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GEOLOGY OF WATERPOWER SITES IN ALASKA 

GEOLOGY OF WATERPOWER SITES ON CRATER LAKE, 
LONG LAKE, AND SPEEL RIVER NEAR JUNEAU, ALASKA 

Tbe *ock type at the dtw far hydrnulic structures considered fn this re go^ 
Is moetly quarts dforlte containing varying proportions of hornblende and 
bfotite. 

The Urater Lake damsite is traverd by minor joints and tight Iractm 
bnt is not close enough to any major line of structnral weaknesa to be adverseIy 
affected and no leakage from the reservoir Is antlelpaterl. 

The Long U k e  damalte l a  falrly close to a major Ilneatlon and the ex@ 
IrMmck la mmewhat fractured. Exploratory drll l in~ will be reqniFed to deter- 
mlae the mamitude of frtactnrlng and whether or not foundation treatment 
will be necenaary. 

The S p l  River dameite p m n b  no apparently unfavorable geologic mndi- 
tlonn for construction of a dam, &Itbough the W r w k  ia iollnZed in plam. Tbe 
larm amount a i  wdimmt carded by the Spe l  River. however, raises a question 
atl to the pmbnble useful life of a memoir on thla stream and mmqnentlg 
a question ae to fea~llbllitg of deveIopment, Development of thiw site would 
require the constraction 01 a dam in the saddle between IdIan Lake and the 
$peel River. refelerred to as the Saddle damslte. The Saddle dmtmlte mag be 
underlain by an spprecinble t b l e k n w  of rnoralnal material. The valley walls 
are of qua& diorl te. 
On the bada of the prellrnlnary ezamlnatlon the sites InveetIgated seem to be 

gmIaglcallg ieaaible for the proposed ilttuctum needed for mwer development. 
The amount of  sediment carried by the Bpeel River and the depth to bMrock 
in the Saddle damsite area meg be detemnta to development of the S m l  River 
d te. 

INTRODUCTION 

This report d m i h  the geologic conditions at the location of pro- 
p a d  structures needed for the development of hydroelectric power 
from Cmhr Lake;, Lang Luke, ~ n d  the Speel River in the Speel A m  
area. T h e  fieldwork on which this mport is based mas conducted from 
June 20 to August 27,1952. 

The geology of southeastern Alaska is describd by Spancer and 
Wright (1906) ; and Buddington and Chapin (1929). 
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72 GEOLOGY OF WATERPOWER SmE8 IN W E V S  

The areas investigated are. within the Tonpss National Forest on 
the Alaska mainland about 42 miles by water south& of Juneau, at 
the heed of S p l  Arm of Port Snettish~m at about lak 58'10' N., and 
long. 133'40' W. The location of these nreas is shown on figure 14. 
These sites are briefly dexribed in a report prepared jointly by the 
Federal Power Commission and the US. Forest Sewice (1947). 

glannm ll.-Iudex mllp a h m U  the l a t i o n  of powerdbes In the B p l  A m  area. 
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CLXMATE AND -ETATIOH 

The climate of southeastern Alaska is chamhried by rnodemte 
temperatures at sea level, mild winters, cool summers, and heavy 
precipitnt.ion mostIy in the form of rain. The annual sdnfall aver- 
ages about, 142 inches at  Speel River. =m tempemtnm mur  infre- 
quently at or near swr level, and snow rarely accumulates to p a t  
depths, 

The forest cover extends from sea level to an altitude of about 2,500 
feet; most of the mmmescinl timber is within 2% mil= of tidewater. 
Except for wme of the very steep slopes, the area is covered with a 
dense growth of timber consisting mainly of hemlock and ~pruce. 
A den= m d e r p w t h  of sl~rubs, blueberry bushea, devilsclub, and 
shade-resistant small bushy trees occurs in the forests. On talus 
slopes and along the streams, tangled alder in mme places forms Rn 
almost impamable, barrier. The timbered area is broken by large 
muskegs which are not conducive to tree g o d .  

P O P ~ F I O N  awo rnUBTRT 

The nearest town is Juneau with a population in 1950 of 7,506. 
Them were no inhabitants in tha area investigatd. The principl 
industries in southeastern Alnskrt are sea fishing, lumbering, and 
al l id services. The potential waterpomer and the v& timber re- 
sources provide this area with unusual p ib i l i t i e s  for pulpmills and 
papermills. 

ACCPIYJ8IB~ITT - 

Them are no roads in the en tire area of this mport. Crater Lake, 
Long Lake, and Speel Arm can readily be reached by float planes. 
The lakes, however, are not dree of im until late July or early August 
and remain open for only 3 or 4 months. 

Crater Lake is 1,022 feet above sea level and may be reached by a 
stsep trail abovt lyz miles long from the head of Speel Arm. An- 
other trail, west of the point where Glacier Creek enters Speel Arm, 
extends to the outlet of I ~ n g  Lske, wh&h is 814 feet above sea bvel. 
Tkis t d  also trnverses the west side of First Lake find that of Sm- 
and Lake, which are 234 feet and 193 feet, respectively, above sea 
level. The trail f o m r l y  branched at the Long River, but the pah 
exhnding to Indim Lake is largely obliterated. A poor trail follows 
the right bank of the Speel River for a short distance below its junc- 
tion with the b r g  fiver. 

A powerplant at tidewater at the head of Speel Arm west of Gla- 
cier Creek could utilize water from Crater Lake, I ~ n g  Lake, and the 
Speel River. This plant site is accessible at high tide by h t a  of 
shrlIow draft. 
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The a m  is rugged and mountainous and at Spael Arm the forest 
corer extends from sea IeveI t o  the icecap. This dense forest p w t h  
is interrupted in places by muskeg where the bedrock presumably does 
not provide good drainage. In the bigher altitudes snow and ice 
persist tile year round and valley glaciers are common. It was noted 
that streams entering the lakes were clear ~t the time of the field 
investigations. 

The malls of the larger valIeys have; bean grooved by glaciers, and 
the ridges below altitudes of 4,500 feet have been rounded by mom- 
tain-ice-sheet glaciation during the Pleistocene epoch. Crnter and 
Long Lakes occupy hanging valleys, pmhbly left by the work of the 
Cordilleran glacier comp1ex. It is dificult to tell whether the I~rger 
valleys were formed as a result of n single gIacier moving northwnsd 
toward the Sped River or by two arms, one moving southe~stward 
and the other northward. Thie presence of rt glacitll lake during or 
after the Pleistocene in the valley of the First and Second h k e s  is 
indicahd by varved-clay deposits at two points: one nenr the head 
of First Lake nnd the other northwest of it. A glncier moving down 
the Speel River valley toward Port Snettisham may have formed n 
l&a which provided the relatively quiet water nmes~~rg  for deposi- 
tion of the varved beds; 

The Speel River is a braided stream both above and below the 
cixnyon wct,ion downstream from the month of the Long River, and 
it carries a considemble amount of sediment d~rived from glaciera at  

' 

its ~ u m .  The stream is about 100 feet wide at the first gorge down- 
stream from the mouth of the h n g  River, then it widma to about 
700 feet or more before plunging through tt second gorge which is 
about 25 fmt wide at the upper end. The darnsite considered on the 
S p l  River is in the first gorge. About a quarhr of a miIe farther 
dowmtrenm the entim river plunges through a deep crevice which is 
narrow enough for a man to leap acmss when the river is not at f l d  
stage. High tides affect the river b l o w  this point, which is less than 
5 miles from Speel Arm. It would be difficult to navigate this river 
any great distance above the mouth because of sand and gravel barn 
and the swift current. Abve  the darnsite the river level has a diurnal 
fluctuation of aa much 8s 5 feet owing primarily to the diurnal tern- 
perature variation and its resultant effect on the glaciers and snow- 
fields. The braided channala change locations rapidly with the shift- 
ing of sand and gravel bars in this part of the river. 

The tidal flats at the head of Speel Arm are extensive, ranging in 
width from 1h to 1 mile, a result of the pronounced tidal range 
which averages 13 feet md at times is a9 much as 19 feet, The mate- 
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r id  in these flats has probably been carried by tidal adion from the 
delta at the mouth of the Speel River. These extensive  flat^ are of 
particular concern in planning wharf facilities for the delivery of 
construction equipment and materials. 

Crater Lake (pl. 7) is about 2 miles long and over 400 feet deep in its 
deepest part. The maximum depth observed, 414 feet, was about two- 
thirds the distance from the upper end of the lake. From this point to 
the outlet the lake becomes progressively shallower. The lake occupies 
a narrow trough about half a mile wide wit,h steep to vertical sides. 
At the lower end, mainly north of the outlet, a well-rounded ridge 
whose crest is 400 feet above the lake extends between the high valley 
walls; probably pLglacia1 erosion cut through this ridge. From 
the steep vertically walled ctbnyon at the outlet of the lake Crater 
Creek descends to Speel A m .  Beginning at a point about 4,000 feet 
west of the outIet, glacinl grooves on the walls adjacent to tke lake 
are inclined upward as much as 3 O  to 5", indicating that the upper ice, 
moving eastward, may have ridden over the slower moving debrisr 
laden ice on what is now the Iake bottom. It is noteworthy that the 
point at which this inclination first occurs coincidm with the p a t &  
depth munded in the present lake. The high well-rounded horn- 
blendequartz diorite ridge and its smaller counterpart, which form 
the east boundary of the lake, presumably were left as rs lip at the end 
of the valley when the valley glacier d m n d e d  toward Spael Arm or 
joined the trunk glacier moving down the S p e l  River valley toward 
S p d  Arm. The walls of the valley of the Speel River have k n  
grooved by the main glacier, 

The valley between Speel Arm and the Long River, in which First 
and Second Lakes are located, and the coi~t.inuance of this depressed 
area northward through Indian Lake toward the Speel River, premnt 
several pmblems beyond the scope of this report which are too in- 
volved to be determined in a short field wason. However, a brief dis- 
cussion of the probable physiographic history of this  area is justifid 
in view of its bearing on the l a t i o n  of two prospedive damits: 
one on the S p l  River and one in the valley or saddle previously 
mentioned. The origin of s a m ~  of the p m n t  topographic features i s  
postulated on admittedly limited investigation. 

It will be noted (pl. 7) thtat Glacier Creek flows into Speel A m  
rather than northward toward the h n g  River. The sharp rise, how- 
ever, from Glacier C m k  valley to the basin of First Laka causes the 
drainage in the valley of First and Second Lakes to flow northward 
to join the Long River near the head of Indian Lake, which is at R n  

altitude of 177 feet. The alt,itude of First hike is 234 feet and  at 
of Second Lake is 193 feet. Glacial grooves were noted as high as an 
altitude of about 300 feet on the walls of the valley of First and Sec- 

b l O S 0 8  0 - 62 - 2 



ond Lakm. The large hill which flanks the east banks of First and 
Second L a k ,  also of Indian Lake, is well rounded and grooved. The 
arm between the outlet or northeast end of Indian Lake and the Speel 
River is a low-rounded divide, a large part of which is muskeg. The 
m u m c e  of bedrock at and close to the surface along the h n g  River 
seems tu indicate that this divide is similar in origin to a threshold 
(Flint, 1947) that wns caused probably by n decrease in erosive nction 
of the tributary glacier from the valley of First nnd Second Ifikes 
when it met the larger glacier floving down the Speel River. The 
divide is about 30 feet higher than Indian Lake according te the Taku 
River A-5 quadrmgle map. 

The river at the damsite on the Speel River, at what has been desig- 
nated the First gorge, is nt a slightly lower altitude than Indian Lake. 
After paming through this gorp the river flows through two succes- 
sively narrower gorga which xlre designated the Semnd and Third 
gorges. Examination of aerial photopphs and the present reconnais- 
sance of this area reveal no mtbjor fault which directly might caase 
this sucxession of gorges or the rather sharp eastward bend of the 
Speel River through the narrow valley. The Indian Lwke gl~cier may 
have confined the flow of water from the Speel River glacier to a , 

nwrow channel along the common boundary of the glaciers in order 
ta erode the three very narrow gorges on the Speel River. During its 
maximurn advance the Speel River glacier apparently scoured out 
severnl rock basins upstream from each of the three gorges of the pres- 
ent Speel River, and the debris-laden stream cut t h r o u ~ h  these basins 
along linw of wedmess in the bedrock or through zones of softer 
rock, such as gneiss or schist in roof pendants n o w  in this vicinity. 

The altitude of the river surface near the damsite in the First gorge 
rmps from 150 to 160 feet, that of Smond Lake is I93 feet, and thnt 
of First Lake is 234 feet. A tilting of the valley northward, or deep 
erosion by a glacier or gl~ciers that occupied the valleys of First, 
Second, and Indian Lakes may be p&ulatd. Whxtever the mgimens 
.of the glaciers in this area might have been, they exerted a definite in- 
fluence on the course of the Speel River in its path to the sea, causing it 
to avoid the mom direct mute through Indian Lake, 

Long Laks (pl. 7) is abont ,% miles long and its deepest part is 
abut  4'10 feet deep. The north side of the lake has a fairly maoth 
shoreline, but the muth shoreline is marked in its western half by two 
prominent peninsula whose origin may have been due partly 'to fault- 
ing and partly to a tribuhry glacier, a remnant of which eexits on that 
side of the lake. T h e  stmp to ~ertical walls of the lake ham been 
grooved by a glacier flowing eestwad, as indicated by friction cracks 
in the walls of the lake. As at Cmhr Lake, a transverse ridge exists 
at the lower or outlet end of Long h k a  where the damsite is l w k d .  
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The Long Lake ridge is much Tower, however, than the ridge at the 
outbt of Crater Lake. This is pmhbly due to the more extensive 
glacier in the former drain* basin rather than isostatic rebound in 
the Crater Lake area. 

GENERAL QEOLOQY 

The geology of the Port Snettish~lrn area, including Speel Arm and 
vicinity, is described briefly by Spencer and Wright (1906) and Bud- 
dington and Chapin (1089). The fieldwork on which their reports 
were based included geologic mapping inland about as far as the 
head of Sped Arm. East of this point the ge~logy of t h ~  region is 
not mapped. The earlier geologic mapping by Spencer and Wright 
within the area of this report included Cmter and Long hkes, but 
the mapping by Ruddingtorl and Chapin included only Cmhr Lake. 

Plate 7 is a geologic map resulting from reconnaissance: work by 
the miter during the summer of 1052. Samples of bedrock were 
taken at fairly regular intervals at the damsites, near the tunnel 
courses, and in the m r v o i r  nrea for further examination. The 
geology of the p m p d  darn and tunnel sites will be discus& follow- 
ing the description of ths general geology of the area as a whole. 

X C ) ~ T J 8  EOcm 

The predominant rocks of the Pork Snettisham area am quartz dio- 
rite of the composite Coast h n g a  'batholith and gneisses and schists 
of the metamorphic-complex belt lying adjacent to the batholith and 
the Juneau syncline. The Juneau syncline is referred to as the 
Seymour psyncline by P a p e  (1955). The quartz diorite intrusive 
mass is oontaminated with varying amounts of inclnsions which are 
remnants or assirniEation products that resulted from the bmaking up 
or disintegration of xhist. In  the area investigated, and in the 
vicinity of the S p l :  River damsite in particular, relatively pwm thin 
b& or stringers of marble m u r  locally, and these are intarpreted as 
roof pendants that remain from the stoping action of the intmsive 
diorita mms.  The dominant varietal minerals in the quartz diorih 
am hornblende and biotite and the quantity of thwe mafic minerals 
varies cansidembly in the a m s  examined. Swples were taken 
within each drainage basin to provide data for later thin-=tion 
examhation. 

The texture of this quartz diorih r a n p  from fine to medium 
grained, and the fabric commonly is equignnular. I t  is considered to 
be of Sate Jurassic or Early Cretaceous age, 

m A M O R B H I U  BOCm 

M&mrphic m k s  occm in R few isolated patchw. The Principal 
locality of metamorphic rocks observsd maa that near the damaite on 



the Speel River where d l  blocks of gneiss have. been &rnilatd in 
the hornblende-quartz diorita mass. The intewlated beds or string- 
em of marble in the blocks of g n k  m m g ~  from half an inch to as 
much ss 6 inches in th icknw The main belt of metamorphic m k s  
lies to the west snd south of the a m  hem mnsidererE and consist prin- 
cipally of gneisses, schists, slat- m d  quarhites. 

Them has been some alteration of the quartz diorite, and flow stmc- 
turn am immmon. In Borne areas lineation and foliation are also very 
common and the m k  is somewhat gneissic in character. The ~ g a  of 
the mcka in the metamorphic belt is Carboniferous. 

In the valleys st the heada of the lakes and in the bmad valley of 
the Speel River unconsolidated sand, gravel, and boulder deposits of 
hornblende-quartz diorite form the valley floor. Large blocks or 
boulders of quartz diorite quarried by glacial &on occur in some of 
the valleys as lateral and and moraines and eskers. Large debria 
coneg have accumulated in many places where the major streams or 
drainage courses from the steep mountains debouch on the rel~tively 
flat valley floors. In poorly drained areas the mud, silt, and decaying 
vegetation combins to form swamps. Large amounts of rmk flour 
and glacial sediments am transported by the Speel River. During 
rainy periods streams entering the lakes carry a noticeable amount 
of h e  sediments. 

BTBUCZrTBE 

The four damsites considered am within or nem the west edge of a 
batholithic intrusion, 

Evidence of faultiw was observed at one locality but i t  was not 
p i b l e  to determine the amount of movement. Plate 7 shows the 
principal line of wwaaknem; it WM mapped partly on the &s of 
field examination and partly from inferred topgraphic exp-ion ss 
revealed by a study of aerial photographs. In several localities these 
Iineamnts disappesmd within ml at ivsl y short distanw in the quarkz 
diorilte msas, and in most places it mas difficult to follow their trsm 
because of fomst cover. Joints were mostly vertical or m p  and 
widely s p d .  Some slickensides were observed in are= near the 
western part of the Coast Range batholith. 

The Preliminary Seismic Probability Map of the United States, 
compiled in September 1950 (unpublished) by the Coast and b 
detic Survey, indicates that these damsites sre on the west edge of 
zone I which is considered an area of only moderate seismic activity. 
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Nevertheless, the design of structum for power development in this 
rcrea should tnke into consideration the probable sfffects of earthquakes. 

OEOLOOY OF PROBABLE POWJ3RSSITEB 

Plans for power development are daribed by Johnson (1962). 
Two general plans of development hrrve been proposed: water from 
Crater Ink&, Long Lake, and the Speel River would be diverted by 
tunnels and penstock to a single powerhouse located on or near the 
shore of S p I  Arm about half s mile west of the mouth of Glacier 
Creek; or water from the three sources would be diverted to individual 
powerhouses. In the gecond plan the powerhouse for Crater Lake 
would be located n a r  the head of the embapent about half a mile 
southwest of the moutll of Crater Creek; for h n g  Lake it would be 
on or near the T ~ n g  River to % mimile upstream from the head of 
Indian Lake; nnd for the Speel River sither on the north shore of 
Spsel Arm about hnlf a mile northeast of the mouth of Glacier Creek 
or on the right bank of the Speel River about half tl mile downstream 
from the dnrnsite thereon. The alternate tunnel courses rtre shown 
by da~hed lines on plate 7. 

The first plan provides cert~in advantlages from the standpoint of 
construction, opera tion, nnd tmnsmission. The second plan, although 
requiring three individual powerhouses, quire s  rt much shorter ag- 
w t a  length of tunnels which may outweigh the advantages of the 
first plan. Either plan requires the development of stow to equal- 
ize the streamflow. At Crater h k e  and Long Lake storage could be 
developed by : (a) the construction of dams at the lake outlets to raim 
the water above the natural lake lewl; (b) drawing the lakes below 
their natural levels; and (c) a combination of the two methods. The 
second method eliminates the need for a dam, and under the third 
method s d m  of lesser height would be required than under the first 
method. The 4ecand and third methds  do not provide as p t  a head 
for power develaprnent as the first. 

The fieldwork for this report was directed primarily toward m eval- 
uation of the geoIogic conditions relating to the first plan of develop- 
ment (a)  described above. The information obtained, however, also 
permits an appraisal of the alternative plan (b)  as suggested Four 
dmites, deignatnd ns Crater Lake, Long Lake, Speel River, and 
Saddle, were examined during the 1952 field season along with the 
three reservoir sites and the probable tunnel routes from these three 
reservoir sites to a common powerhouse site locahd on tidewater. The 
location of the four darnsites and t.he suggested tunnel routes are 
shown on plate 7. 

The prop& tunnel routm, as indicated on plate 7, are dl an the 
wwt slop of a steep-sided valley and would traverse f rsctured rock 
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adjacent to the valIey of First and Second Lakes ~ n d  the Iong 
River. Alternate tunnet routes are possible if some other powerhouse 
Imtion should prove more feasible or if two or three powerhouses nre 
used instead of one. 
The examination of the dsmsites and reservoir sites was mnducted 

to an altitude that would be well above the probable maximlzm flow- 
line of any of the mrvo ir  sites under consideration. 
The tunnel rouk are plotted as straight lines in a dimtion that is 

intenaed to avoid the deep ravines or canyons (pl. 7).  These tunnel 
route% however, intsmt t h m  fracturad a m s :  one mghly following 
the Long River, another about 1 mile south of tb Zong River, and a 
third west of the valley containing First and Second Lakes. The 
tunnel headings for the Cmter Lake and Long Lake raservoir sites 
mould be near the bke outlets and thow for the Speel River nmrvoir 
site would be near the dam in the saddle area near First h k e .  The 
remwoir levels might vary as much as 150 to 200 feet, and the tunnels 
must ba capable of withstand in^ the hydraulic prcmum under them 
maximum heads of water. Sections along the pmpased tmnel mute 
are shown on figures 16,18, snd 22. These illustrative &ions con- 
template tunnels with only sufficient p d i e n t s  to meet the hydmulic 
demands, and they terminate in an underground pstmk. 

The character of t.he mlk beneat.11 the surfam is inferred on the 
bmis of field invmtiptions snd lahmtory study of samples obtained 
near the propod tunneI courses. The rock is part of the Coast Range 
batholith and no met.amorphic rock was observed along the tunnel 
routes. Consequently the tunnels would prob~bly be driven through 
rock of uniform composition. The rock is consided competent lo 
withstand tmeE openings nnd the hydraulic pressure caused by the 
nmimurn resemoix level. T h e  tunnel courses mere selmted and the 
profiles prepared from the topographic mnp. The locations of the 
penst& were selected to assure a minimum cover sf 100 to 200 feet 
of m k  in place. 
The engineering geology af each darnsite and tunnel site discllssed in 

the following p a p  is the result of reconnaissance in these areas, A 
more detailed examination aided by drill-hole data must be made prior 
to planning for construction. The throe reservoirs would be in im- 
pmious mcks tbnd, although they are affected by joints or lines of 
weakness, it is believed that them are no structural or geologic condi- 
tions which would cause abnormal leakage from them. The zones 
of wealmew are believed to be virtually impervious to percolation 
of water. 
The geology of the damsitas, cross sections along the probable axis 

of each site, and sections along the tentative tunnel routes &re shown 
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on figures 16, 18, 20, and 22. The topography of each of the four 
dnmsike amas ia shown on sheet 2 of the river-survey map entitled, 
b L F l ~ n  and profile, Cmhr Lake and vicinity near Juneau, Alaska, with 
damsitq" published by the '11.5. Geological Suwey in 1952. In the 
illustrrttions in this report on1 y 60-foot contours have been shown on 
the darnsite maps. Masonry or rockfill dams could be constructad 
a t w h  of the four sites. 

CRATER IAXE POWERSITE 

TOFOQRAPEY 

Crater Lake is at an nltitude of 1,022 feet and has a drainage arm 
of 11.4 mile& 

The catchment basin above Crater Lnke has the appearance of a 
glaciated valley that has lateral momines partly prasemd along the 
valley walls and a small end moraine on the valley fl mr about half a 
mile wmt of the lake. Crater Creek, above the lake, is a braided 
stm~n threading its way between glncinl gmvel and boulders. There 
is a large rockslide on the left bank ~ h u t  half a mile from the head 
of the lake. Talus slopes am composed of large angular boulders, but 
the location of the major sccurnulations seem to coincide with the 
faults or crevices common to the peripheml zone sf the Coast Range 
batholith. Except for the alder and brush on the relatively flat valley 
floor, there is very little forest growth in the upper valley of Crater 
Cmk. 

At least three partly develop3 cirques form part of the upper 
valley of Crater Cmk.  Snow was present in these cirques as I R ~  
as August 27, 1952. Melt water from snow and from the ice which 
csps the surrounding ridges and the runoff from frequenh rains flow 
inta either Cmter Creek or Crater Lrrke. The walls of the lake are 
steep and a m  timbered where the s l o p  are not too precjpitous. 
Seveml mhl ides  have occurred around the borders of the lake. 

Gfghr Creek, which drains Cmtw Lake, is 1.4 milas long and 
empties into an embrapent of S p l  Arm. Owing to  a Pall of more 
thm 1,000 feet, the creek has many mscrsdes along i t s  course. 

Rock types.-The dominant rock of the reservoir area is hornblende- 
quartz diorite of the Cmst Rmga batholith (pl. 7).  The content. of 
femrnqpesisn minerals, mainly hornblende and biotite, varies 
slightly from place to place. On the south side of the lake these dark 
minerals increase where ths rock exhibits rather intricate flow 
structure and attains a gneissic appearance. 

At the outlet of the lake a large block of quartz diorite has slumped 
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from the right bank, probably as a result of frost action md jointing 
in the locrtlity. Flow structum is prevalent at this point. Several 
hundred feet north of the outlet the rock becomes more mamly 
orys tdhe  and lighter in mlar owing to duction in the amount of 
hornblende. On the side of the lake west of the outlet, the quartz 
diorite is also Iight colored and h e  grained, and is penetrated by small 
quartz veins. About a quarbr of a mile farther west on the north 
side of the lake, biotite is abundant in the quartz diorita. From this 
point to the head of the lake the camposition of #0 quartz diorita is 
about the average for the region. The upper valley of Crater C m k  
waa investigated at points about 200 feet abve the lake level, and 
the emtire upper valley seems to be hornblende-quartz diarite alm. 
8hwcture.-Evidence of folding was uncommon in the area. In- 

folded orysh11'me gneiss or schist was observ~dl only at the Speel River 
damsite, and, this occurrenm is probably a roof pendant. Sporadic 
occumnm of gneissic structure were also noted elsewhere. 

The principal zorreg of w e a h m  are shown on plat8 7, Tha magni- 
tude or direction of movement wtts indeterminable in most g l m ~  
bemuse of forest cover, difficulty of access, and lack of definite G O -  

relation. These lineaments am shown by dotted lines where they are 
mnceald and by dashes where they are plainly visible on aerial photo- 
graphs. The lineament along Crater Creek from tideland westward 
waa not identified t& the lnke. Schistmity, lineation, and flow struc- 
tures of the quartz diorite on the south side of the Iake near the outlet 
are evident. 
In the upper valley of Cmter Greek jointing and f rtrcturing are more 

intern. The most pronounced f raictuking trends N. 60" E. and dips 
slightly away from verkical toward the south. These zones are 
generally slickensided. 

Large vertical crevices in the bedrock were noted in the north wall 
about 200 or 400 feet east of the outlet. On the nearly vertical south 
wall east of the outlet no definite amngernenh of fractures w m  evi- 
dent. The general direction of the south face is N. 75" E. It is not 
e smooth faw and lsbrge blocks have been weathered or plucked out 
of it. About 200 feet above the outlet there is a bench above which 
glacid grooving is pronounced. 

Evidence mvealed by aerirtl photographs and field examination in- 
dicates that a topographically well-defined lineament roughly parallel 
to Glacier Creek m y  be more or less continuous southwestwttrd 
across the Crater h k a  basin. At the end of the lake two linearnenb 
roughly pmllel td Glacier Creek are intersected by a transvem one 
trending northwestwnrd. A distinct lineament on the west side of 
the vaUey of First and Second Lakes pawm near the pint where 
Crater Cmk debouches on the tidal flat, 
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DAM SITE POWTQDkTKOX 

The darnsite at the o~ttlet of the lake is in hornblende-quartz diorite 
broken by northmestward-tre~~ding vertical joints or fractures. 
Only minor fractures were observed mllich intersected the principal 
joints or frnctures. The principal fractures are transverse to the 
streamflow rtnd couId be grouted to prevent possible ledage.  These 
joints and the geology of the site ~m shown on figure 15. The 
foundation and abutments would be in hornblende-quartz diorite 
which shouId be capable of supporting a dam 150 to 200 feet high. 
Leakage around the darnsite seems unlikely, and, b a d  on conditions 
observed in the field, no damage from rockslides or snowslides is 
anticipated. 

The Crater h k e  damsite (figs. 15, 16) is consided suitable for 
either a masonry or a fill type of dam. The ,use of the latter, how- 
ever, would depend on the availability of suitabla materials. 

SPILLWAY 

For a nonoveflow type of dam the location of the spillway may be 
on either bank. A location on the left bank or north wall will crfler 
the feast difficulty in con~tmction as it is not as steep as the right 
bank. 

An overflow type of spillway mtty be located near the middle of 
the dam to utilize the original stream channel. The flow from such 
a spillway would not cause excessive erosion as the quartz diorite 
crops out continuously along Crater Creek to Speel Arm. A spillway 
tunnel might be utilized to avoid ice jamming at the surface if spill- 
way discharge were to occur whiIe the lake was st.ill ice covered. 

The reservoir area of Crater Tlake is entirely in quartz diorite. 
The jointing or fracturing within the reservoir area is not considemd 
of sufficient magnitude or of such clzaracter as to causa leakage. Tha 
upper valley of Crater Creek contnias dluvium (pl. 7 )  in part m- 
worked by the stream but largely deposited by the valley glacier to 
an unknown depth. 

The valley walls around most of the lake are steep and in places 
dmost vertical. Near the head of the lake on the soutll bank there 
are large snowslides and mkslides. A few strenms, which carny 
boulders rtnd debris enter the lake on tho north side. Thew ia no evi- 
dence of snows1 ides of  nny consequence from the ridge ncross t h e  out- 
let end of the lake, hndslides are not believed to pose a damage; 
threat to the proposed reservoir or power facilities. Erosion by .frost 
and ice action may result. in some movement of large blocks of rock 
into the lake, 
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Scattemd brush and alder grow in the upper valley of Crater Creek 
on the ~ u v i u m  and Pleistmne or post -Pleistocene glacial deposits. 
A small welI-preserved terminal moraine occupies the floor of the 
valley south of the ckek aud about half R mile west of the lake. East- 
ward from this p in t  there are remnants of Intern1 moraines, small 
mkers, md deposits built by preglacial streams. The upper end of 
the valley was largely snow covered from the previous winter season 
at the time of the field investigations in 1952. 
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EXPLANATION 
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The spame timber on the slopes of the lake basin up to the maxi- 
mum level of the proposed reservoir would present no openttional . 
problems. 
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mmL 

A profile of the probable tunnaI route, E-F, from Crnter Lake to 
tidewater at Speel Arm is shown on figure 16. The profile TRS derived 
from sheet 1 of the river-survey map "Plnn and profile, Crnter Lake 
and vicinity near Juneau, Alaskn, with dnm sites," published by the 
U.S. Geological Survey, 1952. 

The suggested tunnel routs wonld intersect the lineation, plotted 
about 1,500 feet east; of the I~ke, whiclr is pnrnllel to n well-defined 
joint set, but the wallrock is considered c~pnbie of maintaining the 
tunnel openingg. Another line of wenknem is shown on the profile 
a b u t  800 fest from Speel Arm. Retween Gl~cier  Creek and Crnter 
Creek sets of joints have m l t e d  in successively lower rows of blocks 
of quartz diorite on the west side of the valley of First and Second 
Lakes. This zone of we~kness may cause some difficulty in driving 
tunnels in this area, because of frrtctum and the possibility that the 
blocks might settle. The length of the t11nne1 f m m  the lake to the 
powerhouse would be about 1% miles. 

Other than the zones of wenkness or joint sets dewribad, no a m  of 
unstable rmk mere observed and no other ai~fnvomble geologic or 
engineering conditions are believed to exist nlong the tunlrel routes. 
If Crater Lake were to be developed independently, n p o v e r l ~ o u ~  

site could be selected at some point near the head of the embmyrne~~t 
about 2,000 feet sauthwegt from the mouth of Crnter Creek. The 
conduit route from this point to n p i n t  oa Cmter I ~ k e  500 to 1,000 
feet southwest of the outlet would have an overnll length of nho~rt. 
4,200 feet, 1,300 feet of wl~ich would he tunnel and 2,900 feet penstork. 
The tunnel might intersect one joint system nenr its hending and the 
penstock would c r m  another set of joints near the pwerhouse, but i t  
is assumed that the tunnel would be under R minimum cover of 100 
feet of d in plam 

T h e  warn aggregate for concrete constnlct ion could be obtnined 
by quarrying and c n ~ s i ~ i n g  t.11~ qt~nrtz rliorite rock in the vicinity of 
l,he dmnsite. Sand and gravel, derive$ mninly from biotite- or holm- 
blmdequartz diorite, may be obtninnbla in the v a l l ~ y  upsti-enm imm 
Crater Lake. If  this source is nn~tisfactory another pmsilility 
wonld be from points along S p l  A m .  The conme rnnterint for n fill 
type of dam could trlso be obtained by quarrying ~ n d  cn~shing m k  
in the viciniQ of the site. The finer materinls ~qu ired  for a fill type 
of dam am not svailnble in the immdinte vicinity of dke site, Pwi- 
ble sources wodd be the wlley upstrenrn fmm the lake or f f-om poi t i ts 
1t10ng S p l  Arm. 
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TOPWR- 

The catchment basin above Long h k e  is a typical glacial valley. 
It was formed by Pleistc-wne glaciation and is at present being modi- 
fied by t h m  valley gIaciem, the l a r e  of which is at  the headwaters 
of the h n g  River. The melt water from these glaciers and from 
the permanent icecap feeds into this basin and into X ~ n g  Lake. 

The valley flmr at the hend of Long I ~ k e  is re l~ ive ly  flat and the 
T ~ n g  River is a braided stream with several channels which thread 
through the p v e l  and sandb~rs formed of glacial outwash. Where 
s t m m  cutting is not active the valley is covered by a dense bng ld  
,mwth of alder and brush. 
The sides of the valley are steep and there am many large mow- 

slid= and mkslides which am difficult to cross. Tlla slopes below 
tho permanent imap support a fairly dense growth of timber exmpt 
where the valley walls ara nearly vert.ica1 or where the slopes have 
been denuded by snowslides. 

Rmh types.-The rock at the p m p d  damsite is quartz diorite 
wntaining hornblende and biotite, the =mess the rock that surrods  
h n g  Lake. In places the m k  has a gneissic appeamnce. Rmk mm- 
plw were tsken st  different points along the shore of h n g  L a b  and 
~Eso in the vnlley above the lake. 

The rock on the north side of b n g  Lake immediately west of the 
outlet is hornblendequartz dforite with only a minor proportion of 
biotite. Between this p i n t  and the first lineament west of the outlet 
rock dhration h m e s  more pronounced. Flow &ruckurn are evi- 
dent. A sample wwt of the second 1 i neament west of the out let showed 
quartz diorite with hornblende as an accessory mineral. Between 
these two lineamenta on the north side of the lake dark-colored mks 
sre predominant. W e t  of the fourth lineament on the north side 
Imng Lake (pl. 73 the rock is fine p i n e d .  The joint.inp at this point 
strikes N. 50" E. and dips about 30" toward the lake. The m k  of the 
valley walls above the head of the lake in the upper valley of the h g  
River is mainly hornblendequartz diorite, On the muth side of the 
I~ke the changes in color and codposition of the rocks westward are 
similar to those on the north side, 

Strucm6,The lineaments ~hown on plate ? were examined where 
they inters& the lake, and their continuance beyond those points was 
verified by asrial photographs. 

Only one zone of weakness might affect construction, and this m- 
curs muthwmt of the outlet of the lake. Many fractures occur in the 
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rock l~djacent to the south abutment of the damsite and in the damsite 
foundnkion. This lineament probably continues an tha mt,hern side 
of Indian Lab. 

DAMBTI?B FOWWDATIOW 

Tha proximity of ths h n g  Lake damsite to the fractured quartz 
diorite at the oublst of the lake requires that it be thoroughly explored 
by drilling as the first shp in any plans for development. 

The bedrock is chiefly quartz diorite containing biotite with minor 
amounts of hornblende and quartz in small veins and stringers. There 
is rn slight lamination of the dark minerals present, mainly in the 
m k  on the south side of the damsits. The geology of the Lana Sake 
damsite and a geologic section along the axis of the probable dam are 
shown on figures 17, 18, on which the major intersecting joints or 
fractures are also indicztd. Them iis doubt as to the continuity of 
the fractures at depth, bu6 as indicated by observations downstream 

LONG LAKE 
Y a a14 
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and at the damsite, excessive leakage may be induced by the north- 
westwad-tmdimg fractum at the outlet unlm extensive scaling or 
removal of perhaps 20 to 50 feet of bedrock is done in addition t.a 
grouting. Am extensive drilling p q p m  will be necessary to deker- 
mine how deep these fmdmres extend and whether excessive leakage 
may b expected. If exploratory drilling verifies the lack of an im- 
pervious foundation it may be possible to select another site about 150 
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feet downstream to avoid this fractured ares, Such a location would 
add about 50 feet to the height of the required dam. 

As pointed out above, there is some question as to the conditions in 
the channel part of the cross section. The abutments, however, appear 
to be entirely stttisfactory and should be adequate to support a dam 
aa much as 200 feet high. This lake is ice covered during 7 to 8 
months of the year and the effects of the ice must be considered in any 
dmign. 

BPILXIWAlll 

The selection of a lmtion for the spillway will depend on the type 
and height of dam planned For a nonovedow t,ype of d m  it seems, 
from a gmlogio viewpoint, that the spillway could IM lmted on either 
bank, Erosion of the weam channel by discharge from the spillway 
would not be extensive because the quartz diorita crops out in the 
gtream chamel at the damsite and at least 500 feet downstream from it. 

It was mentioned earlier that the bedrock of the h n g  Lake reeervoir 
area is quartz diorite with biotite or hornblende as the principal 
acamory mine& The major part of this rock is lacking in pemnea- 
bilitg. The joints or fractures within the memoir area me not 
considered exbaive enough to cause leak%* ; however, the movement 
along the northeastward-trending lineament immediatdy south of the 
outlet of the lake may have been acmmpanied by fracturing which 
would render the roc$ unable to impound watm. Exploratory drilling 
of this ape& will be necessary to determine whether or not treatment 
will be required to prevent leakage. Plate 7 shows the relation of the 
principal lineaments to the rmrvoir area, the extent of the alluvium 
in the upper valley of the Long River which is the reworked outwash 
of a large glacier at the head of the valley, and glacial deposits of 
unknown thickrim from other sources. 

Remnants of lahml moraines are present along the south side of 
the upper valley md ~t the head of the lake along the weat side of the 
peninsula ( pl. 7). A small end moraine occurs at the outlet of the 
small lake &out 1 mile southwest of the head of Long Lake. The 
upper end of this lake is at the terminus of a glacier. Several long 
talus slopes and rmkslides mere noted in the upper valley. The steep 
lower dopes of the valley are barren of vegetation, but the valley floor 
is covered with thick p w t h  of willows, alder, and brush 8 or 10 
feet high. 

Evidence- of snowslides was observed at several points along the 
lake, but the probability of future slides is not mnsidered a hazard 
ia the memoir. From the lake to a height of 50 feet or more the 
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slopes %re pnemlly hxmn and little clearing of timber would be 
requirad. 

Exhnsive sxploratory drilling wms ne-ry in the vicinity ?f 
the outlet of the lake to determine the extent of the separation of 
bedrock along the lines of weakness indicated. 

A profile, F-G, of the probable tunnel mute would intemt the 
main fractum zone near the h n g  River within 1,000 feet, of the lake 
(pl. 7).  Between the lake and this zone unstable sack may be present. 
Between these fmetum mnes and the head of the penstock the tunnel 
would run through relatively undisturbed rock untiI it intersects the 
Glacie~ Creek fracture &one, The penstock section would penetrate 
the system of joints on the west side of the vaIley of Firwt and Second 
Lakes. 

The surface mks along the shore of Spml A m  crop out W& from 
Qlmier Creek in a series of steps and blmks as a m u l t  of f m t  and 
glacial plucking acting on the joint system; therefore, some unstable 
rock may be found in that m e n  and would Iikewise affect the pro- 
posed tunnel routes from Crater M e  nnd from the Speel River 
resewoir. 

The length of the tunnel from the lake to the head of the pen&& 
would ba nbout 7,000 feet and the length of the penstock section about 
2,800 faet, depnding to soms extent on the length of the outlet tunnel 
and the altitude of the powerhouse with reference to sea level. 
In an alternative, scheme of development, water would be diverted 

from l i n g  h k e  to a poxerhouse site on or near the brig River with- 
in % to 3/4 mile of the Iake outIet. The exact ~wati'on will depend on 
whether the Speel River development materializes. In this %heme 
the powerhouse location would h determined by the maximum flow- 
line of the Sped River reservoir site., This would pmbably be at sn 
altitudeof 300feetorrnore. If thi~developmentisnotfoundfe~sible 
then the powerhon= mould be locnted at an altitude of about 200 fwt, 
A location nt this altitude south of the Idng River could be reached 
with about 8,000 feet of conduit, 2,000 feet of which would be tunnel 
and 1,OM) feet penstock. Such a tannel lmation would fntsmect the 
fracture zone along the L o n ~  River. A powerhouse loeation could 
also be selected on the north bank of the Long River (pl. 7) at rn alti- 
tude of 200 or 300 feet. This could be reached from the lake with 
about 3,500 feet of conduit. About 2,000 feet of this distance would 
be tunnel and 1,500 feet would be penstock. Such a tunnel location 
would avoid the fractured ttm along the south aide of the h g  River. 
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Co~m aggmgate for mncFete mnstm.uction, aa well a s  the caam 
materials for a fill t y p  of dam, could b obtained by quarrying and 
cmhing tha hornMende-qnartz diorib rock in the vicinity of the 
darnsite. Sand lrnd g a v e l  for concrete may be obtainable in the valley 
upstream from h n g  Lake, from the valley at the head of Indian 
Lake, or from points along SpeeI A m .  The h e r  materials needed 
for a fill type of dam might be available from these same sourws. 

The development of the Speel -River powesite, ns previously men- 
tioned, will require a darn on the main river as well as m auxiliav 
dam in the. low divide or saddle at First Lake between the Long Biver 
and Speel Arm. Water would be conveyed fram some point near the 
saddle durn to a tidewater powerhouse site along the ~hom of S p l  
Arm, or from the dam on the Speel River to a powerhouse site dong 
the river about three-fourths of a mile downstwarn. 

The Spee1 River has a drainage arm of 226 square miles above the 
damsite which ie located about h ~ l f  a miIe downstmam from the Long 
River. This ama includm the Lang Lake basin which is d i s c u d  
on page 87. The Spel River basin upstream from the Long Biver 
is oornposed of three principal tributaries which join to form the main 
river at a point about 3 miles upstream from. the Zong River. These 
tributaries flow from the northwe&, north, and northeast. The latter 
originates in the Spel  Glacier, and the other two tributaries also drain 
extensive gIaciar areas. The main stream as well as the thrm tribu- 
taries all have braided channels and carry a heavy silt load. 

The saddle area between tlre Long River and Speel A m  is of special 
intersst in this study since a dam mill alm be required in i t  The val- 
ley in which this srtddle is lomted trends northeastward and is abaut 
2 miles long between Speel Arm and the Long River. First and Sec- 
ond Lakes are both located in this valley. Fist Lake is nearer Speel 
Arm at an altitude of 234 feet; Second Lake is at  193 feet. The d d l e  
dam would be located at the south end of First Lake. 

Both the east and west slopes of this dminrrp ~ n m  are steep and 
thickly wooded. The & s l o p  l e m m  nearly vertical dong Second 
Lake near its outlet. The ridge dong the east side of the valley rises 
to sn altitude of 2,300 feet, and has bean well rounded by glacial action. 
The crest is largely bare of vegetation. Tha west slope is more rug@ 
and ~i$6S to an aItitude of more than 4,000 feet where higher parts are 
oowered with permanent snow and ice. M& of the runoff is from 



the west slope. First Lake dmins northward into Second Lake and 
Second Lake dmins into the Long River and Indian Lake. There is a 
low divide in the ravine week of the saddle and only the mnoff south 
of the saddle dmins into Glacier Creek and theha to Speel Arm. 
Glacier Creek carries the melt water f rum the icecap in addition to the 
runoff within its ragtricted basin. Muskeg occurs on flat amas ~bove  
t,he level of the creek between the saddle n~ld S w l  Arm. A few very 
large emtic bowl den were observed on the muskeg about half a mile 
from Speel Arm. 

QEQMUP 

Roc2 types.-The bedrock wss investigated on the Spa1 River in 
the vicinity of the darnsite, between the Speel River and Indian Lake, 
around Indian Lake, and in the drainap amas of First and Second 
Lakes. The geology of the Speel River area above the Long River 
was only investigated for a short distnnce on the right bank, but ob- 
servations from the air and examination of aerial photographs indi- 
cate that, a/s within the other reservoir areas, the bedrock is quartz 
diorite. Near t.he damsite on the Speel River significant c h s n p  in 
texturn and composition of the quartz diorite mere noted. me bad- 
rock shows an i n c m  in rnafic minerals, and nt the damsite an in- 
trusion of calcareous gneiss mas observed. 

The b m d  relrttively fl~t divide htween the north end of Indian 
Lake and the Speel River is partly covered by muskeg, forest growth, 
and alder which obscum the underlying rock between the vaPIey walls. 
The surrounding valley wrrlls are hornblende-quartz diorih. Below 
the, outlet of Indian Lake on the left h n k  of the Long River a limited 
egpasum shows some schistosity within the quartz diorite; the folia- 
tion at that point strikes Nu'. 40" W. and dips about 35" NE. Abut  
10 feet of glaciaI gravel coven this m k  in the bank of the stream. 
It is assumed that beneath the muskeg ~ n d  forest gmwth this quartz 
diorits forms a buried r i d e  between Indian l i k e  and the Sped 
River to the north. Abut  1 mile northwest of the mnfluence of the 
h n g  and the S p l  Rivers, the bedrock is hornblendequsrtz diorita, 
On the south side of the Long River near the damsite an incraam in 
gneissic hxture and mafic minerals in the h i r o c k  is a parent, in 
contrsstwithmckof porphyriticappeantnceabntth fourthsof 
a mile west along the right bank of the Zcong River. 

d 
Around Jndien T ~ k e  the bedrock is also hornblende-biotite diorita. 

The dark minerals in the ¶nark diorite are more abundant on the 
norkh side af the lake than on the wuth side. 

Southwestward in the valley of First and Sacond h k e s  the W- 
rock is hornblendequartz diorite. Near the west end of ofthe addle 
area between 1 ndian l a k e  and the Spael Arm drainage them k a low 



ridge of quartz diorite. The west side of this r i d e  is almost ve~tical 
in its dascent ta the relatively nnrrow dmintge channel. A low 
divide in this flat-bottomed ravine separates the Glacier Creek drain- 
age from that draining northward through Swond Lake. The valley 
walls are quartz diorfte, ~ n d  on the west aide of the ravine some 
glacial gsooving was observed directly west of the head of Second 
Laka The east slope of the ~ d l e y  is steep, and adjacent to Second 
Lake the quartz diorite forms n nearly vertical cli& 

Fmm the outcrops of quartz diorite on the saddle, northward to 
the west side of First Lake, the valley floor is covemd principally 
with muskeg. - The amount of glacial gravel and sand, if any, t h ~ t  
may underlie the muskeg is udmown. 

At two localities in the valley of Fimt and Second Lakes very small 
exposum of glaciaI lake sediments were observed. One such deposit 
about 10 feet thick and 20 feet long was exposed in a small ravine in 
the quartz diorite east of the head of First T~ake. The sediments 
were mainly beds of gray silty sand yg to j/, inch thick. These beds 
ware horizontal where expowd in the hillside ~ n d  were 50 to 75 feet 
above the present valley floor. These beds are rrssurned to have Geen 
deposited in om iccwnarginal lnke created by tl glacier in'Speel Arm 
which dammed the water in this valley. Another outcrop of similar 
beds waa obsemed to the northwest in a small cove on the west side of 
Second Lake. At this point the exposure. of gray lakebeds was about 
75 feet long and at lake level. They strike. about N. 15" W. and con- 
sist of sandy beds of clay 1/4 to $$ inch thick and fine sand layers at 
about %-inch intervals. T ~ E  dip of these layers is about 20° NE. KO 
other ontcrop of lsgebeds was observed in the area. 

r_CCmscture,-T'he zones of weakness that occur in the darnsite and 
reservoir are- are shown on plate 7. These fractures were tracd on 
the aerial photographs and where m b l e  they were verified by field 
examination. Rear the fork of Glacier C m k  an exposure of 8 fault 
plane with breccia and gouge was observed. The strike of this fauIt 
here is due: east and the dip is 60° S. The throw and lateral extent of 
this fault were not determined. It is not certain that this fracture 
zone extends to Crater Lake but the aerial photographs indicate that 
passi'biIity. On the aerial phohgraphq however, the lineaments ap- 
pear very definite, but whether them fractures nre continuous beneath 
the alluvium and forest growth is conjectural. 

The Speel River damsite is located in the first gorge on the river 
half a mile downstream from the mouth of the h n g  River. The rock 
at this site (fig. 5)  is of varied composition on both banks of the river. 
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The principal rock type is quartz diorite in which the proportion of 
dark minernl vnries greatly. The fine-textured rock on the right 
bank exhibits considerable lineatio~z. The blmks of gneies on tha left 
bank which contain h d s  nnd stringers of marble or calcite appenr to 
have been stoped from overlying beds by the quartz diorite instrusion 
and mny be pendants. The gneiss inclusions in the quartz diorite 
show vertical foliation in w north-south direction. The rock on the 
right bank is a, biotite gneiss and that w~ the left bank, west of the 
large Mock of gneiss containing marble, is biotitequartz diorite. 

The foundation rock and the ~butments tippear capable of sup- 
porting a masonry dam 180 f e t  high, which is the maximum height 
that would likely be considered for this site. 

!The right abutment wall is fractured to some extent and may require 
grouting, while the left abutment area appears less fractured. T h e  
bedrock above an altitude of 200 feet is not well exposed, but aerial 
photographs and the observations in the escarpments above river level 
indicate that some fracturing may be present. Section GC, figures 
19,540, show the general character of bedrock. 

The Saddle damsite at the head of First Laka (pE. 7) is suitable for 
either a flexible fill type or a rnemry dam of sufficient height to raise 
the water to an aIt,itud of 400 feet, the maximurn that would likely 
be considered for thia site. A ma11 auxiliary dam would be necssarg 
in the low divide between Glacier Creek and the Second h k e  drain- 
age. The depth of alluvium or glacial fill in this divide may be as 
much as 50 feet or even more. The steep dment of about 100 feet on 
the wuth side of the damsite may, however, repmisent the; depth of 
valley fill. Core drilling would be necessary to establish the depths to 
bedrock. The geology of the Saddle darnsite, map and section, is 
shown on figures 21 and 22. 

BPfLtWAY 

Either an overflow type of dam with a spillway apron or a nonover- 
flow type having sn open spillway on the left (north) bank oodd lm 
constructed at the Speel River site. The open spillway would not be- 
m e  clogged by slides from the hillsides end the discharge would 
not cause rapid erosion of the bedrack. However, both the dam and 
spillway design should take into account the effects of ice during tbe 
winter months. 

The Speel River dam, if built, would be constructed in conjundion 
with the Saddle dam. A spillway will be required at only one of these 
two dams as they both control the same reservoir. A spillway at the 
Speel River dam may be preferable since the water can then be re- 
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turned to the main river chmnel. A spillway at tha Saddle dam 
muEd require- construction of a channel from the dam to Sped A m  
for the discharm 

The main or longer part of the Saddle dam would probably be a 
nonoverflow type owing to the character of the alluvial &,over in the 
vtllley. If  a dam of this design should be constructed a spillway nt 
the west side of the valley (figs. 51,22) would require a minimum of 
preparation. A spillway at this  p i n t  would utilize the small  alley 
west of the main dam and would require little excavtttion. Both abut- 
ments of the smaller darn would be in the quartz diorite and the depth 
to bedrock in the ravine probably ddoes not exceed 10 feet. A spillway 
of an ofrerRow type could be constructed at the location indicated. 

The reservoir which would be formed by the S p l  River and Saddle 
dam would back water up the Sped River beyond the junction of 
the three main tributaries, the exact distance depending on the height 
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of the dam selected. Xt would also inundate First, Sacond, and h d i m  
Lakes and extend some distance up the Lung River beyond Indian 
Lake. 

The Taku River A-5 iurrdrmgle map indinah a riw of 30 feet 
or more to the 200-foot contour between Indian Lake and the Spml 
River. This broad arm and the bed of the Long River would be 
under about 100 fmt of water if the propmd Spml River dam r a i sd  
the w&r level to an altitude of 300 f mt. 

The geology of the Spa1 River valley was not investigated h v e  
the low ridge or divida mentioned in the p d i n g  parapph, or on 
tha left bank h v e  the Speel River damsite. A sample of the bedrock, 
however, was taken about 1 mile northwest of the ~0nBuencs of the 
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h n g  md the Sped Rivem. This exposure wm hornblendequartz 
diorite. Observations in the vicinity of the damsite and inspection 
of aerial photographs indicate that the rock comprising the remainder 
of the mmoir  area is probabIy similar to that in the other areas 
exsmined. 

The divide may ;be inferred to represent a downdrop bleck, as 
ahown on pl& 7. None of the inferred fault zones or m e 8  of weak- 
n.ass ~hown within the remrvoir a m  considered d c i e n t l y  open to 
pdt escape of water impounded bg the two dams. 

A nata.bly unfavorable factor in the consideration of a memoir 
aita on the Sped River is the large quantity of sdiment carried by this 
stream, A serious question srjses es to the probable useful life of a 
memoir under these circumstances and consequently the feasibility 
of a hydroelectric dwelopment on this stream. The effect of silt in 
a reservoir during earthquakes is not known but is probably negligible. 

Wahr from the Speel River reservoir could be conveyed to one of 
t h m  powerhouse sits Field investigation was dimted toward a 
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muta f m  the Saddle dam to a powerhotlm aita on the ~hom of $peel 
Am about 3,W feat w& of the mouth of Glmier Cmk. Thia route 
is indicated at F-H on plate 7 m d  is shown in section on figure 20. 

The entim tunnel mum would be in quartz diorite. The rock, how- 
ever, is disturbed in varying d e p s  by the fracture zones noted. No 
serious hindrsnce to tunneling is  anticipated in these zones, and the 
rock is mnsidered stable enough to maintain t m e 1  openings. The re- 
quired tunnel would be about 3,800 feet long, md the penstock &out 



2,300 feet, depending on the length of the outlet tunnel. A cover of 
100 feet of rock in place is assumed. 

If the Speel River site wen to be developed as an individual site 
without regard to combining its flow in a powerhouse with the water 
fmm Crater Irllke aad h n g  l ike,  two methods are pwible. One 
w d  utilize its Row in s powerhonse on the north shore of Spgel Arm 
about half a mile northeast of the month of Glacier Cmk. l3is loca- 
tion wouId requira a conduit about 3$0 feet long, 2,100 feet of which 
mould be tunnel and 900 feet penstack. Such a tunnel may traverse 
fracture zones near the Saddle dam, but otherwise would be in undis- 
turbed rock ( pl. 7). Another location would be on the right bank of 
the Sped River, about thme-fourths of a mile domstmam from the 
dam on the river in the fir& gorge. A powerhouse them would re- 
quire an ov~rall conduit length of nbout 4,100 feet, 1,000 feet of which 
would be pe-k section, This conduit route w d d  not traverse any 
fault zones and would be in undisturbed m k  thmugh~ut ita lentim 
length (pl. 7). 

The m e  situation exists at the S p l  River and Ssddle damsita 
aa at the Cmbr h k e  md h n g  Lnke sit-, in that the m r s e  a g p  
gate for mmte mnatruction or the coam materials for a fll type of 
dam codd bs obtained from quarrying and crushing qaartz diorite 
rock in the vicinity of the sitas. Sand and p v e l  maiy ba obtainable 
from tb bed of the Spd River, or from p i n t s  dong Indian Lake, 
Glacier Creek, md S p l  Ann. Them same a m s  might be sources 
for the fine matarials for a fill t y p  of dam. It is recognized, how- 
ever, that the pmible abmnca of appmpriata materiala may preclude 
con~deration of a, flexible fill type of dam at any of the sites dixussed 
in this report, 
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