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DEPARTMENT OF THE ARMY
CORPS OF ENGINEERS, NORTHWESTERN DIVISION
PO BOX 2870
PORTLAND OR 97208-2870

REPLY TO
ATTENTION OF

July 28, 2017
CENWD-PDW

MEMORANDUM FOR: Lance Helwig, Chief, CENWP-EC
SUBJECT: Approval of Willamette Drought Contingency Plan
Thank you for responding to our comments on your submission of the Willamette Drought

Contingency Plan. You have done an excellent job addressing our concerns, and the plan is
approved. Please contact Ron Malmgren (503) 808-3975, if you have any further questions

regarding this subject.
— y b}

STEVEN B. BARTON, P.E.
Chief, Columbia Basin Water
Management Division

CF:

CENWD-PDW-R (Ammann)
CENWD-PDW-H (Proctor, Malmgren)
CENWP-EC-H (Hart)



DEPARTMENT OF THE ARMY
CORPS OF ENGINEERS, NORTHWESTERN DIVISION
PO BOX 2870
PORTLAND OR 97208-2870

REPLY TQ
ATTENTIGN OF

CENWD-PDW 12 October 2016

MEMORANDUM FOR Lance A. Helwig, Chief, Engineering & Construction Division

SUBJECT: /-‘:.pproval of Dorena Water Control Manual, 2016 Partial Update

Thank you for responding to our comments on your submission of the Dorena Water
Control Manual, 2016 Partial Update. You have done an excellent job addressing our
comments and this update to the manual. Please contact Ron Malmgren at (503) 808-
3975 if you have any further questions regarding this subject.

e

Steven B. Barton, P.E.
Chief, Columbia Basin Water
Management Division

CF:

CENWD-PDW-R (Ammann)
CENWD-PDW-HP (Proctor, Malmgren)
CENWP-EC-HR (Hart, Low)






NOTICE TO USERS OF THIS MANUAL

Regulations specify that this Water Control Manual be published in loose-leaf form, and only those sections,
or parts thereof, requiring changes will be revised and printed. Therefore, this copy should be preserved in
good condition so that inserts can be made to keep this manual current. Changes to individual pages must
carry the date of revision, which is the Division’s approval date.

Change
No.

Page /
Paragraph /
Section

Statement of Review or Change

Approval Date

Rev.0

Initial Dorena Water Control Manual

Sep 1, 1953

Rev. 1

Table 11

Revised Reservoir Filling Table and added Evacuation
Table

Feb 1970

Rev. 2

Added
Appendix

Added Drought Contingency Plan as Appendix

Sept 1992

Rev. 3!

Revised as
noted.

Added text due to addition of non-federal hydropower project,
minor revision to refill and evacuation table, and contact
information for Regulation Assistance Procedures. The
following changes were made:

1. Notice to Users, Table of Revisions, and Regulation
Assistance Procedures updated

2. Title Page (added revision dates)

3. Table of Contents, all pages

4. Pertinent Data, page viii, add reference to datum

5. Pertinent Data, page x revised, add reference to hydropower
pertinent data

6. Page 1, Section 1-03, add reference to hydropower

7. Page 2, renumbered and revised Section 1-04.a., added 1-
04.b.

8. Page 24, added Section 4-13

9. Page 44, added Section 6-02.1, renumbered/added pages
are 44a, 44b

10. Page 79, revised Section 8-20

11. Page 85, added Section 9-09.1

12. Page 87, added Section 9-13.1

13. Page 88, added Section 9-15.1

14. Table 9 replaced, RO Rating, shows gate restrictions
15. Table 11 renumbered and minor revision noted on table,
now Table 11a and Table 11b

16. Exhibit A, Drought Contingency Plan labeled Exhibit A by
coversheet

17. Exhibit B added, Hydropower Project Addendum

18. Exhibit C added, Hydropower Project Sub-Agreement
19. Plate 1, Organization Schematic updated

20. Plate 5, Figure 5, added note no. 4. on gate restrictions
21. Plate 22 added, General Layout of Hydropower Facility

Oct 12, 2016

Rev. 2

Replaced
Appendix A

Comprehensive Update of the Drought Contingency Plan

July 28, 2017

CENWD Approval July 28, 2017




EMERGENCY REGULATION ASSISTANCE PROCEDURES

In the event that unusual conditions arise during duty hours, contact between Willamette Valley Project staff
and Reservoir Regulation and Water Quality staff (CENWP-EC-HR) can be made by calling the CENWP-
EC-HR phone line at (503) 808-4896. If CENWP-EC-HR is unstaffed, further assistance can be achieved by
contacting (in the order listed) one of the following persons assigned to be on call during non-duty hours:

1. Willamette Basin Regulator 5. Chief, Reservoir Regulation and Water Quality Section
Work (503) 808-4960 Work (503) 808-4887
Cell (503) 819-9823 Cell (503) 819-4189
2. Backup Regulator 6. Willamette Valley Control Room, Lookout Point Dam
Work (503) 808-4869 (541) 937-9072
Cell (503) 927-4642 (541) 937-2131x0
Cell (541) 514-5623
3. Backup Regulator Satellite (480) 768-2500
Work (503) 808-4891 8816-2242-1180

Cell (503) 475-2492

4. Backup Regulator
Work (503) 808-4967
Cell (503) 318-3524

In addition, the list of staff on call during non-duty hours is updated about once a week, and is provided in the
after-hours call list provided through the Columbia Basin Telecommunications link at:

http://nwp-wmlocal2.nwp.usace.army.mil/nwp/schedules/www/Portland_District Weekend_Duty_List

CENWD Approval July 28, 2017
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Note: The Dorena Project was built on the mean sea level (msl) datum which is equivalent to NGVD29. For the purpose of
this water control manual, the msl (NGVD29) datum is used for all elevations. At this time, the current nationwide vertical
datum is NAVDS88, however it is recognized that the project relies heavily on the msl (NGVD29) for all operations,
therefore, the msl (NGVD29) datum will continue to be used. For information purposes, the NGVD29 datum is 3.81 feet
lower than the NAVDS88 datum for the Dorena Project.

DORENA DAM AND RESERVOIR

PERTINENT DATA

l, General

Stream Row River
76
River Mile “r5
Drainage area 265 square miles
Type of dam Earth fill with concrete spillwmy

2. Reservoir

Elevation:
Minimum consé;vation pool 77045 msl
Maximum conservation pool 832,0 msl
Full pool (spillway crest) 835,0 msl
Maximum pool 860,0 msl
Storage:
Minimum conservation pool 7,000 acre-feet (0,50 inches)
Meximum conservation pool 71,900 acré—feet (5,09 inches)
Full pool (spillwey crest) 77,500 acre-feet (5.9 inches)
Maximum pool 131,000 acre-feet (9,26 inches)
Flood control storage 70,500 acre-feet (5.00 inches)
Area:
Minimum conservation pool 500 acres
Maximum conservation pool 1,770 acres
Full pool (spillway crest) 1,835 acres
Vaximum pool 2,325 acrss

viii
Revised October 12, 2016
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Earth f111 dam

Length of crest
Elsvation of crest
Width of crest
Maximum height

Freeboard above maximum pool

Spillway

Type

Length of crest
Elevation of crest
Capacity at maximum pool

Stilling basin

Outlets

Number

Type of gats
Size

Invert elavetion

Capacity at min.cons.,.
pool (all gates open)

Capacity at full pool
(all gates open)

ix

2,600 feet
865.7 msl
23 feet
1L5 feet

5.7 feet

Uncontrolled, concrete,
gravity, ogee

200 fset

835 msl

97,500 second-feet

Baffles and step-up

5
Slide, hydraulicelly opsrated

5 feet x 6 feet

739 msl
5,110 second-feet

9,275 second-feet



6., Floods

Spillvey design flood:

Peak inflow 110,500 second=feet
Peak outflow 97,500 second-fset
Volime (6 days) 228,000 acre-feet
Volume (% days) 16.13 inchas

Maximum historical flood:
Date of flood peak Tecember 2, 1861
Peak inflow (sstimsted) 28,000 sscond-feet

Volume (7 days incl, base flow) 197,000 acre-feet

Volume (7 days incl,. base flow) 13.9L inches

Maximm recorded floods, Flood of Dec. Flood of
comparative data: 19,,2-Jan 1943 Dec.1945
Peak inflow in second=-fest 20, 000 21,000
Volime (incl, besa flow) acre-2t. 130, 500 62, 000
Volume (incl. bass flow) inches 9.23 1139
Duration of flood in days 7 L

7. Powerhouse. See Exhibit B, Section 1.0

Revised October 12, 2016
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DORENA RESERVOIR REGULATION MANUAL
SECTION I - INTRODUCTION
1-01. Authority. - Authority for this mamual is contained in
Section 20, Part II, Chapter IV, Orders and Regulations., Instructions
for the preparation of this manual are contained in Part CXXXVI,
Reservoir Regulation, Engineering Mamal, Civil Works Construction.

1-02, Purpose and scope of mamual. - Purpose of this manual is

to present detailed information pertinent to the regulation of Dorena
Reservoir. It contains historical, descriptive, organizational, and
other pertinent data, as well as an explanation of the plan of oper=~
ation., Information necessary for coordinated regulation of Dorena
and Cottage Grove Reservoirs is also included.

1-C3. Project purpose. - Dorena Dam and Reservoir comprise one

unit in the comprehensive plan for the coordinated development and
utilization of the water resources of the Willamette River Basin.
The primary objective of Dorena project is flood control. Other in-
terests which benefit from operation of the project include irriga-

tion, fish life, navigation, stream purification, and recreation.

The addition of a non-federal hydropower plant, which began operations in
December of 2014, now provides power benefits.

1-04, Revisions to reservoir regulation mamial. - Changes in

and revisions of this mamual, as may be required, will be made by
the Reservoir Regulation Subsection of the Portland District. Changes

will be made for the purpose of improving reservoir regulation tech-

Revised October 12, 2016



nique or when developments occur which necessitate revision of the information and data
presented in this manual. Any changes in the reservoir regulation plan that affect the authorized
functions of the reservoirs or otherwise constituted major changes in the approved regulation
plan, will be submitted through the Northwestern Division (formerly North Pacific Division)
office, Chief of Engineers, for prior approval. Whenever revisions are made, new pages
containing the revised material will be printed and issued to each new person or office having a
copy of this manual. Revised pages will show the date of revision.

a. Drought Contingency Plan. A drought contingency plan was added as an appendix to
the manual in September 1992 to meet the requirements of ER 1110-2-1941, “Drought
Contingency Plans”, dated 15 September 1981. The appendix is included as Exhibit A.

b. Dorena Hydropower Project. In 2016, information related to the Dorena Hydropower
Project was incorporated into this water control manual. In October, 2008, the Federal Energy
Regulatory Commission issued a license to construct, operate and maintain a hydropower project
at Dorena Dam, identified as the Federal Energy Regulatory Commission (FERC) Project No.
11945-001. The FERC License is the official authorization for the facility, and the hydro project
must remain in compliance with the FERC License. The non-federal hydropower project was
installed and operations began in December of 2014. The FERC licensee and owner of the
Hydropower Project as of 2016 is Dorena Hydro, LLC. The operator of the Hydropower Project
is designated by the Licensee.

1) The document, Dorena Lake Dam Hydroelectric Project FERC No. 11945,
Addendum to the Water Control Manual, prepared by the Northwest Power Services, Inc., dated
November 5", 2013, and updated October 3", 2016 by Dorena Hydro LLC or their
representative in coordination with the USACE, is provided in Exhibit B and was written to be
used as an addendum to this water control manual. The document provides pertinent data of the
Hydropower Project, safety and operations emergency contact information, a description of the
project, data collection and communication networks information for related gages, and
describes how the Hydropower Project operator coordinates operations with the USACE.

2) In addition, Dorena Hydro LLC and the Unites States of America, acting by
and through the USACE represented by the Portland District, Corps of Engineers, have entered
into a Sub-Agreement addressing access, operations and maintenance of the Dorena Hydropower
Project. The Sub-Agreement was implemented in December 2014 and is provided in Exhibit C.

3) The Dorena Hydroelectric Project, Operations and Maintenance Manual
(Hydropower Project O&M Manual), prepared by Dorena Hydro, LLC, is another related
document that is intended to provide direction and guidance to operating personnel in the day-to-
day operation and maintenance of the Hydropower Project. It is a living document that provides
water management guidelines for environmental compliance (provided in Section 5 of that
document). For environmental compliance, the project operates under the FERC License, Clean
Water Act permit from the USACE, state-issued 401 water quality certification, Oregon Water
Rights, and other state and local permits. Refer to the most recent document for up to date
information. A copy of the document is located in Portland District Reservoir Regulation &
Water Quality Section (CENWP-EC-HR).

Revised October 12, 2016



SECTION II - PROJECT HISTORY

2=01l., Flood damage history. - Prior to the construction of

Cottage Grove and Dorena Dams, floods occurring on Row River and
Coast Fork Willamette River caused imundation of up to 16,200 acres
in the Coast Fork Basin and contributed to the imundation of up to
188,400 acres along Willamette River below the Coast Fork. The
Eugene=Springfield industrial area, which has been subjected to many
damaging floods in past years, is the major damage center in the
southern part of Willamette Basin. Downstream from that area, the
cities of Junction City, Harrisburg, Corvallis, Albany, Salem, Oregon
City, and Portland, as well as many smaller communities and inter-
vening agricultural areas, have been damaged by Willamette River floods.
2=02, Properties within the flood plains are valued at approxi-
mately 820,410,000 along Row River and Coast Fork and $336,775,000
along Willamette River. Without control by Cottage Grove and Dorena
projects, average annual damages would amount to $989,100 in the
Coast Fork Basin at 1951 price levels, with developments as surveyed
in 1948. The corresponding average annual damages along the main
Willamette River without any reservoir control are estimated to be
$6,588,600. Flood damages have been appraised for the major floods
which occurred in 1927, 1943, 19L5, and estimated for a repetition of
the 1861 flood and for lesser floods. With 1951 prices and develop-
ments in the flood plain, the damages due to recurrence of those un=

controlled floods would be as follows:



' ‘Row River and !

Year ! Coast Fork '  Willamette River
1861 $2,250,000 843,100,000
1927 800,000 10,850,000
1943 1,2L0,000 11,100,000
1945 1,500,000 1l;, 300,000

2=03, There are numerous floods of smaller magnitude that do
damage, often several times during one year, particularly along
Coast Fork. Operation of Dorena Reservoir is expected to reduce
damages about )2 percent along Coast Fork and has been credited with
a reduction of 2.8 percent in damages along the main stem of Willamette
River. Average anmual flood=-control benefits creditable to Dorena
Reservoir during the first four years of operation, exclusive of con-
servation and other benefits, amount to slightly less than $700,000.
Average annual benefits, based on economic development projected to
1975 but at 1952 prices, are estimated to be $1,278,500,

2-0L. Project authority. - Dorena project, as described in

House Document No. 5LlL, Seventy-fifth Congress, third session, was
authorized by Congress in the Flood Control Act adopted 28 June 1938.
That authorization also provided for Cottage Grove, Fern Ridge,
Detroit, Lookout Point, Quartz Creek, and Sweet Home projects, all in
'~ Willamette River Basin., Plans for the latter two projects have been
abandoned in favor of altermative sites.

2=-05. Principal changes in design. - As authorized by the

Flood Control Act of 1938, Dorena project consisted of a 113-foot high

-L-



earth-fill dam, with a gated concrete gravity spillway in the river
section, to provide total storage space of 71,000 acre-feet, of which
70,000 acre=feet would be usable. The definite project report, dated
1 April 1940, and approved by the Office, Chief of Engineers on L June
1940, modified the original plan in several respects.

2-06, The definite project plan consisted of an earth dam across
the valley floor, with a free-overflow chute spillway of increased
capacity over the rock ledge on the right abutment. The outlet works
consisted of an outlet tower with cylinder-gate control, and a tunnel
discharging into the spillway stilling basin at the base of the spill-
way. The spillway capacity was increased, based on more reliable hydro-
logic data presented in Appendix A, Hydrology Report, to the definite
project report. Changes in engineering policy, as set forth by the
Office, Chief of Engineers, directed that gated spillway should not
be constructed in conjunction with earth-fill dams when used for flood=
control because of operational difficulties which might occur during
flood emergencies, with resultant danger to the earth dam structure.

The definite project studies showed that, because of those revised
criteria and increased requirements, the Dorena site could be developed
more economically with a chute spillway on the right abutment and an
intake tower and tunnel discharge conduit.

2=-07, Hydraulic model studies of the spillway and outlet works
for Dorena Dam were conducted at Bonneville Hydraulic Laboratory,
Bonneville, Oreg., during 1940-L1. The general purpose of the first

model study was to determine by means of a 1 to 50 scale model the



adequacy of the approach channel, the spillway crest, the chute, the
stilling basin, and the outlet works of Dorena Dam as presented in the
definite project report.

2-08, Slides occurring during construction of the relocated high-
way, in materials similar to those forming the left abutment of the
dam, lead to additional investigations and studies of that abutment and
ultimately to relocation of the left end of the dam upstream to a more
stable foundation. The Office, Chief of Engineers requested studies
be made for a side-channel spillway in connection with the relocation
of the left abutment. Results of those studies indicated that a LOO=
foot long side-channel spillway, as recommended by the Office, Chief
of Engineers, would cost about $800,000 more than a chute spillway. A
supplemental report on Dorena Dam and Reservoir which recommended a
new alignment, with a chute-type spillw ay, was submitted to Office,
Chief of Engineers on 2 November 19lli. That change in alignment re=-
duced the useful storage capacity of the reservoir. To maintain the
required 70,000 acre-feet of usable storage, the full pool elevation,
spillway crest, and top of dam were raised 2 feet with the increased
height of dam to be obtained by a parapet wall. This supplemental re-
port and plan was approved by the Office, Chief of Engineers on
15 December 194, except that the proposed parapet wall on the earth
dam was directed to be replaced by additional height of embankment,

2=09, Operation difficulties experienced with the cylinder gates
installed at Fort Peck Dam, Montana, led to further study during the

early part of 1945 in connection with the Dorena outlet design. A re-

«b=



port, subject, "Design of Cylinder Gate, Dorena Dam, Oregon," which
recommended certain modifications and additional modellexperiments,
was submitted to Office, Chief of Engineers on 11 May 1545. The
Office, Chief of Engineers concluded that the spillway and outlet
works should be incorporated in a gravity dam section at the right
abutment with the earth dam enveloping the left end of the gravity
section and suggested a stilling basin design.

2=-10. Plans and specifications for Dorena Dam were completed by
the Seattle District because of the large volume of civil works in the
Portland District. A letter from the Office, Chief of Engineers dated
6 september 1945, subject, "Suggested Stilling Basin Design," was
used as a basis for the preliminary design of Dorena stilling basin.
The spillway crest was designed according to recommendations of
Circular Letter 3281 (Civil Works No. 27) dated 2 September 19LlL.
Authority to conduct hydraulic model studies for Dorena Dam spillway
and stilling basin was granted 18 March 1946. (Final Dwg. DO-212-3.)
The model work was initiated immediately thereafter and data from the
final test were submitted to Office, Chief of Engineers on 22 July
1947. That test, incorporating a sloping stilling basin, formed the
basis of the final design approved by the Office, Chief of Engineers
on 29 August 1947. A revised definite project report was not prepared
for the project.

2=11. The finally adopted project consisted of an earth-fill
dam section from the left abutment across the valley floor to a con-

crete-gravity spillway dam, containing 5 outlet conduits, irmediately



adjacent to the right abutment. The free-overflow spillway with a
clear length of 200 feet is designed to discharge 97,500 second-feet

at maximm pool, elevation 860.0, mean sea level. Section IV of this
mamal glives a detailed description of the project, and the photograph
preceding Section IV illustrates Dorena Dam and spillway as constructed.

2-12, Resume of construction activities. - Reservoir clearing was

started in September 1940, and actual construction on the highway and
railroad relocation was initiated in June 1941. World War II forced
deferment of all work in 19L3, before construction was initiated on
the dam. Construction of the dam and appurtenant works was.started in
May 1947 under a contimuing contract. Relocation of railroad, highway,
water pipe line serving the city of Cottage Grove, and other utilities
was completed in fiscal year 1948, as was the construction camp with
schools, roads, utilities, etc.

2=13, Closure of the incomplete spillway structure was accom-
plished 15 October 1949, and the project was dedicated by the Willamette
River Basin Commission on 15 October 1949, when it was considered to be
officially operative. The reservoir pool rose slowly after September
1949 and reached minimum conservation pool, elevation 770.5, on
27 November 19L49. Filling of the reservoir for conservation purposes
was initiated in February 1950, and maximum conservation pool, ele-
vation 832, was reached in May 1950.

2-1li. A contract for a 730=-foot trash boom for the protection of
the outlet structure was awarded in June 1950. Construction camp

demobilization was completed in 1950, and restoration of the area in



1951, Two permanent damtenders'! quarters were constructed in 1952, as
were certain downstream channel improvements. The project was con-
sidered to be complete on 30 May 1953.

2-15, Costs. - The originally authorized cost of Dorenz Dam and
Reservoir, as presented in House Document No. 5LlL, was $3,490,000. A
mmber of factors, including project modifications and improvements,
delays occasioned by World War II, difficult foundation conditions,
substantial price rises, additional authorizations for school and
other facilities, and necessary channel improvements, necessitated
several upward revisions of the cost estimates as the project was being
constructed, The 1948 fiscal year estimate was $9,89L,000, and the
1949 fiscal year estimate was $14,000,000. Total project cost upon
completion in May 1953 amounted to $13,517,102.

2-1f, Previous plans of regulation. - Appendix B, Flood Control,

to the report published as House Document 5Ll presented the initial
regulation plan for the seven originally authorized Willamette Basin
reservoirs, including Dorena. A seasonal operating plan was set forth,
wherein the reservoirs were to be drawn down in September-November,
held evacuated for flood control during December-January, and refilled
during February-April. That plan called for a forecast to be made on
1 January and for possible modification of the regulation in accordance
with the forecast. The flood-control schedule was based on a reservoir
inflow-ocut{low relationship so as not to exceed the available channel
capacity below the dam.

2-17. Appendix A, Hydrology, to the Definite Project Report,



dated 1 April 1940, provided for the same seasonal regulation and fore-
cast as presented in the survey report. The flood-control schedule was
changed slightly but retained an inflow-outflow relationship.

2-18. Llater studies, contained in the report published as House
Document No. 531, Eighty-first Congress, second session, altered the
seasonal schedule slightly in that the major flood season was lengthened
and the reservoir was to be drawn down to minimum conservation pool by
15 November. It also specified certain minimum flows for preservation
of fish life in accordance with recommendations of concerned Federal
and State agencies.

2-19., A provisional reservoir regulation mammal, dated 17 October
1949, extended the conservation storing season to 18 May and provided
for the reservation of limited storage for the control of late spring
and summer floods. An inflow-outflow relationship was retained for
the flood-control schedule, and criteria were prescribed for frequency
of gate adjustments. Regulation of Dorena Reservoir in the interim
between the time it became operative and issuance of this report was
in accordance with that provisional reservoir regulation mamual.

2-20., High velocity revetment tests. = In September-October 1951,

a series of high velocity revetment tests was conducted in the channel
immediately downstream from Dorena Dam. Purpose of the investigation,
designated Civil Works Investigation No. L85, was to determine the
size of dumped stone revetment most suitable for use in lining the
banks of flood channels subject to high velocity flow. Four sizes of

rock revetment were tested against velocities ranging from 7 to 20
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feet per second in a special test channel length of 200 feet, Results
of the tests are described in the report, "Civil yorks Investigation

No. L85, High Velocity Revetment Tests", dated 1 January 1952.
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SECTION III - BASIN DESCRIPTION

3=-01., Willamette River Basin, - Willamette River and tributaries

drain an area in northwest Oregon approximately 11,200 square miles in
extert. The basin, roughly rectangular in shape, with a maximum north-
south length of about 150 miles and an average width of 75 miles, is
located south of Columbia River and enters that stream in the vicinity
of Portland, Oreg. Willamette River is one of the major tributaries
to Columbia River west of the Cascade Range. Two parallel mountain
barriers, the Coast ~nd Cascade Ranges, form the western and eastern
boundaries to Willamette Basin, respectively. Maximum elevations ex-
ceed 10,000 feet in the Cascade Range and LOOO feet in the Coast Range.
The Calapooya Mountains, which join the Coast and Cascade Ranges to
form the southern boundary, have maximum elevations of about 6000 feet,
The frontispiece illustrates the stream system of Willamette River Basin,

3=02, Coast Fork Willamette River Basin., = The basin of Coast Fork

Willamette River, in which both Dorena and Cottage Grove projects are
located, lies on the northern slope of the Calapooya Mountains and ad-
joining foothills. It is roughly fan-shaped, 36 miles long and 30 miles
wide, with the major axis north and south. The drainage area of the
Coast Fork is 669 square miles, which is 33 percent of the drainage area
of Willamette River above the city of Eugene and 6 percent of the total
Willamette Basin. Except for small areas at the upper headwaters of
some of the tributary streams, the Coast Fork Basin lies wholly within
Lane County. The western edge of the basin is approximately 50 miles

from the Pacific Ocean,



3=03. Dorena Reservoir is located in the Row River Basin Te3
miles above the confluence of Row River with Coast Fork Willamette
River. An aerial photograph of the feservoir and watershed is shown
opposite page 1. Cottage Grove Reservoir is located on Coast Fork
Willamette River, 7.7 miles above the confluence with Row River and
25.L miles above the confluence with Middle Fork Willamette River.
Dorena and Cottage Grove Dams have tributary basins of 265 and 104 square
miles, respectively, which in combination amount to more than one-half
of the total area of the Coast Fork watershed.

3-0L, Row River Basin has a drainage are of 375 square miles and
is roughly pear-shaped. Dorena Dam is located on the main stem above
Mosby Creek at a point where the valley narrows to less than one mile
in width. Row River originates in the steep northerly slopes of the
Calapooya Mountains, Elevations of the area tributary to Dorena Dam
range from 7L0O feet at the dam to 5953 feet at the highest point, with a
mean elevation of 2620 feet., Plate 2 locates Dorena and Cottage Grove
Dams on basin map of Coast Fork Willamette River. Area-elevation curves
for the areas above Dorena and Cottage Grove Dams are shown on plate 2.

3-05. The area tributary to Dorena Dam is a typical rough mountain
area in which the valleys are narrow and the slopes unbroken and steep.
The soils are thin and for the most part residual and are underlain by

andesite and basalt rock. In the headwaters of Sharps Creek the prin-

cipal rocks are a series of Tertiary volcanic rocks which are a part of
the more general series of extrusives that constitute most of the

western Cascade Range in Oregon. There are ore veins within the volcanic



structure which yield gold, zinc, lead, copper, and silver. The water-
shed above the reservoir is timbered with second-growth Douglas fir,

hemlock, red cedar, and some white fir, maple, and oak. Logged=over
tracts are being continually reseeded and there are only a few small
farms along the water coursese Much of the area is covered with dense
undergrowth, which is typical of western Oregon forests.

3-06. Principal tributaries to Row River above Dorena Dam are
Layng Creek and Brice Creek, which converge about 13,2 miles above the
dam, and Sharps Creek, which joins Row River from the left about'1O.lL
miles above the dam. Rat and Teeter Creeks join Row River from the
right within the limits of the reservoir. The following tabulation

shows pertinent data for the principal tributaries above the dam:

" Enters Row ! Dréinage area T Average siope
Stream ' River at ' Square ' % of basin ' in feet
! mile ' mles ' area ' per mile
Brice Creek 20,5 56,2 21.2 10
Layng Creek 20.5 68.2 25,7 155
Sharps Creek 17.7 65.7 2L.8 100
Teeter Creek 9.8 2Le7 9.3 240
Rat Creek 8.6 10,2 349 325
Row River at
Dorena Dam Te3 265 100 35

3-07. Mosby Creek, the largest uncontrolled tributary in the
Coast Fork Basin, with a drainage area of 96 square miles, enters Row
River 3.8 miles below Dorena Dam, Below the confluence with Row River,

the Coast Fork flows through agricultural areas with relatively flat
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gradients, Condensed profiles of Coast Fork and Row River are shown
on plate 3. The following tabulation lists drainage areas and river

miles at significant points on Coast Fork and Row Rivers:

7 Drainage area,'  River miles
Stream ' square miles 'Coast Fork'XRow R.
Coast Fork Willamette at mouth 669 (o]
Coast Fork Willamette nr. Goshen 6L2 5.5
Bear Creek 6.8
Giddings Creek 13.8
Coast Fork Willamette at mouth of
Row River 148 17.7
Coast Fork at U.S.C.E. gage at
Cottage Grove 147 18.5
Coast Fork at Cottage Grove Dam 104 25.4
Coast TFork at London | 69 31.h
Silk Creek at mouth 16.5 19.9
Row River at mouth | 375 17,7 0
Row River at mouth of Mosby Creek 273 3¢5
Row River at U.S.53.S. gaging
station near Cottage Grove 270 S.1
Row River at Dorena Dam 265 7¢3
Row River at U.S.G.S. gaging station
aove Pitcher Creek near Dorena 211 12.)
Mosby Creek at mouth 96 3.5
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3-08. Population. - On the basis of the 1950 census, the popu-
lation of the area within a 25-mile zone adjacent to Dorena Dam was
approximately 70,600. As there was an increase of approximately 75
percent between the 1940 and 1950 census, it is estimated that by pro-
jecting this rate of increase in population the 1953 population is
about 77,000, This zone includes thre- cities with a 1950 population
of 3500 or over: Springfield, 10,800; Eugene, 35,900; and Cottage
Grove, 3,500. Springfield has had the greatest growth, having tripled
in population between 1940 and 1950,

3-09. There is no significant urban development above or below
the project in Row River Basin, On Willamette River the six largest
cities which receive flood-control benefits from the project and their
1950 population are: Springfield, 10,800; Eugene, 35,900; Corvallis,
16,200; Albany, 10,100; Salem, 43,100; and Portland, 373,600.

3-10, Industry and resources. = Springfield and Eugene are the

industrial centers of the area, The principal sources of raw materials
for these centers are agricultural and timber products, upon which much
of the economy of the area is based. The ammual lumber production with-
in the basin of Row River is estimated to be approximately Ll, 000,000
board feet, and in the basin of Coast Fork Willamette River it is esti-
mated to be approximately 343,000,000 board feet, based on 1950 data.
There are approximately 100 lumbermills and wood product plants in the
Coast Fork Basine

3-11, Usage of agricultural lands within the Coast Fork Basin is

divided by area approximately as follows: grain, 50 percent; pasture,
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30 percent; wild hay, 5 percent; small fruits, 5 percent; and miscel-
laneous crops, 10 percent, Most of the agricultural lands are on the
valley floor well downstream from Dorena and Cottage Grove Dams, and
there is oractically no agricultural development of the rocky and pre-
cipitous terrain above Dorena Reservoir. At present there are no
large-scale irrigation works in the area although a number of farmers
irrigate by sprinkling, using water pumped from the streams. It is
expected that irrigation will be practiced much more extensively in
the future, as discussed in Section VIII,

3-12, Two small mines in the upper Row River Basin have been in
active production for 60 years, During this period, the yield has
been approximately 6,000 ounces of gold, 19,000 ounces of silver,
200,000 ounces of copper, 75,000 ounces of lead, and 6,000 ounces of
zince Champion Mine, located near the headwaters of Champion Creek,

a tributary of Brice Creek, and the Bohemia (Music) Mine, located at the
headwaters of Sharps Creek, ship ore concentrates through the towns of

Disston and Cottage Grove.

3-13. Utilities, = Row River Basin is supplied with electric
power by a rural electrification cooperative line from Eugene. The
Bomeville Power Administration now has a 230-kilovolt transmission
line from Detroit Dam through Lyons and Lebanon to Goshen, The rural
electrification line from Eugene now connects with the Ronneville Power
Administration line at Goshen, and power soon will be supplied to the
area from Detroit and Lookout Point Dams, major Corps of Engineers

units of the Willamette River Basin project.
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3-1ll. Transportation facilities. - Row River Basin is served by

major highway and railroad transportation facilities at Cottage Grove,
6.5 miles below Dorena Dam. U. S. Highway 99, which runs north and
south through Willamette Valley, is joined at Cottage Grove by Market
Road No. 30, providing access to the Row River Basin. The water supply
pipe line of the town of Cottage Grove runs along the south side of the
reservoir, generally paralleling the south bank access road, County
Road No. 830, The Siskiyou Line of the Southern Pacific Railroad goes
fhrough Cottage Grove and adequately supplies the area with passenger
and freight rail service. A short-line railroad, the Oregon Pacific
and Eastern, runs between Disston and Cottage Grove, skirting the north
bank of Dorena Reservolr. Originally built and used for many years

for ore shipments, this short line now is used principally for shipment
of milled lumber. Plate 6 shows the location of the above-described

roads and railroad serving the area.
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SECTION IV = PROJECT DESCRIPTION

L4-0l. Dorena Dam. = As shown in the illustration to the left,
Dorena Dam is an earth-fill structure with a concrete-gravity spillway
section located adjacent to the right abutment. Over-all length of
the danm is 3,306 feet, The earth-fill portion of the dam has a crest
elevation of 865.,7 feet and a maximum length of 2,600 feet. The core
is of impervious clay, with pervious zones of random clay and gravel
on both the upstream and dowmnstream slopes. Both upstream and down-
stream slopes are faced with 2 feet of dumped stone. In addition,
the upstream face has a one=foot layer of select gravel under the
dumped-stone revetment, which serves as a zone of drainage. The top
of the earth-£fill portion of the dam is graveled and serves as a
20=foot access road to the left abutment of the spillway structure,
The permanent housing area is on the left bank about one-half mile
below the dam. Plate i shows a general plan with sections and eleva-
tions of the dam and spillway as constructed.

L4=02, Dorena spillway. = Dorena spillway is a free-overflow

structure with a clear length of 200 feet and a crest elevation of 835
feet. See illustration opposite page 21, It is designed to discharge
97,500 second-feet at maximum pool elevation 860 feet., The spillway
discharges into a stilling basin which is equipped with two rows of
baffles and slopes downstream from elevation 716,05 to elevation 710.
At the lower end of the stilling basin there is a 16-foot step-up.
Downstream from the step-up the channel is approximately level at

elevation 726.
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L4=-03. Downstream from the stilling basin, the river banks are
riprapped for a short distance. The area on the left bank behind the
training wall is filled to provide a suitable approach to the control
house, which is located adjacent to the left bank training wall at the
toe of the downstream slope of the dam. The discharge r;.ting for the
spillway is illustrated on plate 5, and the following tabulation gives

the spillway discharge in units of 1,000 second-feet:

Pool A ' Pool L ' Pool v

eleve. ' Q ' elev. Q elev. Q
835.0L 0.0 8LL.O 18.2 852.0 51.9
836.0 0.6 845.0 21.6 85340 57.0
837.0 1.7 8L6.0 25.3 85L.0 62.3
838.0 3.2 847.0 29.2 855.0 67.8
839.0 5.0 8L8.0 33.3 856.0 3.k
8L0.0 7.1 849.0 37.6 857.0 7942
8l11.0 945 850.0 42,2 858.0 85.2
8L2.0 12.1 851.0 L6.9 859.0 91.3
8L:3.0 15.0 860,02 97.53

1 Spillway crest « full pool
2 Maximum pool.
3 Spillway design flood outflow = 97, 500 second-feet.

4=Ol. Outlet works. — The outflow from Dorena Reservoir is passed

through five conduits, each equipped with an upstream and downstream hy-
draulically operated slide gate, The conduits are located in the con-
crete spillway section and pass the water through the structure onto the

spillway face. The control gates in each conduit are 5 feet by 6 feet.
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The downstream gate is used for regulation and the upstream gate is
used for emergency closures, Operation of the gates is from gate
chamber in the control tunnel located 83.4 feet below the spillway
creste

L4-05. Combined capacity of the five service outlets is 5,LL0
second-feet when the reservoir is at minimum conservation pool, eleva-
tion 770.5, and 9,275 second-feet when the reservoir is at full pool,
elevation 835, Discharge ratings for one outlet conduit are presented
in graphical form on plate 5 and in tabular form in table 9, That
table shows discharges for partial gate openings between 0.1 and 6.0
feet for each one-foot increase of pool elevation from 760 to 8LO feet.

L4=06. Reservoir and shoreline., = The view facing page 1 illustrates

Dorena Reservoir and watershed and the area southward to the Calapooya
Mountains, As shown, there is a small amount of relatively flat land
immediately adjacent to the right bank of the reservoir and the timber-
covered foothills rise abruptly from the left shore. Evidence of ero-
sion along the shoreline is very slight, and wind action is not a
problem. Dorena Reservoir has a shoreline about 12 miles long, of
which spproximately 7 miles are on the right bank and 5 miles on the
left bank.

L-07. Capacity of Dorena Reservoir at full pool, elevation 835,
is 77,500 acre-feet, and at minimum conservation pool, elevation 770.5,
it is 7,000 acre-feet, Maximum depth of the reservoir is sbout 80 feet,
except in the old channel of Row River which is about 10 feet lower

than the general bottom elevation. Reservoir area and capacity curves



are shown on vlate 5, Table 10 shows the reservoir capacity for each
0.1=foot change in elevation between 760 feet and 860 feet.

L-08., Downstream channel improvements., -= In the interest of reser-

voir regulation and to prevent erosion during evacuation of stored flood-
waters, certain improvements for channel rectification and bank protec-
tion have been constructed along Row River and Coast Fork Willamette
River below Dorena Reservoir. The following tabulation lists the chamel

improvements which have been constructed with funds for Dorena project.

River ! L 'Length, ! ! Date !
mile ' Bank ' Location ' feet ' Type ! built ! Remarks
ROW RIVER

0.7 left Hemenway 1275 Dumped stone 1952 Snags removed
from channel nr.

downstream end

O.L Right Veatch 986 do 1952 Revetment only
COAST FORK

11.5 do Rinehart 2400 do 1951 do

11 Left Benter 2000 do 1951 do

9.8 Right Haskin 2020 do 1951 Overflow closures

included

10.1 Left Sly 890 do 1952 Snags removed

1455 spoil bank from channel near

downstream end

9e2 do Jenkins 51}y Dumped stone 1952 Channel closure
2140 do 1951 constructed 1952

9.0 Right Melton 2350 do 1951 Snags removed
from chamnel nr,
upstream end

8.6 Left L. Melton 10L6 do 1952 Revetment only

2.7 do Mikesell 143 Overflow 1952 No revetment
closure

2.2 do Estep 85 do 1952 do

2.1 do McBee 52 do 1952 do
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L-09. Public-use facilities. - A plan for development of Dorena

Reservoir in the interest of public use is described in a preliminary
report entitled "Master Plan, Reservoir Management and Putlic Use,
Dorena Reservoir," dated March 1950. The plan provides for one major
day-use area on the south shore of the reservoir, a minor day-use area,
an access point and launching ramp on the north shore, a sight-seeing
area for the spillway and dovmstream channel, and two scenic overlooks
near the dam. To date, only a small part of the work outlined in that
plan has been done. Current policy is to limit, to the minimum neces-
sary for safety and sanitation, the extent of pubtlic-use developments
by the Federal Government, Accordingly, future development of rec-
reational facilities will have to be accomplished at State or local
level,

L-10, The Baker Bay area, which has been selected as a major
day-use area, has a small natural bay that can be developed for
swimming and boating. It is located on the south shore about one
mile above the dam and contains 3L acres. The only development work
which has been accomplished at this location consists of grading and
graveling an access road to the area.

L=-11. The Row Point area, which has been selected as a minor day-
use area, is located on the north shore about three-fourths mile above
the dame The area consists of two small points lying adjacent to each
other and totals about 7 acres. No development work has been done at
this location.

L-12, A spillway overlook near the right abutment has been im-
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proved by grading, surfacing, placing of guard rails, and installation of an information sign. Rat
Creek launching ramp, on the north shore of the reservoir near Rat Creek, is served by an access
road crossing the Oregon Pacific and Eastern Railroad. To make this area safe and usable by
more than 3 or 4 cars, removal of a small hill which obscures visibility along the railroad will be
necessary. No work other than cleanup has been done, however, and no further work is
contemplated by the Portland District at either the overlook or the launching ramp area. A map
of Dorena Reservoir, locating the public-use areas is shown on plate 6.

4-13. Hydropower Project. The Hydropower Project, includes an intake structure and

trashrack, a 120-inch diameter, 433 foot-long penstock that bifurcates into two sections leading
to either the Kaplan turbine or the Francis turbine, upstream closure valve, a siphon house with
emergency closure valves, Kaplan guard valve vault, a powerhouse that contains the 6.1 MW
capacity Kaplan turbine and the 1.4 MW capacity Francis turbine, a tailrace dewatering system, a
tailrace fish barrier, a rubber dam and outlet training wall. The Francis turbine operates for a
flow range of 80 cfs to 220 cfs and reservoir levels of El. 779 ft to El. 835 ft, and the Kaplan
turbine operates for a flow range of 200 cfs to 812 cfs for all reservoir levels (operable from El.
769.4 ft to El. 835.9 ft). Only one turbine will be operating at any given time; however, an
exception may occur when transitioning between the two units, which would be for a very brief
period. The Hydropower Project structures are located on the right hand side (looking
downstream) of the spillway and stilling basin. The general plan and layout of the Hydroelectric
Project is provided in Plate 22. The Hydropower Project operation does not alter the day-to-day
flow release from Dorena and will release flows in accordance with the CENWP-EC-HR flow
schedules. Exhibit B provides a full detailed description of the hydropower project and the
purpose and operation of each element of the hydropower project. Section 3 of the Hydropower
Project O&M Manual (referenced in Section 1-04.b.3 of this manual), provides additional project

description details.
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SECTION V - METEOROLOGY AND HYDROLOGY

5-01, Climate. = The climate of Willamette River Basin, in-
cluding Row River Basin, is of the temperate marine west-coast type,
characterized by wet winters and dry sumers. Principal climatic
controls are the geographical location near the center of the middle-
latitude westerly winds, the proximity to the Pacific Ocean, and the
topography. The general circulation of the atmosphere over the
Pacific Northwest i1s largely controlled by the Aleutian Low and the
North Pacific High., Since these semi-nermanent pressure centers tend
to follow the annual march of the solar altitude and are therefore
normally farthest south in the winter and north in the summer, the
storm path often lies across the Pacific Northwest during the winter
months. The region is therefore subject to frequent winter cyclonic
storms of potential flood-producing magnitude, but is generally free
from highly destructive storms such as tornadoes.

5-02. Climatological records, - Climatological data are now pub-

lished for two active stations in the immediate vroject area, Disston
2 NE (Layng Creek) and Dorena Dam, both of which have recording pre-
cipitation gages. Temperature, humidity, and evaporation data also
are obtained at Dorena Dam., Precipitation records from Culp Creek
station, established by the Corps of Engineers, and Star, now discon-
tinued, also are available. In addition, precipitation data are ob-
tained at 3 nearby stations in the upper Coast Fork Basin: Blackbutte,
Iondon, and Cottage Grove Dam. The longest and most complete climato-

logical record in the general area is that for Eugene and Eugene Airport

-25-



Records for the City of Eugene cover the period October 1390 to June
1945, and the first-order Weather Bureau station in current operation

at Fugene Airport was established in January 1943. In the Coast Fork
Basin, Cottage Grove, where observations began in August 1916, has

the longest record., Snow surveys have been made since 1939 at

Champion Mine, located at the headwaters of Champion Creex in the

upper headwaters of the area tributary to Dorena Dam, Plate 2 pre-

sents the location and inventory cf hydroclimatic data for all stations
in the Row River Basin and also the stations in the Coast Fork Willamette
River Basin serving Cottage Grove Dam,

5-03. Precipitation, = The normal annual precipitation over Row

River Basin above Dorena Dam is estimated to be 5k inches, varying
from about 50 inches over the northern half of the project area to more
than 80 inches in the mountainous area bordering the mroject area on the
southern side, Coast Fork Willamette River Basin above Cottage Grove
Dam has an estimated normal annual precipitation of 53 inches, ranging
from L8 inches at the dam to more than 60 inches in the upper headwaters.
Plate 7 illustrates the isohyetal map of normal amnual precipitation for
the entire Coast Fork Willamette River Basin,

5-0lL., Sixty-five percent of the annual precipitation normally
falls in the S5-month period, November through March. In each of the
driest months of July and August the normal precipitation is less than
one-half inch, The marked seasonal regime is further illustrated by the
chart on plate 7 which shows maximum 2L-hour precipitation, by months,

for several stations in the area, Without exception, the maximum one~
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day intensities occurred during the winter months., Also shown on plate
7 are histograms of monthly minimum, average, and maximum precipitation
for Cottage Grove and Eugene, Tables 1 through 3 summarize the clim-
atological records of Eugene, Eugene Airport, and Cottage Grove, and
tables i through 7 show precinitation by months for the period of
record for four additional stations near Dorena Dam.

5-05, Since the mean elevation of Row River Basin above Dorena
Dam is 2620 feet and there are areas within the basin that rise to
nearly 6000 feet, a significant vortion of the precipitation falls in
the form of snow. The average annual snowfall in the basin varies
from a few inches in the low elevations to well over 100 inches in the
mountains bordering the basin on the south. Snow cover below 2000
feet may be converted into run-off several times during each winter
season, and the accumulation at any time seldom exceeds 2 feet. Above
3500 feet, which represents about 20 percent of the basin above Dorena
Dan, the tendency is for the snow to mck and the water equivalent of
the snow cover to accumilate well into the spring seacon, Intense rains,
accompanied by high temperatures, occasionally result in a pronounced
snowmelt which augments the run-off from rain, This sequence of hydro-
logic events may happen at any time from the middle of November until
the last of March., Plate 7 shows graphically the depth and water
equivalent of the snowpack measured at Champion Mine, elevation L500
feet, These measurements are made on or about the first and fifteenth
of the month, starting on 1 January and terminating on 1 April,

5-06, Temperatures., = The moderating effects of maritime air re-
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sult in comparatively small variations of temperature in the Row River
Basin. The temperature record for Dorena Dam, shown in condensed form
in table 7, covers only a short period and may not be representative
of long-term conditions. Summaries of longer and more complete records
of temperatures are shown graphically on plate 7 and in tabular form
in tables 1 through 3. Temperature extremes observed at Cottage Grove,
six miles downstream from Dorena Dam and 140 feet lower in elevation,
are 105° F, and =7° F, in the 35-year period of record.

5=07. Evagoration. - Evaporation losses from the surfacé of Dorena
Reservoir are significant during the 7-month period, April through
-October, when temperatures are highest and the surface area of the pool
is the greatest. During the rainy season when humidities are high,
temperatures are low, and the reservoir is held evacuated for flood
control, evaporation losses are insignificant. Evaporation in inches
and total wind movement in miles at Dorena Dam, as measured by a
standard L-foot diameter by 10-inch depth evaporation pan and 3-cup
anemometer, are shown in the following tabulation:

{ T T T Y
Year ' May ' June ' July ' August ! September
B
1950 Evap. 6031 5007 9.00 8. ;8 ).1.95
Wind 2210 1850 2468 2192 1830
1951 Evap. 5062 9. 2.’4 9.38 8.’48 5931
Wind 240 2378 2151 2100 15l
B B B
1952 Evap. 5.65 hoeh 90 22 7. 2).1 ho 99
Wind 1912 1595 2165 1900 1430

B = Adjusted to full month.
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5-08. Since evaporation records at Dorena Dam are for a period
of only 3 years, average monthly evaporation from land pans has been
estimated on the basis of longer records obtained at Cottage Grove
Dam, Fern Ridge Dam, and Corvallis. A conversion factor of 0.7 was
applied to the land-pan rates to determine estimated average monthly
evaporation from Dorena Reservoir, The following tabulation gives

estimated monthly averages of reservoir surface, evaporation, and

precipitations

Avg. area, Evap.,  Precip., “Evap., Precip.,
Month acres inches inches ac.-ft. ac.=ft,
April 1400 2,0 Le2 230 Lso
May 1760 3.6 3.3 530 L8o
June 1830 L.5 2.5 690 380
July 1830 6.3 O.L 950 60
August 1770 5.6 Ouls 830 60
September 1560 3.5 2.0 L60o 260
October 1070 1.3 L.6 120 Lo
Totals 26.8 17.4 3810 2140

On the basis of these average monthly evaporation rates, it is esti-
mated that the average annual evaporation from Dorena Reservoir would
be about 3800 acre-feet, or approximately 6 percent of the usable stor-
age. Rainfall during the evaporation season would normally compensate
for about 2100 acre-feet, or 56 percent of the evaporation loss, result-

ing in an estimated average net loss in storage due to evaporation of

1700 acre-feet anmually.,



5-09. Storms, = Flood-producing storms occur chiefly during the
winter season but are not uncommon in late fall and early spring. The
sharp increase in frequency, duration, and severity of storms in late
fall is a result of the southward displacement and renewed activity of
the semi-permanent Aleutian low-pressure system. Frequently a series of
waves develops along the Polar Front marking the southern-most extent
of the colder air mass and, moving generally eastward, produces success-
ive storms along the coastal areas. The moisture-laden air masses are
often conditionally unstable, so when they are orographically lifted by
the mountain barriers general and often copious precipitation results,
Al]l general winter storms of the Pacific Coast of the United States and
Canada are of one basic type, having similar origins, air-mass trajec-
tories, and Pacific Ocear moisture sources.

5-10. During the summer season, the reversal of the thermal
gradient between the continental land mass and the ocean wzter sur-~
face tends to weaken the Aleutian Iow., The summer storm path usually
lies far to the north, and the decrease in frequency, duration, and
intensity of precipitation with the advent of summer is so marked as to
eliminate that season as a major flood reriod. A limited flood poten-
tial exists during late spring because of the possible occurrence of
relatively weak storms, and summer thunderstorms in the mountains may
cause short periods of high water locally. Although no flooding in the
lower valley results from such storms, some storage space is reserved in
Dorena Reservoir for control of possible late spring and summer floods.

5-11, Discharge records. - Discharge records for Coast Fork
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Willamette River date back to October 1905, but no one station has a

continuous discharge record from that time to date. The first stream
gaging station in the basin was on Coast Fork Willamette River near
Goshen, approximately L miles above the confluence of the Coast and
Middle Forks, That station was in operation for 7 years, 1906 through
1912, and was re-cstablished in October 1950 as a key control for regu-
lation of Dorena and Cottage Grove Reservoirs, In September 1935 a
staff gage was established on Row River at Star, approximately 2 miles
upstream from Dorena Reservoir, and in October 1938 the staff gage was
replaced with a water-stage recorder, That station, which is now des-
ignated Row River above Pitcher Creek near Dorena, records the run-cff
contribution from 80 percent of the total area contributing to the
reservolr inflow, In January 1939 a staff gage was installed 1% miles
downstream from the present site of Norena Dam, and in October 1939 the
staff gage was replaced with a water-ctzge recorder., The discharge
measured at that station constitutes a continuous record of outflow from
Dorena Reservoir, A water-stage recorder at Dorena Dam has provided a
record of reservoir elevations since the vroject became operative,
Plate 2 shows the locations of these Row River stream gaging stations,
as well as the stations serving Coast Fork Willamette River. Pericds
of record and drainage areas above the stations also are shown.

5-12. Stream flow characteristics. = The stream flow patterns of

Row River and Coast Fork Willamette River are similar to the annual
rainfall pattern of western Oregon in that low flows prevail from June

through October, the season of low precipitation, and high flows



normally occur during the period November through March, which is the
period of heavy precipitation, Approximately 75 percent of the annual
run~-off occurs during the period November through March. During the
latter period, 65 percent of the mean amual rainfall occurs. As the
ground becomes partially saturated in the fall, the streams r'espond read-
ily to any rain in excess of the infiltration capacity of the topsoil,
which may vary from O.1 inch to 0,03 inch per hour, depending upon the
degree of saturation., The maximum annual high water usually occurs in
November, December, or January, and several freshets usually occur each
year during the rainy season, Figure 5 of plate 8 illustrates the ten-
dency for the highest discharges tc occur in midwinter, Snowmelt from
the higher elevaticns usually maintains fairly high base flow until
early summer., The following tabulation shows monthly mean, maximum,
and minimum run-off in percent of the normal anmial run-off for Row

FEiver at Dorena Dam:



' Run=-off in percent of mean anrmal

Month ' Mean ! Maxd mam ' Minirmm
October 3¢5 1949 Ok
November 12,0 22.1 05
December 15.7 LOeT 240
January 15.5 3046 5.1
February 15,8 23.1 349
March 13.5 2246 246
April 1043 19.5 LsO
May Teh 12,9 240
June 349 9ok 0.9
July l.1 2,0 0.)s
August 045 1,0 0.2
September 0.6 1,7 042
Anmal 10040 -— -—

5=13, At Dorena Dam the average anmal run=-off for the period of
record is 726 second-feet, This amounts to 525,L00 acre-feet, or 3645
inches over the tributary area. Summaries of monthly and anmal stream
flow data for two Row River stations, two on Coast Fork Willamette River
above Row River, one on the Coast Fork below Row River and one on Willa=-
mette River below Middle Fork Willamette River are presented in graphi-
cal form on plete 9 and in tabular form in table 8 Plate 9 also shows
flow duration curves for each station expressed in percent of time.
Daily discharge hydrographs, including mean daily discharge, mascimum

anmual and instantaneous discharges, minimum anmual daily discharge,
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and total annual run-cff, for the more important of the above stations
are oresented on plates 10 through 15. Daily pool elevations of Dorena
Reservoir for the entire period the project has been in operation are
shown on plate 16,

S-lli. Floods. - Floods on Row River usually result from heavy
rainstorns of one to three days duration, often augmented by snownelt
run-cf{. Because of the atrupt terrain and steep water-course gradients
in the uoper Row River Basin, the flood run-off is relatively flashy.
This characteristic is illustrated by the daily discharge hydrograph of
the stream gaging station abtove Corena Reservoir, as shown on plate 10,
Duratinon of floods is usually one to four days, but a series of storm
waves may extend the period of downstream flooding to a week or more,
particularly in the critical Eugene area. The snowmelt contributicn
usually increases the flood volume more than the flood peak and may at
times create reservoir regulation problems because of the additional
volume of water which must be stored to control a flood. Typical flood
recessions for several significant lccations on Willamette River and
tributaries are shown on figures 1 and 2 of plate 8,

5-1%, The largest historical flood for which limited information
is avajlable occurred in December 1861 and had an estimated peak dis-
charge at Dorena Dar of 28,600 second-feet and a 6.5-day volume of
190,000 acre-feet. In February 1890 a flcod occurred which nearly
equaled that of 1861, Neither of these historical floods approached
the peak inflow of the spillway design flood, 111,500 seccnd-feet.

Section VII of this manual contzins a discussiorn of the regulation of
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these floods, as well as of more recent floods, which could be effected
by Dorena Reservoir,

5-16. Computed peak reservoir inflows were used as a basis for a
flood frequency study. Figure L of plate 8 shows the resulting
frequency curve, derived by the method described in Engineer Bulletin
C.W. 51-1, The following tabulation shows peak inflows for selected

recurrence intervals:

Average recurrence ! Peak inflow into
interval in years ! Dorena Reservoir

2 12,000

5 18,000

10 22,000

25 27,000

50 31,000

100 35,000

200 39,000

5-17. Channel capacities and bankfull stages. = Channel capacities

of Row River below Dorena Dam, Coast Fork Willamette River near Goshen,
and Willamette River at Eugene were given primary consideration in the
derivation of the reservoir regulation schedules for Dorena Reservoir as
presented in Section VII of this manual, Because of the necessity for
coordinating the regulation of Dorena and Cottage Grove Reservoirs, the
channel capacities of Coast Fork Willamette River below Cottage Grove
Dam and at the city of Cottage Grove also are of importance. Chammel

capacities and bankfull stages for the above index stations are
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.presented in the following tabulation:

T Station or ' Dr. area, ' Channel '@ Bankfull ' Ceneral
Stream ' location ' sq. miles ' capacity 'stage, ft. ' reach
Row River Nr. Dorena 270 5,000 8.2 Dorena Dam

to Mosby Cr.

Row River At Mouth 375 7,000 -_— Moshy Cr. to
mouth of Row

Coast Fork Bel. Cottage :
Grove Dam 104 3,000 8.0 Bel, Cottage
grove Dam

Coast Fork At Cottage

Grove 17 3,L00 10,3 City of
Cottage Gr.

Coast Fork Nr. Goshen 6L2 12,000 1., L. Coast Fke

Willamette At Eugene 2,030 39,500 740 Middle Fk. to
McKenzie Re

5-18, Stream flow velocities., = Average stream flow velocities in

the river reach immediately above Dorena Reservoir vary from less than
one foot per second during low summer flows to 9 or more feet per second
during flood periods. Velocity data are not available for the steep
headwaters reaches, for which a condensed profile is shown on plate 3,
but upstream veloclties are greater because of the steeper gradients,
Below Dorena Dam average water velocity when the reservoir release is
5,000 second feet, the normal maximum release is 5.5 feet per second
at the stream gaging station, Stream flow velocities in middle and
lower Coast Fork, which are of importance because of the relationship
with bank erosion, vary from less than one foot per second at low flows
to more than 7 feet per second when the flow exceeds the channel

capacity. Overbank velocities are estimated to average 2 to L feet per
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second. The following tabulation, developed from measurements made by

the U. S. Geological Survéy, glves average water velocity in feet per

second at various d&ischarges:

Discharge, ! Row River

second-feet! Abv, Pitcher Cr.'Nr, Cottage Gr. ' at Saginaw ' Nr. Goshen

100 0.5 = 0.9 0e7 = Lok

500 1.3 = 1.5 1.6 = 2,0
1,000 2.1 2.5
5,000 Sel Se6
10,000 7.6 -
15,000 o+ -

Coast Fork
0.3 = 1.3 0.9 - 1.3
0.5 = 2.2 2,2 = 2.5
1.0 = 2.4 2,6 = 3.1
3.9 3.6
5.8 L2
+ 5-

5-19, Determination of reservoir inflow, = Average or total res-

ervoir inflow over a period of time may usually be best estimated by

adding algebraically the change in storage during the period to the

reservoir release. Although this method generally yields the most

reliable estimates of average daily inflows, it cannot be applied with

accuracy to determine inflow during very short periods of time., This

method must be used with caution when the surface wind is sufficiently

strong to affect the level of the water surface at the reservoir gaging

station, The storage equation actually gives inflow less reservoir

losses, but during much of the year the losses are minor as compared to

the inflow, During the dry season, however, the inflow into Dorena

Reservoir may recede to the extent that evaporation rates approach the

inflow rates.

5-20, Instantaneous reservoir inflow may be estimated by anply-

ing



ing a factor to the instantaneous discharge of Row River above Pitcher
Creek near Dorena, Run-off from 80 percent of the area tributary to the
dam is gaged at that station and, on the average, 82 percent of the
annual run-off at the dam is recorded at the gaging station. As shown
by figure 3 of plate 8, the flood peak relationships between the inflow
station and the discharge at the dam vary somewhat, but have an average
value of about 1,2, When the discharge of Row River above Pitcher Creek
near Dorena is miltiplied by a factor of 1.2 the product is usually a
reasonable estimate of the instantaneous reservoir inflow, During
prolonged dry periods, the factor decreases and may approach unity as
the run-off contribution of the ungaged area becomes very small., The
factor is of least reliability during flood periods due to the fact
that precipitation distribution, freezing level, and snow cover in the
basin varies from one storm to another., The stream gaging station on
Row River above the reservoir is equipped with an automatic telephone
transmitting device (Telemark), which transmits the stage height as a
series of audible buzzes when the station is called by telephone.

5-21. River and rainfall reporting network. - The Willamette

River Basin reporting network consists of approximately 70 strategically
dispersed stations, The stations are more closely spaced in areas where
reservoirs are in operation, Twenty of the stations, located mainly in
the vicinity of operating projects, are operated by or report directly
to the Corps of Engineers. Twenty-five stations are in the cooperative
FC-5 network, operated by the U. S. Weather Bureau with funds transferred

from the Corps of Engineers. The Weather Rureau contributes to the
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program by operating an addi .ional 25 reporting stations. A free and
continuous exchange of information is maintained between the two
agencies,

E=22, Some of the stations in the network report precipitation
river data only, while others report, in addition to precipitation and
river stages, other pertinent information such as temperature, snow
depth, current weather, etc. In some instances reports are sent only
when the 2L-hour precipitation is one inch or more or when the stream
is near or above bankfull, Other stations report daily during the
winter months, and a few key stations report daily the entire year.
During critical storm conditions, additional or more frequent reports
may be obtained from selected stations. Communication between the net-
work stations and collection points is primarily by telephone. Radio
commnication between inaccessible areas and collection centers, and be-
tween the Willamette dams and the District office, is being considered.

6-23, The following reporting stations are directly related to

the regulation of Dorena Reservoir:
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Station TElev,, ft,' Dr, area, ' Data '

name ' m.s.l. ' sq. miles ' reported Remarks

Culp Creek 970 —_— Precip., wea. Wet season only

Row R. above 856 21 Res, inflow Telemark

Pitcher Creek index

Dorena Dam 760 265 Res. eleve & Obsv, by
outflow, damtender
precip., wea.

Cottage Grove Dam 830 104 Res, elev, & Obsv, by
outflow, damtender
precip., wea.

Coast Fk, Nr. Goshen L7l 6L2 River stage Telemark

Willamette R. at 1,00 2030 River stage Wea. Bu. sta.

Eugene

Eugene Airport 306l —_— Complete wea. Every 6 hrs.

report by teletype

Service "C"

S-2}j, Telemark telephone numbers, = The Portland District operates

automatic telephone transmitting devices (Telemarks) at 9 stream gaging
stations of major significance to the regulation of Willamette Basin
reservoirs, In addition to the Corps of Engineers stations, which are
all on tributaries of Willamette River, the Weather Bureau operates two
Telemark stations on the main stem of Willamette Rivef. The gage heights
are transmitted as a series of audible buzzes when the equipment is acti-
vated by an incoming telephone call from any telephone connected with the
Bell system. Telephone mumbers of the Telemark-equipped stations which
are of significance to the regulation of Dorena and Cottage Grove

Reservoirs are:
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T Y T
Location ' Stream '  Telephone No, ! Agency

Ab, Pitcher Cr.

near Dorena Row River Cottage Grove 6-8613 C.E.

. Nr. Goshen Coast Fk. Will. R. Eugene 6-1321 C.E.
At London Coact Fk. Will. R. Cottage Grove 909 C.F.
At Lowell Mide. Fk. Will. R. Lowell 386 C.E.
Near Coburg McKenzie River Eugene 5-61:82 C.E.
At Harrisburg Willamette River To be assigned W.B.
At Salem Willamette River Salem L=-5283 W.B.

5-25. Snow surveys., = Under 2 formal contract with the Oregon

Agricultural Research Foundation, the Portland District, Corps of
Engineers, finances a number of snow surveys in the Willamette River
Basine Profiles of snow deprth and water equivalent are extended up
four Willamette River tributarieé, of which Row River is the southern-
most. Seven by-monthly surveys are made, starting 1 January and ending
1 April. Measurements are made at the following locations in the Row

River Basin:

Location ' Elevation
Snow line Variable
Layng Creek R.S, 1200
Lund Park 17LO
Weaver Creek 2LLo
Golden Curry 3136
Charpion L500

5-26, Sedimentation., - The geology and vegetative cover above

Dorena Reservoir are such that it is improbable that large volumes of
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material will be transported either in suspension or as bed load and
deposited in the reservoir. The soil cover is generally shallow, and
only small areas at the junctions of the tributary streams contribute
appreciably to sedimentation, Under the soil mantle, the rock intru-
sicns are so heavy that little if any of the underlying material is
being or can be transported into the reservoir as bed loads, Unless
widespread and severe timber cuts are made in the mountainous upstream
areas, which are largely under U. S. Forest Service control, no sub-
stantial upstream erosion is anticipated.

5-27. In connection with a program of suspended sediment
surveys in Willamette River Basin, sedimentaticn concentrations in Row
River above Dorena Dam were sampled at frequent intervals during the
period October 1948 through July 1951. The equivalent of 25 acre-feet
of sediment was transported into the reservoir in a 2-year veriod. This
would indicate that suspended sediment would not be a problem at Dorena.
A reservoir survey made at Cottage Grove Reservoir in 19L8 indicated
that silting of the reservoir was occurring at an annual rate of 0,25
acre~fooct per square mile of drainage area. The results were for a
period of years in which there was an unusually large mumber of major
floodse On the basis of those data, it is estimated that Dorena Res-
ervoir probably would not lose more than 50 acre-feet of storage space
annually to silting action., At that rate and assuming that part of the
deposition would be below the minimum conservation pool level, the
reduction in the active storage space over the 50-year economic life of

the project would be small,
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5-28, More specific information on actuval loss of storage space
in Dorena Reservoir will be provided in the future by reservoir sedi-
mentation surveys, to be conducted at approximate 10-year intervals, or
as needea. To facilitate such future surveys, permanent range lines
and initial cross-sections were established in 1952 and are shown on

plates 17 and 18,
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SECTION VI - SEASONAL REGULATION SCHEDULE

6-01. General. The primary function of Dorena Reservoir is flood risk management (the
term “flood control” is used in the original water control manual and will be revised to “flood
risk management” when the entire water control manual is updated). It is regulated so as to
provide maximum over-all benefits insofar as is possible without jeopardizing the flood-control
function. Other interests which benefit directly from this multiple-purpose project include
irrigation, fish life, navigation, pollution abatement, recreation, and hydropower. Economic and
physical limitations preclude the provision of separate storage capacity for all the above
functions, necessitating multiple-use of the same storage space for flood-control and
conservation purposes by means of a proper seasonal regulation schedule. Seasonal variations of
storage allocations in Dorena Reservoir are entirely feasible because of the seasonal precipitation
and run-off characteristics of the basin, as described in Section V.

6-02. For purposes of scheduling regulation of Dorena Reservoir, the year is divided into
three seasons: (1) major flood season, 1 November through 31 January; (2) conservation storing
season, 1 February through 19 May; and (3) conservation release season, 20 May through 31
October. These three functional divisions of the seasonal schedule are illustrated graphically in
figure 1 of plate 19. Actual regulation and its conformity to this schedule is shown graphically on
plate 16, the pool elevation hydrograph of Dorena Reservoir since 1950. The total flow releases
from the reservoir, whether for power or other purposes, are as determined by the CENWP-EC-
HR and are measured at the USGS DORO gage.

6-02.1. Power Operation. The Hydropower Project will control the Dorena Project flow
releases up to 812 cfs, generally to generate hydroelectric power. The theoretical flow range
limits for the turbine units is 80 to 812 cfs. When flow releases mandated by CENWP-EC-HR
are less than 80 cfs and the powerhouse is not on line, the Hydropower Project operator is
responsible for flow regulation through the USACE RO gates (see section 9-09.1. for
hydropower operator responsibilities). While the suggested minimum gate opening (see table 9)
results in flows greater than 80 cfs, the Hydropower Project will follow the instructions from
CENWP-EC-HR. In a situation where flow releases are to be less than 80 cfs for prolonged
periods of time, control may be passed to the USACE until such time flow releases are within the
operational range of the turbines.

For flows from 80 cfs to 812 cfs, the Hydropower Project operator will generally have primary
control of flows and the flow will be released through the Hydropower Project. An exception to
this is when there is a transition of operations between the Hydropower Project and the
regulating outlet (RO), at project releases between approximately 812 cfs and 917 cfs. The
minimum allowable release through the RO is based on the minimum RO gate opening of 0.6
feet (10% of the total stroke). At this gate opening the flow is limited to the range of 105 cfs (at
low pool) to 178 cfs (at full pool). If the required project flow above 812 cfs is less than the flow
at minimum gate opening, then the Hydropower Project assigned flow is limited to 812 cfs minus
the minimum gate opening flow. Examples of the transition under this situation are provided in
Section 5.4 of Exhibit B. The USACE will have primary control above 812 cfs.
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Section 5 of Exhibit B, provides details of how water is to be released for various flow ranges
and how the hydropower operators communicate with the Lookout Point control room operators
in making these changes.

Section 5.5 of Exhibit B provides ramping rate restrictions for flow changes between 80 and 812
cfs and the Hydropower Project will conform to ramping rates as prescribed in their license
which are slightly different than those imposed on the USACE. The Hydropower Project will
operate in this fashion throughout all three seasons described in Section 6-02 of this manual. It
should be noted that the Hydropower Project has a water right restriction that limits the
maximum amount of flow through the plant to 812 cfs.

6-03. Major flood season (1 November through 31 January). A maximum of flood-control space
is provided in Dorena Reservoir from 1 November through 31 January, the period of maximum
flood potential.

THIS SPACE IS INTENTIONALLY BLANK
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During that season, the reservoir is held evacuated to minimum con-
servation pool, elevation 770.5, except as temporary higher pool
elevations are reached incident to control and regulation of floods,
Section VII, Flood-Control Regulation, describes in detail the flood-
control regulation schedules for Dorena Reservoir,

6-0L. Evacuation of stored floodwaters will not be initiated until
Row River and Coast Fork Willamette River have receded below bankfull
stage. Releases frcm Dorena Reservoir will then be increased as rapidly
as the predetermined coordination with releases from Cottage Grove
Reservoir will permit., Before floodwaters are evacuated frcm either of
these reservoirs, it will be determined that the increased flow from
Coast Fork Willamette River will not increase or unduly prolong overbank
stages on Willamette River at Eugene or Harrisburg. As additional
storage is provided at Lookout Point Reservoir, this phase of Dorena
Reservoir flood regulation will become increasingly important.,

6=05. Conservation storing season (1 February through 19 Mav)., -

After 1 February, the flood potential of Row River gradually decreases,
which permits storing of water for conservation orior to the conser-
vation release season. As shown on figure 1 of plate 16, the reservoir
is to be filled uniformly over the period so as not to exceed an
accumulated uniform rate of 600 acre-feet per day., Table 11 gives
scheduled pool elevations and the corresponding storages, by days. If
this filling rate is maintained, the reservoir will reach maximm
conservation pool, elevation 832, by 20 May. In leap yezrs, that

elevation will be attained one day earlier. Available storage for
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control of late spring and summer floods, between maximum conserfation
pool and full pool, elevation 835, is 5,600 acre-feet. Usable starage
available for conservation purposes, between minimum and maximum con-
servation pools, is 64,900 acre-feet.

6-06. Departures from the uniform filling schedule may be caused
by necessary regulation of a flood occurring during the conservation
storing season. Regulation of a flood during this season will be in
accordance with Section VII of this manual. Following the flood, excess
floodwaters will be released until the pool is dravmn down to the
scheduled reservoir elevation for that date. )

6-07., It is possible for the reservoir inflow to recede to the
extent that it becomes inadequate to meet the scheduled filling rate.
In addition to providing the necessary increment of storage, the in-
flow must satisfy the evaporation losses and the prescribed minimum
release of 190 second-feet., When this does not occur, reservoir filling
will fall behind schedule because storing of water does not take
precedence over approved minimum release requirements, This condition
will occur infrequently because of the snowmelt contribution to Dorena
Reservoir inflow during the filling season, Any such deficiency may
be made up later if sufficient water becomes available and, if neces-
sary and feasible, the filling period may be extended beyond 19 May.

6-08. An exceptionally deep snow pack over Row River Basin after
1 February would create an added flood hazard during the conservation
storing season. Under such circumstances, the primary interests of

flood control may indicate that filling should be deferred temporarily
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until the flood potential of the basin is reduced to near-normal
provortions. Such actioﬁ, which will be required orly infrequently,
will be taken only upon specific authorization of the Reservoir Regu-
lation Subsection. Following the delayed filling, water may be stored
at a rate in excess of 600 acre-feet per day, provided the orescrited
minimum releases are maintained.

6-09., Conservation release season (20 May through 31 October). =

Functional regulation of Dorena Reservoir during the season 20 May
through 31 October provides for the release of water so as to obtain
the greatest over-all conservation benefits. Since demands for stored
water, stream flow conditions, and the required coordination with other
reservoirs vary widely from year to year, it is not practicable to
establish definite schedules for supplementary low-water releases. A
provisional schedule, predicated on forecast stream flow and water de-
mand, will be prepared each year prior to initiation of scheduled re-
leases for conservation purpcses and will be revised periodically as
indicated by changing conditions. Section VIIJ of this manual contains
a detailed discussion of the various conservation functions and their
interrelationships.

6-10, Increases in the rate of contrclled release for conservatiocn
uses normally will not exceed 200 second-feet in any one-hour period or
500 second-feet in any 2L hours. Should unusual circumstances necessit-
ate that these rates be exceeded, all practicable advance notice will be
extended to downstream interests, This limitation does not apply in case

of a flood or freshet, when the reservoir would be regulated for flood-
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control as described in Section VII. Floods are uncommon during the con-
servation release season, but they have occurred in late October, at
which time much of the reservoir storage is available for flood control.
Stored water remaining in the conservation pool is not to be retained
later than indicated by the limiting draw-down line shown on figure 1

of plate 19, except in the event of a flood.
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SECTION VII - FLOOD=-CONTROL REGULATION

7-01. Sasic method of flood rezulation, - The three basic methods

of reservoir regulation for flcod control are: (1) regulation based on
meximum beneficial use of the available storage during each flood event,
(2) regulation based on control of a design flood or series of floods,
or (3) a combination of the first and second methods. The flood~control
reculation of Dorena Reservoir is a compromise procecure based on the
third method. For small floods which do not threaten to fill the res-
ervoir, regulation will be effected by the first method as long as ample
storare srpace is available, By the use of this method, demaging starmes
at downstream locations are avcided as long as possible by controlled
regulation with the storage space available. The key downstream control
which limits releases under this method is the charnel capacity of Coast
Tork Willamette River near Goshen, where the flows are modified by both
Cottage Grove and Dorena Reservoirse.

7-02. If the forecast of volume and peak inflow for a large flood
or series of smaller floods indicates that the reservoir capacity will be
exceeded under normal storing conditions, the resulation schedule as
prepared for operation under method (1) will be superseded by a set of
special regulation curves which permit & gradual increase in reservoir
release, The release rates, which are variable and depend upon
reservoir pool elevation and rate of rise, are established so that a
maximum use is made of the remaining storage, including surcharcge
storage above the spillway creste.

7-03, Flood-contrecl regulation schedules = The normal flood-
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control regulation for Dorena Reservoir is illustrated by figure 2,
plate 19, and the same relationships are shown in tebular form in
table 12. The scheduled pool elevation is to be maintained as long as
possible without exceeding the release prescribed by the flood-control
schedule in figure 2, When the reservoir inflow increases to the ex-
tent that this is no longer possible, the releases will be as shown in
figure 2 and the excess inflow will be stored in the space reserved for
flood-control. The same basic schedule will be used to control floods
during all three of the regulation seasons described in Section VI. A
similar flood regulation schedule is used for Cottage Grove Reservoir
so as to coordinate the regulation of the two reservoirs under flood
conditionss, The schedules are constructed so that Dorena Reservoir will
store floodwater at a rate 2,33 times that of Cottage Grove Reservoir,
the ratio of the flood-control spaces in the two reservoirs during the
major flood season.

7-0lie The flood=-control regulation schedules for Dorena and
Cottage Grove Reservoirs are designed to maintain the discharge of
Coast Fork Willamette River mear Goshen at or slightly below 12,000
second-feet, This discharge corresponds to a state of 11,); feet and
has been established as & conservative bankfull capacity which should
not be exceeded as the result of normal scheduled releases from
Cottage Grove and Dorena Reservoirss, The 273 square miles of uncon-
trolled area between Cottage Grove and Dorena Dams and Goshen will at
times contribute sufficient run-off to raise the stage of Coast Fork

Willamette River near Goshen abpve 11,4 feet, even when the releases
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from the two reservoirs are held at the minimum of 100 second-feet each,
When this condition occurs the Dorena Reservoir release is to be held
at 100 second-feet until the flood recedes, or until greater releases
are indicated by figure 3, plate 19, as described in paragraphs 7-28
through 7-32.

7=05. Determination of uncontrolled local inflow., = The initial

effect of a change in the outflow from Dorena Reservoir will usually
reach Goshen about 5 hours later and an additional 2 hours is required
for the major effect of the change to be reflected at Goshen. The
travel time of water released from Dorena Reservoir will vary with the
magnitude of the release, the volume of local inflow, and the amount
of change in the outflow., Figure 6 of plate 8 i1llustrates the variation
in travel time of the initial effects of gate changes at various rates
of reservoir outflow. As showvn, the travel time of low reservoir
releases may be more than 50 percent greater than the travel time of
moderate reservoir releases.

7-=06. Because of the interrelated effects of the factors affect-
ing travel time, it is difficult to make exact determinations of the
travel time of the releases following each gate opening. For opera-
tional purposes, it is satisfactory to estimate the local inflow from
the uncontrolled area between Dorena and Cottage Grove Dams and Goshen
as the difference between the observed discharge near Goshen and the
combined reservoir releases 7 hours earlier., Using figure 2, plate 19,
Flood=Control Regulation Schedule, this estimated uncontrolled run-off

in conjunction with the precipitation index is then used to determine

-51-



the prescribed reservoir release, The fixed travel time of 7 hours is
reasonebly accurate for the determination of reservoir releases up to the
normal maximum release of 5,000 second-feet., At very low releases the
error becomes appreciable, but this is of little operational importance.
Tihen the reservoir is not being regulated for flood control, travel time
varistions are of minor signifiocance.

T7-07« The stream gaging station on Coast Fork Willamette River
near Goshen is equipped with an automatic telephone transmitting device
(Telemark), which transmits the gage height as a geries of audible
buzzes when the station Telemark is activated by en incoming telephone
call, The Telemark is connected with the Bell Telephone system and may
be reached by a direct call from any telephone connected with the Bell
system, Failure of the telephone facilities during a flood will require
the gage height to be reported by messenger. Under severe flood con-
ditions the reservoir releese will be reduced to the minimum, end
frequent reports of the gage height near Goshen will not be as essential,
The discharge rating of the stream gage on Coast fbrk Willamette River
at Goshen is shown in table 15,

7-08. Precipitation index, - Effective flood-control regulation of

Dorena and Cottage Grove Reservoirs is contingent upon forecests of run-
off from the uncontrolled drainage area between the dams and the down~
stream control station, Coast Fork Willamette River near Goshen., The
reservoir releases are adjusted so that when they are combined with

the run-off from the uncontrolled area, the resultant flows will not

exceed 12,000 second-feet near Goshen. That discharge may be exceeded,



however, by the run-off from the uncontrolled area alone, or when a
large flood exceeds the capacity of Dorena or Cottage Grove Reservoirs,
7-09. The more important factors governing run-off from the un-
controlled area are the amount, areal and time distributions, and
phase (rain or snow) of the precipitation over that area. Ground
moisture conditions, vegetal cover, and air and ground temoeratures
also have some effect on the run-off. Tor reservoir regulation ourposes,
the uncontrolled run-off is forecast indirectly by means of a precipita-
tion index which incorporates in simplified form the most critical of
the foregoing factors. Normally the same index will be utilized for
the regulation of both Dorena and Cottage Grove Reservoirs.
7-10. The precipitation index will be computed from the average
of the observed precipitation at Dorena and Cottage Grove Dams. The
weather stations at both projects have recording precipitation gages
so that the precipitation during any time interval can be read from the
charts. Although the stations are located at the head of the uncontrol-
led area, precipitation sampled by the gages is reasonably representative
of that which falls on that area, particularly during storm periods.
7-11. The precipitation index in the flood-contrcl regulation
schedule, figure 2 of plate 19, is to be taken as twice the observed
precinitation during the last 6 hours, plus the precipitation which

occurred during the é~hour period previous to the last 6 hours. Maxi-

mum weight is given to the precinitation which fell in the last 6 hours
becavse it is of greatest significance in determining the run-off from

the uncontrolled area which will appear near Goshen &6 to 12 hours later,
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The initial effect of rain on that area appears near Goshen almost
immediately, but the peak run-off usually occurs € to 12 hours after the
most intense burst of rzinfall, In the event that the precipitation
data cannot be obtained from one or both of those stations, the areal
average will be estimated as closely as possible on the basis of such
precipitation and weather information as may be available. Complete
weather reports from Eugene Airport, 15 miles from the uncontrolled area,
can be received every 6 hours in the Portland District Office by means
of CAA weather teletype Service "C". 1In addition to 6- and 2L-hour
precipitation, the teletype reports include current and past wezather
conditions, temperature and dew point, barometric pressure and tendency,
snow on ground, end other weather information.

7-12, Since precipitation which may fall after the time of the
run-off forecast has some effect on the discharge near Goshen 6 to 12
hours later, use of forecasted precipitation would result in more exact
rerulations A high degree of forecasting accuracy and dependability
would be required, however, and forecasted precipitation has not been
incorporated directly into the regulztion schedule. The Reservoir
Regulation Subsection maintains continuous vigilance of weather con-

, ditions and, when indicated by weather forecasts, the reservoir re-
leases may be varied from those shown in the schedule so as to obtain

more effective regulaticn,

7-13. Correction for low temperatures. = Puring periods of cold

veather, when some or all of the precipitation may fall as snow, the

run-off may be so materially delayed as to show little correlation with
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the precipitation 6 to 12 hours earlier. Modification of the vrecipi-
tation index to account for the effects of low temperatures is based

on the average of the maximum and minimum temperatures for the previcus
2L hours. Averages of the daily means at Dorena and Cottage Grove Dams
are used, so the same temperature correction will be applied for both
projects. Both weather stations are equipned with maximum and minimun
thermometers as well as hygrothermographs. Vhenever the average of the
daily means is below L6C F. and Dorena and Cottage Grove Reservoirs are
being operated for flood=contrcl or for evacuation of floodwaters, the
precipitation index will be adjusted by the factors shown in the follow-

ing tabulation:

Avg. of daily mean temps. - ! Factor to annly to
Dorena and Cottage Grove Dams precinvitation index
L6° ¥, and above 1.00
43° F. to LSO F, 0.75
Lo® F. to L42° F, 0.50
37° F. to 39° F. 0.25
36° F. and below 0,00

7-1;, Substantial modification of the flood-control regulation
schedule to provide for the effects of snowmelt will rarely be required.
Snowmelt run-off which has occurred is included in the determination of
the total uncontrolled run-off, and the schedule is to some extent self-
correcting for each subsequent determination. Snecial regulaticn for
snowmelt run-off will be required only in event of an excentionally

sharp rise in temperature or other melt-vrodvcing conditions. Vhen
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indicated, the Reservoir Regulation Subsection will evaluate the snow-
melt effects and modify the precipitation index accordingly.

7-15. Changes in reservoir releases. = It is both impractical

and unnecessary to make frequent minor gate adjustments in order to
maintain scheduled pool elevation when the reservoir inflow is low.
bee frequent gate adjustments are necess:ry when the inflow is high
or changing rapidly. During the early stages of a flood or potential
flood, it is particularly immortant that the gate adjustments be made
promptly. If the delay in reducing the reservoir outflow is excessive,
that outflow will combine with run-off from the uncontrolled area
below the dams to produce possible overbank stages which would not
have occurred if the adjustment had been made vromptly. The following
tabulation prescribes the maximum time between determinations of the

proper reservoir release:

Maxdrum time in hours between determinations of prescribed release

6-hour precip.

1
average of ' Uncontrolled inflow between dams and Goshen at
Cottage Grove ' time of last determination in second-feet
and Dorena ' Under 3000 ' 3000 to 6000 1 Over 6000
Iess than 0.10 2Ly hours 2, hours 12 hours
0.10 to 0.29 2L hours 12 hours 12 hours
0.30 to 0.L9 12 hours 6 hours 6 hours
0.50 or greater 6 hours 3 hours 3 hours

7-16. The above schedule specifies only the maximum time between
determinations of the proper reservoir releases In the event the in-

dicated change in reservoir release during or shortly after a flood
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amounts to less than 300 second-feet, the gate adjustment may be
omitted, if it is considered not to be hydrologically significant.
During nonflood periods, considerably smaller adjustments are neces-
sary to keep the reservoir at scheduled pool elevation or to relezse
water for conservation nurposes.

7-17. Sudden large increases in reservoir outflow will not be
made. Increases in the rate of controlled release during a flood or
post-flood evacuation will not exceed 750 second-feet in any one-hour
period. This maximum controlled increase may be made either in a single
step or in two or more adjustments. The maximum rate of increase of
reservoir outflow for conservation uses or seasonal draw-down is 200
second-feet per hour, as set forth in paragraph 6-10. No adverse down=-
stream effects will develop from abrupt decreases in reservoir outflow
during a flood, and no maximum rates of decrease are specified.

7-13. Release of stored floodwaters. - Following a flood, the

storage space in Dorena Reservoir allocated to flood control is emntiea
as rapidly as possible without exceeding a discharge of 12,000 second-
feet in Coast Fork Willamette River near Goshen. In addition, as dis-
cussed in paragraphs 7-22 through 7-27, overbani stages on the main
stem of Willamette River will not be increased or unduly prolonged by
released floodwaters., Close coordination of the releases of all the

reservoirs in Willamette River Basin is required to accomplish the

latter objective during post-£flood evacuation.
7-19. The flood-control regulation schedule, figure 2 of nlate

19, is designed to maintain, in coordination with a similar schedule
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for Cottzge Grove Reservoir, the discharge near Goshen slightly below
12,000 second-feet dufing both storage and post-flood release of
floodwaters. Those schedules may be used for evacuaticn of floodwaters
provided satisfactory regulation is insured downstream from the con-
flvence of Coast and Middle Forks and that the volumes of water

stored in Cottage Grove and Dorena Reservoirs are not greatly dispro-
portionate. Should there be pronounced irregularities in the distri-
bution of precipitation or other factors influencing reservoir inflow,
one reservoir may fill at a much faster proportionate rate than the
other, In such cases the regulation schedule will be modified so as tc
draw the fullest reservoir down at a greater rate than indicated by
figure 2 of plate 19. Releases from the other reservoir will be at a
correspondingly lesser rate so the total release from the two reservoirs
will not be increased.

7-20. The normal maximum controlled release from Dorena Reservoir
is 5,000 second-feet. That release will not be exceeded exceot when
greater releases are required by the special flood-control regulation
schedule, figure 3 of plate 19. The corresponding normal maximum con-
trolled release from Cottage Grove Reservoir is 3,000 second-feet.

7=21. During the major flood season, 1 November through 31 January,
Dorena Reservoir will be evacuated after each flood to minimum conser-
vation pool, elevation 770.5. During the conservation storing season,

1 February through 19 May, and the conservation release season, 20 May
through 31 October, Dorena Reservoir will be evacuated after each flood

to the scheduled elevation as shown on figure 1, plate 19, Should the
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reservoir be below the uvper limiting line at the start of a flood and
the volume of floodwater stored be so small as not to cause the pool
elevation to exceed that line, special evacuation of the floodwater will
not be required.

7-22. Reduction of flood stages on Willamette River. - The valley

of Coast Fork Willamette River and the Eugene-Springfield industrial
area receive the greatest benefits from the regulation and reduction of
floods by Dorena and Cottage Grove Reservoirs. The major damage center
to receive flood protection from those reservoirs is the Eugene-
Springfield area, located immediately below the confluence of Coast and
Middle Forks Willamette River. Downstream areas along the main stem of
Willamette River, including the cities of Harrisburg, Corvallis, Albany,
and Salem, and the intervening agricultural areas, also benefit from the
reduction of flood stages. To a lesser extent the effects of flood reg-
ulation by Dorena and Cottage Grove Reservoirs extends downstream as

far as Portland and vicinity.

7-23. During the early portion of a flood, regulation for reduc-
tion of stﬁges on Coast Fork normally results in effective regulation
below the confluence with Middle Fork. The effect of reduced outflows
from Dorena and Cottage Grove Reservoirs reach that confluence con-
currently with overbank stages moving down Middle Fork. After October
1954, when Lookout Point Dam, with Dexter Reregulating Dam, come into
flood-control operation, overbank stages on Middle Fork will be rare.
Likewise, these reduced reservoir outflcﬁs will reach the mouth of

McKenzle River in time to alleviate the effect of the peak from that
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stream, even though overbank flows may occur at that point as the result
of the run-off from the large uncontrolled area in the McKenzie River
Basin, Satisfactory regulation for both Coast Fork and the main stem
of Willamette River is obtained during the rising leg of the flcod
hydrograph by adhering to the flood-control regulation schedule, figure
2 of plate 19, for Dorena Reservoir, and to the companion schedule for
Cottage Grove Reservoir,

7-2Li, Compliance with the criterion that post-flood evacuaticn
should not increase or unduly prolong overbank stages on Willamette
River will usually require that stored floodwaters be retained longer
than would be indicated by the regulation schedule. An additional down-
stream control for this phase of reservoir regulation is the stage and
discharge of Willamette River at Harrisburg, which is in a reach of
relatively low river banks. Harrisburg is downstream from the mouth of
McKenzie River and therefore includes the discharge of that major un-
controlled tributary as well as that of the partially controlled Middle
and Coast Forks., Bankfull and major flood stages at Harrisburg are 11,5
and 17.5 feet, respectively, and the corresponding discharges are LL,000
and 124,000 second-feet.

7-25. If adequate storage spvace rermains in Dorena and Cottage
Grove Reservoirs, floodwater evacuation will not be initiated until
Willamette River at Harrisburg has receded to a stage of 1l feet and is
forecast to continue to recede at a near-normal rate as shown in figure
1 of plate 8, Continuation of the recession would bring the stage to

approximately 11.5 feet by the time the water released from the reser-



voirs reaches Harrisburg, about 18 hours later. Should the river recede
at a rate substantially faster or slower than normal, floodwater
evacuation will be initiated 18 hours prior to the time that the stage
at Harrisburg is forecast to fall to 11,5. The gaging station at
Harrisburg is equipped with a Telemark, as is the station on McKenzie
River at Coburg, so that frequent reports of stream flow conditions may
be obtained during flood periods., Tyvoical recession curves for several
locétions on Willamette River and tributaries of greatest significance
in the regulation of Dorena and Cottage Grove Reservoirs are shown on
plate 8,
7-26, Since some flood-control risk is necessarily involved in

retaining stored floodwater in the reservoirs, it is essential that
the ﬁater be retained no longer than is necessary. The possibility
that additional rain may cause the full or partially full reservoirs
to lose control must be carefully considered, and the degree of risk
estimated by a consideration of the following factors:

ae Volume of storage smace remaining in Dorena and Cottage
Grove Reservoirs,.

b, Present weather and stream flow conditions,.

ce Forecasted weather and stream flow conditions,

de Volume of storaze space remaininz in Lookout Point,
Detroit, and Fern Ridge Reservoirs.

- )8 Time of year.

7-27, Should the above factors indicate the risk in retaining

stored floodwater to be excessive, evacuation may be initiated immedi-
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ately following cessation of upstream flooding even though overbank
stages at Harrisburg and other downstream locations may be substan-
tially prolonged. When the degree of risk appears to be intermediate,
the evacuation is delayed to an extent commensurate with the risk,
Because of the difficulties in evaluating and weighing the factors in a
quantitative manner under varying conditions, it is not oracticable to
aoply a fixed schedule to this operation. Each flood situation muct be
considered individually by the Reservoir Regulation Subsection,
utilizing all available data to arrive at the soundest possible solution
to the problem.

7-28. Special flood-control regulation schedule., = In the event

of a large flood or series of smaller floods which threaten to exceed
the capacity of the reservoir, the schedule in figure 3 of plate 19
will be consulted neriodically to determine if it is becoming applicable.
As long as the pool elevation and rate of rise over the opreceding three
hours indicate a point to the left of the chart, figure 2 will continue
to be used. When the pool elevation and rate of rise indicate a point
within figure 3, the reservoir release will be increased to the rate
indicated on the abscissa scale. The schedule will be checked every
2 hours thereafter, and if indicated by the curves the outflow will be
adjusted.

7-29. When the reservoir is below the spillway crest, the release
is limited by the capacity of the regulating outlets. As illustrated
by the outlet capacity curve in figure 3, the capacity of the five

outlets ranges from 5,L0 second-feet when the reservoir is at minimum
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conservation pool, elevation 770.5 to 9,275 second-feet when the
reservoir is at full pool, elevation 835. In view of the limited out-
let capacity and to avoid the creation of a possible damaging flood
wave downstream from the dam, each 2-hour adjustment will not increase
the reservoir outflow by more than 1,500 second-feet. This limitation
is similar to that in effect during normal flood-control regulation,
as discussed in paragraph 7-17, but requires only 2-hour adjustments,
Should the special schedule, figure 3 of plate 19, indicate an out-
flow more than 1,500 second-feet greater than the current outflow, an
increase of 1,500 second-feet will be made and, if indicated, repeated
at subsequent 2-hour adjustments.

7=-30, If the flood or flood series 1s exceptionally large in
volume, the release through the service gates may be progressively
increased, as required by figure 3 but not over 1,500 second-feet in
2 hours, until the gates are completely open. As the pool level rises
above the spillway crest, the gates will be gradually closed to limit
the outflow to the rate indicated by figure 3. By the time the pool
level attains elevation 8L3, the gates will be completely closed and
the entire outflow will be passing over the free overflow spillway.

7-31s After the reservoir starts to fall, the current gate
openings will be maintained until the total outflow recedes to 5,000
second-feet, If the gates are completely closed when the reservoir
starts to fall, they will be kept closed until the spillway discharge
recedes to 5,000 second-feet, at a pool elevation of 839, As the pool

continues to fall, the service gates will be progressively opened to
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maintain the combined outflow over the spillway and through the gates
At 5,000 second-feet until the pool recedes to the spillway crest, ele-
vation 835, Normal evacuation of floodwaters, based on downstream con-
ditions as discussed in paragraphs 7-18 through 7-21, will then be
initiated.

7=32. A similar special flood-control regulation schedule is to
be used for Cottage grove Reservoir in case of an exceptionally large
flood or flood series. It is possible that the regulation of both
reservoirs would revert to the special schedules simultaneously, but
it is more likely that their use would be necessitated at different
times. It is also possible that the special schedule would be re-
quired at one of the reservoirs and not the other. Except in event
of failure of communication facilities, the special flood-control
regulation schedules will be put into effect only at the direction of
the Reservoir Regulation Subsection,

7-33. Examples of flood regulation. - Graphical examples of the

application of the regulation schedules to several floods of record
are shown on plates 20 and 21. Effectiveness of Dorena and Cottage
Grove Reservoirs in controlling the spillway design flood and the
floods of November-December 1861, February 1890, December 1942, and
January 1948 is illustrated. It was assumed in each case that Dorena
and Cottage Grove Reservoirs were at minimum conservation pool at the
beginning of the flood period. The following da‘a are shown for each
flood: precipitation by 3-hour periods, Dorena and Cottage Grove

Reservoir inflows and regulated outflows, natural discharge of Coast
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Fork Willamette River near Goshen, regulated discharge near Goshen, un-
controlled local inflow above Goshen, and Dorena and Cottage Grove
Reservoir pool elevations,

7-3L. Hyoothetical regulation of the spillway design floods for
Dorena and Cottage Grove Reservoirs, which were assumed to occur con-
currently, is illustrated on plate 21. Peak inflows into Dorena and
Cottage Grove Reservoirs are 111,500 second-feet and 42,800 second-
feet, respectively, and the peak discharge near Goshen was computed to
be 201,000 second-feet. Following the flood=-control regulation
schedules the releases from both reservoirs would be reduced to the min-
imum of 100 second-feet shortly after the rain began. Those minirmum
releases would be maintained for several hours, after which the special
curves would require that the controlled outflows be increased well
before the pool elevations would reach the spillway crests, Maximum
outflows would be 68,800 second-feet from Dorena Reservoir and 36,000
second-feet from Cottage Grove Reservoir, reducing the inflows by 38
and 16 percent, respectively. The peak discharge of Coast Fork
Willamette River near Goshen would be reduced to 138,000 second-feet,
a reduction of 31 percent. Maximum water surface elevation in Dorena
Reservoir would have been 855.1, 20.1 feet above the spillway crest
and L.9 feet below maximum pool.

7-35. The flood of December 1861, also illustrated on plate 21,
is the largest flood of record for which limited historical data are
available. Estimated peak discharges were 28,000 second-feet at Dorena

Dam, and 59,200 second-feet near Goshen, Heavy rain extended over a
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period of 5 consecutive days, so the flocd volumes were great and the

reservoirs would have filled relatively early in the flcod period.
Regulation of Dorena and Cottage Crove Eeservoirs would be similar to
that required for the spillway design flood. The special flood-contrecl
reguletions would supersede the normal schedules, and both spillways
wovld become operative, Maximum ouvtflows would be 25,800 second-feet
from Dorena Reservoir and 11,000 seccnd-feet from Cottage Grove
Reserveir. The peak discharge of Coast Fork Willamette River near
Goshen world be reduced te 47,000 second-feet, and the duration of
overbank stages reduced from 6 to L cays near Goshen. Maximum water
surface elevation in Dorena Reservoir would have been 8L6, 11 feet
atove the spillway crest.

7-26, The flood of February 1890 is estimated to have been only
slightly smaller than the 1861 flocd. As shown cn nlate 20, the flood
was dovtle-crested at both Cottage Grove and Dorena Reservcirs. The
first floed peak would be largely controlled by the reservoirs, but
because of the large volume of water which would have had to be stored
during the first half of the flood, the second crest would be less
effectively controlleds Near Goshen the first peak would have been
reduced from 56,800 second-feet tc 25,00 second-feet, but the second
peak would have been reduced from 53,500 second-feet only to 33,900
second-feet, Maximum water surfzce in Dorena Reservoir would have
been 8L2.6, 7.6 feet abeve the spillway crest.

7-37. Floods of the magnitude of those of 1861 and 1890 would

cause great damage in the Willamette Rjver flood plain under present
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conditions of development. Fven with optimum regulation of the res-
ervoirs and oronounced reduction in stages shortly below the dams, down-
stream flooding would be extensive and prolonged. The principal reason
is that only a relatively small percentage of the Willamette River Basin
area is controlled by reservoirs and the run-off from the uncontrolled
areas would create damaging high water with a repetition of these floods.
A less important reason is that because of limited capacity some of the
reservoirs in the basin, including Dorena and Cottage Grove Reservoirs,
would completely fill and then lose control during a major flood. The
latter effect will be reduced to a minimum by application of the special
flood-control regulation schedules, but cannot be completely eliminated
when the flood volume is greatly in excess of the reservoir capacity.
7-38, Regulation of the flood of December 1942 = Jamuary 19L3 is
illustrated on plate 20, At that time Cottage Grove Reservoir was in
overation but Dorena Reservoir had not yet been constructed. Cottage
Grove Reservoir regulation, shown on plate 20, is in accordance with
the revised schedules rather than as was actually accomplished at the
time. Application of the special schedules would have been required
at both reservoirs, but the maximum releases would have teen much less
than for the floods of 1861 and 1890, The peak discharge near Goshen
would have been reduced from the natural discharge of 13,500 second-
feet to 24,600 second-feet, which is, however, over twice the bankfull
discharge of 12,000 second-feet. Maximum water surface elevation in
Dorena Reservoir would have been 836.5, only 1.5 feet above the spillway

crest.
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7-39. The flood of January 1948 is an example of a smaller, more
frequent flood which could have been controlled at the dams by means
of the regular flood-control regulation schedules without resorting
to the special schedules. As shown on plate 20, the releases from
both reservoirs would have been maintained at the minimum of 100 second-
feet during the main flood period and until the flood receded. Close
checks would have been made of the reservoir elevations and rates of
pool rise to determine whether the special schedules should be effected,
but they did not become applicable for either reservoir, The peak
discharge near Goshen would have been reduced from 39,L00 second-feet
to 24,000 second-feet, of which nearly all would have been contributed
by the uncontrolled areas below the dams., Maximum elevation attained
by Dorena Reservoir would have been 824.3, 10,7 feet below the spillway

crest.
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SECTION VIII = CONSERVATION RELEASES REGULATION

8=01, Water=use prioritiese, = During the conservation releases

seasony 20 May through 31 October, water stored in Dorena Reservoir

is available for distribution to the various conservation needs, Order
of priority on water stored in Dorena Reservoir and other reservoirs in
the Willamette Basin closely follows that prescribed by law, Prior
water rights granted in accordance with Oregon law will be honored to
the extent of the matural inflow to the reservoir, and releases for

that purpose are given first priority., Minimum reservoir releases,
which are closely related to the releases necessary to sustain fish
life, have been assigned second priority. This flow requirement is
relatively smalle Irrigation over and above that possible with natural
flows under existing water rights has next priority on the stored water
in accord with Section 8, Flood Control Act of 194);. Navigation and
pollution abatement will be benefited by the same water, but releases

for these purposes will be made only after the higher priority interests
are served, Recreation has a low priority on the stored water from a
legal viewpoint, but it is intended to give recreation as mich considerae
tion as 1s practical without seriously affecting other imterests. Since
neither storage capacity nor water supply are sufficient to provide fully
for all these functions, the regulation schedule necessarily requires
that equitable consideration be accorded all conservation interests.

8=02, Reservoir release schedules, = The schedule of reservoir

releases during this season provides for.a balanced distribution of

water among the above conservation uses throughout the low water periode

*
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Demands vary widely, however, both from year to year and during the
course of a single season. Because of this variable demand and the
fact that precipitation and stream flow also vary within wide limits,
it is not practicable to establish definite schedules for supplementary
low water releases. In order to secure as effective regulation as
possible, a provisional schedule will be prepared by the Reservoir
Regulation Subsection each year before the initiation of major con=
servation releases, This preliminary schedule, which will be predicated
on forecasted stream flow and estimated demands for stored watery, will
be revised periodically as required by changing weather and stream flow
conditionse

8«03, In some years the inflows into Dorena and Cottage Grove
Reservoirs during the conservation storing season will not be adequate
to £fill the reservoirs to maximum conservation pool. Average spring
season inflows into Dorena Reservoir are usually proportionately greater
than those into Cottage Grove Reservoir because of the higher basin
elevation above Dorena Reservoire During the 23-year period 1926 through
1948, Dorena Reservoir would have filled to maximum conservation pool
only 16 times and Cottage Grove Reservoir only 12 times, In the same
period 75 to 100 percent of the conservation space in Dorena Reservoir
would have been filled 6 times and in Cottage Grove Reservoir 8 times,
Less than 75 percent of the conservation space in Dorena and Cottage
Grove Reservoirs would have been filled 1 and 3 times, respectively,
There will be times, particularly when the reservoirs do not fill, that

the water supply in storage, less the evaporation, will be inadequate



to meet the normal conservation demandse In such yecars the low water
schedule will be adjusted to provide water during the entire lowewater
season rather than to satisfy all demands during the early part of the
season and then possibly run short of water at a critical time in late
summer or early falle The provisionzl schedule of reservoir releases
will incorporate a factor of safety in the form of a small reserve of
stored water as insurance against an umpredictecd deficiency late in
the low=water season,

8=0lLe Since control of floods is the primary function of Dorena
Reservoir, under no circumstances will regulation for conversation uses
of water be permitted to jeopardize flood controles After 1 September
the flood potential of the basin begins to increase, and between that
date and 1 November the reservoir pool should not exceed the elevetions
shown on figure 1 of plate 19, except as indicated in paragraph 8=-10
or in case of a flood. Also shown on fimure 1 of plate 19 are the
lowest pool elevations which will provice adequate storage to satisfy
minirmum flows and evaporation demandses The reservoir will be drawn
down to minimum conservation pool, elevation 7705 by 1 November,

8=05, Prior water rightse = The present water laws of Oregon pro=-

vide that all water within the state belongs to the public and, subject
to existing rights, may be appropriated for beneficial use, Such appro=
priation must be made in strict accordance with the statutory provisicns
governing such matters, Administration of the water laws is vested in
the State Engineer, who issues permits for the use of water and is

generally recognized as the authority on all matters concerninz the



adjudication and appropriation of water rights in the state of Oregon.
8=06, About 33 water rights, appropriating 50 second-feet of

flows from Row River and tributaries, are in force, The three areas
into which the Row River Rasin may be divided for comparative purposes
are Row River Basin above Dorena Dam, Row River Basin below Dorena Dam,
and Mosby Creek, Water rights within these areas amount to 38,75, 2428,
end 8,75 second=feet, respectively, The following tabulation summarizes,
as of 1951, the approximate allocations of water in second=feet to the
various types of water uses in accordance with the uses for which the

" water rights were issueds

t Row Re and s Row R, and 8 Mosby :

Type or ¢ tributaries tributaries : Creek $ Total
water ] above : below H] and ¢ Row Re
right : Dorena Dam Dorena Dam 3 tributaries 3 Pasin

Domestic 0,13 0423 - 0436

Murdcipal 14,00 - — 14,00

Irrigation 1,82 2,05 3672 760

Mamufacture 12,60 - - 12,60

Miscellaneousl 104620 - 5403 15,22

Total 38.75 2.28 8.75 h9.78
1

= Includes more than one of items 1 through L.
8=07. From the standpoint of reservoir regulation during the con-

servation releases season, water rights on Row River below Dorena Dam

are of primary importance, and water rights on Coast Fork below Row
River are also of importance, Water rights on Row River below Dorena

Dam amounts to only 2.26 second-feet, but in the Coast Fork Basin below
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Row River they total about 60 second-feet, of which L5 second-feet are
on the main stem of Coast Forke During the low=water season, the flow
of Coast Fork Willamette River consists largely of water released from
Dorena and Cottage Grove Reservoirse, The minimum reservoir releases,
as discussed in the following paragraphs, are well in excess of the
downstream water rights,

8-08, Minimum reservoir releases, = Munimum release requirements

for Dorena Reservoir provide stream flow for fish life and for esthetic
purposes during the low-water season, Row River does not support regue-
lar runs of anadromous fish, and fish are not considered to be a major
problem on that streamy, Nevertheless, fish life was considered in
the selection of minimum releases from the reservoir, and the U, S. Fish
and Wildlife Serwvice and the Oregon State Fish and Game Commissions
participated in the determination,

8=09¢ As shown in figure 1, plate 19, planned minimum releeses
fror: Dorena Reservoir are 190 second=feet during February through June
and 100 second=feet during July through 31 October. These releases
are in excess of the minimum natural flows, and the latter figure is
also in excess of the minimum mean monthly flow under natural conditions
for the same periods Corresponding minimum releases for Cottage Grove
Reservoir are 75 and 50 second-feet,

8=10s The minimum reservoir release during the major flood season,
1 November through 31 Jamuary, is not definitely prescribed because the
reservoir is then maintained at minimum conservation pool, elevation

77045y except in case of a flood, Reservoir outflow during this season



therefore equals the inflow less lossese Should the fall season be un-
usually dry and the expected stream flow critically low during early
November, a small volume of conservation water, about 1,000 acre-feet,
may be retained past 31 Octobers This operation, which would be
scheduled by the Reservoir Regulation Subsection as a special measure,
would provide for a minimum low-water release of 100 second-feet during
early llovembere, As soon as seasonal rains insure these minimum flows,
Dorena Reservoir will be drawn down to minimum comnservation pool so as
to provide a maximum of flood=control protection, as described in
Section VII,e

8«11, Irrigation, = The average precipitation over the portion of
Coast Fork Willamette River valley subject to cultivation is only 7
inches in the Semonth period, May-September, which is the normal irri-
gation season. Normally two=thirds of this amount falls in May and
September, Inadequate precipitation during the summer months greatly
limits production of all sumer growing anmual and perennial cropse
With irrigation, yields are increased 50 to 100 percent, and crop
quality is also improved to a marked extent,

8-12, At the present time there are no irrigation works in Coast
Fork Willamette River Basin, Some water is pumped from Coast Fork and
tributary streams, including Row River below Dorena Dam, but the volume
£ the diversions is not largee A greater amount of water is dverted
from the main stem of Willamette River and from shallow wells near the
stream, during the low-water season, The distribution systems are

principally portable pipe, and the water is generally applied by
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sprinklerses The acreage under irrigation is increasing, however, and
future irrigation will become increasingly dependent on water released
from Dorena and Cottage Grove and other reservoirs,

8-13, Studies by the Bureau of Reclamation indicates that a pro-
posed irrigation project in Coast Fork Willamette River Basin, termed
the Cottage Grove Project, would heve annual water requirement of
19,500 acre-feet. About 20 percent of this water may be diverted
from natural flows, but the remainder must come from storage. Dorena
Reservoir will provide the greater portion of the required water because
the conservation storage of Dorena Reservoir is much greater than that
of Cottage Grove Reservoir, 64,900 acre-feet as against 28,900 acre-feet,
Furthermore, Dorena Reservoir will be drawn down more rapidly than
Cottage Grove Reservoir so as to maintain Cottage Grove Reservoir as high
as practicable for recreation purposes, Those two reservoirs also will
supply a portion of the irrigation water to be required on the main
stem of Willamette Rivere The following tabulation shows the estimated
monthly dis‘bfibution of the projected requirements for irrigation in

Coast Fork Willamette River Basing

Forth : Acre-Teel 3 Percent of total
May 840 L.3
June 3,720 19.1
July 5,760 29.6
Mugust 5,9L0 306k
September 3,210 1646

Total 19,500 100,0




8=1lje Arrangements for the sale and distribution of water re-
lsased from Dorena Reservoir for irrigation have been madee The Corps of
Engineers will furmish the water to the Bureau of Reclamation who will
administer the distribution to the various projectse All field agreements
will be made by the users with the Bureau of Reclamation and that agency
will secure payment to the United States Govermment for water released
from Dorena Reservoir and used for irrigation.

8=15¢ The primary interest of the Corps of Engineers is to see
that all benefits stipulated in the project authorization are realized
by the public and that reimbursable irrigation costs, as contemplated
under existing legislation, are paid back to the United States Govern=
nmente The Portland District of the Corps of Engineers will furnish
irrigation water from Dorena and Cottage Grove Reservoirs after the
Bureau of Reclamation makes the necessary arrangements with local inter
astse Water thus furnished will be dispatched as requested by the Bureau
of Reclamation on the basis of day to day instructions from the Reservoir
Regulation Subsection, It is to be clearly understood that the Corps of
Engineers 1s solely responsible for operation of Dorena Reservoir and
that the requirements of the irrigators, as determined by the Bureau of
Reclamation, will be met subject to the basic operation for flood controle

816, Navigation and pollution abatement, = Since release of

impounded water in the interest of navigation would likewise be in the
interest of pollution abatement, these two conservation uses are cone
sldered together, Commercial navigation is nonexistent on Row River

and Coast Fork Willamette River, but is of importance on middle and
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lower Willamette River, Because of normal low-water flows during the
sumer and the extensive pumping for irrigation, the natural flows of
Willamette River often are inadequate for navigation during the late
summer and early fall months,

8~17¢ Willamette River and major tributaries have become in-
creasingly polluted in recent ysars as a result of raw domestic sewage
and industrial waste discharged into the streams, The harmful effects
of stream pollution on public health, fish 1life, and recreational pur-
suits have become serious problems, particularly during late summer and
early fall when low flows coincide with heavy concentrations of wastes
from camnery operationse In 1939 an Oregon State Sanitary Authority
was created whose functions and duties include the forrmlation of rules
and regulations pertaiming to the control of pollution of waters of the
State and the enforcement of compliance with the laws of the State of
Oregon relating to pollution of waters of the State, Since World war
II, many communities and major industries have taken steps to discone
timue the discharge of contaminents into the streams, It is expected
that in the future the sanitary condition of Willamette River will im=
prove because of the effects of additional sewage and industrial waste
treatment plants and the increased low-water flows from additional
multiple~purpose reservoirs,

8-18, Judicious release of water from Dorena and other Willamette
Basin reservoirs will sumiltaneously extend eppreciable benefits to
navigation and pollution abatement, Navigation is benefited by increas=

ing or maintaiming the water depths; stream purification is furthered
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by diluting the concentration of polluting material and by furnishing

a large quantity of dissolved oxygen. In the average year, and parti=
cularly during the period before irrigation demands are fully developed,
water will be available from Dorena and Cottage Grove Reservoirs to ine
crease or maintain low-water flows, Normally releases for this purpose
will be initiated in late July or early August, When all the authorized
reservoirs in the Willamette Basin project are completed, it is proposed
to maintain & minimum flow of 5,000 second-feet at Albany and 6,000
second-feet at Salem during the low=water season. These minimum flows
can be maintained in all but the most critical low-water yearse With
the existing system of reservoirs, however, it will not be possible to
do so in many of the years, and the objective will be to maintain as
high a flow in Willamette River as possitle durinz the low-water season,
consistent with other conservation requirements, In the development of
the provisional conservation release schedule discussed in paragraph 8«02,
consideration will be given to the needs of navigation and pollution
abatement as well as to needs of other conservation interests,

8-19 Recreation., = Dorena Reservoir has considerable appeal as a
recreational center for the nearby populous Eugene=Springfield areae
There is a pronounced recreational demand even though the pool level
usually falls substantially during the recreation season, To obtain
maximum recreational benefits, the reservoir must be maintained at or
near maximum conservation pool, elevation 832, during the summer months,
As pointed out in the previous paragraphs, the requirements of higher

priority conservetion uses necessitate the release of stored water



during the low-water season. Recreational usage tends to decrease as the pool is lowered, and
when substantial conservation releases are made in midsummer, the effect is to shorten the
recreation season.

8-20. Power. The Hydropower Project will use the flow of water that is released through
Dorena Dam to generate hydroelectric power. There are no generation requirements that would
require flow releases. See Section 6-02.1 regarding power operations.

8-21. Mosquito control. The U.S. Public Health Service has indicated that potential

malaria carrying mosquitoes, Anopheles freeborni, could become established at Dorena
Reservoir if conditions favoring mosquito production develop. Should the reservoir as presently
operated become a serious producer of malaria vectors, it may become necessary to inaugurate a
mosquito control program. Such a program would necessitate the removal or destruction of
cattails and other water-loving plants in the reservoir area, drainage or treatment of ponded
stagnant water within the zone of fluctuation, to minimize mosquito production by stranding
floatage and reducing marginal vegetation.

8-22. Establishment of a pool fluctuation schedule will be resorted

THIS SPACE IS INTENTIALLY BLANK
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to only if the hazard should become serious and other measures prove

ineffectualy, A disadvantage of this method is that reservoir inflow

during the conservation releases season is usually inadequate for the
pool to recover to the original elevation after being partially drawn
dovn, In most years normal conservetion demands will cause the pool

elevation to recede diring the low-water season, procducing results

similar to those of a special pool fluctuation schedule,



SECTION IX - RESPONSIBILITIES AND INSTRUCTIONS

9=01l., Duties of damtender. - A vital duty of the Dorena damtender

is to regulate the reservoir as directed by the Reservoir Regulation
Subsection of the Engineering Division. Other duties include all
normal inspection and maintenance of the dam, buildings, equipment,
grounds, and public-use facilities. The damtender is responsible for
the physical operation of the gates and other control works and for
the collection and transmission to the Reservoir Regulation Subsection
of meteorologic and hydrologic data necessary for efficient regulation.
Other duties include supervision of the assistant damtender and other
employees who may be assigned to Dorena project. He is also required
to meet and meintain gocd relations with the public,

9-02, It is important that the damtender does not leave the pro-
ject unettended. Vhen the damtender is absent from the area, or other-
wise not aveilable for duty, the assistant damtender must be present.
Should an emergency necessitate that both men be awmy from the project
simultaneously, the Project Engineer, Upper Willamette Valley Project
Office, will be notified as far in advance as practicable so a
temporary damtender may be assigned to the project. Proper discharge
of duties during floods remires that the damtender or his assistant
be on caell at any hour of the day or night.

9-03, Although the Reservoir Regulation Subsection usually pre=-
scribes the changes in reservoir release, the need for prompt action

at the start of a flood precludes the damtender from awaiting instruc-
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tions for an undue period of time before making gate adjustmentse
Since the flood=control regulation of Dorena and Cottage Grove Reservoirs
is based on data which are collected by the damtenders, there will be
times when they muist initiate normal flood regulation, Precipitation
and temperature required for the computation of the precipitation index
may be exchanged between damtenders by telephones Information on resere
volr releases and discharge near Gosheny, required for the determination
of run=off from the uncontrolled area, also can be exchanged, as can
other pertinent information such as weather conditions and pool eleva=
tionse It is particularly important that the indicated reservoir release
be checked frequently during the early stages of a flood or potential
floode Also during a flood, the damtender will follow all special regu-
lation instructions received from the Reservoir Regulation Subsection,
9=0lLe During non=flood periods, reservoir regulation instructions
issued to the damtender are usually not urgent and are handled on a
more or less routine basis, Satisfactory regulation is normally accome
plished during such times by maintaining the pool elevation, reservoir
release, or filling schedule prescribed by this mamal or by previous
regulation instructionss A systematic daily check of the regulation
of all the reservoirs is made by the Reservoir Regulation Subsection
during non=flood periods to insure that maximum benefits, consistent
with the currently required regulation, are being obtained from the
operation of the project as a wholes Any necessary instructions, unless
of an urgent nature, are issued at the time of that check, normally
8 AM,
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9-05. Duties of Project Engineer. - The Project Engineer, Upper

Willemette Valley Project Office, is responsible for the operetion and
maintenence of Dorena, Cottage Grove, and Fern Ridge Dams and Reservoirs,
The functional statements on plate 1 list the duties and responsibilities
of the Project Engineer which pertain to reservoir regulation. Normally,
hydrologic and reservoir data related to the respective projects are col-
lected at the Upper Willamette Velley Project Office and forwarded to
Portland by telephone. Routine regulation instructions from Portland also
go through the Project Engineer's office. In time of emergency, however,
direct communicetions between the Reservoir Regulation Subsection and the
deamtenders are authorized,

9=0¢£, Duties of Reservoir Repulation Subsection, = Functional regu-

lation of multiple-purpose reservoirs is the responsibility of the Reser=
vecir Reguletion Subsection. Duties include the development of methods of
regulation and detailed regulation schedules for multiple=purpose reser=
voirs, the issuance of reservoir regulation instructions, the preparation
of reservoir regulation menuals, the meintensnce of & continuing program
to improve reservoir regulation technique, and the preparstion of reser=
voir regulation reports. Other functions of the Reservoir Regulation
Subsection are listed on plate 1.

9«07, A primary responsibility of the Reservoir Regulation Sub-
gection in the event of a flood is to insure that all Corps of Enginesers
reservoirs in the Willamette Basin are regulated so &as to reduce down=-
stream flood damsges to the greatest extent practicable, The flood=
control schedules in this end similar manuals will normally be followed,
but modificstions of the schedules may be made when required so as to

achieve the most effective regulation. During the major flood season

and at other times when floods are threatening or occurring, arrasngements
are made to collect and analyze the current hydrologic reports at night
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and over the weekends, as well as during normal working hours, Definite
assignments are made well in advence so that at least two employees are
femiliar with current weather and stream flow conditions. Omne of these
employees is assigned to weekend duty, with the other employee acting as
an alternate, The assigned employee has authority to direct operation
of the reservoirs in sccordance with the schedules in the manuels during
non=work hours, but is required to obtain approvel of the Chiesf, Hydrol=
ogy and Meteorology Section or Reservoir Regulation Subsection before
makirg significant modifications of the approved schedules, The Upper
¥illamette Valley Project office and the Dorenas damtender will be fur-
nished with a list of District personnel authorized to issue reservoir
regulation instructions for Dorena Reservoir., This list will be revised
as necessary to reflect changes in personnel, All instructions regarding
reservoir reguletion are to be logged by the operating personnel at the
dam and the party issuing the instructions should confirm his instructions
in writing, giving date, time and name of the party to whom the instruct
tions were given,

9=08, The Reservoir Regulation Subsection obtains and utilizes
short- and long=range weather forecasts and quantitetive precipitetion
forecasts, Quauntitetive precipitation forecests for all zones in western
Oregon and southwestern Washington are received deily, except during the
summer months when there is no general flocd potential., The forecasts
are prepared in the Seattle office of the Weather Bureau and relayed
through the VWeather Bureau office at Portland to the Reservoir Regula=-
tion Subsection., Detailed verification studies of the quantitative pre=
cipitetion forecasts are msde for zone SAl8, which comprises the south=-
ern two=thirds of Willamette River Basin, utilizing precipitation data

for 18 stations in the zone.

.
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9-09. In addition to the Weather Bureau forecasts, supplementary forecasts are made by
the Reservoir Regulation Subsection when required. A copy of the 1230Z synoptic surface map,
as received by the Weather Bureau by facsimile circuit, is obtained each work-day morning.
Auxiliary weather charts, including plottings of the Air Weather Service rawinsonde at Portland,
are prepared as needed. Upper air and surface atmospheric conditions are checked frequently by
means of Service “C” weather teletype reports, which are received in the District Office. Close
coordination is maintained with the Weather Bureau during flood periods, and when necessary to
expedite receipt of reports and forecasts a Portland District employee is assigned to the Weather
Bureau office during critical periods.

9-09.1. Duties of Hydropower Operator. Duties of the Hydropower Project operator are

provided in Section 3.3, 4.3, and 5.8 of Exhibit B. There will be an operator on-call 24 hours-a
day, seven days-a-week. As of 2016, the Corps has determined that the Hydropower Project
Operator should visit the project no less than 2 times-per-week to visually observe equipment
and surrounding environment for any changes or issues (Exhibit C, Article IV,1.e.b). The
operator makes daily visits to perform routine maintenance and monitoring/recording duties. The
operator has remote access to the plant from a secured off-site location with a dedicated
computer at their residence. In times of scheduled flow changes, the operator will be on-site to
assist in that procedure. The operator will monitor water quality for temperature and dissolved
oxygen using water from the penstocks and will use the water quality aeration system, as needed,
to increase the dissolved oxygen in the water prior to release into the Row River, as described in
Section 5.10 of Exhibit B. Additional detail regarding water quality monitoring and reporting,
and fish observation reporting is provided in Section 5 of the Hydropower Project O&M Manual.

9-10. Continued reservoir regulation studies. In the interest of obtaining maximum

benefits from the operation of multiple-purpose reservoirs in the Willamette Basin, a program of
continuous vigilance and study of each current flood for possible improvements in the regulation
schedules and rule curves will be conducted by the Reservoir Regulation Subsection. The
program includes not only flood regulation but also the conservation aspects of reservoir
regulation. As additional multiple-purpose reservoirs in Willamette Basin become operative, a
greater significance will be attached to coordinating the regulation of Dorena Reservoir with
these new projects, a matter to be given full consideration on the basis of actual operating
experience. Improvements in forecasting technique and new developments in reservoir

regulation will be watched and analyzed for possible application to regulation of
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Dorena Reservoir and other reservoirs in the Portland District,

9«11, Weather station, = Maintenance and operation of the weather

station at Dorena Reservoir are the responsibility of the damtender,
Equipment and instruments at the station include an instrument shelter
house, maximum and minimum thermometers, hygrothermograph, psychrometer,
evaporation pan, anemometer, manual precipitation gage, and recording
precipitation gages The evaporation pan is the standard Weather Bureau
type, of galvanized iron L6 inches in diameter., The anemometer is of
the rotating cup type, mounted just above the northwest corner of the
supports for the evaporation pans The recording precipitation gage has
a dual traverse and is of 12-inch capacity,

9=12 The U, S. Weather Bureau issues the instructions regarding
the method of taking the observations, erntering the data on the proper
forms, and mailing the forms to the designated office., At intervals,
the étation is checked by a hydrologic inspector of the Weather Bureau,
and any difficulties such as damaged or malfunctioning ecuipment are to
be reported to this inspector., Supplies such as recorder charts and
ink, weather forms, mailing envelopes, etc, will usually be furnished
by the Weather Bureau., The temperature, precipitation and evaporation
data are published in monthly and annual bulletins of climatological
data for Oregon. Flate 2, Basin Map and Inventory of Hydroclimatic
Data, shows the period of time for which records of the Dorena Dem
weather station are available,

9-13. Water Stage recorderss = Data of primary importance to the

regulation of Dorens Reservoir are obtained from four water level

-86~



recording stations. The pool elevation recorder is located on the top of the dam and is equipped
with a transmitting device using self-synchronizing motors so that a continuous record of pool
elevation is received in the adit control room. An upstream gage located above the reservoir
provides an index to the inflow, and a downstream station 2 miles below the dam records the
reservoir outflow. The fourth station, located on Coast Fork near Goshen, is the key downstream
control point for the flood control of Dorena and Cottage Grove Reservoirs. Location, elevation,
and area tributary to these stations is shown on plate 2.

9-13.1. Powerhouse and Associated Gaging Stations. A gaging station has been installed

by the licensee and is approximately 300 feet downstream of the powerhouse on the north side of
the river. The gage is a pressure transducer located in a wet well. Section 4.1.3 of Exhibit B
discusses the operation and maintenance of this new station. Water quality gages measure
temperature, turbidity, and dissolved oxygen at three locations; in the powerhouse, in the
tailrace, and 0.25 miles downstream of the dam. Additional information on these gages and
transmission of this data are provided in Section 5.2.2 of the Hydropower Project O&M Manual.

9-14. The U.S. Geological survey has the responsibility of maintaining and operating the
water stage recorders. Personnel of that agency service and repair the instruments, change the
charts, meter the streams, and process the data. The Dorena damtender, in addition to collecting
and transmitting the water stage data to the Reservoir Regulation Subsection through the Upper
Willamette Valley Project Office, has the responsibility of making occasional inspections of the
stations. Any serious malfunctioning should be reported promptly to the Portland District Office,
or to field personnel of the Geological Survey. Data from both the reservoir station and the
stream gaging stations are published by the Geological Survey in annual water supply papers.
Tables 13, 14, and 15 are rating tables for the three stream gaging stations, and table 16 is the
rating table for the station on Willamette River at Eugene.

9-15. Collection and transmission of data. The following data are to be obtained by the

Dorena damtender on a routine basis each morning and transmitted to the Upper Willamette
Valley Project Office each work day for forwarding to the Reservoir Regulation Subsection:

a. Dorena Reservoir. Reservoir pool elevation and tendency, storage, reservoir

outflow, 24-hour precipitation by 6-hour period, and current weather. Also other data, when
significant, such as temperature and depth of snow on ground.
b. Pitcher Creek. Stage and discharge of Row River above Pitcher Creek.
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c. Culp Creek. Current weather and 24-hour precipitation.
9-15.1. Data Collection for Hydropower Project. Section 4.0 of Exhibit B discusses data

collection and communication networks for the power plant flow meter and for the gaging station
installed approximately 300 feet downstream of the discharge point of the hydroelectric plant.
Additional details of data collection, monitoring, reporting, and maintenance of the gages are
provided in Section 5.2.2 of the Hydropower Project O&M Manual.

9-16. The following data are obtained by the Cottage Grove damtender on a routine basis
each morning and transmitted to the Upper Willamette Valley Project Office each day for
forwarding to the Reservoir Regulation Subsection:

a. Cottage Grove Reservoir. Reservoir pool elevation and tendency, storage,

reservoir outflow, 24-hour precipitation by 6-hour period, and current weather. Also, other
information when significant.
b. London. Stage and discharge of Coast Fork Willamette River at London.
c. Blackbutte. Current weather and 24-hour precipitation.
9-17. The following data, in addition to those received from Dorena, Cottage Grove, and
Fern Ridge Dams, are obtained by the Upper Willamette Valley Project Office on a routine basis
each work-day morning and forwarded to the Reservoir Regulation Subsection.

a. Eugene. Stage of Willamette River at Eugene.
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be Goshene = Stage and discharge of Coast Fork Willamette
River at Goshen,

ce Coburg, = Stage and discharge of McKenzie River at
Coburge

de lowell, - Stage and discharge of Middle Fork Willamette
River at Lowell, This report will at some future date be transmitted
from Lookout Point Dam, at which time the relay through the Eugene Area
Maintenance Office will be discontimued,

9«18, Under routine conditions during the conservation storing and
conservation releases seasons, the foregoing data are required only once
a day and need not be transmitted to the Portland office on weekends or
holidays. During the major flood season the data will be transmitted
to the Reservoir Regulation Subsection weekends and holidays, as well
as week dayse Should a flood be threatening or occurring, reports will
be reaquested as often as needed, regardless of season. Under such con-
ditions, additional information, such as tendencies, time and magnitude
of peak flows, supplementary downstream reports, etce, will be requested
as needed, The schedule in paragraph 7=15 gives the maximum time between
determinations of the proper reservoir release as a function of precipi=
tation intensity,.

9=19, Charts and reportse = Form NPPRF 87, Daily Reservoir Data,

is used by both the Upper Willamette Valley Project Office and the
Reservoir Regulation Subsection to record pertinent current hydrologic
and reservoir data from Dorena, Cottage Grove, and Fern Ridge Reservoirse

Tt also is used to record stream flow and weather data from other stations
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and locations, Under routine conditions one copy a day is required, but
during high-tvater periods several forms may be required each day. For
confirmation purposes, a copy of each report is mailed to the Reservoir
Regulation Subsection, Copy of the form is shown. &s chart 1,

9-20, The Monthly Reservoir Regulation Chart for Dorena Reservoir,
prescribed by paragraph 4220,01d of Orders and Regulations, is shown as
chart 2, It is a graphical record of reservoir pool elevation, stored
water in acre-feet, reservoir inflow and outflow, and pricipation,
Discharge of Coast Fork Willamette River near Goshen is also showne
Copies of this chart are transmitted to the Office, Chief of Engineers
at the end of each month, and information copies are furnished the dam=
tender, the Project Engineer, and the Operations Division, The Willame
ette River Basin Commission, a state orgamization which works closely
with the Corps of Engineers on matters pertaining to the control and
utilization of the water resources of the Willamette River Basin, also
1s furnished copies of Monthly Charts of Reservoir Regulation for all
operating reservoirs in the basin.

9=21e Another permanemt reservoir regulation record is maintained
on NPP Form 133C, Monthly Log of Reservoir Regulation, Dorena Dam and
Reservoir, It is the responsibility of the damtender to keep the re=
quired records of reservoir outflow, pool elevation, gate openings, and
other pertinent data required for this log. All significant gate adjuste
ments are recorded and at least one entry each day is madee The remarks
column is utilized for pertinent information relating to reservoir regu-

lation which would not otherwise be recorded, Unusual deviations from
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the regulation scheduls are explained briefly in the remarks column,
and the authority for the action indicated, Other data which may be
recorded are umsual weather or snow conditions, difficulties in obtain-
ing necessary data, and malfunctiorning of gages or equipment, Chart 3
shows a copy of the loge '

9=22 Emergency instructions, « It is not possible to anticipate

every possible flood or emergency event, or combination of events, and
provide for them in a reservoir regulation mamial, Should an emergency
occur or appear to be developing, the Project Engineer or the damtender
will promptly contact the District office and report field conditions
and receive instructions, Should commnications to Portland fail dure
ing a flood, the Project Engineer will direct the regulation of Dorena
Reservoir, as well as Cottage Grove and Fern Ridge Reservoirs, using
the schedules on plate 19 of this mamual for Dorena., In the event that
commnications to the Upper Willamette Valley Project Office fail, but
remain operative between Dorena and Cottage Grove Dams, the damtenders
at the two projects will exchange data, compute the precipitation index
and uncontrolled run-off at Goshen, and initiate normal flood=control
regulation, using figure 2 of plate 19 The above procedures will also
be followed if for any reason the receipt of reservoir regulation in=
structions from the Reservoir Regulation Subsection are unduly delayed
doring a flood,

9=23, Should communications fall between Dorena, Cottage Grove,
and Fern Ridge Dams, but remain operative to the stream gaging station
at Goshen, the Dorena and Cottage Grove damtenders will each individually
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compute a pracipitatidn index, using precipitation data from his station,
Bach damtender will then imitiate normal floodwcontrol regulation, applye
ing the game uncontrolled run-off but probably different precipitation
indices to figure 2 of plate 19, If commnications to the Goshen telew
mark fail and the flood conditions do not appear to be critical, the
damtender or assistant will drive to the Goshen station to determine the
stage and discharges

9=2l;, In the event of a complete failure of commnications during
a major flood, the releases from both Dorena and Cottage Grove Reservoirs
will be maintained at 100 second-feet until comminications are ree
ostablished and greater releases are permitted by downstream channel
conditions or until larger releases are required by the special floode
control regulation schedules, After the special schedules, figure 3 of
plate 19 in the case of Dorena Reservoir, become applicable, the outflow
will be adjusted every 2 hours on the basis of the hourly rate of rise
over the preceding 3 hours and the current reservoir elevation, If
commnications to Portland have not been reestablished by the time the
reservoir elevation starts to fall, the damtender will regulate strictly
according to paragraph 7=31 of this marmuale, After the pool recedes to
the spillway crest following a major flood, evacuation of floodwaters

will not be initiated until commnications are reestablished,

-92-



TABLE 1

Climatologioal Summary
Kugepe, Oregon
(Blevation LSO feet)
Period of record 1891-L4

Item apd description ’::;r:f Jan. Fob. Mar. Apr. May June July Aug. Sept. | Oct. Bov.

b —

Precipitation, inchea

Average 5 5.31 L.65 | 3.97 | 271 | 2.37 | 1.53 | 0.35 | o.L8 | 1.88 | 2.90 i 5.6L , 6.0 | 37.83
Peroent of average anmial - 1 12 n 7 6 L 1 1 5 ] t 15 16 100
Maximm Sl 10.92 12,10 10,491 7.17 L.76 5.57 3.38 3.1L 5.21 7.77 12.32  13.38; 55.21
Your of maximm - 19% | 190k | 190k | 1937 | 1915 | 1957 [ 1916 | 1699 | 1927 | w92 19k o= | 103
Minimum Sh 2.14 0.10 0.L0 0.L3 0.19 0.02 0.00 0.00 0.03 | T 0.25 2.01 t 279
Year of minimm - 1920 1920 | 1926 | 1909 | 1931 | 1918 | 1004l 1892l ! 19&11! 1895 180 1930 I o
Greatest in 2 hours? sk | 3.% 2.30 | 194 | 1.79 | 26 | 1.58 | 1.5 | L5L LT | 2,00 302 316 | 3.3
Year of grestest 2 hours - | 1033 1919 | 1916 | 1907 | 1932 | 1897 | 1916 | 1896 | 191 | 1803 10,1 1017 ' Jan. 1932
Avg. No. days with .01 inch or more 53 |10 17 17 I 12 8 2 3 7 ‘ 12 17 1 s
Average smowfall 5y 2.l 11 o8 |t ‘ ; T 0.1 0.8 | 5.2
Maximus snowfall 52 2.0 | 15.0 15.7 | 2.0 ; . 1.0 3.0 8.5 | Lo
Year of maximum spowfall - 191¢é | 1893 19.6 1911 . 1e35 18096 19151 1016
Greatest 2 -hour IMIHE sS4 7.3 10.1 10.7 2.0 i 1.0 2.5 6.5 1: 10.7
Yoar of greatest 2i-hour snowfsll - ILms 1917 | 1916 | 1911 1935 1896 192, | Mar. 1916

Temperature, °F,

Average I l W6 | L2s | WL | 50.9 | 55.8 | £1.0 | 664 | 65.7 | 60.7 | 53.7 | le.o | W2 | 52,5
Average daily mazimus LL | L5.6 50.% | 55.6 . 61.7 | 67.5 | 73.2 | 8l.L : 80.7 | 7h.1 | &l ‘ 53.3  L7.3  62.9
Aversge daily miniwum uly ‘5 33.9 .3 1 3. Lo.1 | LL.O ! LB.E 1 51.3 | 50.7 | L7.3 | L3.3 o387 3.2 Lz
Absolute maximm W e 78 I 80 ) 92 100 | 106 [ 100 ;9 91 75 67 10
Yoar of sbsolute maximum - | 1eml | o3z | 1923 | 1926 | 1931) 1925 | 1926kl 1932 103l 9% | o8l 1ol cael
! | .
Absolute minimm L ! 6 0 18 F] 30 3 o AT T - S V-SRI BA
| | ! . .
Year of sbsolute minimus - [19091 1890 | 1913 | 19% | 1913 | 1a13l! 192¢ | 101 ; 1926 ' 1017 | 18¢ - 192,  Des=. 192,
L s j
1 Later detes also. STATICN BISTORY
Z Observation time to observation time.
Places of observation Period of record
Univereity of Cregor ocampus October 1800 to March 1012
533 Fast 10th Street April 1°12 to Aurust 1%, 1C15
Kinomid Park August 1L, 1915 te Sept. 1G17
Mill Race and Alder Oot. 1917 to Kov. 1G1G
L77 3rd Avenue East Dec. 1610 to Dez. 1924
35 Mill Street Jan. 1925 to June 1515

Station closed Junme 19LS.




TABLE 2

Climatologioal Summary
Fugene Airport, Oregon

(Blevation 34, feet)
Period of record 19L3-50

Item and desoription ’;:::r‘;’ Jan. Fob. | Mar Apr. | May J June | July | Aug. Sopt.j Oot. | Bov J Deo Amnual
Preoipitation, inches T
— iy — ——
Average 8 5.73 5.0 | L.76 2.2 1.81 1.28 0.51 0.!9 1.2 l 5.06 | 6.6 I Lo | 36,82
Perocent of average amual 8 U 13 12 [3 5 3 1 1 3 E 13 ! 17 12 l 100
Maximm 8 12.92 | 9.73 | 6.72 | 3.6 | 3.5 | 3.62 | 2.6% | 1.70 | 2.70 f 12,66 11,60 . B.67 5.9
Year of marimm - 1950 1949 | 1945 | 1945 | 19LE | 19L7 | 1947 | 19L3 | 19L6 5 1950 | 1945 19Le 1950
Miniwus 8 1.68 2L | 1.2 | 0.83 | 047 | o.04 | 0.01 | 0,02 | 0.06 ’ 1.2 | 2,81 ' z.65 o1
Toar of minimm - 199 | 1943 | oLk | 19k9 | 10k7 | 10Ls | 1ol | aoL6 | a9h3 | oaol | oaekr  dew e
Oreatest in 2, oonssoutive hours 8 3.27 2.65 1.81 0.87 1.l 0.57 1.3 1.04 1.1¢ ‘ 3.09 1,65 3.0 1,65
Tear of greatest 2 hours - 1948 19l 1946 1945 1949 1949 1947 1943 1946 ' 1947 . 1950 19L5 Nov. 195C
Avg. No. days with .0l or more 8 17 16 19 U 9 9 2 L 5 1L i 17 2 150
Average smowfall2 N 8 7.5 0.7 T, T. 1. % ‘ ‘\ 1. 0.1 8.3
Maximm snowfell2 8 *%.1 L.8 0.1 T T | ; ‘ 1. 1.0 2%.E
Year of maximum snowfall - 1950 10le | 1950 | 9Ll | 1050 ‘ Uasisl a0ke 0 agse
Orestest i-hour snowfallZ 8 7.2 2.3 0.1 T. 1. 1. 1o 7.2
Year of grestest 2hi-hour smowfall - 1950 1909 | 1950 | 19LLE | 1950 I | 19451 1948 Jan. 1950
17 . ‘ j
Temperature, °F.
T o |
Average 8 2%.1 L2.7 L5.8 | 50.5 56.6 | 61.1 66.5 | 65.8 | 61.8 | 52.8 LS5.L | Lo.6 | S2.1
Average daily maximum 8 L3.3 50,8 | 5L.0 | 6.1 | 8. | 73.7 | 822 | €1.1 | 76,0 | 62.9 | 53.0 ‘ L7.0 ;3.0
Average daily minimm 8 29.2 Ul 3.5 .8  LL.2 | us.= 50.7 50.L | L6.6 | L2.0 | 3.8 ; 3.2 Q.2
Absolute maximum 8 60 65 W 6 9 : 93 105 100 101 ‘ 8 i noia 125
Yoar of absolute maximm - 195 | 19ud | aeL7 | ael7 | 1okt | 10lAl ) el | 19 | 9L [ 1045 ¢ 1SLS | 1950 July M9ké
Absolute minimnm 8 -3 -3 ] 30 32 b I Lo | 32 2, 2 16 -3
Year of absolute minimum - 1950 1950 | 194 | 19LLi 19Le | 1519 | 19ke | 16k | 10k5 | 1oke | oke a0k - 19501
Avg. degree-days, below 65° base 8 892 328 504 L8 6L 1% ) 15 170 l 0 i see 755 | Lee1
| | :
Misocellanecus dats
Average mmber of days clear 8 3 3 3 L 6 7 15 13 13 1 L T‘ 1 i‘ 2 ] K
Average mmber of days partly cloudy 8 6 7 7 7 10 8 9 10 8 i 8 i 8 } 6 ‘ oL
Aversge mmber of days cloudy 8 22 18 21 19 15 15 7 8 9 l 1 21 : 21 107
Average hourly wind speed, ».p.h. 2 7.8 8.9 | 82 | 7.7 | 1.7 8.0 ! 87 | 7L | 7.2 71 [ 7.2 | 7.8 7.8
Prevailing wind direction 8 s. s. S. K. N N. N. . l N. ! S. i 8. ! sS. "N
L o

1 Later dates alsoc.
Z Inoludes hail and sleet.

STATICN EISTORY

411 observations taken st Mahlcn Sweet Field, © miles
northwest of oity oenter, Eugene, Cregon.



TARLE 3

Climetological Summary
Cottage Grove, Oregon

(Elevation 65C feet)

Period of record 1917-52

Item and description Jan Feb. ¥ar. Apr. May June July Aug. Sept. Oct. Nov. Dec Arnuel
Precipitation, inches
Normal 6.5 5.22 | L65 3,57 2.28 1.54 0.18 0.L8 1.90 3,3, 6.L6 6.9¢ L2.8s
Percert of normal annual 15 12 11 8 5 L 0 1 S 8 15 1€ 100
Meximum 13,L2 | 10.47 | 0,02 8.78 L.72 6.L2 3.1¢ 2.22 | 5.3 15.35 | 12,62 | 16,17 | f2.L€
Year of maximum 1050 | 1040 | 1028 | 1037 | 1eL1 | 107 | 104”7 | 192¢ | 1020 1050 | 1oLz | 1642 | 1050
¥inimum 2.57 | 0.3 | 0.5k | 0.6, | 0.28 | 0.00 | 0.00 |0.00 | 0.08 0.00 | 0.53 | 2.21 2,02
Year of minimum 1e | 1020 | 1926 | 1om | 1em | 1018l | 1022t | 1028 | 1032 1017 | 103 | 1043 | 10k
Grestest in one day L.22 3.00 2,15 | 2.33% : 2.2 1.55 1.5 0.RC 1.68 2.95 .78 L.10 L.22
Year of grestest in one day 1933 | 1927 | 1032 | 1037 | 1ae | 10k2 | 1oL | 1043 | 1oz 192, | 1917 | 1945 ’ Jan. 1933
Avg. No. daye with .0l inch or more | 18 1€ 17 1L 1 : 7 2 2 7 10 15 18 I 136
Average snowfall 2.9 1.2 0.2 0.2 : 0 0 0 0 0 T T 1.1 | 5.7
Meximun snowfall w.s |23 (185 |30 (o o o 0 0 o2 |1 a5 | LB.¢
Year of maximum snowfell 195¢ | 1017 | 1051 | 1oz | - l -- -- -- - 1035 | 102 | 1006 | 1050
Temperature, degrees F.
Normal %.7 h2.5 L6.1 50.1 ] SL.é s0.a .8 Q.8 50,7 53.2 L5.€ Lo.€ 51.8
Average daily maximum Lé.0 50.6 55.6 61.2 67.3 73.8 81.3 81.7 4.7 &2 53.5 LTa €3,1
Average daily minimum 32,6 LT 3.1 38,6 .o L6.2 L8.3 L1.e L5.2 La.2 7.0 3.5 Lo.5
Absolute maximum 68 76 87 87 93 100 105 102 105 Q3 N 7% 1c5
Yoar of absolute meximuae 155 1932 |19 |10 1031 | 19% 1026 {10271 | 10 108, | 104 | 1026 ;:i{lffﬁ
Absolute minimum -1 0 2 23 27 32 k4l 3 a 19 11 -7 -7
Year of absolute minimum 190 |[1950 |[1017) {1018 [1ex (1020 |1ou |10 | 1026 1016 | 1035 | 102 | Dec. 102,

l Later dates also, month, or years.

STATION RISTORY

Loocated ir Cottage Grove orn Quincy Avenue at
elevation 670 from August 161€ to July 1617,
when it wes moved to its present locatior one
mile south of the Cottage Grove post offoce
at elevation 650,




Corps o?AEBnI'é?nelérs, U.S. Army et e d—0F-2-
Portland, Oregon District
Station, _COTTAGE GROVE  County,__Lane State, _Oregon
Lotitude, 043° L7' Longitude, _123° Ql}* Elevation, _ 650 foet
Doto, Monthly and annual precipitation, inches
Year | daary | Febroary | Morch | Aprit | May | June | duly | August |Septamber| October | November | Decamber| Ammuel
1916 ; O.7L |1.15 11,37 | T.43] 6.59| =
1917| 3.90| 5.32] 5.58] 5.3L4 2.82] 0.82] 0,01| T [1.61 (0,00 | 9.04 7.46!L1.90
1918| 5.82| 7.85| 3.73| 1.34]| 1.55/ 0.00| 0.,17/1.08 [1.,00 |2.02 | 6.49 3,36 34,11
1919(10.47| 9.68| 8.11] L.95| 2.32| 0.87| 0.02/0.17 |2.98 |2.88 | 7.48| 6.03!|56.15
1920| 3.26| 0437| 5¢67| 5.28| 0.142| 2.77| 0.38/1.07 |5.38 |L4.97 | 7.77!12.19 19,53
1921| 6.54] 6.45| 3.53| 3.45! 1.92| 1.41] 0.,03/0.11 [1.80 |2.83 [10.41' 3,56 L2.04
1922| L4e95| Le31| 7.37| Le02| 1.34| 0.15| 0.00]0.62 [1.78 |3.85 | L.87 10.11' L3.67
1923(11.57| 1.79| 3.52] 3.71| 2.28] 2.19| 1,14  0.47 [1.95 |Le37 | L.23 6.5&Tu3.76
1924 3.05| Le03| 2,69 1,31 0.81] 0.79| 0.00/0.79 [2.52 |9.81 [11.23 5.49 L2.52
1925 8.42| 8.73| 2.25| 6.12] 3,91 0.85] 0,05 0,82 |2.28 |0.30 | 5.31 L.76 43.80
1926| 3.57/10.30, 0.5L| 2.21) 3.52| 0.13 0.00/2.22 |1.97 |3.55 11,21 5.73 LL.95
1927| 9.03| 9.8L| 3.94 2.18i 3,080 1,39 T (0,21 |L,70 |3.22 7.92] 407 19.58
1928 5.59| 2.42| 9.92! L.78! 0.50 0.60 0.46/0.00 [1.23 |2.64 3.65% 6.72%38.51
1929| 7.19| 0.67| 3.05| 5.46| 1.29| 2.90| 0.00 0,06 |0.25 (1,29 0.69313.27i36.12
1930| 3.82] 6419! 1.55| L.17| 3.17| 0.73| 0.00/0.02 [1.82 |1.83 “'62E 2.70}30.62
1931 3.67| 3.11| 5.90| 3.16| 0.28| 2,62 0,00 0,00 |1.17 | L.75 7.185 8.6égb0.50
1932, 6.04] 2.33] 8,02 L.BL| 3.02| 0.55| 0.19 0,36 | 0,08 | 3.97 | 8.15 7.39fuu.9u
1923/10.14! Le83| Le78 1.29| Le31| 2,50/ 0.00{0.39 |3.06 {2.35 | 1,83 8.01?&3.&9
1934 €.56] 1.72] 3.75| 2.16| 1.88| 0.56| 0.14 0,03 | 0.66 | 5.57 1o.1zi 8.193u1.59
1935| 5.75 3.94| L.97| 3.L6| 0.43] 0.65 0.1 0.17 {1.06 | L.89 3.6of Le17 33.23
1936/10.75| 6.14] 3.0L] 2.41| L.56] 2.76] 0.25/0.00 [1.99 {0.19 | 0.53 6.17E38.79
REMARKS
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Station,

COTTAGE GROVE

Lotitude, 43° LT7'

Doto, Monthly and annual

County,

TABLE L

Corps of Engineers, U.S. Army
Portland, Oregon District

Lane

Stote,

Longitude,

122° ol'

sheet No. 2 of 2

Oregon

precipitation, inches

Elevation,

650

feet

Yeor

Jonuory

February

March

April

Moy

June

July

August

September

October | November

December . Annual

1937

8. 31

7.8

Le7

8.78

2.2

6.142

0.09

0.78

0c98

L.31 9.83

1938

497

8.11

8.50

2.6

0.92

0.42

0,02

3.38

3043

553

7.71%62.21

1939

5.25

L.83

L.

0.64

2.32

1.59

1.08

0.31

3,50 0,62

3.89ib1.92
7-&2;32.35

1940

3.70

10.47

5.29

2.36

1.75

0.16

0.05

)4. 32

3,80 5.27

5-78ih5-17

191

L.31

2.17

1.78

2.73

L.72

2+30

0,65

3.45

3,12 7.8l

!
10-97§bh-h2

1942

3.67

L.28

3.05

2.85

L.57

2.57

0.00

0.13

2.17 12,02
[

16.12 5278

1943

8.1

3,26

5.86

bc 71

1.67

2495

1,64

0.12

6.6 L.B1

1904

L.L3

L.73

2.28

5.4l

1.77

0.82

0.19

0.83

0.91 5.02

2,21 12,53
|
2.60 29.02

1945

5,00

8.08

8.32

L.20

L.11

0.61

0.33

2.63

1,85 12,03

1946

8.16

520

6.31

1.65

2.20

1,58

0.21

1.58

5+39. 10.42

10.51 58,0,
|
5450 48470

1947

L.27

3,06

8.09

3.56

0.69

L.07

1.5,

0.98

10.8, L.9%

h-251b9-h6

1948

8.98

7.63

5.L2

32.76

2,96

116

1,07

3.47

2.31 9.50

|
10.20 57.19

1949

2.57

9.48

520

1.17

L.56

0,31

0.05

1.77

2,82 5.81&

6418 39.95

1950

13,42

L.71

7.65

2.25

1.39

2.31

0.55

1.93

15.35 8.8,

5.80'63.&6

1951

10.43

6437

5,11

1.27

1.92

0.00

0.29

1.35

7.36/ 8.30

9.51 51,91

1952

6.25

5.4l

Le25

1.75

0.60

0.00

1.47

0.51 1.39

10096 -

1953

12,02

6.87

5.14

3.05

Max.

13.42

10.47

9.92

8.78

bo 72

6.2

3,16

2.22

5438

15435 13,02

16,12 6316

Min.

2.57

0.37

0.54

0.6l

0.28

0,00

0.00

0.00

0.08

0.00, 0.53

2.21 29.02

MEeans

6,60

5.47

L4495

3.36

2.28

1.51

0.26

0.48

1.84

3,80 6,68

7.06[&&.&9

REMARKS



TABLE 5 Sheet No..l_o,f_l_
Corps of Engineers, U.S. Army
Portland, Oregon District

Station, STAR County, Lane Stote, Oregon

Lotitude, 130 LL* Longitude, 122° 52! Elevation, 856 feet

Dote, Monthly and annual precipitation, inches

Year January Februory March April Moy June July August | September| October | November | December | Annuo!
19)40 - - - 20h3 2.06 - 0037 - - )4.)46 6.26 6.50 -
1941 | Le35| 2.28| 1.76| 3.79| €.78| 3.2€| 0.63] - L.15! L.23| 8.,10(10.16| =

1942 s.2L! L.96| 2.61| 3.23| 2.67| 3.37| 0.80, T | 0.12| 2.55|12.64/15.33 /52,52

1943 | SoLi0| 3.75| 5.2€| 5.62] 2482 L.T7€| 0.20| 2,24 0.22] 5.83 3.70; 2.76 L6.5¢
i
19441 Le03| G.6lL! 2.96| 6.00| 2,40 1.75 0,02, 0.00| 1.7¢! 0.91| L.LS5! 2.43132.35

1945 5.001 7.52| 7486 6.TL! 5.03! 0.7L! 0.32] 0.LE| 2.80| 2.27 12,35 3.05 60.1L

1946 7.73i 5,00 7.22 2.2L! 2.69| 1.70| 0.19| 0.47| 1.55! 5.52| 8.77 5.08 L8.16

1947 L.1L! 2.91] 8.00 L.1L| 1.30] 5.54 2.35 0.50 1.89l 9.31| 6485 5.57 52.L9

1948 ! 7.88| 7.70! 5.68| L.65| L.311 2,16| 0.93] 1.13] 3,111 1.98 7.61 9.37.56.51
l

10L9| 2.05 7.66| 5.L1| 2,11 3.62 - | 0,56 T | 2,13 2,47 5.47 €.70 -
1950 14609 | L.53| €.53| 2.43| 2,18 3,00 0.27| = - - - | 6.b0 -
1951 (10.78 é.33| L.98 Station closed |

j

Max. |14.09| 7.70 8.00| 6.7L| 6.78| 5.54| 2.35! 2.24| L.15| 5.83|12.6; 15.33]60.1L

Min. | 2.05| 2.38| 1.76| 2.11| 1.30| 0.7L| 0.02| 0,00/ 0.12| 0.91| 3.70 2.4332.35

Means 6.79 5.31 5. 30 309)-4'. 3.26 2.92 0.60 0060 1.97 3.95 7.62 7.20 ngobé
REMARKS

::::" RSFB 234 Army-Port. Dist. Oreg.



TABLE 6 Sheet No._l_nf__a
Corps of Engineers, U.S. Army

Portiond, Oregon District

Station,DISSTON (LAYNG CREEK)ounty, Lane Stote, __Oregon
o) (o]
Lotitude, L3 L2* Longitude, 122° L5' Elevation, 1212 feet

Doto, Monthly and annual precipitation, inches

Yeor | donuory | February | Morch | Aprit | My | une | duly | August |September| October | Novembar | December | Ammuel
1923, - - - - - - - - = | 3.4k 3.47) L.37| -
192 = | 370, = | = | = | = | - | = | - | « | - | « | -
1925, - - - - - - - - - - - - -
1926| 1.37| - - - - - - - - - - - -
1927 5.9 = | 2,77| 2.90| Le39| 2.5L] 0.02| 0.09| 6.L40| L.LL! 8.65 3,23 -
1928 - 2.98, = L.57] 1.55] O.44! 1.10| 0.01| 1.58| 2.73! L35 5.49 -

1929| 5.85| 2.26| 5.91| 5.63| 2.49| 3,971 T | 0.02] 0.51| 2.29| 0.76 1u.1g}u3.88

1930 5411 7.80] 2.05| L.93| 3.77| 1.26| 0.00| 0.0L| 1.67| 3.58 L.36 3.52!38.09
1931 | Lo12| Le2l| 7.63| 3.87) 1491 La36| 0,000 T | 1.92 5.69 6.52) 6479 L7.05
1922 9,541 2.83|10.78| 6.6L| 5.72] 0.71| 0,40 0.58| 0.26| 5.66, 7.79.10.1 61.05
1933 | 8.L5! 5.75| L.67| 2.00 5.91| 2.L3] T 0.38| 3,19 2.L0| 2.LL| 7.87 L5.L9
1934 | 7.08 2.L9| 2.12| 3.0L| 2.64] 1.89 0.15 0.31 0.99 6.36,11.56 8.21)L7.94
1935 5,401 Le28! 5.30] €.67, 0439 1,18/ 0.54 0.15 0.00, = - - -

1936 /12,60, 6.62| 3.,96| 3.38| 5.33 3.34 0.1 0,00 1.52| 0,14 0.39| 7.8L L5.53
1937| 7.88| 7.28! L.05/10.16| 1,74 5.62] 0.16| 1.30| 1.48| 6.1L| 9.LL 8.06 63.31

1928 5.20| 9.61/10.88| L.58| 1.68] 0.82 0.1L T L.09| 3.20 6.52 5.26 52,68

1939 L.9E| 8.68| L.90| 1,04 1,88 3.25/ 0.70| 0.8L4 1.15| L.79 0.76 8.21 [1.18
!
19}40 3077 100 30 5'92 3. 33 - 1. 12 1.08 - 5025 }4.01 70}49; 5025l -

1941 Lobly! 2.47] 1eld| LeO1] 6.67| 3.13| 0.62] 0.81| L.6L| 3.82 8.32! 9,91/50.25

1942 Le19| L.B3| 2.86| 3.11| 7.06| 3,22! 0,62 0,02| 0.17| 2,1F% 15.05I15.014 58.22

MEANS

REMARKS

®
\TULPV R5F3 234 Army-Port. Dist._ Or



TABLE 6 sheot No.2 Of 2
Corps of Engineers, U.S. Army

Portland, Oregon District

Station, DISST County, Lane State,__Oregon
) o
Latitude, )43 L2 Longitude, 122 145 ! Elevation, 1212 feet

Doto, Monthly end annual precipitation, inches

Yeor Jenyary February Morch April May June July August | September| Ociober | November | December | Annyol

1943 (11,50 | LeOl | 5.69| 5.65| 347 | Le76| 0476 1.90| 0411 | 6435 L.07| 2.63|50.L0
19LY | 4.58| 5.87 | LeS8| 5.95| 1,68 1.L6| 0,04 0.05| 3.72| 0.93| L.B5| 3.54137.25
1945 | 6.8l | B.bl| TeSL| Te60| 6410| 0.92| 0,22 0.69| 2,84 2.63(13.00] 9,92 66,9,
1946 110,27 | L4e95| 7419 | 2.54| 2,08 2,00| 0.40| 0.43| 1.83| 6.48[10.,03| 6.94|55.1L
1947 | L.B1| 2.75| 8.30| L.82| 1.18] 5.56| 2.88| 0.7L| 1.85| 9.21| 8.3L| 6.09|56.532
1948 | 8.25| 9492 6.68| L,93| LLB| « | 0.71] 1.,28| 2.79| 2.36| 8.14110.54 -

|

1049 | 2.62| 8.18] 5.37| 2.08| 3.53| 14| 0,01] T | 1.17, 3.93 5.05! 6.L5 39.82

1950 (15,10 Lo02| 7.L40| 2.43| 2.16] = 0.28 | 0.,58! 0,98/15.21 ! 7.86| 6.62! =

1951 11.26| 6,70 5.86| 1.1 3,02| 0,04 0,02 0,73 0.95/10.91 8.65/10.9260.47

1952 | 5.53| 5.87| 7Te 2.36| 2.73| 5.30] 0.,00| 0,01 | 1.49| 0.32 1,50, 9.l1:42.09

1953 14,16 | 9¢53| 5.79

Max, |15.10/10.,30{10,88{10.,16| 7.06| 5.62| 2.88| 1.90. 6.40]15.21!15.,05 15,04 66.9L

Min.| 1.37] 2.26] 1.1} 1,04] 0.39| 0.0L| 0.00; 0.00, 0.11| 0.1 0.39] 2.63. 37.69

Means | 7,07| 5480| 5070| Le22| 3.3L4| 2.53| 0.L1]| O.LL| 2,05 L.61| 6,39 7.47 50.03
REMARKS

Army-Port. Dist., Oreg.



Sheet No.l_Q_r__l_.
Corps oftg\%e rs, U.S. Army
Portland, Oregon District

Station, DORENA DAM County, Lane Stote, Oregon

o o
Latitude, "'3 Lﬂ' Longitude, 1227 58 Elevation, 757 feet
bata Monthly and annual precipitation and temperature.

Year January Februory Moarch April Moy June July August | September| October | November | December | Annuo!

Precipitation, inches

1949 | 2.33/8.07 | L.91 | 1.59 | 2.53 (0,99 | T |0.08 |1.76|2.52|5.05 |5.82 | 36.65
1950 | 14,92 3.92 | 6,36 | 2,140 | 1,99 | 2,67 | 0,22 | 0.58 | 1.10 LLoT1 | 7.66 | 5.43 | 61.96
1651 | 9.03{ 6.0L [ 5.03 [ 1.29 | 2.2 | T | 0.0L | 0435 | 0465 | 9467 | 7«33 | 9453 | 51.29
1952 | L.85 L.L7 {5.95 | 1.42 | 1.41 | 5.60 | 0,00 | 0,0k | 1.71 | 0.63 | 1.2, | 9,10 | 36,2
1953 | 10,93 7.4 | L.86

Temperature means, degrees F,

1950 | - - - - |53.1 60.1|65.9 | 67.6 | 1.7 | 53.6 L7.2 | 47.3
1951 | 39,9 L2.5 | L0.8 | 52.1 | S4.8 | 62.2 | 65.L | 63.9 | 61.9 | 52,7 | L5.9 | 38.0 | 51.7
1952 | 37.9 L2.L | 42,0 | 49.7 | 5L.0 | 56.3 | 6L.5 | 6L.0  62.L | 56.3 | 38.6  Lo.L  50.7
1953 | LL.1 L2.5 | 43.0

Means

REMARKS

PP RF
S‘ULV 53 234 Army-Port. Diet., Ore



TABLE 8

Monthly Run-nff
Coast Fork Willamette River and Rew River

River, statiom, Unitse Mean
location, and of Mean monthly nm-otr.l. 1
drainage area run-off January February March April May June July August  September Octaber November Decenmber run-nff

Row River above Pitoher Creek cefese 1,026 1,166 1,064 839 6531 292 76 3¢ 40 184 734 963 5§73
near Dorena, Oregon inches 6461 6.76 6.76 4.43 2.90 1.66 0.41 0.19 0.21 1.00 3.88 6.21 36.90
Drainage area = 211 sg. mi, acre-feet 63,100 64, 700 64,800 49,900 32,600 17,400 4,600 2,100 2,400 11, 300 43, 700 68, 8600 416,200

Row River near Cottage Orove, cefose 1,327 1,482 1,152 910 637 349 94 46 66 300 1,060 1,343 7286
Oregon inches 5.687 6.76 4.92 3,76 2.72 l.44 0.40 0.19 0423 1.28 4,38 6.74 36.49
Drainage area = 270 sq. mi. aore-feet 81,600 83, 000 70, 800 54,100 39,200 20, 800 5, 800 2,800 3,300 18,400 63,100 82,600 626, 500

Mosby Creek near Cottage 6.fe8e 426 626 427 270 162 96 256 12 14 84 313 437 230
Grove, Oregon inches 6011 574 6.14 S.14 1,82 1.11 0.29 0.14 0.16 1l.01 3.64 65.26 32,56
Drainage area = 96 gq. mi, acre-feet 26, 200 29,400 26, 300 16,100 9,300 5, 700 1, 500 T00 800 6,200 18,600 26,900 166,700

Coast Fork Willsmette River oefe8e 388 436 383 240 140 88 36 21 22 77 244 346 198
near London, Oregon inches 6.49 6.83 6.90 3.88 2.34 1.41 0.58 0.36 0.36 1.29 3.94 6.80 38.96
Drainage area = 69 sq. mi. acre-foet 23,900 24,400 21, 700 14,300 8,600 5, 200 2,100 1,300 1,300 4,800 14, 600 21,300 143,400

Coast Fork Willamette River cefese 660 696 446 289 188 104 34 19 27 123 362 540 271
below Cottage Grove Dam inches 6,09 6,02 4.94 3.10 2.09 1.12 0.38 0,22 0.29 1.37 3.77 6,99 36.38
Drainage area = 104 eq. mi. acre-feet 33,800 33, 400 27,400 17,200 11,600 8,200 2,100 1,200 1,600 7,600 20,900 33,200 196,200

Coast Fork Willemette River Cefo8e 3,118 3,436 2,767 2,036 1,201 710 187 88 107 462 2,020 2,630 1,662
near Goshen, Oregon inches 6.60 6.62 4,95 3.54 2.15 1.23 0.34 0.16 0.19 0.83 3,51 4,72 32,84
Drainage area = 642 sq. mi. acre-feet (191,700 192,400 169,500 121,200 78,800 42,200 11, 600 6,470 6, 400 28, 400 120, 200 161,700 | 1, 124, 400

Willamette River at Bugene, cefese 9,094 9,404 1,970 7,248 5,448 3, 754 1,499 922 947 1,781 6,728 8,108 5,133
Oregon inches 65,17 4,87 4,63 3.98 3.09 2,08 0486 0,62 0,52 1l.01 3.16 4.60 34,35
Drainage area ® 2,030 sqe mi. acre-feet 669, 600 627, 200 490,400 430,900 334,500 273,000 92,010 56,300 56, 300 109, 300 341,000 498,000 | 3,718,700

1 Based on natural discharges.




Table 9, Sheet 1 of 2

Regulating Outlet Rating Table for Dorena Dam
One Service Gate in Operation

Pool Discharge in CFS Pool
Elevation Gate Opening In Feet Elevation
Feet 0.1 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.6 4 45 5 5.5 6 Feet
760 14 27 55 84 110 138 165 193 220 247 273 300 330 358 384 415 480 555 620 690 750 830 760
761 14 27 57 86 113 141 169 197 225 253 279 306 337 366 392 423 490 566 635 708 773 860 761
762 15 28 58 88 116 145 173 202 230 258 285 313 343 373 399 430 501 578 650 726 798 890 762
763 15 29 59 90 118 148 176 206 235 264 291 319 349 380 407 435 512 589 664 743 818 917 763
764 15 29 61 92 121 151 180 210 240 269 297 325 355 387 415 446 522 600 676 759 837 943 764
765 16 30 63 94 124 154 183 214 245 274 303 331 362 394 422 454 532 611 690 775 867 969 765
766 16 31 64 96 126 157 186 218 249 279 309 337 368 401 429 461 542 622 704 791 876 992 766
767 16 31 65 97 128 160 190 222 254 276 315 343 375 407 437 469 551 633 717 807 895 1015 767
768 16 32 66 99 130 163 193 226 259 290 320 346 381 414 444 476 561 644 730 823 912 1037 768
769 16 32 67 101 133 166 196 230 264 295 326 354 387 420 451 484 570 654 742 838 928 1068 769
770 16 34 68 103 135 169 200 234 268 299 330 359 393 427 458 491 580 664 754 853 946 1077 770
771 17 34 69 105 137 172 203 238 273 304 336 365 399 434 465 498 589 675 766 866 965 1090 771
772 17 35 71 106 140 175 206 242 277 308 341 370 405 440 472 506 598 685 778 880 980 1116 772
773 17 35 72 107 143 177 209 245 281 313 346 376 411 446 479 513 607 693 790 894 996 1135 773
774 17 36 73 109 145 180 213 249 288 315 351 381 417 453 486 520 616 705 802 908 1012 1143 774
775 17 36 74 111 147 183 216 253 290 323 357 386 423 459 493 527 625 715 813 921 1028 1170 775
776 17 37 75 113 148 189 219 259 294 328 362 392 428 466 499 535 634 724 825 934 1043 1187 776
777 18 37 76 116 150 188 222 259 298 332 366 397 434 472 506 542 643 734 836 947 1057 1203 777
778 18 38 77 116 153 190 225 263 302 336 371 403 440 478 513 549 661 744 847 960 1071 1219 778
779 18 33 74 120 168 193 230 272 311 352 408 408 446 484 519 556 659 753 867 973 1086 1236 779
780 18 39 79 118 157 196 231 270 310 345 381 413 452 490 525 563 668 762 868 985 1099 1250 780
781 18 39 80 120 168 198 234 274 314 349 386 418 458 498 532 570 676 771 878 998 1113 1266 781
782 18 40 81 122 160 200 237 277 318 364 390 423 463 502 538 577 684 780 889 1010 1140 1280 782
783 19 40 82 124 163 203 239 281 321 358 395 428 466 508 545 584 692 790 900 1021 1140 1296 783
784 19 41 83 125 165 206 242 284 325 362 400 433 474 527 552 590 700 800 910 1032 1153 1310 784
785 19 41 84 126 167 208 245 287 328 366 406 438 479 520 558 597 708 809 920 1044 1166 1324 785
786 19 42 85 127 168 210 247 290 332 370 409 443 485 526 565 604 716 818 930 1055 1179 1337 786
787 19 42 86 128 170 213 250 293 336 374 414 448 490 532 571 610 724 827 940 1066 1191 1350 787
788 20 43 87 130 172 215 253 296 340 378 418 453 496 538 577 617 732 835 950 1077 1203 1363 788
789 20 47 80 138 184 223 256 311 344 382 423 458 501 544 584 624 739 845 960 1087 1215 1377 789
790 20 44 89 133 176 219 258 303 347 386 428 463 506 549 590 630 746 854 969 1098 1227 1390 790
791 20 44 90 134 178 222 261 306 350 390 432 458 512 555 595 637 754 863 979 1109 1239 1403 791
792 21 45 91 135 180 224 264 309 354 394 436 473 517 560 602 644 763 871 989 1119 1251 1416 792
793 21 45 92 137 182 226 267 312 357 398 440 478 523 565 608 650 769 879 998 1130 1263 1428 793
794 21 45 93 138 183 228 269 315 360 402 445 482 528 571 614 657 777 888 1008 1140 1274 1440 794
795 21 46 94 139 185 230 272 318 364 406 449 486 534 577 620 663 784 897 1018 1150 1285 1452 795
796 22 46 94 141 187 232 275 321 367 410 454 491 538 583 626 669 791 906 1027 1160 1296 1465 796
797 22 47 95 142 188 235 277 324 370 414 458 496 543 588 632 676 799 915 1037 1171 1307 1476 797
798 22 47 96 143 190 237 279 327 374 418 462 500 549 594 638 682 806 923 1046 1181 1318 1487 798
799 22 47 97 144 191 239 282 330 377 421 466 505 554 599 644 688 813 931 1055 1191 1329 1499 799
800 23 48 97 145 193 241 286 333 380 425 470 510 559 604 650 694 820 940 1065 1200 1340 1510 800
Notes: 1. Elevations reference the Dorena Project datum (approximately NGVD29). Minimum Flood Control Pool Elevation: 770.5 Feet SHEET 1 OF 2

Conversion from the project datum (approximately NGVD29) to NAVD88 not determined at this time. Maximum Flood Control Pool Elevation: 860 Feet
2. Flow data in this table is unchanged from Table 9 of the Dorena Water Control Manual dated 1953. RO Invert Elevation: 739 Feet

Avoid operating in this range. Gate openings from 0.01 to 0.59 and 4.81 to 5.99 violate gate opening operating criteria. Revised October 12. 2016
b




Table 9, Sheet 2 of 2

Regulating Outlet Rating Table for Dorena Dam
One Service Gate in Operation

Pool Discharge in CFS Pool
Elevation Gate Opening In Feet Elevation
Feet 0.1 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.6 4 4.5 5 5.5 6 Feet
801 23 48 98 147 194 243 287 336 384 428 474 515 564 609 655 700 828 948 1073 1210 1350 1522 801
802 23 48 98 148 196 245 289 338 387 432 478 519 568 615 661 706 835 956 1082 1220 1361 1533 802
803 23 48 99 149 197 247 292 341 390 436 482 523 573 620 667 712 842 964 1091 1230 1372 1544 803
804 23 48 100 150 199 248 294 343 393 439 486 528 578 625 673 719 849 972 1100 1239 1383 1555 804
805 24 49 100 151 200 250 296 346 396 443 490 532 583 630 679 725 856 980 1109 1249 1393 1566 805
806 24 49 101 152 202 252 298 349 399 446 494 536 588 635 685 731 863 989 1118 1258 1401 1577 806
807 24 50 102 153 205 255 300 352 402 450 498 540 593 640 690 738 870 997 1128 1268 1414 1587 807
808 24 50 103 154 205 257 305 355 405 455 502 545 596 645 696 744 877 1005 1137 1277 1424 1598 808
809 24 50 103 155 207 258 306 358 408 456 506 549 603 651 702 750 883 1013 1145 1288 1434 1608 809
810 24 51 104 156 208 260 308 360 411 460 510 554 608 656 708 756 890 1021 1153 1295 1444 1618 810
811 25 51 104 157 209 261 310 363 414 464 513 558 613 661 713 762 897 1029 1162 1304 1454 1628 811
812 25 52 105 158 210 263 312 365 417 467 517 562 618 666 718 768 903 1037 1170 1313 1464 1638 812
813 25 52 105 159 212 265 314 368 420 471 520 566 622 671 724 774 910 1044 1179 1322 1474 1648 813
814 25 53 106 160 213 267 316 370 423 474 524 570 627 676 730 780 917 1052 1188 1331 1484 1658 814
815 25 53 107 161 214 268 318 373 425 477 528 575 631 681 735 786 924 1060 1197 1340 1494 1668 815
816 25 53 108 162 215 270 320 375 428 480 532 579 636 686 741 792 930 1068 1206 1349 1504 1678 816
817 26 54 108 163 217 271 323 378 431 484 535 583 640 691 746 798 937 1075 1213 1358 1513 1688 817
818 26 54 109 164 218 273 324 380 434 487 539 587 645 695 742 804 943 1083 1222 1367 1523 1698 818
819 26 54 110 165 219 275 327 383 437 490 543 591 650 700 758 810 950 1091 1230 1375 1533 1707 819
820 26 54 110 165 220 276 329 385 439 493 546 596 655 705 764 815 955 1099 1239 1384 1543 1716 820
821 27 55 111 166 222 277 331 387 442 497 550 600 659 710 769 821 963 1107 1248 1393 1552 1728 821
822 27 55 111 167 223 279 333 390 445 500 554 603 664 715 774 827 969 1114 1256 1401 1562 1736 822
823 27 55 112 168 224 280 335 392 447 504 557 607 669 720 779 833 975 1122 1263 1410 1571 1745 823
824 27 56 112 169 225 282 337 394 450 507 560 611 673 725 784 839 982 1129 1271 1418 1581 1754 824
825 27 56 112 170 227 284 339 396 453 510 563 615 678 729 790 845 988 1137 1280 1427 1590 1764 825
826 27 56 113 171 228 285 341 398 455 513 567 620 682 734 795 850 994 1144 1288 1438 1599 1773 826
827 28 56 114 172 229 287 343 401 458 516 571 624 686 739 801 855 1000 1152 1296 1444 1608 1785 827
828 28 57 114 173 230 288 345 403 460 519 575 628 690 743 806 861 1006 1159 1304 1452 1618 1792 828
829 28 57 115 173 231 289 347 405 463 522 578 632 695 748 811 867 1013 1169 1312 1460 1627 1801 829
830 28 57 115 174 232 290 349 408 466 525 581 636 700 753 816 873 1019 1174 1320 1469 1636 1810 830
831 28 57 115 175 233 292 351 410 468 528 585 640 704 758 822 879 1025 1182 1328 1477 1645 1819 831
832 28 58 116 176 234 294 353 412 470 530 588 644 708 762 828 885 1031 1190 1336 1485 1655 1828 832
833 29 58 117 177 236 295 355 414 473 533 591 647 713 767 833 890 1038 1197 1344 1493 1663 1837 833
834 29 58 118 177 237 296 357 416 476 536 595 651 717 771 838 896 1044 1204 1362 1501 1672 1846 834
835 29 59 118 178 238 297 358 418 478 540 598 655 721 776 843 901 1050 1212 1368 1510 1681 1855 835
836 29 59 119 179 239 299 360 421 480 543 601 659 726 780 849 907 1056 1219 1372 1518 1690 1864 836
837 29 59 119 180 240 300 362 423 483 546 604 663 730 785 854 913 1062 1226 1376 1526 1699 1873 837
838 29 59 120 180 241 302 364 419 485 549 607 666 735 790 859 918 1078 1233 1384 1534 1708 1882 838
839 29 59 120 181 242 303 366 427 487 552 610 670 739 794 864 924 1084 1241 1391 1542 1717 1891 839
840 30 60 121 182 243 305 368 429 490 555 614 674 744 799 869 930 1090 1248 1399 1550 1725 1900 840
Notes: 1. Elevations reference the Dorena Project datum (approximately NGVD29). Minimum Flood Control Pool Elevation: 770.5 Feet SHEET 2 OF 2

Conversion from the project datum (approximately NGVD29) to NAVD88 not determined at this time. Maximum Flood Control Pool Elevation: 860 Feet
2. Flow data in this table is unchanged from Table 9 of the Dorena Water Control Manual dated 1953. RO Invert Elevation: 739 Feet

: Avoid operating in this range. Gate openings from 0.01 to 0.59 and 4.81 to 5.99 violate gate opening operating criteria.
Revised October 12, 2016




TABLE NO. 10

CAPACITY OF .. DORENA __ .
IN ACRE-FEET

RESERVOIR

Sheet 1 of 2.
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Table 11a. Dorena Reservoir Seasonal Filling Schedule

Elev. (ft), Storage (acre-ft)
Date February March April May
Elev. Storage Elev. Storage Elev. Storage Elev. Storage

31-Jan | 770.50 7,094

1 770.50 7,094 795.17 23,935 812.62 42,581 825.35 60,626
2 771.63 7,695 795.83 24,537 813.10 43,183 825.72 61,227
3 772,75 8,297 796.49 25,138 813.58 43,784 826.09 61,829
4 773.84 8,898 797.14 25,740 814.05 44,386 826.46 62,430
5 774.91 9,500 797.78 26,341 814.51 44,987 826.82 63,032
6 775.96 10,101 798.41 26,943 814.98 45,589 827.18 63,633
7 776.99 10,703 799.03 27,544 815.43 46,190 827.54 64,235
8 778.00 11,304 799.65 28,146 815.89 46,792 827.90 64,836
9 778.99 11,906 800.25 28,747 816.34 47,393 828.25 65,438

10 779.96 12,507 800.85 29,349 816.78 47,995 828.60 66,039

11 780.91 13,109 801.44 29,950 817.23 48,596 828.95 66,641
12 781.84 13,710 802.03 30,552 817.66 49,198 829.30 67,242
13 782.75 14,312 802.61 31,153 818.10 49,799 829.64 67,844
14 783.64 14,913 803.18 31,755 818.53 50,401 829.98 68,445
15 784.51 15,515 803.75 32,356 818.96 51,002 830.32 69,047

16 785.37 16,116 804.31 32,958 819.39 51,604 830.66 69,648
17 786.21 16,718 804.87 33,559 819.81 52,205 831.00 70,250
18 787.03 17,319 805.42 34,161 820.23 52,807 831.33 70,851
19 787.83 17,921 805.96 34,762 820.64 53,408 831.66 71,453
20 788.63 18,522 806.51 35,364 821.05 54,010 832.00 72,054

21 789.40 19,124 807.04 35,965 821.46 54,611
22 790.17 19,725 807.57 36,567 821.86 55,213
23 790.92 20,327 808.10 37,168 822.26 55,814
24 791.66 20,928 808.62 37,770 822.66 56,415
25 792.38 21,530 809.14 38,371 823.05 57,017

26 793.10 22,131 809.65 38,973 823.44 57,618
27 793.80 22,733 810.16 39,574 823.83 58,220
28 794.49 23,334 810.66 40,175 824.21 58,821

29 811.16 40,777 824.60 59,423
30 811.65 41,378 824.97 60,024
31 812.14 41,980

Notes:

1. Pool elevation and corresponding storage applicable to 0000 (12:00 a.m.) observation.
2. In leap years reservoir will be one day ahead of above schedule after 28 February.

3. For 01 Feb through 19 May, filling rate = 601 acre-feet/day = 303 cfs/day.

4. For the 2016 revision, the time of storage applicable is changed from 0730 to 0000.

Revised October 12, 2016



Table 11b. Dorena Reservoir Seasonal Evacuation Schedule

Elev. (ft), Storage (acre-ft)
Date September October November December
Elev. Storage Elev. Storage Elev. Storage Elev. Storage
31-Aug | 832.00 72,054
1 832.00 72,054 810.60 40,106 770.50 7,094
2 831.41 70,989 809.71 39,042
3 830.81 69,924 808.80 37,977
4 830.21 68,859 807.87 36,912
5 829.61 67,794 806.94 35,847
6 829.00 66,729 805.98 34,782
7 828.38 65,664 805.01 33,717
8 827.76 64,600 804.03 32,652
9 827.12 63,535 803.02 31,587
10 826.48 62,470 802.00 30,522
11 825.83 61,405 800.96 29,457
12 825.17 60,340 799.90 28,392
13 824.50 59,275 798.81 27,327
14 823.82 58,210 797.70 26,263
15 823.14 57,145 796.56 25,198
16 822.44 56,080 795.39 24,133
17 821.73 55,015 794.18 23,068
18 821.01 53,950 792.95 22,003
19 820.28 52,885 791.67 20,938
20 819.54 51,821 790.36 19,873
21 818.78 50,756 789.00 18,808
22 818.02 49,691 787.60 17,743
23 817.25 48,626 786.15 16,678
24 816.46 47,561 784.66 15,613
25 815.66 46,496 783.11 14,548
26 814.85 45,431 781.49 13,484
27 814.03 44,366 779.82 12,419
28 813.20 43,301 778.08 11,354
29 812.35 42,236 776.29 10,289
30 811.48 41,171 774.43 9,224
31 772.50 8,159
Notes:

1. Pool elevation and corresponding storage applicable to 0000 (12:00 a.m.) observation.
2. For 01 Sep through 31 Oct, evacuation rate = 1,065 acre-feet/day = 537 cfs/day.
3. For the 2016 revision, the time of storage applicable is changed from 0730 to 0000.

Revised October 12, 2016
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NPPR.F87 DAILV RESERVOIR DaATA
Sep53 rvE.8:01 AMp,mp 22 September 1953
FERN RIDGE RESERVOTR
ﬁ‘hange Discharge Ig-fcip.
—Station | Stage Fi, =hr. c.f.s, _[Tendency [Current Weather =hr.
_Noti (near) 0.80 +0.02 23 Rising Cloudy .03
| _Crow (near) 0.5 0 2.6 Steady ~ Cloudy 05
D
| Manrae 5.’42 +0, 33 8’40 eja;:j Cloudy .Oh
Pool elv, |Ten'cy] Storage | ghange (loflow _ |Belease | S%E
Reservoir |—L2&k e Wt | 798 ;V
369,37  (Falling 67,L7L ' -1,764 38 R
COTTAGE GROVE RESERVOIR
Change| Discharge Precip. |
|—Station | Stage Ft. =hr.l c.f.s. _ [Tendency | -
T1.0ndon 1. 2 0 18 st“dy ) CIoudy . 03
Cott Grov
___t(_b:f_;) ° 3.7 +0,03 251 Steady g;ﬂ Cloudy 01
|__ Blackbutte Cloudy «03
Pool elv, |Ten'cy|] Storage hange Infiow (Release |Sun
Reservoir feet, Ac. Ft. 2 ohr. 251 .07
774.16 __ Falling 16,265 =180 27 Avi02
DORENA ERVOIR
hange| Discharge E§fcip.g
| _Statdon | Stage Ft, =hr,! ¢.f.s. Iw_smmmr_:m...:
Row River ulp| !
(aby.Fitched) _ 1e6 0 23 Steady | pr | Cloudy 02|
Dorena Dam= Cloud o1 !
: (e o |
| _(helow) sitel ly _.;
|Goshen 340 <0.3 | 545 i
Pool elv, |Ten'cy|Storage hange JhIlQn__jjkﬂgase. Sum
Reservolir |(—feet | -drAn..-I_fg...___ék:h.t.___ . 53 - 03 -
Ve
793.87 _ |Falling 22,674 =570 28 : .02 |
SCRLLANEOUS STATIONS.
Station Stage Ft. 2(ﬁxange Discharge [Tendency |Current Weather | Precip,
] =hr. coafas. =hr.
Coburg 1.0 0 A 2,060
| _Eugene 2,6 0 1,400
. | ;

CHART



U.S. ARMY

REPORTS CONTRAOL SYMBOL ENGKW-51

CORPS OF ENGINEERS

CHART 2

DORENA RESERVOIR
ROW RIVER BASIN
D.A. 285 SQ.MILES

NORTH PACIFIC DIVISION
PORTLAND DISTRICT

MONTHLY RESERVOIR REGULATION
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TO: DISTRICT ENGINEER, PORTLAND, OREGON
ATTN.: CHIEF, ENGINEERING DIVISION

MONTHLY LOG OF RESERVOIR REGULATION

Month and Year

Reports Control Symbol

(Letter of Transmittal Unnecessory) DORENA DAM AND RESERVOIR Sept ember 1953 NPPVK-8
(7‘l'3|6ne Pool Elevation Reservoir Inflow Reservoir Discharge AU:\hor‘Hg
‘ 5L a.m. Row River [Teeter Crnr | Rat Cr.nr  [computed] Row River Gate Openin Discharge | Disch. or
Day o;:‘zlre:isse fi"":’?:l iﬁ;‘:‘;:r - at SchK ;)'rc.arenoD D:m Doren% D:om |T$~§°| o Doge:c f‘eep+ N ?Erc;u?h over ?g;':: Remarks
) - mM.s.1 age [Discharge[ Stage [Discharge i nt'low ischarge i ’
indicated) f‘ee‘gr c.fs. ’ f‘ef’ c.f_s.g sf‘LcL?Ie l:.cffsr.gc cfs. f‘:auegfe’ c.f s@ Golfe Gozfe Goafe Gc::e Go51e ;.off ess spcl.lfl‘.“s,ég Code
1 813.51 0,69 1.9 48 .59 10,0 |0,6 0.6 [0,6 |0.0 480
| 1 ] 9:00 am| H13.45 59 0,6 (0,7 [0,7 0,7 |0,0 4 YA D Naimark-Metearology
2 m2.46 | -1.05 | 1.8 as 73 0.6 (0.7 10.7 10.710,0]| 710 ]
3 211,35 =1.11 1.8 38 46 0.6 /0.7 10,7 10,7 {0.,0 | 691
A 00,24 =1.11 1.8 3 Lo 0.6 10,7 10,7 0.7 [ 0.0 702
5 809.09 =1.15 1.8 38 46 0.6_{0.7 0.7 ]0.7 /0.0 692
h 807.97 2132} 1.9 48 59 0.6 |0.7 {0.7 |0,7 10,0 | 694
i 806.9 =118 | 2.0 58 n 0,6 |0.7 10,7 |0,7 {0,0 687
7 7:30 am | 806.9 n 0,9 |0,7 |0.8 /0.7 |0.0 59 D Naimark-Meteorology
8 £805.99 -0.90 1.9 48 59 0.9 /0,7 {0,3 (0.7 |09 556
9 £805.08 =0.91 1.8 38 46 0,0 0.7 |{0.8 |0.7 ]0.0 550
0 804.13 -0.95 1.8 38 46 0,0 |0,7 |0,8 [0,7 [0.0 549
803.19 -0.94 | 1.8 38 46 0.0 ;0,7 /0,8 {0,7 {0.0 543
8:30 am | 803,13 46 0,0 ]0.6 {0,6 |0.,6 |0.0 447 D Johnson-Meteorology
2 802,36 | -0.83 1.8 38 46 0.9 {0,6 |0.6 |0,6 [0.0 L4t
3 801.56 -0,30 1.7 30 36 0.0 (0,6 [0.6 |0,6 [0.0 A
YA 800,76 -0.90 1.7 30 36 0.0 |0,5 0,6 0.6 10,0 441
5 799.93 0.3 1.7 30 36 0.0 {0,6 [0,6 0,6 |0.0 435
6 7992.10 -0.33 1.7 30 36 0,0 {0,6 |0.6 |0.6 |0,0 432
7 798.24 0,86 1.7 30 36 0,0 |0.6 0,6 (0.6 [0.0 429
7 7:35 am] 798424 36 0.0 [0.6 [0.7 [0.6 [0.0 452 T
8 7917.32 0,92 1.7 30 36 0.0 [0.6 /0,7 [0.,6 [0.0 449
19 796,36 -0.96 1.7 30 36 0.0 0,6 |0.7 [0.6 [0.0 446
20 795442 0,94 1.7 30 36 0.0 {0.6 [0,7 [0.6 [0.0 439
P4y 194,52 0,90 1,6 23 28 0.0 [0.6 [0,7 |0.6 [0.0 436
pal 1:15 pm| 794.52 28 0.0 0,5 |0,5 |0.0 [0.0 253 D Naimark-Neteorology
22 793.87 -0,55 1,6 23 28 0.9 |0,5 |0.,6 [0.0 |0,0 253 ]
2 793,32 | 0,55 | 1.8 23 28 0.0 |0.5 [0.,A [0.0 [0.0 | 252
24, 792,77 0,55 1.6 23 28 0,0 |0,5 [0.6 [0.0 [0,0 252
5 792,20 0,52 1.6 23 _ 28 0,0 /0,5 {0,6 |0,0 |0.0 252
26 791,64 | 0,56 | 1.6 23 28 0.0 [015 [0.6 [0.0 [0.0 [ 248
27 791.09 0,55 1.6 23 28 0,0 /0,5 0,6 [0.0 0.0 248
28 790,57 ~0.52 1.7 30 37 0.0 [0.5 [0.6 |0,0 [0.0 246
29 790,97 | -0,50 | 2,0 58 2! 0.0 [0,5 [036 [0.0 [0.0 | 244
0 789.55 | -0.42 | 1.8 28 46 0.0 |{0.5 [0.6 [0.0|0.0 324
Authority for Action Taken: R- Resident Englneer D - District Office T - Dam Tender Dam Tender ident Engigeer
If by authority of District Office, show name of authorizing person and Division. EARL H, STANLEY //H . MYRAND
Nov - 43 133 CHART 3



NORTHWESTERN DIVISION PORTLAND DISTRICT

Willamette
Valley Project

Division Commander District Commander

Regional Director of : _ Engineering & . : : Operations &
Programs Operations Division Construction r Public Affairs Office Maintenance
1
|
1
. : Hydraulics and \
Business Technical F------------—-“---ccdemmmmm - ! Other Agencies
Division Hydrology Branch : ; Lookout Point
1
| ' Control Room
! AR S
Columbia Basin Water [~--=~----~---==---=---q--------------- Reservoir Regulations & -~ National Weather Service Tl
Management b ———________| _________ Water Quality Section | _ Northwest River el Reservoir
. Forecast Center Tl Regulations
: ! . .
coTTm T ' ! 7| & Water
) L/ | b Quality
Hydrologic Willamette Valley "~ -7 State of Oregon Water ' Section
Engineering & Power Project ' .1 Resources Department Dorena
Branch o Hydropower
Natural Resources L Project
- — - Lo Of Fish & Wildlife
National Marine Fisheries Service +---1
1 1
LEGEND Lo
US Fish and Wildlife Service F---1 1 | State of Oregon Dept

Of Environmental Quality

Organizational Schematic for Willamette Valley Project
and Dorena Project

Supervisory & Administration
T Regulation Instructions

............ Joint Forecasting T Reclamation

— — —- Coordination on Deviation
From Water Control Plan

1
1
:
1
------ Routine Coordination : U.S. Bureau of
1
:
1
1
1

Bonneville Power
Administration

Plate 1: Organizational Schematic for Reservoir Regulation
Willamette River Basin
U.S. Army Engineers, Portland District
April 2016

Plate 1
Revised October 12, 2016
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DROUGHT CONTINGENCY PLAN FOR
THE WILLAMETTE VALLEY PROJECT

Detroit reservoir at minimum power pool, after the 2015 Drought (Oct 17, 2015)



Exhibit A, Page 2 of 52 CENWD Approval July 28,2017



Drought Contingency Plan for the Willamette Valley Project
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1.0 Introduction.

1-01. Purpose. The purpose of this document is to provide a drought contingency plan (DCP)
for USACE reservoirs in the Willamette Valley Project.

1-02. Requirements. This DCP for the Willamette Valley Project meets the requirements of
ER 1110-2-1941, Development of Drought Contingency Plans, dated 15 September, 1981.
Engineering Regulation (ER) 1110-2-240, Water Control Management, dated 30 May 2016,
Section 2-3.i, states that water control management policies and procedures, including project
regulation, shall be evaluated for adaptation to climate change. A vulnerability assessment by the
USACE, summarized in two reports, the 2011 and 2012 USACE Climate Change Adaptation
Plans and Report, dated September 2011, and June 2012, respectively, identified drought as a
source of continuing vulnerability in the future. Updated policy and guidance regarding DCP
updates to account for climate change is planned as stated in the CWTS?! Report 15-15, USACE
Drought Contingency Planning in the Context of Climate Change, U.S. Army Corps of
Engineers: Washington DC, dated September 2015 (Pinson et al., 2015).

1-03. Background. This 2017 DCP update provides a description of historical droughts,
drought signals and indicators, drought trends in the context of climate change, water uses and
availability, flow and drought management for the Willamette Valley Project, and addresses
coordination and communications to take place during a drought situation. This DCP will be
included as an exhibit to the Willamette Master Manual and the individual water control manuals
upon approval. As of 2017, the Willamette Master Manual draft, dated March 2015, is awaiting
the updated NEPA documentation on the operations and maintenance of the Willamette Valley
Project.

1-04. Responsibilities. The Portland District Reservoir Regulation & Water Quality Section
(CENWP-EC-HR) is responsible for preparation, revision, and implementation of the DCP. The
Northwestern Division Water Management, Columbia Basin (CENWD-PDW) is responsible for
oversight and approval of this DCP.

2.0 Authorities

The following list of authorities is pertinent to the preparation of drought contingency plans and
drought related activities:

e Section 6 of the Flood Control Act of 1944, 33 U.S.C. § 708, provides authority for the
Secretary of the Army to enter into agreements for surplus water with states,
municipalities, private concerns, or individuals at such prices and on such terms as he
may deem reasonable for domestic, municipal, and industrial uses (but not for crop
irrigation), for surface water that may be available at any reservoir under the control of
the Department of the Army, and provides adequate authority to permit temporary
withdrawal of water from USACE projects to supplement normal supplies.

L“CWTS” is Civil Works Technical Series
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Flood Control Act of 1941, Pub. L. No. 84-99, 33 U.S.C. § 701n, as amended by Section
82 of the Water Resources Development Act of 1974, Pub. L. No. 93-251, grants the
Chief of Engineers discretionary authority to provide emergency supplies of clean water.
Work under this authority requires a request from the governor of the affected state. This
law authorizes an emergency fund to be expended in preparation for emergency response
to natural disasters, including drought, and authorizes the Chief of Engineers to perform
emergency work and to provide emergency supplies of clean water on such terms as he
determines to be advisable as a result of drought.

Pub. L. No. 95-51, Disaster Relief Act of 1974 Appropriations Act, amended the Flood
Control Act of 1941 to provide for disaster relief, and authorized the Secretary of the
Army to construct wells and transport water to farmers, ranchers, and political
subdivisions within areas determined to be drought distressed.

The National Drought Policy Act of 1998, Pub. L. No. 105-199, established the National
Drought Policy Commission to provide advice and recommendations on creation of an
integrated coordinated Federal policy designed to prepare for and respond to serious
drought emergencies.

ER 1110-2-1941, Development of Drought Contingency Plans, dated 15 September 1981,
provides policy and guidance for the preparation of drought contingency plans as part of
the USACE over-all water management activities.

ER 1110-2-240, Water Control Management, dated 30 May 2016, describes the policies
and procedures to be followed in water management activities, including special
regulations to be conducted during droughts. It also sets the responsibility and approval
authority in development of water control plans.

ER 500-1-1, Emergency Employment of Army and Other Resources, dated 30 September
2001, prescribes policies for the Civil Emergency Management Program of the USACE
under the Flood Control Act of 1941. Section Il of this ER describes the policy for the
USACE to provide assistance during drought, the level of assistance authorized in
providing emergency water, and funding procedures for emergency water activities.

ER 405-1-12, Real Estate Handbook, dated 20 November 1985, provides guidance for
issuing an appropriate real estate instrument for water withdrawal users who will be
installing water lines or other facilities or equipment.

EM 1110-2-3600, Management of Water Control Systems, 30 November 1987 requires
that the drought management plan be incorporated into the project water control manuals
and master water control manuals. It also provides guidance in formulating strategies for
project regulation during droughts.

The USACE Institute for Water Resources, Water Supply Handbook, Report 96-PS-4, dated
December 1998, Chapter 2, provides the authorities, policies and procedures for the different
types of water during a drought. This includes storage costs, restrictions, disaster relief,
emergency water supply planning and other water uses during a state of emergency, including
drought conditions.
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3.0 Droughts

3-01. Definition of Drought. The CWTS report 15-15 (referred to in Section 1-02), classifies
three types of drought: meteorological, agricultural, and hydrologic. Socioeconomic and
ecological droughts are other types described by the National Drought Mitigation Center. These
types of droughts are described follows:

e Meteorological drought is a period of months to years in which precipitation is below
normal. It can be accompanied by above-normal temperatures and other factors. It can
precede and cause the other types of drought.

e Agricultural or soil-moisture drought is a period with dry soils which can reduce crop
production and plant growth. Soil-moisture drought can result from below-normal
precipitation, above-normal evaporation, or intense but less-frequent precipitation events.
Susceptibility to soil-moisture drought can depend on crop or vegetation type.

e Hydrologic drought refers to a period when river streamflow and water storages in
aquifers, lakes and reservoirs fall below long-term mean levels. It can develop slowly as
stored water is used but not replenished.

e Socioeconomic droughts occur when the demand for an economic good exceeds supply
as a result of a weather-related shortfall in water supply. The supply of economic goods,
such as water, forage, food grains, fish and hydropower depends on weather. Because of
the natural variability of climate, water supply is ample in some years, but not able to
meet human and environmental needs in other years.

e Ecological drought is a prolonged and widespread deficit in naturally available water
supplies, which include changes in natural and managed hydrology and create multiple
stresses across ecosystems.

3-02. Historical Oregon Droughts. Droughts in Oregon occur in all parts of the state and in
both winter and summer months. The region east of the Cascade Mountain Range is the most
vulnerable to drought with localized risks statewide where climate is influenced by local
topographical features. Water is often in short supply in much of Oregon during the low flow
months of July through September. Figure 3-1 is reproduced from the draft Willamette Master
Manual, dated March 2015, which shows the low precipitation during the summer months
compared to the rest of the year. This condition has been described as Oregon's seasonal
"drought”. Droughts appear to be cyclic and can have an effect on the economy, particularly on
the hydropower and agricultural sectors. Environmental consequences include insect infestations
in forests and reduced water availability for endangered fish. Severe drought conditions have
preceded major forest fires. Water allocation continues to be controversial.

Exhibit A, Page 9 of 52 CENWD Approval July 28,2017



Willamette Basin Mean Monthly Precipitation
1981-2010

4 \ ——Cottage Grove
—— il
i Detroit
\ ;\\ —&—Dorena
9 Eugene WSP AP
\ —»—Fern Ridge
g °] Foste
—a—Faster
£ ;] S —+—Lookout Paint
R N — McKenzie Bridge
6 &__\ — Oak Ridge FH
o TR — Oregon Gity
== —u._.; —=—Portiand WSO AP
4 —~— i —+—Salem WSO AP
3 S

Willamette Basin
Mean Monthly
Precipitation
19812010

Oct Nowv Dec Jan Feb Mar Apr

Figure 3-1. Willamette Basin Monthly Precipitation

Eight significant hydrologic drought periods have occurred in Oregon since 1900 (Oregon
Emergency Management Plan, Natural Hazards Mitigation Plan, Drought Chapter, February
2012, and the 2015 Drought After Action Report for Portland District Reservoir Operations.).

1904-1905: Drought period of about 18 months

1917-1931: Very dry period punctuated by brief wet spells (1920-21, 1927)
1939-1941: Three year intense drought

1976-1977: Brief, but intense statewide drought

1985-1994: Generally dry period, with statewide droughts in 1992 and 1994
2001-2002: Second most intense drought in Oregon’s history

2005: Drought affected at least eleven of Oregon’s thirty-six counties

2015: El Nifio brought dry and very warm conditions from February thru October

The most recent drought year occurred in water year 2015, and was a low water year for the
history books with record low snowpack and streamflows along with record high temperatures
that combined to create drought conditions across Oregon.

Based on the Oregon Surface Water Supply Index (SWSI) (see section 3-04.c), water year 2014
began quite dry, became normal in June and July, and then became dry again in September,
resulting in an extremely dry start to water year 2015. The 2015 statewide snowpack set new
record lows, replacing the previous low-snow years of 1977, 1981, 1992 and 2005. Many snow
sites set records for the lowest peak snowpack and earliest melt-out date since measurements
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began. Figure 3-2 shows the relative, state-wide peak annual snowpack for each water year, 1981
through 2015, showing that 2015 was the lowest for this period.

For the period May 2015 through July 2015, Oregon recorded the warmest average temperatures
since 1895 when record keeping began. By 1 September 2015, the SWSI for the entire state
ranged from -1.65 to -3.78 (recalibrated as of September 2016), with the Willamette Basin at
3.78. By the end of September, the U.S. Drought Monitor showed the Willamette Basin to be in a
D2 Severe Drought condition and 25 of Oregon’s 36 counties had requested and received
drought declarations from the Governor. Reservoirs fell to unprecedented levels, irrigators

stopped irrigation early in the season, and some cities implemented water restrictions.
Oregon Snowpack Lowest on Record
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Source: Drought Annex, State of Oregon Emergency Operations Plan, January 2016

Figure 3-2. Peak Annual Oregon Snowpack 1981-2015

3-03. Drought Signals and Indicators. A key to understanding the impacts of a drought is to
evaluate the specific components of the hydrologic cycle. Precipitation and snow can be
considered the carrier of the drought signal, while hydrologic processes such as snowpack
accumulation and melt, runoff, evaporation rates, soil moisture, streamflow magnitudes, and
groundwater content and flow can be viewed as the indicators revealing the drought presence.
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The EI Nifio Southern Oscillation Index (ENSO) refers to the cyclical conditions that occur
across the equatorial Pacific Ocean due to natural interactions between the ocean and
atmosphere. El Nifio is the warm phase of the ENSO cycle and the La Nifia, is the cool phase. A
major El Nifio event generally occurs every 3 to 7 years and tends to bring drier winters to the
Pacific Northwest which could signal a potential drought. La Nifia conditions in the Pacific
Northwest are often, but not always, characterized by cold air temperatures starting in November
and December, high snowpack conditions in the mountains and low elevation snowfall in the
valleys, and reduced snowmelt in the mountains until late spring.

There does not appear to be a viable connection with ENSO for short term or sustained drought
for Western Oregon. The overall warm signal for the Pacific Northwest during ENSO is
marginal for Western Oregon at best. EI Nifio warmth may suggest higher snow levels,
producing a less reliable snowmelt in the spring, which could be a factor for refill of the
reservoirs. The La Nifia (ENSO) phase, does lean wetter for the Willamette and might be
considered to not produce a drought situation; however, caution should be used when
considering the use of ENSO, as the resolution in climate models is low, there are lots of
uncertainty, and the opposite of what might be expected in a La Nifia or El Nifio year does occur.

A discussion of the up-to-date ENSO status is issued monthly by NOAA'’s Climate Prediction
Center and the International Research Institute for Climate and Society. The discussions and data
can be accessed at the Climate Prediction Center’s website provided in the Weblinks section of
this document.

3-04. Drought Monitoring and Climate Forecasts. The United States Department of
Agriculture (USDA) and the Natural Resources Conservation Service (NRCS) provide climate
forecasts that include indicators of drought. Regulators monitor and use these to aid in making
water management decisions.

a. USDA Drought Monitor. The USDA provide maps, data, and forecasts related to
drought through the Drought Monitor website. The U.S. Drought Monitor is a weekly product
that provides a general summary of current drought conditions. Various indices, outlooks, field
reports, and news accounts are reviewed and synthesized. Policymakers and the media use the
information in discussions of drought and in allocating drought relief. The Drought Monitor
provides a color coded map of the U.S. that shows levels of drought intensities by region. The
Drought Monitor Update Report for Oregon can be accessed at the weblink provided in the
Weblinks section of this document.

b. Natural Resources Conservation Service Oregon. The NRCS Oregon provides snow
and precipitation data for current water year, water supply outlook reports, climate, and soil
moisture/temperature data for their SNOTEL sites. Snow survey products and water supply
outlook reports for Oregon are provided through maps and graphs, and can be accessed at the
weblink provided in the Weblinks section of this document.

The water supply outlook reports include the Oregon Basin Outlook Report, streamflow forecast
tables and maps, daily water supply forecasts, reservoir reports, and the Surface Water Supply
Index. The Oregon Basin Outlook Report provides a monthly update (January through June) of
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the water supply for select basins across Oregon and includes the current status of the snowpack
and long term water supply forecasts.

c. Drought Severity. Drought is typically measured in terms of water availability in a
defined geographical area. It is common to express drought with a numerical index that ranks
severity. NOAA uses the Palmer Drought Severity Index that provides data back to 1900. Most
federal agencies use the Palmer Method. This method uses precipitation, runoff, evaporation, and
soil moisture as variables. Because the method does not use snowpack as a variable, the Palmer
index does not provide an accurate indication of drought in the Pacific Northwest and Oregon;
however, it can be useful because of its long term historical record of wet and dry conditions
back to 1900.

The Oregon Water Resources Department uses the Surface Water Supply Index (SWSI) to help
assess drought conditions. The SWSI is developed by the NRCS. The SWSI is calculated using
mountain snowpack, precipitation, reservoir storage, and streamflow data to predict the
anticipated water availability for the upcoming year. The SWSI scale measures anticipated water
supply by drainage basin, ranging from a +4.1 representing extremely wet conditions to -4.1,
representing extremely dry conditions. The SWSI calculations use different equations for each
month, all available data, an objective method to determine coefficients, and a 5-month running
average to smooth the effects between months. Figure 3-3 shows the 14 river basins within
Oregon used to evaluate state-wide drought conditions. The up-to-date and historic SWSI values
can be accessed at the weblink provided in the Weblinks section of this document.

Umatilla &
John Day

Grande Ronde,
Powder &
Burnt

Malheur

Lake County

Figure 3-3. Oregon River Basins to Evaluate Drought Conditions

3-05. Drought in the Context of Climate Change. Drought contingency plans are a critical
element of flexible water management when combined with water control manuals and the
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operation deviation process. The following describes efforts to include climate change in DCPs,
climate and streamflow projections in Oregon, and implications to future operations of the
Willamette Valley Project.

a. Drought Contingency Planning for Climate Change. The CTWS Report 15-15, contains an
overview of climate change and drought in the U.S. to aid in planning for current and future
droughts at USACE projects. As of 2017, the report may be accessed at the weblink provided in
the Weblinks section of this document. Table 1 of the CTWS Report 15-15, shows that the
prediction for the Northwest is for a possible increase in summer drought conditions, and
increased hydrologic drought due to changes in mountain snowpack. Appendix B of the report
provides a summary of the climate change impacts for six regions in the U.S., including the
Northwest.

b. Climate and Streamflow Projections. The report prepared for the CENWP by the Oregon
Climate Change Research Institute, Historical Trends and Future Projections of Climate and
Streamflow in the Willamette Valley and Rogue River Basins, dated June 2015 and revised
March 3, 2016, examines observed changes in temperature, precipitation, snowpack, and
streamflow in the Willamette and Rogue River Basins, provides projections of the future changes
of these variables based on global climate model (GCM) simulations, and addresses implications
to water management. The following is a summary of the findings of this study. Refer to the
report for details.

1) Temperature. The temperature trend analysis shows, that the minimum and maximum
temperatures are projected to increase year-round with greater warming in June through August
periods. There is a high degree of confidence in the temperature increases because all models
agree with the trend.

2) Precipitation. Some model predictions show an increase and some show a decrease in
precipitation. The average multi-model projection change is small in each season, with slightly
more precipitation in the winter and less in the summer. While the average multi-model
projection change is small, the range of plausible outcomes should be considered.

3) Snowpack. Snow water equivalent as a portion of cumulative precipitation is expected
to decline across the region. The North Santiam sub-basins which historically receive the most
snow, show a projected December through February decline. The Middle Willamette sub-basin
generally receives less snow compared to the other basins and future trend is to receive even less
snow. In addition, the small increases in total winter precipitation are projected to potentially
equate to very little snow in the future due to the increase in winter temperatures.

4) Streamflow. Changes in streamflow are primarily driven by decreases in snow
accumulation, and secondarily by seasonal variation in precipitation change. Models show that
mean winter flows will increase and summer flows will decrease, with the magnitude of change
mainly determined by the basin’s sensitivity to a decline in snow accumulation. The North
Santiam is considered sensitive to the snowpack. In this basin, the mean flow is projected to
increase significantly during the winter and decrease in the spring and summer, whereas, in the
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Middle Fork, the winter flows are projected to increase slightly with small changes during the
rest of the year.

Annual peak flows are projected to increase in the future with the peak flows with lower return
periods to increase more than those with higher return periods. For rain driven basins, annual
peak flows of are of short duration (1 to 5 days), and are projected to occur up to 5 days earlier in
the water year. For basins with a larger snowmelt component such as in the North Santiam, peaks
are expected to occur up to 2 weeks earlier.

c. Implications for Water Management. The probability of drought is projected to
increase under future climate change if drought were defined as prolonged periods of demand
exceeding supply. As of 2017, it is not clear if current operations provide enough flexibility to
manage hydrological changes.

4.0 Basin Description

4-01. Willamette Basin Description. The Willamette Basin is an 11,200 square mile
watershed that is a major tributary to the Columbia River and is located entirely within the state
of Oregon. The basin has a maximum north-south length of about 150 miles, averages about 75
miles in width, and encompasses 12 percent of the state. The basin is bound by three mountain
ranges: the Cascade Range to the east, the Coast Range to the west, and the Calapooya
Mountains to the south. Maximum elevations exceed 10,000 feet in the Cascade Range, 4,000
feet in the Coast Range, and 6,000 feet in the Calapooya Mountains. Thirteen of Oregon’s thirty-
six counties intersect or lie within the boundary of the basin and nearly seventy percent of
Oregon’s population lives within the basin.

Principal tributaries of the Willamette River originate in the Cascade Range and have headwater
elevations generally around 6,000 feet (see figure 4-1). In the upper reaches, these tributaries
flow in narrow valleys with steep gradients. The major Cascade Range tributaries include the
Santiam, McKenzie, Middle Fork of the Willamette, Molalla, and Clackamas Rivers. The
Willamette River is also fed by major tributaries from the Coast Range, including the Long Tom,
Marys, Luckiamute, Yambhill, and Tualatin rivers. At the south end of the basin, the Coast Fork
of the Willamette River emerges from the Calapooya Mountains and joins the mainstem
Willamette River near the City of Springfield (near Eugene).

Precipitation ranges from 40 to 200 inches in the Willamette Basin. Based on computations from
USGS data, the average annual flow at Salem (river mile 84, drainage area of 7,280 square
miles) for the water years 1910-2015 is 23,300 cfs, or about 16.9 million acre-feet per year. The
minimum daily flow at Salem was 2,480 cfs on 27 August 1940. This flow occurred before the
USACE dams were completed and operational. The minimum regulated flow for the period
1970-2016 after all of the USACE dams in the Willamette Basin became operational, was 4,140
cfs which occurred on February 20", 1977.

4-02. Willamette Reservoir System. The USACE operates 13 dams in the Willamette Basin.
The system of 13 dams is referred to as the Willamette Valley Project. Eleven of the USACE
dams are operated as multiple purpose storage projects and two are strictly reregulating dams for
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hydropower production. The locations of the individual dams are shown on figure 4-1. The
USACE’ reservoirs in the Willamette Valley Project can store up to approximately 1.6 million
acre-feet of usable water. This represents about 9 percent of the average annual runoff of the
Willamette River at Salem. The 13 USACE dams manage about 27 percent of the entire drainage
area above Portland and 42 percent of the drainage area above Salem.

Exhibit A, Page 16 of 52 CENWD Approval July 28,2017



=

US Army Corps
of Engineers »

q ci(epzie A *-«
; McKenB> - \eab 9 Cougar _
- n \&i Cr. e,
S i 4
¥, e Al EANEE ) o
? 1\3' cKenzie o
i/Dexter ~ Lookout [ illamette p
N/ Boin

WILLAMETTE VALLEY PROJECT MAP

USACE DAMS

@ wWiTH HybrOPOWER

oint
<, n
= illamette

O WITHOUT HYDROPOWER

REREGULATING
WITH HYDROFOWER

WASHINGTON

FISH FACILITIES
ADULT COLLECTION . —u
A CALIFORNIA NEVADA
/%" HATCHERY
o 5 10 z0 30 40
MILES

Figure 4-1. Willamette Valley Project Map

4-03. USACE Projects in the Willamette Valley Project. The list of 13 USACE projects in the
Willamette Basin are shown on table 4-1. Each water control manual is an appendix to the draft
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Willamette Master Manual. As of 2017, the Willamette Master Manual is in draft form while
awaiting updated NEPA documentation on the operations and maintenance of the Willamette
Valley Project, which is required for approval of the Master Manual. The location of each project
is shown on Figure 4-1. A description of each project can be found in their respective water
control manuals. Three projects have reregulation dams downstream of them; Big CIiff is the
reregulation dam for Detroit; Dexter is the reregulation dam for Lookout Point; and Foster is the
reregulation dam for Green Peter, but also has storage capability.

Table 4-1. List of Willamette Valley Project Water Control Manuals

Appendix Project
-- Willamette Master Manual
1-A Blue River Lake
1-B Cottage Grove Lake
1-C Cougar Lake
1-D Detroit and Big Cliff Lakes
1-E Dorena Lake
1-F Fall Creek lake
1-G Fern Ridge Lake
1-H Foster Lake
1-1 Green Peter Lake
1-J Hills Creek Lake
1-K Lookout Point and Dexter Project

5.0 Water Uses and Availability

5-01. Water Uses. Water that is stored in the Willamette Valley Project is currently (2017)
used for irrigation, fishery enhancement, recreation, hydropower, and environmental flows.
Future water storage allocations may include municipal and industrial water supply. It is
increasingly important to plan for providing adequate flows for multiple water uses. Informed
decision making is accomplished through coordination of the Willamette Conservation Plan (see
Section 7-02). The following is a brief description of water use in the Willamette Basin. In
addition the effect on cultural resources as a result of low pool levels is provided.

a. Irrigation. According to House Document (HD) 531 that provides authorization for the
Willamette Valley Project, irrigation was anticipated to be a significant use of water stored in the
Project reservoirs. The U.S. Bureau of Reclamation (Reclamation) administers water service
contracts for irrigators within 15 water service contract reaches. Irrigation use in the Willamette
Basin has not occurred as initially projected and is not expected to occur in the future at levels
near the scope and scale originally envisioned. As of February 2017, nearly 75,000 acre-feet of
water (less than 5% of the conservation storage) is contracted for irrigation. Table 5-1 shows the
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number of contracts within each reach, volume of water contracted, and the acres served for each
reach in the Willamette Basin. Figure 5-1 shows the reach locations.

Table 5-1. Willamette System Irrigation Contract Data

Number
of Acre-Feet Acres
Reach Reservoirs Providing Water Contracts | Contracted Served
1 | Willamette River All Reservoirs 45 22,825 11,289
All Reservoirs on North and 3 242 323
2 | Santiam River South Santiam Rivers
3 | North Santiam River Big Cliff, Detroit 29 11,375 6,584
4 | South Santiam River Foster, Green Peter 13 914 492
All Reservoirs Except Santiam 28 15,603 11,015
5 | Willamette River Reservoirs
6 | Long Tom River Fern Ridge 55 19,715 8,379
All Reservoirs Except Santiam 9 749 458
7 | Willamette River and Fern Ridge
8 | McKenzie River Blue River, Cougar 31 1,772 911
Fall Creek, Dexter, Lookout 2 911 472
10 | Middle Fork Willamette River Point, Hills Creek
Dexter, Lookout Point, Hills 2 92 37
11 | Middle Fork Willamette River Creek
12 | Fall Creek Fall Creek 3 11 5
Coast Fork Willamette River and 6 581 233
13 | Row River Dorena, Cottage Grove
14 | Row River Dorena 1 51 20
15 | Coast Fork Willamette River Cottage Grove 1 56 45
Total 228 74,899 40,262

Source: Reclamation, as of February, 2017
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Figure 5-1. Water Service Contracts Reach Map
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b. Fishery Enhancement. State and federal fishery resource agencies have identified a
number of fish species in the Willamette Basin that are of regional or national significance.
Upper Willamette River (UWR) winter steelhead, UWR Spring Chinook salmon, and bull trout
are listed as “threatened” under the national Endangered Species Act. Oregon chub was listed as
threatened but was delisted in 2015. As habitat degradation and water quality problems,
including temperature, affect fish populations, it will be increasingly important to provide for
adequate flows in the Willamette Basin.

c. Recreation. Reservoir recreation such as boating and water skiing are major revenue
sources for many basin communities. Peak demand for these activities often coincides with the
driest point of the summer season, when water for irrigation and in-stream needs is most critical.
In some years as early as July, some reservoirs may be drawn down to levels too low to allow
use of boat ramps; however, these same summer releases may provide flows for fishing,
kayaking, and other recreation on rivers like the McKenzie and North Santiam. The reservoirs
are not operated to meet recreation needs during a drought.

d. Hydropower. Eight of the Willamette Valley Project dams have a federal hydropower
facility. These dams provide enough power to service 300,000 homes. Generation from the
peaking projects are often based upon load throughout the day or week and are subject to
frequent fluctuations. The reregulation reservoirs are used to absorb the fluctuations in flows
from their upstream peaking projects and release flows at a more uniform level. The generation
at the baseload projects provides uniform generation supply. Monthly generation can change
drastically from year to year depending on the amount of runoff which occurs in the basin. A
non-federal hydropower facility was added to Dorena Dam in 2014. The Dorena water control
plan has not been altered due to installation of the hydropower facility. All flow releases from
Dorena Dam are as determined by CENWP-EC-HR and reservoir regulations are documented in
the Dorena Water Control Manual.

e. Environmental. A set of environmental flow recommendations (e-flows) were
developed through the Sustainable Rivers Project, a USACE and The Nature Conservancy
partnership. The purpose and benefits of the e-flows are to improve habitats on the flood plain
margins, re-establish some river dynamism such as increasing river sediment transport, thereby
encouraging re-formation of pools and riffles, re-establishing extant flood plain connection and
smoothing the flow transitions after winter high flow events to facilitate lateral movement
between refugia, seed dispersal, and birdnesting, etc. These operations are targeted for winter
and spring months and use water that would need to be released to stay within the rule curve
elevations. The e- flow operations provide ecological benefits while affecting minimal change to
flood risk reduction, water quality, hydropower and meeting biological opinion flow objectives.
E-flow targets are for the Middle Fork Willamette River at Jasper (outflows from Fall Creek and
Dexter), South Fork McKenzie outflows from Cougar, and the North Santiam at Mehama
(outflows from Big CIiff) and have been incorporated into the respective water control manuals.

f. Municipal and Industrial Water Supply. Some of the largest cities in the Willamette
Basin rely on the Willamette River and its tributaries for drinking water. As population increases
throughout the valley, and as environmental and financing issues reduce the likelihood that
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municipalities will build new reservoirs for drinking water, river flow and existing reservoirs will
continue to be an important water source.

Throughout the basin, employers such as pulp and paper mills use river water directly without
purchasing through a municipal provider. In addition, high-tech industries have grown and have
a significant demand for water. Although most of the high-tech industries receive their water
through a municipal system, it is important to include all industry needs when planning for dry
season uses of reservoir water.

As of 2017, the Willamette River Basin Review Feasibility Study is assessing the feasibility of
reallocating storage in the Willamette Valley Project reservoirs from general joint-use to specific
originally authorized purposes, including municipal and industrial (M&I) water supply,
irrigation, and fish and wildlife. Any reallocation plan will require approval from Congress as the
volume of storage exceeds the limits for local approval. Once the storage is reallocated and state
issued water rights are modified, storage will be available for M&I use. The amount of storage
and water expected to be needed for M&aI is higher than listed in HD 531, but still much less than
irrigation.

g. Navigation. Navigation is an authorized purpose of the Willamette Valley Project, but
the project flows are no longer regulated for navigation use above the Willamette Falls Lock at
Oregon City. Project authorizing documents (HD 544, 75th Congress, third session, March 16,
1938) stipulated a minimum flow of 5,000 cfs between Albany and the Santiam River, and 6,500
cfs downstream to Salem to provide navigation depths of 6 feet and 5 feet, respectively, above
Willamette Falls. These minimum flows have been adopted for water quality purposes (see
section 5-01.h). Over the years, the ODEQ has issued wastewater discharge permits based on a
7Q10 flow (the EPA definition: the lowest 7-day regulated average flow that occurs on average
once every 10 years), which is approximately 5,500 cfs near Salem. The USACE continues to
attempt to meet these flows to aid in water quality and fisheries enhancement in compliance with
the 2008 Biological Opinion.

h. Water Quality. The minimum congressional flows of 5,000 cfs at Albany and 6,500 cfs
at Salem were established for the purposes of navigation, but have become base flows used to
maintain water quality standards in the mainstem Willamette. Both water quantity and quality
were of great concern, particularly in watersheds with salmon and other fish species listed as
endangered or threatened under the Endangered Species Act. Many streams in Oregon do not
meet water quality standards during the summer due to high water temperatures, but release of
water from reservoirs provide some aid in reducing water temperatures downstream of the dams.
Water quality standards are also limited due to inadequate riparian zones and increasing
problems associated with agriculture and forestry chemicals.

i. Effects on Cultural Resources. The USACE Willamette Valley Projects Dams lies
within the traditional lands for four federally recognized Native American Tribes, the
Confederated Tribes of the Grand Ronde Community of Oregon, the Confederated Tribes of the
Siletz Indians, the Cow Creek Tribes of Umpgua Indians, and the Confederated Tribes of the
Warm Springs Reservation of Oregon. The tributaries that the dams block are used traditionally
by these tribes (historically and today) for the gathering of plants for food and fiber, fish, and
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other wildlife associated with the watershed. The projects also have inundated hundreds of
historic and Native American archaeological sites. Drought situations where water levels are
altered, such as being lower for longer periods of time, might affect the archaeological resources
due to exposure, wave action, recreational uses, and vandalism / looting. It also has the potential
to have an additional negative effect on subsistence fishing utilized by the Tribes. The USACE
has a responsibility to the protection of these resources, archaeological and historic under the
National Historic Preservation Act. Tribal traditional cultural properties are included under the
NHPA, as well as the consultation and coordination under the Executive Order 13175,
Department of Defense (DoD) American Indian and Alaska Native Policy, 2004; Department of
the Army American Indian and Alaska Native Policy, 24 Oct 2012; Tribal Consultation,
Presidential Memorandum, 5 Nov 2009: USACE Memorandum, Sovereignty and Government-
to-Government Relations with American Indian and Alaska Native Tribal Governments: USACE
Tribal Policy Principles, 10 May 2010; and USACE Tribal Consultation Policy, 1 Nov 2012.

5-02. Available Storage. The storage of water in the Willamette Valley Project is based on
seasonal regulation schedules established according to each project’s rule curve. The Willamette
Valley Project can store up to approximately 1.6 million acre-feet of water within the
conservation pool. The ability to use water from inactive storage, power pool storage, and
uncontracted stored water is described below.

a. Quantity of Inactive Storage. For projects with hydropower that have regulating outlets
(Hills Creek, Lookout Point, Cougar, Green Peter, and Detroit), the inactive storage is the
reservoir capacity between the minimum power pool and the lowest regulating outlet invert
elevation. For projects without USACE operated hydropower (Fall Creek, Cottage Grove,
Dorena, Fern Ridge, and Blue River), the inactive storage is the reservoir capacity between the
minimum flood pool and lowest regulating outlet invert elevations. For reregulation projects
(Dexter, Foster, and Big CIiff), the inactive storage is the reservoir capacity between the
minimum power pool and the spillway crest. The total inactive storage for the Willamette Valley
Project reservoirs is approximately 359,999 acre-feet. Table 5-2 shows the percent of inactive
storage by project.

b. Ability to Use Inactive Storage. Under no circumstances should the inactive storage be
used for power generation, as operating to the low heads could cause damage to the turbines. In
2015, most of the Willamette Valley Project reservoirs dipped into inactive storage to meet
minimum flow with little impact. The impact of drafting into the inactive storage is an increased
risk of not refilling the reservoir. Fall Creek Project uses 9,505 acre-feet of inactive storage in
winter for a maximum of two weeks to pass predatory fish in order to reduce predation on
salmonids in the reservoir.
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Table 5-2. Inactive Storage Volume by Project!

Project Inactive Storage Volume Inactive Storage
(Acre-Feet) (Percent)
Hills Creek 6,600 1.8%
Lookout Point 19,194 5.3%
Dexter 97,644 27.1%
Fall Creek 9,505 2.6%
Cottage Grove 3,139 0.9%
Dorena 7,355 2.0%
Fern Ridge 2,802 0.8%
Cougar 16,700 4.6%
Blue River 3,430 1.0%
Green Peter 71,220 19.8%
Foster 10,980 3.1%
Detroit 109,700 30.5%
Big CIiff 1,730 0.5%
Total 359,999 100.0%

Volumes derived based on reservoir storage capacity tables located
on the CENWP-EC-HR weblink, as of June 2017.

c. Ability to Use Power Pool Storage. The power pool is the reservoir capacity between
the minimum flood pool and the minimum power pool. Table 5-3 shows the powerpool storage
by project (Dexter and Big Cliff do not have flood pools, therefore they are not shown). Under
project authorities, the power pool is reserved exclusively for power generation. Infrequent,
limited (or modest) drafting into the power pool on a case-by-case basis may be accomplished
pursuant to project authorities. This decision must be coordinated with the Bonneville Power
Administration to ensure that any decision to use the power pool has taken into consideration
power requirements. The decision should also consider how critical the need is to draft (e.g.,
biological need to provide minimum flows at the time).

If reservoirs draft to the minimum power pool level, generation will be stopped to avoid damage
to the generating units. Station service will be supplied to the plants from the transmission grid.
Regulating outlets will be used to maintain streamflow.

Table 5-3. Powerpool Storage Volume by Project!

Project Powerpool Storage Powerpool
Volume (Acre-
Feet) Storage (Percent)

Hills Creek 48,800 28.5%
Lookout Point 11,377 6.6%
Cougar 8,700 5.1%
Green Peter 62,600 36.5%
Foster 3,600 2.1%
Detroit 36,375 21.2%

Total 171,452 100.0%

VWolumes derived based on reservoir storage capacity tables located on the CENWP-EC-
HR weblink, as of June 2017.
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d. Quantity of Uncontracted Water Supply Storage. The Reclamation holds two water

rights with the State of Oregon to store 1.64 million acre-ft (applications filed in 1954 and 1968)
of water in the Willamette Valley Project reservoirs for irrigation use only. As of February 2017,
there are only 74,899 acre-feet of water actually contracted, therefore the uncontracted storage is
about 95% of the water rights storage. It is important to note that the entirety of the conservation
storage volume remains is in the joint-use purpose. As of 2017, the conservation storage volume
in the Willamette Valley Project is 1.6 million acre-ft. See section 6-03 for more information on
irrigation contracts.

e. Ability to Use Uncontracted Water and Procedures to Obtain Water. The withdrawal of
water from streams, lakes, and reservoirs, is regulated by the OWRD under the state water law.
An applicant must file for a water right with the OWRD. Any withdrawal permit for stored water
will be issued subject to a contract or agreement with the owner/operator of the facility (such as
the USACE).

f. Use of Surplus Water. Section 6 of the Flood Control Act of 1944 (Public Law 78-534)
authorized the Secretary of the Army to enter into agreements for use of surplus water for
temporary drought relief, and for purposes other than crop irrigation. Surplus water will only be
declared available when the use would not significantly affect other authorized purposes. When
stored water is in excess of meeting the authorized project purposes it can be identified as surplus
water available for use on a temporary (5 years, with the ability for one 5-year extension).
Surplus water withdrawn from the streams below USACE projects will require a signed
agreement accompanied by a brief letter report documenting how and why stored water is
determined to be available as surplus. The level of detail will be commensurate with the amount
of water to be used, time of use, and economic and environmental effects. Authority to sign these
agreements by the District Commander requires approval from USACE Headquarters. As of
December 2016, the price of the available water is based on the updated cost of storage (highest
of four cost methods for the Willamette Valley Project), as required for reallocated storage,
though draft rule making issued in December 2016 may change this methodology. A template for
a surplus water agreement for use of water from USACE reservoirs is provided in Attachment 1.

6.0 Oregon Water Rights

6-01. Appropriation Doctrine. Water rights in Oregon are managed by the OWRD. Refer to
the Water Rights in Oregon, An Introduction to Oregon’s Water Laws, by the OWRD, dated
November 2013. In Oregon, the prior appropriation doctrine has been law since February 24,
1909 when the first unified water code introduced state control over the right to use water. The
principle of prior appropriation means the first person to obtain a water right on a stream is the
last to be shut off in times of low streamflows. Before 1909, water users had to depend on
themselves or local courts to defend their rights to water. The appropriation doctrine holds that a
water right is limited to the quantity of water which is beneficially used, without waste. In 1935,
an Oregon Revised Statute (ORS 537.1 0) concerning public ownership of water was established.
The statute stated that "All water within the state from all sources belongs to the public." During
times of low streamflows, the appropriator with the oldest date of priority can demand water
specified in their water right permit obtained from the Department, regardless of the needs of
other users. The date of priority, determined by the date of application for the permit, determines
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the seniority of the appropriators’ right. The more senior the water right, the longer water is
available during periods of low streamflow.

6-02. Instream Water Rights. An instream water right law was enacted in Oregon via Senate
Bill 140 during 1987. The Oregon legislation recognized that public uses are beneficial uses, as
defined by the appropriation doctrine. The act allows the Departments of Fish and Wildlife,
Environmental Quality, and Parks and Recreation to request instream water rights from the
Department. The law gives instream water rights the same status as other water rights, except
that municipal uses may have priority over these rights. In a Governor declared drought, Oregon
law allows the Department to give preference to human consumption and livestock watering over
other uses. Unlike minimum perennial streamflows, the commission cannot waive the instream
right in favor of later water rights during the periods of low streamflow. Instream water rights
have a priority date, and are regulated in the same way as other water rights. An instream water
right cannot affect a use of water with a senior priority date. In the Willamette Basin, the
majority of the minimum perennial streamflows established in 1964 have not been converted to
instream water rights. Once converted the instream water rights will have a priority date of 1964.

Instream water rights do not guarantee that a specified quantity of water will be maintained in a
stream or is available for use. When the water level in a stream is below the instream water right
level, holders of junior water rights are required to stop using the water. A holder of a water right
to the natural flow of the stream has no right to stored water in a reservoir without an additional
water right for use of stored water.

6-03. Irrigation Contracts. The Reclamation implements and manages the sale of irrigation
water for the Federal government. The Reclamation filed applications for water rights in 1954
and 1968 on behalf of the federal government. Subsequent state water right certificates have
been issued to the Reclamation authorizing all of the 1.64 million acre-feet of system
conservation pool storage for irrigation uses (Certificates 72755 and 72756). Currently, irrigators
have contracted for less than five percent of the 1.64 million acre-feet; however, agricultural
needs may increase in the future. To use the stored water, a contract holder with the Reclamation
must obtain a state permit to withdraw the water from an Oregon stream, referred to as a
secondary water right.

The storage of water in the Willamette Valley Project is based on the seasonal regulation
schedules established according to the rule curve for each dam. The USACE coordinates with the
multiple federal and state agencies when releasing stored water at projects to meet secondary
project purposes.

7.0 Flow Management

7-01. Reservoir Regulation Seasons. Reservoir regulation activities occur over three
regulation seasons; major flood, conservation storage, and conservation release. The major flood
season is from mid-November through January. During the major flood season, reservoirs are
kept at their minimum flood pool to capture high inflows in order to reduce the risk of
downstream flooding. The conservation storage season is from February through about mid-
May. During this period, the reservoirs fill to their maximum conservation pool level to store
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water for the conservation release season. During the conservation release season from mid-May
through mid-November, water stored within the conservation pool is released for multiple uses,
including hydropower, fisheries enhancement, water quality, environmental purposes, recreation,
and consumptive use for irrigation.

7-02. Willamette Conservation Plan. The Willamette Conservation Plan (WCP) is the
annual water management plan for the Willamette Valley Project and identifies flow and
storage needs for each tributary and reservoir in the Willamette Valley Project. Forecasts in
April, of runoff volume and system-wide volume storage in the Willamette Valley Project
by mid-May are used to set minimum flow objectives for April through October on the
mainstem Willamette River, which is central to the WCP. The WCP includes estimates of
mainstem flows and reservoir storage volumes likely to occur over the conservation season
based on forecasts, system operational alternatives, and constraints through modeling.
Reservoir modeling considers the likelihood of meeting the tributary flow objectives in table
7-1 and the mainstem flow objectives in table 7-3. Adaptive management (see section 7-07)
may be used to adjust operations within authorized project purposes due to changing
conditions and with new knowledge that is gained from ongoing operating experience or
studies. Refer to the most recent WCP for the up-to-date minimum flow objectives, as they
vary from year-to-year depending on water availability. The WCP may be obtained from the
CENWP-EC-HR.

The WCP is coordinated to meet the ESA and all other purposes of the Willamette Valley
Project. The Willamette Action Team for Ecosystem Restoration (WATER) is a forum of
the Action Agencies (USACE, Reclamation, and BPA), Services (USFWS and NOAA
Fisheries), state agencies, and tribes, responsible for planning and implementing flow
management in the Willamette Basin. The Flow Management Committee is the technical
committee under WATER to coordinate the development of and implement the WCP. The
WCP is updated annually during the conservation storage season based on the April forecast
made in early April, and anticipated total system storage in mid-May. The plan is fine-tuned
in early June after spring refill.

7-03. Forecasts. Forecasts are required during the conservation storage period to assess
the timing and capability of refilling to the desired maximum conservation storage elevation
of individual projects. The benefits of an accurate forecast are twofold: (1) minimum flow
requirements less than normal minimum releases can be requested through the OWRD if
insufficient inflows are forecasted and (2) probability of lake refill and timing can be
estimated in order to inform lake users. Projections of lake levels during the summer and fall
periods are also useful for the same reasons. Adaptive management (see section 7-07) allows
for adjustments in reservoir operations if unexpected hydrologic changes were to occur.

NOAA's Climate Prediction Center Seasonal Drought Outlook or the Department of
Agriculture's drought indices can be used as an indicator of a short-term drought in
consideration of planning for operations in meeting minimum flow objectives without much
base-flow or rain. If rainfall and runoff forecasts show that the Willamette Valley Project
reservoirs may not fill to the maximum conservation pool levels, a potential drought
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situation may be indicated. Drought forecasting in the Willamette Basin is most useful in
preparing for and during the conservation release season.

Beginning in January, the USACE uses NRCS’s April-September water supply volume
forecasts issued monthly, and may use Ensemble Streamflow Prediction (ESP) forecasts
issued by the Northwest River Forecast Center of the National Weather Service, as input in
modeling of the reservoir system. The ESP forecasts use historical meteorological data to
represent possible future conditions for probabilistic analyses. These forecasts help estimate
how full the reservoirs may be in May and June and how much stored water may be
available for release during the conservation season.

7-04. Methods and Tools. Methods and tools are discussed in individual project water
control manuals or as described in the Standard Procedures for Regulation of the Willamette
Basin Projects (contact CENWP-EC-HR for the most up-to-date version). The tools assist in
developing estimates of reservoir refill during the conservation filling period.

For long-term planning (greater than 6 months) and for use in the Willamette Conservation
Plan, the CENWP-EC-HR runs the USACE’s Hydrologic Engineering Center (HEC),
reservoir simulation model, HEC-ResSim, to evaluate the water supply forecasts. Water
supply volumes are input to the ResSim model to estimate how full the reservoirs may be in
May and how much stored water will be available for the release season.

For shorter-term planning, as of 2017, the USACE and Northwest River Forecast Center
(NWRFC) use the Community Hydrologic Prediction System (CHPS) reservoir system
simulation model, a product of the NWRFC. The USACE provides reservoir regulation
information as input to the model while the NWRFC provides weather sequences of given
probabilities, soil moisture and ground water conditions. Model runs are made with these
parameters and assumptions, and the output are forecasts of lake inflows, streamflows, and
lake elevations. The model is used to inform project operational decisions.

During the summer and during drought situations, the CHPS model is run twice a week to
ensure the summer flow objectives are met. In addition, the water travel time during the
summer is longer due to lower flows, and the CHPS forecast model runs help ensure the
flow objectives are met with proper timing.

7-05. Project Minimum Flows. Throughout the year, water is passed through the dams to
meet or exceed the congressionally authorized minimum flows. Due to developments in the basin
to meet Endangered Species Act needs, a set of minimum flow objectives were recommended by
the NOAA'’s National Marine Fisheries Service Biological Opinion, Endangered Species Act
Section 7(a)(2) Consultation Biological Opinion & Magnuson-Stevens Fishery Conservation &
Management Act Essential Fish Habitat Consultation, Consultation on the "Willamette River
Basin Flood Control Project,” dated 11 July 2008. The Congressional minimum flows as stated
in House Document 531, Volume V (Appendix J) and the biological opinion objective flows are
provided in table 7-1.
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The operational flow objectives and the associated flow management guidelines are
intended to balance the risks to listed fish species under low water year conditions with the
risks to other uses authorized by Congress for the Willamette Valley Project. Key among
these authorized uses are those significant to human health and safety, including flood risk
management, hydropower production, and summer and fall low flow augmentation for
maintenance of water quality.

7-06. System Minimum Flow Objectives. In addition to the project minimum flows discussed
in section 7-05, the 2008 Biological Opinion provides Willamette River mainstem minimum
flow objectives at Salem and Albany. Because the water supply in the Willamette can vary
significantly from year to year, the 2008 Biological Opinion allows for adaptive management
(see section 7-07) of the reservoir system dependent upon predicted system water availability by
mid-May. The 2008 Biological Opinion designates four levels of water availability, in terms of
forecasted volume of storage in the Willamette Valley Project reservoirs by mid-May. The
designation of a conservation season runoff forecast as “abundant”, “adequate”, “insufficient”, or
“deficit” will lead to differing management approaches.

Table 7-2 summarizes the designation of Willamette Basin runoff observed over a 64-year period
of record. Table 7-3 shows the minimum flow objectives for Salem in “deficit” years (column 6),
and for “abundant” and “adequate” years (column 5). Minimum flow objectives for insufficient
years are based on a sliding scale between columns 5 and 6. The minimum flow objective for
Albany is the same for all years. The flow objectives for April through June are flow objectives
for fish while the summer and fall flows at Albany help maintain water quality. For years
designated as “abundant” or “adequate”, minimum flow objectives during spring, summer, and
fall would be expected to be met or exceeded whenever possible (e.g., considering factors such as
the accuracy of weather forecasts, constraints in the accuracy of operational adjustments at dams,
and delayed system response time between the points of storage release and Salem), therefore
these years would not be considered drought years. For years designated as “insufficient” or
“deficit”, the minimum flow objectives are not expected to be met, and these would be
considered drought years. The mainstem spring flow objectives may be temporary actions and
are subject to review and revision in accordance with results of appropriate monitoring and
evaluation.
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Table 7-1. 2008 Biological Opinion and Congressional Minimum Reservoir Outflow

2008 NMFS Biological Opinion

Water Control Manual

House Document No.

531 Volume V
i Minimum
Location "\:/:'()r\]l:lrgg "\:/:'()r\]l:lrzlig o
Date Remarks Date Date Fish®
Detroit/Big Cliff | 1Feb -15Mar 1000 Rearing/adult migration Feb-Jun 1,000 Feb-Jun 1,000
16 Mar - 31 May 1500 steelhead spawning Jul-Nov 750 Jul - Nov 750
1Jun -15Jul 1200 steelhead incubation
16 Jul - 31 Aug 1000 rearing
1Sep - 15 Oct 1500 chinook spawning
16 Oct - 31 Jan 1200 chinook incubation
Blue River 1Feb-31Aug 50 rearing Jul-Nov 50 Feb-Jun 30
1Sep - 15 Oct 50 chinook spawning Jul - Nov 30
16 Oct - 31 Jan 50 chinook incubation
Cottage Growe 1Feb-30Jun 75 Feb-Jun 75 Feb-Jun 75
1Jul-310Oct 50 Jul-Oct 50 Jul - Nov 50
1 Nov - 31Jan inflow
Cougar 1 Feb - 31 May 300 rearing Feb-Jun 300 Feb-Jun 300
1Jun -30Jun 400 rearing adult migration Jul - Nov 200
1Jul-31Aug 300 rearing
1Sep - 15 Oct 300 chinook spawning
16 Oct - 31 Jan 300 chinook incubation
Dorena 1Feb -30Jun 190 Feb-Jun 190 Feb-Jun 190
1Jul - 31 Oct 100 Jul-Oct 100 Jul- Nov 100
1 Nov -31Jan inflow
Fall Creek 1Feb - 31 Mar 50 rearing 1 Feb - 15 Nov 30 Feb-Jun 30
1 Apr-31Aug 80 rearing, adult migration (Jun) Jul - Nov 30
1 Sep - 15 Oct 200 chinook spawning
16 Oct - 31 Jan 50 chinook incubation
Fern Ridge 1Feb-30Jun 50 Dec-Jun 50 Feb-Jun 50
1Jul- 31 Oct 30 Jul-Nov 30 Jul - Nov 30
1Nov -31Jan inflow
Green 1Feb - 15 Mar 800 Rearing/adult migration Feb-Arp 800 Feb-Apr 500
Peter/Foster 16 Mar - 15 May 1500 steelhead spawning May 750 May 450
16 May - 30 Jun 1100 steelhead incubation 1Jul - 15 Nov 400 Jun 300
1Jul-31Aug 800 rearing Jul - Nov 300
1Sep - Oct 15 1500 chinook spawning
16 Oct - 31 Jan 1100 chinook incubation
Hills Creek 1Feb-31Aug 400 rearing Feb-Nov 100 Feb-Jun 100
1Sep - 31Jan 400 migration and rearing Jul - Nov 100
Lookout 1Feb -31Aug 1200 rearing Feb-Jun 1,200 Feb-Jun 1,200
Point/Dexter 1 Sep - 15 Oct 1200 chinook spawning 1Jul-15Nov | 1,000 | Jul-Nov | 1,000
16 Oct - 31 Jan 1200 chinook incubation

! House Document 531, Review Report on Columbia River and Tributaries, Appendix J, Willamette River
Basin, Table I11-1. Minimum flows were adopted for the preservation of fish. At the power reservoirs
(Hills Creek, Cougar, Green Peter, and Detroit) the releases during the power season (October - March,
inclusive) are substantially greater than the minimum regulated flows shown.
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Table 7-2. Evaluation of S

pring Runoff and Conservation Operation

Volume in Storage by Designation Occurrences Percent of
10-20 May (MAF) (years)! Years
<0.9 Deficit 10 16
0.9-1.19 Insufficient 6 9
1.20-1.48 Adequate 11 17
>1.48 Abundant 37 58
1.59 Maximum?

1 Period of record 1936-1999 using flow objectives in columns 2, 4, and 5 in Table 7-3
2 Maximum usable conservation storage.

Table 7-3. Minimum Mainstem Threshold Flows for Albany and Salem (cfs)

Albany Salem
Minimum Minimum
Weekly
.. .. Weekly
Minimum Minimum Flow
. HD Flow HD
Period Average 9 Instantaneous | Threshold 9
3 531 3 Threshold 531

Flow Flow Abundant .

Deficit

and Years*

Adequate*

April - 14,300 17,8002 15,000
May - 12,000 15,000° 15,000
1-15 June 4,500 10,500 13,000° 11,000
16 — 30 June 4,500 7,000 8,700° 5,500

July 4,500 5,000 - 6,000" 5,000 6,500

1 - 15 August 5,000 - 6,000" 5,000
16 — 31 August 5,000 - 6,500" 5,000
September 5,000 -- 7,000! 5,000
October 5,000 -- 7,000! 5,000

12008 Biological Opinion Appendix D, Table D-2.

2 Congressional minimum flows from House Document (HD) 531, Volume 5, paragraph 88.

32008 Biological Opinion Appendix D, Table D-1, biologically based minimum flow objectives.
42008 Biological Opinion Appendix D, Table D-4. Flows in Column 5 are for “Abundant”, and
“Adequate” years. Flows for “Insufficient” years are based on a sliding scale between Columns 5 and 6.

7-07. Adaptive Management. Adaptive management of flow objectives involve making
adjustments to reservoir operations and flow releases based on changing conditions and
changing forecasted hydrologic conditions. Current volume forecast methods do not
differentiate between the significant contribution of snowmelt and the highly variable
rainfall contribution which makes it difficult to forecast runoff volumes. It is not possible to
foresee, describe, and model all of the possible management scenarios and contingencies. In
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a rain-driven system like the Willamette Basin the best available hydrologic modeling early
in the season may result in forecasts that differ significantly from actual conditions later in
the conservation season. Since the plan calls for setting operational flow objectives at Salem
beginning on 1 April based on a storage forecast for mid-May, flow objectives may need to
be adjusted throughout the conservation release season. The availability of water will be re-
assessed monthly (or as necessary) and related changes in management strategy will be
made.

Adaptive management allows for spreading the risk of insufficient water among all
authorized project purposes. Adaptive management is especially important during low water
years to balance needs for flows during spring that support spawning and incubation of
ESA-listed winter steelhead, needs for storage that provide flows during summer for water
quality, and for fall spawning and incubation of ESA-listed Spring Chinook salmon.

8.0 Drought Management

8-01. Reservoir Regulation in Drought Conditions. Drought-related water management work
is integrated within the overall USACE water management responsibilities and associated
activities, which play a major role in characterizing drought conditions in the Willamette Basin.
The Willamette Conservation Plan, consistent with the 2008 Biological Opinion, is the vehicle
that sets the operational flow objectives in all water year conditions, including drought years. As
drought conditions and priorities may vary from year to year, reservoir operational agreements
will be made dependent upon the WCP and agreements made under the WATER forum and
Flow Management Committee coordination, therefore a prescriptive procedure is not provided in
this document. Operations in past drought years may provide an indication for operational
strategies for future drought years. Operations used in past years is provided in the following
paragraphs.

8-02. Flow Objectives in Past Drought Years. In previous years of extreme drought,
interagency agreements resulted in minimum flow objectives at Salem that were less than the
Congressional minimum flows at Albany and Salem of 6,500 cfs and 5,000 cfs, respectively.
Tables 8-1 and 8-2 show the minimum flow objectives for Albany and Salem, respectively, in
various drought years.

Table 8-1. Past Drought Year Interagency Minimum Flow Objectives, Albany

Period Drought Years

1977 1987 1988-91 1992 2015
June 4,000 4,000 4,500 4,000 3,500
July 1-15 4,000 4,000 4,500 4,000 3,500
July 16-31 4,000 4,500 4,500 4,000 3,500
August 1-15 4,000 4,500 5,000 4,500 3,500
August 16-31 5,000 4,500 5,000 4,500 3,500
September 5,000 4,800 5,000 4,500 3,500
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Table 8-2. Past Drought Year Interagency Minimum Flow Objectives, Salem

Period Drought Years

1977 1987 1988-91 | 1992 2001 2015
June 1-15 5,000 5,000 6,000 5,500 | 11,000 | 5,000
June 16-30 5,000 5,000 6,000 5,500 5,500 5,000
July 1-15 5,000 5,000 6,000 5,500 5,000 5,000
July 16-31 5,000 5,500 6,000 5,500 5,000 5,000
August 1-15 5,000 5,500 6,000 5,500 5,000 5,000
August 16-31 6,000 5,500 6,500 5,500 5,000 5,000
September 7,000 7,000 7,000 6,000 5,000 5,000

8-03. Reservoir Regulations in Past Drought Years. The following is a description of
reservoir operations and coordination used in recent low water years in the Willamette Basin in
drought years.

a. Reducing Minimum Winter Flow. Refill of the reservoirs begins on 1 February. When
the observed elevation was below an individual project’s rule curve and the forecast was for dry
weather, the USACE requested a reduced minimum flow from NOAA Fisheries.

b. Winter Steelhead in the Santiam Basin. In the Santiam Basin, Big Cliff and Foster
Dams released minimum flows of 1,500 cfs for winter steelhead spawning. The release periods
are from 16 March through 15 May for Foster and from 16 March through 31 May for Big CIiff.
During low water years (drought), discussions with NOAA Fisheries took place as modeling
showed reservoir levels well below the rule curve. In past years, NOAA Fisheries has agreed to
reduce spawning flows to about 1,200 cfs below Big Cliff and 1,100 cfs below Foster.

After steelhead spawning, the steelhead incubation period occurs. This incubation period occurs
from 16 May through 30 June at Foster, and from 1 June through 15 July for Big CIiff. In the
past, NOAA Fisheries had agreed to reduce incubation flows to be equal to the reduced spawning
flows minus 200 cfs.

Rearing flows are maintained during the dry season. Past operations have met the minimum
biological opinion rearing flows or released higher flows in order to meet mainstem flows. The
ODFW and the NOAA Fisheries have supported steady tributary flows that draft the projects to
minimum conservation pool by 1 October without maintaining the mainstem minimum flows.

c. Chinook Spawning in the Santiam Basin. Chinook spawning occurs from 1 September
— 15 October. For Big Cliff and Foster Dams, even when pool levels were low, the fisheries
agencies preferred to release spawning flows. Although the preference is to provide the spawning
flow (1,500 cfs), flows have been reduced by 200-300 cfs, have begun later, or have been
stepped-up from the summer flow to the spawning flow over a week.

By the end of spawning, in years of little precipitation and when projects were near or at
minimum conservation pool, NOAA Fisheries had expressed a need to use power pool storage
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and inactive pool storage to provide water for fish. Under this condition, major impacts could
occur. Any use of power pool water must be discussed and agreed upon by the BPA.

d. Mainstem Flows. Projects outside of the Santiam Basin have operated to minimum
flows. Fisheries agencies have agreed to reduce mainstem flows slightly after April 1. When the
observed elevation was below an individual project’s rule curve and the forecast was for dry
weather, the USACE requested a reduced mainstem flow from NOAA Fisheries. NOAA
Fisheries has agreed to lower flows in April and May for the Willamette River at Salem as well
as a fixed release from the projects and the elimination of minimum flows for the months of June
thru September. The amount that NOAA Fisheries has reduced the mainstem flow requirement
has varied from year-to-year based on the extent to which the reservoirs have drafted below rule
curve.

8-04. Determination of Interim Draft Limits. Reservoir-specific interim draft limits will
be used to avoid over-draft of stored water during the early part of the flow management
season. The interim draft limits conserve water in order to meet minimum tributary and
mainstem flows later in the summer and early fall. Beginning in May, regulators can use a
spreadsheet to back calculate, from October to May, the required storage in the reservoirs at
month-end throughout the spring and summer to meet the 2008 Biological Opinion flow
objectives at Salem and Albany through 31 October. Modeling may include the use of 90%
exceedance inflows from the Period of Record data; however, users can test different levels
of inflow and outflow to see resulting reservoir levels within the spreadsheet for a risk
assessment.

8-05. Priorities. In both “insufficient” and “deficit” year cases, recreational use would be
considered a low priority. Hydropower generation, irrigation, and other authorized uses will
be met to the fullest extent possible through both discharges of reservoir inflows during
spring and release of storage during summer and fall to meet mainstem flow management
objectives. Priority will be given to those flow needs directly related to human health and
safety. Reservoir inflow in excess of that needed to meet the mainstem operational flow
objectives during spring will be stored in a manner that maximizes the likelihood of being
able to meet minimum discharge rates, mainstem Willamette River flow objectives at Albany
and Salem during June through October, and Willamette Basin hydropower production
needs.

As of 2017, due to low level of use for water service contracts, the USACE does not make
special operational adjustments, such as increasing flow releases, to meet contract requirements
at most projects with the exception of Fern Ridge and Detroit. However, in “deficit” water years,
the National Marine Fisheries Service’s (NOAA Fisheries) Reasonable and Prudent Alternative
(RPA) requires the Reclamation to curtail water contract diversions. In other years, the RPA
requires the USACE to release more than minimum flow to ensure the contract users do not take
water intended for fish purposes from Fern Ridge and Detroit. In “deficit” water years, a partial
water supply or no water supply may be available to satisfy irrigation contracts. Water deliveries
may be ceased or curtailed under these conditions, per RPA 3.4.
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9.0. USACE’s Emergency Navigation

Although there is authorization for navigation in the mainstem Willamette River, there is
currently little to no actual navigation for commercial purposes. There is no opportunity to move
boats around the Willamette Falls at Oregon City except by trailer. Navigation did not seem to be
an issue during the drought of 2001 or 2015. In December of 2011, the Willamette Falls Locks
were placed in a non-operational status because of safety issues.

10.0 State of Oregon Drought Management

10-01._Authorities. The legal authorities for the State of Oregon’s drought mitigation and
response functions are found in ORS 536.700 - 536.780 and Oregon Administrative Rules
(OAR) Chapter 690, Division 19. The Governor, through the request of a local jurisdiction, can
declare an emergency under ORS 401.165. Under ORS 536.740, the Governor has authority to
declare that a severe, continuing drought exists, or may exist, in any (or all) of the drainage
basins in Oregon. Based on that declaration, the Governor or the Oregon Water Resources
Commission can also direct state agencies and political subdivisions to implement a water
conservation plan or water curtailment plan. Additionally, ORS 536.750 states that a drought
declaration by the Governor allows the Water Resources Department to provide existing water
right holders with access to temporary water management tools, described in OAR 690-019.

The Water Resources Commission is made up of seven members who represent different areas of
the state. The commission is a citizen body that sets state water policy and oversees activities of
the Water Resources Department. WRC meetings are held regularly at different locations around
the state and is open to the public. The region areas in the Willamette Valley are the Northwest
Region and the West Central Region.

10-02. Declaration of Drought. The declaration of drought in Oregon is performed by the
Governor on a county-by-county or on a state-wide basis. The Governor's technical advisory
group is the Oregon Drought Readiness Council (DRC) (see 10-02.a), and the interagency Water
Supply Availability Committee (WSAC) (see 10-02.b) reports to the DRC. The two interagency
groups evaluate water supply conditions and help assess and communicate potential drought
related impacts. The State of Oregon’s drought declaration process is shown on figure 10-1. A
description of the DRC and WSAC and their activities are provided in the following sections,
along with the State’s drought strategy. The USACE does not make a declaration of drought
conditions associated with its reservoirs in the Willamette Basin.

Exhibit A, Page 35 of 52 CENWD Approval July 28,2017



Phase I [UWRD}: Standard Drought Declaration Process

536.740 Gowvernor's
authority to declare
drought

Upon finding that a nesd
exists fior statewide
coordination of water
resource conservation
measures by municipal and
ather political subdivisions of
this state in order to
minimize problems caused
by a severe shortage of
water, the Governor may
declare that a severs,
continuing drought exists or
is likely b exist.

. * Evaluabe data from Committes, other sources
Counties * May adopt local reselution declaring drought
. ¢ [f nesded, make request to State for assistance
Water Supply
Committee Drought Readiness

- Council ® May issue sxecutive
# Chaired by OWRD order, if warranted
o Technical body of skate & foderal agencies
# Evaluate water supply & drought conditions ® Co-Chalred by OWRD & OEM
* Share information with public, counties, + Coordination among state agencies
tribes, and the Drought Readiness Councll # Evaluate local requests for state assistance

® Assist water users with drought-related issues

» Monitor potential and actual impacts

* Davelop and implement response strategies to
cope with dreught-related impacts

» Make determination on county requests

* Forward recommendation to Governor's Office

Source: Drought Annex, State of Oregon Emergency Operations Plan, January 2016.

Figure 10-1. Standard Drought Declaration Process

a. Drought Readiness Council. The DRC relies on information from the WSAC to assess

how conditions may affect various sectors across the state, including instream and out-of-stream
uses. The DRC reviews local requests for assistance and makes recommendations to the
Governor regarding the need for state drought declarations. The DRC is responsible for ensuring
coordination among state agencies and help water users access drought related information and
assistance programs. The DRC consists of nine state agencies with natural resources
management, public health, or emergency services expertise. Co-chairs of the Drought Readiness
Council is the Administrator, Technical Services Division of the OWRD, and the Section
Manager of the Office of Emergency Management.

b. Water Supply Availability Committee. The WSAC consists of ten state and federal

science and emergency preparedness agencies that meet throughout the year to evaluate the
potential for drought conditions. If drought is likely, monthly meetings occur shortly after release
of the NRCS Water Supply Outlook reports to assess conditions. The WSAC communicates
through the OWRD, the status of drought conditions to local, state, and tribal agencies. The
WSAC is responsible for providing updates and reports on conditions to the Drought Readiness
Council. As of 2016, the chair of the Water Supply Availability Committee is the Surface Water
Hydrology Manager of the OWRD. The Chief of CENWP-EC-HR or designee represents the
USACE on this committee.
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10-03. Drought Strategies. Because of the 2015 drought, the Governor signed Executive
Order 15-009, to direct state agencies to plan for resiliency to drought to meet the challenge that a
changing climate brings. The document, Report to the Governor Kate Brown, Implementation of
Executive Order No. 15-09 Directing State Agencies to Plan for Resiliency to Drought, dated 1
November 2015 (Report to the Governor) is in response to the Executive Order, and contains an
overview of activities that Oregon’s agencies, boards, and commissions are to do to prepare for
and respond to drought now and in the future. The weblink for the Executive Order is provided
in the Weblinks section of this document.

The Executive Order also directed the Office of Emergency Management and the Oregon Water
Resources Department (OWRD) to update the Drought Annex to the State’s Emergency
Operations Plan. The Drought Annex, dated January 2016, was prepared by the Oregon Office
of Emergency Management, OWRD. The purpose of the annex is to coordinate state and federal
agency response to drought emergencies and to provide emergency water supplies for human
consumption under conditions of inadequate supply. The annex outlines steps and lists
responsibilities of various federal, state, and local jurisdictions. It also includes a description of
federal drought assistance programs and guidelines for water curtailment planning and program
development. The Emergency Operations Plan and the Drought Annex are provided in the
Weblinks section of the document.

Two other state of Oregon strategies support the Drought Annex. The first, is the 2015 Natural
Hazards Mitigation Plan, dated September 2015, which contains an up-to-date description of
Oregon’s natural hazards and their probability, the state’s vulnerabilities, and its mitigation
strategies and implementation capability. Cities and counties can use this information when
preparing local natural hazard mitigation plans. The second, is the Oregon’s 2012 Integrated
Water Resources Strategy, dated August 2012. The purpose of the document is to describe the
water needs of Oregon and to provide a strategy to meet those needs. The intent of the strategy is
to provide a blueprint for future actions.

11.0 Coordination

11-01. USACE. The Chief, CENWP-EC-HR updates the Corporate Board (District
Commander, Deputy District Engineer, and other CENWP Chiefs) of the drought situation,
typically on a monthly basis. The reservoir regulation team, along with CENWD water
management will meet at least weekly to discuss the drought situation, decisions to be made and
the possible impacts of those decisions. Reports of the drought situation are prepared by the
CENWP-EC-HR, and may be provided to USACE Headquarters (CECW-EC), through the
CENWD. CENWP-EC-HR also reports to the Portland District Readiness Section (CENWP-
OD-SE), who coordinates with the CENWD Regional Contingency Office (CENWD-RCO), for
upward reporting to Head Quarters Emergency Management. The CENWP-EC-HR also
coordinates with Portland District Public Affairs (CENWP-PA) to develop talking points for
news releases and public inquiries (see section 12.0).

11-02. Regional. The USACE coordinates with the region on reservoir operations to
meet the ESA and all other purposes of the Willamette Valley Project through the WATER
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forum. WATER works as a collaborative regional forum among the sovereign governments
(federal/state/tribal) with responsibility for assisting the federal Action Agencies (USACE,
BPA, and Reclamation) in the coordinated implementation of the ESA and related
measures. WATER is also responsible for making recommendations to the Action
Agencies in implementing the Willamette Biological Opinions’ RPA.

11-03. State of Oregon. The WSAC meets nearly monthly and discuss the status of
water supply conditions across the state. The members of the WSAC are: NOAA, NRCS,
Oregon Climate Change Research Institute, Oregon Department of Agriculture, Oregon
Department of Forestry, Oregon Office of Emergency Management, Oregon Water
Resources Department, USACE (CENWP-EC-HR), Reclamation, and the U.S. Geological
Survey. The CENWP-EC-HR provides the status of the reservoirs and an assurance that
project outflow will not be zero cfs, that in fact the rivers below USACE dams will still
contain water. The Chief, CENWP-EC-HR coordinates with the State Engineer for the
OWRD.

11-04. County Emergency Managers. The WSAC provides data to the counties and other
sources. The counties may adopt a local resolution declaring a drought. If needed, counties make
a request to the Drought Readiness Council for assistance. The Drought Readiness Council
evaluates the local requests for assistance, and makes recommendations to the Governor, who in
turn may make a request to the USACE for assistance.

12.0 Internal and External Communication

12-01. Congressional Briefs and Public Officials. The Deputy District Engineer for Program
and Project Management (DDEPPM) meets with congressional representatives when requested.
The Chiefs of CENWP-EC-H and CENWP-HR support the DDEPPM by providing technical
information on specific questions they may have. Senior Management will maintain open
communication with local officials and staff as needed, including the city and county
commissioners and selected officials from the governor’s office.

12-02. Public Communication. The CENWP-EC-HR coordinates with the CENWP-PA to
provide the news media and the general public with water resources information related to the
Willamette Valley Project, using a positive approach to deal with drought distress situations. The
Willamette Valley Project staff and CENWP-EC-HR staff should attend watershed council
meetings, chambers of commerce, and City Council meetings and civic organizations to help
reinforce understanding of competing demands of authorized purposes on reservoirs. The
CENWP-PA may attend public meetings and provide support to the Willamette Valley Project
staff and CENWP-EC-HR by disseminating information through social media and by printing
flyers and other materials. As required, news releases containing updated water resources facts
concerning the drought, as they relate to USACE reservoir conditions, will be prepared and
distributed by the CENWP-PA.
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12-03. Internet. Reservoir levels, recreation updates, current issues, and other information
will be posted on the District internet site. The internet is one of the District’s most
comprehensive public resources for information on USACE activities. The weblink for this
information is provided in the Weblinks section of this document. In a drought year, the CENWP
will create a public web page to share drought related information. Drought information include
forecasts and impacts, current reservoir data, information on emergency water assistance, and
links to State of Oregon and other federal agency websites. Current conditions related to drought
is provided in the weblink in the Weblinks section of this document.

13.0 Emergency Assistance for Drought

The USACE authority for Drought Assistance is contained in section 6-5, Policy — Emergency
Water Assistance Due to Drought, of Engineering Regulation 500-1-1, Emergency Employment
of Army and Other Resources, Civil Emergency Management Program, dated 30 September,
2001. The Portland District, Business Operations Branch, Readiness Section (CENWP-OD-SE),
is the point of contact for drought assistance.

The USACE is authorized to transport emergency supplies of clean drinking water for human
consumption to any locality designated as a drought distressed area, and to construct wells in
such drought distressed areas. Assistance will only be to meet minimum public health and
welfare requirements. Assistance may be in the form of emergency supply of clean drinking
water for human consumption, and construction of wells (at state/local expense) if not
commercially possible. Water normally provided by tank trucks or small diameter pipelines.
Beneficiaries are any locality faced with a threat to public health and welfare from a drought
situation affecting the water system.

Application for program assistance to the CENWP must be initiated by the Governor or his/her
authorized representative, but assistance is subject to approval at a higher level. The impacted
area must be designated as a “drought distressed” area by Assistant Secretary of the Army for
Civil Works. For other details on obtaining assistance during a drought, contact CENWP-OD-
SE.
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WEBLINKS (as of May 2017)

NOAA'’s Climate Prediction Center ENSO status:
http://www.cpc.ncep.noaa.qgov/products/expert assessment/ENSO DD archive.shtml

Drought Monitor Update Report for Oregon:
http://droughtmonitor.unl.edu/Home/StateDroughtMonitor.aspx?OR

NRCS Oregon Snow Survey Reports: http://www.nrcs.usda.gov/wps/portal/nrcs/detail/or/snow/

Oregon Water Supply Outlook Reports:
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/or/snow/waterproducts/?cid=nrcs142p2 04808
3

Oregon Surface Water Supply Index (SWSI):
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/or/snow/waterproducts/?cid=stelprdb1244919

CWTS Report 15-15: http://www.corpsclimate.us/ccaupddr.cfm.

The State of Oregon’s Governor Executive Order:
http://www.oregon.gov/owrd/pages/wr/drought.aspx#implementing the Drought Executive Or
der.

State of Oregon’s Emergency Operations Plan and the Drought Annex:
http://www.oregon.gov/OMD/OEM/Pages/plans_train/EOP.aspx.

Portland District internet site: http://www.nwp.usace.army.mil/

Portland District current conditions related to drought:
http://www.nwp.usace.army.mil/Missions/Water/Drought.

Reservoir storage capacity tables:
http://wmlocal.nwd.usace.army.mil/nwp/ratings/www/index.html
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Attachment 1

USACE-City Agreement Template
Temporary Withdrawal of Water
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AGREEMENT
BETWEEN
THE DEPARTMENT OF THE ARMY
AND
[CITY]
FOR
TEMPORARY WITHDRAWAL OF WATER
FROM
[RESERVOIR], [STATE]
PURSUANT TO
SECTION 6 OF THE FLOOD CONTROL ACT OF 1944

THIS AGREEMENT, entered into this day of MONTH, YEAR, by and between the
DEPARTMENT OF THE ARMY (hereinafter called the "Government") represented by the District
Engineer executing this Agreement, and CITY, (hereinafter called the "User"*);

WITNESSETH THAT:

WHEREAS, pursuant to the Flood Control Acts of 1938 (Public Law 75-761) and 1950 (Public
Law 81-516), the Government has constructed and is operating [Project] on the [waterway], (hereinafter
called the "Project"); and

WHEREAS, Section 6 of the Flood Control Act of 1944 (Public Law 78-534), as amended (33
U.S.C. 708), provides that the Secretary of the Army is authorized to enter into agreements with states,
municipalities, private concerns, or individuals, at such prices and on such terms as the Secretary may
deem reasonable, for domestic and industrial uses for surplus water that may be available at any reservoir
under the Secretary’s control provided that no agreements for such water shall adversely affect the
existing lawful uses of such water; and

WHEREAS, pursuant to Section 6 of the Flood Control Act of 1944, as amended, the
Government has determined that up to [volume] acre-feet of storage, as described in the [supporting
document] (hereinafter called the "Report™), approved [date], is available at the Project as surplus water
for municipal and industrial use, as the withdrawal of such amount will not interfere with Project
purposes, nor adversely affect the existing lawful uses of water from the Project; and

WHEREAS, the User desires to enter into an agreement with the Government for the withdrawal
of up to [volume] acre-feet of surplus water downstream from the Project for municipal purposes; and

WHEREAS, the User, as shown in Exhibit “A”, attached to and made a part of this Agreement, is
empowered to enter into an agreement with the Government and is vested with all necessary powers of
accomplishment of the purposes of this Agreement.

NOW, THEREFORE, the parties do mutually agree as follows:

ARTICLE 1 - Withdrawal of Surplus Water

a. The Government grants the User the right to withdraw water from the Project, or request
releases to be made by the Government through the outlet works of the Project, for municipal use, subject
to the User’s compliance with its responsibility for water rights as set out in Article 3 of this Agreement.
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The rate of such withdrawal shall not exceed [rate], and the volume shall not to exceed [volume] acre-
feet per year, during the term of this Agreement as specified in Article 5 hereof.

b. The User’s rights under this Agreement are subject to the Government’s control and use of
any or all storage in the Project to fulfill the authorized purposes of the Project. In the event that the
Government determines that withdrawals of any or all of the surplus water identified in the Report are
resulting in unexpected adverse impacts to other Project purposes or operations, the User shall
immediately suspend withdrawals.

c. The Government further reserves the right to take such measures as it determines in its sole
discretion to be necessary to inspect, operate, maintain, and repair the Project, including taking any and
all measures necessary to protect life and property.

d. The water which may be available for withdrawal by the User pursuant to this Agreement is
raw water only. The Government makes no representation with respect to the quality of water which
may be available and assumes no responsibility therefore, or for treatment of the water.

e. The Government makes no guarantee with respect to the availability of water. The water level
of the Project will be maintained at elevations which the Government deems will best serve the
authorized purposes of the Project, and this Agreement shall not be construed as giving the User any
rights to have the water level maintained at any elevation.

ARTICLE 2 — Metering and Recordkeeping

For the purpose of maintaining an accurate record of the water withdrawn from the Project, the User
agrees to furnish and install, or cause to be installed, meters or measuring devices satisfactory to the
District Engineer, without cost to the Government. Such devices shall be available for inspection by
Government representatives at all reasonable times. The User agrees to furnish to the District Engineer:
(i) advance estimates of need; and (ii) records of the quantity of water actually withdrawn as requested
by the District Engineer, but in any event no less frequently than once a year.

ARTICLE 3 - Requlation of and Right to the Use of Water

The regulation of the use of water withdrawn or released from the storage space under this Agreement
shall be the sole responsibility of the User. The User has the full responsibility to acquire in accordance
with applicable law, and if necessary to establish or defend, any and all water rights needed for the water
withdrawn or released from the Project under this Agreement. The Government shall not be responsible
for the use of water by the User, nor will it become a party to any controversies involving the water use,
except as such controversies may affect the operations of the Project.

ARTICLE 4 - Consideration and Payment

a. In consideration of the right to withdraw [volume] acre-feet between [timeframe] per year for
a period not to exceed five (5) years from the Project for municipal and industrial water supply purposes,
the User shall pay the Government $[capital cost] per year in capital costs, the first of which shall be due
and payable within thirty (30) days of the effective date of the Agreement as set forth in Article 5 herein.
In addition to the annual capital cost payment, the User shall be responsible for a share of the Operations
and Maintenance (O&M) costs of the Project. The first payment will be for ${O&M cost] and is due
within thirty (30) days of the effective date of the Agreement. Future capital and O&M payments
thereafter will be due and payable on the anniversary date the first payment is due.
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b. The repayment amount shown in Article 4(a) is based upon joint use and specific water
supply construction costs updated to [month year] price levels using appropriate indices and the Fiscal
Year [FY] water supply interest rate of [interest rate] percent as computed by the Secretary of the
Treasury in accordance with Section 932 of the Water Resources Development Act of 1986 (Public Law
99-662).

c. If the User shall fail to make any payment under this Agreement within thirty (30) days of the
date due, the delinquent payment shall be charged interest at the Current Value of Funds Rate, as
determined by the Secretary of the Treasury that is applicable on the date that the payment became
delinquent, with such penalty interest as may be required by Federal law or regulation. This provision
shall not be construed as waiving any other rights the Government may have in the event of default by
the User, including but not limited to the right to terminate this Agreement for default.

ARTICLE 5 - Duration of Agreement

This agreement shall become effective upon the date it is signed by the Government, and shall continue
in full force and effect under the conditions set forth herein for a period of not to exceed five (5) years
from the said date of approval. Upon expiration, this agreement may be extended by mutual agreement
for additional periods of not to exceed five (5) years each. All such agreement extensions shall be
subject to recalculation of reimbursement. Nothing in this agreement, nor in any extension thereto, shall
imply a permanent right to utilize the storage space.

ARTICLE 6 - Termination of Agreement
a. The User may terminate the Agreement upon fourteen (14) days written notice.

b. The Government may terminate this Agreement upon thirty (30) days written notice in the
event the Government determines that withdrawals of any or all of the surplus water identified in the
Report are resulting in unexpected adverse impacts to other Project purposes or operations.

c. The Government may terminate this Agreement and the User’s right to withdraw water upon
thirty (30) days written notice if the User shall default in performance of any obligation of this
Agreement. Upon such a termination, the User shall continue to be liable to the Government for any
monies owed and for any costs incurred by the Government as a result of the default.

d. In the event of any termination pursuant to this Article or Article 5, User shall, upon request
of the Government, promptly remove, at User's expense, any facilities constructed on Project land for
water withdrawal and restore premises around the removed facilities to a condition satisfactory to the
Government.

e. Not later than ten (10) calendar days from the date of the written notice to terminate, the
Government shall commence a final accounting of the financial obligations of the User under Article 4.a.
of this Agreement. The results of the final accounting will be furnished by written notice to the User.

(i) Should the final accounting show that the User owes the Government further
payment under this Agreement, the User, not later than ninety (90) calendar days after receipt of
the written notice from the Government, shall provide the Government with the full amount by
delivering a check payable to “FAO. USAED, Portland” to the District Engineer, or by providing
an Electronic Funds Transfer of the required funds in accordance with procedures established by
the Government.
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(i1) Should the final accounting show that the amount of funds provided by the User
exceeds its financial obligations under this Agreement, the Government, subject to the
availability of funds, shall refund the excess amount to the User within ninety (90) calendar days
of the date of completion of the final accounting, or if funds are not available, shall seek such
appropriations as are necessary to make the refund.

ARTICLE 7 - Rights-of-Way

Occupancy and use of Project lands shall be in accordance with any permits, rights-of-way, or easements
granted to the User by the Government.

ARTICLE 8 - Release of Claims

The User shall hold and save the Government, including its officers, agents, and employees, harmless
from liability of any nature or kind for or on account of any claim for damages which may be filed or
asserted as a result of the withdrawal or release of water from the Project made pursuant to the terms of
the Agreement, or as a result of the construction, operation or maintenance of any facilities or
appurtenances owned and operated by the User except for damages due to the fault or negligence of the
Government or its contractors.

ARTICLE 9 - Transfer or Assignment

The User shall not transfer or assign this Agreement nor any rights acquired thereunder, nor grant any
interest, privilege or license whatsoever in connection with this Agreement, without the approval of the
Secretary of the Army or his duly authorized representative, provided that this restriction shall not be
construed to apply to any water withdrawn or obtained from the Project and furnished by the User to any
third party or parties, or to the rates charged therefor.

ARTICLE 10 - Officials Not to Benefit

No member of or delegate to Congress, or Resident Commissioner, shall be admitted to any share or part
of this Agreement, or to any benefit that may arise therefrom; but this provision shall not be construed to
extend to this Agreement if made with a corporation for its general benefit.

ARTICLE 11 - Covenant Against Contingent Fees

The User warrants that no person or selling agency has been employed or retained to solicit or secure this
Agreement upon an agreement or understanding for a commission, percentage, brokerage, or contingent
fee, excepting bona fide employees or bona fide established commercial or selling agencies by the User
for the purpose of securing business. For breach or violation of this warranty, the Government shall have
the right to annul this Agreement without liability, or in its discretion, to add to the Agreement price or
consideration the full amount of such commission, percentage, brokerage, or contingent fee.

ARTICLE 12 - Environmental Quality

During any construction, operation, and maintenance by the User of any facilities, specific actions will be
taken to control environmental pollution which could result from such activity and to comply with
applicable Federal, State and local laws and regulations concerning environmental pollution. Particular
attention should be given to (1) reduction of air pollution by control of burning, minimization of dust,
containment of chemical vapors, and control of engine exhaust gases, and of smoke from temporary
heaters; (2) reduction of water pollution by control of sanitary facilities, storage of fuels and other
contaminants, and control of turbidity and siltation from erosion; (3) minimization of noise levels; (4)
onsite and offsite disposal of water and spoil; and (5) prevention of landscape defacement and damage.
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ARTICLE 13 - Civil Rights Assurance and Certification Regarding Lobbying

a. The User furnishes, as part of the Agreement, an assurance (Exhibit C) that it will comply
with Title VI of the Civil Rights Act of 1964 (78 Stat. 252; 42 U.S.C. 2000d, et seq.) and Department of
Defense Directive 5500.11 issued pursuant thereto and published in Part 195 of Title 32, Code of Federal
Regulations.

b. The user furnishes, as part of this Agreement, a certification (Exhibit D) that no appropriated
funds have been paid or will be paid to an officer or employee of a Federal agency, a Member of
Congress, an officer or employee of Congress, or an employee of a Member of Congress in connection
with the execution of this Agreement; and that any funds other than appropriated funds that have been
paid or will be paid to such persons will be disclosed on the appropriate form.

ARTICLE 14 - Approval of Agreement

This Agreement shall be subject to the written approval of the Secretary of the Army or his duly
authorized representative and shall not be binding until so approved.

IN WITNESS WHEREOF, the parties have executed this Agreement as of the day and year first above
written.

FOR THE DEPARTMENT OF THE ARMY FOR THE [CITY]

By By
[Commander] [name of signatory]
Colonel, U.S. Army [position or title]

District Engineer
U.S. Army Engineer District
Portland, Oregon

DATE: DATE:
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EXHIBIT A: CERTIFICATION

I , Attorney for the [ENTITY], have reviewed the foregoing
agreement executed by and, as principal legal officer for
the [ENTITY], certify that the [ENTITY] is legally and financially capable of entering into the

contractual obligations contained in the foregoing agreement and that, upon acceptance by the

Department of the Army, it will be legally enforceable.

Given under my hand, this day of [YEAR].

Attorney for [ENTITY]
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EXHIBIT B

The cost charged to the user for [volume] acre-feet of storage for five years is $[total cost], plus
an annual O&M fee. For a surplus water supply agreement, the user will pay the annual fees as
listed in the table below.

TOTAL ANNUAL COST TO USER

FOR SURPLUS WATER SUPPLY STORAGE

Item

Type of Use

Computation

Cost

Interest and
amortization

Annual cost of storage
space

$[cost per acre-foot] x [acre-
feet], (based on 30 year
repayment plan) and 5
payments at interest rate of
[interest rate]%.

$[total cost]

Operation and | Joint-use actual for FY [ 1% 2 x 9[total joint-use | $[share of
maintenance 1 | [previous FY] O&M for previous FY] O&M]
Repair,

rehabilitation Joint-use actual for FY [ 1% 2 x 9total joint-use | $[share of
and [previous FY] O&M for previous FY] RR&R]

replacement 2

Notes:

1 Payment due and payable on the date specified in Article 4(a).
2 Percent of Users share of the Usable storage space in the project.
3 Repair, rehabilitation and replacement costs are payable only when incurred as specified in

Article 5(b).
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EXHIBIT C: ASSURANCE OF COMPLIANCE

ASSURANCE OF COMPLIANCE WITH THE DEPARTMENT OF DEFENSE DIRECTIVE
UNDER TITLE VI OF THE CIVIL RIGHTS ACT OF 1964, AS AMENDED; THE AGE
DISCRIMINATION ACT OF 1975; AND THE REHABILITATION ACT OF 1973, AS
AMENDED

The party executing this assurance, being the applicant recipient of Federal financial
assistance under the instrument to which this assurance is attached hereby agrees that, as a part of
its obligations under the aforesaid instrument, it will comply with Title VI of the Civil Rights Act
of 1964 (P.L. 88-352), as amended (42 U.S.C. 2000d), and all requirements imposed by or
pursuant to the Directive of the Department of Defense (32 CFR Part 195), issued as Department
of Defense Directive 5500.11 pursuant to that title; The Age Discrimination Act of 1975 (42
U.S.C. 6102); the Rehabilitation Act of 1973, as amended (29 U.S.C. 794), to the end that in
accordance with the aforementioned Title, Directive and Acts, no person in the United States
shall on the ground of race, color, age, sex, religion, handicap or national origin be excluded
from participation in, be denied the benefits of, or be otherwise subjected to discrimination under
any program or activity for which the Applicant-Recipient receives Federal financial assistance
from the Department of the Army and gives assurances that it will immediately take any
measures necessary to effectuate this agreement.

If any personal property or real property, or interest therein, or structure thereon is
provided or improved with the aid of Federal financial assistance extended to the applicant-
recipient by the Department of the Army, or if such assistance is in the form of personal property
or real property, or interest therein or structure thereon, then this assurance shall obligate the
applicant-recipient or in the case of any transfer of such property, any transferee, for the period
during which the property is used for a purpose for which the Federal financial assistance is
extended or for another purpose involving the provision of similar services or benefits, or for the
period during which it retains ownership or possession of the property whichever is longer. In all
other cases, this assurance shall obligate the applicant-recipient for the period during which the
Federal financial assistance is extended to it by the Department of the Army. The Department of
the Army representatives will be allowed to visit the recipient's facilities. They will inspect the
facilities to ensure that there are no barriers to impede the handicap's accessibility in either
programs or activities.

This assurance is given in consideration of and for the purpose of obtaining any and all
Federal grants, loans, contracts, property, discounts or other Federal financial assistance extended
after the date hereof to the applicant-recipient by the Department of the Army, including
installment payments after such date on account of arrangements for Federal financial assistance
which were approved before such date. The applicant-recipient recognizes and agrees that such
Federal financial assistance will be extended in reliance on the representations and agreements
made in this assurance, and that the United States shall have the right to seek judicial
enforcement of this assurance. This assurance is binding on the applicant-recipient, its
successors, transferees, and assignees, and the person or persons whose signatures appear below
are authorized to sign this assurance on behalf of the applicant.
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Date By

[position/title]
[entity]

Mailing Address:
[ ]
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EXHIBIT D: CERTIFICATION REGARDING LOBBYING
The undersigned certifies, to the best of his or her knowledge and belief that:

1) No Federal appropriated funds have been paid or will be paid, by or on behalf of
the undersigned, to any person for influencing or attempting to influence an officer or employee
of any agency, a Member of Congress, an officer or employee of Congress, or an employee of a
Member of Congress in connection with the awarding of any Federal contract, the making of any
Federal grant, the making of any Federal loan, the entering into of any cooperative agreement,
and the extension, continuation, renewal, amendment, or modification of any Federal contract,
grant, loan, or cooperative agreement.

@) If any funds other than Federal appropriated funds have been paid or will be paid
to any person for influencing or attempting to influence an officer or employee of any agency, a
Member of Congress, an officer or employee of Congress, or an employee of a Member of
Congress in connection with this Federal contract, grant, loan, or cooperative agreement, the
undersigned shall complete and submit Standard Form-LLL, "Disclosure Form to Report
Lobbying," in accordance with its instructions.

3) The undersigned shall require that the language of this certification be included in
the award documents for all subawards at all tiers (including subcontracts, subgrants, and
contracts under grants, loans, and cooperative agreements) and that all subrecipients shall certify
and disclose accordingly.

This certification is a material representation of fact upon which reliance was placed
when this transaction was made or entered into. Submission of this certification is a prerequisite
for making or entering into this transaction imposed by Section 1352, Title 31, U.S. Code. Any
person who fails to file the required certification shall be subject to a civil penalty of not less than
$10,000 and not more than $100,000 for each such failure.

[position/title]
[entity]

DATE:
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