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1. FOREWORD

This study is the result of a $200,000 appropriation by the Alaska State
Legislature. The study was implemented because of the impact that the
proposed Susitna hydroelectric project could have on any future salmon
enhancement projects in the upper reaches of the Susitna River; i.e., the
river area upstream of Devil Canyon.

The details of this study are described in the work plan which is contained
in the appendices. In general the study was to determine (1) if Devil

Canyon (Piate 1-1) is a barrier to the upstream migration of salmon and if

it is feasible to bypass salmon around this potential barrier, (2) the poten-
tial benefits of salmon production in the streams and lakes upstream of Devil
Canyon, (3) the impact on resident fish from the introduction of salimon

into their habitat and (4) what affect the construction of the Susitna
hydroelectric dams may have on any future salmon enhancement projects.

The data for this report was collected by a team from the FRED Division

of the Alaska Department of Fish and Game. Most of the field information
was collected during the four month period from July 1982 through October
1982. Considerable material was researched from literature, especially
the literature prepared for the Susitna hydroelectric project by Acres
American Incorporated and the Alaska Department of Fish and Game Aquatic
Habitat and Instream Flow Study Section. Independent field work was
conducted in July, August, and September to verify questionable or missing
data.
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2. INTRODUCTION

The Susitna River (Figure 2-1) is nearly 300 miles long from its
sources in the Alaska Mountain Range to its point of discharge into
Cook Inlet. The total river drainage area encompasses about 19,400
square miles of which the upper basin above Gold Creek comprises
approximately 6,160 square miles. The 150 mile stretch of the main-
stem Susitna River, flowing from its mountain source through Devil
Canyon to Portage Creek, contains about 30% of the entire drainage
basin. The main stem and the major tributaries of the Susitna River
originate in glaciers and carry a heavy load of glacial flour during
the ice-free months. There are, however, many smaller tributaries and
lakes which are perennially silt-free.

The proposed Susitna Hydroelectric Project has precipitated many studies
on the Susitna River and its drainage basin. The studies completed
through mid-1982 indicate that the two hydro dams will have various
impacts on the aquatic environments of the Susitna River downstream of
the dams; i.e. below Devil Canyon. However, as the general belief is
that the Devil Canyon area constitutes a partial or total barrier to

the upstream migration of adult salmon, very little of the fisheries
data collected is pertinent to the spawning and rearing of salmon
upstream of Devil Canyon.

To eliminate the question of a possible "Devil Canyon salmon block"

the Alaska State Legislature appropriated $200,000 to the Alaska
Department of Fish and Game (ADF&G) to study the feasibility of passing
salmon through Devil Canyon and to determine the potential for salmon
enhancement in the river drainage basin above Devil Canyon. The work
plan, contained in Appendix 10.3, describes the full study commissioned
by the Legislature,
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3. STATEMENT OF OBJECTIVES

The reasons for conducting this study are outlined in the foreword
(Section 1) and are further detailed in the project work plan (Appendix
10.3).

The objective of this study is to find answers to the questions posed
in the foreword and to prepare a report of the findings, including
recommendations, for submittal to the Alaska State Legislature in
1943.



4,  STUDY METHODS
4.1 Biological Studies

The salmon production potential of upper Susitna River lakes and streams

was determined for sockeye, chinook, coho and chum salmon. Because of the
limited time allocated to this study, the study methods (both biological and
engineering) were primarily literature reviews of pertinent information. The
literature reviews were, however, supplemented by three field trips plus
extensive conversations with appropriate ADF&G staff and consultants from the
private sector.

Any consideration of salmon production in the upper Susitna River watershed
must address potential barriers to salmon migration in the main stem of the
Susitna River. The rapids at Devil Canyon and Devil Creek areas constitute
potential barriers to both juveniles migrating downstream and returning
adults. This barrier question was addressed via literature review and
conversations with ADF&G staff. The results are in section 5.1.1 and

form the basis for assumptions 1 and 2 used for determining the production
potential for each salmon species in this methods section.

Methods for determining the production potential for juvenile and adult
salmon are now discussed relative to each species.

4,1.1 Sockeye Salmon

The watershed with the potential for the greatest sockeye salmon production
is the Tyone River drainage. Two attempts, unsuccessful due to bad

weather, were made by ADF&G biologists in September and October 1982, to
obtain limnological data from the three major lakes, viz. Lake Louise,
Susitna Lake, and Tyone Lake. These data were intended for use in a
limnological model, developed by ADF& limnology staff, that would

predict the numbers and individual sizes of sockeye smolts produced by

each lake. Without these data, the juvenile sockeye salmon production poten-
tials at these and other Susitna River lakes were assessed by literature
review, field trips, and conversations with knowledgeable ADF&G staff.

Conversations with Mr. Ken Robersonl/ (August 30, 1982), and Dr. Jeff
Koenings2/ (August 30 and November 11, 1982), indicate that the production
of Lake Louise is perhaps similar to that of Summit Lake and should exceed
that of the very turbid, glacial Tustumena Lake (Kenai Peninsula, Alaska).
Summit Lake, near Paxson, Alaska, is a high altitude (3,210 ft), clear
lake which is typical of the majority of the lake water in the upper
Susitna River basin. Upper Susitna River lakes useable by salmon range

in elevation from 2,110 ft (Fog Lake) to 3,595 ft (Roosevelt Lake).

Summit Lake is only 60 miles northeast of the Tyone River lakes and 60 miles
east of the Susitna River main stem at Denali. This location puts Summit
Lake in a climatic zone similar to that of the upper Susitna River basin

1/ ADF&G Fishery Biologist III, Glennallen.

2/ AUF& Principal Limnologist, Soldotna.
-6-



(Table 4-1). The biological productivity of lakes within a similar
geographic and climatic zone should be similar if limnological factors
are similar for each lake.

Prior to using the production of Summit Lake as a model for productivity

of all lakes in the upper Susitna River basin, the production of the former was
compared to that of other lakes in Alaska, British Columbia and the

eastern USSR. Summit Lake has produced 0.8 1b of sockeye smolts/acre/yr or

47 smolts/acre/yr based on analysis of data in Roberson and Holder (1982)

and a conversation with Mr. Ken Roberson (September 2, 1982). All smolts

were age I and had a mean weight of .017 1b. Tenmile Lake, much smaller

than Summit Lake and located near Summit Lake has an average production

of 0.4 1b of sockeye smolts/acre/yr or 36 smolits/acre/yr based on analysis of
data in Roberson et al. (1980).

Production and smolt weight data for other lakes (Table 4-2) when compared
with Summit Lake show that Summit Lake's production is low and that the
mean weight of age I smolts is in the mid-range of weights for other

lakes. Note that the known annual production of Summit Lake may actually
be less than the potential sustainable smolt production (Dr. Jeff Koenings,
pers. comm., August 30, 1982).

Table 4-1. Climatology of the upper Susitna River basin and Summit Lake area.

Geographical area: upper Susitna

Climate parameter River basin 1/
Summit Lake2/ Tyone River Denali
General climate arctic arctic arctic
continental3/ continental continental
Mean maximal air 37.3 50.3 51.3
temperature (°F)
Mean minimal air 16.6 -12.6 -5.5
temperature  (°F)
Mean air temp- 27,2 25.2 25.1
erature (°F)
Mean annual 11.7 11.5 71.79
precipitation (in.)
Ice present (months) October-June October-dune October-June
Frequent monthly NE,E,SW ' NE,E,SW N,S,SH

wind direction

1/ Calculated from 1980-81-82 data of R&M Consultants Inc., P.0. Box 6087,
Anchorage, Alaska 99502. (Carol Larson, pers. comm., December 3, 1982).

2/ From VanWhye and Peck (1968).

3/ Cold, dry winters and warm, moderately moist summers.

-7-



As mentioned previously, the production of Lake Louise, which is typical
of the majority of lake water in the upper Susitna River basin, should
exceed that of Tustumena Lake. The production of Summit Lake would also
be expected to and in fact does exceed that of Tustumena Lake. The
latter's mean production is 0.24 1b of smolts/acre/yr or 40 smolts/acre/yr
based on analysis of data provided by Dr. Jeff Koenings (pers. comm.,
November 12, 1982).

Table 4-2. Sockeye salmon smolt production and mean weights for lakes in
Alaska, British Columbia and the eastern USSR.1/

Pounds of Number of Mean weight of Age
smolts/acre/yr smolts/acre/yr I smolts{1b/smolt)
Range of annual values .08-79.00 13-2,024 -
Range of means of annual 0.24-44,48 36-893 - .004-.034
values

1/ From data listed in or based on analysis of data in Crone (1981),
Foerster (1968), Goodlad et al. (1974), Dr. Jeff Koenings (pers. comm.,
November 12, 1982), Meacham (1981), Nelson (1981), Mr. Ken Roberson (pers.
comm. , August 30, 1982), Roberson and Holder (1982), and Roberson et al.
(1977, 1978, 1980, 1981 and 1982).

With the production capability of Summit Lake already examined, assumptions
used for determining the sockeye salmon production potentials of upper
Susitna River lakes are now discussed.

Assumption 1.

- Upper Susitna River lakes that could produce salmon have no bar-
riers to smolt emigration, including the Susitna River main stem
rapids at Devil Canyon and Devil Creek.

Assumption 2.

- Upper Susitna River lakes that could produce salmon are accessible
to adult salmon if they can pass through the Susitna River
rapids at Devil Canyon and Devil Creek; and if they can negotiate
streams, located between the Susitna River and the lakes, that
have a maximal slope of .03 over a 0.5 mile distance, and have
typical adult resting areas, e.g., pools, undercut stream banks,
and sloughs.



Assumption 3.

- Each sockeye salmon spawning pair requires 72 ft2 of area
(Bell 1973).

- Most sockeye salmon will spawn in the lakes. The required
spawning area is the lake bottom under 0.4% of the lake surface
area. These spawning areas must consist of correct-sized gravel
and upwelling intragravel water flow during the spawning and
incubation period.

- Sockeye redds are not superimposed by other salmon species.

Assumption 4.

- The smolt production of upper Susitna River lakes is equal to

that of Summit Lake, which is currently 0.8 1b/acre/yr or 47
smolts/acre/yr.

Assumption 5.

~ The adult sockeye salmon production of upper Susitna River lakes
is 31 1b of adults/acre/yr or 5 adults/acre/yr.

- The average size of a commmercially-harvested Susitna River

sockeye salmon is 6.5 1b (Mr. Jim Browningi/, pers. com.,
November 19, 1982).

- A sockeye smolt to adult marine survival of 10% (Alaska Department
of Fish and Game 1982b; Foerster 1968) is assumed.

4,1.2 Chinook Salmon

The chinook salmon production potential of upper Susitna River tributaries
was determined using the following assumptions.

Assumption 1.

- Upper Susitna River tributaries that could produce salmon have no
barriers to smolt emigration, including the Susitna River main
stem rapids at Devil Canyon and Devil Creek.

3/ ADF&G Fishery Biologist II, Soldotna.

-9-



Assumption 2.

- Upper Susitna River tributaries that could produce salmon are accessi-
ble to adult salmon if they can pass through the Susitna River
rapids at Devil Canyon and Devil Creek; and if they can negotiate
streams or stream sections that have a maximal slope of .03
over a 0.5 mile distance, and have typical adult resting areas,
e.g., pools, undercut stream banks, and sloughs.

Assumption 3.

- Each chinook salmon spawning pair requires 216 ft2 of area
(Bell 1973).

- One percent of the surface area of Susitna River tributary main
stems has acceptable pools and riffles, gravel, and water for
successful adult spawning and incubation. The number "one
percent (1%)" was selected because of severely restricted water
flows during the winter and early spring incubation period.
Williams (1975) noted that many small tributaries of the upper
Susitna River are dry during this period. Comparisions between
monthly winter and summer water discharges for the upper Susitna
River at Gold Creek station (Alaska Department of Fish and Game 1982a)

indicate that winter water flows of tributaries may periodically be only
1% to 5% of summer flows.

- Most tributaries of Susitna River tributary main stems are unaccept-
able for incubation since most dry up during the winter as was

noted for many small tributaries of the upper Susitna River by
Williams (1975).

- Chinook redds are not superimposed by other salmon species.

Assumption 4.

- The smolt production of upper Susitna River tributary main stems is
0.18 1b of smoits/acre/yr or 81 smolts/acre/yr. This production was
derived by averaging production values for four Alaskan streams
which were obtained by estimating the number of smolts/stream/yr
produced based on known adult escapements/3% marine smolt survival
(Alaska Department of Fish and Game 1982b) and by estimating an
approximate surface area for each tributary main stem, plus the
Middle and West Forks of the Gulkana River. These production
values are based on analysis of data for Crooked Creek, Kenai
Peninsula {(Waite 1979; Mr. Dave Waite i/, pers. comm., October
11, 1982); Gulkana River, Gulkana (Albin 1977; Williams and
Potterville 1981); Indian River and Portage Creek, Susitna
River)(Alaska Department of Fish and Game 1981a, 1981b and
1982a).

4/ ADF&G Fishery Biologist II, Soldotna.
-10-



- Most tributaries of Susitna River tributary main stems are considered
unproductive because most dry up during the winter. The surface
areas of most tributaries are unknown.

- For determining the number of smolts/acre/yr, an individual smolt
size of .0l 1b was used which is a reasonable size for Alaskan
chinook smolts according to data in Engel (1968), Francisco and
Dinneford (1977), Mr. Paul Kissner 5/ (pers. comm., October 26,
1982), Meehan and Siniff (1962), and Trasky (1974).

Assumption 5.

- The adult chinook salmon production of upper Susitna River trib-
utaries is 40.6 1b of adults/acre/yr or 2 adults/acre/yr.
- The average size of a commercially-harvested Susitna River

chinook salmon is 16.7 1b (Mr. Jim Browning, pers. comm., November
23, 1982p).

- A chinook smolt to adult marine survival of 3% (Alaska Department
of Fish and Game 1982b) is assumed.

4.1.3 Coho Salmon

The coho salmon production potential of upper Susitna River tributaries
was determined using the following assumptions.

Assumption 1.

- Upper Susitna River tributaries that could produce salmon have no
barriers to smolt emigration, including the Susitna River main
stem rapids at Devil Canyon and Devil Creek.

Assumption 2.

-Upper Susitna river tributaries that could produce salmon are
accessible to adult salmon if they can pass through the Susitna
River rapids at Devil Canyon and Devil Creek; and if they can
negotiate streams or stream sections that have a maximal slope
of .03 over a 0.5 mile distance, and have typical adult resting
areas, e.g., pools, undercut stream banks, and sloughs.

5/ ADF& Fishery Biologist III, Juneau.

-11-



Assumption 3.

- Eagg)coho salmon spawning pair requires 126 ft2 of area (Bell
19 L]

- One percent of the surface area of Susitna River tributary main
stems has acceptable pools and riffles, gravel, and water for
successful adult spawning and incubation. The number "one
percent (1%)" was selected because of severely restricted water
flows during the winter and early spring incubation period.
Williams (1975) noted that many small tributaries of the upper
Susitna River are dry during this period. Comparisons between
monthly winter and summer water discharges for the upper Susitna
River at Gold Creek station (Alaska Department of Fish and Game
1982a) indicate that winter water flows of tributaries may periodically
be only 1% to 5% of summer flows.

- Most tributaries of Susitna River tributary main stems are unacceptable
for incubation since most dry up during the winter as was noted

Eor mgny small tributaries of the upper Susitna River by Williams
1975).

- Coho redds are not superimposed by other salmon species.
Assumption 4.

- The smolt production of Upper Susitna River tributary main stems is
0.18 1b of smolts/acre/yr or 40 smolts/acre/yr. This production in
weight of smolts was selected since it is conservative relative
to coho smolt production in other more productive Pacific North-
western streams (Table 4-3).

- Most tributaries of Susitna River tributary main stems are considered
unproductive because most dry up during the winter. The surface
areas of most tributaries are unknown,

- For determining the number of smolts/acre/yr, an individual smolt
size of .02 1b was used, which is a reasonable size for stream
produced Alaskan coho smolts according to data of Armstrong (1970),
Crone and Bond (1976), Meehan and Siniff (1962), and Thedinga and
Koski (1982).

Table 4-3. Coho salmon smolt production for streams in Alaska, British
Columbia, Oregon and Washington.l/

Pounds of Number of
smolts/acre/yr smolts/acre/yr
Range of annual values 5-50 221-2,699

1/From data listed in or based on analysis of data in Chapman (1965),
Crone (1981), Crone and Bond (1976), Hunter §1959), Mason (1976), Salo
and Bayliff (1958), Thedinga and Koski (1982

-12-



Assumption 5.

- The adult coho salmon production of upper Susitna River tributaries
is 24.7 1b of adults/acre/yr or 4 adults/acre/yr.

- The average size of a commercially-harvested Susitna River coho
salmon is 6.1 1b (Mr. Jim Browning, pers. comm., November 19, 1982).

- A coho smolt to adult marine survival of 10% (Alaska Department
of Fish and Game 1982b) is assumed.

4,1.4 Chum Salmon

The chum salmon production potential of upper Susitna River tributaries
was determined using the following assumptions.

Assumption 1.

- Upper Susitna River tributaries that could produce salmon have no
barriers to fry emigration, including the Susitna River main
stem rapids at Devil Canyon and Devil Creek.

Assumption 2.

- Upper Susitna River tributaries that could produce salmon are accessible
to adult salmon if they can pass through the Susitna River rapids
at Devil Canyon and Devil Creek; and if they can negotiate
streams or stream sections that have a maximal slope of .03 over
a 0.5 mile distance, and have typical adult resting areas, e.g.,
pools, undercut stream banks, and sloughs.

Assumption 3.

- Each chum salmon spawning pair requires 99 ft2 of area (Bell 1973).

- One percent of the surface area of Susitna River tributary main
stems has acceptable pools and riffles, gravel, and water for
successful adult spawning and incubation. The number "one
percent (1%)" was selected because of severely restricted water
flows during the winter and early spring incubation period.
Williams (1975) noted that many small tributaries of the upper
Susitna River are dry during this period. Comparisons between
monthly winter and summer water discharges for the upper Susitna
River at Gold Creek station (Alaska Department of Fish and Game
1982a) indicate that winter water flows of tributaries may
periodically be only 1% to 5% of summer flows.

- Most tributaries of Susitna River tributary main stems are un-
acceptable for incubation since most dry up during the winter

as was noted for many small tributaries of the upper Susitna
River by Williams (1975).

-13-



- Chum redds are not superimposed by other salmon species.

Assumption 4.

- The emigrant fry production of upper Susitna River tribuary main stems
is 62 1b of fry/acre/yr or 121,000 fry/acre/yr. This production
in weight of fry is based on an average fry weight of .0008 1b
from data at the ADF&G Beaver Falls hatchery (Mr. Dan Rosenbergﬁ/,
pers. comm., July 9, 1980). This weight is reasonable for an
emigrant fry with an average length of 1.46 inch which was derived
from data for Talkeetna River (Friese 1975) and lower Susitna
River chum fry (Kent Roth Z/, pers. comm,, November 30, 1982).

- The number of fry/acre/yr is based on a female adult chum spawning
area of 99 ft2 (Bell 1973), an average fecundity of 2,200
eggs/female chum (Alaska Department of Fish and Game 1982b), 100%
egg deposition/female, and a deposited egg to emigrant fry
survival of 12.5% which is based on data in Crone and Bond
(1976), Foerster (1968), and Hunter (1959).

Assumption 5.

- The adult chum salmon production of upper Susitna River tributaries
is 9,329 1b of adults/acre/yr or 1,210 adults/acre/yr.

- The average size of a commercially-harvested Susitna River chum

salmon is 7.7 1b (Mr. Jim Browning, pers. comm., November 19,
1982).

- An emigrant fry to adult marine survival of 1% (Alaska Department
of Fish and Game 1982b) is assumed.

4.1.5 Field Surveys

Surveys of upper Susitna River tributaries and lakes were necessary for
obtaining otherwise unavailable information for assessing salmon enhance-
ment potential and enhancement techniques.

4,1.5.1 Fixed-wing aircraft overview

The purpose of this survey was to study the terrain and future survey
sites within the entire upper Susitna River watershed.

The upper Susitna River main stem was overflown from lower Devil Canyon

6/ ADF&G Fish Culturist IV, Klawock hatchery.

7/ ADF& Fishery Biologist II, Anchorage.
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upstream to Susitna Lodge on July 13, 1982. Al1l tributary streams were
seen, and all named and some unnamed streams were photographed.

4.1.5.2 Helicopter survey

The purpose of this two-day survey (August 4 and 5, 1982) was on-the-ground
assessment of the salmon enhancement potential of most streams and lakes

(Plate 4-1) in the upper Susitna River area that are inaccessible to
road vehicles.

More than 25 named and unnamed streams and lakes were surveyed. We made
the following observations concerning conditions at stream confluences
(and various distances upstream) with the Susitna River and at lake outlets:

1) Water quality for adult and juvenile salmon. Water temperature,
dissolved oxygen, conductivity, and pH were measured.

2) Water velocity.

3) Stream width, depth, pool-riffle ratio, and gravel availability
at various distances upstream of stream confluences with the
Susitna River and at lake outlets.

4) Any barriers to migration of adult and juvenile salmon.

5) Presence and location of any fish species that may prey on, and
compete for food and space with salmon (or vice versa).

4.1.5.3 Road vehicle survey

This survey was undertaken during September 15,16, and 17, 1982. The
periphery of the Susitna River drainage area was examined via truck
(Plate 4-2) on the Glenn, Richardson, Denali and Parks Highways.

The survey was intended to:

1) Evaluate the adult spawning and juvenile rearing potentials in
streams and lakes adjacent to the road system. This included
assessement of lake and stream depth, width, water temperature,
turbidity, gravel, pool-riffle areas, stream velocity, accessi-
bility to saimon, and presence of fish and mammals.

2) Identify sites for stocking of juvenile salmon into streams and
lakes.

3) Examine potential hatchery sites for producing juvenile salmon
to stock into streams and lakes.
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Plate 4-1. Helicopter at Butte Lake.

Plate 4-2. State vehicle at Clearwater Creek.
- /6




4.1.5.4 Tyone River system surveys

The large lakes within the Tyone River system, a tributary of the upper
Susitna River, have the potential for producing a large number of sockeye
salmon. To assist with the estimation of juvenile sockeye production in
these lakes, a limnological survey was planned in late September, 1982.

This and another attempted survey in October, 1982 were cancelled because
of very hazardous weather.
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4.1.6 Determination of Stream and Lake Surface Areas

Knowledge of stream and lake surface areas are essential for determining
salmon production since production is definitely related to surface area

(Burns 1971; Hayes and Anthony 1964; Youngs and Heimbuch 1982). Streams
and lakes were selected for potential salmon production based on:

1)

Knowledge of stream main stem lengths (Orth 1971), and stream
widths in different sections of each stream from Alaska Depart-
ment of Fish and Game (198lc), and 1982 helicopter and road ve-
hicle surveys.

Aquatic habitat surveys which included water quality and quantity,
pool-riffle relationships, accessibility to salmon, gravel avail-
ability, and presence of fish which prey on or compete with salmon
( Alaska Department of Fish and Game 198lc, 1982a; Allin 1957;
Andrews 1961; Mr. Christopher Estes 8/, Mr. Kent Roth, Mr. Joe
Sautnergj, Mr. Dana Schmidt 39/, pers. comm., August 2, 1982;

Mr. Fred Williamsll/ pers. comm., October 7, 1982, August 10,
1982; Williams 1964, 1965, 1966, 1967, 1969, 1972; Williams and
Potterville 1978). Additional aquatic habitat surveys were con-

ducted during the 1982 fixed-wing aircraft , helicopter, and road
vehicle surveys.

Stream areas were calculated from stream length and width data or

by planimeter using maps. Stream area was assumed equal to a rec-
tangle for a short stream length when average widths were known and the
widths were similar throughout the specific length of stream. Stream
area was assumed equal to a trapezoid when stream widths were dissimilar
throughout the stream length, e.g., when the area of an entire stream
main stem was determined.

A11 lake areas were obtained via planimeter on maps, except for Lake
Louise, which was obtained from Mr. Stan Jonesl?/ (pers. comm.,
September 7, 1982).

4.1.7 Biological Impact of Introduced Salmon on Resident Fish

Predator-prey relationships and competition between saimon and resident
fish were examined via literature research. Results of this research are
found in Section 5.3.

8/ ADF& Fishery Biologist III, Anchorage.
9/ ADF&G Fishery Biologist II, Anchorage.
10/ ADF&G Fishery Biologist III, Anchorage.
11/ ADF&G Fishery Biologist III, Glennallen.

12/ United States Geological Survey, Anchorage.
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4.2 Engineering Studies

4,2.1 Feasibility Studies

The primary engineering concern of this study was to determine if it
was feasible to bypass salmon through the velocity barriers in the
confines of Devil Canyon and the general consensus was that "bypass
methods" primarily meant fishways. In a feasibility study, preliminary
sketch plans and preliminary cost estimates with conclusions and recom-
mendations can usually be produced without incurring the expense of
extended field work and the detailed investigations needed for the
preparation of construction documents. In reviewing the abundant data
available on the Susitna River and its drainage basin, the study team
concluded that it could indeed determine the feasibility of bypassing
salmon through the Devil Canyon area, by means of a fishway or fishways,
without having to undertake time consuming and costly field investiga-
tions.

The study team did feel, however, that literature research alone was
inappropriate because the "Susitna River data" did not contain river
velocity information in the Devil Canyon area during the times of the
salmon migrations. Then too, the biological information on the lakes
and tributaries upstream of Devil Canyon was sketchy or missing entirely.
For these reasons some field work was deemed necessary.

Following is a brief description of the engineering studies performed
by the study team.

July 13: Overflew the entire upper Susitna River drainage basin with

a biologist and engineering personnel (Figure 4-1). The purpose of the
overflight was to acquaint the study team with the terrain, the size

of the study area and to identify any features in the area that may
require on-site inspection.

Aug. 4 & Aug. 5: These two days were spent in on-site investigations

by the study teams. By means of helicopter transportation, the engineers
inspected the canyon walls and stream banks in Devil Canyon (Plate 4-3)
and in the vicinity of Devil Creek. Observations were made from as low
as 20 ft, and where conditions permitted, landings were made to permit

on ground inspection. The engineers were successful in measuring the
surface velocities through Devil Canyon by dropping marker buoys from

the helicopter and timing their transit through predetermined distances
(Table 4-4). The measuring of these velocities was fortunate as it

was on August 5 that the Susitna Hydro Aquatic Studies Group made

their first sighting of adult chinook salmon upstream of Devil Canyon.
The passage of upstream migrant saimon through Devil Canyon during the
period of measured velocities and a known river level greatly assisted

in establishing fishway parameters. While the engineers were observing
the hydraulic conditions in Devil Canyon, a second helicopter transported
the study team's biologists to selected lakes and streams in the upper

drainage basin. Details of the biologists' investigations are found
in Section 4.1.
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Table 4-4, Devil Canyon velocity measurements.

Station
number

10
11
12
13

R & M Consultants (1982) ADF &G
4/13/81 & 4/14/81 8/5/82
Distance between Distance between
stations Velocity | Station stations Velocity
(ft) (ft/sec) | number (ft) (ft/sec)
2
1400 1400 : 14.1
3
200 3.0
140 520 13.6
180
6
200 6.0
200
880 13.3
155
325 8.6
10
200 4,5
800 13.3
200
400 6.4
13

Aug. 31: This was a similar site investigation trip as that described
for August 4 & 5 except that on this trip Mr. Milo C. Bell, a noted
fisheries engineer, accompanied the study team. Again, close attention
was made of the hydraulic conditions within Devil Canyon and the canyon
area immediately downstream of Devil Creek. A report on Mr. Bell's
observations and recommendations is contained in the appendix 10.4.
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Sept. 15 - Sept. 17: This ground inspection trip was to evaluate the
potential rearing areas in the upper Susitna River drainage basin and

to locate hatchery sites for use in conjunction with a juvenile stocking
program. The study team drove the periphery of the drainage area via
the Glenn, Richardson, Denali and Parks highways (Figure 4-2). The
emphasis of this investigation was the evaluation of adult spawning

and juvenile rearing streams that are accessible to the road system.
Stream crossings of the Denali highway made it possible to take water
temperatures and observe stream bed conditions in many locations.

This information was not only useful in projecting probable production
capacities but identified several initial stocking points for juvenile salmon
should a salmon enhancement program in the upper Susitna River drainage
basin be implemented.

4,2.2 Design Studies

Although the feasibility studies described in Section 4.2.1 are sufficient
to support the findings and recommendations in this report, it should

be pointed out that further detailed studies would be needed to design

any of the facilities recommended. In particular the following studies/
investigations would have to be completed before commencing with the
design of a fishway(s) in Devil Canyon. The following studies are

both biological and engineering in nature:

1) A thorough topographic survey of the blockage area(s). This survey
should include, if possible, the contours of the river bottom.

2) A hydrological study of the blockage area(s) during the months of
the upstream salmon migrations., This study should determine the
river levels during all periods of migration and should deter-
mine the stream velocities at both banks and the location of
points of turbulence and upwelling.

3) A geotechnical investigation to include both surface examinations
and sub-surface exploratory drilling.

4) Additional studies regarding construction requirements and site
access.

5) Sonic tagging studies of upstream migrants to determine, if possible,
their migration route(s) within the blockage area(s).

6) Hydraulic model studies. This is a desireable but not a mandatory
study. Due to the certain high cost of any fishway(s) constructed
in Devil Canyon the cost of a model study could certainly be justified.

7) Refined cost estimate. Based on the detailed information obtained

in studies (1) through (6) a refined cost estimate could influence
a decision on whether or not a proposed project should proceed.
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5. RESULTS AND DISCUSSION

5.1 Salmon Enhancement Potential (S.E.P.)
5.1.,1 S.E.P. Without Hydroelectric Dams

The upper Susitna River watershed is suitable for the rearing of salmon.
The problem is that the watershed is not accessible to salmon. However,
adult salmon could be introduced into the watershed via fishways or
Juvenile salmon could be introduced into the watershed by means of hatchery
stocking., A fishway enhancement program and a hatchery enhancement
program are described in sections 5.2.3 and 5.2.4.

Juvenile salmon production in the upper Susitna River watershed with
resultant adult production is now considered for each salmon species.

5.1.1.1 Sockeye Salmon

The Tife cycle of sockeye salmon is depicted in Figure 5-1.

Selected lakes in the upper Susitna River basin will produce approximately
1,600,000 sockeye smolts (Table 5-1). These smolts will produce approximately
160,000 adults (Table 5-1). Of the 31 lakes considered for producing

sockeye salmon, the three largest lakes, viz. Lake Louise, Susitna Lake,

and Tyone Lake (Plate 5-1), produce 120,000 adults or 75% of the total.
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' _ Figure 5-1.
-26- Life cycle o% sockeye salmon.




Table 5-1. The potential production of sockeye salmon in upper Susitna
River lakes.

Lake surface Smolts Adults

Lake area (acres) (number) (number)
Lake Louise 14,720 699,200 69,920
Susitna Lake 9,000 427,880 42,788
Tyone Lake 1,600 76,000 7,600
Little Lake Louise 1,020 48,639 4,864
Lake 25051/, Tyone

River system 919 43,168 4,317
Beaver Lake 896 42,560 4,256
Dog Lake 750 35,690 3,569
Butte Lake 704 33,440 3,344
Moore Lake 640 30,400 3,040
Sandy Lake 403 19,152 1,915
Clarence Lake 378 17,940 1,794
Lake Creek lakes 346 16,416 1,642
Mud Lake 326 15,504 1,550
Fog Lake, nearest

Fog Creek 314 14,900 1,490
Lily Lake 256 12,160 1,216
Snodgrass Lake 250 11,856 1,186
Osar Creek lakes 230 10,944 1,094
Grayling Lake 205 9,729 973
Black Lake : 204 9,728 973
Lake 32851/, Kosina

Creek system 128 6,080 608
Lake 24601/, Tyone River

system 128 6,080 608
Tabert Lake 122 5,776 578
Roosevelt Lake 57 2,736 274
Glaser Lake 32 1,520 152

Total: 33,628 1,597,498 159,751

1/ Elevation in feet.
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5.1.1.2 Chinook Salmon

The 1ife cycle of chinook salmon is depicted in Figure 5-2.

Selected streams in the upper Susitna River basin will produce approximately
100,000 chinook smolts gTable 5-2). These smolts will produce approximately
3,000 adults (Table 5-2). Of the 21 streams considered for producing
chinook salmon, the following eight streams produce 2,880 adults or 95%

of the total: Tyone River, Oshetna River, Kosina Creek, Clearwater Creek,
Watana Creek, Butte Creek, Fog Creek, and Coal Creek (Plates 5-2 through
5-9). Two streams, Tyone River and Oshetna River, together produce

1,618 adults or 53% of the total.

Table 5-2. The potential production of chinook salmon in upper Susitna
River tributaries.

Tributary surface Smolts Adults

Tributary area (acres) (number) (number)
Tyone River 382.50 30,972 929
Oshetna River 283.37 22,945 688
Kosina Creek 179.30 14,518 436
Clearwater Creek 171.27 13,868 416
Watana Creek 74.20 6,009 180
Butte Creek 38.74 3,137 94
Fog Creek 35.46 2,871 86
Coal Creek 22.73 1,840 55
Valdez Creek 16.17 1,310 39
Windy Creek 15.76 1,275 38
Tsusena Creek 6.94 562 17
Jay Creek 6.19 501 15
Goose Creek 2.73 221 7
Waterfall Creek 2.56 207 6
Sandy Creek 2.46 199 6
Raft Creek 2.30 186 6
Lake Creek 2.00 162 5
Snodgrass Lake creek 1.70 138 4
Deadman Creek 1.60 129 4
Boulder Creek 1.08 187 3
Devil Creek .26 21 2

1,249.32 101,158 3,036
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5.1.1.3 Coho Salmon

The life cycle of coho salmon is depicted in Figure 5-3.

In addition to chinook salmon, selected streams in the upper Susitna
River basin will produce approximately 51,000 coho smolts (Table 5-3).
These smolts will produce approximately 5,100 adults (Table 5-3). Of the
21 streams considered for producing coho salmon, the same eight streams
listed for chinook salmon produce 4,800 coho adults or 94% of the total.
The Tyone and Oshetna Rivers together produce 2,700 coho adults or 53% of
the total.

Table 5-3. The potential production of coho salmon in upper Susitna River

tributaries.

Tributary surface Smolts Adults
area (acres) (number) (number)

Tyone River 382.50 15,486 1,549
Oshetna River 283.37 11,473 1,147
Kosina Creek 179.30 7,259 726
Clearwater Creek 171.27 6,934 693
Watana Creek 74.20 3,004 300
Butte Creek 38.74 1,568 157
Fog Creek 35.45 1,435 144
Coal Creek 22.73 920 92
Valdez Creek 16.17 655 66
Windy Creek 15.76 638 64
Tsusena Creek 6.94 281 28
Jay Creek 6.19 250 25
Goose Creek 2.73 m 11
Waterfall Creek 2.56 104 10
Sandy Creek 2.46 100 10
Raft Creek 2.30 93 9
Lake Creek 2.00 81 8
Snodgrass Lake creek 1.70 69 7
Deadman Creek 1.60 64 6
Boulder Creek 1.08 44 - 4
Devil Creek 27 11 2
Total: 1,249.34 50,580 5,058
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5.1.1.4 Chum Salmon

The life cycle of chum salmon is depicted in Figure 5-4.

In addition to chinook and coho salmon, selected streams in the upper
Susitna River basin will produce approximately 970,000 emergent chum fry
(Table 5-4). These fry will produce approximately 9,700 adults (Table 5-4).
Of the 18 streams considered for producing chum salmon, the same eight
streams listed for chinook salmon produce 9,105 chum adults or 95% of the

total. The Tyone and Oshetna Rivers together produce 5,440 chum adults
or 57% of the total.

Table 5-4. The potential production of chum salmon in upper Susitna River

tributaries.
Tributary surface Fry Adults

area {acres) (number) (number)
Tyone River 3.04 368,300 3,683
Oshetna River 1.45 175,700 1,757
Clearwater Creek 1.38 166,800 1,668
Watana Creek .59 71,500 715
Kosina Creek .43 52,250 523
Butte Creek ’ .31 37,400 374
Fog Creek .27 33,000 330
Coal Creek .18 22,000 220
Windy Creek .13 15,400 154
Valdez Creek .07 8,000 80
Tsusena Creek .05 6,623 66
Jay Creek .05 6,050 61
Waterfall Creek .02 2,475 25
Goose Creek .02 2,475 25
Raft Creek .02 1,925 19
Snodgrass Lake creek .01 1,650 17
Deadman Creek .01 1,449 15
Boulder Creek .01 825 8

Total: 8.04 ' 973,822 9,740

In summation, the upper Susitna River watershed can produce sockeye,
chinook, coho and chum salmon if emigration/immigration of juveniles/adults
is provided. The potential for sockeye salmon far outweighs that for

the other salmon species due primarily to the large lakes in the Tyone
River system.

The salmon production potentials are conservative since the biological
and Timnological data base for streams and lakes is too inadequate to
accurately predict the carrying capacity for juvenile salmon. However,
certain assumptions may actually be too liberal, e.g., a high percentage
of salmon smolts may not survive the rapids in Devil Canyon and Devil
Creek areas though 100% survival was assumed.
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5.1.1.5 Potential Barriers to Juvenile Salmon Emigration and Adult Immigration

Potential barriers to salmon migration in the Susitna River are located in
the upper river at the Devil Canyon and Devil Creek areas. These barriers are
rapids and supersaturated gases. Rapids can dash emigrant juveniles against
rocks and may delay juvenile emigration by temporarily trapping them in
eddies. Juvenile salmon are known to survive movement through rough

water including waterfalls. Coho salmon smolts survived numerous high

falls at Seldovia River, Kenai Peninsula (Dudiak et al. 1979). This

stream drops 265 ft in elevation in a 2 mile-long section and is totally
impassable to adult salmon. Pink salmon fry survived the Paint River

falls, Alaska Peninsula, which plunge into salt water and can drop more

than 40 ft depending on the tide stage. Chinook salmon adults and eggs

were found in the upper Susitna River between the Devil Canyon rapids

and the Devil Creek rapids for the first time ever in 1982 by ADF&G

staff. It is the professional judgement of the ADF&G Susitna Hydro

Aquatic Studies Team that juvenile chinook salmon are produced in this

area of the upper Susitna River (Mr. Tom Trent 13/, pers. comm.,

December 3, 1982). Therefore, some juvenile chinook salmon do survive

their emigration through the Devil Canyon rapids.

Some juvenile salmon may suffer delayed emigration or mortality during
their passage through the rapids. However, experiences noted in
the previous paragraph indicate that the mortalities should be negligible.

Adult salmon immigration is definitely partially or even totally blocked
by the rapids during high water periods during the summer. Water flow
rates may exceed 50,000 cfs through the rapids; 29-year annual mean
flows are 28,040, 23,680 and 21,514 cfs for June, July and August, res-
pectively (Alaska Department of Fish and Game 1982a). If fishways are
installed, these rapids would no longer be a barrier. The adult chinook
salmon observed upstream of the Devil Canyon rapids probably migrated
through these rapids during July 1982, during which daily water flows
were as low as 14,500 cfs (Mr. George Cunningham 14/, pers. comm.,
November 12, 1982). e

Total dissolved gas concentrations exceeding 110% have been measured in
the upper Susitna River rapids though concentrations fluctuate throughout
the area (Schmidt 1981). Gas concentrations exceeding 110% can cause
mortality of juvenile and adult salmon (Bouck et al. 1976; Dawley and
Ebel 1975; Ebel 1969; Ebel et al. 1971; Nebeker et al. 1976, 1979;
Rucker 1975; Rucker and Kangas 1974; U.S. Environmental Protection Agency
1976; Westgard 1964). Juvenile salmon emigrating through the rapids
during May and June could encounter total dissolved gas concentrations
exceeding 101% over a 40 mile distance with concentrations exceeding

110% over an 18 mile distance. Water velocity measurements taken in
Devil Canyon during the summer of 1982 (Table 4-4) along with extrapolations

li/ ADF&a Aquatic Studies Coordinator, Susitna Hydro Aquatic Studies Team, Anchorage.
14/ ADF&G Civil Engineer I, Anchorage
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on velocity vs. width of the Susitna River at the low flow rate of 17,400
cfs (Gold Creek station) indicate a range of 2 to 9 mph over the 18 mile
distance. Assuming a conservative 2 mph water flow rate and further

that juvenile salmon will travel downstream at this rate, the 18 mile
distance would be covered in 9 hours. Juvenile salmon are therefore
totally safe over this distance since at even 115-116% saturation the
onset of mortality takes more than 240 hours at 8-10° C for fry (Rucker
and Kangas 1974) and more than 268 hours for smolts to reach 20% mortality
(Bouck et al. 1976). Even if juvenile salmon took twice as long to
travel the 18 mile distance, i.e., 18 hours, due to delays, they should
not be affected by dissolved gases.

Adult salmon are present at the rapids during the summer season (Alaska
Department of Fish and Game 1981a). Adult salmon could encounter the
same dissolved gas concentrations as the juveniles. Average swimming
speeds of sockeye, chinook, coho and chum salmon adults from the mouth
of the Susitna River to the Devil Canyon dam site (152 miles) range from
0.16 to 0.23 mph or 3.8 to 5.6 miles/day based on data in Alaska Department
of Fish and Game (198la). Gas concentrations may exceed 110% over an

18 mile distance, and may exceed 115% over a 4 mile distance. These 4
and 18 mile sections of the Susitna River would include the two fishways
proposed for passing adult salmon through the rapids. Salmon passage
through the 1.5 miles of fishways, if they are constructed, should take
from 8 to 12 hours depending on the species (Mr. Lowell Barrick }E/
pers. comm., November 11, 1982).

Using the lowest average swimming speed of 0.16 mph (chinook salmon), a
salmon could negotiate the 4 and 18 mile distances in 29 and 91 hours,
respectively. Adults should be safe for the 29 hours at 115%, and 117
hours at 110% saturation since the exposure times necessary for 20%
mortality at these saturations exceed 122 and 268 hours, respectively
(Bouck et al. 1976).

In summation, the rapids at Devil Canyon and Devil Creek may delay or
inflict some mortality on emigrating juvenile salmon, and will prevent
migration of adult salmon during high water velocities. Total dissolved
gas supersaturation will probably not adversely affect juvenile or adult
salmon.

15/ ADF&G, Department Engineer, Juneau.
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5.1.2 S.E.P. With Hydroelectric Dams

Fifty years of observing salmon migrating past the numerous dams that
have been built on the Columbia and the Snake Rivers have proven con-
clusively that all large dams create serious obstacles to the migration
of salmon. The obstacles are many and varied and affect both the
upstream migrants and the downstream migrants (Figure 5-5). Attempts
to overcome the obstacles created by the dams have met with limited
success. Although it has been shown that special features at a dam,
e.g. fishways, fish locks, bypass by trucking, etc. can be built to
pass fish around the barrier, these features are very costly to construct
and maintain, and their successfulness is questionable. The proposed
645 ft high concrete arch dam at Devil Canyon and the 885 ft high

earth fill dam at Watana Creek (Plate 5-10) are much greater in height

than are any of the Columbia River or Snake River dams, for which

salmon bypass features have been constructed, and therefore they undoubt-
edly present similiar problems, as do the Columbia/Snake River dams,

but at a greatly magnified scale. Following is a partial list of the

known problems that the Columbia River and Snake River dams cause to mig-
rating salmon in those systems. (Remember that the Columbia River and Snake
River dams are in the 50 ft to 150 ft height range with reservoirs

of comparable depths).

1) Changed water temperatures above and below the dams.

2) Change in the seasonal flow pattern of the river.

3) Change in water quality; i.e. low oxygen content below the dam,
high nitrogen content and gas supersaturation.

4) Change in food supply and disruption of the ecological balance.

5) Siltation of the reservoir.

6) Fishway problems

a) Fishways rising to heights of nearly 900 ft have never been
constructed before. Although fishway construction is theoreti-
cally possible, the cost would certainly be exceedingly high.

b) Fishways built on acceptable slopes of 10:1 could require up to
2 miles of fishways for dams 900 ft high.

c) Devil Canyon - very difficult to construct a fishway on the
face of a concrete arch dam. Construction in the canyon walls
would be very expensive.

d) Watana - similiar construction problems as at Devil Canyon.

It is doubtful that a fishway would be permitted on an earthen
structure, Construction in canyon walls would be very expensive.
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9)

e) Fluctuating reservoir level will make the design of the fishways'
water intake complex and costly.

f) Fish passage delays due to confusion in 1ocat1ng the fishway
entrance in the tailrace discharge.

Reservoirs

Most of the studied reference material indicated that reservoirs
create an unnatural condition that is neither lake or stream. The
slack water of the deep reservoirs cause confusion in both the adult
and juvenile migrants (Bell 1973). Studies show that the confusion
causes lengthy delays which are deterimental to the physiology of
the adult spawners (may cause adults to die before spawning) and which
apparently cause some juveniles to become lost and stop their
migration to the sea. The 74 miles of resevoir, with depths in
excess of 800 ft, created by the Devil Canyon and Watana dams is
certain to create serious migration problems for both adults and
Jjuveniles.

Downstream migration of juveniles

a) In reiterating the problems in item 7, the reservoir obstacle
appears to be more detrimental to the juvenile salmon than to
the adults. The juveniles are not strong swimmers and without
a downstream current to guide them they often become lost and fail
to continue their seaward migration.

b) Mortalities of juveniles over dam spillways or through
turbine blades are very high (Figure 5-6).

c) Trapping facilities to capture juveniles at dams
are only marginally successful and their maintenance and
operating costs are high.

d) Migration delays in reservoirs contribute to extensive
predation by fish populations in the reservoirs.

Reservoir flooding of the productive spawning areas in the lower
reaches of the tributary streams reduces spawning potential.

5.1.,3 Conclusion

It is the study team's conclusion that the problems and the costs
associated with conducting a salmon enhancement program in the upper
Susitna River, with the two proposed dams in place, far outweigh the
benefits to be received from such a program. For this reason the team
recommends against implementing any salmon enhancement program above
Devil Canyon if the proposed Susitna dams are constructed. A salmon

enhancement program is feasible, however, if the Susitna River dams are
not constructed.
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An idea to divert the water from Lake Louise into the Copper River
watershed has been discussed for several years. The theory behind
this idea is that Copper River salmon would then make use of the Lake
Louise watershed for spawning and the subsequent rearing of juveniles.
While this water diversion project may have merit, it opens up a whole
new series of questions concerning biological impact, socio-economic
factors, cost, benefits and etc. The study team felt that the "Lake
Louise d1vers1on proposal" was outside the scope of this study so no
investigations were conducted.

A trout or grayling enhancement project could possibly succeed in
the upper Susitna basin even if the dams were constructed. The
trout/grayling enhancement would be a "put-take" operation wherein
hatchery produced trout/grayling juveniles would be released into
suitable rearing waters in the upper Susitna River drainage area for
natural rear1ng and subsequent sport fish harvest. The cost of such a
"put-take" operation would vary according to the facilities used. If
existing hatchery operations could be adjusted to support this operation,
capital costs would be minimized and the project might be economically
feasible., If a new hatchery had to be constructed specifically for
this project, then the project may not prove to be feasible. Like the
“Lake Louise diversion proposal" mentioned in the preceeding paragraph,
the study team felt that a “trout/grayling enhancement proposal" was

outside the scope of this study and investigations of this type were
not conducted.
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5.2 Enhancement Techniques (E.T.)

This section discusses various salmon enhancement techniques that may be
feasible for use in the upper reaches of the Susitna River if the proposed
hydropower dams are not constructed. The alternatives discussed consider the
more familiar methods of passing adult salmon through fishways of the pool
and weir type, the vertical slot baffle, submerged orifice weirs and the
Denil design. In addition to fishways, other solutions such as low head

dams and brail systems are considered. Put and take methods such as eyed

egg and juvenile plants, which require the support of hatcheries, are also

di scussed.

Because of the limited access (primarily river boat and helicopter) into
Devil Canyon, many different construction materials and construction tech-
niques were considered. Even so, it was quickly determined that any con-
struction conducted at Devil Canyon could only be done at considerable
cost. An aerial reconnaissance of the terrain between Gold Creek (adjacent
to the Alaska Railroad) and Devil Canyon revealed the presence of a trail
that was constructed by the Bureau of Reclamation in the late 1950's in
association with Devil Canyon dam investigations. Some reduction in con-
struction costs might be realized through the reduction in helicopter
support, if use of the trail is made available to a contractor,
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5.2.1 Low Head Dams

An alternative to the installation of conventional fishways could be the
construction of several low head dams, 5 to 15 ft high, at the down
stream (chute) end of identified velocity barriers (Figure 5-7). The
purpose of the dams would be to drown out the velocity barriers and create
quiet water resting pools upstream of the dams. The dams would eliminate
the long (500 - 1500 ft) stretches of fast water (velocity barriers) but
would create their own 5 ft to 15 ft high vertical barriers. To over-
come the vertical barriers conventional fishways would be installed over
both ends of each dam. Because of the extreme difficulty of working in
the confines of the canyon and because of the high cost of constructing
dams capable of withstanding the flood water forces of the Susitna River,
this alternative was rejected.

5.2.2 Mechanical/Helicopter Brail Systems

ADF&G experimented with brail systems at two sites in Alaska during the
1970's (Plate 5-11). At Anan Creek in southeastern Alaska where a 10 ft
drop over a 100 ft reach often created a velocity barrier to large numbers
of pink salmon, a mechanical brail system consisting of a cable tramway,
engine driven hoists and dip nets was used to Tift pink salmon over the
barrier. Although the system used did work, the fish mortality rates were
high and its operation required the use of large numbers of personnel.

At Russian River, on the Kenai Peninsula, where a 30 ft drop over a

300 ft reach often created a velocity barrier to large numbers of

sockeye salmon, a hybrid type of the Anan Creek brail system was tried.
In this system the sockeye were brailled at the base of the obstruction
and then airlifted over the obstruction in fire buckets slung beneath a
helicopter. The Russian River system was more successful than the Anan
Creek system in terms of reduced fish mortality and a reduction in the
numbers of people involved. However, because of the large numbers of
sockeye to be transported, the expense of the helicopters and the dangers
of flying in the confines of a narrow canyon, this transportation experiment
was quickly discarded.

Although both brail systems were marginally successful, the experience
gained showed that neither system was practical for the long term solution
of moving large numbers of salmon past a barrier, especially if that
barrier is in the confines of a canyon such as Devil Canyon. A brail
system is not recommended for use in Devil Canyon.
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5.2.3. Fishways

5.2.3.1. General Information and Discussion

Fishway, fish ladder, and fishpass are all terms used to describe

methods of passing fish upstream at dams and natural obstructions. In

this study the term fishway is used. There is a difference in concept
between designing a fishway at a natural obstruction and in designing

a fishway at a dam. Briefly, the differencé is that the natural obstruction
to migration is in most cases a part of the natural environment of the

fish affected by it. The population of migrating fish has presumably

become adjusted to some extent to this environment. However, if the
obstruction each year takes its toll by reason of direct mortality, or
physical impairment as a result of delay or damage, any facilities
installed which will reduce this mortality or impairment will be beneficial.
The design criterion then becomes one of constructing the most efficient
fishway at the lowest cost to provide the greatest benefit. With a

fishway at a dam, however, the primary aim is usually the ultimate one

of providing for no delay and no physical impairment of the fish,

since any such delay or impairment is not part of the natural environment.
As the Devil Canyon velocity barrier is a natural obstruction, the
evaluation of fishways in this chapter will be made with the goal of
selecting a design that will provide the greatest benefit for the

least cost.

5.2.3.2 ADF&G Criteria for Fishways Under Twenty Feet in Height

In designing fishways in Alaska, the Department of Fish and Game

considers the following three items to be essential features of a
fishway:

1) The entrance must be located such that it is easily found and
readily entered by the fish.

2) The fish must be able to swim through the fishway without undue
effort.

3) The fishway design must be such that entrance and passage through
the facility are accomplished with a minimum of delay and injury
to the fish.

The following guidelines should be used as a check to ensure that the
three essential elements of a fishway are incorporated into each design:

1) Velocities in salmon fishways should not exceed 8 fps.

2) The fishway must discharge enough water to attract fish to the
entrance, Discharge velocity will vary in relation to the stream
flow, but discharge velocities should be in the 3 to 8 fps range.

3) Fishway designs should not permit rapid changes in flow patterns.
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Energy derived from increases in head must be dissipated quickly
and without changing the general flow pattern features.

4) The fishway should provide ample physical and visual clearance
for the fish. The smallest submerged opening must not be less
than ten inches wide and water depths must allow complete coverage
of any fish traversing the fishway. In some fishways, it may be
advantageous to have openings in the bottom of weir baffies to
allow passage of fish through rather than over the weir.

5) The fishway should provide adequate resting areas if it is long.
Locations of resting pools will vary with the species of fish and
the type of fishway used.

6) Location of the entrance is extremely important. It should be at
the furthest upstream point of the fish migration. If this is
physically impossible, then some type of fish guidance fence into
the entrance may be required. Entrance discharge should be nearly

parallel with the stream flow and should discharge into a non-turb-
ulent pool if possible. '

7) The fishway exit should be into a protected area away from the
barrier overflow to prevent fish from being swept back over the
barrier.

8) Designs must consider fluctuations in water levels and should
minimize the use of mechanical controls in regulating flow through
the structure. This is especially important at a site such as
Devil Canyon where access, for maintenance and operations purposes,
is very limited.

9) Consideration must be given to the intended loca:ion of the fishway
so that adequate maintenance can be provided.

10) The maintenance effort will be minimized if due design consideration
is given to problems of debris at the exit, ice accumulations,

destructive forces caused by flood water, and sediment in and
through the fishway.

5.2,3.3 Weir and Orifice Fishway

See Figure 5-8 for an example of a weir/orifice type fishway. This type
of fishway is one of the oldest and probably most common designs in

use. Initially, Jjust a series of weirs was installed, but later
refinements led to the installation of orifices within the weir.

Under certain conditions, a weir/orifice type fishway will provide a
cost efficient method of transporting fish over a barrier. However,

this type of design has some serious operating deficiencies that preclude
its use at a remote site like Devil Canyon.

The two most serious deficiencies concern variable stream flows and
transportation of sediment. A weir operates efficiently only within a
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very narrow range of flows. The flow in the fishway is controlled by
the upstream weir and it can operate efficiently only when river levels
are within the range producing the desired flows over the upper weir.
[f the stream flow is not within the narrow operating range of the
weir, the fishway will be either starved or drowned. In some cases
(mostly at inhabited sites such as man-made dams), it is practical to
provide for regulation of the fishway flow over a wider range of stream
levels by means of adjustable weir crests or gates, but due to the
remoteness of Devil Canyon, this solution is not feasible. Also, the
weir/orifice type design is readily clogged by stream debris and
sediment. During high flow conditions, the Susitna River carries a
considerable ioad of sand/silt which would lodge in the weir pools and
destroy the velocity-reducing characteristics of the design. Mainten-
ance considerations alone preclude the selection of this design for

use at Devil Canyon.

5.2.3.4 Denil and Alaskan Steeppass Designs

The Denil design was developed about the turn of the century and was
probably designed to overcome the problems that were inherent in the
weir/orifice design. The Denil design does operate through a wider
range of stream levels than the weir type without serious impairment of
its efficiency; however, sediment transportation still poses a problem
in the Denil design. In the case of the Denil design, sediment clogging
is not the problem as much as is sediment abrasion. The movement of
silt, sand, gravel, and large stones through the thin baffle members of

the fishway causes serious maintenance problems in fishways of this
design.

The Alaskan steeppass is an aluminum section modification of the Denil
design. The Alaskan Steeppass was adapted from the Denil design for
the Alaska Department of Fish and Game by Chief Engineer G. L. Ziemer,
P.E. The initial adaptation and testing was done in the late 1950's
and early 1960's. The major innovation of the Alaskan Steeppass is in
the use of aluminum panels in the construction of fishways. The
relatively light aluminum sections (complete with energy-dissipating
baffles) are prefabricated in ten foot lengths and then transported

(by boat, air, or hand-carried) to the obstruction site where they are
bolted together and installed. Several Alaskan Steeppass fishways are
in use throughout the state. The Alaskan Steeppass works well in
streams where there is little fluctuation in the level of flow. However,
practical applications have shown that the Alaskan Steeppass would not
be suitable in Devil Canyon where there are extreme fluctuations in the
water level. See Figure 5-9 for details of the Alaskan Steeppass.

5.2.3.5 Vertical Slot Baffle

Figure 5-10 depicts a typical vertical slot baffle which was developed to
overcome the deficiency of the weir/orifice and Denil-type designs in

operating under a wide range of stream flows without the use of attendants
or automatic controls to adjust for the fluctuations in water levels.
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It wasn't determined just when or where the first vertical slot fishway
was used. However, there is considerable information dating back to
the 1940's that describes the use of vertical slot baffles used in
fishways at Hell's Gate and at Farewell Canyon in British Columbia as well
as sites in the lower 48 states. From all of the information read, the
vertical slot design works well at sites with highly variable streanm
flows. Clay's Design of Fishways and Other Fish Facilities states that
the vertical slot fishways at Hell's Gate have operated successfully
over periods during which the range in water levels has been as much as
45 ft. Furthermnore, the vertical slot is probably the most efficient
design in transporting sediment through the fishway. Both of these
later characteristics of the vertical slot make it a prom1s1ng design
for use at Devil Canyon.

In reviewing all of the enhancement techniques discussed in sections 5.2.1
through 5.2.3, the study team came to the conclusion that only the vertical
slot fishway would be efficient in passing salmon through the Devil

Canyon area (Table 5-5 and Figure 5-11). In the case of the barriers

at Anan Creek (Plate 5-12) and at Russian River, the permanent solution
was the installation of vertical slot baffles in 8 ft diameter

tunnels circumventing the velocity barriers. The Anan Creek fishway

(110 lineal ft of tunnel plus 35 lineal ft of open trench) was con-
structed in 1977 at a cost (contractor payment only - not total project
costs) of $212,000. The Russian River fishway (280 lineal ft of tunnel
plus 50 Tineal ft of open trench) was constructed in 1978/79 at a

cost (contractor payment only - not total project cost) of $727,000.

Both fishways are functioning well and it is believed that fishways of
similar design would be suitable for use at Devil Canyon.

5.2.3.6 Fishway Construction Costs

From field observations made in July and Auqust, 1982 and from a review
of Susitna River hydraulic data, the study team concluded that there are a
series of 4 to 6 velocity barriers in the Devil Canyon area. These
velocity barriers essentially prevent the upstream migration of salmon
when the river discharge exceeds 15,000 cfs. The 4 to 6 velocity

barriers identified are basically located in two stretches of the river.
The first series of barriers occurs in the river from near the site

of the proposed Devil Canyon dam (approx. river mile 152) and extends
downstream about 4,000 ft. The second series of barriers starts at a
point which is about 1,000 ft below the mouth of Devil Creek (about river
mile 162) and extends downstream nearly 4,000 ft. A series of short
tunnel fishways could theoretically be constructed around each individual
velocity barrier, which would entail the construction of 4 to 6 relatively
short tunnel fishways. Because of construction considerations and
factors concerning the potential for migration delay with the salmon
searching for entrances to several tunnels, the study team recommends
that two major tunnel fishways be constructed instead of several shorter
fishways. Figure 5-12 shows the alignment and profile for a 4,200 ft
Tong tunnel fishway at Devil Canyon (lower fishway) and Figure 5-13

shows the alignment and profile for a 3,900 ft long tunnel fishway at
Devil Creek (upper fishway).
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Table 5-5. Comparison of fishway designs.

Type of
fishway

Guidelines for essential elements of fishway design (pg 74 and 75)

1

2 3 4 5 6 7 8 9 10 Remarks

Weir/Orifice
fishway

Alaskan steeppass
Denil

Vertical slot
baffle

Low head dams

Mechanical or
helicopter brail

G,C

£,C

£,C

F,C

N/A

Unacceptable due to the highly

F F £, EC E,L E, U F F,C fluctuating stream flow conditions
and high maintenance operational
characteristics

Unacceptable for the same reasons
F E F ¢, E,C E,C U F F,C given for the weir/orifice design

Acceptable: This design meets
E E £ E,C E, L E,L E E G,C all the requirements needed to pass
salmon.

Unacceptable because of construction
F F F N/A F,C F F,.C U F,C difficulties and anticipated high
maintenance costs.

Unacceptable: The mechanical brail

N/A N/JA N/A N/A N/A N/A NJA N/A N/A is unacceptable due to high opera-
tional costs and excessive fish
mortalities. The helicopter system
is unacceptable for moving large
numbers of salmon due to the high
operating costs.

Legend: U - Unsatisfactory, F - Fair, G - Good, E - Excellent,
C - Can be designed in, N/A - Not Applicable
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Fishway installation assumptions:

1) Assumptions for Lower Fishway (Devil Canyon)
a) Locate 22-man camp on north side of river near mid point of tunnel.
b) Paths constructed from top of bluff to portals.

c) Compressor and alternator located at each portal.

d) Raft constructed to transport heavy equipment and tools to downstream
portal. Raft used as temporary work platform.

e) Rock wasted in river.

f) Landing strip used as a marshalling area and for cement batch plant.

g) MWork from both portals towards the center (work 2 faces simultaneously):
Two 10 hr, shifts per face on 15 ft diameter tunnel (Figure 5-14).
Assume 5 ft advance per shift = 20 ft per day.

h) Contract period: Mobilization through construction through
demobilization = 12 months. Tunnel excavation, October through April = 7
months.

2) Assumptions for upper fishway (Devil Creek)

The upper fishway will be constructed under a scenario similar to that
for the lower fishway. The major difference being that the construction
camp for the upper fishway would be located on the river bank near

the center of the tunnel alignment. It is expected that the contractor
would construct an adit into the tunnel, near its center, and excavate
from the center both ways. By tunneling from the center both ways some
consolidation of equipment, with corresponding cost savings, can be
achieved.

3) Adult capture facilities

Because of the velocity barriers, few salmon migrate upstream of Devil
Canyon to spawn. With the construction of the fishways, the salmon will
be physically able to proceed upstream but because of the limited
(virtually nonexistent) brood stock upstream of Devil Canyon the study
team feels that the upper Susitna River drainage basin must be "stocked"
with the desired salmon species. The recommended "stocking program"
would consist of taking sockeye eggs at the Gulkana River and chinook,
coho and chum eggs from the Susitna River. The eggs would be incubated
to fry/fingerling size in existing facilities near Paxson and in Anch-
orage., The fry/fingerling would then be transported to select release
sites in the upper Susitna River drainage basin. This operation would
continue for 5 or 6 years until the adults returned in numbers sufficient
to propagate the species naturally, at which time the stocking program
would be discontinued.
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By adjustments in its existing hatchery program, the FRED Division could
basically accommodate a stocking program for the upper Susitna River

for the 5 to 6 year period specified. The only significant addition
required to the existing facilities would be the construction of a

summer weir camp at Gold Creek and adult capture weirs at Indian River

and at Portage Creek. These facilities would be needed to obtain the
Susitna River chinook, coho and chum eggs necessary for the juvenile
stocking program. Cost estimates for the construction of the Devil Canyon
fishway, the Devil Creek fishway, the Indian River and Portage Creek weirs

and the fry/fingerling stocking operations are shown in Tables 5-6, 5-7,
5-8 and 5-9, respectively.
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CLASS OF WORK OR MATERIAL

QUANTITY

UNIT

HATERTALS/LABUR

UNIT EXTENSION
A. Mobilization
1. Equip. Rental
LHD: 3 @ $10,800/mo = $32,400/mo 10 Mo $32,400 $324,000
Compressors: 3 @ 2800 = 8,400/mo 10 Mo 8,400 84,000
Generators: 4 @ 1100 = 4,400/mo 12 Mo 4,400 52,800
Air Leg + 3" Drill: 6 @ 425 = 2,550(mo 10 Mo 2,550 25,500
Vent. Blower: 2 © 250 = 500/mo 10 Mol 504 5,000
3" Diameter Pump: 2 @ 850 = 1700/mo 10 Mo 1,700 17,000
3" Sub. Pump: 2 @ 425 = 850/mo 12 Mo 85( 10,200
4" Cent. Pump: 2 @ 1050 = 2100/mo 12 Moj 2,104 25,200
Suc./Pres. Hose: Misc. Lengths 12 Mo 1,000 12,000
3 Drum Diesel Powered Hoist 12 Mo 2,60( 31,200
Loader with 4-way Bucket 12 Mg 3,000 36,000
Hoist Bucket 12 Ma 804 9,600
Portable Gravel Plant 6 Md 12,000 72,000
16 C.F. Cement Mixer 6 Md 1,350 8,100
&, Sub-Total Item Al =ecmmmmmme e e e e e 712,600
o
2. Misc. Equip. Rent: 1 LY 150,000 150,000
Sub-Total Item A2 -~--~-~--d--ccn frmmmmgmmmmmmmmp oo 150,000
3. 22 Man Construction Camp
a. Purchase 9 - 8' x 20' Units
6 sleepers/ 1 office/ 1 kitchen/
1 laundry-wet unit 1 LS 110,000 110,000
b, Setup & Outfit " Is 55,00p 55,000

Sub-Total Item A3

- e

-- 165,000

. Table 5-6.
Devil Canyon fishway C.I.P costs.



MATERTALS/ LABOR

CLASS OF WORK OR MATERIAL QUANTITY| UNIT
: UNIT EXTENSION
Mobilization (cont.)
4. Transportation
FRT: RR Transport /Demurrage 1 LS 188,000 188,000
Bell 212 (trans): Mat'l. & Equip. 450 HR 1,500 675,000
Bell 212 (Stdby): 20-4 hr days 80 HR 1,500 120,000
Bell 206B: Bi-Weekly Supply 104 HR 500 52,000
Sub-Total Item Ad -f----emmbmmmcbmceaa --- 1,035,000
5. Camp Setup
a. Labor: 7 men (10 hr/day) 60 days 4200 M-HR 30 126,000
b. Camp Cost: $70/man/day 420 M-DlY - 70 29,400
Sub-Total Item A5 —f-mmmmmndecocodrocmcaadane -~ 155,400
5 Total Mobilization: Item  —-----d-cmmmcemmmaean --- 2,218,000
S :
B. Demobilization
Bell 212 (trans.): Mat'l. & Equip. 200 HR 1,50 300,000
Bell 212 (stdby.): 10-4 nhr days 40 HR 1,50 60,000
Bell 206B: Pers. & Supply 25 HR 50 12,500
Labor: 6 men (10 hr/day) 30 days 1800 HR 2 36,000
Camp Cost: $70/man/day 180 DY 7 12,600
FRT: RR Transport/Demurrage 1 LS 40,00 40,000
Total Demobilization: Item B ------{ B ittt L 461,100

Table 5-6 cont.

= $2,218,000

$461,100



FATER JALS/ LOLuik
CLASS OF V/ORK OR MATERIAL QUANTITY| UNIT T EXTENSION
| | Table 5-6 cont.
>. Materials
1. Blasting Material
a. Powder 2,800 | Cases 100 280,000
b. Caps 220 | Boxep 75 16,500
c. Detonation Cord 75| Rollp 75 5,625
2. Tunnel Liner 288,000 Lbs 0.65 | . 187,200
3. Cement 2,400 | Bags 5.50 13,200
4, Rebar 36,000 [ Lbs 0.50 18,000
5. Misc. Weir Materials 1 LS 132,000 132,000
6. Rock Bolts & Fasteners 1 LS 10,000 ~ 710,000
7. Misc. Timbers/Steel/Concrete 11 LS | 166,000 | 166,000
. 8. Diesel Fuel/Gas 73,000 | QGal 1.50 109,500
? Total Materials: [tem C --f=--c-o-quemmmedmcccmemenpm—an 938,025 = $938,025
D. Mat'l. Installation cost (labor)
1. Tunnel: 15'H x 14'W x 4200' L 4200| LF 375 1,575,000
2. Vertical Slot Weirs 80F EA 7,100 568,000
3. Tunnel Liner 1,200f LF 250 300,000
4, Concrete Division Wall 800 LF 1,000 800,000
5. Entrance & Exit Structures 21 EA 72,0001 144,000
6. Repair Suspension Bridge 1 LS 30,000 30,000
7. Camp: Board & Room at $70/man/day 6,600 M-DY 70 462,000
Total Labor: Item D -----cmme-- I W R -~ 3,879,000 = $3,879,000




HATER ALY/ LaLuik

CLASS OF WORK OR MATERIAL QUANTITY| UNIT UNIT EXTENSION
E. Construction Overhead & Profit
Construction Cont.: 10% (A-D) SAY m e e e e --- 750,000
Contractor Overhead: 25% (A-D) SAY -l e oo --- 1,874,000
Contractor Profit: 15% (A-D) SAY —edemmm e o ---1,124,000
Total 0 & P: ItemE fe-cemcmdemcmmee e 1--- 3,784,000
F. Total Construction Costs: Items A~E ~-=e-fo-cmmmademmcodemcan e~ t---11,244,125
G. Consultant Design Services
a. Engr. surveys: Topo. & Hydraulic 1 LS | 200,000 200,000
b. Geotechnical Investigations 1 LS 500,000 - 500,000
(In conjunction with upper fishway)
¢. Construction Documents 1 LS § 562,000 562,000
& (5% of F when designed in ) '
© (conjunction with upper fishway)
Total CDS: Item G ---p=---=--- B it --- 1,262,000
H. DOTPF Administrative Costs
a. Design/construction control: 15% F SAY —femmefeeeem e L --- 1,687,000
b. Contingency: 5% F SAY mqececcqecmcenna- ---~ 562,000
Total DOTPF: Item H f-----=af-meodommca—- --- 2,249,000
I. Total Project Cost: Items F+G+H ---cmebeccmmmaqonaas L ol (P EEe

it

Table 5-6 cont.

- $3,784,000

$11,244,125

$1,262,000

$2,249,000

-$14,755,125 ; SAY =$14,750,000



CLASS OF WORK OR MATERIAL

QUANTITY

UNIT

AT CR 1LY/ LIL UK

_OL_

UNIT EXTENSION
Mobilization
1. Equipment Rental
LHD: 2 @ $10,800/mo = 21,600/mo 14 Mo [ $21,600 $302,400
Compressors: 2@ 2800 = 5600/mo 14 Mo 5,600 78,400
Air Leg + 3" Drill: 4 @ 425 = 1700/mo| 14 Mo 1,700 23,800
Ventilation Blower: 14 Mo 350 4,900
3" diameter Pump: 12 Mo 850 10,200
3" sub. Pump: 12 Mo 425 5,100
4" cent. Pump: 12 Mo 1,050 12,600
Suc./pres. hose: Misc. Lengths 12 Mo 1,000 12,000
Loader with 4 way Bucket 14 Mo 3,000 42,000
Portable Gravel Plant 6 Mo 12,000 72,000
16 C.F. Cement Mixer 6 Mo 1,350 8,100
Generators: 4 @ 1100 = 4400/mo 14 Mo 4,400 61,600
Sub-Total Item Al —=—emme-faoooooo S (SRS RS | --- 633,100
2. Misc. Equip. Rent: 1 LS | 150,000 150,000
Sub-Total Item A2 --—----pemau--- R o --- 150,000
3. 22 Man Construction Camp
a. Purchase 9- 8'x 20' Units
6 sleepers/ 1 office/ 1 kitchen/
1 laundry-wet unit 1 LS | 110,000 110,000
[ LS 55,000 55,000

b. Setup and Qutfit

Sub-Total Item A3

- -]

......... - 165,000

Table 5-7.
Devil Creek fishway C.I1.P costs.



HATER 3L S/ LAt

CLASS OF WORK OR MATERIAL QUANTITY| UNIT UNIT EXTENSION
Mobilization (cont.)
4. Transportation
FRT: RR Transport/Demurrage 1 LS {188,000 188,000
Bell 212 (Trans): Mat'l. & Equip. 600 HR 1,500 900,000
Bell 212 (Stdby): 15-4HR Days 80 HR 1,500 120,000
Bell 206B: Bi-weekly Supply 200 HR 500 . 100,000
Sub-Total Item A4 -—---emetmmm e e 1,308,000
5. Camp Setup
a. Labor: 7 men (10hr/day) 60 days [4200 M-HR 30 126,000
b. Camp Cost: $70/man/day 420 M-DY 70 29,400
, Sub-Total Item A5 ==mmmmmmfommemem e -~ 155,400
~d4
! Total Mobilization Item A ----f-=-cmmmbm e 2,411,500
Demobilization
Bell 212 (trans.): Mat'l. & Equip. 250 HR 1,500 375,000
Bell 212 (stdby.): 15-4 hr Days 60 HR 1,500 90,000
Bell 206B: Pers. & Supply 40 HR 500 20,000
Labor: 6 men (10 hr/day) 30 days 1800 HR 20 36,000
Camp cost: $70/man/day 180 DY 70 12,600
FRT: RR Transport/Demurrage 1 LS 40,000 40,000
Total Demobilization Item B ---f-----ooqduomcadummmaaaa -~ 573,600

Table 5-7 cont.

= $2,411,500

1$573,600



FIATERIALY/ LUK

. UANT UNIT
CLASS OF WORK OR MATERIAL | Q Ty UtIT EXTENSION

_ZL_

Table 5-7 cont.
Materials

1. Blasting Material

a. Powder 2,800 | Cases 100 280,000
b. Caps 220 | Boxes 75 16,500
c. Detonation Cord 140 Rol]s 75 10,500
2. Tunnel Liner 288,000 | Lbs 0.65| 187,200
3. Cement 2,400 | Bags 5.50 13,200
4, Rebar 36,000 | Lbs 0.50 18,000
5. Misc. Weir Materials 1| LS 132,000 132,000
6. Rock Bolts & Fasteners T1LS 10,000 ' ‘10,000
7. Misc. Timbers/Steel/Concrete 11 LS 166,000 166,000
8. Diesel Fuel/Gas 60,000 | Gal 1.50 90,000
Total Materials: Item C ---fF--=---- D Eh i L--- 923,400 = $923,400

Mat'l. Installation cost (labor)

1. Tunnel: 15'H x 14'W x 3900' L 3,900 | LF 438 1,708,200
2. Vertical Slot Weirs 60 | EA 8,300 498,000
3. Tunnel Liner 1,200 | LF 292 350,400
4.v Concrete Division Wall 600 | LF 1,170 702,000
5. Entrance & Exit Structures 2 | EA 84,200 168,400
6. Camp: Board & Room at $70/man/day 7,700 [M-DY 70 539,000

Total Labor: Item D =---======--= i S RSN H— |- 3,966,000 = $3,966,000




HATER AL/ LNLuit
CLASS OF \WORK OR MATERIAL QUANTITY| UNIT UNIT EXTENSION
Table 5-7 cont.
., Construction Overhead & Profit
Construction Cont.: 10% (A-D) N 22 R SR L. 787,000
Contractor Overhead: 25% (A-D) SAY-meqomm e -~ 1,969,000
Contractor Profit: 15% (A-D) SAY~——fommm e --- 1,181,000
| Total 0 & P: Item E H--------f-mmmmfmmmcmnmme --- 3,937,000 = ~$3,937,000
Total Construction Costs: Items A-E -=--d-memmomctommmctccccenee -- 11,811,500 = $11,811,500
Consultant Design Services
a. Engr. surveys: Topo & Hydraulic 1 LS | 200,000 200,000
b. Geotechnical Investigations 1 LS 500,000 500,000
(In conjunction with lower fishway)
, C. Construction Documents 1 LS | 590,000 590,000
~ (5% of F when designed in conjunction '
' (with Tower fishway) :
Total CDS: Item G --=-qd--mmeemmfmmmcc b e -- 1,290,000 = $1,290,000
1. DOTPF Administrative Costs
a. Design/Construction Control: 15% F SAY ——femmmpem e ---1,772,000
b. Contingency: 5% F N A e -- 591,000
Total DOTPF: ItemH {-------- e - b e e -- 2,363,000 = $2,363,000
.« Total Project Cost: Items F+G+H -=w---- o s B = $15,464,500 ; SAY=$15,465,000




_vl_

HATER LS/ LAbuig
CLASS OF WORK OR MATERIAL QUANTITY| UNIT T EXTENSION
. | Table 5-8.

Contract Items (ADF& Design) Inqian River and Portage Creek
1. Mobilization/Demobilization 1 LS | $40,000 | $ 40,000 netrs C.1.P. costs.
2. Indian River Weir 1 LS 150,000 150,000
3. Portage Creek Weir 1 LS 225,000 225,000
4, ADF&G Camp: Setup/Water/Sewer 1 LS 15,000 15,000
5. Profit/Overhead/Ins. @ 25% (1-4) 1 LS 105,000 105,000

Total Item A —---mmmmfrmmmmm e fm e e e m e e e - 535,000 = $535,000
DOTPF PJT Admin: 15% (A)------mmmmmmcemeapmmem e 4----- i et LT - = $ 80,000

. ADF&G Equip. Purchase
1. 12' x 20' Hansen Weatherports 5 EA 3,600 18,000
2. 16' ( Redwood Tanks 4 EA 3,500 14,000
3. 12' § Redwood Tanks 4 EA 3,000 12,000
4. 4" Diesel Pumps 2 EA 5,000 10,000
5. 10 kw Deisel Generator 1 EA 15,000 15,000
6. Misc. Piping & Fittings 1 LS 6,000 6,000
7. Jet Boats & Fittings 2 EA 20,000 40,000
Total Item C----mqecmmemmnpem——- R --- 115,000 = $115,000

Total Project Cost: Items A+B+C

---= $730,000;  SAY = $700,000




Table 5-9,

A) Sockeye (Initially from Gulkana River at Paxson):

1)

Truck operations

a) dJuveniles trucked from Paxson to Lake Louise.
b) 4 trips. _
c) Rental truck from Anchorage for 5 days.

Cost: Truck @ 5 day x 8 hr/day x $70/hr
Truck miteage = 1100 mile x $2.10/mile
Driver P.D. = 5 day x $70/day

Helicopter charter

a) Dead Head =4 hrs x $650/hr
b) Planting = 14 hr x $650/hr
c) Pilot P.D. = 2 day x $70/day

B) Chinook, coho, chum (initially from Anchorage)

1) Truck operations
a) Juveniles trucked from Anchorage to Lake Louise and
b) 4 trips.
c) Rental truck from Anchorage for 5 days.
Cost: Truck @ 5 days x 8 hr/day x $70/hr = $2,800
Truck mileage = 2,300 mile x $2.10/mile = 4,830
Driver P.D. = 5 day x $70/day = 350
7,980
2) He]icdpter charter
Included with 1b.
3. Total planting cost/season
Al + A2 + Bl = $5,460 + $11,840 + $7,980 ==wemeeaccaaa-n- = $25,280;

-75-

Fry/fingerling transport and stocking operational costs.

$2,800
2,310

350

$5,460

$2,600
9,100

40

$11,840

the Denali Highway.

SAY=25,000/season



5.2.4 Hatcheries

This section describes a hatchery operation for a salmon enhancement program

in the upper drainage basin of the Susitna River. The cost estimates developed
will be combined, in Section 6, with the value of the expected salmon returns
to develop a benefit vs. cost (B/C) ratio for both a fishway and a hatchery
salmon enhancement program.

5.2.4.1 General Information and Discussion

Fish hatcheries are a useful tool in man's attempt to artificially propagate
fish. Fish hatcheries have been in use in the United States for more than
one hundred years since the first hatchery was built in Orland, Maine in

1871. The FRED Division of the Alaska Department of Fish and Game has
constructed many hatcheries in Alaska since 1975 and considerable inform-

ation on the cost and operations of hatcheries is available.

Because it is assumed that most Alaskans, and especially the readers of
this report, are familiar with the purpose and operations of a hatchery,
no detailed description of a hatchery operation will be provided here.
Suffice it to say that hatcheries have several functions, some of which
are:

1) Mitigation of fish losses caused by the construction of barriers
(dams) to natural spawning areas.

2) Maintaining and/or increasing fish stocks overexploited by fishing.

3) Mitigation of fish losses due to pollution and/or alteration of the
natural environment.

4) Stocking of rehabilitated habitat areas where fish populations have
been depleted by unfavorable conditions, both natural and man-caused.

5) Introduction of species more suitable to an altered environment,
i.e. introducing warm water fish into warm water reservoirs.

6) Enhancement in areas where natural production is not realized.

[t is function number (6) that is of concern to this study since salmon
production in the upper Susitna River area could be achieved by the
introduction of adult spawners to the area via fishway