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2 .0 EKLUTNA LAKE STUDY : DYRE SM MODEL CALI 8RATIOS

daily ti me i ncreme nt r ang i ng betwe e n one qua r te r ho u r a nd tw e l ve ho ur s i s

HOlole ver, a smalle r s ub -by t he eode I t o pred i c t da il y t he rma l s truc t u r e .

The n YRESM mod e l simul at e s av e r age r es ervo ir hyd rothe r ma l behavior t hrou gh

pa r a me t e r Lza t i on of var t o us phy s t ca I proce s s e s s uc h a s i nflow and out f 1 0 101

d yna ra Lc s , mi xed laye r dy nami cs , vertical transport i n the hy po limni o n and

su r fa ce he a t, a nd ma (l; 8 ex chang e s . The ba s i c t i me i ncre me nt of one da y I s se t

As de s cribed in t he wo r k pl an of Task 42 o f Sus i t na Hyd r oel ectr i c Proj e ct .

t he re s e r vo i r t e mpe r a t ur e / i c e s t udies a re r e qu i r e d fo r s up porting the en

v i r onmental s t udies . The se studies wil l det e r mi ne t he hyd rothe r mal behavior

of the Wat a na a nd Dev i l Canyon r e s e r vo i r s as a ffec ted by the desig n and

o pe r a t i o n of t h e proj ec t and provide ne c e s s a r y i nf o r mation fo r opt imal

de s i gn a nd ope r at ion o f t he r e s e r vo t r s , I t wi ll al s o de t e r a t ne the t he r ma l

cha rac t e ri s ti c s o f the r e s ervoi r ou tf l ow fo r t~ downst ream r fve r t e mpe r 

a t u r e a nd I ce stud i e s and t he s ubseq uent aSf: e s s ; .:h;. of the pot ent ial e nv i r 

o nment a l i mpa c t s due t o pr oj e c t ope rat l~: . Tht' dyna mic r e s e r vo i r ~l mula

t i o n mode l DYRESH a s de ve loped by ~!II,.~,,~ . Patt ers on and ot he rs of the

Unive rs i ty of We s t e r n Austra lia (1 ) lJ lola !> se lec ted t o simu late the hyd r o

the r ma l behavi o r o f t he reservo~ To simula t e t he wi nt er co ndit i o n wf t h

i ce- forna t i ons . an ice s ub r out l n t'~ de velo pe d by Pat te r s on a nd Hambl in fo r

Ca nad i a n Lak e s ha s bee~n(" .... r po r a t e d i n the eode L, To ca li b ra te t he eod e I

a nd t o ve r f f y it s aJ" P l ~iJ¥: Lt t y t o t he vat ana and Devil c enycn r e s e r vo f r s

unde r sout tr- ce nr r-r l ,.f;n<'l i n t er i o r Al askan climatic condi t i ons , t he Ek Lut na

Lake s tudy hb '~. c3r r i ed out . I n th i s r eport, the r e s u l t s of t he Ek lut na

La ke s tudy a nd tli~ ca li b ra t i on of t he DYRESM model are d iscussed .

! / Ref ers t he numbe rs i n " ge t e r enc e " at t he e nd o f t e xt .
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used to s imulate t he no r e compli cated mixed layer dynamics . Thi s pro cedu r e

a llows smal l t t me inc r ements whe n the dynami cs so r e qu i r e and , I n Ie s s

c r it i ca l pe riods, the t Lme inc rement expands ....ithout red uct i on in ac cur ac v ,

Hence, de t a t Led daily meteoro log i cal a nd hydrological data are re c u t r ed in

....

the DYRESH simulat ion . A data co llec t i on program wa s es tablished in J une .

1982 f o r Eklutna Lake t o c-ol I e c t da t a on t he t he r rna I s t ructure of the r es e r-'

voir , inf low and outflow . Ek lut na Lake Is l ocat e d appa roximat el y 30 miles

Mea n

northeast of Ancho rage ( Fig . 1 ) . A we a t he r sta t ion ( Fig. 2) I o ca t ed ne ar

t he southe rn end of the l a ke wa s a l so established t o pr ovide t he necess ary

meteorologi cal data t o DYRESM .

2 .1 Da t a Collec t ion

~
The' a ve r age dai ly met e or o l og t r- j l j _1t ... "oc Iude :

air t e n pe r atc r c '. <~
Mean wi nd s pe ed (a ' s) ;

Air va por rres~ ( ro b ) ;

Prec t p t ' -st 10 11 ( mm) ;

CIO'I .~,.r ( s ky fra c ti on i n t enths ) o r ,

Long-~ ~ v c a tmos pheric r ad i ati on (kilojoules /m2) ; and

Tota l s ho r t - wa ve r adi at i on (ins ula t ion ) ( k llojou l t~s/ m2) .

,,'/" : .. I ., . .

The six-hou r ave raged wi nd s pe e d s a l ong the maj o r ax i s of the l a ke a re a lso

r eq uired t o ca lcu l ate the int e rna l mixing due t o int e r na l wave s .

Ln ad dition to met e o r ologi cal da ta , the qua nt ity and t empe r atu r e of i n f l ow

t o t he l a ke and out f low f r om th e l a ke a re r e qu i r ed t o s i mu l a te t he reservo i r

d ynami c s ( I ) . The in flow da ta includ ing tempe r a t u r e and s tage wa s o bt a f ned

by est ab l ish i ng tw o gag ing s t a t ions on t he maj o r t r ibut ar ies , ~as t Fo r k and

Glaci e r Fo r k ( Fig . 2 ) (I ). Fo r ca l i b r a t ing t he DY RESM mode l , meas ur ement s

o f lake t empe r a t ure profil e s we r e made a t seven l ocat ions on a n appr ox i ma t e

t wo-week Lr- t e r v a I ( I) . Det a iled des cript ions of the i n put da t a co l lection

-2-



program a r e gtveo by R.&!1 (1 1) . The quantity and temperature of t he da ll y

our f Lcv through t he Ek l ut na Hy dr oe l e c t ri c p l ant tur bines we r e fu r nt s bed by

t he Alaska Pow~r Adminis t ration of the U.S . De pt . of Energy .

These dat a have be e n co lle c t e d . r ed uc ed. c ompile d . and r e po rt ed by the R& '1

..

Consultants , Inc . ( 3 . I I) . The monito r ing s ystem and the -1C CU Tac y of t he

mea surements wer e also descr ibed by RM1 (I , 3 , II) . The data co l l ec t ion

p rogram began in June , 1982 and will be te rminated i n early 1984 . Period i c

e a t tunct tontng of inst ruments have been expe r tenced , especially In J ul y a nd

August of 1982 whe re many days of data a re not re co rded (11 ) . and conse

quen t I y, est imat i ons of t he s e data were r equ t r •.d~." ! on nearby s t a t i o ns a t

Palme r and Anchorage . The ice thicknes s '""(' , ~ "r .. ecnt s we r e take n a p pr ox f -'

mately once a month .

A compa r ison of the r e l a t i ve hUr.l~ t " .. aeas u r ed at Anchorage and Ta Lee e t na

by the National Oce..nic And ":m".;r0 iCAdmi n i str atio n ( SOAA) indicates that

the Ekl utna r e l ative hu mf.11 t y d,, :} c t-e gene rally t oo l ow a nd a re no t i n good

a gree me nt with cr se- c~ 1:. ( eapec f a l Ly pre ci pitation ) da ta eeasured at

Eklut na La ke S t p. ~ 1 ''11 . The r e f o r e , t he Anchorage r elat ive humidities pub

li s he d by NO,A ';<© us e d t o comput e the va por press ures .

The dat .1 r e co rd s available At Ek l u t n a Lake st ation a re plot t ed a nd sho wn on

Fig s . 3 and 4 . The pe r iod of r e c ord e d dat a at the Ek l ut na La ke St at i o n are

s hown In Fi~s . 5- 8 .

2 .2 Prev i ous Stud ies

A pre vious effo r t by ACRES o n the ca lib r a t ion a nd ve r if ica t ion o f the DYRESM

mode l with the o bse r ve d data had concen t rated on t he pe riod o f June . 19 82

throu gh De cembe r 19 82 during whi ch the f ie ld da t a we r e meas u red .

Adj us t ment s were made or. all wind s peed dat a . I n DYRESM . the wi nd speeds

are ass umed t o be measu red at a heigh t o f six mete rs whil e the f ield inst ru-

- )-



ment meas ure s wi nd speed at about t wo met e r s ab ove surround i ng sc rub ve ge r a

t i on . The r e f o r e , t he wi nd speeds were co r rec t ed ba s e d on t he ve locity d i s 

tri but i on i n the bo und a r y l a ye r of the a i r cu r r e nt . The ad j ustme nt pr cd uce s

a n inc reas e o f 17 pe r cent In ne ~ s ured wi nd speeds .

It was noted t ha t t he J uly and August fie ld eeasu r e e e nr s we r e quite i ncom

p l et e and significant amoun t of the me t eo r ologi cal dat a had t o be estimat ed

( L2 ) . There f o r e , the Ek lutna Lake temperatur e /ice s imu l a tion va s mad e fo r

t he pe riods J une 1 t o August 25 , 19 82 a nd August 25 t o De cembe r 3 1 , 1982 to

minimize the e ff e c t of da ta ga p .

The s imul ated temperatu re pr ofi les di d fe'W "" r easoua b l e ag ree me nt wi t h t he

me a su r ed t emperat u r e s ex cept und er se ': " ~' I ' l '! condit ions s uch as t he high

wi nd pe r iods wh i c h occu r ed be t ve-- o S,·pt .. -te r 9 and Sep tember 21 . Unde r

ca n heseve re wi nd eood t r t cn , S i gnif i(,.'I~I-.; t ng can occu r and warme r ..mte r

expec t ed i n the hypo l i mnio~. I f\) a .Id l t Lon , the one- d i l'lens i o nal ity of t he

r e s e r voi r hydrot hermal The r o ble m wa s

r eso l ved by tncrea e t -u; ve r t Lc a I di ff us i o n coe f fic ient wht c h ...! e p r es e nt s

the e f ficiency r., t he t r an s po r t of mas s and mome ntum fr om 0 .048 t o 0 .O~6

ba s e d on the ~urn numbe r c r iterio n ( 13 , 14). The \.ledd erbur n numbe r

charac t e r1 z e~ t'W' on~~d:e ns ion a l1 t y of the r eservoir dynam i c s , vt t h the

va l ue l e s s t ha n 3 ind i cating a departure fr om the one-d i mens i ona l ass ump

tion .

The key co nstants us e d i n t he DYRESM s i mu l a t ion a re gi ven i n Ta b l e I . The s e

c ons tants are r e l a t e d to we ll i d e nt if i ed ph ysical pr oces s e s and a r e de t e r

mined f rom expe r ime nt a l or field da ta ( 13, 14 ) . The s i mulated and meas ured

temperature pr of ile s at Statio n 9 in the app r oximat e cente r of the l a ke are

except i ons that t he diff e r enc e wa s up t o ab ou t -zoe.
i n Fi gf; .

with few

9 t o I I . In general , most profil es are modeled t o wit h i n

Th e s i mu l a t ed and measu red out f low t empe rature of the Eklutna Lake a r e gi ven

i n Figs. 1Z a nd 13 . The predi ct e d out fl ow t empe r atu r e i s , in gene ra l , 1 t o

· ·4 -



2 °e below the measured temper~tuTe during the pe ri od of Jul y t o mid 

Se pt e mbe r . Fr om mid-Sept ember to De cember , the pr edict ed and mens urec t em-

-"'"

pe r at ur e s mat ch r el a ti ve l y we l l. The s Lmu La t t o n al s o i nd i ca t e s tho'l ~_ the

i ce-cove r fo rmati on will be g in i n mid-~ovember an d predic ted 2 1 i nch e s o f

i ce-cover near the end o f December . On January 13, 1983 , a n i c e-c ove r o f

about 16 i nc he s wa s mea s u r e d near the cen t e r of the lake. Hence , t he s imu

lation overestimates the i ce-cove r th i c kne s s by abou t 5 inch es I n e e r l v

Janua ry 1983 .

2.3 Pre s en t~

2.3 .1 DYRESM Mode l Enhancements

The Ekl utna Lake tempe rature and cond ucted i n the pr evi ou s

be s Lg n i f Lc a nt l y unde r-:

s t udy indi cate t ha t t he DYRESH m"K per f o rms re La t Lve Ly we l l in dupli cating

the a ve rage field condition 0 1 t~!.lke t he rmal st r u c t ur e • Hoveve r , upon

further exam inat ion of t he p r e v t ou s r es u lt s, field dat a , a nd t he configura

t ion of the i ntake str~. seve ral enhancements and /or modif icati ons of

t he DYRES~ mode l ~ ~ r ~ ~~d t' and t hey a re discussed a s f o llows:

The " Swf nba nk " ~t ion us e d in t he DYRESH mod el may

estima ting t he i ncoming long wave a tmosphe ric r ad i ation on t he Lake . Such

o bse rva t ion was made independe ntly by bot h Dr. P . F . Ha mb l i n, the consultant

t o the r es e r voir te mperature a nd i c e s t udy , and R&M . Add i t i o na l analyses

indicate th a t the empirical equation g i ven by Ande r s on (4) a grees wel l wi th

the oeas u red value s a t Wa t a na a nd wa s incorporat e d i n the DYRESH mod el ( Fig .

14) . The And ers on ' s e quation i s g iven as

whe r e HL •W• i s t he l ong-wave atmosphe ric r ad i a tion ( KJ /d a y ) , Ea i s

t he a t mas phe r Le e mi s sivity , a i s the St ephen Ho lt zma n constant (4 .979 x

10 - 6 KJ/day ) , and T i s t he a ir t emperat ur e ( 0 Kelv in). The a tmosphe ric

- 5-



emissivit y i s dependent up on the c loud i ne ss of the sky and the t-e Lar t ve

hum i d t t y or vapo r pres sure (3 ) . The emi s sivity t nc r e a s e s a s the c lo ud cover

o r vapor pr e ssu r e i nc r e a s e.

Us i ng: t he And e r s on ' s equ ation, c los e r matche s t o meas ur ed temperature pr o

file s taken ne a r the center of the l a k e (S t a t io n 9) we r e obt ained a s s howu

in Figs . 15 to 24 .

Wit h r e ga r d t o outfl ow tempera t ure predict io ns there a r e t wo modi fic at ions .

One for the ge ometr y of the i nt a ke structure an~hp. ot her fo r wi nd forci ng

effects . The local bathymet ric condition ant'! '. '1P' \ Y·lllf igurat ion of the in

t ak.. s t r u c t u r e are quite diffe r ent fr om t he cond Lr fo ns ass umed in the DYR ESM

model . The model assumes that a ver tt C'~' i1 1 1 s uc h as a dam is l oc a t e d at

the do ....ns t r e am e nd of the r e s e rv r- t r a nd · ~ le off t a k e s are located at the

i nt a ke st ruct ure of the Ek l ut naHow..~ r he

t ill' " ' l~ end of the l a ke on a mild sloping bot -

cente r of t he dam wi d th .

pc ....e r hous e i s l oc a t e d nea r

tom a nd r e s e mble s a ho~nntal out f a Ll st ructu re situated on an ex c avated

a rea. Hence , t he E k ~\lt"'~tal<.e may dra.... DlOSt of the wa t e r from the layers

above . Wit h t h ... (" ll:t ~ f ·1l' j e ff ec t s o f the sloping bo t t om, t he ho ri zont a l

outfall type 1~ an d t he local ex cavat i on . t he outflow tempe r ature may

n o t be t reated ~"rd i ng l Y by theory . The wi nd effect , especially i n t he

months of J ul y , Augus t a nd Septemb~ r , i s c learly s ho wn in the outflow tem-

perat ur e and 6-h r wi nd plot s , given in Fig. 25 • I t is und erstood t hat such

out f l ow t hermal be havior has a lso bee n o bse r ve d by the po we r ho use personne l .

Whe n a down lake .... i nd ( towa r d t he intake ar ea ) o ccu r s , a war mer t ha n no r ma l

out fl ow t empe r a tu r e is obse rv ed . Such temporal de v i at i on of t he outflow

t emperatu r e fr om its nor mal t rend ca n be a ttribut ed t o no t onl y th e s urf a ce

wi nd shea r s t ress but a lso t he be ha v ior o f the i nt ernal wav e s of t he st rati 

fied f l ui d. the deplh of t he epi limnion , t he r e l at ive posi t ion of the intake

to the thermo cline and t he l oca l bathymet ric conf igura tion . Since t he pre

sent t ime f rame does not pe rm it further deve lopment of t he DYRESM model t o

take i n t o ac cou nt a ll the vari abl e s ident if ied above , only t he s urface wind

-6-



...

8nrl the bottom ef f ects are conside red i n t he cur r ent s t udy and are di s cus s ed

a s fol lows :

The ba thymet r ic i n f orma tio n l nd I c a t e s t hat t he bottom s l o pe near t he i ntake

(outflow) d t s t r t but t on mu s t be modifi ed in the out flow

a r ea is a bout ver t i cal to 10 0 ho r izont a l. Hence . the withdrawa l layer

dynami cs ca lcul at ion .

Th r ough s eve ra l nume r i c a l ex pe r ime nts , i t was found t hat sa t is f ac to ry out 

flow t e mpera tu r e s c a n be obta i ned by a s s umi ng that the o ff t ake dr aws wa t er

mai nl y fr om l aye rs a bov e the intake an d the wit hd rawal f rom t he l ower l aye r s

1s i nsi gni f i cant.

~
Th e s t rong dovn l a ke wind s tend to I n c r e a s e t h.-' rrtx tng l o cal l y near the i n-

take. The s t reng th of s uc h wi nd in d u c (>~ '( l " l! i s cons i de red propo r t i onal

to t he magn Lt ude of t he 'Wind a Lc ng t he ~IH axi s o f t he lake towa r d the

sa t i sfacto ry

C2 a re empt r r
It wa s f oundmagn itude o f t he r e sponse s .

Cl and C2 respe ct ively pr oduc e

for ad j u s t i ng t heca l cons t ant s

t ha t va lues of 20 . 0 and 0 .25 f o r

i nta ke . The effec t i s conS i d e red~t va l e n t t o t he de e pe ni ng o f the ep i lim

nion at t he int a ke area . th (· t'''l ll~:".:l n t de epeni ng o f the epilimn i on 1. U i s

computed by the foll owin,2" empert c a l e qua t i o n :

~. \ '
t:. H .. ( ln t a kp de pth ) '( ~I x [ (1 - ~ l ) x C2J2

Where W is t he~ ~ind In the downlake di r ectio n a nd C l and

results f or s umme r , a nd 7 . 5 a nd 0 . 25 f or fal l . Since bet t e r ag ree me nt s were

o btained wit h t he s e modif icat ions . th.~ _ adj u s t ment s based on Wed derbur n cr t =..

te ria f o r h i gh wind cond i t i o n as des cribed pr evio usl y were not applied and a-- - -- -- - - . -- ...--
cons t ant ve rt i ca l d iffusion coef fi cient o f 0 . 0 48 wa s us ed .

The infl ue nce o f i ce and snow on the heat t ra ns fe r ac ros s t he wa t e r s urface

of a r e s ervoi r i s take n i nt o ac coun t by s i mu l a t i ng t he pe r cent a ge of snow

a nd i c e cove r and the i r t h i c kne s s as a fu nction o f time . The e f f ec t of snow

and ice i s t o r e duc e t he amount of s ho rt wa ve r ad i a t i o n r eaching the upper

l a ye r-s of the r e a e r vo t r t hr uug h t he a bso rpt i ve prope r t r e s of i c e and snow

- 7-



-md t o r educ e the cco r r ng o f the r e s e r vo i r s ur f a ce that woul d c t he rv t se

occ u r by pr ovidi ng a cove ring layer of reduc e d t hermal condoc t tv t t y a nd l) ~'

c r~a t i ng ad ditional lce a t the i ce-water bounda ry .

Spec i f ic ph ysi cal pro ces ses incorporated Into the model o f i ce and s now a re :

I . Hini~um i ce t h i c knes s of 10 c~ .

2 . Su r f a ce melting o f e ither s now o r i ce a s we l l a s i ce mel ti ng a t

the l ee wa t er i nt er f a c e.

3 .

4 .

5 .

6 .

7 .

Red uct i o n o f s now o r ice thickness by s~face ev a po r a t ion

Ac coun t of i ce o r s now on s u r f a c e va l' rl(~ .." s ur e

Snow albedo a s a fun cr:ion of snov ai~" a nd t e e pe r at ur-e

Sho rt wave absorpt i o n in sn ow ~ l , r

I c e-wa t e r be at; flux due t o eo l erc La r conductio n across i c e-wa t er

interface plus

out fl ow induced

t '.J rbu :~ ..e ns Ib Ie hea t flux due to I nf low

cur r e nt~ the upper layer of the r ese rvot r ,

and

8 . ccepot at Ion of surfa C' P t ewpe r at u r e of the snow or Ice fr om the

surface he-it ilJ>;P t •

9 . Lim i tst 10 " of maximum snow thi ckness a llnw3ble ba s ed on l ee

buo ...~r~'1 3 t i ve t o snow loading

10 . IncOt~[dtiOn of f r a z t I Ice input to total lee volume In the

r e s ervo i r

2.3 .2 Ek l ut na La ke Te mperat u r e a nd I cc Simul a t ion

One of the maj or objec t i ves in t he Ek l ut na Lak e ca libra tion study i s to

devel op an unde rs tand i ng of t he capabi li ty , concept , a nd s t r uc t ure o f t he

DYRESH !'1odel. ThIs unde rs tandi ng ha s l e d to the deve lopment of several

p rog ram enhancements t o ca libra te t he model unde r south-cent r al a nd i nte rt o r

Alaskan cl imatic condi tions as prev iously d iscussed . The Eklurna L ak ~ st u ~ y

has a lso demonst ra ted the ne e d for accurate c li ma t ic da ta t o enable t he

model to prope rly simulate t he hyd r o the rmal behavio r of t he r e s ervo irs .

- 8 -



Every effort should be eade i n t he f uture t o insure t he ac cu r a cy a nd r e lia

bility of field measurement instrument s and data col l ec t ion procedure s .

Harza-Ebasc o (HIE ) ccne tdeeed the period of June . 1982 through

The HIE simulation also included a 17% increase in meas ured

to correct the velocity t o the height above vegetation as sumed by

'rhe Wedderburn number 1'IlOdif i ca t ion procedure was not used i n

The s t udy by

June , 1983.

windspeeds

the ecdet .

lieu of the empirical equat ion to deepen the epiliminion a t the intake area

and the modi f i c a t i o n of the withdrawal dynamics .

The results o f the HIE Eklutna Lake s tudy are s~ I" the temperature pr o

f ile plot s. Figs. 15 to 24 . and in the out flow temperatur e time history

plot s. Fig s. 26 and 27. The result s o f t~~tudy de monstrate the capabi li ty

for the DYRESH Hodel t o properly strrluht;Y the hydrothermal behavior of a

reservoir in the specific region Sus i t na Proj ect. Th~_res_ult_8 show
1>

the accurAte prediction 0 wi nt er It U ow teepet-atu r es__w;i. ~hin An acce ptabl e

tolerance of + I degree cet c ro w, The result s al s o 8how- -;h~t -~~~~

~ut flow temp_e !,at~r!s_w.er~..!.!Jated _to_wi~hin + ~~CL~3ell: rees Celc1 us. The

outflow eeepe eeeur .. 111 .. princip l e parameter in the river temperature a nd

i ce studi es to~rllline the environ me ntal impact o f the project ope rat ions .

The results al~show an excellen t correspondence between measured i c e

thickness and predicted ice thickne ss except for one point tn Harch at

Station 13 which i s locat ed near the north end of the lake. There were no

ice measurements made ne ar the ce nt e r of the lake t n Harch , The relatively

thick i ce measured a t St a tio n 13 tn Harch may be considered due t o local

accumulation of snow caused by downlake winds. Therefore, the larger dif

ference (Fig. 27 ) shown in Harch i s not considered as a major conce r n .

It is understood t hat the Eklutna Lake reservoir da ta co lle c t ion pr ogram

will be teninated In early 1984. The additiona l dat a collect ed and cor

piled by R&H will then be available to extend the Eklutna Lake tem perature

s i mu l a tion . The results fr ott. that s t udy will be reported as a supplement to

this report.

-9-



3. 0 WATANA RESERVOIR TEHPERATURE

The LYRESM model wa s used t o silDUl ate Wat an a rese rvo i r temperature behavio r

a nd ou t l e t t e mperature s unde r t he 198 1 fl ow cond i tion . The pa rftmete r val ue s

of t he model use d in the Eklutna La ke ca l i brat ion has been applied. A f i el d

program wa s established i n April. 1980 within the Sus itna River Bas i n

(Watana Camp) t o co llect meteorological data (5-12) f or the DYRESH model.

The climatic s ta tions are shown i n Fig . 28 . The periods of the ava ilabl e

records are shown in Figs. 29 -32 .

3 .1

The

Data Collection

required ave rage dail y meteorOIOgira~t ~ i nc l ude:

Hean a i r t emperature ( .~;

( • Ii>
Hean wind speed 1ll. !"o ) ;

Air vapor pre s PIH" p ( mh);

preciPitat 1 on~ ;
Long-",a ve radiation ( KJ/m2 ) or cloud cove r (sky fraction i n

ten !~ and

Total~ct-wave radiation (KJ/m2 ) .

3 . 2 Previou s Study

As described i n the License Application, daily simulations were made by

Acres t o predict t he t hermal behavio r of the Watana reservoir operating

under the yea r 2010 po wer demand ( Case C; 12 . 000 cf e minimum August fl ow) .

The s i mulation pe r i od i s six months (June I through neeeejee 3 1. 19 81 ) .

3. 2.1 Reservoir Temperature Profiles

The silllUlated temperature profile s f or t he first day of each 1IlOnth of J une

t hr ou gh December 1981 a r e s hown in Figa. 3 3 and 34 . St rat i f icat io n oc curs

-1 0 -



during J u ne . J u l y and August. The maxi mum s ur face t e mpe r ature s i mula ted wa s

l O.9 ~C on July 3 and August 28. COolIng In Sept embe r result s In t he gr~dual

destruction of summer s t r at i fica t i on and the deepening of the ep l l1 mi n ion .

The proces s continue s until i s othermal cond it ions occur i n late Octobe r .

Isotherlllal cond i t ions continue un tll water reaches Its maximum de nsI ty ,

a f ter which r everse stratification take s place. A weak stratifi cation

o ccur s in lat e Nov embe r and relll41ns r e latively stable throu ghout Decembe r .

A full ice cover occurs on November 22 . l ee thickn ess on neceebe r 31 wa s

est i ma t ed at 31 inche s .

3.2.2 Out f l ow Temperatures

The laI i ti p l e - leve l intake at Wetaos al 1~ tht> utility t o pe ovtde variable

water temperatures within a r a nge dl C'tat~ by the thenllal s t r uc tu re withi n

the reservoir. The philos ophy ~ opt-r a t i ng this structure is t o provide

water temperatures as close to t~alDbient river t emperatures as poss i b le .

In generek , this results in ebe intake closest t o the surface being used.

provided hydraulic flUh+ ce criteria are met . However. on a few days.

deeper intake s are U8Pr! t o provide water temperatures which a r e closer t o

tho s e reqU1rf'd~ht" simulated out flow temperatures are shown in Figs . 35

and 36 . "W

The compa rison of natural temperature and simulated outflow temperature

s hows that during summer months . t he out flow temperature follows na tural

temperature trends hut is cooler during July and slightly wa rme r in August.

During September t o add-November. the results show a gradual reduction o f

outflow temperature from 9.S·C to 2·C while the inflow temperature drop s

lIuch s ooner t o O. S·C in add-September. St able outflow t empe r a t u r e of around

2 ·C .tart in qid- November and cont i nue throu gh out December .
~

-11-
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3 .3 Pre s e nt St ud y

The input data used in the pr ev i o us s t u dy and t he para me t er va lues of t he

model used in t he calibra t ion s tudy were us e d to s Lau Lat e r eserv oir tempe ra

t ur e profiles and outf l ow t emperature s . The se lec t i ve wi t hdr awa l capab i l i ty

which wa s not r equired i n Eklut na study wa s implement ed to s imu l a t e

operation o f t he mult i-level i nt a ke s .

The s imula ted t emperature pr ofiles and out f low t emperatu r e s a re s hown in

Fig s . 37 , 38 and 39 . The r e s u I t s i nd i c a t e t hat t he t empera ture pr ofi l e s

o bt a i ne d i n the tw o stud i es a r e r e l ... t ive ly Si~. a nd the diffe r e nc e in

outf l ow t e mperat u r e s betwe e n the t wo s t udies a re within O. ' ·C {ave r ege ) ,

Bo t h s tu d ies a lso pr ed ic ted an inc r e l'l 'i~f at>,Jut 6 ·C in the s t r eam fl ow

t e mperatur e I n la te Se pt e mhe r due t o d i s c'A'?t r 6 i ng of warme r s t rat if ied wat e r

f r om t he re s ervo i r . A f ull h" e~f' r oc cu r s on De cember I , 10 d ays lat er

than the pr evious study . l e t' t h~Ii~SS on Decea be r ) 1 wa s estimate d about

2, t nches , 6 inche s l e s s t han the pr e vio us study . Since the i c e and snow

mode I yielded better re~ i n the Ek lut na La ke St udy , t he r e s u lt s o bt a i ned

in t he presen t Wp ~ .1 " 1 St ud y a re al s o cons ide r ed eo r e accu ra te .

4 .0 SUMMARY

In thi s s t udy we hav e simulat e d t he Eklutna Lake therma l behavior a nd i c e

g rowt h based on t he DYRESH Model. Some of the input dat a have been i mpr ove d

f o r cons is t e nc y wi t h t he nea rby clima t ic s t a t i o ns . The ou t fl ow dynami cs

have a lso be e n modif ied t o take int o a c count t he s pe cial config ura t i on of

t he ho r izontal int ake s tructu r e , the mil d s lopi ng bottom, a nd r he wi nd

f o rci ng ef fe c t , All modif i cat i ons made t o t he model for t he Eklut na La ke

study a r e no t necessa r lly r equi r ed f or t he Wat a na and Devil Canyon r e s ervo i r

s t udies . Both re s e r vo i r s will have ve r t ical multi-level . po wer i nt a ke

structu r e s with app r oa ch ch a nne ls .

i nt ak e s t o wi thdraw more water f rom

The app roach channels will force the

algorithm has been modi fi ed to

t he uppe r

accomoda te

l a yers . therefore, t he outflow

such e f f ec ts . The l ongwav e

-1 2-



radiation f ormula presented by Anders on will be used in the Sus i t na

Reservoir Studies as this equat ion seems t o better apply t o the proj e c t

l ocation . The modifica t ions made t o t he i ce a nd snow processe s will a lso

remain and othe rs lILBy be added t o better IIIOdel t he effects of i ncomi ng

frazll i c e upon t he t o t al i c e vetcee in the r eservoir .

The r esults of the Eklutna Lake study

DYRESH model t o accurately simulate

est ablishes the applicability of

thermal reee rvote process e s in

the

the

South-Central Ala skan c l i mat i c cond i t ions . The s t udy al s o demon strated t he

need f or accurate c l1l118tic a nd river da t a t o ins ure the correctnes s of the

1Iod el r esul t s . ~

The resulting

a ssumed t o be

DYRESH model calibrated (€,ough the

applicable t o Watana r es eiVolr with

Eklutna Lake Study i s

minor modifications t o

t ake i nto account the ef fects nf~r<Jach channels and fradl i c e inflows.

The pa ramete r va l ues of t he EklJit'R3 mode l were used t o simulate Wa tana

reservoir temperature pruft t e e and out flow teepeeeturee , The study yields

improved r esults as co~ with Acres'.

Af t e r the cOIll~on of the project. the parameters IllUst be checked at

regular Int erva~ The model should be re-calibrated after several ye a r s of

project ope r a tio ns since the change s in morpho l og y and nu t r i e nt cond i t i o n

l118y change the parameter v a l ues .

-13 -
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TABLE 1 - DYRESM Parameters for Eklutna Lake

PARA.'iETER

Convec tive ove r t u r n , CK

Mechanical s tir r ing , ETA

Temporal e ffects, CT

Shea r production . CS

Shea r instabili t y . AKH

Diffusion cons tant

Drag coefficient of ri ver inflow
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VALUE

0 . 125

1.230

0 . 510

0 .200

0 . 30 0

0 .048
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