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1.0 SCOPE OF THE STYUDY

The scope of the present study includes a reservoir sedimentation analysis
for Watana and Devil Canyon Reservoirs, and a river sediment transport study
for the Susitna River between the Devil Canyon dam site and the Sunshine
stream gaging station (see Exhibit 1 for the locations). The major tasks

are:

1. to review avallable relevant reports,

2s to estimate sediment inflow to the reservoirs and sediment deposit in
the reservoirs for 50 and 100 years of reservoir operation,

3 to conduct a preliminary assessment of aggradation and degradation of
the Susitna River below the dams especially near the mouths of the
tributaries and sloughs;

4, to recommend areas of concern for further study; and

S. to recommend a program of dats collection required for further study.
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2.0 SUMMARY AND CONCLUSIONS

Sediment inflow to Watana and Devil Canyon Reservoirs were estimated by
transposing sediment discharge data for the Susitna River near Cantwell and
at Gold Creek. Suspended-sediment discharges at the gaging stations were
computed by the sediment rating-flow duration curve method. Md_gi—__;_—
charges were estimated as a percentage of suspended-sediment discharges.
Sediment deposit; in the reservoirs were estimated by assuming 100 percent

trap efficiency.

Sediment deposit in the Watana Reservoir was estimated to be 6,730,000 tons
per year (toms/yr) or 210,000 acre-feet (af) for a 50-year period, which is
about 2.2 percent of the gross reservoir volume of 9,470,000 af. The 100~
year deposit would be about 410,000 af.

Sediment deposit 1in the Devil Canyon Reservoir was estimated to be
7,240,000 tons/yr or 226,000 af for a 50-year period assuming without Watana
Reservoir., The 50-year sediment deposit would occupy about 21 percent of
the gross reservoir volume of 1,090,000 af. The 100-year deposit would be
about 442,000 af.

With Watana Reservoir in operation, sediment deposit in the Devil Canyen
Reservoir would be about 515,000 tons/yr or 16,100 af for a 50-year period
assuming that Watana Reservoir would trap all sediment inflow except in-
significant amount of very fine material. The 50~year sediment deposit is
about 1,8 percent of the gross reservoir volume. The 100-year deposit would
be about 31,400 af.

The river sedimentation studies below Devil Canyon Dam cover the Susitna
River from its confluence with Portage Creek to the Sunshine gage. This
river segment was divided into the Middle and Lower reaches for analysis.
The Middle reach runs from the confluence with Portage Creek to the com



fluence with the Chulitna River and the Lower reach from the confluence with

the Chulitna River to the Sunshine gage.
.._.—-"‘__-_- . —

The Middle reach was divided further into 12 subreaches for estimating post-
vroject degradation. The degradation for each subreach was computed by
assuming no bedload inflow to the subreach and assuming that bed armoring
will develop as small particles are sorted out and transported downstream.

Table 1 lists the estimated degradations along with armoring sizes under
pre4 and post-project conditions, and bed material size distributioms. The
armoring sizes for post-project conditions are considerably smaller than
those for pre-project conditions because of the smaller donin:ﬁt discharge
(1)—” due to reservolr regulation. The dominant discharges were taken as
the mean annual flood under the respective conditions. The channel degrada-

tion was computed using the procedures given in "Design of Small Dams™ (1)

and ranges between zero to 0.3 ft in various subreaches., Since badload from

tributaries and upstream subreaches could deposit in a subreach, the net
degradation would be smaller.

River bed aggradatior near the mouths of some tributaries appears to be
likely under post-project conditions. This conclusion is based on a compa-
rison of sediment size transportable by the Susitna River under post=-project
conditions with the bed material size distribution near the mouth of the
tributaries.

The sediment transportable under post-project condition were assumed to be
equal to or emaller than the corresponding armoring size shown in Table 1.
The median sizes (D5gp) of bed material at the mu::hl oﬁ.&iialn River and
Sherman Creek are greater than the tramsportable sizes. Thus, coarser ma-
terial brought by these tributaries will have the tendency to accumulate in

— ——

the mainstem of the river near the confluences.

—

—

1/ See list of references at the end of the text.
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The size distributions of bed material for other tributaries (Table 1) indi-
cate D5 smaller than the transportable size, and there would be less aggra-
dation near the mouth of these tributari:s. However, because only & few bed
material samples were collected in the v»*tudy reach as discussed under sec~
tion entitled “Bed Material"”, additional data will have to be collected and
anlayzed to confirm or revise this asséssment.

Currently, data are not available to quantify the extent of potential aggra—
dation in the mainstem near the mouths of the tributaries. A sediment data
collection program has been proposed by the U.S. Geological Survey (USGS)
which includes sediment measurements on Indian River and Portage Creek.
When data collected under this program become available, a quantitative es-—
timation may become feasible. However, severe aggradations at the mouths of
tributaries are not expected which will require substantial mitigative mea—
sures. Most of the tributaries will adjust to new flow regime without de-
trimental effects on fish access, bridge or railroad. The adjustment will
depend upon a number of factors such as the shape of a tributary cross
section, size of bed material, increase in the hydraulic gradient due to
lowering of water surface elevation in the mainstem under post-project
conditions, magnitude and frequency of high flows in a tributary and the
size of sediment transportable by the mainstem flow. The interaction of
these factors is not completely understood. Therefore, depending upon these
factors, a tributary may adjust to new regime cver a period of time, one wet

season or a number of year:.

Bed material samples collected by Harza-Ebasco in side channels and on
slough berms indicate that under the pre-project conditions, erosion of
the berms at the entrance of sloughs and the erosion of side channels occur
during high flows. Under post-project conditions, the erosion will be less
and some aggradation at the entrance of the sloughs and side channels may be
expected. This is because the main river channel will become more confined
and any occasional higher flows may deposit bedload near the entrance. This
in conjunction with attenuation of high flows by the reservoir will reduce
the frequency of mainstem flows overtopping the berms.

2-3
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Me sum of suspended sediment discharges for the Susitna River near Talkeet-

Project effect on sediment transport in the Lower reach will depend primari-
ly on the change in the bedload transporting capacity of the Susitna River
below its confluence with the Chulitna and Talkeetna Rivers.

The sum of bedload discharges estimated for the Susitna River near Talkeetna
(about 5 miles above the confluence with the Chulitna River), the Chulitna
River near Talkeetna (about 17 miles above the confluence) and the Talkeetna
River near Talkeetna (about 4 miles above the confluence) in water year 1982
was about 1,460,000 tons. The Susitna River contributes 3 percent of the
total bedload, the Chulitna River 83 percent, and the Talkeetna River 14
percent, In the same year, bedload passing Sunshine (about 14 miles down-

stream from the confluence) was estimated to be 423,000 toms. ReDLoaDd

The bedload discharges were computed by the sediment rating-flow duration
—;:urve method. The sediment rating curves at the gaging stations were devel-~
oped usi.;;- bedload samples collected by the USGS during the summer months of
1981 and 1982 (Exhibits 16,17, 18,and 19). The sediment-rating curves are
not well defined, especially the curve for the Chulitna River, because of

large scattering of the data points. This introduces some degree of uncer-
!

na, the Chulitna River near Talkeetna and the Talkeetna River near Talkeetna
was estimated to be about 11,660,000 tons in water year 1982. The suspended
sediment discharge for the Susitna River near Sunshine was estimated to be
about 13,330,000 tonms for the corresponding period. Therefore, the total
sediment loads (suspended sediment load + bedload) entering and leaving the
Lower reach were about 13,120,000 and 13,753,000 tons, respectively.

The river cross sections (Exhibit 9 through 15) indicate periodic scour and
deposition. &ed on field reconnaissance, the Lower reach spears to be in
a long-term stable regime. Therefore, the imbalance of 633,000 tons indi-
cated in water vear 1982 is likely to be because of contribution of sediment

U“M‘*Y‘-‘ E)"“M ' M\W- 'Io 1—: 10 (7 )é Gl A4 .\"{ -fiw:)
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from intervening area between the sediment measuring stations or because of

error in the estimation of sediment disrharge at the gaging stations.

Computations show that the total sediment discharge capacity at Sunshine

under post-project conditions would be about 55 percent of that under pre-

sent conditions. Therefore, with 79 percent of the total load coming from
the Chulitna and Talkeetna Rivers, long-term sggradation in the Lower reach
can be expected because of regulation of flood and high flows by the reser-
voirs. The magnitude of the aggradatior and its location cannot be properly
predicted with the available data. However, it is expected that the aggra-
dation will start at the mouth of the Chulitna River. Existing delta forma-
tion will further develop and extend towards the left bank below the con—
fluence but the river channel will become better defined compared to exist-
ing conditionms. This is because the flow in the river will be much more
stable under post-project ccnditions than under the present condition.

Although the eventual magnitude of aggradation cannot be predicted with the
available data, the aggradation is unlikely to cause severe navigational or
fish access problems in the reach below the confluence. This is because of
better defined channel with major flow contribution (average flows at Sun-
gshine and Susitna Station are about 2.5 and 5 times that at Gold Creek) from
the drainage basin below the confluence.

The USGS has collected more data on bedload discharge during 1983 and also
will collect data during 1984, When these data become available, a better
estimation of potential aggradation may become possible.

S o - Li—ry.r'm\,
a,\’r‘-lfj MJ\M Haat (r‘a_‘-l-('h\- lopser wver = ffa'-«w
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3.0 RECOMMENDATION

As indicated previously, & precise estimation of aggradation or degradatioan
in the Susitna River below Devil Canyon Dam can not be made at present be-

cause insufficient data are available.

The 1983-84 sediment sampling program of the USGS includes a new bedlond
measurement station on the Susitna River below the confluence of the Chuli:-
na and Susitna rivers. This will permit refinement in the analysis of bed-
load trensport im the Chulitna River and also will help to identify the lo—
cation of sediment deposits in the Lower reach.

The USGS also will conduct a bedload and bed material sampling program :or
the Indian River and Portage Creek. This will help in evaluating the aggra—
dation, if any, near the mouth of these tributaries.

For each major tributary of concern, about 5 cross sections on the tributary
(at the confluence and upstream from the confluence) and two cross sections
(upstream and downstream from the confluence) on the mainstream should be
surveyed to determine the gradient of the tributary. This will help in the
computations of aggradation or degradation in the tributries near their cco-
fluence with the main stream.

The USGS sediment sampling progréam should be continued for a period of at
least 3 to 5 years. The size distribution of bed material used in th:ls
analysis is tased on small number of samples taken near the surface and may
not represent the sub—pavement materials. Therefore, bed material samples
in the twelve subreaches identified in this study should be taken both for

pavement and sub-pavement.
Streamflow data of the tributaries are not availasble and hence the estimate:n

of bedload transported by the tributaries could not be made. A stage re-
corder and periodic discharge measurements are recommended for the Indian

3=1
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River. These data can be used with results of the USGS sampling program to
estimate the bedload transported by the river. The information obtained
from these data also can be transposed to other tributaries to estimate
amount of bedload brought into the Susitna River.



4.0 PROJECT SETTING

The Susitna River drains about 19,600 square miles (s8q mi) in the southcen-
tral region of Alaska. Major tributaries include the Chulitna, Talkeeta,
and Yentna rivers. Glaciers in the headwaters contribute substantial sedi-
ment during summer months. Streamflow is characterized by turbid high flows
from ice breakup in May to September and clear low flows from October to
April. High summer flows are caused by glacial melt, snowmelt, and storm
rainfall.

The Susitna River is about 320 mile (mi) long. The Watana and Devil Canyon
damsites ares located at river miles 184 and 152, respectively. The drainage
areas at the two dams are about 5180 sq mi and 5810 sq mi, respectively.

The Chulitna River originates in the glaciers on the south slopes of Mount
McKinley and enters the Susitna River from the west near Talkeetna at river
mile 98, The Talkeetna River originates in the Talkeetna Mountain and enm
ters the Susitna River from the east near Talkeetna at river mile 97. The
Yentna River originates in the glaciers of the Alaska range and enters the
Susitna River from the west at river mile 28.

The Susitna River falls from elevation (El.) 850 ft at the Devil Canyon dam—
site to El. 260 ft at the Sunshine gage (Exhibit 2)., The average slope in
this reach is about 0.0017,

The Susitna River between the Devil Canyon damsite and the Susitna-Chulitna
confluence has many side chananels, sloughs, and islands, while most length
of the river below the confluence is highly braided.



5.0 REVIEW OF PREVIOUS STUDIES

Reports of previous studies related to reserveir sedimentationm, turbidity
and channel stability were reviewed. The studies from which the basic data
and results were used in the present study include the following:

1. R&M Consultant, Inc. "Susitna Hydroelectric Project, River Morphology,”
prepared for Acres American Inc. January 1982 (2).

This study provides an overview of the climate, topography, geology, soils,
vegetation and available water resources in the Susitna River basin. Poten—
tial changes in the present river morphology under post-project conditions

also are discussed.

Estimates of available streamflow are provided as monthly flow duration
curves under pre- and post-project conditioms. Flow variability is die-
cussed by presenting l-, 3-, 7- and 15~ day high and low flow values for
May through October period. Mean annual floods are estimated for all major
tributaries. Discharge and stage frequency curves are given for key loca-
tions on the Susitna River under pre— and post-project conditioms.

Sediment characteristics of the Susitna River are discussed and sediment
rating curves are provided for the stream gaging stations on the Susitna,
Talkeetna, Chulitna and Maclaren rivers. Bedload of the Susitna River at
Denali is reported to be about 1,588,000 tons per year.

Size distribution of bed material at various cross sections are provided.
The movable particle sizes for various discharges are computed for a number

of cross sections.

2. R&M Consultants, Inc. “Susitna Hydroelectric Project, Reservoir Sedi-
mentation,” prepared for Acres American Inc., January 1982 (3).



This report presents estimates of sedimentation in the Watana and Devil
Canyon reservoirs. The trap efficiencies of the reservoirs were estimated
to vary between 80 and 100 percent. Specific weights of 97, 71.6 and 72.8
pounds per cubic foot (1bs/fl:3) were usad for the bedload, suspended sedi-
ment deposit after 50 years and suspended sediment deposit after 100 years,
respectively. The derived sediment rates are given below:

50=~year 100-year

Watana
100 percent trap efficiency 240,000 af 472,500 af
70 percent trap efficiency 170,000 af 334,000 af

Devil Canyon with 70 percent trap efficiency of Watana

100 percent trap efficiency 79,000 af 155,000 af
70 percent trap efficiency 55,000 af 109,000 af
Devil Canyon with 100 percent trap efficiency of Wetana

100 percent trap efficiency 8,600 af 16,800 af
70 percent trap efficiency 6,100 af -

Turbidity of water released from the reservoirs also 1s discussed based on
the data collected by the USGS in 1974-76 and by R&M in 1980-81. It ie
concluded that the turbidity during the summer months will sharply decrease
due to sediment trapping characteristics of the reservoirs. The turbidity
during the winter months will be near natural conditions as suspended sedi-
ment in near—-surface waters will rapidly settle once the reservoir ice cover
forms and essentially quiescent conditions occur.
n
3. Perltovicx. Nottingham & Drage, Inc. "Susitna Reservoir Sedimentation
and Water Clarity Study,” prepared for Acres American Inc., November
1982 (4).

This report presents the analysis of turbidity levels in Watana Reservoir.
A computer model "DEPOSITS" was used to compute the turbidity at various
A ]



levels in the reservoir. The major conclusions of the report are given
below:

b.

Ce

f.

It is likely that sediment particles less than 3 to 4 microns will
remain in suspension. This constitutes up to 20 percent of the summer
sediment input. Maximum turbidity levels at the outlet are on the
order of 50 NTU's, which corresponds to a sediment concentration of 200
to 400 milligram per litre (mg/l). Minimum turbidity levels will be in
the order of 10 NTU's. This corresponds to a sediment concentration of
30 to 70 mg/1.

Turbidity levels at the reservoir outlet during each month appear to be
primarily dependent upon the travel time for sediment slugs, delivered
to the reservoir during previous summers, to reach the reservoir out-
let. Longitudinal mixing, primarily induced by wind turbulence, will
tend to mask the near surface sediment slugs. Quantification of longi-
tudinal mixing has not been directly addressed within the scope of this
task.

Wind mixing is significant in retaining sediments of 1less than about
12 microns in suspension for the upper 50-foot layer of water.

Reintrainment of sediment from the shallow depth along the reservoir
periphery during severe storms will result in short-term high turbidity
levels. This will be particularly evident during the summer refilling
process when water levels will rise, resubmerging sediment daposited
along the shoreline during the winter.

In spite of some limitations, the data gathered from outside sources
supports the conclusion that Watana reservoir turbidity levels will be
in the range of 10-50 NTU's.

Preliminary results from the Eklutna Lake study show summer turbidity
levels in the near surface layers to be in the range of 20-40 NTU's.

5=3



This generally agress with the range of turbidity values predicted fer

the Watana reservoir.

4. R&M Consultants, Inc., "Susitna Hydroelectric Project, Tributary Sta-
bility Analysis,” prepared for Acres American Inc., December 1982 (5).

This report presents field data collected in various tributaries. It also
provides a quantitative discussion of potential project impact on channel
stability near the mouth of tributaries. Nineteen tributaries are selected
for the study. Three creeks (Jack Long, Sherman and Deadhorse) are esti-
mated to aggrade and to likely restrict the access by fishes. The tribu-
taries at river miles 127.3 and 110.l1, and Skull Creek are estimated to
degrade and to affect the railroad bridges. The other tributaries will
either degrade or aggrade but without effects on fish access or railroad.

5. Trihey, E. Woody, "Preliminary Assessment of Access by Spawning Salmon
into Portage Creek and Indian River,” prepared for Alacka Power Au-
thority March 1983 (6).

This report is based on field data collected during the summer and fall of
1982 by ADF&G Su-Hydro Aquatic Studies Group and R&M.

Entrance conditions at the mouthe of Portage Creek and Indian River are cal-
culated for mainstem discharges of 8,000 13,400, 21,500 and 34,500 cfs at
the Gold Creek gaging station.

Average monthly post-project streamflow at Gold Creek are estimated to be
in the range of 7,000 to 11,000 cfs. A controlled flow of 12,000 cfs is as-
sumed from mid-August to mid-September.

The analysis indicates that fish access to Portage Creek and the Indian
River has not been a problem and is unlikely to be a problem under post-
proj:ct conditions. These creeks will adjust streambed gradlent and will
re-establish entrace conditioms.

5-4



6.1 STREAMFLOW

Streaflow records collected by the USGS for the Susitna River near Cantwell,
at Gold Creek and at Sunshine; the Chulitnma River near Talkeetna; and the
Talkeetna River near Talkeetna were used in this study. The periods of
record available are shown below. The stream gaging stations are shown on
Exhibic 1,

STREAM GAGING STATIONS
PERIOD OF RECORD

USGS Drainage
Gaging Station Gage No. Area, sq mi Period of Record
Susitna River 15291500 4,140 May 1961 - Sep 1972
near Cantwell May 1980 - Present
at Gold Creek 15292000 6,160 Aug 1949 - Present
at Sunshine 15292780 11,100 May 1981 - Present

Chulitna River near 15292400 2,570 Feb 1958 - Sep 1972
Talkeetna May 1980 - Present

Talkeetna River near
Talkeetna 15292700 2,006 Oct 1974 - Present

6.2 RIVER CROSS SECTIONS

Cross sections of the Susitna River have been surveyed at 99 locations be-
tween river mile 94.6 near Talkeenta and river mile 150.2, about 1.3 mile
upstream from the confluence with Portage Creek (7, 8). Cross sections at
23 locations also are available between river mile 162.1 at Devil Creek and
river mile 186.8 at Deadman Creek (9).
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6.3 BEDLOAD AND BED MATERIAL

Bedload discharge data have been collected by the USGS in the Susitna, Chu-
litna, and Talkeetna rivers starting in 1981 as shown below.

BEDLOAD DISCHARGE DATA
SUSITNA RIVER BASIN

UsSGS No. of
Station Gage No. Period of Record Samples
Susitna River at

at Gold Creek 15292000 Jul - Sep 1981 3
near Talkeetna 15292100 Jun - Sep 1982 15
at Sunshine 15292780 Jul - Sep 1981 3
Jun - Sep 1982 15
Chulitna River pear 15292400 Jul - Sep 1981 3
Talkeetna Jun - Sep 1982 15
Talkeetna River near 15292700 Jul - Sep 1981 3
Talkeetna Jun - Sep 1982 15

Additional measurements of bedload discharge have been made by the USGS in
1983 at the last four stations listed in the above table but were not avail-
able for this study.

Harza-Ebasco collected 17 bed material samples from the mainstem of the
Susitna River and 2 samples from the Chulitna River. Additional 29 samples
were collected in the side channels of the Susitna River upstream from the
confluence with the Chulitna River. Size distributions of these samples
were determined by sieve analysis. Exhibit 3 shows the locations at which
the samples were taken. Bed material size distributions for the Susitna
River also have been estimated by R&M (5) using grid sampling techniques at
38 locations between cross section 4 at river mile 99.58 and cross section
59 at river mile 144,83, Bed material size distributions at the mouths of



11 tributaries also have been estimated by RiM using the same method. These
tributaries join the Susitna River between river mile 113.6 at Lane Creek
and river mile 148.9 at Portage Creek.

—

6.4 SUSPENDED SEDIMENT

Suspended sediment data are available from the USGS at five sampling

stations as listed below.

SUSPENDED SEDIMENT DISCHARGE
SUSITNA RIVER BASIN

DATA

USGS No. of Period of Record
Station Gage No. Samples water year
Susitna River
near Cantwell 15291500 43 1962~1972, 1982
at Gold Creek 15292000 370 1949, 1951-1958,
1962, 1967-1968,
1974-1982
at Sunshine 15292780 32 1971, 1977, 1981-
1982
Chulitna River near 15292400 51 1958-1959, 1967-
Talkeetna 1972 1970-1982
Talkeetna River near
Talkeetna 15292700 116 1966-1982
6-3



-— - i - . . . F , - -

7.0 RESERVOIR SEDIMENTATION

7.1 GENERAL APPROACH

Suspended-sediment loads at the Watana and Devil Canyon dam sites were esti-
mated by interpclating the loads at the Cantwell and Gold Creek gages on the
Susitna River. Sediment trap efficiencies of the reservoirs were estimated
by the Brune's and Churchill's curves.

Sediment deposits in Devil Canyon Reservoir were estimated for with— and
without-Watana Reservoir conditions.

Med as percentages of suspended- sediment loads using
available data at the Gold Creek, Talkeetna, and Sunshine gages on the
Susitna River. All bedloads were assumed to be trapped by the reservoirs.
Bedloads at Devil Canyon Reservolir were computed for with- and without-
Watana Reservoir conditions.

7.2 SEDIMENT LOAD

Sediment discharges at the Cantwell and Gold Creek gages were computed by
the sediment rating- flow duration curves method. Suspended sediment dis-
charges and the corresponding water discharges for the Cantwell gage are
shown un The data points were grouped into three groups each
corresponding to the period from June to October, November to April, and
May. Only one sample was available for the November-April period and two
gamples for the May period. These data are insufficient to develop separate
curves. Therefore, one sediment rating curve was fitted visually to all
data points.

A flow-duration curve for tlhe Cantwell gage is shown on Exhibit 5. The
curve is based on 13 years (1962-1972, and 1981-1982) of available daily

flow data.
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Using the suspended—-sediment rating curve on Exhibit 4 and the flow-duration
curve on Exhibit 5, the mean annual suspended—sediment discharge at the
Cantwell gage was computed to be about 5,660,000 tons/5r.

Suspended-sediment discharges and the corresponding water discharges for
the Gold Creek gage are shown on Exhibit 6. The samples, collected in the
period from 1949 to 1982, were divided into three groups correspnding to
June-October, November—April, and May periods. The points for the latter
two periods appear to constitute a trend line and were fitted with a curve.
The points for the first period constitute a different trend line and were
fitted with a separate curve.
+ b

The daily flow duration curves for the Gold Creek gage for the Jnne—Oc/bi: er
and November-May periods were divided using the 1950-1982 flow data and are
shown on Exhibit 5. The mean annual suspended-sediment discharge at the
Gold Creek gage was computed to be about 7,260,000 tons/yr, using the sedi-

ment rating curves on Exhibit 6 and the flow gﬁration curves on Exhibit 5.
/

Lo 5 it 3"

7.3 RESERVOIR SEDIMENT INFLOW W,FM"‘

Suspended-sediment inflows to Watana and Devil Canyon Reservoir were com—
puted by transposing sediment discharges at the Cantwell and Gold Creek
gages, whose locatioms bracket the twe reservoirs. Sediment discharges at
the two gages were asaumed to follow the following exponential relationship:

7
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in which

L sediment discharge per unit drainage area (unit sediment
discharge) at point 1

q_ = unit sediment discharge at point 2

A} = drainage area for point 1

Ay = drainage area for point 2

n = exponent

Using the unit sediment . discharges at the Cantwell and Gold Creek gag:s,
exponent "n” in the above equation was computed to be -0.376. Thus, sis-
pended-sediment discharge at the Watana damsite was computed to be 6,530, )00
{
tons/yr for the drainage area of 5180 sq mi. o L%Lv‘]k,
G apnwd O
Assuming no Watana Reservoir, the suspendedpéiun: discharge at the Deavil
Canyon damsite was computed to be(?;OB0,00Q_'x tons/yr using drainage areu of
5810 sq mi. R
\ . ‘ .
Bedload discharge was 2stimated to be three percent of suspended-sediment

discharge based on the following analysis.
.-—--—"'""__--_—- """"

T

Bedload and suspended sediment 'd:Lu':hargmlE for the Susitna River ncar
Talkeetna was estimated to be 43,400 m@tousfyr. respectively, as
presented later in this report. Thus, the bedload discharge is about 1.6
percent of suspended-sediment discharge. For the Sunshine gage, this per-
centage is about 3.2 based on the bedload and suependesd sediment discharg:s
of 423,000 and 13,330,000 tons/yr, respectively. A value of 3 percent wis
used in the analysis.

7.4 SEDIMENT TRPA EFFICIENCY

Sediment trap efficiencies of Watana and Devil Canyon Reservoirs were esti-
mated by the Brune's and Churchill's curves (l1). The trap efficiency o
Watana was also estimsted by Peratrovich, Nottingham and Drage (4) using a
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sedimentation model. Similar modeling is not available for Devil Canyon

Reservoir.

A comparison of the trap efficiencies of Watana and Devil Canyon Reservoirs

estimated by the three methods is shown in the following table.

COMPARISON OF TRAP EFFICIENCIES ESTIMATED BY
BRUNE'S CURVES, CHURCHILL'S CURVE, AND SEDIMENTATION MODEL

Method

Brune's Curves
Coarse Sediment
Median Curve
Fine Sediment

Churchill's Curve
Local Silt
Fine Silt

DEPOSITS Model
Quiescent
Minimum Mixing
Maximum Mixing

Trap Efficiency, %

Watana Devil Canyon
100 98
99 94
96 86
100 95
- 88
9 to 96% -
86 to 93* -
78 to 90% -

& Corresponding to dead storage volumes from 5,340,000 acre- feet to
900,000 acre-feet (reservoir capacity = 9,470,000 acre-feet at normal

meximun pocl).

The Watana trap efficiency ranges from 96 to 100 percent based on
Brune's curves. The trap efficiency is about 100 percent based on
Churchill's curve for local silt. The trap efficiency computed by a

serveoir sedimentation model, DEPOSITS,

pending on reservoir mixing and dead storage volume.

ranges from 78 to 96 percent

the
the

de-

The trap efficiency of Devil Canyon Reservolr ranges from 86 to 98 percent

based on tha Brune's curves. The trap efficliency estimated with the

Churchill's curves is 95 percent for local silt and 88 percent for fine



( wwu
e

silt, the latter case being for sediment discharged from an upstream reser—

voir.

Table 2 and 3 show the estimation of the trap efficiencies by the Brune's

curve and the churchill's curve.

7.5 SEDIMENT DEPOSIT

Based on the estimated trap efficiences shown in the above table, the Watana
Reservoir was assumed conservatively to trap all sediment inflow to the
reservoir. The resulting sediment deposits over a 50— and 100-year period
will be about 210,000 and 410,000 af, which are about 2.2 and 4.3 percent of

the gross reservoir volume, respectively.

Without Watana Reservoir, the 50- and 100-year sediment deposits in the
Devil Canyon Reservoir would be about 226,000 and 442,000 af resrectively
also assuming a trap efficiency of 100 percent. These are about 21 and 4l

percent of the gross reservoir volume, respectively.

l'uw,jl, )fg-?.-

With Watana Reservoir, the 50- and 100-year sediment deposits in Devil
Canyon Reservoir would be about 16,100 and 31,400 af respectively or 1.5
and 2.9 percent respectively of the gross reservoir volume assuming 100
percent trap efficiency for sediments from the intervening drainage area.
Any suspended sediment passed through Watana Reservoir was assumed to also
pass through Devil Canyon Reservoir.

The sediment volumes presented above were computed using the procedures of
the U.S. Bureau of Reclamation (1). Percentages of clay, silt, and sand of
the incoming suspended sediment were estimated to be 20, 38, and 42, respec-
tively, using sediment data for the Cantwell and Gold Crek gages. Using the
unit weights of clay, silt and sand as 26, 70, and 97 1b/f|:3, respectively,
the unit weights of the suspended sediment deposit after 50 and 100 years
were estimated to be about 80 and 82 1bs/ft3, respectively. The unit weight
of bedload was estimated to be 120 1b/ft3.

7=5
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7.6 TURBIDITY

Since the studies made by R&M (3) and Peratrovich, Nottingham & Drage, Inc.
(4), no additional data have been collected on turblidity in the Susitna
River. These studies were reviewed as discussed under the section entitled
"Review of Previous Studies”. The conclﬁsion arrived in these studies are
reasonable and can be used to estimate the turbidity of the reservoirs and

their outflows.



8.0 DOWNSTREAM AGGRADATION AND DEGRADATION

¥ The operation of the Susitna Project will reduce flood flows and comsequent-

ly sediment transport capacities of the river downstregm from the dams.

N— —

However, most of the suspended sediments and all bedloads from upstream will
be trapped in the reservoirs., The combined effects on the river downstream
from the dams would be aggradation in some river reaches and degradation in
other reaches. A preliminary assessment of these effects were made using
available data.

8.1 GENERAL APPROACH

The channel aggradation and degradation study covers the Susitna River from
its confluence with Portage Creek to the Sunshine gage. This river segment
was divided into two reaches —the Middle and Lower reaches— for analysis.
Because of the difference in the nature of the problem and data availability
for the two reaches, different study approaches were used.

The Middle reach runs from the confluence with Portage Creek to the con—
fluence with the Chulitna River. The Lower reach runs from the confluence
with the Chulitna River to the Sunshine gage. The Middle reach was further
divided into 12 subreaches, as shown in Table 1 and Exhibit 7. The sub~
reaches were selected such that, in general, a major tributary is located
near its upstream end. Also, each subreach was sufficiently short such that
the average flow depth, velocity, and slope in the subreach would be repre-
sentative throughout the entire subreach.

River beds below a dam often degrade if the reservoir traps a large portiomn
of the sediment and release clear water which is capable of picking up bed
materials. Under such conditions, smaller particles in the riverbed are
picked up and transported downstream by river flow. Large particles, how-
ever, will remain on the river bed and gradually form an armoring layer,
which will stop further degradation.

—— e
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The degradation computation for each subreach was based on assumption that
bedload inflow to the subreach is carried through and no deposition occurs.
When there is a tributary entering the subreach, its bedload is also assumed
to be carried through although some deposition of the bedload can be expect-
ed under actual conditions. Therefore, the computed degradation represents

a consarvative estimate. o G wviee s T¥ha YW (gt

The larger particles brought to the mainstream by a tributary may be too
large for the mainstem to transport under post-project conditions. The
likelihood that a part of the tributary bedload may accumulate near its
mouth was evaluated by comparing the armoring size in the mainstem under
post project couditions with the size of bed materials near the tributary

mouth.

Project effects on sedimen: tianspurt in the Lower reach was evaluated based
on a sediment balance analysis. '"The bedloa’ discharge data at four stream
gaging stations: the Susitna River near Talkeetna and at Sunshine, the
Chulitna River near Talkeetna and the Talkeetna River near Talkeetna, were

used in the analysis.

8.2 MIDDLE REACH

8.2.]1 Dominant Discharge

The dominant discharge is defined as the discharge which, if allowed to flow
constantly, would have the same overall channel shaping effect as the na-
tural fluctuating discharges would (1). The dominant discharge used in com—
puting channel degradation or aggradation is usually considered to be either
the bankfall discharge or the mean annual flood.

“he mean annual fiood for the Susitna River at Gold Creek was estimated to
be 52,000 cfs under pre-project conditions and 13,400 cfs under post-project
conditions (5). The mean annual flood for pre-project conditions increases
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from 51,100 cfs in subreach 1 to 53,600 cfs in subreach lZ. The mean annual
flood for post-project conditione increases from 12,500 cfs in subreach 1 to
15,000 cfs in subreach 12,

8.2.2 Bed Material

_lie_d materials of the Susitna River consist mostly of gravel and cobble with
a small percentage of sand. Size distribution of the bed materials have
be;n analyzed by Harza-Ebasco, R&M, and the USGS. Harza-Ebasco collected
and analyzed 46 bed material samples from the mainstem and side channels of
the Susitna River. Of these samples 40 are from the Middle reach. Samples

from under water were collected either with a pipe dredge of six—inch dia-
meter in the middle of the river or with a shovel near the banks where water
depth was about 1 to 1.5 feet., Samples from gravel bars in the river and
berms near the head of the sloughs were collected by a shovel. The size
distributions of all samples were determined by sieving.

The samples collected by Harza-Ebasco from under water are considered repre-
sentative of bed material subject to transport. The median diameters of the
samples collated in the mainstream are generally larger than those of the
samples collected in the side channels (Table 4).

R&M (5) determined the size distrubution of bed material by the grid-by-
number method at 38 locations in the Middle reach between cross scctions &
and "9, Most samples were taken near the river banks. Comparing to the
samples collected from the channel, the particle sizes of bed material col-

lected near the banks are generally larger.

The USGS collected bed material samples at two gaging stations in the Middle
reach: the Susitna River at Gold Creek and near Talkeetna. The samples
were collected by the pipe dredge of six-inch diameter.
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In some of the subreaches more than one smaples were available while in
other either only one or no samples were colfected. Because cf the limited
number of the samples the bed material data used in the degradation computa-
tion were judiciously selected from all available bed material data. The
size distribution used for each subreach is shown on Exhibit 8. Some size

distribution are the average of two or more samples.
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The Middle reach has 19 major tributaries. The two largest tributaries are
Portage Creek in Subreach 1 and the Indian River in Subreach 3, with a
drainage area of about 176 sq mi and about 82 sq mi, respectively. The mean
annual flood is estimated to be 1680 cfs for Portage Creek and 786 cfs for
Indian River (5). The other tributaries have drainage areas ranging from
24 sq mi to 0.4 sq mi. The mean annual floods are estimated to range from
260 cfs to 4 cfs (5). Table 5 lists drainage areas, mean annual floods and
bed material sizes of the tributaries.

Sloughs are side channels which are not hydraulically connected with the
Susitna River flow umtil the berms at the upstream end of the sloughs are
overtopped. A slough, when ite berm is not overtopped, usually carries a
emall flow (3 to 20 cfs) from its drainage area or seepage. Major sloughs
include Sloughs 22, 21, 20, 9, and 8 (Exhibit 7).

8.2.4 Degradation Limited by Armoring

Degradation limited by armoring in each subreach was computed using the
procedures in "Desizn of Small Dams"(l). The armoring particle size was
estimated for the post-project dominant discharge by four methods: com—
petent bottom velocity, critical tractive force, Meyer-Peter and Muller
formula, and the Schoklitsch formula. The average of the four armoring
sizes computed is taken as the armoring size in the subreach, as listed in
Table 1., The flow velocity, depth, bed slope, channel width, and roughness
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coefficient used were there obtained from a hydraulic study made by Harza-
Ebasco (10). The pre-project armoring sizes also were computed, using the
pre-project dominant discharges, and are listed in Table 1 for cowparison.

The depth of _ost-project degradation required to form an armor layer was
then computed using the armoring size and bed material size distribution
described earlier. The bed material size distributions are summarized in
Table 1 by their D¢, Dsg, and Dgg sizes, which, respectively, are the sizes
at which 16, 50 and 90 percent (by weight) of the bed material particles are

finer.

Table 1 shows that the post-project armoring size ranges from 40 mm in sub-

reach 1 to 21 mm in Subreach 12. The size generally decreases in downstream

direction. The estimated degradation ranges from zero to 0.3 ft. The de-
gradation for each subreach was computed by assuming no bedload inflow.

8.2.5 Aggradation Near Tributary Mouths

The transportable size under pre-project conditions is considerably greater
than D5g of bed material for all tributaries as shown in Table 1. Thus most

bedload inflow from these tributaries are transported downstream by the

mainstem flow. This indicates that long-term accumulation at tribuary

mouths is not likely to occur under pre—project conditions.

The transportable size of the Susitna River under post-project condition is

‘study ty Trihey (6) indicated that particle size of tributary bedload and
bed material may coarsen due to lowering of the Susitna River stage undet/

either smaller or only slightly greater than Dsg of bed material at the
mouth of a tributary dependi o ibutary (Table 1). Furthermore,> "% :
i E
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post-project conditions. Thus, part of bedload carried down by some tribu-
taries may sccumulate at the mouth of the tributaries and in the mainstem
immediately downstream from the tributary. This will tend to compensate the

L
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minor degradation discussed in the previous section. The extent of further
aggradation cannot be estimated at this stage because of non-availability of
data. However, field investigations being made by USGS (1983~84 program) on
the Indian River and Portage Creek would provide data to analyse aggradation
or degradation problems.

Bed material data for some of the tributaries listed in Table 1 are not
available. Assuming that their bed material are similar to those of nearby
tributaries, a similar conclusion would be reached.

8.2.6 Other Project Effects

During a field reconnaissance in August, 1983, a sample of bed material was
taken on the berm of Slough 21. This sample is believed to be fairly repre-
sentative of bed material on most of the berms. The D5y of this sample is
smaller than the armoring size corresponding to pre-project conditions
(Table 1). Thus, under the present condition, erosions frequently occur on
the berms. Field reconnaissances made during high and low flows indicate
that deposition of fine sediment (silt and clay) occurs in the sloughs dur-
ing low flows, which is flushed out during high flows.

——

Thus, erosion of the berms would be much less under normal condition. Some
aggradation near the berms could be expected because the main river channel
would become more confined and any occassional higher flows would push the
moving bedload near the entrance of sloughs. This would tend to close the

entrance to the sloughs and there will be less frequent over topping of the
berms by the mainstem flows to flush out the fine sediment deposits in the
sloughs.
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8.3 LOWER REACH

The effect of the project on the river below the Chulitna—Susitna River
confluence was evaluated by accounting total! sediment inflow and outflow for

the Lower reach.

8.3.1 Cross Sections

Exhibits 9 and 10 show two typical cross sections (Sections 1 and 2, Exhibit
7) of tne Susitna River in the Lower reach. Exhibits 11 and 12 show the
cross sections of the Susitna River near Talkeetna and Sunshine gages.
Exhibit 13 shows Susitna River section at the upstream face of the Sunshine
bridge and Exhibits 14 and 15 show the cross sections of the Chulitna River
and Talkeetna River at the sediment measuring stations. All of the cross-
sections were surveyed more than once during the period from 1980 to 1982
except those shown on Exhibit 13 which were surveyed in 1971. The cross
sections indicate a fairly large seasonal aggradation or degradation.
Exhibit 13 shows that scouring occurs in spring and summer during the high

flow season, but deposition occurs in the fall during the low flow season.

S

The continuous changes in the cross sectioms (Exhibits 9 to 15) indicate
that aggradation and degradation have occurred continuously in the Lower
reach. However, results of field reconnaissances did not show any evidence
of large long-term aggradation or degradation ir the reach. Therefore, the

reach can be assumed to be in equibrium under pre-project conditiqns on a

long-term basis.

8.3.2 Bedload-Discharge Rating Curves

Bedload discharges measured by the USGS at two stations on the Susitna River
pnear Talkeetna and at Sunshine and at two etations on the Chulitna and
Talkeetna Bivers in 1981 and 1982 were used in this study. Additional bed-
load discharge measurements at these four stations have been made by the

8-7
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USGS in the summer of 1983. However, the results of these measurements were

not available for the present study.

Bedload discharges for the Susitna River near Talkeetna and at Sunshine, the
Chulitna River unear Talkeetna, and the Talkeetna River near Talkeetna are
presented in Tables 6 through 9. These were plotted, and a curve was
fitted individually to the data points for the Susitna River near Talkeetna
(Exhibit 16), the Talkeetna River near Talkeetna (Exhibit 17) and the Susit-
na River at Sunshine (Exhibit 18). The data points for the Chulitna River
near Talkeetna indicated a wide scatter (Exhibit 19) and fitting of a curve
to these points was considered inappropriate.

The Chulitna data :wﬁ-l//carefully reviewed along with the daily discharges
during the periods when the samples were taken. It was noticed that the
early June flows bring heavy bedload which decreases with time probably,
because of decrease in sediment supply from upstream. At that time, even
higher flows transport relatively small amount of bedload. However, abrupt
increase in bedload was noticed in the subsequent months because of slight
increase in flows (see Table 7). Once this increase has occurred, the
subsequent hi_gher flows transport smaller amount. This clearly indicates
that the hedlo;d transport depends upon availability of material in addition
to t@tude of flows. However, this conclusion should be further con-
fimd in the futu;:;aud on additional data.

To provide some estimate of annual bedload tramsport, the Chulitna data were
grouped respectively for the months of June, July and August—September for
deriving the bedload-discharge rating curves. This provided somewhat less
scatter of the data for each period as shown on Exhibit 19.

A preliminary analysis was also made to develop a correlation between bed-
load and suspended sand transport for the Chulitna River. The analysis was
made based on the assumption that coarse sand and very fine gravel moving as
bedload during medium flows cquld become a part of suspended load during



high flows. Because of limited number of data points, a well defined rela-
tionship was not discernable. As theoretically such a relationship is pons-
sible, the data will be re-analyzed when the results of 1983 and 1984 sam
pling become available.

8.3.3 Suspended Sediment Discharge Rating Curves

These curves were developed for the Susitna River near Talkeetna and at
Sunshine, the Chulitna River near Talkeetna and the Talkeetna River ‘iear
Talkeetna based on suspended sediment samples taken in 1982 and also in the
preceeding years. The curves are shown on Exhibits 20 through 23. The
period of record also is shown on each exhibit.

8.3.4 Particle Size of Bedload

Size distributions of particles contained in each bedload sample are shown
in Tables 6 through 9 for the four statioms.

These data were reviewed and it was noticed that the Susitna River near
Talkeetna and the Talkeetna River near Talkeetna carry coarser material in
June compared to that carried in July and August (Exhibits 24 and 26). ‘Chis
is probably due to availability of coarser material during early flood nea—
son and after breakup of ice. This also can be seen from Tables 6 and 8,
which indicate lower bedload discharges in July and August compared to thkose
in June for the same water discharges. The samples taken at the Talkeetna
River near Talkeetna and the Susitna River at Sunshine in September after
the flood of September 15, 1982, also indicate coarser material (Ex-ihits 24
and 27).

Average size distribution of bedload material for the Chulitna River asnd
Susitna River at the Sunshine are shown on Exhibits 25 and 27. The Chulitna
River does not show large variation in bedload sizes for different months.
The Susitna River at Sunshine shows nearly the same characteristics as for
the Susitna River and Talkeetna River near Talkeetna.

8-9
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Particle sizes also can be divided into tnree categories:

Sand (0.064 mm to

2.0 am), Gravel (2.0 mm to 64.0 mm), and Cobble (64.0 mm to 256.0 mm).
Average percentages of sand, gravel, and cobble based on all bedload samples

collected at the four stations are summarized below.

Gage

W G
) >Susitna River near Talkeetna
mﬂvkjif“‘{- ¥ Chulitna River near Talkeetna
Talkeetna River near Talkeetna
Susitna River at Sunshine

Size Distribution of
Bedload Particles, %

Sand Gravel Cobble
78 16 6
41 58 1
75 23 2
56 42 2

Bedload for the Susitna River near Talkeetna contains 78 percent of sand, 22

percent of gravel and cobble., The Chulitna

bedload contains a lower frac-

tion (41 percent) of sand and a higher fraction (59 percent) of gravel and
cobble. The Talkeetna River bedload size distribution is similar to that of

tne Susitna River near Talkeetna, with 75 percent sand and 25 percent gravel
and cobble. The Size distribution of bedload for the Susitna River at Sun-
shine is about 56 percent sand and 44 percent gravel and cobble.

8.3.5 Bed Material

The size distributions of bed material at the four bedload stations also
have been analyzed by the USGS. The resulting size distributions are listed

in Tables 10 through 13. The samples were taken at differenc wverticals

acrosu the sampling section. The average percentages of sand, gravel, and

cobble for each station are as follows:

8-10



Size Distribution of
Gage QEedloaﬂ)Particles, A
Sand Gravel Cobble

Susitna River near Talkeetna 0 30 70
Chulitna River near Talkeetna 26 64 10
Talkeetna River near Talkeetna 5 52 43
Susitna River at Sunshine 5 66 29

8.3.6 Balance of Total Sediment Inflow and Outflow

For the water year 1982, the total sediment inflow in the study reach was
taken as the sum of total loads measured on the Susitna, Chulitna, and
Talkeetna Rivers above their confluence. The total sediment outflow from
the reach was taken as the load measured at the Susitna River at Sunshine.
The total load is the sum of bedload and suspended sediment discharges. The
annual bedloads and suspended sediment discharge were computed by the sedi-

ment rating - flow duration curves method.

The sediment rating curves for the four gages are shown in Exhibits 16
through 23. The 1982 flow duration curves were developed from provisional
daily flow data obtained from the USGS for the Susitna River at Sunshine,
and the Talkeetna River near Talkeetna. The seasonal flow duration curves
were developed for the Chulitna River near Talkeetna. Because no daily flow
data are available for the Susitna River near Talkeetna, a flow durationmn
curve for the Susitna River at Gold Creek gage was developed. For each
duration point, the discharge near Talkeetna was estimated to be 103 percent
of the corresponding discharge at Gold Creek, based on the drainage area
ratio. Exhibits 28 and 29 show the daily flow duration curves for 1982,

Using the bedload discharge rating curve and the corresponding flow duration
curve, the bedload discharge for the Susitna River near Talkeetna was com—
puted to be about 43,400 tons for 1982. Similarly, the bedload discharges
for the Chulitna River near Talkeetna and Talkeetna River near Talkeetna
were calculated to be 1,220,000 and 197,000 tons respectively for 1982. 'The
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c?ﬁr’gppnding suspended sediment discharges are 2,610,000, 7,410,000 and
1,640,000 tone, respectively. Thus, the total sediment inflow to the Lower

reach is about 13,120,000 tons.

The bedload discharge for the Susitna River at Sunshine was computed to be
423,000 tons for the same year. The suspended sediment discharge was
13,330,000 tons. This indicates that about 633,000 tons of total sediment
were contributed from the reach between the three upstream gages and the
Sunshine gage. This contribution appears to be somewhat higher probably
because of some inaccuracy in the estimation of sediment discharges at the

gaging stations.

8.3.7 Project Effect

Under post-project conditions, the total sediment discharge passing the
confluence will not be significantly less than that under pre-project condi-
tions because the Chulitna and Talkeetna rivers, which currently contribute
a major portion (about 79 percent) of total load, will not be affected by
the project. However, the total sediment discharge that can be carried by
the Susitna River near Sunshine will be greatly reduced due to the attenua-
tion of floods by the reservoirs. This indicates that aggradation is like-
1y to occur below the confluence of the Susitna River with Chulitna and Tal-
keetna.

Daily flow duration curves for post-project conditions are not yet avail-
able. Therefore, the effect of the project on bedload discharge passing
the Sunshine gage was computed with the monthly flow duration curves pre—
sented in the License Application Exhibit E, Figure E.2. 161 for Watana
operation (11). The computation shows that the mean annual bedload dis-
~harge would be about 252,000 tons/yr and the suspended sediment discharge
would be about 7,380,000 tonn/yr under post-project conditioms. This ued.t-
ment discharge capacity widerably smaller thin that under pre—project

—— et

conditions as indicated by the total load of 13,753 000 tons estiual:ed for
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water year 1982, 'Ehz:s_f_g}_‘i, long term aggradation is likely to occur and

_the aggradation will start at the mouth of the Chulitna River. The eventual

magnitude of aggradation can not be properly predicted with the available
data, but it is likely that the existing delta of the Chulitna River will
extend toward the left bank of the Susitna River. The extention of the
delta formation, however, is unlikely to cause severe problem on flows in
the Susitna River because much more stable flows under post—project condi-
tions will eventually develop a river channel which is better deflr;d than

under present conditionms.







