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6 - RESERVOIR AND DOWN STREAM TURBIDITY

The reservoirs will ha ve a s ignificant impact on t he turbid ity of
the Susitna River between Dev il Canyon and the Sualtna-Chufltna
confluence , with the river being considerably less t u r bid in the
summer and possibly more turbid in the winter . A rigid
quantitative analy s is is not possible with the available data.
However, a qualitative analysis di scussing the interrelated factors
will shed some light on the probable post-project turbid i t y in the
reservoir and do wnstream of Devil Canyon .

6 . 1 - Pre-Project Turbidity

Turbidity data for the Su sitna River were reviewed for the Gold
C r ee k and Vee Canyon s ites . The U. S . Geologi cal Survey
gathered turbidity data d uring 1974, 1975 and 1976 , with turbidity
vi s ua lly measured in Jac kson Turbid ity Uni t s ( J T U) . R&M
Con s u lta nts measured turb id ity using photoelectric detectors
dur ing 1980 and 1981 at both the Gold Creek and Vee Canyon
sites, with the data pres an t ed in nephelometric turbidity units
( NT U) . The units are approx imatel y equivalent , but due to the
subjective nature of vi s ua l observat ions , nephe lometric mea ns are
generall y considered more accurate, especia lly in the lowe r ranges
of turbidity ( les s than 40 NTU 's ) .

The nephelometric turbidity data was logorithmicall y plotted against
v e r t ica lly in t eg r at ed samples of s u s pended sed iment conce nt r at ion
for the Gold Creek and Vee Canyon sites . The plots, regression
equations and correlation coeffici en t s for both sites are shown on
Figure 6.1 . Best f~ts fo r the data were obta ined by the general
equation T:: a {ss] , where T is turbidity , ss is suspended
sediment concentration in mg /I , and a and b are coeff icients .
Sediment concentration and turbidity hav e a ve r y high correlation .
Available USGS data we r e a lso anal yzed to obtain rel ationships for
discharge and suspend ed sediment con centrat ion for the above two
gaging s ites . The followi ng relationsh ip s we r e derived for
turbidity , suspended sediment concentration , and discharge .

Susitna River near Cantwell

. 8607 2
T = 0 . 3568( 55) 1 70 n = 9, r- :! 0 .98
55 = 0 .0000553 Q ' , n = 37, r = 0 . 703

Sus itna River at Gold Creek

. 9551 2T =0.2496( 55) 1 381 n =6, r =2. 95
ss :: 0 . 000673 Q' r n e 332 , r :: 0 .585

The poor co r r e la tio n coe ff ic ie nts between s us pe nded s ed ime nt
concentration and discharge are to be expected on glacial r ivers,
where glaciers cont r ibu t e irregular amounts of sedlmenv.
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Even though the d etermine coeffici ents a re r ather poo r , the
r eg r ession equations are st ill usefu l in dete rm ini ng t he s easonal
v a r iat ion in turbidity. The turn td ttv-suspencec sediment
concentration equations and the suspended sediment
concentration - d ischarge euqations were used together with the
mean dail y flo w summary hydragraphs far the two s ites to estimate
t he mon th ly pattern of turbid it y . The summar y hydrog r ap hs used
are found in th e Corps of Engineers In t e ri m Feasib ility Report
( 1975) . The resulting estimated average annua l turbidity patterns
are shown on Figure 6 .2 . The actual turbidity patterns s how
much greater variation in a single y ea r due to the larger
va ri ations in suspended sediment concentration .

6.2 ~ Factors Effec t ing Turb id ity

Reservoir sedimentation p rocesses described in Section 5 .2 are the
main processes affe cting reser voir turbidity . The sediment- laden
r ive r will en te r the reservoir as e ithe r overflow, in t e r f low, or
unde r f low, d epend ing on its dens it y relative to t hat of the
res ervoir waters . Once it reaches its equilibrium dens ity leve l,
the inflow ing r iver p lume spreads horizonta lly along Jines of eq ua l
density . The flow parallels isothe rma l sur fac es , and is mod ified
b y the Coriolis force so that the river plume is d irected towards
t he right hand shoreline in th e direction of flow.

The turb idity at t he reservoir outlet is a lso d ependent 0 ., the
res idence time of inflowing waters in the r eservoirs . wate na
Reservoir has mean annua l bul k res idence t ime ( vo lume / mea n
annual streamflow ) of 600 days , with Devil Ca nyon hav ing a mean
annual bul k r e si dence time of 60 deys . However , t he bulk
res idence t ime va ri es with flow, with t he bul k r es id ence time
dec reas ing to a bout 110 da y s fo r the mea n annual flood entering
Wata na. The r e s id ence t imes fo r summer f loy.s are a ffected b y the
r elative reservoir leve l. As t he reservoir s wil l be f illing during
the earl y h igh flow period s , the res id ence ti me wou ld be somewhat
increased above 110 days fo r the brea kup fl ood .

T he long res idence ti mes indica te that ar, ice cover would fo r m
before much of the late s umme r flow passes through the
reservoirs. Settling column studies ( Attachment A) ind ica ted that
suspended sediment rapidl y settled out under quiescent conditions,
with turbidity a lso rapidly d ecreasing ( Fig u r e 6. 3 ) . Once an ice
cover fo r ms , essentia lly quiescent condit ions will exist in t he
reservoirs , with wind action no long e r d is turb in g the surface, a nd
in flo w d ropping to min imal lev e ls . Con s equ ently , r elat ive ly r apid
sedimenta tion shou ld comme nce once an ice cov er fo rms , with
surface waters rap idl y clearing beneath the ice . T he tu rbidity of
inflowing waters is also quite low during th is pe r iod, thus
cont r ib u ting litt le add itional s ed ime nt .
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6 .3 - Post-Project T u r bi d it y

A discussion of the timing of certa in events occurr ing within the
reservoirs and Upper Susitna River will serve to help descr ibe the
changes in the turbidi ty pattern . Breakup normally occurs in late
April or early Mayan the Susitna Ri ver. Suspended sediment
concentrations and turbidity sharply inc r ease in May , and rema in
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 r iver, 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 la ke until the
ice cover has s ignificantly decreas ed, which will probably not
occur until late Mayor early June. Even though turbid water will
enter the reservoir in earl y May , an increase in turoidity in outlet
waters should not occur unti l eer-ly to mld -d une .

During the summer months , turb id ity will inc r eas e as s uspend ed
sediment concentrations increase at the reservoir inl et . Pulses of
sediment may pas s t h r ough the r e s e r vo ir wh e n ve r y la r g e sediment
concentrations enter the reservoir , such as during a la r ge flood ,
but they wil l be sharply dampered . The pattern will probably be
s imilar to t hat shown at Kan loops La ke on Figure 3. 2 , except that
the decrease should be even la r ge r in the Susitna River system
due to rela t ively larger size of the reservoirs (l ong e r residence
t ime ) .

Downstream t u r bidity can not be accurately quantitied, but
tentative estima tes ind ica te that is pos s ib le t hat it will not ex ceed
max imum values of 35-45 NTU during pea k f lows , a nd will no rmally
be in the 10-20 NT U range during s ummer months , based on
cursory es timates from flow suspended s ed iment concentrations ,
trap e ,'ficiency, and reservoir outflow . Reservoir turbidity will
decrease in t he downstream d ir ect ion as the larger sediment s izes
settle ou t .

In September and October, inflowing turbidity levels to the
reservoir are s igni f icantly less th a n summer v a lues, as the glaciers
contr ib ute le s s meltwater and sed iment . Ice cove r on the
reservoirs will normally start to form about the th ir d week in
Octobe r . Once t he ice cover form s , es sent ia lly qu iescent
condi t ions occur, and t u r bi di t y in t he upper leve ls of t he
rese r-voir shou ld r ap id ly decr eas e .
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7 - PROJECTEO RESERVO IR SED IMENTATION

The min imum assumed t r ap eff iciency fo r Dev il Canyon Reservo ir is
70 pe r cen t , based on data f rom other la kes. Howeve r , it is
possible t ha t the trap efficiency ma y be much lower , as only f ine
material wit h v e ry slow settling rates would pass through Watana
Reservoir.

Trap efficiency es timates using the Brune curve indicate
90-100 percent of the incoming sediment will be trapped in the
reservoirs, even short ly after reservoir f illing, but sedimentation
studies at glacial lakes indicate that fine glacial sediment may pass
through the la ke . Delta formation at the head of the reservoir will
be con s tan t ly adjusting to the changing water level . Sediment
passes through the channels on t he delta to be depos ited over the
lip of the delta. Depending on the relative dens itie s of the lake
water and the r ive r , the sediment· laden wate r will e ither ente r t he
la ke as overflow, interflow, or underflow ( t u r bidi ty current) . It
is probable that the turbid summer flows of the Susitna River will
in it ia lly di ve below the surface, seek ing an equilibr ium density
layer. The settling process will then commence somewhere below
t h e surface .

Estimates of t he tot al amount of deposition of fine flacial s ed ime n t
in the reservoirs are somewhat uncertain . Glacial la kes
immediately below glaciers have trap efficiencies of 70-75%.
Kamloo ps lake , B. C ., retains about 66% of the incomin g sedimen t .
Sediment concentration at t he outlet of Kamloo ps la ke inc r ea sed
during periods of h igh sediment in flow, which wou ld correspond to
h igh stream flows . Kamloo p s la ke is a natura l lake , so reten tion
t ime of h igh flows decreases to about 20 days d uring t he spring
freshet . However , Watana Reservoir has s ignificant active storage
capacity . During the May - Jul y period the reservoir will normally
be filling, so that outflow will be much less than in flow . The
inc r ea sed residence t ime due to ref ill ing of the res ervoir wo u ld
tend to a llow more of t he sed iment to settle . Once the rese rvo ir is
f u ll, t he re may be period s of inc r ea sed t u r b id it y downstream
following periods of ve r y h igh s t reamflo w, s imila r to t hat evidenced
at Kamloo p s lake on Figure 3 . 2 . The median grain si ze at t he
lower end of Kamloop s lake was 0.002 mm, and appeared to be
un iformly distribu ted across the lower end of the la ke. The
s u s pend ed sed imen t s ize ana ly s is for stat ions on the upper Sus it na
River ( Co r p s of Enginee rs , 1975 ), shown on Fig ure 4 . 2, indi cate s
that about 15 per cen t of the suspended s edi ment e n tering Watana
Reservoir (S u s it n a River near Cantwell gaging sta tion ) is smaller
than 2 microns (. 002 mm). The trap eff ic iency of Wat ana
Reservoir is estimated be between 70 - 97 percent , with onl y the
material finer than 2 microns possibly passing through the
reservoir .
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Based on the results of the settling column studies , ( AU . A) much
of the suspended sediment still in s uspension when an ice cover
fo r ms would settle, as quiescent cond itions would soon be
prevalent .
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ATTAC HMENT A

S ET TLING CO LUMN STUD IES



Resul t s

Procedure

SETTLING COLUMN STUDIES

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

28 , 000 c .t .s .
17,200 c .f.s .

July 29, 1981 at 3 : 00 p .m .
Sept . 3 , 1981 at 5 : 00 p .m .

Samples were taken at 0, 0.5 , 1 , 3 , 6, 12 , 24 , 48 and 72 hou r
intervals and ana lyzed for turbidi ty ( N. T . U. ) and total suspended
so lids ( T . S .S. in mg. /liter). Air and wat e r temperatures at these
times were al so recorded.

The samp les were placed in the s ettling columns, thoroughly mixed
and in it ia l ( tim e zero) samples taken from ports which we r e located
at 0 .5 , 2 . 5, 4 .5, 6 .5 and 8 . 5 fe et from the bottom of the co lumn .
The depth of wate r in the columns varied dur ing t esting a s wat e r
was removed for testing . In column 1 the average de pth of wa te r
was 9 .2 feet and in column 2 the average depth wa s 8 . 9 feet .

Sample #1
Sample #2

Two 55 gallon water s amp le s were obtained from the Susitna River
near Watana damsite . These samples were taken in an area of
turbulent flow us ing a pump whose in let depth was varied to al low
d epth integrated s amp ling . The samples we r e retrieved at the
following flow r at es and water temperatures .
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Resul ts of t he s ett ling column s t udi es are illus t r at ed for su s pend ed
solids in Figures A . l and A. 2 . In 72 hours , total suspended
sediment concentration decreased by 93% in the 28 , 000 cfs samp le
and by 98% in the 17 , 200 cf s sample. Litt le densi t y s tratificat ion
was noted in t he 28, 000 cfs sample during the s ett ling period , but
was more noticeable in the 1·6 hour period for th e 17,200 cfs
sample .

Turbidity leve ls showed a similar decrease . The composite average
for each tim e period is shown on Figure 6 .3 . " <her-e was little
va r iat ion in turbidity with depth . As would be expected f r om the
s u s pend ed sediment results , turbidity dec reased si g n if ica n t ly , with
reductions of 85 percent for the 28,000 cfs samp le and 94 percent
for the 17 , 200 cfs sample .
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SUSPEN DED SEDI MENT CONCENTRATION VS TIME So DEPTH

RI M CO NSULTANT S. INC . I SETTLI NG COLUMN STUDY
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FIGURE A-2

SAMPLE COLLECTED ON 3 SEPT. 19 B' . I MILE ABOVE WAT ANA DAM SIT E
WATER TEMPERATURE 19 /3/811 : 46 -F

SUSPENDED SEDIMENT CONCENTRATION VS TIME a DEPTH

AUf CONSULTANTS, INC. I SETTLING COLUMN STUDY

17,200 CFS SAMPLE
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ATTACHMENT B

ANNOTATED BIBLI OGRAPHY

OF

SEDIMENTATI ON PROCESSES

I N

GLAC IAL LA KES A ND RI VERS
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INT RODUCTI ON

A literat ure search was conducted to obtain info rmation on glacial
lake trap effici ency of suspended sed iments , with emphasis on
materials smaller than 50 microns . Relevant information will
provide a basis fo" predicting the fate of suspended sediments
entering the reservoirs of the proposed Su si t na Hydroelectric
Project .

The bibliography contains annotations fo r 36 references with
relevant infor mat ion and a listing of 31 additional references wit h
no specif ic in fo r mat io n. There is information on depos itional
processes whe n preglacial rivers e n te r standing wat e r bodies
( Ch u rc h and Gilbert 1975 ; Carmack , Gray, Phero , and Daley 1979 ;
Embleton and King 1975; Gilbert 1973, 1975; Gilbert and Shaw
1981 ; Hamlin and Carmac k 1978; Pharo and Carmac k 1979 ; Smith
1978 ; Sturm and Matter 1978), with deta ils o n particle si ze d is­
tribution fo r two ancient la ke env ironments ( Ash ley 1975; Shaw
1975). However, resea rch r eveals t hat reconstructing mod ern
depo s itional environ me nts f rom anal yses of ancien t e nvironme nts
may be misl eadi ng, a s d istance f rom source and shore and d epth o f
lake ar e not a s signifi cant as dens it y , wincHnduced curren ts , and
stratif ication ( Bryan 1974a , b ) . Furthermore , mis in t e rpretati on of
deposit ional events can lead to overes ti mat ion of the t ime invo lved
in deposit ion (Shaw, Gil be rt , a nd Ar cher 1978) . A method is
presented f or dete rm in ing sed imen tat ion rates b y r adi oactive fallou t
( As h ley 1979). One study on a modern lake shows that suspended
sediment concen t rations affect dens ity strat ifi cation ( Gus t avsc n
1975b) . T wo s t udi es (Ostrem 1975; T heaks tone 1976) addr-es s la ke
t rap eff iciency and d istance of d epos it ion from the source .

The liter a ture search included a review of Un iv ers it y of Alas ka
theses and publications of the Universi t y of Alas ka ls In s t i tu t e of
Wat er Re source s and Geo phys ical In s t itute , the U.S . Ge .:llogkal
Survey , and the U.S . Ar my Corps of Engine er s l Co ld Reqlcns
Research and Enginee ring Laborator y (C RREL). A comp u t e r
search wa s conducted on the C RREL Bibliography and on S e lect ed
Wat e r Re sources Ab s t r act s.
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Discuss ion of sea sona l s ilt and c la y depos ition ( va rves) In an
ancient env ironment . Suspended sediment concentration
affects water dens ity far more than temperature In glacial
la kes . T he settling vel oci ty of a 60 s ilt gra in in 4°C water
undisturbed by cur ren ts is 0 .05 em/ second . T herefo re , s uch
a g r ain would settle 50 m in 1 .1 5 da ys . However, s ilt wa s
fou nd in a ll winte r clay layers, a nd could in d icat e that la ke
currents were present , preven t ing settlin g, o r sedimen t was
in t r od uced year-round . Mean grain s ize of s ilt la ye r s d e­
pends on locat ion In the lake wherea s grain s ize d istrib ution
of cl a y layers is uniform . Gra in s ize ana lyses are presented ,
but there Is no s peci fic in for ma t ion o n the distance traveled
across the la ke prio r to depos ition .

Discuss ion of suspended sediment data collected during one
yea r ( 1962) f or hydrologic-morphologic s t udy of the Col v ille
River delta . Three aspects of suspended load considered
were : quantity t ransported in wat e r; size of part ic les in
s uspens ion ; and tota l quant ity transported in a g iven per iod
of t ime . As unit volume Inc r eases, median grain size and
t ota l load carr ied Increases. Gra in s ize ana ly ses for sam pl e s
represen ta ti ve of s e lected loca t ion s , depths , a n d t ime s are
p resented . The amount and s ize of s usp end ed ma t e r ial
Inc reased with depth at one location .

2. Ashley, G.M . 1975. Rh ythmic sedimentation in glacial La ke
Hitchcock , Massachusetts -Connecticut . Pages 304-320 in A. V.
Jopling and B.C . McDona ld , eds. Glacioflu via l and g lacio­
lacustrine sed lmen ta tlcn , Society of Economic Paleontologis ts
a nd Mine r a logists, T u lsa, OK . Specia l Pu b lication 23 .

PART I - RELEVANT INFORMATION

1. Arnbol"'g,
load in
Annaler.

L., H.J . Walker, and
the Co lv ille River ,
49A ( 2- 4) :131-1 44.

J . Peippo . 1967 .
Alas ka , 1962 .

Suspended
Geografis ka

I
I
I
I
I
I
I
I
I
I
I
I

3 . Ashley, G. M. 1979 . Sed imentolog y of a ti d al lake, Pitt Lake,
Brit is h Co lumb ia , Canada . Pa ges 327-345 in Ch . Sc hl uc hte r,
ed . Mora in es and Va r ves . Proceedings of an INQUA
S ympos ium of Genes is and Lit ho logy of Quater n a ry Deposits ,
Zurich, September 10- 20, 1978 . A.A. Salkema , Rotterdam .

Sedimentation rates were determined by 137 Cs dating
techniques . Gra in s ize analyses were determined for
190 samples and mean g ra in s iz e d is tri butIon wa~ mapped .
Annual sed imen t accumu lat ion equa lled 150:! 20 x 10 ton s , of
wh ich 50% was coarser t han SO.

susi8/ h B-2



Discussion of techniaues fo r determining modern lacustrine
sedimentation rates .

Ashley, G.M. , and L.E . Moritz. 1979 . Determinatff of
lacustrine se d imen t ati on rates by radioactive fallout ( Cs ),
Pitt Lake, British Columbia . Canadian Journal of Earth
Sciences. 16(4) :965-970 .

Developed empirical formula for sediment yi e ld rates for
glacial drainage basins based on glacier area , total d rainage
area, and length of watercourse. No differentiation by
particle s ize . Used fi ve years of U.S. Geolog ical Survey
suspended sediment data from Denali and Gold Creek stations
to test formula .

I
I
I
I
I
I
I
I

4 .

5. Borland , W.M . 1961 .
streams in Alaska .
66( 10) :3347-3350 .

Sediment transport of
Journa l of Geophysical

glacier-fed
Research.

I
I
I
I
I
I
I
I
I
I

6. 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, a nd Arctic Institute of
North America , Montreal, Canada .

Study of bathymetry, thermal structure I and sediment
distribution in Kluane Lake, 1968. A weak t he rmoc line
developed in July and August , which was occasionally
destroyed by storm- induced mix ing . The lake is ice - cove r ed
for eight months , and rece ives sediment from the Slims River
for four months . Statistical parameters of grain s ize analyses
are presented. Sedimentation is affected b y density I by
wind·induced la ke currents, and by stratificat ion as well as
by bathymetry, distance f rom shore and in pu t , po int and
sed iment composition . Highly t u r bid, 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 .

7 . Bryan, M.L. 1974b . Sublacustrine morphology and
deposition , Kluane Lake, Yu ko n Territor y. Pages 171·187 in
V.C. Bushnell and M.B . Marcus , eds . Icefield Ranges
Research Project Scientific Results, Vol 4 . American
Geographical Society , New Yo r k , 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 analy ses of bottom sediments are
presented . Finest sediments farthest from the S lims River

I susi8/h B-3



were not in the deepest portion of the la ke . Distance from
source, depth of lake, and d istance f rom s hor e are not s ign if­
Ica n t In controlling deposition . Reconstructing depos itional
environments based on sediment s ize ana lysi s ma y be mis­
leading.

8 . Carmack , E.C ., C .B .J . Gray , C .H. Pharo , and R. J. Da ley.
1979 . Importance of la ke r iv e r Interact ion on t he phys ical
limno log y of the Kamloops La ke/Thompson Riv e r system
Limnology and Oceangraphy . 24 (4) :634-644 .

Discussion of p hysica l effects of la r g e r ive r entering a deep .
In t e nnon ta ne lake . No in fo r mati on of particle s ize ana lys is.

9 . Church , M. , and R . Gilbert. 1975 . Progl ac ia l f lu v ia l and
lacu s t r ine env ironments . Pages 22-100 in A. V. J op ling an d
B .C . McDona ld , eds . Glaciof luvial and g laciolacu s t r ine sedi ­
men tati on . Society of Economic Pa leon to log ists and
Mine r al og ists . Tulsa , OK. Specia l Publication 23 .

Discuss ion of depos ition when p rog la c ia l r ivers en ter s tanding
wa ter bodies . S ign if icant events a re : aggradation on the
bed d ue to depos ition of bed load ex tends upstream from the
la ke, along with reduced flow velocitie s ; deve lopment of a
h igh angle delta , with transport of sediment to the delta lip;
movement of coarse material ove r the lip and down In to t he
lake In turbidity flows ( bottom flow ) ; movement of ri ver wa ter
down the delta f r ont to la ke water of equal densi t y ( In t e r ­
flow ); movement of r ive r water onto the surface of the lake if
density Is less than the lake ( s urface flow) ; deposition of
f ine - g r a ined material and format ion of v a r ves, of wh ich the
silt ( s u mme r) po rtion is deposited b y tu rbid it y curren t s , and
the clay ( win t er ) port ion b y the t u r b id it y c urren t after
stagnation, and t hen b y s low , con t in uo us settling f rom
suspens ion . Turbidity underflow Is not a co n ti n uous e ven t in
the melt season. Va r ve format ion cannot be directl y
correlated to mean annual discharge , because a s ing le large
flood can create a turbidity flow . Tu rb id ity f lows r e s u lt in g
In more rap id deposition depend on d ischarge , ri ver and lake
water temperature, thermal structure of the lake , quantity of
sediment suspended in t he lake from prev ious events, a nd
r iver and lake d issolved sed iment concentrations . No specif ic
infonnation on partic le s ize is p resented.

10 . Embleton , C . , and C.A .M. Kin g . 1975 . Glacial geomor­
phology . John Wiley and Son s , New York , NY. pp . 532-558.

Review of general p r inciples affecting s e d imen t depos it ion in
lac u s t r ine environments with examples . La ke f loo r depos its
become in c r eas ing ly f ine toward center o r deepest parts of
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lakes, requiring qulet 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.

11 . Everts, C . H. 1976. Sediment discharge by glacier-fed rivers
in Alaska. Pages 907-923 in Rivers 176. Vol. 2. Symposium
on Inland Waterways for Navigation , Flood Control and Water
Diversions . 3rd Annual Symposium , Colorado State
University, Fort Collins, CO . Waterways, Harbors and
Coastal Engineering Dlv. , American Society of Civil
Engineers, New York, NY .

Investigation of glacial s ed iments discharged into the coastal
zone ( Kni k , Matanuska ) . S ize 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 !!ignificant 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.

12 . 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 s ize analyses of deposited material showed
silts and clays were washed out of str-eam 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 .

13. 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 Yo r k , NY, and Arctic
Institute of North America, Montreal, Canada .

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

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

relation­
Thesis .

Investigation of suspended sediment transport relationships In
glacial streams at Gul kana, 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 availab il ity depends on amount of sediment, d istance
travelled downstream, and mechanical nature of sediment
entrainment (no specific information on entrainment) .

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

Descr iption of processes involved in formation of varved
sediment deposits in proglacia l lakes , primarily underflow and
in t e r f low. Underf low inc r ease s with inc r ease of water and
suspended sediment inflow . Cores obtained to determin e
thickness and comparision of varves. No information on
particle size d istribution .

16. Gilbert , R. 1975 . Sedimentation
Columbia . Canadian Journal
12(10) :1697-1711 .

in lillooet Lake , British
of Earth Sciences .

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 la ke In summer when the
lake is stratif ied. Factors affecting distribution are : density
characteristics of the lake and inflowing water, as determined
by temperature and suspended sediment ccncentrettcns i
currents Ind uced by wind and inf low; thermal s tr-uctur-e of
the lake water, wh ich determines the nature of circulat ion
patterns and allows in t erflow along the thermocline ; diurnal
and seasonal fluctuations in Inf lowing waters and sediment ;
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See next abstract

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

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 Minera logists, Tulsa, OK .
Special Publication 23.

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

Analyzed acerene's ( 1961) formula. Considered particle s ize,
but used an aver-aqe particle size in the formula . However,
concluded that particle size affects application of the formula .

Sedimentation in proglacial
Journal of Earth Sciences .

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

and the la rge 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 in for mat io n on particle size .

Examination of hydrologic and Iimnologic conditions of
Sunwapta Lake, a small , proglacial lake in the Canadian
Rockies. Sediment inp ut was measured and sedimentation
rates were calculated . Sediments of small , shallow lakes with
large and highly va r iab le inflows are expected to demonstrate
lateral and vertical variability I whereas those in la rg e pro­
glacial lakes are more predictable due to modification by
large, stable water masses .

Gilbert, R., and J . Shaw. 1981.
Sunwapta Lake, Alberta . Canadian
18(1):81-93 .

susi8/h

Underflow , interflow , and overflow water entered Malaspina
Lake , and the t ype 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 dens ity stratif ied
(inc r eas ing suspended sediment concentration with depth ) but
not thermally stratified. No specific information on particle
size or trap efficiency is presented .

21.

17.
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Discuss ion of dynamics of strong flow ing river entering a
long, narrow lake (Kamloops Lake, B.C . ) . River-Induced
currents influence circulation patterns in a fjord lake . No
specific info rmati on on sedimentation rates 01" particle size
analysis.

22 . Hobble, 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 r eg ions .
Thermal cycle of deep arctic lakes is h ighly variable , and
stratification is uncommon , occurring only in warm, calm
weather after lake waters rise to 4°C. Deep lakes mainta in
circulation even when ice covered . Deeper lakes are r e ­
latively turbid as a result of g lacial flour from streams d rain­
ing active glaciers . Lake Peters is fed by glacial streams and
dra ins v ia a 1-km long, 15-m deep channel into Lake Schrader
in the crooks Range . Both are 50-60 m deep . Lake Peters
acts as a settling basin . When dense glacial water enters
Lake Peters in June , it s inks to the bottom, and the lake fills
upward with turbid water- .

23 . Mathews , W.H . 1956 . Physical limnolog y and sedimentation
In a glacial lake . Bulletin of the Geolog ical Society of
America . 67 :537-552.

Garibald i Lake , British Columbia , r eceiv es sediment from two
glacia l streams with relatively low sediment content. Particle
s ize and composition of bottom deposit ana lyses revealed slow
transport to s ite of depos ition and slow rate of deposition for
clays . No info r mati on on amount of sediment passing through
system .

24 . Ostrem, G . 1975 . Sediment transport in glacial meltwater
streams . Pages 101-122 in A.V . Jop ling and B.C. McDonald,
eds , Glaciofluvia l and glaciolacustrine sedimentation . Society
of Economic Pa leontologists and Mineralogists , Tulsa, OK .
Special Publication 23 .

Recognized problems of utilizing g lacia l wate r-s for hydro­
electric projects , speCifica lly in reservoirs and turbines .
Grain size analyses of cores of varved sediments showed t h at
summer layers consisted of coarser material than winter layers
(based on 20 micron grain s ize variation) . X- r a y d iffraction
analyses showed that summer deposits contained more quartz
(rapid sedimentation ), and winter deposits, more mica ( sl owe r
sedimentation ). For one 1,BOO-m long proglaclal lake over
29 years , about 70 percent of the total suspended sediment
input was deposited .
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25 . Ost r em, G. , T. Ziegler , and S.R . Ekman. 1970 . A study of
sediment t ransport In Norweg ia n g lacial r ivers , 1969.
Institute of Water Resources , Dept . of Hydrology, Oslo,
Norway . Report 6/70 . Report fo r Norwegian Water
Resources and Electricity Board. Translated from Norweg ian
by H. Carstens. 1973 . Institute of Water Resources,
Univers it y of Alaska , Fa irbanks , AK. Report 35 . 1 vol.

Investigations we r e conducted on water d ischarge and sed! ­
ment volume measurements in glac ia l r ivers above and at the
ou tlet of glac ia l lakes to calcu late the sedimenta tion of fine
materia l on t he bottom of t he lakes. Volume of mater ia l
ava ilable fo r t rans port is p robabl y la rgest at t h e beginning of
the season. No data on particl e s ize.

26 . Pharo, C.H . , and E.D . Carmack . 1979 . Sedlmentet tc n
processes in a short res idence- tim e intermontane la ke ,
Kamloo ps La ke , British Columbia . Sedimentology .
26:523-541 .

Discussion of rad ioactive 137Cs dat ing . Met hod cou ld be used
to date sediment in reser v iors t hat have not been surveyed.

Discuss ion of sedimentation in p rox imal po rtion of a glacial
la ke based on interpretation on the ancient env ironment .
Mean g r a in s ize v a lu es we r e determined for sections of each
faci es from 0 to 80 . No in for mat ion on transport o f fine
materials .

Shaw , J . 1975. Sed;menta r y success ions in Ple istocene
ice-ma r gi na l lake s . p;oges 281-302 in A. V. Jopling and B . C .
McDona ld , eds . Glaciofluv ial and g laciolac ust r ine sedimenta­
ti on . Society of Economic Peleo-ttolcqlats and Minera logists ,
T ulsa , OK. Special Publicat ion 23 .

Sediment transport and depos iti on in t he lake is controlled b y
three interdependent p rocesses : delta p rog radation at the
lake - r iv e r ccnftuencer sediment dens it y s u rg es or iginating
a long the del ta face, which result in tu rbidite s eq uence s
la kewa r d from the base of t h e delta ; and d ispersal b y t he
in t e r f lowing r iver p lume , which , due to Coriolls ef fects ,
res u lts in a h igher s edim en tation rate a nd greater fract ion of
coarser materia l a long t he r ight-hand of the Iaku in the
direction of flow . Suspendeo sediment concentrations are
h igh above t he t he r mocline where h igher t u r b u lence , main­
ta ined b y wind mix ing and r-iver in t er int e r fl ow , r educe s
s ettling vel oci t ies . Pa rt icles se ttl e r a pidly once they en t e r
the h ypolimn ion .

1973 . Dating
Oce ancq r-a phv .

Gill .
and

Rit ch ie , J.e ., J .R . Mc Henry , an d A.C .
recent reservoir sediments. limnology
18:254-283 .

28.

27.
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29 . Shaw, J. 1977. Sedimentation in an alpine lake dur ing de­
glaciation, Okanagan Valley , British Columbia, Canada.
Geografiska Annaler. 59(A):221-240.

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

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

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

31 . 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 g roups of glaciers with d ifferent bedrock lith­
ologies ; Worthington and Matanuska; Castner and Fels ;
Gulkana and College ; Rendu and Reed ; and Carroll and
Norris . Particle size anal yses and mineralogy of superglacial
and suspended stream sediments are presented. The
environment of transport has a much greater effect on grain
s ize than the nature of the starting material.

32 . 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) .

33 . Smith , N.D . 1978 . Se d ime ntat ion p rocesses and patterns in
a glacier-fed lake with low sediment input. Canadian Journal
of Earth Sciences . 15 (5) :714-756 . Snow melt and g lacial melt
waters carrying relatively low suspended sediment concentra­
tions enter Hector Lake In the eastern Roc ky Mountains,
Alberta . When stratif ied , 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 epllimnion that are deflected southward
(rightward ) by the Coriolls force .

34. Sturm , M., and A . Matter . 1978 . Turbidites and varves in
Lake Brienz ( S wit ze r land) : depoaltf cn of clastic detritus by
dens ity currents . Pages 147-168 in A. Matter and M. E.
Tucker, eds . Modern and ancient lake sediments . Inte r ­
national Association of Sedi me n tolog is t s . Special
Publication 2.
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Discuss ion of sediment t r an s port and depos ition b y overflow I

In t e r-flow, and underflow in a long , narrow, deep bas in with
r ivers entering at each end . Fine-gra ined sediments supplied
by overflows and in t er-f lows settle continuously during summer
t hermal stratification . Most of the fine-g rained particles
remain in suspension at the thermocline because the vertica l
dens ity gradient is mor e dependent on t emperature than on an
inc r ea se In density due to s uspended particles . During fall
turnover , t he remain ing sediment t r a p ped at t h e t he r mocline
s ettle s.

35 . T hea kston e , W. H. 1976. Glac ia l lake sed imen tat ion ,
Austerda ls isen, No rway. Se d imen to log y . 23(5) : 671-688 .

A lake complete ly fi lled with g lac ia l sedim e nts, over wh ic h
b r a ided stream depos its formed . A new p rog lacIal lake then
fo rm ed . Discuss ion of bedding and composition of ancient
lake sediment s . Ini t ia lly, deposit ion was v e ry slow in d eep
( 80 m) wat e r . In another la ke 300 m f rom a g lac ier, a bou t
75 percent of the s ediment transported in s uspe nsion is
r e tained in the bas in , but t he amou n t r etained in one day is
hi g hly va ri able . T he da ily s ummer val ues e xceeded t he
min imum by 200 tim e s ( data not p resented ).

36 . T ice, A.R . , lo w. Gatt:J, and D.M. Anderso n . 1972 . T he
mineralogy of suspended s ed imen t in some Alaskan gl::lcial
streams and lakes . Cold Reg ion s Research and Engineering
La bo r ato ry Corps of Engineers , U.S. Army, Hanover , NH.
Research Report 305 . 10 pp .

In vestigation of the role of chemical weat he r ing of bedrock in
cold r egions determined that no chemical changes occurred in
fi ne suspended material. Suspended sedi me n t samples were
obta ined fo r X- r ay diffraction anal yses from g aldal outwash
streams and lakes in s even areas ( Chackac hamna , Palmer­
Matanuska , Moose Pass -Portage , Va ldez , J u neau, Mt . McKinley
Nat iona l Park , and Black Rapids ).
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