to increase slough flows from 0.5 cfs in

Sloughs 8A, 9 and 11 to 4 cfs in Slough 21. Local

flows will be less than local flows under natural

conditions.

Case EV scheduled flows include a two-day period in

August when the mainstem discharge will approach

18 ,000 eta in order t o improve access to chum salmon

spawning ~ labltat; the higher flow will increase

breaching and backwater effects . At 18,000 cfs,

breaching will not substantially ameliorate salmon

passage in the sloughs of primary spawning

importance (Sloughs 8A, 9. 9A, 11 and 21).

Backwater effects may provide passage through an

additional passage reach upstream of the reaches

passable due to backwater effects at 12,000 cfs.

Local flow

18,000 cfs is

during the fall spiking flow of

anticipated to remain approximately at
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the levels of the local slough flow at a mainstem

discharge of 12,000 cfs. The short duration of the

higher flow and the probable unsaturated condition

of the substrate above the 12.000 cfs mainstem stage

may result in delayed and damped response of the

local flow to the mainstem discharge increase.

At least 75 percent of the rearing habitat currently

in use by chinook juveniles will be maintained

during the summer months by the Case EV minimum

mainstem discharge of 9,000 cfs (Harza-Ebasco

1984b). The minimum discharge will be similar to

project discharges 55 percent of the time; the

predicted average flow during the summer period will

be 11,400 ds (Harza-Ebasco 1984b). The spiking

flows in spring and fall may cause displacement of

chinook juveniles~ The increased mainstem flow

stability may improve the overall quality of the

remaining rearing habitat under Case IV

(Harzs-Ebasco 1984b).

Winter flows under Case EV, in comparison to Case

P-I, will decrease the frequency of breaching flows

downstream of the ice cover and reduce the amount of

upwelling upstream of the ice cover ~ The maximum

winter discharges of 16,000 cfs will assist in

maintaining viable embryo habitat within the

sloughs; winter overtopping under Case EV will occur

more frequently than under natural conditions

downstream of the ice front ~ Upstream of the ice

front under Case EV, the decreased mainstem stage

from Case P-I may result in reduced upwelling. Both

cases will result in decreased upwelling upstream of

the ice front as compared to natural conditions.
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Case EV flows Is designed for preservation of 75

per:ent of the chum spawning habitat and 15 percent

of the chinook rearing habitat; however, additional

mitigation may be necessary to meet these goals.

Additional mitigation also would be necessary for

Case EV winter flows.

(111) Case EVI

Case EVI is designed to maintain 75 percent of the

existing chinook salmon side channel rear1ng habttat

in all years except low flow years (Harza-Ebasco

1984b). Spswning habitat is not specifically

considered in the establishment of minimum and

maximum mainstem discharge constraints. The minimum

discharge constraint for Case £VI is larger in the

winter months and smaller in the summer months than

under natural conditions (Figure 16). The maximum

constrained discharge Is greater than the mean

monthly natural discharge throughout the year

(Figure 16). The simulated mean monthly discharges

for Case EVI (Figure 17) are considerably greater

than the minimum constrained discharge. The

constraining bounds represent discharges which could

be reached during low or high flow years.

Under Case EVI. minimum flows during the critical

period of chum salmon m.igration and spavning in

August and September will be increased above the

Case P-l projected flows of 6.000 cfs to 9.000 cfs.

For Sloughs 9 and 11. a mainstem discharge increase

from 6.000 cfs to 9.000 cfs is estimated to increase

slough flow by 1 cis over the former. based on

currently available analyses (APA 1984). In Sloughs

8A. 9A and 21 the Case EVI flows are anticipated to

also increase the local flow slightly.
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The higher mainstem flows will increase ttl.

d18chart~ i n the sloughs through increased

groundwater contributions to local flow. This will

increase flah passage efficiency. The local flows

-,I l l be lower than local flows under natural

conditions in the August to September period. The

frequency of passage will become less than the

natural frequency of passage. The higher Case EVI

f lows will have a negligible effect on the backwater

at the slough mouths and the flows ~ill not be high

enough to breach the sloughs of primary importance

to fish production (Sloughs SA, 9 , 9A, 11 and 21).

Case EVI malnstem discharges are less than the

natural discharges during the Bummer and fall. The

lack of breaching flows and backwater effects will

still lower the efficiency of fish passage in

sloughs. Local flow in the sloughs will also be

lower than natural conditions. Case &VI will

partially mitigate for impacts on chum salmon and

will minimize impacts on chinook rearing habitat t

neve!'theless. adverse impacts on side slough

spawning and incubation will occur. Mitigation in

addition to flow release will be necessary for the

late summer, fall, and winter.

3.2.2 - Habitat Modification

(a) Impact Issue

Residual impacts to the amount of spawning and incubation

habitat available to chum salmon in sloughs and side

channe Ls of the middle Susitna !liver will remain after

1mpementatlon of the Case !VI or Case EV flow release.

PArtial or complete loss of these habitats, when compared

with natural conditions, w111 result from:
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Reduced backwater effects

Reduced frequency of breaching flows

Reduced upwelling during spawning and incubation

Passage restriction

Increased frequency of winter overtopping

(b) Mitigation Measures

A number of mitigation measures are presented in this

section that can be used singly or in combination to

minimize identified impacts . Table 15 shows the

relationship between the mitigation measures and the impact

for whioh they are designed .

(i) Channel Width Modifications

Channeling slough flow will improve fish access

through passage reaches by contracting the width of

the channel and deepening the channel. This

technique is especially useful in mitigating short,

wide passage reaches. Wing deflectors extending out

from the channel bank or rock gabione restructuring

the cross section of the natural channel may be used

to contract the flow width (Bell 1973) .

In determining the modified width for the channel, a

maxtmum velocity criteria of 8 fps was used to

permit fish access through -ehe reach. (Bell 1973).

- Wing Deflectors

Wing deflectors are used to divert the £1,," in a

channel . Two wing defle,·,tors placed on opposite

banks will funnel the flow from a wider to a

narrower cross section as shown in Figure 18. The

narrowed channel is designed to provide fish
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paaaage at the minimum flow. At higher flows . the

wing deflectors are inundated; fIll between the

banks and the wing deflector valls Is sized to

prevent scouring at higher diacharges. Fill will

typically be composed of large cobbles available

at the sloughs.

Wing deflector valls are constructed either of

rock or gabione formed of wire me~'" and filled

with cobbles . Another alternative Is t i-:e use of

12-inch-diameter timbers, anchored to the banks

and channel bed. A wing deflector costs $31,000

when constructed of rock, approximately $24,000

when construct '· with gab ions , and $22,400 if

timber logs available on site are used. For sites

where timber Is not available, a log wing

deflector would cost $23 ,200. Eatimate. are based

on a typical passage reach for a slough on the

middle Susitna River (Figure 19).

- Rock Gabi on Channel

Reshaping the original cross section of the

channel with rock gab ions is an alternative method

of channelizing the slough flow . The ' channel i .

excavated and gabions are used to establish the

new configuration. The new channel shape 18

designed to maxi:a.ize depth at minimum flows; at

higher discharges, the gabions prevent scouring of

the channel banks. Figure 20 illustrates a

typical cross section for a reshaped passage

reach. For long passage reaches , resting areas

are created by widening the channel between the

rock gab ions forming the min1111U!1 discharge

channel. The gab ions are providec throughout the

length of the passage reach and protected upstream
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by riprap or wing wall gabions. The gab ion banks

extend higher than the height of the maximum

slough discharge to prevent collapse from erosion.

The gabions composing the channel banks prevent

scouring of the banks ; the channel will be more

atable than a similar channel modified by wing

deflectors . For passage reaches with greatly

varying discharges, the added stability of the

rock gablan channel Is an advantag. The cost of

constructing the gablan channel Is approximately

$60,000 for a typical passage reach.

(ii ) Channel Barriers

Fish access through passage reaches is also improved

by creating a series of pools. Barriers are placed

t o break the flow on long, steep passage reaches and

create pools between obstacles. Fish passage over

the obstacles Is accomplished 1f sufficient steps of

decreased barrier height are provided to permit

surmounting the original barrier (Bell 1973).

Channel barriers are used on long slopes to create

fish resting pools, as shown in Figure 21. These

barriers with heights of 10 inches to 14 inches act

as weirs, with a section of decreased height to

improve fish passage between pools . The barriers

are cons t ruc t e d of various materials. Concrete

highway curbs anchored to the bed with rebar (Figure

21) or cobbles and boulders placed to create a sill

may be used . ~ogs may also be attached to the banks

and anchored securely to the bed to prevent movement

at hf.gh discharges . Gabions shaped aa shown in

Figure 21 may alao be uaed (Lister et al . 1980b) .
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Channels are constrained in width to form effective

pools. For a wide channel, channel widths are

~odlfied where a pool and weir structure Is desired .

The sloughs of primary interest. including 8A. 9 .

9A, 11 , and 21, were considered in evalueting the

feasibility of a piping system at a ~instem

discharge of 9.000 cta . This corresponds to the

minimum spawning period mainstem discharge for CAse

Estimates of costs per barrier on the bas is of a two

barrier system are listed below. Each slope will

require more than one barrier to create a series of

pools. As more barriers are built on a site, the

cOst per harrier will decrease because of the

economies of scale; the major cost involved in the

construction of the barrier Is the cost of

transportIng the equipment needed.

Cost/Barrier

$12.000

$16.000

$12.000

$11.000

$1 2.000

Barrier

Concrete highway curbs

Rock sill

Gabions

Anchored logs available on site

Anchored logs not available on site

With lower maiQstem discharges. less groundwater may

percolate into the sloughs , resulting in decreased

slough discharge (APA 1984) . Passage reaches

negotiable at natural flows might become impassable

under project conditions. In order to augment the

slough f l ow, a piping system can be designed to

transport water from. the mainstem or other sources

to affected passage reaches.

(ii i) Passage Provided by Flow Augmentation

I
I
I
I
I

I
I
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EVI flows. The system fessibility vss also

considered at a maiostem discharge of 12,000 efs

corresponding to the minimum discharge for Case EV

during the August to September period.

For Sloughs 8A and 9A. the malnstem elevations at

9.000 and 12.000 cfs vould produce insufficient head

becveen the mainstem stage and ~he critical passage

reaches to pI :vide sufficient flow to provide

passage. Flows corresponding to the site-specific

overtopping discharges are necessary to produce the

required head for the required flow.

At Slough 9. a 9.000 cfs mainstem discharge would

provide sufficient head for I cts through a piped

system. A collection tank (Figure 22) 20 feet from

the main channel would collect malnstem water. The

collector was designed to be located 20 feet from

the malnstem In order to provide erosion protection

and a filtration system for the water. A I-foot

diameter corru~ated metal pipe would deliver the

water 2,800 feet to the upstream end of Passage

Reach (PR) V. as shawn in Figure 23. At a mainstem

discharge of 17,000 cfs, the system would provide

approximately 1.5 cfs , The system would provide a

maximum of 3 cfs prior to berm overtopping. The

amount of flow provided by the system p:.ems to be

uneconomical when the alternative options available

at Slough 9 are considered. The tnstallation of a

piping sy:item is not recommended due to the high

cost of the system and the large nu~ber of

mitigative measures feasible.

For Slough 11, mainstem discharges of 9,000 c :~iJ or

12.000 cfs could provide sufficient head for a flov

of I cfs from a collector through a I-foot-diameter
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pipe for delivery to PR V, a distance of 3.200 feet

from the slough head (Figure 24). The i ns t a l l a t i on

of a piping system into Slough 11 is not

recommended; the quantity of water supplied Is

low. Alternative mitigation opt i ons exist which

could accomplish a similar reduction in negative

impacts with reduced monetary costs.

A mainstem discharge of 9,000 cfs would be necessary

at Slough 21 for a local flow of 1 cfs f rom a

similar s ized collector through a 1.700-foot-Iong,

0.75-foot-diameter pipe (Figure 25). A mainstem

discharge of 12.000 cfs will not significantly

increase the flow through the system . A maximum of

2 ds would flow through the system just prior to

overtopping. The shorter distance from the maintem

to the pipe outlet and the smaller pipe required in

the system increase desirability of the installation

of such a system. The addition of local flow will

increase the frequency of passage and improve

spawning habitat throughout Slough 21 and

Side Channel 21.

Estimated constructIon costs total $120,000 for the

backhoe installation of the collector and piping

system in 'Sl ough 9. $120.000 for the system in

Slough 11 and $134,000 for the system in Slough 21.

(iv) Upwelling Augmentation

I
I

A system providing

maintain or increase

during low malnstem

nearby tributaries

supplementary upwelling would

spawning habitst in the sloughs

discharges. The mainstem and

were evaluated 8S possible

•
sources of upwelling water. The mainstem 8S an

48



L
r:
[

[

r

I
[

(

(

[

rr

f

upwelling water source could not be usp.d at numerous

eites because of the low hydraulic head at low

malostem flows .

For sloughs with tributaries, the tributary could

rrovlde the water and the hydraulic head for an

upwelling system. ss shown in Figure 26. The

critical period for induced upwelling would be

during the project's projected low maiostem

discharge period in August and September. Under

natural conditions, it Is assumed, based on t he

relationships provided in APA (1984), that upwelling

increases during this period because of the high

malnstem discharges. Selection of spawning sttes

has been shown to be related to the presence of

upwelling at a site; therefore , upwelling needs to

be maintained under project flows to maintain

spawning habitat .

Under natural conditions. the malostem stage and

upwelling decrease from September until ice

formation in November to December. Similarly , a

tributary supplied upwelling system would also have

decreasing discharges during this period. Reduction

in a piped water supply would not become signif icant

until mid-October , when project discharges increase.

Upwelling under proj ect operation is likely to be

greater than upwelling under natural conditions from

September to December.

Upwelling during winter (December to March) will

decrease for s l oughs upstream of the ice cover and

i ncreas e for sloughs downstream of t he ice f ront,

relative to the natural conditions.
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(v)

In the spring , tributary flows increase with the

melting of snow and ice. By April, the tributary

flows would be sufficient to provide upwelling from

the piping system. Upwelling thus would be provided

continuously throughout the year. Under natural

conditions, upwelling Is greatest from June through

September and December through April.

Temperatures of the upwelling flows from the piped

system would correspond to the temperatures of the

tributary flowa. Water will flow through the system

8S long 8S the water temperatures are above a·c.
Freezing water will not be released in the spawning

gravels, 8S flow will cease in the system at

freezing temperatures.

Estimated cost of the system is $210,000 for a

300-foot main pipe and 200-foot reaches of cross

pipe, spaced at 5-foot intervals for upwelling . A

system with a longer main pipe could be built to tap

Gold Creek water for Slough 11. Until more refined

values are available quantifying the extent of the

reduction in upwelling. the system will not be

recommended for installation in any slough.

Slough Excavation

Mechanical excavation of certain reaches of sloughs

would improve fish access and fish habitat within

the sloughs. At slough acuehs , excavation would

provide fish access when backwaters are negligible

during low mainstem discharges. Mechanical

excavation can be used to facilitate passaGe within

sloughs by channelizing the flow or deepening the

thalweg profile at the passage reach.
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On a larger scale. mechanical excavation to l owe r

the profile of the entire slough could increase the

amount of upwelling in the slough . A greater head

berween the malnstem and the slough bed would result

in additional local flow in the s l ough.

An additional benefit of the excavation process

would be the opportunity to improve the substrate in

the slough. Replacement of poor substrate vlt~

suitable spawning gravels would provide additional

spawning habitat. Sorting of the existing substrate

will be undertaken to remove unsuitable particle

slz~s. The excavation process would be designed to

develop additional spawning and rearing habitat .

An estimate of t~e cost to excavate a typical slough

mouth in the middle portion of the Susltna River Is

$26,000. An estimate of -the cost to lower a typical

slough profile by 2 feet for a length of 2,000 feet

in the middle section of the Susitna River Is

$34,000 .

(vi) Development of New Spawning Habitat

In order to provide the conditions that chum salmon

prefer fer spawning , existing pools in s l oughs would

be modified. Chum salmon prefer to spawn at

upwelling sites (ADF&G 1983a). A weir structure

that' is permeable at the base and impermeable

elsewhere could he erected in a pool to produce a

head difference between the upstream and downstream

sides. Such a weir would cause water to flow

through the spawning gravels placed at the base of

the structure (Figure 27).
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A notch in the top of the sttuctute facilitates fish

passage between pools. The notch Is designed for a

minimum slough discharge of 2 cfs; this dds chaxge

corresponds to a typical low discharge in the

sloughs along the middle section of the Susltna

River.

The structure Is securely embedded, anchored to the

channel walls and bed. and rlprapped to prevent

eroaion during high flows.

The weir can be constructed of timber posts

10 inchea in diameter. reinforced wIth 2 x 4 inch

cross bracing sed faced with impermeable material,

as in Figure 28. Gravel materials ire piled on each

side of the weir; the gravel provides stability to

the structure in addition to providing spawning

habitat. Only fine silts present in the gravel base

will be eroded by the 2 fps water velocities over

the weir. The spawning gravels would have a maximum

angle of 10· with the channel bed to prevent

downstream displacement caused by femalO!s digging

redda during spawning.

Rock gabions can also be used to construct the weir

shown in Figure 29. Sheets of plywood in the center

of the sttucture impede flow through the gabions.

Spawning gravels provide habitat at the base of the

structure . A notch is provided for fish passage at

low flowa.

A rock structure with an impemeable core can be

built as in Figure 30. Plywood sheets anchored with

reinforcing rebars are adequate for use 8S a core.
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The decision 8S to the materials used for the weir

structure will be made during the design phase of

the project based on the cost. durability, and

aesthetics of the various structures.

The cost estimate of the three structures is based

on a 2Q-foot channel width and a 3-foot natural pool

depth. Economies of scale are considerable if more

than one structure is built at a site.

Structure

Timber pile weir

Rock gabion weir

Rock weir

(vii) Prevention of Slough Overtopping

Cost/Weir

$32,000

$32,000

$45 .000

I.

1

Project flows are higher than natural discharges in

the winter. Ice staging at these discharges will

result in an increase in mainstem stage and increase

the probability of overtopping of sloughs downstream

of the ice cover front.

An influx of cold mainstem water into the incubating

area of the Slough 8A in 1982 caused high embryo

mortality (ADF&G 1983b). To prevent overtopping,

the height of the slough berms is increased as shown

in Figure 31.

Cost estimates per berm total $150,000 initially and

$7,500 average yearly maintenance. Maintenance may

be required in 3 to 5 year intervals.
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(c) Site Specific Impact. and Mitigation.

Site-specific habitat modification measure s are proposed

fat Slough. 8A, 9 , 9A, 11 and 21 and Side Channels 11 and

21. Collectively . the mean peak spawning counts to these

sites comprls~d 72 percent of the mean total peak counts to

slou8hs for 1981. 1982. and 1983 (ADF&G 1984a). The

modification techniques suggested for the se selected sites

are applicable to the remaining sloughs supporting spawning

chum salmon in the middle Susitna River . Cost estimates

for these sites are summarized in Table 16.

(1) Slough 8A

During the 1981 -1983 studies, the mean peak counts

of chum salmon and sockeye salmon in Slough SA were

331 (rsnge : 37-620) and 104 (range: 67-177). The

mean estimated total e scapements to the slough were

553 chum (range: 112-1062) and 152 sockeye (range:

131-195) (ADF&G 1984s) . Slough 8A mesn escapement .

comprised 15.7 percent of the total escapement to

sloughs in the middle Sueltns River . The

approximate percentage distribution of chum salmon

during the 1984 spawning season is shown in

Figure 32.

- Impact Issue

. Backwater

Spawning habitat that is dependent on backwater

effects for providing suitable spawning depths

would be . lost because of project effects. An

est:imated spawning area of 103,000 square feet

is affected by the backwater zone of natural

flovs. The portion of this area ",?ould become
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unsuitable for spawning at Case VI project flows

would be greater than that of the Case V flows

Breaching

The exceedence probabilities associated with

natural breaching flows 27,000 and 33,000 ds

are 7 percent for the northwest channel and 2

percent for the northeast channel. These

relatively low probabilities indicate that the

importance of breaching lies in providing

successful passage rather than lucreasinn the

potentisl spawning habitat by increasing the

area with suitable spawning depths . Neitber the

Case EVI or Case EV proj ect flows would be of

sufficient magnitude to provide breaching

conditions.

• Winter Flows

• Groundwater Upwelling

Passage Restrictions

Overtopping of Slough 8A is predicted for

several combinations of year specific

climatologic data, operational regimes, and

demand schedules (Harza-Ebasco 1984a).

flows t the frequency of

conditions will decrease at

Case EVI would reduce groundwater upwelling by

SO to 62 percent during the spawning seascn,

Case EV reductions would amount to 29 to 50

percent.
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passage reachea (PR' a) I and II frOlll natural

levela of 79 and 48 percent to project levels of

25 and 16 percent. For PR' a III to IX the

decrease vill range frOlll 1 to 3 percent (Table

17). eaae V flovs vould increase the frequency

of successful passage above natural conditions

in 100 percent of PR I. At PR II a decrese viII

occur from 48 to 18 percent. At the remaining

PR t 8. decreases would be 1 or 2 per~"nt. The

18.000 cfs spike proposed for Case £V vould

temporarily provide frequencies of successful

passage greater than those under natural

conditions. These decreases in frequencies of

Buccessful passage may. over time. result in a

losa of potential spawning habitat .

Historically spawned areas are presented in

Table 7.

- !litigation

Pasaage through PR' s I and II is provided under

natural conditions by baclcvater effects from a

high m.ainstem dLschacge , With Csse £VI flovs.

access through these passage reaches will be

provided in an alternative manner to maintain the

103,000 square feet f ish habitat available vithin

the s Iough, Benefits that may accrue frOID the

Case V 18,000 cfs spike would depend on its

occurrence relation to escapement timing and other

conditions contributing factors to frequency of

passage.

The maximum channel bed elevation of the PR I viII

be reduced to ease fish passage into the slough.

Flov in PR II vill be channeled to increase the

depth at the expected lover slough flov . Adding
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wing deflectors to narrow the channel and remove

boulders from the channel will improve pas.age

through PR II. Other passage reaches may be

improved by excavating a deeper channel through

the reach.

Winter overtopping occurs at Slough SA under

natural conditions (R&K Consultants 1983 ) . Under

Case £VI. the frequency of winter overtopping is

predicted to increase (Harza-Ebasco 1984a).

Increasing the elevation of the berm at the head

of each fork of the slough will prevent

overtopping by near-freezing waters. The height

of the east fork berm will be increased by 9 feet;

approximately 250 feet of berm is required. The

west fork berm will be increased four feet for a

length of 250 feet.

The costs associated with each of the mitigation

measures for Slough SA are shown belo·, and in

Figure 32:

•
• Mitigation Measu~e

Numb••
Proposed

Cepit. l
Costs

Annual
Operating &
Hatnt _ Costs

•

•

•

Slough mouth excavation 1
Wing deflector 1
Excavate passage reaches 6
Protective slough berms 2

Tou l

(11) SlOUgh 9

26,000
20\,000
10,000

295,000

$355,000

5,000
T,500
2,000

15, 000

$23.500

•

•I
•
I I

During the 1981-1983 studies, the mean peak counts

of chum salmon and sockeye salmon in Slough 9

(including 9B) were 295 (range: 175-358) and 33
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(range : 2-91). The mean eatfmated total escapements

to the slough were 563 chum (range: 430-645) and 81

sockeye (range: 0-230) (ADF&G 1984a). Slough 9 mean

escapements comprised 11.6 percent of the total mean

escapement to sloughs in the middle Susitna River.

The approximate percentage distribution of chum

salmon during the 1984 spawning season is in

Fi gur e 33.

- Impact Issue

Backwater

Backwater effects provided potential spawning

area during t~e study period 1982-1984 and only

a small portion of that area was spawned only in

1983. The lower portion of this slough has

since silted in and the channel has changed its

course. thus precluding spawning in this area .

Breaching

The exceedance probability associated with

breaching discharges of 19,000 cfs is 29

percent. Js probable that the breaching

flows are providing t he depth required for

spawning in some areas and that these areas

would become uDspawnable at project flows.

However. the extent of these areas appear

minimal when the wetted perimeter boundaries at

a flow of 9,000 cfs are overlaid on outlines 0"
spawned areas from 1982-1984. Neither Case EV

nor Case V project flows would be of sufficient

magnitude to provide breaching conditions .
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• Reduced Groundweter Upwelling

Case !VI would reduce groundwater upwelling by

approximetely 40 percent during the spawning

seaSOD. Case EV reductions would amount to

approximetely 20 percent .

• Winter Flows

The upstream extent of the ice cover Is

projected to progress beyond Slough 9 for

several combi nat i oDs of selected meteorologic

data, operation regimes . and demand schedules.

Based on the simulations completed to date ,

there Is a moderate probability of annual

overtopping of the slough (Harza-Ebasco 1984a) .

Passage Restrictions

relationships the slough flow aualysis in wec

(1984) , Case EVI flows will result in reductions

in the

conditions

of successful

III, IV and V.

I

I

Baaed on mainstem

frequency

at PR's I ,

discharge-groundwater

passage

Successful

I

I

I

I

I

•
•

passage at PR I would be reduced from 100 to 47

percent . At PR's III and IV, passage under

natural conditions occurs 18 and 17 percent of

the time as comparee to 15 percent and 14

percent under project flows (Table 18) . At PR

V, natural occurrences of 29 percent will change

to o percent passage under project flows. The

reduction in opportunities in passage at PR's

III and IV mey alao result in loss of some

spawning habitat. ease V flowo would result in

decreases of successful PR III and IV of only

1 to 2 percent and decreases from 29 to no
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I

I

I

I

I

passage at PR V. The general area ~f 81'0"_'"::.1:;'8

above PR V that would · become In:..ccessible at

Case !VI and Case V flows amounts to approxi

mately 5,300 square feet (Table 8).

- Mitigation

Passage through the downstream section of Slough 9

is currently difficult because of silt deposited

during the 1983-1984 season. . Removal of this silt

will expose the spawning gravels and Increase the

habi tat in the downstream region of the slough.

The slough mouth would be excavated to increase

the frequency of passage through PR I under the

Case !VI flow regime.

Based on the relationship between mainstem flow

and slough flow presented in APA (1984), PR's III

and IV are greatly affected by a reduction in

nat ural discharges. At discharges corresponding

to Case EVI the frequency of passage through these

reaehes will be increased by excavating a deeper

channel and channelizing the available local flow.

Larger cobbles and boulders will be removed from

the channel to improve the spawning habitat.

Other efforts to improve spawning habitat in the

pool r "gion between PR's IV and V include

construction of a rock weir to increase available

spawning habitat.

Upstream from PR V, spawning habitat is available

under natural conditions. Under proj ect

conditions. baaed on the currently available

slough flow analysis, fish would not be able reach

this habitat . A pool and weir structure will be

constructed to enable fish to access the natural
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pool habitat available upstream of PR V. A series

of 20 weirs composed of anchored logs will allow

salmon to access an additional 1,000 ft of

Slough 9.

Slough 9 is expected to be overtopped more

frequently in winter by the increased ice stage

caused by project flows (Harza-Ebasco 1984a). An

ove rtopping-prevention berm 8 feet high and 375

feet long will be placed at the head of the slough

to maintain the suitability of incubatiQn habitat

within the slough.

The costs associated rith each of the mitigation

measures for Slough 9 are shown below and in

Fi&ure 33:

Tot. 1

(iii) Slough 9A

Slough mouth excavation t
Rock ,,",I r 1
Protective . ' ough berm 1
log burlen 20
Pass'ge reech excavat ion 2

I
I

I
I

Mitigation He.lure
Numbe'

PrOPOsed
Caplt. l

Costs

26,000
37,000

150,000
30,000
7,000

$250,000

Annu.l
Op.,..t fng &
Malnt. Costs

5,000
3,000
7,500
6,000
1 , 000

$22,500

I

I

I

I
I
I

During the 1981-1983 studies. the mean peak count of

chum salmon in Slough 9A vas 135 (range : 105-182)

while the mean estimated total escapement to the

slough vas 152 chum (range 86-230 (ADF&G 1984a).

Slough 9A mean escapement comprised 6.4 percent of

the total escapement to sloughs in the middle

Susltna River. The approximate percentage

distribution of chum salmon during the 1984 spawning

season is shown i n Figure 34.
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- Impact Issue

• Backwater

spawning season .

backwater

because breaching

majority of the

I

I

Evaluation

applicable

conditione

of

to this

prevail

slough

for the

effects are not

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Breaching

The breaching discharge for Slough 9A has not

been establ~8hed but appears to be around

12,000 cfs, exceedance probability of 71

percent. Field observations during September

1984 indicsted that the gravel surface of some

areas spawned earlier in the season under

breached conditions were dewatered . Survival

from. these areas Is unknown . Estimates of the

spawning area lost under Case EVI will be

obtained by overlaying the boundaries of the

wetted surface area at 9,000 cfs onto the

spawned areas delineated for the 1982-1984

seasons . The base .flow of 12 ,000 cfs for Case V

may provide breaching flows and flow spike of

18,000 cfs most certainly would.

· Groundwater Upwelling

Case EVI will reduce groundwater upwelling by

30-48 percent during the spawning season . Case

EV reductions will range from 13-24 percent.

• Winter Flows

Simulation of the upstream extent of ice cover

for several combinations of operating regimes.
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• demand schedules and meteorologic conditions fo r

selected ye ars i ndicated that there is a

probability of the slough overtopp ing on sn•
annua l basts (Harza-Ebas co 1984a ) .

•
Passage Restrictions

• Under natural conditions . PR' 8 I-IX becan

su ccessfully negotiated by chum salmon 100

• percent of the time (Tabl e 19) ; Five out of

t he s e ni ne p..lssage reaches are an~iclpated to

• provide Buccess ful passage cond ition 3 to 32

pe rcent of the t l 1De under Case EVI flows . Of

the five passage reaches , PR III is considered
•

t o be of greatest concern s i nce access to

•

•

•

..

..

..

..
•

•

•

substantial amounts of historically spawned

are as can be achieved If passage through this

reach is facil itated (Table 9) . Breaching

condi t i ons resulting f rom Case EV flows would

provide passage 100 percent of the time.

- Mit i ga tion

Spawning habitat i n Slough 9A is primarily

accessed during breachi ng flows under natural

conditions. Under Case EVI scheduled discharges ,

the hab itat· will be retained by lowering the

slough profile until dept hs au itable f or spawning

are obtained •

While the slough profile ia being excavated. the

large cobbles and boulders will be sort ed and

removed to improve access between the series of

poola t hat exist along the thalweg. Removal of

the large cobb les and boulders wi l l Frovi de

additional spawning habitat to that presently

exiating within t he s i de channels.
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The costs aasociated with each of the IIlitigation

measures for Slough 9A are shown below and in

Figure 34:

Slough 9A breaches ar a relatively low natural

mainstem discharge and protection from winter

overtopping under project conditione will be

supplied. The berm at the aead of the slough will

be heightened 10 feet for a length of 150 feet to

prevent winter overtopping if the ice front 1s

predicted to extend upstream. of this slough DlOre

frequently than once every ten years .

During t he 1981-1 983 s t udi es , the mean peak counts

of chum salmon and sockeye salmon i n Slougb 11 were

369 (r ange : 238-459) and 532 (range: 248-893). The

mean estimated cotal escapements to the slough were

957 chum (range: 674-1119) and 1128 sockeye (range:

564-1620) (ADF&G 1984a), Slough 11 and Upper Side

Channel 11 mean escapement comprised 17.6 percent of

the total escapement to sloughs in the middle

Susltna River. The approximate percentage

distribution of chum salmon during the 1984 spawni ng

season for Slough 11 and Upper Side Channel 11 is

shown in Figure 35.

512,500

$7,500
5,000

Annual
0pe~.tfn9 &.
Mli tnt . Costs

5150,000
76 ,000

Capital
Costs

5226.000

_.
Proposed

Total

Protectt ve s lough be'"
EXClyat l on of slough

Mitigat ion He.sure

Slough 11(iv)

I
I
I
l
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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- Impact Issue

• Backwater

The backwater at the slough mouth affects

approxi.... tely 50.000 square feet of area that

has been spawned in the past . Overlying the

boundaries of the wetted surface area at

9.000 cfs indicates that approximately 20

percent of that spawned area would be dewacered

during Case VI operations . Less habitat would

be lost under Case V flows. For purposes of

mitigstion. this dewatered area will be

considered lost habitat . Additional habitat

with the wetted perimeter at 9.000 cfs ....y be

unsuitable for spawning due to insufficient

depth and would also be considered lost hsbitat.

Breaching

The exceedance probabilities associated with

natural breaching discharges of 43.000 cfs is

one percent. Based on this low frequency of

occurrence, the contribution of breaching

conditions in providing access and passage or in

increasing the spawnable area within the slough

is negligible . Neither Case EVI. Case C or Case

EV would provide breaching flows.

• Groundwater Upwelling

Case EVI will reduce groundwater upwelli"g by

20-25 percent during the spawning season.

Corresponding reductions for Case EV range from

13-19 percent.
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• Winter Flows

Simulations of ice cover progressing have

indicated that the front will proceed as far as

Slough 11 generally in the coldest years

(Barza-Ebasco 1984a) . The probability of the

slough overtopping on a yearly basis is

therefore low.

• Restricted Access

Under natural conditions. PR's I-III provide

•
successful passage 70. 43 and

time, principally through

contribution to local slough

12 percent of the

the groundwater

flow (Table 20).

• Passage reaches IV and V provide adequate

passage conditions only during infrequent

• breaching conditions, which occur one percent of

the t ime. Based on currently available

• information. project flows of 9,000 cfa will

•

•

•
II

•

•

II

I

II
I

reduce the groundwater input to the extent that

passage will be restricted across all passage

reaches (Al'A 1984) . Case V flows will provide

additional groundwater to the slough and result

in frequencies of passage for PR I. II and III

of 60. 20, and 5 percent. The Case EV spike

would be of such short duration that

contributions to groundwater wculd be minimal.

The spawning areas that will be affected are

shown in Table 10.

- IUtigation

The passage reaches in Slough 11 will require

channelization in order to increase the depth of

flow in the reaches and provide passage.
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A channel will be excavated through the silty

materials at the slough mouth and the banks of the

channel stabilized with rock gabions. The

stabilized channel will extend 1.200 feet upstream

in the slough and modify PR's I and II. Passage

through PR III will be fscilitated by construction

of wing deflectors made from rock gabione .

A channel will be excavsted at PR IV. A pool and

weir structure will be constructed in the

excavated channel which will improve fish passage

upstream. Fifteen weirs will be needed for

300 feet of slough channel.

Under natural flows, backwater effects provide

50.000 square feet of fish spawning habitat at the

slough mouth. Under project conditions, this

spawning area viII be partially replaced with rock

weirs placed in pools between PR's II and III and

PR's III and IV.

Under project conditions the slough may experience

winter overtopping. If further analysIs of ice

processes indicates a higb frequency of

overtopping, the berm. at the head of the slough

will be heightened five feet for a length of

250 feet to prevent this occurrence.

The costs associated with each of the mitigation

measures for Slough 11 are shown below and in

Figure 35:
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Annual
Nuobo. Coplt.l Operating &

Mitigation Me••u~ Proposed Colts Klint. Costs

... ,.S 2 61 ,000 6,000
Bank stablltz.tlon 1 25._ 3,000
Slough excavation 1 26,000 5,000
Log barrf.,., 15 2',000 5,000
Prot ect f ve b.,.. 1 150,000 7,500

Tot,l $286,_ $26.500

(v) Upper Side Channel 11

- Impac.t Is sue

• Backwater Effects

The backwater at the side channel mouth affects

that dewatering of spawned area would be

minimaL However , the depths at 9.000 e f a may

be unsuitable for spawning.

I,
"

a large portion of

spawned in the past .

of the wetted surface

the area that has been

Overlaying the boundaries

area at 9,000 cfs indicate

I
I
I
f
I,

Breaching

The exceedanee probability associated with the

controlling bresching discharge of 16.000 cfs is

45 percent. This relatively high frequency of

occurrence indicates that breaching flows are

instrumental in providing access and passage and

increasing the spawnabie area in t he s ide

channel.

• Groundwater Upwe l ling

relationship have not been developed

side channel .
I
I

lIainstem discharge

68
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• Winter Flows

Similar to Slough 11 the probability of the side

channel overtopping on a yearly basis Is low to

moderate.

• Restricted Access

Under natural conditions PR's I-III provide

successful passage 100. 45 and 45 percent of the

time. Case !VI and V would eliminate successful

passage conditions at all the FRs. principally

through reduction in breaching flows (Table 21).

Historically spawned area that would be IOBt are

shown in Figure 11.

- IUtigation

The majority of the spawning area in this side

channel occurs below PR I and much of this could

be retained under Case EVI or EV flows. Access to

spawning areas above PR I will require excavation

of the channel. The measure. accompanied wi tb

replacement of spawning gravels would provide more

spawning habitat than currently exists .

Prevention of overtopping in the winter and during

spring runoff will be accomplished by constructing

a berm at the mouth of the side channel parallel

to the flow. The berm would be 10 feet high and

1000 feet in length.

The costs associated with each of the mitigation

measures for Upper Side Channel 11 are shown below

and in Figure 35:
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Mittg,tion Me••u~

Channel exclvat ion
Protective slough bena

Total

(vi) Slough 21

tbobe.
Proposed

Capita l
Cost,

S 26,000
150, 000

$176 ,000

AnnulI
Operating ,
",tnt. Cost l

S 5,000
7,500

$12 ,500

If

"
"
"
"

"

"
"I

During the 1981-1983 studies, the mean peak counts

of chum salmon and sockeye salmon in Slough 21 were

443 (range : 274-736) and 96 (range 38-197) . The

mean estimated total escapements to the slough were

958 chum (range: 481-1737) and 148 sockeye (range:

63-294) (ADF&G 1984a) . Slough 21 and Lower Side

CHannel 21 mean escapements comprised 21. 1 percent

of the total escapement to sloughs in the middle

Susltna River. The approximate percentage

distribution of chum salmon during the 1984 spawning

season for Slough 21 and Lower Side Channel 21 is

shown in Figure 36.

- Impact Issue

• Backwater

Spawning areas in the mouth of the slough do not

appear to be dependent on backwater and areas

that were spawned under natural flows should

remain spawnable under Case EVI and Case EV.

Breaching

The exceedance probabability associated with the

-na t ur al breaching discharge of 25,000 cfs for

the left channel is 10 percent. Breaching

provides access and passage within the slough.
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but does not appreciably increase

area . Neither Case EVI nor Case

provide breaching conditions.

· Groundwater Upwelling

spawnsble

EV would

I
I

I

Case £VI would reduce groundwater

approximately 77 percent during

season. C!lse EV reductions

approximately 38 percent .

• Winter Flows

upwelling by

the spawning

would be

I

I

I

I

I

I

I

I

I

I,
r

The ice front is predicted as far as Slough 21

only during the coldest of years (Harz a-Ebasco

1984a) . The probability of the slough

overtopping is very low .

· Restricted Access

PRt S I , IlL , and IIR provide suitable passage

conditions 100, 25 and 20 percent of the time

under natural flow. Case EVI flows will reduce

the frequency at PR' s I , IlL and IIR to 6 , 0,

and 1 percent, primarily as a result of reduced

groundwater flow (Table 22). The frequency of

passage for Case V and Case EVI flows would be

100 , 0 , and 2 percent for PR's I, IlL and tIR.

The restriction at PR IlL will eliminate the

spawnable area above this point (Table 12) . If

passage were facilitated , much of the

historically spawned area will not be of

sufficient depth for use under project flows.
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- Mitigation

Passage through Side Channel 21 is necessary prior

to ntry into Slough 21. Mitigation of passages

reaches within Lower Side Channel 21 is needed to

permit fish access to the habitat in Slough 21.

Passage through Slough 21 will be amelior ted by

th excavation of the channel profile. A 2 foot

drop in the elevation of the profile corresponds

to the mainstem stage reduction from natural

conditions to Case EVI conditions. Large cobbles

and boulders will be removed and used to stabilize

the banks and channelize the flow. A water supply

syste will pipe 1 cfs from the mainstem into PR

I l L in order to increase the local flow available

for passage and spawning habitat.

After the large cobbles and boulders in the upper

portion of the slough are removed, sorted gravel

will be provided to increase the available

spawning habitat.

The costs associated with each of the mitigation

easures for Slough 21 are shown below and in

Figure 36:
r
I

r
J

I

J

I

Mitigation Measure

Excavation of slough
-at r supply system

Tota l
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Number
Proposed

1

1

Capital
Costs

$168,000

Annual
Operating &
Maint.. Costs

$7,000
12,000

$19,000
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(vii) Lower Side Channel 21

- Impact Issue

• Backwater

Evaluation of backwater effects on availability

of spawning habitat are not applicable in light

of the low breaching discharges .

Breaching

A series of channels enter Lower Side Channel 21

(LSC21) along its length and each breaches at a

different mainstem discharge. The uppermost

channel. A6. has a breaching discharge of

24.000 cfs with an associated frequency of

occurrence of 12 percent. Spawning areas

between the entry point of this channel into

LSC21 and next downstream channel. AS. are

limited primarily by the depth provided by local

flow and not breaching.

The exceedance probability of 71 percent

associated with breaching discharges of

12,000 cfs at the AS channel indicates that

mainstem overflow into the side channel provided

the required depths for much of the spawned area

downstream from this point during the 1982-1984

seasons. This was confirmed by field

observatious of the channel at unbreached

conditions in September. 1984 in which areas

spawned in previously in the season were

dewatered . Case £VI would not provide proposed

breaching conditions while the 12,000 ets Case

EV may cause the lower entry channel to breach.
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• Groundwater Upwelling

Reductions in groundwater upwelling for Case EVI

and Case EV would be 77 and 38 percent.

• Winter Flows

Similar to Slough 21, the ice front is only

projected to reach Lower Side Channel 21 in the

coldest years. The probability of o....ertopping

Is low, although the side channel would overtop

before the slough.

· Restricted Access

Under natural conditions the frequencies of

suitable passage conditions range from 71-100

percent for PR's I-X (Table 23). Under Case EVI

conditions, successful passage conditions will

be available about 30 percent of the t ime at

PR's I-IV and one percent or less at PR's V-IX,

based on current analysis. The majority of the

spawning occurs above PR V and these areas would

have restricted access (Table 13). Case EV

should provide passage through all reaches 100

percent of the time.

- Mitigation

At project flows, the lack of breaching flows will

impact Ush paasage within Side Channel 21. The

frequency of fish passage will be increased by

channelizing the local flow.

Pasaage reaches I-V will be improved by excavating

a channel through the most restrictive sections of

each passage reach.



Passage reaches

channelized with

passage reaches.

upstream of PR V will be

rock ving deflectors at the

Large cobbles and boulders will

I

I

I

I

I
(d)

be removed t o improve the frequency of fish

passage through the reaches. Marginal spawning

substrate in the upstream slough pools will be

replaced with sorted gravels to increase the

availkble spawning habitat.

Winter overtopping of the ber1ll8 along the length

of Side Channel 21 is not anticipated since the

ice front on the SUBtlna River Is estimated t o be

downstream (Harza-Eba.co 1986a).

The costs associated with each of the mitigation

measures for Side Channel 21 are shown below and

in Figure 36:

Annual
Numbe. Capital Operating &

Mitigation Measure Proposed Costs Ma fnt. Costs

ExcavaU on of channel S'tS,OOO $9,000
Wing deflectors for

bank st abi l t zat i on 7 2~O,OOO 35,000
Total S285,000 $4",000

Development of New Spawning Areas

in the transformation of many side channel to sloughs .

Areas in vhich spawning vas limited by high velocity under

natural conditions may become suitable for spawning

assuming other physical habitat requirements are satisfied.

I

I

I

I

Case EVI and EV flows during

reduce the mainstem flows from a

f or the August 20-September 20

flows of 9. 000 and 12,000 cfs.

the spawning season will

median level of 15.000 cfs

period to minimum required

This reduction will result

I

I

Habitat modifications to these new areas may prove more

cost-effective than the measures required to maintain the
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production in some of the existing sloughs and side

channels.

Substrate may be unsatisfactory either because the particle

size distribution is outside the preferred range for

spawning or the substrate ·i s of appropriate size but has

become embedded with sands and silts under the natural flow

regimes. Modification measures that would be taken to

remedy these conditions would be replacement of

inappropriate substrate with suitable spawning gravel and

scarifying the embedded substrate particles to remove the

sand and silts .

Preliminary screening of candidate mainstem and side

channel sites is currentlr underway. Site selection and

monitoring of physical variables are critical Bteps in

assessing the potential success of proposed replacement

spawning areas. A list of mainstem and side channel sites

at which physical variables are presently being monitored

is presented in Table 24. Evaluations of the potential of

these sites to provide additional spawning habitat will be

made as data become available.

3.2 .3 - Artificial Propagation

An alternative means to achieve the mItigation goal of

maintaining chum salmon productIon is through artificial

propagation. Mitigation by artificial propagation will be

cone Idered if other mitigation measures are ineffective. The

artificial propagation method selected for mitigation for chum

salmon spawning habitat losses in the middle Susitns River is

stream-side egg incubation boxes. The emergent fry will be

returned to the sloughs for rearing and/or migration. Egg boxes
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with gravity fed vater systems are veIl suited for re.ote-slte

installation because they are coat effective and require little

1U.intenance .

(a) Design and Operation of Egg Box

A stream-side egg incubation box similar to that used

extensively on the Gulkana River in Alaska for art1ficial

propagation of sockeye salmon would be used. The egg box is

a 4 ft x 4 ft x 8 ft gravel-filled upwelling box capable of

incubating 500.000 eggs . The box would be inaulated to

protect against freezing .

In each egg box 500.000 green eggs (those just-fertilized)

are placed on the gravel surface and incubated. At

hatching the alevins fall or migrate into gravel

interstitial spaces and reside there until the yolk-sac has

been absorbed. at which time they emerge from the gravel

and leave the box . Survival from green egg to emergent fry

has averaged 85 percent (Robeson ADF&G, peTS. comm., 1984) .

(b) Site Selection Criteria

The primary concern in siting the egg boxes is the

availability of a dependable water source. The water

should be sediment free, meet water quality standards and

be gravity-fed to the egg boxes. The latter is of primary

concern due to the low reliability and high cost of pumping

water. Other criteria are access to the site and proximity

to a slough for juvenile release and adult return. Curry

Station (RH 120) appears to satisfy the above criteria for

site location.

(i) Water Supply

Curry Station has an existing gravity-fed surface

vater system. Using an existing system is more
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economdcal than developing a nev vater system. The

'sys t em at Curry vas built i n the 1930's as a vater

supply for the railway CODstruction camp. I t

consists of an impoundment structure and pipeline

which draws vater at an estimated 5 efa year round

(B. Barrett, ADF&G . pers. camm• • 1984) . Te-perature

and vater quality appear to be within acceptable

limits (D. Seagren. ADF&G. pers. camm• • 1984) ;

however. before an egg box program. Is implemented ,

detailed tempe rature and vater quall;y data will be

obtained. Information on the temporal tempe rature

variation of the water source will be used to

predict the emergence timing of fry and to select

the proper brood stock .

(ii) Slough Proximity

Another aspect of site location is the proximity to

a slough. The slough viII be utilized in tva vays.

First. emergent fry from the egg boxes will be

released directly into the slough for additional

rearing and/or migration. Second , the slough will

serve as an adult return a rea and will facilitate

procurement of the brood stock. Curry Slough is

approximately 4,000 f ee t downstream from Curry

Station and can be utilized, although it may need

some modi fications to make it suitable .

(iii) Site Access

Curry Station is easily accessible by helicopter and

rail. The close proximity of the railvay viII

facilitate movement of materials and equipment to

the site.
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I (b) Brood Stock

(c) Alternatives for Development

The initial selection of brood stock will depend on the

temperature profile of the water source. It appears that

the existing vater source Is colder than Intergravel

temperatures to which incubating egBs are exposed. This

may cause the fry produced from egg box to emerge later

than native fry. If this delay exceeds the natural

variation in emergence timing for native fry, the tributary

spawning chum in the middle Susltna River, or another stock

of earlier-spawning chum. viII be selected to allow the egB

box fish to emerge at approximately the same time as native

fry.

The donor stock will be utilized for the first five years

of the project since Susitna chum predominantly return at 4

and 5 years of age. After the initial 5 year introduction

period the returning adults will serve as the brood stock.

To mitigate for the 1088 of 4.200 chum, approximately

700.000 eggs (250 females) will be needed for mitigation.

This figure Is based on maintaining the 4,200 chum

escapement using the following assumptions: 1.1: 1 male to

female ratio (ADF&G 1984a), a 15 percent egg-to-fry

survival (ADF&G 1984b) . a fecundity of 2.850 eggs per

female. and a 0.7 percent fry to adult return ( i nc l udi ng

harvest) (Barrick et al. 1983). Excess returns to the egg

box facility will be allowed to spawn naturally in adjacent

sloughs . To insure genetic diversity of the anif1cielly

propagated stock, eggs from each female will be fertilized

with the gametes of several males.

I

I
I

I

I
I

I

I
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I

I

There

site .

are n'o alternatives for the Curry Station egg box

The first is a plan to establish the egg bcx site at
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Curry Slough and the second 1s a plan for development of

the egg box site at Curry Station.

(i) CUrry Slough Development

Establishing the egg box site at Curry Slough will

require the water source presently at Curry Station

(approximately 4,000 feet upstream) to be piped to

Curry Slough. This will entail burying (to

safeguard against freezing and physical damage)

approximately 4,000 feet of 6-inch diameter pipe .

The egg boxes will be set up near the downstream end

of Curry Slough and emergent fry will be released

directly into the slough from the egg boxes. The

slough will be appropriate'ly sloped to facilitate

downstream mitigation of .: r y and to ensure that

returning adults have access to the slough. The

advantage of locattng the boxes adjacent to the

slough, is that the etaergent fry can be released

without being handLed , Fry will be released into

the slough to allow for acclimation and/or rearing

before seaward migration. Releasing newly emerged

fry directly into the mainstem would not allow for

acclimation and orientation. The costs for this

option are outlined in Appendix B and summarized

below:

I

1

I

Number
Mitigatfon Measure Proposed

Artfficial propagation 2
Total

(ii) Curry Station Development

Capitel
Costs

$450,000
$450,000

Annual
Operating &
Maint. Costs

$50,000
$50,000

,
1

The Curry Station development consists of installing

the egg boxes near the outfall of the existing water
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system. This will require a minimal amount of pipe .

which can be installed above ground if insulated

pipe is used. Newly emergent fry will be collected

in two 18-foot-diameter x 4 foot deep above-ground

rearing ponds. Fry will be transported daily to

Curry Slough and liberated. This installation has

the disadvantage of extensive handling of fry. The

costs for this option are outlined in Appendix Band

summarized below:

•
•
•

Numbe r
Mitigation Measure Proposed

Artificial propagation 2 '
Total

Capital
Costs

$81,000
$81,000

Annual
Operati ng &

Haint. Costs

$35,000
$35,000

•
,
,
,
,
•
•
,

3.3 - Monitoring Studies

Monitoring studies are recognized as an essential projects mitigation

feature that provides for ' a reduction of impacts over time (Acres

American 1982). Operational monitoring will be conducted to

(1) monitor salmon population and production levels to ensure that the

r.~~4 icted level of impact is not being exceeded, and (2) evaluate the

effect1 ~ess of the project mitigation plan.

3.3.1 - Impact Monitoring of Salmon Populations

Salmon populations in the Devil Canyon to Talkeetna reach will

be monitored to assess whether populations maintain histori.:al

levels during the operation phase. Monitoring will consist of

enumerating returning adults that pass Sunshine and Curry

Stations and monitoring smolt out-migration from the reach.

Adults will be enumerated using the fishwheel tag/recapture

program currently being used in the baseline studies. The smolt

out-migration will be evaluated using a smolt trap program such

as was conducted during the 1982 to 1984 baseline studies

program.
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The results of these studies viII be used to evaluate changes in

the population size . species composition or changes In stream.

use patterns of the five Pacific salmon species . Results of the

mitigation monitoring deacribed in the following s~ction will be

used to assess the cause of chaoges.

3.3.2 - Mitigation Monitoring

Mitigation features to be monitored for evaluation of the level

of mitigation being achieved include:

- Slough modification

- Replacement habitats

- Egg boxes

The monitoring activity will include evaluattng the operation

and maintenance procedures to ensure that the facilities are

operating effectively . If a mitigation feature Is not meeting

the intended level of effectiveness, modifications to the

mitigation feature will be made to increase its effectiveness.

(a) Monitoring SlouSl. Modifications

The various features incorporated for slough habitat

maintenance will be monitored to assess whether they are

meeting their intended function and are operating properly.

~thods used to evaluate the slough mitigation features

will be consistent with methods currently being used to

assess baseline conditions of the parameters to be

monitored.

Mitigation features designed to allow adult salmon passage

into and within the sloughs will be annually inspected

after breakup to identify and conduc t needed repairs prior

to the adult return. Annual monitoring of returning adults

will allow identification of additionsl passage problems.

Appropriate corrective actions will be taken.
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Modifica~ions ee sloughs designed ~o ...in~ain spawning

areas vill be annually inspected prior to ebe spawning

season to verify that the area contains suitable spawning

conditions such 88 upwelling, mDOlJnt of flow, depth of

vater, and suitable substrate. Areas that becoae overly

sil~ed viII be cleaned. If slough flows diminish so ~ha~

spawning 18 no lODger po•• ible, appropriate corrective

ac~ions viII be ~aken.

The number of spawning adul~s. re~urning ~o ~he sloughs will

be monitored annually to measure changes in distribution to

aasess if the combination of minimum flow and slough

modifica~ions is ...in~aining na~ural produc~ion. This

monitoring will also serve to assess whether the capacity

of ~he modified areas is being exceeded. Appropriate

remedial actions will be taken when spawning sites are

inadequate.

Fry production viII be monitored annually

incubation success. Fry monitoring will

assessment of out-mlgration timing and SUCC~S8.

to evaulate

include an

•

•

•

•

•
1
o

)
II

The annual slough monitoring viII include an evaluation of

general slough conditions including vegetative

eneeoachaent , beaver occupation , and general condition of

the spawning and rearing areas. Appropriate remedial

actions will be performed to maintain slough productivity.

Representative sloughs will be moi1itored for temperature

and slough flow. Monitoring of the physical processes will

be continued until slough conditions stabilize under the

resula~ed flow regime . This monitoring will be used in

part to assess whether further modifications to the

physical habita~ mus~ be made to main~ain slough

productivi~y.
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(b) Konitorins Replacement Habitata

Replacement habitats which develop as a result of the lover

and more stable project malnstem flows during the spawning

season viII be monitored to quantify use of these areas by

adult salmon. Konitoring methodology will be s1m1lar to

that currently used to evaluate spawning habitats and will

include standard physical and chemical measurements as well

as biological analyses.

(c) Konitorins of Artificial Propasation

Stream-side egg boxes, if utilized . will be monitored to

evaluate their effectiveness in producing the number of

returning chum salmon for which they were designed.
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4 - INTERIM IMPOUNDMENT KlTlGATION PLAN

The primary long-term impact associated with the filling of the Watana

and Devil Canyon reservoirs is the loss of clear-water tributary

habitat (Acres American 1983). The tributary habitat that will be

inundated currently supports a substantial population of Arctic

grayling. estimated to be at least 16,300 fish in 1982. Aquatic

habitats within the reservoirs are not expected to support a signi

ficant grayling population.

In the impoundment area, Arctic grayling was selected as the

evaluation species for mitigation because of its abundance in the

area, its sensitivity to impacts during all seasons and life stages.

and 1:8 desirability as a sport fish. Measures to avoid. minimize.

rectify or reduce the anticipated loss of spawning and Arctic grayling

habitats are considered infeasible (Acres American 1983). Therefore,

measures to compensate for the loss of Arctic grayling habitat are the

options being considered for impoundment mitigation planning.

Impoundment mitigation options to compensate for lost Arctic grayling

habitat were outlined in Exhibit E. Federal Energy Regulatory

Commission License Application (Acres American 1983) and included:

(1) funding of research on Arctic grayling propagation technology;

(2) hatchery propagation of Arctic grayling and the subsequent

stocking of the reared fisn (i.e. fingerling); (3) stocking of

hatchery-reared rainbow trout if Arctic grayling propagation proved to

be technically infeasible; and (4) the introduction of rainbow trout

into the Devil Canyon reservoir. Agency comments on the

hatchery-rearing of Arctic grayling were g~nerally negative and

concluded that grayling production in Alaska must be considered

experimental and compensation must be judged as ep ecuLat Ive (ADF&G

1983c) . Reescee for this position were: (1) the lack of a reliable

egg source; (2) low survival from the green egg to fry stage;

(3) unsuccessful attempts to rear grayling fry to fingerling in

hatcheries; and (4) the inability to evaluate survival of stocked fry

because of their small size .
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4.1 - Mitisation Optiona

4. 1. 1 Rainbow Trout

Rainbow trout is the species being considered for primary

compensation for lost Arctic grayling habitat. A rainbow trout

propagation and a stocking program has documented success in

Alaska and there Is a high demand for the species by sport

anglers.

It appear. that Devil Canyon reservoir may be too turbid to

Buccessfully grow rainbow trout to a desired size. Turbidity

levels in Devil Canyon reservoir are expected to be in the range

of 40-50 NTUs with light penetraUng about one meter into the

water column (Tom Stewart. Harza-Ebasco. pers. ceea, 1984) .

Primary production in Devil Canyon reservoir is expected to be

low 8S a result of the turbidity levels. Because the success of

a stocking program of rainbow trout in Devil Canyon reservoir is

uncertain, it may be desirable to monitor the reservoir

limnology and resident fish populations that will occur

naturally before initiating a stocking program for any species.

Sport fishing opportunities would be greater to a larger number

of people if fish were stocked ne&r population centers.

Additionally, stocking sites can be chosen that will have a

hi gher probability of success than Devil Canyon reservoir .

Rainbow trout have been successfully stocked in numerous lakes

in the Hatanuska-Susltna Valley area (Larry Engel, ADF&G.

Palmer, pers. comm. 1984). Case histories, cost analyses and

stocking areas for a rainbow trout stocking program will be

discussed in the impoundment mitigation plan scheduled for 1985.

4.1.2 - Arctic Grayling

Arctic grayling stocking 1s desirable becauue of "in-kind"

replacement for lost spawning and rearing habitat. In 1984 ,
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significant progress was made in Arctic grayling propagation

technology . About 100,000 grayling fingerling (approximately 50

to 60 mm) were reared at Clear Hatchery (D. Parka. ADF&G

Hatchery Manager, Clear , Alaaka, pers. ccea, 1984) . Feedin,

experiments with various kinds of commercial feeds , automatic.

feeders . and increased light intensity are factors that Werf!

thought to be important in the successful rearing of grayl1nl~

fingerling . The survival rate was about 70 percent frma

emergent sar-fry to 2 gram. fingerling for one experimental

gT~Up. which Is about seven times greater than previous survival

rates for emergent sac-~ry to fingerling.

Because significant prolJress in Arctic grayling propagatic n

technology 1s being made and the desirability of "in-kind II

replacement, grayling i s ~till considered a primary candidate

species for compensF.cion . The impoundment mitigation p ~a~

scheduled for Apr i l I J85 will discu.s ~ropagation technolo~f for

Arct ic grayling ana examine arpclS that nee": ft .!!': hc c research.

buch as br"cd stock deve I cpeient , commercial feeds , vitam"}

deficiencies. disease problems, stocking evaluation, stocking

areas .
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Table I. Susltna River annual salmon escapement by Bub-basin and species.

Sockeye 1 Chum2 2 Pink3 4
Sub-basin Coho Chinook Total

Lower Susltna River (RH 11,900 17,000 39,900 Even 427,400 56,300 Even 552,500

o to 80) excl~ding Yentna
Odd 44,800 Odd 169,900

River (RIl 28)

6 119,200 19,500 20,000 Even 447,300 44,700 Even 650,700Yentna River (RIl 28) Odd 48 , 400 Odd 251,800

Talkeetna (RIl 97.1) and 116,000 295, 600 24 , 700 Even 388,400 16,100 (62,000) Even 840,800

Chulitna (RIl 98.6) r ivera Odd 40,600 Odd 493,000

including Susitna 'iver
from RIl 80 to 98.6

Talkeetna Station to 8 2,800 24, 100 2, 200 Even 54,800 8,500 (9,500) Even 92,400

Devil Canyon (RIl 98.6 to 152) Odd 4,400 Odd 42,000

9 249,900 356 , 200 86,800 ~~~n
1,317,900 125,600 Even 2,136,400

Tota l Susltna basin 138,200 Odd 956,700

:
2
3
4

5
6
7

8

9

1981-83 average of ADF&G second-run sockeye escapements
1981 -83 average of ADF&G escapement estimates
Even year 1982 only; odd year 1981 and 1983 average; from ADF&G escapement estimates
Minimum estImates of escapement from ADF&G 1983 survey counts and conversion factor of 52% (Nielson and
Geen 1981); numbers in parenthesis 8 r H 1982-83 ave rage of ADF&G escapement estimates
Lower Susltna Bub-basin equals total Susltna basin es capement minus Yentna and Sunshine escapements
Yentna sub-basin ~scapement from ADF&C estimates at Yentna Station (TRH 04)
Talkeetna-Chulitna sub-basin escapement equals Sunshine St ation (RM 80) escapement minus Talkeetna-Devil
Canyon sub-basin escapement
Talkeetna Station-Devil Canyun sub-basin escapement equals Talkeetna Station (RH 103) escapement minua
milling fish that return downstream. Hilling rates : aockeye 30%, chum 40%, pink 25%, chinook 25%, coho 40%
(Barrett 1984)
Total Susitna bas in escapement equal s Yentna Station (TRH 04) escapement plus Sunshine Station (RH 80)
escapement plus: 5% for aockeye , 48% for pink , 5% for chum, 85% for coho (Barrett 1984)
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Table 2. Chum salmon peak index counts by habitat type above
RK 98.6. 1981-1983.

I

I

[

I

3-Year
Habitat Type 1981 1982 1983 Total

Halustem1 16 550 219 785

Streams 241 1.737 1.500 3.478

Sloughs2 2,596 2.244 1,467 6.307

Total 2.853 4,531 3,186 10.570

Source : ADF&G 1981a, 1982a, 1984a

I

I

I

I

r
I

I

I

I

2

Includes main channel and side channel habitats

Includes upland slough and side slough habitats



Table 3. Chum salmon peak index counts in sloughs above RK 98.6.
r 1981-83.

f R.iver 3-Year
Slough lIile 1981 1982 1983 Average

I 99.6 6 0 0 2
2 100.2 27 0 49 25

3B 101.4 0 0 3 I
3A 101.9 0 0 0 0
4 105.2 0 0 0 0

I
5 107.6 0 2 I I
6 108.2 0 0 0 0

6A 112.3 II 2 6 6
7 113.2 0 0 0 0

I 8 113.7 302 0 0 101
80 121. 8 0 23 I 8
8C 121.9 0 48 4 17

I 8B 122.2 I 80 104 62
Moose 123.5 167 23 68 86

A' 124.6 140 0 77 72

r A 124.7 34 0 2 12
8A 125.1 620 336 37 331

B 126.3 58 7
9 128.3 260 300 169 243

I 9B 129.2 90 5 0 32
9A 133.8 182 118 105 135
10 133.8 0 2 1 1

I II 135.3 411 459 238 369
12 135.4 0 0 0 0
13 135.9 4 0 4 3

I
14 135.9 0 0 0 0I, 137.2 1 1 2 1
16 137.3 3 0 0 1
17 138.9 38 21 90 50

I 18 139.1 0 0 0 0
19 139.7 3 0 3 2
20 140.0 14 30 63 36

I 21 141. 1 274 736 319 443
22 144.5 114
21A 144.3 8 0 0 3

I
Total 2,596 2, 244 1,467 2,102 1

I Source: ADF&G 1981a, 1982a. 1984a

I
I Three-year average of totals

I

~



Table 4. Second-run sockeye salmon peak survey counts in s l oughs
above RK 98.6. 1981- 1983.

Sl ough River Hile 1981 1982 1983

3B 101.4 1 0 5
3A 101.9 7 0 0
6A 112.3 1 0 0
8e 121. 9 0 2 0
88 122.2 0 5 0

Moose 123.5 0 8 22
8A 125. 1 177 68 66

B 126.3 0 8 2
9 128.3 10 5 2

9B 129. 2 81 1 0
9A 133.8 2 1 1
10 133.8 0 0 1
u 135.3 893 456 248
17 138. 9 6 0 6
19 139.7 23 0 5

I 20 140.1 2 0 0
21 141.1 38 53 197

1 Total I. 241 607 555

,
Source : AOF&G 1981a. 1982a. 1984a

I
-,

I ~,,
1



Table 5. Pink salmon t ota l slough escapement above RM 98.6.
1981-1983 .

I

I River
Sl ough Mile 1981 1982 1983

I
8 113.7 38 0 0

I
Moose 123.5 0 2 0

8A 125. 1 0 5 0
8 126.3 0 18 0
9 128. 3 0 18 0

I 11 135. 3 0 170 0
20 140.0 0 75 0
21 141. 1 0 9 0

I
, Total 38 297 0

, Source: ADF&G 1984a

I
1,
,
•
•
•
l



Table 6. . Selected rivers with hydroelectric projects and associated mitigations
for anadromous fish species.

Terror Lake, AX

Average Dlscharte: Pre-project 279 cfs. post-project 181 cfs.

Species: Pink, chum and coho salmon, Dolly Varden .

I

I

I

I

I

I

I

I
I
I
I
I

I ~

Projects:

!litigation:

Tyee Creek, AX.

Species:

Projects:

ll1tigation:

Blue Lake , AI(

Species:

Projects :

ll1CigaCion:

Ketchikan Creek, AI(

Species :

Projects:

ll1tigation:

Solomon C~ap.k, AK

Species:

Projects:

Mitigation:

..

Alaska Power Authority - diversion dam. for hydroelectric
project.

Instream flow requirements and monitoring program.

Intertidal spawning pink and chum salmon.

Alaska Power Authority - diversion dam for hydroelectric
projects may eliminate flow to Tyee Creek.

Spawning gravels were added to the tailrace area as
replacemen: spawning habitat.

Pink, chum and coho salmon, Dolly Varden.

City of Sitka, diversion dam

Instream flow requirements a

Natural and hatchery rons of chinook, pink, coho and chum
salmon a

Ketchikan Public Utility, dam and powerhouse

Instream flow requirements

Chum, pink, and coho salmon a

Alaska Light and Power, da~ and p~~~chousea

Instream flow requirements and flow fluctuation restrictions
to prevent deposition of fines during high flow perioda
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Table 6 (Continued )

Skagit River, W'A

I
A?erage Discharge: 15.190 cfs (be l ow Baket Rivet). Below City of Seattle proj ec t

average discharge 428 2 e fs to Baker Ri ver.

Summer chinook , fall chinook. sockeye, pink, coho and chum
salmon. steelhead; spring, S'lmmer and fall chinook (mai n r iver
and tributary spawning). Pinks and chums (mai n river spawning
and tributary spawning) . Steelhead (ma i na tem and tributary
spawning).

Minimum flows for prevent ion of juvenile stranding . Ramping
rate restrictions. Augmentation from a hatchery at
Marblemount. These features were not in operation when the
City of Seattle began operations and resulted from a voluntary
agreement between the City of Seattle and state agencies.

I

I

I

I

I

Projects :

Mitigation:

Baker River. WA

Three City of Seattle projects (l large , 1 medium,
storage reservoirs. all with power plants) .

small

I

I

Average Discharge: 2.520 cfs

Species : River had spring chinook. sockeye. coho and steelhead. Now
has only sockeye and coho .

Projects : Puget Sound Power & Light Company (2 dams & 2 powerhouses)

I Mitigation: Fish are trapped below lower dam and hauled above the upper
dama Traps are used in the lakes for collection and
downstream passage.

Species : coho and steelhead present.
(

I Sultan River. WA

Average Discharge : 775 efs

I Projects: City of Everett - water supply. Snohomish Count y P. U.D. (I
dam and 1 powerhouse).

I
Mitigation: None for many years. Now has a f l ow control programa

I
I
r



Table 6 (Con t i nued)

Tole River. WA

Average Discharge : 575 cis

I

Species:

Projects:

Hi tiga t i on :

Pink . co ho. f al l chinook and c hum salmon. fa ll chinook and
s t e e l he ad trout

Diversion dam. Ci ty o f Sea t tle - water supply .

Has minimum f low co nt ro l r egu l at i on

I
Ceda r River. WA

Ave rage Discha rge : 684 cfs

Species: Sockey e . s teelhead . chinook
I

I

Pro jec t s :

Mitigation :

Green River . WA

Ci ty of Seat tle - wa t er supply and small powerhous e

Flow control r e gul at i on imp lemen ted . pl us a new ha tchery .

I

I

Ave r age Di s charge: t . 270 c i s

Species : Summer and fal l ch inook and ~ teelhead (Many yea rs ago had pink
a nd c hu m runs .)

I

I

Projec ts :

Mi tigation :

Whi t e River . WA

Ci t y of Tacoma - water s upply (di ve r s ion of flow)

Has minimum flow r e l ea s e regulation f o r f i she r i e s .

Ave rage Discharge : 1.372 cfs

I

•
•
I

I

Species:

Pr ojec ts :

Mitigation:

Sp ring chinook and steelhead (sma l l coho r un)

Cor ps of Engineers - f l ood con t ro l . Puge t Sound Po~er & Light
Company - diversion of flow with lake s torage .

Has minimum flow r e leas e. Screen dive r sion . Issue resolu t ion
continuing



Table 6 (Cont i nued)

Ni squa l l y River. WA

Average Discharge: 1. 695 cfs

Species: Spring and fall chinook. pink, coho and chum sa lmon

Proj ects: City of Tacoma (2 powerhouses and 1 storage dam). City of
Centralia - diversion of flow.

I

I

I

I

I

I

Mitigation: Instream. flow requirements for salmon. City built a hat ch ery
(about 1916) which was not used and is now gone.

Elwha River, WA

Average Discharge: 1450 cfs

Species : Summer chinook . pink , coho and summer and winter steelhead

Projects : Rayonier Pulp and Washington Pulp and Paper (2 dams. 2 pcwer
plants and 1 storage reservoir ~ehlnd upper po~erhou8e) .

Mitigation: No mitigation initially ( 1914) at lower dam. Leakage has ~.pt

fish runs be low the lower dam alive. Now has rearing pond and
Ind ian hatchery to help support salmon runs. National Parks
Service p Lana to reopen area above upper dam. fo r anadroaous
!'I t ocks.

Wynoochee River, WA

Average Discharge: 750 cfs (above the dam)I

I

•

Species :

Projects:

Mitigat ion :

Cowlitz River . WA

Coho, chum and steelhead

Corps of Engineers dam (flood contro l and water supply ) . A
power plant and a hatchery are now planned .

Flow release based on river cross sect ional work.

Ave rage Discharge : 9.330 cfs

I

I

I

I

Species:

Projects:

Mitigation:

Spring chinook. fal l chinook and coho salmon and a t ee Lhes d
trout

City of Tacoma (1 large storage basin and 2 power pl ant s )

Flow regulation required in license. Now has two hatcheries .



I

I

I
Table 6 (Cont inued)

Levis River. WA

Ave rage Discharge: 4, 897 e f a

I

I
Species :

Proj ects :

Spring chinook, fall chinook and coho sa l mon and steelhead

Three major dams and powerhouses.

I
Mi t iga tion: Has flow regulat ion below lower dam.

s pr i ng chinook was constructed and
kept alive by flow control .

Initially a hatchery for
operated. Fall chinook

I
Big White Salmon River, WA

Average Di scharge : 1,075 efs

Upper Columbia River, WA

I
I
J

Species:

Projects:

Mit igation:

Fall chinook . Very l imited area for spawning below dam.

Puget Power and Light - Condit Dam

Fish are taken and eggs shipped to a hatchery for artificial
propagation . Early fish hatchery failed , rebuilt and failed
again. Site of fi rst attempt to bra!1 fish above a dam.

I Average Discharge: (Grand Coulee Dam) 64 ,800 cfs

I
Mitigation:

Snake River. ID

Three hatcheries built to perpetuate runs which went above
dam.

I

I

Average Discharge: 20 , 650 cfs

Species: Spring and late summer chinook and steelhead. (Had at one time
a run of coho , )

I

I

I

I

Projects:

Mitigation:

Idaho Power Company - Hells Canyon Dam (lowest of three dams)

Flow regulation and hatchery at Brownlee. Fish are trapped at
Hells Canyon for artificial propagation. There are minimum.
flow requirements and ramping rate limitations.
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Table 6 (Continue d)

Nort h Santiam River, OR

Average Discharge: 3,367 cfs ,

I

I

Spe c i es :

Project :

Mitigat i on:

Clackamas River, OR

Spring chlr.ook . There i s ma i n stream spawning.

Has 1 large storage reservo ir and power plant and
reregulatlon pool and power plant (Corps of Eng i neers) .

Adults trapped for egg collection and hatchery rearing.

I Average Discharge : 3.636 efs.

Species: Spring chinook•
•

Proj ects:

Mi t i gation:

Portland General Electric Company - 3 plants

Have fishways and partial screening .

•
Deschutes River. OR

Aver age Discharge: 830 efs

•
•
I

I

r

I

t
I

Species :

Proj ects:

Mi tiga t i on :

Spring and fall chinook and spring and summer (or fall)
steelhead

Pelton Dam - Portland General Electric Company

Has a dam above which includes a hatchery. Has a flshway
which has problems associated w1th seasonal flow changes.
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Table 7 Area spawned within slough SA backwater zone and
between passage reaches for 1982. 1983 and 1984.
ratio of the composite to the total area spawned
all years Is also shown.

areas
Th.

for

r

I

I

I

I

I

I

r

I

II
II
I

I

Area Spawned (ft' ) Composite!
1982 1983 1984 Composite Total

Backwater Zone 19.700 17.900 93 .700 103.400 .79

Passage Reaches

I - 11 21.900 20.200 94.700 107.100 .78
11-111 4.100 2.900 29.200 31.800 . 88
Ill-IV 5.900 12.400 70.800 72 .700 .82
IV-V 0 0 10.400 10. 400 1.0
V-VI 0 0 12. 900 12.900 1.0
VI-VIl 8 . 600 0 2.000 10. 300 .97
VIl-VlIl 7.800 0 600 8. 400 1.0
VlIl-iX 0 ~ 5. 200 5.200 1.0
IX-X 0 0 0 0 0



Table 8 Area spawned withLl slough 9 backwater zone and areas
between passage reaches for 1982, 1983 and 1984. The
ratio of the composite to the total area spawned for
all years I s also shown.

0 1.200 0 1. 200 1.0
13. 500 23. 900 18.100 47.200 . 85
7.500 4.000 4.000 11.200 .79
7.700 3. 200 6.900 11.700 . 76
4.600 2. 900 4. 000 5.300 .46

1982 1983 1984 Composite
Area Spawned (ft2 )

11

1!

r

I Backwater Zone

I Passage Reaches

I-II
II-III

I I II-IV
IV-V
V-VI

I

I

o 1. 200 o 1.2 00

Compoaitel
Total

1. 0
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Table 9. Area spawned within slough 9A backwater zone and areas
between passage reaches for 1982, 1983 and 1984. The ratio
of the composite to the total area spawned for all years is
also shown.

• ATea Spawned (ft') Composite l
1982 1983 1984 Composite Total

•
Passage Reaches

I-II 6.500 12,800 2,300 8,800 .41• II-Ill 14.300 4.400 1.600 8,800 . 43
III-IV 10,400 4,300 5,700 13,800 .68
IV-V 21,600 16,400 11,100 26.300 .54

I V-VI 6,900 7.600 13,800 12,300 .44
VI-VII 21,400 7, 300 4,900 27,600 . 82
VII-VIII 0 0 0 0 0
VIII-IX 2.200 4,800 6,200 7,700 .58
IX-X 8.800 6,100 12,800 18,400 .6(.
X-Xl 2,200 0 6,600 8 ,800 1.0

"

I ,



13.400 25,800 40,900 56,200 .70
4.100 0 9.700 9.700 .70

15,200 7,300 38.200 46,200 . 76
5,000 0 3,500 5, 200 .61
2.900 3,600 4, 000 5,800 .55

27,000 9,900 19,100 32.600 .58

Area spawned within slough 11 backwater zone and
between pasaage reaches for 1982. 1983 and 1984.
ratio of the composite to the total area spawned
all yea rs is also shown.

Table 10

I

I
II

Backwater Zone

II Passage Reaches

"
I-It
rr-rrr
Ill-I V
IV-V

II V-VI
VI-Vll

II

II
II
II
II
II

[I

II

It

Area Spawned (ft')

13.100 25,800 35,000 50,200

areas
The

for

Compositel
Total

. 68



Table 11. Area spawned be~een passage reaches within Side Channel 21
for 1982, 1983 and 1984. The r atio of the composite to the
total area spawned for all years is also shown.

Area Spawned (ft')
1982 1983 1984 Composite

Compositel
Total

II

J1

II

I I

I
II

,

I
II
III

22,500
1,300

o

32,000
2,200

o

11,900
3, 100

o

32,000
4,100

o

. 48

. 62
o



I
I
1
I
I
I

I

I
I

II

Table 12. Area spawned between passage reaches within Slough 21 for
1982, 1983. and 1984. The ratio of the compoaite to the
total area spawned for all years 1s also shown.

Area Spawned (ft') Composl:e/
1982 1983 1984 Composite Total

Passage Reaches

I-II 3,400 12,100 10,000 19,100 .75

II-Ill 2.900 33,600 21,900 38,900 . 67

•
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Table 13. Area spawned within Side Channel 21 backwater
zones and areas between passage reaches for 1982 . 1983
and 1984 . The ra tio of t he composi te to the t otal area
s pawned for all years is also s hown.

I

I

I

I

I

I

I

I

I

I

I

I

'I

Ar ea Spawned (ft 2 ) Composi te !
1982 1983 1984 Composite Total

Backwater Zone 80 , 100 80 ,500 178 ,6 00 239 ,300 . 71

Pa ss a ge Reache s

I -II 0 0 300 300 1.0
II-III 0 6 .300 9.000 9. 000 . 59
III-IV 0 3 . 600 2.200 3.700 . 64
IV-V 19 ,700 21.500 63 , 400 65 ,900 . 63
V- VI 1, 500 13 , 200 7 . 800 19 . 000 .84
VI-VII 3.300 0 600 3 ,900 1.0
VII-VIII 33. 300 17. 700 74 , 300 105 ,200 . 84
VII I - I X 0 0 0 0 0
IX-X 0 0 0 0 0
X-XI 22 .300 18.300 21, 000 32.400 . 53
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Table 14. Mean monthly discharges at Gold Creek for natural
conditions.

Natural Case P-I
Honth (d.) (c f s )

January 1,440 10,900
February 1,210 9.200
March 1,090 7.900
April 1,340 7,300
Hay 13,400 8,800
June 28,150 10,500
July 23,990 8,900
August 21,950 9,800
September 13,770 10,900

. October 5,580 10,200
November 2.430 '-i o.-600"
December 1,750 12.100
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Table 15 . Rel at i onsh ip between mi t i gation al terna tives and the
impacts fo r which they are applicable

Wi nter
Los s of Loss of overtopp i ng

Mit i ga t i on alter- Inadequ a t e physical upwelling of slough
nat i ves/i mpact issue passage hab itat at hab i tat berm

channe l width
modification P

channel barrier
construction P

Flow augment ation P P 5

Upwelling augmentat ion 5 5 P

Sl ough excav ation P P 5

cre at ing spawning
n3b i t at in pools P 5

Increase berm height p

P • primary effect

5 • secondary ef fect



- - - - - - - - - - - - - - - - -
Tlble 16. Su.-. ry of • • t t.-ted COlt, t or habi tat modif icat i on Measure. in sel ect ed s l oughs and si de chlnne l ,

Sl ough SA Slough 9 Slough 9A Slough 11 USC 11 Slough '1 Side Channe l 21 Total
C.pl til 1 C. pl ta l Capita l Cap t ta l C.p ltll Cep l te l C.pital Caplt. l

COl ta O&H Col ta O&H CosU O&H CosU OIH CosU O&H Costs O&H Costs O&H Costs O&H

Slough Mouth
Excav.t lon 26,000 5,000 26,000 S,OCh" 52,0 00 10 ,000

.IRg Deflector 2",000 1,500 2\0 ,000 15 ,000 26/t , 000 '. 500

2 P.....g. Rei ch
Exc,vattons 10,000 3, 000 1 , 000 '.000 17,000 3,000

1 Protect Ive
Be•• 295,000 15,000 150,000 7,500 150,000 7,500 150.000 7.500 150,000 7,"'00 895 ,000 1t5 . 000

Log e' l r te r. 30,000 5 ,000 2"',000 5,000 51t,000 1'.000

Bonk
Stlbil hatton 25,000 3,000 25, 000 ).000

Rock ..tr 31 ,000 3,000 61,000 6,000 61 .000 9,000

1 Totll Slough
Exen.tlons 76,000 5,000 26.000 5,000 26,000 5,000 31t,000 1,000 1t5 ,OOO 9,000 207, 000 31. 000

Water Supply
System 13,. .000 12.000 131t .000 12.000

ToUI 355.000 23.500 213.000 22.500 226.000 12.500 286.000 26.500 176. 000 12. 500 168.000 19. 000 285. 000 '1t,000 1.709.0 00 125. 500
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Table 17 . Condi t ion which provides successful passage most frequently and
approximat e percent o f t ime that passage is s uc ce ssful dur ing t he
per i od 20 Augus t - 20 September at Sl ough 8A.

Passage Na t ural Project 12.000 cfs Pro ject 9,000 cfs Proj ec t 8, 000 cis
Reach Cond o Occurrence Condo Occurren ce Condo Occur rence Cond o Occurrence

(%) (%) (%) (%)

I BlJ 79 BW W O SW!GW 25 SW!GW 25

II BW 48 SW!GW 18 SW!GW 16 SW!GW 16

III SW!GW 19 SW!GW 18 SW!GW 16 SW!GW 16

IV SW!GW 10 SW!GW 8 SW!GW 7 SW!GW 7

V SW!GW 9 SW! GW 8 SW!GW 7 SW! GW 7

VI SlJ/GW 12 SW!GW 10 SW!GW 9 SW!GW 9

VII SW!GW 11 SW!GW 10 SW!GW 9 SW! GW 9

VIII SW!GW 4 SW!GW 4 SW!GW 4 SW!GW 4

IX BR 2 0 0 0

BW is backwater cond it ion which negl ects the e f fect of local flow

BR i s breaching condition which represent s cont rol l i ng discharge through the slough

SW/GW I s surface wat er and groundwater condition with a median natural flow or
minimum project flow controlling groundwater l evels and sur f ace wate r re lat ed
to pre c ipitation events .

Appendix B con tains an explanation of the de rivation of the percent exceedance val ues
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Table 18 Condition which provides success fu l passage most frequent l y and
approximate percent of time that passage i s successfu l during t he per i od
20 August - 20 September at Slough 9 .

BW is backwater condition which neglects the effect of local flow

BR is breaching condition which represents controlling discharge through the slough

SW/GW is surface water and groundwater condition with a median natural flow or
minimum project flow controlling groundwater levels and surface water related
to precipitation events.

Appendix B contains an explanation of the derivation of the percent exceedance values
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r. bl. 19. Condi t i on which prov ides successful passage most frequently and
appr oximate percent of time that passage is successful during the period
20 Augul t - 20 Sept ember at Slough 9A.

Pa• • aRe Natura l Project 12.000 ct. Project 9.000 ct. Project 8.000 ct.
Reach Cond o Occurrence Condo Occurrence Condo Occurrence Condo Oc.:urrence

(%) (Xl (%) (%)

1 SW/CW 100 SW/CW 100 SW/CW 100 SW /CW 100

II SW/CW 100 SW/CW 100 SW/CW 100 SW/CW 41

III SW/CW 100 SW/CW 100 SW/CW 32 SW/CW 14

IV SW/CW 100 SW/GW 100 SW/CW 100 SW/CW 100

V SW/CW 100 SW/CW 100 SW/CW 100 SW/CW 20

VI SW/CW 100 8R 100 SW/GW 24 SW/CW 14

VII SW/CW 100 8R 100 SW/CW 10 SW/CW 7

VIII SW/GW 100 BR 100 SW/GW 6 SW/CW 3

IX SW/CW 100 SW/GW 100 SW/CW 3 SW/CW 2

X 0 0 0 0

BW 1s backwater condition which neglects the effect of local flaw

SR is breaching condition which represents controlling discharge through the slough

SW/GW Is surface water and groundwater condition with a median natural flow or
minimum project flow controlling groundwater levels and surface water related
to precipitation events .

Appendix B contains an explanation of the derivation of the percent exceedance values
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Table 20 . Condition whieh provides successfu l passage most frequently and
approximate percent of t i me that passage Is successful during the period
20 August - 20 September at Slough 11.

Passage Nat ural Pro ject 12,000 cfs Pro ject 9.000 cfs Pro ject 8 ,000 cf.
Reach Condo Occurrence Cond . Occurrence Cond. Occurrence Condo Occurrence

(%) (%) (%) (%)

I SW/GW 70 SW/GW 60 0 0

II SW/GW 43 20 0 0

III SW/GW 12 5 0 0

IV BR 1 0 0 0

V BR 1 0 0 0

BWis backwat e r condit ion whi ch neglects t he ef fect of l ocal f low

BR is breaching condition which represent s cont rolli ng discharge t hrough t he slough

SW/GW Is sur f ace water and groundwat er cond i tion with a median natura l flow or
mi nimum project flow control l i ng groundwater l eve l s and surface water related
t o preci pitat i on events .

Appendix B cont ains an exp l anat ion of t he derivation of t he percent ex ceedanc e values
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Table 2 1. Condition vhi ch provides successful pas s age most frequent l y and
approximate percent of t ime that passage i s successful dur ing the period
20 Augus t - 20 September at Upper Side Channel 11.

Passage Na t ura l Project 12.000 ct. Proj ect 9. 000 ch . Pro ject 8 .000 ct.
Reach Condo OC: cu r r e nc e Cond. Occurrenc e Cond o Oc curr enc e Cond ~ Oc currence

(%l (%l (%) (%)

I SW/GW 100 0 0 0

II BR 45 0 0 0

III BR 45 0 0 0

BW Is backwater condition which neglects the effect of local flow

BR Is breaching condition which represents controlling discharge through the slough

SW/GW Is surface water and groundwater condi t i on with a median natural flow or
minimum project flow controlling groundwater levels and surface water related
to precipitation events.

Appendi x B contains an explanation of the derivation of the percent exceedance va l ues
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Table 22. Condition which provides successful passage most frequently and
approximate percent of time that passage is successful during the period
20 August - 20 September at Slough 21.

Passage Natural Project 12,000 cfs Project 9,000 cfs Project 8, 000 c fs
Reach Condo Occurrence Condo Occurrence Condo Occurrence Condo Occurrence

(%) (%) (%) (%)

I SW!GW 100 SW!GW 100 SW!GW 6 SW!GW 4

IlL SW!GW 10 0 0 0

IlR SW/GW 4 SW!GW 2 SW!GW 1 SW!GW

BW is backwater condition which neglects the effect of local flow

BR Is breaching condition which represents controlling discharge through the slough

SW/GW is surface water and groundwater condition with a median natural flow or
minimum project flow controlling groundwater levels and surface water related
to precipitation events.

Appendix B contains an explanation of the derivation of the percent exceedance val ues



I

I

I

I

I

I

I
t

•
•
•
•
•
•
•
•
•
I

I
I

I

Table 23. Condition which provides success fu l "passage mos t frequent l y and
approximate percent of time that passage Is s uc ce s sful ~urlng the peri od
20 August - 20 September at Side Channel 21.

Passage Natural Pro ject 12,000 cfs Pro ject 9.000 cfs Project 8,000 cfs
Reach Condo OCcurrence Condo OCcurrence Condo OCcurrence Condo OC currence

(X) (X) (X) (X)

I SW/GW 100 BR 100 SW/GW 28 SW/GW 24

II SW/GW 100 BR 100 SW/GW 28 SW/GW 24

III SW/GW 100 BR 100 SW/GW 31 SW/GW 26

IV SW/GW 100 BR 100 SW/GW 31 SW/GW 26

V BR 71 BR 100 SW/GW SW/GW 0. 5

VI BR 71 BR 100 SW/GW 0.5 0

VII BR 71 BR 100 SW/GW DoS 0

VIII BR 71 BR 100 SW/GW 0.5 0

IX BR 71 BR 100 SW/GW DoS 0

X SW/GW 100 SW/GW 100 SW/GW 9 SW/GW 5

SW is backwater cond ition which neglects the ef fect of l oca l flow

BR 1s breaching condition which represents cont r o l l i ng discharge through the s l ough

SW/GW I s surface vater and groundwater condi t i on with a median natural f low or
minimum project flow controlling groundwater levels and surface water re l a t ed
to precipitation events .

Appendix B contains an explanation of the derivation of the percent exceedance values



Table 24 . Candidat e sites for development of replacement sp awni ng

hab itat .

110.1 L Houth of Oxbow I chum

115.0 R Halnstem 2, right channel chum

117.9 L Channel outside of Bushrad chum

118.9 L Downstream of Oxbow I mouth chum

127.1 L or C Complex Downstream of mouth SL 9 chum

129.8 R Right side of side channel at head

of SL 9 chum

131.3 L Upstream of 4t h of Jul y Creek chum

132.9 R Downstream of mouth of SL 9A chum

137.5 L Downstream of mouth of SL 16

139.0 L Between mouth of SL 17 and 18 chum., sockeye

143.2 L Upstream of i nt e r t i e chum

• L Left side of channel looking upstream

C Cent er of channel

R Right side of channel looking upstream

I
I

I
I

I
I

I

I
I

I
I
I
I

I

I

I
I

I
I

•RM Site Location

Historical

Spawning Use
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Passage Reach Flow Evaluation
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APPENDIX A

Passage Reach Flow Evaluation

A previous analysis estimated the required local flow for successful

fish passage through the passage reaches of the sloughs along the

middle section of the Susitna River (ADF&G 1984c). In order to

evaluate the available local flow in Sloughs 8A, 9, SA, II and 21 in

comparison to the required local flows , an analysis of the local flow

sources for each slough was conducted. Local flow is composed of

I

I

I
groundwater upwelling and surface inflow. A primary component of

I

I

I

I

I
I
I

I

I

I

I

I

I

groundwater upwelling is related to the mainstem discharge (APA 1984).

The relationships developed for the apparent groundwater upwelling

component of slough flow at the R&M gage site within the slough versus

mainstem discharge measured at Gold Creek are listed below (APA 1984).

Slough Regression Equation r 2

8A S • -.629 + .000128G .632

9 S • 1. 97 + .000351G . 805

11 S • 1. 52 + . 000 102G .765

21 S • -7.55 + .00105G .542

S • slough flow (cfs)

G • mainstem discharge at Gold Creek (cfs)

The limitations and applications of these equations are discussed in

the following paragraphs .

The equation for Slough 8A predicts poor~y at low mainstem discharge

since it was developed from data collected from 6 June through

7 August 1983 when the mainstem discharge was continuously in excess

of 16,000 cis. A lower limit was established for t he equation based

on an estimated minimum base flow. Data for 1983 record a minimum

slough flow of 0.8 cfs in late October; the base flow component of the

local flow was assumed to be 75 percent of this value. A slough flow

of 0.6 cfs corresponds to a mainstem discharge of 9 ,000 cfs i n the



I

I

I

I

I

•
I

I

I

I

I

I

I

I

I

I

I

'II

[I

regress i on equation. Thus, the estimated bas e flow f or ma i ns t em

di scharges less than 9,600 c f s r emains constant at th i s mi nimum s l ough

flow of 0.6 cis.

For Slough 9 , the equat ion was developed for the pe r iod f r om 21 May to

27 Oct ober 1983 excluding the dates when the slough fl ow was greater

t han 8 cf s , which corresponds to t he maximum slough flow prior to

breaching . Slough flow da ta for 1982 was less than t he values

obtained in 1983. The minimum slough discharge measured during the

summer of 1982 was 1.5 cfs, while in the summer of 1983, the minimum

s lough flow was 3.8 cfs. The equat ion developed fo r 1983 appeared to

overpredict slough discharge at low mainstem discharges. In order to

be able to predict low groundwater slough flows reflecting the low

local flow data measu red in 1982, an alternate equation was developed.

Slough flow versus mainstem discharge data for 1982 were plotted

(Figure Al). Using a slope for the regression line approximating the

slope developed for Slough 8A which was assumed to be the slough most

similar to Slough 9, a line was drawn through the values corresponding

to the lowest slough flows . A minimum groundwater component fo r the

slough was chosen to be 1 cfs, which is about 75 percent of the

minimum recorded flow . Using these l ines as shown in Figure Al, the

groundwater flow at the gage was obtained f or various mainstem

discharges.

The r egr es s i on equation for Slough 11 flow appeared to be a fairl y

accurate means of predicting slough flows corresponding to mainstem

discharges. It was based on data collected from 25 Hay t o 27 Oc t ober

1983.

At Slough 21, the correlation value of 0.542 for t he slough flow

versus mainstem flow relat ionship is consistent wi th the poor slough

discharge predictions at low mainstem discharges. Data from 10 August

to 22 October 1982 was used to develop the equation. A minimum base

flow was estimated to be 75 percent of the minimum slough discharge

ncorded; at low mainstem discharges, Le. <8300 cfs, the base flow

component of the local flow is assumed to be constant at 1.2 cfs .



I
I
I

I

I
I

I
I
I

I
I
I
I

With these limitations in mind. the regression equations were used to

estimate the apparent groundwater upwelling component of local flow at

the R&M gage site in a slough given a mainstem discharge. In order to

obtain the upwelling component of local flow at other points within

the slough. the amounts of upwelling throughout the slough were

estimated in terms of percent of the gage flow using aerial

photographs. observations by R&M personnel (R&M Consultants. Inc.

1982). and measured upwelling values (APA 1984 and WCC 1984). The

percentage values (Tables AI-A4) were applied to the calculated flow

at the gage resulting in estimates of the upwelling component of local

flow at points corresponding to passage reaches in the slough. For

Slough 9A. measured upwelling values were correlated with mainstem

discharge to yield the upwelling comp ment; of local flow at the

passage reaches. For Upper Side Channel 11. the base flows

corresponding to selected mainstem discharges were estimated at each

passage reach (ADF&G 1984 and ADF&G 1984d). Side Channel 21 was

. assumed to be a hydraulic extension of Slough 21.

A comparison between required local flow and estimated available

upwelling component of local flow was made at each passage reach

(Tables AS to ASO). An evaluation was conducted of how much of the

time the local flow requirements could be satisfied by groundwater

flow alone. The required local flow was input to the relationship

between slough flow and mainstem discharge to obtain the required

mainstem discharge. The flow duration curve developed for the period

20 August to 20 September (ADF&G 1984c) for the mainstem discharge was

used to evaluate the percent occurrence of these flows.

A combination of surface water and groundwater sources was analyzed on

the basis of the assumption that groundwater was at a level

corresponding to typical mainstem flows. For natural slough flows.

the mainstem discharge of 50 percent occurrence equalling 15.000 cfs

was chosen as the basis for groundwater flows. Proj ect flows were

assumed constant at the minimum required flows of 8.000 cfs or

9.000 cfs for Case EVI and 12.000 cfs for Cases C and EV. Also. for

Case EV. the effect of a spike of mainstem discharge of 18.000 cfs

during spawning was evaluated. If the higher mainstem discharge
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increased the frequency of passage over that available for the minimum

requirements of 12 , 000 cfs , this was indicated in Tables A5 to ASO .

Us e of minimum i ns t r eam flow requirements in the analysis addresses

potential impacts during low to average flow years compared with

median natural flows. Project effects during high flow years would be

less. The percent of time that tributary inflow was sufficient to

supplement groundwater was based on an estimate of the contributing

basin area , an assumed runoff percentage of 40 percent, and

precipitation duration curves for Talkeetna for the period of 1972 to

1981 (Tabl es A5 to A50). The percent occurrence of successful passage

for passage reaches affected by backwater and breaching wa. previously

analyzed (ADF&G 1984c).

The final value selected f6r each passage reach was the largest

percent successful passage occurrence value of those calculated

(Tables A5 to ASO). Passage reaches impacted by a decrease in

. mainstem flow are identified by significant decreases in percents

occurrence between natural and p'~ject flows. Any additive effects of

accumulation of percent occurrences were assumed negligible.

I
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Table AI. Percent groundwater relative to gage flow at
passage reaches in Slough 8A.

Passage Reach Percen t of Gage Flow

I 103

II 101

III 101

I V 60

V 52

VI 43

VII 35

VIII 25

IX 15
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Table A2. Percent groundwater relative to g~ge flow at
passage reaches in Slough 9.

I
I
I
I
I
I
I
I
I
I

I

I
I

Passage Reach

I

II

III

IV

V

Percent of Gage Flow

124

117

100

95

77
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Table A3. Percent groundwater relative to gage flow at
passage reaches in Slough 11.

I
I
I
I
I
I
I
I
I
I
I
I
I
I

Passage Reach

I

I!

II!

IV

V

Percent of Gage Flow

145

127

102

97

65



Table A4. Percent groundwater relative to gage flow at
passage reaches in Slough 21 and Side Channel 21.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Passage Reach

Slough 21

I

IlL

IIR

Side Channel 21

I

II

III

IV

V

VI

VII

VIII

IX

X

Percent of Gage Flow

122

35

39

221

219

214

214

212

210

205

201

200

153
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Table AS. Required f l ow. passage reach flows and percent exceedance of successful
passage due to gr oundwa t er and surface water dischar ges. breaching
f l ows and backwater effects fo r the pe r iod of 20 Augus t to 20 Se9tember
at Slough 8A for Passage Reach I .

Mainstem flow at Gold Creek (cfs )
Naturald 12000 9000 8000

Groundwater & Surface water

Required flow (cfs ) 2 2 2 2

Groundwater baseflow (c fs )
corresponding to specified
mainstem flow 1. 3 0. 9 0.6 0.6

Surface water necessary for
passage (c f s) 0.7 1.1 1.4 1.4

Amount of ppt needed for basin
area of 1.36 mile2 (in) .01 .02 . 03 .03

% Exceeded based on total
daily ppt and groundwater 32 27 25 25

Breaching % exceeded for
controlling discharge of
27. 000 cfs 7 0 0 0

Backwater % exceeded for
mai nstem discharge of
<10 . 600 cfs 79 100 0 0

Maximum % exceeded 79 100b 25 25

a Natural flows identified by 50 percent exceedance mainstem discharge of 15.000
cfs (ADF&G 1984c)

b For Case EV. the mainstem discharge period of 18000 cfs will assist passage
through PR I by backwater effects
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Table AS. Required f l ow. passage reach flows and percent exceedance of successful
passage due to gr oundwa t er and surface water dischar ges. breaching
f l ows and backwater effects fo r the pe r iod of 20 Augus t to 20 Se9tember
at Slough 8A for Passage Reach I .

Mainstem flow at Gold Creek (cfs )
Naturald 12000 9000 8000

Groundwater & Surface water

Required flow (cfs ) 2 2 2 2

Groundwater baseflow (c fs )
corresponding to specified
mainstem flow 1. 3 0. 9 0.6 0.6

Surface water necessary for
passage (c f s) 0.7 1.1 1.4 1.4

Amount of ppt needed for basin
area of 1.36 mile2 (in) .01 .02 . 03 .03

% Exceeded based on total
daily ppt and groundwater 32 27 25 25

Breaching % exceeded for
controlling discharge of
27. 000 cfs 7 0 0 0

Backwater % exceeded for
mai nstem discharge of
<10 . 600 cfs 79 100 0 0

Maximum % exceeded 79 100b 25 25

a Natural flows identified by 50 percent exceedance mainstem discharge of 15.000
cfs (ADF&G 1984c)

b For Case EV. the mainstem discharge period of 18000 cfs will assist passage
through PR I by backwater effects
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Table A6 . Required flow . passage reach f lows and percent exceedance of succes s fu l
passage due to groundwater and surface water discharges . breaching
flows and backwate~ effects for the period of 20 August to 20 September
at Slough 8A f or Passage Reach II .

I
I NaturalS 12000 9000 8000

I

I

I
I

I

I
I
I

Gr oundwa t er & Sur face water

Required flow (cf s ) 4c 4 4 4

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 1.3 . 9 .6 . 6

Surface water necesaary for
pasaage (cis) 2. 7 3. 1 3. 4 3. 4

Amount of ppt needed f or basin
area of 1.36 mile' (in) .05 . 05 .06 .06

% Exceeded baaed on total
daily ppt and groundwater 19 18 16 16

Breaching % exceeded for
controlling discharge of
27,000 cia 7 0 0 0

Backwater % exceeded for
mainstem discharge of
15,600 cis 48 0 0 0

Maximum % exceeded 48 ISb 16 16

a Natural flows identified by 50 percent exceedance mainstem discharge of 15.000
cfa (ADF&G 1984c)

b For Caae EV. the mainstem diacharge period of 18000 cfs wi ll assist passage
through PR II by backwater effects

I c Required flow estimated assuming that required f l ow at upstream PR is
sufficient for passage at downstream PR

I
I

I

I

I
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Table A7. Required flow, passage reach flows and percent exceedance of success ful
passage due to groundwater and surface water discharges, breaching
flows and backwater effects f or the period of 20 August to 20 September
at Slough SA for Passage Reach III .

Mainstem flow at Gold Creek (cfs)
NaturalS 12000 9000 SOOO

Groundwate r & Surface water

Required flow (cf s ) 4 4 4 4

Gr oundwat er baseflow (cfs)
corresponding to specified
mainstem flow 1.3 .9 .6 . 6

. Surface water necessary for
passage (cfs) 2. 7 3.1 3.4 3.4

Amount of ppt needed for basin
area of 1.36 mile 2 (in) .05 .05 .06 .06

% Exceeded based on total
daily ppt and groundwater 19 IS 16 16

Breaching % exceeded for
controlling discharge of
27,000 cfs 7 0 0 0

Backwater % exceeded fo r
mainstem discharge of
d cfs d d d d

Maximum % exceeded 19 ISb 16 16

a Na t ural f l ows identified by 50 percent exceedance mainstem discharge of 15 , 000
cfs (ADF&G 19S4c)

b For Case EV. the mainstem discharge period of IS000 cfs will not assist passage
through PR I II

d Breaching occurs prior to backwater effects
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Table A8. Required flow, passage reach flows and percent exceedance of successful
passage due to groundwater and surface water discharges . breaching
flows and backwater effects for the period of 2n August to 20 September
at Slough 8A for Passage Reach IV.

I
I

Mainstem flow at Gold Creek (cfs )
Natural a 12000 9000 8000

I
I
I
I
I
I
I
I

Groundwater & Surface water

Required flow (cfs) 5c 5 5 5

Groundwat or baseflow (cfs)
corresponding to specified
mainstem flow .8 .5 .4 . 4

Surface water necessary for
passage (cfs ) 4.2 4.5 4. 6 4. 6

Amount of ppt needed for basin
area of 1.09 mile 2 (in) .09 • 1 • 1 • 1

% Exceeded based on total
daily ppt and groundwater 10 8 7 7

Breaching % exceeded for
controlling discharge of
33,000 cfs 2 a a 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 10 8b
7 7

b For Case EV. the mainstem discharge period of 18. 000 cfs will not assist
passage through PR IV

a Na t ur al f lows identified by 50 percent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

c Required flow estimated assuming t ha t required flow at upstream PR is
sufficient for passage at downstream PR

I d 8reaching occurs prior to backwater effects

I
I
I

I
I
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Table A9. Required flow . passage r each flows and percent exceedance of successful
passage due to groundwater and surface water discharges, breaching
f l ows and backwater effects for the period of 20 August to 20 September
at Slough SA for Passage Reach V.

Mainstem f low at Gold Creek (cfs)
Nat ur a l & 12000 9000 . 8000

Groundwater & Surface water

Required flow (cfs) 5 5 5 5

Gr oundwat e r baseflow (cf s )
corresponding to specified
mainstem flow . 7 .5 .3 .3

Surface water neces s ary for
passage (c f s) 4. 3 4. 5 4. 7 4.7

Amount of ppt needed for basin
area of 1. 09 mile 2 (in) .09 • 1 • 1 • 1

% Exceeded based on total
daily ppt and groundwater 9 S 7 7

Breaching % exceeded fo r
control ling discharge of
33,000 cfs 2 0 0 0

Backwater % exceeded fo r
mainstem discharge of
d cfs d d d d

Maximum % exceeded 9 Sb 7 7

a Natural f l ows i den t i f i ed by 50 percent exceedance mainstem discha rge of 15.000
cfs (ADF&G 19S4c )

b For Case EV. the mainstem discharge period of lS.000 cfs wi ll not assist
passage through PR V

d Breaching occurs prior to backwater effects



[

Table A10 . Requi r ed flow , passage r each flows and per cent exceedance of success fu l
passage due t o groundwater and surface water discharges, breaching
flows and ba ckwater effects for the period of 20 August to 20 September
at Slough 8A for Passage Reach VI.

Mains tem flow at Gold Creek (c fs)
Nat urald 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 4 4 4 4

Groundwater baseflow (cfs)
corresponding to specified
mainst em flow . 6 .4 .3 . 3

Sur f ace water necessary for
passage (cfs) 3.4 3. 6 3.7 3.7

Amount of ppt needed f or basin
area of 1.09 mile ' (in) . 08 . 09 .09 .09

% Exceeded based on total
daily ppt and groundwater 12 10 9 9

,- Breaching % exceeded for
controlling discharge of
33.000 cfs 2 0 0 0

Backwater % exceeded f or
mainstem discharge of
d cfs d d d d

Maximum % exceeded 12 lOb 9 9

a Natura l flows i dentified by 50 percent exceedance mainstem di s char ge of 15,000
cf s (ADF&G 1984c)

b For Cas e EV. the mainstem discharge period of 18000 cfs will not assist passage
through PR VI

c Required flow estimated assuming that r equired flow at upstream PR is
sufficient for passage at downstream PR

1= d Breaching occurs prior to backwater effects

[
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I
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Table All. Required flow, passage reach flows and percent exceedance of succes s fu l

passage due to gr oundwat e r and surface water discharges , breaching
f lows and backwater effects fo r t he period of 20 August to 20 September
at Slough 8A for Paasage Reach VII .

I

I
Hainstem flow at Gold Creek (cfs)

NaturalS 12000 9000 8000

I

I

I

I

I

I

I

I

Groundwater & Surface water

Required flow (cfs) 4c 4 4 4

Groundwater baseflow (cfs)
cor r esponding to specified
mainstem flow .5 .3 . 2 . 2

Surface water necessary f or
passage (cis) 3.5 3.7 3. 8 3.8

Amount of ppt needed for basin
~rea of .96 mile 2 (in) .08 .09 . 09 . 09

% Exceeded based on total
daily ppt and groundwater 11 10 9 9

Breaching % exceeded for
controlling discharge of
33,000 cfs 2 0 0 0

Backwater % exceeded for
mainstem dischar ge of
d cis d d d d

Maximum % exceeded 11 lOb 9 9

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage
through PR Vll

a Natural flows identified by 50 percent exceedance mainatem discharge of 15 ,000
cfs (ADF&G 1984c)

I

I c Required flow estimated assuming that required flow at ups tream PR i s
sufficient for passage at downstream PR

I d Breaching occurs prior to backwater effec ts

I

I

I
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Table A12. Required flow, passage reach flows and percent exceedance of successfu l
passage due to groundwater and surface water discharges. breaching
flows and backwater effects for the period of 20 August to 20 September
at Slough 8A for Passage Reach VIII.

Mainstem flow at Gold Creek (cfs)
NaturalS 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 4 4 4 4

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow .3 .2 .2 .2

Surface water necessary for
passage (cfs) 3.7 3.8 3.8 3.8

Amount of ppt needed for basin
area of .55 mile2 (in) .16 .16 .16 .16

% Exceeded based on total
daily ppt and groundwater 4 4 4 4

Breaching % exceeded for
controlling discharge of
33,000 cfs 2 0 0 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 4 4b 4 4

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV , the mainstem discharge period of 18000 cfs will not assist passage
through PR VIII

d Breaching occurs prior to bsckwater effects
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'Tabl e A13 . Required flow, passage reach flows and percent exceedance of su cc essful
passage due to groundwate r and surface water discharges, breach ing
flows and backwater ef fects for t he period of 20 August t o 20 Sep tember
at Slough 8A for Passage Reach IX.

Mainstem flow at Gold Creek (c fs)
Na t ur alS 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 4 4 4 4

Groundwater baseflow (cf s )
corresponding to specified
mainstem flow . 2 • 1 . I . I

Surface water necessary for
passage (cfs) 3.8 3.9 3.9 3. 9

Amount of ppt needed for basin
area of 0 mile 2 (in) e e e e

% Exceeded based on total
daily ppt and groundwater 0 0 0 0

Bresching % exceeded for
controlling discharge of
33, 000 cfs 2 0 0 0

Bac~ater % exceeded for
mai nstem discharge of
d cf s d d d d

Maximum % exceeded 2 Ob 0 0

a Na t ur al flows identified by 50 pe rcent exceedance mai nstem discharge of 15, 000
cfs (ADF&G 1984c )

b For Case EV, the mainstem discharge period of 18000 cfs wil l not assist passage
through PR I X

d Breaching occurs prior to backwater effects

e Not possible, basin area i s insuf ficient to provide surface runoff
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Table A14. Required flow, passage r each flows and percent exceedance of success ful
passage due to groundwater and surface water discharges, breaching
flows and backwater effects for the period of 20 Augus t to 20 September
at Slough 9 for Passage Reach I.

Mainstem flow at Gold Creek (cfs )
NaturalS 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 2 2 2 2

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 2.6 2.1 1.6 1.5

Surface water necessary for
passage (cfs) 0 0 . 4 .5

Amount of ppt needed for basin
area of 2.99 mile2 (in) 0 0 .003 .004

% Exceeded based on total
daily ppt and groundwater 100 100 47 44

Breaching % exceeded fo r
controlling discharge of
19,000 cfs 29 0 0 0

Backwater % exceeded for
mainstem discharge of
<12, 200 cfs 70 0 0 0

Maximum % exceeded 100 100b 47 44

a Natural flQWS identified by 50 percent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV, the mainstem disc~arge period of 18000 cfs will assist passage
through PR I by backwater effects
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Table A1 5. Required flow , passage reach flows and percent exceedance of success .Iul
passage due to groundwater and surface water discharges , breaching
f l ows and backwater effe cts for t he peri od of 20 August to 20 Sep t em,er
aL Slough 9 f or Passage Reach I I.

Hainstem flow at Go ld Creek (cfs)
Natur al& 12000 9000 8000

Groundwater & Surface water

Required f l ow (cfs) 1 1 1

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 2. 5 2. 0 1. 5 1. 4

Surface water necessary for
passage (cfs) 0 0 0 0

Amount of ppt needed for basin
area of 1. 73 mile 2 (in) 0 0 0 0

% Exceeded based on total
daily ppt and groundwater 100 100 100 100

Breaching % exceeded for
controlling discharge of
19, 000 cfs 29 0 0 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maxi mum % exceeded 100 100c 100 100

a Natural flows identified by 50 percent exceedance mains t em discharge of 15 , 1100
cfs (ADF&G 1984c)

b For Ca se EV , t he mainstem discharge period of 18000 cfs wil l not assis t passage
through PR II

d Breaching occurs prior to backwater ef fec ts
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Table Aln. Required f l ow, pas sage reach f lows and percent exceedance of succes s ful
pass age due r ~ ~r ~undwat e r and surface water discharges. breaching
flows and ba : kw~ c e r effects for t he per iod o f 20 Au gus t to 20 Sept ember
a t Slough 9 f or Passage Reach II I .

I
Mainstem flow at Gold Creek (cfs)

Natural~ 12000 9000 8000I
I
I
I
I
I

I
I
I

Gr oundwa t e r & Surface water

Required f l ow (c f s ) 6 6 6 6

Gr oundwgt e r baseflow (c fs )
corresponding to specified
mains t em flow 2. 1 1.7 1.3 1.2

Surface water necessary for
passage (cf s) 3 . 9 4.3 4. 7 4.8

Amount of ppt needed for basin
·area of 1.73 mile' (in) .05 .06 .06 .06

% Exceeded based on total
da i ly ppt and groundwater 18 16 15 14

Breaching % exceeded for
cont r ol ling di scharge of
19 ,000 cf s 29 0 0 0

Backwater % exceeded f or
ma instem di s cha r ge of
d cf s d d d d

Maximum % exceeded 29 16
b

15 14

I

I
I

a Na t ur a l flows i dent i f i ed by 50 percent exceedance mainstem disch. rge of 15,000
cfs (ADF&G 1984c)

b For Case EV, the mainstem dischar~~ period of 18000 cfs wil l not assi~t passage
through PR III

d Breaching oc curs pr ior to backwater ef fects

I
I

I
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Table A17. Required f l ow, passage reach f lows and percent exceedance of success fu l
passage due to groundwater and surface water discharges, breaching
flows and backwater effects for the period of 20 Augus t to 20 September
at Slough ~ f or Passage Reach IV.

I
I

Mainstem f l ow at Gold Creek (cfs )
Na t ur a14 12000 9000 8000

I
I
I
I
I

I
I

I

Groundwater & Surface water

Required flow (cfs) 6c 6 6 6

Groundwater baseflow (cfs)
corresponding to spec i fi ed
mainstem flow 2. 0 1.6 1.2 1. 1

Surface water necessary for
passage (cfs) 4.0 4.4 4.8 4.9

Amount of ppt needed for basin
area of 1.73 mile' (in) .05 .06 .06 .07

% Exceeded based on total
daily ppt and groundwater l 7 l6 l4 14

Breaching r. exceeded for
controlling discharge of
19 , 000 cfs 29 0 0 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 29 16b 14 14

a Nat ur al f lows identified by 50 percent exceedance mainstem discha rge of l 5, OOO
cfs (ADF&G 1984c )

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage
through PR I V

I c Required f l ow estimated assuming that required f l ow at downstream PR i s
sufficient for passage at upstream PR

I

I

I d Breaching occurs prior to backwater effects

I

I
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Table A18. Required flow. passage reach f lows and percent exceedance of succe s s fu l
passage due to groundwater and surface water discharges. breachi ng
flows and backwater effects for t he period of 20 Augus t to 20 Sept ember
at Slough 9 f or Passage Reach V.

Mainstem flow at Gold Creek (cfs)
NaturalS 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 6c 6 6 6

Groundwater baseflow (cf s )
corresponding to specified
mainstem flow 1.6 1.3 1. 0 0. 9

Surface water necessary for
passage (c fs) 4.4 4.7 5 5. 1

Amount of ppt needed for basin
area of 0 mile2 (in) e e e e

% Exceeded based on total
daily ppt and groundwater 0 0 0 0

Breaching % exceeded for
controlling discharge of
19 . 000 cfs 29 0 0 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 29 Ob 0 0

a Natural flows identified by 50 percent exceedance mainstem discharge of 15.000
cfs (ADF&G 1984c )

b For Case EV. the mainstem discharge period of 18000 cfs will not assist passage
through PR V

c Required flow est imated assuming that requ ired flow at downstream PR is
sufficient f or passage at upstream PR

d Breaching occurs prior t o backwa t er ef fects

e Not possible ; basin area is insufficient to provide surface runoff
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Table A1 9 . Required flow, passage reach flows and percent exceedance of success fu l
pas sage due to groundwater and surface water discharges, br each i ng
flows and backwat ~r effects for the period of 20 August t o 20 September
at Slough 9A for Pa3sage Reach I.

Kainstem f low at Go l d Creek (cf s )
NaturalS 12000 900 0 8000

Groundwater & Surface water

Required flow (cfs)

Groundwater baseflow (cfs)
corresponding to specified
mainstem f low 4 3.5 3. 1 3.0

Surface water necessary for
passage (cfs) 0 0 0 0

Amount of ppc needed for basin
area of 2 . 27 mile" (in) 0 0 0 0

% Exceeded based on total
daily ppt and groundwater 100 100 100 100

Breaching % exceeded f or
controlling discharge of
f cfs f f f f

Backwater % exceeded for
mainstem discharge of
f ds f f f f

Maximum % exceeded lOO 100 100 100

a Nat ur a l flows i dent ifi ed by 50 percent exceedance mainstem discharge of 15 , 000
c fs (ADF&G 1984c )

b For Ca&e EV , the mainstem discharge period of 18000 cfs will not assist passage
through PR I according to existing data

f No da ta available
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Table A20. Required flow, passage reach flows and percent exceedance of successful
passage due to groundwater and su rface water di s cha r ges, br eaching
f lows and backwater effects for the period of 20 August t o 20 Sept ember
at Slough 9A for Passage Reach II .

Ma:'.nstem flow at Gold Creek (c f s )
Naturale 12000 9000 8000

Gr oundwa t er ' Sur f ace water

Required flow (cfs) 3 3 3 3

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 3.9 3.4 3.0 2.5

Surface water necessary for
passage (cfs) 0 0 0 .5

Amount of ppt needed for basin
area of 2.27 mile 2 (in) 0 0 0 .005

% Exceeded based on total
daily ppt and groundwater 100 100 100 41

Breaching % exceeded for
controlling discharge of
f cfs f f f f

Backwater % exceeded for
mainstem discharge of
f cfs f f f f

Maximum % exceeded 100 100b 100 41

a Natural flows identified by 50 percent exceedance mainstem discharge of 15 , 000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs will not ass :tst passage
through PR II according to existing data

f No data available
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Table A21. Required f l ow. passage reach flows and pe rcent exceedance of successful
passage due t o groundwater and surface water dis charges. breaching
flows and backwater e f fec ts fo r the period of 20 August to 20 Septe~ber

at Slough 9A f or Passage Reach III .

Mainstem f l ow at Gold Creek (cfs )
Na t ural4 12000 9000 8000•

•
•
•
•
•
•
•
•
•

Groundwat e r & Surface water

Required flow (cf s ) 3 3 3 3

Groundwater baseflow (c f s )
corresponding to specified
mainstem f l ow 3.7 3.2 2. 8 2. 0

Surface water necessary for
passage (cfs) 0 0 . 2 1.0

Amount of ppt needed for basin
area of .35 mile' (in) 0 0 .01 .07

% Exceeded based on total
daily ppt and groundwater 100 100 32 14

Breaching % exceeded for
controlling discharge of
f cfs f f f f

Backwater % exceeded for
mainstem discharge of
f cfs f f f f

Maximum % exceeded 100 100b 32 14

I

I

•

a Natur a l fl ows identified by 50 percent exceedance main s tem discharge of 15.000
cfs (ADF&G 1984c)

b For Case EV. the mainste~ discharge period of 18000 cfs wi l l not ass i st passage
through PR I II according to exist ing data

f No data available

•
I
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Table A22 . Required f low. passage reach flows and percent exceedance of success fu l

passage due to groundwater and surface water discharges. breaching
flows and backwater effects for t he period of 20 August to 20 Sept ember
at Slough 9A f or Passage Reach IV.

I
H2.instem flow at Gold Creek (cfs)

Naturale 12000 9000 8000I
I
I
I
I
I
I

I

I

Gr oundwat er & Surface water

Required flow (cf s) 1 1 1 1

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 3.4 2.9 2.5 1. 9

Surface water neces sary for
passage (cis) 0 0 0 0

Amount of ppt needed for basin
area of .35 mile 2 (in) 0 0 0 0

% Exceeded based on total
daily ppt and groundwater 100 100 100 100

Breaching % exceeded for
controll i ng discharge of
f cfs f f f f

Backwater % exceeded for
mainstem discharge of
f cf s f f f f

Maximum % exceeded 100 100b 100 100

I

I

I

a Natural flows i dent i fied by SO percent exceedance mainstem discharge of 15 . 000
cfs (ADF&G 1984c)

b For Case EV. t he mainstem discharge period of 18000 cfs will not assist passage
t hrough PR IV according to existing da t a

f No data available

I

I

I
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Table A23. Required flow, passage reach f lows and percent exceedance of succe< ful
passage due to gr oundwa t er and surface water discharges, breaching
f l ows and backwater ef fects for the period of 20 August to 20 September
at Slough 9A for Passage Reach V.

I

I

I

I

I

I

I

I

I

I

Mainstem flow at Gold Creek (cis)
Na t ur a l 4 12000 9000 8000

Groundwater & Sur face water

Required flow (cfs) 2c 2 2 2

Groundwater baseflow (cf s )
corresponding to specif ied
mainstem flow 2.9 2.4 2.0 1. 6

Surface water necessary f or
passage (cis ) 0 0 0 .4

Amount of ppt needed for basin
-a r'ea of . 21 mile' (in) 0 0 0 .04

% Exceeded based on total
daily ppt and groundwater 100 100 100 20

Breaching % exceeded for
control ling discharge of
f cis f f f f

Backwater % exceeded for
mainstem discharge of
f cfs f f f f

Maximum % exceeded 100 100b 100 20

a Na t ural flows identified by 50 pe rcent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs wil l not assist passage
through PR V according to exist ing data

I c Required flow estimated assuming that required flow at upstream PR is
sufficient for passage at downstream PR

I

I

I f No data available

I

I
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Table A24. Required flow, passage reach flows and percent exceedance of suc cess fu l

passage due to groundwater and surface water discharges , breaching
f lows and backwater effects f or the per iod of 20 Augus t to 20 Sep t ember
at Slough 9A for Passage Reach VI.

I
Mainstem flow at Gold Creek (cfs)

Natura14 12000 9000 8000I

I

I

I

I

I

I

I

I

Groundwater & Surface water

Required f l ow (c f s ) 2c 2 2 2

Groundwater baseflow (c f s )
corresponding to specified
mainstem flow 2. 7 2. 2 1.8 1. 5

Surface water necessary fo r
passage (cfs ) 0 0 . 2 . 5

Amount of ppt needed f or basin
area of . 17 mile' (in) 0 0 . 03 . 06

% Exceeded based on total
daily ppt and groundwater 100 100 24 14

Breaching % exceeded for
controlling discharge of
f cfs f f f f

Backwater % ex ceeded for
mainstem discharge of
f cfs f f f f

Maximum % exceeded 100 100b 24 14

a Natural flows identified by 50 percent exceedance mainstem discharge of 15, 000
cfs (ADF&G 1984c)

b For Case EV, the mains tem discharge period of 18000 cfs will not assist passage
through PR VI according to ex isting data

I c Required flow estimated assuming that required flow at upstream PR is
sufficient for passage at downstream PR

I

I

I f No data available

I

I
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Table A25. Required flow, pa s sage reach f lows and percent exceedance of successf ul
passage due to groundw~ter a~d surface water dischar ges , breaching
flows and backwater effects for t he period of 20 Augus t to 20 September
a t Slough 9A for Pas sage Reach VII .

•
•
•
•
•
•
•
•
•
•

Mainstem f low at Gold Creek ( c f s )
Nat ur a l d 12000 9000 8000

Gr oundwa t e r & Surface water

Requi r ed f low (cfs) 2c 2 2 2

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 2. 4 1.9 1.5 1.3

Surface water necessary for
passage (cis ) 0 • 1 . 5 .7

Amount of ppt needed for basin
area of .13 mile" (in) 0 . 02 . 09 . 13

% Exceeded based on t otal
daily ppt and groundwater LOO 40 10 7

Breaching % exceeded f or
controlling discharge of
f cfs f f f f

Backwater % exceeded for
mainstem discharge of
f cis f f f f

Maximum % exceeded 100 40b LO 7

b For Case EV, the mainstem discharge period of L8000 cfs wi ll not ass ist passage
through PR VI I accor di ng to existing data

a Na tur al f l ows identified by 50 percent exceedance mainstem discharge of L5,OOO
cfs (ADF&G L984c)

c Required f l ow estimated assuming that required flow at upstream PR is
suf ficient f or passage at downstream PR

• f No data avai lable

•
•

•
•
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Table A26. Required flow , passage reach f l ows and percent exceedance of successful
passage due to groundwater and surface water discharges. br eaching
flows and backwater effects for the period of 20 August to 20 September
at Slough 9A for Pas sage Reach VIII.

• Mainstem f l ow at Gold Creek (cfs )
NaturalS 12000 9000 8000

b For Case ~J, the mainstem discharge period of 18000 cfs will not assist passage
thr ough PR VIII according to existing data

a Natural flows ident ified by 50 percent exceedance mainstem discharge of 15 .000
cfs (ADF&G 1984c)

Groundwate r & Surface water

Required flow (cfs) 2c 2 2 2

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 2.3 1.8 1.4 1.2

Surface water necessary for
passage (cfs) 0 .2 .6 . 8

Amount of ppt needed for basin
area oi .10 mile 2 (in) 0 .05 14 • 19

% Exceeded based on t otal
daily ppt and groundwater 100 31 6 3

Breaching % exceeded for
controlling discharge of
f cfs f f f !

Backwater % exceeded for
mainstem discharge of
f cfs f f f f

Maximum % exceeded 100 31b 6 3

c Required flow estimated assuming that required flow at upstream PR is
sufficient for passage at downstream PR

• f No data available

•
•

•

•

•
•
•
•
•

•
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•
•I



Mainstem flow at Gold Creek (cfs)
NaturalS 12000 9000 8000

Table A2 7. Required f low. passage reach f lows and percent exceedance of success ful
passage due to groundwater and surface water di scharges. br eaching
f lows and backwater ef fects for t he pe r i od of 20 August to 20 Sept ember
at Slough 9A for Passage Reach IX.

Gr oundwa t e r & Surface water

R~quired f ow (cfs) 2 2 2 2

Groundwater baseflow (cfs)
corresponding to specif ied
mainstem flow 2. 1 1. 6 1. 3 1. 1

Surface water necessary for
passage (cf s ) a . 4 . 7 . 9

Amount of ppt needed for basin
area of .08 mile 2 (in) 0 .12 .20 . 25

% Exceeded based on total
daily ppt and groundwater 100 24 3 2

Breaching % ex ceeded for
controlling discharge of
f cfs f f f f

Backwater % exceeded for
mainstem discharge of
f cfs f f f f

Maximum % exceeded 100 24b
3 2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

a Natural flows identified by 50 percent exceedance mainstem discharge of 15 . 000
cfs (ADF&G 1984c)

b Fc,r Case EV. the mainstem discharge period of 18000 cis will not assist passage
through PR IX according to existing data

f No data available

I
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~dble A28 . Required flow, pas sage r each flows and percent exceedance of successful
passage due to gr oundwa t e r and surface water discharge s , breac h ing
flows and backwater e f fects for the pe r iod of 20 Augus t to 20 Sep t ecl>e r
at Slough 9A f or Passage Reach X.

Hainstem flow at Gold Creek (c fs)
NaturalS 12000 9000 8000

Groundwater & Surface water

Required f low (cfs ) 3 3 3 3

Groundwater baseflow (c fs )
corresponding to specif ied
mainstem flow 0 0 0 0

Surface water necessary f or
passage (efs) 3 3 3 3

Amount of ppt needed f or bas i n
area of .02 mile' (in) e e e e

% Exceeded based on total
daily ppt and groundwater l) 0 0 0

Breaching % exceeded f or
cont r ol l i ng discharge of
f efs f f f f

Backwater % exceeded for
mainstem discharge of
f efs f f f f

Maximum % exceeded 0 Ob 0 0

a Natural flows identified by 50 percent exceedance mainst em discharge of 15 , OllO
cfs (ADF&G 1984c)

b For Case EV. t he mainstem discharge period of 18000 cfs wil l not assist passage
through PR X according to exist ing data

e No t possible, basin area is i nsuf f i c i ent to provide surface runoff

f No data avai lable
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Table A29 . Required flow. passage reach flows and percent exceedance of successful
passage due to groundwater and surface water discharges. breaching
flows and backwater effects for the period o f 20 August to 20 September
a t SlouSh 11 for Passage Reach 1.

I
Hainstem flow at Gold Creek (cfs)

NaturalS 12000 9000 8000

Groundwat e r & Surface water

Required flow (cf s ) 4 4 4 4

Groundwater baseflow (cfs)
corresponding t o specif ied
mainstem flow 4.5 3.9 3.5 3.3

Surface water necessary fo:-
passage (cis) a • 1 .5 . 7

Amount of ppt needed f or basin
araa of a mile' (in) e e e e

% Exceeded based on total
da ily ppt and gr oundwa t er 70 50 a a

Br eachi ng % exceeded for
cont r olling di scha r ge of
42. 000 cis a a a

Backwater % exceeded for
mainstem di scha r ge of
16 .200 cfs 44 a a a

Maximum % exceeded 70 50
b a a

I
I
I
I

I

I
I

I
I

I
I
I

a Na t u ral f l ows i dent if i ed by 50 percent exceedance mainstem discharge of 15 . 000
cfs (AD F&G 1984c)

b For Ca se EV . the mainstem discharge period of 18000 cfs will assist passage
through PR 1 by backwa ter effects

e Not possibl'. basin area is i nsuff i c i ent to provide surface runoff

I
I
I
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Table A30 . Required flow, passage r each f lows and percent exceedance of successfu l
passage due t o groundwater and surface water discharges , breaching
f l ows and backwater effects for the period of 20 August to 20 September
at Slough 11 for Passage Reach II .

Mains tem f l ow a t Gold Creek (cfs)
Na t ural& 1200D 9000 8000

Groundwater & Sur face water

Required flow (cfs) 4 4 4 4

Groundwater ba seflow (cfs)
corresponding to specified
mainstem flow 3. 9 3.4 3.0 2.9

Surface water necess ary for
passage (c f s) . 1 . 6 1.0 2. 1

Amount of ppt needed f or basin
area of 0 mile 2 (in) e e e e

% Exceeded based on total
daily ppt and groundwater 43 20 0 0

Breaching % exceeded for
cont ro l l i ng dis cha r ge of
42 , 000 cfs 0 0 0

Backwater % exceeded for
mainstem discharge of
33,100 cfs 2 0 0 0

Maximum % exceeded 43 20b 0 0

a Nat u r al f l ows i dent i fied by 50 percent exceedance mainstem discha rge of 15 ,000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs will not ass i s t passage
through PR II

e Not possible, basin area is i nsuff icient t o provide surface runoff
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Table A31 . Required flow. passage reach f l ows and percent exceedance of successful
passage due to groundwater and surface wa t er discharges. breachin,
flows and backwater effects for the period of 20 August to 20 September
at Slough 11 for Passage Reach III.

Mainstem f low at Gold Creek (cfs)
NaturalS 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 4 4 4 4

Groundwater baseflow (cf s )
corresponding to specified
mainstem flow 3.2 2. 7 2.4 2.3

Surface water necasaary for
passage (cfs) .8 1.3 1.6 1. 7

Amount of ppt needed for basin
·a r ea of 0 ..i le" (in) e e e e

% Exceeded based on total
daily ppt and groundwater 12 5 0 0

Breaching % exceeded for
controlling discharge of
42.000 cfs 1 0 0 0

Backwater % exceeded for
mainstem discharge of
39.600 cfs 1 0 0 0

Maximum % exceeded 12 5b 0 0

a Natural flows identified by 50 percent exceedance mainstem discharge of 15.000
cfs (ADF&G 1984c )

b For Case EV. the ma i ns t em discharge period of 18000 cfs will not assist passage
through PR III

e Not possible. basin area is insufficient to provide surface runof f
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Table A32. Required f l ow. passage reach flows and percent exceedance of succes s fu l
passage due to groundwater and surface water discharges, breaching
flows and backwater effects for the pe riod of 20 August to 20 September
at Slough 11 for Passage Reach IV.

Hainstem flow at Gold Creek (cfs )
Na t ura l S 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 8 8 8 8

Groundwater baseflow (cfs )
corresponding to specified
mainstem flow 3. 0 2. 6 2. 3 2.2

Surface water necessary f or
passage (cis ) 5. 0 5. 4 5. 7 5. 8

Amount of ppt needed f or basin
area of a mile 2 (in) e e e e

% Exceeded based on total
dai ly ppt and groundwater a a a a

Breaching %exceeded for
controlling discharge of
42 , 000 cfs a a a

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

!iaximum % exceeded a a a

a Natural f l ows i dentified by 50 pe rcent exceedance mainstem discharge of 15 ,000
cfs (ADF&G 1984c)

b For Case EV , the mainstem discharge period of 18000 cfs wi ll not assist passage
through PR IV

d Breaching occurs prior to backwater effects

e Not possible , basin area is insuffic ient to provide surface ru noff
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Table A33. Required flow, passage reach flows and percent exceedance of successf u l
passage due to groundwater and surface water di scharges , breaching
flows and backwater effects for the period of 20 Au gust to 20 September
at Slough 11 for Passage Reach V.

Mainstem flow at Gold Creek ( c f s )
Nat ura14 12000 9000 8000

Groundwater & Surface water

Required flow (cf s ) 4 4 4 4

Groundwater baseflow (cf s)
corresl'0nJing to specified
mainstem flow 2.0 1.7 1.6 1.5

Sur f ace water necessary for
passage (cis) 2. 0 3.3 3.4 3.5

Amount of ppt needed for basin
area of 0 mile' (in) e e e e

% Exceeded based on total
daily ppt and groundwater 0 0 0 0

Breaching % exceeded for
controlling discharge of
42,000 cis 0 0 0

Backwater % exceeded for
ma i ns t em discharge of
d cis d d d d

Maximum % exceeded Ob 0 0

a Na tur al fl ows identified by SO percent exceedance mainstem di s charge of 15,000
cfs (ADF&G 1984c)

b For Case EV , the mainstem discharge per iod of 18000 cfs will not assist passage
through PR V

d Breaching occurs pr i or to backwater effects

e Not p~5oible , basin area i s i nsufficient t o provide surface runof f

.r
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Table A34. Required flow, passage reach flows and percent exceedance of successful
passage due to groundwater and surface water discharges, breaching
flows and backwater effects for the period of 20 August to 20 September
at Upper Side Channel 11 f or Pas sage Reach I .

Mainstem flow at Gc.ld Creek (cfs)
Natural& 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 6 6 6 6

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 5 5 5

Surface water necessary fo r
passage (cfs) 0

Amount of ppt needed for basin
a r ea of 0 mile' (in) e e e e

% Exceeded based on total
daily ppt and groundwater 50 0 0 0

Breaching % exceeded for
controlling discharge of
16,000 cfs 45 0 0 0

Backwater % exceeded for
mainstem discharge of
12.400 cfs 68 0 0 0

Maximum % exceeded 68 Ob 0 0

a Natural flows i dent i f i ed by 50 percent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage
through PR I by breaching effects

d Breaching occurs prior to backwater effects
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Table A35. Required flow, passage reach flows and percent exceedance of successful
passage due to groundwater and surface water discharges, breaching
flows and backwater effects for the period of 20 August to 20 September
at Upper Side Channel 11 for Passage Reach II.

Mainstem flow at Gold Creek (cfs)
NaturalS 12000 9000 8000

Groundwater & Surface water

Required f low (cfs) 12 12 12 12

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 6 5 5 5

Surface water necessary for
passage (cfs) 6 7 7 7

Amount of ppt needed for basin
area of 0 mile 2 (in) e e e e

% Exceeded based on total
daily ppt and groundwater 0 0 0 0

Breaching % exceeded for
controlling discharge of
16,000 cfs 45 0 0 0

Backwater % exceeded for
mainstem d scharge of
d cfs d d d d

Maximum % exceeded 45 Ob 0 0

I
I
I

I
I
I

I
I
I

I
I
I

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage
through PR II by breaching effects

d Breaching occurs prior to backwater effects

I
e Not possible; basin area is insufficient to provide surface runoff

I
I
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Table A36. Required f l ow, passage r each f lows and percent exceedance of success fu l
pas sage due to groundwater and surface water discharges , breaching
flows and backwater effects for the period of 20 Au gus t to 20 September
at Upper Side Channel 11 for Passage Reach I II.

•
•
I

I

I

I

I

I

I

Mainstem flow at Gold Creek (cfs)
NaturalS 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 12c 12 12 12

Groundwater baseflow (c fs)
corresponding to specified
mainstem flow 3 2 2 2

Surface water necessary for
passage (c f s) 9 10 10 10

Amount of ppt needed for basin
area of 0 mile' (in) e e e e

% Exceeded based on total
daily ppt and groundwater 0 0 0 0

Breaching % exceeded fo r
controlling discharge of
16 , 000 cfs 45 0 0 0

Backwater % exceeded for
mai nstem discharge of
d cfs d d d d

Maximum % exceeded 45 Ob 0 0

b For Case EV, t he mainstem discharge period of 18000 cfs wil l assist passage
through PR III by breaching ef fects

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

c Required f low estimated assuming that required f l ow at downstream PR i s
suffic ient f or passage at upstream PR

I d Br eaching occur s prior to backwater effects

I

I

I

e Not possible; basin area is insuff icient t o provide surface runof f

I,
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Table A37 . Required flow , passage reach flows and percent e~ceedance of successful
passage due to groundwater and surface water discharges , breaching
flows and backwater effects for the period of 20 August to 20 September
at Slough 21 for Passage Reach I.

Mainstem flow at Gold Creek (cfs )
Naturale 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 5 5 5 5

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 10 6.2 2.3 1.1

Surface water necessary for
passage (cfs ) a a 2.7 4.9

Amount of ppt needed for basin
area of .52 mile' (in) a a .12 . 22

% Exceeded based on total
daily ppt and groundwater 100 100 6 4

Breaching % exceeded for
controlling discharge of
25,000 ds 10 a a a

Backwater % exceeded for
mainstem discharge of
d cf s d d d d

Maximum % exceeded 100 100b 6 4

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage
through PR I

d Breaching occurs prior to backwater effects
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Table A38 . Required flow, passage reach flows and percent exceedance of successful
passage due to groundwater and surface water discharges, breaching
flows and backwater effects for the period of 20 August to 20 September
at Slough 21 for Passage Reach IlL.

Hainstem flow at Gold Creek (cfs)
NaturalS 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 5 5 5 5

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 2.9 1.8 0.7 0.3

Surface water necessary for
passage (cfs) 2.1 3.2 4.3 4.7

Amount of ppt needed for basin
area of 0 mile' (in) e e e e

% Exceeded based on total
daily ppt and groundwater 0 0 0 0

Breaching % exceeded for
controlling discharge of
25,000 cfs 10 0 0 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 10 Ob 0 0

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage
through PR IlL

d Breaching o~curs prior to backwater effects

e Not possible; basin area is insufficient to provide surface runoff
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Table A39. Required flow. passage reach flows and percent exceedance of successful
passage due to groundwater and surface water discharges. breaching
flows and backwater effects for the period of 20 August to 20 September
at Slough 21 for Passage Reach IIR.

Mainstem flow at Gold Creek (cfs)
NaturalS 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 5 5 5 5

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 3.2 2.0 0.7 0.4

Surface water necessary for
passage (cfs) 1.8 3.0 4.3 4.6

Amount of ppt needed for basin
area of .26 mile 2 (in) .16 .27 .39 .41

% Exceeded based on total
daily ppt and groundwater 4 2 1 1

Breaching % exceeded for
contrrlling discharge of
f cf ::. f f f f

Backwater % exceeded for
mainstem discharge of
f cis f f f f

Maximum %exceeded 4 2b 1 1

a Natural flows identified by 50 percent exceedance mainstem discharge of 15.000
cfs (ADF&G 1984c)

b For Case EV. the m~instem discharge period of 18000 cfs will not assist passage
through PR IIR

f No data available
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Table A4 0. Required f low . passage reach f l ows and percent exceed ance of success fu l
passage due to groundwater and surf ace wat er discharges . breaching
flows and backwater effects for t he period of 20 Augus t to 20 September
a t Side Channel 21 fo r Pas sage Reach I .

Mainstem f l ow at Gold Creek (cfs )
Nat ur a l 4

. 12000 9000 8000

Groundwater & Surface water

Required f low (cfs ) 8c 8 8 8

Groundwater baseflow (cfs)
corresponding t o speci fi ed
mainstem flow 18. 1 11. 3 4. 2 2.0

Surface water necessary for
pa s sage ( c f s) a a 3. 8 6.0

Amount of ppt needed f or basin
area of 5.03 mile' (in) a a . 02 . 03

% Exceeded based on total
daily ppt and groundwater 100 100 28 24

Breaching % exceeded for
controlling di schar ge of
12, 000 d s 71 100 0 a

Backwater % exceeded for
mains tem discharge of
12, 000 cf s 71 100 a 0

Maximum % exceeded 100 100b 28 24

a Na t ural f l ows i dent ifi ed by 50 percent exceadance mainstem di s cha rge of 15. 000
cfs (ADF&G 1984c )

b For Case EV . t he mainstem discharge period of 18000 cfs will assist passage
through PR I by breaching effects

c Required flow est imated as sumi ng that requi red flow at upst ream PR i s
suff i cient for passage at downst ream PR
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Table A41. Required flow, passage reach flows and percent exceedance of succ.ssful
passage due to &.oundwater and surface water discharges, breaching
flows and backwater effects for the period of 20 August to 20 September
at Side Channel 21 for Passage Reach II.

I
Mainstem flow at Gold Creek (cfs)

NaturalS 12000 9000 8000I
I
I
I
I
I
I
I
I

Groundwater & Surface water

Required flow (cfs) 8 8 B
"

Groundwater baseflow (c f s )
corresponding to specified
mainstem flow 18. a II. 2 4.2 i , a

Surface water necessary for
passage (cfs) a a 3.8 ;.0

Amount of ppt needed for basin
area of 5.03 mile' (in) a a .02 .03

% Exceeded b3~ed on total
daily ppt and groundwater 100 100 28 !4

Breaching % exceeded for
controlling discharge of
12, 000 cfs 71 100 a II

Backwater % exceeded for
malnstem discharge of
d cfs d d d C

Maximum % exceeded 100 100b 28 24

I
I
I

a Natural flows identified by 50 percent exceedance mainstem discharge of , 5 , 000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs will assisc passl'ge
through PR II by breaching effects

d Breaching occurs prior to backwater effects

I
I
I
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Table A42. ReGu ired flow, passage reach flows and percent exccedance o f successful
passage due to groundwater and surface water discharges, breaching

• f l ows and backwater effects ror t he period of 20 Augus t t o 20 Se ptembe r
a t Side Cha nne l 21 for Passage Reach III.

•
•
•
•
•

•
•
•
•
•
•
•
•

'.
,

l ~

Mainstem flow a t Gold Creek (c f s )
NaturalS 12000 9000 8000

Groun dwater & Surface water

Required flow (cfs) 7c 7 7 7

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 17.5 10 . 9 4. 1 1.9

Surface water necessary for
passage (cfs) 0 0 2.9 5. 1

Amoun t of pp t ne eded for bas i n
area of 5. 03 mile 2 (in) 0 0 .0 1 .02

% Exceeded based on total
daily ppt and groundwater 100 100 31 26

Breaching % exceeC:ed for
controlling discharge of
12,000 cfs 71 100 0 0

Backwa t e r % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 100 100b 31 26

a Natural flows identified by 50 percent exceedance mainstem discharge of 15 ,000
cfs (ADF&G 1984c)

b For Case EV, the mains t em discharge period of 18000 cfs wi ll assist pas sage
t hrough PR III by br eachi ng effects

c Required flow esti mat ed assuming that r equired flow at upstream PR is
sufficient for passage at downstream PR

d Breaching occurs prior to backwater effects
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Tabl e A43. Required f l ow, passage r each f l ows and percent excee dance of suc ces s f ul
passag e due to groundwater and surface wate r discharges, breachin~

flows and backwater e f fects f or the pe riod of 20 Augus t t o 20 S~p t ember

at Side Channe l 21 for Pas sage Reach IV.

Ma i ns t em flow at Gold Cr eek (c f s )
Na t ur a l " 12000 9000 8000

Groundwater & Surface water

Required f l ow (cfs) 7 7 7 7

Groundwater baseflow (cfs)
corresponding to specif ied
mainstem flow 17.5 10.9 4. 1 1. 9

Surface water necessary for
passage (efs) 0 0 2. 9 5. 1

Amount of ppt needed for basin
a r ea of 5.03 mile' (in) 0 0 . 0 1 .02

% Exceeded based on t otal
daily ppt and groundwater 100 100 31 26

Breaching % exceeded for
controlling discharge of
12, 000 cfs 71 100 0 0

Backwater % exceeded f or
mains t em discha rge of
d c t : d d d d

Maxi mum % exceeded 100 100b 31 26

a Na t ur al flows ident i fied by 50 percent exceedance ma ins t em discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV . the mai nstem discharge per iod of 18000 cfs wi l l ass ist passage
through PR IV by breaching ef fec ts

d Breaching occurs prior to ba ckwater e f fects
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Tabl e A44 . Required f l ow, passage reach flows and percent exceedance of succes s fu l
passage due to groundwater and su~face water discharges, br ea ching
flows and backwater effects for the period of 20 August to 20 Sep tember
at Side Channel 21 for Passage Reach V.

Mainscem flow at Gold Creek (c fs)
Natural4 12000 9000 8000

Groundwa t e r & Surface wa t er

Required fl ow \ cf s) 18 18 18 18

Groundwa t e r baseflow (cfs)
corresponding to specified
mainstem flow 17.4 10.8 4.0 1.9

Surface water necessary for
passage (cfs) 0.6 7.2 14.0 16. 1

Amount of ppt needed tor basin
area of .52 mile' (in) .03 .32 .63 . 73

% Exceeded based on total
daily ppt and groundwater 24 2 .5

Breaching % exceeded for
controlling discharge of
12,000 cfs 71 100 0 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 71 100b . 5

a Natural flows identified by 50 percent exceedance mainstem discharge of 15.000
cfs (ADF&G 1984c)

b For Case EV, the mainstem discharge period of 18000 cfs will as s i s t passage
through PR V by breaching effects

d Breaching occurs prior to backwater effects
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Table A45. Required flow , passage reach f l ows and percent exceedance of successfu l
passage due to gr oundwa t er and surface water dischar ge s , breaching
f lows and backwa t er e f fects f or t he period of 20 Augus t to 20 Sept embe r
a t Side Channe l 21 for Passage Reach VI.

I
Mainstem flow at Gold Cr eek (cfs)

Natural ft 12000 9000 8000I
I
I
I
I
I
I
I
I

Groundwater & Surface water

Required flow (cfs) 20c 20 20 20

Groundwater baeeflow (cfs)
corresponding to specified
mainstem flow 17. 2 10.7 4.0 1. 9

Surface water necessary for
passage (cfs) 2.8 9.3 16.0 18. 1

Amount of ppt needed for basin
area of .52 mile2 (in) .13 .42 . 72 .8 1

% Exceeded based on total
daily ppt and groundwater 7 1 .5 0

Breaching % exceeded for
controlling discharge of
12,000 cfs 71 100 0 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 71 100b .5 0

b For Case EV , the mainstem discharge period of 18000 cfs wil l assist passage
through PR VI by breaching effects

a Na t ur a l flows identified by 50 percent exceedance mainstem dis charge of 15,000
cfs (ADF&G 1984c )

c Required flow estimated assuming that required flow at upstream PR is
sufficient for passage at downstream PR

I d Breaching occurs prior to backwater "ffects

I
I
I

I
I
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Table A46 . Required flow, passage reach flows and percent exc eedauce of succe.sful
pas s age due t o groundwater and surface wat er discharges, breaching
f l ows and backwater ef f ec t s fo r the period of 20 August to 20 September
at Side Channel 21 fo r Passage Reach VII .

Mainstem flow at Gold Creek (c f s )
Natur al4 12000 9000 8000

Groundwater & Surface water

Required flow (cis) 20c 20 20 20

Groundwate r basef low (cfs )
correspond ing to specif ied
mains t em flow 16.8 10.4 3. 9 1.8

Surface wat er necessary for
pa ssage (cfs ) 3:2 9.6 16. 1 18.2

Amount o f ppt needed f or bas i n
a r ea of . 52 mile' (in) . 14 .43 . 73 .82

% Excee ded based on total
dail y ppt and gr oundwater 6 . 5 0

Breaching % exceeded for
control ling discharge of
12,000 cf s 71 100 0 0

Backwater % exceeded f or
mainst em dis charge of
d cf s d d d d

Maximum % exceeded 71 100b .5 0

a Natural f lows identified by 50 pe r cent exceedance ma i ns t em discharge of 15,000
cfs (ADF&G 1984c)

b For Case EV. t he mai ns tem discharge period of 18000 cfs will assist pas sage
through PR VII by breach i ng effects

c Required flow estimated assuming that required f l ow at upstream PR is
suf f i c i ent f or passage at downstre am PR

d Breaching occur s prior t o backwater effects
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Table A47. Required fl~w, passage reach flows and percent exceedance of succes s ful

passage due to groundwater and surface water discharges. breaching
flows and backwater effects for t he per i od of 20 Augus t to 20 September
a t Side Channel 21 for Passage Reach VIII.

I

I

I

I

I

I

I

I

.I
I

Mainstem flow at Gold Creek (c f s )
NaturalS 12000 9000 8000

Groundwater & Surface water

Required flow (cf s ) 20
c 20 20 20

Groundwater baseflow (cfs)
cor r espondi ng to s peci f i ed
mainstem flow 16.5 10.2 3. 8 1.8

Surface water necessary for
passage (cfs) 3.5 9.8 16.2 18.2

Amount of ppt needed for basin
area of . 52 mile 2 (in) • 16 . 44 . 73 .82

% Exceeded based on total
daily ppt and groundwater 4 1 .5 0

Breaching % exceeded for
controlling discharge of
16,000 ds 71 100 0 0

Backwater % exceeded for
mainstem discharge of
d cfs d d d d

Maximum % exceeded 71 100b .5 0

b For Case EV, the mainstem discharge period of i~OOO cfs will assiot passage
through PR VIII by breaching effects

a Natural flows identified by 50 percent exceedance mai ns t em discharge of 15,000
cfs (ADF&G 1984c)

I

I

c Required flow estimated assuming thc ~ required flow at upstream PR is
sufficient for passage at downstream PR

I d Breaching occurs prior to backwater effects

I

I

.I
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Table A48. Required flow, passage reach f lows and percent exceedan ce of success ful
passage due to groundwater and surface wa te r J ischarges . breaching
f l ows and backwater effects f or the per iod of 20 August t o 20 Septembe r
at Side Channel 21 f or Passage Reach IX.

Mainstem flow at Gol d Cr eek (c f s )
Natural4 12000 9000 8000

Groundwater & Surface water

Required flow (cfs) 20 20 20 20

Groundwater baseflow (cfs)
corresponding to specified
mainstem flow 16.4 10.2 3.8 1.8

Surface water necessary for
passage (c f s) 3.6 9.8 16. 2 18. 2

Amount of ppt needed for basin
area of .52 mile' (in) .16 .44 .73 .82

% Exceeded based on total
daily ppt and groundwater 4 1 . 5 0

Breaching % exceeded for
controlling discharge of
12,000 ds 71 100 0 0

Backwater % exceeded for
mainstem discharge of
d cf s d d d d

Maximum % exceeded 71 100b .5 0

a Na t ur a l flows identified by 50 percent exceedance mainstem discharge of 15 , 000
cfs (ADF&G 1984c)

b For Case EV , the mainstem discharge period of 18000 cfs will assist passage
through PR IX by breaching effects

d Breaching occurs prior to backwater effects
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Table A49. Required flow, passage r eac h flows and pe r cent exceedance of successfu l
passage due to groundwate r and surface water discharges , breaching

• flows and backwat er e f f ec ts for the pe riod o f 20 Au gust to 20 September
a t Si de Channel 21 for Pas sage Reach X.

•
•
•
•
,
,
,
,
I

I

,

Mainstem flow a t Go ld Creek (cf s)
Na tur a l S 12000 9000 8000

Groundwater & Sur f ace wate r

Required f l ow (cf s) 5
c

5 5 5

Groundwater ba seflow (cf s )
corresponding to specified
mains tem flow 12.5 7. 8 2.9 1.4

Surface water necessary f or
passage (cfs) 0 0 2. I 3.6

Amount of ppt needed for basin
area of .5 2 mile' ( i n) 0 0 .09 . 16

% Exceeded based on to tal
dai l y ppt and groundwater 100 100 9 5

Breaching % exceeded for
controlling discharge of
24 , 000 cfs 12 0 0 0

Backwater % exceeded for
mains t em discharge of
d cfs d d d d

Maxi mum % exceeded 100 100b 9 5

a Na t ur a l flows i den t i f i ed by 50 percent exceedance mains tem discharge of 15,000
cfs (ADF&G 1984c )

b For Case EV . t he mai nstem discharge period of 18000 cfs will not assist pas sage
through PR X

c Required flow estimated assuming that requ i red flow· a t upstream PR i s
sufficient for passage at downstream PR

d Br eaching occurs prior to backwater e f fects
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APPENDIX B

Detailed Mitigation Costs
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APP END IX B

Deta i led Mitigation Cos t s

Chapt e r 3 outlines mitigation proposals for several sloughs and a side

channel. This appendix presents the costs for the various mitigation

measures presented.

Costs for these proposals are preliminary and are bas ed mostly on past

experience in different projects. A major cost . and one difficult to

evaluate consists of mobilizing eq.1ipment. ma t e ria l s and men to the

sites. These cos t s are based on using the Alaska Railroad to

transport much of the equipment and materials. Details regarding

loading and unloading and delays with the railroad have not been

evaluated completely.

Side Channel 21 and Slough 21 do not have access to the railroad or

other land transportation during the construction season. Three

alternatives exist to mobilize equipment to this site.

,
I) Pelicopter : Advantages

Di sadvant a ges are very

equipment size.

in timing.

high cost

speed and scheduling.

and severe limit of

,
,
,
,

2)

3)

Barge: Advantages in lower costs, some ability to schedule

and operate efficiently. Disadvantage of shallow draft in

river, equipment size may be limited.

Mobilizing during winter: Advantage of getting large

equipment and supplies into work site by transport over

river ice. Disadvantages are posed by long lead time to

mobilize materials, tying up equipment for one ye a r before

demobilization could be completed.

,
I'

Costs in this section for Slough and Side Channel 21 are based on the

assumption that river conditions are such that barges may be operated

to the site.



TOTAL COSTS OF MITIGATION MEASURES FOR SLOUGH 8A
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Slough 8A

1 Slough Mouth Excavation
Labor
Equipment
Mobilization/Demobilization
Engineering/Management

Tot al

1 Wing Deflector
Labor
Equipmen t/Mat erials
Mobiliza tion/Demobilization
Enginee r i ng/Manag ement

Tot al

Excavation of 6 Passage Reaches
Labor
Equ i pment /Ma t e r i a l s
Mobi lization /Demohili za t i on
Enginee r ing/Management

Tot a l

Buildup of 2 Slough Berms
Labor
Equipment
Mob i lization/Demobilization
Engineering/Management

Total

6,000
8,000
7,000
5,000

$ 26 ,000

5,000
9,000
5,000
5, 000

$ 24 , 000

2 , 000
3, 000
2, 000
3 , 000

$ 10,000

120,000
40 ,000

2 ,000
3,000

$ 295,000

$355.000



q

q

q

r

r

r

r

Slough 9

1 Rock Weir
Labor
Equipment/Materials
Mobilization/Demobilization
Engineering/Management

Total

1 Buildup of Sl ough Berm
Labor
Equipment
Mobilization/Demobilization
Gravel and Core Processing
Engin~ering/Management

Total

20 Log Bar r i ers
Labor
Materials /Equipment
Mobilization/Demobilization
Engineering/Management

Total

Excavation of 2 Passage Reaches
Labor
Materials/Equipment
Mobilization/Demobilization
Engineering/Management

Total

1 Slough Mouth Excavation
Labor
Equipment
Mobilization/Demobilization
Engineering/Management

Total

9,00 )
14 ,000
8 ,000
6,000

$37, 000

60,000
20 , 000
10,000
40 ,000
20,000

$150 ,000

20,000
2, 000
2, 000
6,000

$30,000

2,000
1,000
2,000
2, 000

$7 ,000

6,000
8,000
7,000
5,000

$26,000

IT

IT

TOTAL COSTS OF MITIGATION MEASURES FOR SLOUGH 9 $250,000
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Slough 9A

1 Buildup of Slough Berm
Labor
Equipmenr
Mobilizarion/Demobilizarion
Gravel and Core Processing
Engineering/Managemenr

Toral

Excavarion of Enrire Slough
Labor
Equipment/Materials
Mobilization/Demobilizarion
Gravel Processing
Engineering/Managemenr

Total

60 ,000
20 , 000
10,000
40 . 000
20 , 000

6 , 000
7 , 000
5.000

55.000
3,000

$150 , 000

$76,000

r
I

r
r
r
r

r
I

I

TOTAL COSTS OF MITIGATION MEASURES FOR SLOUGH 9A $226,000
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Slough 11

2 Weirs
Labor
Equipment/Materials
Mobilization/Demobilization
Engineering/Management

Total

Bank Stabilization 1000 ft
Labor
Materials/Equipment
Mobi l i za t i on /Demobi l i za t i on
Engi nee r i ng/Management

Total

Slough Excavation
Labor
Equipment/Materials
Mobilization/Demobilization
Gravel Processing
Engineering/Management

Total

15 Log Barriers
Labor
Materials/Equipment
Mobilization/Demobilization
Engineering/Management

Total

18,000
28,000
8,000
7.000

S61,OOO

8,000
7,000
5,000
5,000

S25,OOO

6,000
7. 000
5,000
5.000
3,000

S26,OOO

15,000
2,000
2,000
5,000

S24, OOO

r

r

r

r

1 Buildup of Protective Berm
Labor
Equipment
Mobilization/Demobilization
Gravel and Core Processing
Engineering/Management

Total

TOTAL COSTS OF MITIGATION FOR SLOUGH 11

60.000
20,000
10,000
40.000
20. 000

S150 ,OOO

S286,OOO
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Upper Side Channel 11

Excavation of Channel
Labor
Equipment/Materials
Mobilization/Demobilization
Gravel Processing
Engineering/Management

Total

Buildup of Protective Berm
Labor
Equipment
Mobilization/Demobilization
Gravel and Core Processing
Engineering/Management

Total

6,000
7,000
5,000
5,000
3,000

60,000
20,000
10,000
40,000
20,000

$26,000

$150,000

r
I

I

r
r
r
r

J

TOTAL COSTS OF MITIGATION FOR SIDE CHANNEL 11 $176,000
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Side Channel 21

Excavation of Channel
Labor
Equipment/Materials
Mobilization/Demobilization
Gravel Processing
Engineering/Management

Total

7 Wing Deflectors Bank Stabilization
Labor
Materials/Equipment
Mobilization/Demobilization
Oversize Material Removal
Engineering/Management

Total

8,000
9,000

11 ,000
8,000
9,000

70,000
65,000
20,000
35,000
50,000

$45,000

$240 ,000

I

I

I

1

Ii

. TOTAL COSTS OF MITIGATION MEASURES FOR SIDE CHANNEL 21 $285,000
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Slough 21

Excavat ion to Lower Slough Profi le
Labor
Equipment /Materials
Mobil i za t i on/Demobi l iza t i on
Oversize Substrate Removal
Engi nee r i ng/ Management

Tot al

Water Supply System
Labor
Materials/Equipment
Piping
Mobilization/Demobilization
Engineering/Management

Total

5,000
6,000
5 ,000

10,000
8 ,000

55,000
30 ,000

9 ,000
20 , 000
20,000

$34, 000

$134 ,000

I

I

I

I

TOTAL COSTS OF MITIGATION MEASURES FOR SLOUGH 21 $168 , 000
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Slough 21

Excavat ion to Lower Slough Profi le
Labor
Equipment /Materials
Mobil i za t i on/Demobi l iza t i on
Oversize Substrate Removal
Engi nee r i ng/ Management

Tot al

Water Supply System
Labor
Materials/Equipment
Piping
Mobilization/Demobilization
Engineering/Management

Total

5,000
6,000
5 ,000

10,000
8 ,000

55,000
30 ,000

9 ,000
20 , 000
20,000

$34, 000

$134 ,000

I

I

I

I

TOTAL COSTS OF MITIGATION MEASURES FOR SLOUGH 21 $168 , 000
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Curry Slough Development
Proragation System

Labor
Equipment/Materials
Pipe
Gravel Processing
Mobilization/Demobilization
Engineering!Management

Total

Curry Station Development
Propagation System

Labor
Equipment Materials
Gravel Processing
MobilizationDemobilization
Engineering/Management

Total

135,000
80,000

100,000
30,000
35,000
70,000

15,000
35,000
8,000

10 ,000
13,000

$450,000

$81,000
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INTERIM MITIGATION PLAN

FOR ARCTIC GRAYLING HABITAT

IN THE IMPOUNDMENT AREA
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1 - INTRODUCTION AND BACKGROUND

The primary long-term impact associated with the filling of the Watana

and Devil Canyon reservoirs is the loss of clear-water tributary

habitat (Acres American 1983). The tributary habitat that will be

inundated currently supports a substantial populatio~ of Arctic

grayling, estimated to be at least 16,300 fish in 1982. Aquatic

habitats within the reservoirs are not expected to support a signi

ficant grayling population.

In the impoundment area, Arctic grayling was selected as the

evaluation species for mitigation because of its abundance in the

area, its sensitivity to impacts during all seasons and life stages,

and its desirability as a sport fish. Measures to avoid, minimize,

rectify or reduce the anticipated loss of spawning and Arctic grayling

habitats are considered infeasible (Acres American 1983). Therefore,

measures to compensate for the loss of Arctic grayling habitat are the

options being considered for impoundment mitigation planning.

Impoundment mitigation options to compensate for lost Arctic grayling

habitat were outlined in Exhibit E, Federal Energy Regulatory

Commission License Application (Acres American 1983) and included :

(1) funding of research on Arctic grayling propagation technology;

(2) hatchery propagation of Arctic grayling and the subsequent

stocking of the reared fish (i.e. fingerling); (3) stocking of

hatchery-reared rainbow trout if Arctic grayling propagation proved to

be technically infeasible; and (4) the introduction of rainbow trout

into the Devil Canyon reservoir. Agency comments on the

hatchery-rearing of Arctic grayling were generally negative and

concluded that grayling production in Alaska must be considered

experimental and compensation must b~ judged as speculative (ADF&G

1983c). Reasons for this position were: (1) the lack of a reliable

egg source; (2) low survival from the green egg to fry stage;

(3) unsuccessful attempts to rear grayling fry to fingerling in

hatcheries; and (4) the inability to evaluate survival of stocked fry

because of their small size.
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2 - Mitigation Options

2.1 - Rainbow Trout

Rainbow trout is the species being considered for primary compensation

for lost Arctic grayling habitat. A rainbow trout propagation and a

stocking program has documented success in Alaska and there is a high

demand for the species by sport anglers.

It appears that Devil Csnyon reservoir may be too turbid to

successfully grow rainbow trout to a desired size. Turbidity levels

in Devil Canyon reservoir sre expected to be in the rsnge of

40-50 NTUs with light penetrating about one meter into the water

column (Tom Stewart, Harza-Ebasco, pers. comm. 1984). Primary

production in Devil Canyon reservoir is expected to be low as a result

of the turbidity levels. Becsuse the success of a stocking program of

rainbow trout in Devil Canyon reservoir is uncertain, it may be

desirable to monitor the reservoir limnology and resident fish

populations that will occur naturally before initiating a stocking

program for any species.

Sport fishing opportunities would be available to a larger number of

people if fish were stocked near population centers. Additionally,

stocking sites can be chosen that will have a higher probability of

success than Devil Canyon reservoir. Rainbow trout have been

successfully stocked in numerous lakes in the Matanuska-Susitna Valley

area (Larry Engel, ADF&G, Palmer, pers. comm. 1984). Case histories,

cost analyses and stocking areas for a rainbow trout stocking program

will be discussed in the impoundment mitigation plan scheduled for

1985.

2.2 - Arctic Grayling

Arctic grayling stocking is desirable because of "in-kind" replacement

for lost spawning and rearing habitat. In 1984, significant progress

was made- in Arctic grayling propagation technology. About 100,000
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grayling fingerling (approximately 50 to 60 mm) were reared at Clear

Hatchery (D. Parks, ADF&G Hatchery Manager, Clear, Alaska, pers. comm.

1984). Feeding experiments with various kinds of commercial feeds ,

automatic feeders, and increased light intensity are factors that were

thought to be important in the successful rearing of grayling

fingerling . The survival rate was about 70 percent from

emergent sac-fry to 2 gram fingerling for one experimental

group, which is about seven times greater than previous survival

rates for emergent sac-fry to fingerling.

Because significant progress in Arctic grayling propagation technology

is being made and the desirability of "in-kind" replacement, grayling

is still considered a primary candidate species for compensation . The

impoundment mitigation plan scheduled for April 1985 will discuss

propagation technology for Arctic grayling and examine areas that need

further research, such as brood stock development, commercial feeds ,

vitamin deficiencies, disease problems, stocking evaluation. $t ocki ng

areas.
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