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LETTER

FROM

THE SECRETARY OF THE ARMY

TRANSMITTING

A LETTER FROM THE CHIEF OF ENGINEERS, UNITED STATES
ARMY, DATED FEBRUARY 28, 1949, SUBMITTING A REPORT,
TOGETHER WITH ACCOMPANYING PAPERS AND ILLUSTRATIONS,
ON A PRELIMINARY EXAMINATION AND SURVEY OF GREEN

--AND DUWAMISH RIVERS, WASH., AND A REVIEW OF REPORTS

S " 'ON DUWAMISH WATERWAY, SEATTLE HARBOR, WASH., AUTHOR-

N IZED BY THE FLOOD CONTROL ACT APPROVED ON JUXNE 22, 1936,

i AND THE RIVER AND HARBOR ACT APPROVED ON JULY 24, 1946,

- - AND REQUESTED BY A RESOLUTION OF THE COMMITTEE ON

- RIVERS AND HARBORS, HOUSE OF REPREQE\ITATIVES, ADOPTED
ON APRIL 18, 1946 '

T L - TLY 22 1949, ——Referred to the Committee on Public Works and ordered to be’
M L g, . printed, with two illustrations

DEPARTMENT OF THE ARMY,
Washington, D. C., July 20, 1 949.
The SPEAKER OF THE HOL‘QE OF REPRESENTATIVES.

Dear Mr. Speaker:.I am transmitting herewith a report dated
February 28, 1949, from the Chief of Engineers, United States Army,
together with accompanying papers and ﬂlustramons on a preliminary
examlnatlon and survey of Green and Duwamish Rlvers Wash., and
a review of reports on Duwamish waterway, Seattle Harbor Wash.
This investigation was authorized by the Flood Control Act approved
on June 22, 1936 and the River and Harbor Act approved on July 24,
1946, and requested by a resolution of the Committee on Rivers and
Harbors House of Representatives, adopted on April 18, 1946.

Tn accordance with section 1 of Public Law 534, Seventv-elohth
Congress, and Public Law 732, Seventy-ninth Concress copies of the
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proposed report were furnished the Governor of the State of Wash-
ington and the Secretary of the Interior. Copics of the proposed
- report were also furnished the Federal Power Commission and tle
o o Department of Agriculture for such comments as thev desired to * !
g make. The views of the State and the Federal agencies are set forth. ¢
* in the enclosed communications, together with the letter to the Burgsu - 4
of the Budget and the replies to letters from the Federal Poiwer
Commission and the Department of the Interior. =~ ~
The Bureau of the Budget advises that there is no objection to the g
submission of the report to Congress. . However, it also states that in
view of certain adverse findings as set forth in the enclosed letter from
the Bureau, authorization of the recommended improvement should
not be considered to be in accord with the program of the President.
Sincerely yours, {
: Gorpox GRray,
Secretary of the Army.

-

-+ LETTER FROM THE BUREAU OF THE BUDGET

T Exrcurive OFFICE OF THE PRESIDENT,

T “ . BUREAU OF THE BUDGET, .
S Washington 25, D. C., July 18, 1949.

The honorable the SECRETARY OF THE ARMY : _

S " (Through the Budget Officer for the Department of the Army).

S My DEear M=r. SEcrETARY: Receipt is acknowledged of Secretary (-
Sy Royall’s letter of March 31, 1949, enclosing the proposed report of 5
: the Chief of Engineers on Greep and Duwamish Rivers, Wash,,

requested by resolution of the Committee on Rivers and Harbors, !
House of Representatives, adopted April 18, 1946, and also authorized
by the Flood Control Act approved June 22, 1936, and the River
and Harbor Act approved July 24, 1946. : . [
_ The Chief of Engineers recommends construction of the multiple- =~
purpose Eagle Gorge Reservoir project on the Green River in the ¢

. interests of flood control, fish conservation, pollution abatement,”’

{ domestic water supply, irrigation, and industrial expansion at an esti- ~

' mated cost of $18,300,000 subject to the condition that local interests

will contribute $2,000,000 in cash toward the cost of the work. The

annual carrying charges are estimated at 8831,658.

In the accompenying reports, it is pointed out that although some
information is available on floods dating back to 1891 and stream
gaging stations have been maintained in the basin since 1931, accurate
and fairly complete data are available for only the December 1946
flood. Tt is stated that because of the paucity of data regarding
stages of floods occurring prior to establishment of stream gaging
stations, the known flood history of Green River does not furnish !
adequate criterion as to the magnitude of the largest flood reasonably
AT _ to be expected and, therefore, as to the proper amount of flood pro-

. T tection to be provided. Accordingly, the standard project flood used

' L in designing the project was derived by determining the flood that

, would result if the most critical storm experienced in the general region
were to occur over the Green River drainage area at a time when
hydrologic conditions were favorable for flood run-off. The total
run-off from such a storm is estimated at about 106,000 acre-feet.

e
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The proposed dam would create a reservoir of 106,000 acre-feet, which
is more than three times the amount required to control the greatest
flood of record. : ‘

The major problem involved in construction of the reservoir is
the requirement that, in the relocation of the main line of the Northern
Pacific Railroad changes in the length and ruling grades must be
kept to a minimum. The report states that the railroad can be
relocated under the proposed plan without material changes in the
line. Development of power was not favorably considered because
it is not feasible to increase the height of the dam to provide addi-
tional storage for maintaining a conservation pool to supply head for
the generation of power due to the problems involved in the railroad
relocation and because the season of the year when generating facilities
are most needed coincides with the flood period when the reservoir
must be kept empty, or emptied as soon as possible if filled by flood
waters. TFollowing the end of the flood season, the spring run-off
would be stored for release during the dry season in the interest of
irrigation, water supply, fisheries, and other uses. It is stated in the
report that, while all of these uses are not immediately required, it is
reasonable to assume that within the economic life of the project all
available storage for use in augmenting the summer low water flow
will be required. - S ,

The annual benefits from the proposed improvement are estimated
at $893,000 consisting of $429,000 for prevention of tangible flood
damages, $214,000 from increased returns from agricultural land,
$191,000 from increased return from industrial land, and $59,000 from
fish conscrvation. The estimated average annual tangible flood
damages prevented were computed on the basis of the standard pro-
ject flood and take into account the anticipated normal increase in
population and economic development. The increased returns from
change in land use are based on the assumption that 9,600 acres of
the 17,600 acres of usable land in the valley bottom will remain in
agricultural production and 8,000 acres will be converted to industrial
and urban property. The conversion of 9,600 acres to higher priced

" crops will give an enhancement value to these lands creditable to the

proposed project of $214,000 annually. Based on existing industrial *
land values and reasonable rates for conversion, the report estimates
annual benefits from this source at $191,000. The report also states
that these increased returns of direct benefits to the landowners are
sufficiently important to warrant consideration of a substantial local
contribution toward the first cost of the project and that the $2,000, -
000 contribution offered by local interests is the minimum that will
fulfill the requirements of local cooperation. Also, migratory fish
life is estimated to benefit to the extent of $59,000 annually if an
adequate summer water supply is assured. The estimated ratio of
total benefits to costs is 1.08 to 1.0.

The Secretary of Agriculture advises that construction of the Eagle
Gorge Dam on the Green River will not conflict with any present or
proposed programs of his Department. The Secretary of the In-
terior concurs in the recommendation that the reservoir be constructed
but considers that disposition of irrigation water releases should be
made under the provisions of section 8 of the Flood Control Act
approved December 22, 1944. The Chief of Engineers, in his reply
of May 17, 1949, to the Secretary of the Interior, agrees with this
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proposal. The Federal Power Commission concludes that there are
possibilities for the economic development of hydroelectric power in
connection with the Eagle Gorge Reservoir project either through (1)
a modification in the p%an or reservoir operation, (2) an increase in
the reservoir capacity by the installation of spillway crest gates, or
(3) the transfer of a part of the flood control storage capacity to some
future ‘reservoir upstream. The Commission -also ~considers that,
should the project be authorized, the feasibility of increasing the
reservoir capacity for power purposes and including other provisions
in the project for future development of power should be investigated
at the time construction plans are being prepared. The Chuef of
Engineers gives assurance that careful consideration will be given to
the recommendations of the Federal Power Commission in the plan-
ning and construction of the Eagle Gorge project.

While it would appear that the proposed reservoir would provide &
desirable and justified improvement at the Eagle Gorge site on the
Green River, I think the report and the comments of the Federal
Power Commission raise certain questions as to whether the proposed
local contribution represents an equitable division of costs on the
basis of the benefits received and as to whether the power-develop-
ment possibilities of the stream have been adequately explored. _

From the information contained in the report, it would appear that
because of missing or inaccurate data it has not been possible to make
any -satisfactory quantitative determinations of flood flows. It
would, therefore, seem to follow that, except for the appraisals made
after the 1946 flood, estimates of actual flood damages must be only
approximations. Despite this lack of basic data the justification for
use for design purposes of .a standard project flood of a magnitude
three times that of the largest flood during the 58-year period of record
is not clear. It is also noted that the average annual flood damages
that would be prevented by the proposed project are estimated at
$429,000 whereas the total damages in the 1946 flood, which produced
the greatest discharge of record, amounted to only $1,350,000. From
the data contained in the report it would appear, therefore, that the
possibility of flood damages averaging $429,000 annually over the
estimated 50-year economical life of the project may be remote.

The estimates of benefits also include $405,000 for land enhancement
which, as the reports correctly state, are direct benefits to the land-
owners warranting a substantial local contribution toward the first
cost of the improvement. As these benefits constitute 45 percent of
the total amount used in obtaining the benefit-cost ratio of 1.08, I
do not believe that the $2,000,000 proposed in the report, or 10 per-
cent .of the total construction cost ($18,300,000), represents a “‘sub-
stantial’” contribution by local interests. On the basis of information
contained in the report, the actual monetary profit which will accrue
to the landowners from the improvement is of sufficient magnitude
to warrant local interests sharing at least equally in the proportional
part of the total cost of the work which land enhancement values bear
to the total benefits. It would also appear that this is the type of
improvement which lends itself well to the creation of a conservancy
district to finance and assess the local share of the cost of the project.

It appears that further study is also required to ascertain definitely
the economic and engineering feasibility and desirability of power
development at the Eagle Gorge site, particularly since power rev-
enues may enhance the justification for the project. These additional




DUWAMISH WATERWAY, SEATTLE HARBOR, WASH. 5

data should be fully developed before submission of the report to
Congress, rather than during the stage of preparation of construction
plans, in order that the cost, purpose, and benefits from the improve-
ment may be firmly established at the time its authorization is under
consideration. . S .
In view of the above, I am authorized by the Director of the Bureau
of the Budget to advise you that, while there would be no objection
to the submission of the report to Congress, authorization of the
recommended improvement on the basis of the amount of the pro-
posed local contribution and in advance of a clarification of the
ossibilities of the development of electric power at the Eagle Gorge
am site should not be considered to be in accord with the program

of the President. e e - S
.. Sincerely yours, e
: . . . W. F. McCanpLESS, .

" Assistant Director, Estimates.

COMMENTS OF THE GOVERNOR OF WASHINGTON

StaTE OF WASHINGTON,
ExgcutivE DEPARTMENT, -
S : Olympia, March 8, 1949. -
Cuier or ENGINEERS, - . : _
United States Army, Washington 256, D. C. _—

‘Dear GeNEraL: I received your letter, together with the engineer-
ing report covering the preliminary eéxamination for flood control of
the Green and Duwamish Rivers in King County, State of Washington.

It is noted that the Board of Engineers, as well as the Chief of
Engineers, are favorable to the construction of the Eagle Gorge Dam
on the upper Green River, as the best method, to control the damaging
floods, which occur with a certain regularity, in the farming section
along the lower river. Also, that the Improvement at this time of the
Duwamish waterway for the purpose of ship or barge navigation is
not justified and, therefore, disapproved. The matter of flood control
is of greater importance, in this valley, than the enlargement of the
lower river for navigation purposes and, therefore, 1 acquiesce in
your decision to give priority to the dam-construction project.

The report shows that the capacity of the reservoir is sufficient to
control a flood of 65,000 second-feet, which is almost twice the amount
of water recorded in the greatest known flood on this river. This
should represent an ample margin to safeguard the valley for an in-
definite period, if not for all time,

Since the bed rock at the site of the proposed dam has been thoroughly
examined by competent geologists and reperted to be favorable for
the construction of the required dam, it is believed that no mistake
can be made by approving this project to be constructed according
to the plans as proposed by the United States Corps of Engineers.
As a further approval of the general plan, I need only cite the fact
that the State of Washington has now appropriated $1,500,000 as its
contribution and that King County will make available its share, in
the amount of $500,000, as proof of the local interest.

Hoping that further proceedings can now be expedited, I am

Sincerely yours,
Artaur B. LaxcLig, Governor,
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COMMENTS OF THE SECRETARY OF THE INTERIOR

DEPARTMENT OF THE INTERIOR,
T o . Washington, D. C., May 5, 1949.
Maj. Gen. Lewis A. Pick, . .
. Chief of Engineers, Department of the Army.

My Dear GeNerAL Pick: By letter dated February 21, 1949,
(ENGWF) General Crawford transmitted for the information and
-comments of this Department, copies of a proposed report of the Chief
of Engineers on a preliminary examination end survey for flood
control of Green and Duwamish Rivers, Wash., and a review of reports
on Duwamish waterway, Wash. Do L

The report recommends the construction of a multiple-purpose
reservoir at Eagle Gorge on Green River above Palmer, Wash., with
a capacity of 106,000 acre-feet. Provision is made for storage for
flood control and for augmenting the low water supply of Green
River for the preservation of fish life and abatement of pollution.
Development of power is not considered feasible. The report recog-
nizes the possible future need for irrigation storage and the possi-
bility of using space in the reservoir for that purpose. No definite
provision to that end is made in the report, however, inasmuch as the
Bureau of Reclamation has made no specific irrigation proposal for
the area and the Bureau’s preliminary studies of irrigation possibilities
which were made available to the Corps of Engineers indicate that
the farmers cannot afford to pay for an over-all irrigation system.

I am pleased to note that during the course of the investigations the
regional office of the Fish and Wildlife Service was consulted, and it
is the opinion of that Service that fish and wildlife interests have been
adequately considered. . Important salmon and trout fisheries are
maintained by the Green River. These fisheries supply a substantial
portion of the commercial catch of Puget Sound, as well as of the
high seas; the sports fishery is outstanding. Through the mainte-
nance of a continuous flow of at least 110 second-feet during the
period from March to September in accordance with the recommenda-
tions of the Fish and Wildlife Service, substantial benefits estimated
at $59,000 annually would accrue in the conservation of fish resources,
principally ‘silver salmon, steelhead, and resident trout. Under
existing conditions, summer stream flow becomes so small that the
fish population suffers considerable losses.

I concur in the recommendations in the report that the reservoir
be constructed. However, I cannot agree with the statement in
paragraph 73, page 32, as follows: “* * * the use of stored water
for irrigation could be provided upon payment of a reasonable fee to
the United States under some temporary plan in conjunction with the
Washington State Department of Conservation and Development until
such time as the region may become organized for irrigation develop-
ment under the Federal reclamation law.” The disposition of irriga-
tion releases from federally constructed reservoirs should not be made
under the control of the States, even for a temporary period. Sec-
tion 8 of the Flood Control Act of December 22, 1944, provides that
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dams and reservoirs which are operated by the Secretary of the Army
,may be utilized for irrigation purposes only in accordance with Federal
reclamation laws. Accordingly, I believe that arrangements for the
sale of water from the Eagle Gorge Reservoir for irrigation purposes
should be made by the Secretary of the Interior through the Bureau
'of Reclamation. It will be appreciated, therefore, if you will give
consideration to the modification of your proposed report to include
a provision that any use of Eagle Gorge Reservoir for irrigation will
be in accordance with section 8 of the Flood Control Act of December
29, 1944, rather than through the Washington State Department of
‘Conservation and Development. w2, o T e Ty
Opportunity to review the report is appreciated.
_Sincerely yours, R
I J. A. Krug,

"+ Secretary of the Interior.

LETTER TO THE SECRETARY OF THE INTERIOR

DEPARTMENT OF THE ARMY,
Orrice oF THE CHIEF oF ENGINEERS,

, o o S Washington, May 17, 1943.
The honorable the SECRETARY OF THE INTERIOR. '

DEear Mgz. SecrETarY: Reference is made to your letter dated May
5, 1949, commenting on my proposed report on the preliminary
examination and survey for flood control of Green and Duwamish
Rivers, Wash., and review of reports on Duwamish waterway, Wash-
ington.

gI am pleased to note your general concurrence in the conclusions
and recommendations in my report, with particular reference to con-
%;uction of a multiple-purpose reservoir at Eagle Gorge on Green

iver. . T

The exception taken in your letter to paragraph 73 of the report is
noted and concurred in. I agree that possible future sales of water
from Eagle Gorge Reservoir for irrigation, whether temporary or
permanent, should be made by the Secretary of the Interior through
the Bureau of Reclamation, in accordance with section 8 of the Flood
Control Act of 1944. I believe, however, that it is unnecessary to
change the report itself, inasmuch as the law provides for the above-
mentioned disposition of irrigation waters. I am also stating in my
letter to the Bureau of the Budget my concurrence in your recommen-
dation in this matter, and am suggesting that our correspondence be
made a part of the papers submitted to Congress with the report.

Your cooperation in reviewing and commenting on my report, in
accordance with the quadripartite agreement and the Food Control
Act of 1944, is greatly appreciated.

Sincerely yours,
Lewis A. Pick,
Magjor General, Chief of Engineers.
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LETTER TO THE BUREAU OF THE BUDGET

DEPARTMENT OF THE ARMY,
.. OFricE oF THE CHIEF OF ENGINEERS, .
N - ©. Washington, May 17, 1949. -
‘Hon. Fraxk Pacg, Jr., . ' : : .
‘. Director, Bureau of the Budget, . . ‘ ‘
S 0 Washington, D. C. o
. Drar Mr. Pace: Reference is made to letter from the Secretary of

1

‘the Army dated March 31, 1949, forwarding my proposed report and

‘accompanying papers on preliminary examination and survey for
flood control of Green and Duwamish Rivers, Wash., and review of
reports on Duwamish waterway, Washington, :

I am now enclosing, for inclusion with those papers, copies of corre-
spondence with the Secretary of the Interior in accordance with the
Flood Control Act of 1944 and.the quadripartite agreement for coop-
eration among executive departments concerned with development of
water resources. ' The Secretary of the Interior, in his letter dated
May 5, 1949, agrees with my proposed recommendation for construc-
tion of a multiple-purpose reservoir in Eagle Gorge on Green River.
I concur in his statement, taken in exception to paragraph 73 of the
report, that any future sale of irrigation waters from Eagle Gorge
Reservoir should be made by the Secretary of the Interior through the
-Bureau of Reclamation, in accordance with section 8 of the Flood
-Control Act approved December 22, 1944, and have so informed the
Secretary of the Interior. ‘ '

It is suggested that this letter and enclosures be made a matter of
record for submission to Congress with the report on the Green and
Duwamish Rivers. - ’ . ‘ '

Sincerely yours, .
: Lewis A. Pick,
Magor General, Chief of Engineers.

,

COMMENTS OF THE FEDERAL POWER COMMISSION ‘\A

FeperaL Power CoMMISSION,
' Washington, June 1, 1949.
Subject: Green and Duwsamish Rivers, and Duwamish waterway,
Seattle Harbor, Wash.

Maj. Gen. Lewis A. Picx,
' Chief of Engineers, Department of the Army,

o - Washington, D. C.
- DEar GExERAL Pick: In response to the request of your office,
the Commission makes the following comments on the proposed report
of the Chief of Engineers on a preliminary examination and survey
of the Green and Duwamish Rivers, and Duwamish waterway,
Seattle’ Harbor, -‘Wash., which was transmitted to the Commission
on’ February 21, 1949, together with the reports of the Board of
Engineers for Rivers and Harbors and of the district and division
engineers.

Recommended in the reports of your Department is a plan of devel-
opment of the Green River Basin in the interests of fiood control,

S LOLTT
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fish conservation, pollution abatement, domestic water supply, and
irrigation, consisting of the construction of a dam and reservoir at
"the Eagle Gorge site on Green River. The dam would be of the
.concrete gravity type with maximum height above stream bed of 230
feet and crest length of about 720 feet. . The reservoir would have
. a gross storage capacity of 106,000 acre-feet below.the crest of the
ancontrolled spillway. The reservoir outlet would consist of a con-
crete-lined tunnel through the left abutment, controlled by valves
.at the downstream end and by an emergency gate at the upstream
end. -The tunnel would be used for stream diversion during :con-
struction of the dam and would be constructed at such an elevation
as to permit its emptying the reservoir, - .- .- - . N
As proposed in the reports, the Eagle Gorge Reservoir would be
operated primarily for flood control and would be kept empty during
the months of November, December, and January of each year except
for temporary impoundments of floodwaters. Filling of the reservoir
would begin in February and continue during the spring months.
Subsequent releases from storage would be made during the dry
summer and fall months for the benefit of water supply, pollution
abatement, fish conservation and irrigation. There 1s no provision
for the initial or future generation of power in connection with the
project plan. - . : ' )
The reports of your Department conclude that there is no just'fi-
cation for any modification of the existing project for navigation in
Duwamish waterway at this time. T i
The capital cost to the United States of the proposed Eagle Gorge
project is estimated in the reports to be $16,300,000 for construction,
and $80,000 annually for maintenance and operation. In addition
local interests would be required to contribute in cash 82,000,000
toward the cost of the project. The complete project as proposed
is estimated in the report to have an evaluated benefit-cost ratio of
1.08 to 1.0. . v
The Commission staff has reviewed the reports of your Department
from the standpoint of determining the possibility of developing
hydroelectric power in connection with the project plan. The staff
advises that, if the Eagle Gorge project is constructed and operated
as now proposed with the reservoir maintained empty from November
1 to February 1 of each year for flood control, the development of
power in connection with the project does not appear to be economi-
cally feasible. Studies by the staff indicate, however, that the pro-
vision of conservation storage capacity in the reservoir for operation
throughout the year would make possible the economical development
of up to about 65,000 kilowatts of power capacity in the basin. This
power might be developed by a single plant located some 14 river-
miles downstream from the dam and supplied by a tunnel or pipe line
from the dam, or by a power plant at the dam combined with a second
plant 14 river-miles downstream and supplied by a canal or pipe line
from a diversion dam below the first plant. The conservation storage
capacity necessary for such power development might be provided
by (1) 2 modification in the plan of reservoir operation, (2) an increase
in the reservoir capacity by the installation of spillway crest gates,
or (3) the transfer of a part of the flood control storage capacity to
some future reservoir upstream. The staff reports that if power is

94182—49——2
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developed in connection with the project, either with a power plant
at the dam, or at the end of a long conduit, the proposed 20-foot,
diameter outlet conduit could be utilized for power purposes.

Copies of the staff memorandum discussing the report are trans-
mitted herewith for the information of your Department.

Based on its consideration of the reports of your Department and-
studies by its own staff, the Commission concludes that there are
possibilities for the economic development of hydroelectric power in
connection with Eagle Gorge Reservoir project; and further that
should the project be authorized, the feasibility of increasing the
reservoir capacity for power purposes and including other provisions
in the project for the future development of power should be investi-
gated at the time the construction plans are being prepared.

Sincerely yours, ‘ .
NEevson Ler Smita, Chairman.

GrEEN AND Duwamisa Rivers, anp Duwamise WATERWAY,
' SeatrTLE HarBOR, WasH.

. This memorandum report summarizes the review by the Commis-
sion staff of the Corps of Engineers’ report on preliminary examina-
‘tion and survey of the Green and Duwamish Rivers, and Duwamish
waterway, Seattle Harbor, Wash., including the comments and con-
clusions contained in the memorandum of the San Francisco regional
office, dated May 5,1949. The report of this preliminary examination
and survey was transmitted to the Commission by the Office of the
Chief of Engineers with letter, dated February 21, 1949, for comments.
The Corps of Engineers’ report consists of four parts: the survey
report by the district engineer, dated February 11, 1948; the division
engineer’s report, dated March 5, 1948; the report of the Board of

" Engineers for Rivers and Harbors, dated January 31, 1949; and the
proposed report of the Chief of Engineers. .

SUMMARY

The report of the Corps of Engineers was prepared in response to
resolution of the Committee on Rivers and Harbors of the House of
Representatives, adopted April 18, 1946; and in review of reports on
preliminary examination and survey for flood control of Green River,
Wash., and Duwamish River, Wash., authorized by the Flood Con-
trol Act, approved June 22, 1936; and in review of report on prelimi-
nary examination on Duwamish waterway, Washington, authorized
by the River and Harbor Act, approved July 24, 1946. The report
presents a plan of development of the Green River basin in the inter-
ests of flood control, fish conservation, pollution abatement, domestic
water supply, and irrigation, consisting of the construction of a dam
and reservoir at the KEagle Gorge site on Green River. The report
recommends that this plan of development be adopted. The report
concludes that there is no justification for any modification of the
existing project for navigation in Duwamish waterway at this time.

The staff has reviewed the report of the Corps of Engineers and has
studied the possibility of developing power in connection with the
Eagle Gorge Reservoir. The staff finds that the proposed schedule
of operation of the reservoir in the interest of flood control with the
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reservoir to be kept empty for three consecutive months of each year,
precludes the initial utilization of the reservoir in the interest of power
generation. The staff’s studies indicate, however, that the provision
of conservation storage capacity in the reservoir for use throughout
the year, would permit the economic generation of hydroelectric
power in connection with the project. Such storage capacity might
be provided by modification of the proposed plan of reservoir opera-
tion, by constructing the reservoir with a slightly higher pool level,
or by a transfer of a part of the flood-control storage capacity to some
future upstream reservoir. : o ‘

The staff concludes that the feasibility of increasing the reservoir
capacity for power purposes and the desirability of making provisions
at the project for future power development should be investigated at
the definite project stage.

BASIN DESCRIPTION

Green River, Wash., rises in the Cascade Range al an elevation of
about 5,000 feet and flows north and west about 60 miles to the junc-
tion with the Black River. Below the junction with the Black River
it is known as the Duwamish River, which flows north 12 miles and
enters Elliott Bay, an arm of Puget Sound, at Seattle. In its upper
reaches the river flows with steep slopes through an area character-
ized by sharply incised valleys and prominent ridges. The river
emerges from the hills onto the flood plain just above Auburn and
flows about 20 miles to the Black River through a fertile developed
valley 2 to 3 miles wide. It continues for about 12 miles in a somewhat
narrower valley to Elliott Bay. The section of the river between
Auburn and the Black River was formerly known as the White River,
but during the 1906 flood the White was diverted through Stuck and
Puyallup Rivers and thence to Puget Sound &t Tacoma, Wash. This
change has been made permanent by construction of a concrete diver-
siondem. The section of old White River below Auburn is now known
as Green River. Duwamish River enters the sound through west
waterway, a stretch of about 5 miles which has been improved for
pavigation. During high water, the east waterway carries part of
the discharge. Noticeable tidal effects extend upstream from Elliott
Bay to Black River.

The basin, including the Duwamish, has an area of 474 square
miles and, exclusive of Seattle, has a population of about 32,000.
Seattle, located at the mouth of the river, had a population of 615,000
in 1946. Auburn, with a population of 6,000, and Kent, with 3,000,
are the largest towns wholly within the basin. Railroads, highways,
and air lines provide transportation for the area. The principal
industries are lumbering, coal mining, and agriculture. Green River
furnishes important spawning grounds for both commercial and sports
fish. The principal spawning areas are in the reach between Auburn
and Newaulkum Creek and on Big Soos Creek.

Duwamish waterway, the lower section of Duwamish River, is
now under improvement for navigation by the United States. There
are no existing reservoirs or hydroelectric developments in the basin.
The city of Tacoma obtains 1ts principal water supply from Green
River at a diversion dam about 3 miles downstream from the Eagle
Gorge Dam site. The existing intake works and the upper 0.6 mile
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of the diversion conduit have a nominal capacity of 130 cubic feet
per second and the pipe line from that point to Tacoma has a nominal
capacity of 80 cubic feet per sccond. Tacoma has a water right for
the diversion of 100 cubic feet per second and has filed application
with the State for an additional 100 cubic feet per second.

The "average annual precipitation varies from about 100 inches
along the mountainous north and east rims of the upper basin to
about 40 inches in the flat lower basin. Heavy snow packs are char-
acteristic of the mountain .arcas. About 75 percent of the annual
precipitation occurs in the period October to April, and in the summer
months there is insufficient moisture for maximum crop production.
The length of growing season in the lower valley is about 175 days.
..Records of flow of the Green River at Palmer, located about 2
miles downstream from the Eagle Gorge Dam site, are available
beginning October 1931. The mean annual run-off from the 231 o
SR o S square miles above this point has been 733,000 acre-feet for the 15-
oDl s e year period of record, varying from a maximum of 1,113,000 acre-

T feet to & minimum 369,700 acre-feet. The maximum flood of record
S ' el e v at this point was that of 1946 with a peak flow 23,200 cubic feet per
B PR second.  Floods on the Green River generally occur during Novem-
T T ber through February as a result of intense rainfall augmented by
o some snow melt. = The area subject to damages from inundation is the
portion of the valley from Newaukum Creek to Black River, includ-

.

ing portions of the towns of Auburn and Kent. :

T . . PRIOR REPORTS

Reports prepared by the Corps -of Engineers regarding improve-
ment of the Green and Duwamish Rivers in the interest of controlling
floods include: (1) House Document No. 286, Seventy-third Congress,
second session; and (2) House Document No. 377, Seventy-fourth

- S Congress, second session. Each of these reports recommended a
’ survey to obtain mnecessary data for the preparation .of a plan of
improvement for flood control and an estimate of cost.
Reports by the Corps of Engineers concerned with the Duwamish  {
waterway include: (1) House Document No. 108, Sixty-eighth
Congress, first session; and (2) House Document No. 126, Seventy-
first Congress, second session. These two reports contain the recom-
mendations for the existing Federal navigation project for improve-
ment of the waterway.

PLANS OF THE CORPS OF ENGINEERS

The district engineer investigated several methods for the control
of floods in the Green and Duwamish Rivers, including diversion,
channel improvement, reservoir storage, and combinations of these
methods. .As a result of these studies, the Corps of Engineers recom-
mends the construction of a dam and reservoir on the Green River
: pE in the vicinity of Eagle Gorge for the primary purpoese of flood control

T with incidental benefits to municipal water supply, irrigation, and
- other purposes. The location of the proposed project is shown on
the attached map ! of the basin, *

The Eagle Gorge Dam, with a tributary drainage area of 225

square miles, would have a maximum height of about 230 feet above

2 Not printed.
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stream bed and 4 crest length of about 720 feet. As recommended in
the report, the dam would be of the concrete gravity type, although
it was'stated that further investigations might result in the adoption
-of the concrete-arch type. An uncontr’olle§ overflow spillway in the
central section of the dam, with spillway crest at elevation 1,205
feet above mean sea level, would have a design capacity of 145,000
cubic feet per second. The crest of the dam would be at elevation
1,230 feet. The outlet works would consist of a 20-foot diameter
concrete-lined tunnel regulated at the downstream end by three
102-inch Howell-Bunger valves and with a 16.5- by 28.5-foot tractor
gate and trash racks at the upstream end. The tunnel, with the
invert at the intake end at elevation 1,012.5 corresponding to prac-
tically zero storage capacity of the reservoir, would be used for stream
diversion during construction of the dam. T :
: The reservoir would have a gross storage capacity of 106,000
acre-feet below spillway crest, elevation 1,205, with a corresponding
surface area of 1,600 acres. The Teservoir area consists mostly of
heavily wooded mountain slopes. Two existing power-transmission
Iines and a telephone line in the reservoir area would have to be
relocated, as well as several miles of existing road. It would slso be
necessary to relocate and reconstruct about 12 miles of the Northern
Pacific Railway, the cost of which would be a large proportion of
the total cost of the project. i ,
~ In the interest of flood control, the Corps of Engineers proposes
to keep the reservoir empty from November 1 to February 1 each
year except for temporary impoundment of floodwaters. Storage
of 10,000 acre-feet would be permitted in February and the filling
could continue during March, April, May, and June. Subsequent
releases could then be made during the dry summer and fall months
for the benefit of water supply, pollution abatement, and fish propaga-
tion. Controlled flood releases would not exceed 10,000 cubic feet
per second. o v
The total capital cost of the project with 1947 prices is shown in
the report to be $18,300;000, of which local interests would be expected
to pay $2,000,000. The annual carrying charges are shown to be
$823,139 and the annual benefits are shown as $893,000, indicating
2 benefit-cost ratio of 1.08. " S ‘
With respect to hydroelectric power, the report of the district
engineer states: : .
Development of power at the Eagle Gorge site has not been favorably con-
sidered because operation of the reservoir for its primary purpose of floed control
eliminates the possibility of storage for power when it is most needed. The
season of the year when increased generating facilities are needed coincides with
the flood period when the reservoir must be kept empty, or emptied as soon as
possible if filled by floodwaters, and therefore it is not feasible to combine produec-
" tion of electrical energy with the flood-control project proposed in this report.
Because of the problems involved in the railroad relocation, it is not feasible to

increase the height of the dam and thereby provide additional storage for main-
taining a conservation pool to supply head for the generation of power.

STUDIES BY THE COMMISSION STAFF

The Commission staff, including the San Francisco regional office
staff, has reviewed the Corps of Engineers’ report from the standpoint
of the possibility of developing hydroelectric power in connection
with the project plan. The comments of the regional office staff on

IRERE XL 3 L]
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the report are contained in a memorandum from that office, dated
May 5, 1949.

The staff studies indicate that the development of power in con-
nection with the Eagle Gorge Reservoir project would not be economi-
cally feasible under the plan of reservoir operation proposed in the
report, whereby the reservoir would be kept empty throughout
November, December, and January of each year, for flood-control
purposes. P o , o , :

The regional-office staff has made studies of & number of alternative
possibilities for the development of firm power on the Green River,
which would involve utilizing the proposed Eagle Gorge Reservoir
with the capacity shown in the report, in conjunction with a possible
future upstream reservoir on the North Fork of Green River with
a capacity of 30,000 to 40,000 acre-feet. It was assumed that con-
servation storage capacity would be maintained in the Eagle Gorge
Reservoir throughout the year in exchange for compensatory flood-
control storage space to be provided in the upstream reservoir, when
needed, in order to provide the degree of flood-control as planned in
the report. o A S

The regional staff’s studies, based on the incomplete data available,
indicate that such coordinated operation of the two reservoirs would
possibly permit the economic development on the Green River of up to
65,000 kilowatts of generating capacity with average annual output
of about 430.000,000 kilowatt-hours, utilizing a maximum gross
head of some 850 feet. ~This power might be developed either (1) by
a single plant located about 14 river-miles downstream from the
Eagle Gorge Dam and supplied by a pressure tunnel and pipe line from
the reservoir, or (2) by a plant located at the dam, combined with
a second plant located 14 river-miles downstream and supplied by a
canal or pipe line from a diversion dam below the first plant. An
afterbay downstream from the lowermost plant might be required
under either plan. Allowances were made in the studies, for water
diverted to Tacoma for municipal purposes, which would not be
available for power development except for a plant at the Eagle
Gorge. Consideration was also given to the requirements of fish life
and irrigation. : : o o

The Washington staff has considered the possibility of constructing
the proposed Eagle Gorge Dam to a greater height than is proposed in
the report in order to increase the reservoir capacity in its interest
of power development. Sufficient information is not available to the
staff to permit adequate study of this possibility. - However, it
appears that a raise of 20 feet 1 the pool level, by the installation
of crest gates on the dam. could provide approximately 30,000 acre-
feet of additional storage capacity without requiring further railroad
relocation. 'This additional storage would possibly permit the develop-
ment of power in connection with the project without the necessity
of constructing a reservoir upstream. .

The development of power in connection with the Eagle Gorge
project, either with a power plant at the dam or with a power plant
connected with the reservoir by a long conduit, could be made by
utilizing the proposed 20-foot outlet tunnel at the dam for power
purposes. This tunnel would be initially required for stream diversion
during construction. Flood-control outlet capacity could be provided
by constructing sluices through the spillway section of the dam.
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CONCLUSIONS

" Based on its review of the Corps of Engineers’ report, the Com-
mission staff concludes that, with the project constructed and operated
as proposed in the report with the reservoir maintained empty from

-November 1 to February 1 of each year for flood control, the develop-
ment of hydroelectric power in connection with the project would not
be economically feasible.

The staff concludes further that if conservation storage is provided
in the Eagle Gorge Reservoir for use throughout the year, either by
modification of the proposed plan of operation, by an increase in the
storage capacity of the reservoir, or by & transfer of a portion of the -
flood-control storage capacity to some possible future upstream
reservoir, then the development of up to 65,000 kilowatts of power
capacity appears to be justified in connection with the project.

Should the Eagle Gorge Reservoir be authorized, the feasibility of
increasing the reservoir capacity for power purposes, possibly by the
future installation of crest gates on the dam, and the desirability of
including provisions in the project for the future development of
power should be restudied at the time construction plans are prepared.

Submitted by: o v »

o . R. S. ANDERSON,
' , Senior Engineer.
- K.W.Ross,
Acting Head, Basin and Project Plans Section.

W. A. LippELL,
Acting Chief, Division of River Basins:

Recommended by:

Approved by:
; S - . E. RoserT pE Lucciy,
Chief, Bureau of Power;

LETTER Td THE FEDERAL POWER COMMISSION

DzeparTMENT OF THE ARMY,
Orrice orF THE CHIEF OoF ENGINEERS, .
_ - " Washington, June 23, 1948.
Hon. NeLsox LEe Smits,
Chairman, Federal Power Commission,
’ Washington, D. C.

Dear Mg. Suita: Reference is made to your letter of June 1, 1949,
commenting on my proposed report and accompanying reports on
preliminary examination and survey of the Green and Duwamish
Rivers, and Duwamish waterway, Washington, transmitted to the
Commission on February 21, 1949.

It is noted that the Commission staff concurs with the conclusion
that development of power, in connection with the Eagle Gorge
Reservoir project as proposed, does not appear to be economically
feasible. It is also noted, however, that the Cominission believes
that there are possibilities for future power development in connection
with the project. ' '
" You may rest assured, therefore, that the Corps of Engineers will
give careful consideration to the recommendations of the Federal
Power Commission in regard to provisions for future power develop-
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: ment in the planning and construction of the Eagle Gorge project,
- ' : should it be authorized by Congress.
: I am forwarding a copy of your letter, and of this reply, to the
Bureau of the Budoet for its use in reviewing my report.
. Smcerely yours, - N o .
o . o ‘ © Lewrs A. PICK
: R Mayor General Chwf ofEngmeers

P i : . . . ‘v‘.; .

COMMENTS OF THE SECRETARY OF AGRICULTURE

S B AR '_ f ' DEPARTMENT OF AGRICULTURE, =
e T E - shzngton Apml 28, 1949

Gen. Lewis A, Pick,” ST
" Chaef of Engmeers

" o Department of the Army : ‘

 DEsr GENERAL Prcx: ‘In comphance W1th General Crmvford s Te-
quest of February 21,1949, the Department of Agriculture has re-
viewed the proposed report 'of the ‘Chief of Enﬂ'meers for the Green
and Duwamish Rivers,” Wash., as well as the related reports trans—
mitted therewith.

The proposal to construct a dam at Eagle Gorge on the Green Rlver
is not mn conflict w1th any present or contemphted programs of the

o~ SE it oireay e e . '

Department -
Sincerely, - - -~ - -
o CHARLES F. BranNaN,
L . Secretary.

PRI EE . R 2

REPORT -OF THE CHIEF OF ENGINEERS, UNITED STATES ARMY

"y

EER ’ DEePARTMENT OF THE ARMY,
Orrice 6% THE CHIEF OF E\IGINDERS
: Washington, D. C., February 28, 1.94.9 )
Subject: Green and Duwamish Rivers, and Duwamish waterway, (

Seattle Harbor, Wash. hee
To: The Secretary of the Army. :

1. T submit herewith for transmission to Congress the report of the
Board of Engineers for Rivers and Harbors in response to resolution
of the Committee on Rivers and Harbors of the House of Representa-
tives, adopted April 18, 1946, requesting the Board to review the re-
ports on Duwamish Waterway, Seattle Harbor Wash., submitted in
House Documents No. 108, Sixty-eighth Cono-ress first session, ‘and
No. 126, Seventy-first Convress second session, with a view to de-
termmmc whether it is adv1sable to modify the existing project in
any way “at this time. It also is in review of reports on prehmmary
examination and survey for flood control of Green River, Wash., and
Duwamish River, Wash., authorized by the Flood Control Act ap-
proved June 22, 1936 and in review of report on preliminary ex-
amination on Duwamish waterway, Washington, authorized by the
A River and Harbor Act approved July 24, 1946.

ST 2. After full consideration of the reports secured from the district
and division engineers, and after affording local interests full oppor-
tumty to be heard, the Board recommends flood protection for the
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Green and Duwamish Rivers, Wash., by the adoption of the Eagle
_ Gorge project on Green River, Wash., generally in aceordance with

the plan of the district engineer and with such modifications thereof
as in the discretion of the Chicf of Engineers may be advisable, at
an estimated cost to the United States of $16,300,000 for construction
- and $80,000 annually for maintenance and operation, provided local
interests contribite in cash $2,000,000 toward the cost of the project.
Further, the Board recommends that no modification or extension of
the existing navigation project for Duwamish waterway, Seattle
Harbor, Wash., be made at this time. -~ .. . ... . - .
. 3. After due consideration of these reports, I concur in the views
and recommendations of the Board. RIS ,

‘ o ’ o . R. A, WHEELER,

Lieutenant General, :
Chief of Engineers. -

REPORT OF THE BOARD OF ENGINEERS FOR RIVERS AND HARBORS

DEPARTMENT OF THE ARMY,
Boarp oF ENGINEERS FOR RivERs AND HARBORS,

v : Washington, D. C., January 31, 1949,
Subject: Green and Duwamish Rivers, and Duwamish waterway,

Seattle Harbor, Wash. ' : . ‘
To: The Chief of Engineers, United States Army. :

* 1. This report is in response to the following resolution adopted
April 18,1946:

Resolved by the Commitiee an Rivers and Harbors of the House of Representatives,
United States, That the Board of Engineers for Rivers and Harbors be, and is
hereby, requested to review the reports on Duwamish waterway, Seattle Harbor,
Washington, submitted in House Documents  Numbered 108, Sixty-eighth
Congress, first session, and 126, Seventy-first Congress, second session, with a
view to determining whether it is advisable to modify the existing project in any
way at this time. _ ’

It is also in review of reports on preliminary examination and survey
for flood control of Green River, Wash., and Duwamish River,
Wash., authorized by the Flood Control Act approved June 22, 1936;
and in review of report on preliminary examination on Duwamish
waterway, Washington, authorized by the River and Harbor Act
approved July 24, 1946. L I

2. Green River, Wash., rises in the Cascade Range at an elevation
of about 5,000 feet and flows north and west about 60 miles to the
junction of the Black River. Below the junction with the Black
River it is known as the Duwamish River, which flows north 12 miles
and enters Elliott Bay, an arm of Puget Sound, at Seattle. In its
upper reaches the slope of the river is steep, and it flows through an
area characterized by sharply incised valleys and prominent ridges.
The river breaks out of the hills onto the flood plain just above Auburn.
and flows about 20 miles to Black River through a fertile developed
valley 2 to 3 miles wide. . It continues for about 12 miles in a some--
what narrower valley to Elliott Bay. The section of the river between
the town of Auburn and Black River was formerly known as the White-
River, but during the 1906 flood the White was diverted through
Stuck and Puyallup Rivers and thence to Puget Sound at Tacoma,
Wash. This change has been made permanent by construction of a.

94182—49——3
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concrete diversion dam. The section of old White River below

Auburn is now known as Green River. Duwamish River enters the

sound through west waterway, a rectified stretch of about 5 miles.
During high water the east waterway carries part of the discharge.
Noticeable tidal effects extend upstream from Elliott Bay to Black

River. The basin, including the Duwamish, has an area of 474 square -

miles and, exclusive of Seattle, has a population of 32,000. Seattle
had & population of 615,000 in 1946. Auburn, with a population of
6,000, and Kent, with 3,000, are the largest towns wholly within
the basin. Railroads, highways, and air lines provide transportation

for the area. The principal industries are lumbering, coal mining,

and agriculture. : ‘.

3. Duwamish waterway, the lower section of Duwamish River, is
under improvement by the United States. The existing navigation
project for Duwamish waterway provides for maintenance of the east
and west waterways to a depth of 34 feet at mean lower low water,
with a width of 750 feet for distances of 6,500 and 5,200 feet, respec-
tively, from the pierhead line in Elliott Bay; for the maintenance of
east waterway between the upper end of the 750-foot section and
Spokane Street, 34 feet deep, 700 feet long, and 400 feet wide, and of a
turning basin, including the head of the east waterway at the junction
of the waterways south of the Chicago, Milwaukee, St. Paul & Pacific
Railroad bridge, to a depth of 30 feet, after these sections of the water-
way have been dredged by local interests to full project dimensions;
and for dredging the Duwamish waterway 200 feet wide and 30 feet
deep at mean lower low water between the west waterway and First
Avenue South, 150 by 20 feet between First and Eighth Avenues
South, thence 150 by 15 feet to a point about 1.4 miles above Four-
teenth Avenue South Bridge, with a turning basin 600 by 350 feet and
20 feet deep just south of the First Avenue South Bridge, and a turn-
ing basin 500 by 250 feet and 15 feet deep and settling basin with a
capacity of about 100,000 cubic yards at the upper end of the water-
way, a distance of 27,060 feet, or 5.12 miles. The total length of
waterways included under the project is about 7.5 miles. Local
interests expended $6,341,000 for new work and maintenance on
Duwamish, "east, and west waterways. The costs to the United
States to June 30, 1948, were $170,335 for new work and $413,545 for
maintenance, a total of $583,880. -In addition, $69,333 was expended
from contributed funds for new work. No Federal project for flood
control on Green or Duwamish Rivers has been authorized. Local
interests have constructed dikes and have organized and operated two
drainage districts. The two drainage districts have constructed
drainage ditches and pumping plants at a total cost of $53,018. - Pile
and timber shear walls for bank protection have been constructed in a
number of places. Approximately 11.4 miles of private dikes, largely
downstream from Kent, have been constructed at an estimated total
cost of $90,000. . .. o .

4. Floods on the Green River generally occur during November
through February as a result of intense rainfall augmented by some
snow melt. Discharge records are available only from 1931 when the
upstream sfream-gaging station near Palmer was installed. The
largest floods of record occurred December 9, 1933 and December 11,
1946. The 1946 flood flow was larger in the upstream areas, being
23,200 and 21,900 cubic feet per second at the Palmer and Auburn

7
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gages, respectively; but the 1933 flood was larger in the lower valley
where the greatest damages are incurred, being 21,700 and 24,000
cubic feet per second at Palmer and Auburn, respectively. From a
comparison with discharges of record on neighboring streams it has
been estimated that a crest discharge of 65,000 cubic feet per second
near Auburn might occur, but would be equaled or exceeded only on
rare occasions. The arca most frequently subject to inundation is
the portion of the valley extending downstream from Newaukum
Creck to Black River. Portions of the city of Auburn would be
flooded only during extremely high floods, but the city of Kent has
running water in some of its main streets when the flow exceeds
20,000 cubic feet per second. Downstream from Black River, por-
tions of the valley are flooded to the vicinity of Allentown but this
condition is dependent somewhat on tidal stages. The December
1933 flood inundated 13,800 acres and the December 1946 flood
12,000 acres. The gross area subject to inundation from a flood flow
of 40,000 cubic feet per second would be approximately 19,000 acres.
The area subject to flooding contains a considerable portion of urban
property and facilities, agricultural land and improvements, and
transportation and service utilities.  The tangible damages from the
December 1933 and the December 1946 floods are estimated at
$1,750,000 and $1,350,000, respectively, based on 1947 prices.

5. Local interests stressed the need for flood control in the area
downstream from Newaukum Creek to prevent recurrence of flood
damages and ‘to attract industries to the area. Any method of
control would be satisfactory to the agricultural interests but the
fishing interests were opposed to any storage project that might
endanger the fish runs on Green River. Approval was expressed for
the construction of a flood control dam and reservoir in the vicinity of
Eagle Gorge. Local interests have given assurances that, subject to
legislative approval, they will participate in the cost of the Eagle
Gorge project in the amount of $2,000,000. Local interests also
requested the extension of Duwamish waterway upstream to the
vicinity of Black River, to provide a depth of 15 feet, to permit barge
navigation to the potential industrial sites adjacent to Duwarnish
River. Representatives of the Seattle Port Commission and the
Seattle Chamber of Commerce, subsequent to the public hearing in
the field, indicated that expansion of the industrial area might require
a ship channel at some future time, and requested that any present
planning take that ultimate development into consideration. No
modification of the existing project for Duwamish waterway, other
than its extension upstream, has been suggested.
© 6. The district engineer has’ investigated the requests of local
interests for the extension of Duwamish waterway and concludes
that the extension cannot be justified at the present time for either a

. barge or a ship channel. However, planning for any type of channel

rectification in the Duwamish Valley should consider the possible
ultimate construction of a deep-water ship chanmnel. -2 © .. .

7. The district engineer has investigated several methods for the
control of floods in Green and Duwamish River Valleys including
diversion, channel improvement, reservoir storage, and by combina-
tions of these methods. He proposes a dam and reservoir in the
vicinity of Eagle Gorge as the best plan for development of the basin
for the combined purposes of flood control and storage for municipal

FesB Rl
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water supply, irrigation, and conservation. The dam with spillway
crest at elevation 1,205 would create a reservoir with capacity of
106,000 acre-feet, which is more than three times the amount required
to control the greatest flood of record. The project is designed to
provide complete protection from the standard project flood by
reducing its crest discharge of 65,000 cubic feet per second to the safe
capacity of the existing channel below the dam. Reservation of the
entire storage will be required from the first of November to the first
of March to detain possible flood flows. "Following the end of the
flood season the spring run-oft could be stored for release during the
dry season in the interests of water supply for fisheries and municipal
uses, irrigation, and abatement of pollution. Development of power
is not considered feasible. The cost of the proposed project is esti-
mated at $18,300,000 and the annual carrying charges at $823,139.
If $2,000,000 of the first cost of the project 1s borne by local interests,
the total annual carrying charges would be $831,658 due to the interest
rate of 3.5 percent applied to non-Federal costs. The district engi-
neer estimates the total annual benefits at $893,000, consisting of
$429,000 from prevention of tangible flood damages, $214,000 from
increased returns from protected agricultural land, $191,000 from
increased returns from industrial lands, and $59,000 from benefits
to fish life. The benefit-cost ratio is 1.08 based on total annual
benefits' and annual carrying charges of $893,000 and $823,139,
respectively.  The district engineer concludes that the construction
of a multiple-purpose reservoir project at Eagle Gorge will provide
the best plan of development of the Green River basin in the interests
of flood control, fish conservation, pollution abatement, domestic
water supply, irrigation, and industrial expansion. The project is
economically justified in that the annual benefits exceed the annual
costs and the local benefits resulting from construction of the project
warrant substantial local contribution toward its first cost. He
recommends adoption of the Eagle Gorge project substantially as
set forth in his report with the first cost estimated at $18,300,000 for
construction and with $80,000 annually thereafter for operation and-
maintenance by the United States, subject to a substantial contribu-
tion from local interests toward the first cost of its construction. No
justification for any modification of the existing project for naviga-
tion in Duwamish waterway exists at this time. He therefore recom-
mends that no modification for extension of the existing navigation
project for Duwamish waterway be adopted at this time. - The

division engineer concurs. ‘. - ol e T :
- 8. Local interests were advised of the conclusions of the division en-
gineer ‘and were invited to submit additional information to the
Board. Information regarding the urgent need for the proposed im-
%row(alment was presented by %ocal interests at a meeting before the
oard. e . ‘ .

' VIEWS AND RECOMMENDATIONS OF THE BOARD OF ENGINEERS FOR
’ S RIVERS AND HARBORS -
9. The Board of Engineers for Rivers and Harbors has reviewed the

reports of the district and division engineers and the additional infor-
mation presented by local interests at a hearing before the Board.
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It concurs in general in the views and recommendations of the report-
ing officers. The proposed dam and reservoir at Eagle Gorge may be
used in connection with flood control, municipal water supply, irriga-
tion, and conservation. While not all of these uses are muuedmtely
requiled it is reasonable to assume that within the economic life of
the project all available storage for use in augmenting the summer
low-water flow will be required. - Considering only the immediate
benefits from the project, these benefits exceed the cost and the
project is economically justified. The local benefits from land en-
hancement are of sufficient importance in the opinion of the Board
to warrant the requirement of a local contribution of $2,000 000
toward the cost of &e project. '

10. The improved channel of Duwa,mlsh waterway is adequate in
depth and width to accommodate safely present and reasonably
prospective commerce. - Upstream from this improved section, the
river is shallow and winding and is unsuitable for navigation by any
type of craft. The land in this unimproved section may be needed
for possible future industrial expansion. However, there are no
present plans for conversion of this unimproved section to industrial
uses. - Therefore, there i is no need for a barge or ship channel in the
waterway at this time.’

11. The Board recommends ﬂood protection for the Green and
Duwamish Rivers, Wash., by the adoption of the Eagle Gorge project
on Green River, Wash generally in accordance with the plan of the
district engineer and with such modifications thereof as in the discre-
tion of the Chief of Engineers may be advisable, at an estimated cost
to the United States of $16,300,000 for construction and $80,000
annually for maintenance and operation, provided local interests
contribute in cash $2,000,000 toward the cost of the project. Further,
the Board recommends that no modification or extension of the exist-
ing navigation project for Duwamish waterway, Seattle Harbor
Wash., be made at this time.

F or the Board

" R. C CRAWFORD
Major G’eneml O?unrman

REPORT OF THE DISTRICT E’\IGINEER ey ,,L;‘
LT UL S T SYLLABUS ‘

The distriet engmcer ﬁnds ‘that recurring ﬁoods in the Green Rwer Valley cause

substantlal flood damage and retard the agricultural and industrial development
of the area. -After a study of all possible methods of flood control he finds that, -
construction of a concrete dam .and reservoir at Eagle Gorge affords the best
development of the basin’s water resources. This project has least cost, is
unanimously desired by local interests, and annual benefits expected are greater
than the annual cost of the project. "He also finds that local benefits accruing
therefrom warrant substantial local participation in the first cost of the project.
He therefore recommends adoption of the Eagle Gorge Dam and Reservoir as a
Federal project subject to a substantial contribution from local interests toward
the first cost of its construction. -
- The district engineer further finds that extension of Duwamxsh wa.’oerway cannot
be combined with river channel improvement for flood control so as to make such
work economically feasible. In addition, no need in-the interest of navigation
can be found at this time for the upstream extension or any other modification of
Duwamish waterway. Accordingly the district engineer recommends no modifi-
cation of the existing river and harbor project for Duwamish waterway. -
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DEPARTMENT OF THE ARMY,
Corps oF ENGWEDRS
OFFICE OF THE DISTRICT ENGINEER, SEATTLE DISTRICT
. Seattle, Wash Fecbruary 11, 1948

Sub]ect Report on prehnnnary examination and survey for ﬂood
control of Green and Duwamish Rivers, Wash., and review of
reports on Duwamish waterway, Wa,shmvton ‘

To: Division Engineer, North Paoxﬁc Dlvmon Corps of Envmeers
Portland Oreg

1. GENERAL

1 Autkomty and scope of Teport. —This report is a combined studv
of the flood-control and navigation problems of Green and Duwamish
Rivers, Wash. The Flood Control Act approved June 22, 1936,
authorized a preliminary examination and survey for flood control.
The report on preliminary examination was submitted by the district
engineer December 30, 1937, and after a favorable review by the
Board of Engineers for RIVQI‘S .and Harbors, a Burvey report was
ordered by the Chief of Engineers June 8, 1938. :

2. By resolution adopted April 18, 1946 the Committee on Rlvers
and Harbors, House of Repreeentatlves directed a review of reports
on Duwamish waterway, Seattle Harbor. - A preliminary examination
of Duwamish waterway was authorized also by the River and Harbor
Act approved July 24, 1946. ~. Duwamish River and Duwamish water-
way form the lower reach of Green River, and in consideration of the
scope of the previously authorized flood-control survey, authority was
requested to submit one combined report for both navigation and
flood control. The Chief of Engineers a.pproved subm1551on of a
combined report October 3, 1946. - .. ..

3. Therefore, this report "will consider methods for control of ﬂoods
in the entire Green and Duwamish river valleys and modifications of
the existing navigation project for Duwamish Waterway _

4. Prior reports.—In addition to the prehmmary examination report

mentioned in paragraph 1, two other reports in the interest of control-
ling floods have been made.  House Document No. 286, Seventy-third
Congress second session, covers.the report on prehmmary examina-
tion submitted N ovember 10, 1933, and House Document No. 377,
Seventy-fourth Congress, ‘second session, covers the report on pre-
liminary examination submitted July 24, 1935. Fach of these reports
recommended a survey .to obtain necessary data for the prepara’mon
of a plan of improvement and an estimate of cost.
.5, The resolution: authorizing the navigation study of Duwamxsh
waterway specifically directed review of the reports published ‘in
House Documents No. 108, Sixty-eighth Congress, first session, and
126, Seventy-first Conoress second session. These two report.s con-
tain the recommendations for the existing Federal navigation project
- for improvement of Duwamish waterway. - ‘A list of previous naviga-
tion reports is given in the appendix.! -

- 6. Description of basin.—Green River lies wholly in King County,
Wash From its source at the crest of the Cascade Mountains in the

vicinity .of Stampede Pass, the river flows westerly for 40 miles to
Auburn, ‘in a narrow dramacre basin' averaging ‘8 miles in width.
Parallehno Green River to the north is the Cedar River Basin and to
the south the White River Basin. At Auburn the river changes

2 Not printed.
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direction and flows north 32 miles to its mouth in Elliott Bay, which
forms the principal part of Seattle’s salt-water harbor. At its source
in the Cascades, the Green River Basin is adjacent to the Yakima
River Basin, which drains easterly to Columbia River. On the west,
the basin downstream from Auburn is bounded by a ridge, 300 to 400
feet in elevation, the west slope of which drains directly into Puget
Sound. The entire drainage basin is shown on the general maps
accompanying this report, and the region is also included in the Cedar
Lake, Tacoma, and Seattle quadrangle maps published by the United
States Geological Survey. - B

7. Valley and tributaries—Green River Valley is comparatively
narrow from its source to Auburn, and in several places the river
flows through deep rock gorges. There is little agricultural develop-
ment upstream from Auburn, but downstream from Auburn the river
meanders through a fertile, developed valley 2 to 3 miles wide for
about 20 miles to Black River and then continues for 12 miles in a
somewhat narrower valley to Elliott Bay. ' Coe

8. No sizable rivers now flow into Green River. All of its tributaries
are small streams joining the river in numerous places, mainly up-
stream from Auburn. - Before 1906, White River joined the Green in
the vicinity of Auburn; but during a flood in November of that year,
White River was diverted through Stuck River and Puyallup River
and thence to Commencement Bay, or Tacoma Harbor.. -This change
has been made permanent by construction of a concrete diversion
‘dam and by channel improvement of Stuck and Puyallup Rivers.
Before this diversion the river downstream from Auburn to Black River
was known as White River and the area is still locally called White
River Valley. The river from its source in the Cascades to Black
River is now named Green River. : :

9. Prior to 1916, the Lake Washington drainage area; which in-
cludes Cedar and Sammamish Rivers, had its outlet from the south
end of Lake Washington through Black River, which flowed west &
short distance to join Green River. - The junction of these two rivers
formed Duwamish River, which empties into Elliott Bay. In 1916
the level of Lake Washington was lowered and the outlet changed to
the Lake Washington ship canal, which reaches Puget Sound through
another drainage basin several miles north of Duwamish Valley:
Duwamish River, which once was made up of three rivers—the Black;
Green, and ‘White—now has no tributaries and is, in fact, merely the
lower reach of Green River. - ‘Because of the confusion of names, the
river will hereinafter be referred to as Green River from its source to
Black River, and as Duwamish River from that point to Elliott Bay,
The lower portion of Duwamish River has been improved for naviga-
tion and is known as Duwamish waterway, éast waterway, and west
waterway, all as shown on the report map. .= - - o 7Fn e

10. Topography.—Altitudes- along the eastern boundary of the
basin range from 3,500 feet to 5,750 feet. The Northern Pacific
Railway effects a crossing of the Cascade Mountains through Stam-
pede tunnel, adjacent to Stampede Pass (elevation 3,750 feet). Along
the northern and southern boundaries of the basin, the altitudes range
from over 5,000 feet at the eastern end to about 3,000 feet at a north-
and-south line through the vicinity of Kanaskat. Westward of this
Iine, the boundaries are at a much lower elevation, seldom exceeding
1,000 feet and generally below 500 feet. At one point just south of
Auburn, the divide is but slightly over 100 feet above sea level. The

~~~~~
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upper portion of the basin is characterized by sharply incised valleys
and prominent ridges.

11. Geology.—Green River is one of the major streams draining the
west slope of -the Northern Cascade section of the Sierra-Cascade’
physiographic province. It flows northwesterly across a portion of -
the Puget Trough section of "the Pacific Border province. The -
Cascades rise to over 5,000 feet near the summit, with ridges forming
the valley walls extendmo in-a northwesterly direction to elevation
about 4,000 feet at the border of the Puget Trough. : The entire basin
of the upper Green River above szaskat hes w1th1n rocks of Miocene
age, all volcanic in origin. '
= 12. The Puget Trough secmon of the Green River Basin may ‘be
divided into an eastern and a western half. .The soils of the eastern
half of the basin range from a sandy to a silty loam and contain large
quantities of small boulders and rock fragments. These soils have =d
little agricultural value. - The soils of the western half of the basin
may be divided into three general divisions as classified in a report,
by A. W. Mangum ! .as follows (a) Puget serles (b) Everett ser1es
(c) Buckley loam, ~ - 0ol :

13. 'The soils of the Pucret series have thelr omgm in river dep051ts
and contain 8 high proportlon of silt. ::The soils so classed are in a
belt 2 or 3 miles wide extending from Auburn to Black River and in &
narrow strip along the river bottoms from Auburn to Green River
Gorge.: They are exceptionally well adapted to agriculture. The
Everett series, derived E'om the coarser glacial deposits of sand and
gravel, occur on the uplands and produce relatively low crop yields. -
The Buckley loam, which consists largely of silt and clay, occurs in
the vicinity of Enumclaw. Itisan impervious soil, but where properly
drained is well suited to general farming, and especlally to dairying.

- 14, Stream-flow records.—Records of stream flow of Green River
are of relatively short duration, being available only from 1931 to
date.- A recording gage was established by the United States Geo-
logical Survey about 2 miles above the Tacoma waterworks diversion
dam near ‘Palmer in October 1931, and records of stream flow have -
been “kept to :date. .The Geologlcal Survey established another *.
recording gage near Auburn in August 1936, and this station has been
in continuous operation since that time. - A ithird -gage was -estab-

- lished in October 1939 near Black Diamond and has records to date.
The city of Tacoma has kept a fragmentary record of gage height only
at medium and higher stages at its diversion dam since July 1918.
Table 1 shows the drainage areas at several pomts in the basm and
stream-ﬁow data are summarlzed in table 2. :

g k : TABLE 1—Dramaye areas . -
Dramage area above——~ I ; -

Lo - Square mtlc:

Green River at proposed dam site_ ... . .225
. Green River at gaging station near Palmer._._. : .. 231 :
“Green River at diversion dam, Tacoma mumc1pa.l water supply._-...° 233 B

5 Green River at Kanaskat_ _i0 o oo oo 0l it emaeaaall 2241

..Green River at gaging station near Black Dxamond_ S SN - 286

~'Green River at gaging station near Auburn_____ il 386
Green River at junction with Black River__ ) -l 452 *

=+ -Duwamish River at mouth_-__;;-_______;__--; _________________ - 474

1 Mangum, A. W., Reconnaissance Soil Survoyﬂ in the Eastem Part [ Ithe Puget Sound Basm Umted
- Btates Departmem of Agnculture. Bureau of Soils, 1911, . . s
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15. Climatology.—Because the basin ranges in altitude from sea
level to over 5,000 feet, marked differences in temperature and
precipitation are found throughout the area. Heavy winter snows
fall in the higher regions and remain until late spring or early summer.
The United States Weather Bureau maintains five stations in the
basin, ranging in altitude from sea level at Seattle to 4,000 feet near
Stampede. Stations are also maintained in adjacent basins. Rec-
orded data indicate that temperatures in the basin vary from a
maximum of 103° to & minimum of —4°, with a mean temperature in
the lower valley of about 51° and in the mountain section of about
about 48°. The length of the growing season (period between killing
frosts) in the lower valley is about 175 days. . :

16. In common with most of the Puget Sound area, the Green
River has an abundant yearly precipitation, about 75 percent of which
falls during the period from October to April. The summer rainfall
is usually insufficient for maximum crop production. Much of the
precipitation in the higher elevations occurs in the form of snow, the
average annual snowfall at Lester being about 81 inches and in the
higher mountains more than 500 inches, whereas at Kent it is but
7.3 inches. Precipitation over the upper reaches of the river system
is much greater than over the lower valley. - Data as to precipitation
in the higher mountains are not available; but at Palmer, elevation
895 feet, the mean annual precipitation for the 22 years of record was
87.45 inches. During the same period the mean annual rainfall at
Seattle was 30.91 inches. Climatological data are summarized in
tabular form in the appendix.! ' o

17. Stream slopes.—In its upper reaches the river has a rather
steep but uniform gradient, averaging 39 feet per mile for the 34 miles
downstream from Lester. The steepest section of this portion of the
river is in the 6-mile stretch immediately downstream from Kanaskat,
in which there is a total drop of 400 feet, or about .66 feet per mile.
From a point immediately above Auburn, where the river breaks out
of the hills onto the flood plain, down to tidewater the gradient is
much less, averaging slightly over 2 feet per mile for the 20 miles
between Auburn and Black River. o

18. Channel capacity.—In its upper and middle reaches Green River
occupies a deep and narrow valley, not subject to damaging overflow.
From a point 8 miles upstream from Auburn to Elliott Bay the safe
channel capacity of the river is-approximately 12,000 second-feet. - At
~this stage the banks are nearly full and some backwater occurs in
minor tributaries, but there would be no appreciable damage from
sustained flows of that amount. During the flood of December 1946,
personnel of this office actually observed the effects of a 12,000-second-
foot discharge. I

-19. Noticeable tidal effects extend upstream from Elliott Bay to
Black River. A high tide occurring at time of flood prolongs the
- overflow conditions in the vicinity of Black River, but flooding of the
area would take place regardless of the tidal stage because of out-of-
1bar(lik flows farther upstream which proceed down the main valley
ands. C S

20. Economic development—The economic resources of the Green
River Basin}fall into four sharply defined geographic zones. In the

1 Not printed. :




DUWAMISH WATERWAY, SEATTLE HARBOR; WASH. 27

mountainous ares upstream from Kanaskat the only known major

_ natural resource is timber, and the primary activity is the logging of

that timber. About one-half of the timbered area is included in
Snoqualmie National Forest, the remainder being privately owned.

About 3,000,000,000 board feet of timber rema’n in the basin, of which

about two-thirds is Douglas fir and hemlock. The United States
Forest Service estimates that this timber would sustain an annual cut
of about 70,000,000 board feet, but the present rate of cutting is
considerably above that amount. "~~~ " '

21. In the rolling, gravelly area between Kanaskat and Newaukum
Creek neither timber nor agricultural crops are produced, but that

‘aren is included in a broad belt of coal lands extend ng from the
Sammamish River in the north to- the Cowlitz Valley in the south; .
-and there are a number of operating mines in the basin, producing

about 175,000 tons of soft coal annually.

22. From Newaukum Creek downstream to the head of Duwamish
waterway most of the valley lands are devoted to agriculture. ~Also
in the flood plain are portions of Auburn, most of Kent, several
residential towns, and many miles of highways, railroads, and power
and telephone lines. Gross value of all real and personal property in
the flood plain is estimated to be at least $45,000,000. This estimate
is based on county assessor’s records adjusted to present-day values.

Despite the frequent flooding, which has always handicapped the

agricultural development of the valley, most of the farm units are
small and intensively cultivated.  Dairy products, berries, and. vege-
tables are the principal source of farm income. The area devoted to
agriculture and valley towns is about 17,600 acres from which crops
as follows were produced in 1946: ! :

Dairy produets. oo mo ol mmeccccamm———e $1, 404, 000
Fruit, berries, snd vegetables_ . _ o 1, 163, 000
Bulbs, €orms, €€ - o eeammme— s immenan 602, 000
PO oo e e mme e m e 561, 000
OtheT . e e e e e e e e e ———— e m—————— 281, 000

Total (gross farm inCome) - - o oo loommmmoeommo 4, 011, 3(1)?

Average gross income per aere........_--- UL S U U

23. The area downstream from the head of Duwamish waterway
comprises the principal industrial zone of the city of Seattle. It con-
tains most of Seattle’s heavy industry, including a large shipbuilding
and repair plant; 2 plants of the Boeing Aircraft Co.; 1 steel rollin
mill; 2 flour mills and grain elevators; 1 cement plant; 1 truck an
bus manufacturing plant; as well as 9 lumber mills and wood-product
plants; 14 foundries; machine shops; and other metal-product plants;
3 marine repair yards; and 20 miscellaneous manufacturing concerns, -
Most of these establishments have 50 or more employees, and during
the recent war many thousands were employed in the. shipbuilding
and aircraft plants, but these pay rolls have now been greatly reduced:

24. Population.—Like other industrial regions, the Seattle area ex-
perienced a marked rise in population during the recent war. . This
population growth has taken place in the cities and towns, whereas
the agricultural population has remained substantially constant.
Since conclusion of the war the population has continued to increase,
but at a much slower rate, and competent observers have predicted

t Data fu;nished by U._ S. Department of Agriculture, Bureéu of Agriqu!tural !_Ecqnomics.

S
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that shortly the population will continue to increase at a rate some-

what greater than that before the war. The following table indicates

the population trend of Seattle since 1930:

1930 1940 1941 1946 2
B (o WO S .4865,000 | 308,000 |. 434,000 | 470,000
Seattle (metropolitan area including Bremerton). -..-——.ooooobeoeeoen.. 450,000 § 50,000 615,000

1T, 8, Department of Commerce estimate. '
U * Washington State Census Board estimate (Iatest available figures).

25. Green and Duwamish River Basins, excluding any part of
Seattle, have an estimated 1947 population of 32,000, of whom one-
half live within the potential overflow area of the river. The greater
part of the basin population is found downstream from Auburn.
Kent, having a population of 3,000, and Auburn 6,000, are the largest
towns wholly within the basin. - o ‘ ‘ -

26. Railroads—Four transcontinental railway lines and one local
line serve the agricultural section of the basin and have terminals in
Seattle. These are the Northern Pacific Railway; Union Pacific Rail-
road; Great Northern Railway; Chicago, Milwaukee, St. Paul &
Pacific Railroad; and the Pacific Coast Railroad. The Northern
Pacific Railway main line enters the drainage basin near the head-
waters of Green River and stays substantially within the basin until
it reaches Seattle. Branch lines join it at Palmer, Kanaskat, and
Auburn. The Union Pacific; Great Northern; and Chicago, Mil-
waukee, St. Paul & Pacific lines serve the lower valley where the
population is most dense. A branch of the Milwaukee road extends
southward across the basin from Barneston to Enumclaw. The
Pacific Coast Railroad Co. operates out of Seattle and serves the
Black Diamond coal-mining district. .~ All of these lines pass through
the Duwamish Valley, which is thus exceptionally well situated for
future rail connections. -“The lower Duwamish water-front area has
adequate connections to these railroads. . - . .. -. :

;. 27. Highways.—Green River Valley is served by two paved State
highways extending south from Seattle (U S 99—State 1 and State
5). _The latter continues from Auburn to Enumeclaw along the south-
ern boundary of the basin and eastward across the Cascade Mountains
to eastern Washington as U S 410, State 5. 'This road is also the main
route to the northern side of Mount Ranier National Park. A paved
State highway extends across the western part of the basin, connect-
ing Enumclaw and Renton. - Several paved State secondary roads in
the western part of the basin give cross connections to the State
primary highways, and a network of graveled county roads serve
ocal communities as far upstream as Igarnaskat. The lower Duwa-
mish Valley lies within the corporate limits of the city of Seattle and
the area is served by the city-street system. .- O

.- 28. Awrfields.—Green and Duwamish River Basins have several
airfields within or very near their boundaries. Boeing field, in the
south part of Seattle, 1s built upon reclaimed land of the Duwamish
River Valley. .The Seattle-Tacoma Airport lies near the west bound-
ary of Green River Basin, on the divide between Green River Valley
and Puget Sound. Both of these airfields have long concrete runways
and are equipped to accommodate the growing air commerce between
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national and foreign cities and the Puget Sound region. In addition

to these major airfields there are smaller airfields ncar Enumeclaw
"and Kent, used for local traffic. Just outside the basin, near Renton,
is a large airfield constructed during the war for a nearby (Boeing)
aireraft plant. . '

. 29. Fisheries.—Green River furnishes an important spawning
ground for both commercial and sports fish. The principal spawning
areas are in the reach between Auburn and Newaukum Creek and in
Big Soos Creek, where the State of Washington operates a 25-pond
hatchery, the largest one operated by the State. The salmon spawned
in these areas contribute substantially to the Puget Sound commercial
catch, and the steelhead and trout hatched in the area make Green
River one of the best sports-fishing streams in the region. The
Washington State Department of Fisheries has .estimated, that the
wholesale value of commercial salmon probably originating in Green
River amounted to more than $400,000 in 1946. Although it is not
considered practicable to assign a monetary value to the sports’
fishing in the stream, the intense interest shown by sports-fishing
groups in the progress of this investigation evidences the high recrea-
tional value of the fishing grounds. - N :
IR, o . 30. National reservations.—About 150 square miles of the eastern.

T . . part of the basin, or about 33 percent of the total drainage ares at
) o ) the junction with Black River, lies within the Snoqualmie National

Forest; and a part of the Muckleshoot Indian Reservation (approxi-
_ - mately 240 acres) is located in the southwest corner of the basin,-
S ¢ near Auburn., = . L
o ; 31. Tacoma water-supply system.—The city of Tacoma diverts
T LT its principal water supply from Green River by means of headworks
: : located 3 miles upstream from Palmer and 28 miles from Tacoma.-
The headworks and intake are concrete structures. -The diversion
dam is a gravity-type structure 148 feet long on the crest, which is
17 feet above the river bed and at an approximate elevation of 895
feet above mean sea level. : The intake works, tunnels, and the conduit
<~ to a point about 0.6 mile below the dam are designed for a capacity

(\ of 130 second-feet, but the pipe line from that point into Tacoma 15

designed for about 80 second-feet. Tacoma has an existing water
right for diversion of 100 second-feet and has filed an application for
diversion of an additional 100 second-feet at the present diversion
dam. " The city has wide discretionary powers, without ownership,
over 233 square miles of drainage area above the point of diversion.
32. Terminal and transfer facilities.—The navigation aspects of this’
report are confined to Duwamish waterway as requested in the
authorizing resolution. The major terminal and transfer facilities
of Duwamish River are located on east and west waterways, but no
detailed enumeration of their facilities is included, as the details are
not pertinent to this report. Of the total 97 wharves and piers on
. Seattle Harbor, exclusive of the Lake Washington ship canal, 52
are located on Elliott Bay, 19 on east waterway, 15 on west waterway,
3 on Puget Sound, and 8 on Duwamish waterway. On the east side
of Duwamish waterway are six wharves; one of these is operated by
the United States as an Army base, one is at the cement plant, one is
for unloading tankers, one is used as a marine repair plant, and two
are for handling logs. On the west side are two wharves; one is
a lumber-handling pier and the other is a ramp used for launching

,
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seaplanes. In addition to these, many small docks and meorings are
available for shallower-draft vessels. The terminal -and transfer

facilitics on Duwamish waterway are considered adequate for existing -

commerce. Additional wharves for deep-draft vessels could be
constructed along the waterway or in adjoining slips.

33. Commerce—Separate statistics for commerce on the various
waterways of Seattle Harbor are not compiled. The data given in
table 3 are for the entire Seattle Harbor and include Lake Washington
ship canal traffic. Commerce routed through the Lake Washington

- ship canal accounted for approximately 14 percent of the vessel traffic
and 69 percent of the rafted traffic shown in the table. In 1946,
petroleum products represented more than one-half of the total
tonnage. Other important items are wheat, coal, gravel and sand,
logs and lumber, canned food products, military cargo, and miscella-
neous merchandise. . "~ - : :

TasLE 3.—Volume of water-borne iraffic in Seatile Harbor, for calendar years 1937
- o 1948, inclusive )

’Year gis%ecl Rafted Total Year X_gsf%eé ed Total
Tons Tons Tons Tons Tons Tons

6,460,257 | 1,182,643 7,642, 900
5,372,367 975,233 6, 347, 600
5,910,082 | 1,066,409 6,976, 491
6,235,638 | 1,526,150 | . 7,761,788
7,594,308 | 2,325,404 9, 919,712

8,302,444 | 2,348898 | 10,739,142
8,637,799 | 1,672.757 | 10,360,556
9,372,363 | 173750 | 11,131,143
8,863,810 | 1,382 437 | 10,226,247
8,256,634 | 1,389.491 | 9,646,125

34. Further data on the water-borne commerce for Seattle Harbor

are given in the appendix.! Imports, largely petroleum products, are
transshipped from Seattle to inland distribution centers; and exports
of wheat, coal, lumber, and manufactured goods are shipped to domes-
tic, Alaskan, and foreign ports. As shown by table 3, the volume of

commerce increased substantially in each of the years 1940, 1941, 1942,
1943, and 1944, and decreased thereafter. Most of the increase noted
in the years 194044 was military cargo destined to Alaska and the
Pacific theater, and the decrease in 1945 and 1946 reflects the sharp
reduction in such cargo. It may be reasonably assumed, however,
that the substantial increase in population of the Puget Sound area,
the presence of new industry, and the postwar commitments of the
United States in Alaska and the Pacific will create commerce through
Seattle Harbor materially greater than that of 1938-39. .

- 85. Vessel traffic—Data on trips and drafts of vessels, for Seattle
Harbor, are given in the appendix.! Separate data for Duwamish
waterway have not been compiled; however, the small number of
deep-water wharves on the waterway indicates that the demand for
use of the waterway by deep-draft vessels is not great. With present
project dimensions the waterway could handle a much larger volume
of commerce than now uses it. ‘ S

#36. Bridges—There are five movable bridges over Duwamish
waterway, and four fixed bridges and two footbridges over the river
between the head of the waterway and Renton Junction. Between
Renton Junction and Green River Gorge, there are 16 additional

* 1 Not printed.
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bridges. A list of bridges over Duwamish waterway, giving pertinent
details, is included in the appendix.! :

37. Eaisting project—No Federal project for flood control on Green

or Duwamish River has ever been adopted. The lower 7% miles of
Duwamish River has been improved by local agencies and the Federal
Government to give a navigable waterway having depths varying
from 34 feet at Elliott Bay to 15 feet at the head of the waterway,
depths being referred to the plane of mean lower low water.
. 38. The Jederal navigation project provides for maintenance of cast
and west waterways to a depth of 34 feet, with a width of 750 feet for
distances of 6,500 and 5,200 feet, respectively, from the pierhead line
in Elliott Bay; for the maintenance of east waterway between the upper
end of the 750-foot section and Spokane Street, 34 feet deep, 700 feet
Tong, and 400 feet wide, and of a turning basin, including the head of
east waterway at the junction of the waterways south of the Chicago,
Milwaukee, St. Paul & Pacific Railroad bridge, to a depth of 30 feet,
after these sections have all been dredged by local interests to full
project dimensions; and for dredging Duwamish waterway 200 feet
wide and 30 feet deep between west waterway and First Avenue South,
150 by 20 feet between First and Eighth Avenues South, thence 150 by
15 feet to a point about 1.4 miles above Fourteenth Avenue South
Bridge, with a turning basin 600 by 350 feet and 20 feet deep just south
of the First Avenue South Bridge, and a turuing basin 500 by 250 feet
and 15 feet deep and settling basin with a capacity of about 100,000
cubic yards at the upper end of the waterway. The existing project
was authorized by the following river and harbor acts:

Act of— Work authorized ’ Documents and reports
Mar. 2, 1919.....] Maintenance of east and west waterways 756 feet |'S. Doc. No. 313, 65th Coﬁg., 3d
. : wide and 34 feet deep, and of Duwamish water- | - sess. .

T ; way 20 feet deep and 150 feet wide as far south as
the 8th Ave. South bridge.
Mar, 3, 1925 ___. Enlargement of Duwamish waterway.___......._. H. Doc. No. 108, 65th Cong., 1st

sess.

July 3, 1930 .| do - : .{ H. Doec. No. 126, 71st Cong., 2d
- ' ’ i sess.

Aug. 30, 1935_. .| Maintenance of east waterway between the 750- | H. Doc. No. 211, 72d Cong., 1Ist

foot section and Spokane St. and of the turning sess.! .
basin at the junction of east and west waterways.

_} Contains latest published maps. ]

" 39. Since adoption of the Federal project in 1919 the United States
costs up to June 30, 1947, have been $170,334.74 for new work and
$382,437.13 for maintenance on Duwamish waterway. In addition
to these amounts, local interests have contributed $69,332.64 since
1929 for new work on Duwamish waterway. Prior to this time, local
interests had expended a total of $6,341,000 for new work and main-
tenance on Duwamish, east and west waterways. The greater part
of this sum was spent on the construction of the wide, 34-foot-deep
east and west waterways. For many years before adoption of the
Federal project the only United States improvement was occasional
snag removal under the project for improvement of Puget Sound
and its tributary waters.

40. Other improvements.—Local interests have constructed dikes and
have organized and operated two drainage districts. The county has
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constructed roads along the river, and in some places has raised thesc
roads so that they form low dikes. The railroads have placed their
main-line tracks on fills well above the floodwater level. In s number
of places the county has constructed pile and timber shear walls for
bank protection. o ' , :

41. About 11.4 miles of private dikes, largely downstream from
Kent, have been constructed at an estimated total cost of $90,000,
with maintenance costing about $9,000 annually.  These dikes are
not continuous, but apparently were constructed wherever the danger
from floods appeared most serious or where the individual landowner
possessed the necessary capital with which to construct them. ' N o
dikes, as such, have been constructed with public funds, although, as
just cited, the county has constructed some roads that serve as dikes.
Drainage district No. 1, located between Kent snd Black River,
organized in 1900 and comprising 7,838 acres, has.constructed drainage’
ditches at a total first cost of $31,846, with maintenance assessments
in recent years of $4,000 annually. Drainage district No. 2, located
northwest of Kent along a 3-mile section of the river, organized in
1904 and comprising 515 acres, has constructed drainage ditches and
pumping plants at a total first cost of $21,172, with an average main-
tenance assessment in recent years of about $1,950 annually. S

42. Costs of county riverbank protection work are not available,
but up to $60,000 a year has been spent on revetments to prevent
bank erosion. In 1946 the State of Washington adopted laws in-

creasing the State’s participation in the cost o controlling riverbank

erosion. King County and the State have now under way & joint
program of channel clearing and bank protection at selected locations.

The work was started in 1947 and is expected to be completed ,in

1948, at a total cost of $350,000.
- 43. Surveys.—In addition to the reports listed in paragraph 4, the
following data were used in connection with the present investigation:

(@) United States Geological Survey quadrangle maps covering the entire
basin (scale 1 to 125,000). .

(b) United States’ Geological ‘Survey 'rive;' survey of possible reservoir éiteéf

upstream from Auburn.
Forest Service.
(d) Map of King County, Wash., prepared by the county engineer. ‘ o
(¢) Report of an investigation by a board of engineers of the means of con-
trolling floods in the Duwamish-Puyallup Valleys and their tributaries; H. M,
Chittenden, major, Corps of Engineers, United States Army, chairman, -May
1907, o o : .
- (f) Preliminary Report—Green River Flood Detention Reservoir. Un-
published report by Washington State Department of Conservation and Develop-
ment, July 1, 1936, - ' - C i . )
(9) Various reports of the water division of the department of public utilities,
city of Tacoma. : o .

(c) Maps of Snoqualmie N_atiohal Forest, published by the United Stafes

”
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(k) Water-Supply ‘Paper -313, published by the United States Geological
Survey, entitled ““Water Powers of the Cascade Range, Part 11, Cowlitz, Nisqually,
Puyallup, White, Green, and Cedar Drainage Basins.” -

5 (7) Discharge records of various gaging stations of the United States Geological
urvev.
w(j) Climatological data, published by United States Weather Buresu, Seattle,

ash. ’ .

(k) Reconnaissance soil survey of the eastern part of the Puget Sound Basin,
Wash.; "by "thé "Bureau "6f Foils, United” States Department” of Agrieulture, in
cooperation with the State of Washington, dated 1911, .- - -0 ‘

- () Report entitled ‘“‘Development of Industrial Sites in Duwamish-Green
River Valley for City Pianning Commission,” by Lars Langloe, consuiting engi-
neer, dated September 1946. : C :

(m) Report of the Puget Sound Regional Planning Commission, dated May
1943, entitled “Puget Sound Region, War and Postwar Development.”

To supplement the available. data used in the compilation of this
report, the following surveys and investigations were made by this
office: o -

' (n) Topographic survey of the entire flood plain downstream from: a point 2
miles above Auburn. S e . .

- {0) Air photograph, mosaic (scale 1-inch equals approximately 800 feet) of
the valley from a point about 3 miles east of Newaukum Creek to the Duwamish
waterway. e ] R o . o o

" (p) Soundings of Green and Duwamish Rivers at 500-foot intervals, with prob-
ings about every half mile downstream from a point 2 miles above Auburn. .

(g) Survey, with subsurface drilling, test-pit excavation, and abutment trench-

ing at proposed dam sites 6 miles upstream from Auburn, and 3 miles upstream
from Palmer. : S - C

- *(r) “Appraisal’ of -damages Tesulting from 1933 and 1246 floods.

II. FLOOD CONTROL

44. Floods.—Table 4 contains s summary of available data on
flows of Green River exceeding 12,000 second-feet near Palmer.
Although stream-gaging stations have been maintained in the basin
since 1931, accurate and fairly complete records are available for only
one flood, that of December 1946. The crest discharge of the 1933
flood nesr Palmer, previously published as 33,600 second-feet, has
recently been revised by the United States Geological Survey on the
basis of information obtained subsequent to 1933 and from discharge
measurements obtained from recent high flows, to 21,700 second-feet.
The flood of November 1892 has previously been reported by this
office as having had a range of 40,000 to 50,000 second-feet. A
reexamination of all available data indicates that there is insufficient
evidence for assigning a quantitative value to this flood but that it
appears to have been in the same category as the 1933 fiood. - “The
November 1906 and December 1917 floods are estimated to have had
magnitudes similar to that of the 1933 flood.
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TaBLE 4.—Flood flows of Green River near Palmer

Crest discharge

24-hour dis-; 3-day run-
charge (see-; off (acre-
ond-feet) fect)

Date Second-feet,

Second-feet per square
mile

Nov. 1891 L e 12,000-20,000- - aceeaeen
Nov. 189232_, ————
Jan. 1903__ .. -
Nov, 19062 ca——
Nov. 1909. . U
Nov. 1911..__..._...
Dec. 18, 10172 .

Jag. 22, 1919__.__
Jan. 3, 1921,

12,000-20,000.

Jan. 7, 1923.__.
Dec. 11, 1924 . . mneean] 12,000+20,000- 0o oo oo T
Nov. 25, 1927._

Nov. 13, 1932
Jan. 8, 1933_.
Nov. 4, 1933.
Dec. 9, 1933,
Dec. 22, 1933
Jan. 23, 1934...
Oct. 25, 1934...
ilspr. 18,1938 ... -

17, 900

! Dates of estimated flows in excess of 12,000 second-feet between 1891 and 1931. This is not a complete
list especially during the first part of this period. Data are either missing or too inaccurate for these floods
to make a satisfactory quantitative determination of flow.

2 Magnitude of December 1923 fiood near Auburn.

45. The gaging station near Auburn, in the flood zone, was not
éstablished until 1938, and the majority of floods in the basin occurred
prior to that year. A study, presented in detail in the appendix,!
shows that the peak flows near Palmer correlate very well with the
peak flows near Auburn. Although the intervening drainage area is
considerable, crest discharges at the two stations are approximately
the same. This condition may be attributed to intervening valley
storage and to differences in topography of the upper and lower river
basins that cause marked differences in rainfall intensities. The
following tabulation indicates the relation of peak discharges near
Palmer, the upper station, and Auburn, the lower station, in the 1933
and 1946 floods. . o .

Peak discharge (second-
feet)
Station ;
1933 l 1946
Palmer.. ... - - 21,700 l 23, 200
Auburn...____ ... __ 24,000 l 21, 900

46. Standard project flood.—Because of the short period of stream-
flow records and the paucity of data regarding stages of floods occur-
ring prior to establishment of stream-gaging stations, the known flood

1 Not printed.




DUWAMISH WATERWAY, SEATTLE HARBOR, WASH. 35

history of Green River furnishes an inadequate criterion as to the
“magnitude of the largest flood reasonably to be expected, and therefore
© as to the proper amount of flood protection to be provided. Accord-
ingly a study has been made to determine the fiood that would result
o . if the most critical storm of record in the general regica should occur
LT © - . ‘over the Green River drainage area at a time when bhydrologic con-
ditions were favorable for flood run-off. The flood so derived is
called the “standard project flood.” ~Details of the derivation of the
standard project flood are given in the appendix.!.. Tt is based on the
meaximum storm of 1906 and indicates that a crest discharge of 65,000
second-feet near Auburn might occur, but would be equaled or ex-
ceeded only on rare occasions. - The total run-off from the standard
project flood, over the above the safe capacity of the present river
» thannel, would be about 106,000 acre-feet. :
J " 47. Extent and character of flooded area.—The area most frequently
subject to inundation is the portion of the valley extending down-
stream from Newaukum Creek to Black River. Portions of the city
of Auburn would be flooded only during extremely high floods, but the
city of Kent has running water in some of its main streets when the
e T LT flow exceeds, 20,000 second-feet.. Downstream from Black River
Sl T LT ortions of the valley are flooded to the vicinity of Allentown.
C S %looding in this area is dependent somewhat on tidal stages. The
floods of December 1917 and December 1933, which were practically
of the same magnitude and the highest since the establishment in
- 1916 of the present stream Tegimen, inundated 13,800 acres, 11,600
o - ) of which were primarily farm Jand and 2,200 of which were devoted
oL IR to town sites, brush, and swamp.- The December 1946 flood inun-
A ST : dated 12,000 acres. The gross area subject to inundation from a
’ - flood of 40,000 second-feet would be approximately 19,000 acres.
" 48. The area subject to flooding contains a considerable portion of
urban property and facilities, agricultural land and improvements,
and transportation and service utilities. Urban property includes
most of .the city of Kent, the smaller residentia{) communities of
(T} O’Brien, Orillia, Foster, Allentown, and a residential area southwest of
._ Renton. The argicultural land is composed of rich -alluvial soil
presently adapted to truck and dairy farming. The proximity of the
marketing centers of Seattle arid Tacoma makes the land especially
valuable for truck and dairy farming, and practically no uncleared
land remains except small portions having poor drainage.” As shown
in paragraph 22, the gross farm income in 1946 exceeded $4,000,000.
49, With a few exceptions, roads in the valley are not raised above
the level of the surrounding ground and are therefore subject to over-
flow in many places. 'Traffic on the main north-and-south highways
becomes blocked with Tiver flows exceeding 20,000 second-feet. ' The
main-line railroad tracks through the valley have been placed on fills
and have not been inundated by the floods of record, although these
+ floods have caused localized damage to the fills and to the pile trestles
that span openings left in the fills for passage of floodwaters. o
“ 50. Flood damages.—Field appraisals of damages resulting from the
LT TR December 1933 and the December 1946 floods have been made by this
LT o office. - The appraisal of the 1933 flood was made in 1939 and the
L appraisal of the 1946 flood was undertaken shortly after the flood-
waters receded. Flood damages thus determined are believed to well

1 Not printed.
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represent theé actual damsge ‘suffered in the valley. - On the 1947
price basis, tangible damages from these two floods are as follows:

N X ' . ) Peak dis-

. - s charge near £
Flood Auburn Damage

- N . ' | (cubic feet : .

.t . : . ) oo . .| per second)

December 1933, .. .0 oo el - o 2000 s,
December 1946 ... ; . 21,900 1,

The peak discharges were very nearly the same, but the duration of
the 1933 flood was greater, causing flooding of a somewhat larger
area to & depth of 1 foot or more higher than that of the 1946 flood.
Consequently the damage from the 1933 flood is more than that of the
1946 flood. .. o o ol ot
- +-51. Improvement desired.—In connection with the preliminary
examination, a public hearing attended by 53 persons was held jointly
by the Departments of War and Agriculture in Seattle on November
12,°1937. 'Local interests stressed the need for flood ¢ontrol in the
area downstream from Newaukum Creek and suggested that such
contro] could be effected by diversion, by channel rectification, or
by storage. - T . :
52. On February 27, 1947, a second public hearing was held to
determine the views of local interests in regard to navigation and also
to give a summary of the flood-control investigation to date.. Naviga-
tion problems will be discussed in a later section of this report. Local
interests again expressed the great need for flood control to prevent
recurrence of the recent flood damages and to attract industries to
the area. Any method of control would be satisfactory to the agri-
cultural population of the valley, but the fishing interests were opposed
to any storage project that might endanger the fish runs of Green
River. Unanimous approval of all those present was voiced for the
construction of & flood-control dam and reservoir in the vicinity of
Eagle Gorge. . - . e C - :
.. 83. Flood problems and solutions considered.—As shown previously,
the flood damage from Green River is caused by the periodic inunda~
tion of valley lands downstream from the city of Auburn. Floods
occur during the winter months and are caused by high run-offs
resulting from & combination of snow melt and excessive precipitation.
Severe Hoods, which inundate a substantial portion of the valley floor,
have occurred in the past at intervals of 8 to 16 years. . Less severe
floods have taken place at about 2-year intervals. Green River no
longer has any important tributaries, and therefore the flood problem
is confined to controlling the floods in a single major valley. -~ .
..54. Control of floods in Green River Valley could be effected by
diversion, by channel improvement, or by storage, or by some combi-
nation of these means. Studies of each method have been made in
sufficient detail to permit approximate estimates of cost to be made,
and the relative worth of the methods to be appraised. -
55. Diversion of all or a portion of the floodwaters of Green River
to the Cedar River could be made through a low divide at Kanaskat;
or the Green River could be diverted near Kent and discharged through
a tunnel about 2 miles long directly into Puget Sound. Either diver-

i
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sion would be more costly than would either storage or channel im-
.provement, and the diversion to Cedar River would, in addition,
require reservation of the entire Cedar River Valley as a floodway,
and would thus prohibit any development of that valley.

56. The channel of Green River could be so improved and rectified
‘as to carry within banks any desired flood. ~-As the area to be pro-
tected is one where life and highly valuable concentrations of property
would be endangered if levees were overtopped, it is essential that the
project design flood for channel rectification equal or closely approach
the standard project flood. - Estimates, therefore, have been prepared
for a diked channel of 65,000-second-foot capacity, the standard
project flood. - To carry-floods of this size, a channel right-of-way
approximately 700 feet wide, with dikes at least 20 feet high, would
be required. The first cost of such a project is estimated to be
$24,000,000. ‘The first cost is greatly in excess of that required for
storage, the right-of-way would destroy more than 600 acres of pro-
ductive farmland and, moreover, it would have no possible multiple-
purpose benefits. - For these reasons, flood protection by channel
rectification alone has not been given further consideration.. - - -
=57, Three possible locations for storage dams exist in the Gree
River Basin; one about 6 miles upstream from Auburn, one in a canyon
section known as Green River, Gorge and one in a deep valley section
in the vicinity of Eagle Gorge. Three sites in the gorge were investi-
gated by this office in 1933, in connection with the report printed
in House Document No. 286, Seventy-third Congress, second session.
‘That investigation showed the storage available at reasonable cost
insufficient adequately to control even a moderate flood; and, further-
more, the reservoir area would include operating and potential coal
properties. An analysis of a dam site 6 miles upstream from Auburn
disclosed that construction of an earth-fill dam is possible. The
estimated cost of a dam and reservoir at this location 1s $19,000,000
based on 1947 prices. The United States Fish and Wildlife Service
and the Washington State Department of Fisheries have strongly

\/ _opposed this storage reservoir because the reservoir area includes
* & substantial part of the salmon-spawning grounds of Green River.

The salmon runs of Puget Sound have been declining for many years
owing to unrestricted commercial catches in the earlier days and more
recently from the encroachment of various industrial and civic develop-
ments along the main spawning rivers. "To preserve the existing
commercial and sport fishery the State of Washington is determined,
wherever possible, to keep all remaining spawning areas in their
natural condition. : The high cost of Auburn storage project and the
loss of spawning ares which it would cause have eliminated this
plan from further consideration. = - - ' oo
57a. Studies of possible combinations of storage and channel
rectification that would give the desired flood protection to the
valley have been made. Results of these studies are graphically
shown in figure No. 5 of the appendix® so that any combination of
storage with its needed corresponding channel rectification may be
ascertained. These studies reveal that no possible combination would
be as economical as providing the protection by storage alone.
~ 58. Flood control plan.—Of the proposed storage sttes, the Eagle
Gorge site is cheapest in cost and is the only one situated far enough
upstream so that it may serve the combined purposes of flood control

1 Not printed.
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and storage for municipal water supply, irrigation, and conservation.
The site is suitable for construction of a gravity concrete dam.
The site may also be suitable for an arch dam, but further extensive -
foundation explorations are necessary before a definite decision can
be made. o o - :
- 59. Site description—The dam site lies in a narrow rock gorge .
which presents 'no unusual foundation or abutment problems for the
construction of a concrete gravity dam. --An old river channel filled
with glacial debris lies: back of the right abutment. 'Subsurface
investigation has shown that leakage through that channel would be
negligible and could be readily controlled. - The reservoir area lies
within the Tacoma municipal watershed, in which no economic
development other than the Northern Pacific Railway and a few
logging camps has taken place. In most places the reservoir walls
are heavily wooded mountain slopes. Cost estimates for the plan
include relocation of 12 miles of the railroad and realinement of two
power transmission lines in the reservoir area. : - .

60. The dam site is near the western extremity of the mountainous
portion of the basin, and receives the drainage from an area of 225
square miles. :It is within this mountainous section that high rainfall
intensities occur during storms and it is also the area that usually
contributes melting snow to the flood run-off. -The proposed reser-
voir is therefore located at a place where it can control floodwaters
from the principal flood-producing area of the entire drainage basin.

61. Relocations required.—The main line of the Northern Pacific
Railway traverses the entire reservoir area and its relocation consti-
tutes one of the principal problems involved in the proposed project.
Careful field investigations have revealed that the railroad can be so
relocated as to pass over a dam having its spillway crest at elevation
1,205 feet without materially increasing the length of the present line
or changing its ruling grade. _ v

62. A dam with spillway crest at elevation 1,205 is proposed for
construction. : Such a dam would create a reservoir with capacity of
106,000 acre-feet, which is more than three times the storage needed to, ~ |
control the greatest flood of record. The proposed storage would give' _*
complete protection from the standard project flood by reducing its
crest discharge of 65,000 second-feet to the safe capacity of the exist-
ing'channel. v im0 T . » o

63. Geology.—Eagle Gorge dam site lies within the northern Cas-
cade section of the .Sierra-Cascade physiographic province. -The
present river is apparently flowing in its own stream-cut valley that
was modified by local glaciation and by continental glaciation. ..The
valley glaciation broadened and modified the slopes of the lower
valley walls, removing the spurs that projected in the valley to give
the valley a sinuous course. “The first of the continental ice sheets
formed a lake within the valley and the marginal drainage from the ice
built a large delta into this lake, in the valley of the present North 1
Fork. -The river found a new outlet over a low divide into its present
valley below the mouth of the North Fork. A tongue of the last

SRR o continental ice moved up the valley and deposited an end moraine i
L L e L oy across the valley at the site. Many remnants of lateral moraines
o : ' o remain along the valley walls downstream from the site. Since dis-
appearance of the ice, the river has cut down in the location which was
accidentally imparted to it by the topography of the end moraine.

»~
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The river at the site is cut through a rock spur that extends from the
south valley side. Around the north end of this spur the interglacial
channel is now filled with glacial debris consisting of glacial till, dump
moraine, stream-deposited gravel, and sand, and about 15 feet of lake
silt. The interglacial channel had been eroded along a fault zone to a
depth of 100 feet below the existing bedrock floor of the river. Thus
the dam site has excellent rock foundation and abutments, but the
right reservoir wall has this interglacial channel which may allow some
seepage around the rock of the right abutment. S :

64. The rock at the site consists of Miocene volcanics of tuff and
agglomerate with a tuffaceous matrix, with blocks and pebbles of tuff
imbedded in it. ‘There are also certain zones of & hard basic andesite.
These may be blocks measured in feet or zones measured in hundreds of
feet. The exact relationships have not been worked out and the over-
all structure is not apparent. The rock is soft, but tough and resist-
ant to abrasion and will make an excellent foundation for the proposed
dam and appurtenant works. . ‘ » o

65. Dam and control works.—To provide desirable flow characteris-
tics in the spillway, the dam has been slightly curved in plan. The
length along the crest is 700 feet; at the bottom, 100 feet. The un-
* gated spillway has been designed to pass a flood of 145,000 second-feet,
the spillway-design flood, assuming that the outlet works had become
blocked and that the reservoir was filled to the spillway crest at the
beginning of the flood. . The derivation of the spillway-design flood is
given in the appendix.! Flood routings indicate a maximum surcharge
of 25 feet in the reservoir to pass the spillway-design flood. The outlet
works consist of a 20-foot-diameter concrete-lined tunnel. At its
downstream end are three 102-inch Howell-Bunger type regulating
valves which will permit passage of bankfull flows during early phases
of a storm so that most of the reservoir capacity will remain to store
crest flows. At the upstream end of the tunnel is a tractor-type
guard gate with an accessory control tower and trashracks. The lay-
out of Eagle Gorge Dam is shown of drawing E-12-7-68 accompanying
this report, and further detalls and discussion are given in the
appendix.! , ~

66. Multiple-purpose features of Eagle Gorge Dam and Reservoir.—
The proposed dam and reservoir is ideally suited for use in connection
with flood control, municipal water supply, irrigation and conserva-
tion. All of these uses are not immediately required, but it appears
reasonable that within the economic life of the project all available
storage for use in augmenting the summer low-water flow will be re-
quired. = Stream-flow characteristics of Cascade Mountain streams are
such that the same reservoir can be used for winter flood control and
as a source of storage for summer water uses. In the Green River
Basin the flood season extends from November until March, the
largest floods occurring in either November or December. = Most of
the eannual precipitation occurs during the winter months, the sum-
mer precipitation, from May to October, being very little.

67. Flood control—The use of Eagle Gorge Reservoir for flood
control will require reservation of the entire storage from the 1st of
November to the 1st of March to detain possible flood flows. Fol-
lowing the end of the flood season, the spring run-off could be stored
for release during the dry season in the interest of other uses discussed
in the following paragraphs.

1 Not printed.
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¢ 68. Water supply for fisheries—Green River fish have considerable
importance for both commercial and sports purposes. Under exist-
ing conditions, summer stream flow sometimes becomes so small that
the fish population, i. e., returning salmon and steelhead, growing
fingerlings, and resident trout, suffer substantial mortality. This
-condition 1s aggravated by pollution resulting from sewage and in-
dustrial water in the valley downstream from Auburn. The Wash-
ington State Department of Fisheries and the United States Fish
and Wildlife Service have studied the problem in detail, and ‘the
Fish and Wildlife Service has estimated the monetary benefits to
fish life if the present low flows were augmented. The proposed
reservoir has sufficient storage to supply continuously at least 110
second-feet from March until September in the driest year of record
without interfering with its use for flood ¢ontrol. : S

- 69. Municipal water supply.—The city of Tacoma obtains a major
portion of its municipal water supply from Green River, the intake
structure for the supply line being only 3 miles downstream from the
proposed Eagle Gorge Dam. Tacoma acquired the rights to 100
second-feet prior to adoption of the State water code in 1917. On
February 7, 1933, the city filed an application with the State super-
visor of hydraulics for authority to appropriate an additional j100
second-feet at the city’s present diversion dam. Several objections
were thereupon filed with the supervisor, and at this date the State
has taken no action in the matter. It is understood that the appli-
cation was filed by the city merely to protect its interests against
any appropriation for downstream power development. To divert
this additional water will require construction of & second pipe line
to Tacoma, 2 distance of 28 miles. The city also obtains a part of
its water supply from wells in the gravelly soil on which part of the
city is located. This underground supply has not yet been fully
tapped, and water department officials state that the next expansion
of the supply system will be by wells. No exact estimate can be made
of the time when the maximum permissible withdrawals from the
underground system will be reached. - From the indefinite data avail-
able, 1t is believed that further diversion for water supply from Green
River will not be required for at least another 10 to 20 years..
© 70. Irrigation.—~In western Washington, crop production can be
materielly increased by supplemental irrigation during the dry sum-
mer months. - Distribution of water to the fields is usually by sprink-

* - lers; and wherever possible, water is pumped directly from & river or

creek. - Nearly 100 permits have been issued by the State of Wash-
ington for diversion of water for irrigation in the Green River Valley.
This type of irrigation is increasing each year; and if additional water
becomes available, it is believed that the practice will become wide-
spread. The valley is relatively narrow and the river has a sinuous
- course through it so that direct pumping from the river appears
practicable for the entire valley. " «* +° - R
71. The United States Bureau of Reclamation has'made a study of
irrigation possibilities in Green River Valley. " The results of the
study are given in an unpublished report dated June 1944. The report
indicates that the farmers cannot afford to pay for an over-all dis-
tribution system, and therefore that an irrigation project as ordinarily
provided under the Federal reclamation laws cannot be considered.
By letter dated April 25, 1947, the regional director, region I, Bureau
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of Reclamation, advised that ‘ Although restudy might show a change
in the annual benefits to be expected from irrigation, the figures pre-
sented in our earlier repoxt erlesent the closest applo\lmmtlon we
can offer at this time.
72. Allocation of water to various users.—The storage space in the
proposed Eagle Gorge Reservoir can be used for two purposes for

which a definite pr esent need exists and for which reasonable estimates

of benefits can be made. - These two purposes are first, flood control,
and second, conservation by providing an augmented low water
supply for the preservation of fish life. In addition to these uses,

it is believed that at some undetermined time in the future, water

which can be stored in the reservoir will be required for municipal

water supply, abatement of pollution and irrigatiori. These last uses

are indefinite and are .not sufficiently far advanced to permit any
reasonable estimate of benefits that might be used for project justifi-
cation or allocation of cost. '

73. The prlmary purpose of the proposed project is flood contr ol
and the project works can be economically justified by the: resultmcr
flood-contr o% and conservation benefits alone. In view of the uncer-
tainties of future water-supply and irrigation requirements, benefits

‘therefrom have not-been considered in the project economics, but

provision for their ultimate need has been made. At such time as the
city of Tacoma may require stored water, it could be made available
after determination of a reasonable fee by the Secretary of the Army
and in accordance with the policy set forth in section 6 of the Flood

Control Act approved December 22, 1944. Similarly the use of

stored water for irrigation could be prov1ded upon payment of a
reasonable fee to the United States under some temporary plan in
conjunction with the Washington State Department of Conservation
and Development until such time as the region may become organized
for irrigation development under the Federal reclamation law,

74. At present, water rights on Green River are subject to the
limitations of natural flows and the priority of other rights. With
the storage plen proposed in this report the United States would not
be obligated to supply the requirements of any existing water right

“other than to always release, during periods of low ﬂow at least the

amount of natural inflow into the reservoir.

75. Power.—Development of power at the Eagle Gorge site has not
been favorably considered because operation of the reservoir for its
primary purpose of flood control eliminates the possibility of storage
for power when it is most needed. The season of the year when in-
creased generating facilities are needed coincides with the flood period
when the reservoir must be kept émpty, or emptied as soon as possible
if filled by flood waters, and therefore it is not feasible to combine
production of electrical energy with the flood-control project proposed
in this report. Because of the problems involved in the railroad
relocation, it is not feasible to increase the height of the dam and
thereby provide additional storage for maintaining a conservation
pool to supply head for the generation of power.

76. Recreational development of the reservoir area.—No plans for rec-
reational development of the reservoir area are presented. The res-
ervoir lies entirely within the watershed area of the Tacoma municipal
water-supply system and it is certain that the city would protest any
development that might lead to contamination of the water supply.
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Furthermore, the Puget Sound region is well supplied with numerous
Iresh-water lakes that have permanent pools and that are much more
readily accessible to the metropolitan arca than would be the Eagle
Gorge Reservoir, and it appears, therefore, that recreational facilities
at the reservoir are not needed. - -

77. Estimate of project first cost.—Estimates of cost of Eagle Gorge
Dam and Reservoir follow. -Details of the estimate are given in the
appendix.! The costs are based on 1947 prices and include overhead,

engineering, and contingencies. - -

Estimate of project first cost: i R : T
Dam and appurtenances__.______________________ $11, 300, 000

Relocations____._____________ [ - TTmTmmmmmmmmTTmT . 6, 900, 000
Reservoir lands_...____________ S S - 100, 000
Total ___.___________._____ e 18, 300, 000

78. Estimate of project annual charges.—The annual charges for the
proposed dam and reservoir are computed as 'follows; : ' :

Federal investment: o o i
Total project first eost_ _ - _ - .- 1 o T S $18, 300, 000

Interest during construction (3 percent of $18,300,000 for 114
Loyears). .o ___ . _.___._ o e e e e e e e o 823, 500
Total, Federal investment.______________________""°" © 19, 123, 500

Federal annual earrying charges: : . »

Interest at 3 percent on $19,123,500. . _._____ . ________ . 573, 705
Amortization of investment (50-year life at 3 percent on :
819,123,500y __._______._.___ " _________ T 169, 434
Operation and maintenance._____________________ " 7"""" 80,000
Total, Federal annual carrying charges___________________ 823, 139

If $2,000,000 of the first cost was borne by local interests, the total
annual carrying charge would be $831,658 owing to the interest rate
of 3% percent applied to non-Federal costs. :

79. Benefits of the flood-control plan.—Benefits to be realized from
the project include prevention of flood damages, increased crop re-
turns from change in land use resulting from removal of the flood
threat, prevention of loss of fish life, provision of storage for water
supply and irrigation, and aid in industrial expansion. "As previously
discussed, a monetary value of benefits can be derived only for flood
control and benefits to fish life. Intangible flood-control benefits
such as preventing loss of life, removing the dangers of isolation and
exposure, and eliminating the possible contamination of well-water
supplies are very important but cannot be reduced to monetary terms.
Contrary to popular opinion, adequate domestic and industrial water
supplies in western Washington during the dry season may in the
foreseeable future become critical if the present rate of increase in
population and economic development continues. _ S

80. Flood damages prevented—On the basis of the appraisal of
damages from the floods of 1933 and 1946, both reduced to present-day
values, there has been prepared a curve relating river discharge -to
resulting damage. Another curve, relating damage to frequency of
occurrence, was prepared on the basis of stream-flow records of Green
River and adjacent streams and of a study of the hydrological char-
acteristics of the basin. Average annual flood damages have been
computed from the damage-frequency curve and the annual flood
damages that can be prevented by the proposed project amount to

. 1 Not printed.
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$429,000. This figure takes into account the anticipated normal in-
crease in population and economic development that would occur if
flood control were not provided. The annual flood-damage benefit
has been computed on the basis of excluding damage from more than
one flood a year as additional damage caused by more than one flood
occurring during the same flood season is slight. -~ - -~ s

81. Increased returns from change in land use.—If the lands in the
Green River Valley were freed from the threat of recurrent flooding,
it is probable that they would be converted at a rapid rate from their
present use to the production of higher-value crops and to sites for
industrial plants. Soil and climatic conditions in the valley are
favorable to the production of truck, berry, and bulb crops, but the
landowners are reluctant to make the necessary heavy investment in
soil preparation, seed, fertilizer, and equipment required to grow such
crops when that investment 1s liable to heavy damage by floods.
The effect of freedom from flooding on land use, and hence on land
values, is exemplified in the adjacent Puyallup Valley where climatic
and soil conditions are similar to these in the Green Valley, but which
is protected from flooding by Mud Mountain Dam. Land values in
the Puyallup Valley are generally about 165 percent of those in the
Green River Valley. .. -~ . .00 o0 C
- 82. In connection with the appraisals of flood damages, data were
assembled on present land use and present farm income. Compari-
sons were then made with present land use in similar valleys where
flooding is not common and an estimate made of the probable future
use of Green River Valley lands if flood control were provided. De-
tails of the anticipated change in land use are given in the appendix.}
Of the 17,600 acres of usable land in the valley bottom it is expected
that 9,600 acres will remain in agricultural use and thrt 8,000 acres
will, in the next 50 years, become industrial and urban property.
Much of the 9,600 acres of agricultural land will be converted to
higher-priced crops, for instance, pasture land to truck crops, thus
giving an enhancement benefit creditable to the proposed project.
Based on reasonable rates of conversion and farm incomes the net
annual benefit from increased crop production is estimated to be
$214,000. ¢ o oot e e

83. Change of 8,000 acres of farm lands in the Green River Valley
to industrial use within the economic life of the project has been
estimated by a local committee of engineers and industrial real-estate
representatives. - The estimate appears reasonable in light of Seattle’s
previous growth and the expected expansion from development of
Pacific Northwest hydroelectric power resources. - Although flood
protection is one of the prime requisites of this conversion, before the
land can be so used the river channel must be straightened and new
streets, utilities, and bridges must be provided by local interests.
Because of these other necessary expenditures all of the anticipated
land-enhancement values cannot be credited to flood control. Based
on existing industrial land values and reasonable rates of conversion,
it is estimated that the annual benefit, which can be credited to flood
control, amounts to $191,000. : :

84. Benefit to fish life—Studies by the United States Fish and
Wildlife Service and the State of Washington Department of Fisheries
show that migratory fish life is endangered by inadequate summer

1 Not printed.
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flows. The Fish and Wildlife Servico has estimated that an annual

’ benefit of $59,000 a year may be-expected if an adequate summer

water supply were assured. ' ‘ : B
85. Total annual benefit.—Tabulated below are the benefits for

which monetary values were determined. ‘This total-benefit figure.

represents only a part of all benefits that may reasonably be expected -

to accrue from the proposed project. ' ‘ R

Summary of benefits: = o Ts o T :

Prevention of tangible flood damages____ _______ el Ceolecceen $429, 000

Increased returns from agricultural land___:___________________ 214, 000
Increased returns from industrial land____.__._ . _____________ 191, 000
‘Fisheries benefit._:______ S R S . 59, 000

Total, annual monetafy beneﬁt.’;_;-_;_;_ R 893, 000

86. The total annual carrying chargés of the proposed project have
previously been shown to be $323,139." As the total annual monetary
benefit is $893,000, the ratio of tangible benefits to project cosfs
becomes 1.08 to 1.0, and the project is justified without considering
the intangible benefits. S e e C

87. Local cooperation.—Of the total estimated annual benefits of
$893,000, a substantial portion, ér $405,000, is for increased return
from protected land, This increased return is -considered to be &
direct benefit to present owners of the land and is believed sufficiently
important to warrant consideration of a substantial local contribution
toward the first cost of the project. : The matter of local contribution
has been discussed with local interests and assurances have been
received from the Department of Conservation and Development of
the State of VW ashington that, subject to legislative approval, it will
participate in the cost of the project in the sum of $2,000,000. This
1s considered the minimum contribution from local interests that will
fulfill the requirements of local cooperation C ’

III. NAVIGATION

88. Improvement desired.—At the public hearing held in Seattle on | -
February 27, 1947, requests were presented for the extension of \ -
Duwamish waterway upstream to the vicinity of Black River to
provide a depth of 15 feet at mean lower low water, so as to permit
barge navigation to the potential industrial sites adjacent to Duwam-
ish River. Improvement to accommodate deep-draft vessels was
not suggested at the hearing, but subsequently representatives of the
Seattle Port Commission and the Seattle Chamber of Commerce
indicated that expansion of the industrial area might require a ship
channel at some future time, and requested that any present planning
take that ultimate development into consideration. No modification
of the existing project for Duwamish waterway, other than its exten-
sion, has been suggested. - R ‘ o

89. Difficulties attending nawvigation.—The improved channel of
Duwamish waterway is adequate in depth and width to accommodate,
with safety, present and reasonably prospective commerce. The
channel has a good alinement and is not subject to excessive winds or
: ST e LT currents.” Upstream from the improved section, however, the river
e D T e is s}mllow and winding and is unsuitable for navigation by any type of
: o : craft. _

*
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90. Considerable discussion at the public hearing was devoted to
, the need for additional industrial sites in the Seattle area. Data
were presented showing that the only unoccupied sites were in the
vicinity of Duwamish waterway; that at the present rate of industrial
expansion these sites would be utilized within the next 3 to 5 years;
and that the need for additional industrial land would then be acute,
It was stated that future expansion could take place only up the valley
of Duwamish River. Adjacent to theriver, from the head of Duwam-
ish waterway to Black River, is an area of approximately 1,000 acres
of level land, served by all of the railroads reaching Seattle, but subject
to flooding, and divided by the meandering river channel into tracts
unsuitable in size and shape to industrial use. - '~
~ 91. The conversion of the lower Duwamish River Valley from its
present use for farms, residential communities, and a golf course to
industrial use will require prevention of periodic flooding and the
straightening of the river channel so that an adequate system of roads,
railroad spurs, and utilities can -be provided. The flood-control
project as set forth herein will, if constructed, prevent this periodic
flooding. Straightening of the channel could be accomplished by local
interests as a necessary part of the work of providing additional land
for industrial use, and Federal participation in the cost of sueh ¢channel
work could be justified only if a need for navigation of that channel
were shown. ' At the present time no concrete plans for industrial use
of the area are known and, accordingly, no estimate of the potential
water-borne commerce to be anticipated from future industries can
now be made. e o o : .

92. Plan of improvement.—In view of the uncertainties regarding
the amount or kind of commerce that may develop in the future on the
lower Duwamish River, no plan for improvement of the river is pro-
posed at this time. The map accompanying this report, however,
shows the alinement of a rectified channel which has been proposed by
various local interests, and for which a cost estimate has been prepared
by this office. The cost estimate, based on 1947 costs, is as follows:
Barge channel, 15 feet deep at mean lower low water, 150-foot bot~ ’

.. tom width: | e : N . . ’
< Channel excavation___. ..l _ - . __l______.l_ Lol ... 87,572,000
_ Bridge changes____ S S L SRS 1, 082, 000
.. Rights-of-way._.______ emmmmiee- 470, 000

" Total, barge channel «o..-oooo_lo_o___ .o.io_..__.il.. 9,124,000
To enlarge the barge channel to a ship channel having a depth of 30
feet at mean lower low water and a 200-foot bottom width would
involve additional cost as follows: .y o= - A Ceee
Channel exeavation. ... .. Lol L llUll_o__lli_zl.__. $20,210, 000

Bridge changes__ . ______.... S S PP 'wew 7,190,000
Rights-of-way . el maed emmmemmmceeae . 875, 000

Total additional for ship channel_..___ . /___.._____...__ 28,275,000
. 93. Justification of navigation improvement.—That a barge channel
could be justified by barge traffic alone is questionable. Short-haul
barge shipments downstream to ships in Elliott Bay would have to
compete with truck and rail transshipments. Since the haul is not

long, 7 to 10 miles, the rate differential between barge and other types
of transportation would not be large. Except for local Puget Sound

-
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trafic and shipments to Alaska, the export cargo from Seattle is
handled mainly by ocean-going ships. Because of long distances over
the open waters of the Pacific, coastwise barge shipments are not
usually feasible. Therefore, the only type of barge traffic that might
make use of a waterway would be largely local, and resulting benefits
owing to saving in freight rates would be small. ‘

94. That a ship channel could be justified at the present time is out
of the question. However, if the arca becomes highly developed with
industries making large amounts of exports, ship navigation may be
very important. Therefore, planning at this time for any type of
channel rectification in the Duwamish Valley should consider the
possible ultimate construction of a deep-water ship channel. On
December 15, 1047, a public hearing was held in Seattle to inform inter-
ested persons of the basic findings of the navigation study on
Duwamish waterway. When informed that sufficient benefits could
not be found to justify extension of the waterway by the Federal
Government, local interests had no objection to these findings and
offered no additional supporting data to substantiate a navigation
improvement at this time,. ‘

IV. DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

95. Coordination with other agencies—Throughout the course of
this survey other interested agencies, both Federal and local, have
been advised of the progress of the study and have been called upon
for advice and assistance. Such agencies include the Bureau of
Reclamation, the United States Fish and Wildlife Service, the United
States Department of Agriculture, the State of Washington Depart-
ment of Fisheries, the Seattle Chamber of Commerce, and the city
of Seattle Engineering Department. At the public hearing held on
February 27, 1947, various possible plans for providing flood control
were discussed. The only plan upon which all interested parties
could agree was the storage project at Eagle Gorge. This project
supplements the plans of other agencies, particularly the Seattle and
King County groups interested in industrial expansion of the Du-
wamish Valley, and is desired by all interested local agencies, including
those of the city, county and State. = . =~ ’ L

96. The Bureau of Reclamation investigations, previously cited,
have shown that a Federal reclamation project is not presently war-
ranted, but it is reasonable to assume that if later study should show
the need for a Federal irrigation project the available storage in Eagle
Gorge would be welcomed. Both the United States Fish and Wildhife
Service and the Washington State Department of Fisheries have indi-
cated the desirability of constructing a dam at Eagle Gorge where no
harm will be done to spawning areas and where a further benefit to
fish life will be realized from increased summer flows. The city of
Seattle Board of Public Works and the Seattle Chamber of Commerce
have expressed their views that construction of the proposed project
is necessary for the protection of agricultural lands and development
of additional industrial sites. C

97. Discussion.—It has been shown herein that the valley of Green
River is subject to frequent flooding that results in large damages to
existing improvements and inhibits the full development of & poten-
tially rich agricultural and industrial area; that of the various plans

EalN
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proposed for flood control, only the project for a dam and reservoir
at Eagle Gorge can furnish the necessary protection at a cost justified
“ by the resultln« benefits and only that project is supported by the
various State, county, and local interests. Since part of the project
benefits will be derived from increased return from protected land, it
has been considered appropriate to ask that local interests give assur-
ances of participation in the initial cost of the project. “Such dis-
cussions have resulted in receiving assurances that, subject to legisla-
tive approval of the State of W%\hmgton local interests will contrib--
ute the sum of §2,000,000 toward the first cost of the project. The
proposed Eagle Gorge project will not adversely affect any plan by
other Federal or local agencies for the development of agriculture,
industry, communications, and fisheries.

98. For convenient reference, there is recapltulated in table 5 the
qahent features of the project.

TarLe 5.—7Eagle Gorge Dam site—pertinent data
anary WS oo it—ieee———_—___.- Flood control. .

Secondary uses... Augmented summer flows, irriga-
R tion, water supply.

Drainage area_ L. ..l .l oo loeooo. 225 sq usre miles. :
Mean annual run~off_________.___...._._._. 723, 960 acre-feet, 60 3 inches a
square mile.
Discharge: - . o h
Minimum. .. ___.___ e 81 cubic-feet per second.
Mean annual_____ e —mm— 1,000 cubic-feet per second.
"Maximum of recerd near Palmer_.____._ 23,200 cubic-feet per second.
Standard projec: flood near Auburn..____ 65,000 cubic-feet per seeond.
Spillway design flcod (outflow). oo 145,000 cubic-feet per second.
Bankfull capacnv (Auburn)eeoo .. ____ 12,000 cubic-feet per second.
Reservoir:
Pool elevation: e s
Minimum . - oo e 1,010 (spproximate)
Spillway erest___________________. 1,205.
Maximum. e 1,230.
Tailwater elevation:
Minimum_ ________________ m———m 1,005 (approximate).
Spillway-design flood .. _______.___ 1 0 5.
. Storage to spillway erest__ _ . _______________ 106 000 acre-feet.

Brorage converted to inches on drainage area__ 8. 84 mches
..,mllwa.y Uncontrolled overflow type with .-,

ogee crest. Excavated stilling basin. S
Outlet works: ‘20-foot concrete-lined tunnel. - -

Regulated by 3-102-inch “Howel-Bunger .

valves ab downstream end: -16.5-foot by | -

28.5-foot tractor gate and trash racks at

upstream end., -

99. It has been prewously explained that the request for an exten-
sion of Duwamish waterway was motivated by the desire to create
industrial land rather than by the needs of navigation. These
industrial lands are important to the community, but it does not
appear to be a Federal responsibility to undertake this kind of 2 land-
reclamation project. If at some later time a definite plan for indus-
trial expansion requiring a navigable channel is presented. further
corsideration of a Federal navigation project would be justified. An
important requirement for these potential industrial lands is flood
control, and if the flood-control project proposed in this report is
adopted the Federal Government will have made a valuable con-
tribution to the industrial development of the Duwamish Valley.
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100. The need for protection of the diminishing fish resources in
the Puget Sound area is vital. The fish runs in Green River are an
important part of the Puget Sound fishery, and those Green River
runs are threatened by pollution resulting from an insufficient water,
supply in the summer months. The proposed storage plan would
provide increased flows of sufficient magnitude to maintain fish life
and possibly permit an increase in the present fish population.

101. Conclusion.—In view of the foregoing it is concluded that:

(@) The construction of a multiple-purpose reservoir project at Eagle Gorge as
outlined in the preceding pages will provide the best plan of development of the
Green River Basin in the interests of flood-control, fish conservation, pollution
abatement, domestic water supply, irrigation, and industrial expansion.

--(b) The project is economically justified in that the annual benefits exceed
the annual costs. .

+ (¢) Local benefits resulting from construction of the project warrant substantial
local contribution toward its first cost. . .

(d) No justification for any modification of the existing project for navigation
in Duwamish waterway exists at this time. » v

102. Recommendations.—I therefore recommend adoption of the
Eagle Gorge project substantially -as set forth herein, with the first
cost estimated at $18,300,000 for construction  and "with $80,000
annually thereafter for operation and maintenance by the United
States, subject to a substantial contribution from local interests
toward the first -cost of its construction. ) .

103. I further recommend that no modification for extension of the
existing navigation project for Duwamish waterway be adopted at

this time. - : : v
. i ‘ S - L. H. Hewrrr,
: © " Colonel, Corps of Engineers,
District Enginer.

[Firs féndbfsehiéﬂt] o
‘Orricg, Division ENGINEER,

. ..Nortr Pacrric Divisiox,
" weere-—---.Corprs OF ENGINEERS,
.. .7 "Portland, Oreg., March 5, 1948.
To: The Chief of Engineers, United States Army, Washington, D. C. -
I concur in the recommendations of the district engineer that flood
control of the Green and Duwamish Rivers be provided substantially
as set forth in the report and that no modification or extension of the
existing navigation project for Duwamish waterway be adopted at
this time. - v T ’ '
S e ‘"Taerox D. WEAVER,
Colonel, Corps of Engineers,
: - Dhwision Engineer.
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