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lLLUSTRATIONS 

--
Plate I. View up OOutna Valle)' trc:m about a quarter ot a 

mile above head ot .Ekl.U"t.Aa Lake, showins surface ot 
alluvium partialq t1llina VallP. in this stretch. 
This is upper end ot resenoir area tor proposed 
dam. In canter bacicaround are ice fields which 
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teed main tribut&rT to Eklutna Cr.eek. l2 

II. View upvalle7 showing portion ot OOutna Lake trom 
point on vallq wall about a quarter ot a mile down­
stream from right abutment and at about; l,SOO teet 
altitude. l2 

III. View dolm. ~utna Valley from altitude 2,12J teet an 
hill south ot dam sit~. Steep upper valley walls are 
boclrock. River occupies narrow inner gorgl) cut into 
glacial deposits tilling valloy to about 1,000 teet 
in altitude. Conduit route would bo along gravel 
cliffs in centar middle IP'Ound. Knik Arm in clistanco. 12 

1Y. View up Elclutna Valley, trou point an rim of inner 
sorge 61 miles b7 road below clam site and at 700 
teet altitude. Top of glacial deposits tilllnc 
valley which show up as the n~~ nat surface 
in middle gozd is at· about 1,000 ·teet altitude. 12 

V. Horizont~ stratified deposits ot gr~vel exposed 
:ln lower part of I:l8&Sured section No. 16. 

VI. Horizont~ strstitied gravel deposits about two 
miles dom Eklutna Creek from the lalce outlet. 18 

m. Contact between light yellowish-bro~Cl, horizontal.ly 
stra.titieci 61'&Vel ancl over~ bluish-sr:lY till. 
Uan' s hand rests on boulder just below contnct. 
Picture taken at me~ured. section No. l3, 'lltitude 
884. 18 

VIII. G~vel deposits shcnd.ng toreset cross-bedding ciipping 
do\Clstream at angle ot about 20 degrees. Picture 
t3kc halt a mile downstream from measured section 
~.~. 18 

IX. View of clm;t site from altitude 2,120 on hill sout.h ot 
clam site. Present d&a at outlet ot ~utna Lake in 
riaht toregroun<l. Landing strip in center ot middle 
sround. 22 

X. View down .a:klutna Creek at da:l site, tate from 
measurecl secticm Ilo. 2. Drill is set up on c1r1ll 
hole r:o. 2. 22 
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Plate XI. View ot dam site from about three-quarters ot 
a mile up lett shore of .&clutna Lake. 22 

XII. View ot gravel deposits exposed in test pit No. s. 22 

Figure l. Index I!l&P showing location ot Ml.'.ltna Lake 1 Alaska. 6 

2. Geologic r.1ap Eklutna Lake dan site. 6 

3. liap showing proposed conduit route. 

4. Geologic pro£Ue ot Ji:klut.na. Valley along line 
A-A 1 , Figure 3. . 

17 

s. Geologic cross section ot Eklutna Valley at dac 
site, line B-B•, FiFe 2. 17 

6. Grain size distribution curves ot till materials. 18 

7. Geologic cross section along axis ot pro!)Osed 
dam, line C-c 1 -ere, Figure 2. 22 

s. Ground •ter prof'i~e ul.ong line D-D•, Figure 2. 26 

9. Geologic cross section or valley showing relation-
ship or conduit to inner gorge. 31 



S\miDar7 aDd Recomendations 

• 

1. Ekl.utna Lake :mel ikl.utna Creek lie in a wide, cleop, 
SlaCiatecl, trough-like Valle7• DofiJI'lstream f'roi:l the lakt!, thie 
valler is parti3l.J.7 f'Uled with unconsolld~taci glacial and 
alluvial deposits. 

2. Eklutna Lake d4111 sito, located :1bout 400 f'eet bt;low 

s 

the lsko outlet, is suitable tor a low dam of na..-d.ble, earth­
embankment t;ype. Adoquato control o£ the stre3m can be obtdnecl 
by raising tho lake ll#vol about SO f'oot to altituclo 910 t'oGt 1 
which ld.ll proviclo hold-over storsgo f'roa wt yeus to dry :roars. 
Such a structure will ha.vo a croat length of about 1,950 t~Jot. 

A. Boclrock is _probabJ.T 200 to 47S teGt bolow stream 
beet at the proposocl axis. Tho clam will rost 'on sl~cial 
deP\)sits ot till, cltq", s~d and gr~vel, !llld en deposits 
ot l.:lko-shoro w DJ.luvi~ ian sr~vola • 

• 

B. Geologic conditions 1n tho aro'!. ot the riSht 
a.butm"'t, as 1ot import"ctl.7 kncnG1 mc.y mako nccoss417 
a lq, doap cutoff extending tor an unknom distance 
~ct tho north <mel of tho cbm. 

c. A tounfhtion o;cploration prosr::o.m is rocoDD3ndod 
that includos deepening tost pit No. 1 :'llld clrill holo No . 2, 
and drillirtl U .new holes·. It is sugost~ th-:1t ono drill 
hole ne'.U" tho cont.ar ot the wllo7 bo takon to bedrock to 
give a ccapletG picture ot tho till matori.Us underlying 
tbe toundatiCD. 

3. Dolivo17 of watar tram the torebq ot tho rosurvoir to 
tho poworhouse eight miles d<Mlwlley by meaDs of a conduit is 
roprclocl rus intea.siblo bGcauae: dit icult t~rr~ oi tho route 
w1ll roquiro G3rttr.,rk moro axtliinsive than tho volumo ot thll dam; 
tho routo ia subj~ct to land slides, .ad will roquirCJ expcnsivo 
me.intm'lftco; it is mort) or lea a complete!l' exposed to adverse 
vintor con<lit1ona th.1.t J1J:!7 ang.mder icins ccnd1tiona; :md it il 
aaail7 subject to snbot:J.go. It is reccamandecl th:1t thG va.tor bo 
te.kon to the poworhous~ through a rock tunnel. 
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Introduction 

Loc&t.ian: The proposed Ekl.utna Lake dam site is near the 
outlet of Eklutna Lake at latitude 61°2.3.5 1 N. and longitude 
1490c]. 5 t w., in a northwest trending val.le:r on the west fiank o! 
the Chugach hountains. The water surface of the lake stands at 
about altitude 862 feet. . It is approxi::lately 28 airline miles 
northeast o! .mchora.ge, .Uaska, and 10 Lliles tro&n Knik Arm or 
Cook Inlet. The proposed conduit route e . .:~ ends from the dam site 
dotm the valle;r of Eklutna Creek tor approxill!atel.y eight miles. 
(See tigs. l and 2.) 

Accessibility: Eklutna Lake is accessible both by automobUe 
road ancl by air. From the village ol :lclutna, utuci1 is approx:ima.tel.y 
30 miles northeast or Allchorage via the Glenn High-;~, a graveled 
road extmds 10 miles up the valley of ~utna Creek to the lake. 
A short. (l,OOO f'eet), ''humpbacked," gravel surfaced runwa7 has been 
constructed an the right bL"1k ot the stream about a quarter of' a 
mile below the lake. It will accoanoclate only the lightest planes. 
Larger amphibious planes land on the lake. 

The nearest rail point is a.t Ekl.utna village, a station on ·the 
Alaska Railroad. 

Ocean-going ships dock at Anchorage. In the earlj da751 shallow­
clratt steamships cama up Knik Arm to Eklutn~ and other villages, but 
the cha."'Ulels are shallow, shifting, and little used at present. 
There are no pier or docking facilities. 

Map references: The Eklutna quaclrc.ngle covers the dam site, 
most ot the reservoir area, tha proposed conduit alignment, and 
the proposed tun."'lel location. The remainder of the reservoir area 
is cover~ by the Metal Creek quadrangle. The drUl1age area ia 
ahom on &dutna,_Xetal Creek, Ra.von Glacier, :md. Surprise Glacier 
quadrangles. All or these quaclrangles wera prepared and published 
b7 the Corps of :bgineers, u. s. Ar!V1 on a scala or 1:62,500 and 
vlth a ccnt~ur intarval of 100 feet. 

Purpose: Developmont ot powar is the sole purpose ot the 
project. Power could b~ furnished to Anchorage, P.ll.mer, md other 
comunities, as woll '-S to runl areas and tho tJ.rrlfT instUhtions 
at Fort Richardson. ·Possibilities for powr development are 
discussed in detail in a ccmp.mion roport. by hr. Arthur Johnson, 
District Imginoor, ;btor md Power Division, Conservation Br:mch, 
u. s. Goological 5urvey-."J:/ 
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!/ Johnson, Art.hur, ~later po~·rer resour~e3 of Eklutn~ Creek, 
Alaska, u. S. Geological o3ur~eY.• unpublished report, August 1';47. 

Present developznent : The iulchor~ge Depa.rtmellt o£ Public 
UtUities now has o. sz:all hydroelectric pl;.nt al.e:U' the •tillage of 
Eklutn.1 with an inst:llled c~pa:ity of t~ l:COO k.w. gener:1.tors 
oper~ting under e. static hec.d o£ 232 feet. ~·r·~ter :..s stored in 
Edutna L:lke. A sma.ll d:u:~. !lt the outlet o! the 13.ke pro~rides some 
stor~ge re~tion. ~~~ pool level is ~t .~titude S6S teet, 
~.nd the minimum draw down l.evel is at 660 test. T~1e res~ti.ng 
us~ble water stor~ge is slightlY over ~;,~J ~ere-feet. Under 
present conditions, no stre~ regulation is ~tte:npte'..i C.uring t..r.e 
spring and summer ;nonths, but 12.te in t!1e fill the reservoir is 
filled and wnter is withdra.~m. .:luring the winter r.1onths l'lhen stre~ 
flow is at :2. mi:'lim'LII:t1 in order t ·o fulfill pLlnt requirements. 

Water released from the 1-~ke nows dOlC'l 3k].;ltn:l Creek for 
approximately S miles to the ~utna Di,rersion D.:>n, •.-rheJ;a it is 
diverted through a short (1,800 feet) tunnel into the p6werhousa 
penstocks. Top of the diversion do::>. is a.t llltitude 258.6; 

Proposed develoenent: Full develolJ:lent of the potenti~ 
water-power possibilities nt ~utn~ Creek presents two pert:t.nent 
problems: 

1. Runoff reg·~~~ion. 
2. Conduction ot w:~.ter trOLl the reservoir to a 

suitable po·..--erhouse site with minimum head loss. 

Runott reg..U.ation: From prel.imin~y studies of th<! 
stre:lm now cla.ta. avaU:.\'b1e, hr. Arthur Johnson ~s estimatad 
that an a.verJ.;e !low ot 400 c.!.s. c:1.n be ll'!3.int -~:ined through­
out a.n a.ver::.ge y~.r by providmg '.'.pprox:imr.tely 126,000 :J.cre­
teet of stor3.ge. In ord<!r to hold over \".:lter from ~ret yec.rs 
for use cluring d~J years, th3 stor?..ge cap:J.city should be in 
the neighborhood ot 150,000 ~ere-feet. 

Two schemes luvo been proposed to provide the necessa.rJ 
storaga: (l) drl!w :iown o£ the present oninimum lJ.ke level 
b7 tunnel or a. c~bilu.tion tunnel ~ci conJllit. (2) raising 
the pres~it high-water level by construction or ~~ earth d~ 
;\cross Eklutn:. Creek near ti.d Llke outlet. Schema {1) would 
requir3 ~ tunnel intrJcu ct ~ elcv~tion low enough to pe~t 
\l minil:i.um lcl<e lcvsl of 815 teet. .Schooe {2) troulci require 
·'- m."ximum pool level a.t ~ altitude ot 900 faet. 



Conduction of lr.-tor from resGrvoi.~ to go.W3rhouse: To 
obt!lin a m,mmum diffllrGncc in J.lt.i·t.u:le bct.wocn tho reser­
voir J.nd tho gcncr~ting units, the powerhous\l site must be 
loc~tcd in tho Knik V.,.Uoy. (Seu Eklutn:l qU.'.lcir""nglo.) 
Two SchclmOS h:'.VO boon suggested ior conductin3 th\J Wtor 
from tho r..:sorvoir to thu poworhouso aito; (1) .• ·'l tunnol 
trom tho lewcr ond ot Ekl.utn~ L'lkc northw.--...rd through tho 
mountnin to the Knik Villo;y; (2), .'\ conciuit down Eklutn3. 

, V:Ulor, :-.nd possibl1 :1 short tunnel to a. site no~r tho 
powerhouse now in usa. Tho proposed tunn.Jl wuld be 
~pproxim.:~t~l.y 41 milos long, ~d tho proposoci conduit 
woulci be 3bout 7t mil.:s long. 

Pr~vious iovost.itt;tions: During J::n\Cey-Fobru3J7 19471 
the Ancho~e Dep~t ot Public Utilities ~e a series ot 
soundings to determine th• lake noor topograPh7. Mr. Johnsen 
took part in this work as a cCilsultant. 

a 

Preset investigations: The investiga.ticn ot the ~klutna. 
project wu carried out during )!q 1 June, and Jul.7 1947 bf encineers 
an~ geolopsts ot the Geolo,lical Surver. In adcliticn, the ik""lchorage 
Department ot Public Utilities carried out an :investiJation program. 
Various phases ot the investization were: 

1. Toeographl. -Topographic mapping was under the 
direction of Mr. Arthur Johnson, District mgineer, ~later and 
Power Division, Conservation Branch. )iaps made were as follows: 

a. Eklutna Lake DamS ite, on a scale ot 1141 800 
and a· ccntour interval of 10 teet, covers the 
dam site area to altitude 970. (Figure No. 2.) 

b. Ekl.utna Lake Reservoir .\rea, on a scale ot 
1:12.000 and a contour inter-~Tal ot 10 teet 1 
covers the area around ancl upv&Uey trom 
the lake to altitude 9SO. 

c. Eklutna Creek, cn a scale ot l :24,000 and a 
ccntour interval ot 20 teet. covers the 
stream valley to altitude 900 teet trom the 
dcnnstream edge ot the clam site ap to a 
point 4.2 miles below the lake outlet. 
(ligura No. 3.) 



2. Proposed tunnel al:i%nment: Dr. F. F. Bames, 
seologist, :.laskan Division, Geologic Bra.'lch, made a 
reconnaissance survey of the zeology along the proposed 
tunnel route and in the vicinity of the proposed power­
house sites. It is discussed in a. companion report. 
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3. Proposed dam site: A geologic map ot the pro­
posecl clam site was made in the field by A. F. Bateman, Jr., 
geologist, Conservation Branch, bet"teen June 2, 1947 and 
J~ 41 1947 • The exploration program of the Anchorage 
Department of Public Utilities consisted o£ two drill 
holes, six test pits, and tivtl side-hill t.ronchtls. 
Locations are shown on figure 2. The goologic •terials 
exposecl b7 these excavations were examined and logged 
b7 BattDaD. Rasults are incorporated in this roport and 
sumary loss aro included in appendices I and n. 

4. Proposed conduit route: A reconnaissance of the 
seolo17 aJ.onc the route ot the proposecl conduit w.a made 
by A.. F. Bateman, Jr., troc June 2, 1947 to Jul.T 4., 1947. 

Climate: 'lhe SUD121l1'7 ot cllmate that tollowa is baaed on the 
records y ot the United States Weather Bureau stations at Jklutna, 

~ ClJmatological data, U. s. Department of Coamerce, Ueather 
Bureau, Alaska Section, annual summaries trom 1915 to 1945 inclusive. 

Matanuska, and Anchorage from the time ot their establlahment through 
1945. Since these three stations lie at low altitudes near the sea, 
their records do not .. represent exactl7 the weather conditions at 
the dam site ancl in the reservoir w dra.in3ge areas, all ot NU.ch 
are in the mountains at altitudes !rom 1360 to 5,000 teet. However, 
these records do furnish the best. information available. At .mdutna 
Lake and the headwaters ot Eklutna Creek, precipitation is prob3bly 
sli&htl.T greater, and tcperatures sancwhat lower. 
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SUaDa.ry ot climate at localities near Eklutn~ L3ke 

Eklutr.a lf..a.t~nuska Anchorage lf 

Latitude 6l0 'Z1 1 J/ 61°34' J/ 610131_Jj 

Lonaitude 149°20' 'JJ 149°161 JJ 14~50' 'J./ 
Altitude ••••••••••••••••••••••• teet 'Zl 166 132 
Lenith ot record••••·••••••••••7e~s 4 28 y 28, §/ 
AnnU3l mean precipit3tian •••••• inches 18$5"7 15.90 14.56 
Manthl7 mean precipit~tion ••••• inches 

Januar;r 1.34 .86 .81. 
Februa17 .59 ·74 .67 
March .n .sa .ss 
April .24 ·44 .41 
Mar .Sl •72 .so 
JUDe 1.42 1£22 .70 
J~ 2.01 1.98 1.63 
Aupat 3.85 2.92 2.60 
Sept. abel" 2.82 2.66 2.58 
October 1.40 1.79 2.18 
llovember 1.01. .95 l.at. 
Deccber .73 1.04 '11 .86 7/ Azmual mean enowtall ••••••••••• inches 43.2 45.2 58 .. 0 

.Amlual mean temperature •••••••• o;. 37.1 35.8 35.0 
MonthlT mean temperature ••••••• °F. 

JanUA17 16.3 13.8 u.6 
Pebrua.17 25.3 19.4 18.6 
March 25.4 24.3 23.7 
April 36.8 

~ 
36.5 35.4 

HaJ 48.2 46.9 45.0 
Jww 57.2 54.4 53.5 
J~ 58.8 57.6 57.1J 
4\upst 56.6 

~ 
ss.6 ss.6 

Septeber 49.0 47.8 47.8 
Oetober 35.4 36.4 36.0· 
Ncvember 19.1 ~ 22.0 22.4 
'Decamber 13.9 14.0 13.3 

Hi&hest temperature •••••••••••• or. 90 84 92 
Lo-.st tempe~ture ••••••••••••• or. -35 -36 -36 

~ 5 )'ear record. 
Records incomplete tor 1932, 1933, 1934, 1935. 

~ lMather atatian moved £rom Ship Creek to Airfield in 1922. 
30 :eaz temper~ture record. 

11 No record tor 1936. 



...... 

( 

~.._.., . 

When the soundil,~.:. \·:~, · e 1.:.:1d~! r. h.!~·J ·.or..s ~ .:l.:~~l'T'!\ thickness 
of 2.5 teet ot ice over tnr. ·r..t'3 .. "l.r. ?",i·.c '!..r..Y. ;.. ~~e...:- qi-;,o'!"o whe:-o 
the ice extmded to thE; aot.t-0!'!.) .._ \. :,i·.;i:r ''=~ .;:· :·. j t·e"'.:. 111.e.s 
observed. 

Although the auutna. Luc•. ·' ~·o:. i -i r· · ,,~ :.. ".rJ. l• :~~ :.'l \-1&1:-t. b 
reco§lizecl ·'lS the pe~rost 1·egiC'• . . ..-· , ~ .. . ~k... j/. :;1 • ~·!le 1947 

-------------.-.---·--·-··-.-. --- -·~·-------

~1 

§/ W~ Departmel'\t. techni ~~1 ~u.U•!tJ..riJ 1'E )-..!~5 · ·~, C"onstruction 
ot runlQJS, ro~s .• c~ ~u.iJ.dings c~1 p~~"''nnen~.:.ly !~'zaa gro\M"'ld, 
J.:muaey 1945. 

-------------------------------------------------------
l:.u'ge are~s ot the dcm site Wo3re underl..:Un by <l th~.'l 1~er ot frozen 
around. This subject wUl be discussed in det31l under the section 
on the ~ site foundation. 

Vegetc.tioll: Both at the d.;m site md in thu reservoir ~er., 
. the lett. sids ot the v:ll.ley is forested by a. thick st~d ot bl~ck 
spruce with birch, 3lder, aspen, r.md ,op~ in smll SC3ttered groves 
Md Cllcng streaaL couraas. The right side ot the v'llley ~ been 
bumed ::nt1 is now covered with :. ~ense gro:tth ot birch with ac~tter­
ed :Uder, popl..:.r, :md spnice. 

Because their root !IT-ftSDS spre~ 3t the ~ae ot the pe~t rather 
thz penetr~te the frozen grouncl, the high winds that frequently sweep 
the valley blew most trees dolCl before theT ~ttain a size sutticient 
tor cuttins 41 timber. Few spruce or birch have 3 di:lmeter ot 12 
inches. The spruce woocl is hard because ot its slow growth, and 
prob~:;17 unsuited tor pulp. 

Aclcpowled.penta: Field work ~ &re"'.tl.7 t~cilltatecl by the 
JD0n7 courtesies extended b7 V:l.rious members ot the Anchor~e 
Dep.~mant ot Public Utilities. ThSUlka 3re especi ;l.ly due Mr. :mil 
PteU, mer.lber ot the utilities bow, 1-tr. c • .\. 'Jilson, Superintendent, 
Deputment ot Public Utilities, ~ l-ao. R.'l7 Htareichs, Supdrintendent 

ot the power pl:mt. 

Mr. C. ~. Erdmann, ReponZll. Geologist, tdneral ClaasitiQtion 
Division, reviewecl the m:muacript :!:lei otterecl many helpful sug-.Jstions. 



._ , ________ -- --------------------------

Plate I . View up Eklutna Valley from about a 
quarter of' a !tile above head of' Eklutna 
Lake, showing s~··face of' alluvium 
partially f'illine· valley in this stretch. 
This is upper en~ ot resorvoir area for 
proposed dam. In center background are 
ice fields wirl . .::h feed main tributary 
to ~utna C~eek. 



Plate II. View upvalley showing portion or 
Eklutna Lake from point on valley 
wall about a quartd~ of a mile 
dcl..nstream from right abutment 
and at about 1,500 feet altitude. 



Plate III. View down Ekl.utna Vall~y from altitude 
21 120 feet on hill south of d~ site. 
Steep upper valley walls are bedrock. 
River occupies narrow inne~ sorge cut 
into gl~cial deposits filling valley 
to about 1,000 feet in altitude. 
Conduit route \·rot:ld be along gravel 
cliffs in center midcile gro'.llld. 
Knik Ar.m in distance. 



Plate IV. View up Eklutna Valley f'rom point 
on rim of inner gorge 6~ miles by 
road below dum site c.nd at 700 
feet altitude. Top of glacial 
deposits filling valley which shows 
up as the nearly flat surface in 
middle ground is at about 1,000 feet 

· altitude. 



Topography ~d Dr~innge 

Eklutna Creek: The source of the creek is the i:lelt \'tater 
discharging from the glacier that occu,ies the upper 7 tules of 
the valley. Four and three·-fourths c.il.es do\mstream from the 
snout of the glacier, the creek e~pties into ~klutna Lake, which 
is 7 miles long. UpstreaD from the lake, the now is augmented 
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by numerous small tributaries and by one main tributary that heads 
in a small glacierette or ice field about 3 wiles east of the main 
glacier. (See hetal Creek and Surprise Glacier ~ad.rangles.) Be­
low Eklutna Lake, the creek flows in a narrow inner gorge for most 
of its 10.5 miles to tidewater in Knik drt1. 

TopographY of Ekltttna Valley: The present ~utna Valley is 
a rather straight, steep-walled, trough-like valley .f'rou 1 to ll 
miles wide. Its walls have been smoothed and streamlined to 
altitudes of about 4,000 feet by one or uore glaciers that ~oved 
down the valley, tnmcating the spurs betwe3n tributnrj" streams, and 
planing ott Llinor irregularities. ~lith respect to the large Knik 
Valley, to which it is tributary, J£ldutna Valley is a hanging va.Jiey 
because the huge Knik glacier was able to cut down rlore rapidly than 
the smaller Eklutna glacier. .\.bove the level of the truncated spurs, 
sharp, rugged, alpine-sculptured peaks rise on either side to a 
maximum altitude of 7,785 feet. 

Upper valley: Betl-reen the ~l:J.cier and the head of Ekl.utna 
Lake, debris has partly filled the valley. The flat surfacc3 
of. the alluvium falls !roo. 1,127 feet (baroiJ.eter :Utitude) at 
the lo\-ter limit of the ice to 867 feet at the head of the lalce. 
Over this surface, Eklutna Creek wanders in a mesh of continu­
ously changing, braided ctw.nnels. (See pl. I.) I£ the oa.xi­
mum. lake level is raised to altitude 910 feet, the lower end of 
this stretch will be submerged. 

Lake basin: Soundings show that the valley sides and tho 
upper and of the lake basin descend at. a steep ~ gle b~low the 
laka surface to relatively flat bottom at a depth of about 200 
feet. The lower end of the l~e, however, is shallow for 
several hundr~d f eet above th~ o~tlet. It than drops staepJy 
to tho general bottom luvel. (See: pl. n.) 

Lower valley: Downstream from Eklutna Lake, thu valloy 
has been filled with gl.:lcial debris .;md outwash to a g~er~ 
level at about altitude 1,000 feet. (See pls. lli and IV.) 
These deposits extend up the right shore of the l:lke for at 
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loast 3 niles. Into this unconsolid:J.ted v~lley .fill, Eklutna 
Creek hD.s exc:lva.ted o. Mrr0\'1 inner gorge. Beca.use the fill 
surt~ce is ne.'lrly horizont..'\1 :md 31dutn:l Creek has a steep 
p-adient, this con;ron increases in depth i'rom 50 teet ~t the 
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dam site to a maximum of over 500 feet ~bout 5 miles downstream. 
Farther downstre~ the Jepth decreases bec3use erosion has 
lowered the fill sur!.9.ce. In many places, the walls ot this 
inner gorge nre sheer· clit.fs of gravel, sometimes topped y till, 
lfhich rise to height:-J ~t from 100 to more tha."l 300 .feet. 
NlJDlerous short., deep, vert.ical.l1 wnlled side C30Yons .u-e cut 
back into. the valle"J fill, especially on the north side. 
Obvious}7, sm."' 11 land slides :u-e very common. 

dpprox:im..'\tely 6.9 miles below the lake out~et, the creek 
has cut into bedrock underlying. the iUl materials at altitude 
3S4 f'.e.et (b.u-ometer). (See fig. 3.) In the next. mile, the 
bedrock surf'~ce graciu::.l.ly rises because the present stre:.m cuts 
diagon~ across the right wall oi' its enlarged pre~aci3.1 
channel a.lor.g a superimpos9C1 course. In the vicinit;r of the 
diversion d~, the bedrock surf':1ce is .~t S9S feet, and the 
creek is ~ctivel1 cutting downlmrd in ~ narrow slot already 
incised 400 teet into bedrock. 

At the Anchorage-P~er hi~~ bridge, Jklutn:l Creek 
leaves its rock-walled c::u1yon to no:'l over the alluvial flrlt­
l.3ncls bordering Knik .~rm f'or 1.2 miles to the sea. 

Benches: Three prominent spurs on the north side ot the 
valle;y tra:L 1 to 3 miles downstream from Eklutna Lake have com­
paratively tlat tops about half a mile wide between 31000 and 
31 S<JO f'aet in altitude. These surtacos are und~rlain by bedrock. 

A narrow, .frapcntary, but prominent bench e:rt.ends along 
' tha north -valley wall from about 5 z:dlos below the Lake to within 
lt miles of the pr~sent glaci '3r. Less prominent remnants aro 
also found or. the south wall. This surface varies in altitude 
rraa 1,500 toot at the lower end, to 1,630 f'~et at tho d~ site, to 
2,250 at the upper encl. Above this level, the sides ot tributaey 
valle;ys appear considorabl;r less steep than below. ln other 
words, the present streams are flowing in narro,., v-shap~ valleys 
cut into the bottoms ot broad v-shaped valleys. In most .places, 
this bmch is underlain b;y coarse stream gravels, but in at .least 
two locations, it is cut into rock. Sinco greenstone cobblas in 

· the gravels show slightly thicker weathered rinds than cobbles or 
simi 1 ar caterial trac the gravels tilling tho lower part of the 
vallo;y, it is assumed that theso bench gravels are older • 

• 



Numerous smal, ~encha(1 were fOl:&"'l:.l both aoov~ and below 
this bench, but none of the o-:llers could be t~·aced for aore 
than a !ew hundred yards. 

Above the right abutwent. of the darl site • there is a 
prominent bel1Ch remnant at altitude 1,190, A.t about 1,000 
feet, a. bench extends tor at least 5 miles up the right side 
of the valle7 from the dam site. This bench appears to tie 
in with the general level to 'lldlich the valley was filled. 

Benches have also been observed along the shores ot the 
lake at altitudes o! 874, 906, 923, and 944 feet (baroceter). 
Of these, the latter is the most noticeable. ill of them 
seem to be related to forr;.er levels of the lake • 

iU.l.uvial fans: Upon the l,OQO-foot fill surface, small 
tributary Streams have built alluvial tans of large volume, 
especial.ly on the north side of the valley. On some of 
these fans the apex is built up to altitudes of 1,300 
teet. The streams are now actively- trenching these tans. 

Drainage area: Above the outlet of Eklutna Lake, the 
total drain~ge area is 119.2 square milas, which ma.y be divided 
as follows: 

Ice fields and glaciers 
Surface iklutna Lake 
11ountain sl.)peS and valley-s 

6.2 sq. miles 
5.1 sq. miles 

1(/f .9 sq. tdlcs 

Discharge: Tho average rate ot flow for Ekl.utna Creek 
over a period ot 17 years during which records have been kept 
is 403 cubic feet per second. 1-ionthly mean flows .u-e as follows: 

Januaey 86 c.f.s. July l.J.32 c.f.s. 
February 75 Augu.st 1251 
liarch 68 September 699 
~p~U 107 October 277 
M:q 204 Hovember 177 
June 620 De ember 128 



Gradient: Between the glacier a.nd the upp~r ~~ ot the 
lake1 Ekl.utna Creek carries a heavy load d.u..-ing the sumner 
months ancl is aggrading its channel, !ts gradisn.t in this 
stretch is about 66 teet per mile. ~elow the lakS!, .&klutna 
Creek is incised in glacial deposits ot gravel and till tor 
a distance ot 6.9 miles, through Which it h~s a gradient 
ot about 74 teet per mile. ThT.'ough this stretch, the 
stream is active}J• erodina its cha:mel. For the next 
2.4 miles, the stream is cutting a narrow slot in bedrock 
and nows with a gradient of 116 teet per mile. i\fter 
leaving the rock Ca.Jl70n1 the stream bas s gradient ot 
approximatel7 63 teet per mile r~r 1.2 miles to the sea. 



GeoloQ 

Bedrock: Althougn solid rock crops out neither en the dam 
site nor alons the route or the proposed conduit, it makes up 
both walls ot ~he valle;r. In the· vicinity- or the dam site, the 
lowest rock in place on the risht abutma'lt is at altitude 1,3401 
and on the lett abutmct is at l,OlS. 
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Character: On the right abutment ot the dam site, bedrock 
consists ot a 'Jenae, tine-p-ained, medium-gray, fairl7 hard 
p-ayw.cke in becls tree 1/2-to 6-inches thick, interbedded with 
dark-grq I thin]J laminated arsill.ite. From inspection with 
a hand lens, the grQW&cke seemS to be made up or subangular 
grains ot quartz, feldspar, a dark terromagnQian mineral, 
and rock traponts celllSltecl by silica. The argillite which 
makes up somewhat more than SO percent ot the rock, is very 
tine-grained, and splits into thin sheets. The eJCI)Osure on 
the left abutment is small and consists chietl.y ot graywacke. 

Attitude: The beds clip approximatel7 north at gradnall7 
:LncreasinS angles as one climbs the right wall ot the valle;y. 
Determinations are as tollows: 

Altitude 

1,340 
J.,s96 
1,950 

/ 
Strike 

H. 117° E. 
N. ~E. 
N. 130° E. 

Dip 

33° to 49° N. 
4SO N. 
S6° N. 

Joints: Twelve determinations ot the strike and dip ot 
joints were made at tour localities in the vicinitr or the 
daa site. At each locality there were from t11110 to tour sets 
ot joints. Classified on the basis o£ strike and dip, the7 
tall into the following five groups, ot MU.ch two stancl out: 

S;ystem Number ot·dete~tions Strike Dip 

.. 

1 4 N • . ~to 1300 E. 46° to 49° H. 
2 4 N. 40 to 310 E. 61011 to 9()0 
3 2 N. 37o to 53° w. 520 to sao sw. 
4 l N. 4701 4S0 SE. 
s 1 N.lOOOE. 760N. 
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~lost ot the joints were clean, persistent 1 and at the surface 
wre open trom 1/32-to 1/16-inch, but scme joints in systems 
2, 3, and 5 were f'illecl with silica. The spacing was sCXDewhat 
greater in the arqwacke than in the argillite. It varied trom 
as much as 24 inches in the former doll'l to 2 to 4 inches m the 
latter. · 

Character and depth ot valleY till: Figures 41 ;, and 9 show 
the general relationship of' the deposits tilling the valley below the 
lake outlet. Detailed descriptions are g1 ven in summ&r7 geologi~ 
logs of' drill holes and test pits, Appendix I, and. in measured geo­
logic sections 1 Appendix II. 

De:)h to bedrock: The bedrock valley noor can be seen 
about, a: miles below the lake outlet near the mouth of' Thunder 
Bird Creek at an altitude ot about 200 teet (barometer elevation). 
At tbe dam site, the depth to beclrock in the center ot the valley 
is unknown. However, it seems reasonable that bedrock should not 
be expected at . an altitude higher than that or the lake bottom 
at about 6SO teet. On the other hand, it t !:le beclrock surface 
is prcjected upst1 .. eam from Thunder Bircl Creek, at the rate ot 
20 teet per mile, an altitude of' 375 is obtained.. The actual 
bedrock surface is prob:!.bly at some intermediate altitude. 

Pill materials: Unconsolidated deposits of' valley-till 
make the foundations tor the prospective dam and condUit. The 
partial, composite descriptive section that follows summarizes 

. the litholog ot the till units and gives their general sequence 
upward from the lowest exposed. The detaUed . easured sections 
to which reference is made my be found in Ap,endix II. 

1. Pine gravel. - A total thickness of 21.5 teet 
ot clean, washed, t'Ul-17 well graded, lenticular 1 highly 
cross-bedded, tine gr~vel and sand was observed in 
measured section No. 19. 

2. Gravel. - OVerlying bed No. 1 in me~sured section 
No. 19, there are about 8 teet ot gravels, sands, and 
sUts. At the base are~ large boulders up to 4 teet 
in diameter. 

3. Til], - In section No. 19, about 2 feet ot light 
brownish-sra;v, compact tUl with a le3111 silty, cl37 matrix 
overlies bed No. 2. It cont:.Uns boulders up to 12 inches 
in diameter. 



l - ----------------------------------------------------

Plate V. Horizontally stratified deposits 
ot gravel exposed in lower part 
ot measured section No. 16. 



·-- --------·- ----- - ·--- -- --------

Plate VI. Horizontally stratified gravel 
deposit~ about two miles down 
Ekl.utna Creek f'rom the !ake 
outlet. 



Plate VII. Contact bet ween light yellowish­
brole1, horizontally str~tified 
gravel and overlying bluish-gray 
till. Man's hand rests on 
boulder just below contact. 
Picture t~en at :neasured section 
No. 13, altitude 884. 



·- -------- · -- -----. . . - ----- ·--- -- -· - -· · - -~ . . - -·- ....... -

Plate Vlll. Gravel deposits showing roreset 
cross-bedding dipping downstream 
at angle or about 20 degrees. 
Picture taken halt a mile down­
stream trom measured section 
No. 16. 
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GRAVEL COARSE SAND fiNE SILT CLAY 

GRAIN SIZE DISTRIBUTION CURVES OF FILL MATERIALS 

I. Thinly laminated cloy, measured section no. 17, 43 to 127 feet 
2. t.tossive cloy, measured section no. 9, 33.4 to 42.9 feet 
3. Till, measured section no. 2, 1 to 27 feet 
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4. Grovel, measured .,ection no. 11, 17 to 68 feet 

~----------------------------------
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4.. HorizontallY str·:J.tified gravels. - OVerlying 
the till in section No. 19 is a. thick deposit ot gravels 
that is rem.arlal.bly uniform in composition o.nd appearance, 
although it is made up of lenticular beds of the follow-
ing materials: (l) light yellowish-gray, well-graded, 
slightly silty gravel and sand; (2) medium bromish-grq, 
well-graded, clean gravel and sand; (.3) meciium yellowish-grq, 
poorly graded, silty to clean sand that varies from fine 
to coarse. The gravels are coarse with occasional 
boulders up to 10 inches in diameter. On figure No. 6, 
a grain size distribution curve shows the gradation of 
the most cOICUOn material listed above as (1). The entire 
series is veey permeable, compact, resistant to erosion, 
and tencls to stand in vertical cliffs which oceur throush-
out the lower valley from section 10 to section 22. 
oStratirication is well-developEICl and is either horizontal 
or dipping downvalley at angles from 1 to S degrees. The 
greatest observed thickness is 233 feet in section No. 19, 
the only locality where the base ot the series was seen. 
~obbles and pebbles of greenstone in these gravels show 
the effects of weathering in thin, discolor9Ci rinds from 
l/9-to Sil-6-inehes thick. (See pls. V, VI, and VII.) 

S. Interaravel zone. - In section 16 and 18, the 
gravels ot bed 4 are overlain by about l2 teet of bluish­
gray, compact, ver, hard, impervious, £air}7 well graded 
till with a lean, sandy, sUty clq matrix. It contains 
striated cobbles anci boulders up to l2 inche!l in diameter. 
OverlJing the ~ill in sections 16 and 18, and making up 
the entire zone in section 171 is from 2 to 7 feet ot 
light yellowish-brom, t~ laminat eel, clean to slight~ 
sUty 1 fine-to-medium, even-graine<l, sand containing sm•l J 
lentils ot coarse clean sand and fine gravel. 

6. Cross-bedded ~~:ravels. - Occup)"ing ~at appears 
· to have been a channel cut into. the horizontal gravel 
series are light rellowish-brown, well-graded, coarse, 
clean gravels am sands that are distinguished. by~­
developed forec.t cross-bedding on a lar3e scale. (See 
pl. VIII.) Becl S mq lie in the bottcm of the channel. 
Contained i.'l these gravels are JllaD1' lenticular beds ot 
mecli\im brolll'liab-grq 1 clean, coarse 1 cross-bedded sand 
with scme tin·3 . gravel, small, seatterec\ lenses of fine 1 



clean, even-grained sand, and s all lenses ot silt. 
These bads a:·e permeable, fairly resistant to erosion, 
and tend to stand in vertical cliff's. The roreset 
beds dip dolllstream at m angle of about 20 degrees. 
As is sho\141 :in figure 41 these bads tirst appear 
between sections 15 and 16, thicken to 144 feet in 
section No. 17, and then thin to 74 teet in section 
14. In section 201 they are repl3.ced by a series ot 
normally dippingj interbedded coarse gravels, sands, 
and sUts about 35 teet thick and en overlying light 
yello"d.sh-brown, horizcnt.ally stratified gravel 56 
teet thick. 

7. Blue-gray till and elm. - Overl.71ng the 
cross-bedded gravels is a zone that is marked bf its 
distinctive light blue-gray color• It usual.ly con­
sists ot a bluish-gray., massive, compact, impervious 
till with a sandy 1 silty clay matrix and a high content 
ot pebblesj cobbles, and boulders. However. in some 
places it either contains large masses ot 1 .: is 
entirely made up ot1 a massive lean silty clay with 
scattered pebbles and cobbles or a thinl7 laminated, 
tine 1 sandy silty clay. Grain size distribution 
curves tor these ~terials are shown on figure No. 6. 
For exmDple, in drill hole No. 1, this zone consists 
or 18 teet ot cl.a.y overlying at least 14 teet ot 
till; in section 16, it is ent.irel.7 made up ot 
massive clay; in section 17, it is a thinlY ~ted 
clay; and, in section 18, it is ~ massive till. This 
zone is thickest between sections 14 to 18 inclusive, 
with a maximum thiclmess ot 149 teet. It wc.s tr:J.ced 
dolllstream as tar as section No. 20. Pebbles and 
cobbles ot greenstone f'rCD this zone have weathered 
rinds !'rom l/8-to ;/16-inches thick. ~Alere these 
tills and clays mderlie the l,ooo-root fill surface, 
they are oxidized md discolored to :J. light greyish­
butt to a depth or about 4 feet. 

8. Stratified dritt. - Above the blue-g:·q 
zone 3nd app:J.rently interfingering with it in section 
Nos. 9 ancl 10 is a series ot thin1 discontinuous, 
lenticular beds ot gravels, s:mds, silts, and 
sUty clays cont:Uning msses ot tUl v~g trcm 
sm:lll lentils a few inch6S in JMximliD dimension to 
beds 16 teet thick-. 
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This series has a general light yellow-brown color. 
The various strata are extremely variable in composi­
tion, degree of stratification, ar.d thiclmess. Near 
the top of section Nos. 10, 13, and 17, is a light 
brownish-grar 1 compact, impervious, in places slight]¥ 
stratified, till !rom S to 16 teet thick. As measured 
in section Nos. 9, 10, 12, 13, and 17, the total thick­
ness of these deposits varies trod 26 to 65 teet. 

9. Lake gravels. - •iuch or the central part, or 
the dam site area is covered with light yellowish-grq 
to butt, well-stratified, poorly graded to well-sorted, 
fine gravels composed mostlf of flat pebbles and cobbles 
ot argillite and shale coated with sUty clay. (See 
pl. XII.) The maximum sized cobbles are 2 inchos in 
the long dlmension. Shinaled structure in these beach 
gravels is wll developed. The gravels dip toward 
::klutna Lake at an angle ot about 10 degrees, and closel:/ 
resemble gravels on the present lake shore between hish 
and low water levels. These gravels have a max1'l'll'JIIl 
thickness of 6.7 teet m test pit No. 5, where thq are 
on the surface of the ground at altitude 883 feet. The 
top of these gravels rises to 889 !eet in measured section 
No. 4, and to 888 feet in test pit llo. 2. 

10. Fan grave1s. - The deposits in the alluvial 
fans built upon the l,ooo-toot till surface consist of 
coarse, clean, poorly-to fairly well-graded, loose, 
h1shl¥ permeable gra,·els, with interbedded coarse, 
clean sands and thin la;yers or lean sUty clq. A 
detailed descript,icn of these f3ll deposits is give 
in the SUIIIID&17 log tor test pit No. 1. The apex of 
the f'an covering the north abutment of the dam 1s 
about alt.1tude 1,300 feet, so the sediments of which 
it 11 composed may approach 300 feet in mn.x1nmm thick­
ness. 

Hot spring deposits: High on the north wall of the valley above 
the dam site and reservoil" area, there are at least six former hot 
springs with smal 1 deposits ot calcareous tuta. The tufa ccnaists of 
rounded to angular pebbles, cobbles, and frapents of &r&JW&cke, argil­
lite, quartz, and rock fragments. var.Jin1 in size trom that of tine 
sand to several iaches in diameter, cementecl by a calcareous matrix 
with o. porous structure. In spots the matrix is banded. These spring 
deposits have been formed since the V3lley wu glaciated, but in no 
way affect tbe dam site. 
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Eart.hguakBs: The seismic history or .Uuka is very incompletely 
Jcnom. From 1898 through 1934, Heck 2/ lists 21 earthquakes telt in 

----------------------------------------------------------
jJ Heck, N. H., Earthquake tdstor;y ot the United States, Part I, 

Continental United 5tates and .LL:.ska, U. S. Department of Commerce, 
Coast and Geocletic Survey, Serial No. 609, 19.38. 

the general regicn including Anchorage, the ~iatanuska Valley, and the 
Kenai peninsula, that equal or exceed intensity V on the moclitied 
Mercalli intensity scale. O:i these, one on Sept. ll, 1911 of intensity 
IX broke cables and caused heavr rock slicies. Numerous shocks broke 
plate glass windows, rattled dishes, and caused a sliaht amount ot 
damage. On April 261 19331 after a shock of intensity V to VI at 
Anchorage, telegraph lines were down tor a distance ot SO miles from 
town. Beginning with 19351 complete records 10/ have been kept. In 

• 

l!J/ United .3tates Eart.hquakes, 19.35 to 19441 inclusive, published 
annual]¥ by the Coast and Geodetic 3urver 1 U. S. Department ot Ccalerce. 

the Anchora.::e-l·iatanuska area trom 1935 tQ 1944. inclusive, a total ot 
78 earthquakes have been noted that varied in frequency ot occurrence 
trom .3 to 28 per ;year. 1-loat ot these were light, but Clle was ot in­
tensity IV, and one ot intcsity VI. Three others were suti'icientq 
intense to rattle dishes and crack windows. Durins field work tor 
the preset investi.lation, two shocks ot intensit;r III to IV were telt. 

Earthquake shocks will continue in this area, but even one ot 
intensity IX or X would probably have but little effect on a low dam 
constructed ot ccmpa•.:ted earth. However, in the desiF ot appurte­
nant structures such as the outlet conduit and spillwq 1 clue consider­
ation should be given to t .he possibilit;r ot severe earthQuake shocks, 
especial.ly since these structures ~ be f'olmdecl on valle, tUl 
•terials rather than on bedrock. The sam~ applies to a conciuit down 
the valley with the added c:lan&er tb&t a severe e~hquake might start 
slides on the high vertical elif'ts ot tUl materials. 
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Plate L{. View ot dam site from altitude 21 120 on 
laW. •outh o-l da site~ Present daa ail 
outlet. ot ~utna. Lake in right tore­
gt"ound. Landing strip in center ot 
.middle ground' •. 
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VidW u~ lkJ,u~ Creek a~ dam 
si••~ t~.lten t:cm measured se~t~ 
No. 2. Brill is set up oo cirill 
hole No. a. 



Plate XI. View or dam site trom about three­
quarters or a mile up lett shore or 
Eklutna Lake. 



. -·-- ·- -----··· ···- - - ---·----- ---------

Plate XII. View of gravel deposits exposed in test 
pit No, 5. 



Dam site 

(See plJ . IX and A, and figs. 2, 4, 51 71 and 8) 

Location: The proposed location tor the dam is on Eldutna 
Creek about 800 1·eet downstream from the outlet of ~dutna Lake. 
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Accessibility: A truck or car can be driven over truck trails 
from the ~utna Lake road to within a few hundred yards or any point 
on the dam site to the right o£ ~clutna Creek. Vehicles can cross 
the creok over the pres.:mt dam at thu lake outlet, but can go no 
farther. 

Valley profile: Figure 4 anci plate AI show the valley protUe 
at the dam site. A cross section ot tha bedrock surtclce is roughly 
parabolic in shape with a minor variation on the lett wall because or 
a temporary glacial diversion channel cut into a becirock spur. 
Glacial deposits fill the valley to about altitude 900 teet. 
Alluvial fan gravels cover the glacial deposits on the right halt 
ot the vallq. Figure 7 shows an enlarged view or that small 
portion ot the valley profile that will contain the embankment ot 
the proposed dam. 

TYpe and length of DOSSible dam: Geologic COnditions in the 
foundation limit the t~e of dam to nexible earth construction. 
Length ot the dam will be 11 550 for a crest at altitude 910 teet, 
or 1,950 teet tor crest at 920 teet. 

Foundation: The proposed structure will rest on the unconsoli­
dated glacial and aJ.l·~ial deposits that have been described in the 
section on Fill materials. Figur~ 7 shows the writer's interpretation 
ot the distribution ot these deposits along the dam axis. · 

The bed of the river and probably the lett abutment are underlain 
by an unknown thickness ot canpact :stony till. This till 188 also 
. found in drill hole No. l below altitude 848. Further exploration 
will be required to determine lthether or not it extends under the 
right abutment to the north wall ot the valley. In the center of the 
dam site area between drill hole No. l and measured. section No. 4, 
the till is overlain by l8 to 20 teet ot lean, silty clq that in the 
vicinity ot section No. I. contains man;y trapents or carbonizecl woc:l. 
Overl)'ing the clay are from 3 to 7 teet of fine-to-medium, poorly 
sorted to even-grained, clean sand; thm 3.5 to 6.5 feet ot loose, 
clean, coarse gravel; and £1nall1'1 3 to 7 teet ot the lake shore 
gravels. (See pl. XII.) 



Almost the entire right hal.! or the valley in the vicinit7 
of the dam site is buried beneath the coarse gravels and sands of 
the alluvial tan built up by a smal 1 tributary streall. Since test 
pit No. 1 did not so through these gravels 1 the d ept.,h to the bet tom 
ot the fan is unknown. In test pit llo. 2 near the toe of the fan, 
the lowr .limit is at an altitude of 888 teet. 

Bearing ~.pacitz: The till, sravels, and the thin lAyer 
ot sand in the dam site area have sufficient bearing capacity 
to withstand the loadings imposed b.f the proposed clam with but 
little consolidation. The clay, however, wi.ll sutter an appreci­
able amount of consolidation. Since coarse gravels Wlderlie 
the till farther down the valley, the same condition probablT 
exists under the dam site. Hence, foundation settlement will 
result primarily trom consolidation or the 20-toot cla7 bed. 
The total settlement mB1' amo··,..,t to as much as one to two teet. 
However, a large part of this settlement will take place durins 
construction ot the earth embankment, and should have no effect 
on the clam itself. Crl the other hancl1 appurt.,ant structures 
with concentrated foundation loads, such as an cutlet conduit 1 

would very llkel;r sutter damage from such a large amount ot 
settlement and shoulc1 be located so that they are not under-
lain by the cla7 bed. · 

Stability: In an engineering sense, tills, gravels, and 
sands, such as those in the dam foundation1 have comparative]¥ 
hi&h resistance to shearq stress for unccnsolidated materials. 
Clqs, however, have low resistance, especiall.7 when 111aturatG'!. 
The clay :in place appoars ccmpact and .firm, but there is a 
poesibility that when loaded. with embanlGDent, it .might squeeze 
out into the river channel or into the depression near measurecl 
section No. 4, especiall7 during construction. 

Penneabllity: The till ancl clay are rclative]Jr impermeable. 
Three water tests made in the till duringJrilling operations 
resulted in values ot 0, o, and 2.73 x 10 teet per second for 
the coefficient ot permeability. The sand bed overl.Tlng the 
clq has about medium permeability. The gravels all have a 
rather loose. structure and are highJ.7 permeable, es~cially- the 
tan gravels. 

To prevent seepage uncler the dam, some sort ot cutotf JllWit 
be provided, such as a trench excavated well into the till or 
clq, md backtilled with impervious material. This cutoff 
must be <WTied beyond the right abutment of the C&3Dl until im­
pervious foundation material is found at :m altitude of not less 
than 910 teet, or whatever maximum pool level is used. 



Depth 

teet 
0 to o.s 
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Froze ground: The foundation arec.s underlain by frozen 

p-ounci in June 1947 e.re outlined en figure No. 2. Since em­
banklllent shoul4 not be placed on a foundation containing thin 
lqers or kielnqs ot trozon grounci, arq contr!lctor ldlo antici­
pates submitting a bid tor construction o! tho cbm should be 
made awnre ot this condition so ~~ to al..low for it in hie 
constructior. progr~ 

The frozen zones varied in thickness from a few inches to 
tour teet and were protected on the . aa.rtace by a layer of 1110ss 
!'rom 6 to 24 inches thi.ck underlain by from 6 to 18 inches or 
peat. Both are excellent insulating materials. 

. 
B.tween the peat and uncierlying frozen ground there was 'in 

most places either a larer of solid, clear ice tram a traction of 
an inch to 4 inches in thickness or else scattered. ice crystals. 
At one localit7 on the dam site and at several localities in the 
reservoir area, the lqer ot clear ice was about 12 inches thick. 

At a central location. on the south abutment (see tis. 2), 
test pit No. 6 was clug throuah the frozen material. The air 
t~tature varied. grad~ from ~ when the pit wa! start~~ 
to 720 when it ws completed.. Resul+..s are summarized in the 
following table 1 · 

Material 

f T!!!!P'!rat ure Data 1 
1 Depth to , · t 

Measurement 1 I Degrees ! 
teet F l 

Remarks 

Moss 0.1 61 ! Spha&num 1110ss, spruce 
/ j neadles, roots, etc. 

; Not trozen • 
o.s .32 I 

l 

o.s to 2.0 Peat I Thoroughly' decayed moas 1 
roots, spruce needles. 
Frozen. When thawed has 

2.0 to 4.6 Clq 
2.0 
2.7 
4.0 

31 
.32 
.32 

i 

light nut£7 texture and .. 
is plastic. 

!Light olive-grq, lean, ·' 

sUt7 clq. F1-ozen to a 
depth of about .3.5 feet. 
Lower Umit of frozen 
•terial ia not distinct. . 
Ice c1")'8tals are scattered·· 
through .3 to 4 inches ·1 
of the untrozen soU. ~ 

1

4.6 to 5,9 

I 

Till 
4.6 
5.0 

.35 
3S IMec1ium blue-arq. Top 12 i 

· inches weathered light ! 
olive-grq. !oiixture of , 

1 cobbles, tine gravel, l 
i 

I 
1 and sand with a matrix f 
I ef cl.q s1m1lar to that 

abov .I 
I •· ~ 



In general, the ground is frozen to greater depths en 
the lett abut!J'Clt which is covered with a thick stand of 
spruce. Test pits Nos. 1 through. 5, all on the right bank 
ot Eklutna Creek were excavated to depths of about 10 feet 
with a dozer equipped D-8 Caterpillar tractor which had 
little trouble in brealdng through the frozen ground. On 
the right ~nk, however, the dozer could not get through 
the trozen material. No doubt, parts ot this frozen material 
never thaw during most summers. 

A.reas from lttbich the insulating mot'' and pttat had been 
stripr)ed. were not underlain by frozen ground. Consequentl;y 1 
a contractor should plan to strip an area sev•Jral weeks or 
months before excavating the underlying material. 

Frozen ground tends to concentrate all rain water and 
melt water at the ground surface, and, hence, creates many 
drainage problems in comection with construction work. 

Apparent possible height of dam: Stream r .;,gulatia'l would re-
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quire a maxjmum pool level at altitude 900. However, the most 
practical means ot conducting water trem the reservoir to a power 
plant in the ICnik Vallq appears to be b7 tunnel. It the portal at 
the Eklutna Lake ~d ot the tunnel co~d be kept above lake level 
durine construction, the need tor a caisson ·wcU1l~ be eliminated and 
tun."lel driving costs would be considerabl;y lessened. This could 
be done b7 raising the ultimate minimum pool laval !rom 860 to 870. 
As a result 1 the maxim liD pool level would have to be raised from 
900 to about 910. Tbe extra cost ot. a higher dam embankment lo!Ould 
probabq be much exceeded by' the saving in tunnel driving costs. 
In addition, the net usable head for power goneration would be in­
creased b7 10 teet. Since occasional high winds sweep down the 
vallq raising large_ waves 1 a minimum of about 10 feet tree board 
should be allowed. 'l'he crest ot the dam would then be at altitude 
920 or about 6o teet above the stream bed at the proposed axis. 
(See tig. Nos. 2 and 7.) 

~ our pr~sent knowledge of foundation conditions, it appears 
that seepage under or around the right abutment is the only !actor 
that might ·interfere with construction ot a dam to this height. 
Further exploration mar abow that impervious material does r.ot reach 
al altitude ot 910 teet at a117 point under the right abutment, "• 
that it reaches this altitude at such a distance beyond the right end 
ot the dam cbankment that the cost ~Jt providins a cutoff would be 
prohibitive. 
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Ground water conditions: The ground-water level t-'ithin the 
clam site appears to be related directly to an intake area. about 
halt a mile north where the discharge of a snnll tributary stream 
is absorbed by the gravels of the al.luvi3l f'an.. The water then 
percolates on a fairly uniform gradient toward Sdutna Creek and 
Eklutna Lake. Along the lake shore it appears a.s a series of' 
small seeps at an altitucle of about 868.. Profiles of' the ground 
water surface in the dam site !.rea to the right of' Ekl.utn:l Creek 
D.re shown on figures 7 and 8. In drill hole No. 21 the till under­
lying the river bed was sufficiently impermeable so that no ground 
wter was encountered .. 

In the va.lley downstre:Jm trom the lake outlet, there -.s no 
evidence ot seepage f'rom the ltlke. All springs and seeps were from 
water moving do~ the side ~Js ot the v3lley on top of' cl~y or 
till.· 

Choice of' clam. section: The location of' the dam could not be 
moved more than 50 to 100 teet from the tentative axis shown on 
figure 2, because (l) i:lclutna cr~ek has ·a gradient of' about 69 
teet per mile tor the first 4 miles below the lake outlet, thereby 
rapidly increas~ the height of' dam required to give the necessaey 
storase; and ( 2) the topograpbl' is such that the cross sectional 
area of embankment is increaSed by movina the d= either upstream 
or clo1C1Stream. 

Construction materials : B:r selective exc:l.vation in the borrow 
pits, satiaf'actoey embankment JDt.\terials tor the impervious 1 semi­
pervious 1 and cobble sections of' an earth dem can be obtained trom 
the unconsoliclated valle;r till materi~s downstrenm from the dam. 
Average hauling dist:mce shoulcl not exceed about 31000 teet. 

The most suitable rock tor riprap would be the greenstones 
associated with the argillites and BJ"81WaCkes near the head or 
Eklutna Lake. .A.t altitude l,OlS above the lett abutment of' the 
elm is a small exposure of rather massive graywacke which would. 
probabl7 prove satisfactory. ·ar.. :prospecting will be required to 
determine whether or not enou&h maasive material iS available that 
will break into autf'iciently large blocks. 

Materials tor concrete aaresate can be obtained trom the large 
sravel banka dcncuatream from the • site. These gravell would 
probably require wasbins and selective screenins to improve their 
sradation (see f'ig. 6). 'lbe tan sravels JDisht also be us6d. They 
tend to be clean,. but are usually lacking in tine sand and. would 
need screenins to improve gradation. Neither material will make 
first class concrete agregate because of' the rather large amounts 
ot flat particles ot slate and arsiUite. 



Geology or the reservoir area: The reservoir area is long and 
narrow, and largelt covered by J:Jdutna Lake. Little is l:no"'.n "Jf its 
geology. 

Bedrock in the valley walls consists · ot graywacke, argillites, 
and slates with interbedded greenstone sills or flows. One exposure 
occurs on the lett (south) side of the lake 3.7 1..0 4 miles above 
the outlet. Elsewhere, the shores are veneered with gravels and 
other till materials that are prob~bly thin along the south shore 
and the upper end of the north shore. Along the north side for a 
distance or 5 :niles above the dam site, however, there is a mass 
or fill materials between the lake and valley walls that is from 
2,000 to 2,500 feet in width. 

It is not known whether the lake bottom is on bsdrock or valley 
fill. \ben the soundings were made it was obsarv~ that the bottom 
was covered with the glacial sUts now baing carried into the lake bf 
Ekl.utna Creek. 

Above the lake, the reservoir area is underlain by glacial out­
wash and debris that partially fills the valley. 

Any leakage from the reservoir will be in the leneral area of 
the dz site, especial.ly through the alluvial i'an gravels covering 
the north side of the valley. This su'bject has been covered 1.mder 
the dam toUl'l.tiation. 

Reservoir silting: During the summer months loaben melting of 
the glacier increas~s, the water in ~klutna Creek, ~speciallr above 
the lake, has a dirty m:il.ky appearanc~. Water s:?.mples were taken 
on J1.me 29 following several cool days, and ~gain on July 4 after 
several warm dars. The total contained sediment in parts per million 
is: 

June 29, 1947, 
• 

July 4, 1947, 

Inlet, 
Outlet, 
Inlet, 
Outlet 

169 PPH 
17 

341 
21 

WhUe this evidence is inconclusive, it is all that is available, and 
mq suggest the order of magnitude of the sUting problem. 

SUD!Dal"Y: Foundation conditions at Eklutna Lake dam site ~a in­
completely known, but 3eologic mapping and foundation studies to d~te 
indic:s.te the following gEneral conditions with respect to the dam site: 

l. The dam must be founded on unconsolidated glacial 
sediments '!Zld 3lluvium that partially fill a 'td.de, deep, 
glaciatod val.l.er. Bedrock is probably between 2:>0 and 475 
teet below str~am bed at the proposed ~~. 

2. · Thos<J sediments h~ve ad.CJQU3te be~ring capacity to 
support an earth till dam of necessary height without suffer­
ing excessive co~solid~tion accompanied by dan~erous settlement. 



3. Prob:s.bl7 tho greatest problc.m will be the preven­
tion of seep:1ga under .:md a.roWld tha right abutmunt through 
gravels :md sands of ~ largo o.lluvi~ fiJll that covers the . 
glaci.U seclhlents. Further explor~tion is necessary to 
este.blish a profile .:Lcross the v~ey on top or impervious 
!otmda.tion materi.'ll, so th~t some means c~ be devised to 
prevent such seep~e. 
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Recaamend~tions: Complete lcnowledge of the c~-uoacter, arrange­
ment, :md permeability ot the gl.a.c~ and alluvi.D.l deposits in the 
d~ toun(btion should ba obtained before a. decision is ID3de o.s to 
the mmmum reservoir pooi level., or work is stnrted on prellmin'ley 
design and cost estimates for 'Ul earth d~. To provide this know­
ledge, it is recommended th~t a series o! drill holes be put down 
in the d3m site t\rea to depths of not less than 100 feet., -11td that 
one or the holes be t:lken to bedrock. Suggested loc:ltions . .t1re 
shown on figure 2, numbered from 2 to 13 inclusive, approx:imD.tely 
in the •rder in which they should be drilled to obtain .the most 
essential information tirst. 

Loe~tion 1111d dril.l.i.ns order of holes : 

(1) Continue test pit No. 1 by drilling to determine 
the depth and thickness or any impervious materiru. underlying 
the right c.butment. 

(2) Drill holes J, 4, end S to determine the length ot 
cutoff WClll required beyond the end or the d.'-Dl. If impervious 
material. is not fowtd J.bove altitude 910 i"eet in these tests, 
31lother hole will be needed ~t a gre.:!ter dist~ce .:Llong the 
projected dam axis • 

(3) Drill hole No. 6, nnd l..:lter, Nc .• 12, to explore 
l ett abutment. 

(4) Continue drill hole No. 1 to datermine the thickness 
or till underlying the river ~ed ~d the ch~racter or the 
mc.teri:!.l under the till. Hole Ho. 10 to be drilled l.:s.ter 
tor ~ditional information. 

(S) Hole No. 7, ne~ the center of the valley., 1«>uld be 
a 1JC)od hole to drill to bedrock, thereb;· obt~ing !'.. complete 
sectiCil ot the unconsolic:b.ted mteri.Ue. tilling the valle7. 

(6) Drill holes 8 ~d 9 to give further into~tion on 
ccmditions under the right ~butment. In ~ddition, they J.re 
l:~c:1ted on wha.t seems to bo the. logicu route tor ~ spillway. 



(7) Drill hole ll to obtt!in i.nform~tion \'lith r~Jspcct 
to ch~es in the cmr.~cter or tha ville~- fill bctl'reen the 
cbm md the lake. 

(Sj Drill .hole l3 to complete a cross section of 
materials in the foundation. 

Logs or drill holes : Complete logs of each hole should 
be kept, in which is given: 

(l) A description of the materials. 

(2) Ground water conditions. 

Samples: At intervals of not more th:J-"1 five feet, samples 
should be taken with a suitable sampling tube. These samples 
should be in as nea.r their natural conditions as possible, and 
shoul.cl not be chopped or washed. Glass jars \odth screw caps 
&Jte satisfactory containers f.or preserving the sacples. The 
labels should show the number of the hole, depth of sample, 
and any other pert:inent information. 

Water tests: In order to obtai."'l permeability data on 
the various foundation materials, water tests should be made 
at depth intervals or not more tnan 10 feet. An approximate 
value ot per.neabllity can be obtained by the following pro­
cedure: 

(l) Clean out the hole by washing or balling to the bottom 
of the . . casing. Cleaning should be stopped as near the bottom 
ot the casing as possible. 

(2) Fill the casing with water either by hand or pucp, 
maintaining a constant level of water at the top of the casing. 

(3) Continue .test tor 30 minutes or more. 

(4) Record the following data: 

a. Depth of hole. 
b. Depth to bottom ot casing. 
c. Inside diameter of casing. 
d. Depth to grotmd water surface at start of shift. 
e. Height from grotmd to top ot casing. 
f. ~tity of water required to maintain the water 

level. 
g. Length of time test is continued. 



• 

Laboratory tests: It is recor;me.,ded tha.t a st12.ll 
laboratory be set up at the dam site to detennine the 
engineering properties and stran6th characteristics of 
thC! till materials in the dan i'ounclation, especially 
those of the clay • 

3C 
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Conduit route 
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Conduit: It is estimated that a conduit 8 f'eet in diameter 
anct approximately 7} miles long will be required. The conduit should 
be constructed with a gradient estililated at 15 f'eat per mile. At 
the dam, the top of the conduit ~uld be about et'/0 teet in altitude. 

Jeocation: The conduit wcul.d extend from the dam sit a d<Ml 
Eklutna Creek vallay to a powerhouse site situated in Knik Valle;y 
near the prascnt powerhous\l. The approximate route is shown on 
figure 3. For most ot tho distmca, the route will lie part way 
up tha ste~p, clit!y north bank or tho innar gorge along clitts 
tram ~ to 3~ feet in height. (See fig. 9.) 

Acces!Jibilitz: The conduit route is f'rom halt a mile to one 
mile !rom the ~utna Lake roall. ~iuch of the intervening countrr 
is swampy and covered with muskeg. Access by truck will be difficult 
because of' the s~p1 ground, and because the conduit would be part 
way down the extremetr steep wall or the inner gorge. 

Foundation: Throughout most or the route, the conduit will rest 
on either gravel or till. The gravel includes both the horizontal.ly 
stratitiecl gravels and the highly cross-bedded gravels. These de­
posits are described in the section on valley fill. Detailed measured 
geologic sections along the conduit route are described in ~!'endix II. 

Ground water conditions: Because or their high pemeability, 
the gravels are well drained. The overlying blue-gray till and associ­
ated clays are impervious. Ground water seeping down from the higher 
slopes tends to be retained on top of the till, and ap.Jears as seeps 
along the ~ of the inner gorge. 

Slides: Freezing and thawing produce a highly ~emeable, blocky 1 

joint structure in the till and clays to depths of 3 to 4 teet below 
the JrOUl'lcl SurfaCe • wJhenever pOSSible 1 ground water fillS the jointS 1 

and as the till becomes saturated, its lateral support is gradua 11y 
weakened until sliding occurs. · After a slide starts in the till, 
the gravels also become involved, and as a result many of the slides 
involve hundreds and even thousands ot · cubic yards ot Qat erial. 
Slides in the till materials are common, along almost the entire con­
duit ·, route • . 
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Construction and caintanance problems: A number ot ditficult 
probelms will occur in comection with constructing and maintaining 
a conduit down Eklutna Valley: 

(1) Transportation of materials to the conduit location. 

{2) Construction of the conduit along tho vertical cliffs 
ot gravel and other unconsolidated fill materials. 

(3) Crossing the numerous short but deep and steep-walled 
side canyons. 

' (4) Prevention of damage rroo slides. 

In additi~ to these problems 1 other disadvantages are: 

(S) · Loss o! about 120 teet of head. 

( 6) . During cold winter weather 1 chilling of the water 
in the conduit T:JAY result in icing of the walls, thus reducing 
its capacity 1 and COl! tribute to icing conditions at the ,ower 
plant. 



Append~ I 

Summary geologic logs of drill 
holes and test pits. 

Locations of drill holes and test 
pits were made with a pla.~e table and 
telescopic alidade. They are shown 
on the geologic 1nap ot the dam site, 
figure 2. 

33 
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DrUl nole No. 1 

Summar,y geologie log 

Altitude top of ground 88.3.5 

From To Thickness 
Ft. Ft Ft. k~~ 
~~·~------~~·~------~~·~--------------~----~._ ___ ___ 
Surface 10 

10 17 

17 .35 

.35 48.5 

10 

7 

18 

Gravel, light yellowish-gray to 
bro\tnish-gray, clean, coarse, 
poorly to fairly well-graded; 
contains little or no fine 
sand. 

Sand, light bluish-gray, fine-to 
medium, poorly graded to even­
grained, silty, fairly imper­
vious. l·.aa.x:i.lnum size 1 Dm. 
1-~ost grains under 0.25 mm. 

Clq, light bluish-grq, lean, 
sUt~ • very fine-grained, 
low plasticity, weak and 
triable at plastic limit. 

Till, light bluish-gray, com­
pact, bard. hixt.ure ot 
cobbles, graYel, and sand 
with a matrix like the clay 
from 17 to .35 feet. In 
samples, there .is too much 
: '..ltrix for material to be 
tell-graded.: Occasional 
boulders. 

Hole abandon6d at 48.5 teet. 

Water first encountered at 7.6 feet. 

\later test: 

Depth ot hole, 45 feet 
Bottan of ci.sing, 42.5 feet 
Depth to water level before test, 40 feet 
Casing, ID. - 4 inches 
Casing filled to approximately 1 foot above ~ound 

surface at .3 :20 p.m. No change in level between 
then and 7 :.30 a.m. on following morning. 

k : 0 feet per second 
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Drill hole No. 2 

SUIIID&ry geologic l·~g . 

Altitude top of ground: 859 
Water surface in river~ 859 

From 
Ft. 

Surface 

To 
Ft. 

17 

Thickness 
lt. 

17 

Formation 

T5ll, light-gray 1 very hard, 
compact, stony. Hixture of 
boulders, cobbles, g~avel, 
anc. se.nd with a. very sandy 
CUf J!'.&trL"to i.·Aatrix lean, 
silty, v3r7 sandy clay with 
low }lasticity. Slightly 
calc:l:eous. From JA.9 feet 
to 17 feet, there were no 
boulders and few large cobble!. 

Bottom hole Jul7 4, 1947 at 17 feet. 

Drillers reported tha.t during cb·illing al:nost no water seeped 
into the hole. 

Water test No. 1: 
Depth of bola, 13 feet 
Bottom of casing, 13 feet 
Casing, ID. - 4 inches 
Casing filled with water to 3.7S feet above ground. 
No change in water level !rem 4:00 p.:!l. to 7:00 a.m. 
to~owing morning. 

k • 0 te~ per second 



Water test Uo. 2: 
Depth of hole, 14.9 feet 
Depth to bottom or caslJ'lg, 12.4 r~et 
Casin6, ID. - 4 inches 
Hole 'bailed dry. In 16 hours 0.0217 cubic feet 

ot water entered hole r~m lowor 2~5 !eat. 

k • 2.73 x 10-8 feet per sec~nd 
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rest pit 1-lo. 1 

Summar.y geologic log 

Altitude top of groundt 925 

From 
Ft. 

Surface 

1.2 

3.8 

To 
Ft• 

1.7 

3.8 

4.5 

5.5 

• 

'l'hie~ess 
?t,, 

la2 

0.5 

2.1 

0.7 

0.2 

1.2 

Formation 

~oss, thick mat of moss, roots, 
t~dgs, leaves, etc. Lower 
part dttc~yed to a spongy, 
plastic ,eata 

Clay, light yellowish-brown, 
lean, silty, loose texture, 
low plasticity, friable at 
plastic limit. 

Gravel, :ight brownish-gray, 
loose, stretitied, shingle 
structure, fairly ,.,ell­
graded, slight!:' dirty 1 

maximum siz~ cobbles 4 
inches 1 lo'\'r to medium 
permeability in place. 
Dip 40 N. lOSO E. Frozen 
from 2.5 to 3.8 !eet. 

Cl.q, light brownish-gray, lean, 
silty 1 thi.nl.$-bedded, low 
plasticity, friable at plastic 
limit, low permeability. 
Frozen. 

Sand, light reddish-brOlm, fine, 
even-grained, slightly silty, 
low 4>ermeabil~ty • 

Gravel, light. brownish-gray, 
fairly well-graded, fine, 
.ma.;dmum size lt in., griUM 
coated with sUt7 clay 1 
meclium permeability. 
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5.5 5.7 0.2 Clay, light brownish-gray to b)4ck, 
lean, silty. Lower half mostly 
carbonaceous material. Impervious. 

5.7 7.0 1.3 Gravel, same as £ram 4.7 to 5.5, 

7.0 7.3 0.3 Clay, lean, silty. 

7.3 9.5 2.2 Gravel, brownish-gr~y, coarse, 
fairly well-graded, voids filled 
with silty clay and sund. Low 
permeability. Contains striated 
boulders to 18 inches in size • . 

9.5 11.1 1.6 Clay, light yellowish-brown, 
le:m, silty, 10'11 i=Jlasticity, with 
sandy lentils, impervious. 

11.1 11.9 0.9 Gravel, light bro~sh-gr~, fine, 
maximum size lt inches, fairly well-
graded do•,m. through fine s~d sizes, 
cle3n, medium-to hi3h permeability. 

11.9 JJ.O 1.1 Clay, as from 9.5 to ll.l. 

13.0 13.3 c;>.3 Sand; ca.nd fine gr#lvel, coarse, well-
graded down through fine sand, DWd.-
mum size 3/4 inch, loose structure, 
clenn, high permeabilit7. 

13.3 15.3 2.0 Gravel, light brownish-gray, clean, 
well-graded cio\om through fine sand, 
maximum size .3 inches, high 
permecJ.bili ty. 

15.3 15.5 0.2 Clay, light yellowish-brown, le:m, 
silty, with silt <md fine, even-
grained sand in top 1 inch, thinly 
laminated. Bottom hal£ is ash-grq 
cl~, more plastic, slf&htl.y tough 
at plJ.stic limit, darker near bot tom 
with JDall1' blebs of carbonaceous 
material; light spongy structure. 
Dip 5°, N. 15SO E. 



15.5 

16.6 

19.2 

19.7 

19.9 

20.6 

27.1 

16.6 

19.2 

19.7 

19.9 

20.6 

25.2 

32.0 

0.5 

0.2 

0.7 

0.1 

1.8 

Sand, light reddish-brol'm, fine 1 

even-gr:1ined, clean, with sc:1ttered 
pebbles and lense3 ot medium sand. 

Altem:1ting layers of scmd 3nd clay. 
S<!lld as from 15.5 to 16.6 in beds 
from 0.1 to 0.3 feet thick. Cl3y, 
light yellowish-brown, le3n, silty 1 

in beds !rom 0.1 to 0.2 feet thick, 
low perme:!bility. 
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Sand :utd !ine gr~vel, cle~, with ·silty 
lentils, nedium-to high permeo.bility. 

ClAy, light-buff with nsh-grey streaks. 

Pebbles :lM some cle·lrl coarse sand, poorly 
gr.aded, very pervious, thin l~yer clay 
CO:lting pebbles near 'bottom. \'l~ter 
eourse. 

Gravel, fine -:md coo.rse s ,:md. 
Light brownish-gr~y, cleo3111 c~ct 1 

mnximum size 3/4 inch, high perme~bility • 
• 

Pebbles :md cobbles, rust co~tad. Est J.­

mted now of :J.bout 2 g~lons of ~ter 
per minute from this str.:ltum. ~i.1.ter 
course. 

S:md, fine, even-gr~ined, thinly' strati­
tied, cle::m, low-to medium perme~bility. 

Gr~vel, light redclish-"'brown, coarse, 
m:pdT!IlJD1 size 6 inches, -well-graded dotm 
through :fine s~d. 

Pit 'lb:-.ncionocl at 32 teet bec'luse crew t~ms insufficient to mo.int~.in 
continuous pumping. Uo progress could be m de o.g:?.inst c~vins when 
pumping w:1s continuod during d3Y shift only. 



Ground wn.ter surf' ace at 23 .o f'~et. ~·l~ter in the pit rose 
to this level every night .'lf'ter pUtDping ~s stopped, ;·.nd steyed 
3t this level after hole ws abandoned. 

Wator flow into test pit: 

Depth 

25.9 teet 
26.3 
2?.1 
29.0 

&ta cf :infi0\'1 

4.2 g~l. per minute 
7.4 
7,4 

ll.5 

40 

All tests wore tn.:lde :1.tter sovoru hours of' continuous pumping 
so that L~flow had rc~chod steady st~to. Size of' shaft approximately 
6 x 7 feet before timbering. 

• 



Test pit !{,. 2 

Summary geologie log 

Altitude top ground: 897 

From 
Ft. 

Surface 

0.5 

2.5 

3.0 

6.6 

To 
Ft, 

o.s 
2.5 

3.0 

3.1 

3 • .3 

8,3 

Thickness 
Ft. 

0.5 

2.0 

o.s 

0.1 

. 0.2 

.3.3 

Formation 

Gravel, Ji~ht. bro\-mish-gr~, 
clca."l, ".·:t,;l:i. -!I!".'ld ed through 
c~~rso send, no fine sand, 
vc~y porvio1:.s. 

S~d, light brolmish-gr:ty 1 fine, 
unit om, silty, low pcrca:.­
billty. 

Pe~t, deenyad moss, roots, twigs, 
ote., d~r~ bro~n, p~stie, 
highly pervious. 

Silt, light yellowish-brol-.tn, eon­
tcrlns much fino, even-grained 
!and, nonpl~stie. 

Gravel, light brownish-gray, 
coarse, mn.:timw size 4 inches, 
fair~ ,.,cll-gr~dad down through 
coc.rse ~ modiw s.lnd1 no fine 
sand, loose struetura, very 
parvious, eont:.Uns numerous 
lentUs ot rusty-grl.y to brown­
i:sh-grcy silt and fine, oven­
grained s~d !roi:l 1 to 2 inches 
thick and 6 to 10 feet long, also 
contains lentils filled with 
~~11 silt-co3.tod pebbles. 

Altenuting l.:lyars or: ( 1) ClG1'0Y' 
silt, light yollowish-brolCl, 1 to 
2 inches thick; (2) ea.rbana.eoous 
material 1/4-to 1/2-inch thick; 
(3) sand, fino, poor}y-gr:!dod, 
dirty, 2 to 3 inches thick. 



1...2 

8 • .3 9.2 0.9 Gr~vcl, ~s from .3~3 to 6.6 foot. 

9.2 u.o 1.8 Gr.3.vol, lilht ycllo,dsh-gr~;y 1 tino 1 

JJ1.l.Ximu.1l size lt inehos, poorly 
grlldod, little s:md, mostly n~t 
sUt-eoatod p.Jbblos ot sl:!to and 
argill.i to 1 Dlilrkcd shinglod 
strueturo. Dip 10°, N. lSSO E. 
Tho so ~r~ simil~ to grn.vols now 
towd on l~c shoro bctweon high 
~d low lcv-3ls. 

u.o 16.8 s.s Gr:,:rel, light-reddish, gr¢sh-brown, 
C03l"StJ 1 m..~dJ:wm size 4 inchos, 
poorl7 graded, too much nntrix1 
vory pervious. Mntrix is f'~irly 
woll-gr."ldod, tine to coarse, clc~ 
s.:md. 

GroWtd ~tor sur£ac\l ~t 16 • .3 f'eot; no ch:mgo. 



43 

. Tost pit r.ro. 3 

Summar.y geologic los 

Altitucle top of growxi: 901.5 

From To Thickness 
Ft.. Ft. Ft. Formation 

Surface 0.7 0.7 Moss and peat 

0.7 1.1 0.4 Soil, broVlish-gra:,r, tine, even-
grained, silty sand with 
scattered pebbles. 

1.1 1.8 0.7 Gravel, light yellowish-gr~ 1 

fairly well-graclecl trom 1 
inches down through tine sand, 
many flat ,ebbles ot argillite 
and slate, some or larger 
~bbles coated with rock nour, 
otherwise clean, high permea-
bility. 

1.8 3.0 1.2 Sand, light bro~ish-gray, tine-to 
!DIIdium, poorl.7 sracled, slightly 
silty, JDB.n7 tl&t graina. 

3.0 4.8 1.8 Gravel, light brownish-gray, strati-
!iecl, fairly well-graded trom li 
inches dolO throuah fine sand, 
contains many flat particles of 
argillite and slate. Many lentils 
of silt and tine sand, 2 to 3 inches 
thick, 6 to 12 feet long. lieclium 
to hish per-meability. 

4.8 ;.6 0.8 Silt, medium bro~ish-gray, with 
much fine, even-grained sand, and 
thin lentils of yellow-bro\lll clay. 



5.6 ' 10.8 5.2 Heterogeneous arrangecent ot 
layers and lenses of: 

(1) Gravel~ li~~t brownish-
gray, cle&A"'l, fairly 1-1ell-
graded, m.3.Ximuo size 3/4 inch, 
loose structure, many flat 
particles. 
(2) Sand, fine, even-grained, 

. rust colored in layers fran 0.1 
t" 1.0 feet thick. 
(.3) Silt, nedium-~rq, fine1 

sandy, sli~~tly plastic. 

10.8 12.5 1.7 Gravel, yellowish-a~ reddish-rust-
brown, coarse, cobbles to 5 
inches, fairly well-graded, 
very pervious. 

12.5 13.5 1.0 Gravel, coarse, fairly well-graded 
down through tina sand, slightly 
silty 1 maxitrum siz$ 5 inches, 
vary pervious. 

JJ.5 13.8 0.3 Cobbles and pebbles, ir<Xl-stained, 
eA"tra&ely pervious. 

13.8 20 6.2 Gra~el, bro~sh-gray, stratified, 
clean, fairly well-gr~ded, fine, 
maximum size 1 inch, few 
scattered cob:les to 3 inches. 

Ground water surtace at 19.5 faet; in 16 days rose to 18.3 feet • 

• 
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Test pit No. 4 

Sumwary geologic log 

Altitude top grOund: SS3.9 

From To Thickness 
Ft. Ft. Ft. Fon·.:aticn 

Surface o.s 0.5 lioss and )eat 

o.s 1.5 1.0 Sand, dirty gray, fine, even-grained., 
silty, fro~ en. 

1.5 . 2.1 0.6 Peat, thoroughl.v ·decomposed moss, 
roots, tuigs, etc., plastic, 
loose., spongy texture. Frozen. 

2.1 3.7 1.6 
I 

Sand, r.1edium-oli ve gray, fine, even-
grained, voids filled with 
slightly ~lastic clayey silt, 
rectangular blocky structure, 

\ 
probably the result of alternate 

· freezing and thawing. Upper 0.4 
feet frozen. 

3.7 4.2 o.s Pabble-clq, tine gravel ldth pabbles 
to 3/4 inc:h ~d a uatrix ot lean., 
silty clq. Dense, cCGlpa.ct, 
bloclq structure 1 r.umy flat 
pebbles of argillite and slate. 

4.2 7.5 .3~3 Graval, midium brownish-gray, poorly 
to fairly well-graded, maximum 
size l,l inchas, very little fine 
and medium sa:1d, some silt, many 
nat particlas o£ sla.ta and argil- . 
lito, has washed appearance, high 
permeability. 

G~und wat~r surface at 5.3 teet; in 19 days rose to 4.7 teet. 
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Tost pit No. 5 

Summary goologic log 

Altitude top 3I"Oun<i: 882.6 

From To T'nickness 
Ft. --~Ft~·--------~Ft~·~-------------------F~o~rma~~t~i~on~-------

Surf:1co 6.7 

6.7 10.2 

10.2 12.0 1.8 

12.0 13.5 1.5 

Gr:J.Yol, J.i ;ht yallo'tdsh-3r~ to 
buff, well 3tr:l.titied, sortod, 
~.:1:dnr.m1 ~iz~ 3 inches 1 pebbles 
nat, disc-sh3ped a.nd coated 
with sil ty clay. Dip 1Ql0 

N. 9SO E. This deposit silil:!l ar 
to grt\vels on 1~1(.) shor·J and to 
gr.'lvol in tast pit No. 2 boom 
9.2 ~o 11.0 feet. 

Gravel, li~ht bro\·.nish-gray, 
clean, poorly yoaded, contains 
too ;:1uch sand to be well graded, 
stratified, cobbles to 6 inches, 
contains layers and lenses ot 
wediw-to fine-grained clean 
sand. C01:1Ponent dip aio, 
U. 860 E. 

Sand, light brownish-gray, poorly 
sorted to ~ven-grained, fine-to 
weciiUL11 clean, occa.sional. flat 
argillite or slate pebble to 
1/S-inch. 

Sand, tleciium-gray, fine, even­
grained, voids filled with gray 1 
slightly clayey sUt, IJCre coc­
pact than overlyi."lg materials, 
low pemeability. 

Ground water surface at 9~ !eet; in 19 days rose to 8.5 teet. 
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/ 

Test pit No. 6 

See page 24 for ~ geologic log. 



Appendix II 

S~ ot ceasured geologic sections. 

The locations o£ sections l to 9 are sho~ 
on the geologic cap o£ the d~ site (fig. 2). 
A plane table and telescopic alidade was used to 
locate these sections on the dam site cap and to 
establish the altitude given for each section. 
1-leasure:aents were made with a tape and hand level. 
Sections 31 41 61 7, and 8 were neasured in side 
hill trenches excavated by personnel o£ the 
Anchorage Department o£ Public Utilities. 

The locations of sections 10 to 22 inclusive 
are shown on figure J, Topography o£ valley showir.g 
countr.y along which proposed conduit route would be 
located. These sections were located on the map by 
i'.lspection. Altitudes were obtained by use of a 
Tycos surveying aneroid and hand level. 

All sections are described fro&l the top down­
ward. 

48 
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Measured g~ologic section No. 1 

~ To Thickness 
~Ft_. ________ Ft._. ________ MFt~------·------·----_.F.orrna._~t~i~o-n ______ ___ 

0 

1.1 

3.0 

9.0 

12.4. 

21.6 

1.1 

2.4 

3.0 

9.0 

12.4 

34.0 

1.1 

, ? -· ... 

0,.6 

0.9 

5.1 

21.6 

... ' 1.. 1' "'t . . h b··~' :Jl.. • • , :.~ •• ·. nro•..r!us -gr ~ or u.u., 
~ ~ •·· -~ ... - ,. .. : oJht 1 y p, "'stic no "-••C,.t.f .., • ., ' .J.J.~ I • ..l..oQ. J 

e'."i:f ar. =~ .~f ~'WrA-t. i!icat.icn but 
rr.~y ha vc :-: :-.:r. c~3troyed by 
alt.~ra~t 3 freezin~ and thawing, 
t""sulting i~ blocky ~t~tcturo. 

Gra,rr:~) fine, z:-.a.."<iLn.u:l size l-inch, 
with sand and sor..e silt, well­
stratified. 

'J'iJ.l (?), gravt~l \-.1.th Jotlewhat 
nore than e."lough sandy, cl~ey 
s:i.:t ~tri:< to fill voids. 

Gra.vGl, l!.eht g:-ayish-bro\m wi~h 
rust-colored streaks, C&Ximum 
size 2 L"lchcs but with scattered 
cobbles to 6 inchos, l'airly 
well-graded, conMact, 1~ ... 
perceability, pocblos coated 
with rock i'lcur, nwcrous scall 
silt lentils. 

Sand, bluo-gr~, fine, ev~n­
grai."led, ViJry silty, thinly­
lam:ir.at.cd with intorboddcd s Ut 
.laminae and coars\Jr rust-coloroo 
s~~d lamina~, low paroeabilit7. 

Obscured by slumping. 

Water surface, ~utn~ Cr~0k, 
altitudu 849. 
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Measured goologic section No. 2 

Altitude at top 906. 

From To Thickness 
Ft. Ft. Ft. Formati on 

0 l.O 1.0 Moaa and peat. 

1.0 2.0 1.0 Gravel, light gra)'ish-buft, 
lair~ well-graded, pebbles 
mostly flat 1 argUllte and 
shale 1 coated with rock tlour 1 
voids open. 

2.0 7.0 s.o Clay 1 light bluish-grq 1 

weathors tan, le:m, silty, 
non-stratiticd. 

7.0 27.0 20.0 Till, light bluish-grq, upper 
6 !aot weathered light-~llowish-
brown, ver"J compact, boUlders 
to 10 inchos, poor~-gradod 
mixture cobbles, pebbles, S3Ild 
am lean silty cla7 matrix with 
low plasticity; too tllch matrix 
to be woll-gradocl, resa&lbles 
poor grade mass concreto in 
appe~:mce. Cobbles appear 
slightly aoro weathered than 
in othor deposits in dac aite 
ar~Ja i greenstones show 
weathered rind 1/S-to 5/16 
inch thick. 

27.0 47.0 20.0 Obscured by slumping. 

47.0 \'later surface, :ldutna Creak. 
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Measured geologic section No • 3 

From To Thickness 
Ft, Ft. Ft. Formation 

0 1.3 1.3 J.ioas and peat 

1.3 s.3 4.0 Gravel, lake shore gravels, same 
~ clescribocl in test pit No, S 
from surface to 6.7 teet. 

5.3 6.8 1.5 Gravel, light reddish-brown, clean, 
too much fine sand to be well-
graded, lacks coarse and tine 
gravel, boulders to 8 inches, 

6.8 18.3 u.s fill, light bluish-gray, top S 
inches· weathered yellowish-
gray, coopact, impervious, 
cobbles to 4 inches, and 
sravel with considerably more 
than enough r:~atrix to ·iill 
voids. Matrix is very lean, 
silty c~ with low plasticity. 

18.3 W&ter surface ~utna Creek, 
altitude 860. 
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Measured geologic section No. 4 

Altitude at top 891.8 

Frcm 
Ft. 

0 

0.8 

4.5 

14.0 

To • 
Ft. 

o.s 
2.7 

10.7 

14.0 

Thickness 
Ft. 

o.s 
1.9 

1.8 

20.5 

Formation 

loioss and peat. 

Clay-, light yellow-brown, 
silty, contains some humus, 
low plasticity. 

Gravel, lake shore gravels, 
scme as described in test pit 
No. 5 from surface to 6.7 teet. 

Gravel6 light brownish-~q 1 coarse 1 
contains no fine sand, fairly 
well-graded, n-aa:c:imucl size .3 
inches, trace o£ silt, loose 
st.ruct ure, very pervious. 

Sand, brelolnish-gray, tine-to nedium, 
poorly graded., occasional pebble 
to 1-inch., cany t aky' grains ot 
argillite and slat e., fairly' clean, 
loose structura, medium perme­
ability. 

Clay 1 light bluish-grq 1 surface 
weathered light gr¢sh-tan to 
depth ot 6 inches, lean, silty, 
low plasticity, slightly tough 
at plastic lim.t, CO!Ji.act 1 im­
pervious, contains nzerous 
scattered pebbles, lower part 
probably a till, tro!n 28 to 
.34.5 teet and especiallY from 
28 to 30 teet contains many 
cacerated and carbonized trq­
ments ot reeds, wood, etc., 
and layers ot greenish-to 
bluish-gray, tine, oven-grained, 
dirty, compact s~d. 

Covered. 

attire slope frozen to depth of 18 to 24 inches. 
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Measured geologic section No. 5 

From To Thiclmess 
Ft. Ft. .. Ft • Formation 

0 1.0 1.0 Moss and peat. 

1.0 6.5 5.5 Gravel, light reddish-brown, 
clean, poorly-graded1 maxiJDum 
size li inches, low on sand, 
many flat pebbles ot argillite 
and slate, high permeability. 

6.5 15.7 9.2 Till, light &r~~sh-tan (weathered), 
mixture boulders and cobbles with 
a matrix or lean silty, sandy 
clay, compact, impervious. 

15.7 Water surface in Eklutna Creek, 
altitucie 850. 



Measured geologic section No. 6 

From To Thickness 
Ft. Ft. Ft. Formation 

0 - .1.2 1.2 l•ios s and peat. 

1.2 2.1 0.9 Sand, fine, even-grained, dirty, 
scattered pebbles. 

2.1 3.5 1.4 c~, light bluish-gray, lean, 
sUt71 non-stratified, granular, 
bloclq structure probab~ result-
ing from freezing and thawing. 

3.5 6.6 3.1 Till, boulders, cobbles, pebbles, 
and sand with matrix of lean, 
sUt7 clay similar to th~t from 
2.1 to 3.5 teet, dense, compact, 
impervious 1 many striated pebbles. 

6.6 9.S 2.9 Cl.q, light bluish-gray, lean, 
. sUt7, impervious, indistinctly 

laminated, cont.~s thin (l-inch) 
laminae of tine s~d. 

9.5 JA.O 4.5 Sand, light grayish-tan, f'ine-to 
medium, uniform grain size, some 
laminae clem, others dirty, 
scattered lenses ot silt, 
sc~ttered lenses ot pebbles up 
to 3/4-inch in size. 

14.0 17.6 3.6 Sand, light yellowish-brown, clean, 
meclium-to co~se 1 pebbles to 
i;-inch, very poorly-graded, grains 
sub~ul · . iiigh perme:1bilit7. 

17.6 18.8 1.2 So.nd, li3ht brownish-grq-, co:1rse 1 
with some tine gr~vel, poor~-
graded, sc:J.tteriJd cobbles to 3 
inches, clem11 high permaabUit7. 



18.8 .35.0 16.2 

.35.0 
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Till, light bluish-gr~, 
compact, impervious, scattered 
boulders to 10 inches, cobbles, 
gr3.vel, anC:. sand. with a mo.trix 
ot lean, silty clay with low 
plasticity. Poor}7-grad.ed1 

estimate 6o-6S porcent matrix 
by volur.1e • 

Covered below this point. 
Altitude 851.0 
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Me.3Sured g ologic section No. 7 

Altitude at top 9.3.3. 

From To Thickness 
Ft. Ft. Ft. Formation 

0 0.4. 0.4 Moss and peat. 

0.4 1.0 0.6 Silt, medium bl"'lllish-gray 6 

clayey6 slightly plastic. 

1.0 1.4 0.4 Sanci, light-brown, i'ine, even-
grn.ined, slightly silty. 

j 

1.4 1.6 0.2 Silt, light brownish-yellow, s~1d71 
tr~ce of plasticity, light 
feathecy structure, .uh-gro.y 
l~er i-inch thick at top. 

1.6 2.3 0.7 S~d, ~s from 1.0 to 1.4 feet. 

2.3 6.0 .3.7 Grn.vel, light-gr.'!f, fine I rnmd.ZZNm 
size 2 inches, f:.irly well-
gr-3ded, little fine s:.nd, cle:m, 
m.:my fut pebbles of tU"gillite 
~d s~te, some pebbles mottled · 
with p~tches of silt y cln.y, 
medium-to high pe:rme:1.bUity. 

6 .. 0 8.2 2.2 Cl~y, light yellowish-brown, lenn, 
silty, low pL~sticity, stre.~ of 
fine, even-grn.in !d. s~d up to 
l-inch thick, low permeability. 

8.2 10.1 1.9 &lnd, light brolllish-gr~.y6 medium-
to co~se, tr~ce silt, poorlY-
grnded, sc:.1.ttered pebbles to lt 
inches, medium-to high permetlbllity. 

10.1 11.4 1 • .3 Gravel, light brolClish-grq, fine, 
IIWdmum size l-inch, poorlY-
grn.ded, over-S3Deled, clellft, 
medium-to high permeability. 
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11.4 12.6 1.2 Sand, light·b~own, tine, even-gr~ined, 
voids tilled with silt, lentils of 
coarser cle~ s3nd, layers ot silty 
clay up to t-inch thick,. low 
permeo.bUity. 

12.6 13.8 1.2 Gravel, as trom 10.1 to 11.4 teet. 

13.8 14.2 0.4 S.lnd, light-brown, f'ine 1 even-gr~ined, 
voids filled with silt, low 
pennen.bility. 

1.4..2 15.7 1.5 Gravel, light brcwnish-gr~, compact, 
tir,m1 tine, occ~sionil cobbles to 2 
inches, well-graded, matrix slightly 
silty s:md, high perme~bility. 

15.7 18.4 2.7 S:md, light gr~rish•brown, tine, even-
gr~in.Jd, silty, layers .:lnd lenses ot 
gr~vel up to 2 inches thick. 

18.4 21.2 2.8 Gr1.vel, light-~ro.y, clo~, well·gr~ded. 

21.2 22.7 1.5 Clay 1 light ;-allowish-bro,.:a, lean, silty, 
low pl!lsticity 1 low permeability 1 

l.a.yers slight.l;r more pl.:-.stic, bluish·gr~ 
clay to l-inch thick, ~yors tine, 
GVen-grnined, rusty s3nd to l-inch 
thick. 

22.7 .3.3 • .3 10.6 Gravel, light brownish-gr."'.y, poor ly-
gro.ded, ovor-s.~dlld, silty, cobbles 
to .3 inchos, high perme~bility • 

.3.3 • .3 .3.3.5 0.2 C~y, ~h-gr~ ~ rust-colored, 
mottled, le~, silty, low pl~sticity • 

.3.3 .• 5 .37.4 .3.9 Grt!.vel, li£ht bromish-gr'ly, poorly-
gr~ed, ovor-s~ded, slightly silty, 
cobbles to J inchos 1 high perme~bllity • 

.37.4 40.4 .3.0 Covered. 

Bottom. or valley tl-1-t I SW3Dipj" I probl:'.bly ne::.r· blue-gr~y till ~d 
~ssocia.ted claT !ound in sections No. 4 1nd No. 6. 
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1-leasured geologic section No. 8 

Altitude a.t top 944. 

Frcm To Thickness 
Ft. Ft. Ft. Formation 

0 0.3 o.3 1-Ioss .:-.nd pe~t, 

0.3 1.8 1.S Silt, medillll'. yellowish-brown, 
with s~~ fine !rn.val, non-
pl.l.sti.:. 

1.8 1.9 0.1 Ch~co:JJ. .--ncl silt, top hill 
mostly SlL~ ch~co.~ rr~gmonts; 
bottom hil£ light ~sh-gr~, non-
pL:.stic 1 silt, td th much tine 
lmtd. 

1.9 3.2 1.3 . Silt, light !'''llotdsh-brown, non-
plastic, wit:'l vaey tine, even-
gr~ad sand. 

3.2 4.4 1.2 Gr~ve1, light-gr~~, conrso, cobbles 
.to 4 inches, littlo fino sc.nd, 
· ta.i:rr:t·~~~., .-clo;tn. .~cept 
t~t ~7 cobbles are vaneerod 
with silt, high perm~bUity. 

0 

4.4 5.4 1.0 Clcy, light yellowish-brown, lean, 
silty, low plasticity. 

S.4 5.9 o.s Gravel, light yellowish-bro1o11, fine, 
pebbles to 3/4-inch, fairly well-
graded, slizhtl.y dirty 1 high 
permeabUity. 

S.9 7.1 1.2 Cl~, as from 4.4 to S.4 feet. 

7.1 12.7 5.6 Gravel, llght-bro\Clish to pinkish-
gray, coarse, cobbles to 6 inches, 
tair~ well-graded down through 
tine sand, slightly dirty, high 
permeability. 
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12.7 17.3 4.6 Altematin& lqers: (1) gravel~ 
in beds 3-to 9 inches thick~ 
grqish-tan~ tine~ pebbles to 
l-inch, fairl7 well-graded, 
slightl.T sUty; (2) sUt, in 
beds 3-to S ipches thick, l ight 
yellowish-brown, much tine, 
wc-gr ained sand. 

17.3 2l.S 4.2 Sand, light broltlish-tan, fine# 
even-grained to poorly-graded, 
slightly silt;r, layers ·to 2 
inches thick contain much 
clqe;r silt, and layers to 4 
inchas or yellowish-brolol'l, 
lean, silty clay. 

2l.S 21.9 0.4 Gravel, lig:.rt. brownish-grq, fine~ 
pebbles to l-inch, well-graded, 
down through fine sand, clean, 
high permeability. 

21.9 22.S 0.6 Sand, light brcnclish-gra;r, very tine, 
even-grained, slightl.T silty. 

22.S 2S.7 - 3.2 Gravel, light brOlalish-grq 1 cobbles 
·to 4 inches, loose structure, low 
permeabUity 1 sandy sUty clq 
matrix. 

25.7 28.9 ).2 Covered. 



60 

Measured geologic section No. 9 

Fl'all To Thickness F~:rma.tion 

0 1.2 1.2 Moss, peat, and light sanely soU. 

1.2 s.6 4.4 Interbedded ltrata ot: (1) silt, 
lilbt cr¢sh-tan, tbinl7-laminated, 
cross-bedded, sandy, sl1&htlT clqe7; 
(2) sand, ruat71 tine, poorl7-
fJaded, in lqen to 2 inches thick; 

) aravel, tine, ta1r17 wll-srad«l. 

s.6 e.s 2.9 Gravels, light browni •h-ll'AT, tine, 
pebbles to 1~ :inchea ~ poorlf-gracled, 
JDUch coarse sand, clean, hi&h 
permeability. 

s.s 17.2 8.7 Interbedded strata similar to those 
tram 1.2 to s.6 teet. 

17.2 20.6 3.4 Gravel, brownish-gray, tine, pebbles 
to l-inch, much very coarse sand, 
even-grained to poor~-graded, 
grains coated with rock nour, but 
-ids not tilled, very pervious. 

20.6 22.6 2.0 Gravel, medium bro1e1ish-gray, fine, 
pebbles to .3/4-inch, sandy, well-
graded, clean, cross-bedded, high 
per.neability. 

22.6 33.4 10.8 Sand, l ight-to medium-gray with thin 
rust-bro'htl layers, tine, poorly-
graded, thinly-b~ded, some layers 
clean, others silty, many thin layers 
and lentils of silt, medium-to low 
permeability. 

33.4 4~.9 9.S Cl.q 1 light bluish-gray 1 veey tine 1 
poldeey, lean, sUt:y, impervious, 
nonstratitied, ecn~ains 15 to 20 
percent by volume pebbles and 
cobbles to a maximu= size ot S 
inches, scattered lenses or fine, 
dirty pea gravel and lenses ot 
coarse sand. 
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42.9 43.4 0.5 Clq, light yellowish-grq to butt, 
very fine, silty, lean, triable, 
thinly-lam!nated, slightl7 con-
torted, no sand, imperviou >e 

43.4 54.4 u.o Gravel, light rellowish-brown, non-
Stratified, consists chietlJ ot 
pebbles from 1/8-to l-inch, 
scatter~d c~bbles to 3 inches, 
pebble~ ~o~ted with lean, silty 
clay, ·.'t j i~, partly filled, medium 
permeability. 

54.4 60.4 6.0 Sand, light g~a:"is~-butf, fine, even-
grained t o ?OOr.\y-sort~d,mostly clean 
but with sil•y lrqers and sUt partings, 
thinly-l&~ated, cross-bedded. 

6t.'.4 6s.s 6.1 Till (?), medium-gr~y 1 compact, 1m-
pervious, massive, nonstratified, 
lean, s;~ty clay with about 25 percent 
by volume of scattered pebbles and 
cobbles. 

6S.S 81.0 15.5 Till, medium-gray, wen.thers ligr 
bro\Clish-gra;r, compact 1 massive, 
impervious, poorly to fairly well-
graded mixture of cobbles and gravel 
with about 25 percent lean silty clay 
mtrix, cobbles to 6 inches, occasional 
boulders to 24 inches, cobbles highly 
striated. 

81.0 \tater level in Eklutna Creek, altitude 
.840. 
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!~easured geologic section No. 10 

Component dip or beds exposed - .3° I N. 95° E. 

From 
Ft. 

0 

1.; 

2.9 

8.1 

9.1 

10.6 

11.4 

To 
Ft. 

1.; 

8.1 

10.6 

Thickness 
Ft. 

1.; 

0.2 

;.2 

1.0 

1.; 

0.8 

Formation 

lioss and peat. 

Gravel, !'ine, clean, poorly­
graded. 

SUt 1 light-but!, nonplastic, 
bottam 1/S-inch lignite. 

Till, light brownish-3ray, compact, 
impervious, f:drly well-gr~ed; 
lem, s:mdy, veey sUty cla7 
matrix, m:my striated Goulders 
up to 24 inches in di:.uneter. 

Gra.vel., brownish-grey 1 fine 1 
cobbles to li-inches, fairly 
wall-gr~ed, sa.ndy 1 slightly 
sllty, p.lrticles silt-coated, 
medium permeability •. 

Altem.llting series or beds gr~ding 
trom le:m silty clay to silt to 
tine saz¥1 to coarse sand. Rust­
colored smd about 2 inches thick 
both a.t top 3nd l:ottom. 

Gravel, fairly well-gr:lded, sa.ndy, 
slightly silty, maximum size 
1/i-inches, particles coated with 
r-ock tlour, medium permea~ility. 
Series of taint wo.ter seeps alone 
lower contact. 

Till, light brownish-gray, compact 1 
filily well-gradecl, boulders to 
18 inches, s~dy sUty cl.q matrix, 
impervious. 



18,7 5.0 

18.7 19.1 0.4 

19.1 21.1 2.0 

21.1 25.1 4.0 

25.1 

25.2 31.9 

• 

Altem:1tin~ series ot beds 
grading from lean sUty clay to 
sUt to tine sand to coarse s11nd. 
Series repeated 8 times. Sand 
strata are thickest, up to 5 
inches. Series or small water 
seeps !rom lowermost sand. 

SUt, light grayish-brown with rust­
colored streaks or very tine sand, 
thinly• laminated. 

Sand, coarse, and pea gravel, grayish 
to rusty-bro,m, poorly graded, 
slightly silty, high permcabili ty, 
rust-colored la7ors. Series ot 
small wator seeps t..long lower con­
tact. 

Clay, pearl-gray to light blue-gra.y, 
th~-~"l&taci, very fine-grainod, 
lean, silty, medium-low plasticity, 
impervious, ;-mch layer or ash, 
charcoal tragmants, p~aty material, 
and snail shells about one toot 
!rom top. 

Volcanic ash (?), light grayish­
white, weathers yellow-brown, 
triabl~, nonplastic. 

Sand, yellowish-rusty-brown, 
coarse, pebbles to 1-inch, 
thinly-bodded, highly cross­
bedded, poorly-graded, clean, 
many- nat argillite and slate 
particles. Ver,y promin~t series 
ot wa~~r seeps along lower contact. 
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31.9 53.9 22.0 Till, medium-gray, top 14 inches 
weathered to a light yellowish-

' gr~.7; mostiy lean, silty cla7 matrix 
ot low plasticity 'With an estimated 
25 percent b.J volume ot boulders, 
cobbles, and pebbles; impervious, 
most ot bed is massive but there 
are traces of bedding in places. 
About 10 feet below top grades 
into a thinly laminated dark bluis.'l-
gt•ay silty clay • 

• 
53.9 59.9 6.0 Obscured by sliQing. 

59.9 91.9 32.0 Gravel, medium 3r¢sh-brolC'l1 

weathers light yellowish-brown, 
faintly stratified, well-sraded 
mi..""<ture of boulder3 to 18 inches, 
cobbles~ gravel, with a matrix ot 
coarse to fine, slightly aUt7 sand, 
low penneability, at31tds in cliffs. 

91.9 Water surface in Ekl.utna Creek, 
altitude S"J4. 



FrOIIl 
Pt. 

0 

10 

17 

68 

''i o. 

• 
Measured geologic section No. ll • 

To Thickness 
Ft. Ft. Formation 

10 10 (est,) Clay, light bluieh-aray, th~ 
bedded, lean, silt7. Thick• 
ness estimated, ae expoeure 
was on inacceseiblo clitt. 

17 7 (est.) Till, medium-srq, tairl.T well-
graded. mixture of cobble• 
and ~ebbles, w1 th a matrix ot 
sandy, silty, lean cla7. 
Impervious, Thickness 
estimated, 

68 51 Gravel, l1sht yellowish-butt, 
compact, massive to t!Untl7 
etratif'ied, well-graded, 
mtrix ot coarse to tine, 
•li&btl1 silty aand, 

Wnter surt:!ce in ~utna Creek, 
altitude 812. 
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Measured geologic section No• 12 

Frcm To Thickness 
Ft. ft. Ft. Formation 

0 0.6 o.6 Moss and peat, 

0,6 1.3 0.7 S!lt, medium brownish-grq, with 
much fine, even-grained sand. 

163 1.4 o.l Silt, light. ash-gray-, nonpla.stic, 
loose; nutty structure• 

1.4 2.2 o,8 Gr3·v-el, light or311ge-brow, veey 
loose structure, poor}T-graded, 
cobbles to 8 inches, hi&h per-
cent snncq silt. !dat.rix, highly 
pervious, 

2.2 4.7 2.5 Grs~vel, light, brolClish-arq, tine, 
poorJ.7-p-3Cled, with la781"a ot 
tine, even-grained sand, aDCl 
layers ot c09.rse, cle3D stmd 1 

•dium-to high peme!lbility. 

4.7 13.2 8.5 Sand, light brownish-t<m, thinl7-
l.alllinateu, highl.7 cross-bedded; 
same ~ers ~d lenses tine, 
even-gr loined, both clean ;mel 
eUty; other larers ·llld lenses 
medium-to coarse, clean; 
numerous slllr'lll scattered 
lentils at till. 

13.2 25.2" 12.0 Qrovel, light-brolllt, fairly well-
grl.ded trom cobbles dcnm tbrouah 
tine sand, loose· pervious nne-
ture; cany- small lentils ot tine 
sand and silt; numerous clis-
continuous LJ&sses of light 
broll'lish-gray, fairl7 COII.lpact 
till with cobbles to 3 incheD 
and a sandy, slightlj clqer 
silt matrix. 
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25.2 25.9 0.7 Gravel, light yellowilh-b1'011111 tair]¥ 
well-graded, cobbles to 6 inches, 
pebbles coated and voids tilled 
with lean silt7 clq. 

25.9 42.4 16.5 Interbedded layers of: 
(1) Sand, light :"ellowish-
brcwn, fine, even-grained, in 
~ers to 2~ in~hes thick, some 
layers clean, other! silty; (2) 
Gravel, light yellowish-brown, 
stratified, cross-bedded, fairly 
well-graded, clean, pervious. Lower 
contact veey pervious, site ot line 
ot water seep!~!. 

42.4 56.2 13.8 Till, dark bluish-grq, weathers 
grqish-tan, mssive, compact, hard, 
boulders to 10 inches, but most under 
5 inches, poorly-graded sand ancl sUt 
matrix with a trace of clq. Too m1ch 
matrix to~ till to be well-graded. 

56.2 90.2 34.0 Covered. 

90.2 176.2 86.0 Gravel, light yellowish-bro"Wn, darker 
and more grayish on !resb exposure, 
stratified, well-graded, boulde ... ·s to 
18 inches 1 cobbles and pebbles, with 
a matrix ot coarse-to tine, slightly 
aUty sand. . 

176.2 Water surface in Ekl.utna Creek, altitude 
eoo. 
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Measured geologic section I~o. 1.3 

From To Thickness 
Ft.. Ft., Ft.. Fol'!:lation 

0 1.5 1,5 Moss and ,eat. 

1.5 17.5 l6.0(est) Stratified clritt. axposure 
on inaccessible clitt. 
t.1ers and lenticular masses 
of; till, light brownish-
gray, lairly compact 1 

cobbles and pebbles with sandJ, 
sli&btl)' clayey silt matrix; 
gravel, light yellowish-
brown, cobbles to 6 inches, mcst 
under 2 inches, sand matrix, 
sllshtly sUt;r; sand, tine, 
poorly-graded, in lenses 2 
to 4 inches thick, l to 3 
teet long. 

17.S 28,0 10.5 lftterbr~ied ~ers ot; 
gravel, light yellowish-sr&71 

poorly-graded, clean; 
sand, brownish-grq, tine, 

even-grained, some clean, 
some silty. 

28.0 73.0 4S.O Tlll, bluish-grq 1 weathers 
sra)'i.sh-tan, massive, compact, 
boulders to lS inches, cobbles 1 

ancl. pebbles ldth a lJ&trix ot 
sandJ silty clay, poorly 
graded because ot too much 
matrix, impervious. 

73.0 164.0 91.0 Gravel, gra,iah-brown, weathers 
llaht yellowish-brown, strati-
tiec11 well-graded, boulders to 
l2 inches, cobbles, pebbles, 
tatrix ot well-graded, 
coarse-to tine sand, with a 
trace ot silt, medium 
pormeabUity. 



164.0 

189.0 

189.0 

, 
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Covered. 

Water surface in lUdutna Creek, 
altitude 768. 
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From To Thickness 
~ Ft. Ft. Formation 

0 1 1 l·Ioss and peat. 

1 81 80 Till (?), inaccessible clitt. 
SeetlS to be till similar to 
that described from 86 to 116 
feet, but more yellowish in 
color. 

81 86 s Cla71 light bll!.i.~h-gray, loan, 
sUt;r, thinl.y-l,101nated. 

86 116 30 Till, medium-gray, massive, fairly 
well-graded, cobblos, pebbles in 
a matrix of lean, silty, sandy 
clay. 

116 126 10 Sand, light yellowish-brown, tine .. 
SODe lay~s oven-grained, so~ 
poorlf-graded, some laJo~ clean, 
lOCO sUty. 

I 

126 lSO 24 Till, as from 86 to 116 !eot. 
In lower 10 !cot, there aro ma.r17 
laJers o! tinaly-laminatod, lean, 
silty clay 3 to 6 inches thick. 

150 23S 8S Gravel, gra.yish-bro'tlll, weathers to 
light yellowish-brow, stratitiocl, 
well-graded, cobblos to 6 inches, 
voll-gradod sand m3.trix, some 
lqors sJ.i&htl7 sUty, others c i.oan. 

235 \later surface ill .:::kl.utna Cro~k, 
altitude ?SO. 
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Meaeu· ·~ ~eo,.ogic section No. lS 

Frca 'ro Thickness 
Ft, Ft. Ft. Formation 

0 1 l Moss and peat. 

l 48 47 Till, light gra)'ish-butt, rather 
loose structure. tor tUl, tairl1 
well-graded, cobbles to 3 inches, 
lean, silt)', clar matrix, low 
permeability. 

48 as 37 Covered, 

as 170 as 'rill, · luish•gray, compact, impel"Yi-
oua, poorJ.3-graded, too much 
matrix ot lean, very silty clq. 
Bottom l2 teet is raintly strati-
tied silty clay with scattered 
pebbles and cobbles. 

170 283 113 Gravel, light 7ellowish-brown, well-
stratified, coarse, well-graded, 
cobbles to 6 inches 1 matrix of' 
well-graded coarse-to fine sand, 
some layers slight.lj" s:Uty 1 

others clean, medium-to high 
per:neabillty, stands in vertical 
banks, 

283 Uater surface in ~utna Creek, 
altitude 712, 
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Meas1.,r:~c ~ttologic Sf!tction No. 16 

Prca To Thickness 
Ft.. Pt. Pt. Formation 

0 1 1 · Moss and peat. 

l 32 31 T1ll, l.isht bluiah•sra;r, massive, 
impermeable, poorl¥-sraded, 
1D08tl7 matrix with scattered 
pebbles and cobbles, matrix ot 
lean, silt7 cl.q. 

32 ll2 80 Gravel, lisbt yellowish-brcnm, 
marked !oreset cross-bedding 
dipping dolm valley- at angles 
ot about 20 degrees, wll-
graded, coarse, cobbl~s to 6 
inches 1 matrix of clean sand, 
high permeability, stand in 
vertical clitta; in top 40 teet, 
there aro many lenticular beds 
ot darker bro1e1ish-gray composod 
ot tine gravel and clean, coarse, 
eroas-bedded sand, scattered 
lenses of silt, and ot clean, 
tine, even-grained sand. 

114 2 Sand, light yellowish-brown, strati-
tied, clean, medium, avon-zrain~d, 
some rusty grains, medium porm\3-
ability, 

126 12 Till, dark bluish-gr~, top 6 inches 
weathered yellowish-to brownish-
gray, vary hard, canpact, im-
pervious, coboles to 12 inches 1 
cobbles striated, poorly graded, 
more than enough matrix to till 
voids, catrix ot sandy, silty, 
lean clay, low permesbUity. 



126 232 106 

232 

' 
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Gravel, stands in vertical clltta 
over 200 teet hi&h, remarkabl7 
uniform; composed ot tollow.tns 
more or less lmtieul.ar strata: 
(1) sravel, light 7ellcnd.sh­
srq, coarse, wll-sraded, 
matrix sli&htl¥ siltr sand; 
(2) gravel, 'light bro'l'lish-&r&T, 
coarse, well-gradecl, matrix clean 
sand; (3) aand, in small lentUs, 
poorl)'-graded, coarse-to meclium, 
soae lentils clean, some sUt7, a . 
tw lantils ot tine sancl. &ltire 
mus is compact, resistant, has 
high permeability. Dips do...a­
atr~ 3 to S degrees. 

River surface in OOutna Creek, 
altitude 677. 



From 
Ft. 

0 

1 

16 

43 

127 

271 

To 
Ft. 

1 

16 

43 

127 

271 

278 
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1-leasurecl geologic section No. 17 

Thickness 
Ft .• 

1 

15 

84 

144 

7 

Foma~ion 

Moss and peat. 

Till, light brownish-gray, slightlJr 
stratified in places, compact, 
impervious, boulclers to 10 inches, 
matrix of lean sUty clay makes up 
estimated 40 percent, pebbles and 
cobbles sc~tter~ through. 

Interbedded layers t.nd ~ --nticular 
masses o!: (1) grave., mediuc 
78llowish-bro~, !airly \.rell­
graded, cobbles to 3 inches 1 

matrix sand that is clean in 
same lenses, silty in others; 
(2) sand, clean, coarse, well­
graded, or tine even-grained, 
both ciean ancJ. siJ.ty. All lenses 
;yellowish-brown in color; (J) 
silt, yellow-brown, sandy. 

Clay, light blue-gray, thinly­
laminated, strike N. 200 E., 
dip ) 0 11., le<-'~ .. siltj", tine­
grained, ~~r\~~~, scattered 
pebbles, thin sa.1d partings 1 
one massive ·oed 4 inches thick, 
impervious, occupies interval 
occu; ie.:l by g1•ay till in cany 
localit.ies. 

Gravd!s ar1 dlll!scri""'ed jn section 
No. 16 fMo J2 :-n ll2 feet. 
Dipping 200 ric1mstr~~W; high 
pa~eability. 

Scmd, light-tan, thinly laoinated, 
highly cross-bedded, f'ine, even­
srained, slight]¥ silty, lenti­
cular structure, encloses lenses 
o! coarse, clean sand and of tine 
gravel .• 
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,., 
278 367 89 Gravel, as described in 

soction No. 16 !rom. 126 to 
232 teet. Top C'Xltact is ., irregular and channeled to 

' depth of 3 teet. 
t •. . 

367 393 26 Covered by alluvial ran. 

393 • Water surface in .&cl.utna Creek, 
altitude 649. 
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1-leasurecl geologic section No. lS 

• 

Fran To Thickness 
Ft. Ft. Ft. Formation -

0 1 l l-ioss and peat, 

l 115 ll4 Till, light blue-·gray, massive, 
stony, ha.~, compact, impervious, 
boulders to 18 inches, fairly 
well-graded, pebbles and cobbles 
much striated, matrix of lea11 silty 
cl~; scattered small lenses ot silt; 
top .3 to 4 teet oxidized to a 
;yellowish-gray. 

115 226 lll Gravel, with t'oreset cross-bedding; 
as described in section No. 16 
~ 32 to ll2 feet. Dipping do1e1-
stream, high per.meabili~y. 

226 232 6 Gravel, ;yeUowish-brown, fine, scatter-
eel cobbles and boulders, poorly-graclecl, 
too much matru: of fine yellow sand, 
dense, compact, medium-to high 
permeability. 

232 238 6 Sand, light yellowish-brown and grJ-
br<Ml, thinly-laminated, extremely 
fine, even-grained, silty. 

238 250 12 Till, light bluish-grq, massive, 
compact, very hard, st0111, 'b ulde. •s 
to 12 inches, matrix of loan silt,r 
clq, impervious. 

~${:1 387 137 Gravel, stratified, as described in 
section No. 16 from 126 to 232 teet .. · 

387 486 99 Covered b;y alluvial tan. 

486 l'fater surface in Eklutna Creek, 
altitude 532. 
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Measured geologic section No. 19 

The entire section was well exposed in the verti~al walls ot 
a narrow side canyon. Ho !'lever, it was impossible to oxamino it 
above altitude 720 except by looking across from tho opposito sido, 
a. distance of about 100 yards. Hence, it was imposs.iblo to de­
termine it the horizontally stratified gra.vels and t ha stoeply­
dipping gr11vels were sopara.ted by thin stratu. of till and s.1nd as 
in sections 16, 171 and 18. The light bluish-gray material abov 
the steep~-dipping gravels could hJ.vo te.m ~itncr till or clay, as 
both have OC'-'Urrocl in this interval in othor geologic sections. 
No stratification could be observed from a dist:mc\! of abc,lt · 
300 yards. Above the bluish-gray bed arc more thnn 100 foot of 
grayish-brown deposits, probilbly either gravels or till. 

From 
Ft. 

0 

0 

28 

102 

To 
Ft. 

28 

102 

335 

• 

Thickness 
Ft. 

1oof 

28 

'/4 

233 

Formtltion 

Gravels or till, could net get 
close enough to deter.mine. 

Series of small water seeps. 

Till or cla,r (?}, light bluish­
gr:l.y, appears massive from 
dist:mce of :J.bout 100 y:u-ds. 

Gravel, with forese~ cross-bedding 
dipping downstream :J.t 3ll angle 
ot about 20 degrees. As de­
scribed in section No. 16 from 
32 to 112 feet, 

Gro.vel, light brownish-gro.y, 
horizonta.l.l:r stratified, fairly 
well-graded, cobbles to S inch6S, 
not much fine sand, traee ot 
silt, lenticular struct~·e ~t 
remarkably uniform over entire 
thickness) stands in vertical 
clitfs, :.ame as gravel de­
=cribed in section No. 16 from 
126 to ·232 feet, 
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335 337.5 2.5 TUl, ~ht brownish-grq, ccmpact 1 

impen""ious' boulders to 12 mcbee, 
san~ sUty clq matrix, fair~ 
well-grsded .. 

337.5 340 2.5 Interbedded strata of: 
(1) gravel, fine, with much coarse 
sar.d, p9bbles coated with rock 
no~; (2) sand, brolClish-srq, 
clean, s cattered pebbles to l inch; 
(3) sUt , light-butt 1 th~laminated; 
thi4 laminae of tine, even-grained 
sand, laminae made up of one thickness 
of pebbles up to 1/4-inch diameter. 

340 34S.5 5.5 Gravel, very coarse, fair]¥ well-sraded, 
matrix ot sand with just a trace of 
clqey silt, ~\Wiers up to 4 teet. 

345.5 367 2.1.5 Sand and tine gravel, lenticular 
structure, highly cross-bedded; 
(1) tine gravel with pebbles to 3/4-
inch, coarse to tine sand, wll- . 
p-aded, clean. These lentils make 
up 75 percent of deposit; (2) sand 
in lenses up to l2 inches thick ancl 
20 teet lons, poor~-graded, clean. 

367 372., s.s Covered. 

372.5 Water surface in ikl.utna Creek, 
altitude 472. 
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Measured geolosic sec~ion No. 20 

Frcm To Thiclcn~ss 
Pt, Ft,, Pt. Formatio:\ 

0 25 25 (est,) T!ll~ inaccessible, liaht brownish• 
grl:'f, appears massive 1 stony. 

25 2 Clq, light bro~ish-grq, lean, 
silt71 about horizontal, could 

. not get to it tor close exam-
nca.tion. 

S6 Gravel, lisht ;yeUowish-brolCl, 
poor]¥-to tairl7 well-graded, 
cobbles to 6 inches, sand matrix, 
looks like gravels described in 
section No, 16 tr.om 32 to U2 
teet. 

83 118 3S Interbedded layers ot: 
(1) sraval, lisht bro\llliah-srq, 
coarse, clean, !airl7 vell-sradect, 
in beds up to 2 teet· thick; 
(2) sand, light )"elloviah-to 
sraJish-bi"Oll\1 tine, even-sra.:lnecl 
to poor~ smdecl, both clean ancl 
silt7 1. in beds up to 2 teet thick; 
(3) aUt, lltlht-buf't, •~d7, in 
beds up to 6 inches thick. 

118 262 Gravel, light-to medium bro~ish-
~~ horizontallT stratified, 
fair~ well-graded, coarse, 
cobbles to 6 inches, matrix of 
well-graded clean sand; simi 1 ar 
to sravel describec:l in section 
No, 16 trom 126 to 232 teet. 

262 394 132 Covered. 

394 Water surface in Eklutna Creek, 
altitude 448. 
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Measured geologic section No. 21 

FJtcm To Thickness 
Pt,, Ft. Ft. F~~.tion 

To!J pm nf so:t.ior. i."la.ccessible 1 
eitinr graY~l or t.ill, 

0 25 25 (est,) Inte:-bece.a:! lP.yars of gravels, 
san'ia: ~.1 ~i.:ts. Ct'ulcl not get 
to them .fo!" e~~mination. 

25 26,S 1.~ Till, light brownish-gra.71 compact 1 
impe.'"'Vi.t:'US 1 fairly well-graded, 
stony, cobbles to 6 inches, 

26.5 28 l.S Interbedded lqers or li&ht-'butt 
aand7 silt and tine, even-srained 
sand. 

28 138 uo Gravel, sra1i•h-brom, atratitiecl, 
coarse, tair~ ·wel.l-sraded, cobbles· 
to 6 inches; matrix ot clean aancl. 

138 167 29 Covered, 

.. 167 \.ater surface in Eklutna Creek, 
altitude 370. 
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l!easured geologic section No •. 22 

From To Thiclcness 
Ft. Ft. Ft. Formation 

0 o.s o.s Moss and humus .. 

o.s 1.0 o.s Silt 1 ash-gray with streaks of 
yellow, light fluffy structure, 
sandy, nonplastic .. 

1.0 2,0 1.0 Sand, light yellowish-bro'Wf'l, fine, 
even-grained,. silty, non-stratified. 

2 18 16 Gravel, brownish-gray, stratified, 
fairly well-graded, scattered 
boulders to lS inches, matrix ot 
tine-to coarse sand, small lentils 
ot silt and sand, 

18 .38 20 Sand, light yellowiah-brown, tine 1 
even-grained, clean, . with lentils 
ar-.cl thin lqers ot butt 1 slightly 
clqey silt. 

38 81 4.3 Till, light grayish-brown, compact, 
impervious, fairly weLL-graded, 
matrix of silty clay- with medium-
to low plasticity, 

81 109 28 Gra.vol, brotC~ish-gray 1 coarse, poorly• 
graded, silty 1 with lenses of coarse 
sUty sand, . 

109 139 .30 Gravel, light brownish-gr~, coarse, 
clean, fairly well-graded, cobbles, 
to 10 inches, 

139 152 . 13 Interbeddtd lqers and lenses of: 
(1) sand, light broll'ftish-gray-, fine, 
even-grained.. both clean uxt silty; 
(2) sand, medium-gray, poorl¥-
fjaclecl, coarse to tine, clean; 

) sut, light-butt, thinly-
laminated, contorted, some laminae 
sandy, others clayey, 
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152 167 15 Covered. 

167 183 16 Gravel, llght-grar, fairly \'tell-
graded, cobbles to B inches, 
pebbles and cobbles coated with 
silty clq. 

183 193 10 Till, light gr¢sh-brown, comp;1ct 1 
impervious 1 fairly well-graded, 
slightly too much matrix or lean 
silty clay. 

193 208 15 Clay, light blus-gray1 massive, 
lean, silty, scatte_red pebbles and 
cobbles. 

208 258 so Covered. 

258 288 30 Gravel, light-gray, more yellowish 
on tre&b surf' ace 1 stratified, 
fairlr lrell-graded, cobbles to 6 
inches, :au.trix of fine sand with 

• trace ot sUt • 
' 

288 3S6 68 Covered; on left bank of ilclutna 
Creek, this interval 1a a vertical 
bank of gravel similar to that from 
233 to 263. 

356 \'later surface in Eklutna Creek, 
altitude 359 • 

• 
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