













































































Even though the determine coefficients are rather poor, the
regression equations are still useful in determining the seasonal
variation in  turbidity. The turbidity-suspended sediment
concentration equations and the suspended sediment
concentration - discharge euqgations were used together with the
mean daily flow summary hydrographs for the two sites to estimate
the monthly pattern of turbidity. The summary hydrographs used
are found in the Corps of Engineers Interim Feasibility Report
(1975). The resulting estimated average annual turbidity patterns
are shown on Figure 6.2. The actual turbidity patterns show
much greater variation in a single year due to the larger
variations in suspended sediment concentration.

6.2 - Factors Effecting Turbidity

Reservoir sedimentation processes described in Section 5.2 are the
main processes affecting reservoir turbidity. The sediment-laden
river will enter the reservoir as either overflow, interflow, or
underflow, depending on its density relative to that of the
reservoir waters. Once it reaches its equilibrium density level,
the inflowing river plume spreads horizontally along lines of equal
density. The flow parallels isothermal surfaces, and is modified
by the Coriolis force so that the river plume is directed towards
the right hand shoreline in the direction of flow.

The turbidity at the reservoir outlet is also dependent on the
residence time of inflowing waters in the reservoirs. Wwatana
Reservoir has mean annual bulk residence time (volume/mean
annual streamflow) of 600 days, with Devil Canyon having a mean
annual bulk residence time of 60 days. However, the bulk
residence time varies with flow, with the bulk residence time
decreasing to about 110 days for the mean annual flood entering
Watana. The residence times for summer flows are affected by the
relative reservoir level. As the reservoirs will be filling during
the early high flow periods, the residence time would be somewhat
increased above 110 days for the breakup flood.

The long residence times indicate that ar ice cover would form
before much of the Ilate summer flow passes through the
reservoirs. Settling column studies (Attachment A) indicated that
suspended sediment rapidly settled out under quiescent conditions,
with turbidity also rapidly decreasing (Figure 6.3). Once an ice
cover forms, essentially quiescent conditions will exist in the
reservoirs, with wind action no longer disturbing the surface, and
inflow dropping to minimal levels. Consequently, relatively rapid
sedimentation should commence once an ice cover forms, with
surface waters rapidly clearing beneath the ice. The turbidity of
inflowing waters is also quite low during this period, thus
contributing little additional sediment.
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6.3 - Post-Project Turbidity

A discussion of the timing of certain events occurring within the
reservoirs and Upper Susitna River will serve to help describe the
changes in the turbidity pattern. Breakup normally occurs in late
April or early May on the Susitna River. Suspended sediment
concentrations and turbidity sharply increase in May, and remain
high into September, as the glaciers are contributing significant
amounts of sediment during their melt period. However, the ice
cover on the reservoirs will remain longer than ice now remains on
the river, as the lake ice will not be flushed out of the system by
breakup but will instead melt in place. Consequently, relatively
quiescent conditions will occur through most of the lake until the
ice cover has significantly decreased, which will probably not
occur until late May or early June. Even though turbid water will
enter the reservoir in early May, an increase in turbidity in outlet
waters should not occur until early to mid-June.

During the summer months, turbidity will increase as suspended
sediment concentrations increase at the reservoir inlet. Pulses of
sediment may pass through the reservoir when very large sediment
concentrations enter the reservoir, such as during a large flood,
but they will be sharply dampered. The pattern will probably be
similar to that shown at Kanloops Lake on Figure 3.2, except that
the decrease should be even larger in the Susitna River system
due to relatively larger size of the reservoirs (longer residence
time).

Downstream turbidity can not be accurately quantitied, but
tentative estimates indicate that is possible that it will not exceed
maximum values of 35-45 NTU during peak flows, and will normally
be in the 10-20 NTU range during summer months, based on
cursory estimates from flow suspended sediment concentrations,
trap efficiency, and reservoir outflow. Reservoir turbidity will
decrease in the downstream direction as the larger sediment sizes
settle out.

In September and October, inflowing turbidity levels to the
reservoir are significantly less than summer values, as the glaciers

contribute less meltwater and sediment. lce cover on the
reservoirs will normally start to form about the third week in
October. Once the ice cover forms, essentially quiescent

conditions occur, and turbidity in the upper levels of the
reservoir should rapidly decrease.
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7 - PROJECTED RESERVOIR SEDIMENTATION

Trap efficiency estimates wusing the Brune curve indicate
90-100 percent of the incoming sediment will be trapped in the
reservoirs, even shortly after reservoir filling, but sedimentation
studies at glacial lakes indicate that fine glacial sediment may pass
through the lake. Delta formation at the head of the reservoir will
be constantly adjusting to the changing water level. Sediment
passes through the channels on the delta to be deposited over the
lip of the delta. Depending on the relative densities of the lake
water and the river, the sediment-laden water will either enter the
lake as overflow, interflow, or underflow (turbidity current). It
is probable that the turbid summer flows of the Susitna River will
initially dive below the surface, seeking an equilibrium density
layer. The settling process will then commence somewhere below
the surface.

Estimates of the total amount of deposition of fine flacial sediment
in the reservoirs are somewhat uncertain. Glacial lakes
immediately below glaciers have trap efficiencies of 70-75%.
Kamloops Lake, B.C., retains about 66% of the incoming sediment.
Sediment concentration at the outlet of Kamloops Lake increased
during periods of high sediment inflow, which would correspond to
high stream flows. Kamloops Lake is a natural lake, so retention
time of high flows decreases to about 20 days during the spring
freshet. However, Watana Reservoir has significant active storage
capacity. During the May - July period the reservoir will normally
be filling, so that outflow will be much less than inflow. The
increased residence time due to refilling of the reservoir would
tend to allow more of the sediment to settle. Once the reservoir is
full, there may be periods of increased turbidity downstream
following periods of very high streamflow, similar to that evidenced
at Kamloops Lake on Figure 3.2. The median grain size at the
lower end of Kamloops Lake was 0.002 mm, and appeared to be
uniformly distributed across the lower end of the lake. The
suspended sediment size analysis for stations on the upper Susitna
River (Corps of Engineers, 1975), shown on Figure 4.2, indicates
that about 15 percent of the suspended sediment entering Watana
Reservoir (Susitna River near Cantwell gaging station) is smaller
than 2 microns (.002 mm). The trap efficiency of Watana
Reservoir is estimated be between 70 - 97 percent, with only the
material finer than 2 microns possibly passing through the
reservoir.

The minimum assumed trap efficiency for Devil Canyon Reserwvoir is
70 percent, based on data from other lakes. However, it is
possible that the trap efficiency may be much lower, as only fine
material with very slow settling rates would pass through Watana
Reservoir.
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Based on the results of the settling column studies, (Att. A) much
of the suspended sediment still in suspension when an ice cover
forms would settle, as quiescent conditions would soon be

prevalent.
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SETTLING COLUMN STUDIES



SETTLING COLUMN STUDIES

Settling column studies were conducted to obtain data on the
settling rates of suspended sediment and on time based turbidity
levels of Susitna River water after it enters standing water.

Procedure

Two 55 gallon water samples were obtained from the Susitna River
near Watana damsite. These samples were taken in an area of
turbulent flow using a pump whose inlet depth was varied to allow
depth integrated sampling. The samples were retrieved at the
following flow rates and water temperatures.

Sample #1 July 29, 1981 at 3:00 p.m. 28,000 c.f.s. 50°F
Sample #2 Sept. 3, 1981 at 5:00 p.m. 17,200 c.f.s. 46°F

The samples were placed in the settling columns, thoroughly mixed
and initial (time zero) samples taken from ports which were located
at 0.5, 2.5, 4.5, 6.5 and 8.5 feet from the bottom of the column.
The depth of water in the columns varied during testing as water
was removed for testing. In column 1 the average depth of water
was 9.2 feet and in column 2 the average depth was 8.9 feet.

Samples were taken at 0, 0.5, 1, 3, 6, 12, 24, 48 and 72 hour
intervals and analyzed for turbidity (N.T.U.) and total suspended
solids (T.S.5. in mg./liter). Air and water temperatures at these
times were also recorded.

Results

Results of the settling column studies are illustrated for suspended
solids in Figures A.1 and A.2. In 72 hours, total suspended
sediment concentration decreased by 93% in the 28,000 cfs sample
and by 98% in the 17,200 cfs sample. Little density stratification
was noted in the 28,000 cfs sample during the settling period, but
was more noticeable in the 1-6 hour period for the 17,200 cfs
sample.

Turbidity levels showed a similar decrease. The composite average
for each time period is shown on Figure 6.3. “'here was little
variation in turbidity with depth. As would be expected from the
suspended sediment results, turbidity decreased significantly, with
reductions of 85 percent for the 28,000 cfs sample and 94 percent
for the 17,200 cfs sample.
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ATTACHMENT B

ANNOTATED BIBLIOGRAPHY
OF
SEDIMENTATION PROCESSES
IN
GLACIAL LAKES AND RIVERS




INTRODUCTION

A literature search was conducted to obtain information on glaciai
lake trap efficiency of suspended sediments, with emphasis on
materials smaller than 50 microns. Relevant information will
provide a basis for predicting the fate of suspended sediments
entering the reservoirs of the proposed Susitna Hydroelectric
Project.

The bibliography contains annotations for 36 references with
relevant information and a listing of 31 additional references with
no specific information. There is information on depositional
processes when proglacial rivers enter standing water bodies
(Church and Gilbert 1975; Carmack, Gray, Pharo, and Daley 1979;
Embleton and King 1975; Gilbert 1973, 1975; Gilbert and Shaw
1981; Hamlin and Carmack 1978; Pharo and Carmack 1979; Smith
1978; Sturm and Matter 1978), with details on particle size dis-
tribution for two ancient lake environments (Ashley 1975; Shaw
1975). However, research reveals that reconstructing modern
depositional environments from analyses of ancient environments
may be misleading, as distance from source and shore and depth of
lake are not as significant as density, wind-induced currents, and
stratification (Bryan 1974a, b). Furthermore, misinterpretation of
depositional events can lead to overestimation of the time involved
in deposition (Shaw, Gilbert, and Archer 1978). A method is
presented for determining sedimentation rates by radioactive fallout
(Ashley 1979). One study on a modern lake shows that suspended
sediment concentrations affect density stratification (Gustavson
1975b). Two studies (Ostrem 1975; Theakstone 1976) address lake
trap efficiency and distance of deposition from the source.

The literature search included a review of University of Alaska
theses and publications of the University of Alaska's Institute of
Water Resources and Geophysical Institute, the U.S. Geological
Survey, and the U.S. Army Corps of Engineers' Cold Regions
Research and Engineering Laboratory (CRREL). A computer
search was conducted on the CRREL Bibliography and on Selected
Water Resources Abstracts.
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PART | - RELEVANT INFORMATION

1. Arnborg, L., H.J. Walker, and J. Peippo. 1967. Suspended
load in the Colville River, Alaska, 1962. Geografiska
Annaler. 49A (2-4):131-144.

Discussion of suspended sediment data collected during one
year (1962) for hydrologic-morphologic study of the Colville
River delta. Three aspects of suspended load considered
were: quantity transported in water; size of particles in
suspension; and total quantity transported in a given period
of time. As unit volume increases, median grain size and
total load carried increases. Grain size analyses for samples
representative of selected locations, depths, and times are
presented. The amount and size of suspended material
increased with depth at one location.

2. Ashley, G.M. 1975. Rhythmic sedimentation in glacial Lake
Hitchcock, Massachusetts-Connecticut. Pages 304-320 in A.V.
Jopling and B.C. McDonald, eds. Glaciofluvial and glacio-
lacustrine sedimentation. Society of Economic Paleontologists
and Mineralogists, Tulsa, OK. Special Publication 23.

Discussion of seasonal silt and clay deposition (varves) in an
ancient environment. Suspended sediment concentration
affects water density far more than temperature in glacial
lakes. The settling velocity of a 60 silt grain in 4°C water
undisturbed by currents is 0.05 cm/second. Therefore, such
a grain would settle 50 m in 1.15 days. However, silt was
found in all winter clay layers, and could indicate that lake
currents were present, preventing settling, or sediment was
introduced year-round. Mean grain size of silt layers de-
pends on location in the lake whereas grain size distribution
of clay layers is uniform. Grain size analyses are presented,
but there is no specific information on the distance traveled
across the lake prior to deposition.

3. Ashley, G.M. 1979. Sedimentology of a tidal lake, Pitt Lake,
British Columbia, Canada. Pages 327-345 in Ch. Schluchter,
ed. Moraines and Varves. Proceedings of an INQUA
Symposium of Genesis and Lithology of Quaternary Deposits,
Zurich, September 10-20, 1978. A.A. Balkema, Rotterdam.

Sedimentation rates were determined by 13?'Cs dating
techniques. Grain size analyses were determined for
190 samples and mean grain size distribution wasg mapped.
Annual sediment accumulation equalled 150 20 x 10 tons, of
which 50% was coarser than 50.
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Ashley, G.M., and L.E. Moritz. 1979. Deter‘minaw of
lacustrine sedimentation rates by radioactive fallout ( Cs),
Pitt Lake, British Columbia. Canadian Journal of Earth
Sciences. 16(4):965-970.

Discussion of techniques for determining modern lacustrine
sedimentation rates.

Borland, W.M. 1961. Sediment transport of glacier-fed
streams in Alaska. Journal of Geophysical Research.
66(10):3347-3350.

Developed empirical formula for sediment vyield rates for
glacial drainage basins based on glacier area, total drainage
area, and length of watercourse. No differentiation by
particle size. Used five years of U.S. Geological Survey
suspended sediment data from Denali and Gold Creek stations
to test formula.

Bryan, M.L. 1974a. Sedimentation in Kluane Lake. Pages
151-154 in V.C. Bushnell and M.G. Marcus, eds. Ice Field
Ranges Research Project Scientific Results, Vol 4. American
Geographical Society, New York, NY, and Arctic Institute of
North America, Montreal, Canada.

Study of bathymetry, thermal structure, and sediment
distribution in Kluane Lake, 1968. A weak thermocline
developed in July and August, which was occasionally
destroyed by storm-induced mixing. The lake is ice-covered
for eight months, and receives sediment from the Slims River
for four months. Statistical parameters of grain size analyses
are presented. Sedimentation is affected by density, by
wind-induced lake currents, and by stratification as well as
by bathymetry, distance from shcre and input, point and
sediment composition. Highly turbid, cold glacial waters may
be sufficiently dense to flow across the lake bottom regardless
of thermal stratification. When the Slims River warms, it
flows over the lake.

Bryan, M.L. 1974b. Sublacustrine morphology and
deposition, Kluane Lake, Yukon Territory. Pages 171-187 in
N s, Bushnell and M.B. Marcus, eds. Icefield Ranges
Research Project Scientific Results, Vol 4. American
Geographical Society, New York, NY, and Arctic Institute of
North American, Montreal, Canada.

Discussion of processes affecting sedimentation in lakes from
glacial streams. Bathymetric mapping of Kluane Lake in 1968
and 1970 revealed growth of the Slims River delta.
Cartographic and statistical analyses of bottom sediments are
presented. Finest sediments farthest from the Slims River
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10.

were not in the deepest portion of the lake. Distance from
source, depth of lake, and distance from shore are not signif-
icant in controlling deposition. Reconstructing depositional
environments based on sediment size analysis may be mis-
leading.

Carmack, E.C., C.B.J. Gray, C.H. Pharo, and R.J. Daley.
1979. Importance of lakeriver interaction on the physical
limnology of the Kamloops Lake/Thompson River system
Limnology and Oceangraphy. 24(4):634-644.

Discussion of physical effects of large river entering a deep,
intermontane lake. No information of particle size analysis.

Church, M., and R. Gilbert. 1975. Proglacial fluvial and
lacustrine environments. Pages 22-100 in A.V. Jopling and
B.C. McDonald, eds. Glaciofluvial and glaciolacustrine sedi-
mentation. Society of Economic Paleontologists and
Mineralogists. Tulsa, OK. Special Publication 23.

Discussion of deposition when proglacial rivers enter standing
water bodies. Significant events are: aggradation on the
bed due to deposition of bed load extends upstream from the
lake, along with reduced flow wvelocities; development of a
high angle delta, with transport of sediment to the delta lip;
movement of coarse material over the lip and down into the
lake in turbidity flows (bottom flow); movement of river water
down the delta front to lake water of equal density (inter-
flow); movement of river water onto the surface of the lake if
density is less than the lake (surface flow); deposition of
fine-grained material and formation of varves, of which the
silt (summer) portion is deposited by turbidity currents, and
the clay (winter) portion by the turbidity current after
stagnation, and then by slow, continuous settling from
suspension. Turbidity underflow is not a continuous event in
the melt season. Varve formation cannot be directly
correlated to mean annual discharge, because a single large
flood can create a turbidity flow. Turbidity flows resulting
in more rapid deposition depend on discharge, river and lake
water temperature, thermal structure of the lake, quantity of
sediment suspended in the lake from previous events, and
river and lake dissolved sediment concentrations. No specific
information on particle size is presented.

Embleton, C., and C.A.M. King. 1975. Glacial geomor-
phology. John Wiley and Sons, New York, NY. pp. 532-558.

Review of general principles affecting sediment deposition in
lacustrine environments with examples. Lake floor deposits
become increasingly fine toward center or deepest parts of
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11.

12.

13.

lakes, requiring quiet water and long settling periods.
Turbidity currents formed by cold, silt-laden stream water
are important in distributing sediment across the lake floor.
Rhythmites (laminated deposits) develop in cold freshwater
lakes receiving intermittent streamflow, and in some cases
form on an annual basis (varves). They can also form from
sudden fluctuations in discharge (bursting of an ice-dammed
lake upstream), unseasonal warm or cold spells, or periodic
storms.

Everts, C.H. 1976. Sediment discharge bv glacier-fed rivers
in Alaska. Pages 907-923 in Rivers '76. Vol. 2. Symposium
on Inland Waterways for Navigation, Flood Contro! and Water
Diversions. 3rd Annual Symposium, Colorado  State
University, Fort Collins, CO. Waterways, Harbors and
Coastal Engineering Div., American Society of Civil
Engineers, New York, NY.

Investigation of glacial sediments discharged into the coastal
zone (Knik, Matanuska). Size distribution, composition, and
settling characteristics of glacial sediment are important
characteristics in determining where the sediment will be
transported and deposited when it reaches the marine en-
vironment. Based on particle size distribution analyses, it
appears that fine-grained particles pass completely through
the river system. Ice margin lakes fringing glaciers are
depositories for coarse sediments. Clay minerals were absent,
which is significant because clay particles form aggregates
with other fine-grained particles and settle more rapidly.
This absence may be common in other glacial areas because of
negligible chemical weathering in the source areas.

Fahnestock, R.K. 1963. Morphology and hydrology of a
glacial stream: White River, Mount Rainier, Washington.
U.S. Geological Survey. Professional Paper 422A. 70 pp.

Investigation of formation of a valley train by a proglacial
stream. Particle size analyses of deposited material showed
silts and clays were washed out of stream deposits. Analysis
of suspended load indicated that silt and clay stay in suspen-
sion and are carried out of the study area into Puget Sound.

Fahnestock, R.K. 1969. Morphology of the Slims River.
Pages 161-172 in V.C. Bushnell and R.H. Ragle, eds. Ice
Field Ranges Research Project Scientific Results, Vol. 1.
American Geographical Society, New York, NY, and Arctic
Institute of North America, Montreal, Canada.

Investigation of the Slims River, a proglacial stream flowing
14 miles from Kaslawulsh Glacier to Kluane Lake. The river
is modifying a valley train deposited when the glacier was up
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15.

16.

against a terminal moraine. It is regrading, ie, adjusting to
a decrease in load at the source by cutting in the upper
reaches and depositing in the lower reaches. The Slims River
is also affected by downstream changes in the base level,
which is controlled by the extension of the delta into Kluane
Lake and the variation in lake level. As the volume growth
rate of the delta is not known, the sediment transport rate
cannot be estimated. Suspended sediment is predominantly
silt and clay. No data on particle size distribution.

Gaddis, B. 1974. Suspended-sediment transport relation-
ships for four Alaskan glacier streams. M.S. Thesis.
University of Alaska, Fairbanks, AK. 102 pp.

Investigation of suspended sediment transport relationships in
glacial streams at Gulkana, Maclaren, Eklutna, and Wolverine
glaciers. Data on mean particle size is presented for four
glacial streams for one season at sites near the terminus.
Sediment availability depends on amount of sediment, distance
travelled downstream, and mechanical nature of sediment
entrainment (no specific information on entrainment).

Gilbert, R. 1973. Processes of underflow and sediment
transport in a British Columbia mountain lake. Pages 493-507
in Fluvial Processes and Sedimentation. Proceedings of the
9th Hydrology Sympasuim, University of Alberta, Edmanton.
Canada, May 8-9. Subcommittee on Hydrology, Associate
Committee on Geodesy and Geophysics, National Research
Council of Canada.

Description of processes involved in formation of varved
sediment deposits in proglacial lakes, primarily underflow and
interflow. Underflow increases with increase of water and
suspended sediment inflow. Cores obtained to determine
thickness and comparision of wvarves. No information on
particle size distribution.

Gilbert, R. 1975. Sedimentation in Lillooet Lake, British
Columbia. Canadian Journal of Earth Sciences.
12(10):1697-1711.

Lillooet Lake receives sediment from a 3,580 sq km drainage
basin, of which 7% is glacier-covered. Interflow and under-
flow distribute sediment through the lake in summer when the
lake is stratified. Factors affecting distribution are: density
characteristics of the lake and inflowing water, as determined
by temperature and suspended sediment concentrations;
currents induced by wind and inflow; thermal structure of
the lake water, which determines the nature of circulation
patterns and allows interflow along the thermocline; diurnal
and seasonal fluctuations in inflowing waters and sediment;
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18.

and the large annual volume of inflow (4.5 times greater than
the lake volume on the average). Interflow carries sediment
at the base of the epilimnion to the distal end of the lake in
one to two days. No specific information on particle size.

Gilbert, R., and J. Shaw. 1981. Sedimentation in proglacial
Sunwapta Lake, Alberta. Canadian Journal of Earth Sciences.
18(1):81-93.

Examination of hydrologic and Ilimnologic conditions of
Sunwapta Lake, a small, proglacial lake in the Canadian
Rockies. Sediment input was measured and sedimentation
rates were calculated. Sediments of small, shallow lakes with
large and highly variable inflows are expected to demonstrate
lateral and vertical variability, whereas those in large pro-
glacial lakes are more predictable due to modification by
large, stable water masses.

Gustavson, T.C. 1975a. Bathymetry and sediment distribu-
tion in proglacial Malaspina Lake, Alaska. Journal of
Sedimentary Petrology. 45:450-461.

See next abstract

19. Gustavson, T.C. 1975b. Sedimentation and physical limnology

in proglacial Malaspina Lake, southeastern Alaska. Pages
249-263 in A.V. Jopling and B.C. McDonald, eds. Glaci-
ofluvial and glaciolacustrine sedimentation. Society of
Economic Paleontologists and Mineralogists, Tulsa, OK.
Special Publication 23.
Underflow, interflow, and overflow water entered Malaspina
Lake, and the type of flow is dependent on the relative
suspended sediment content of the lake water and the in-
flowing melt water. The 18-km long lake is density stratified
(increasing suspended sediment concentration with depth) but
not thermally stratified. No specific information on particle
size or trap efficiency is presented.

20. Guymon, G.L. 1974. Regional sediment yield analysis of
Alaska streams. Journal of the Hydraulics Div. of the
American Society of Civil Engineers. 100(HY1):41-51.

Analyzed Borland's (1961) formula. Considered particle size,
but used an average particle size in the formula. However,
concluded that particle size affects application of the formula.

21. Hamblin, P.F., and E.C. Carmack. 1978. River-induced
currents in a fjord lake. Journal of Geophysical Research.
83(C2):885-889.
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24.

Discussion of dynamics of strong flowing river entering a
long, narrow lake (Kamloops Lake, B.C.). River-induced
currents influence circulation patterns in a fjord lake. No
specific information on sedimentation rates or particle size
analysis.

Hobbie, J.E. 1973. Arctic limnology: a review.
Pages 127-168 in M.E. Britton, ed. Alaskan arctic tundra.
Arctic Institute of North America. Technical Paper 25.

Review of properties of lake in northern tundra regions.
Thermal cycle of deep arctic lakes is highly variable, and
stratification is wuncommon, occurring only in warm, calm
weather after lake waters rise to 4°C. Deep lakes maintain
circulation even when ice covered. Deeper lakes are re-
latively turbid as a result of glacial flour from streams drain-
ing active glaciers. Lake Peters is fed by glacial streams and
drains via a 1-km long, 15-m deep channel into Lake Schrader
in the Brooks Range. Both are 50-60 m deep. Lake Peters
acts as a settling basin. When dense glacial water enters
Lake Peters in June, it sinks to the bottom, and the lake fills
upward with turbid water.

Mathews, W.H. 1956. Physical limnology and sedimentation
in a glacial lake. Bulletin of the Geological Society of
America. 67:537-552.

Garibaldi Lake, British Columbia, receives sediment from two
glacial streams with relatively low sediment content. Particle
size and composition of bottom deposit analyses revealed slow
transport to site of deposition and slow rate of deposition for
clays. No information on amount of sediment passing through
system.

Ostrem, G. 1975. Sediment transport in glacial meltwater
streams. Pages 101-122 in A.V. Jopling and B.C. McDonald,
eds. Glaciofluvial and glaciolacustrine sedimentation. Society
of Economic Paleontologists and Mineralogists, Tulsa, OK.
Special Publication 23.

Recognized problems of utilizing glacial waters for hydro-
electric projects, specifically in reservoirs and turbines.
Grain size analyses of cores of wvarved sediments showed that
summer layers consisted of coarser material than winter layers
(based on 20 micron grain size variation). X-ray diffraction
analyses showed that summer deposits contained more quartz
(rapid sedimentation), and winter deposits, more mica (slower
sedimentation). For one 1,800-m long proglacial lake over
29 years, about 70 percent of the total suspended sediment
input was deposited.
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26.

27.

28.

Ostrem, G., T. Ziegler, and S.R. Ekman. 1970. A study of
sediment transport in Norwegian glacial rivers, 1969.
Institute of Water Resources, Dept. of Hydrology, Oslo,
Norway. Report 6/70. Report for Norwegian Water
Resources and Electricity Board. Translated from Norwegian
by H. Carstens. 1973. Institute of Water Resources,
University of Alaska, Fairbanks, AK. Report 35. 1 vol.

Investigations were conducted on water discharge and sedi-
ment wvolume measurements in glacial rivers above and at the
outlet of glacial lakes to calculate the sedimentation of fine
material on the bottom of the lakes. Volume of material
available for transport is probably largest at the beginning of
the season. No data on particle size.

Pharo, C.H., and E.D. Carmack. 1979. Sedimentation
processes in a short residence-time intermontane lake,
Kamloops Lake, British Columbia. Sedimentology.
26:523-541.

Sediment transport and deposition in the lake is controlled by
three interdependent processes: delta progradation at the
lake-river confluence; sediment density surges originating
along the delta face, which result in turbidite sequences
lakeward from the base of the delta; and dispersal by the
interflowing river plume, which, due to Coriolis effects,
results in a higher sedimentation rate and greater fraction of
coarser material along the right-hand of the lake in the
direction of flow. Suspendea sediment concentrations are
high above the thermocline where higher turbulence, main-
tained by wind mixing and rivar inter interflow, reduces
settling velocities. Particles settle rapidly once they enter
the hypolimnion.

Ritchie, J.C., J.R. McHenry, and A.C. Gill. 1973. Dating
recent reservoir sediments. Limnology and Oceanography.
18:254-283.

Discussion of radioactive 137’Cs'. dating. Method could be used
to date sediment in reserviors that have not been surveyed.

Shaw, J. 1975. Sedimentary successions in Pleistocene
ice-marginal lakes. Pages 281-302 in A.V. Jopling and B.C.
McDonald, eds. Glaciofluvial and glaciolacustrine sedimenta-
tion. Society of Economic Paleontologists and Mineralogists,
Tulsa, OK. Special Publication 23.

Discussion of sedimentation in proximal portion of a glacial
lake based on interpretation on the ancient environment.
Mean grain size values were determined for sections of each
facies from o to 80. No information on transport of fine
materials.
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29.

30.

3.

32.

33.

34.

Shaw, J. 1977. Sedimentation in an alpine lake during de-
glaciation, Okanagan Valley, British Columbia, Canada.
Geografiska Annaler. 59(A):221-240.

Ancient |ake sediments were examined to develop a model of
alpine lake sedimentation based on changing depositional
processes with time and distance from the ice margin.

Shaw, J., R. Gilbert, and J.J.J. Archer. 1978. Proglacial
lacustrine sedimentation during winter. Arctic and Alpine
Research. 10(4):689-699.

Discussion of deposition of coarse-grained sediments during
winter in Lillooet Lake. Misinterpretation can lead to over-
estimation of time seqences of deposition.

Slatt, R.M. 1970. Sedimentological and geochemical aspects of
sediment and water from ten Alaskan valley glaciers. Ph.D.
Thesis. University of Alaska, Fairbanks, AK. 125 pp.
Studied five groups of glaciers with different bedrock lith-
ologies; Worthington and Matanuska; Castner and Fels;
Gulkana and College; Rendu and Reed; and Carroll and
Norris. Particle size analyses and mineralogy of superglacial
and suspended stream sediments are presented. The
environment of transport has a much greater effect on grain
size than the nature of the starting material.

Slatt, R.M. 1971. Texture of ice-cored deposits from ten
Alaskan valley glaciers. Journal of Sedimentary Petrology.
41(3):828-834.

Revised and condensed portions of Ph.D. thesis (see above).

Smith, N.D. 1978. Sedimentation processes and patterns in
a glacier-fed lake with low sediment input. Canadian Journal
of Earth Sciences. 15(5):714-756. Snow melt and glacial melt
waters carrying relatively low suspended sediment concentra-
tions enter Hector Lake Iin the eastern Rocky Mountains,
Alberta. When stratified, water and fine sediments enter the
lake as interflow and overflow. Grain size analyses were
conducted on 42 cores. Deposition varies left to right as well
as distally due to katabatic winds generating downlake
currents in the epilimnion that are deflected southward
(rightward) by the Coriolis force.

Sturm, M., and A. Matter. 1978. Turbidites and varves in
Lake Brienz (Switzerland): deposition of clastic detritus by
density currents. Pages 147-168 in A. Matter and M.E.
Tucker, eds. Modern and ancient lake sediments. Inter-
national Association of Sedimentologists. Special
Publication 2.
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36.

Discussion of sediment transport and deposition by overflow,
interflow, and underflow in a long, narrow, deep basin with
rivers entering at each end. Fine-grained sediments supplied
by overflows and interflows settle continuously during summer
thermal stratification. Most of the fine-grained particles
remain in suspension at the thermocline because the vertical
density gradient is more dependent on temperature than on an
increase in density due to suspended particles. During fall
turnover, the remaining sediment trapped at the thermocline
settles.

Theakstonsz, W.H. 1976. Glacial lake sedimentation,
Austerdalsisen, Norway. Sedimentology. 23(5):671-688.

A lake completely filled with glacial sediments, over which
braided stream deposits formed. A new proglacial lake then
formed. Discussion of bedding and composition of ancient
lake sediments. Initially, deposition was very slow in deep
(80 m) water. In another lake 300 m from a glacier, about
75 percent of the sediment transported in suspension is
retained in the basin, but the amount retained in one day is
highly wvariable. The daily summer values exceeded the
minimum by 200 times (data not presented).

Tice, A.R., L.W. Gatto, and D.M. Anderson. 1972. The
mineralogy of suspended sediment in some Alaskan glacial
streams and lakes. Cold Regions Research and Engineering
Laboratory Corps of Engineers, U.S. Army, Hanover, NH.
Research Report 305. 10 pp.

Investigation of the role of chemical weathering of bedrock in
cold regions determined that no chemical changes occurred in
fine suspended material. Suspended sediment samples were
obtained for X-ray diffraction analyses from galcial outwash
streams and lakes in seven areas (Chackachamna, Palmer-
Matanuska, Moose Pass-Portage, Valdez, Juneau, Mt. McKinley
National Park, and Black Rapids).

susi8/h B-11



PART Il- NO SPECIFIC INFORMATION

1.

Agterberg. F.P., and |. Banerjee. 1969. Stochastic model
for the deposition of wvarves in glacial Lake Barlow-Ojibway,
Ontario, Canada. Canadian Journal of Earth Sciences.
6:625-652

Banerjee, 1., and B.C. McDonald. 1975. Nature of esker
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