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EXHIBIT E

Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 2 (p. E-3-96, para. 3)

Provide the depth-of -passage criteria used in the analysis of Slough 9 that
led to the conclusion of unrestricted access at flows over 18,000 cfs but
acute access problems at Flows less than 12,000 cfs. Provide quantitative

biological criteria for suitable water depths in sloughs for access and
spawning.

Resgonse

Entrance conditions that exist at the mouth of STough 9 for mainstem dis-
cnrarges between 10,000 and 20,000 cfs at Gold Creek are provided in Table 4
(p. 21) of the report: "Preliminary Assessment of Access by Spawning Salmon

to Side Slough Habitat above Talkeetna" by Trihey (1982)




Table 4. Entrance conditions at the mouth of Slough 9 for various mainstem
flows at Gold Creek and sloughflow of 3 cfs (Trihey, 1982).

Mainstem Slough 9 Passage Reach A Passage Reach B
Discharge WSEL Average Reach Average Reach
(cfs) (ft) Depth (ft) Length (ft) Depth (ft) Length (ft)

10,000 589.50 0.1 125 0.20
12,000 589.90 0.4 125 0.20
14,000 590.35 0.85 125 0.20
16,000 590.85 1.35 125 0.25
18,000 591.25 1.75 125 0.30
20,000 591. 2.10 125 0.50
22,000 591.90 2.40 125 0.6

Recommended passage depths for successful upstream migration of adult salmon
are provided by:

Thompson, K. 1972. Determining streamflows for fish Tife. In: Proceed-
ings Instream Flow Requirements Workshop, Pacific Northwest River Basins
Commission, Vancouver, Washington p. 31-50.

Feiser, D. W., and T. C. Bjornn. 1979. Habitat requirements of anadromous
5almonids. U. S. Forest Service General Technical Report PNW-56.

Portland, Oregon. 54 pp.

Data from these reports can be summarized as follows:




EXHIBIT E

3. Fish, Wildiife, and Botancial Resources -

Aquatic Resources

Comment 1 (p. E-3-92, para. 2, 3)

Provide criteria that require use of cold (4°C) deepwater releases through
diversion tunnels in the second summer of Watana filling. Provide reasoning
why warmer surface water cannot be used when it will, according to Table
E-3.25, Plate F-17, and Figure C.1, be accessible to the outlet.facilities.

Response

The analysis for reservoir filling is based ~n flows for average hydrologic
conditions and thereby a reservoir Elevation of 2027 is predicted for July
of the second year. The outlet facilities are designed to operate with the
intake water passage adequately submerged. Not to operate in this manner
would entrap air and the free flow condition could cause cavitation along
the steeply sloping reach of the water passage. Operation of this type
generally is only permitted during initial filling of the outlet facility
water passage while the vaives are closed and inflow is controlled by the
intake gates.

Jntil the intake water passage is submerged the only outlet for downstream
discharge will be through the diversion tunnel. It is anticipated that only
4°C water will be available to this tunnel.

If the hydrologic conditions are above average and the reservoir fiiling
occurs more rapidly than estimated, a reservoir level in the summer of the

second year may be reached which will enable the safe use of the outlet
facility.




Minimum depth criteria for successful upstream migration of adult salmon and
trout (Reiser and Bjornn, 1979).

Species , Depth (ft)

Fall chinook
Spring chinook
éummer chinook
Chum salmon
Coho salmon
Pink salmon
Sockeye salmon

Using this informétion, it would appear that the threshold for passage of
chum, sockeye, and pink salmon (the key species of concern in the sloughs at
this time) through the 125 foot length of Reach A would be between a main-
stem discharge of 12,000 and 14,000 cfs because it is within this range that
the 0.6 foot depth is exceeded. By the same reasoning, passage through
Reach B might be negligible or impossible for the flows because the 0.6 foot
depth is not available. Trihey (personal communication) has stated that
the 0.6 foot depth criteria for successful upstream migration of chum salmon
by Thompson anc Reiser and Bjornn is too restrictive for this particular
application. It is Trihey's opinion, based on field experience and
knowledge of Stough 9, that adult chum salmon could successfully pass into
Slough 9 through water 9.3 feet deep provided that the reach Tength does not
exceed 100 feet.

Field observations by ADF&G (1983) have confirmed this observation and have
shown that, *"upstream passage into Slough 9 by adult chum does not appear
restrictive at either Passage reach A or B when mainstem discharges are
18,000 cfs or higher. At this discharge, passage at reach A is no Tonger an




obstacle, having an estimated depth of 1.75 feet . . . and passage Reach B
increases slightly in depth (from 0.20 to 0.30 feet) and'decreases greatly
in length (from 280 feet to 80 feet) .

On August 24, 1982, when mainstem discharge at Gold Creek was 12,500 cfs and
no appreciable backwater zone was observed at the entrance of the slough,
several chum salmon were observed grounded in shallow water near the entr-
ance to the slough (passage reach A) as well as at passage reach B. . .

"Mainstem conditions ranged between 12,200 and 13,300 cfs during the five
days preceding these observations (USGS 1982). The limited number of chum |
salmon (20 total) observed above passage reach B, indicated that even during
poor access conditions, blockage was not complete.®

In response to the second part of this question, ADF&G is currently making
analyses on the 1982 field data to ascertain the criteria for suitable water
depths in sloughs for access and spawning.

From the data, it can thus be stated that the access criteria from Thompson
and Bjornn are generally valid for extended reaches (>100') but that depths
as Tow as .02 to 0.3 can be crossed with greater difficulty, if shorter dig-
tances and low velocities are prasented,

Attached Tables 4-8-18 and 4-8B-19 show information on depth and velocities
utilized for spawning at four slough sites for three species. This data is
from ADF&G (1983). In summarizing these tables for the range of flows
observed, the following are apparent:




MMARY OF DEPTHS AND VELOCITIES UTILIZED By
IN THE SUSITNA RIVER

SLOUGH SPAWNING SALMON

Range of Depths

Range of Ve?ocity
— Utilized (ft)

Utilized (ft/sec)

0.2 - 2.60
0.5 - 2.80
0.3 - 0.80

0.00 - 1.10
0.00 - 0.80
0.20 - 0.80

As additionar

studies are comp leted,
but the genera

this data Wiil be contin
1 range wi1] be expected

ually refined,
to be similar,

References

Alaska Dept. of Fish and Game. 1983, Susitna Hydro Aquatic Studies Phase
IT Basic Data Report,
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Appendix Table 4~-B-18.

Depths (ft) and velocities (ft/sec) associated with chum salmon re
» ¢fs) inp 1982,

Velocitz ‘
*k
3 Average El* Eg Eg*** Averagg .
; Slough 8A % 0.67 0.72 0.76 0.03 0.36 0.30 f |
Range 0.30-1.30  0,20-1.¢p " 0.20-1,60 0.00-1.45  0,05-9,7, 0.00-1, 45
N 26 1 37 26 11 37
0 (cfsh 5 7 4 7 i 1
Slough 9 X 1.24 1.27 1.25 0.13 C.16 0.14
Range 0.30-2.40 040574 0.30-2,4 0.05-0.40  0.09-0,74 - 0,00-0,7g
N 28 20 48 » 48
Q (cfs) 3 8 3 8
-
- 1]
W
]
8 Slaugh 11 X 1.21 1.33 1.28 : 0.13 0.45 .32
Range 0.60-2.20  0.552; 4, .55-2.20 0.00-0.61 0,057, 94 0.00-1,09
N 6 9 15 6 9 15
Q (cfs) ’ ‘
i
Slough 21 X 1.02 1.02 0.22 0.22 |
Range 0.40-2.60 0.40-2.60 0.00-1.1¢ 0.00-1,1¢
N 33 33 33 33
0 {cfs) 5 5

*01 =.25-26 August

|
"lh
——_~—~-«—-~____~.._____,__m_m_~_____._____,___~_________ » :
i
**02 = 2~7 September ‘

***03 = 20 September

9-2-v¢

wz - M
***03 = 20 September




Table 4-B-19,

Depths {ft) and velocities !
discharges (Q, cfs) in 1982,

\

DRAFT

ADFGO2/t07

ft/sec) associated with pink salmon and sockeye salmon redds in three sloughs at three

5lough 8A X

Slough 9 x

06-g-v

Slough 9 X

Slough 11 X

N
Q

0.68
0.55-0.80

(%5 S

Q,**

1.51
0.75-2.80
22

Depth

Q%+

—,

1.48
0.75-2.80
23

0.€8
0.55-0.80

2
3

Average

0

»

SN T

5

PINK SALMON

SOCKEYE SALMON

o
&= 1

Q.*

0.25
0.20-0.30

2

-~
2

Q. *

\J-‘I.O

o
=D
(o]

Velocity

0.23
0.00-0.80
22

.22
0.00-0.80
23

n

*01 = 25-26 August

W |
:D> Range
iy

~J

**02 = 2-7 September

**%4Q, = 20 September
-




EXHIBIT E

3. Fish, Wildlife,. and Botanical Resources -
Aquatic Recources

Comment 3 (p. E-3-110, para. 3; p. E-3-111, para 2: p. £-3-115, para. 2)

Provide documentation, quantitative if possible, from other hydroeiectric
projects in glacial areas that decreased open water turbidity and reduced
silt load downstream of Watzna wil] improve benthic production and thus fish
rearing. ' ' |

Response

Specific information on the effects of reduced open water furbidity and
reduced silt load on benthic production below dams in glacial systems was
not found. There was information available in the Titerature on the effects
of sediment on benthic production in general and the effects of hydro-
electric development on benthic production below dams that can be used to
consider what effects decreased turbidities and silt Tloads downstream of
Watana might have on benthic production.

Sediment Toads can impact benthic invertebrate populations (i.e., diversity,
composition, abundance, and bicmass in several ways (Table 1), First, sedi-
ment loads can indirectly affect invertebrates by directly impacting primary
production. Excessive amounts of bed load material can remove attached
algae by grinding and dislodgement (e.g., Iwamoto et al. 1978; Sorenson et
al. 1977). In addition, strong linkages exist between light levels reaching
the stream bottom, primary production, and production of invertebrates (Ward
and 5tanford 1979; Hynes 1970; Murphy et al. 1981). Decreased turbidity
results in increased light penetration, increased photosynthetic activity,
and ultimately an increase in the amount of vegetation (e.g., Fredeen 1977;
Hynes 1970).  Aquatic plants act to increase invertebrate production by




enhancing oxygen content of the water, converting inorganic to organic

material, as a source of food, and as cover (e.g., Hynes 1970; Ward and
Stanford 1979).

Second, both suspended and deposited sediments can directly affect benthic
populations. Deposits of sand and silt in the interstices of the substrate
reduce accessibility of microhabitats and limit intragravel waterflow, thus
impacting invertebrate populations (Cordone and Kelly 1961; Iwamoto et al.
1978; Sorenson et al. 1977). In particular, ithe composition of fines less
than 0.850 mm diameter may be especially significant (Iwamoto et al. 1978).
Suspended solids can affect respiratory surfaces and/or dislodge inverte-
brates (Iwamoto et al. 1978).

High suspended and deposited sediment loads may, therefore, have a detri-
mental effect on invertebrate production. Censequently, one would predict
that a reduction in turbidity and sediment should typically enhance benthic
production. However, although there are studies available which Show that
changes in the faunal composition, diversity, biomass, and/or abundance of
the Denthos occurs in areas downstream of impoundments (e.g., Geen 1974;
Ward 1976; Ward and Stanford 1979), it is difficult to determine from these
studies the specific effects of reduced sediment loads. This is because the
complicating effects of altered thermal regimes, Tlong-term and short-term
flow fluctuations, changes in the water chemistry of reservoirs, and changes
in current velocity make it difficult to isolate the effects of sediment.
Often one factor may act to increase production (e.g., decreased sediment
loads) while another factor acts to decrease production (e.g., extreme
short-term flow fluctuations). For example, Spence and Hynes (1971a) found
that changes in the species composition of ‘the benthos occurred below a dam
on the Grand River in Ontario, Canada. They attributed these changes to an
increased growth of attached algae that favored species that live and feed




on these algae, temperature changes, and an increase in particulate organice
matter. There 1is one dnstance (the South Saskatchewan River, Lake
Diefenbaker) where increased water clarity in the river below the dam was
apparently the major factor responsibie for increased production of attached
aquatic plants which in turn caused a replacement in black fly species com-
position (Fredeen 1377).

Thus, an increase in invertebrate production that occurs due to a reduction
in sediment load, may enhance the rearing potential of the existing habitat
and subsequently production of fish, assuming: 1) that other changes (e.g.,
alterations in temperature regimes, short-term flow fluctuation, competi-
tion) do not negate the effect of the sediment reduction; and 2) that the
invertebrate species that are benefited are focd items of fish species of
concern.

Changes in fish populations below dams have been documented in a number of

instances (e.g., Spence and Hynes 1971b; Ward and Stanford 1979) and include
changes in faunal composition, diversity, and abundance. However, specifi-
cally Tlinking changes in invertebrate popu lations with changes in fish popu -
lations has proven difficuit.

References
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TABLE 1. SOME SEDIMENT EFFECTS ON AQUATIC MACROINVERTEBRATES (DATA FROM BJORNN ET AL.
AND WIENS 1978; SORENSON ET AL.

1977; HILL 1972;

ROSENBERG

Source of
Organism(s) Effect Concentration Suspended Solids Comment
Mixed populations Lower summer Mining Area
| Populations

Mixed Populations Reduced populations 261-390 ppm Log dragging

to 25% (Turbidity)
Mixed Populations Densities 11% 1000-600C ppm Mormal populations at

of normal 60 ppm

Mixed Populations

No organisms in the
zone of settling

>5000 ppm

Glass manufacturing

Effect noted 13 miles

downstream

. " Chironomus &
Tubificidae

Normal fauna replaced

(Species Selection)

Colliery

Reduction in light
reduced submerged plants

Cheumatopsyche

(Net spinners)

Number reduced

(High concentations)

Limestone gquarry

Suspended soiids'as high

as 250 mg/l

Tricorythoides

Number increased

Limestone Quarry

mud or silt

Due to preference for

90% increase in

Mixed Population 80 mg/1 Limestone Quarry
drift |

Mixed Populations Change in 40-200 JTU Manganese Also caused changes in
density Strip mine diversity




C

TABLE 1 (Cont'd)

Organism(s)

Effect

Concentration

Source of
Suspended Solids Comment

Mixed Population
(included Oligochaetes
Plecoptera, Chironomids)

Decrease in
Abundance Caused by
by Increased Drift

1.38-1.58 kg/mZ
of channel bottom

Insects, benthic

Decrease of 1/2 in

density

>2/3 cobble
imbeddedness

Bedload sediment

Insects, drifting

No change

>2/2 cobble
imbeddedness

Bedload sediment

-E-Fe




EXHIBIT E

Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 4 (p. E-3-112)

Provide documentation of successful egg incubation, as well as overwintering
in areas downstream of hydropower reservoirs where glacial silt loads and
turbidity continue into winter months, e.g., below Eklutna Lake.

Response

Evidence of successful salmon incubation in areas below hydroelectric reser-
voirs where glacial silt loads and turbidity continue into winter is avail-
able for Eklutna Lake. In 1982, the Cook Inlet Aquaculture Association
(CIAA) began construction of a hatchery near the powerhouse of the Eklutna
Dam.  This hatchery utilizes water from the tajlrace of the powerhouse.
Turbidity measurements in Eklutna Lake near the intake for the powerhouse in
Jenuary and February 1983 ranged from 11 to 54 NTU's (pers. communi; B.
Jokela; R & M Consultants, Inc; Anchorage, AK), depending on where samples
were taken. As a part of the feasibility study for the hatchery, tests were
conducted to determine how successful egg incubation and initial juvenile
rearing would be using the turbid, glacial waters. The 1979, 1980, and 1982
broods of chum and 1981 and 1982 broods of coho were tested. While there
was considerable variability associated with these tests, egg-to-fed fry
survivals were considered to be quite good (pers. communi; T. Mears; CIA;
Cordova, AK). For example, egg-to-newly emerged chum fry survival ranged up
to 98 to 99% whereas survival from emergence to a doubling in weight was up
to 95 to 96%. Variability in survival estimates were considered to be due
in Tlarge part to handling and other hatchery-tyre procedures (T. Mears,
CIAA).

The information sources we examined did not include data on overwintering in
areas below reservoirs where silt loads and turbidity continued into winter.




EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 5 (p. E-3-113, para. 3)

Provide your quantitative estimate and analysis of changes in growth rates
and outmigration times of juvenile salmon in the Susitna mainstem and major
side channels that could result from altered annual temperature and flow
regimes such as those given in Figures E.2.174 through E.2.183, E.2.193, and
E.2.194 and others if justified. Do for Watana and Devil Canyon scenarios.

Resgonse

The growth rates and outmigration times will not be a simple function of
temperature and flow. Instead, they wiil also be a function of other fact-
ors such as turbidity and food availability (Graybill, et al. 1979). If it
is assumed that all other factors except temperature and flew are constant,
the following comments can be made:

Growth Rates

Flow would not be expected tc affect growth rates because as flows change,
fish will seek alternate habitats. The extent of the change in aquatic
habitat, due to the proposed project, is currently being assessed by the
Alaska Department of Fish and Game (ADF&G) and the Arctic Environmental
Information arnd Data Center (AEIDC) through field and modelling efforts.
The results of these studies will not be available until late 1983. We will
provide the FERC with these repérts at that time.




Temperature can significantly affect growth rates but Tittle information is
~available on growth of juvenile salmon at the projected temperatures, par-
ticularly at temperatures jiess than 5°C. Therefore, the APA has funded
studies by the U.S. Fish and Wildlife Service, which are currently nearing
completion, to analyze the potential effects of temperature on incubation
and early development of chum and sockeye salmon. These studies will not be
comnleted until approximately September 15 1983. We will provide the FERC
with a report on those studies at that time. '

Qutmigration Times

Flow is not expected to affect the time when initiation of outmigration
occurs, but will potentially affect the rate of downstream migration.
Studies by ADF&G are being completed this field season (1983) to address the
flow versus outmigration rate question. A report on these studies will be
made available to FERC when the studies are ccmpleted.

Temperature may be expected to affect the time when initiation of outmigra-
tion occurs due to alteration in growth rates. The changes that occur will
be examined as part of the U.S. Fish and Wildlife study previously
mentioned. \

References

Graybill, J. P., R. L. Burgner, J. C. Gislason, P. E. Huffman, K. H. Wyman,
R. G. Gibbons, K. W. Kurko, Q. J. Stober, T. W. Fagnan, A. P. Stayman,
and D. M. Eggers. 1979. Assessment of the reservoir-related effects
of the Skagit Project on downstream fishery resources of the Skagit
K ar, Washington. Univ. of Wash. College of Fisheries. Contr. No.
FRI-UW-7905.




EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 6 (p. E-3-120, para.2)

Provide a species list of important resident finfish and shellfish in Upper

Cook Inlet. Indicate the most dominant species and any species of commer-
cial value.

Resgonse

Upper Cook Inlet can generally be characterized as a harsh environment for
any fish or shellfish-species. The reasons for this are:

1. High turidity, which essentially eliminates light penetration.
Heavy siltation due to input from glacially-fed rivers, subtidal eros-
ion, and swift and variable currents. The silt is rapidly deposited
and eroded on a continuing basis and colonization by shelifish is
difficult.

3. Ice, which disrupts habitat by freezing to the surface sediment during
Tow tide, then 1ifting the sediment with the ice during high tide and;

4. Low and rapidly changing salinity.

(U.S. Army Corps of Engineers 1979).

At present, no important resident fish or shellfish are identified for Upper
Cook Inlet. The definition of important in this context is defired as a
species of racreational or commercial value with the Upper Cook Inlet area.
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Although DBolly Varden (Salvelinus Maima), larval herring (Clupea harengus

e b e et 2 oy gt A, Pl b K S i e

pallas’), halibut (Hippoglossus stenolepis}, starry flounders (Platichthys
stellatus), Pacific tomcod (Microgadus proximus), Tlemon sole (Parophrys
vetulus), stickleback (Gasterosteus aculeatus), and humpback whitefish
(Coregonus pidschian) may be present, no signifitant fisheries presently
exist for these species, presumably because they are present in such Tow
numbers. According to the Corps of Engineers (1979) "demersal fish probanly
occur in very Tow populations due to severe environmental conditions and
lack of food." Shellfish are also scarce or non-existant, probably also due
to the harsh environmental conditions. For example, the Corps of Engineers

(1979), in samples taken near Anchorage, only found a few specimens (two) of
Macoma balthica, a small estuarine clam that is too small to be of

commercial or recreational value.

Upper Cook Inlet is primarily used by anadromous species (including five
species of salmon, eulachon, bering cisco) as a migration route to and from
fresh water spawning areas. Of these species, the salmon are considered the
most important due to their commercial value (Tittle or no recreational
fishing for saimon occurs in Upper Cook Inlet except near the mouths of
clear small tributaries). A commercial set net fishery for salmon exists in
Upper Cook Inlet. |

References

U.S. Dept. of the Army, Corps of Engineers. 1979. Volume 3 Water Quality,
Knik Arm-Upper Cook Iniet. Prepared in conjunction with the
Municipality of Anchorage.
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EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 7 {p. E-3-128, para. 1)

Provide references from other projects or from experimental studies that
form the basis for the statement that turbidity and siltation of the Susitna
River from gravel mining in the riverbed and tributaries for Watana and
Devil Canyon Dams will not result in adverse impacts to fish.

Resgonse

References From Other Prcjects

References or experimental studies from other projects such as described by
Woodward-Clyde (1980) would not be directly applicable to the Susitna River.
Therefore, we discuss proposed procedures to be used at the project dam
sites in the following paragraphs.

Siltation and turbidity from gravel mining activities could cause impacts to
fish if these activities are not properly planned or controlled. The
primary borrow sites from the Watana Development are considered to be D, L,
E and [ (See Figure E.2.131 in the License Application). Other sites have
been abandoned because of environmental reasons, economic or engineering
constraints, or are now being considered only as backup sites. Quarry Site
L is located wholly within the proposed reservoir. With careful removal of
the vegetative and organic layers, the absence of work in the river channel
and no tributaries in the immediate area, no siltation problems are

3A-7-1




envisioned at this site. At Borrow Site D, all runoff will be collected and

directed towards settling ponds prior to discharge into Deadman Creek or the
Susitra River. No work is scheduled in or immediately adjacent to Deadman
Creek, and therefore, no significant erosion control problems are
anticipated.

Instream mining of Borrow Sites E and I will be scheduled for the summer
(May-September) when high sediment and turbidity levels in the Susitna River
already exist. Mining will begin in Site I, just upstream of a natural rock
weir (see Figure E.2.135 in the License Application). By developing this
section first and continuing upstream into E it is believed that the pool
created behind the weir will serve as a settling pond for future upriver in-
stream work. No activities, particularly at Site E and I will occur between
October and May. Stockpiling of borrow material and dry excavation in berm
areas will eliminate the need for instream gravel mining activities during
this period.

Assuming a one percent loss in material to the river at sites I and E during
the summer construction period, there would be about a 4 percent increase in
suspended sediment load over 1982 levels. Stockpiling of gravel will
alleviate the need for wet excavation during winter when the impact from
siltation to incubating eggs would be gre~test. As a result of the proposed
scheduling of activities, impacts will be minimized. However, it is inevit-
able that there will be some increases in suspended sediments and turbidity
during winter, but these will be short term and localized and there is no
known spawning in the river just downstream of the Watana site. Downstream
from Talkeetna, turbidity and suspendad sediment levels should remain
essentially the same as baseline conditions.

Primary sites for the Devil Canyori Dam include Borrow Sites G, K, and D.
Potential impacts for gravel mining at sites G arnd K are expected to be
minimal since no instream work is currently planned. Site D is the same
site used for development of Watana Dam. Potential impacts at this site, as
previously described, are expected to be avoided or minimized by erosion
control procedures.
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EXHIBIT E

3. Fish, Wildlife,. and Botanical Resources -
Agquatic Resources

Comment 3 (p. E-3-110, para. 3; p. E-3-111, para 2;: p. E-3-215, para. 2)

Provide documentation, quantitative if possible, from other hydroelectric
projects in glacial areas that decreased open water turbidity and reduced
silt load downstream of Watana will improve benthic production and thus fish
rearing. ' '

Resgcnse

Specific information on the effects of reduced open water turbidity and
reduced silt load on benthic production below dams in glacial systems was
not found. There was information available in the literature on the effects
of sediment on benthic production in general and the effects of hydro-
electric development on benthic production below dams that can be used to
consider what effects decreased turbidities and silt loads downstream of
Watana might have on benthic production.

Sediment loads can impact benthic invertebrate populations (i.e., diversity,
composition, abundance, and biomass in several ways (Table 1). First, sedi-
ment loads can indirectly affect invertebrates by directly impacting primary
production. Excessive amounts of bed load material can remove attached
algae by grinding and dislodgement (e.g., Iwamots et al. 1978; Sorenson et
al. 1977). 1In addition, strong Tinkages exist between light Tevels reaching
the stream bottom, primary production, and production of invertebrates (Ward
and Stanford 1979; Hynes 1970; Murphy et al. 1981). Decreased turbidity
results in increased light penetration, increased photosynthetic activity,
and ultimately an increase in the amount of vegetation (e.g., Fredeen 1977;
Hynes 1970). Aquatic plants act to increase invertebrate produ~tion by
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enhancing oxygen content of the water, converting inorganic to organic N

material, as a source of “oed, and as cover (e.g., Hynes 1970, Ward and
Stanford 1979).

Second, both suspended and deposited sediments can directly affect benthic
poptilations. Deposits of sand and silt in the interstices of the substrate
reduce accessibility of microhabitats and limit intragravel waterflow, thus
impacting invertebrate populations (Cordone and Kelly 1961; Iwamoto et al.
1978; Sorenson et al. 1977). In particular, the composition of fines Tless
than 0.850 mm diameter may be especially significant (Iwamoto et al. 1978).

Suspended solids can affect respiratory surfaces and/or dislodge inverte-
brates (Iwamoto et al. 1978).

High suspended and deposited sediment Jloads may, therefore, have a detri-
mental effect on invertebrate production. Consequently, one would predict
that a reduction in turbidity and sediment should typically enhance benthic
production. However, although there are studies available which <how that
changes in the faunal composition, diversity, biomass, and/or abundance of ~N
the benthos occurs in areas downstream of impoundments (e.g., Geen 1974; |
Ward 1976; Ward and Stanford 1979), it is difficult to determine from these
studies the specific effects of reduced sediment loads. This is because the
complicating effects of altered thermal regimes, long-term and short-term
flow fluctuations, changes in the wate- chemistry of reservoirs, and changes
in current velocity make it difficult to isolate the effects of sediment.
Often one factor may act to increase production (e.g., decreased sediment
loads) while another factor acts to decrease production (e.g., extreme
short-term flow fluctuations). For example, Spence and Hynes (1971a) found
that changes in th2 species composition of the benthos occurred below a dam
on the Grand River in Ontario, Canada. They attributed these changes tc an
increased growth of attached algae that favored species that live and feed




on these algae, temperature changes, and an increase in particulate organice
matter. There 1is one instance (the South Saskatchewan River, Lake
Diefenbaker) where increased water clarity in the river below the dam was
apparently the major factor responsible for increasad production of attached
aquatic plants which in turn rcaused a replacement in black fly species com-
position (Fredeen 1977).

Thus, an increase in jnvertebrate production that occurs due to a reduction
in sediment Toad, may enhance the rearing potential of the existing habitat
and subsequently production of fish, assuming: 1) that other changes (e.g.,
alterations in temperature regimes, short-term flow fluctuation, competi-
tion) do not negate the effect of the sediment reduction; and 2) that the
invertebrate species that arc benefited are food items of fish species of
goncern.

Changes 1in fiéh populations below dams have been documented in a4 numper of
instances (e.g., Spence and Hynes 1971b; Ward and Stanford 1979) and include
changes in faunal composition, diversity, and abundznce. However, specifi-
cally linking changes in invertebrate populations with changes u fish popu -
lations has proven difficult.
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TABLE 1. SOME SEDIMENT EFFECTS ON AQUATIC MACROINVERTEBRATES (DATA FROM BJORNN ET AL. 1977; HILL 1972; ROSENBERG
AND WIENS 1978; SORENSON ET AL. 1977). |
Source of
Qrganism(s) Effect Concentration Suspended Solids Comment
Mixed populations Lower summer Mining Area
Populations
Mixed Populations Reduced populations 261-390 ppm Log dragging

Mixed Populations

Densities 11%
of normai

1000-6000 ppm

Normal populations at
60 ppm

Mixeu Populations

No organisms in the
zong of settling

>5000 ppm

Glass manufacturing

Effect noted 13 milas
downstream

" Chironomus &
Tubificidae

Normal fauna repliaced

(Species Selection)

Colliery

Reduction in light

reduced submerged plants

Cheumatopsyche

(Net spinners)

Number reduced

(High concentations)

Limestone quarry

Suspended solids as high

as 250 mg/1

Tricorythoides Number increased Limestone Quarry Due to preference for
mud or silt
Mixed Population 90% increase in 80 mg/1 Limestone Quarvy
drift |
Mixed Populations Change in 40-200 JTu Manganese Also caused changes in
density Strip mine diversity

Vigow,

i




TABLE 1 {(Cont'd)

Organism(s)

Effect

Source of
Concentration Suspended Solids Comment

Mixed Population
(included Oligochaetes
Plecoptera, Chironomids)

Decrease in
Abundance Caused by
by Increased Drift

1.38-1.58 kg/m2
of channel bottom

Insects, benthic

Decrease of 1/2 in
density

>2/3 cobbie Bedload sediment
imbeddedness

Insects, drifting

No change

>2/2 cobble Bedload sediment

imbeddedness




EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Aquatic Resources

(omment 4 (p. E-3-112)

Provide documentation of successful egg incubation, as well as overwintering
in areas downstream of hydropower reservoirs where glacial silt loads and
turbidity continue inte winter months, e.g., below Eklutna Lake.

Response

Evidence of successful salmon incubation in areas below hydroelectric reser-
voirs where glacial silt loads and turbidity continue into winter is avail-
able for Eklutna Lake. 1In 1982, the Cook Inlet Aquaculture Association
(CIAA) began construction of a hatchery near the powerhouse of the Eklutna
Dam.  This hatchery utilizes water from the tailrace of the powerhouse.
Turbidity measurements in Eklutna Lake near the intake for the powerhouse in
January and February 1983 ranged from 11 to 54 NTU's (pers. communi; B.
Jokela; R & M Consultants, Inc; Anchorage, AK), depending on where samp les
were taken. As a part of the feasibility study for the hatchery, tests were
conducted to determine how successful egg incubation and initial juveniie
rearing would be using the turbid, glacial waters. The 1979, 1980, and 1982
broods of chum anu 1981 and 1982 broods of coho were tested. While there
was considerable variability associated with these tests, egg-to-fed fry
survivals were considered to be quite good (pers. communi; T. Mears; CIAA;
Cordeva, AK). For example, egg-to-newly emerged chum fry survival ranged up
to 98 to 99% whereas survival from emergence to a doubiing in weight was up
to 95 to 96%. Variability in survival estimates were considered to bhe due
in large part to handling and other hatchery-type procedures (T. Mears,
CIAA).

The information sources we examined did not include data on overwintering in
areas below reservoirs where silt loads and turbidity continued into winter.
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EXHIBIT E

Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 5 (p. E-3-113, para. 3)

Provide your guantitative estimate and analysis of changes in growth rates
and outmigration times of juvenile salmon in the Susitna mainstem and major
side channels that could resu:“ from altered annual temperature and flow
regimes such as those given in Figures E.2.174 through E.2.183, E.2.193, and
E.2.194 and others if justified. Do for Watana and Devi] Canyon scenarios.

Response

The growth rates and outmigration times will not be a simple function of
temperature and flow. Instead, they will also be a function of other fact-
ors such as turbidity and food ava11ab111ty (Graybill, et al. 1979). If it
is assumed that all other factors ; re and fiow are constant,
the following comments can be made:

Growth Rates

Flow would not be expected to affect growth rates because as flows change,
fish will seek alternate habitats. The extent of the change in aquatic
habitat, due to the proposed project, is currently being assessed by the
Alaska Department of Fish and Game (ADF&G) and the Arctic Environmental
Information and 0ata Center (AEIDC) through field and modelling efforts.
The results of these studies will not be available until late 1983. We will
provide the FERC with these reports at that time.




Temperature can significantly affect growth rates but little information is
-available on growth of juvenile salmon at the projected temperatures, par-
ticularly at temperatures less than 5°C. Therefore, *the APA has funded
studies by the U.S. Fish and Wildlife Service, which are currently nearing
completion, to analyze the potential effects of temperature on incubation
and early development of chum and sockeye salmon. These studies will not be
completed until approximately September 15 1983. We will provide the FERC
with a report on those studies at that time. ‘

Qutmigration Times

Flow is not expected to affect the time when dinitiation of outmigration
occurs, but will potentially affect the rate of downstream migration.
Studies by ADF&G are being completed this field season (1983) to address the
flow versus outmigration rate question. A report on these studies will be
made available to FERC when the studies are ccmpleted.

Temperature may be expected to affect the time when initiation of outmigra-
tion occurs due to alteration in growth rates. The changes that occur will

he examined as part of the U.S. Fish and Wildlife study previously

mentioned.

References
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EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Lcomment 6 (p. E-3-120, para.2)

Provide a species list of important resident finfish and shellfish in Upper
Cook Inlet. Indicate the most dominant species and any species of commer-
cial value.

Response

Upper Ccok Inlet can generally be characterized as a harsh environment for
any fish or shellfish-species. The reasons for this are:

High turidity, which essentially eliminates Tight penetration.
«: 2. Heavy siltation due to input from glacially-fed rivers, subtidal eros-
Q ion, and swift and variable currents. The silt is rapidly deposited
and eroded on a continuing basis and ¢
difficult.
3. Ice, which disrupts habitat hy freezing to the surface sediment during
low tide, then 1ifting the sediment with the ice during high tide and;
4, Low and rapidly changing salinity.

w

onization by shelifish is

(o]

(U.S. Army Corps of Engineers 1979).
At present, no important resident fish or shellfish dre identified for Upper

Cook Inlet. The dcfinition of important in this context is defined as a
species of recreational or commercial value with the Upper Cook Inlet area.
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Although Dolly Varden (Salvelinus Malma), larval herring (Clupea harengus \
pallasi), halibut (Hippoglossus stenolepis), starry flounders (Platichthys g
stellatus), Pacific tomcod (Microgadus proximus), lemon sole (Parophrys
vetulus), stickleback (Gasterosteus aculeatus), and humpback whitefish
(Coregonus pidschian) may be present, no significant fisheries presently
exist for these species, presumably because they are present in such low
numbers. According to the Corps of Engineers (1979) "demersal fish probab 1y
occur in very low populations due to severe environmental conditions and

Tack of food." Shellfish are also scarce or non-existant, probably alsc due
to the harsh environmental conditions. For example, the Corps of Engineers
(1979), in samples taken near Anchorage, only found a few specimens (two) of
Macoma balthica, a small estuarine clam that is too small to be of

commercial or recreational value.

Upper Cook Inlset is primarily used by anadromous species (including five
species of salmon, eulachon, bering cisco) as a migration route to and from

fresh water spawning areas. Of these species, the salmon are considered the

most important due to their commercial value (Tlittle or no recreational N
fishing for salmon occurs in Upper Cook Inlet except near the mouths of

clear small tributaries). A commercial set net fishery for salmon exists in

Upper Cook Inlet. |

References

U.S. Dept. of the Army, Corps of Engineers. 1979. Volume 3 Water Quality,
Knik  Arm-Upper Cook Inlet. Prepared in conjunction with the
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EXHIBIT E

Fish, Wildlife, and Botanical Resources -
Agquatic Resources

Comment 7 (p. E-3-128, para. 1)

Provide rerferences from other projects or from experimental studies that
form the basis for the statement that fturbidity and siltation of the Susitna
River from gravel mining in the riverbed and tributaries for Watana and
Devil Canyon Dams will not result in adverse impacts to fish.

Response

References From Other Projects

References or experimental studies from other projects such as described by
Woodward-Clyde (1980) would not be directly applicable to the Susitna River.
Therefore, we discuss proposed procedures to be used at the project dam
sites in the following paragraphs.

Siltation and turbidity from gravel mining activities could cause impacts to
fish if these activities are not properly planned or controlled. The
primary borrow sites from the Watana Development are considered to be D, L,
E and I (See Figure E.2.131 in the License Application). Other sites have
been abandoned because of environmental reasons, economic or engineearing

constraints, or are now being considered only as backup sites. Quarry Site
L is located wholly within the proposed reservoir. With careful removal of
the vegetative and organic layers, the absence of work in the river channel
and no tributaries in the immediate area, no siltation problems are




envisioned at this site. At Borrow Site D, all runoff will be collected and
directed towards settling ponds prior to discharge into Deadman Creek or the
Susitna River. No work is scheduled in or immediately adjacent to Deadman
Creek, and therefore, no significant erosion control problems are
anticipated.

Instream mining of Borrow Sites E and I will be scheduled for the summer
(May-September) when high sediment and turbidity levels in the Susitna River
already exist. Mining will begin in Site I, just upstream of a natural rock
weir (see Figure E.2.135 in the License Application). By developing this
section first and continuing upstream into E it ig believed that the pool
created behind the weir will serve s a settling pond for future upriver in-
stream work. No activities, particularly at Site F and I will occur between
October and May. Stockpiling of borrow material and dry excavation in berm
areas will eliminate the need for instream gravel mining activities during
this period.

Assuming a one percent loss in material to the river at sites I and E during
the summer construction period, there would be about a 4 percent increase in
suspended sediment 1load aver 1082 levels. Stockpiiing of gravel will
alleviate the need for wet excavation during winter when the impact from
siltation to incubating eggs would be greatest. As a result of the proposed
scheduling of activities, impacts will be minimized. However, it js inevit-
able that there will be some increases in suspended sedimentis and turbidity
during winter, but these will be short term and localized and there is no
Known spawning in the river just downstream of the Watana site. Downstream
from Talkeetna, turbidity and suspended sediment levels should remain
éssentia]]y the same as baseline conditions.

Primary sites for the Devil Canyon Dam include Barrow Sites G, K, and D.
Potential impacts for gravel mining at sites G and K are expected to be
minimal since no instream work is currently planned. Site D is the same
site used for development of Watana Dam. Potential impacts at this site, as
previously described, are expected to be avoided or minimized by erosion
control procedures.
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The second major potential source of suspended sediments is the processing
of embankment matzrial and deposition of soi] material. Most of this
material will be moved from the process plant by truck or belt conveyer and
used *p selectively backfil] portions of the borrow area by placing the
material at a depth to avoid entrainment in the river,

The waste water will be directed into a serfes of settling ponds. Consider-
able silt will settle out in the ponds imiediately after discharge, hence

ssary to spread the material, Silt
will be settled by passing the water through additional settling ponds be-
fore discharging into the river,

In summary, a?ahough“ increased turbidity and suspended sediments wil]
potentially occur at certain sites, Proper planning and controls will be
implemented to avoid or minimize impact. These measures wil] include: 1)
%o instream work at certain sites; 2) timing of work to coincide with peak
turbidities and sediment loads in the Susitna; and 3) operating in the
summer before active spawiiing is occuring and storing materials for winter
use; and, 4) effective sedimentation and erosion control procedures will be
used.

References
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EXHIBIT E

3. Fish, Wildlife and Botanical Resources -
Aquatic Resources

Comment 8 (p. E-3-130, para. 6; P. E-3-187, nara. 6)

and Watana reservoirs for fish production, especially for the decision to
stock and manage rainbow trout only in Devi] Canyon resérvoir.

Resgonse

The intent of the Proposed stocking plan, particularly for rainbow trout,
will be to support a quality fishery. Water quality in both reservoirs was
considered to be within acceptable limits for fish production (i.e., para-
meters such as pH, dissolved OXygen, and temperatue would all be within a
range that would support fish production). Therefore, water quality cri-
teria were not the most important factor in determining the suitability of
either reservoir for fish production. The controlling factor, instead, was
the drawdown schedyie for Watana, which, because of jts timing and magni -
tude, would create a habitat that is not conducive to supporting a quality
fishery., The timing and Jess extensive drawdown schedule for Devil Canyon
Reservoir will be more favorable to a quality fishery. High relative
turbidities in large portions of the Watana Reservoir could also make this a
less attractive quality fishery. In addition, to drawdown schedule, another

It is anticipated that a grayling fishery will develop in Watana (and Devil
Canyon) Reservgirs at the mouths of tributaries discharging into the
reservoir,
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EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 9 (p. E-3-154)

Provide references tg studies at other sites where spring flows were manipu-
lated at the time of ice breakup in order to stimulate outmigration of
salmon fry.

Response

No information was found Specifically documenting the manipuletion of flows
at ice breakup to stimulate outmigration of fry. Although flows are common-
ly manipulated at hydroelectric projects {e.g., Columbia River) to benefit
‘fisheries resources, the major reason for manipulating flows is typically to
A@ﬁ‘ assist passage. A review of the Titerature suggests that flows including
timing, duration, and Speed, are important to the outmigration of Juvenile
salmonoids. Downstream trave] times of Juveniles are of ten directly related

Raymond (1968, 1969, 1979) and Bentley and Raymond (1976) in the Columhia
River suggest that: 1) the higher the water velocity, the higher the rate of
chinook and steelhead miqration; 2) river impoundment reduced the river
velocity and migration rate of the salmonoid Juveniles to approximately
one-third that of free-flowing sections; and 3) riyer impoundment hag
significaﬁt]y decreasead Juvenile chinook survival (from 80-90% prior to con-
struction of several dams to 33% following completion of .the dams) ,
Partially because of migration delays.
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On several small streams of western Washington studied by Sieler et al.
(1981), the outmigration pattern of coho is often clpsely related to the
pattern of spring flows. On the Fraser River of British Columbia, reduced
discharges during seaward migration tends to reduce the survival of sockeye
and pink salmon (Anon 1971), Cannon (personal comm.) concluded that
Sacramento River flows in excess of 20,000 cfs in the winter appear
necessary for successful migration of chinook fry into the Sacramento River
estuary. Raymond (1979) suggests that the downstream migrations of juvenile
steelhead yenerally coincide with maximum river discharge. The frequency
and flows necessary to "flush" all fry into the estuary was not established,
however. Studies by Hoar (1951) suggest that: 1) chum and pink fry out-
migrate in the swiftest currents; and 2) sudden elevations of water levels
speeded up the downstream movement of coho smolts.
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EXHIBIT E

3. Fish, Wildlife, and Botanical Resources ;
Aquatic Resources

Comment 10 (p. E-3-170, para. 5) °

Provide operating criteria for determining how the selective withdrawal cap-
abilities of the multi-level intakes to the Watana and Devil Canyon power-
houses will be controlled to attain pre-established thermal objectives for
fish populations,

Response

The multi-Tevel intake (Exhibit F, Plates F-24 and F-62) consist of several
sets of shutters capable of withdrawing water from variocus depths of the
reserveoir. The shutters are adjusted for reservoir elevation to allow with-
drawal of water meeting a prede’ermined temperature. The operating criteria
to achieve these temperatures will be reviewed by the various resource
agencies. The steps for achieving these temperatures will be:

1) Sensors near each set will detect the water temperatures at distinct
levels in the reservoir.

2) The shutters will be adjusted to allow for the mix of water needed to
provide the predetermined temperature as closely as possible.

3). A temperature sensor in the draft tubes will be useu to verify down-
stream releases.



During summer, warmer reservoir water will usually be withdrawn from tha
surface through the intake facility and the set of shutters near the surface
will generally be used. In this way, warmer waters will be passed down-
stream. In winter, the colder surface water will be withdrawn to provide
the coldest possible water downstream. Overall, this results in the intake
closest to the surface being used. However, upon occasion, deeper intakes

will be used to provide water temperatures closer to preproject values. In
the Watana/Devil Canyon Operation, the releases from both dams will both be
coordinated to reach the predetermined temperatures downstream of Devil
Canyon.




EXHIBIT E

Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 11 (p. E-3-178)

Provide the data and analytic procedure used to determine the maximum esti-
mated spawning habitat (approximateiy 245,000 ft2) required by salmon
spawning in sloughs upstream from Talkeetna in 1981 and 1982.

ResEonse

The data and analytical procedure used was from several sources and cain be
summarized as follows:

Step 1. Peak slough spawning counts for sockeye, chum, and pinks from
ADF&G for 1981 and 1982 were used. These years recorded peak
returns into Cook Iniet and thus ref]eét the upper range of
expected counts.

These counts were converted to total estimated numbers of spawning
fish as described in Table E.3.12 (see copy attached).

Additional information was factored in the analysis as follows:

Average Sex Ratio {(Male to Female)
1981 1682

1:1.3 1.5:1
1:1 1:1
1:1 1:1

Lerom aDFaG (1983)




Spawning Habitat per redd (sq. ft.)

Sockeyel/ 72
Chum?/ 81

pink3/ 6.3
Step 4. The following assumption was made:

A. For a conservative analysis, it was assumed that there is no

overlap in the area used as spawning habitat among the three

for further analysis.

Step 5. The calculations were as follows:

Sockexe

A, Year Total Estimate

Male:Female Ratio No. Redds

- 1981 2315 1:1.3

1308
1982 1402 1.5:1

561

B. Year No. Redds X AreaJPer Redd

Total Area

1981 1308 72 ft2

94,176 ft2
1982 561 72 ft2

40,392 ft2

E/From Foerster (1968) and Bell (1980)

-§/From Hale (1981)

-Q/From Bell (1980)

species,
B. The highest value for spawning area of the two years was used




Total Estimate

Pinks
A. Year

1981
1982

Year

1981
1982

3526
3674

. Redds

1763
1837

Total Estimate

Female Ratio

1:1
1:1

Per Redd

8l ft2
81 ft2

Female Ratio

28
735

No. Redds

14
368

1:1
1:1

Area Per Redd

6.3 ft2
6.3 ft2

No. Redds

1763
1837

Total Area

142,803 ft2
148,797 ft2

No. Redds

14
368

Total Area

88.2 ft2
2318.4 ft2

Using the highest number from each year, the total was calculated as
Tollows:
94,176 ft2
148,797 ft2
2,318 ft2
245,291 ft2

This total was rounded off to 245,000 ft.2 as an approximation.
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TABLE E,3,12: ESTIMATEC NWMBER OF SLOUGH SPAWNING
SCCKEYE, CHIM AND PINK SALMON IN SLOUGHS
BETWEEN !IVH.t CANYON AND TALKEETNA,
1981 TO 1982 R

River
Slough Mile Sockeye Chum Pink
1981 1982 1981 1982 1981 1982
1 99, 6 0 0 6 0 0 0
2 100,4 0 0 30 ) 0 0
33 101, 4 2 0 0 o 0 0
33 101,9 ) 0 0 0 1 0
5 107, 2 0 0 0 2 0 0
6A 112,3 1 0 1 2 0 352
8 113,2 0 0 480 0 25 0
)] 121,8 0 0 0 23% 0 v
= 121,9 0 2 0 75 0 0
2] 122, 2 0 5 ! 8o% 0 ]
Mogse 123, 5 0 8 1672 65 0 9
A 124. 6 0 0 1402 0 0 G
A 124,7 e ) 60 0 2 0
8A 125, 1 191 133 6202 748 0 28
B 126, 3 0 9 0 73 0 322
9 128,3 14 6 260° 420 0 32
2] 129.3 203 1 190 5 0 0
9A 133, 3 3 1 207 173 0 !
10 133.8 0 0 0 2 0 0
1 135,3 1762 1131 765 732 0 276
13 135,7 0 0 5 0 0 0
15 137,2 0 0 1 1 0 135
16 137.3 10 0 3 0 0 )
17 138,2 49 . 0 o4 213 0 0
19 139,7 22 0 3 1 0 1
20 140, 1 64 106 16 30° 0 133
21 141,0 0 0 457 1222 0 642
21A 145.5 0 0 10 2 0 )
Extimated Total 2315 1402 3526 %574 28 735

1981 Estimated Total: 5869 slough spawning sainon.
1982 Estimated Total: 5811 slough spawning salmon,

' Total numbers estimated by esiculating the area under the curve formed from
Plofting number of 1ive saimon In sloughs versus the date and dividing by the
average estimnted stream Ilfe (as in Bell, 1980), The estimated stream |ita
was 12 days for sockeye, 10 days for chum and 7 days for pinks (Bechtel Civi}
and Minerals, Inec., 1983),

In some cases the peak |ive count exceeded the calculated total count. These
are Indicated by "a" and the peak llive count Is used,




EXHIBIT E

3. Fish, Wildlife and Botanical Resources -
Aquatic Resources

Comment 12 (p. E-3-179)

The work plan for the Susitna Hydro Project Aquatic Program is provided for
the period July 1, 1983 to June 30, 1984 (FY 1984). There are two main com-
ponents to this program: 1) improvement of baseline data bases and refine-
ment of impact evaluations; and 2) mitigation planning. The study elements
of the impact evaluation efforts include lower river (Talkeetna to Cook
Inlet), middle: river (Talkeetna to Devil Canyon), and access road and trans-
mission line. Elements of the mitigation planning efforts include the
potential grayling hatchery, habitat modification, and monitoring. Attached
tables 1 to 6 provide a general description of these elements. Tables 7 to
10 are a detailed description of the study elements of each major sub-
contractor of the ﬁquatic Program for FY 1984, including objectives, tasks,
sampling strategy, data output, and data use. Some program specifics may be
modified in resposne to agency consultations, updated data analyses, and
other factors. Figure 1 presents a general model of how information and
models are utilized to evaluate impacts and plan mitigation. In Figures 2
to 17, we have diagrammed conceptually how the specific data that we expect
to be collected will be integrated with models (and other necessary data) to
evaluate and assess specific potential impacts (e.g., adult salmon access to
sloughs, juvenile rearing in tributary mouths).

The Aquatic Prigram for the July 1, 1984 to December 31, 1984 period will be
based primariiy on the results of 1983-1984 studies, agency consultations,
and other inputs as appropriate. We anticipate that the following will be
part of the 1984 program:

3A-12-1




Impact evaluations and baseline data collection.

a) Access road and transmission line corridor studies.
b) Effects of past project fiows, temperature, and water quality.
c) Baseline data collection

Mitigation planning.

a) Habitat modification
b) Grayling mitigation
c) Monitoring
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TABLE 1: BASELINE DATA COLLECTION & IMPACT EVALUATIONS
STUDY ELEMENT: [gouER RIVER

DATA
COLLECTION

Aerial Photography

Groundtruthing
(Cross Sections)

Fish Habitat Descripcions

Fish Distribution

Bedload/Suspended Sediment

Ice Observations

o

STUDIES (COOK INLET TO TALKEETNA)
INVESTIGATORS: HARZA-EBASCO: R & M: USGS: UNIDENTIFIED SUBCONTRACTORS

DATA
ANALYSIS

Preliminary Fiow
Evaluations

Temperature
Modelling

Water Balance
Modelling

Ice Processes
Synthesisg

Review Availiable
Data:

Fish Populations
Fish Habitats

Fish Habitat Ground
Truthing

IMPACT

EVALUATION

Magnitude of
Change for
each aspect

END
RESULTS

Position paper on
hydrologic
relationships

Positon paper on
ice processes

Position paper on
bedload sediment
transport

Evaluation of ef-
fects on fish
habitats

Assess effucts to
navigation

Determine need for
future studies

M
{
d
|
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i
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TABLE 2:
STUDY ELEMENT:
INVESTIGATORS:

DATA
COLLECTIGN
Fish Abundance. diat
Fish migration rates
Fish numbers

Habitut
Available Preferred,
Utilized
Hydrologic Data
Velocity

Depth

Substrate

Discharge

Thalweg & Cross sections

WSEL
Tewperature

Relationships to main-
stem discharge

Groundwater

Ice Processes
Front Locations
Thickness
Break-up

Jams

HARZA-EBASCO:

DATA
ANALYSIS

Fish Abundance
Estimates

Fish Distribution
Summary

Juvenile Salmonid
Survival Summary

Juvenile Salmonid
Outmigration Timing

IFG Type Inzremental
Analysis

Oregon Method
Incremental Analysis

Sag Tape Method

Correlate Habitat vs,
Distribution

Distributions of
Habitat Types

Ice Process Analyses

BASELINE DATA COLLECTION & IMPACT EVALUATIONS
MIDDLE RIVER STUDIES (TALKEETNA TO DEVIL CANYON)
ADFEG: R & M: AEIDC

IMPACT
EVALUATION

Simulation Modelling
Reservoir Operation

Reservoir Temp.,& Ice

Instream Hiydraulics,
Temp. and Ice

Water Balance
Ground Water

Bedload/Suspended
Sediment Transport
Fish Habitat

Quantitative Impact
Assessment - Fish
& Aquatic Habitat

END
RESULTS

Incremental
Analysis Reports
Open Water season

Ice covered seagon

Verification of
Model elementg

dabitat Map

Ice Obzervations
Report

Document % Verify
Models

Position paper on
Water Quality

Position paper on
Gas Supersaturation




S b

o

&

) H

TABLE 3: BASELINE DATA COLLECTION & IMPACT EVALUATIONS g&: ;
STUDY ELEMENT: ACCESS AND TRANSMISSION LINE rv} |
INVESTIGATORS: R & M: SUBCONTRACTORS !
:

I

DATA DATA IMPACT END i
COLLECTION ANALYSIS EVALUATION _ RESULTS

+
’

E Hydrologic Data Synthesize Magnitude & Change

Transmigsion

Depth Hydrologic data Line Impact .
Report

Gradient Fish habitat

Descyiptions Access Road I

Discharge Impact Report

Velocity

pH

Turbidity

Substrates

P Fish Data

Species Present

Kalative Abundance

Movements




TABLE 4. Mitigation planning
Study Element: Grayling Katchery
Investigators: H/E, WCC, ADF&G

-

APPROACH INFORMATION REQUIREMENT.

RESULTS OF ASSESSMENT !

FEASIBILITY LEVEL

ANALYSIS OF MAGNITUDE OF
PLANNING FOR FACILITY

FEASIBILITY LEVEL DETERMINATION OF
1LOST POPULATIONS

HATCHERY

LITERATURE REVIEW OF FISH

DOCUMENT EXPERIENCE IN
CULTURE AND TECHNOLOGY

TMPLEMENTATION PLAN
ARCTIC GRAYLING CULTURE

DEMONSTRATION PROJECT FACILITY STITING STUDY

ALTERNATIVE OPTIONS

ARCTIC GRAYLING CULTURE
ANALYSIS

INFORMATION

DETERMINE NUMBER OF FISH

BASELINE DATA ON GRAYLING
TO BE MITIGATED FOR

POPULATION




Table 5. Mitigation planning
Study Element: Structural Habitat Modification
Investigators: H/E, ADF&G, WCC

APPROACH INFORMATION REQUIREMENTS RESULTS OF ASSESSMENT

FEASIBILITY LEVEL STUDY SLOUGH HYDROLCGIC & BIOLOGIC DATA RECOMMENDED MITIGATION PLAN

SLOUGH MODIFICATION ° PRODUCTIVE SLOUGHS
DEMONSTRATION ' ® UNPRODUCTIVE SLOUGHS

° MODIFICATION NEGOTIATED
° MONLTORING RESULTS OF INCREMENTAL FLOW MITIGATION PLAN
ANALYSIS

® IFG
° SUSTINA SIMULATION MODELING

it S i At S i




Table 6. Mitigation Planning

Study Element: Monitoring Programs

Investigators: ADF&G, H/E, Subcontractorg

APPROACH INFORMATION REQUIREMENTS

RESULTS OF ASSESSMENT

BASELINE CONDITIONS DATA COLLECTION EVALUATION OF IMPACT
TIME-SERIES SIMARIZATION ° Fish distribution and ASSESSMENT & MITIGATION PLAN
‘ IMPLEMENTATIGN
abundance
STATISTICAL EVALUATION
° Habitat data

® Migration and movementa

° Hydrologic data

REPRESENTATIVE SPECIES
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TABLE 7 (CONT'D,)

STUDk

OBJECTIVES

TASKS

- KEY
SPECIES

SAMPLING
LOCATION(S)

GEAR/
METHOD

VARIABLES
COLLECTED

DATA
ouUTPUT

DATA
USE

Resident &
Juyvenile
Anadromous
Fisheries

1) Establish
baseline data
on resident &
Juvenile
anadromous
fish.

2} Determine

- relationships

of environ-
mental para-
meters to
resident &
juvenile
anadromous
fish.

1) Determine
the utiliza-
tion and pref-
erence of
various sea~
sonal habitats
by resident &
juvenile fish,

2) Estimate num-
bers of resi-
dents and
juvenile anadro~
mous salmonids.

3) Estimate tim-
ing of emergence
& outmigration
of juvenile
anadromousg
salmonide.

Chinook ,
Coho,

Pink,
Sockeye &
Chum salmon,

Rainbow
trout,
Burbot

Key Areas for Emer-
gence studies will
be:

~Sloughs ©A,8A,9,
11, 20, 21.

~Side Channels at
RM 136.7 & 137.3

Key areas for
outmigrant studies
will be:

~Talkeetna fishwheel
camp.

- Sloughs 6A98A|9p
11, 20, 21.

Side channels at
RM 136.7 & 137.3.

Juvenile Anadromous
Habitat Study Sites
include:

-Sloughs 20, 21, 11,
9, BA, 19, 6A.

-Indian River,Fourth
of July Creek, Moose

slough, McKenzie Ck.,
Lane Creek, Chase Ck.,

Whiskers Ck., Jacl,
Long Creek & Portage
Creek.

-S51x mainstem sites
between RM 77 & 142.

~Gears to be
used include:

®trotliines,
*electrofishing
gear,
°giil and houp
nets,
°beach seines
°radiotelemetry
equipment,
°flow measuring
instruments,
‘water quality
m2asuring
instruments,
*pre-emergent
fry and egg
pump,
°dip net
®inclined plane
traps at
Talkeetna.

°fish traps for

sloughs mouths.

~Relative timing, ~Relative

abundance &
nunbers of
fisho

-Environ-
mental’
parameters
intluding
flow,
temperature,
turbidity,
depth,
velocity,
substrate,
and cover.

abundance
& popula-
tion esti-
mates at
specific
habitats.

~Habitat
relation~-
shipa be-
tween en-
vironmental
parameters
& fish,

~Timing of
emergence
& outmigra-
tion rates,

-Relative abundance &
population estimztes
will be used to re-
fine existing know-
ledge on habitat &
distribution. This
will also be used to
establish baseline
conditions prior to
project development,

-Relationships amoung
£isb abundance,habi-
tat, . jpulations
numbexsg, timing of
emergence and out~
migration will be
established. Much of
this information wiil
be collected in coor-
dination with the
ADF&G Aquatic Habitat
and Instream Flow
Studies Group who will
analyze this informz-
tion for input to the
AEIDC model.
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TABLF 7. PROGRAM ELEMENTS F

STUDY

'OBJECTIVE(S)

OR ADF&G FOR THE PERIOD JUi

TASKS

KEY

SPECIES

Y 1, 1983 TO JUNE 30, 1984,

SAMPLING
LOCATION(S)

CEAR/
METHOD

DATA CQUTPUT

DATA USE

Aquatic
Habitat
& Instream
Flow Studies

1) Evaluate & quantify
the relationship be-
tween mainstem dis-
charge & the avail-
ability & utilization
of side channel &
slough habitats for
passage, spawning,
incubation,outmigra-
tion & rearing of

anadromnus & resident
fish.

2) Evaluate & quantify
the utilization &
availability of eribu-
tary mouth habitats for
salmon spawning &
resident fish rearing
at various combina-
tions of mainstem §
tributary discharges,

3 Identify,evaluate
& quantify the ranges
of habitat conditions
utilized & available
at various discharge
levels for salmon
spawning & resident
fish rearing in
selected tributaries,

1) Perform in-
Stream flow
studies (pri-
marily IFG but
also the Oregon
method, & Sag Tape
method) at select-
ad sloughs, side

channels & tributary

mouths & mainstem
sites”

2) Perform ed-
ditional baseline
hydrological &
water guality
characteristics
of mainstem,side
channel, slough,

& tributary habi-
tats as they re-
late to mainstem
discharge.

Chum Salmon,

Chinook
Coho
Pink
Sockeya

~Sloughs 84,
"o, 9, 21.

’ ~Portage Creek,
" Indian River,
& Fourth of
July Creek(1f
possible).

—Sidg channels

. @ssociated with
" slough 10 & 11.

& 4th of July
Creek.

Flow measure-
N
ment equip-
menkt,thermo~
graphs,
temperature
probes, sub-
strate analy-~
sis equipment,
hydrolab (a

multi-parameter

water quality
measuring
equipment, sur~
vey equipment,
& stage
measurement
gear,

~Fish habitat
preference
curves,

~Welghted
usable area
-for:

Sloughs,

Side Channels,
Tributary
Mouths

~Stage dis-~
charge re-
lationshizs
for sioughs,
side channels,
& tributary
mouths vs,
mainstem,

-

This data will

be directly

used by AEIDC

as part of theiy
modelling. The
key area of uge
will be in da-
veloping relaticn-
ships between

flow & temperature
and habitat.

Additional factors
that will be con-
sidered are sub-
strate, turbidity,
& cover,

MY
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4) Determine
mean stream
life.

5) Operate

fish wheels at
Yentna, Sunshine,
Talkeetna, &
Curxy stations.

¢ ) k b ‘\ ' -
TTABLE 7 (Cont'd.)
KEY SAMPLING GEAR/ VARIABLES DATA DATA
STUDY OBJECTIVES TASKS SPECIES LOCATION(S) METHOD COLLECTED OUTPUT USE
éAnadromous 1) Determine 1) Survey Chinook,salmon, Susitna River -Fishwheels to ~Numbers of -Escapement ~Escapement
{ Adults Escapement sloughs & Coho ",  below Devil capture fish fish observed, numbers. values will be
i of Adult stream Iindex Pink " , Canyon including for tagging _ ; _ , used to estab-~
E Salmon areas. Sockeye " | tributaries & enumeration, %gc:tiﬁgs Ofd Timing of lish pre-project
! ’ Chum " fsual ob sh observed.  runs. numbers and for
; 2) Identify ~Visual o sexva- -Mark/recapture ~Relationship use in post-
| sloughs & tion of fish in ratio of environ~ roject monitori
Z streams utilized spawning areas, ' mental vari- P nitoring
: by adults. —Temperature’ ables to tim-
‘: 3) Provide flow, turbidity. ing and
; index salmon migration,
: counts,

-
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TABLE 8. PROGRAM ELEMENTS FOR WOODWARD-CLYDE CONSULTANTS FOR THE PERIOD JULY 1, 1983 To JUNE 30, 1984, % :
M 3
KEY DATA DATA DATA ¥
PROGRAM OBJECTIVES SPECLES LOCATIONS COLLECTED OUTPUT ANALYSIS USE }{ "
Mitigation 1) Evaluate & Chum, Sloughs, and - - Detailled - = For planning =.J
Planning quantify miti- Sockeye, side channeils, - mitigation of mitigation .
gation technigues, Grayling & tributaries plans. due to impacts i .
in impoundment caused by post 1 .
2) Prepare specific area, project operations, , S
plans & planiring : '
documents for : "
specific mitiga- S
tion techniques. ; ’ .
. 'j °
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TABLE 9. PROGRAM ELEMENTS FOR R & M CON

SULTANTS FOR THE PERIOD JULY 1

» 1983 To JUNE 30, 1984.

DATA . DATA
STUDY OBJECTIVES TASK LOCATIONS OUTPUT USE
Field Data Continue data To continue updating - - = A field data This central storage
Index indexing of hydrolegic & climato- index will be of data is needed for
hydrologic & logical data collected updated every reference and access
meteorologic within the Susitna (6) months. to prior data.
data within Basin,
the Susitna
River Basin.
Climate/Snow

Data Collection

Glacial Lake
Temperature

Acquire baseline
meteorological
data for engi-
neeriag &
environmental
studies within
the Susitna
Basin.

To obtain meteor-~
ological, hydro-
logical & limno-
logical data from
4 deep lake in
order to calibrate
the DYRESM 1-
dimensional reser-
voir temperature
model.

-Collect meteorological

data.

~Conduct snow BULve) o

-Stream gage major
tributaries.

-Collect meteorological
information,

—-Collect water quality

samples.

~Watanz Damsite

~Devil Canyon
Damsite

~Eklutna Lake

-Entire Susitna
Basin(snow surveys)

~Eklutna Lake,

near Anchorage

~Information will
include air temps,
wind speed, wind
directicn, relative
humidity,precipita-
tion, solar radiation,
peak wind gust, dew
point temps, & long
wave radiation,

~Snow data & water
supply information.

Data om:

1) Temperate(wateriair)
2) Turbidity

3) Conductivity

4) Light extinction

5) Strean tlow

6) Precipitation

7) Vapor pressure

8) Cloud cover

To assist engineering &
environmental studies
programs with baseline §
informational n_adg.

The data will be used to
calibrate the DYRESM 1-
dimensional temperature

model,

~d
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TABLE 9 (CONT'D.)

STUDY

OBJECTIVES

" TASK

LOCATION

DATA
OUTPUT

DATA
USE

Ice Observations/
Thickness, Freeze
up, & Break up

Glacier
Studies

-To document ice jams,
water velocities,
erosion & scour during
freeze-up & break-up.

~To provide supporting
meteorological &
streamflow data ,

-Investigate changes in
water supply available
from glaciated portions
of the basin

Fly aerial
reconnaissance on
freeze-up & break-up
& make observations.

~Perform glacier

reconnailssance
surveys,

Susitna River

from Kosina Crk.
to Cook Inlet with
specific emphasis
on:

- Talkeetna,Chulitna
& Susitna
confluence.,

-Confluence to Devil
Canyon.

-Devil Canyon up-
stream.

Glaciers in Susitna
Basin,

~Edge of ice

~Rate of down-
stream
progression.

~Location of
open leads,

~Percentage ice
cover,

-Ice jam locations

-Water temperatures

-Meteorological
data.,

-Photographs of
ice effects,

~Data will include
information on
glacial contribu-
tiong to water

supply

~Ristorical flow
records will be
adjusted for any
mass wasting &
accumulation of
glaciers,

This data will be
used to calibrate
the DYRESM Model.

The data will be used
by Harza-Eb¢ ~np &

AEIDC to predict im-
pacts due to ice forma-
tion & break-up. Also,
to better document
flooding % staging
combinations.

Data will be used by
the engineers in the rass
balance water model &
by AEIDC in their
aquatic impact assegg-
ment report.
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TABLE 9. (CONT'D.)
DATA DATA
STUDY - OBJECTIVES® TASK LOCATION OUTPUT USE
Slough -Define relationship Obtain water surface Sloughs ~Upwelling rates - This information will
Hydraulic between mainstem water elevations. 8A, 9, ~Seepape rat be used by ADF&G for
Processes surface elevations & 11, & 21 page rates their aquatic habitat

Slough-Side Channel

Sediment processes

upwelling rates in
Sloughs 8A,9, & 11.

-Define the relative
contributions of seep-
age waier & of local
surface water to the
water balance betwesn
Talkeetna & Devil
Canyun.,

~-Document. the influence
of a mainstem ice cover
on upwelling rates in
selected side Sloughs
between Talkeetna &
Devil Ganyon.

~To define pre-project
sediment regimes of
representative sloughs
& side channels § to
predict post-project
sediment conditions.

Ubtain seepage rates

Obtain flow rates at
Slough BA, 9, 11, s 21

Collect sediment data
at selected loughs at

various flows.

To be determinad
but in coordina-
tion with ADF&G.
Probable candi-

dates are BA & 9

Sloughs.

-Local surface
runoff,

Prediction of
existing &
post project
sediment
conditions.,

- modelling efforts &

by AEIDC in their

aquatic impact assessment.

These predistions will
be used by ADF&C in
their aguatic habitat
modelling efforts. AEIDC
will use this for their
aquatic impact modei.

’.
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1 TABLE 9. (CONT'D,)
Yy
- DATA DATA
STUDY "OBJECTIVES "TASK LOCATION OUTPUT USE
Stream Caging ~To obtain baseline —Obtain continuous -Susitna River at ~Streamflow ~Data will be used
. water flow data in sup- summer and winter Watana, Deadman Crk., records. by ADF&G in its
port of other programs streamflow data at & Indian River aquatic habitat
(i.e., aquatic habitat- selected sites,, (summer streamflow analysis & by AEIDC

- 1 assessment) & modeling measurements). in its impact assesg-
. ‘ efforts by ADF&G and ment model.
K ! AEIDC, ~Watana, Deadman, &

] Tsusena Creeks (win-

7 ter streamflow

) measurements),
;f'\ -Discharge data for
: Sloughs 8A, 94,8 11

‘ ; Lover Susitna Conduct reconnaisgsance, ~Perform aeriai -Lower Susitna Jown- ~Aerial photos ~The data will be used
al : Morphological ground truthing, & overflights st stream of Talkeetnsa. of lower river by Harza/Ebasco and one
_}‘f Assessment interpretation of phys- rarious flow levels
N ical differences in the to determine
B
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Susitna River below
Talkeetna caused by
differences i flows.

response of aquatie
habitat to flow
variations,

-Data op wetted
surface area,
wetted Perimeter,
depths overtop-
ping of berms,
velocities, &
bed material,

of its Subcontractors
to determine the poten-
tial project's L
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TABLE 10. PROGRAM ELEMENTS FOR AEIDC FOR THE PERTOD JULY 1, 1983 TO JUNE 30, 1984,
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EVALUATION OF INCUBATION IN SLOUGHS
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FIGURE 5
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EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Comment 13 (Table E-3.8)

Provide an evaluation of or reference that describes the correlation between
helicopter surveys versus on-foot surveys as methods for estimating chinook
salmon escapement (number live and dead).

Response

There are several sources available that provide information useful in com-
paring helicopter and on-foot surveys. It is apparent from this information
that there are considerable sources of variability associated with both

methods that influence their reliability and, consequently, any comparison
of the two technigues. These include the nature of the stream (terrain,
vegetaiion, height of trees, cover such as cut banks), timing of runs (Tong

Versus short timing), stream life of fish being counted, water clarity,
weather, number of figh to be counted, aircraft type, pilot, and obseryer
(Bevan 1961; Cousens et al. 1982; Gilbert 1968; Neilsen and Geen 1981).
Cousens et al. (1982) site work by Eicher of the USFWS in Alaska that
suggests on-foot surveys are best in clear small, narrow streams because the
angle of observatign available to ground observers 1s best in these systems,
Conversely, acrialj live counts are typically most reliable when fish are
more evenly distributed in shallaw, clear waters such as in river mouths,

broad streams, or shallow tzkes (Cousens et al. 1982).




Consequently, counts by either technique wil] vary depending on the circum-
stances associated with each study. On the Harrison and Bear rivers of
British Columbia, annual helicopter surveys are conducted by DFO personnel
during the peak of the chinook run. About 85 to 90% of the spawning popula-
tion is thought to be present at the peak and about 95% of these fish 4re
expected to be enumerated (Cousens et al. 1982). For the Clemens Creek,
B.C., socckeye population, agreement to within 15% of 2 mark/recapture
estimate was cbtained using visual estimates made by foot surveys (Cousens
et al. 1982). Fixed- wing aerial counts of Pink salmon in central British
Columbia at the peak of spawning are considered to be accurate to within
120% of the fish present, These peak counts are considered to under
estimate total escapement, however (Cousens et aj. 1982). An IPSFC study of
sockeye spawning in the Chilko River in 1969 found that the estimated peak
count of sockeye by helicopter was 5% greater than the peak valuye obtained
by mark/ recapture techniques. It should be noted that counts were obtained
under ideal conditions with experienced otservers. Neijlsen and Geen (1981)
found that helicopter counts of chinook spawning in the Morice River, 8.C.,
were slightly greater than counts obtained from photographs; a correction
factor of .96 was applied to aerial counts. Beach counts of spawning
sockeye by helicopter and boats can be very close because the fish can be
readily observed. In Kennedy Creek, B.C., helicopter and boat counts of
visible spawning sockeye were within 3% of each other (Cousens et al. 1982).

Two other sourves of information relevent to comparing helicopter and on-
foot surveys were not available for inclusion in this response (personal
comunication, W. Li¥ton, Woodward-C lyde Consultanta, Ancherage, Ak; personal
comunication, M. Nelsen, ADFG, COMFISH Division, Dillingham, AK). As soon
as the data is avajlable {Lifton, August; Nelson, September), it will be

sent to FERC.
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EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Aquatic Resources

Corment 14 (Table £.3.17)

Provide estimateg for each tributary 1listed in this table of the total
length of tributary presently utiljized by Arctic grayling.

Response
Response

Arctic grayling overwintar in larger rivers, lakes, and some springs. In
the spring, they make a Prespawning migration to large unsilted rivers, bag
Streams, and lake inlets or outlets. Following Spawning in these areas,
they make 3 postspawning migration to other dreas either upstream or in
lakes to feed.

1980), Thus, any of the tributaries in the Susitna impoundment area could
be utilized by grayling unless & barrier preventsg their migration.

Studies on Arctic grayling in Susitna tributaries by ADsgg (1983) have con-
centrated on areas downstream of the Proposed impoundment elevation. How-
ever, given the Jlife history information ang the general broad distribution
of grayling, particularly in the summzr feeding period, the following estq-
mates can be made about the distances utilized by grayling in tributaries
listed in Table E.3.17:

1, Fog Creck - this Creek has a migration barrier (a turbulent white water
area) between one and tvo miles upstream of the PIE (ADF&G 1983). However,
because grayling are present upstream of thig barrier, the entire approxj-
mately 20 miles of this stream can be presumed -~ Ye ytilized by grayling.
It is suspected . these upstream grayling may overwinter in the Foeg Lakes
system,




7. Tsusena Creek - this creek has a high falls at approximately river mile
(RM) 3.1 which is 2.7 miles upstream of the PIE. This falls is a barrier to
upstream migration (ADF&G 1983). It is presently unknown if grayling are
found above this barrier. If present, the total length of Tsusena Creek
(approximately 30 miles) would be potentially utilized.

3. Deadman Creek - This creek has a high falls at RM 3.1 which is about 0.4
miles above the PIE. This fall acts as a barrier to upstream migraticn
(ADF&G 1983). It is known that grayling exist in this drainage upsiream of
this falls and, therefore, it can be assumed that the entire 40 mile length
of Deadman Creek is potentiaily utilized.

4. Watana Creek - the East or main fork (with an approximate length of 23

miles from the source to the confluence with the Susitna) and the West Fork

(with an approximate distance of 12 miles from its source to the confiuence
with the East Fork) could be utilized by grayling. A small waterfall locat-
ed on the East Fork approximately one mile upstream of the confluence with
the West Fork may be a periodic barrier, depending on discharge (ADF&G
1983), because grayling have been found above this barrier.

5. Kosina Creek - this creek is approximately 35 miles long. Grayling have
been ohserved ir. two of the major tributaries, Terrace and Gilbert Creeks,
and in lower Kosina Creek (ADF&G 1983). Although it is unknown if grayling
are present throughout the drainage, it js suspected, based on the known
distributions, that they would likely be fourd to the upstream reaches.

6. Jay Creek - a deep, narrow canyon immediately above the PIE on Jay Craek
may inhibit upstream movement. However, grayling have been found above this
canyon which indicates that upstream migration is possjb1e and that the
entire 20 miles of Jay Creek may be utilized. In addition, tributaries may
also be utilized.




7. Goose Creek - grayling have been found in the Tower reaches of this
stream and the remainder of the stream has a similar habitat . Therefore,
although unverified, it is believed that grayling utilize the entire length
(approximately 20 miles) of this stream,

8. Oshetna River - the Oshetna is a major tributary to the Susitna that is
approximately 50 miles long. Grayling are known to utilize the lower por-
tion (2.2 miles) of the river (ADF&G 1983) and, therefore, it is assumed,
although unverified, that they may utilize the entire drainage including
major tributaries.
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EXHIBIT E

3. Fish, Wildlife, and Botanical Resour-es -
Aquatic Resources

Comment 15 (Figures E.3.8 and E.3.9;

Provide population estimates and percentages of adult salmon migrating past
the Sunshine Station {see Figures E.3.8 and E.3.9) that enter the Talkeetna
River, the Chulifna River, or stay in the Susitna River between the Sunshine
Statior and the Talkeetna Station.

Response

Most fish encountered in the reach between the Sunshine Station and the
Talkeetna Station are migrating to spawning areas and do not stay in this
reach for any extended period of time.

No studies have been performed to estimate the escapement into the Chulitna
and Talkeetna Rivers. The reason for this has been that no potential pro-
ject effects are anticipated on these stocks once they are in these river
systems. Therefore, population estimates by river system are not available,
but a combined estimate is. Given the above infcrmation, the following
estimates can be made:

3A-15-1
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ESTIMATED COMBINED ESCAPEMENT TO TALKEETNA AND CHULITNA RIVERS! y

Species Numbers Percentage of Escapement Passing
Sunshine Station Which Comprise
Combined Talketna and Chulitna

Escapement

1981 1982 1981 1982
Chinook ---2 38,700 ——- 78%
Sockeye 128,200 147,900 96% 98%
Coho 16,500 40,600 83% 89%
Chum 242,200 380,900 92% 89%
Pink 47,200 370,000 95% 84%

lThese numbers are the difference between the escapement estimates for
Sunshine and Talkeetna Stations.
2 -—- Indicates no estimate made

Thase estimates assume that the mainstem spawning in this reach by chums is
relatively small and therefore is not considered.
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EXHIRIT E

3. Fish, Wildlife, and Botanical Resouces -
Terrestrial Botanical Resources

Comment 1 {p. E-3-195, para. 3)

Provide an estimate of the amount and kinds of timber currently removed from
the project area for subsistence use. |

Response

Timber currently removed from the project area for local use primarily in-
cludes logs for building construction and firewood. Total consumption of
wood for both uses is insignificant, especially in the case of logs for
building construction.

Based on 2 Fairbanks survey, 4 cords of birch or spruce are used annually by
dwellings that are heated primarily by wood (Laroe, S. 1981. Fuel wood
utilization in the Fairbanks-North Star Borough. Prepared for Interior
Woodcutters Assoc., P. 0. Box 73762, Fairbanks, Alaska, 99707). According -
toc Chapter 9 - Land Use (Table E.9.3), there are approximately 109 struc-
tures within 18 miles (30 km) of the Susitna River between Gold Creek and
the Tyone River including 4 lodges involving 21 structures. About 19 of
these structures are not currently used and only about 12 of the structures
are inhabited year-round. In addition, most .of the seasonally-inhabited
structures are not inhabited during winter. Based on these factors, iocal
use of timber in this approximately 3000-sguare mile (7800 square km) area
is estmated to be less than 200 cords per year. Most of this timber use

consists of paper birch and white and black spruce.




EXHIBIT E

3. Fish, Wildlife, and Botanical Resources
Terrestrial Botanical Resources

Comment 2 (p. E-3-202, para. 4)

Estimate the average elevaticnal limit for trees in the project area (and/or
estimate the range for tree line).

Resgonse

The average elevational 1imit for trees in the preject area (i.e., black and
white spruce, paper birch, trembling aspen, and balsam poplar) is 3200 ft
(975 m) (McKendrick et al. 1982, p. 27), ranging from about 2800 ft to 3500
ft (850 m to 1050 m) (see Figure E.3.38 in the License Application). Black
and white spruce are the most frequent species at or near treeline. The
deciduous trees, paper birch and trembling aspen, generally occur below 2300
feet (700m) and balsam poplar stands are fcund only on the floodplain.



EXHIBIT E

Fish, Wildlife, and Botanical Resources -
Terrestrial Botanical Resources

Comment 3 {p. E-3-206, para. 1)

Indicate whether the percentage of total aresa covered by open spruce is 1%
as stated in this paragraph or 7% as shown in Table E.3.51.

Response

The percentage of the Watana and Gold Creek watersheds covered by open

spruce forest is 7%, as stated in Table E.3.51. The text (p. E-3-206) was
incorrect.




EXHIBIT E

Fish, wdelifé, and Botanical Resources -
Terrestrial Botanical Resources

Comment 4 (p. E-3-208, para. 4 to p. E-3-210, para. 1)

Define sedge-shrub tundra and mat and cushion/sedge-grass tundra as used in
Tables E.3.51 and E.3.52.

Response

Mat and cushion/sedge-grass tundra as used in Table E.3.51 and Figure E.3.38
is a mapping complex, where sedge-grass tundra and mat and cushion tundra
vegetation types are interspersed. The individual units of these types are
too small to map separately, so a complex designation was used.

Sedge-shrub tundra, as used in Table E.3.52 and Figures E.3.39, E.3.40, and
E.3.41, is a vegetation type with a sedge-grass understory and a willow
shrub layer. Species composition is similar to that shown in Table E.3.62,
but with more cover due to the shrub layer.




EXHIBIT E

Fish, Wildlife, and Botanical Resources -

Terrestrial Botanical Resources

Corment 5 (p. E-3-219, para. 5 to p. E~3-220, para. 1)

Indicate (e.g., as in Table E.3.87; how the vegetation types that were used
by Commonwealth Assoc. (1982) and presented in Table E.3.79 correlate with
the vegetation types used by McKendrick et al. (1982).

Resgonse

The following is a comparison between Ccmmonwealth Assoc. (1982) vegetation
classifications and those of Viereck and Dyrness (1980) as used by
McKendrick et al. (1982).

Commonwealth Assoc. Viereck and Dyrness

moist tundra mesic sedge grass

wet tundra wet sedge grass

alpine tundra herbaceous alpine

bottomland spruce/poplar mixed forest, conifer forest

upland spruce/hardwood mixed forest, conifer forest, deciduous
forest

lowland spruce/hardwood mixed forest, conifer forest

shrubland tall shrub, Tow shrub

low brush, muskeg bog low shrub




EXHIBIT E

3. Fish, Wildlife, and Botanical Resources -
Terrestrial Botanical Resources

Comment 6 (p. E-3-221, para. 4)

Provide clarification of the statements concerning modified mapping of wet
sedge-grass and black spruce forest as wetlands in the Healy-to-Fairbanks
and Willow-to-Cook Inlet transmission corridors. Were all the areas covered
by these vegetation types considered wetlands, or were portions of each type
selected on the basis of defined criteria?

-Response

A11 of the areas mapped as wet sedge-grass tundra or black spruce forest
(Figures E.3.48 through E.3.52) wers mapped as sensitive areas in the bio-
logical constraint maps of the transmision corridor prepared by TES and
Acres American (1982, modified from McKendrick et al. 1982). These areas
were considered as wetlands and/or potential permafrost areas in the con-
straint maps. These maps were not used in the application. The original
corridor vegetation maps, prepared by McKendrick et al. (1982), were used
for all vegetation type calculations. The wetland areas, calculated in
response to Comment 12, were also obtained directly from the McKendrick et
al. (1982) mapping by correlating the Viereck and Dyrness (1980) vegetation
types with Cowardin et al. (1979) wetland types as was done for other wet-
land area calculations in the project area.




EXHIBIT E

Fish, Wildlife, and Botanical Resources -
Terrestrial Botanical Resources

Comment 7 (p. E-3-225, para. 2; p. E-3-240, para. 2; p. E-3-244, para. 3;:
p. E-3-245, para.3; p. E-3-246, para. 5; p. E-3-247, para. 2-4; p. E-3-252,
para. 5; p. E-3-253, para. 1; p. E=3-270, para. 1:; p. E-2-280, nara.5)

Check and correct, as necessary, all calculations of Tand areas to be im-
pacted or mitigated. Discrepancies have been found within tables (e.g.,
Table E.3.83 totals for impoundment and for shrubland over the entire Watana
facility) and between the text and calculations made from the tables. For
example, on p. E-3-225 total direct vegetation removal due to Watana con-
struction is given as 16,582 ha, but this figure should take into account
the 2128 ha of unvegetated area; on p. E-3-245, the percentage of total wet-
lands occupied by palustrine forested areas is not consistent with calcula-
tions made from Table £.3.82. Indicate whether unvegetated or disturbed

areas were included in the caiculations for vegetation removals and whether

unvegetated rocky areas were treated differently than river, lake, or ice
areas.

Response

A1l figures of areas to be impacted or mitigated have been checked and re-
calculated, and some have been re-measured. Tables E.3.79, E.3.80, E.3.83,
E.3.84, E.2.85, and E.3.86 required corrections. The revised tabies are
attached, as are relevant portions of the text that subsequently required
modification. Unvegetated areas were not included in the calculations for
vegetation removals, but disturbed areas were included. Unvegetated rocky
areas were not treated differently from river, lake, or ice areas.




TABLE E.3.79: AREAS OF DIFFERENT VEGETATION TYPES TO BE CROSSED.
(REVISED)  BY WILLOW-TO-HEALY TRANSMISSION CORRIDOR*

Percent
Cover Type Hectares of Total

Moist tundra 28.5
Wet tundra 116.4
Alpine tundra 25.9
Bottomland spruce-

poplar forest 83.9
Upland spruce-

hardwood forest 455.8
Lowland spruce-

hardwood forest ~36.7
Shrub Tands 443.9
Low brush, muskeg bog 134.7

Total 1,555.8

*Calculated from data in Table 22 from Commonwealth Associates (1982). The val-
ues here represent the widening of the corridor to 91 m (300 ft). from the 33 m
(110 ft) given by Commonwealth Associates (1982). Thus, the areas presented
here represent a corridor width of 58 m (190 ft).




TABLE E.3.80: AREAS OF EACH VEGETATION TYPE TG BE CROSSED BY
WATANA-TO-GOLD CREEK TRANSMISSION CORRIDORS AND
(REVISED)  PERCENT TOTAL* FOR WATANA AND GOLD CREEK WATERSHEDS

Watana to Devil Canyon
Devil Canyon** to Gold Creek***

Vegetation Type . ha  acres % ha acres %*
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Total 419.5 1036.7 0.0 . 202.9 501.3 0.0

Percent of total area of each vegetation type in entire Watana and Gold Creek
watersheds, based on 1:250,000-scale mapping (McKendrick et al. 1982).

Based on corridor width of 300 ft. A

Based on corridor width of 510 ft.

Data not available for entire Watana and Gold Creek watersheds.




HELT 3 |
FACIL ¥ &'
GOLD -

1y
THE SuU»>TidA Ri

i
VEGETATION TYPES TQ BE IMPACTE - THE WATANA
TOTAL HECTARES 0 THAT TYPE'UgSE;EXM OF oF
' km

T
T
SITNA WATERSHED AND IN THE AREA yi-Vin 16

H
i

T
s

M0

Dam and

leqetation Type Spillways

Impoundnent

CFIED FROM MCXKENDRICKX ET AL. :ggal’____,
Borrow Areas?®
E F

Persent of i
Watersheq

Tetal Fop Ar

Camp Village D

Fforast
Woodland black spruce
woodland whits spruce
Jpen black spruce
Open white spruce
Open birch
Ciosed birch
Closed balsam poplar
Open mixed
Closed mixed
Tundra
Wet sedge-grass
Mat-and-cushion
Shrubland
Open tall shrub
flosed tall shrub
Birch shrub
“illow shrub
HWixed Tow shrub
terbaceous
Ynvegetated
Rock
River
Lake

34**‘**

8

53 180

16

10784 81
3870
397

2864
769

325

460

3

[ o

11

Lt D I

62

(A8
* OO Cad 3

* v
»
S

o~
el

-t

1337
759
84
84

1674
227
287

W

PR
OO0 D X PO D e T S e D e TN Gt N OO N PO O

"~
o

—

6.
5.
0
[
0
i
0
v
2
0
2
%
0.
)
3.
e

8

Pe
‘bo-km*

rcent of

ea For

That Type- That Type

—
o0 O B O o

ot [AS N g b ]
AU O O~
.

o

Total 93

[=]

14691 63 70 333 287 180 34

, . s e « - . e e .
o WNLHOOOODOOUI IS — O — LI OITY 0O — O 0 W

w ONCONO S a2 N OO
L P 3

e

: Area given is above maximum

ES

el.

impoundment fi1l lev . i
tna River from}

-

Gold Creek to the mouth of the Maclaren River.

An area 16 km (10 mi) on either side of the Susi
Hectares are apparently greater in the impact areas than for
scale, and many of the stands did not appear at that scale.

***% Areas of this type were too smzll to be mapped at the scale

**%% 1 hectare = 2.471 acres.

h smaller

i

ok the entire basin, because the basin was mapped at @ muc

atl

i
1

which the watershed was mapped.




L]

. -
) *
A. 4

LT
=
) .

. - K
. bt

TN

TABLE E.3 'gl: HECTARES GF DIFFERENT VEGETATION TYP, o TO BE AFFECTED BY THE DEVIL & f, 7
CANYOM FACILITY COMPARED WITH TOTAL HETCTARES OF THAT TYPE IN THE ] L -
WATANA AND GOLD CREEK WATERSHEDS AND IN THE AREA WITHIN 16 km OF | -
THE SUSITNA RIVER* (MODIFIED FROM MCKENDRICK ET AL. 1982). : | § |
Percent of Percent of [ [
Watershed 16 km* L s
Dam and Borrow#*** Total For Area For F o
Vegetation Type Spillways Impoundment Camp Village Area K Total That Type That Type |
‘- Forest 1% **% 2289 36 39 119 2499 0.7 1.8 r .
s Woodland black spruce 133 133 0.1 0.2 |
g Woodland wihite spruce 20 20 0.1 0.2 I .
: Open black spruce 4 300 o1 315 0.5 1.1 | v
Open white spruce 329 / 329 0.5 3.1 o
Open birch 57 57 5.9 3.8 ; [
Closed birch 3 430 433 134.1%% 18.6 ; .
Open balsam poplar 6 6 * kK kK 3 g
Closed baisam poplar 8 8 *okk 1.4 ¢ |
Open mixed 7 279 286 1.2 3.0 | |
. Closed mixed 2 727 36 39 108 912 5.7 6.9 W
. Tundra 11 11 0.0 0.0 o
Wet sedge-grass 11 11 0.2 0.3 Ch
Shrubland 70 18 88 0.0 0.1 s
Open tall shrub 2 2 0.0 0.0 L
Closed tail shrub 1 1 0.0 0.0
Birch shrub 49 18 67 J.2 0.2 B
Willew shrub 14 14 0.1 0.2 -
Mixed low shrub 4 4 0.0 0.0
ilnvegetated fd 826 11 839 0.3 3.1
Rock 15 15 0.0 0.1
River 1 810 811 5.5 19.1
__Lake 1 1 11 13 0.1 0.2 ¥
Total 18 3196 36 39 148 3437 0.2 0.7 ; -
e * An area 16 km (10 mi) on either side of the Susitna River from Gold Creek to the mouth of the g 5
. Macl. *en River. i :
y %% Hectares of closed birch are apparently greater in the impact areas than for the entire basin, L |
= becauzze the basin was mapped at a much smaller scale, and many of the cloved birch stands did not | -
| appear at that scale. {
. ook % Balsam poplar stands were too small to be mapped at the scale at which the watershed was mapped. A
**** ] hectare = 2.471 acres. ot

x%x%x%* Borrow area G (not inciuded) will consist of approximately 22 ha with stands of woodland and
open black spruce, closed mixed forest, and open tall shrub.
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TABLE E.3.85: AREAS OF EACH VEGETATION TYPE TO BE CLEARED FOR ACCESS,
(REVISED) AND PERCENT TOTAL* FOR WATANA AND GOLD CREEK WATERSHEDS

Denali Highway Watana to Devil Canyon
to Watana Devil Canyon to Gold Creek

(Road) ** (Road) *** (Railroad) ***%
Vegetation Type ha- acres % ha acres %* ha acres %*
Forest 11.2 27.7 0.0 37.5 92.8 0.0 28.3 70.0 0.0
Woodland white spruce - - - 5.7 14,2 0.0 - - -
Open white spruce 0.6 1.5 0.0 15.9 39.3 0.0 - - -
Woodland black spruce 1.8 5.4 0.0 - ~ - - - -
Ooen black spruce - - - 0.4 1.1 0.0 1.5 3.7 0.0
upen birch - - - - - - 0.6 1.5 0.1
¢closed birch - - - 0.9 2.2 0.3 - - -

Closed balsam poplar - - - - - - 0.3 0.7 Hxkkk
Open mixed 8.8 21.8 0.0 4.0 9.8 0.0 5.7 14.1 0.0
Closed mixed - - - 10.6 26.2 2.1 20.2 R0.0 0.1
Shrubland 181.3 448.0 0.0 103.7 256.3 0.0 0.0 0.0 -
Open tall - - - 7.9 19.6 0.0 - - -
Closed tall - - - 22.1  54.5 0.0 - ~ -
Birch (low) 78.9 194.9 4.2 44.6 110.2 0.1 - - -
Willow (Tlow) 81.8 202.2 0.8 5.3 13.1 0.0 - - -
Mixed (low) 20.6 50.9 0.0 23.8 58.9 0.0 - - -
Tundra 61.7 152.6 0.0 21.6 53.4 0.0 0.8 2.0 0.0
Wet sedge-grass 12.3  30.5 0.3 4.4 10.9 0.1 0.8 2.0 0.0
Sedge-grass (mesic) 17.6 43.6 0.0 - - - - - -
Sedge-shrub - - - 7.5 18,5 Hxkkk - - -
Mat and cushion 31.8 7.5 0.1 9.7 24.0 0.0 - - -
Rock 0.6 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL 254.8 629.8 0.0 162.8 402.5 0.0 26,1 72.0 0.0

* Percent of total area of each vegetation type in entirc Watana and Gold Creek watersheds, based

on 1:250,000-scale mapﬁin (McKendrick et al. 1982).
ko Based on clearing width of 120 ft.
**%  Rased on clearing width of 90 ft.
*%x%% Based on clearing width of 50 ft.

*%k%%* Data not available for entire Watana and Gold Creek watersheds.
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TABLE E.3.86: AREAS OF DIFFERENT VEGETATION TYPES TO BE CROSSED

BY TRANSMISSION CORRIDORS#*

Healy to Willow to Cook
Fairbanks Inlet
Vegetation Tvpe ha acres ha acres
Forest 1034.9  2557.0 387.¢6 957.7
Woodland spruce 47.5 117.4 57.4 141.7
Open spruce 554.5 1370.1 29.5 73.0
Closed spruce 16.2 40.1 56.8 140.3
Open deciduous 93.9 231.9 ~ -
Closed deciduous 37.7 93.1 - -
Closed birch - - 44.6 110.2
Woadland conifer-deciduous 9.3 22.9 - -
Open conifer-deciduous 159.3 393.7 30.7 75.9
Closed conifer-deciduous 7.0 17.2 168.6 416.6
Open spruce/open deciduous** 5.2 12,9 - -
Open spruce/wat sedge-grass/
open deciduous** 5.2 12.9 - -
Open spruce/low shrub/wet
sedge~grass/open deciduous**  99.1 244.8 - -
Tundra 117.6 290.5 165.7 409.4
Wet sedge-grass 103.1 254.8 165.7 409.4
Sedge-grass (mesic) 6.4 15.7 - -
Sedge=-shrub R 20.0 - -
Shrubland 247.3 611.3 67.2 166.1
Low mixed shrub 214.6 531.1 67.2 166.1
Low shrub/wet sedge-grass*%* 32.4 80.2 - -
Disturbed 7.0 17.2 5.2 12.9
River 20.9 51.5 - =
Total 1427.7  3527.5 625.7 1546.1

* Calculated from rigures E.3.48-50 and E.3.51-52.

Right-of~way

width was adjusted to 91 m (300 ft) along the entire corridor.
*% The Tanana Flats portion of the transmission corridor is an area of extremely
complex mosaics of vegetation types.

recognizead.

As a result, various complexes were
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CHANGES IN THE TEXT OF THE BOTANICAL SECTION OF CHAPTER 3 RESULTING FROM
CORRECTIONS OF BOTANICAL TABLES (the following sentences replace the corres-
ponding sentences in the indicated paragraphs).

p.E-3-220C,
para. 1

Spruce hardwood forests cover half (49.9 percent) of the total
area within the Willow-to-Healy transmission corridor. Upland
spruce hardwood stands cover 1126 acres (456 ha), lowland spruce
hardwocd stands cover 585 acres (237 ha), and bottom land spruce
hardwood stands covar 207 acres (84 ha). Shrublands are the
next most predominant cover type (28.5 percent), occupying 1097
acres (444 ha).

Almost 70 percent of the total area (°.37 acres, 420 ha) within

the Watana-to-Devil Canyon section or :..e transmission corridor
is shrubland. Predominant vegetation types crossed include open
tall shrubland (103 acres, 42 ha), closed tall shrubland (162
acres, 66 ha), low birch shrubland (261 acres, 105 ha), Tow mix-
ed shrubland (162 acres, 66 ha), sedge-shrub tundra (133 acres,
54 ha), and mat and cushion tundra (130 acres, 53 ha). The
Devil Canyon-to-Intertie (Gold Creek) section of the transmis-
sion corridor covers a total of 501 acres (203 ha), 372 acres
(151 ha) of which is closed mixed forest. Smaller areas of
woodland white spruce (61 acres, 25 ha) and wet sedge-grass
tundra (39 acres, 16 ha) are also crossed.

Construction of the Watana development will result in the direct
removal of vegetation within an area of approximately 35,605
acres (14,409 ha) covering a range of elevations from 1400 to
2400 feet (430 to 730 m). In addition about 5,258 acres (2128
ha) of unvegetated areas will be inundated or developed. Within
the dam, spillway, and impoundment areas about 36,531 acres
(14,784 ha) will be disturbed by construction and clearing
operations.




Approximately 5700 acres (2305 ha) of forest and 170 acres
(70 ha) of shruhland wiil be inundated or cleared for the dam,
spiliways, and impoundment area (Table E.3.84).

Approximately 628 acres (254 ha) of primarily shrub and tundra
vegetation wili be cleared along a 44 mile (71 km) corridor for
the Denali Highway-to-Watana access route (Table E.3.85).

Construction of this road will entail clearing an additienal 402
acres (163 ha) of roadway. A 12-mile (19 km) railroad extension
between Devil Canyon and Gold Creek will be constructed on the
south side of the Susitna River, removirg an additional 72 acres
(29 ha) of vegetation.

Transmission corridors comprise a total of 16,460 acres
(4233 ha) and wili constitute another source of vegetation loss
and/or disturbance (Tables E.3.79, E.3.80, and £.3.86). The
transmission lines from Healy to Fairbanks cover a total of 3528
acres (1428 ha). Open spruce (1370 acres, 554 ha) constitutes
the main vegetation type in the right-of-way. The Willow-to-
Cook Inlet transmission corridor (total cover 1546 acres, 626

ha) will cross primarily closed conifer-deciduous forest (417

acres, 169 ha) and sedge-grass tundra (403 acres, 166 ha). The
Willow-to-Healy transmission corridor (3844 acres, 1556 ha) is
composed primarily of upland spruce-hardwood fore: (1126 acres,
456 ha) and shrubiands (1097 acres, 444 ha). Sh.uvlands (720
acres, 291 ha), forest (Ell acres, 206 ha), and tundra (310
acres, 125 ha) are included in the proposed right-of-way for ti~
Watana-to-Gold Creek transmission corridor (total area 1538
acres, 622 ha).




p.E-3-246,
para. 5

p.E-3-247,

Far more potential wetland areas are included within the Watana
development (30,717 acres, 12,431 ha) than within the Devil

Canyon project area (4,216 acres, 1,706 ha) (Table E.3.82). The
proportion of the area occupied by wetland types also differs
within the two areas. Although potential palustrine forested
areas occupy the greatest areai extent of wetland types in the
Watana facility (66 percent of total potential wetland), this
type occupies 48 percent of the potential wetlands to be affect-
ed by the Devil Canyon facility.

Direct losses for the Watana project include 31,300 acres
(12,667 ha) of vegetation for the dam, impoundment and spillway
(5,231 acres, 2,117 ha of unvegetated area will also be disturb~
ed). An additional 4,300 acres (1,742 ha) have been designated
for use as camp, viliage, airstrip, and borrow areas. These
potential losses account for only 1 perceat of all vegetation in
the Watana and Gold Creek basins, but 3.3 percent of the vegeta-
tion present in a 20 mile (32 km) wide area spanning the Susitna
River from the mouth of the Maclaren River & Gold Creek.

Direct Tosses of vegetation for the Devil Canyon dam, spillway
and impoundment areas will include 5,869 acres (2,386 ha) of
forests, tundra, and shrubland. 2045 acres (828 ha) of unvege-
tated Tand will also be disturbed (Table E.3.84).

The Watana access road will result in a loss of approximately
628 acres (254 ha} of mostly tundra and shrubland vegetation
types. Additional iosses of about 402 acres (163 ha) for access
rcads and 72 acres (29 ha) for rail will be required for access
to tho Devii Canyon facility.




p.E~3-247.,
para. 4

Of the total 10,460 acres (4,233 ha) of vegetation on right-of-
way for transmission lines, only a smail fraction will need be
subject to initial clearing, since there will be no clearing of
low shrub or tundra types.

Without mitigation, construction of all project facilities would
remove vegetation from a total of about 53,624 acres (21,701 ha)
apportionad as foliows:

acres hectares
Dams and spillways 237 96
Impoundments 36,959 14,957
Camps 245 . 99
Villages 250 101
Airstrip ' 42 17
Damsite borrow areas 4,292 1,727
Access borrow areas 35 14
Access routes 1,104 447
Transmission corridors* 10,460 4,233

*Greund Taver and soil will not be removed.

In addition 7,333 acras (2,988 ha) of unvegetated area will be

disturbed. About 95 percent of this area is river channel with-

in the impoundment areas.

Of this cumulative impact, vegetation removal resulting from
dams and spillways, impoundments, access voutes, and the Watana
crerational village will be permanent, accounting for about 70
percent (38,454 acres, 15,562 ha). The remaining 30 percent
(15,170 acres, 6,139 ha) will allow application of the following
range of mitigation options.




The Denali Highway-to-Watana route will remove about 448 acres
(181 ha) of shrubland and about 153 acres (62 ha) of tundra
types, accounting for less than one percent of totai shrubland
or tundra 1in the Watana and Gold Creek watersheds (Table
E.3.85). Only 1.5 acres (0.6 ha) of open white spruce forest
will be affected, and the number of individual trees actually
cut in this Jow density vegetation type will be statistically
insignificant on a local or regional basis.

About two-thirds (67 percent) of the route is shrubland (256
acres, 104 ha), about 20 percent is forest (93 acres, 38 ha) and
15 percent is tundra (53 acres, 22 ha) (Table E.3.85).

The Devil Canyon-to-Gold Creek railroad route‘ will traverse
almost entirely closed mixed forest (about 50 acres, 20 ha) and
open mixed forest (about 14 acres, 6 ha) (Table E.3.85).

Low abundance vegetation types which will receive the greatest
cumulative impact from construction of the impoundments and
dams, access and transmissioq corridors, and all ancillary
facilities, will be open and closed birch forest, and wet
sedge-grass tundra (Tables E.3.80 and E.3.83-£.3.85). A cumula-

tive total of 3221 acres (1303 ha) of open and closed birch for-

est could be affected by construction-related clearing between
1985 and 2002. Based on the 1:83,360-scale mapping of the 20-
mile (32 km) strip along the Susitna River (the map showing the
vegetation of the area in the greatest detail) (Table £.3.52),
34 percent of the total 9,444 acres (3,822 ha) of this vegeta-
tion type couid be removed by construction. About 3,143 acres
(1,272 ha) or 33 percent of the total coverage will be entirely
removed by clearing of the impoundments (Tables E.3.¢3 and
E.3.84). The remaining 78 acres (32 ha) will be selectively
cleared as discussed further below.




The other low-abundance vegetation type within the Watana and
Gold Creek watersheds to be affected by construction, wet
sedge