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6 . 1

LAKE OUTFLOW

Methodology
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Dat a on the Eklutna La ke leve l a n d outflow quantity and qual ity were

ob t a ined f rom three sources : 1) Alas ka Powe r Ad min ist ra tion surveys and

observa tions , 2 ) U. S. Geolog ica l Su rvey lake le vel measurements , and

3) Rr.t-.l samp lin g at the tailrace . T h e Power' Adminis tr-at icn performed level

su r veys of the lake elevat ion once per week until June 1983, when the

U .S .G .S in s ta lled a water -stage r eco r-d er to conti n uou s ly monitor the level.

Ou tflow data we re p rov ided by the Alas ka Power Adm in istration, as de­

scr-ibed below . Sampling and anal ys is done by Rr.M at the power plant

ta ilrace (see Figur'e 2.1 for location) are a lso described below for each

parameter measured . A view of the ta ilrace is shown in Photo 6. 1.

6 .1 .1 Powerplant Dat a

Personnel at the Eklutna Proj ect Hydroelectr-ic Plant operated by the

U.S . Department of En ergy, Ala s ka Power Administration prov ided

ou tf low temperature and d ischarge data to R&M , Temperature was

measu red rout inelv three t imes d ai ly , at 0800 , 1600 , and 2400 hours

with a gage that sensed water temper-ature in a penstock with in the

powe rpf ant . The flow passing through each turbine was calculated

d a ily from p roduct ion pe rformance curves . Total la ke outf low was

r epo rte d by the Alaska Power Admi n is tra t io n in ac r e- fe e t per day and

converted by R&M to cub ic feet per second and cubic meters per day

for DYRESM model input.

Du r ing May to December 1984, twice -weekly samples of t ailrace outflow

wa ter were collected for analys is of turbidity , con d uc ti vi t y , and

s u s p e n d e d sed iment concen tr-at ion. Samples were collected in the

ta ilrace pond as close as poss ib le to the turbine outlet ports, using

the DH -48 hand -held , depth-integrated sampler (U.S .G .S 1978) .

During freez ing cond it ions , the normal site d irectly above the po rts
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Ill inois. The size dist i-ibutions were determined by the electrozone

method (Karuhn and Berg 1982) .

6.1.5 Temperature

A mercury thermometer was used for instantaneous temperature mea ­

surements. Tempe ratu res were read to the nearest 0.1 deg,'ee Celsi­

us , These measurements compared favorably to those reported by the

Alaska Power Administrat ion.

6.1.6 light Penetration

Secchi disk depths, as defined by Wetzel (1975). were measured using

a disk painted in alternate quadrants of black and white to facilitate

definit ion when s ubmerged . Secchi disk measurements were reported

to the nearest 0 .1 foot .

6 .1 . 7 Powerplant Intake

The layout of the Eklutna Hydroelectric Project wor ks, inc lud ing the

power-ptant int a ke in the lake and the tailrace adjacent to the Knik

River are shown schematically in Figure 6 .1. The intake works are

fo r withdrawal at a sing le level in the reservoir (elevation 794 feet)

and a re loc ated on the north shore of Eklutna Lake near Station 15

(Figure 3 .1) . The orig inal intake structure extended over 200 feet

along the la ke bottom and was su rrounded by gently-s loping (10: 1

slope) sides, as shown in Figure 6 .1. However, CH2M Hill (1981)

repo rted that the in t a ke had to be rehabilit a ted after the 1964

earthquake .

The intake structure as replaced consists of a rectangular,

reinforced -concrete box, open and protected by tr-ashr-acks on its

top, front, and two sides . The trashracked portion is about 23 feet

wide, 20 feet h igh, and 22 feet long in t he direction of conduit flow,
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was often too icy and treacherous , so sampling was done at the edge

of the pond, within 5 meters of the outlet ports. Temperature and

light penetrat ion measurements were also made at sampling times .

6.1.2 Turbidity

The tailrace water samples wer -e refrigerated between time of collection

and time of analysis, which was normally within one day of sampling .

Turbidity analyses were performed at the Rr.M office using a Hach

Model 16800 Portalab nephelometric turbidimeter until August 1984 ,

when a Moritek Model 31 nephelometer was purchased and used .

Analytical procedures fo r turbidity were those described in Standard

Methods (APHA et al . 1931) . Calibration standards were supplied by

the instrument manufactu rers . Some differences were noted In

measurements made with the two instruments, so preliminary values

were adjusted us ing an empir ical co, ...ection relations hip .

6.1.3 Conductivity

Samples were analyzed at the Rr.M office for conductivity using a YSI

Model 33 S -C - T meter and adjusted to conductivity at 25°C (APHA et

al. 1931).

6.1.4 Suspended Sediment

Analyses of suspended sed iment concentration were performed by

Chemical and Geological Lab orator-ies of Alaska, Inc. using standard

methods for detect ion of total nonfilterable residue (APHA et al.

1981) . The samples were refrigerated after collection until analys is,

which was normally the same day as or the day after sampl ing .

Filters with O.4S-micron pore sizes were used for determining the TSS

concentrations. Particle-size distr ibutions and mineralogic analyses

were perfo rmed by Par-ticle Data Laboratories, Ltd., of Elmhurst,
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Ill inois . The size d ist r ib ut ions were dete rm ined by the electrozone

method (Karuhn and Berg 1982 ) .

6 . 1. 5 Temperature

A mercury thermometer was us ed fo r in sta nt a neo us temperature mea­

surements , Temperatures were read to the nearest 0 .1 degree Cels i­

us. T hese measurements compared favo ra bly to those reported by the

Alas ka Power Adm in istrat ion .

6 .1 .6 Light Penetration

Secchi disk depths , as d ef ined by Wetzel (1975), were measured us ing

a disk painted in a lterna te quadrants of black and wh ite to facilitate

definition when submerged . Secchi disk meas urements were reported

to the nearest 0 . 1 foot .

6.1 .7 Powerplant Intake

The layout of the Ek lu t na Hydroe lect r ic Project wor ks , inc ludi ng the

power-pl ant in tak e in t he la ke and the ta ilr -ace ad jace nt to the Knik

River a re shown schemat ica lly in Figure 6 .1 . T he inta ke works are

fo r wit hdrawa l a t a s ingle level in the reservoi r (e lev at ion 794 feet)

a nd are loca ted on the nort h sho re of Eklutna Lake near Sta t ion 15

( Fig u re 3. 1) . T he o rigi na l int ak e structure extended over 200 feet

along the la ke bottom a nd was surrounded by gently -sloping (10: 1

slope) s ides , as shown in Figure 6 .1. However , CH2M Hill (1981)

reported that the in t ak e had to be rehab ilitated after the 1964

earthquake .

The int ak e structu re as replaced cons ists of a rectangular,

r e info rced- conc re t e box, open and protected by trash racks on its

top, front, and two sides . The trash racked portion is about 23 feet

wide, 20 feet high, and 22 feet long in the d irect ion of conduit flow,
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and the inlet channel IS 100 feet wide and about 720 feet long (CH2M

Hill 1981).

6 .1.8 Powerplant and Outlet Characteristics

The Eklutna Project was constructed as a single-purpose,

30,OOO-plus-kilowatt hydroelectric project by the U.S . Bureau of

Reclamation in the early 1950 's. It is now owned and operated by the

Alaska Power Admintst ration , U. S . Department of Energy . The

pressure tunnel is a 9-foot diameter, circular, concrete-lined tunnel,

23 ,550 feet long with a design flow capacity of 640 cfs. The penstock

is 1395 feet of steel pipe encased in concrete, and has diameters of

91", 83", and 75" in differ-ent portions of its length . The current

total installed capacity of the two Francis -type turbines in the

powerplant is 33.334 kilowatts. with a maximum gross head of 865

feet . Averaqe annual energy pr-oduction from the plant between 1955

and 1980 was 156,000 megawatt -hours, ranging from 97,000 to 204, 000

rneqawatr -hou rs in any year . The tailrace consists of a

reinforced-cone rete pressure conduit. 209 feet long and of varying

width and depth , which discharges into an open channel. The open

channel has a 25-foot bottom width. side slopes of 2: 1. a depth of

12.5 feet. and a length of about 2000 feet before emptying into the

Knik River (CH2M Hill 1981) .

6.2 Results and Discussion

The vari ation of TSS, turbid ity, Secchi disk depth, and water temperature

of the outflow are shown fo r 1984 in Figure 6.2 . Each data point is an

instantaneous value obtained during sampl ing, wh ich was conducted twice

per week during the open-water season . The full data set is summarized

chronologically in Append ix L, Table L.1 . The outflow water is withdrawn

f rorn Eklutna Lake in the vic inity of Station 15, so lake data obtained at

Station 15 should be similar to measurements made at the tailrace .

Comparison with the isotherm plots in Appendix H shows good agreement
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with the measured ta ilrace temperatu res , The reco rd ed outflow

t empe ratures appear to be close to or slightly h igher (l°e or so ) than

those observed at the int a ke level at Station 15 . This is reasonable to

expect , ind icat ing that e it he r the intake may be drawing warmer water

f rom nea r-e r the lake surface or the wat e r may be warming as it flows

throuqh the tunnel and powerplant . The observed wate r temperatures of

the o utf low r'an ged from a low of 3 .8°e in November to a high of 12.8°e in

late June .

Tu rbidity and TSS le vels meas ured in the outflow were fairly uniform

throuqh the year. with a few upward spikes. likely ind uced by wind

events at the lake . The base le vel of turbid ity also rose during the

Ju Iy - September summer season . Turbid ity over the whole period I'anged

from 3 .0 NTU in ear-ly June to a p eak of 46 NTU in late August and then

dropped back down to 6 .6 NT U by November before the lake froze up .

The TSS values vari ed f rorn a s pring low of 0 .:> mg /I in June to a high of

36 mg/I in late July and t he n a low again of 2 .2 mg/I in November . Only

minor fluctuations between 2.2 and 7 .6 mg/I and 6 .6 and 15 .5 NTU were

observed for TSS and turb id ity after mid -September .

The sharp peak in both plots in late August was probably due to strong

southeast winds that blew down the la ke and persisted for seve ral days.

These winds would tend t o tr·anspor·t mo re surface water down the lake a nd

would al so tend to move more of the turbid inf low down the la ke . The

tail race ternper-atu re also rose slightly at this time , probably due to the

pr-esence of add itional warm surface water in the outflow. Another

poss ible e xpla nation for the inc rea se s in turbid ity and TSS .s that the

winds blowing down the lake develop sizeable waves (up to 2 feet) at the

no rthwest end . These waves beat on the shoreline near the int a ke works

and may entra in sed iment in the water f rorn the banks of the lake .

A plot of the comparison between turb idity and total suspended solids for

the tailrace data is shown in Figure 6 .3 . The relat ionsh ip is weak . with a

correlation coefficient of 0 .25.

6-5



R24/5 47

Particle -s ize distribution plots are presented in Figure 6.4 for three 1984

samples of suspended sediment from the tailrace . The samples were

collected on July 20, August 28, and October 23, the same dates the inflow

streams were sampled. The data used for plotting the graphs are

tabulated in Appendix F, Tables F .7 -F .9, which were obtained from

Pa rticle Data Laboratories.

Outflow data for use In the DYRESM model are tabulated in Appendix N.S.

The table gives daily values of outflow volume, water temperature, and the

level of Eklutna Lake, all of which were obtained f rom the Eklutna Water

Project (from the U.S .G .S. for the recent lake levels).

The Eklut na Water Project (EWP), a project to transport drinki ng water

from Eklutna Lake to Anchor·age. is currently being developed by the

Municipal ity of Anchor-ape Water and Wastewater Utility . The engineering

contractor for the Munic ipality prepared a report wh ich presented some

newly-acquired water quality and sediment data (Montgomery Engineers,

Inc . 1984) . These data and supportinq information are included In

Appendix M in Tables M.1 and M.2 , Fi9ures M.1-M .6 , and Photos M.1 and

11.1 .2. Samples were collected at the powerplant during three s ix-week

phases In 1983: Februarv -March • May-June, and September-October.

Table 4. 1 gives r'anges of numerous water quality pa r amet e r- s that we re

analyzed du ring their stud ies. Plots of tu rbidity and water temper-atu re

are shown in Figu/"e M. 1; samples were obta ined da ily for the entire pe r iod

of mid -February throuqh late October 1983 . The observed temperatures

ranged from 39°F (4°C) to 5GoF (l3°C). and the measured turbidity values

varied between 7 .5 and 68 NTU . Several particle-size distribution plots

are shown, in Figures M.2-M .4. It should be noted , however , that these

plots are for counts of pa r-t icles - not particle volume or particle we ight ­

so they may not be d irectly compared with the distributions in Figure 6.4

and Appendi x F . For compa rison, the tables of particle-size d istributions

based on count obtained from Particle Data Laboratories for the 1984

tailrace samples a re also shown In Appendix F (part icle -size distributions

by PDL were determined by count and by volume). Several measurements
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were made fo r the EWP of TSS concent rat ions in va rio us s ize ra r,ges a nd

o n several d ates. These data aloe tabulated in Table 1\1.2 and plotted in

Figu re M. 5 . Fig ure M.6 compa res turbidi ties with TSS concent rat ions

obtai ned from v a r-io us f ilter sizes . Finally , Photos f..1. 1 and 1\1.2 show TEM

[Lran s mis s ion elect ron microscope] and SEM (scann ing electron microscope)

p hotoq r-aphs of par·t icles ob se rved in the water samples .
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Top of concrete wall is approximatel y 6 fee t above
the water surface .
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I 7 . 0 RIVER -LAKE SYSTEM RELATIONSHIPS
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Tim e p lot s fo r 1934 wh ic h demons t r a te the seaso nal variation in the

paramete r -s a nd a lso compa re the measured levels in the in f low, in the

lake , a nd in t he ou tf low are s ho wn in Figu res 7 ,1-7 ,3 for turb id ity, TSS ,

a nd water temp eratu re , re s pectively, Inflow (both East Fork and Glacier

FCJ r'k ) a nd ou tf low (ta il race ) da ta a re pl otted from the samp le s ob t a ine d

tw ice per week f rom rni d -Mav th rouq h mid- Novembe r . The la ke d ata were

measured at th e ce n te r' of th e la ke ( Sta tion 9) du r iriq profil ing trips

pe rformed month ly f rom mid-Ma rc h to mid - May and twice per month from

early June throu gh late Novem be r'. Sta tion 9 va lue s f rom the same depths

where sed ime nt sa mp les we re ob t a ined fo r a da t e were ave r ag ed to provide

a single valu e for th e p lot.

Several trends are eviden t in Figur'es 7. 1-7. 3, ind ica ti ng that th ermal an d

s ed iment e ff ec t s ma y wo rk t he ir wa y th rouq h th e s y stem a nd out the la ke.

T he tur-bi d it y and TSS p lots fo llow e ach ot he r fa irly well in g ener-al , so

they can be co ns id ered tog ether . T he minimum turb iditv levels in the

inflow streams oc c u rred in ea r ly June , rose sharply a few weeks later , and

r ea c hed the obse rv ed peak of t he year aro u nd Jul y 1 , Levels fluctu ated

q u ite a bi t b ut s t ayed hig h fo r' almos t a ll of July , Th e low t u rb idi t v at

Sta tio n 9 occu r-red in ea r-ly June ros e grad uall y t h rouqh June and J uly ,

and di d no t pe-ak unt il mid -July, a week or t wo after th e stre ams ' pea ks .

A lag IS e xp ec t ed , con s id e r- inq tr-a vel t ime down the la ke , but di ffe re nces

In s ampling f requ e nc y co u ld al so effec t th e a p pa r e n t di ffe r e nce in t iming of

th e events, A furt her lag was seen a t th e t ailrace: the rise In turb id ity

bega n in late J u ne a nd co nti n ued un t il th e peak in late July , Seconda ry

r ises 111 t u rbrditv on both s t rearn s in la t e J ul y show u p a s hi g h tu rb id ity

va lues at Stat io n 9 abou t :! wee ks la ter a nd th e n in th e ou tflow a we e k or

so aft e r that (l ate Augus t) . T her n we re a ls o some winds in the th ird

week of August wh ich may hav e affec ted the tu rb iditv of t he outflow ,
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T h e peaks in la t e September in it ia lly a p p ea r to be o ut of phase In t he

wrong direction, i ; e , the h igh turbid itv occur-s first at Station 9 in the

lake, th en in the s t rcams , then at the ta ilrace , However , the high lake

and ta ilr-ace values were preceded by s tronq southeast winds wh ich had

lasted almost two day s and probablv produced mixing in the lake. The

h igh s t rea rn t urbit.ities and TSS concentration s fo llowed a day where nearly

an inc h of rain f ell in 24 hou rs . causi ng a rapid r-i se in bot h c r-eeks ,

The p roqr-es s of the tern p e ratu re changes th ro u q h the river -lake s y s t em is

more subtle than the s edime n t /Lurb. iditv changes, lik ely due to th e

impo r t a nc e of factors e xt e rn al to the s t re am in influenc ing the la ke ' s

therma l condition , The su s pendcd s cdiment in the lake originates almost

en t ire lv in the East Fork a nd Glac ier Fork t r ib u t a r ie s , bu t su mmer

warm inq of t he la ke comes p ri ma ril y f rorn atmospheric inf luences (sola r

r adiatron , thermal convect ion . a nd t he rrnal conduction) , The gene,'al shape

of the temperatu re p lot s th rouqh the y ea r is with a broad peak fo r the

average Station 9 t ernper-a tu r es , a s imilar broad peak in the outf low but

with fluct uations up or' d own a cou ple of deg r'ees at a time , and generally

uniform base s t r eam t emo e ratu res but with f requen t variations , The

Station 9 t emperat ures pl otted ware averages of measurements made at the

same depths wh ere TS'S z tu r b idi t v samples we re taken; this gener'ally ga v e

a sl ight b ias toward cond itions at th e la ke surface, rather than for the full

dept h , as ca n be s een by compari nq to Figu r e 5 .3 ,

Station 9 wa rrned up fairly qu ick ly In May and J u n e , reaching th e

ob s e r v ed high for t he year In mid -June, The outf low temperatures

followed a similar pattern but occur rinq slightly later , "ising In J u ne to

peak late in the month , The t em peratu res in th e streams fluctu ated

co nsiderably early in the summe r (May). This was before the gl aciers had

beg u n melt ing s ig n ificant ly, so streamflow wa s der-ived chiefly from

snowm elt a n d 9 ,'o u nd wa t e r inf low . On su nny days, the solar radia tion

wou ld warm the stream water' di rect lv , especia lly at Glacier Fo r k where t he

discharge was st ill very low. Temper -atur-e fluctuat ions late ,' in t he year

were due to other env ironmental factor's a ir ternoerature . wind, sola r
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r ad iat ion , precip it at ion , an d deg r"ee of in f luen ce f ro rn t he g lac ie r"s . The

p ro x imity of t he Glaci e r Fo rk gage to the Ek lu t na Glacier t e rm inus made it

p arti c ul a r-ly sensitive to act iv it ies of th e glaci er. The s t r earn a nd o utf low

t em per-atures pl otted were instantan eous measureme nts made at the time of

suspend ed - s edime nt s ampl ing . Some fluctu at ion is du e to d iff erenc es 111

sampl ing t ime, as wa s di scussed in Section 4 .

Inspec ti o n of t he mon th ly in f low to a nd o ut flow h om th e lake for a

on e - y ear per-iod (Tab le 7. 1) s how s the tota l a n n ua l cont r ibut ions for East

Fo r k a nd Gl ac ier" Fo rk to be near-ly id en ti c a l th ough Glac ial For-k had a

h ighero summer fl ow a nd lower wi nte r base flow . Also, the sum of the East

Fork a nd Gl acier Fo r k d ischa rqes fo r the y ear, 188, 000 acre -feet, was 91 (~

of the la ke outflow for the same period , Thus, a ll but a very s ma ll shar-e

of th e la ke inflow comes f rorn th e East Fo rk a nd Glac ier Fork d ra inage

areas .
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TABLE 7 . 1 COHPARISON OF EKLU'llJA LAKE I NFI.OI, MID OUTFLON. \'Il,TER YEAR 19 84

Ek l utna Lake Mont h l y In f l ows and Out f low s (acre- f ee t)

~Ionth East Fo.rk Glac ier Fork Sum Powerl' l a n t

~!l.- (GP) (EF,<;GF) Out flow------
Oct ober 19 83 5 .5('0 4 ,400 9 .900 7 ,30 0

No ve mber 3 .000 1 ,800 4. 800 8 , 50 0

De cerrb e r 2 . 70 0 30 0 3 . 000 13 . 700

January 19 84 2 .000 0 2 .000 2 3 .70 0

Fe bruary 1 . 800 0 1 . 80 0 24 .9GO

Ma r ch 1 , 300 0 1. 300 28 . 400

April 1 .50 0 0 1 . 500 2 7 . 300

May 3 ,90 0 700 4 , I1CO 20 , 500

J une 13 . 400 10,00 0 2 3 ,4QO 2 1 . 30 0

Ju l y 23,500 30 , 900 54 .40 0 12. 50 0

Augu s t 2 7 , 10 0 38 .600 65 . 700 9 . 10 0

Se p t e mbe r 7 . 400 8 , 100 15 . 50 0 9. 000

TOTAL 93 , 10 0 94 ,800 187. 900 206, 200

No tes : 1. Inflow da t a were mea s ur e d by R&H Cons u l t a n t s (June -Septembe r ).
Value ,: for No ve rrber - Apri l we r e estima ted , and Octcber an d May
va l ues were partially e s t imated .

2 . Outf l ow data were prcv ided by Al aska Power Admi ni stra tion .
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