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Figure 1. Location Map




WATER POWER POSSIBILITIES CF CRATER LAKE,
LONG LAKE, AND SPEEL RIVER NEAR JUNEAU, ALASKA

CONTENTS

Introductlion, e nsvessasean s s eversarneanoe s 1
Previous investiwations and repo”ts ..... ceseren 2
MapS . ivseusscsasannss crsesesranesarenennn cassss 5

Geographic and topographlc features...coecee. veesass B

Climate..iereeececes Ceteesesnanusresenns vevesasases 10

Factors that would affect the operation of
power plants,..cceece. .. Te et esenansennan ceesssses 16

Water Supply.eees.. e s e et s e aasecananeene ceesssees 21
Relation of annual runoff to precipitation

and temperature . i cveescesscssesssrsssosonnnns vee 2O
Runoff in relation to climatic trends......s.0... 28

Storage SiteS.iicveresrrersercoccanscans ceseesennase 29
Crater Lake reservolir site.......... D 1
Long Lake reservolr site...... cereerrercannaes ves 32
Speel River reservoir site..... G etevserrasasannes 26

Water Power Development....veeeeererosonvossonnsses 41
Crater Lake power site..iviisrerenn. - ¥4
Long Lake power site...... beeso s s asen e e ceeas. 44
Speel River power site....ciiivvenrccnranens eeaes 48
Pogsibilities for combined development........e.. 51
Transmisslon line routes,...eeesesee P ~ 12

SUMMA Y v e s e s v cvnrssasaressnsnees et e s s s asasns s .. 60



ILLUSTRATIONS
Page

Plate 1. Plan, Long Lake, Crater Lake and
_ vieinity, dam sites (2 sheets). In pocket

Figure 1, Location map.....oveveecerenns Frontispiece
2. Relation of annual runoff, Crater Creek
and Long River......ceveenscrneeess 258
3. Relation of annual runoff to precipita-
tion and temperature, Dorothy Creek.27a
4, Photographs A Crater lLake........... 30a
B Crater Lake outlet.... 30a
5. Photographs & Long Lake..,.veeeve... 322
B Long Lake outlet...... 32a
6. Photographs A Speel River dam site.. 36a
B Saddle dam site....... 36a

TABLES

Table 1. Area and capacity table, Crater Lake

reservolr sites.....ccee0evr00s.0.. 3la
2. Area and capacity table, Long Lake

reserVOj.r Siteoccocnaqo.o-oo-oooou 34’a
3. Area and capacity table, Speel River

reservoly slte..iuivvesevnssrnsseasss 39
4, Crater Lake power site, potential

power and related data.... e 400... 44a
5. Long Lake power site, potential power

and related data.,.veeveveeracees. 472
6. Monthly and annual precipitation,

Juneau, AlasKa....veevverveconvsess B2
7. Average temperatures, Juneau, Alaska, 63
8. Monthly and annual runoff, Crater

Creek...-.lIIC..lIl’ll.......l.'.. 64
9. Monthly and annual runoff, Long River 65
10, Monthly and annual runoff, Speel

River............-....-.....--.o.- 66
11. Monthly and annual runoff, Dorothy

Creek...l..O...Ol'll!ll’l..l.l".l 67
12, Schedule of coordinated operation,

63,000 kw..IOIQ"..‘Q.Q.II.Q.!.... 66
13. Schedule of coordinated operation,

58,000 kw.l.Q.'l.".....l.l....'.l 69



WATER POWER POSSIBILITIES OF CRATER LAKE, LONG LAKE,
AND SPEEL RIVER NEAR JUNEAU, ALASKA

Introduction

This report is one of & continulng series 1ntended
primarily to assist in the classification of lands with-
in the public domain as to their value in the develop-
ment of hydroelectric power. It describes the power
possibilities of sites on Crater lLake, Long Lake and
the Speel River, Alaska, all of which are located with-
in a relatively small area near the head of Speel Arm,
28 miles (airline) southeast of Juneau, It is estimated
that approximately 48,000 kilowatts of power could be
generated continuously at these sites with independent
operation of the units, and that 63,000 kilowatts could
be generated continuously if the units were designed
and operated as a coordinated system.

Information is presented concerning the climate,
streamflow, topography and other factors that are
pertinent to development of watér~power in this region.
Recent. topographic maps, sufveys of the power sites,
and geologic examinations were used in the preparation
of the report.

Some investigations of these sites were made as
early as 1913, and several applications for use of the

sites were made to the U, S. Forest Service and to the



Pederal Power Commission in the period from 1913 to 19é7.
The more recent investigations previde a better basis
for estimating the power possibilities and for describ~
ing the physical conditlons that would affect the con-
struction and operation of power projects,

The utilization of a substantial part of the power
that could be developed at the sites would depend largely
on the creation of new industries, Some possibilities
that have been suggested are the manufacture of wood
pulp, and the manufacture of various products by elec-
trochemical and electromettallurgical processes, Areas
that are topographically suitable for the location of
factories and the assoclated settlements are very
1imited at or near the power sltes., A full development
of the sites might require transmission of power 50
miles or more over rugged terrain to the vicinity of
Juneau, where adeduate space is available. This would
involve a crossing of Taku Inlet with a submarine cable
approximately 2 miles long.

Previous investigations and reports

Development of water-power near the Speel Arm was
coneidered as early as 1913, and several applications
were made to the Forest Service btetween 1913 and 1921,
and later to the Federal Power Commission, for use of
the power sites, Some stream gaging stations were es-
tablished in connection with these applications, Informa-
tion about the applications is given in a report entitled
"Water Powers of Southeast Alaska", published jointly by
the Federal Power Commission and Forest Service in 1947,
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Some unpublished reports prepared for the determina-
tien of action on these applications are on file in
the Regional Office of the Forest Service in Juneau or
with the Federal Power Commission in Washington, D. C.

A number of reports entitled "Water-Power investiga-
tions in Southeastern Alaska" are given in U, S, Geologi-
cal Survey Bulletins 662-B, 692-B, 712-B, 714-B and
722-B, by G. H. Canfield. These reports consist mainly
of compilations of the streamflow records, and deserip-
tions of the gaging stations. They include records of
dally discharge for Speel River, Long River, Long Lake
outlet and Crater Lake outlet for the periods of operation
of the gaging stations between 1913 and 1920. There are
detalled discussions concerning the operation of the
gages, measuring conditions, and other factors that might
have determined the accuracy of these early records.

A publication entitled "Report to the Federal Power
Commission on the Water-Powers of Southeastern Alaska"
by J. C. Dort of the Forest Service was issued in 1924
by the Federal Power Commission. This includes dis=
cussions of the possibilities of the Crater Lake and
Long Lake power sites.

The records of monthly runoff to 1930 are summarized
in Bulletin 836-C by Fred F., Henshaw, entitled "Surface
Water Supply of Southeastern Alaska, 1909-1830. This was
prepared in cooperation with the Federal Power Commission
and Forest Service, and contains a discussion of factors
having to do with runoff characteristics and power

develapment,



The report of 1947, "Water Powers of Southeast
Alaska" by the Federal Power Commission and U. S.
Forest Service, describes a general plan of develop-
ment for the Crater Lake, Long Lake and Speel River
povwer sites that would result in the use of a large
part of the potential power with the several units
operated independently., Attention was called to
several alternative possibilities in this plan, such
as the use either of a common powerhouse or separate -
powerhouses for the three units; and the development of
storage at the lakes either by drawdown of the surfaces
or by the construction of dams. The power estimates
were based on development of storage by a combination
of the two methods, and are summarized as follows:

Storage capacity Power capaclity, horsepower

Site acre~-feet Primary Average
Crater Lake 85,000 9,200 13,800
Long Lake 220,000 31,500 51,500
Speel River 385,000 36,000 51,000

Total 690,000 76,700 96,300

As defined in the report, primary capacity is the power
that could be generated by utilization of the regulated
flow through the mean effective head at an over-all
efficiency of 80 percent,

Geologle examinations of the three power sites were
made by J. C. Miller of the U, 8. Geological Survey in

1952, A report on these investigations is in preparation.
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Maps

A map entitled "Plan, Long Lake, Crater Lake and
Vieinity near Juneau, Alaska, Dam Sites" was published
by the U. S. Geological Survey in 1952. The scale of
the plan map 1s 1:24,000 and the contour interval is 20
feet. Contours are shown to about 200 feet above and
200 feet below the lake surfaces, The dam site maps
are on scales of 1:1,200; 1:2,400; and 1:4,800, with a
contour interval of 10 feet on land and under water.

Maps are provided of the sites at the outlets of Crater
Lake and Long Lake; of a site on the Speel River, and of
a saddle where an auxlliary dam would be required for
full development of the Speel River Bite.

The power sites and their related drainage basins
are shown on the topographic maps of the quadrangles;
Taku River A-5, A-6, B-5, and B-85, Alaska, and on
Sheet No., 7 of the map of the international boundary
between the United States and Canada. The maps of the
Taku River quadrangles were published by the U, 8.
Geological Survey in 1951 on & scale of 1:63,360 and
with contour interval of 100 feet. The international map
was published by the Boundary Commission in 1923 on a
scale of 1:250,000 and with contour interval of 250 feet.

Maps showing the waterways and terrain between Speel
Arm and Juneau include those for the quadrangles: Juneau
(Alaska-Canada), Sitka, Sumdum, and Taku River, Alaska,
all on a scale of 1:250,000, and with varied contour
intervales from 200 to 1,000 feet. Some of this region
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also 1s shown on the quadrangle maps: Juneau (B-1),
on scale 1:63,360, Juneau (B-2), on scale 1:62,500;
and on a special topographic map called Juneau and
Vieinity, on scale 1:24,000,

Soundings in Taku Inlet, Gastineau Channel and a
portion of Stephens Passage are shown on Chart 8235 of
the U. S. Coast and Geodetic Survey. Soundings in Speel
Arm, Port Snettisham and Stephens Passage near Port
Snettisham are shown on Chart 8227. Both charts are
published on a scale of 1:40,000, and the soundings are
in fathoms. Some topography near the waterways is shown
on Chart 8235 at a contour interval of 200 feet.

GEQGRAPHIC AND TOPOGRAPHIC FEATURES

Speel Arm extends northward about 6 miles from
Port Snettisham, an inlet or bay of Stephens Passage,
one of the waterways of the intricaté system connecting
wlth the Pacific Ocean. Port Snettisham 1s southeast of
Juneau, connected by the waters of Stephens Passage
and Gastineau Channel. The distance from Juneau to the
upper end of Speel Arm by this water route is roughly
45 miles,

Speel Arm 1s only about 28 miles southeast of
Juneau by airline, but this route is across rugged
mountaing and an arm of Stephens Passage called Taku
Inlet, which 1is generally about 2 miles wide. The
only practicable access to the vicinity of the power

sites near Speel Arm is by boats or float planes,
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The dralnage basins>bf Crater Lake, and the
Alaskan portion of the Speel River basin which includes
the Long lake basin, lie entirely in a mountainous
region within the Tongass National Forest, About an
eighth of the Speel Rlver basin lies in Canada, and
that portlon is characterized by barren mountains and
glaciers. At present there are no settlements or in-
habitants in the dralnage hasins or nearby on Speel
Arm. A small pulp mill wags operated intermittently from
1921 to 1923 on the east side of Speel Arm across from
Crater Lake near the former Speel River post office.

The mill was operated directly by water-power developed
by diversion from Tease Lake. The project had an in-
stalled capacity of 1,350 horsepower, and was operated
under a license issued by the Federal Power Commission,
for Project No. 4, that was revoked in 1935.

Crater Lake and Long Lake are located Just north
of the head of Speel Arm 1ln adjacent, mountainous basins.
The drainage areas are 1ll.4 and 30.2 square miles re-~
spectively. Crater Creek flows eastward directly from
Crater Lake to Speel Arm, but the Long River flows from
Long Lake noriheastward through Indian Lake, Joining the
Speel River about 3 miles upstream from its mouth at the
head of Speel Aym. The Speel River at the possible dam
site Just downs%tream from the Long River has a drainage
area of 226 square miles. More than a third of this

area 18 covered with glaciers, a few of which extend as



valley glaciers down to altitudes below 1,000 feet.
Much of the area, however, 1s occupied by ice fields
and cirque glaciers, generally located between alti-
tudes of 2,500 feet and 6,000 feet.

The glaciers above Crater Lake and Long Lake
generally consist of cirque glaciers and glacierets
located along the ridges between altitudes of about
3,000 feet and 4,500 feet,

The storage of water in the form of ice and snow
varies from year to year and tends to increase in wet,
cold years and decrease in dry, warm years. The areas
of the glaciers may serve as crude measures of these
natural reservoirs, and are summarized as follows:

Area in sq. mi. Glacier area in

Qutlet of basin Basin Glaciers percent of total
rater e outle . . .

Long Lake outlet 30,2 8.2 27.2

Speel River at dam site 226. B3.6 37.0
Dorothy Creek at gage 15.2 3.6 23,7

Dorothy Creek is included in this tabulation because
1ts record of runoff was used for estimating the runoff
in the other basins for certain periods. Dorothy Creek
basin 1s adjacent to the Long River basin to the north-
west, and 1ts dralnage 1s westward into Taku Inlet.

The amount of precipitation as rain or snow depends
partly on the altitude, and during winter months the
runoff therefore may depend greatly on the areas in
different ranges of altitude, particularly below certain

8
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minimum altitudes. Some information concerning the
altitude characteristics of the several basins is

summarized as follows:

Area,
sq.mi.
Area in sq. mi, below: above
Basin outlet 200 f't,1000 £1£.1500 It,2 .2000 13,2500 ft
Crater Lake 0 0 2.2 3.8 5.2 6.2
Long Lake 0 4.1 6.8 9.9 13.6 16.6
Long River gage 0.5 5.1 8.2 11.7 15.7 16,8
Speel River
dam site* 11.7 22.2 34.8 52.6 71.6 121.9

Dorothy Creek

Eage 5.0 0.6 1.0 1.7 4.3 10.9
* e areas 8Ce or 8 8 e are excluslive ¢ e ares

above Long River gage

Steep mountain slopes extend down to tidewater on the
Speel Arm, and generally are covered with usable timber up
to an altitude of about 1,500 feet. At altitudes above
about 2,500 feet the mountains are relatively barren, and
are characterized by extensive exposures of glacliated
rock, and by ice and snow fields.

Crater Lake, at an altitude of 1,022 feet, 1s less
than a mile from Speel Arm, Long Lake a few miles to the
northeast at an altitude of 814 feet, 1s less than two
miles from Speel Arm. (The figures of altitude given
in this report are referred to mean sea level. Eleva-
tions listed in the Federal Power Commission reports
were measured from a datum about 8 feet higher; - the
higher high-water plane). Conditions are favorable for
development of storage capacity at each of these lakes.

A storage reservoir also could be constructed with a



dam on the Speel River at the site seven miles above
its mouth. The maximum crest altitude that probably
would be considered is roughly 300 feet., This would
require an auxlliary dam in the saddle between the drain-
age to Long River and Speel Arm. Water could be con-
veyed from the reservoir near this dam, about half a
mile to Speel Arm for development of power. The
topography of the region thus 1s favorable to develop-
ment of all three sites with relatively short diversion
conduits or tunnels located within a small area. This
circumstance has suggested the possibility of a common
powerhouse located on the Speel Arm,

CLIMATE

The climate of Southeastern Alaska is described in
several of the reports cited herein; notably the ones
issued by the Federal Power Commission and Forest Service
in 1924 and 1947.

The outstanding characteristics of the Juneau region
are the heavy precipitation, and the relatively milad
climate at sea level resulting from the proximlity to
the ocean. The winter temperatures at Juneau, November
through February, are about the same as at Spokane,
Washington, but the summer temperatures are substantially
lower,

Records obtained at various altitudes near Juneau
indicate that some mountain localities are much colder
than the coastal points. For example, differences from

10



the Juneau tenperature of as much as 6°F were recorded
in winter months at a nearby station at an altitude of
750 feet. The winter precipitation is predominantly
rain at Juneau, but 1t occurs a3 snow over much of the
mountain regions, Temperatures are lower than at
Juneau, even at sea level, on waterways farther inland.
The average temperature at Juneau for the 4-month
period, November to February, is 31.4°F, but at Annex
Creek on Taku Inlet 10 miles to the east 1t is only 26.9°F.
The mean annual precipitation near sea level varies
from about 90 inches at Juneau to 115 inches at Annex
Creek; and to about 150 inches on the Speel Arm 28
miles southeast of Juneau. This large variation evi-
dently is caused by the pattern of moist air currents
as modified by the local topography. In general there
18 also an increase in precipitation with increase in
altitude. Records of runoff for Sheep Creek near
Juneau indicate that the average precipitation on the
drainage area 1s about 180 percent of that at Juneau.
This small basin 1s 5 miles southeast of Juneau, and
1ts mean altitude is about 2,000 feet. On the Crater
Lake drainage basin the mean annual precipitation, as
indicated by the runoff records, must be gsubstantially
greater than 200 inches or more than twice that at Juneau,
The mean altltude of that basin is roughly £,500 feet.
There is a pronounced seasonal variation in amount
of precipitation, but no perilod of seasonal drought such
as occurs in the Pacific Coast states. The mean pre-

cipitation at Juneau in June, the driest month, is
11



about 4 inches, and monthly amounts less than 2 inches

are rare, The wettest months are September and October
when the mean precipitation is about 2.5 times that in

the driest month. J

As would be expected from the amount and fre-
quency of precipitation, the Juneau area has consider-
able cloudiness and relatively few days of sunshine
although there probably is less sunshine at Juneau
than farther inland at the drainage basins near the
Speel Arm. For example, during a 20-year perilod the
number of clear days recorded 10 miles'east of Juneau
at Annex Creek, averaged 94 days a year, as compared
with 54 at Juneau, although there is more precipitation
at the Annex Creek station.

The magnitude of precipitation, 1ts occurrence as
snow on the mountains in winter months, and the
relatively cloudy, cool summers account for the numerous
glaclers of the reglon. Summer precipitation, cloudi-
ness, and temperatures prdbably are somewhat inter-
dependent, and the year-to-year variations in these
factors partly account for changes in the amount of
water stored as 1ice or snow in the glaclers. These
changes in natural storage are reflected in variations
of annual runoff with respect to the amount of precipita-
tion. In summers that are relatively dry and warm the
deficiency in rain runoff is balanced by increased
melting of the glaciers in the basins near Speel Arm.

12



On the other hand, during wet, cool summers the
additlonal rain runoff is offset by 1ncreased_storage
in the glaciers, so that these natural reservolrs have
a noticeable equalizing effect on the annual runoff.

Fairly complete records of precipitation are
available for Juneau for 1890-S1; 1899-1902; and
1905 to date., Records are available for Annex Creek
from 1917 to date; and at Speel River from 1915 to
1930, (The Speel River gage presumably was located
on the east side of Speel Arm at the mouth of the
creek draining Tease Lake. The Alaska Pulp and Paper
Co., which operated a pulp mill at that place, made
the precipitation measurements)., The figures for
Juneau from 1905 to 1915 indicate a very substantial
deficiency with respect to the period 1916-54. If
the records for the two periods were consistent,
runoff from 1905 to 1915 undoubtedly would have been
very low with respect tp later runoff, and the perlod
1905-15 should be regarded as representative of a
possible future period of similar deficiency. The
precipitation recorded during the two water years
ending September 30, 1910 and 1911 was especlally
low, being about 49 inches and 25 inches for 1910 and
1911 respectively. The minimum recorded during any
water year since 1912 has been 65 inches.

The precipltation records for Juneau were compared
with precipitation records for some other statlons in

13



southern Alaska, and these comparisons show that there
was an abrupt and consistent change in the Juneau records
about 1916. (The precipitation was estimated for a few
months of missing record in the period, 1905-11, but
this circumstance would not substantially affect the
%accuracy of the comparisons). For example, from 1905
to 1909 and from 1912 to 1915 the preclpitation record-
ed at Juneau was about 45 percent of the amount recorded
at Fortmann Hatchery, a station 200 miles southeast of
Juneau. In the two-year period, 1910 and 1811, the
catch at Juneau was only 27 percent of that at Fortmann
Hatchery. But in an 11 year period since 1915 the
cateh was 66 percent of that at Fortmann Hatchery; a
relative increase of roughly 45 percent. The Juneau
record had a similar change in relation to that at
Seward, a station far to the west, If the change was
mainly due to a difference in measuring condltions at
Juneau, as seems likely, the period from 1905 to 1915
may in fact have been slightly wetter than the follow-
ing 38-year period when the average annual precipita-
tion was 90 inches. As an index of wetness or of
runoff it 18 believed therefore that the precipitation
record after 1915 represents a falr sample of the
long-time pattern. This record is shown in Table 6,
page g2 , and a corresponding temperature record 1s

shown in Table 7, page 63.
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The records collected for Sheep Creek near Juneau,
which drains a small area S miles southeast of Juneau,
also provide a rough means for comparing the relative
wetness of some of the early years with that of recent

years. The annual figures are as follows:

Water year Precipitation
ending Runoff for Sheep Creek at Juneau
September 50 acre~feef inches inches
1 2
1911 26,000 Y 106 25. Y
1912 29,500 121 62.6
1913 31,300 129 86.0
1917 36,700 . 150 95.2
1918 38,800 159 102.1
1919 35,100 160 97.0
1920 35,700 146 4.0
1947 40,840 177 103.1
1948 37,640 183 89.8
1949 41,070 179 11l1.2
1950 29,490 128 78.0
1951 25,830 112 65.0
1952 31,560 137 84.9

700 acre-feet recorded from January to september,
the remainder was roughly estimated.

2/ 21.25 inches was recorded during 11 months exclusive
of March 1911; that for March was roughly estimated.

Precipitation figures were compiled from Weather
Bureau records, with totals rounded to the nearest
tenth of an inch. Runoff records for the 3 separate
periods are not strictly comparable owing to changes in
measuring sactions and gage equipment.

From 1947 to 1952 the relation of annual runoff
in inches to the precipitation at Juneau 1s represented
fairly well by the equation: R = 1.8 P - 10. The

15



corresponding relations for the early periods differ
consideradbly from this equation, and notably so in
1911 when the precipitation recorded at Juneau was
grossly inconsistent with records of other stations.
Although the early runoff records may not be closely
comparable to those of the recent years it appears
that the years 1911 to 1913 represented a period of
deficlency in precipitation and runoff similar to that
from 1950 to 1952.

The bulk of the precipitation results from relative-
ly warm, moist winds from the Pacific Ocean which are
forced to rise at the mountaln barrier along the coast
of Southeastern Alaska. These generally are of light
to moderate force. Exceptionally strong winds occur
when there is a westward flow of air from the inland
mountalins, notably through the waterways such as Taku
Inlet in winter months, According to climatological
summaries published by the Weather Bureau, winds‘of
hurricane velocities sometimes occur in the fiords and
mountain passes of the region.

FACTORS THAT WQULD AFFECT THE OPERATION OF POWER PLANTS

The Speel River carries a large quantity of sedi-
ment in suspension and as bed load, and this probably
would be the most adverse factor in the operation and
maintenance of a reservoir and generating station on

16



that stream. G. H. Canfield, who made & number of
discharge measurements, 1916 to 1918, reported that the
awift current at the measuring section carrled large
quantities of sand in suspension, J. C. Miller, during
his geologic examinations of 1952, noted that large
quantities of sediment are carried by the stream and
that the sand and gravel bars are changed rapldly by
the increased flows during warm days. Most of the
debris probably comes from two valley glaclers which
feed the Speel River and a branch of the river, within
about 10 miles of the Speel River dam site, The flow is
in braided channels on the wide deposits of debris that
occupy the bottom of the valleys downstream from the
glaelers.

There is little basis for estimating the average
amount of sediment carried by the Speel River and this
would be difficult to determine by measurements since the
load undoubtedly varies throughout each season and from
year to year. Much of the material probably results from
glacial erosion, so that the stream load may correspond
roughly to the amount of rock that is thus being eroded.

If the load per unit of average dlscharge were the
same as that of the Colorado River above Lake Mead, the
annual amount might correspond to a volume of deposit in
a reservoir of roughly 10,000 acre-feet a year. (The
deposit in Lake Mead has been accurately determined for

i/
a 15-year period, as described by C. P. Vetter. )
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§7Ve€Eer, e P., 1955, oediment problems in Lake Mead
and downstream on the Colorado River, Trans. Am. Geophys.
Union, Vol. 34, No, 2, pp. 249-256.

The sediment lead of the Colorado River has long been
regarded as outstandingly large. It may be much higher
per unit of discharge than that of the Speel River since
the character of the channel, the stream regimen , and
the nature of the sediment are entirely different. A
sediment load corresponding to a volume of, say, only
2,000 acre-feet a year probably would be very con-
spicuous in the Speel River, and perhaps would corre-
spond to a high rate of erosion under portions of the
glaclers that do the bulk of the work., Even this rate
of sedimentation, however, would result in a conslder-
able impairment of the Speel River reservoir within a
50-year period.

If a reservoir were constructed on the Speel River
to a maximum altitude of 300 feet the total capaclty
would be about 370,000 acre-feet, of which about 234,000
acre-feet could initially be used for regulation, with
storagé releases from the auxiliary dam and with draw-
down to an altitude of 235 feetb. Some of the coarser
sediments undoubtedly would be deposited in the upstream
portion of the reservoir at altitudes above 235 feet,
so that there would be a gradual impairment of the
usable capacity from the outset, A simllar impairment
of the capacity of lake Mead was found in the surveys
reported by Vetter.

18



A considerable part of the runoff of the Speel
River probably wonld be wasted in most years since the
potential storage capacity, in what appears to be
any feasible plan of development, is much less than
that needed for control of the river., As the reservolr
filled with sediment upstream from the Speel River
dam an increasing amount of materlal would be passed
through the reservoir at times of spill, so that the
rate of deposition in the reservoir would gradually
be reduced. It is probable, therefore, that the Long
River arm of the reservoir would retain its usefulness
as a settling basin for a long period after the storage
capacity of the reservoir becomes too small for sub-
stantial regulation, For purposes of this report it
is assumed that the usable capacity of the Speel
River reservoir may be greatly impaired within the
1ife of the project, and that production of power from
Speel River water thereafter will depend largely on
regulation from other plants in the system,

The sediment load not only would shorten the life
of the reservoir but also might cause erosion or im-
pairment of gates, conduits and turbines. Location of
the outlet works for power releases on the Long River
arm of the reservoir, with the spillway at the Speel
River dam, should minimize this trouble,

The glaciers upstream from Crater lLake and Long
Lake undoubtedly contribute some sedl ment that 1s
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carried into the izlzas by Crater Creck and Long River.
The appearance of the streams, however, indicates that
the sediment load is proportionately much smaller than
that of the Speel River. At the time of the river
surveys during the summer season of 1951, Long River
and Crater Creek above the lakes had a milky appear-
ance suggestive of very fine silt or rock flour in
suspension., whereas Speel Rilver had a very consplcuous
load of heavier sediments, both in suspension and in
movement along the bed of the channel. There would bde
some impairment of the Crater Lake and long lake res-
ervolrs by deposition at the upper ends, but this probably
would not seriously affect the operation of the projects
during a period of many years after construction. Much
of the sediment would be deposited in the deeper parts
of the lakes which are more than 400 feet in depth,
and some would be carried through.

Ice would form on the surfaces of reservoirs at the
three sites during the winter months, which would be
the periods of drawdown. Depending on their total
capacities, spill probably would not occur at the
Long Lake and Crater Lake reservoirs until late summer,
if at all, so that discharge of ice over the spillliways
would not bve a problem. Spill over the Speel River
dam in some years would occur as early as June when
there might be some ice in the reservoir,

Snow avalanches are common in this reglon, and
these might be a source of danger to structures such
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as surface peﬁéfﬁcka, powerhouses, ahd transmission-
1ine towers 1f these were located on or below steep
mountain sides. The occasional high winds at the
mountain passes and along the inlets would have to be
taken into account in the design and location of trans-~
mission lines. Icing of transmission lines also might
be a troublesome factor at the higher altitudes, 1In
the operation of a power line from Annex Creek to
Juneau it has been found desirable to heat the cables
with periodic overloads to avoid accumulation of 1ce,
This line crosses a ridge at an altitude of about 3,400
feet.

The operation of reservoirs at the three sites
probably would affect fish 1ife only to a minor extent.
The only stream suitable for salmon spawning is the
Speel River in the 7-mile reach downstream from the
dam site. A cascade just below the dam site consti-
tutes a natural barrier to their migration to the upper
reaches of the river. The releases from a reservoir on
the Speel River might have to be scheduled to provide
water for fish 1ife downstream, but no allowance has
been made for this possibility in the power estimates
of this report.

WATER SUPPLY

Records and estimates of runoff

Records of runoff that were considered in the prepara-
tion of this report are as follows:
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Drainage area

Station Sq. Mi. Period of record
Crater lake Outlet Feb. 1913-Dec. 1920;
near Juneau 11,4 June 1927-May 1933
Long Lake Outlet near
Juneau 30.2 Feb. 1915-Nov. 1915
Long River near Oct, 1915, Sept. 1924;
Juneau 32.5 Oct. 1926-June 1933;

Speel River near

Juneau 22.6 July 1916-Sept. 1918
Oct. 1929-Sept., 1941;

Dorothy Creek near Sept. 1942-Dec. 1943
Juneau 15.2 June 1944-Sept. 1954
Sheep Creek near Jan. 1911-Dec. 1913;
Juneau 4.3 Aug. 1916-Deec. 1920;
, - Oct., 1946-Sept, 19862

The stream gaging statlons were operated by the Geological
Survey in cooperation with the Forest Service until April 30,
1921. The stations therealter until September 1945 were
operated by the Forest Service, or under supervision of

the Forest Service. Beginning October 1945 the stations
have been operated by the Geological Survey.

Partial records are available for Crater Creek in
the years 1921 to 1925, and are published in the report
of the Federal Power Commission and FPorest Service, 1947.
This also 1ists some partial records for Long River for
the years 1924 to 1926. Tables of monthly discharge are
furnished in that publication for all periods of record
through September 1945.

Records since September 1945 and some revised
records for previous periods have not yet been published
but are available in the files of the Geological Survey.
Monthly and annual records of runoff for Crater Creek,
Long River, Speel River and Dorothy Creek are listed
1in tables at the end of this report. Some estimates for
periods of missing records also are included,

The bulk of the runofl at all of the stations occurs
during the 6-month period, May to October, as a result of
the melting of snow and ice and the moderate to heavy

rainfall. At the higher statlons runoff from November
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to April usually is very small, and in some dry, cold
years the deficiency may extend from October through
May. The winter flow results mainly from rain and
occasional melt water, since there can be relatively
little ground water,

There are fairly consistent relations between the
monthly runoff of Crater Creek and Long River: Crater
Creek and Dorothy Creek, and Long River and Dorothy
Creek, during most of the months of overlapping rescords,
Since periods of critical low flow occurred when records
were not obtained on Crater Creek and Long River, es-
timates made from the monthly runoff relations are of
value in providing at least a rough measure of the
dependable water supplies at those sites. In cold
winter periods the runoff from areas of different alti-
tude characteristics may differ considerably in relative
amount, and the ratio between two records then may have
a noticeable correlation with the monthly mean tempera-
tures as reflected by those at Juneau, Some of the
estimates for Crater Creek were adJusted in accordance
with this relation, The runoff of that creek is notably
low in relation to that of Dorothy Creek in very cold
months; the usual ratio dropping from about 1.35 to as
low as 0.2.

The records for Long River in 1933, as previously
published, appear to be inconsistent with the monthly
relation curves, and also with the runoff to be expected
under the conditions of precipitation and temperature
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of that year., It is likely that runoff in the water
year 1933 was about the lowest during the past 40 years
in basins where glacler storage is a substantial factor,

The 27-month record for the Speel Riverpr includes
only about 12 months for which the runoff was fairly
well determined by discharge measurements and gage
heights; in other months the figures génerally were
estimated by comparison with the flow of Long River,
Excepting estimated figures for three winter months,
all plot within 15 percent of an average relation curve
of the monthly runoff of the Speel River and the Long
River, and most of the figures are within 10 percent.
The flow of Speel River, exclusive of Long River,
varies from about 5.4 times as much as Long River
in months of high flow to about 3.3 times as much in
winter months. Although the relation curve 1is based
on scanty data it was used to estimate the monthly
runoff of the Speel River in the water years 1918,
1919-22; 1932-36, and 1950-53, TIn the years 1933 to
1936 and 1950 the runoff of Long River also was
estimated, so that the simulated record for Speel River
may be only a crude representation of the historical
runoff, The estimates are intended mainly to provide
a8 rough measure of the water Supplies to be expected
during a future preriod of critical flow similar to
those that occurred from about 1932 to 1934 and from
1950 to 1952,
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During a l0-year period of overlapping records
for Crater Creek and Long River the annual runeff in
the two basins had a close correlation, as shown in
Figure 2. The relation of the annual runoff at Long
Lake outlet to that of Crater Creek, expressed in inches
on the drainage areas, should be about the same as
shown in Figure 2, since the drainage area at the Long
River gage is only 7 percent more than that at the lake
outlet, The records obtained for the water years 1914
and 1915 at Long Lake outlet, however, are grossly
lnconsistent with this relation. Gaging conditions
both at Long Lake and Crater Lake were called unsatis-
factory in 1914 and 1915; and this may account for the
discrepancy. The records for those years were not used
for estimating the power possibilities, but it is
probable that the runoff in both years was above the
average.

Relation of annual runoff to precipitation and temperature

Some of the annual values of runoff for the several
basins differ greatly from the amounts to be expected
from the precipitation. For example, the runoff of
Dorothy Creek in the water year 1936 was substantially
more than in 1949, although the precipitation at Juneau
was only 85 percent of normal in 1936 whereas it was
122 percent of normal in 1949. In those years the
precipitation at Annex Creek near the Dorothy Creek
basin was comparable to that at Juneau, being 81 percent
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of normal in 1836 and 126 percent of normal in 1949,

and there was a similar correspondence in most of the
other years of record. It is unlikely, therefore, that
abnormalities in the areal distribution of precipita-
tion were largely responsible for the occasional ab-
normal relations of runoff to the precipltation indices.
These evidently were caused mainly by abnormal changes
in natural storage as ice or snow. The changes with
respect to the annual precipitation may be due to
several factors, which are discussed as follows:

1., Melt of glacier ice tends to be increased durlng
clear, warm seasons and reduced in cloudy, cool seasons.
The varlation is partly due to the rate of melting of the
Snow cover and partly to the amount of heat intercepted
by the exposed glacier, 2. Melt of glacier ice tends
to vary according to the amount of antecedent snowfall,
Snow constitutes effective insulation on the areas
subject to ablation, and the duration of this insulation
in summer months depends largely on its initial amount,
S. Melt of snow on or below the glaciers may be retard-
ed in wet, cool years to the extent .that substantiél
amounts may last throughout the summer, appearing as
runoff in subsequent, drier years, 4. The amount of
annual precipitation stored in the glaciers depends
largely on the amount of snowfall, which may not be

closely proportional to the amount of anhual precipltation.
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In occasional years it is to be expected that a
combindtion of factors will result in a relatively
large change in natural storage. In the water year
1949, for example, winter precipitation was the largest
during the period of the runoff record, and was large
in relation to the annual precipitation. Temperatures
were substantially below normal during the period April
to July, when there was an accumulated departure of
minus 18°F at Annex Creek. The duration of the snow
cover must have been favored both by its large amount
and by the low temperatures, and melting of the glaclers
must have been reduced accordingly. It is likely that
some of the snow was carried over in transient storage
to appear as runoff during the following dry year, and
also that accumulation on the glacler was large 1n re-~
lation to the annual precipitation., As will be seen
in Figure 3, the runoff of Dorothy Creek in 1949 was
about 40 inches less than would be expected from the
precipitation, which corresponds to a deficliency of
33,000 acre-feet,

The systematic effect of ¢limatic varlations on
natural storage is apparent in the relation of the runoff
of Dorothy Creek to precipitation and temperature indices,
as shown in Figure 3. The straight 1line, R = 1,54 P - 10,
represents the approximate relation that would exist if

there were no systematic changes in natural storage,
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In this equation 10 inches 13 a rough estimate of

the annual loss to be expected from evaporation and
transpiration; a factor which undoubtedly is small
and relatively constant. It is apparent that an
average of the data would be represented more closely
by a line of much flatter slope; for example: R = 0,9
P + 48. 1In general there was an increase in runoff
wlth respect to precipitation in the drier Years and
a decrease in the wetter years. Furthermore, runoff
generally was relatively high with respect to pre-
cipitation when summer temperatures were above normal
and low when the temperatures were below normal.

Runoff in relation to climatic trends

In addition to the year to year changes it is
possible that climatic conditions during a considerable
period may favor progressive changes 1in glacier storage,
During the period from about 1880 to 1940 glaciers of
Alaska generally have receded, according to Matthes,g/
although many exceptions to this trend have been ob-

served,

2/VMatthes, Francois E., 1912, Chapt. V ol Qydrology,
edited by 0, E. Melnzer, McGraw-Hill Book Co., Inc.,
pp. 198-201,

If the glaclers in the region of Speel Arm have been
diminished during the past years the runoff may have
been augmented by some ice melt which in a future
period might not be available. For example if tempera-
tures should become consistently lower the snow-line
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would be lowered and there would be a reduction in
the rate of glacier change between the two periods,

Two large valley glaciers of the Speel River basin
are shown on the map of the International boundary
prepared from surveys of 1906 to 1909; and also on
the recent quadrangle maps compiled from aerial photo-
graphs of 1948, The termini of these glaclers are
shown at about the same location on both maps, indica-
ting that there probably has not been a major change
in the volume of the glaciers during that 40-year
period.

STORAGE SITES

Conditions are relatively favorable at Crater Lake
and Long Lake for constructing reservoirs adequate
for substantial control of the runoff. A reservoir
can be constructed on the Speel River for partial
regulation, but much of the considerable debris load
would be deposited in the reservoir and would cause
some impairment of the usable capacity from the outset.
Storage at the three sites could be used either for
regulation of the units operated as separate generating
statlons, or for system regulation in a coordinated
plan of development. The coordinated plan would re-
quire greater plant facilities but would provide for
greater utilization of the potential power, and for a
substantial use cf Speel River water without consider-
able storage on that stream.
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Crater lLake reservoir site

Crater Lake is three-quarters of a mile from tide-
water, and is at an altitude of 1,022 feet. The lake
is two miles long and has a surface area of 503 acres.
It is bounded by steep mountain sides except at the
upper end, where a delta has formed, and the steep
slopes extend underwater for over 300 feet. The lake
is drained by Crater Creek which flows eastward in a
series of cascades mainly on bedrock, about a mile
to the Speel Arm. The channel at the lake outlet is
30 feet wide and is 1in bedrock.

The sides of the canyon downstream from the outlet
are topographically suitable as abutments for a dam
to at least 200 feet above the lake surface. The
width of the canyon at that altitude 18 about 500
feet, The creek drops 50 feet in a distance of 200
feet from the lake outlet, and 30 feet of that fall
is concentyated In the first S50 feet. The rock on
the north side of the creek also slopes sharply
downstream from a narrow ridge at the outlet section.
Because of these topographic features the site may
be more suitable for an arch dam or buttressed dam
than one of the gravity type. The topography is
favorable for a development of storage capacity by
tapping the lake with a tunnel outlet. A considerable
amount of usable capacity thus could be obtained by
damming the lake outlet, by drawdown, or by a combina-
tion of the two methods._ The potential capacities
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A - Crater Lake

looking west from east end of lake.

B - Looking southwest at outlet of Crater Lake.

Figure 4
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and the corresponding surface areas are shown in Ta%le 1,
J. C. Miller found from hils examination that no

very unusual geologic problems are likely to be en-

countered in the construction of a dam and tunnel.

The roek at the dam site was considered to be suitable

for the foundation of a masonry dam, or one of flexi-

ble-type construction such as a rock-fill dam, to a

height at least 100 feet above the lake surface. Rock

for the latter could be quarried near the site, but it

might be necessary to bring in aggregate for concrete

from Speel Arm, Construction of an access road would

be difficult because of the very steep terraln, and

investigation may show that a tramway would be preferable,
The average discharge of Crater Creek for the 31

years of recorded and estimated runoff was 180 second-

feet, which corresponds to an average annual runoeff

of approximately 138,000 acre-feet. (See table 8,

page 64) A storage capacilty of about 135,000 acre-

feet would have been required for complete utilizatlon

of this runoff in a schedule of uniform monthly releases,

This capacity 1s available between the present lake

surface and an altitude 200 feet higher; or, as an

example of combined damming and drawdown, between

altitudes 100 feet above the lake surface and 162

feet below. Storage capacity of only 76,000 acre-feet

would provide for a regulated flow of 171 second-feet,

or 90 percent of the average discharge. This amount
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Table 1
Crater Lake reservoir site
Altitude, Area, Capacity,
feet acres acre-feet
800 320 89,100
820 338 82,500
840 353 75,600
B6O 363 68,400
880 376 61,000
900 392 53,400
920 410 45,300
940 ' 423 37,000
860 436 28,400
980 447 19,600
1,000 465 10,500
1,022 (Lake surface) 503 o}
1,040 570 9,600
1,060 633 21,700
1,080 675 34,800
1,100 723 48,800
1,120 764 63,600
1,140 792 79,200
1,160 818 95,300
1,180 847 111,900
1,200 885 129,200
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is available, for example, between altitudes 60 feet
above the lake surface and 84 feet below. In an actual
schedule of operation the releages.probably would be
varied somewhat in accordance with the head and the
load demand. The illustrative reservoirs, with capaci-
ties divided equally above and below the present lake
surface, would provide for a uniform generation of
povwer equal to that obtainable from the average regulated
flow through the gross head of approximately 1,005 feet
that could be utilized below the altitude of the lake
surface.

If the reservolr were designed for only partial
control of the runoff, and with a dam at the outlet,
it would be necessary to provide spillway capacity
adequate to pass the maxlmum discharge that might
occur. The peak discharges of Crater Creek often occur
in the wet months, September or October, when storage
would tend to be at a maximum, The maximum discharge
of record was 3,100 second-feet in September 1927, which
corresponds to the relatively high unit rate of 260 second-
feet a square mile, In comparison, the maximum record-
ed on nearby Dorothy Creek from 1929 to 1955 was 1,780
second-feet in November 1949, or 115 second-feet per
square mlle,

Long Lake reservoir site

Long Leke is a mile and a2 half from tidewater,
and 18 at an altitude of 814 feet, The lake is 4
miles in length and has an area of 1,324 acres, It 1s
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B - Looking south at island in outlet of Long Lake,

Figure 5
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bounded by steep mountalin sides except at the upper
end, and the steep glopes extend under water for more
than 300 feet. The Long River valley upstream from
the lake has been filled with glacial debris to an
average width of about 2,000 feet for a distance of
3 miles. The 900-foot contour crosses the valley
about 2 miles upstream from the lake. At the ou let
of the 1éke the river flows in two channels around a
rock island for 200 feet, and 1t falls 500 feet in a
cascade from the head of the island to a point 1,500
feet southeast. The rlver then flows eastward on a
flatter gradient several miles by way of Indian Lake
to the Speel River,.

The hilisides at the outlet section are topographic-
ally suitable as abutments for a dam to an altitude of
900 feet, where the width of the valley 1s 700 feeb.
The width at stream level between the steep hillsides
18 250 feet, including the rock 1sland which extends
generally about 10 feet above the stream and 1s 150
feet wide. The channel in a distance of 200 feet from
the head of the island drops 70 feet, and in a dlstance
of 450 feet it drops 140 feet. The rock on the right
- pank slopes sharply downstream below a narrow ridge
at the outlet section so that the terrain is generally
unfavorable as a base for a gravity dam. It appears
to be more suitable for an arch dam, or a buttressed
dam, Long lLake is topographically suitable for the
development of storage capacity by drawdown; and as at
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Crater Lake a considerable amount of usable capacity
could be obtained by damming the lake outlet, by
drawdown, or by & combination of the two methods. The
potential capﬁcities and the corresponding surface areas
are shown in Table 2.

J. C. Miller found from his geologic examination
that the rock in the region of the lake outlet has
numerous faults and joints, and that considerable excava-
tion and grouting might be required to prevent leakage.
Alternatively it may be found that a higher dam farther
downstream would be preferable, if the fractures at the
outlet section extend to considerable depth, although
the downstream topography is not as favorable for abut-
ments. The geologic examination revealed that a tunnel
for diversion of water from Long Lake to a powerhouse
on Speel Arm would intersect one or more zones of dis-
turbed rock,

For access to the lake a road might be constructed
from Speel Arm about a mile and a half to a point near
Long River at an altitude between 200 and 300 feet.
Because of the steep slope 1t would be difficult to
extend this up to the lake, and a short tramway might
be preferable. Sand and graVel at the upstream end
of the lake may be the best source of concrete aggregate,
and if so transgort by water probably would be the
more practicable method, since the construction of
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Table 2
Long Lake reservolir site
Altitude, Area, Capacity,
feet acres acre-feet
6800 844 230,900
620 901 213,400
640 240 195,000
660 982 175,800
680 1,022 155,800
700 1,069 134,900
720 1,109 113,100
740 1,143 90,600
760 1,187 67,200
780 1,227 43,100
800 1,276 168,100
814 (Lake surface) 1,324 0
820 1,438 9,000
840 1,837 39,800
860 1,826 74,400
880 . 1,977 112,400
300 2,089 153,100
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a rdad on the asteep mountaln sldes would be extrermely
difficult, ;

The average discharge of the lmng River at the
gaging station for the 31 years of recor@ed and estima-
ted runoff was 458 second-feet., (The runoff figures are
listed in table 9, page 65). The corresponding discharge
at the lake outlet as computed according to the ratlo
of drainage areas was 432 second-feet, which 18 equiva-
lent to an average annual runoff of 310,000 acre-feet.‘
A storage capaclty of 317,000 acre-feet would have been
required for complete control of the runoff on a
schedule of uniform monthly releases. This amount of
capacity is available, for example between the altl-
tudeg of 679 feet and 903 feet, with the reservoir
volume divided equally below and above the present lake
surface., According to the estimated figures of runoff
the reservoir would have been empty in April 1936 and
full in October 1940. A uniform flow of 390 second-
feet, or 90 percent of the average discharge, could
have been obtained with the much lesser capacity of
150,000 acre-feet, which, for example, 1s available be-
tween the altitudes 733 and 860 feet. The reservolr
would have been full in October 1932 and empty in May
1934,

In an actual schedule of operation the releases
probably would be varied somewhat in accordance with

the head and the load demand, The illustrative reservolrs
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would provide for uniform generation of power equiir

to that obtalnsble from the average regulated flow utiliz-
ed through the head of approximately 806 feet that is
avallable below the altitude of the lake surface. This
would necessitate a maximum monthly release of about

520 second-feet with the larger reservoir, and 432
second~-feet with the smaller.

If a dam were constructed at Long Lake outlet,
sufficient spilllway capacity would be required for the
maximum discharge that might occur. During the periods,
1916 to 1933, and 1952 and 1953, the maximum recorded
discharge at the gaging station was 6,000 second-feet
which occurred in September 1927. This corresponds to
the unit rate of 185 second-feet a square mile.

Speel River reservoir site

The Speel River enters a narrow canyon half a mile
downstream from the mouth of Long River, and about eight
miles upstream from the head of Speel Arm. The canyon
reach, which is about half a mile long, constitutes the
only favorable dam site on the river. Both upstream
and downstream the stream flows on a wide deposit of
glaclal materials. The stream at medium-low stages is
at an altitude of 165 feet Jjust upstream from the gorge,
and 1t drops to an altitude of about 20 feet Just down-
stream, High tides extend 5 miles up the river from its
mouth at Speel Arm.
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A - Speel River dam site gorge looking west upstream.

B - On north end of First Lake, looking south at
Saddle dam site.

Figure 6
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The canyon sides are favorable for the abutments
of a dam at a sectlon a few hundred feet downstream from
the head of the gorge, where the width is 700 feet at
an altitude of 300 feet. Af medium-low stages the river
at this section flows in a channel less than 50 feet
wide between steep rock sides, and 1s at an altitude of
160 feet. The range of stage at the former gaging
station Just upstream from the gorge was recorded as 28
feet during the period 1915 to 1918, At stages above
175 feet overflow occurs through a 150-foot channel along
the left side of the canyon, separated from the low-
water channel by a narrow, rock ridge.

A dam to an altitude of 300 feet would back water
up the Speel River valley about 6 miles, and up the Long
River basin 42 miles to a saddle between the basin and
Speel Arm., At this place, called the Saddle dam site,
an auxiliary dam would be required, since the lowest
point is at an altitude of 248 feet. The saddle con-
sits of a wide deposit of alluvium and glaclal materilals
of unknown depth, under a thick cover of muskeg moss.
There is a uniform slope on each side of the low point
of the saddle up to an altitude of 300 feet, where the
width 1s 1,100 feet, and there are rock exposures on
steeper slopes above this altitude. A very small
auxiliary dam would be required in a narrow channel north-
west of the principal structure for a reservoir altl-
tude of 300 feet. Just southwest of the saddle, or
on the downstream side of the Saddle dam site, there is

a sharp drop of 80 to 100 feet in a distance of 100 to
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150 feet. On the upstream side there is a small body
of water called First Lake, 200 feet northeast of the
saddle, at a surface altitude of 234 feet. This, and
a somewhat larger body of water, called Second Lake,
are in a short valley, tributary to the Long River
above Indian Lake. First Lake extends 1,200 feet to
1ts outlet, and 18 drained by a creek 500 feet in
length to Second Lake, with a total fall of 41 feet.
The depth at the center of First Lake is more than 45
feet. The location and design of a dam might be determin-
ed somewhat by these topographic features on both sides
of the saddle, particularly if bedrock is at consider-
able depth.

J. C. Miller found from his geologlc examination
that the rock at Speel River dam site is suitable for
the foundation‘of a dam of the suggested height, and he
envisioned no unusual problems in construction., At the
Saddle dam site 1t was not clear whether the abrupt down-
stream slope represented a section of the valley fill
or a rock formation covered with a layer of alluvium and
glaclal depositis, For the purpose of this report it
is assumed that a cdam can be constructed to a crest alti-
tude of 300 feet, but that a much higher structure may
not be practicable. The design evidently will depend
largely on the depth to bedrock and the character of
the overlying materials,
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The potentlal capacity of the reservolr site can
be determined only roughly from the available maps,
which are on a scale of 1:63,360 and with a contour
interval of 100 feet. The capacities and correspond-

ing surface areas, thus determined, are as follows:

Table 3
Altitude,

feet Area, acres Capacity, acre-feet
165 0 0

200 2375 42,000

250 3284 (interpolated) 183,000

300 41¢s2 370,000

350 4993 (interpolated) 800,000

400 5794 869,000

Water could be diverted at Saddie dam site, which is
less than half a mile from tidewater at Speel Arm, The
outlet works could be located below the present surface
of Flrst Lake, and with a little excavation at the outlet
of the lake the reservoir could be drawn down to an
altitude of 235 feet, or about the present lake alti-
tude. This would provide for a usable capaclty of
254,000 acre-feet below an altitude of 300 feet.

With a diversion at the Saddle dam the Long River
arm of the reservoir would be effective as a settling
basin between the Speel River valley and the outlet
works. The potential capaclty of this arm of the
reservoir between the surface of Indian Lake, at an
altitude of 177 feet, and a crest altitude of 300 feet
1s about 88,000 acre-feet. Only 35,000 acre-feet would
be usable capacity above an altitude of 235 feet, and
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53,000 acre-feet would be dead storage aboves the
altitude of Indian Lake, The dead storage capacity
probably would be incrzased substantially by the
underwater volume of Indian Lake, which has a surface
area of 520 acres,

The Speel River had an average dilscharge of 2,740
second-feet during the 2-year period of record, 1917
and 1918. During the 16 years for which the runoff
was recorded or estimated the average discharge was
2,430 second-feet, which may be slightly less than a
long~time average. The ¢ aresponding average that
would have been avallable after complete diversion of
Long River water at the lake is 2,000 second-feet.
(The figures of adjusted runoff are shown in Table 10,
page 66). During the dry water years, 1933 and 1951,
the estimated average discharge, exclusive of Long
River, was approximately 1,850 second-feet, corresponding
to a2 runoff of approximately 1,200,000 acre-feet a year,
With a usable storage capacity of 234,000 acre-feet a
dependable monthly flow of 870 second-feet could have
been obtained in such years, and at least 10 percent
more in many of the wetter years,

A spillway would be requlred elther at the Speel
River or at the Saddle dam with capacity sufficilent
to pass the maximum discharge that might occur.

During the period of record, 1915 to 1918, the maximum
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discharge was estimated as 35,600 second-feet. A
discharge of that order of magnitude would be diffi-
cult to control on the half-mile slope between the
Saddle dam site and the Speel Arm since there 18 no
natural channel of substantial size. Furthermore
1t would be undesirable to pass the excess water
over the Saddle dam because this would favor the
transport of sediments into the Long River arm of
the reservolr and through the powerhouse., For these
reasons it would be preferable to locate the spillway
at the main dam on the Speel River,
WATER POWER DEVELOPMENT

Power at the sites near Speel Arm might be
generated for use near Juneau, where sizeable industrial
sites are available, This would necessitate a trans-
mission line roughly 50 miles in length over rugged
terrain, including 2 high rldges and an underwater
crossing of Taku Inlet. Since the cost of transmission
would be relatively high, such a plan might not be
practicable without the combined development of
several sltes for a substantial amount of power. The
trangmission costs and losses would be minimized if
the plants near Speel Arm were operated at a high
load factor.' This would be practicable 1f peaking
capaclty could be had at existing or proposed plants
near Juneau, or if the nature of the future induatrial
development favors a uniform load demand,
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A partial development of one or more of the sites
near Speel Arm might be considered 1if the power could
be used in the vicinlty. The area sultable for
factory sites and settlements is rather small, but
there 1s some land near the head of Speel Arm that
might be used. The posslibility of snow avalanches
should be investigated before selection of a site,
There are several possibllities for partial utiliza-
tion of the potential power at each of the three
power sites, some of which would involve relatively
minor construction.

The power possibllities listed in the following
sections were based on several illustrative plans.

An optimum plan evidently c¢an be determined only
after additional field investlgations, and after comparative
study of the numerous methods for development of the
storage capacity and diversion of the water. The
potential power was computed on the assumption that
the regulated flow could be utilized through the mean
gross head for generation of electric power at an
over-all efficlency of 80 percent, In kllowatts this
is given by the equation P = 0.068 @ H, where Q 18
the regulated flow in second-feet and H 1s the mean
head in feet. An allowance for friction losses in
the conduits was not made.

Crater Lake power site

It would be possible to divert water from Crater
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Lake reservolr and convey it about 4,500 feet to the
southeast by the shortest route to a powerhouse at
tidewater. This site 1s half a mile southwest of
the mouth of Crater Creek on the Speel Arm., The
diversion could be accomplished by a tunnel and surface
penstock of about equal lengths, although it might be
necessary to use a tunnel penstock if the area is
sublect to avalanches, Alternatively, it would be
possible to convey the water about 7,500 feet east-
ward by tunnel and penstock to a powerhouse on Speel
Arm about 2,000 feet west of the mouth of Glacier
Creek. Thils could be used as a common powerhouse for
the Crater Lake, Long Lake, and Speel River units,
For estiﬁéting the potentlal power it was
assumed that impulse wheels would be used in the
Crater Lake unit, set a few feet above the highest
tide elevation or at an altitude of 17 feet, Three
general plans of development are considered, differing
as to the method of storage development. The required
storage would be developed by (1) a dam at the lake
outlet to raise the lake above its natural elevation;
(2) a combination of a dam to raise the lake leveil
and a diversion tunnel to lower the lake below its
natural level; and (3) a diversion tunnel for lower-
ing the lake. Under each of these three general plans
three variations are considered, - Plans A, B, and c,
differing as to the assumed amount of storage capacity
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and the regulated flow thus attainable. Plan A repre-
sents complete control of the runoff, with the mean
regulated flow equal to the average discharge, 190 cfs.
Plan B is for a mean regulated flow of 171 c¢fs, or 90
percent of the average; and Plan C 1s for complete
control in a water year of critical low flow such
as 1951, when the average discharge was 145 cfs. The
potential power and related data for the several
possibilities are summarized in the following table 4,

Plan 3A clearly would be out of question, not
only because of the small gain in power but also be-
cause of the excessive drawdown,

Under Plan C, with storage capacity of 50,000
acre-feet and with uniform generation according to
the tabulated amounts there would have been spill in
all years except 1951, A continuous generation of
105 percent of the tabulated amounts for the several
1llustrative schemes could have been obtained except
during 2 years of the 31, - 1934 and 1951, when the
deficiencies would have been only 5 percent and 3
percent respectively. Secondary power of this de-
pendabiiity could not be obtained under Plan B, since
there would be periods of several years, like 1932 to
1936, when no surplus water would be available,

Long Lake power site

Water could be conveyed from the Long Lake
reservoir about 9,700 feet southward by way of a
tunnél and penstock to a powerhouse on the Speel Arm,

44



Table 4

Crater Lake power site, potential power
and related data

Reservoir
altitude,
Reservolr operating Mean Regulated Continuous
capacity range head flow power
Plan (acre-feet) (feets (feet5 {cfs)  (kilowatts)

1. Storage capacity developed by dam at lake outlet
to raise lake above its natural level.

A 135,000 1022-1206 1,108 177-209 14,300
B 76,000 1022-1135 1,085 163-184 12,600
c 50,000 1022-1102 1,066 140-154 10,500
2. Storage capacity developed by combination of dam
at lake outlet and a diversion tunnel for drawing
the lake down, with the capacity equally divided
above and below its natural level.
A’ 135,000 860-1122 1,005 170-222 13,000
B 76,000 538-1082 1,005 153-204 11,700
C 50,000 963-1083 1,005 137-152 9,900
3. Storage capacity developed entirely by drawing
lake below its natural level,
A 135,000 620-1022 860 162-271 11,100
B 76,000 840-1022 937 146-181 10,800
C 50,000 904-1022 963 139-157 9,500




that could also be used for the Crater Lake and
Speel River units. The waterway from Long Lake
reservoir would require 8,000 feet of tunnel and
1,700 feet of penstock, The mountain sides above
the powerhouse site extend up to an altitude of
nearly 5,000 feet in a distance of 2 miles, and
there is a glacier on the upper part of the Slope,
It seems possible that snow avalanches might consti-
tute a hazard in this region, and if so the penstock
and powerhouse might have to be constructed underground.

Alternatively, water could be conveyed from Long
Lake to the southeast by way of a short tunnel and
penstock to.a powerhouse at the edge of Second Lake,
for utilization down to an altitude of 194 feet. This
would require only 2,000 feet of tunnel and 1,000
feet of penstock and would provide for the development
of about three-quarters of the head between Long Lake
and tidewater. The remainder could be developed by
diversion from Second Lake by way of a tunnel and
penstock 4,000 feet southward to the Speel Arm, al-
though at proportionately greater cost for theApower-
house and waterway.

If the Speel River reservoir should be constructed,
water could be conveyed from Long Lake by way of
1,500 feet of tunnel and 800 feet of penstock to a
powerhouse at an altitude of 300 feet near the
assumed maximum flowage line of the reservoir. The
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Long River water then would be Included in releases
from that reservoir for generation 1n a powerhouse at
Speel Arm, about 3,000 feet from the reservolr,

For estimating the potential power 1t was agsumed
that with reaction turbines and draft tubes the head
could be developed down to the average tailwater level,
With a powerhouse located at Second Lake this would
permit development down to a&n altitude of 194 feet,
With a powerhouse at the Speel River reservoir the
average tallwater altitude was assumed as 290 feet or
300 feet depending on whether that reservoir would be
used for regulation or for diversion purposes only,

The head below the reservoir was computed from the
mean surface altitude of 270 feet with drawdown, and
from an altitude of 300 feet without drawdown, The
tailwater altitude at the Speel River powerhouse was
assumed to be 8 feet; - the higher high-water plane.

Water from Long Lake reservoir could be utilized
accordingly through different average heads, depending
on the nature of the development. The average gross
head between the present lake surface and Second lake
is 620 feet, The average gross head between Long Lake
and Speel Arm, through the Speel River reservoir, would
be 786 feet with drawdown, or 806 feet without drawdown
of the Speel River reservoir. A head ¢f 806 feet also
would be available with a direct diversion from the lake
to Speel Arm,
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For estimating the potential power, three plana were
considered, Nos., 1, 2 and 3, for different methods of
storage development., Under each of these general plans
three variations were considered, - Plans A, B, and C,
differing as to the assumed amount of storage capacity and
the regulated flow thus attalnable. Plan A represents
complete control of the runoff, with the mean regulated
flow equal to the average discharge, 432 cfs. Plan B
is for a mean regulated flow of 390 e¢fs or 90 percent
of the average discharge. Plan C is for complete
control in a water year of critical low flow such as
1951, when the average discharge was 334 c¢fs. The
potentlal power and related data for the several possi-
bllities are summarized in the following table 5, for
maximum utlilization of the head below Long Lake reservoir,

With development in two stages, the relative amount
of power that could be generated in each unit would
depend on the mean reservoir level at Long Lake. In
Plan No. 1, 66 percent of the power would be generated
in the unit below Long Lake reservoir and 34 percent in
the unit below Speel River reservoir, if the latter were
operated at maximum pool level., In Plan No. 2 the corre-
sponding amounts would be about 64 percent and 3§ per-

cent; and in Plan No, 3, 62 percent and 38 percent,

4
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Table S
Long Lake power site, potential power
and related data
Resérvoir
altitude,
Reservoir operating Mean Regulated Continuous
capacity range, head, flow, power,
Plan acre-feet feet feet cfs kilowatts

1. Entire storage capacity developed by dam at
lake outlet to raise lake above its natural level,

A 317,000 814-970% 895 400-480 26,300

B 150,000 814-899 852 370-411 22,600
C 104,000 814-876 839 323-348 19,000
*Extrapolated

2. Storage capacity developed by combination of a
dam at lake outlet and a diversion tunnel for
drawing the lake down, with the capacity equally
divided above and below its natural level.

A 317,000 679-903 806 390-519 23,700

B 150,000 733-860 806 369-432 21,400

c 104,000 713-847 806 322-352 18,300

5. OStorage capacity developed entirely by drawing

lake below 1ts natural level.

A 317,000 490+*-814 671 360-801 19,700

B 150,000 683-814 754 364-~435 20,000

C 104,000 708-814 765 317-365 17,400
¥EXtrapolated

Plan 34 is clearly out of question,
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The relative ameunt of power generated In each plant
would be somewhat different 1if the Speel River reservoilr
were operated for regulation, In that event there

would also be a reduction of about 3 percent in all

of the tabulated amounts of total power, due to the

loss of head in the reservolr,

In a scheme for partial development to Second Lake
the potentlal power would range from about 80 percent
of the tabulated amounts for Plan No. 1, to 75 percent
of those for Plan No, 3.

Under Plan C, with 104,000 acre-feet of capacity
and with uniform generation according to the tabulated
amounts for Plans 1, 2 and 3, there would have been
some waste of water in all years except 1951. It would
have been possible to obtain 105 percent of the tabulated
amounts continuously except in 3 years of the 31; 1934,
1951 and 1952, and then the maximum deficiency would
have been only 3 percent. Under Plan B, with 150,000
acre-feet of storage capacity and with uniform generation
according to the tabulated amounts, spill would not
have occurred during continuous perlods of several
years, as from October 1932 to October 1936, and from
November 1949 to October 1951, Power in excess of
that available 100 percent of the time therefore would
not have been very dependable,

Speel River power sgite

With only a small diversion dam it woulid be possible
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to divert unregulated flows from the channel above

the Speel River dam site for utilization through the

head of about 150 feet that 1s available between the
diversion point and the channel half a mile downstream.
However, the maintenance and operation of the outlet

works and other hydraullc equipment might be very
difficult because of the heavy load of sediment. Further-
more, the topography 1s not favorable for the construction
of a powerhouse at the lower end of the canyon. A more
practicable development of power at the Speel River

site probably would necessitate the construction of a

dam sufficiently high for concentration of a moderate
amount of head, and for providing an adequate settling
basin. Generation of power from the unregulated flows
would be practicable if the energy output could be

Tirmed up from other sources, but storage regulation

would be essentlal for generation of a substantial

amount of dependable power at the site.

A dam to an altitude of about 200 feet would back
water up the Long River valley and cover Second lLake,
from which point a diversion could be made by way of
about a mile of tunnel and penstock to the Speel Arm.

A dam to an altlitude of 235 feet would back water over
First Lale, within 3,000 feet of Speel Arm near the
mouth of Glacier Creek. For the purpose of this report
it is agsumed that the reservoir would be constructed
to an altitude of 300 feet, wlth dams at the Speel
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River site and at the Saddlzs dam site, 2o that a usable
capacity of 234,000 acre-feet could be obtalned above
an altitude of 235 feet. The diversion from First

Lake to Speel Arm near Glaciler Creek then could be

made by means of about 3,000 feet of tunnel and pen-
stock, or mainly by pipe lines 1f desired.

About a mile of tunnel and penstock would be re-
quired for conveyance of water from First Lake to the
powerhouse site on Speel Arm, 2,000 feet west of Glacler
Creek, that also could be used for the Crater Lake and
Long Lake units. The advantage of a common powerhouse
would have to be weighed against the substantially
greater requirement for waterways. With individual
powerhouses an aggregate of less than 2 miles of tunnel
and penstock would serve for conveyance of water from
the three reservoirs; whereas more than 4 miles would
be required with a common powerhouse.

It was estimated that a dependable flow of B70
second-feet could be obtained with 234,000 acre-feet of
capacity. This possibility is based on the assumptlon
that the Long River may be completely utllized in a
separate development. With a range from 235 feet to
300 feet, the average reservoir altitude would be
approximately 270 feet, and 1t is assumed that the
head could be developed down to an altitude of 8 feet.
The corresponding power, estimated to be avallable 100
percent of the time, is 15,500 kilowatts. This could
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have been obtained in water years like 1933 and 1951.
Iﬁ 9 years of 10, on the average, at least 17,000
killowatts could have been generated continuously.

A continuous generation of 15,500 kilowatts
corresponds to average monthly releases of from 780
second-feet to 1,000 second-feet, varled in accordance
with the reservoir level, Sedimentation would gradually
reduce the usable capaclty of the reservoir, and the
dependable power would be reduced accordingly. For
example, with a capacity of 117,000 acre~feet, or
half of the original amount, only about 10,000 kilowatts
could be generated continuously,

Possibilities for a combined development

The Crater Lake, Long Lake and Speel River power
plants could be designed and operated as a combined
unit for the generation of substantially more depend-
able power than could be obtained by individuzl operation
of the plants, In such a system the runoff could have
been fully utilized in water years of minimum flow
such as 1933 and 1951, and 30 percent more dependable
power thus could have been generated. The increase
was computed in relation to the three units operated
independently, with the storage capacities at the lakes
of the amounts listed under Plan B, created by combined
damming and drawdown as illustrated in tables 4 and S.

For the purpcose of an illustrative comparison it
wag assumed that the combined units would be designed
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for 100,000 acre-feet of usable storage capacity at
the Crater Lake site; 250,000 acre-feet at the Long
Lake site; and 234,000 acre-feet at the Speel River
site. The surface altitudes of the reservoirs and

related data are as follows:

Capacity, Surface altitude Mean altitude#
Reservoir acre-feet feet feet
Crater Lake = 100,000 508 to 1,102 1,022
Long Lake 250,000 709 to 8886 814
Speel River 254,000 235 to 300 270

¥jeighted mean altitude, corresponding to mean contents.

A mean gross head of 1,005 feet would be available
in the drop from the Crater Lake reservoir down to an
altitude of 17 feet. A mean gross head of 524 feet
would be avallable in the drop from the Long Lake
reservoir down to the mean tailrace altitude at the
Speel River reservoir, estimated as 290 feet; and a
mean gross head of 262 feet would be available in the
drop from the Speel River reservoir down to a mean
tallrace altitude of 8 feet, or the higher high-water
plane.

In a coordinated schedule of operation most of the
load would be carried by releases from the Crater Lake
and Long Lake reservoirs during the winter, and by
releases from the Speel River reservoir during the
summer. The power possibilities were compiled herein
on the assumption that the entire load would be carried
by releases from the Speel River reservoir after the
reservoir was substantially filled in the summer.
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The regulated flows and powerhouse requirements then

would be about as follows:

Maximum regulated flow*, Maximum generatioen®,

Power plant second-feet kilowatts
Crater Lake 296 18,

Long Lake 655 20,000
Speel River 3,540 63,000

¥The maximum regulated Tlows and Che maximum genera-
tion refer to the amounts for a load factor of 100 percent.
The maximum releases from the Crater Lake and Long Lake
reservoirs were computed on the assumption that they would
be made at times of minimum pool level; those from the
Speel River reservolr were computed for nearly a maximum
pool level, or a head of 282 feet, since the reservoir
would be nearly full at the times of maximum release in
the summer.

An operation schedule for the critical period,
September 1950 to April 1952 is listed in Table 12, p.68

The assumed method of operation is somewhat arbitrary,
and 1s intended mainly for illustrative purposes. It
would have been possible, for example, to have scheduled
the releases so that the Speel River unit would have
carried a greater part of the load when the Crater Lake
and Long Lake reservoirs were at minimum stages, and thus
to have minimized the maximum draft on those reservoirs,

A continuous generation of 63,000 kilowatts could
have been maintained from September 1950 to April 1952,
and during that critical period all of the storage and
inflow would have been utilized, Under the same
schedule, the reservoirs would have been full in October
1932, almost empty in May 1534, and full in Qctober 1934.

A maximum of 48,000 kilowatts could have been generat-
ed continuously with independent operation of the Speel
River plant and of the Crater Lake and Long Lake plants
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in accordance with the illustrative Plan 2B, with two-
stage development of the Long River unit. Thus an
increase of 31 percent or about 15,000 kilowatts could
have been obtained with the three units designed and
operated as a combined system. Such a plan would
necessitate roughly a proportional increase in total
storage and transmission-line capacity, but a dispro-
portional increase in waterway and powerhouse capacity.
Under the i1llustrative schedule releases from the Crater
Lake and Long lLake reservoirs would have been increased
45 percent and 65 percent respectively, and the releases
from the Speel River reservoir would have been increased
about 350 percent. This latter increase would be due
partly to the scheduling of the entire load on the one
plant at times, and partly to the much greater utiliza-
tion of Speel River water that would be possible under
the coordinated scheme of operation. The greatly in-
creased slize of waterway required for these purposes
would make it desirable to use the shortest route to
tidewater, which at the nearest place is about 2,800
feet from a possible diversion point at the Speel River
reservolr,

In the scheme for individual operation of the
plants, 48,000 kilowatts of power could have been
generated continuously without any excess generating
capacity. 1In the scheme for combined operation, 101,000
kilowatts of capacity would have been required for an
average generation of 63,000 kilowatts. Some of this

excess capacity, however,sgould have been used for



diurnal peaking with but slight modification in the
schedule of monthly storage releases. For example,

the energy required for a moderate peak load could
have been supplied entirely by releases from the Speel
River reservoir during 5 or 6 months of the winter
period, and by releases from one or more of the three
reservoirs during the remainder of the year. No
additional waterway or generating capacity would have
been required. During eritical periods such as 1950
to 1952 there would have been some waste of water, or
generation of secondary power, gince the schedule for
complete utilization called for continuous operation
of the Speel River plant at full capacity for a short
time in order to avoid spill. The releases then re-
quired from the other reservoirs for peaking would have
been relatively small, however, and a dally load factor
in the order of 75 percent could have been maintained
with but 1little reduction in the average generation

of dependable power,

An additional advantage of a system designed for
coordinated operation of the units is the circumstance
that the dependable power would not be greatly reduced
by a substantial sedimentation of the Speel River
reservoir., For an illustration of this possiblility
it was assumed that at some indefinite time in the
future sedimentation would have reduced the usable
capacity of the Speel River reservoir to a few thousand
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acre-feet, but that the usable capacities of the Crater
Lake and Long Lake reservoirs would be the same as
initially. The availlable head below the Crater Lake
reservolr then would be the same as before, but operation
of the Speel River reservoir at maximum pool level
would reduce the mean head available between the Long
Lake and Speel River reservoirs from 524 to S14 feet,
and would increase the mean head available below the
Speel Reservolir from 262 feet to 292 feet, Operation
of the three units for maximum generation of con-
tinuous power during a period like 1950 to 1952 then

would have resulted in the following requirements:

Maximum regulated flow, Maximum generatlion, .. .

Power plant second-feet kilowatts
Crater Lake 314 19,000
Long Lake 740 23,500
Speel River 2,940 58,500

Under the assumed schedule of operation all of the load
would have been carried by the Speel River plant during
summer months of adequate flow. The maximum releases from
the Crater and Lcong Lake reservoirs would have occurred
at stages slightly higher than the minimum pool levels.

An operation schedule for the critical period, September
1950 to April 1852 is listed in table 13, p. 69

A somewhat greater amount of waterway and powerhouse
Qaﬁacity would have been regqulred at the Crater Lake and
Long Lake units than under the assumed schedule with
full use of the initial capacity of the Speel River
reservolr, This increase would have provided for full
use of the storage and inflow at the lake sites during
the critical period from September 1950 to April 1952,
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but water would have been wasted at the Speel River
site during 2 months of that period, A total powerhouse
capacity of 101,000 kilowatts would have been required
for a continuous generation of 58,500 kilowatts of
power,

As before, 1t would have been possible to operate
the coordinated system so as to provide a moderate amount
of daily peaking without additional facilities for that
purpose and with but a slight reduction in the average
generation of dependable power. Durink the winter and
spring months of low flow when generation at the lake
units wopld be at or near a maximum, this could be
accomplished by dailly re-regulation of releases from
Long Lake reservoir in the Speel River reservoir. Ade-
quate pondage capacity for that purpose could be obtain-
ed by a slight drawdown or by use of flash boards, since
only a few thousand acre~feet would be required, During
the high-water season the peak load also could be
carried in the same way by the Speel River unit, ex-
cept in the few months when that plant would be
operated at or near capacity. Releases from the Crater
Lake and Long Lake reservoir then would be required to
supply part of the energy for peak load use. It 1s
estimated that the system could be operated at a dally
load factor of 75 percent and with an average generation
of 56,000 kilowatts, 100 percent of the time,
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Transmission line routes

A substantial development of the Crater Lake, Long
Lake and Speel Rlver sites would necessitate transmisaion
of power to a place where a considerable amount of suit-
able terrain is available for factories and communitles,
For this purpose sites at or near Juneau have been
considered in several of the early proposals. Sultable
areas in other parts of the region are very limlted since
the waterways are generally bounded by precipitous
mountains.

Two general transmission routes have been consldered
between Speel Arm and Juneau, One roughly parallels the
shorelines of Speel Arm, Port Snettisham and Stephens
Passage to a point near the mouth of Taku Inlet. Power
would be transmitted thence by submarine cable across
Taku Inlet, and by overhead liné along Taku Inlet and
Gastineau Channel to Juneau, The length of this route
is roughly 53 miles with a submarine crossing 4 miies
in length at the mouth of Taku Inlet, or roughly 59
miles with a crossing, 1.7 miles long, at about the
narrowest section of the inlet, near Dorothy Creek 4
miles to the north.

The second transmission route provides a short cut
between Port Snettisham and Stephens Passage. A8 before,
the transmission line from the power plants would be
located southward along the west side of Speel Arm and
Port Snettisham, about 10 miles to Prospect Creek. From
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this point to Slocum Inlet on Stephens Passage the

route would differ by following a somewhat direct

course 12 miles across the mountains., The distance

around the peninsula by the first route is about 23 mlles.
Most of a line crossing the peninsula could be located

at altitudes below 1,000 feet in the valleys of Prospect

Creek and of the drainage.area tributary to Slocum Inlet,

This route crosses a pass at an altitude of about 2,600

feet between the two basins, and for about a mile and

a half 1s on steep slopes. .Reconnaissance examinatlions

by the U. S. Forest Service suggest that most of the

hazards from snow slides, winds, and 1cing would be in

the region of the pass,

The location of the line between Slocum Inlet and
Juneau may depend partly on whether the Dorothy Lake
power site 1s developed, Thils possibility has been
considered as early as 1927, and has been studied re-
cently by the Bureau of Reclamation. The most direct
route from a powerhouse near the mouth of Dorothy Creek
across Taku Inlet and along the waterways to Juneau would
be about 17 miles in length, including 1,7 miles of the
submarine crossing. This 1s about the narrowest part
of Taku Inlet. The best location for a submarlne
crossing, However, mightr depend on other characteristics
of the waterway and on features of the adjacent terraln
that would affect towerline constructlon.
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Transmission lines located along the waterways
would cross some regions subject to snowslides and some
reglons where high winds can occur, especlally along
Taku Inlet, It 1s gensrally considered that the lines
would have to be loczted several hundred feet above
the water to avoid reglons subject to wind-blown spray,

SUMMARY

The topography and location of the Crater Lake, Long
Lake and Speel River power sites are such that a number
of different methods of development would be possible,

A total of about 48,000 klilowatts of power could be
generated continuously in one plan for 1independent
development of the three sites, and as much as 63,000
kilowatts could be generated continuously in a comparable
plan for combined development of the sites.

Close estimation of construction costs is outside
of the scope of this report and furthermore it would be
essential to have additional field data before such could
be made, A primary need would be for subsurface ex-
plorations, especlally at the Long Lake and Saddle dam
sites. It also would be essential to obtain additional
records of the runoff of the Speel River, and some
quantitative information about the sediment load of
that stream,

The relation of the climate to the runoff and to
the variations of nétural storage as snow or ice was
considered in thls report mainly for guldance in making
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estimates of runoff, and for appraising the reliability
of some of the available records, Some forecasting of
seasonal runoff would be of value in the operation of
hydroelectric plants, and for that purpose there may be
a future need for climatologlical data more closely re-
lated to the power sites than the records that are
presently avallable,

As Judged from preliminary consideration, the possi-
bilitles of the power sites near Speel Arm are sufficient-
ly attractive to warrant further investligation when the
need for a considerable amount of power in the Juneau
area becomes apparent, Alternatively, it might prove to
be feaslble to develop a lesser block of power at one
or more of the sites for limited industrial use in the
vicinity of Speel Arm., In either case, the development
of power wiil depend largely on new ;ndustries, and
probably on ones that do not necessarily require power

of the lowest cost,

61



Table 6
Annual

Monthly and annmual precipitation, Juneau, Alaska

N

0

Water
Year 2

NNOHOVNNMOORFHOFIDO MO ) ML et~
[ ] L L - - [ 3 » - * L ] L] L] - L] L] L] L] » L] L] L L] . 4 L] L] L
PN HC- NI AOHINO DD D0 WO 1) D 1) 10 10
OO DODDCTDNOOSDD 0 0 0 o
~ ~ — e

NMBLNOMINDE 0 HHIU O DOND N N DD
L L - L] L * [ L] - . a L] L N ] L] * @ » L] - L] L ] L] L ] L]
NNNADDOOROMNODUIOD A HID MO W) O D D
o~ ~ — -
mHmmhmmmohmmﬁﬂmmmhmﬁwmmmmmw
L] L L [ ] L] L] * L ] L] L L ] » * -3 * -
Wt =t N

1
1
9,
7
9
6.
8.
7.
2.
5.
6.
5
9.
11.
2.
1
7
0
2
11,
4
2
0]
1
7

* & 5 4 2 4 9 e ¢ » « 9 ¢ 0 & . &+ e 3 .« % 0 &

(DK)N)tf)ﬂfHNrﬂHler-IC)*N’)U)OlDN’)d"Od’Q)d‘tOm(O

NLO@OHHHN*:HN’)FU)NF—O)(D@KOCD(D&OODNCO'dfCDl"-

* . » [ ] * L ] . L] .

'd'lN’)U)LOCO‘-DU)M?-#'N)N)CD\:HMCD"#*NI‘-U')I.O(DLI’)(OK)H

COl“-O)I.r)(DOmﬂ'mN(OOFN)Od'COHtDONQ)FmN)OCO
L . ¥ v ¢ 4 @

ﬁHmwﬂ*O@@QPﬁ*MﬁNNF@WFMW*MM*

N)NN)':PLOLDMOLOLOFQOI\NH!#CDOEQDNF-|-4I"-HNNO'J

L] L . L L} L ] L - ] L] - - + L ] *

nw}fﬁd*wwmmhwmcommo:omnﬁmwcou')cmntob-

l"-Oimr-!r—lCDCD'd'NP*CDN)N)NCOMN)P-(DLOﬁ'COHﬂ'N(Dm

. - . LJ . » L

COLOI-I')F)OQ)N)N)P-N‘JW#‘WPCDODO"CDF-FNN)&OCONMF-

O)IQCOd*mHlONCO(D(DQDmHO)ﬁQ‘JOU)O)O)tOtONOs:HtD
» . - *

OOwﬁﬂwﬁmwmﬂmmmomﬁmdmwmoowmo

mo}tﬂml“-OFNHMﬁﬁ"m#‘wmwd’md"MI—IOP"F‘NO
- L] ]

oh@OhWNNﬂ*OﬂhOﬁmmmO¢mmhﬁmwm

{DOCOOG‘JQOOQHP-LDF‘N(DOCDN@ONCONO)‘#AHQJW
L] L] -
(DCO(DLDO"U)COHHO"HK)N)CDI‘-MI‘*P-N)LOHLDCDNK)CDH
~ ~ ~ AN -~ r~

9.1
*
.
-
L]
Ll
L]
L]
-
L]
L]
-
.
L]
*
-
-
-
[ ]
L]
]

1916

62



Annual

Table § - con't.

N

r
& o

Wate
Year

QOO <HDO P~
* e o 4 & 8 s 4 e % ®
:mﬁmmmmmmwmﬂ

IO O W0
R I B

wmnwmr-mmqpﬁ-nﬂ

N~ OHNO HO~WON
L T R O Y

NN A0 NN

CrHNOMHANOW NN
. .

s * & s » e ¢ 5 a

K)CONK)U)U)UJCDMS#'#

NHNONNNOW -~ DN
I * 0 e 8o

DHEN--O0O0HO M~
Lo B o |

GAHNINNODOOODOMN
* s 5 4 8 B 0 & s 9

NMOOADAMNN N ~O M
—~

HODHFHO~ADNWO
A L N

WMNDH OO N U
i 4

MNPO-AHINOINO N
L ] L] . * L] - » L] - L] L] L]
OONWO I mHO MW
et —

‘DLDH@H(QHHQMF"CD
L I T R S S A

=H G0 WO« D MUY < DN 1O
[ ~

AN ONDNO N D
. T T T R R R

DNOINFHONMNH W
~N A ~

90‘1

7.4 10.5
er Bureau,

5.7
gures were rounded to the nearest

5.8 5.2 4,2
gical records of the Weath

6.2

6.1
The published fi

7.8
from climatolo
rce,
n the annual totals.

7.8

10.2

13.2
The figures were taken

U. S. Department of Comme
tenths and added to obtai

a/ Oct, 1 ~ Sept. 30

Mean



9°v¥
L9y
V¥
¥'2y
A
2 EY
v 1¥
¥ 1y
8° 1%
S°0v
T°1¥
0" %%
9°' 19
T°¢y
A 4
0° ¢y
€'9%
S°0%
c'ey
6°2¥%
e 17
9°1%
¥ 0V
02y
£°07%
T°17%
S*°1¥

Tenuuy

1°¢S
0° 1S
2%2s
97 6%
T°%S
L7238
0°0s
8°0S
6°09
¥'6%
8" 8%
3°0S
20§
2°2s
7 6%
9°0S
9708
B8° 08
8°8%
2°0S
0°6¥%
7°0S
9°8%
B8° 1S
2°'2s
S°0S
8°0s

S

L 8tqey

6°9S5
8*6S
8" %S
97 ¢S
8" 9§
9° %S
B°LS
LTS
6°GS
¢°ss
898
3°Gs
g8'cs
1°9S
2" ¢S
¥°89
9°.LS
0°SS
€°6s
6°8S
0°SS
& 7S
¥'es
9°GS
V%S
9° %S
B8*SS

Y

eHsReTyY

#'SS £°¢S G*°2%
1°9S 2°6% 2°Sy
I°C€S 0°6% ¥°'G¥
9°%S ¥°9%v 2°8¢
0°1S 0°L¥ 0°2%
LGS 0°'L¥y 9°0¥F
7°09 0°8% 0°2%
¢'2S ¥°S¥ 9°s¢
9'28 2°6% ¥v*2¥
7°TS 2°8% 2°'5¢

$'6%- ¥°9% 1°SVy
L°3§ 0°9% 2°¢%
9°26 ¥'S¥y 8°6¢

2°%¥S 2°Llvy 0°8g
LGS 9°S% 0°s6¢
0°6S 9°9% 0'%¢
$°LS 0°6% 8°¢¥
6°2S 0°8% 8°8¢
868 8°L¥ 0°3¢
2°%8 2°8% LTV
2°€S P$°9% 9°s¢
9798 2°L¥ 0O°1%
2°%S 2'S¥ 8°9¢
S'ISs 2°9% 2%
0°%S B8°SY 8°L¢
6'1S 1LY 8°1%
¥°6sS L'8% e*cy

r N v

‘nesunp ‘gaanjersdwsj TenUUR pue ATyjguou 9Feaaay

8°¥¢
9*6¢
9°G¢
8°T¢
2°9¢
0° 8¢
£ 2¢
0*82
2'9¢
9°2¢
L°eg
A
0*2¢
1°6¢
2°2¢
6°G¢
8° 0%
0*¢e
8°9¢
B S¢L
LA™
g°o¢
9°1¢
2°82
9°L2
¥ ee
£°62

W

8°s¢
9°'¢ce
g’ee
5°92
2'¥ve
¥°62
0°ST
0°Le
0°LE
9°82
€72
2°9¢
¢°62
1°1te
0°gg
0°eg
0°¢sg
g Le
8*ce
L ARA
82
120 8
8°%e
1°0¢
¥°L2
2 L2
1°2¢

d

0°8¢
2°1¢
8°2e
9°¢e
8°TE
8°L2
9°92
¢ ee
0°62
0°%2
6°LZ
gLe
voge
L*O€E
0°gc
2"62
9°'6¢
6°61
¥°0¢g
S°92
S°1¢
S* %2
AR
o*zg
1°0¢
0 el
B8 ST

c

S°¢¥ ¥
9" Gy Iy
STy ove T
€8y 6%
VLY 8¢
6°9¥% Le
¥'6e 9¢
00 47 SE6T
S'8¢  ¥¢
2°%¥ °e
L AR 4 2e
£ 0% ¢
8°S¥ 0¢61
9°¢¥y 62
6°1¥% g8e
B8°S¥ Ld
S'G¥y 92
A G26T
0°9% £
8" e¥ ee
A 24 2
0" 1% 12
¥ 0¥ 026 T
¥'2% BT
2'ev 81
B°¥¥ LT
N & 4 9161
0 JdBaA
\-.ml JII3GEBM

63



‘nesang Jayjesm 9yl JO Spaodaa

0g¢ *3des - T 390 /®

*20d8uwo) Jo gusuyaedag ‘g *n
Te0T30T103BUTIO WOIJ U3XBY SI8M S2INTTJ JY]

€2% OIS 6765 ¥9°9S ¥°%S L°L¥ SO0V 9°C¢ O°0% 0:82 %08 2°9% L'Cw uesp
0¥ 0726 0°09 1T°LS ¥%°98 2°0§ 2°9% 9°%¥¢ B8°9Y2 0°¢2 676G 2°LE &°S% %S
8°%%y ¥°TIS S°LG L°6S L°6S 6°0S 0°2% ©8°2¢ 2°9¢ 9°02 2°9% %0V O'L¥ €S
'y 6708 ¥°98 L°LS 8°¢S 9°G¥ 9°QE L°PE 2°¢¢ O0O°61 1°82 1°9¢ ¢€'1¥ 2s
L°0¥Y G°¢S E°LS B°19 6°28 ¢E€°Ly 2°0% 2Z°L2 9762 9°'22 &°2¢ 1'92 S°1¥ 16
T'T¥ O'TIS ¥°LS 9°GSG 6°LS 6°%F 0°88 2°G¢ €°S2 0°81 2°G2 0°'2% 1°¢¥ 0S61
S'0% L°dS ¥°¥S 8'¥S 0°0S L°9% 9°6¢ 9°LE 9°12 ¥°82 2°€2 O°¥S 8°'2% 6%
6°¢¥ 9°6% 9°6S 6°LS T°9G6 0O'6% 0°'LE P02 0'%¥2 9°%¢ 8°9¢ €°6% 0O°G¥ 8%
T°1¥ £'0S P°GS 2°LS O0°%S 9°8% 9°6% €°LE 082 6°¢2 0°¥%¥2 8°2¢ B8°1¥ Ly
9°2% €°1S L*gs 2°'G6 6°LS ¥°6% 2°8E ¥°¥¢ P°€E¢ B8°¢E 9°T¢ 8792 OV 9y
PTe¥ ¥°6F <2°SS £°¢€S B8°IS O0°0S 8°LE 2°9¢ 8°2¢ 9°¥E 0°G% 8°LE 1LY CP61
¥°S¥ 2°¢S ¥°9S6 8°'9S P$°98 6°L¥Y 8°1¥ 9°¥E O°¥e ¥°9¢ 9°8¢ 9°2% 9°Gy 144
2'1¥y OIS ¥%°GS #%°G66 2°GS 1°8% ¥°2% ¥°¢¢ 2°62 9°¢2 8°¢2 ¥'IE¢ 2°'G¥ <¢¥61
Tenuuy ) v 'y r W v H d r a N 0 5 JBax
Jd938M

*3,U0d - L 91qBlL

63a



6T
€21
1St
o7l
L AAS
12T
88T
o7l
OST
Lt
I%T
T2t
€T
€01
921
G911
1ST
VT
8¢l
L9T
LAAN
S¢t
911
L1T
SeT
981
BEl
621

TenuUuy

8 Itqel

0°ve
0*22
0°'1¢
0°*1¢g
0°8T
0°21
0*g2
0°12
0 1i¢g
0*Le
9°32
091
0° 02
S ¥1
' G2
S'12
¥ 12
9°02
7702
0°62
0*2¢
0"t
S°LT
9°sT
0°cd
G %2
S T2
0°ge

S

0°'12
062
0°ge
0*02
0° L2
0°81
0°¥e
0°9¢
0°02
0°g2
822
S gl
8'¢¢
022
S22
162
8°62
8°¥e
2" el
0°62
§°9¢
0°82
0*¢e
L*2¢
12 8™
&'9¢
1°e¢
S8l

v

07 %1 0S61

0°%2 G*LT 0°'9 A 8°0 ¥°0 20 e°1 0°8e
0*¢2 0*'LTI ¢S°6 2°'1 71 2°0 1 6°0 '8 G°CT 6y
0°62 0792 O0O°'TT 0O°1 6'0 9°0 ¥°2 0°g 0°L 0°81L 8%
0*22 0°22 0°01 LT 6°9 L°0 L0 8°0 L°L 0°91 LY
022 0'¢2 SG'IT ¢°'°% 2’1 0°1 2°1 0°1 5°'¢ gree 9%
0°L2 0°02 0°8 S*% 0% 1 0T ¥ < S°7 S°81 184
0*Le 0°LT §°8 0°¢ <1 6°T 9°'1 0°'9 0°IT 0°12 Oo%e1
0*'82 0°91 0°'9 L°0O °1 8°0 0°2 e 0°9 0°61 6%
0°¢€2 0°91 0°0T ¢S°'t 0°s 0'1 9°< 8°1 g9 0°2¢e 8¢
0°12 0°*°%2 ¢g°¢ 71 6°1 90 01 0°S 0°¢e2 0°8e LE
8°%2 G'G2 1°s £*2 2'1 '0 L*0 g9°*g L°g 8°91 9¢
G'2% O0°¢T &°% 6°0 8°0 8°0 ¥°0 92 S'9 S°LT GE61
022 0'02 0°S 9°'1 2°1 01 S°0 ¥°0 §°21 0°%1 A%
G°0Z2 02T 0°*L L0 01 L0 L°O 29°1 G*2 761 ce
€*22 691 ¢g'9 02 6°0 ¢'1 S°1 L*1 ¥y g0 A
9°62 6°22 0*¢t L°2 71 L*S 2 ¥ 0®8 2°ST 8°¢T 1¢e
8°G6Z ¢£€'81 %9 02 6°0 S°0 €0 L°e 2"l 4§°ge 0C61
g8"62 L*22 9°g L T 0°c 1'T L°¥ 0°g L9 6°TT 6
§'¢x L°22 6°1T ¢g°2 g2 8°'1 7S ST 5*2 e*g 8d
S"¢€E g°¢2 O0O°FT 0°¢ 0°2 0°'tT L°1 0°g 0°21 6G°¢1 ¥2
0°S82 09T 0'0T 0'% s*2 9°1 7°1 22 0°¢1 0O°11 ¢l
0°G2 O°LT 9%'8 2 S*0 90 02 79 1 I S*'LT 2é
G*22 GS°LT 0©0°s 0°9 71 6°1 ¥°1 21 8°G 8°8 12
0°GZ2 SG'01 ¢°¢ 21 c°1 02 ¢’9 R°2 0% 6721 0261
9°62 6°2T ¢*L g8°2 L°0 8°0 a4 0'¥% 6°L ¥°21 61
962 9°02 8°L 2°T B8°0 6°0 0°2 22 6°%1 ¥%°o1 8T
T°Le 1T°8T L*g ¥° 1 ¥'1 G2 22 02 0°2 9°91 LT
822 0°22 g°'S g2 e 1 0°1 °T 0*e L2 P11 9161
r £ ) v 2 q r a N 0 \M Jeax
J938M

BASRTY ‘nesunp Jeau }aad) JI93BID
383J-8Ja0® JO spuesnoyj UF JJound fenuuB pur ATyjuol

64



0¢ *3deg - 1 *300 /®

*Heaa) fyjzogog Jo jjouna ATyjuou JO SPI003I 8y3 WOJL] pejBWI]sea
addM ¢G6T Joqueldeg 03 T LAul wodg 9s0Y) pur ‘dATy Buoy Jo Jiound ATyguour jo
SPICOad By WOAJ POJLWIIEd BIIM 26T 03 1261 saeaf ay3 J0J saandi] ayg

*S2andiJy JUBOTITUSTS sadyy 09 POpPUNOJ 3J9M S3INTTJ TBNUUB oyj

‘poppe pur Yzual gsaIBIU Yl On pIpUNOJd axsm saan3Ty ATYUOW sy, “Lv6T Jo jaodaa

UOTSSTUMO) J2MOJ TBI9DP3{~S0TAIDS 458104 Syl pue ‘9gg urlsiing £aaang [8O180109H
wodg usxe] adem ¢¢31 TTAdy 03 926T PUBR ‘0261 03 9161 WOaAJ spaocdaa sy

L]

82T 6°22 5792 $°62 1°'61 ¥°8 Qe L1 P 8°1 62 ¢ g LT ueay
LST 0°T2 0°L2 0°82 0'%e2 o0°'%1 6°T 71 €' 1 2°0 L AR L°21 o0°Le ¢S
BTT 6°92 0'%¥2 %62 S*¥%¥I 8°'9 g8'1 0°1 0°1 2°0 0°1 2°'¢ 0°21 Z2s
SOT O0°8T 0°891 0'L2 0°'22 g'. I°1 L0 S*0 ¥ 0 6°0 1°T 0°g 1861
Tenuuy S v r r W v W H L a N 4] \N Jdeax
J93EM

“3,u0d ~ g arqeyl

64a



9s¢
v¥e
L¥E
682
¥8¢
I8¢
gLe
1 4%
0} 4
{03
82¢
%92
y0%
¥8¢
2s5¢
1€
$2e
16¢
87¢
yaee
9L2
162
g1e
99¢
B8e¢
otTg

Tenuuy

6 ITqeL

0°2L
0" 1L
0°6¢
0" %2
0° LS
0%
0° gL
0° &9
0*'99
0" ¥¢
0<%
0" 0%
0°8s
6°8Y%
8° 8%
6°%¥%
¥ 6%
&' %9
8° L9
6%
1°'2¥%
'8¢
S°6S
78
6° %S
6°19

S

0°0s
o°¢¥v
0°¢9
0°8¢
0*6L
0*L8
0" %%
0°Gs
0°6%
0°LS
0°08
0° 6%
6° ¢S
0°L9
¥°99
¥ 18
S"¥S
9°%9
B'6S
2°%9
L2
8° gL
29°%9
0*GL
£°6L
8°G9

v

098 0°29 0*'9¢ g*2 o'e g*'¢ S*L 01T 0°st 0°Lg 8y
0°B8¥% 0°LS O0°€E 0's 0°ST 0°¢ 0°'s S°S 012 o0°¢¢ LY
O°L¥Y 0°8S 0°LE¢ 6G°¢ S°¢ 2°2 0o'¢ O'¥ 0°s 0°8L 97
0°T19 O0°%S 0'82 00T 0°'%9 S*v cg'¢ oL 0°21 0°6¢ ¥
0°T9 0°6% 0Q°¢¢ g*L o'e G*9 S*g O°€T 0°€2 0°'9¥ 0F%61
0'%9 0°08 0°'¢2 0°¢ c°e Sy 0*L 0°0T 0°21 O°1¥ 6%
O°TIS O°L¥ 0°%¥¢ S°% S*11T 0°L g'8 G'6 O'%1 0O'%L 23
0'S%¥ 0%09 0°22 g°g 0°S 0*¢ 0°¢g 0°6T 008 0°'18 LS
0°SS 0°29 O°'TI¢ 0°L 10 2 4 02 s8¢ O0°ST O°01 0°s¢ 9¢
0*e8® 0°i¥y 0°ST ¢&°¢ S°¢ 9°1 o< 0°6 O"%l 0'LS GSe61
0°'88 0*%S 0°02 0% o*¢ 0°2 9°1 o°L 0792 0°62 A%
0°'GS 0°BE 0°'92 G°'¥ 9°1 0°¢ 0¥ 0°s €L T°1¥ £
§°08 0°S% 0°22 #$°*9 LT A ¥°c 2°S 8°0T #%#°2% A%
L*8S 2°LS T°0E 9L A L°%T ¥%°6 202 £°¢¢ L°¢¢ 1¢e
€*68s ¥'2% G°6T 1°8 L*¢ g*e 21 6°89 6°82 ¥%°99 0261
¥"¥S 2°6% ¥°'12 6°% G*'9 ¥°2 T°21 - ¥°61 L°12 ¢*2% 62
¥°99 S'8% TI°FS 0°CT $*L 6°L F'IT O1°¢ S°L €' 12 g2
6°TL T'%S ¥%°6¢ o0°‘s. G°G 6°2 1> B 4 9'¢T 0°1¢ 9°%¢ ¥e
2°LS T1°¢% 8°%2 oO°IT 2°L L% 12 ¥'9 1°Te £°62 ¢l
1°98 0°2% 6°'%2 6°*9 S'1 L1 9°g T°LT 9°21 ¢°2% A
£'2S S'2¥% 6°¢2 9°9 2y g°'g A L*c 9°GT ¥°¢2 12
¥°9¢ G'Fe ¥°¥T 1°¢ g*2 ¥°S T°'T1T 8L P11 ¢°2¢ 0261
1°€S #°2¢ 0°sT ¥°L I°¢€ o°¢ 6°21T T°'1I1 #%°02 0O°'1¢ 61
8G9 €°%%F F°8T 2°% 9°*'1 ¢ e 0’9 8°S €6 T1°0¥ 8T
2*18 ¥'1v 9°'02 0°% e'e 2L ¥°G ¢S 9°g 2L L1
9*'28 %*ISs 9°st L°L T°¢ g°¢ 1°¢ 0°9 18 ¥°2¢ 91581
r iy N v W d iy a N 0 \m Jde8ax
J93eM

BISBTY ‘nuaunp aesu JLATY Juog
f393J-a108 JO SpUBSNOY] UT JJOUNI Tenuue pue ATyguopy

65



0¢ °a3deg - T ‘300 /®

*UOTSTASI 03 309[qns age pur Laaang TBOITI010S9YH syy Jo
spiooaa peoystrqndun woal aJde $S6T J9quazds§ 03 [GET 4990300 J0J seanllJ oyl

‘¥eaa) Ayjodod Jo Jyouna LATyjuowl JO $pIOOAL SYJ WOLJ
PejeuT)sd adam TG6T Jaquardag o3 Z¢ET Joquadsg pojdaad ayjg J0J SaanB1l oyl

*S7Te303 9Yj UTB3QO 03 PSPPER PUBR 8YqUI] 1Saleau
ayy] 03 papunod ageom saandig ATyjzuow oyl *L¥6T JO 3J0dax UOTSSTWWO) JeMmOd [BISpag ©
~90TAJSS 969404 9U] PUB ‘9¢Qe UT3oTINg £Aoaang [eOTB0T08DH WOLJ UINBY adam JCET Joquadaq
03 snotadad spaocoad ayj3 12617 TTady a03 san3TJ psesTAad e Jo uofqadaoxs Y3Im

Sa

2% S°28 0°'6S 274G L°8% L°G2 T1°9 ' ¥ ey $'S Q06 _9°6T_ S°0O¥ uesn
602 L"%S 8°8¢ 2°0S 8'%¥¥ 0°02 0°¢ L°¢ 0'9T %% 9°'8 6°8 6°G6G ¥S
28 ¥°28 9729 2°LS T'98 2°G¢ 0°'G 0°¢ L°¢ 9°¢ 12 G°9Z 1°69 eS
80g L°S9 67858 2°%9 9°C¥ 0°L2 6°8 o*e 2°2 £*e g9's  L'L 1'61 2S
092 0°'8% 0°8¢ O°'T9 0°LS 0°L2 ©0°Ss 0°'¢ 6°2 S'¢ 0°¢ 6§'9 091 1S
9¢¢ 0'%¥S 0°SP 0'8S 0°6% 0°€2 6°2 02 S'1 52 G'L 0°99 o0°'s62 0S
L0g 0°8% 0°LS 0°6¥% 0O°L¥ 0°2¢% 0°9 g*'¢e G2 S°9 S°L 0702 0°82 6¥61

*3,U0d § ITqeL



01 s1qelL

‘8783019

Tenuue UTe1q0 O3 pPIPpP® puR ‘JTun 3saIeau Y3 03 pspunoa aJaam saanIyg

LTyguow Iy *weysyjasug 3304 Jaeau I3ATY Buol Jo jyouna ATyjuom

JO SpJOd3a 9y} WOLJ PAJBW}8a 3I9M $G6T aaquardsg o3 §T6T J3q0300
WOy pu® ‘GIET ounp 03 GIET I9q0300 8pofaad oyj 403 S8aInIfJ ayy

S6¥% ' I ¥PZ 80¢ 182 912 86 €201 1T LT 62 6. 191 uesp
TA: TR | 0€2 00¢ 062 082 09T BT OT <T 21 %2 021 0S¢ 5]

LYP‘T 08¢ 062 02¢ 002 02T S O L 8T 0¢ 08 2s
9LT‘T 09T 09T OIE 082 02T 8T OI 3T 0T %2 ¢9 1K)
9LS°T 092 012 092 0S2 00T 8§ ¢ 8 82 0% OfI 0S6T
009°T 0%£¢ 022 0.2 OI¢ O%L 92 FT 2T 29 O¥ 09t 9¢
6¥%‘T  OST 082 0S¥ 0BT SL 21 21 0T 9¢ 88 OLT Se6T1
8I9°T 002 08% 062 092 <S8 91 2T S € OIl Oo¢ft ¥¢
6Tt 02T 0%2 oL2 08T OIT 9T S 2T 9T 8T %2 0861 cc
SIP'Tt 062 092 0O%2 OTZ 06 %2 €T IT 21 6T %% 002 2861
L2G°T 0¢2 0% 082 002 OIT 92 § 9 02 OL O¢ 002 22
90€‘T 002 092 0S2 002 O0OT OL ST 6T ST ST %9 00T 12
LEE°T 0BT 08 082 09T 09 TT OT 02 %% OF S¥ OST 0261
88%°‘T  O00CZ OSE 092 OST 08 82 Ol O 2S5 %% %8 OFl 6T
66L°T 29¢ 08¢ 12¢ 26T 8L LT L 8 LI 82 2.1 022 8T
S6%‘T 052 %P 882 TLT 38 9T L 12 9T 0Z LS 191 LT
¥eS‘t  80€ L9¢ 082 02 %9 O€ TIT OT TI 22 1¢ 08T 916T

MO WD~

Tenuuy S vV £ r H v W 4 ¢ ad N o /e &dwh
Jd938M

*I9ATH Juo JO SATSNTOX?
‘exsery ‘nesung Jesu JSATY Tesdg
‘389J-aJ0"” JO SpuESNOY] UL JJOUNI TBNUUR pue ATYJUOK

66



0g "3dag - T *390 /f®

‘PapaedsdsTp sem UOT3els Fuiled JOATY Juor] ayj3 puw
A9TIN0 SHBT 9Y] usSeM39q MOTJUT TLBWS SYL °32T3N0 aye] BuoT 3® JI9ATY
3uol Jo jgouna ayy Jo UOTSISATDP 9381dwoo J3338 9318 asmod J9aTY 199dg

U3l 3B ITQBITBAB US3q @aRY pInom 3BY] JJOUNI ayjz Jo $91BWT)89 s jaodod
8TY] UT posn aasm £Layj *uoljels Jurded JeATy JuoT 8y3 3¢ jjlouna aygq Jo

SATSNTOX® 9376 wWep J2ATH 19adg ayg 98 Jjouna syy jusgsadad 82JNIT] SUL

*3;u0d - OT II4BL

E6a



1 ARo)1 e°'LT S°8T 9°9T ¢&°%T 6°G L1 9°1 ¢ 1 S°1 6*2 6°9 0°ST 1 UuBap
€086 e'%1T L*2T 2°ST 2°21 2y 0°T S'1 8°S 9°1 671 §*g S* %1 7S
¥°SIT 6°9T GS°02 S°6T 8°%¥T 2°L 2 €T I°T 2°1 0°2 $°6 1702 €S
S*68 6°6T B8°LT 8°8T L'0OT 0*g €T 6°0 01 "1 71 L2 6°89 2%
028 S'€T ¢°2T 8°'61 L°9T 9°gS I 0°1 8°0 °T 6°0 6°1 0’9 18
€°G0T 08T ¥°ST L°:LiT 6'21 G°% 8°0 L°0 9°0 g0 22 T°'12 9 0T 0G61
9'9¢6 §°9T 6°8T L°9T ¢'2t1 1L LT °'1 8°0 6°1 ¢+ €L 0°01 6%
T°€TT 0°%€2 B8°ST L°*8T 1°'°6T 2’8 8°0 0°1 T°T 22 6°¢ €S 0° ¢t 8%
9°60T 8°22 6°%I ¢£°9T1 9°9T ¢°¢L 8*2 £*g 0'T ¥ 1 9°1 L*L 6°1T Ly
e80T L"ST ¥%°02 ¢°9T 8'91 9°® °1 1"t 8°0 6°0 2°1 82 S° %2 9y
8°%IT ¥°8T TI°9T ¢°02 S*¥1T 2°L 91 S° 1 80 e 1 2°s c'g L°6T S¥6T
L°9TT 8*22 B8°02 9°¢2 g°¢T 8°S L°< g 2 "1 g2 6°T 2°¢ S’ST 158 4
L B ) 8°Q €*¢T 6°6T O0O°ST 8°S 2°< 8°2 ' 1 | 0*2 A 4 L°ST ¥
6°'8IT 8°8T e°%2 L°"8T 6°21 1L 22 0°1 6°T 9'1 9y ¥'8 6°ST 0¥61
6'80T £°ST 8°'92 0°T12 ¥'C€T S*% 7T 11 e T 0°2 ¥* ¢ E A 31 6%
PILTIT €°€2 1°*°ST 2°1iT 22T L*L 19 A 1°2 92 o'¢ 1°S 9°¢e 1255
0'€eT 2°02 %'8t ¥%'cST LLT T°% 9°1T A 8°0 S 1 o'L 6°9T 0°g2 LS
6°LOT 2°T2 L°*9T %°8T 6°8T L°9 1°'2 2°1 L°0 °1 1°9 ¥ e ¥ 21 9¢
G’¢6 T°2T 8°9T ¢€*%2 8°'s e°¢ 11 "1 9'0 0 1T c° e 6°% €T GE61
L°Q0T 6°'%T 0°S2 O0°LI 6°F%T L*°¢ 21T 6°0 L0 9°0 0*'2 ¥°6 01 e
T°'8L 8°0T G*ST %°ST 6°§ g e°T 80 6°0 21 71 g*2 3¢l ce
9°'26 €'9T LT 8°LT 6°FT ¢C°% 91 8°0 8°0 1°1 0°1 8¢ 621 A
6°G2T 6°LT 2%22 T°6BT 96T 2L 0°2 71 6°¢ 6°2 2'9 S'11 0'2t1 ¢
6°STT 9°91 s6'22 ¢€°02 L'TT 9*'% 62 €1 L°0 L0 0% 0°6 0° 12 06T
Tenuuy S v L r W v W o Iy d N 0 \m JB3X
JI238M

BABRIY ‘nesuny Jesu jaaa) Lyjodoq
‘3993-a10® JOo spuesnoyy uj Jjouna Tenuue pur LTYJuop

11 3TqeL

67



0% *a3dag - 1 *390 /@

‘243 PI3STT 8de GHET DUB £F61

d03 SaandTJ POESTASI 3Yj puUB UOL309aI00 03 303fqns aq 03 punol aism Lay)

S¥5T 09 TI¥6T POTJIad 9Yyj J0J 3J00ad L$GT @Yl UT paysiiqnd aias spaooad
auwos UINoYy3Te pue ‘IPs1 JoqusACN uy padewep sem uorieas Jui=d oyl

*giea03 1enuuw

Y3 UTeYQO 03 POppE pur ‘yYjulaj 183IBSU Y] O3 POPUNOI adaMm SaanI[r Aryauow

3yl ‘ALsaang 1ed18otrosh sug Jo spJooag paysirandun woll si® $SET 01 SEST

poTJgad ayj3 J0J 9soyz {LF5T JO 3a0dad UOTSSTUWO) J2MOJ TeIapoaf~a0TAdSE
183404 9YgJ wWoIJ usye] aJsm P61 093 0861 potdad ayjy JoJ saanliJ oyl

"3,H00 1T 81qEy

57a



L+ L + 89 SL 0 0 92 92 L 0 021 02T W
0 9g - 18 Se 0 - 6¥ L L 6¥%- ¥8 GE ¥
96 86 - 90T 8 A 4 Y&~ 89 ¥ 2g 16} o 0s OT KW
ST 00T~ 901 9 96 A 8% ¥ g6 14 g 0s L g
vGa 001- 201 9 0sT LG- 8% T 6ET % A 0g L r
266 T
2% 16- 901 ST LO2 PG~ 2s ¥ 281 AN 0s 8T d
Sy o~ 20T ée 192 9%y~ 8¢c A 712 107 A oS 0o N
62S e~ 88 ¥S LOZ 0 oF 9% ye2 0 08 08 0O
€99 oL+ ac 90T LO% 16+ 81 69 ¥l 0 091 091 8
67 oL+ 9¢ 90t 9G2 TS+ 8T 69 ¥ee 0 091 0oST Vv
eV QLT+ 0 OLT S02 ¥01+ O P01 ¥e2 96+ ¥12 oI¢e r
€Ge ceT+ 9¢ 6ST T0T GO+ 61 14:] BET 12T+ 68T oge o
0<T 0 7L L 9¢ 6 + 02 62 LT 0 02T 0T W
0T c6- 901 eT L2 ya- 8% ¥ L A 0s 8T V
oA 86— S01 8 18 gg- 1234 ¢ 6% o¥~ 0s 0T W
i2¢ 66~ 90T L 9¢T 9G- 86 2 68 1%~ 0s 6 qd
o2y 95~ 90T 01 e6T1 9g- 8% c o]°9 1 ge- 0% 3T ¢
TS61
91¢ 86- 201 g 8% gG- 8% ¢ 891 o¥- 0S 01T a
719 88~ 90T 81 coe ¥S- 8% ¥ 802 92- 0S ¥2 N
20L 89~ c6 Sy LSE Le- g8s 1¢ ¥ee 0 €9 29 0
0]=72 0ST 0 CST ¥8¢ 26+ 0 26 ¥ce 9%+ VAT 092 S 0S6t
RO ELY 93e 3JeaQ MOIJ |e3usj ade 3Jex] MmolJ] sjus) ?de 3jeid MOTJ UJuol
-uo) -J03g -uz -uo) -J03¢ -ut -Uoy) -I03g -ux

1

#° 894 a¥el Juo]

°TqBL

x° 894 o)eT Jd9j38a)

*B3Y JIATYH Teadg

(399J~8a0% JO spuesnoyy uy seT3TaUENd 1TV)

M} 000°€9 Jo

uoTgeiaouad alvaoae J0J arnpPayoss uofyetado pIJEUTPIOOH

68



*pauTe1qo 2q pPIncod jndgno Jsmod waoJTun Iwes Y3 ng ‘pedy
ul soBuByo Y3TM DIOOO® UT DATIBA 9q pInom s3Jedp Y3 ‘eotzosad uj

*ga791quenb Tenjoe aYj3 UTEB3Q0 0] SJ0308F 3sayU3 AQ DPIPTATP
2q pTNOYS Snyg SITOAJISaI o¥B] Y3 J0J 83aN3TJ POISTT YL “Jjoadasad
JoATYH Toedg ayjz MOTaq 4BU] SawWI] 00°¢ DPU® $8°¢ ‘f19a1q0adsaax ‘aq pinom
SITOAJ@Sad 9Pl BuoT pue ayeJ JI93BJID SUYJ MOTIq SPESY STQBITEAB 9yl STIA3]
JTO0Ad9S3I aBwasae 3y  ° (syjuom ayjz Jo gY43ual UT S9OUIISIITP JOJ IpEW SEN
90UBMOTT® ON) °JTOAIISAL JISATYH 1aadg oYy MmOT19q pBIY adedoar ay3 y3noaus
PRZTTITAN SJ° OPS‘E J40 ‘yjuouw ® 3993-ad0® 000°%12 03 Jaamod feIjuajzed ut
Tenba ade pue paTiel0) ATTpPEad 99 UBD SATOAIISAL 93Ul Y3 up afeao3s
wolJ s3Jeap juateainbs IYyj3 snyj {ITOAJII83I JIATYH 1eadg aysz JO ToAl1
ay3 3®v £3J9Us JO JUNOWE SWeEs 3Yj Furary J23eM JO SuId) UT passardxs

sae SITOAJSERJ 9T JUOT puB BT JIJVID Y} J0J 82aNnITy FULx

*3,U00 - 2T 31484

682



22+ 1T + 8% 69 ¢+ et 0 ce 2 A0 021 Q21 H
I+ oL - ¢6 el 0 ¥~ 0S 9 1 4%/ Ge Se v
18 ¥01- it L v Y6 LS e ¥el o1 o1 W
681 901~ 21T 9 85 GG- 6S ¥ ¥l L L d
162 30T~ 2Tt 9 st 86— 6S T ve2 L L L

2G6 T
L6S €6 - LOT 14" 112 5¥%- €S ¥ LAY 8T 81 a
067 6L - 66 0 092 ge~ 6V L ¥el 0¢ 101% N
69¢ 9 =~ 9§ 0S 862 0 2y 2y el 0B 08 0
GLS 98 + 21 86 862 96+ 9 29 ¥e2 091 09T S
68% 99 + 21 86 2ve 96+ 9 29 4% 091 09T v
€0y LST+ O LST 981 g6+ © €6 ¥2e 8LT o1¢ r
9%2 9¥%1+ 0 9%T €6 9L+ 0 9L pee LT 082 r
00T o¢ + 23 89 LT 9 + 0e 9 vee 031 0cl W
OL g6 - SOT 2t It 25- 1533 e ¥e2 81 81 v
291 e01i- O11 A €9 as- 95 e ¥¢e ot 1034 K
992 ¥01- 1tt L 81T 96~ 8s 2 ¥ee 6 6 4
0L 00I- 601 6 PLT GG~ LS 2 vl 21 2t L

TS61
QLY 201~ o1t 8 622 GG~ 8% ¢ ¥ee 01 ot a
2LS G8 - TOT ST ¥82 6%~ €S ¥ vee ¥2 ¥2 N
LG9 g - =7 A e cee 21- o¥ 82 ¥ 9 €9 0
069 6Tt 0 6CT SY¢ g8+ O 28 7l LLT 092 s

0S61
IGER o8® q3eaqg mOTIJ| S3ue)] 82 13Jeld MOTJ{ sjue) 19JeiIg MCIJ USUOW
-ucyH -J07 -ur| ~uo) -I014g -urf{ -uo) ~UT

« " 894 8P JuoT

€1 9tqeyq

uoIjeaousd afeasae

(3997-2a0e JoO

#" 89y o¥E]T Jd23BID

*59Y JSiTH [owdy

EpuEBSNOY4 Ul s3T3Tauend TT1V)

MY 00s°8s JO
JOJ aTnpayos uoijeaado pajeULpPIOO)



300 - ¢1

‘IT0AIISBI IIATY Toadg MOTOq 4BY3 SIWT3 9L°2 ST JATOAJISE3X JI9ATY JuoT syj3
MOTaq PeIY JTQBITEBAR 9Y3 Ppu® ‘JTO0AI985d J9AaTH (oadg ayj3 MoIaq 1BUj
B9WT] GP*C ST JTOAJSS3I 9HE] J33BID SY] MOTLQ pEIY I[QRITBAR Y3

STSAST JATOAJ9SDJ a3BISA®R JY "JdTOAJdSaI JaATYH Toedg ayjg JO 12497

Y3 3e £3Isus JO qunoure swes 9Yj JUTABY J93BM JO SWIa) Ul passaadxa

348 SATOAJISdI 9B TUOT pu®e 3BT J99BI) ayj J0J saandT] sYls

2TqeL

69a



	of56-0061_001.tif
	of56-0061_002.tif
	of56-0061_003.tif
	of56-0061_004.tif
	of56-0061_005.tif
	of56-0061_006.tif
	of56-0061_007.tif
	of56-0061_008.tif
	of56-0061_009.tif
	of56-0061_010.tif
	of56-0061_011.tif
	of56-0061_012.tif
	of56-0061_013.tif
	of56-0061_014.tif
	of56-0061_015.tif
	of56-0061_016.tif
	of56-0061_017.tif
	of56-0061_018.tif
	of56-0061_019.tif
	of56-0061_020.tif
	of56-0061_021.tif
	of56-0061_022.tif
	of56-0061_023.tif
	of56-0061_024.tif
	of56-0061_025.tif
	of56-0061_026.tif
	of56-0061_027.tif
	of56-0061_028.tif
	of56-0061_029.tif
	of56-0061_030.tif
	of56-0061_031.tif
	of56-0061_032.tif
	of56-0061_033.tif
	of56-0061_034.tif
	of56-0061_035.tif
	of56-0061_036.tif
	of56-0061_037.tif
	of56-0061_038.tif
	of56-0061_039.tif
	of56-0061_040.tif
	of56-0061_041.tif
	of56-0061_042.tif
	of56-0061_043.tif
	of56-0061_044.tif
	of56-0061_045.tif
	of56-0061_046.tif
	of56-0061_047.tif
	of56-0061_048.tif
	of56-0061_049.tif
	of56-0061_050.tif
	of56-0061_051.tif
	of56-0061_052.tif
	of56-0061_053.tif
	of56-0061_054.tif
	of56-0061_055.tif
	of56-0061_056.tif
	of56-0061_057.tif
	of56-0061_058.tif
	of56-0061_059.tif
	of56-0061_060.tif
	of56-0061_061.tif
	of56-0061_062.tif
	of56-0061_063.tif
	of56-0061_064.tif
	of56-0061_065.tif
	of56-0061_066.tif
	of56-0061_067.tif
	of56-0061_068.tif
	of56-0061_069.tif
	of56-0061_070.tif
	of56-0061_071.tif
	of56-0061_072.tif
	of56-0061_073.tif
	of56-0061_074.tif
	of56-0061_075.tif
	of56-0061_076.tif
	of56-0061_077.tif
	of56-0061_078.tif
	of56-0061_079.tif
	of56-0061_080.tif
	of56-0061_081.tif
	of56-0061_082.tif
	of56-0061_083.tif
	of56-0061_084.tif
	of56-0061_085.tif
	of56-0061_086.tif
	of56-0061_087.tif
	of56-0061_088.tif
	of56-0061_089.tif
	of56-0061_090.tif

