


R e  Ektifutna Pmj~ct hzs used the enera uf in~lting 
glacie~ to pravide electricity for tlie Anchomge- 
Palme: region since 1955. Milk-colored water 
frcm glaciers flo~gs each s er into EkJt;a&a 
Lake in rhe Cka~gach Mo 
Anchomge., k?~a%c:r paam iuto a sETU 
i&e hBom and do%% a 4.S-mi!e tunnel that w s  
bl-ed &&.k~ou& Lqe r o k  of Soat h%om&in. The 
Tq;ater f21l;;lls nearly 800 f e t  in rlevatioa i7 4fie tunnef 
~ 2 d  &e p.%ns%ock, mshes rbxaugh the Eklii&ia 
Povievfaa& and eniers tke iCn& PGkrer l e s  than i 5 
feet above the sea Ie~ef ~f 

Wirhin the powerplmt, the force of  th,n iltshing 
s &JQ g ~ o i l e s  at 6SG rwniutioiis per 

r~~inure,  eacfi developing 25,000 horsepower o f  
enerm. Each turbine bms an e l e c ~ c  geenerator 
that produces 15 megawapd (1 5 mifiion w8t:s) o f  
e t e c h i c ~ .  T efectfici~ floavs fmaozn the 
p~~ir/zwlanl on &a~ks,glission fkes to Anch:.:@e and 
Paher, .where the energ2F 05 mde~tiag glacien is 
available for uses r m g ~ g  &om heatiitg 
gee~khouses t~ making ice cubes. 

-%? I ne Ekitlhia 'Project was ~anshlcted by the U.S. 
B r A i  tzw. aof 1Zeclmation befiveen 1 85 1 wid 1954 at 
a cast of less rirm :$30 mitiirm. ?he EHctuffia m e e t  
his produced more film 5 billion kilowatt-hours of 
enere- $2 S ~ G T .  ;( ~a32e OD line ia 1955, and it 
,Pi-&s+ .,,.&,riir,es a to provide st7me o f  t!ie Lowest-CCPSI 
eiectri c i1-y :jl the regiui~. 

3 $2 '_ i79+q~*  I ,UL ,,, Pr.o-jec$ has also proven to be 
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fi x$ *as 4Trr y s durable :iepeadabje. The 
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I& 15 miles SOU~XI of Palmer a~d &oui 

of the Old Glenn Hi@way. 

The El~iilt~tna Project prey ides benefits to ell:: regica 
beyand generatikjn of elec&icir;.. Ekiutaa Lak"e is a 
we!!-used pubiie recreation area within CRragach 
St&e PBL-~c. h c l ~ o l a ~ ~ e  sari ftkaiain up !o "i ~.riiilion 
guiluils of waler per da3f from EkEufna B*ake, by 
n?eaas of a diversion faciIii:y maciied to the 
-I", i!tlu&ls Project '--T*- rff-%- tBainei xq..e2x die l&e, g jje EP;iubla 
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FRO&% GLACER ICE TO ELECTRXC LIGHTS: 
G ELECTRIC POWER AT THE E 

Generaring electricity at the Ekiutna Project inciudes of tile natural i ; h c  in 1979 to help provide 
op-ratinn of three project components: ivater supply. drpendabie watel riokv in Ei i iutnl  Creciq for a 
v%{ater delivery. and soilversion of the energy of po~verplai~t doi~nstrearn fro113 Eklutna Lcke. The 
~xislling u.ater- to elcciricity. I379 dam was irnprp~r:$ as cafi cf the Ek!utna 

Projecl in 1953. arid i: is severely damaged dui-ins 
3AIiiTERb SUPPLY the ea-rilquake of March 57. 1964. 

Ehturna Creek and other stredm5 bring 'acirtl n x l i  
water ;arid scasoi~al r~an-ofl water' infa E tna Lakc, 
where the wqatcr i!? .ytore,l$* 'Thc i;-aice is q ~ ~ ~ V C B I  

3 ,  I 3 I :  i d  i d  J t 9 L -0. 
coral ;;jljtcr storage it1 ih:. lake i s  17Ai.81it' ;it. c-I-st. 
or. ;:lict;ii 56 hiiIicii~ l;a;in~~s of tvater. The !Axe ivii$ 
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I he cunent dana JA bkniit ir-e I963"ii5t3-~"~"~13sla"e;m on 
Fklu~.na Crcek koin the r:ex?ious 8i:::ns. i t  1s 2313 c;i~-th 

" 1 arid rockL fiii s ~ i - u c ~ u r t ~  8 ! 5 feet iorig ::~d 5 1 fet:~ higj-1 
~%* l ih  a concreie bi2iii?c;iy 31 the cel!tt'r of the ijai~l. 
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The Ekl3lma Pxajrcr po~vsrplacr is about 4.75 rniles 
nonb cf Ldle Ekiu'rns agd ab:>uu 800 feet Hoxver i3 

ele%;sti$n, g%"ite.&- f1rt3~13 ~ \ e  lake is deli%-ersd to the 
vswepfan: :ht.~)u.;h r, an inrake stntctnre in tie lake. a 
lllB"-&%;3.$ "h s?&n!p 

rn ... r,.&,tt r~ozr Xfoun~in. and a penstack on the 
rmniarn; s I~pr  rlf $he nmuntain. 

The intake s~v~c~ussz Bies the bottom af the take, 
about 649 feet be log^^; $he lake sudace, %'he cencrete 
suucrore inciudss rraibgates tn kzep rocks and other 
de5r-i frclrc si;rt~rrg; the iunijel. The intake structure 
i s  connr:ted to the tunnet by about 120 feer of 
cancrrrz @pr. The urigiua! intake structure was 
healsii:, dr3mag.el.d during rhe earthquake and was 
repiaced in  i 9s. 

The power t u ~ n e l  throngh Goat Mountain is 23.550 
feet long and 9 feet in diaineter. The tuanel is tined 
~ ; l r i t ' R  concrete. and some prtions of the tunnel atsa 
have steel bean1 reiisforcement. n e  sourhem e-szd of 
the tunnef I-fieeTs the: Satak-e stmcture ai. the battows of 
Lake Zkiutna. The itiilrlel slopes gently downward to 
the nortl- dropping about 85 feet in elevation from 
the intake structure to ehe north end of the tunfie%, 
The tunnel has z capacity of \A@ cubic feet of water 
per ieconci, ai:d trse water can travel more than I0 feet 
psi- secor,d. 

The power tunne! was biasred thro~igh n-tostly solid 
i-ack, and it was ncjt :!amagcd during   he 1964 
eartl3cjuake. Shift'ting and ccllapse of the intalce 
stl*ucluise a!lotqed a large amount of rock and silt to 
enEE@e- $hi$ ikanns6f.1, h3~~fe~e'x". $he gt~i~nel was cleaned s8-r 
1 ;8>j q . .I./, ;m&! screen:; viere installed to kce!? ciebrais kom 
ti avel i i i~g il2rough t i le tunrlel to the power;,Eanr 

- 
$;,[? ~ B Q Z ~ ~ C : ~ ~ .  2Jae -. I,, f s n G - -  ?l..r iun!;ei i s  not ;?ccesslbir :o the 
$;t:y)i:"r;2! ~ " i ~ b ~ i { ; *  

The posver tunrlei extends abttut 700 feet from the 
irrtake structure to 3 gate thal can be used to shut off 
water flokv throcgh the turtnel. The gale is at thz 
bottom of the tunnel gate siiaft, which is 9 feet ir, 
diameter and about 300 ve~rtical feet from ground 
surpdce tn the runnel. The runnel gate shaft also 
pro~~ides access to the southe:rn portion of the putver 
iunnel. and it \$.as used r x t e n s i v ~ ' ~  t'r,r tunllel- 
cieaninp operations after the 1064 earthquake. 

Surge Tank 

The surge tank protects the  ensro rock and generating 
station frnrn damage froln rapid surges in water 
pressure in !he power tunnel. The surge rank is a 
reinfoxed concrete cylinder 1 8 ! feet tall and 30 feet 
in diameter, ivitb tva1l.s at \eats{ 18 inches @lick. Ms?;s& 
of tile surge tank is within a shaft cut through rock 
above rhe pou7er tgnr,ei. A gate in the siirge tank 
allows the penstock and pokf~erplant to be drained of 
v~ater far inspecticn or repair. 

The pensr~ck  is welded steel pipe encased in concrete 
that camnes water 1,088 fee$ from the surge tank to 
the poweviant. Most of the water pressEre or "head" 
that drives the powerpiant r~irbines is developed in 
the penstack. As the pipe descends 864 feet at an 
angle of 53 degrees. it decreases in diameter from 91 
int hes to 75 ir;:hes. Before entering the pcrwevl;~lant, 
the penstock divides into two piixs ic; provide water 
to each of the tuibir:es, 

m 

f he tailrace conduit i s  :i 209-foot-long concrete 
structure that. canies ivaiei* frnrn [he r ~ t ) ! h : t : ~ ~ l i i ~ ~ ~ ,  

the ~~i~~ Gi~.r;rr tiigh~~x~ng?. lo ij.ip [;ti 1 r . b  aiCtk 

<hai.nnej, The tailr:isi: ek%artne$ to ! f % l i b  E<riij< ei- 1 ~ ~ ~ 2 ~  
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TIie posvevlant i s  the heart of the Eklutna Project, 
~vhere the energy of rushing water is converted to 
electricity and sent by trans~nission lines to 
Anchorage and r a I m%tr. 

Water under tremendous pressure en:ers the 
powerplant in two penstock tubes and passes through 
"butterfly" valves that can control the volume of 
water er~trrir~g the turbiiies. Each of the tubes joins a 
spiral scroll case that directs :he water flow 
dwarn\vad and around a turbine, which is a steel 
u-keI with Fdns or 591ades n;ounted on a steel shaft. 
High pressure jets of water enter the turbine through 
vents in the scroll case, striking the turbine blades and 
causirlg the turbine shaft to spin at 600 revolutions per 
minute. Eklutna Project's turbines were built by the 
Pjewporr News Ship Buildi~lg and Dry Dock 
Company. and each turbine is rated at 25,300 
horsepower. 

An electric generator is mounted on the upper end of 
each turbine shaft. The generator coz~sists of two 
prirlcipal parts: a circle of powedu-ful elecwomagnets 
and a spinning rotor at the center of the 
electromagnets. The eleciromagnets create strocg 
magnetic fields. Driven by the turbille below, the 
rotor crosses the magnetic fields. causitlg electric 
cunent to fiow. Eklutna Project's generators were 
bul!t in Switzerland by the Pacific Oerlikon Company 
of Z u ~ c h .  

The eiectric current Gows from the gei-rerators to 
transformers on the soutti side of the powelplant. 
where i t  is "stepped up" ro 1 15 kilovolts fix efficier~t 
transmissioi? it: Anchorage and Palmer. Substations 
at those locatiolls "srep do% n9' the current for 
distribution to se~-ilice areas. Elecii'icity from the 
gr-r r 

gbtlurl3a Prc~jecn contri8jutes to a ?.rid that provides 
t~owefi~r, lnilcir of sour h -cenrr;ii i ' l l~sk i i .  

BUILDING TIJrE EKLUTNA PROJECT 

Anchorage was established in 1915 as a marine 
shipping port and the headquarters of the Alaska 
Railroad, hut it remained a slnaIl town unti: World 
War II. During the 1930s. fedleral agencies resettled 
hundreds of families kom the lower 48 stakss on 
small farms in the Matanuska Valley near Palmer. 
but the region as a. whole had only sparse and 
scattered serllernlae~l, 

Recognizing the strategic implortance af Alaska. the 
U.S. Army began construction of Fort Richardson 
outside Anchorage in 1939. Workmen and their 
fatnilies poured into Anchorage. and the village 
continued to grow rapidly during and after World 
War II. An4:horape was criiic;aliy short cf electricity 
by 1948, and i~rither the municipal government nor 
private power companies had sufficient resources to 
meet the ,al*ea9s cer;nent 01- future elect~cal de~nar,d. 

TH'Iae federal Bureau of Reclan~ation concluded in 
I948 that the area's power needs could be provided 
by a powerplant near Knik Arrn that would use 
water from Ekltltnz Lake. The powerpiant wouid 
generate 15 tignes as much electricity as an existillg 
powerpiant that had heell bui" ton Eklutna Creek in 
1929. The "Old Eklutna" powerplant would rernain 
in operation until the nevd prctject became 
operational. but thereafter- it wc:~ld  not have 
dependable water power for its turbines. 

Cni~gress autirori:~ed the Ekiutna Project in 1950. 
and the project uias designed in Bureau of 
Reclamation offices in Denver. Prelisninary 
:,tlrve y i rig and si tc local ion were accomplis'led in 
1950 and 195 1 .  A contract for $17,348,865 for 
constructioia of' the tunnel and iinprovc~rlents to the. 
dam was auardcd ira Septer~~her 195 1 Pirl~neii- 
i-onstiuctors of On;:ih:i, h1e'nr;tska. Rue Col~~rac i i i~g  
~ ~ o ~ I J ~ ~ ~  01 F;i~g(i. i\iofltl Uijkoi;i \VHS :rv;;irtipd ;i 

ti2.57'1.607 itaantrnci io htlifd ihc f~~:t\+~licr-i,ia i ~ i  . 





BUILDING THE E UTNA PROJECT 

Excavation of the tunnel began near the ~ o r t h  and 
souah ends in October 1.95 4 .  Neither end of tbe tillfinel 
could be easily built: the south end would lie under 
Lake Ekiutnna and the north end would be mme tfnax~ 
700 feet up the steep slope of Goat Mountain. Near 
the south end. the tunnel gate shaft was dug dovifn 
about 208 feet to the Bevel of the turnanel. The tunnel 
wzs hen cut tlvough rock under the lake and lined 
with ccncrete. A watertighi bulkhead was i r  stal  led 
Dear the lake end of the tunnel so that the intake 
structure could be attached without flooding the 
tunnel. The tunnel $was then driven noffgi~ward from 
the gate shaft. Men and machinery could only enter 
the south end of the tunnel through the 9-foot 
diameter gate shaft, and all of the rock excavated in 
the roni~ei was re:noved through the gate shaft. 

At the noirther~ end of the runnel, a road was 
constructed up the side of {Goat Mountain. and a 
portal tunnel was excavated to the depth of the lnain 
tunnel. The portal tunnel wa's closed several times 
by cave-ins and landslides. The first mile of the 
main tonne1 was also built through ~lnsrabie rock that 
contained water-bearing channels. Tunqeling was 
suspended in November 1952; after a major cave-in. 
Water seepage into the tunnr:! had reached 10,000 
gallons per ~ninute by the tirne of the cave-in, and 
Evater flow irom the tun~iel \hf~)uld reach a peak of 
about 16,000 gallons per minute. A pipeline was 
built in the lnain and portal tunnels to remove the 
seepage water. 

The tunltel was excavated by drilling 26 to 40 holes 
about 9 feet into the rock. (exploding Iui) to 170 
pounds of blasting powder in the hoies. and 
removing the loose rock or "muck." Each such blast 
adk~anced the tunnel about 8 feet. Tgm;ranel 
construction proceeded from the north and south 
ends simultaneously. and the two headings were 
"holed through" on October 15, 1953. 



Engineer peering through huie betweell north 
and south tullnel headings. October 15. 1953 

U-shaped steel supports were installed in about 70 
percent of the turlnel, but stable rock in the rest of the 
tunnel allowed cionstructiol-e u~ltko~f the steel 
supports. The entire tunilel was lined sriith poul-ed 
coigjcrete, ~7hSch was n~ixed in the runnel and hauled 
by rail car to its piacernent location. Portable rail 
sidings and .;witches allowed ilrree trains to operate at 
the same time, and the concrete mixing poir~t was 
moved so that i t  was always near the point of 
concrete placement. Dry n~aterials for the concrete 
were lifted by tram froin the contractor's facility ar 
the base af the mountain to the n?rth portal, and ihen 
the materials were tatten by train to the mixing point. 

The surge tank was consrl-ucted by drilling a. sfllalt 
hole from the grourld sur,tB~:c down to the tuilnel. 
l r f ire koie was ~isetl as a chute f:c:r. retnoving rock as 
the liol4: was rnl;~r*gecil lo iicctrrnn~oillite the surge 
tani<':$ 30 ctiarnctci., and the rock wins r;jken o~t t  
t i14. ~ ~ o i ~ i h  i30rt~i1 runnel. Stee; ii-heal21 srrjrpoi-1 rings 
4i~~t:rt: i 11st;A it:{! at ~ t - foo t  i l~ti:rv;i!:; i i ~  [he cr~ti i-c i - ~ t a ~ g ! ~ ~  

t i  s r  . C'oncrctu f liniiiLi r l , ~  1 H irlch 

thick walls of the surge tank was pumped from the 
portal entv to the base of the surge tank and then 
lifted in the interior of the sha.ft by a winch mounted 
at the top of the rank. 

Winch headframe and workmen completing 
constrvction of surge razlk. fail 1954 

Constlvciion of rhr penstock. began with an open 
trench between the bottom of the inclined portion and 
the powerplant. The inclined p~r t i on  was built in a 
tunnel dug at it 53 degree slope team the south end of 
the open trenclt to the maill tunnel above. The bend 
sections of steel pipe at the botrorn of the slope were 
installed, reit7forced with steel bearns, and ei~cased in 
concrete. Pipe sections :tbovc these bends were 
lowered into place l*oin the ttrnrlel ;jhtbve and \were 
encased in coiicretc. Plpc $ec!ic;ns ;row t i ~ c  hetitih to 
ihc ~~c~wt.r-pl;int were ir,sr;tlicil in the oilen k m l i t  ; ~ t ~ t i  

erat:.;i!$ct! ina ;r cr31l~:rete ;~rli*,.kr,s- f32ock e%.s:~i. 1 ~ t 7 i i 5  

.saiipp!,r.tiil s ~ c c i  pi iin2.s tli-ii ct-i to i - ~ ~ ~ i r o t ~ i ~  . 



Installing penstock pipe, 1954 

The final piece of the water delivery system, the 
intake stmcrure in Eklutna Lake, was perhaps the 
most diff3culf crsnst~~tctigsn task, The intake sanacture 
consisted of 225 feet. of 9-foot diameter concrete 
pipe, a bulkhead structure, a transition section, and a 
trashrack water int&e section, alI s f  whicf-j? wefoe 
instafled about 70 feet be"ae;$r the sulfate of the lake, 
D~edging of about 410.000 cubic yards of rock a~ld  
hard-packed glacial "flour" on the lake bottom was 
accomplished by blasting t l~e  material loose and 
rerlloving i t  by ineans of a specially designed floating 
dredge. 

The concrete pipe sectiol~s were made in California 
and transported by .,hi:, ro Anchorage. and the other 
po!l'iifrns of the intake stiucturc \Yere built ar Eltlutila 
f.{ake. (211 sectioeas vJese ifiovci! by ganig y ci-atre from 
" 7 f " 1 .  4 % r i  g a . , , ~ ~  4 Y i j  A' ,,!,ore a to s t ~ a l l o ~ ~ i  u atcr and tilet] l ~ c r e  1170kred 
i:?:r; j-;iacc by a floqriilg crS;:;ie iiijd irgskallcci by di~~lcrs 

The first two sections of concrbete pipe were installed 
to make connection with the e:lld of the n~ain  tunnel, 
which had been completed earlier, and the lemaining 
sections of the intake structure were extended into 
thc lake. The intake stntct~ire was completed in 
November 1954 when divitrs renjo\red a steel 
bulkhead and allowed lake Ijvater to flaw ilkto the 
rnain tunnel. 

Piver working during excavation for 
inraY * stmchure an Eklutna EaLd b ~ f f o ~ n  

Rue @oniractii-j?g Company began building the 
powevlant and s p i l i ~ ~ a y  R 1 days be f~ re  receiving 
official notice to proceed. Construction generally 
proceeded on schedule, eacept for delays in 
receivii~g the turbines allct hutttrfly valves. 
Excavation was completed in 1952 and 1953, and 
construction of the povjerplant began in 1953 with 
driving of steel pilings into  solid bed roc!^. 
E~nhedding of turbine parts in concrete heg;;n ; n June 
1954, and installation of generalnrs hegall in JuI17 
1954. The f i r s t  generator was aiarted far testing on 
Decer~lbcr 3 1 .  195-1 :;nd ;?re secoliei gciic.i.r:tor was 
started on March 26, i 945, Botij ge;lcr:~tor:\ wrrc 
ready r'or fuif opcraiion on Apni 3 + i 95.5. 



Powerplant consmrucrion, 1954. Paaly 
iarstaIled tarrbi~e dr* tubes are shown at 
bartom center of phoiograph. 

Excavating tailrace channel, 1954. The battom 
of the channel is below the ground water table. 
resulting is seepage into ttie channel. 



EKLIIJTNA PROJECT A EAR7rHQUAm OF 1964 
At 5:36 p.m. on March 27, 1954. a rnapni~ddr 8.4 to Workmen inspected and repaiired the waxer delivery 
8.6 earthquake struck the Anchorage area. The system in 1964, inclslding removal of debris from the 
earthquake devastated parts of Anchonlge. ruptured tunnel. The dam at EMutna Laire had been seriously 
natural gas lines. and almost entirely cut off electric weakened by the earthquake, and a new and higher 
service to the city. dam $was consmcted in 1945. "E7;ke intake smcture 

and tailrace channel were also reconsemceed in 1965. 
At the Eitiutncx Project. the carthquak . severely 
dawaged two circuit breakers. and 3 snowslide 
destroyed about 7.500 feet of the Palmer 
transn~ission line to the east of the powerplant. The 
generators went off-line when the eartilqu&e hit, but 
damage to the generating units was not apparent a&er 
the eaahquake. One generator was restarted about 
30 minutes after the earthquake, ~ind 5lectricity was 
Rowing to Anchorage within 5 hours 

However. the earthquake had damaged the intake 
structure under Eklutna Lake, wk-ch ailowed rock 
and other debris to errter the tunnel a id  damage one 
of h e  turbines. The powerplant was kept running as 
much as possible to provide critical ly-needed 
electricity during the initial rescue and recovery 
operations in Anchorage. 

Rebailding the intake smcture. 1965* A temporary 
coffer dam was built to allow dry access to trashgates, 
concrete conduit pipe. and bulWlead stracmre. 

< -  * * 

i : ;~~rkai~n~ke tIai-aizj;e to Righiyay near poweiplant F* crrikrina dana. conseructed 1965. R p ~ ~ j a i ~ ~ s  cjf ~ i c !  
are above :he new ttaw, ai le& rdg12 of ph:~tti. 
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