








The upper river, above the Oshetna River confluence, lies parallel to the
direction of tilt, while the middle and lower river reaches are aligned per-
pendicular to the direction of tilt. Normally, the effects of seaward tilting
of a river basin cause it to downcut and to deepen its valley. However, the
effect is felt immediately only by streams that lie parallel to the direction
of tilt. Streams flowing perpendicular to the direction of tilt begin down-
cutting only after the stream it flows into has deepened its valley, lowering
the base level of the first stream and leaving it out of adjustment. Even
then the effect is felt only at the mouth of the first stream rather than
along its entire length (Thornbury 1954).

Only the upper river flows parallcl to the direction of tilt, The total
amount of tilt within that reach is about 0.5 feec. Consequently, the upper
river may have degraded slightly since 1964 as a result of the earthquake-
caused tilt, moving a small amount of sediment into the middle river, but the
upper river has not been studied to confirm this.

The middle river lies almost exactly perpendicular to the direction of
tilt, while the lower river is only slightly less so. Therefore, only a small
rejuvenation effect would be expected in the lower river, a lesser effect
might have occurred rear the Susitna/Chulitna confluence, and almost no effect
should have occurred ir the middle river reach.

A large amount of erosion has occurred at the Susitna/Chulitna conflu-
ence, especially along the north bank of the Susitna and east bank of the
Chulitna, where they join. It appears that this erosion was caused by the
main channel of the Chulitna River swinging slowly to the east since 1949.
Most of this erosion did occur after the earthquake, but it had begun before

that, with perhaps 1/4 of the erosion occurring before 1962. Although the
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effects of the earthquake may have exacerbated this effect, it does not appear
that the earthquake caused it.

Analysis of the time-lapse aerial photography in the middle river shows
that the rate of degradation between 1949 and the present has progressed at a
steady rate throughout the period. There was nc apparent change in rate be-
tween 1949-62 and 1962-83. Therefore, it seems that there was little effect on

the middle river's geomorphic regime by the 1964 Alaska Earthquake.
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CONCLUSTONS

The results of this study appear to indicate that, during the past 36
years at least, the middle river has been slowly degrading its bed as it did
during the larger part of its history since the ice age. The amount of degra-
dation since 1949 is not known but probably has not exceeded a few feet. The
river appears to evolve naturally through the process of degradation, probably
still attempting to reach equilibrium with the valley conditions left after
the glacier ice retreated.

As the main channel degrades and lowers its water surface elevation,
gravel bars and other depositional features protruding from the riverbed slow-
ly emerge, eventually standing high enough above the water surface that they
are seldom overtopped by floods. Those gravel bars near shore often become
attached to shore and eventually emerge high enough to become terraces. Vege-
tation then takes hold on these exposed surfaces and goes through natural
succession, eventually becoming mature forests.

As land features emerge, intervening berms between the mainstem and side
channels become effectively higher and side channels evolve into side sloughs.
As the berms emerge even higher, sloughs are less frequently flooded, until
the berms eventually become high enough to prevent any overtopping flows. The
sloughs have then evolved into upland sloughs.

When a slough evolves, fish habitat conditions within it change. As a
side sloughs forms, it may eventually reach a stage of development in which
water depth and temperature, velocity, substrate, and fish passage conditions
become, for a time, suitable for fish spawning or rearing. As the slough
continues to evoive, tliose conditions change too, and all or part of a slough

may eventually become unsuited for fish habitat. For example, as a slough
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mouth rises, water depths over the entrance may become so shallow that adult
fish passage into the slough is effectively prevented. When a side slough
evolves into an upland slough, it is no longer flooded under any circumstances
and conditions changing within the slough may make it unsuitable as fish habi-
tat.

Some sloughs may be suitable for both spawning and rearing for a time and
then later become useful only for rearing. It is probable that some sloughs
never become suitable fish habitat at any time in their evolution. The requi-
site conditions may never be met. In those sloughs that do become suitable,
the length of time they remain suitable is unknown, and probably varies con-
siderably from slough to slough, depending on local conditions.

At any given time in the degradational process, there are probably some
sloughs entering the low end of the evolutionary cycle as others leave the top
of the cycle. In other words, some side channels are being converted to side
sloughs as other side sloughs are being altered to upland sloughs, and some
upland sloughs are emerging high enough to be effectively isolated from the
river. 1If this is so, then some amount of suitable fish habitat might always
be available in the natural system. The variation in quantity and quality of
this habitat over time, however, is unknown because of the short period of

record in the middle Susitna River.
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EFFECTS OF THE PROJECT

Vith the Susitna Hydroelectric Project in operation, the river's geomor-
phic regime would be altered. River flows would be regulated, with discharges
being lower than normal in the summer, as water is stored in the reservoirs,
and higher in the winter when power demands would be the greatest, Flows
would also be more stable than normal, with flood effects reduced or eliminat-
ed except in extreme events. Bedload sediments normally carried downriver
would be trapped in the reservoirs above the mouth of Devil Canyon. There-
fore, little bedload would be carried into or through the middle river.

Studies show that the river would try to adjust itself to a new equilib-
rium condition. The main channel would tend to become narrower and more con-
fined, and may recede from the heads of some sloughs and side channels. Since
the river would be unburdened with bedload and have a greater capacity for
carrying sediments, the middle river would initially scour its bed somewhat.
This would last for only a few years. The total amount of scour in the main-
stem would average about one foot, with the effect most pronounced near the
dam face and decreasing with distance downstream. In sloughs and side chan-
nels the amount of degradation would range from none to 0.3 foot (H-E 1985b).

After the initial period of scouring below the dams, an armor layer would
develop and the riverbed would become more stable (H-E 1985). The main chan-
nel would tend to become reduced in width by encroachment of vegetation and
sediment near the banks (Bredthauer and Drage 1982). Long-term natural degra-
dation of the riverbed would essentially stop.

As degradation of the middle river ceased, the natural evolution of the
sloughs would stop. Sloughs would no longer change from one type to another.

The type of each slough would remain the same as it was at the termination of
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riverbed scouring below the dams. Slough fish habitat would, therefore, no
longer be altered through perching of sloughs. However, it cannot be assumed
that presently-suitable fish habitat would remain so.

Although slough types would remain unchanged, habitat conditions within
the sloughs might still undergo change due to processes other than river de-
gradation. Small streams that are tributary to sloughs would continue to
produce sediment and might alter substrate conditions ir sloughs, perhaps
causing substrate siltation. Reduced flooding in the sloughs, caused by sta-
bilized project flows, might prevent the periodic flushing of silts from the
slough substrates. If so, sloughs might eventually become unsuitable for fish
spawning. Also, biological processes, such as beaver dam building, might
prevent fish passage into sloughs unless they are periodically flushed out.

If geomorphically stable sloughs are slowly made unsuitable for fish
habitat by such processes as these, and no new slough habitat is created
through slough evolution, the total amount of suitable slough habitat might be

diminished over time.
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APPENDIX B. DEFINITIONS

(Source: Klinger and Trihey 1984)

SC - Side Channel. These contain turbid, glacial waters, the same as found in

the mainstem. These channels convey less than ten percent of the total flow.

8§ - Side Slough. These contain clear water. Local surface runoff and
upwelling are the primary water sources that supply clear water to the side
sloughs. Side sloughs have non-vegetated upper thalwegs that are overtopped
during periods of moderate to high mainstem discharge. Once overtopped, side

sloughs are considered side channels.

US - Upland Sloughs. These contain clear water and depend upon upwelling

and/or local runoff as their clear water sources. Upland sloughs possess

vegetated upper thalwegs that are seldom overtopped by mainstem discharge.
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APPENDIX C - GENERAL DESCRIPTIONS OF GEOMORPHIC CHANGE

SINCE 1949.

RM 98.6. Confluence of Susitna/Chulitna rivers. Chulitna main channel has
eroded away about 1000 feet of the land north of the Susitna River and east of
the Chulitna River. The Susitna River mouth was widened in the process, as
the islands on the south side of it were also removed. About 1/4 of this

erosion took place from 1949-61, while about 3/4 took place from 196l-present.

RM 99.5-100.0. Gravel islands in this reach became progressively more
vegetated. Most of this occurred 1949-61; only slightly more occurred from

1961-present.

Slough 1. Changed from side channel to side slough from 1949-61. Enclosing

gravel bars, particularly near slough mouth, became somewhat vegetated with

low brush from 196l=-present.

RM 101.0-101.5. Many gravel bars in this reach became progressively more

vegetated from 1949-present. They now have low vegetation covers.

RM 111. Cravel bars in this area have shown progressively more brushy

vegetation from 1949-present.

RM 111.5. Forested island has new area of vegetation at southeast end. It

progressed from no vegetation in 1949 to thick brush at present.
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Slough 8. Changed from side channel to side slough from 1962-present.
Enclosing gravel bar has grown in area and become vegetated with low brush

from 1962-present,

RM 113.7. Gravel bar on south shore has become progressively vegetated from
1949-present. There was no vegetation in 1949, and there is at present a

large stand of tall brush.

RM 113.8. Two forested islands were eroded from 196l-present. The upstream
island is totally gone, while the downstream island is diminished in size.
Also, a small, vegetated island downstream from there disappeared. It appears

that the mainstem has shifted its course northward.

RM ll7f2. Islands show progressively encroaching vegetation from 1949-
present. The southwestern and central islands have doubled their vegetated
areas. In 1949 they were about half vegetated; in 1962 sparse brush had grown
on the unvegetated areas; and at present there is a dense cover of tall brush.
Northwest of there, a gravel bar has grown considerably in area from 1949 to

present and has become sparsely vegetated.

RIf 117.8. Gravel bar has grown considerably in area and has become sparsely

vegetated.

RM 118.7. Forested island has new brushy vegetation along margins, that has

increased progressively from 1949-present.
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RM 119.1. Forested island has approximately doubled its area of vegetation

coverage. The new vegetation is tall brush at present.

RM 119.5. Mainstem channel has swung southward from 1949-present, eroding

away part of vegetated island on the south side of the river.

RM 121. Gravel bar has become partly vegetated with brush from 1949-present,

R 121.3. Gravel bar has become partly vegetated with brush from

1949-present.

Slough 8C. Changed from side channel to side slough from 1962-present. En-
closing gravel bar has increased in size and become sparsely vegetated from

1949-present.

RM 122, Curved, forested island has progressively grown brushy vegetation at

west and southwest ends from 1949-present.

RM 122.4, Gravel bar has become attached to south shore of river as a
terrace, and has become progressively more vegetated with brush from

1949-present.

€lough 8B. Although slough has not changed type, the enclosing gravel bar has
become increasingly vegetated from 1949-present. In 1949 there was almost no
vegetation; in 1962 it was about half covered with vegetation; and at present

it is fully vegetated with high brush and low trees.
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Slough 8E. Changed from side slough to upland slough from 1962-present.

Upper part of slough is now fully vegetated.

Slough 8F. Changed from side slough to upland slough from 1962-present.
Enclosing gravel bar has shown increasing vegetation from 1949-present. In
1949 there was only a slight coverage of low grasses; in 1962 the bar was
about half covered with brushy vegetation; and at present the bar is Ifully

covered with high brush and low trees.

Slough 8G. Changed from side channel to side slough from 1962Z-present. 1In
1949, the side channel was behind a small, unvegetated gravel bar in mid-
river. By 1962 the gravel bar had grown in area, and the side channel was
reduced in size. At present, the gravel bar is larger, connected to the south

shore, and is sparsely vegetated.

RM 123.4. Gravel bar near the south shore in 1949 has become atrached to
shore as a terrace, and has become progressively more vegetated from

1949-present.

RM 123.8. There is a new gravel bar attached to the south shore at present.
This bar did not exist in 1949; it was a small in-channel bar in 19" ; and it

is a large bar attached to shore and beginning to vegetate at pre ent.

RM 124.1. Gravel bar has become progressively r+ re vegetated from
1949-present, and now has dense brush. Also, new gravel bars to the south of
it, formed or emerged since 1949, have progressively increased in area to the

present.
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RM 124.7. Gravel bar has progressively increased vegetation coverage from

1949-present.

RM 125-125.5. Mainstem channel has.shifted position since 1949, eroding away
the tips of several old, forested islands. There is a new gravel bar in the
old position of the mainstem channel. One old gravel bar, barren in 1949, has

become progressively vegetated from 1949-present.

RM 126.6-126.7. Large gravel bar near south shore in 1949 has become attached
to the south shore as a terrace. It has also become progressively vegetated

with high brush from 1949-present.

RM 127. Gravel beaches on north side of channel have become vegetated since

1949.

RM 128.1-128.4. Gravel bars in mid-channel and attached to south shore have

become increasingly vegetated from 1949-present.

Slough 9. Changed from side channel to side slough from 1962-present. Wetted
area of slough narrowed from 1949-62. A large gravel bar in mid-slough became
larger in area and increasingly vegetated from 1949-present. Another gravel
at the lower end of the slough, partly vegetated in 1949, has progressively
increased in vegetation cover, and is at present completely covered with high

brush and low trees.

RM 129.2-129.5. Gravel bars increased in area from 1949-62, and became

increasingly vegetated from 1962-present.
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Slough 9A. Slough did not change type, but gravel bar at lower end of slough
enlarged in area from 1949-62, and became increasingly vegetated from

1962-present.

RM 130. Mainstem channel shifted southward and widened from 1949-present.
New gravel bars have formed in the old position of the mainstem channel and

have become increasingly vegetated.

PM 131.2-131.7. Several gravel islands have become increasingly vegetated

from 1949-present.

RM 132.2, The mainstem channel shifted position slightly to the northwest,
eroding away the southeastern sides of several forested islands. The northern
sides of the islands, however, have increased their area of vegetation
coverage. Most of the island erosion took place before 1962. There are at

present new gravel bars in the old position of the mainstem channel.

RM 133.0-133.3. Forested islands have increased in area by apparent emergence
of new gravel beaches at the northeast and southwest ends, and these beaches

have become increasingly vegetated, from 1949-present.

RM 133.6. The mainstem channel shifted to the south and eroded out a small,
forested island near the south shore. A lengthy gravel bar, which had just
started to form or emerge in 1949, now occupies the old position of the
mainstem channel, has become attached to the shore as the beginning of a new
terrace, and has become increasingly vegetated from 1949-present. Two small,

forested islands near the south shore in 1949 have now become attached to the
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south shore as a terrace, and have become increasingly vegetated with brush,

from 1949-present.

RM 134.5. Large gravel bar in mid-river has become increasingly vegetated

with brush from 1949-present.

RM 135.3. Two gravel bars have become increasingly covered with low

vegetation from 1949-present.

Slough 11. Large ice jam event, observed in 1976, overtopped the terrace on
the south side of the river and eroded out a large side slough, known now as
slough 11. There was only a small upland slough at the downstream end of the

terrace previous to that event.

Slough 12. Changed from side slough to upland slough from 1962-present.

Upper end of channel bed is now fully vegetated.

Slough 13. Changed from side channel to side slough from 1949-62. In 1949

the channel was behind a small gravel bar offshore. By 1962 the bar was

attached the large terrace remnant enclosing slough 11, and at present the bar

is slightly covered with low vegetation.

RM 137.2. Gravel bar has become much more vegetated from 1962-present.

Slough 15. Changed from side channel to side slough from 1949-62, and then to

an upland slough from 1962-present.
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RM 138.6. Main channel of Indian River has swung porogressively eastward in

its delta from 1949-present.

RM 139.2. Mainstem channel has shifted northward from 1962-present, eroding
out two small, forested islands. Gravel bar to the south of that has become

slightly more vegetated from 1949- present.

Slough 1Y. Changed from side slough to upland slough from 1962-present.

RM 140, Vegetated island near south shore in 1949 has become attached to the

shore as a terrace, and has become increasingly vegetated, from 1949-present.

Slough 20. Changed from side channel to side slough from 1962-present.

RM 140.6. Gravel bar has become increasingly vegetated from 1949-present.

Slough 21. Slough is enclosed by three forested islands, and is composed of
both a lower side channel area and an upper side slough area. Overflow berm
at upoper end of side slough area has become narrowed and confined by
encroachment of vegetation from 1949-present. Channel between first and
second island has formed or emerged a gravel bar, almost closing the channel,
from 1962-present. Berm between second and third island has become greatly
vegetated with low brush from 1949-present. It appears that flow in the lower
side channel area has become severely restricted at comparable flows due to

emergence of intervening berms.
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RM 141.1-141.6. Forested island has become increasingly vegetated, especially
in an o0ld, abandoned channel through the center of the island, from

1949-present.

RM 141.9. Gravel island has become larger in area, and has become

increasingly vegetated in its center, from 1949-present.

RM 142.4. A large portion of the south shore terraced mainland, and a large
portion of a large, forested island in mid-river, have been eroded away.
There is a barren gravel bar now in the position of the old south shore
terrace. The mainstem channel is now much wider through this reach. This
erosion all occured since 1962; the old forested island had been increasing in

vegetation coverage from 1949-62.

RM 143.0-143.3. Gravel bar on south shore has become larger in area and

increasingly vegetated from 1949-present.

RM 145.2. Gravel bar on south shore has become slightly more vegetated from

1949-present.

Slough 21A. Channel appears to be somewhat less flooded, at similar dis-

charges, from 1949-present.
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