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TasLe No. 185.—Hstimated monthly power duration, Spokane River sites for the
period Apr. 1, 1913 to Mar. 31, 1931, at 80 percent efficiency (kilowatt)

Natural—corrected

for storage Recorded Plan no. 2-A Plan no. 4
Site Percent of time Percent of Lime Percent of time Percent of time
50 90 100 50 90 100 50 90 100 50 80 100

Post Falls t___.___ 9,0200 2,700 1,580| 9,310 4,110 3,410| 14,500 4,640 3, 5200 11,800, 7,030| 4,940
Crossing 2. __ <\ 8, 1000 3,000 1,640 7,3200 3 890 8,260 7,780 4,710 4, 0601 8,850 & 850( 5,470
Waterworks 25___| 4,470 1,650, 900| 4,010 2, 130] 1,790 4,280 2,680 2,220 48500 3,220{ 3,000
Snokane, Upper B

Falls 1l _________ 13, 000) 5, 2301 3,170 12,000/ 6,640/ &, 560 12,700, 7,880 6,760 14,3000 9, 630 8,920
Spokane, Monroe
Street 1. _____ 15,6000 6,250 3,780, 14,3000 7,930 6,640 15,2000 9,420 8§, 080( 17,100( 11, 500] 10, 600
Bowl and Pitch-

er? ____________ 17,800 7, 620 4,920 16,7000 9,360/ 7,900 17,600} 11, 100 9, 580( 19, 700] 13, 500( 12, 500
Nine Mile!,. L3, 7000 5,940 3,8700 12,000/ 7,260 6,060 13,600 &, 640 7,380 15,200 10, 500{ 9,710

Long Take 1. 44, 200122, BO016, 800 42, 300( 26, 300] 21, 8001 44, 200/ 29, 800| 25, 200! 4%, 700) 34: 600 31, 100
Little kalls 1. 18,8001 9, 7000 7,150 18, 000) 11, 200[ 9, 320( 18,900 12, 700{ 10, 700 20, K00 14, 700| 13, 300
Fish Hawk 2_ 22, 20011, 500| 8, 450] 21, 2001 18, 2000 11, 0001 22, 200| 15, 000 12, 600| 24, 500 17, 400| 15, 700

Narrows 2___._.... 26, 400|135, 600110, 300/ 25, 400, 15, 800 13: 200 26, 500| 17,900 15, 200 29: 200 20, 7004 18: 700

Total _____ 193, 200/84, 40062, 560|183, 440107, 820! 89, H401197, 460124, 370 105, 200214, 800|148, 630|133, 940
Daveloped sites L.|114, 32052, 62036, 350108, 810| 63, 440/ 52, 790/118, 100{ 73, 080| 61, 640127, 700 57, 960 78,570
Undeveloped

sites 2. __.____. T8, 97037, 370126, 210 74, 630, 44, 380! 37, 150! 78, 360 51, 200 43, 650( 87, 100] 60, 870 55,370

! Developoed sites.
# Undeveloped sites, .
? The waterworks site 13 now partially developed.

827. Regulation of Cocur d’Alene Take below elevation 2,129.1
would increase the flow of Spokane River during the months of low
flow and hence would increase the available potential low-water
power on that stream. The power output of the various sites has
been given in table no. 165 for recorded flow and for two plans ol reg-
ulation. 1t must be understood that the method of regulation under
plan no. 2-Ainvolves the diversion of about 45,000 acre-feet of water
during each year from the Clark Fork to the Spokane through the
gravity supply canal of the Columbia Basin irrigation project. This
diversion would be effected during September, October, N ovember,
and Deconiber of each year.  Under this plan of regulation the power
output of the existing Post Falls plant would be decreased during the
post-irrigation season. Any loss of power at Post Falls, following
the end of the irrigation diversion period (i.e., Aug. 31) would be
offset by inercased flow at the downstream plants effected by diverting
water from the Clark Fork to the Spokane through the Columbia
Basin irrigation project canal.

828. Referring again to table no. 165 and using the data for 90-
percent time, it will be noted that the power available at the unde-
veloped sites would be increased from 37,370 kilowatts under natural
conditions (corrected for storage) to 51,290 kilowatts under plan no.
2-A, and to 60,670 kilowatts under plan no. 4. The corresponding
figures for the developed plants are 52,620 kilowatts for natural con-
ditions (corrected for storage), 73,080 kilowatts for plan no. 2-A, and
87,960 kilowatts for plan no. 4. The increase in power from that
obtaining for natural (recorded) conditions to that obtaining for plan
no. 2-A is accounted lor by the difference between ideal and actual
regulation of Coeur d’Alene Lake, and by the assumptions set up in
the water-supply studies. Any increased output from the developed
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plants under either plan of regulation could be attained without any
large capital outlay in the plants themselves, and could be readily
absorbed in a normally expanding market and would not materially
affect the market for power to be developed on the Columbia proper,

2, AUGMENTING ¥LOW OF SPOEANE RIVER BY DIVERBION FROM CLARE FORK

829. The Columbis Basin Survey Commission of the State of
Washington provided in its report for a spillway to discharge waterinto
the Spokane River from the proposed gravity supply canal for the
Columbia Basin irrigation project near the point where the canal
crosses the river. Appendix C of the Gault report calls attention to
the possibility of utilizing spare capacity in the proposed conduit for
delivery of Clark Fork water to Spokane River for the purpose of
increasing power capacities of present and future power plants on
Spokane River. The proposed conduit for the gravity irrigation
project must eross Spokane River about 8 miles above Spokane Falls
at a sufficiently high elevation to clear flood stages in the river, and
therefore arrangements to deliver water from the conduit to Spokane
River can be made with case. Tho conduit must be constructed
large enough to carry the maximum irrigation requirement, which
maximum is needed only during July of each year. If the conduit
is used solely for irrigation purposes, it will have some excess capacity
for the remainder of the irrigation season and will serve no useful
purpose during the late fall and winter months when the normal flow
of Spokane River is low. Henee, water may be diverted through the
conduit for use at power plants on Spokane River during all months of
the vear except July.

830. The diversion of Clark Fork water through the irrigating canal
and into Spokane River would not change the total theoretical power
within that part of the Columbia River system subjected to its influ-
ence, but would change the relative amounts obtainable at the several
powersites. The head susceptible of economic development via Clark
Fork and Columbia River is about the same as that via the Spokane.
However, the increased flow in Spokane River resulting from such a
diversion could be used in the existing plants on that river to generate
an increased output without further capital outlay; whereas, to gain a
corresponding power output on Clark Fork and Columbia would
require & considerable capital outlay.

831. To evaluate this diversion feature it was assumed that all
present and possible future plants on Spokane River would be operated
In a system having power plants on Columbia River at Kettle IFalls
and on Chelan River. It was further assumed that the aggregate
output of all these plants would be adjusted to monthly system
loads varying with probable seasonal demand. The results of these
gtudies indicate an average system increase of about 135,000 kilowatts
in potential power for the low-water year 1919-20. This amount of
power is equivalent to 1,183,000,000 kilowatt-hours annually.
Assuming a rate of 2 mills per kilowatt-hour, the annual income from
the sale of this energy would be $2,366,000. Capitalizing this income
at 6 percent represents a value of $39,433,000 or about $26 per acre for
the arca included in plan no. 2-A of irrigating the Columbia Basin
irrigation project. The data just given are necessarily very approx-
imate, depending as they do on assumed control of output in a more or
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less fictitious power system and on assumed rates for energy and
interest. It will have been noted from paragraph 827 that plan
no. 2-A, herein discussed, assnmes diversion of only so much water
from Clark Fork to Spokane River as would be necessary to obtain
the same power output along the river as now available.

832. The legal right to divert water from one watershed to another,
from one State to another, and from an international stream may well
be questioned, and these points must be carefully considered in the
formation of any opinion regarding that legal right.

(F) WENATCIEE RIVER

833. The water-supply studies and storage analyses for Wenatcheo
River, described in the section “Stream Ilow and Storage’”, were
made prior to the survey of the Chiwawa Dam site on Chiwawa
River, one of the tributaries of the Wenatchee, and assumed a usable
storage of 482,000 acre-feet in Chiwawa Reservoir, between elevations:
2,550 and 2,409 feet (see plates nos. 23%and 24% and United States
Geological Survey map of the Chiwaukum quadrangle and Water-
Supply Paper 368). Istimates of cost of a dam at the Chiwawa site
about three quarters of a mile above Twin Creek in section 34, town-
ship 28 north, range 17 east, Willamette meridian, at natural low-
water elevation 2,325 fect, based on the survey shown on plate no, 23,2
showed such a high cost (approximately $5,000,000) that it did not
appear feasible to construct a dam (o the height assumed in the
water-supply analyses. However, future conditions may justily
such an expenditure or, possibly, a site capable of being more cheaply
developed may be discovered. The 482,000 acre-fcot of storage
capacity assumed [or the Chiwawa Reservoir would have completely
regulated Chiwawa River downstream from the dam to a uniform
flow of 548 second-leet for the 17-year period ended March 1930 and
324 second-feet for the single yvear ended March 31, 1931. It was
suggested that water could be conveyed about 3% miles from the
Chiwawa Dam to a power house on Fish Lake which would be merged
into Wenatchee Lake by the construction of a dam on Wenatchee
River. A head of about 500 feet would be available.

834. Storage was to be provided in Wenatchee Lake by the con-
gtruction of a dam on Wenatchee River about 9 miles below the outlet
of the lake in scction 13, township 26 north, range 17 east, Willamette
meridian, at natural low-water elevation 1,798 feet. About 1,656,000
acre-feet of usable storage could be provided in Wenatchee Lake be-
tween elevations 2,009 and 1,875 feet, and about 1,000,000 acre-feet
between elevations 1,980 and 1,901, (See arca-capacity curve, plate
no. 21,2 topography, plate no. 22.%)

835, The 6,000-kilowatt power plant of the Great Northern Railway
(now leased to the Washington Electric Co., a subsidiary of Puget
Sound Power & Light Co.) 1s located near Leavenworth in Tumwater
Canyon, in section 10, township 24 north, range 17 cast, Willamette
meridian, and, according to the 1920 Columbia Basin project report
of the Columbia Basin Survey Commission of the State of Washing-
ton, has a penstock capacity and water right of 525 second-leet under
a head of about 187 feet. This appropriation or right was made prior
to the effeciive date (June 15, 1917) of the State Water Code. The

1 Not printed.
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amount of water claimed by the owners in their payment of the State
annual license [ee is 1,413 second-feet.

836. The possibilities of storage and power development on the
Wenatchee and Chiwawa were investigated to a greater extent than
power on other small tributaries of the Columbia, as it was believed
that the irrigation of a large area in the vicinity of Quincy by water
from the Wenatchee might permit of a favorable stage development of
the Columbia Basin irrigation project.

837. In the plan for irrigation of the Quinecy and Wenatchee arcas,
water would be diverted from Wenatchee Lake and conveyed by
canal, tunnel, and flume sections to the land. It was suggested that
the entire (low from the reservoir be diverted into this canal system.
Some power could be developed at the Wenatehee Liake Dam, but,
due to the changing head resulting {rom the operation of storage in
the lake, the output would be quite variable, A portion of this water
would be returned to the river through a suggested power house
near Dryden, the remainder of the water passing on through the
proposed canal to supply the irrigation needs, The head, under this
arrangement, at this new Dryden plant would be about 575 feet.
Such an arrangement would require serapping the present Tum-
water plant, but the new plant at Dryden could supply the 6,000
kilowatts now generated at the Tumwater plant and leave a surplus
for commereial sale amounting to about 18,000 kilowatts.

838, The excess cost (as occasioned by the greater size of canal for
the combined uses) of the canal from the lake to the Dryden diversion
would amount to about $850,000.

839. By climinating the Chiwawa Dam, reservoir, and power plant
and the new Dryden plant, but retaining the present Tumwater
plant and the suggested plant at Wenatchee Lake Dam, the storage
requirements in Wenatchee Lake reservoir for supply of irrigation and
power needs would be reduced to about 1,000,000 acre-feet. The
head under such an arrangement would vary from about 175 feet to
about 100 feet, with an average head of about 150 feet. The water
required for the Tumwater plant would be returned to the river at
the dam, the remainder passing through the canal to supply irrigation
needs.

840. The flow durations obtaining under various schemes of regula-
tion are indicated in table no, 166 and in plates nos. 1122 and 113.%

TawLE No. L66.—Monthly flow duration in second-feel for sites on Wenatchee and
Chiwawa Rivers for the 18-year period ended Mar. 31, 1981

Natural flow Rogulated flow
Bite Percent time Percont time
- Plan no. =
50 90 100 50 20 100
Chiwaws Dam ¥, oo 257 103 45 | 2-A, 4, G-A 548 H48 © 324
Wenatehee Lake High Dam 4 1, 250 492 240 6-A 2,510 * 636 ¢ 636
‘Wenatchee Lake Low Dam /o __________ 1, 260 492 240 2-A,4 0 2,220) 2,120 1,300

a Refers to the plan of irrigation for the Columnbia Basin irtigation project.

» Regalated fows resulting from control of 482,000 acre-feet in Chiwawa Reservoir.

< 548 second-feet for 17-year period ended Mur. 31, 1930.

4 Repulated flows resuliing from control of 482,000 ncre-feot in Chiwawa Resetvoir and 1,656,000 acre-feat
in Wonatlehee Lake Reservoir. Regulated primarily in interest of irripation.

= 730 second-feel for 17-year period ended Mur, 31, 1930.

7 Repulated flows resulting from control of 482,000 acre-feet in Chiwawa Resorvoir und 1,000,000 acre-feet
in Wenateheo Take Reservoir. Regulaled primarily in interest of power.

4 Not printed.
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841. Using the flows given in table no. 166, and assuming two power
developments, one with a head of 500 feet in connection with the
Chiwawa dam and reservoir and the other at the Wenatchee liake
dam with an average head of 150 feet, the power duration will be as
shown in table no. 167. The total power given in table no, 167 by no
means represents the total power available on the Wenatchee and its
tributaries, as a thorough study of the power possibilities thercon has
not been attempted in these present investigations.

TapsLe No. 167.—Approzimate power duration of Wenatchee River siles for the
period Apr. 1, 1913, to Mar, 81, 1931, in kilowatts at 80 percent efficiency

Natural flow Regulated flow 1
Site Percent time Percent time
S0 90 100 50 G0 100
OhiWawWs . oo oo 8, 700 3, 500 1, 500 18, 600 18, 600 11, 000
Wenatchee Lake Darmn_._....___________ 12, 700 §, 000 2, 400 22, 600 21, 600 13, 300
Total . o 21, 400 8, 500 3,900 41, 200 40, 200 24, 300

t Regulation of 482,000 acre-feet in Chiwawa Reservoir and 1,000,000 sere-feel in Wenatchee Lake Reser-
voir for either plan no. A or plun no. 4 of irrigating the Columbia Basin irrigation project.

842. A recent dispatch from Wenatchee states that the State super-
visor of hydraulics has granted a permit to the Wenatchee reclama-
tion district for the construction of a low dam across Wenatchee River
to permit storing 30,000 acre-feet of water in Wenatchee Lake. 1t is
claimed that this would assure suffictent water for the irrigation of
about 20,000 acres of orchard land in the lower Wenatcheo valley.
Under the agreement with the State, work on the dam must be started
within 3 years and must be completed within 6 yecars. It is claimed
that under this plan the water of Wenatchee Lake would not be raised
above the normal lugh-water level.

(G) MINOR TRIB UTARIES

843. Excepting Chelan River, the Columbia above the Snake has
& number of minor tributaries no one of which is an important power
stream. The annual mmflow to Lake Chelan averages 1,950 second-
feet with a variation in monthly {lows from a minimum of 140 second-
{eet to a maximum of 9,010 second-feet. Qutflow from liake Chelan
is now affected by regulation of about 665,000 acre-feet of storage in
the lake. The lake is regulated by the Washington Water Power Co.
in tho interest of power at its Chelan plant, which utilizes a head of
about 400 feet between the lake and Columbia River. Kettle, Colville,
San Poil, Okanogan, Methow, and Entiat Rivers arc not at all impor-
tant as power strecams, and any power that will be developed on them
would be insignificant when compared with that availabls on the main
river. Some power, about 18,675 horsepewer, is now developed in 11
plants on the Yakima, its tributaries, or along the irrigation canals
taking water therefrom. No material increase in the developed power
on the Yakima is expected, as the greater part of the water in the
strﬁam is, or will be, required by the various irrigation projects in that,
valley.
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(If) SUMMARY

844. Complete estimates of the potential power available on the
tributaries of the Columbia above the Snake and in the United States
have never been mado. Kstimates made by the United States Geo-
logical Survey in 1908 gave values for the four major tributaries as
shown in table no. 168. This same estimate lumped the “minor
tributaries” of the Columbia in Oregon and Washington as having
535,000 minimum kilowatts and 918,000 maximum. Just how these
amounts were divided between the two States cannot be determined
from the record.

TasLe No. 168.—Potential waler power on four tribularies of the Columbia (kilowatts)

Percent of lime
Tributary -

90 50
Bpokane. ... 177, 000 455, 000
Clark Fork_ e 1, 140, 000 1, 950, 000
Yakima 145, 000 467, 000
Eootenai 154, 000 266, 000
B 417 U e mmmm e 1, 616, 000 3, 138, 000

845. Table no. 169 gives a summary of the power possibilities at
certain specific sites as discussed in the preceding text. It will be noted
that the table does not take into account potential sites in Canada.
The Clark Fork, with its total fall in Canada, of 400 feet in less than 16
miles, would have a potential power (at 80 percent efficiency) of about
149,000 kilowatts for 100 percent of the time with natural flow, and
about 397,000 kilowatts with the {low regulated for plan no. 4, or
an increase in 100 percent power under plan no. 4 of 246,000 kilowatts.
The developed sites on the Clark Fork and Spokane are included in
that table, as the various plans of regulation and of irrigation with-
drawals quite materially affect their output. Of the43sites or alterna-
tive sites given in table no. 169, but one, that at Z Canyon on Clark
Fork, has a_capacity in excess of 100,000 kilowatts for 90 percent of
the time, with either natural or regulated flow. The second largest
project is that on the Flathead near Polson. As previously stated
1n the text, this site is now being developed by a subsidiary of the
Montana Power Co. The remaining undeveloped sites have an aver-
age capacity of about 24,000 kilowatts for 90 percent of the time,
for regulated flow. Development of plants of this size could not
materially affect the market for power to be generated at any of the
large sites on the Columbia, but may fill a real need in the near future
by providing sites capable of ecarly development. The site at Z
Canyon is comparable in possible power output with several of the
smaller sites on the Columbia above the Snake. Because of its size,
the problem of marketing its output is one of considerable magnitude.
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(3) Deverorep Powker

I. PTOWER PLANTS

846. There is but one developed hydroelectric power plant on the
Columbia between the international boundary and Snake River, see
map, plate no. 114.2 This is a small plant rated at 1,800 kilovolt-
amperes, located in section 2, township 13 north, range 23 east,
Willamette meridian, at Priest Rapids. It is owned by the Black
Rock Power & Irrigation Co., a company which is affiliated with the
Electric Bond & Share Co. Water is diverted by a wing dam and con-
veyed through a canal to the power house on the right bank. The
operating head is 26 feet. Power generated at this plant is trans-
mitted to Coyote Rapids, about 15 miles downstream from the plant,
where it 1s used to pump water {rom the river for the Hanford irriga-
tion tract. Some surplus energy is sold to the Pacific Power & Light
Co., an associated company. A full development of the power
possibilities at Priest Rapids, as outlined in paragraphs 712 to 757,
would require scrapping this plant.

847. A hydroelectric power project is being developed by the Puget
Sound Power & light Co., at Rock Island, about 11 miles below
Wenatchee. This project has been described in paragraphs 670 to
688. It is expected that the first two units of this development will
be in operation by January 1, 1932, and two more units by January 1,
1933. The initial development will have an installed capacity of
60,000 Lkilowatts, and the ultimate development a total capacity of
between 150,000 and 200,000 kilowatts, the whole of which is ex-
pected to be installed by 1937.

848. On the tributaries of the Columbia above the Snake and within
the United States are a number of important hydro-power plants. In
the drainage basin of the Columbia i Montana there is but one de-
veloped plant of any considerable importance and one additional plant
under construction. Both of these are owned by the Montana Power
Co. orits subsidiarics. A desecription of the one now under construc-
tion on Flathead River below Flathead Lake has already been given
earlier in this report under the caption “Tributary effects.” (Sec
pars, 776 to 780.)

849. The other plant of the Montana Power Co. is the one at
Thompson Falls (see par. 784) on the Clark Fork, near the extreme
western boundary of Montana. The development consists of a main
concrete dam, 1,000 feet long and 35 feet high, located above the
falls, and a smaller concrete dam across a side or high-water channel.
Water is conveyed 600 feet through the side channel, and an open
rock-cut canal to the power house on the main river. A natural fall
of 15 feet was utilized in counection with the dam to make a total
head of 50 feet. The concrete power house has six vertical-type
water-wheel units with a total capacity of 35,000 kilowatts. The
minimum monthly natural flow is about 5,000 second-feet and the
mean flow is about 22,900 second-feet. This development is not con-
nected with the main system of the Montana Power Co. except by way
of the Chicago, Milwaukee, St. Paul & Pacific Railroad Co.’s line
serving the electrified portion of that company’s road in Montana.
A small-capacity line from the Thompson Falls distribution system

2 Not printed.
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serves the needs of the construction work now in progress at the
previously-mentioned Flathead power site. The Thompson Falls
plant furnishes power to the Coeur d’Alene mining district in Idaho,
and to the Chicago, Milwaukee, St. Paul & Pacific Railroad Co.’s
electrification. The Montana Power Co, has an additional 253,500
kilowatts of installed capacity in nine plants located east of the Con-
tinental Divide. Because of their distance from the Columbia, these
plants are not listed herein.

850. In the drainage basin of the Clolumbia above the Snake in
Idaho, there are two developed power plants—one a small stand-by
steam plant at Sandpoint, and the other the Post Falls hydro plant of
the Washington Water Power Co. on the Spokane River, 25 miles
east of Spokane. This station was built in 1906, and houses five
generators of 11,250 kilowatts total capacity. The dam at Post Falls
i_m\lx(f controls storage amounting to 155,000 acre-feet in Cocur d’Alcne
LaKe,

851. On the tributaries of the Columbia above the Snake, and in
Wagshington are about a dozen developed hydro plants of importance
to the operating public utilitics. There are also a few isolated indus-
trial hydro plants in this area, but these have not been listed, as they
do not materially affect the power situation. In this area, the Wash-
ington Water Power Co. owns five plants on the Spokane, namely,
Upper Falls, 10,000 kilowatts; Lower Falls, 8,800 kilowatts; Nine
Mile Falls, 12,000 kilowatts; Long Lake, 70,000 kilowatts, with
80,000 acre-fect usable storage at the site; and Little Falls, 29,500
kilowatts. In addition, this company owns the Chelan plant, 48,000
kilowatts, on Chelan River, with 672,000 acre-feet usable storage, and
some smaller plants on other tributaries. 'This same company also
owns a 10,000-kilowatt plant on the Clearwater, a tributary of the
Snake at Lewiston, Idaho, and also some smaller plants on other
tributaries of that stream. These latter plants are mentioned here
although they are located outside of the area considered in the Seattle
district report.

852. The Puget Sound Power & Light Co. operates five plants in
the area under consideration, all in the vicinity of Wenatchee—namely,
Dryden, 2,450 kilowatts; Entiat, 1,100 killowatts; Leavenworth, 135
kilowatts; Tumwater, 6,000 kilowatts, leased from the Great Northern
Railway; and the Wenatchee steam plant of 1,500 kilowatts capacity.
Other plants of this company located in the Puget Sound area will be
listed later herein.

853. The Pacific Power & Light Co. operates 2 hydro plants and 1
steam plant in that portion of its Yakima system in the drainage basin
of the Columbia above the Snake, as follows: Naches Drop, 1,450
kilowatts; Naches, 7,500 kilowatts; and the Naches steam plant of
2,000 kilowatts capacity. This company operates several other small
plants, some of which are a part of their Yakima system, but which are
located in the drainage arca below the Snake.

854, A summary of the principal public utility companics operating
within or adjacent to the drainage basin of the Columbia above the
Snake, together with tho ratings of the individual plants, developed
and under construction, is given in table mo. 170. Subsidiary or
associated companies are not, in general, mentioned by name, al-
tthgh the plants of such subsidiaries are, in general, included in the
table.
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Tasrs No. 170.—Principal pudblic wuiility companies and developed power

Ref.
na, on
plate
no, 1141

Company and plant

Head of
hydro

plants Hydro

Installed capacity

Fuel

The Montana Power Co. (west of Continental Divide):
Thompaon Falls ¢

3 | Mountain States Power Co.:

6 PaCIIl(‘ Power & Light Co,:

Naches Drop, Wash.2__ ______________.ea______
Naches, Wash? ___
Walla Walla, Wash_
Walls Wulla River—_..
Wallowa Falls, Wash_
Joseph, Wash

7 | Washington Guas & Electric Co.:

8 | The Washinglon Water Power Co.:
Post Falls, Tdaho 2
Long Lake, Wash.2__
Litile Falls, Wash.2_
Mppor Fullb, Wash.2._,.

onroe Street, Wash. (Snokﬂne)T
Nine Mile Falls, Wash 2, ________
Qrovilla, Wash, 3 .
Chelan, Wash.?__
Dalkena, Wagh.?
Lewiston, Idaho.
Asotin, Wash___
Qrofino, Idaho. ... .
QGrangeville, 1daho

=

Puget Sound Power & Light Co.:

Rock Island (under construetion):

(Initial development)_
White River....__
Snoqualmie Falls.
Flectron______
Baker River_
Granito Falls
Nooksack Falls
Jim Creek____
Bultan.__
Dryden EN
Entiat 2
Leavenworth ¢
Tumwaler (leased from (3, N, Ry
Lake 8ylvia_
Olympia.
Kalama.__
Fost Street.
(leorgetown__
Everett____
Bellingham
Wenatchee 2
Chehalis___
Shufloton.. —vceeunou..

10 | City of Jeattle:
Diablo (under construction)
Lake Unton__
Coadar Talls__
{torga Plant_

1

—_

City of Tucoma:
T.a Grande___.._ e e e e

Tucorny, Stean No. 1. .
‘T'acormna Steam No, 2.
Jushinan No. 1__
Cushman No, 2. ______

1 Not printed.

Flathead (under construction) 2. ...
System total (developed) ___________________________

Sandpoint, 1daho 2 _ e el

System lolal___________________________________

Longview, Wash______________ .. _.____

System total __________ R

System total (developed and leased) _______________

Newhalem Creek. LT

Hystem total (developed) . ______ ... _.______

dystem total o ...

Feel

[ NN B
=2
=]

K,
33, GO0
)

35,000 |-

11, 250 |_

70, 000

29, 500 |-

10,000 |-

208, 434

{3, GOO

G0, 000
20, 000

2 500 |-
40, 000 |-
60

1,750
200
90

2,450 (_

1,100

135

6,000 |_.
200 .

1, i)
600

156, 735
120, 000

1, CO0

‘.LS 000
" 500
2,000
l, 800

1,500

80, 000

112 000

32,000
54, 000

11, 000

7 Loeated in drainage basin of Columbia above the Snnke ond in the United States.

8 56,000 kw. initial.

34,000
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TasLE No. 170.—Principal public utility companies and developed power—Con.

Installed capacity
Ref. Heoad of pacty
Ipl‘ul.:-, Company and plant hydroe =i
1o, 114 Dlants Hydro Fuel
12
Porl Angeles i o oo i aammmmme e[ mmmmm e s 4, 000
Port Townsend . .. ooo.o__.. 9, 500
Ho(}ulmn_ - 7, 250
Bhelton . oo iammemrmmmmm e[ 1, 600
System total. - o aeiaemrom oo 30, 150
13 | Grays Aurbor Railway & Light Co., and associated cotn-
panies:
Eleelrie Park o eoo oo aam—————— e . 12, 800
Anderson Middleton Lumber Co 1, 000
(irays Harbor Tamber Go- o ____._.... 3,000
Willapa Lttnber Co . am oo 1, 000
System total .o iweemmemoaro 17, 900
18 | City of Centralla, Wash____._. Oy IR,
20 | Weyerhaeuser Timber Co., and subsidiarics
Tongview . aauaan e e e | e e 15, 000
LEVOrett_ oo e 7, 000
Snoquaulmie Falls 7,000
Bystern total. . oo e ccaiimaa e e 20,000
Summary
Total developed power in drainage basin of Columbia above the Snake and in the
United States____ .. .ococcooo_____. R 248, 945 4, 000
Total developed outside drainage busin of Columbia above the Bnnke. .- 401, 024 276, 700
Total developad. ... . . (47, 969 280, 700
Total under construction in drainage basin of Columbia above t
the United Btales e iamisassasesanos 1186, 000
Total wnder construction outside drainage basin of Columbia above the Sna 120, 000
Total develdbbed and under construcllon. o .ia e 883, 960 260, 700

855, Hydroclectrie plants in the Canadian portion of the drainage
basin are important as concerns local industries in that country, but
are not now and are not likely to be very important as regards
American industries. Tt is true that transmission distances to the
market centers in the United States from the developed sites, and
from those potential sites scheduled for early development, are not
unreasonable in length. But the international boundary is more
than an imaginary line separating the two countries, since certain
Iegal restrictions have been set up for regulation of encrgy cxchanges.
M. J. Patton 5 says that “no power may be exported from Canada
except under a revocable Federal permit and that in 1925 an export
duty of three one-hundredths of a cent per kilowatt-hour was imposed
on such exports.  Canadian public sentiment is strongly in favor of
retaining Canadisn power at home to build up Canadian industry.
Tt is felt that if industries in a forcign country are built up with Cana-
dian power, it will be impossible, without serious international compli-
cations, to withdraw that power when it is required in Canada’.
Iowever, to complete the power story, data on the developed plants
in Clanada, both for the region within the basin of the Columbia and
for that portion outside the basin but within reagonable transmission
distance of the Puget Sound market centers, are given in table no.
171,

AH M. J. Patton, Leonotnist, Nullonal Resources Intelligence Serviee, Camwdn, From vol. 1I, no. 2,
pril 1926.
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TasLe No. 171.—Principal developed powers in Brilish Columbia (kilowatts)

Installed capacity

Company and plant Site e ——
Hydro Fuel

Columbia River Drainage Basin:
East Kootenay Power Co.:
Aberfeldie____

R 9, 600
Hedley Gold Mining Co., Hedley____ 1, 000
City of Nelson; ypper Bonnington Falls. . Kootenay ... - 1,750
Munieipality of Revelstoke_..________ 1lecillawaet River_. - 9, 600

Do . - Rovelstoke River_ __ ... foceoooooo
West Kootenay Power & Light Co.:

Lower Bonnington Falls__..__

Upper Bonnington Falls_

South Slocan
West Canadian Hydroelectric Corporution:

Vernon. . ______.. S RN AN) (U 580
Miscellaneous plants_ 1, 765
Subtotal 2, 745

Outside Culumbia River Drainuge Bagin:
Vietoria Lumber & Manufacturing Co.: Chemainus__
Municipality of Kamloops:
Barriere____
Kamloops. .
Pacific Mills: Ocean Falls
Rritish Columbia I'alp & Paper Co.:
Powell River Co.: Powell ______covoomourmoroooos Powell River... .
Munleipality of I'rince Rupert:
Woodworlh_ _
Prince Ruper
British Columbia
panies:
GHoldStream e iimieaaa Goldstream River_.
Bridge Rivoer (under construction).. Bridge River (initlia)
Stave Falls Stave River__
Jordan_ ... Jordan River.
Bronlwood Bay__
Coquitlalm-Buntze :

Shawatlans River

Nooloooua. North Avon River
No. 2_ --do..
VONEOIVEE .o ac oo e — o omomo oo mmaammmmas|mmmmmon

Stave Lake._
Atave River
Shuswap River_

Stavo Luke (Alouett
huswap

alls,
Miscellaneous PInts .o i mea e mmccmm oo |cacmamimaaa—a.. 58, 475 1,351

Subtotal outside Columbla River drainage. 207, 83 28, 551
Subtotal Columbia River drainage...._- 134, 255 2,745

Total British Columbia (AeVeloDed) .. o.emeeaa|emcescmocaceccccooccmcmasa 302,000 | 3L, 206

856. The water-power resources of the Province of British Columbia
have been estimated # by the Dominion Water Power and Reclama-
tion Service at 1,931,000 horsepower minimum and 5,103,000 for
six months, of which 473,000 horsepower has already been developed.
The full opportunities are, however, not reflected in these figures, as,
in most cases, they are based upon the actual unregulated flow and
take no account of possible storage and diversions which would make
possible a total development of power considerably in excess of the
above figures. Of the total resources, 336,000 horsepower minirmum,
and 1,092,000 horsepower for six months, are located on the Columbia
or its tributaries.

II. TRANSMISSION LINES

857. The territory under consideration in this report is well served
by transmission lines, as may be seen from an inspection of plate
no. 1142 New main lines and feeders have been constructed from
time to time as required by the development of the various power
projects and by the increase in number and distribution of cus-
tomers. Data on the principal transmission lines in the basin of the

? Not printed. . .
52 Water Resources Paper No. 55, Dominion Water Power and Reclamation Serviee (May 1, 1628).
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Columbisa above the Snake and in the adjacent territory to the north
and west are included in this section of this report. Additional details
covering the operating companies and their transmission systems may
be found later in this report under the head of ‘“Markets for power”’.

858. The Washington Water Power Co. is the only major public
utility operating wholly within the territory included within the
scope of this report. This company’s system is served by a network
of 110- and 60-kilovolt main transmission lines with extensions and
feeders as required operating at 33, 22, 13, and 11 kilovolts. The
company’s principal interconnections are with the Montana Power
Co. on the east, with the Pacific Power & Light Co. on the south,
and with the Puget Sound & Light Co. on the west.

859. The Montana Power Co. and subsidiary companies serve the
territory included within the basin of the Clark Fork, and also
considerable territory in the drainage basin of the Mississippi. The
Pacific Power & Light Co. serves several scattered sections extend-
ing from Astoria, Oreg., at the mouth of the Columbia to eastern
Washington and Oregon.

860. The Puget Sound Power & Light Co. and subsidiary com-
panies serve most of the Puget Sound region, the Wenatchee Valley,
and a narrow strip along the Columbia near Wenatchee. The
Chicago, Milwaukee, St. Paul & Pacific Railroad owns and operates
the lines indicated in table no. 173. These lines, as well as those
of the Great Northern Railway, parallel and serve the electrified
section of those roads. The city of Scattle and the city of Tacoma
each has a municipal system supplying some of the needs of their
respective communities. The Puget Sound Power & Light Co. is
an active competitor in these same communities, although the
Tacoma system enjoys practically noncompetitive control of their
urban load. The Grays Harbor Railway & Light Co., with its
associated companies, supplies the territory immediately adjacent
to Grays Harbor and Willapa Bay.

861. As evidence of the thoroughness with which these companies
have covered their respeciive territories, data on the number of
miles of circuits at various voltages are presented in table no. 172.

TapLE No. 172.—Mileage of overhead electric transmission and distribution lines

. (rays
Washing-| N Puget
Montany, Watc Pacifie : : ITarbor
Voltago (kilovoits) Power m?’ow:i"u Tower & P%%:,le’id& gé?trtfg 'ﬁigu(ift Railway
Co. Co Light Co. Light Co = & (I_jmm,
. . {0,

Total of 11 kilovolts or more--.. 2,760 2, 055 G624 2,251 a7 193 66
"Total of 6.6 kilovolts and less___ 1,323 1, 28L 11,323 7 18(?__ 1,6 1950 142
Total cireuit miles_____... 4,083 4,336 11,947 4,431 1,462 b1, 143 208

! Bstimated.
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862. An inspection of the map (pl. no. 114 ?) indicates the extent
of the transmission line net in British Columbia. Only one Cana-
dian-owned line enters the United States—the line from Rossland,
British Columbia, to Northport, Wash., but this is not intercon-
nected with any system on this side of the boundary. An actual
interconnection between a Canadian company and the Puget Sound
Power & Light Co. exists at Sumas, Wash., and at times a consider-
able amount of energy has been exchanged.

863. The region considered in this report, and that within reason-
able transmission distance therefrom, excluding British Columbia
and that part of the Montana Power Co.’s territory east of the conti-
nental divide, is served by the principal transmission lines indicated
in table no. 173. All of these are 3-phase, 60-cycle lines except
those of the Great Northern Railway, which are single-phase, 25-
cycle lines. In addition to the lines shown in table no. 173, there
are two major transmission lines scheduled for early completion—
one, the Puget Sound Power & Light Co.’s 110-—kiﬁ)volt ine now
under construction from KEverett (Beverly substation) to Rock
Island; the other being the 165-kilovolt line of the city of Seattle
from their Diablo plant to Seattle. A third major line will be con-
structed from the Polson, Mont., plant of the Montana Power Co.
(now under construction) to Anaconda, Mont.

TapLe No. 173.—Principal transmission lines

Num- Nominal
From— To— ber of | Voltage total
eircuits capaeity
. Kilovolt
Montans Power Co.: Kilovolts | amperes
Thompson Falli_ _ceamemovrr—o Burke, Idaho, with tie to Chicago, 2 110 70, 000
Milwaukee, 5t. Paul & Pacifie
R.R. st Avery, Idaho.
) 5 1 SO, ammmmm———— Polaon, Mont. e e 1 50 §, 000
Washington Water Power Co.:
Long Lako 2 110 70, 000
Little Falla.. 2 40, 000
Po__ 1 60 10, 000
Long Lal 2 110 50, 000
Nine Mile_ 2 20, 00
Post Fulls. 2 60 16, 000
fBpokane__ 1 110 20, 000
Do .. 1 110 50, 000
Chelan____ [8) 320 1Y - 1 110 20, 000
Do...- 6 miles southwest of Chelan a.__ .. 1 110 40, 000
DOt e m————— Atratford- o e 2 1(1)8 80, 000
Latah Junetiot- - onomemoo_ Pomeroy, via Lewiston_.__....... 1 { gg } b 8, 500
Puget Sound Power & Light Co
Electron.__ Whito RiVer_ _.ocoerroaaamaaaenn 2 55 40, 000
Do__ Tenino. _.... i b5 15, 000
White R Tacoma__ 3 55 30, 000
Do-. Seattle. .- 4 65 60, 000
Do ‘Wenatchee. 1 110 20, 000
Snogualmie Falla__ Ronton____ 2 55 30, 000
Do eenean Cedar Falls 1 110 12, 0600
Everett. . i omaan Heattle ... 2 hb 45, 000
Do __.._ Skykomish 1 110 35, 000
Baker River .o ooooocimaaas Everett_._. 2 110 50, 000
Sedro Woolley. Bellingham_ 1 55 15, 000
Port Angeles._ Bremerton__ . . _ 1 fi6 5,000
Wenatchee..... _| Washington W ower Co. line 1 110 40, 000
near Chelan.
ReNtOD e ommmmroe e BVeretle - e crooccsmmmane e 1 56 20, 000

« (fonmects with Puget Sound Power & Light Co. line from ‘Wenatchee.
» Capacity betweon Moseow and Lewiston Jimited to 1,600 kilovolt-amperes.

t Not printed.
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TaBLE No. 173.—Principal iransmission lines—Continued

Num- Nominal
From— To— ber of | Voltage total
cireuits eapacity
Hilovolt
Paciflle Power & Light Co.: Kilowolts | amperes
Naches___...... Yakima. 2 66 20, 000
Yakimy Puasco_ 2 a6 16, 650
Hunford Taunt 1 110 19, 000
TAnd____ 1 66 10, 000
Pendleto 2 66 24, 000
a Pomeroy 1 66 8, 500
Condit. oo ... __ Yakima_________ .. 1 110 25, 000
City of Seattle:
2 60 50, 000
1 165 80, 000
1 G0 ¢ 15, 000
___________________________ 2 55 40, (000
odoo_ 2 110 150, 000
Great Northern Ry. Co., 8kykomish.| Wenatchee___ _ 2 44 15, 000
Grays Harbor Raflway & Lightl Co., | Raymond . ________ 77700 1 66 25, 000
Aberdeen. )
Chicago, Milwaukeo, 8t. Paul &
Pyeific R.R. Co.:
Taunton_ .. 1 110 12, 000
Snogqualmie ¥ - 1 110 20, 000
Avery, Idabo_ . ... ________. 1 110 12,000

¢ Owned joinily by cities of Sealtle and Tacoma.

(4) MARKET—PRESENT AND PROSPRCTIVE—I. Past anp PRESENT
Uskes

(A) CHARACTER—WITH RELATION 70 GENKERAL USE MADK OF POWER,
IMFPORTANT INDUSTRIER, ETC.

864. The power market in this distriet is divided geographically
into two parts by the (Cascade Mountains. West of the mountains
and surrounding I’uget Sound is a metropolitan area including Seattle,
Tacoma, and a number of smaller cities in which is concentrated the
greater part of the population of the State of Washington. Adjacent
are the large lumber, pulp, and paper mills which at this timo repre-
sent the basic industries of the region. Immediately east of the
Cascades, in the drainage basin of the Columbia, is an agricultural
section which is largely dependent on irrigation. KFarther east are
mountain ranges in which both lumbering and mining are important,
Spokane is the largest city of the upper Columbia Basin.

865. Domestic Ioad, both urban and rural, has expanded rapidly
during recent years. The same can be said of commercial uses of
electricity.

866. The metropolitan arcas contain many factories which serve
the basic timber and mining industries and the population of the
region. While individually they are relatively small, in the aggregate
they are an important factor in balancing the electrical industry and
contributing to its diversifieation and stability.

867. The lumber and paper mills at this time generate a large part
of the power they use and frequently have a surplus which is sold to
the utilities. Their fuel is the refuse of the industry,

868. Mining companies arc large users of purchased power. Elec-
trification of the Chicago, Milwaukee, St. Paul & Lacific Railroad
and of the Great Northern is an important contribution to the market.
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(B) GROWTH OF TERRITORY RINCE ABOUT 1900

l. BEARING OF POPULATION GROWTH ON POWER USESR

869. Both population and use of electricity have increased greatly
in Washington and the Pacific Northwest during the past three
decades. If relative increases are compared for the Northwestern
States or for other sections of the United States, there appears to be
no direct correlation hetween changes of population and production
of kilowatt-hours. This is due to the rapid increase of applications
of electric power to all manner of industrial uses, which, in the aggre-
gate, are so large that they overshadow the applications which are
more dircctly affected by population.

870. Nevertheless, it is obvious that size and character of popula-
tion are important clements in the marketing of electric power. This
is shown where statistics are available which permit of the separation
of the encrgy sold for residential purposes.  Growth occurs in two
ways; by the increase in the number of residential consumers and by
the increase in the average consumption per consumer.

871. The number of residential consumers of several public utilities
operating in Washington are shown in table no. 174 for the years
indicated,

TABLE No. 174.—Number of residential consumers of eleciric power

[Compiled from supplements 1o Eleetrical World]

Utility 1925 1926 1927 1928 1929
Puget Sound Power & Light Co_ o . oovonu oo el 105, 335 120,919
'I'he Wushington Water Power Co__ Y (U I R 43, 399
Pacific Power & Tight Co____ 32, 206 35,190 47,350 49, 063
City of Soattle. oo oL o .o e 75,083 822,824
City of ‘Tacoma __ .. oooae o e 41,122 32, 002

872. The increasing consumption per residential consumer is well
illustrated by the figures for recent years which are given in table
no. 175, insofar as they are available for public utilities operating in
the State of Washington.

TasLe No. 175.—Average sales lo resideniial consumers in kilowatt-hours per year
per consumer

[Computed from data published by Electricsl World]

Utility 1925 1926 1927 1928 1929
Puget Sound Power & Light Co, ... _______ 1,011
The Washinglon Water 'ower Co______ 1,799
Pacific Power & Light Co_.._ ... .______ 890
City of Seattle oo ... ... - 1,018
City of Tacomea. .| . [, 1,060 [oo____.__. 1,161

873. These figures compare well with those for the various sections
of the United States. See table no. 176. Results for 1930 have
not yet been published, but it is certain that the trend continues
rapidly upwards. It is the general consensus of opinion among the
utilities that the residential market is far from saturated. A statis-
tical study by the Electrical World concludes that there is possible
an annual “economic domestic use of 40,000 kilowatt-hours poer home
for a large percentage of the customers.”

552-- 34—vol, 2 20
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TasLE No. 176.—Kilowati-hours per domesiic consumer

[From Electrical World, Jan. 3, 1931, p, 71. These averages are computed from figures obtained from 41
major utilily systems which are regarded as {ypieal of the entire industry]

Section 14925 1926 1927 1928 1929

New Brngland e mm cmemaeem e 330 336 a7 422 468
Middle Atlantie..._. PP 304 440 471 485 492
Fast North Central 470 487 512 548 595
West North Cen 377 388 415 460 494
Soulh Atlantic__ 393 423 472 506 550
East South Central__ 317 342 397 427 513
West South Central....--- o mamaaieneen 30 344 366 3n 418
Mountyin_______ . - 617 b12 500 470 b5l
Pacific . e imam_mamasvamaa-- 508 592 603 714 728

Total, United Blates . aaaaiaimeas 447 452 473 607 547

874. According to statistics published in Electrical World * the
residential use of electricity in the United States incrcased 295
percent from 1920 to 1930. In 1920 it was 9.1 percent of the total
energy delivered to the ultimate consumers. By 1930 it had grown
to 15.3 percent of the greater total.

875. During the same interval the revenue from residential con-
sumers increased 316 percent. In 1920 it was 25.4 percent of the
total revenue for electric service. By 1930 it had become 32.7
percent of the total.

876. Although comparable figures are not given for the Pacific
Northwest, other data indicate that the trends have been quite similar
to those for the United States. Data for 1929 in table no. 177 show
the importance of residential service in the business of the principal
‘Washington utilities, these sales being 20.9 percent of the total deliv-
eries t0 consumers.

TasrLe No. 177.—S8ales to residenlial customers, 1929

Kilowatt- Percent of
Utility hours total sales
(millions) |to consumers

Puget Sound Power & Light Co_ .o 122.4 15,2
The Washington Water Power Coucamemnvnrenvann . 77.9 17.8
Tacific Power & Light Co. . 43.6 27.0
City of Sealtle . _______... - 4.2 L1
City of Tacoma... - 37.3 18.7

B 11 VOO P 365. 4 20.9

877. Parallel stories are told by statistics of the power sales in
classes designated as “retail licht and power”” (which includes small
commercial consumers) and as “municipal”’ (which includes street
lighting, water pumping, and power for other municipal functions).
It is probable that the growth of sales of electricity in both these
classes will be influenced by the growth of population in much the
same manner as in the “residential’ class. During 1929 the five
utilities listed in table no. 177 reported their sales of “‘retail light
and power” to be 15.1 percent of their total deliveries, and sales for
nllunlcip?l uses (excluding municipal railways) to be 3.3 percent of
the total.

5 Issue of Jan. 3, 1931, p. 24,
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2. INPUSTRIAL DEVELOPMENT

878. The settlement of the Pacific Northwest followed the explora-
tions of hunters and trappers. Trading centers and agricultural
communities were gradually established, and towns with numerous
small repair and manufacturing shops grew up to serve the growing
population, which was so far removed from centers of industry.

879. With the improvement of transportation have come the
lumber, paper, mineral, fishing, fruit, and other basic industries
which convert the raw material of the region into exportable products.
In the same manner that small industrics were established in the
early days, many sccondary industries are now undertaking to furnish
the various specialized materials and supplies needed by the larger
establishments and by the population. The tendency has been and
continues to be toward an integrated community along the Pacific
seaboard.

880. The relative importance of manufacturing industries in the
State of Washington as shown on the reports of the Bureau of the
Census, is given in table no. 178. In this table, the figures represent
the “value added in manufacture” by each industry which are
obtained by subtracting thoe cost of the raw materials from the selling
value of the products., This avoids the duplications which enter
when the “selling value of the product” is used for comparison;
duplications that are due to the use of one process as the raw material
for another.

Tasne No. 178.—Value added in manufacture by Washington industries by census
years expressed in §1,000 units.  Arranged in order of size in 1927

[Source: Reports of Bureau of the Census]

Industry 1009 1914 1919 1921 1923 1925 1927

Lumber_____ .. ____________. 52, 276 45,062 | 141, 753 76,880 | 168,075 | 140,214 120, 066
Printing and publishing. ..____ 7,062 7,359 12, 796 13,114 14, 931 17, 392 19, 620
Foundry and rmuchine shop_____ 4, 274 3, 837 19, 507 5, 908 10, 963 10, 208 9, 517
Paper and pulp.._______________ () (1) 5, 500 4, 505 5,223 6, 884 9, 433
Steam railroad car shop, 2,182 3,047 9,211 9, 309 11, 907 9,312 8,415
Bread and bak 2,004 3,024 5, 808 5, 30 6,818 7, h4 9, 074
Canning - 4, 549 4,171 9, 903 5, 226 6,970 4, 978 7,798
- 2,379 3,303 7, 086 7,950 5,027 5 981 5,117

- 1, 585 2, 206 6, 280 1,821 3,914 4, 061 5, 080

Blaughtering____ - 1, 804 2, 543 5, 265 3, 027 8, K0 4, 806 4, 695
Shipbuilding_____ - s 2,114 92, 204 6,947 5, 064 2, 625 3, 672
Furniture, .. _..__ - 787 46 1,724 1, 132 2, 180 2,787 3,020
Clothing________..__ - 87 206 1,327 1,214 1,909 2, 041 2, 893
Grag, manufactured . - 1,023 1,810 2,074 2, 183 2,492 2,812 2, 858
Confectionery. ... - 1 1,115 4, 618 2, 940 2,537 2,931 2,522
Clay produets__ . 2,319 1,498 1,228 8499 1, 591 1,914 2, 382
‘Wood preserving_ _ [¢)) (] ) 365 705 635 2,160
Coffees and spices. - 575 736 1,191 746 1,265 [Q] 1,756
Ice cream._ .. . ) [0 (%) [O) 1,124 1,427 1, 685
Shecl metal - 1,043 791 2, 587 1,663 1,335 107 1, 667
Ice, manufa 417 407 G40 747 BRG 1,251 1,306
Btock feeds N ¢ (%) (1) (%) * ) 1,230
Other industries not shown_____ 17,369 23,933 34,755 36, 833 46, 096 51, 651 62, 166
Total—all indusiries....__ 102, 858 108,717 | 306, 445 188,479 | 306,409 | 286, 581 288, 024

I Not roported separately. ¢ Tncluded in confectionery above. # Included in Aour above.

881. Reports of public utilities listed in table no. 179 give an
indication of the importance of sales of power to large commercial
and industrial consumers in 1929. There is some difference in the
classification as used by the several organizations and therefore, the
figures are not strictly comparable.
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TasLe No. 179.—S8ales lo lurge power consumers, 1929

Kilowatt- ,

Utility hours Percent of

(millions) | ‘totalsales
Puget Sound Tower & Tulght Co_ oL 325.8 18,5
The Washington Water Power Co. - 3040 88,6
Pacific Power & Light Co_______. - 2.7 57.3
City of Beattle____.._... a e e cccsacasaassmes 130.7 48, &
CHLY Of TaCOIMA . mamm oo oo eie e i A emmmmmmmmmeoma 114, 6 57.7
Motal e e iaaimwermenee 967.6 35,5

882. In the United States the corresponding wholesale use of power
and light increased 196 percent during the decade from 1920 to 1930.%
In 1920 it represented 61.3 percent of the total power delivered to the
ultimate consumer. By 1930 it had become 51.6 percent of the larger
total.

883. Revenue from these wholesale deliveries is estimated to have
increased 152 percent during the decade. In 1920 it was 38.3 percent
of the total revenue. In 1930 it had decreased to 23.7 percent.
Corresponding figures are not available for the utilities of the North-
west, but it is probable the trend has been somewhat similar.

(¢) PRESENT GROWTH

I. COMPANIES AND MUNICIPALITIES SUPPLYING MAREKET

884. A considerable number of companies and municipalities are
engaged in generating clectric power to meet the requirements of the
region covered by this report. Of these, the principal are as follows:

Uiility companies Muncipalities

Puget Sound Power & Light Co. A}i&%}r‘im
The Waghington Water Power Co, Centralia.

Pacific Power & Light Co.
Mountain States PoweriCo.
Grayr_;, ITarb_ort lliailway:‘ah & Light Co,

and associated companies. . - . i
Washington Gas & Ele};tric Co. %g%ﬁ&g}ﬁgﬁﬁ;ﬁzp 8(‘)& tion.

The Montana Power Co,

885. @. Puget Sound Power & Light Co.—This company was in-
corporated in 1912 as a consolidation of the properties of the Seattle
Eloctric Co., Pacific Coast Power Co., Puget Sound Power Co.,
%eattl&Tacoma Power Co., and Whatcom County Railway & Light

0. ‘

886. During the years 1923 and 1924 the company purchased the
Washington Coast Utilities, which served the Wenatchee Valley and
scattered communities west of the Cascades, the North Coast Power
(lo., which furnished wholesale and retail electrical energy to certain
towns in southwestern Washington, and the Olympia Light and Power
Co., which supplied the city of Olympia and a small water power
plant on the Des Chutes River near Olympia. It also acquired the
Washington Power, Light & Water Co., serving the city of Anacortes,
and several small properties serving various districts, such as the
Giranite Falls Electric Co. and the Mutual Electric Light & Power Co.

# This and the following Hgures are computed [rown statistics contained in Kleetrical World, Tan. 3,
1431, p. 28.

Manufacturing companies
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887. In 1925 the company acquired a part of the electrical dis-
tribution system of the Washington-Idaho Water, Light & Power
Co., serving scattered communities in southwestern Washington.

888. In 1926 it acquired several properties on the Olympic Peninsula
of Washington, including the transmission line of the Northwestern
Power & Light Co., and the distribution systems of the Hub Electric
Co. and the Sequim Light & Power Co., together with the property
of the North Pacific Public Service Co., serving Bremerton and
vicinity. During the same year the company also acquired the
Sultan Electric Co., the Avery Public Utilities, the Thurston County
Utilities Co., and property of J. I.. Mills, each of which served one or
more small communities in western Waghington.

489. In 1927 the company acquired the distribution systems
serving the cities of Monroe and Snohomish from the Mountain States
Power Co., together with the smaller systems belonging to the town of
Skykomish, the Farmers Cooperative Light & Power Co. and the
Coupeville Lighting Co.

890. In 1929 it acquired the property of the Darrington Electric
Co., and the distribution system serving the town of Clear Lake.

801, In 1930 the company acquired the Island Light & Power
Co. and the Langley Light & Power Co., both located on Whidbey
Island, together with the Acme Distribution System.

892. The acquisitions have in general been small properties. Only
four of these properties included generating plants now in operating
condition ; the majority had previously purchased their power from the
Puget Sound Power & Light Co. Therefore, the consolidations do not
mate(xiially affect the trend of production as shown by the company’s
records.

893. The development and operation of this system has been
under the supervision of Stone & Webster and their successors, Stone &
Webster, Inc., during the past 31 years. In December 1928 Engincers
Public Service Co. purchased a majority of the stock of Puget Sound
Power & Light Co. and in April 1930 a plan of affiliation of Engineers
Public Service Co. and Stone & Webster, Inc., was consummated, as a
result of which over 90 percent of the total outstanding common stock
of Engincers Public Service Co. is now controlled by Stone & Webster,
Inc. On May 1, 1931, the contracts for supervision of these properties
by Stone & Webster Service Corporation were canceled and executive
supervision is now provided by Engineers Public Service Co., Inc., all
of the stock of which is owned by the constituent companies of Engi-
neers 'ublic Service Co.

894. The company operates mostly in westorn Washington, sup-
plying electricity in the cities of Secatile, Tacoma, Bellingham,
Everett, Olympia, Chechalis, Bremerton, and Wenatchee, serving an
area containing a population of over 918,000, The number of con-
sumers was about 150,000 at the close of 1930. In Seattle the com-
pany is in competition with the municipal system. In Tacoma the
company has been serving about 30 consumers under a franchise
which expired in 1930.

$95. The company owns, controls, and operates under lease, 15
hydroelectric plants with a combined capacity of 156,735 kilowatts
and 7 steam plants with combined capacity of 112,000 kilowatts or a
total generating capacity of 268,735 kilowatts.
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896. The main transmission system of the company is operated at
110,000 and 55,000 volts. In and close to Seattle it has a network of
13,000-volt tie lincs and feeders between the various substations,

897. The company is interconnected with the Washington Water
Power Co. at Chelan, Wash., and indirectly at Snoqualmie IFalls
through Chicago, Milwaukee, St. Paul & Pacific Railroad circuits,
Large amounts of power pass through these connections, sometimes in
one directicn and sometimes in the other, depending upon conditions
obtaining on the two systems. Interconnections are also available
between the company and the city of Tacoma at Tacoma, Wash.,
Washington Pulp & Paper Corporation at Port Angeles, Wash.;
Northwestern Electric Co. at Kalama, Wash.; Western Canada
Power Co. at Sumas, Wash.; Great Northern Railway at Tumwater,
Skykomish, and Wenatchee, Wash.; Weyerhaeuser Timber Co. at
Longview, Iiverett, and Snoqualmie, Wash.; navy yard at Bremer-
ton, Wash.; and with some 10 other plants variously located.

898. Construction has begun on a dam and power plant at the
Rock Island site on Columbia River, where two 15,000-kilowatt units
are expected to be ready for service by January 1, 1932, and two more
units by January 1, 1933. Additional units will be brought in from
tire to time. The entire installation of 10 units with a total capacity
gf between 150,000 and 200,000 kilowatts is expected to be installed

y 1937.

899. The accompanying diagrams, plates nos, 1152 and 116,% show
the gradual development of the business of the company. Part of this
information has been furnished by the company, and the remainder
has been collected from other sources.

900. b. The Washington Water Power (Co.—This company was
incorporated in 1889 to serve the city of Spokane and surrounding
territory. Since February 1928 it has been controlled by the Ameri-
can Power & Light Co., and under supervision of the Electric Bond &
Share Co. Inits growth, it has absorbed a number of companies. In
recent years these have included:

Intermountain Power Co. ... A m e July 11,1922
Okanogan Valley Power Co_ __ ______________________________. Jan. 1, 1923
Chelan Eleetric Co_____ ... _._ e e m e e e __ May 3, 1926
Potlateh Congolidated Eleetrie Co_ o o oo Sepl, 13, 1927
La Crosse Kleetric Co._____ o _________._ Nov. 21, 1927
Greenaeres Light & Power Cow oo e o e Dec. 16, 1927
Kootenai Power Co_ _ _ __ o __________ Feh. 1, 1930

Grangeville and Lewiston properties of Inland Power & Light Co_ Feb. 13, 1930

The generating equipment of these companies was unimportant in all
cagses except the Lewiston plant, which added 10,000 kilowatts
installed capacity.

901, In 1925 the company purchased the hydroelectric station of
the Spokane Kastern Railway, known as “Nine-mile”’, which has g
capacity of 12,000 kilowatts.

902. The company now serves Spokane and 65 other communities
in eastern Washington and 35 communities in northern Idaho. The
population served at the close of 1930 is estimated by the company
to be 232,000.

903. At the present time the Washington Water Power Co. has
in operation 13 generating stations all of which are hydroelectric

tNot printed,
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except one of 150 kilowatts capacity. Combined they have an
installed capacity of 205,584 kilowatts.

904. Coeur d’Alene Lake, 30 miles east of Spokane, is regulated
and used as a primary storage reservoir for the series of generating
stations on the Spokane River. Lake Chelan near Wenatchee 1s
used as a reservoir serving the station at Chelan Falls,

905. The company has high-tension interconnections with other
companies operating in adjoining territory as follows:

Interconnecting company Exchange point, Voltage
Mountain States Power Co.. oo oo.____.. Newnport, Wash_ 60, (00
Puacific Power & Light Co_ _| Lind, Wush__ 110, 000 to 66, 000

Y Pomeroy, Wa 66, 000

S T .- ''aunton, Wash_ o 110, 000

TThompson Falls Power Co. (subsidiary | Burke, ldaho 110, 000
of Montana Power Co.).

Stevens Counly Power & Tight Co_____ .. Chewaelah, Wash_ ._____________ioaioooo 60, 000 to 33,000
DO emmmme_o IO Mareus, Wash_________ ... ___________. 11,
Chicz\g<)(.1Mi1waL1kee, &t. Paul, & Pacific | Taunton, Wash_ 110, 000

R.R. Co,
Puget Sound Power & Light Co_____..... Chelan, Washo_____________L oo 110, 000
5 7 T PSRRI Through Chicago, Milwatkes, 8t. Paul &

Pacifie R.R. at Taunton, Wash.

006. The interconnections with the Pacific Power & Light Co. at
Lind, Pomeroy, and Taunton, Wash., with the Thompson Falls
Power Co. (or The Montana Power Co.) at Burke, Idaho; and with
the Puget Sound Power & Light Co. at Chelan, Wash., and through
the Chicago, Milwaukee, St. Paul & Pacific Railroad, are particularly
important for exchange of energy between the companies. They
make it possible and are regularly used to take advantage of dilfer-
ences in the scasonal run-off from the several watersheds and to
make the installed capacity and the available storage of the different
companies of greater service than if they were used independently.

907. While the company’s principal generating stations are located
near the load centers, it has an extensive system of transmission
lines, totaling approximately 1,900 miles, operated at 110,000 volts,
60,000 volts, and lower voltages. Tn Spokane and vicinity the com-
pany has a network of {eeders and tie lines operated at 13,000 volts.

908. At the close of 1930 the number of customers served was
given as 61,393,

909, On April 4, 1925, the Washington Water Power Co. applied
to the Kederal Power Commission for a license to develop Kettle
Falls on the Columbia River. The application is being held pending
further study of the possibilities of the river.

910. An ultimate development of 120,000 kilowatts is planned at
Chelan Falls. This is more than double the present installation.

911, Plates nos. 117 2 and 118 2 show the gradual development that
has occurred in the growth of the company since 1905. Attention is
called to the fact that only two times in the history has energy been
purchased in appreciable amounts, from August to December 1925
and in August and September 1926 and in the first-mentioned period
this energy was resold to other generating utilities. The installation
of new generating capacity is noted and compared with peak loads
on the company’s system.

1 Not printed.



848 GOLUMEIA RIVER AND MINOR TRIBUTARIES

941. Power is also obtained from the following lumber mills,
which have their own power plants and use the mill refuse for fuel.

Tnstalled capacity in

kilowatts
Plant Total
8t, Paul & Tacomn Linber CGo______ oo o alia- 6,500 |- ...
‘W heeler-Osgood Lumber Co. . ..o iieamemae- 4,000 | ... oo
Buffelen Mill Co. ... e - 2,800 | ...
Eatonville Mill Coo e oo wm——————— 1, 500 14, 50K

942. Tn addition, power is interchanged with the city of Seattle,
and with Puget Sound Power & Light Co. Power from Nisqually is
transmitted to Tacoma over 55,000-volt transmission lines, From
Cushman the transmission is at 110,000 volts. The tie lines be-
tween substations in the city arc operated at 55,000 volts and 13,200
volts. The accompanying platesnos. 116 % and 119 ? show the gradual
development of the electrical load of the city of Tacoma from 1905 to
1930, inclusive.

943. From 1917 until its manufacturing plant at I.a Grande burned
in 1923, the American Nitrogen Produets Co. purchased surplus power
from the city of Tacoma for use in the manufacture of sodium nitrate.
beginning with about 1,000 kilowatts maximum in 1917, the load grew
to 7,000 or 8,000 kilowatts maximum in 1922 and 1923. This accounts
for some of the irregularity of the load curves during these years.

944. k. City of Centralia.—For soveral years Centralia has operated
a distribution system and purchased power from the Western Crossarm
& Manufacturing Co. During 1930 the city completed a hydroelec-
tric plant with an ultimate capacity of 11,000 kilowatts. The dams,
intake, canal, flumes, ctc. were built for the full 11,000-kilowatt
installation. Two units developing a total of 4,000 kilowatts are
complete at this time, the additional units to be added as the growing
demands of the utility justify. Upon completion of this plant, the
city discontinued its interconnection with the Western Crossarm &
Manufacturing Co., except for stand-by service. Energy is delivered
to the municipal distribution system over a 66,000-volt transmission
line from the power plant at Yelm, Wash. From October to the end
of December 1930, the energy generated by the city amounted to
1,760,000 kilowatt-hours. During 1930, before the hydro plant began
operation, the eity purchased 3,848,000 kilowatt-hours from the
Western Crossarm & Manufacturing Co.

945. The industry of Centralia is principally lumbering. There is
also dairying and poultry raising. 'The population in 1930 was 8,051,
having inereased from 7,549 in 1920.

946. m. Crown-Zellerbach Corporation.—The lumber and paper
industries are basic in Washington. Lumbering has been long estab-
lished. Paper manufacturing 1s more recent, but from a power stand-
point it is becoming even morc important than Jumber. The Crown-
Zellerbach Corporation is the largest in the paper industry. Five of
its subsidiary companies own and operate large generating stations.
Two hydro plants have a combined capacity of 25,000 kilowatts.
Six steam plants have a capacity of 30,150 kilowatts. The total
installed capacity is 55,150 kilowatts.

2 Not printed,
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047. The hydro plants and the Port Angecles steam plants are con-
nected to each other through a 66,000-volt transmission system owned
by the company. They are also connected to the Pudget Sound
Power & Light Co. system to which they sell more or less power.
Power is also exchanged with Fiberboard Products, Inc. The Shelton
plant exchanges power with the Simpson Logging Co. The exchange
of energy with these companies is shown below as it occurred in 1930.

Energy from other sowrces delivered and received by properties of Crown-Zellerbach
Corporalion during 1930

Kilowatt Kilowalt
hours de- hiowurs re-
Interconnecting Company Hvered to ceived from

interconnect- | interconnect-
ing company | ing eompany

Puget Sound Power & Light Co oo ... R
Fiberhoard Prodiets, InCaeue oo mmaer

65,150 | . oo
1,933, 200 171, 0
11, 902, 529

B 7 U YUy Syt . R 4, 998, 350 12,074, 120

948. The stoam plants of the Crown-Zellerbach Corporation all use
wood waste as fuel.  Steam power is generated in connection with the
use of process steam. Iowever, the requirement for process steam
is usually insuflicient to meet the full demand for power. As wood
wastes become more valuable for the manufacture of byproduets it is
to be expected that there will be a gradual change in the practice of
the companies, first, to the substitution of hydro or purchased power
for needs in excess of the stemm requirements, and later, to the
substitution of other fuels or methods for securing process heat.
Plates nos. 1192 and 1202 show the growth of the Washington Pulp &
Paper Corporation, the largest of the Crown-Zellerbach group in
Washington.

949. n. Weyerhaeuser Timber Co—Sawmiills of the Weyerhaeuser
Timber Co. or its subsidiary companies are located at many points
in the Pacific Northwest. Those located within the arca covered by
this report have three important clectric generating stations with
installed capacity totaling 20,000 kilowatts.

950. ‘All the properties use wood waste as fuel for the generation of
steam. Power is developed by turbo-generator units.

951. Since September 1, 1930, the Longview plant has been con-
nected with the system of the Puget Sound Power & Light Co. at
West Kelso, Wash. During the 4-month period from September 1
to December 31 the timber company sold 3,366,000 kilowatt-hours of
surplus power over this connection.

052. Besides the waste wood burned in the steam plants of the
company, there is produced a large additional quantity of waste,
much of which is now reduced to the form of hogged fucl and sold
by contract or in the open market.

953. As in the paper industry, the gradually increasing diversion
of wood waste to the manufacturer of various byproducts 1s likely in
the future to reduce the supply of wood available for fuel. The
demand for process stecam in the lumber mills is small. The mills
are well adapted to the use of hydro or purchased power when the

2 Not printed.
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byproduct value of their waste material makes it uneconomical to
operate the present steam plants.

2. CHARACTERISTICS OF BUPPLY OF POWER

954. a. Steam —fuel, eflc—Washington and the entire area included
within the Seattle district are mainly dependent upon hydropower.
The portion developed with fuel varies from year to year depending
upon water supply conditions and other vartables. Figures for 12
years are shown in the following table.

Fuel power for public use produced in Washingion

[From reporis of the U.8, (teological Burvey[

RKilowatt: | puel power Eilowsltt | puel power
’ . D! in percent ours pro- in percent
Yoar dfuuid( by of total pro- Year duced hy of total pro
uel (in : fuel (in e a
millions) duction millions) | duetion
42.6 3.6 ! 63. 4 3.6
36.8 3.1 i 685 3.8
76,3 5.9 | 19 126, 2 51
84,2 8.5 369. 9 14. 6
gg é g g 266. 3 10.4

955. The drought of 1929 and 1930 accounts for the sudden in¢rease
in the use of steam power in those years. The beginning of the
drought was also a factor in the fall and winter of 1928, Practically
no fuel power is produced in this district outside the State of Wash-
mgton.

956. Industrial plants and particularly the lumber and paper mills
use wood waste which has been reduced to the form of “hogged
fuel. 7%  Storage is cflected in large piles convenient to the points of
use. Some of the utility plants use hogged fuel purchased from the
lumber mills, The United States Geological Survey states that in
1930 in the State of Washington 47,000,000 kilowatt-hours were pro-
duced for public use with wood as fuel. This is only 1.8 percent of
the total kilowatt-hour production in the State and 17.7 percent of
the electric energy produced with fuel. ligher lumber prices might
temporarily increase the supply by making profitable the closer utili-
zation of material now left in the woods. The waste in these poorer
grades of timber and logs will be a higher percentage of the total.
However, it is probable that any trend in that dircetion will be more
than offset by the development of byproduets of the timber industry,
which will make use of increasing quantities of the waste that is now
burned. Domestic and commercial heating plants absorb important
quantities of wood waste. It is apparent that expansion in steam
power production will be dependent on fuels other than wood.

957. During 1930, oil was burned in public utility generating
stations in Washington to the amount of 758,000 barrels while coal
consumption amounted to only 8,500 tons. The ratio between these
two fuels varies with the fluctuations of prices. Both are readily
obtainable.

b # 8labs and other large pieces included in the waste wood are run through a ‘“hog”” which chips and
shreds themn into flakes of a siz¢ suitable for conveyers and automatic feed Lo boilex furnages. 'The resulting
material mixed with sawdust and planer shavings is known as “hogged fuel.”
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958. Fuel oil is shipped from California and delivered by tankers.
In recent years it has outranked all other commodities in the quantity
received at Puget Sound ports. The freight rate is approximately
25 cents per barrel and at present (1931) low prices in California, it
can be delivered for $1 or less per barrel. This is less than the cost
of mining the equivalent coal.

959. At the present time the Puget Sound Power & Light Co. is
using oil in its Shuffleton steam plant on the shores of Lake Wash-
ington in spite of the fact that it owns coal properties adjacent to the
plant. /There are also commercially-operated coal mines in the
immediate vicinity.

960. Washington is well favored with deposits of coal of fair
quality. Tho locations of the several ﬁeids are shown on the map
(pl. no. 122) 2 accompanied by average analyses of the coal. To

- obtain these figures all analyses published by the United States

Bureau of Mines * have been averaged for each field.

961. The Roslyn field, near Cle Elum in Kittitas County (see
appendix no. 1, pl. no. 148)? is the principal producing area of the
State.  The anuual output usually exceeds 1,000,000 tons, about
three fourths of which is used by the Northern Pacific Railway in its
locomotives and its shops. The remainder enters the commercial
field and is sold in practically all of the markets in the State.

962. With the extensive coal reserves which are conveniently
available, the public-utility systems are well protected against any
shortage of fuel for the operation of stcam generating stations, and
from danger of excessive prices.

963. In 1912 natural gas was discovered in Benton County, Wash.,
about 12 miles north of Benton City. The gas was encountered at a
depth of about 700 feet bencath a stratum of clay 90 feet in thickness.
Otber wells have since been drilled and 10 are now producing. The
individual wells vary in their daily capacity from 100,000 to 1,000,000
cubic feet, A diamond drill hole about 2,200 fcet deep has been sunk
to explore the formation but failed to find other important reservoirs
below the one at the base of the 90-foot clay bed. Analyses showed
the gas to be dry and not connected with petroleum. The pressures
are low. The only operator in the field at the present time is the
Northwestern Natural Gas Corporation of Delaware, which has its
headquarters at Wichita, Kans.. The local office is at Grandview,
Wash. Pipe lires have been laid to Prosser, Grandview, Sunnyside,
and Mabton—a Iuain line total of about 40 miles. Extensions are.
contemplated. The daily sales at the present time amount to 500,000
cubic feet, 5 ‘

964. 1t appears probable that the limited gas supply, thus far dis-
coverced, will find a market in domestic and small commercial uses.
Apparently the yield of the field will not be sufficient to make the gas
an active competitor of fuel for the generation of power in utility
stations.

965. b. Hydro, seasonal variations, etc—The power companies of
* the Pacific Northwest have always depended principally upon water
power as a source of energy, A great number of power sites exist.

1 Not printed.

@ Department of Interior, Buresu of Mines, Bulleting No. 22, 85, and 193.

57 Sue uppendix no. 1, Mineral Resources of Columbia River Basin in Eastern Washington, by Henry
Lundes, Geologist, par. 185.

% ee appendix no. 1, Mincral Resourcos of Columbia River Basin in Eastern Washington, by Honty-
Landes, Geologist, par. 187-189,
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The first developments were of sites having low construction cost and
small capacity commensurate with the market for electricity in the
early days of the industry. As the requirements for power have
egrown from year to vear it has become economical to develop sites of
larger capacity and greater first cost to secure the advantage of lower
.cost per kilowatt of capacity and lower cost of operation. This trendds. -
illustrated in the foregoing diagrams showing the growth of the %\adb

of the various companies.

966. The heavy winter precipitation occurring on the western
slopes of the Clascades and Coast ranges of mountains is closely fol-
Jowed by the run-off in the streams. Winter maximums and summer
minimums are the rule. Natural storage is effected in the snowfields
and the glaciers of the higher clovations. These furnish an important
part of the summer {low.

967. Load curves of the utilities using these streams have a similar
but less extreme variation. Until the occurrence of the drought of
1929 and 1930, there was little call for storage reservoirs and standby
steam plants.  The drought has made it ineumbent upon the utilities
to protect themselves against irregularities in the natural water supply.

968. East ol the Cascades the conditions are modified. Having
their main drainage basins in the higher altitudes, the principal trib-
utaries of the Columbia River are fed by snows which accumulate
during the winter and gradually melt as the sumimer advances. In
conscquence these rivers have a more regular regime than those nearer
the coast and a smaller percentage difference between maximums and
minimums. The maximum {low occurs in the summer and the mini-
mum in the winter. The power companies which supply the commu-
nities in the interior basin have developed irrigation pumping load to
an extent that gives them a summer peak. (See pl. no, 117.)2
Thus their seasonal requirements follow in general the water supply
available at their hydroplantis and the agreement has thus far been
close enough to make it unnecessary to maintain large auxiliary steam
plants. By the use of natural lakes the Washington Water Power
Co. has developed considerable storage which gives it facilities for
seasonal regulation, .

969. Interconnection of the power systems lying east of the Cas-
.cades with systems to the west ol those mountains such as is now in
effect between the Washington Water Power Co. and the Puget
Sound Power & Light Co. make possible a seasonaljnterchange of
power developed by water to correspond with the available production
of hydroplants and with load requirements, With the expansion of
the electrical business such interconnection will hécome increasingly
desirable and important.

970. ¢. 0il engines.—The place which internsi combustion engines
have found for themselves among the public vtilities in this area has
thus far been unimportant and is not likely to expand. These engines
are in use in a few places supplying small loads or serving as stands,,
by capacity. Asinterconnection of systems progresses the occasion for
their use will decrease.

3. COST AND SALE PRICE OF POWER AB AFFECTING MARKETH K

971. Two primary sources are available to supply the future power
requirements of the Pacific Northwest: Water and steam. Fach has
its place. Each is, within limits, adaptable to meet conditions which

2 Not printed.
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may exist. In some cases water power may prove to have an advan-
tage; in other cases steam may be better adapted. In general, it is
cost which determines whether steam or water should be used for
generation. The determining cost is not only the initial investment
but includes all elements that enter Into the annual cost of delivering
electric service to the consumer.

972. In considering the place that water power will occupy in the
future, it is well to observe that the cost of steam power fixes a
definite limit to the economic availability of the water-power resources
which are under consideration.

973. A steam plant has some important advantages. Its location
can be chosen to fit the load it is to serve, giving due consideration
to the supply of fuel and condensing water. Its size can also be
_ chosen to fit the actual and prospective load. The cost of construect-
ing a steam plant may be materially less than the combined costs of
the dam, water channels, and power house for a hydroelectrie installa-
tion. A steam plant can be built quickly with standardized equip-
ment to meet well defined requirements, and extensions can then
follow on & scale and at the time acutally needed without tying up
large sums of money in idleness over long periods of time. Fuel can
be stored and held in reserve to be promptly available for emergencies
and for stand-by purposes. With these advantages go, of course,
definite disadvantages such as a relatively short useful life with cor-
respondingly high rates for depreciation and amortization, expensive
fuel, and high maintenance cost.

974. Cost of steam power under modern conditions has recently
been studied by the United States Bureau of Reclamation to deter-
mine the price at which Boulder Canyon hydroelectric power from the
Colorado River could be sold in competition with power generated
by steam.*®

975. Figures were based upon the experience of the new power
plant known as “Long Beach No. 3’ of the Southern California
Edison Co., containing generating units with individual capacities of
100,000 kilowatts. Such a plant constructed at tidewater where
there are ample supplies of condensing water and using either oil or
natural gas for fuel was found to require an investment of $77.50 per
installed kilowatt. This same figure can be safely uscd as adapted
to conditions which exist on Puget Sound.

976. Annual costs congist of fixed charges and operating cxpenses.
Some modifications of the fixed charges have been made to adapt
them to the present study. The experience of the Southern Cali-
fornia Edison Co. has been utilized to arrive at probable fuel con-
sumption and operating costs.

977. Interest on the investment is the largest item among the fixed
charges. In this report interest on money invested by the United
States or a State has been calculated at 4 percent. A municipality
can secure money for such construction at approximately 4.75 per-
cent. A utility company will probably find money costing it 6 per-
cent. Regulatory commissions are allowing such utilities to earn
7 or 7.5 percent on the investment; this aflects the selling price to the
69—I)e})artment of the Tulerior, Buresu of Reclamation, Boulder Canyon Project, “ Rate which publie
and private corporations can afford to pay for power at Boalder Canyon and rate which will produce suffi-

cieni revenne to repay cost of Bonlder Canyon Dam and power plant in 50 years with inetrest,”” Sept.
10, 1929,

552—34—vol 2—21



854 COLUMBIA RIVER AND MINOR TRIBUTARIES

public although not the cost to the utility. It is here assumed that
a competitive steam plant would be constructed by private capital
and not by the United States or a State. Therefore, in the example
that has been computed and which is shown graphically in plate no.
123 ? (cost of generating steam power at varying load factors), 6 per-
cent has becn used as the rate of interest.

978. For a steam plant a reasonable depreciation rate is considered
to be one that allows approximately a 16-year life. On a sinking fund
basis, for the case of a utility company, interest on the sinking fund
being computed at 6 percent per annum, the depreciation rate selected
for the present study is 4 percent.®® An allowance of 1.5 percent of
the investment is made for taxes.

979. General expenses while not strictly proportional to invest-
ment may be so considered with a reasonable degree of accuracy. .
An allowance of 0.5 percent is made for them,

980. Experience on the part of the Southern California Edison Co.
with the Long Beach No. 3 plant has given a figure of $2.25 per year

er kilowatt of capacity as a fair allowance for the cost of supervision,
abor, and supplies necessary for operation and maintenance.

981. The annual charges per kilowatt are summarized in the
following table:

Interest, $77.50 at 6 pereent. .o ... $4. 65
Depreciation, $77.50 at 4 pereent- - - . ____ . __________. 3.10
Taxes, $77.50 at 1.5 pereente .o 1. 1625
General expense, $77.50 at 0.5 pereent_ . ___ oo . 3875
Total, 12 pereent. ... 9. 30
Bupervision, labor, and supplies_ - __ ... . 2. 25
B 4 7 11. 65

982. All of the items of total annual cost except fuel are determined
almost solely by the size of the installation. They are not changed
by the output of the power plant. These costs per kilowatt-hour are
therefore inversely proportional to the load factor, assuming the in-
stallation to be properly proportioned to the peak load.

983. Fuel consumption has been assumed at 0.55 barrel of oil per
kilowatt of capacity per year plus 0.002 barrel of oil per kilowatt-
bour. If gas or coal is used for fuel, substitution may be made b
comparing them with oil on a heat-unit basis. A barrel of fuel oil
contains approximately 6,250,000 British thermal units. No diffi-
culty is encountered in using natural gas and fuel oil interchangeably.
Pulverized coal can be used with the same furnace settings, but requires
additional investment and labor for storing, pulverizing, and con-
veying equipment,
¢ 1?84. The above conditions of cost can be expressed in formule as
ollows:

Annual cost in dollars per kilowatt of steam plant capacity: C=11,5654-0.55 P+
K

0.002 PK.
r
Cost per kilowatt-hour in dollars: o= 5224 058P 4o gg5p
In which—
P=Cost of fucl oil in dollars per barrel.
K=Kilowatt-hours produced annually per kilowatt of plant capacity.

* Not printed.
% The Burean of Reclamation allowed only 1.9 percent for depreciation In the case of private develop-
ment. This aroso from certain special considerationg snd is believed to be lower than is warranted by the
prohable useful life of a stesin power plant.






