OOLOGAH LAKE
VERDIGRIS RIVER, OKLAHOMA

WATER CONTROL MANUAL
APPENDIX L
TO
WATER CONTROL MASTER MANUAL
ARKANSAS RIVER BASIN

ORIGINAL EDITION - JANUARY 1962
REVISED EDITION - SEPTEMBER 1996

DEPARTMENT OF THE ARMY
TULSA DISTRICT, CORPS OF ENGINEERS
OKLAHOMA



NOTICE TO USERS OF THIS MANUAL

Regulations specify that this Water Control Manual be used in looseleaf form, and only
those sections, or parts of it, requiring changes will be revised and printed. Therefore,
this copy should be preserved in good condition so that inserts can be made to keep
the manual current. All elevations referred to in this manual, unless noted otherwise,
are in feet, NGVD (National Geodetic Vertical Datum).

EMERGENCY REGULATION ASSISTANCE PROCEDURES

If unusual conditions arise during duty hours and at various hours during weekends
and holidays, contact can be made by telephone to the Water Control Section, Tulsa
District Office (918) 669-7103, or the District VHF-FM radio (call signal WUI-3,
Hydrology). If the above office cannot be contacted, assistance can be achieved by
contacting, in the order listed, a person shown below. Chapter 7 of this manual
contains detailed instructions for emergency regulations. All project personnel
associated with regulation of the project must be thoroughly familiar with the procedure
outlined in this chapter. A separate copy of this chapter has been provided to the
project office and must be displayed on the bulletin board at all times.

EMERGENCY PERSONNEL ROSTER
CORPS OF ENGINEERS PERSONNEL

Title and Name Telephone
Project Coordinator, Office (b) (6)
(b) (6) (b) (6)
Backup Coordinator, Office (b) (6)
(b) (6) (b) (6)
Backup Coordinator, Office (b) (6)
(b) (6) (b) (6)
Backup Coordinator, Office (b) (6)
(b) (6) (b) (6)
Chief, Water Control Section, Office (b) (6)
(b) (6) (b) (6)
Natural Disaster Specialist (b) (6)

Readiness Branch (b) (6)
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PERTINENT DATA
OOLOGAH LAKE

LOCATION: Verdigris River at mile 90.2, 22 miles northeast of Tulsa, Oklahoma.
DRAINAGE AREA: 4,339 square miles above the dam, 2,353 square miles of uncontrolled area below upstream lakes.
DAM: Type: Earthfill

Length: 4,000 feet (including spillway).
Top of Dam: 687.0 feet, NGVD.

Max. Height: 137 feet above streambed.
Crest Width: 36 feet

DIKE: Location: About one-half mile east of spillway.
Type: Earthfill.
Crest Elevation: 685.0 feet, NGVD.
Crest Width: 12 feet
Length: 3,330 feet

SPILLWAY: Location: In saddle about 2 miles east of main embankment.
Type: Gate controlled, concrete, gravity, ogee weir.
Number, size, and type of gates: 7 -40' x 21' tainter gates
Crest Elevation: 640.0 feet, NGVD.
Length: 328 feet gross and 280 feet net

OUTLET WORKS: Location: Through main embankment
Type and Size: 2 - 19' Diameter cut-and-cover circular conduit.
Invert Elevation: 565.0 feet, NGVD.
Control: 4 - 9' X 19' Vertical lift gates with gate hoists.
Low Flow Pipe, Number, Size and Type: 1 - 48" Diameter, butterfly valve

WATER SUPPLY: Location: In the intake structure.
Type: 1 - 66" conduit
Invert Elevation: 565.0 feet, NGVD

LAND ACQUISITION:

Guide Contour Elevation Area
(feet NGVD) (acres)
Fee Simple Blocked perimeter to 655 50,150
Easement Blocked perimeter to 664 15,119
ELEVATIONS, AREAS, AND STORAGES:
Lake Capacity Outlet Works
Feature Elevation Lake Area® [ Accumulative® | Incremental | Runoff® | and Spillway
(feet NGVD) (acres) (Acre-feet) (Acre-feet) (inches) Capacity
(cfs)
Top of Dam 687.0 112,402 3,857,292 929,862 7.41
Maximum Pool 678.25 92,160 2,927,430 1,015,915 8.10 264,700
Top of Surcharge Pool 666.0 72,118 1,911,515 352,236 2.81 160,200
Top of Flood Control Pool 661.0 67,117 1,559,279 942,589 7.51 92,400
Spillway Crest 640.0 33,400 616,690 64,455 0.51 30,800
Top of Conservation Pool 638.0 31,043 552,235 545,300 4.35 30,300
Top of Inactive Pool 592.0 880 6,935 6,935 0.06 13,000
Flood Control Storage 638.0-661.0 1,007,060 8.02
Conservation Storage 592.0-638.0 545,300 435
Streambed at Dam 550.0
Q) Based on 1977 sedimentation survey.
2) One inch of runoff equals 125,493 acre-feet, based upon 2,353 square miles of uncontrolled area.
3) Includes 342,600 acre-feet for water supply (154 mgd yield), 168,000 acre-feet for navigation (81.3 mgd yeild), and 34,700

acre-feet for sediment storage.
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OOLOGAH LAKE
VERDIGRIS RIVER, OKLAHOMA

WATER CONTROL MANUAL
APPENDIX L
TO
WATER CONTROL MASTER MANUAL
ARKANSAS RIVER BASIN

| - INTRODUCTION

1-01. Authorization. This manual is submitted in accordance with ER 1110-2-240 and
prepared in accordance with EM 1110-2-3600 and ER 1110-2-8156.

1.02. Purpose and Scope. The purpose of this manual is to document the plan of
water control; to present detailed information to higher authority; and to give guidance
to personnel who will become concerned with, or responsible for, regulation of the lake
during the life of the project.

1.03. Related Manuals. This manual is part of Appendix L to Arkansas River Basin
Water Control Master Manual. The following is a list of other related manuals in this
District:

Appendix A - Great Salt Plains

Appendix B - Heyburn

Appendix C - Toronto (Part I), Fall River (Part Il) and Elk City (Part Il1)
Appendix D - Hulah

Appendix E - Pensacola, Markham Ferry (Lake Hudson), and Fort Gibson
Appendix F - Birch

Appendix G -Tenkiller

Appendix H - Fort Supply, Optima, and Canton

Appendix J - Wister

Appendix K - Big Hill

Appendix M - Keystone

Appendix N - Eufaula

Appendix O - Council Grove, Marion, and John Redmond

Appendix P - Norman

Appendix Q - Sanford

Appendix R - Cheney
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Appendix S - W.D. Mayo Lock Dam (Part II)
Robert S. Kerr Lock and Dam
and Reservoir (Part )
Webbers Falls Lock and Dam (Part IV)
Chouteau Lock and Dam (Part V)
Newt Graham Lock and Dam (Part VI)
Appendix T - Kaw
Appendix U - El Dorado
Appendix W - Copan
Appendix Y - Skiatook
Appendix Z - Arcadia

The locations of existing and authorized projects in the Tulsa District are shown on
Design memorandums important to the regulation of Oologah Lake are:
Operation and Maintenance Manual Vol. I; Operation and Maintenance Manual, Vol. 11,
Flood Emergency Plan; and Drought Contingency Plan for Lower Verdigris River,
Oklahoma, Appendix DCP-2 to Water Control Master Manual, Arkansas River Basin.

1.04. Project Owner. Oologah Lake is owned by the U.S. Government.

1.05. Operating Agency. The Corps of Engineers is the operating agency for Oologah
Lake. The Project Manager, Oologah Lake, operating through the Operations Division,
Tulsa District, has the responsibility for project operations. The project is placed under
24-hour surveillance when the lake level is above elevation 658.0. Below elevation
658.0, the project will be manned during normal work hours each day through the
recreational season. When the recreation season is over, the project will be manned
for the normal 5-day week. However, when the project is in flood control regulation,
operating personnel will closely monitor the project and the downstream river reaches.
A list of reservoir regulation personnel to contact during emergencies has been
furnished to the project office. The Project Manager will furnish the Water Control
Section a list of project personnel with their office and home telephone numbers and
addresses. The Project Manager resides as close to the project as is considered
prudent to carry out his or her official duties.

1.06. Regulation Agencies. The Corps of Engineers is the regulatory agency for
Oologah Lake. The regulation is the responsibility of the Water Control Section,
Hydrology-Hydraulics Branch, Tulsa District.
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Il - DESCRIPTION OF PROJECT

2-01. Location. Oologah Lake is located at mile 90.2 on the Verdigris River,
approximately 22 miles northeast of Tulsa in Rogers and Nowata Counties, Oklahoma.
The project location is shown on plate 2-1. Supplementary pertinent data for Oologah
Lake is given in Exhibit A.

2-02. Purpose. Oologah Lake is a multipurpose project for flood control, water supply,
recreation, navigation, and fish and wildlife. The project was designed to provide
maximum flood protection on the Lower Verdigris and Arkansas Rivers when operated
in conjunction with the Arkansas River Basin System.

2-03. Physical Components.

a. Embankment. The embankment is a rolled, earthfilled structure consisting of
random fill with an impervious core. The crest of the embankment is at elevation 687.0
and has a maximum height of 137 feet above streambed. The embankment has a crest
length of 4000 feet and width of 36 feet with 24 feet of roadway paving for public
access. A cutoff trench with a bottom width of 25 feet is provided for the full length of
the embankment. The upstream slope of the embankment is protected by 24-inch
riprap on backing material and the downstream slope is grass covered. The non-
overflow dike has a top elevation of 685.0, crest width of 12 feet, and an average height
of 25 feet. The general plan and cross-section of the structure are shown on plate 2-2.

b. Spillway. The spillway is a gated, concrete, gravity, ogee weir type structure
with a gross length of 328 feet, a net overflow length of 280 feet, and a crest elevation
of 640.0. The structure is located in a saddle approximately two miles east of the main
embankment. Flows over the spillway are controlled by seven 40 feet by 21 feet tainter
gates operated by individual electric power hoists. The rate of travel for each gate is
approximately one foot of arc per minute. An emergency diesel powered generating
unit is located in the generator building to provide electricity in case normal electric
service is interrupted. The spillway plan is shown on plate 2-2.

c. Outlet works. The outlet works consist of two 19-foot diameter conduits placed
on firm rock, on the right side of the old river channel. The intake structure is provided
with four 9' x 19' broom-type gates, two for each conduit, and has provision for
emergency gates and stoplogs. The gates hoists will lift the gates at a speed of one-
half foot per minute. Low-flow releases are provided by a 48-inch diameter bypass
sluice located in the dividing pier between conduits and discharging into the left
conduit. The stilling basin is equipped with two rows of staggered baffles and a
tapered end sill. A diesel-powered generator is provided for emergency use in the
event of power failure. A section of the outlet works is shown on plates 2-2 and 2-3.
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d. Sedimentation and Degradation. Forty-five sediment ranges have been
established in the lake and five degradation ranges are located on the river below
Oologah Dam. The ends of these ranges are marked with permanent monuments with
known horizontal and vertical survey control data. The locations of the sedimentation
and degradation ranges are shown on plate 2-4.

e. Water Supply. The water supply facility consists of an 84-inch diameter conduit
that transitions to a 66-inch conduit and is located in a wet well on the right side of the
intake structure. The invert elevation of the water supply conduit is 565.0. The wet
well has two intake gates with invert elevations at 586.833 and 612.0.

2-04. Related Control Facilities. None.

2-05. Real Estate Acquisition. The fee taking line for Oologah Lake is a blocked
perimeter encompassing elevation 655.0, which is approximately the 10-year frequency
pool elevation. Flowage easements were acquired in the flat pool area above the fee
taking line to elevation 664.0. In the upper reaches the flowage easement is based on
the elevation of the envelope curve of backwater effects of the 50-year flood after 50
years of sedimentation. The envelope curves of backwater effects for the Verdigris
River are shown on plate 2-5. There are 50,150 acres in fee simple title and 15,119
(including easement below the spillway) acres in easement.

2-06. Public Facilities. The Corps of Engineers maintains ten parks and one access
point on Oologah Lake. A public overlook and picnic area is located on the upstream
side of the left abutment. The public use areas are shown on plate 2-6.

2-2



Il - HISTORY OF PROJECT

3-01. Authorization. Oologah Lake was authorized for construction by the Flood
Control Act approved 28 June 1938 (Committee Document No. 1, 75th Congress, 1st
Session).

3-02. Planning and design.

a. House Document No. 798. A report entitled "Control of Floods in the Alluvial
Valley of the Lower Mississippi River" was published in 1931 as House Document No.
798, 1st Congress, 3rd session. It considered a system of reservoirs in the Arkansas
River Basin, one of which was the Oologah Reservoir. The report was unfavorable to
the construction of such a system by the Federal Government at that time.

b. House Document No. 259. In the "Comprehensive Report on Reservoirs in the
Mississippi River Basin," dated 15 December 1934, the Oologah Reservoir was
considered as one of a system of reservoirs for the control of floods in the Arkansas
River Basin. The report was unfavorable to the construction and operation of such a
reservoir system by the Federal Government at that time.

c. House Document No. 308. The survey report "Arkansas River and Tributaries"
published in 1936 as House Document No. 308, 74th Congress, 1st session, discussed
Oologah Reservoir as part of a plan for controlling floods on the Verdigris River. The
report was unfavorable to the participation by the Federal Government in the control of
floods in the Verdigris River Basin at that time.

d. Committee Document No. 1. The Oologah Reservoir was included in a system
of reservoirs recommended for the control of floods in the Arkansas River Basin in the
report "Comprehensive Flood Control Plan for the Ohio and Lower Mississippi Rivers,"
dated 6 April 1937, and published as Committee Document No. 1, 75th Congress, 1st
session. The report was favorable to participation by the Federal Government in the
construction, maintenance, and operation of such a system of reservoirs. The general
plan of improvement recommended by this published document was subsequently
approved by the Flood Control Act of 1938.

e. Questionnaire Report. A questionnaire report, submitted on a form entitled
"Flood Control Reservoir Data,” dated 27 September 1937, considered a reservoir at
the Oologah site for the purpose of flood control or generation of hydroelectric power.
The site was not considered feasible for the development of a dual purpose project.
The study indicated the flood control project could be justified but the power project
could not. The report was preliminary in nature and was based upon data then readily
available.
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f. Preliminary Examination Report. The "Preliminary Examination Report on Flood
Control, Verdigris River, Kansas, and Oologah Reservoir, Oklahoma," dated 21
January 1938, considered a reservoir at the Oologah site and found that, based on the
preliminary data then available, such a reservoir had possibilities for the economical
development of a flood control project. The report recommended that further
investigations as to the potentialities of the Oologah Reservoir be made.

g. House Document No. 758. A survey report on Oologah Reservoir as combined
with and included in the "Survey Report on Arkansas River and Tributaries, Arkansas
and Oklahoma," dated 31 December 1943, was published as House Document No.
758, 79th Congress, 2nd session. The recommended plan provided Oologah Reservoir
with storage for flood control, hydroelectric power, navigation, and other conservation
uses. It provided for an earth embankment, two concrete non-overflow sections, a gate
controlled concrete spillway, and powerhouse and power generating facilities. The
general plan of improvement recommended in this report was approved by the River
and Harbor Act of 24 July 1946.

h. Definite Project Report. This report was submitted to the Chief of Engineers by
letter dated 15 May 1944. Studies made for this report indicated that a two-stage plan
of development was economically feasible. The initial development would include flood
control and conservation storage, and the ultimate development would include storage
for flood control, conservation, and hydroelectric power. As hydroelectric power was
not an authorized feature of the Oologah project at that time, the report provided that
the recommendation for the installation of power as the ultimate development would be
dependent upon further congressional approval for that purpose. The plan
recommended in the definite project report was essentially the same as that
recommended in House Document No. 758. The definite project report was tentatively
approved by the Office, Chief of Engineers, in 5th Indorsement dated 22 November
1945, subject to additional studies and pending agreement with the Federal Power
Commission on the provision for future power.

i. Letter Report Dated 1 September 1950. Revised spillway design storm criteria
adopted at a conference attended by representatives of the Office, Chief of Engineers,
Southwestern Division, and Tulsa District necessitated major changes in the definite
project plan. Details of the revised plan, together with data on the spillway design
storm, were presented in A Tulsa District letter dated 1 September 1950, subject:
Revised Plan of Development, Oologah Dam and Reservoir, Verdigris River,
Oklahoma. Major differences in this plan from the plan recommended by the definite
project report were to increase the height of the dam from elevation 674.0 to elevation
687.0 and change the location of the spillway from the channel of the stream to a
saddle about 2 miles east of the left abutment. An outlet works would be located in the
stream channel. The Office, Chief of Engineers, concurred in general with the plan,
subject to additional studies.
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J. Public Law 93-251. The River and Harbor Act of 24 July 1946 was amended by
the Secretary of the Army to reassign the storage provided in Oologah Lake for
hydroelectric power production to municipal and industrial water supply and to make
such storage available for such purposes under the Water Supply Act of 1958.

K. Analysis of Design. A series of analysis of design and design memorandums
have been prepared in connection with planning for Oologah Lake. These reports
cover the planning of structural features of the plan, relocation of roads and utilities,
and real estate.

3-03. Construction. Oologah Lake was constructed in two stages. The initial
development was for the construction of the main embankment and outlet works, an
uncontrolled saddle spillway at the site of the final gated spillway, and an emergency
overflow area at the site of the final dike embankment. The initial top of conservation
pool was elevation 608.0, with a top of flood control pool at elevation 651.0. The final
stage of development was the construction of the gated spillway and the dike
embankment. The final development resulted in a conservation pool elevation of 638.0
and a flood control pool elevation of 661.0. A resume' of construction activities is
presented in Table 3-1.

TABLE 3-1

RESUME' OF CONSTRUCTION ACTIVITIES

Activity Date
Construction began July 1950
Placed on standby basis October 1951
Construction resumed December 1955
Date of diversion 6 June 1961
Storage began (initial development) 15 May 1963
Conservation pool filled (initial development) 4 April 1964
Storage began (final development) 13 January 1971
Conservation pool filled (final development) 29 July 1972

3-04. Related Projects. Oologah Lake is a component of multipurpose Arkansas River
Basin flood control and navigation system. Included in this system are completed
projects in the Verdigris, Walnut, Canadian, North Canadian, Grand, Caney, lllinois,
and Poteau River Basins. Other projects either under construction or authorized are
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located in the Arkansas, Walnut, Verdigris, and Grand River Basins. The Arkansas
River system is operated for the control of floods, navigation, and other beneficial uses.

3-05. Modification to Requlations. The regulation of Oologah Lake has been modified
to coincide with the present Arkansas River System Operating Plan as Discussed in the
Arkansas River Basin Water Control Master Manual.

3-06. Principal Requlation Problems. Flooding and inundation of access roads to
recreation areas occurs when the pool reaches elevation 642.0. Twenty-four hour flood
surveillance at the dam begins at elevation 658.0. During the October 1986 flood
operation, the lake was allowed to raise above the top of the flood control pool to
minimize downstream flooding. This operation required that flood releases be made
through the tainter gates instead of the conduit. This release caused considerable
erosion on private land in which the Corps of Engineers had only a flood easement.
When the pool elevation receded to the top to the flood control pool, the conduit gates
could not be opened because of the pressure against the gates caused by the high
tailwater. Also, releases greater than 20,000 cfs cause considerable damage to the
riprap in the outlet channel.
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IV - WATERSHED CHARACTERISTICS

4-01. General Characteristics. The Verdigris River rises in the Flint Hills of Chase
County, Kansas, and flows generally southeast from the vicinity of Madison to
Neodesha, Kansas, and then in a southerly direction to its confluence with the
Arkansas River, about 5 miles northeast of Muskogee, Oklahoma. The river basin is
roughly elliptical in shape, with a total area of 8,303 square miles, of which 4,339
square miles are above the Oologah Dam and is divided as follows: 3,354 square
miles in Kansas and 985 square miles in Oklahoma. The principal tributaries are the
Fall and Elk Rivers that enter from the right bank in Kansas and the Caney River and
Bird Creeks that enter from the right bank in Oklahoma downstream from Oologah
Dam. The Verdigris River navigation system extends from the Arkansas River
upstream about 50 miles to the Tulsa-Rogers County Port of Catoosa. Considerable
channel widening and straightening along with construction of Newt Graham and
Chouteau Locks and Dams have improved the water carrying capability of the channel
considerably. The valley floor varies from approximate elevation 510.0 near its
confluence with the Arkansas River and the mouth of the main stem to approximate
elevation 1000.0 in the upper reaches of the basin. The slope of the river near its
source averages about 3.7 feet per mile and the navigation channel has a total rise of
42 feet in 50 miles. Stream profiles of the Verdigris River and its principal tributaries
are shown on plates 4-1 through 4-3.

4-02. Topography. The greater portion of the Verdigris River watershed is an
undulating plain; however, the western boundary, formed by the Flint Hills in Kansas
and the Osage Hills in Oklahoma, is rough and broken, with elevations rising to

1600 feet, NGVD. The valley side slopes are relatively steep, with most of the valley
proper in cultivation or pasture land. Wooded areas are prevalent along the channel
and in the river bottom in the lower reaches of the stream. The channel is well defined,
but winds and contains many sharp bends in its course through the valley.

4-03. Geology and Soils. Oologah Lake is in the Cherokee Plains subdivision of the
Prairie Plains physiographic province. The bedrock strata are shale and limestone of
Pennsylvanian age.

4-04. Sediment. The Verdigris River basin consists of silts and clays with scattered
outcroppings of sandstone and limestone rock. The well-defined stream with its heavily
vegetated overbanks allow for very little bank erosion. The sediment inflow to the lake
is lower than other reservoirs in the Verdigris basin. This reduction in sediment is due
to almost 50 percent of the watershed being controlled by upstream reservoirs. The
total drainage area upstream of Oologah Dam is 4,339 square miles, 1,986 square
miles of which are controlled by upstream reservoirs. The average annual sediment
deposit is 660 acre-feet. The 50-year design sediment accumulation for the lake is
33,500 acre-feet, and as of the 1977 resurvey, 24,260 acre-feet of sediment storage
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remains. The area and capacity data of the lake have been updated using the last
sedimentation resurvey conducted in 1977. The storage lost to sediment since
impoundment is 9,240 acre-feet with the deposition occurring as follows: 0.23 percent
in the flood pool, 67.49 percent in the conservation pool and 32.28 percent in the
inactive pool.

4-05. Climate. The climate in the Verdigris River Basin is characterized by moderate
winters and long summers with high temperatures. Rainfall usually occurs as high
intensity, local thunderstorms occurring primarily in the late spring and early fall
months. These storms are frequently accompanied by high winds, hail, and occasional
tornadoes. Climatic characteristics for the basin are:

a. Temperature

(from recorded data at Nowata, Oklahoma)

Mean annual 59.3 degrees F
Maximum recorded (July 1954) 117 degrees F
Minimum recorded (January 1977) -10 degrees F

b. Precipitation

(average for the drainage basin above Oologah Dam)

Mean annual (Jan. 1930 thou Dec. 1995) 39.22 inches
Maximum annual (1973) 55.88 inches
Minimum annual (1952) 22.27 inches
Percent during growing season 66.5 percent

(April through September)

c. Snow

(from recorded data at Nowata, Oklahoma)

Mean annual 11.9 inches
Maximum month (January 1979) 23.0 inches
Minimum annual (several years) 0.0 inches



The average monthly and annual rainfall and runoff data are shown in Table 4-1.

TABLE 4-1

AVERAGE MONTHLY AND ANNUAL RAINFALL AND RUNOFF
ABOVE OOLOGAH DAM

Average Percent of Average runoff Percent of
Month rainfall (1) | average annual (acre-feet) (2) (3) | average annual

(inches) rainfall (inches) runoff
January 1.37 3.5 100,740 0.44 4.9
February 1.43 3.6 106,230 0.46 5.2
March 3.58 9.1 213,020 0.92 10.4
April 3.79 9.7 299,330 1.29 14.6
May 5.09 13.0 318,570 1.38 15.5
June 5.14 13.1 310,800 1.34 15.2
July 3.55 9.1 158,490 0.68 7.7
August 3.34 8.5 57,220 0.25 2.8
September 4.64 11.8 105,520 0.46 5.1
October 3.06 7.8 138,780 0.60 6.8
November 2.59 6.6 143,830 0.62 7.0
December 1.64 4.2 99,350 0.43 4.8
Total 39.22 100.0 2,051,880 8.87 100.0

(1) Period of record - January 1930 through December 1995.

(2) Contributing drainage area above Oologah Lake = 4,339 square.

(3) Period of record - January 1923 through December 1995.
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d. Evaporation. The estimated monthly evaporation at Oologah Lake is shown
in Table 4-2.
TABLE 4-2

AVERAGE MONTHLY PAN EVAPORATION
OOLOGAH LAKE

Evaporation (inches) (1)

January 1.86
February 2.61
March 5.40
April 7.26
May 8.16
June 9.03
July 10.85
August 10.04
September 7.23
October 5.64
November 3.25
December 1.92
TOTAL INCHES PER YEAR 73.25

(1) National Weather Service Class "A" pan.

e. Wind. The prevailing wind is from the south with the greatest wind
movement occurring in the spring months. Wind velocity data show the highest
wind speed that can reasonably be expected at the dam site is 53 miles per hour.

4-06. Storms and Floods. Most major storms in the Oologah Lake drainage basin
have occurred in April through June and September through November.
Thunderstorms and the remnants of hurricanes are the type of storms that produce
most high runoff events in the basin. The largest storm in the 67 years of records
was the September 26 to October 5, 1986 storm that produced an average of 10.65
inches of rainfall over the basin. This storm was the combination of a stalled cold
front and the remnant of a hurricane. Time of year and antecedent soil moisture
condition are major factors that determine the runoff from a given storm. Thus,
some lesser rainfall storms have resulted in runoff as great as or greater than
storms of higher rainfall. Major storms in the basin are listed in Table 4-3. Major
floods recorded at the Claremore gage are listed in Table 4-4.




TABLE 4-3

MAJOR STORMS — JANUARY 1923 THROUGH DECEMBER 1995
OOLOGAH LAKE

Average Basin Average
Inclusive Dates Rainfall Inclusive Dates Basin Rainfall
(inches) (inches)
8-11 Jun 1923 4.36 20-26 Jun 1969 3.99
3-5 Sep 1926 4.87 9-13 Oct 1969 5.57
7-21 Apr 1927 8.04 17-21 Oct 1971 3.91
16-21 Jun 1927 4.05 20-22 Oct 1972 3.45
23 Sep-3 Oct 1927 6.15 21-27 Sep 1973 5.80
16-25 Jun 1928 4.15 8-10 Mar 1974 5.10
16-17 Nov 1928 4.16 3-8 Jun 1974 4.88
9-15 Jun 1930 4.60 30 Oct-4 Nov 1974 7.10
18 May-17 Jun 1935 12.25 1-3 Jul 1976 5.60
14-19 Jul 1937 5.32 19-20 Nov 1979 4.31
18-23 May 1938 4.24 11-17 Oct 3.56
2-18 Aug 1940 4.56 11-16 May 1982 3.10
19-26 Nov 1940 4.25 16-21 Oct 1983 5.67
13-20 Apr 1941 4.60 20-23 Feb 1985 4.76
1-10 Sep 1941 6.41 3-6 Jun 1985 3.16
28 Sep-31 Oct 1941 11.36 11-15 Nov 1985 4.48
15-25 Jun 1942 5.82 12-13 Jul 1986 3.16
Sep 1942 4,98 25 Sep-4 Oct 1986 10.65
6-11 May 1943 5.71 22 May 1987 3.50
13-20 May 1943 6.89 13-20 Sep 1988 4.69
8-11 Apr 1944 4.16 7-13 Jun 1989 4.22
11-16 Apr 1945 5.05 11-17 Jul 1989 3.47
24 Sep-Oct 1945 10.14 11-16 Mar 1990 452
8-16 Apr 1947 4.85 10 Apr- 6 May 1990 5.43
20-29 Jun 1948 5.88 15-21 May 1990 3.43
10-15 Jul 1948 4.63 17-22 Sep 1990 3.45
20 Jun-14 Jul 1951 12.40 24 Oct-2 Nov 1991 3.52
9-25 May 1957 7.63 18-26 Nov 1992 3.50
9-18 Jun 1957 5.08 13-17 Dec 1992 3.37
12-18 Jul 1959 5.98 28 Apr-13 May 1993 5.67
30 Sep-5 Oct 1959 6.84 23-27 Sep 1993 4.71
1-9 May 1961 8.94 9-15 Apr 1994 5.73
14-22 Sep 1962 4.84 26 Apr-16 May 1994 6.38
14-19 Nov 1964 4.49 13-22 Jul 1994 3.48
1-6 Apr 1964 3.89 7-9 May 1995 3.24
1-15 Jun 1965 3.89 31 May-6 Jun 1995 3.23
9-12 Jun 1967 3.33 8-11 Jun 1995 455
7-14 Jun 1969 3.19 1-7 Aug 1995 4.46
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TABLE 4-4

FLOODS FOR PERIOD OF RECORD AT CLAREMORE GAGE
(Flood Stage 35.0 Feet)

stage Discharge stage discharge
Month day Year (feet) (cfs) Month day year (feet) (cfs)
Jun 1935 46.20 64200 Apr 26 1947 38.29 32300

Jun 13 1937 41.20 38700 May 24 1947 35.56 28800
Oct 11 1937 41.20 38700 Jun 27 1948 46.41 61000
Mar 31 1938 38.12 34600 Jul 15 1948 37.91 30400
May 29 1938 42.10 39900 Jul 23 1948 44.80 50400
Apr 22 1941 44.46 48200 Aug 15 1948 36.15 28600
Jun 14 1941 44.30 45100 Jan 25 1949 37.78 30000
Sep 12 1941 38.58 29400 Feb 17 1949 39.03 31000
Oct 8 1941 45.83 52800 May 21 1949 38.58 30800
Oct 18 1941 39.88 31600 Jul 23 1950 40.13 37200
Nov 2 1941 46.60 64200 Jul 6 1951 46.95 74900
Apr 12 1942 41.41 34900 Jul 20 1951 44.16 51900
Apr 23 1942 42.82 38300 May 4 1954 38.12 32900
Jun 26 1942 43.63 41300 May 22 1957 43.96 47500
May 13 1943 46.55 68000 Jun 5 1957 41.98 37900
May 21 1943 55.05 182000 | Jun 15 1957 46.51 68500
Apr 13 1944 47.23 85200 Jun 25 1957 38.36 35800
Apr 30 1944 41.47 36600 Jul 25 1959 43.53 47200
Oct 1 1944 35.10 28200 Oct 5 1959 45.76 60500
Oct 7 1944 41.40 36400 Oct 15 1959 36.40 33900
Dec 10 1944 38.37 32200 May 7 1960 35.78 33000
Mar 16 1945 37.54 30400 May 11 1961 50.06 116000
Mar 29 1945 38.10 32800 May 23 1961 35.10 35200
Jul 1 1945 37.14 30100 Aug 15 1961 35.25 32700
Oct 4 1945 46.98 73000 Sep 19 1961 38.45 36600
Jan 7 1946 38.90 31800 Oct 12 1986 44.99 78400
Apr 20 1947 4451 53000

Flows have been regulated by Hulah Lake since 1951, Oologah Lake since
1963, and Copan Lake since April 1983.

4.07. Runoff Characteristics. The general shape of the 4,339 square mile Verdigris
River drainage basin above Oologah Dam is elliptical, approximately 100 miles long
and 45 miles wide. Generally the storms common to the drainage basin are not of
uniform intensity. Floods above Independence, Kansas, generally peak faster than
those on the Lower Verdigris. This is partly due to the steep slopes, impervious
shallow soils, the synchronized flood flows from the Upper Verdigris, Fall, and Elk
Rivers and the sluggish flow of water in the lower portions of the Verdigris and
Caney Rivers. In the reach between Independence, Kansas, and Oologah Lake, the

4-6



overflow area widens and there are no major tributaries. The river bottoms in this
reach are intensively farmed, with many small levees (both natural and man-made).
When overtopped, the storage behind these levees causes significant retardation
of flows as the flood passes downstream. Below Oologah Dam, the heavily wooded
overbanks attenuate peak flows and prolong flood duration. Base flow in the
Verdigris River is moderately low, and periods of zero flow have been observed.
The time from beginning of runoff to peak flow into Oologah Lake is about 36 hours.
However, this time is highly dependent on the storm pattern and time of year
significant runoff begins. Pertinent data for stream gaging stations in the basin are
shown in Table 4-5. The estimated monthly and annual flows at the Oologah dam
site for the period 1923 through 1989 are shown on Table 4-6. These flows are
modified by Toronto, Fall River, Elk City, and Big Hill Lakes. The monthly inflow
volume frequency is shown on Table 4-7. Flow duration curves (inflow and outflow)
are shown on plate 4-4.

TABLE 4-5
PERTINENT DATA FOR STREAM GAGING STATIONS

MILES GAGE | FLOOD | BANK FULL MAXIMUM FLOOD OF RECORD
STATION STREAM ABOVE ZERO STAGE CAPACITY sTAGE | DISCHARGE
MOUTH ft. ft. cfs
(ft) (ft) (cfs) DATE (ft) (cfs)
Independence, KS | Verdigris River 194.3 716.63 30.0 20,000 05-19-43 47.60 114,000
Lenapah, OK Verdigris River 144.6 644.89 30.0 32,400 05-20-43 40.44 137,000
Claremore, OK Verdigris River 76.0 536.62 35.0 51,900 05-21-43 55.05 182,000
Van Buren, AR Arkansas River 308.9 372.36 22.0 105,000 05-12-43 38.0 850,000
2ND LARGEST FLOOD OF RECORD 3RD LARGEST FLOOD OF RECORD PFEE?ODRgF
STATION STREAM
DATE STAGE | DISCHARGE DATE STAGE | DISCHARGE (FLOW AND/OR
(ft) (cfs) (ft) (cfs) STAGE)
Independence, KS Verdigris River | 04-17-45 47.28 117,000 05-06-61 47.03 110,000 OCT 1921-Present
Lenapah, OK Verdigris River | 05-08-61 39.78 121,000 07-03-51 38.66 94,800 OCT 1938-Present
Claremore, OK Verdigris River | 05-11-61 50.06 116,000 04-13-44 47.23 85,200 OCT 1935-Present
Van Buren, AR Arkansas River | 04-17-45 38.1 650,000 05-28-57 35.97 510,000 OCT 1945-Present
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TABLE 4-6
ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FEET

OOLOGAH LAKE

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC ANNUAL
1923 4200 4100 40800 33300 186700 654500 58400 3800 34800 199800 97200 162300 1479900
1924 32100 124100 322600 169400 204700 153400 90500 245300 138000 94400 156200 40300 1771000
1925 166400 76300 32500 199600 111100 32600 6700 7000 62100 4300 213000 18700 930300
1926 43300 26200 29200 298000 48700 63300 2900 8600 379800 811000 43200 75800 1830000
1927 82100 76300 159400 1703000 125900 298100 52100 495500 96300 933800 37000 67700 4127200
1928 97200 167000 276600 302800 115000 764600 134200 67500 14200 6900 289500 263000 2498500
1929 347100 84000 124500 986800 1069000 508100 262300 22400 5500 4600 8900 5400 3428600
1930 11000 116100 5500 75800 646000 385300 15100 3600 151800 15700 47900 88800 1562600
1931 18600 38300 87600 171800 226700 224800 49100 38000 42600 6400 426700 107100 1437700
1932 239700 105000 50400 51900 39700 215000 86500 6200 380 3100 1300 57600 856780
1933 33900 15100 71100 227900 297800 25800 3900 77300 99600 22300 20600 78700 974000
1934 55200 6400 9800 154300 195300 15200 820 3000 140500 68800 200800 41200 891320
1935 97600 71700 132000 49800 545800 1473000 99800 9000 9400 44300 252600 125400 2910400
1936 39700 12100 13500 8500 107700 70700 29600 460 139100 391300 101600 25600 939860
1937 198100 113600 107700 150400 101800 369000 185100 34900 45200 2100 870 1800 1310570
1938 5000 46800 178100 201700 744200 427900 33800 48700 12900 910 1700 1000 1702710
1939 1900 1800 5900 52000 196100 68600 9100 1300 570 0 0 0 337270
1940 0 260 340 79700 92900 35900 35600 56500 85400 1800 117100 52400 557900
1941 241800 186600 38300 527000 58900 570200 27700 47000 381200 0 0 0 2078700
1942 54500 145100 137500 727200 199500 619300 75900 68000 415300 176000 78000 218800 2915100
1943 106100 87100 90100 48200 2166000 566100 61700 6900 12900 74100 4400 24800 3248400
1944 35300 68400 456700 1154000 410600 118600 23600 50600 113100 366000 22100 321900 3140900
1945 42700 51300 586200 1105000 226200 145900 238900 11300 337300 603300 20200 13100 3381400
1946 295500 141500 158200 123900 77200 16200 6100 560 9600 3600 86000 28200 946560
1947 11900 4400 118600 970500 461000 251800 50600 5300 8600 1300 2500 11300 1897800
1948 5800 6800 180300 87000 64200 597000 1097000 187200 6200 2700 55300 6800 2296300
1949 368200 507700 222800 234100 405400 352500 265100 44100 40600 62000 12300 12000 2526800
1950 36300 30000 25000 27800 189500 252100 446500 251900 120100 35400 6200 6000 1426800
1951 6400 45800 39200 91300 461900 547400 1845000 209600 454900 74800 274800 73100 4124200
1952 92100 64300 393000 268100 55400 19100 2800 1600 870 500 1400 1500 900670
1953 1100 1200 12000 20000 44100 5900 6100 1300 8100 1300 5500 4000 110600
1954 1300 1700 1700 50700 250000 18800 1200 200 100 89700 2200 1800 419400
1955 22400 14600 21100 8700 196200 76100 6200 400 4800 76900 420 470 428290
1956 810 1000 540 730 4400 33700 11000 260 30 160 1000 690 54320
1957 500 4400 3800 153200 757700 1123000 68600 6100 11400 22900 50600 17300 2219500
1958 26800 52300 750100 342000 188900 73600 458400 24000 85400 8200 34300 12600 2056600
1959 16400 33300 46600 129100 224300 29000 677000 73500 39300 1024500 49700 46000 2388700
1960 94900 154500 343100 254000 274000 183400 13600 68200 12300 66400 105900 118100 1688400
1961 153500 196700 245900 432900 1765000 183100 208800 135200 856300 385100 774700 312700 5649900
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TABLE 4-6 (CONT'D)

ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FEET
OOLOGAH LAKE

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC ANNUAL
1962 151700 193700 178900 81400 24100 139700 29300 2500 348500 159100 26800 43900 1379600
1963 101100 16600 150300 24900 20100 34700 8700 4900 1300 1200 1600 1400 366800
1964 2200 2800 4900 89800 19900 144200 960 26900 6200 1600 284600 96300 680360
1965 68200 32900 96400 626500 78300 588800 24700 6200 242800 13300 3400 14600 1796100
1966 13100 25800 37400 28600 71300 37300 4900 7900 4200 2500 940 1500 235440
1967 4900 5800 5500 40100 55000 300200 258100 43600 167000 166100 180800 53600 1280700
1968 105300 37900 201300 197900 179000 132900 85600 195500 8900 84000 349600 201000 1778900
1969 188800 140000 342900 410500 407200 965100 223900 9900 51300 349800 84900 77200 3251500
1970 47000 20300 81100 744300 357600 412900 19400 2600 113000 79300 13800 19800 1911100
1971 176200 129100 126400 20300 48800 181000 99500 21500 41700 161600 25300 426000 1457400
1972 16900 58200 19000 71900 99700 11400 233600 55000 90200 156300 459800 192300 1464300
1973 642100 322000 1298200 717500 585100 99500 68900 18900 203700 25800 442000 577900 5001600
1974 378200 224100 1050100 183300 333200 608400 50300 37500 286200 207600 1181200 318600 4858700
1975 308200 519300 516200 281100 194600 602700 89100 41500 21000 13000 15900 30500 2633100
1976 10100 11000 67000 103400 203600 52800 1030600 12200 11500 17800 5100 570 1525670
1977 2200 14400 18400 27400 234200 550600 416400 157200 286200 140600 553900 61200 2462700
1978 33500 161000 399700 387800 390800 166800 32300 9800 4900 1200 14900 840 1603540
1979 54700 63600 221700 189600 121400 441800 166000 40800 4000 7600 228800 42500 1582500
1980 26700 97900 270400 376700 78200 20100 5800 11200 10400 8900 1200 6300 913800
1981 2000 6200 8500 25700 58600 92700 66900 28700 43400 45200 122800 39700 540400
1982 87900 159400 174300 32200 366700 728000 159900 44700 16400 11800 24900 139000 1945200
1983 96000 316500 236100 969600 416400 134700 50400 2500 4200 132600 39100 40100 2438200
1984 33200 96400 670800 716000 388300 430400 15500 10800 6400 45000 39100 290400 2742300
1985 292500 639900 774000 211300 318200 712200 53900 309900 202300 519100 856400 275900 5165600
1986 86500 104900 74600 246100 421700 101900 151800 27300 310100 1839700 469000 285800 4119400
1987 203200 565000 673000 146000 336000 265000 62200 35600 22000 6300 140200 407700 2862200
1988 249100 66900 463400 1061200 57400 6700 26400 6600 37100 5100 54500 30000 2064400
1989 42500 44300 138800 95400 270700 591300 71800 98100 318200 101500 96300 7900 1876800
1990 97800 151500 968100 264900 634900 452300 8120 37100 14740 11900 20690 30250 2692300
1991 73670 25390 14930 90900 133990 83350 1160 5040 16820 10940 38490 182100 676780
1992 52910 109200 118110 155440 49190 310910 535280 306640 73290 16510 634310 778710 3140500
1993 551310 368730 352360 319730 996000 560030 258050 41510 320350 78170 100900 75270 4022410
1994 42640 111670 97960 979540 798350 15800 71440 21060 19020 22671 382915 50877 2613943
1995 24000 28761 181490 261822 971221 1143686 441497 173715 19240 635 2033 8787 3256887

MEAN 100736 106233 213021 299328 318565 310801 158489 57221 105522 138778 143834 99349 2051878
MAXIMUM 642100 639900 1298200 1703000 2166000 1473000 1845000 495500 856300 1839700 1181200 778710 5649900
MINIMUM 0 260 340 730 4400 5900 820 200 30 0 0 0 54320



TABLE 4-7
INFLOW VOLUME FREQUENCY
(1923-1989)

FrGQUfenCy Monthly Inflow in Thousands of Acre-Feet

0

OC(%Z%'CG JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
2 43 50 95 168 198 175 54 19 37 36 44 44
5 162 167 345 443 550 499 202 78 166 191 211 211
10 208 292 560 692 730 720 369 147 330 400 436 290
25 476 447 790 973 1050 960 587 239 556 670 758 481
50 772 694 1080 1380 1550 1280 946 394 954 1170 1340 813

Flows Modified by Toronto, Fall River, Elk City, and Big Hill Lakes

4-08. Water Quality. The water in Oologah Lake is suitable for municipal water
supply and recreation. Total hardness is usually greater than 130 mg/l classifying it
as moderately hard. Total alkalinity values are usually about 100 mg/l indicating the
lake is well buffered against drastic changes in pH. Conductivity readings of around
300 MICROMHOS/CM shows fairly high concentrations of ionized salts. Sulfates
and chlorides appear to be the major salts.

Turbidity levels are extremely high for various reasons. The lake receives a great
deal of runoff from agricultural lands. This runoff contributes large amounts of silt to
the lake. In addition, the lake above the Winganon Bridge is very shallow, and wind
and wave action keep soil in suspension. The lake covers many plugged and
unplugged oil wells. In addition, strip-mining operations for coal are found on the
eastern side of the lake. These potential contaminant sources do not appear to
have caused any significant water quality problems within the lake.

4-09. Channel and Floodway Characteristics. The regulating channel capacity on
the Verdigris River below Oologah dam is estimated to be 30,000 cfs and 42,000 cfs
at Claremore, Oklahoma. Rating curves for Independence, and Lenapah gages on
the Verdigris River are shown on plates 4-5, and 4-6. Rating curves for the Caney
River near Ramona and the Verdigris River near Claremore are shown on plates 4-
7, and 4-8. Rating curves used by Reservoir Control Section are adjusted to
changing conditions and are kept current. The channel from Oologah Dam to the
Port of Catoosa is heavily tree-lined which helps stabilize the banks against erosion
from high flows. The channel reach from the Port of Catoosa to the Arkansas River
has been improved as a part of the navigation system. This reach has stable
channel banks and a capacity of about 79,000 cfs as compared with the 30,000 -
42,000 cfs capacity of the natural upstream reach. Crest time of travel from
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Oologah Dam to Van Buren, Arkansas, is about 60 hours. A simplified diagram
showing crest travel time is shown on plate 4-9. Travel time varies with the size of
the flood; therefore, this diagram should be used as a guide only.

4-10. Upstream Structures. Operational structures upstream of Oologah Dam are
Elk City Lake in Kansas on the Elk River; Big Hill Lake in Kansas on Big Hill Creek;
Fall River Lake in Kansas on the Fall River; and Toronto Lake in Kansas on the
Verdigris River.

4-11. Downstream Structures. Structures downstream of Oologah Lake in the
Verdigris River Basin include the following: Hulah and Copan Lakes on the Caney
River; Skiatook and Birch Lakes on Bird Creek; and McClellan-Kerr Navigation
System on the Verdigris and Arkansas Rivers.

4-12. Economic Data.

a. Population. The population of the Oklahoma counties and cities in the
Verdigris River Basin is shown in Table 4-8.
TABLE 4-8

POPULATION OF OKLAHOMA COUNTIES AND CITIES
IN THE VERDIGRIS RIVER BASIN - 1960 to 1986

U.S. Census Population
County & City
1960 1970 1980 1986
Osage County 32,441 29,750 39,327 41,100
Pawhuska (5,414) (4,238) (4,771) (4,760)
Barnsdall (1,663) (1,579) (1,501) (NA)
Washington County 42,347 42,277 48,113 44,900
Bartlesville (27,893) (29,683) (34,568) (30,010)
Dewey (3,994) (3,958) (3,545) (3,780)
Nato County 10,848 9,773 11,486 11,000
Nato (4,163) (3,679) (4,270) (4,110)
Craig County 16,303 14,722 15,014 15,100
Rogers County 20,614 28,425 46,436 55,700
Claremore (6,639) (9,084) (12,085) (16,290)
Chelsea (1,170) (1,622) (1,754) (NA)
Tulsa County 346,038 401,663 470,593 517,000
Tulsa | (261,685) (331,638) (360,919) (393,750)
Collinsville (2,526) (3,009) (3,556) (4,170)
Wagoner County 15,673 22,163 41,801 50,400
TOTAL, All Counties 484,264 548,773 672,770 735,200
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b. Industry. The chief industry in the Verdigris River Basin below the
Kansas-Oklahoma State line is agriculture and its related industries. The production
of mineral commodities in the basin also is significant, with petroleum, stone, and
natural gas among the most important followed by coal, cement, and clay. Other
industries found in the watershed include the manufacture of zinc products, clothing,
brick, and tile, paint, and oil field equipment. The Oklahoma portion of the
McClellan-Kerr Arkansas River Navigation System was completed in December
1970. Principal commodities moved on the navigation system are grains, such as
soybeans, peanuts, and wheat; iron and steel products; chemicals; coal; petroleum
products; and sand and gravel.

c. Agriculture. The principal agricultural crops grown in the Verdigris River
Basin below the Kansas-Oklahoma State line are wheat, soybeans, sorghum,
pecans, and alfalfa. The raising of beef cattle has become an important industry in
the basin. Production and annual value of crops in the flood plain below Oologah
Dam are shown in Table 4-9.

TABLE 4-9

ACRES, AND ANNUAL VALUE OF PRINCIPAL CROPS
IN VERDIGRIS RIVER FLOOD PLAIN BELOW OOLOGAH DAM
(Crops Distribution Survey of August 1987)
(1989 Current Normalized Prices)

From Oologah Dam | From Mouth of Caney | From Mouth of Bird
to mouth of River to mouth of Creek to confluence Total
Caney River Bird Creek with Arkansas River
Crops Acres value Acres value Acres value Acres value
$ $ $ $
Soybeans 60 5,500 - - 330 30,270 390 35,770
Wheat 50 3,820 62 4,740 470 35,930 582 44,490
Sorghum
(Wheat) - - - - 40 4,970 40 4,970
Corn - - - - 10 770 10 770
Oats - - - - 20 650 20 650
Pecans - - - - 520 41,310 520 41,310
Alfalfa - - 19 4,270 30 6,740 49 11,010
Hay 110 10,930 74 7,120 360 34,670 544 52,720
Pasture 13,550 | 689,420 5,925 301,460 | 48,650 | 2,475,300 | 68,125 | 3,466,180
Total 13,770 | 709,670 6,080 317,590 | 50,430 | 2,630,610 | 70,280 | 3,657,870
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d. Flood Damages. The estimated annual damages, damages prevented,
and residual damages for the 6-project Verdigris system and existing and authorized
projects in the Arkansas River Basin are shown in Table 4-10. These values are
based on January 1990 prices for structures and 1989 current normalized prices for
crops. Structural loss and area curves are shown on plates 4-10 through 4-12.

TABLE 4-10

DAMAGES, DAMAGES PREVENTED, AND RESIDUAL DAMAGES
(January 1990 Prices for Structures and 1989 Current
Normalized Prices for Crops)

Estimated Average Annual
Reach & ltem Damages @ Damages Prevented | Residual Damages
$ $ $
Verdigris River
Structures | 2,108,000 2,048,000 60,000
Crops 932,000 722,000 210,000
Subtotal (1) 3,040,000 2,770,000 270,000
Arkansas River
Structures | 9,250,000 8,270,000 980,000
Crops | 1,589,000 1,340,000 249,000
Subtotal (2) 10,839,000 9,610,000 1,229,000
Totals
Structures | 11,358,000 10,318,000 1,040,000
Crops | 2,521,000 2,062,000 459,000
GRAND TOTAL 13,879,000 12,380,000 1,499,000

(1) Total is for 6-project Verdigris system. Benefits to Oologah Lake are
$1,412,000 for structures, $415,000 for crops, and a total of $1,827,000.

(2) Total is for all existing and authorized projects. Benefits to Oologah Lake are
$887,000 for structures, $378,000 for crops, and a total of $1,265,000.
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V - DATA COLLECTION AND COMMUNICATION NETWORKS

5-01. Hydrometeorological stations.

a. Facilities. The Water Control Section, Hydrology-Hydraulics Branch, Tulsa
District Office; the National Weather Service (NWS); and the U.S. Geological Survey
(USGS) cooperate to collect data and maintain a reliable communication network. All
pertinent reporting observation stations are shown on plate 5-1. Pool elevation data
are provided by a recorder over a 24-inch floatwell located in the gate control structure
on the top floor (operating deck) of the stair tower. The float well is connected to the
lake by two 3-inch intakes at elevations 587.0 and 592.0. The recorder drives a
counter indicator that is located in the project office and a shaft encoder wired to a
transmitting type data collection platform. Staff gages are located on the upstream side
of the access bridge as a backup for the graphic recorder. Tailwater records are
provided by a recorder located over a floatwell in a concrete shelter about 800 feet
below the dam at the cableway and on the right bank of the stream.

All stream gaging stations are automated gages consisting of floatwells or
bubble gages geared to digital recorders and data collection platforms. Stream gages
on the mainstem Verdigris River used in forecasting inflows to Oologah Lake are:
Verdigris River near Altoona, Kansas; Verdigris River at Independence, Kansas; and
Verdigris River near Lenapah, Oklahoma. Also, used in forecasting inflows is the Fall
River at Fredonia gage located below Fall River Lake. The gages designated for
regulation are found on the Verdigris River near Claremore, Oklahoma, and the
Arkansas River near Van Buren, Arkansas.

Automated stream gaging stations are equipped with automated rain gages that
provide precipitation data transmitted along with stage data. The NWS also maintains
a network of local observer stations throughout the district (see plate 5-1). A weather
station at the project office has equipment for monitoring precipitation, evaporation,
wind speed and direction, and temperature.

b. Reporting. The reporting procedures for precipitation and stream gaging
stations are on a cooperative basis with the NWS and the USGS. Hydrometeorological
data collected by project personnel at Oologah Lake will be included in the daily report
to the Water Control Section, Hydrology-Hydraulics Branch, Tulsa District Office
(telephone 918-669-7103 or VHF-FM radio, call signal WUI-3 Hydrology). The
reporting of data from pool elevation and stream gaging stations has been automated
by using data collection platform's (DCP's) which record data hourly and transmits the
data every four hours or when a threshold value is exceeded. The data is transmitted
via GOES satellite to a downlink and computer facility owned and operated by the
National Oceanic and Atmospheric Administration (NOAA) near Washington, D.C. The
data is then transmitted to a domestic satellite (DOMSAT) which in turn passes the data
on to the Tulsa District's Receive Only Terminal (DROT). The data from the NOAA

5-1



computer facility may also be transferred by using telephone modems. When received,
the river stage is converted to flow and lake elevation is converted to storage. All the
data are then stored in a data base on the Tulsa District (WCDS) for access when
needed. DCP's also report rainfall data in the same way. Besides DCP data, observer
rainfall data is collected and stored in the computer system for use in forecasting.
Observers phone the NWS offices in this region and the NWS then encodes the data
into a Standard Hydrologic Exchange Format (SHEF). This data is then transferred to
the (WCDS) using telephone modems and a dedicated phone line to the Tulsa River
Forecast Center. Once the data is received, it is decoded and handled similarly to the
DCP data. Informative display of all data is possible by using several versatile
computer programs developed for use on the (WCDS). Table 5-1 contains a list of
automated stream gage and rainfall stations. Detailed instructions on reporting criteria
are presented in paragraph 1b of Exhibit C, Standing Instructions to Project Manager.

c. Maintenance. Maintenance and repair of the weather station instrumentation
are the responsibility of the NWS. Maintenance and repair of stream gages are the
responsibility of the administering agency. Both the Corps of Engineers and the USGS
have stream gaging equipment in the Verdigris River Basin. The Hydraulic
Engineering Section, Hydrology-Hydraulics Branch, Tulsa District, is charged with the
responsibility for the equipment owned by the Corps of Engineers.
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TABLE 5-1
AUTOMATED GAGES

. Operating Tulsa USGS SHEF
Station Agency ID ID ID
Automated Stream Gages
Verdigris River near Coyville, Kansas USGS Coyv 07166000 CYVK1
Verdigris River near Altoona, Kansas USGS ALTO 07166500 ATOK1
Verdigris River at Independence, Kansas USGS INDP 07170500 IDPK1
Verdigris River near Lenapah, Oklahoma USGS LENA 07171000 LEPO2
Verdigris River near Claremore, Oklahoma USGS CLAR 07176000 CLRO2
Fall River at Fredonia, Kansas USGS FRED 07169500 FRNK1
Automated Pool Gages
Toronto Lake COE TORO 07165900 TRLK1
Fall River Lake COE FALL 07168000 FLLK1
Elk City Lake COE ELKC 07170050 ECLK1
Big Hill Lake COE BIGH 07170695 BIGK1
Oologah Lake COE OooLO 07176000 0O0L02

Automated Rainfall Gages Used in the Oologah Lake Forecast Model

Cherryvale, Kansas USGS CHER 07170700 CHRK1
Chanute, Kansas COE CHAU 07183200 CNUK1
Parsons, Kansas USGS PARS 07183500 PPFK1
Bartlesville, Oklahoma USGS BART 07174500 BVLO2
Ramona, Oklahoma USGS RAMO 07175500 RAMO2
Copan Lake, Oklahoma COE COPA 07174300 CPLO2
Big Hill Lake, Kansas COE BIGH 07170695 BIGK1

Elk City Lake, Kansas COE ELKC 07170050 ECLK1
Fall River Lake, Kansas COE FALL 07168000 FLLK1

Fredonia, Kansas USGS FRED 07169500 FRNK1
Big Cabin, Oklahoma USGS BCAB 07191000 BGCO2
Altoona, Kansas USGS ALTO 07166500 ATOK1
Claremore, Oklahoma USGS CLAR 07176000 CLRO2
Coyville, Kansas USGS Coyv 07166000 CYVK1
Independence, Kansas USGS INDP 07170500 IDPK1

Lenapah, Oklahoma USGS LENA 07171000 LEPO2
Oologah Lake, Oklahoma COE (e]o]Xo) 07176000 OO0LO2
Toronto Lake, Kansas COE TORO 07165900 TRLK1
Virgil, Kansas USGS VIRG 07165750 VGLK1
lola, Kansas USGS IOLA 07183000 IOLK1

Commerce, Oklahoma USGS COMM 07185000 COMO2
Pensacola Lake, Oklahoma USGS PENS 07190000 PENO2
Spavinaw Lake, Oklahoma USGS SPAV 07191300 SPAO2
Collinsville, Oklahoma COE COLL 07175550 CVLO2
Hulah Lake, Oklahoma COE HULA 07172500 HULO2
Elk Falls, Kansas USGS ELKF 07169800 ELFK1
Climax, Kansas USGS CLIM 07167500 CMXK1
Sedan, Kansas USGS SEDA 07173300 SDNK1
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5-02. Water Quality Stations.

a. Facilities. No water quality stations are currently in operation on the Verdigris
River. Water quality samples from the lake are taken in periodic intervals from sites
selected by the Environmental Analysis Section, Tulsa District, to establish the
chemical and biological quality of the water. These data are reported directly to the
Tulsa District Office.

b. Reporting. Water quality samples taken by Corps of Engineers personnel will
be reported directly to the Tulsa District Office.

c. Maintenance. No permanent facilities exist to maintain.

5-03. Sediment Stations.

a. Facilities. The Corps of Engineers has established 44 sedimentation ranges
above Oologah Dam used for sedimentation measurements (paragraph 2-03d). These
ranges are surveyed periodically to compute sediment deposition and new lake
area/capacity data.

b. Reporting. Sediment surveys are made approximately once every ten years.

c. Maintenance. Maintenance on the sediment ranges is performed by the
Corps of Engineers.

5-04. Recording Hydrologic Data. Hydrologic information is recorded as it is received
by the Water Control Section as follows:

a. Stages and Discharges. The raw data that the water control computer
retrieves from the central computer are stored as it is received. These raw data are
then sorted by station and stored again. Several computer programs convert the raw
data into stage/pool elevation data and the corresponding flow/storage values as
determined from rating curves. These processed data are then stored in two
databases. To prevent the databases from filling, they are periodically archived on
tape for permanent storage. Streamflow measurements made by the USGS are
reported to the Hydrology and Hydraulics Section. The measurements are entered into
the database for storage.

b. Precipitation. Precipitation data from the DCP stations and the project are
combined with NWS observer precipitation data that can then be used by computer
programs for plotting distribution, determining basin rainfall, and forecasting runoff (see
chapter VI).
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c. Water Quality Data. Water quality data from Oologah Lake are recorded by
the Environmental Analysis Section, Tulsa District, and entered into the STORET
system for access by other agencies.

5-05. Communication Network. Wire facilities at Oologah Lake consist of local and
long distance telephone service. Radio Communication is by a VHF-FM fixed station
(call signal WUI-321) capable of reaching local mobile stations, the Tulsa District
Office, stations on the local loop of the District and other stations on the north and
south loop of the District via repeater relay. Maintenance of the telephone lines is the
responsibility of the company leasing the lines to the Government. The District radio
technician makes quarterly inspections of the project's fixed equipment and makes
repairs as conditions warrant. To alert the public of impending gate changes, warning
horns are located on the conduit gate tower, on the downstream end of the conduit, and
on the spillway. Control buttons for these devices are found on the gate control panels.

5-06. Communication with Project.

a. Regulating Office with Project Office. Instructions for the storage and release
of water from the lake will be communicated by the Water Control Section to the
responsible project operating personnel for the implementation of the provisions set
forth in Chapter IX of this manual. This communication will normally be made by
telephone but could on occasion be made by VHF-FM radio. The reports by the project
office, described in paragraph 5-07 and Exhibit C of this manual, will be communicated
directly to the Water Control Section. Should communication between the project and
the District Office be disrupted, the Project Manager will, on his own initiative, direct
regulation of the lake according to emergency regulations as required in Chapter VII
and Exhibit C of this manual. A chart, "Organization Chart - Oologah Lake" is shown
on plate 5-2.

b. Between Project Office and Others. Communications between project
personnel and other Federal, State, and local agencies will be sufficient to facilitate the
coordination described in Chapter 1X of this manual.

5-07. Project Reporting Instructions. Most of the daily lake data from Oologah Lake
(see plate 5-3) will be obtained from the WCDS database. Weather data and other
data collected by the Oologah Lake Project will be submitted to the Water Control
Section, Hydrology-Hydraulics Branch, Tulsa District Office (telephone 918-669-7103
or VHF-FM radio, call signal WUI-3). The Water Control Section office is manned from
7:00 a.m. to 4:30 p.m. daily and various hours on weekends and holidays. Data for
nonworking days will be read and submitted the following workday. Should unusual
conditions arise during nonworking hours, one of the persons listed on page i should
be contacted. The following data should be included in the daily report.
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a. As of 8:00 a.m. Each Weekday.

(1) The current lake clarity and weather condition.

(2) The total precipitation amounts for the previous 24-hour periods (7:00
a.m. to 7:00 a.m.) including the amounts for the 6-hour periods ending at 1:00 p.m.,
7:00 p.m., 1:00 a.m., and 7:00 a.m., and the starting and ending times.

(3) The pan evaporation, in inches, for the previous 24-hour period (7:00
a.m. to 7:00 a.m.) or for the period since the last evaporation reading was taken.

(4) The current wind direction and wind speed (Beaufort scale).

(5) Water supply withdrawal or release for previous day (if available).

(6) The current gate setting and any gate changes made during the past
24-hour period including the time and pool elevation (and tailwater elevation if

necessary) when the change was made.

b. As of 8:00 a.m. Each Monday.

(1) The same data as required in a. above.

(2) The current pool elevation readings from the pool gage, the recording
chart or tape, the shaft encoder or data logger, and the wire weight or staff gage. If
wind or weather prevents readings on Monday, then these readings can be taken on
the next day that weather permits.

(3) The current tailwater elevation if available.

c. Weekends and Holidays.

(1) Daily reports are not required on weekends and holidays except
during flood periods.

(2) During flood periods, weekend and holiday reports should include the
same data as required in a. above plus the 8:00 a.m. pool elevation from the pool gage.

d. During Flood Periods. Besides the data in a. and b. above, additional reports
of lake elevations may be requested by the Water Control Section personnel during
flood periods.
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e. Rainfall Reports. Rainfall reports will be made as follows:

(1) At 8:00 a.m. all precipitation that occurred during the preceding 24
hours (7:00 a.m. to 7:00 a.m.) as shown on plate 5-3 (covered by routine report on
working days).

(2) At 1:00 p.m. when 0.50 inch or more of precipitation has occurred
since 7:00 a.m. and no 1:00 p.m. report was made, or if it has continued to rain since
7:00 a.m.

(3) At 7:00 p.m. when 0.50 inches or more precipitation has occurred
since 7:00 a.m. and no 1:00 p.m. report was made, or if it has continued to rain since
reporting at 1:00 p.m.

(4) Report at once the occurrence of 2.00 inches or more of precipitation
that occurs during a period six hours or less. During nonworking hours, the report
should be made to one on the persons listed on page i.

5-08. Warnings. Itis the responsibility of the Project Manager and project personnel
authorized to make gate changes, to maintain a list in current status of residents and/or
property owners who would be endangered or inconvenienced by large and/or
prolonged releases. This list will be attached to the Project Manager's file copy of this
manual. If damaging releases are expected to occur, notification will be made by
telephone or oral warning by the Corps employees. Notification will be made according
to the Tulsa District supplements to ER-500-1-1. This would include radio, television,
telephone, Citizen Band radio, use of law enforcement and Civil Defense agencies and
their communication systems, National Guard and Reserve Units, supplemented by
oral warning from Corps employees in Government vehicles. Studies have been made
to determine the possible downstream flood conditions that could exist in case of a
maxim

um spillway release or failure of the dam at maximum pool. Approximate water surface
profiles and flooded area maps giving the results of these studies can be found in the
Oologah Dam, Operation and Maintenance Manual, Volume II, dated October 1982.
Always when a gate change is made a horn is blown to give warning to people
immediately downstream who are within hearing distance of the horn blast.

5-09. Frequency of Gate Changes. During flood periods, gate changes may be
directed by the Water Control Section anytime. The initial transition from low flow
releases to flood releases or vice versa may require gate changes every hour. When
floodwater has significantly risen into the flood control pool, gate changes can be
expected two or three times daily. When the pool level is at or above the top of the
flood control pool, gate changes may occur every hour. Only under the most unusual
circumstances will changes be ordered more frequently than once every hour.
Frequency of gate changes during low flow operation will generally be less than once a
day.
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VI - HYDROLOGIC FORECASTS

6-01. General. Hydrologic forecasts are necessary to plan releases, project pool
elevations, and inform the public.

a. Role of Corps of Engineers. The responsibility for hydrologic forecasts lies
with personnel in the Water Control Section, Tulsa District. Hydrologic forecasts are
made either by the project regulators in the Water Control Section or by the forecasters
in the Forecasting Section. Forecasts are used to aide in the regulation of lakes for
flood fighting activities and other authorized purposes. Also, forecasts are used to
benefit Corps of Engineers construction projects and inform interested citizens. In
contrast, the Corps of Engineers furnishes to the public current lake levels, current
releases, forecasted lake levels, other available information on observed conditions,
and technical advice. The Water Control Section (lake levels), telephone number 669-
7521, is listed in the Tulsa telephone directory to provide the public a means of
receiving current lake information such as pool levels and discharges. General news
releases are made by the Public Affairs Office which is kept fully informed of the
hydrologic situation as appropriate. Further discussion is presented in Section V of the
Water Control Master Manual for the Arkansas River Basin.

b. Role of Other Agencies. The NWS is responsible for providing warnings
and forecasts for severe storms and flooding to the public. This information is
distributed by NWS Automation of Field Operations and Services (AFOS) network to
subscribing Government agencies and the various news media. The NWS issues
routine scheduled reports through AFOS containing the following forecasts:

(1) Weather forecasts (daily, severe weather, and 5-day extended).

(2) Quantitative precipitation forecasts are made daily for first six-hour,
second six-hour, day one 24-hour, and day two 24-hour rainfall totals.

(3) Three-day river stage forecasts, when available.

(4) Rainfall required to produce bankfull stages (weekly).

(5) Damage reports.

(6) River and flood warning bulletins, forecasts, and statements.
(7) Thirty-day forecast.

(8) Percent chance of precipitation (twice daily).
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6-02. Flood Condition Forecasts.

a. Requirements. Flood condition forecasts are necessary whenever
substantial rainfall has occurred on the basin above or below Oologah Dam. Personnel
in the Forecasting Section have developed a flood forecasting model for Oologah Lake.
This model was calibrated to historical flood events. Basin subdivisions contained in
the forecasting model are presented in Plate 6-1. To use this model the following data
IS required:

D Rainfall for stations listed in Tables 5-1.

(2) Oologah Lake pool elevation for time of forecast.

3 Flood hydrographs for gages listed in Table 5-1.

(@) Projected releases from Toronto, Fall River, and Elk City Lakes.

b. Methods. Inflow forecasts are made using computer program 723-X6-L2010
(HEC-1). Precipitation data is received from the NWS and the DCP's by the water
control computer. The average precipitation over the project basin is computed by a
computer program called RAIN. The RAIN program takes the DCP data and plots
isohyetal maps of 24-hour rainfall. The RAIN program also computes the basin and
subbasin average rainfalls for input into the HEC-1 forecasting model. The HEC-1
program uses the hourly DCP rainfalls to distribute the subbasin average rainfalls.
Beginning loss rates are chosen based upon historical storm reproductions. Rainfall
excess is computed by subtracting the applicable losses from the incremental rainfall
amounts. Two hour unit hydrographs are computed using Snyder's coefficients or are
entered directly into the data file for each subarea. Flood hydrographs are computed
by applying the rainfall excess to the unit hydrographs. Computed flood hydrographs
are compared with observed flood hydrographs for gages listed in Table 5-1. Loss
rates are adjusted and the HEC-1 model rerun until the computed and observed
hydrographs converge. Calibrated loss rates are applied to ungaged subareas and
flood hydrographs are combined and routed, along with releases from Toronto, Fall
River, and Elk City Lakes, to compute an inflow hydrograph. Using projected releases
from Oologah Lake, the inflow hydrograph is routed through the lake to determine
elevations. Flood control releases are projected based upon conditions on the
Arkansas River System and following procedures described in section V of the
Arkansas River Basin Water Control Master Manual. Sample input and output files
using one inch of runoff are presented in Tables 6-1 and 6-2, respectively, on pages
T6-1to T6-7. Unit hydrographs are presented on Plates 6-2, 6-3, and 6-4.
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6-03. Conservation Purpose Forecasts.

a. Requirements. Conservation forecasts may be required to predict pool levels
during fish spawning season, special recreation events, and water supply. Forecasts
may also be required for water quality.

b. Methods. Forecasts for conservation purposes during non-flood periods
would rely largely on statistical interpretation of historical data. The flow duration
curve, plate 4-4; and the peak inflow probability curve, plate 8-4; would be considered
with NWS forecasts in making conservation forecasts during non-flood periods.

6-04. Long Range Forecasts.

a. Requirements. The regulatory decision involved in evacuating stored
floodwater, sustaining yield during low flow periods, and maintaining constant or slowly
changing pool levels for conservation purposes is dependent on accurate estimates of
the water volume that will pass through the reservoir.

b. Methods. Reliable methods for long range runoff forecasts are not presently
available. The NWS publishes an "Average Monthly Weather Outlook” semimonthly
which may be used as an estimate of the trend of the weather but should not be given
too much weight for one forecast, especially for a specific point. The NWS forecasts
described in paragraph 6-01b are more useful in a shorter range.

6-05. Drought Forecasts. Droughts can be forecast when runoff is dependent upon
snow melt by measuring snow pack in the mountains. However, on projects where
runoff is a result of a rainfall event, as in the Tulsa District, no techniques are available
at this time to forecast droughts.
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Il - WATER CONTROL PLAN

7-01. General Objectives. The authorized purposes of Oologah Lake include
recreation, fish and wildlife, flood control, water supply, and navigation. However,
Oologah Lake is only authorized to be regulated for flood control, water supply, and
navigation. Although water quality is not an authorized project purpose, releases may
occasionally be made to improve the quality of the water below the dam. Oologah Lake
will be operated as a unit in a multiple-purpose system for optimum flood control
providing benefits in the Arkansas River Basin. Flood releases from Oologah Lake will
be made considering the predicted runoff from the uncontrolled area downstream, the
allowable stage for the downstream control points, the predicted volume of inflow into
the lake, and the proportion of available storage remaining in the various lakes in the
system. All of the flood control storage will be used to provide optimum benefits,
described as method A in paragraph 3-3c(2)(b) of EM 1110-02-3600, November 1987.

7-02. Major Constraints. Significant structural problems exist at the Oologah project
that effect the regulation of Oologah Lake. Releases greater than 20,000 cfs cause
considerable damage to the stilling basin and riprap in the outlet channel. Efforts to
remedy these problems have included three modifications to the stilling basin and
outlet channel due to damage from releases above 20,000 cfs and have been
performed since initial construction of the project. However, the problems still exist and
future solutions will be addressed. The flows on the Verdigris River below Oologah
Lake are regulated to 30,000 cfs as presented in the Arkansas River Basin Water
Control Master Manual, dated July 1980. To obtain a release of 30,000 cfs, releases
must be made from the Oologah spillway when lake levels exceed elevation 645.0.
Releases from the spillway cause considerable erosion on privately owned land along
the spillway channel and when flows transition back to the main Verdigris channel. The
spillway channel flows into the main channel at a 90-degree angle and has eroded
thousands of acre-feet of earth from the right bank of the main channel. Also, when the
gates are open and the pool elevation reaches 655.0, the elevation of the main service
deck, water flows over the top of the conduit gates and causes excessive vibrations
that damage the gates. Therefore, the conduit gates are closed when the lake
elevation reaches 655.0 (all necessary releases are made through the spillway) and
remain closed until the lake level falls below elevation 655.0 or rises above elevation
666.0. Flooding and inundation of access roads to recreation areas occurs when the
pool reaches elevation 642.0. Twenty-four hour flood surveillance at the dam begins at
elevation 658.0. The Oologah Dam spillway can discharge 92,400 cfs at the top of the
flood control pool (elevation 661.0), without using the outlet works. The invert of the
outlet works is at elevation 565.0 which is the lowest elevation from which water can be
released from the dam. The recession of floodwaters on the lower Arkansas River is to
be monitored to keep releases from the dam combined with the natural recession of the
river to below bankfull stage. The limiting non-damaging flow at the Claremore gage on
the Verdigris River is about 42,000 cfs (stage of 35 feet). A navigation taper as
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described in paragraph 7-03 of the Arkansas River Basin Water Control Master Manual
is to be followed.

7-03. Overall Plan for Water Control.

a. General. Oologah Lake is regulated as a unit in a multipurpose system for
the benefit of water resources in the Arkansas River Basin. Development of these
water resources is discussed in the Arkansas River Basin Water Control Master
Manual, while the specific purposes of each of the various projects are detailed in the
appropriate appendix. The Soil Conservation Service has a program of soil and water
conservation, flood prevention, and channel improvements within the upper reaches of
the Verdigris River watershed; however, they do not significantly affect Oologah’s flood
operation. Toronto, Fall River, Elk City, and Big Hill Lakes all influence the operation of
Oologah Lake.

b. System Regqulation. Oologah Lake will be regulated in a system with the
Verdigris River Lakes for control of floods on the Verdigris River from Oologah Dam to
Muskogee, Oklahoma and in the total Arkansas River system for control of floods on
the Arkansas River from Muskogee, Oklahoma, to Van Buren, Arkansas. When flood
storage in each lake in the system is above 30 percent full and floodwaters are being
accumulated, each lake will be regulated to retain equivalent flood control capabilities,
as much as possible. Priority for releases, as shown on plate 7-54 of the Arkansas
River Basin Water Control Master Manual, will be given to the lakes with the least
amount of flood storage available, considering predicted inflow into the lake and
conditions downstream. Section VIl of the Arkansas River Basin Water Control Master
Manual provides detailed information on the Arkansas River System operation. The
computer program Taper will be used as a guide to determine releases from reservoirs
in the Arkansas River System. In addition, Oologah Lake will be regulated for water
supply, and navigation.

c. Upper Verdigris Subsystem Requlation. The Arkansas River system
regulation plan discussed in the previous paragraph will be used in determining a
release schedule for Oologah Lake. This release schedule is determined by using the
Taper program that includes projected inflows and storages to balance the Arkansas
River System. Inflows into Oologah Lake are computed from local runoff and releases
from Toronto, Fall River, Big Hill, and Elk City Lakes. The outlet works at Big Hill Lake
consists of an uncontrolled drop inlet structure and cannot be balanced with the other
projects. Toronto, Fall River, Elk City, and Oologah Lakes will be regulated as a
subsystem and balanced according to plate 7-54 of the Arkansas River Basin Water
Control Master Manual. From this plate, when all lakes are above 30 percent full, each
lake will be balanced equally. Below 30 percent full, the projects will be unbalanced
and Toronto, Fall River, and Elk City Lakes will be empty when Oologah is 20 percent
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full. Table 7-1 will be used as a guide in determining Oologah Lake releases if the
releases are not controlled by the Arkansas River system regulation plan.

7-04. Standing Instructions to Project Manager. During flood periods, the lake will be
regulated following the normal regulations for flood control operation as directed in
subparagraph 7-05a. Instructions for the storage and discharge of floodwater will be
issued by the Water Control Section. In the event communication with the Tulsa
District Office is disrupted, the lake regulation will become the responsibility of the
Project Manager and will be regulated according to subparagraph 7-05b and exhibit C
of this manual. In addition, the Project Manager will immediately attempt to reestablish
communications with the Tulsa District Office. The Project Manager will make daily
observations of the weather station and lake conditions and report those observations
as directed by the Water Control Section. Should an emergency occur in which
communication is not lost, such as an inoperable gate, drowning accident, excessive
trash in gates, broken buoy line, or power outage, the Water Control Section will be
notified immediately.

7-05. Flood Control.

a. Normal Reqgulation for Flood Control Operations. Oologah Lake will be
regulated for optimum flood reductions on the Verdigris from the dam to its confluence
with the Arkansas River and with the existing system of lakes on the Arkansas River
and tributaries from the confluence to Van Buren, Arkansas. The following regulations,
as shown in Table 7-1, will govern releases from Oologah Lake. During flood control
regulation the tainter gates and conduit gates are to be operated at uniform settings
with a no more than a 1-foot difference in opening between gates of like type.
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TABLE 7-1

NORMAL FLOOD CONTROL REGULATION SCHEDULE

OOLOGAH LAKE

LAKE STAGE POOL CONDITIONS REGULATION
638.0 and -- Releases are made to maintain elevation 638.0,
Below to meet downstream low-flow requirements

defined in paragraph 7-07, or to meet navigation
demands defined in paragraph 7-11.

638.0 to 641.0
and forecasted
not to exceed
641.0

Rising

Releases, when combined with intervening flow
downstream, will not exceed 30,000 cfs below
the dam, a 35-foot stage (42,000 cfs) at the
Claremore gage, or a 22-foot stage at the
Arkansas River at Van Buren gage. Regulated
releases may be made at less than the maximum
rate permissible. Releases will be modified to
meet target discharges specified by the
requirements in Chapter 7 of the Arkansas River
Master Manual for the operation of the Arkansas
River System.

641.0 to 661.0
and forecasted
not to exceed
661.0

Rising

Releases, when combined with intervening flow
downstream, will not exceed 30,000 cfs below
the dam, a 35-foot stage (42,000 cfs) at the
Claremore gage, or a 22-foot stage at the
Arkansas River at Van Buren gage. Releases
will be modified to meet target discharges
specified by the requirements in Chapter 7 of the
Arkansas River Master Manual for the operation
of the Arkansas River System. Below elevation
645.0 releases will be impeded due to
operational constraints (See Par. 7-02.).
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TABLE 7-1 (CONT'D)

LAKE STAGE

POOL CONDITIONS

REGULATION

661.0 to 666.0
or forecasted to
exceed 661.0

Rising

Releases will be based on inflow forecasts and
made such that the pool elevation will not
exceed elevation 666.0, if possible. Plate 7-1,
Spillway Gate Regulation Schedule Inflow
Parameter, will be used as a guide for
determining releases so that the lake will not rise
beyond the induced surcharge limits. Elevation
666.0 will be maintained, if possible, by opening
the spillway gates as necessary to pass inflow or
until the gates are fully opened. Releases will be
made by operating all the spillway gates at
uniform openings.

Above 666.0

Rising

The spillway gates and conduit gates will be
maintained fully opened and held in such
position.

Above 666.0

Falling

The spillway gates and conduit gates will be
maintained fully opened and held in such
position until the pool elevation recedes to
elevation 666.0.

666.0 to 661.0

Falling

The maximum gate opening attained will be held
until the pool level recedes an amount sufficient
to permit lowering the spillway gates one-half
foot without lowering the discharge below inflow.
A margin of not less than one-fourth foot
between the lake level and the top of the
spillway gates will be maintained at all times.
This regulation will be repeated until the lake
level recedes to elevation 661.0.
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TABLE 7-1 (CONT'D)

LAKE STAGE

POOL CONDITIONS

REGULATION

661.0 to 638.0

Falling

If the maximum release rate was smaller than
30,000 cfs, releases will not exceed 30,000 cfs
or target discharges specified in Chapter 7 of the
Arkansas River Basin Water Control Master
Manual, whichever is less. If the maximum
release rate exceeded 30,000 cfs, releases will
be made equal to the previous 4-hour inflow or
30,000 cfs, whichever is greater. Releases
much lower than 30,000 cfs may be made when
lake levels are in the lower portion of the flood
pool while still evacuating the flood storage in a
reasonable time. Target discharges specified by
the Arkansas River Basin Water Control Master
Manual will always supersede any other
designated discharges.

b. Emergency Flood Control Requlations. When communication with the Tulsa District

Office is disrupted, the Project Manager will, on his own initiative, direct regulation of
the lake according to the schedule shown on Table 7-2 until communication is restored.
In addition, the Project Manager will make every effort to reestablish communication
with the Tulsa District Office. Plate 7-2 will be used by the project manager during
emergency flood operations to determine the 4-hour inflow. Using this inflow, a release
will be determined from plate 7-1. Plate 7-10 has been included to meet EM 1110-2-
3600 requirements and should only be used as a last alternative. The spillway gates
will be operated at uniform openings as discussed in paragraph 7-05a. The conduit
gates will be closed at elevation 655.0 and remain closed until all spillway gates are
open and the lake level exceeds elevation 666.0 or is determined to exceed elevation

666.0.
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TABLE 7-2

EMERGENCY FLOOD CONTROL REGULATION SCHEDULE
OOLOGAH LAKE

LAKE STAGE

POOL CONDITIONS

REGULATION

Below 638.0

Rising

Continue the releases being made at the time of
communication failure.

638.0 to 666.0

Rising

If the lake level is below elevation 656.5, maintain
current releases until communication is restored.
If, after 12 hours, communication has not been
restored, or the pool is above or rises to elevation
656.5 anytime within the 12-hour period,
determine inflows following plate 7-2 (Inflow
Nomograph) and go on to plate 7-1 (Spillway
Gate Regulation Schedule-Inflow Parameter) to
determine required releases. Use the minimum
discharge curve for emergency operations to
determine the minimum release. The rate of rise
of the lake and the average discharge will be
computed every 2 hours for the preceding 4
hours.

The determined releases will be increased by
operating all the spillway gates at uniform
openings until all gates are fully open. After the
spillway gates have been fully opened and the
pool is still rising, the conduit gates will be raised
at uniform openings until the lake stops rising or
the conduit gates are fully open.

Never when the lake is rising will releases be
decreased. If after the 12-hour delay, the lake
level becomes static and releases are less than
1000 cfs, then releases will be increased to 1000
cfs immediately.

Above 666.0

Rising

The spillway gates and conduit gates will be
maintained fully opened and held in such
position.
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TABLE 7-2 (CONT'D)

LAKE STAGE | POOL CONDITIONS REGULATION

Above 666.0 Falling The spillway gates and conduit gates will be
maintained fully opened and held in such position
until the pool elevation recedes to elevation
666.0.

666.0 - 661.0 Falling The maximum spillway gate opening attained will
be held until the lake level recedes an amount
sufficient to permit lowering the spillway gates
one-half foot without causing the pool to rise. If
the pool begins to rise, set the gates back to the
previous opening. A margin of not less than one-
fourth foot between the lake level and the top of
the spillway gates will be maintained at all times.
This operation will be repeated until the lake level
reaches elevation 661.0 or the release is

30,000 cfs.

661.0 - 640.0 Falling If the maximum release rate exceeded 30,000 cfs,
releases will be adjusted by lowering the spillway
gates one-half foot without causing the pool to
rise. If the pool begins to rise, set the gates back
to the previous opening. This operation will be
repeated until the the release is 30,000 cfs.

If the maximum release was much lower than
30,000 cfs this release will be maintained until the
lake level reaches 640.0.

640.0 - 638.0 Falling Begin a gradual reduction of the release rate (not
to exceed 5,000 per 3-hr period) so that releases
are equal to inflow (the pool is steady) at
elevation 638.0.

c. Constraints. Significant structural problems exist at the Oologah project that
effect the regulation of Oologah Lake. Releases greater than 20,000 cfs cause
considerable damage to the riprap in the outlet channel. The flows on the Verdigris
River below Oologah Lake are regulated to 30,000 cfs as presented in the Arkansas
River Basin Water Control Master Manual, dated July 1980. To obtain a release of
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30,000 cfs releases must be made from the Oologah spillway. Due to roller bearing
and structural problems, the conduit gates will be operated in the following way:

. Below a discharge of 2000 cfs, use only 2 gates (one from each conduit).
. Operate with maximum of 1 gate foot difference between open gates.
. The conduit gates will be closed at elevation 655.0.

If the 30,000 cfs release must be exceeded then the stage-damage curves shown on
Plates 4-10 thru 4-12 should be used as a guide in determining the effects. Floodwater
will be released as soon as possible while the flooding of low-lying farmland is kept to a
minimum.

7-06. Recreation. Although recreation is a project purpose, Oologah Lake is only
authorized to make regulated releases for flood control, water supply, and navigation.
Requests for special releases will be considered as the situation warrants. All
recreation area access roads are constructed above the top of the conservation pool,
elevation 638.0. The access roads begin to be affected by flood waters at elevation
640.0. All recreation area roads, except the overlook and Hawthorn Bluff, are
impassable when the pool reaches 652.5. Some private access and county roads are
also affected by high water. Public facilities are listed in paragraph 2-06 of this manual
and shown on plate 2-6. Recreational features at the project include camping,
picnicking, swimming, boating, hiking and fishing. Management of the fish and wildlife
resources will be under the direction of the Oklahoma Department of Wildlife
Conservation (ODWC).

7-07. Water Quality. Oologah Lake has no storage allocated to water quality.
Leakage around the conduit gates is usually sufficient to maintain water quality for the
downstream fishery. Occasionally, an emergency water quality release may be
requested by (ODWC) or Oklahoma Department of Environmental Quality. The lake
storage from which the release will be made and the rate of release will be determined
on a case-by-case basis.

7-08. Fish and Wildlife. Although fish and wildlife is a project purpose, no storage is
authorized for that purpose. However, low flow releases are occasionally requested on
an "as-needed" basis to relieve oxygen deficiency of fish trapped in the stilling basin.
Management of the fish and wildlife resources will be under the direction of the
(ODWC).

7-09. Water Supply.

a. General. Oologah Lake has a water supply storage of 342,600 acre-feet
with a dependable yield of 154 MGD. Table 7-3 shows the water supply users and
their contracted storage. Copies of the water supply contracts are kept on file in the
Hydrology-Hydraulics Branch. Exhibit B contains one complete copy of a surplus
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contract and one complete copy of a storage contract. The remaining contracts in
Exhibit B are presented without those sections that are identical to sections already
given in the complete contracts.

b. Reqgulation Procedure for Water Supply. Water supplied to the city of Tulsa,
the city of Collinsville, and the Public Service Company of Oklahoma (PSO) is supplied
through the 66-inch conduit in the wet well on the right side of the intake structure. The
invert elevation of the water supply pipe is 565.5. All other water supply users take
water directly from the lake.

TABLE 7-3
WATER SUPPLY CONTRACTS
OOLOGAH LAKE

CONTRACT
CONTRACT USER STORAGE

USER NAME APPROVAL

DATE TYPE (ACRE-FEET)

Rogers County RWD #4 07/05/85 Storage 1590
Public Service Co of Oklahoma 05/08/85 Storage 20990
Rogers County RWD #3 02/08/85 Storage 5960
Consolidated RWD #1 03/07/85 Storage 200
City of Collinsville 06/26/85 Storage 6670
Tulsa Metropolitan Water Authority 02/08/85 Storage 285450
City of Claremore 09/19/88 Storage 445
Washington County RWD #3 09/22/92 Storage 4170
Town of Chelsea 04/02/82 Storage 1530
Not Under Contract Storage 15595

c. Accounting Procedures for Conservation Storage. Accounting procedures for
conservation storage have been developed to regulate the withdrawal by each water
supply user. Inflows, after deductions for downstream water rights and losses, are
applied to the storage account of the user in proportion to his contracted storage.
When a user has 50 percent or less of contracted storage remaining, the contracting
officer will advise the user frequently throughout the critical period. Should the storage
of a user become depleted, no additional withdrawal from storage will be made without
an additional contract. The computer program "WSACCT" can be used to determine
each water user's remaining storage. Plate 7-4 gives an example of output from the
accounting program.
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d. Requlation Procedure for Water Rights. The Oklahoma Water Resources
Board (OWRB) has issued water rights on the Verdigris River below Oologah Lake.
These water rights locations and amounts are shown in Table 7-4. Releases from
inflow to satisfy downstream water rights will be made at the request of the OWRB.
The OWRB will inform the Water Control Section as to the amount and time distribution
of the required release. No withdrawal from storage in the lake will be made for
downstream water rights unless the water-right holder has contracted storage available
in the lake.

TABLE 7-4
WATER RIGHTS FOR THE VERDIGRIS RIVER
FROM THE MOUTH TO OOLOGAH DAM

Authorized

User Point Of Diversion Amount

(ac-ftiyr)
Yonkipin Assoc. SE SE SE 08 20N 15EIM 86
Mid-Western Nurseries 27 16N 18 EIM 600
(b) (6) 12
(b) (6) 92
Big Lake Club SW 14 21N 16 EIM 1,000
City of Broken Arrow W2 3S 19N 16 EIM 15,185
Town of Okay S2 NW 20 16N 19 EIM 33
City of Coweta SW SW 06 17N 17 EIM 258
Rogers Co. RWD #5 SW SW 27 21N 15 EIM 1,500
Verdigris Valley Farms NW 23 19N 16 EIM 25
(b) (6) 11
Rogers Co. RWD #3 SE NE SW 03 21N 15 EIM 1400
Wagoner Co. RWD #5 NW SW NE 36 18N 16 EIM 889
(b) (6) 30
PSO 24 19N 16 EIM 24,950
City of Broken Arrow NE SW SW 19N 16 EIM 12,042
(b) (6) 1
(b) (6) 55
(b) (6) 4,322
Verdigris Valley Farms W2 NW S3 14 19N 16 EIM 946
City of Coweta NE NW NW 12 17N 16 EIM 2,712
(b) (6) 40
Verdigris Valley Sod Farms S2 SE NW 23 23 22N 15 EIM 85
Dept. of Wildlife Conservation N2 SW NW 02 22N 15 E1M 120
Dept. of Wildlife Conservation NW NW SE 26 17N 17El 100
(b) (6) 992
Verdigris Valley Ranch NE 28 21 N 15 EIM 260
Columbia Property Co. 32 20N 16El 325
(b) (6) 267
(b) (6) 180
Wagoner Co. RWD #4 SE SE NW 35 19N 16El 4500
(b) (6) 12
TOTAL 73,030
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7-10. Hydroelectric Power. Oologah Lake has no hydroelectric power units and
installation of hydroelectric power is not being considered at this time.

7-11. Navigation. Oologah Lake has 168,000 acre-feet of navigation storage in the
conservation pool to provide minimum flow requirements for navigation during drought
periods. This storage will yield 126 cfs (81.3 MGD). Also, Oologah Lake will be
regulated for flood control with the other reservoirs in the navigation system to help
provide a tapered recession of flows along the Arkansas River navigation channel.
This tapered recession helps move sedimentation through the navigation system,
keeping the channel open, and reduces dredging maintenance costs. The coordinated
regulation of the reservoirs is discussed in Chapter VIl of the Arkansas River Basin
Water Control Master Manual.

7-12. Drought Contingency Plans. The Tulsa District Office has prepared drought
contingency plans for the individual projects. The plan for Oologah Lake is contained
in Drought Contingency Plan for Lower Verdigris River, Oklahoma, Appendix DCP-2 to
Water Control Master Manual, Arkansas River Basin. A copy of the plan can be found
in the Water Control Section. The plan establishes a Corps Drought Management
Committee and an Interagency Drought Management Committee to conserve stored
water and to identify surplus water available during drought conditions. In addition, the
project has established specific sites around the lake where water can be withdrawn
and transported for domestic and livestock uses.

7-13. Flood Emergency Action Plans. A Flood Emergency Plan has been prepared by
the Tulsa District Office and is outlined in the Operations and Maintenance Manual,
Volume II, for Oologah Dam, dated October 1982. A copy of the plan can be found at
the Oologah Lake Project Office and in the Tulsa District Office. The manual outlines
the procedures to be used to protect the public from possible property damage or loss
of life from uncontrolled releases of water due to failure or severe damage to the dam
or appurtenant works.

7-14. Deviation from Normal Regulation. The District Commander is occasionally
requested to deviate from normal regulation of the lakes. Prior approval is obtained
from the Southwestern Division Office (SWD) for the subsequent action, except as
noted in subparagraph a, below. Deviation requests usually fall into the following
categories:

a. Emergencies. Emergency deviations require immediate action with no time in
which to seek approval from Southwestern Division (SWD). These emergencies
include drownings, accidents, operating facility failure, and pollution. SWD will be
informed and a written confirmation describing the deviation will be furnished as soon
as possible.
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b. Unplanned Minor Deviations. Unplanned instances create temporary needs
for minor deviations from the normal regulation of the lake, although they are not
considered emergencies. Construction such as utility stream crossings, bridge work,
and major construction contracts, account for most of the unplanned deviations. Also,
deviations are sometimes necessary for maintenance and inspection. Requests for
changes of release rates are generally for a few hours to a few days. Each request is
analyzed on its own merits. Consideration is given to upstream watershed conditions,
potential flood threats, conditions of the lake, and possible alternative measures. To
maintain good public relations, the requests are usually granted, provided there are no
adverse effects on the overall regulation of the project (or projects) for optimum benefits
to the authorized and useful purposes. Approval for minor deviations will normally be
obtained from SWD by telephone. A written confirmation showing the deviation and
conditions will be furnished to CESWD-ED-WR (Form SWD 898).

c. Planned Deviations. Other instances include anticipated or planned
deviations. Each condition would be analyzed on its merits. Sufficient data on flood
potential, lake and watershed conditions, possible alternative measures, benefits to be
expected, and probable effects on other authorized and useful purposes will be
presented by letter, telephone, facsimile or E-mail to Southwestern Division along with
Tulsa District recommendations for review or approval.

7-15. Rate of Release Change. The increase and decrease in releases from the lake
will be accomplished in a way that reduces damage to the reservoir area and
downstream channel. As shown on Table 7-5, every reasonable precaution will be
made to eliminate bank sloughing, undercutting, excessive erosion, and danger to
human and animal lives, if possible. Situations will arise which will not allow an orderly
increase and/or decrease in releases. Examples of these situations are large flood
releases, as described in paragraph 7-05, drownings that occur downstream of the
dam, and heavy rains occurring downstream while making flood releases.

TABLE 7-5
RELEASE RATE CHANGES

Increasing Releases to Channel Capacity

Current release range Maximum increase Minimum time between
(cfs) (cfs) changes (hours) (1)
30,000 5,000 2

Decreasing Release Below Channel Capacity

Current release range Maximum decrease Minimum time between
(cfs) (cfs) changes (hours) (1)
30,000 5,000 3

(1) A maximum of 3 gate changes per day.
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7-16. Operating Curves. The "Spillway Gate Regulation Schedule - Inflow Parameter”
is shown on Plate 7-1. The "Inflow vs. Rate of Rise Nomograph" is shown on Plate 7-2.
The spillway rating curves are shown on Plate 7-3. The evaporation curves are shown
on Plate 7-5. The low flow rating curve is shown on Plate 7-6. Rating curves for the
conduit are shown on plates 7-7 and 7-8. The tailwater rating curve is shown on Plate
7-9. Elevation versus area and capacity data are compiled in Table 7-6 on pages T7-1
through T7-7. Rating curves used by the Water Control Section are adjusted for
changing conditions and are maintained in current status.
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Il - EFFECT OF WATER CONTROL PLAN

8-01. General. The effects of the normal flood control regulations on the original
spillway design flood, original standard project flood, and a major flood are presented in
the following paragraphs. The floods were selected to show the effects of the flood
control regulations for Oologah Lake on a variety of possible flood conditions.

8-02. Flood Control.

a. Spillway Design Flood. The spillway design flood was generated by
increasing the May 6-12, 1943 precipitation by 34 percent and transposing it over the
drainage area above Oologah. Inflow into Oologah was modified by Toronto, Fall
River, and Elk City Lakes. The flood has 15.87 inches of runoff, 3,671,600 acre-feet of
volume, and a peak inflow of 473,000 cfs The flood, routed through Oologah on a full
flood control pool by emergency regulations, resulted in a peak release of 265,100 cfs
at the maximum pool elevation of 678.25. Plate 8-1 shows the operational hydrographs
for the spillway design flood routed through Oologah Lake by emergency regulations
on both empty and full flood control pools.

b. Standard Project Flood. The standard project flood was considered to be
one-half the spillway design flood. This flood has a volume of 1,835,800 acre-feet and
a peak inflow of 236,500 cfs The flood, routed through Oologah Lake on a full flood
pool, resulted in a peak release of 172,200 cfs at the maximum pool elevation of
667.54. Plate 8-2 shows the operational hydrographs for this flood routed by
emergency regulations.

c. Flood of October 1986. This flood was the result of a stalled cold front
followed by the remnants of a hurricane that resulted in basin average rainfall of 10.65
inches from September 26 to October 5. The flood had a volume of 2,144,000 acre-
feet with a peak inflow into Oologah Lake of 97,500 cfs This flood is the flood of record
for the Oologah Lake drainage basin. Plate 8-3 shows the operational hydrographs for
Oologah Lake for both experienced and emergency regulations.

8-03. Recreation. Low-lying areas begin to be affected and access roads to recreation
areas begin to be inundated at elevation 640.0. All recreation areas except Hawthorn
Bluff and the overlook are closed at elevation 652.5. Recreation activities are also
affected by releases for water supply and navigation during drought periods which
causes the pool to be fall below normal.

8-04. Water Quality. Oologah Lake, overall, has good water quality that would not be
significantly altered during flood control operations. Small releases have occasionally
been made during the summer through the low flow outlet to increase the dissolved
oxygen in the stilling basin to prevent fish kills.
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8-05. Fish and Wildlife. Oologah Lake provides an improved fishery over the natural
river, allowing some species of sport fish to flourish in contrast to previous natural river
conditions. Some wildlife habitat was inundated due to impoundment; however, wildlife
management of lake perimeter lands strives to replace these losses.

8-06. Water Supply. The quality of water in the Oologah Lake is considered good,
requiring only conventional treatment to be suitable for domestic and industrial use.
During drought periods of minimum or no inflow, the water supply demand will cause
the pool to be fall below normal.

8-07. Hydroelectric Power. Although hydropower is not a project purpose, incidental
benefits may accrue to downstream hydropower projects because of the leveling effect
on flows due to the flood control operation of Oologah Lake.

8-08. Navigation. The coordination of releases from Oologah Lake with other
reservoirs (discussed in Chapter VIl of the Arkansas River Basin Water Control Master
Manual) will significantly benefit navigation along the McClellan-Kerr Navigation system
by providing a tapered recession of flows along the system. This controlled recession
will enable navigation to continue while shoals are removed from the navigation
channel. The 168,000 acre-feet of navigation storage will provide flows during drought
periods to help meet the minimum requirements for navigation.

8-09. Drought Contingency Plans. A drought contingency plan for the Lower Verdigris
River basin was approved March 1990. This plan identifies water uses and needs
within the basin and outlines steps which can be taken to alleviate the problems
encountered during a drought. The document provides a basic reference for the Tulsa
District Corps of Engineers during a climatologically-induced water shortage in the
Verdigris River basin.

8-10. Emergency Action Plans. The Flood Emergency Plan is outlined in the
Operations and Maintenance Manual, Volume Il, for Oologah Dam, dated October
1982. The purpose of the manual is to specify procedures to protect the public from
possible property damage or loss of life because of uncontrolled releases of water due
to failure or severe damage to the dam or appurtenant works.

8-11. Frequencies.

a. Peak Inflow Probability. Annual peak mean daily inflows for Oologah Lake,
modified by Toronto, Fall River, Elk City, and Big Hill Lakes, were determined using the
SUPER program, a period of record routing computer model, for the period 1940 to
1995. Linear regression techniques were used to develop a regression equation
correlating peak discharges to peak mean daily flows for the Verdigris River near
Lenapah, Oklahoma gage during the period of record 1966 to 1993. This regression

8-2



equation was used to compute peak discharges from peak mean daily flows obtained
from SUPER. Using these computed peak discharges, a peak inflow probability curve
for Oologah Lake was generated. This probability curve was developed according to
Bulletin 17B guidelines for Determining Flood Flow Frequency, September 1981 with
SWD requirements as stated in a DF dated August 22, 1979. The Peak Inflow
Probability Curve is presented in Plate 8-4.

b. Pool Elevation Duration and Frequency. The SUPER period of record routing
computer model, for the period 1940 to 1995, was used to calculate the maximum and
minimum pool elevation frequency relationships. The two elevation frequency
relationships were combined to produce the Pool Elevation Probability Curve presented
on plate 8-5. SUPER was also used to determine the Pool Elevation Duration Curve
displayed on plate 8-6.

c. Key Control Points. Discharge rating curves used in the regulation of
Oologah Lake are shown on plates 4-5 and 4-8.

8-12. Other Studies.

a. Examples of Requlation. Studies are in progress to improve the forecasting
techniques presented in section VI of this manual. Computer programs have been
developed to forecast inflows into the lake, the resulting pool elevations, and the
effects of releases at downstream gages. Use of these programs has greatly shortened
the reaction time in preparing regulation schedules.

b. Channel and Floodway Improvement. A flood insurance study has been
made for Rogers and Wagoner Counties. The Verdigris River is covered by this study.
This report includes profiles of the 500-, 100-, 50-, and 10-year floods. Channelization
projects exist below Oologah Lake with the majority related to the Arkansas River
navigation system. Ground and aerial reconnaissance are made as required to decide
if a revision of regulating stages is warranted.
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IX - WATER CONTROL MANAGEMENT

9-01. Responsibilities and Organizations.

a. Corps of Engineers. Oologah Lake is owned by the U.S. Government. The
Tulsa District of the Corps of Engineers is the operating agency. Oologah Lake is the
responsibility of the Project Manager, operating through the Operations Division, Tulsa
District Office. Project reporting instructions and an organization chart are presented in
Chapter V. Project regulating instructions are presented in Chapter VII of this manual.

(1) Responsibilities and Duties During Normal Operations. The Water
Control Section, Hydrology-Hydraulics Branch, Tulsa District Office, is charged with the
following responsibilities and duties under general supervision of the Engineering and
Construction Division.

(a) Routine regulation of lakes and distribution of routine data.

(b) Investigations and refinement of regulation procedures.

I~

. Analysis of past floods.
2. Reconnaissance to determine channel capacities.
3. Improvement of forecasting techniques.

4. Plan and coordinate the hydrologic reporting network with the
National Weather Service and the U.S. Geological Survey.

(c) Train personnel in flood control duties.

1. Periodic visits to projects by personnel of the section to
familiarize themselves with regulation facilities, become acquainted with the operating
personnel, discuss emergency regulation procedures with operating personnel, and
provide the background for improving facilities and methods.

2. Instruct personnel of the Hydrology-Hydraulics Branch in flood
control procedures to supplement the Water Control Section during flood emergencies,
when necessary.

(d) Prepare reports on lake regulation.

1. Recurring reports.
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2. Water control manuals.
3. Postflood reports.

(2) Responsibilities and Duties During Flood Emergencies. During flood
emergencies, the Water Control Section is responsible for the following:

(a) Evaluation of current hydrologic and meteorologic data.
(b) Performing or obtaining reservoir forecasts.

(c) Presentation of storm and flood analysis to the District
Commander and other interested District personnel.

(d) When necessary, furnish personnel to help project operating
personnel in flood regulations.

(e) Regulation of lakes according to flood control regulation
schedules.

(f) Furnish information to higher authority.

1. Initial reports to the Southwestern Division and the Office of
the Chief of Engineers by telephone.

2. Provide hydrologic data for situation reports.

(g) Furnish information to the Reservoir Information Control Center.
The duties of the project operating personnel under flood conditions are set forth in
Chapter VIl of this manual. The details of the overall procedures of the Tulsa District
under emergency conditions are set forth in Tulsa District Supplement A, Natural
Disaster Activities, to ER 500-1-1.

(3) Assignment of Personnel. During non-flood periods, instructions for
the routine regulation of the lake are accomplished by the Water Control Section.
However, during flood periods, assistance of other personnel may be required to
maintain effective regulation of the lake. Plate 5-2 shows the organization of the Water
Control Section during a major flood. The area and size of the flood will determine the
number of people engaged in each activity.
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(4) Provision for 24-hour Alert. The National Weather Service (NWS)
and project personnel are provided with a list of names, addresses, and telephone
numbers of key personnel of the Engineering Division with instructions to provide
warning if unusual conditions occur. Responsible personnel are on duty at the Tulsa
District Office 24 hours a day whenever basin and/or project conditions warrant and
during flood emergencies. Responsible personnel will be on duty at the project or on
call at all times.

(5) Role of Project Manager. The Project Manager will regulate the lake
according to instructions issued by personnel of the Water Control Section. The
instructions follow the "Normal Regulations for Flood Control," included in Chapter VII.
If the Project Manager loses communication with the District Office, he will immediately
attempt to reestablish communication with the District Office while following the
instructions outlined in the section “Emergency Regulations for Flood Control” included
in Chapter VIl and paragraph 3 of Exhibit C. The Project Manager will make daily
observations as directed in paragraph 5-07.

b. Other Federal Agencies. The NWS and the U.S. Geological Survey (USGS)
cooperate with the Water Control Section, Hydrology-Hydraulics Branch, Tulsa District
Office, to accumulate rainfall and streamflow data.

c. State Agencies. Management of the fish and wildlife resources of the
Oologah project is the responsibility of the Oklahoma Department of Wildlife
Conservation.

d. Private Organizations. Presently, there are no privately owned flood control
protection facilities at Oologah Lake whose regulation is coordinated with the Corps of
Engineers.

9-02. Interagency Coordination. Cooperative arrangements with other Federal and
State agencies and local interests are discussed in Section X of the Water Control
Master Manual, Arkansas River Basin, Tulsa District, dated July 1980. Further
coordination is shown in the following subparagraphs.

a. Local Press and Corps Bulletins. The Corps of Engineers, the NWS, and
USGS coordinate in forecasting flood stages, streamflow, and pool elevations. The
NWS is officially responsible for issuing flood warnings to the public. This information
will be supplemented by the Corps of Engineers bulletins on observed conditions and
with technical advice to enable local interests, within the limits of their capabilities, to
obtain optimum flood protection and to perform rescue and relief functions. The Corps
of Engineers further assists in flood fighting, through the office of the Emergency
Operations Manager, who furnishes sandbags and other necessary equipment based
on equipment on hand and need.
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b. National Weather Service. The Tulsa District Office and the Tulsa River
Forecast Center, NWS, exchange hydrometeorologic data and reports to prevent
duplication of effort in obtaining and distributing data. This exchange of data is
discussed in greater detail in Chapter VI of this manual. The National Weather Service
is the responsible agency for issuing public forecasts of stream stages.

c. U.S. Geological Survey. The Corps of Engineers and the USGS cooperate in
a program for the construction, maintenance, and operation of stream gaging stations
throughout the Tulsa District. During floods, the Corps of Engineers and the USGS
coordinate field activities to maximize the number of stream discharge measurements.

d. Power Marketing Agency. Presently, power is not a project purpose.

e. Other Federal, State, or Local Agencies. The Tulsa District Office exchanges
information with state and local government officials, the State Highway Department,
Oklahoma State Highway Patrol, and others during flood emergencies. The Tulsa
District also coordinates with federal and state fish and wildlife agencies throughout
normal operation.

9-03. Interagency Agreements. Presently, there are no agreements with respect to
lake regulations.

9-04. Commissions, River Authorities, Compacts, and Committees. There are no
commissions or a river authority on the Verdigris River. Arkansas River Basin
compacts have been established between the States of Arkansas and Oklahoma and
the States of Kansas and Oklahoma and the Arkansas River Coordination Committee.
The major purposes of these compacts are:

a. To promote interstate comity between the States of Arkansas and Oklahoma
and the States of Kansas and Oklahoma.

b. To provide for an equitable apportionment of the waters of the Arkansas
River between the States of Arkansas and Oklahoma and the States of Kansas and
Oklahoma and to promote the orderly development thereof.

c. To provide an agency for administering the water apportionment agreed to in
the compacts.

d. To encourage the maintenance of an active pollution abatement program in

each of the three states and to seek the further reduction of both natural and manmade
pollution in the waters of the Arkansas River Basin.
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e. To simplify the cooperation of the water administration agencies of the States
of Arkansas and Oklahoma and the States of Kansas and Oklahoma in the total
development and management of the water resources of the Arkansas River Basin.

The Arkansas River Basin Coordinating Committee is made up of State and Federal
agencies interested in the water resources development within the Arkansas River
Basin. The committee meets as required to discuss the previous year's activities and
to exchange information and ideas to serve specific project purposes better.

9-05. Reports.

a. Morning Reports. This report is prepared following TDR 1130-2-12 by the
Water Control Section daily, except Saturday, Sunday, and holidays, to cover a period
of 24 hours. The report provides data for use by personnel whose work requires
knowledge about the regulation of reservoirs, field investigations, stream gaging, and
construction of flood control projects affected by releases from reservoirs, answering
public inquiries, and preparing public releases. The report includes information on pool
elevation, flood control storage, releases, inflow and rainfall. The report is completed
and dispatched from the Hydrology-Hydraulics Branch by 10:00 a.m. daily under
normal conditions.

b. Monthly Lake Reports. The Water Control Section prepares monthly reports
in accordance with EM 1110-2-3600 and ER 1110-2-240. These reports are records
for all flood control, navigation, and multiple-purpose storage lakes under supervision
of or of direct interest to the Tulsa District Office. Supplemental information on the
regulation of the reservoirs, such as explanation of deviations from approved
schedules, is added as a note on the reports or as an attachment. These tabulations
are promptly prepared each month and maintained in such form as to be readily
available for transmittal to the Chief of Engineers or others, upon request.

c. Flood Situation Reports. The Water Control Section provides daily
information to the Readiness and Security Branch for situation reports during floods in
accordance with ER 500-1-1 and OM 500-1-6. The report contains various types of
information about the floods. Pertinent data specifically required for reservoirs are as
follows: name of reservoir, reservoir stage, predicted maximum stage, rates of inflow
and outflow in cfs, percent of flood control storage used to date and at predicted
maximum stage, and any special information particularly pertinent to the flood situation.

d. Post Flood Reports. This report is prepared according to ER 500-1-1 and
OM 500-1-6 when practicable after a flood that had caused major damages. The report
describes flood emergency operations by the Corps of Engineers and others. Included
in summary form are: available hydrologic information, damage estimates, and other
engineering data as are considered essential for flood control and flood plain studies or
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in the review or possible claims against the United States for damages. The report is
prepared by the District Office Planning Division personnel, using information compiled
and prepared by the Water Control Section. The report should be completed within
approximately three months of the time of flooding, including a statement of final cost.

e. Annual Reports. This report is prepared by the Water Control Section. The
report contains a summation of the general conditions of the river basins and the
individual projects in the District for the preceding fiscal year. The report also presents
the activities and accomplishments of the Water Control Section for the past year. The
report is forwarded to the SWD Water Control Section for inclusion in the Division's
annual report.

f. Summary of Reports. Table 9-1 is a summary of the reports required in the
regulation of the lakes in the Tulsa District.

TABLE 9-1

TABULATION OF REPORTS

. Regulation
Name of Report When Required Requiring Reporting
Morning Report Daily, except Saturday, | TDR 1130-2-12
Sunday, and holidays
Monthly Lake Report Monthly ER 1110-2-3600
EM 1110-2-240
Flood Situation Report | During Floods OM 500-1-6
ER 500-1-1
Postflood Report Following a flood OM 500-1-6
Causing major damage | ER 500-1-1
Annual Report Annually ER 1110-2-1400
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TABLE 6-1

OOLOGAH LAKE
HEC-1 FORECAST MODEL

ID OOLOGAH LAKE FORECAST COOK OCT 1981

ID VERDIGRIS RIVER SUBSYSTEM

ID MODIFIED FOR DSS ZREAD AND ZWRITE DEC84 BSM

ID MODIFIED FOR TOTDSS RELEASES SEPTEMBER 1989 MAD
ID MODIFIED FOR UPDATED ELEV-CAPACITY TABLE OCT90 MAD
ID MODIFIED FOR USE ON THE NETWORK MAY 1991 MAD

ID MODIFIED FOR DRAG & DROP APR 1992 MAD

*DIAGRAM

*FREE

IT 120 05SEP96 0800 100

IO 5

VSINDPEN LENPAH OOL-IN OOLOUT RELESE

Vv 211 211 211 7.11 211

VSALTONA FREDNA LENLOC OOLLOC

VvV 2.11 211 511 511

VSTRONTO FALRIV ELKCTY OOLLOC

VvV 211 211 211 211

*

KKTRONTO TORONTO RELEASES

*:PLOT-MACRO: TORO

BA 730

ZR=QIl A=POSITIVE B=TORO C=FLOW-RES OUT F=0BS
*

KK ALTNA TORONTO RELEASES ROUTED TO ALTOONA
RM 4 36 .3
*

KKATLOC ALTOONA LOCAL RUNOFF

BA 408

*B BASEFLOW FOR ALL SUBAREAS ABOVE THE LOCAL AREA
BF 0 -1 102

*L LOSS RATE CARD FOR ALTOONA SUB-AREA

LU O 0

PB O

ZR=Pl A=VERDIGRIS B=ATLOC C=PRECIP-INC F=ADJUST

Us 24 6

*

KKALTONA COMBINED FLOWS AT ALTOONA
*:PLOT-MACRO: ALTO

HC 2

ZW  A=VERDIGRIS B=ALTO C=FLOW-LOC CUM F=CALC
*

KK RIND ALTOONA FLOWS ROUTED TO INDEPENDENCE
RM 2 20 .3
*

KKFALRIV FALL RIVER RELEASES
*:PLOT-MACRO: FALL
BA 585
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TABLE 6-1 (CONT'D)

ZR=QIl A=POSITIVE B=FALL C=FLOW-RES OUT F=0BS
*

KK FRDN FALL RIVER RELEASES ROUTED TO FREDONIA
RM 3 12 .3
*

* KK FREDN LAG 6 HOURS
*RT O 0 3

*
KKFRELOC FREDONIA LOCAL RUNOFF
BA 242

*B BASEFLOW FOR ALL SUBAREAS ABOVE THE LOCAL AREA

BF 0 -1 102

*L LOSS RATE CARD FOR FREDONIA SUB-AREA
LU O 0
PB O

ZR=Pl A=VERDIGRIS B=FRELOC C=PRECIP-INC F=ADJUST
Uus 13 6
*

KKFREDNA COMBINED FLOWS AT FREDONIA
*:PLOT-MACRO: FRED

HC 2

ZW  A=FALL RIVER B=FRED C=FLOW-LOC CUM F=CALC
*

KK RIND2 FREDONIA FLOWS ROUTED TO INDEPENDENCE
RM 2 22 3
*

KKELKCTY ELK CITY RELEASES

*:PLOT-MACRO: ELKC

BA 634

ZR=QIl A=POSITIVE B=ELKC C=FLOW-RES OUT F=0BS
*

KK RIND3 ELK CITY RELEASES ROUTED TO INDEPENDENCE
RM 1 12 .3
*

KKINDLOC INDEPENDENCE LOCAL RUNOFF

BA 293

BF 0 -1 103

*L LOSS RATE FOR INDEPENDENCE SUB-AREA
LU O 0

PB O

ZR=Pl A=VERDIGRIS B=INDLOC C=PRECIP-INC F=ADJUST
UsS 14 .65
*

KKINDPEN COMBINED FLOWS AT INDEPENDENCE
*:PLOT-MACRO: INDP

HC 4

ZW  A=VERDIGRIS B=INDP C=FLOW-LOC CUM F=CALC
*

KK LENPA INDEPENDENCE FLOWS ROUTED TO LENAPAH
RM 3 22 3
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TABLE 6-1 (CONT'D)

*

KKLENLOC LENAPAH LOCAL RUNOFF

BA 747

*L LOSS RATE FOR LENAPAH SUB-AREA

LU O 0

PB O

ZR=Pl A=VERDIGRIS B=LENLOC C=PRECIP-INC F=ADJUST
Us 16 .55

*

KKLENPAH COMBINED FLOWS AT LENAPAH
*:PLOT-MACRO: LENA

HC 2

ZW  A=VERDIGRIS B=LENA C=FLOW-LOC CUM F=CALC
*

KKLENOOL LAG 12 HOURS (MAY NEED THIS KK GROUP TO LAG FROM 12 TO 24 HRS)
RM 2 12 3
*

KKOOLLOC OOLOGAH LOCAL RUNOFF

BA 686.3

*L OOLOGAH LAKE LOCAL AREA RUNOFF

LU O 0

*B BASEFLOW FOR LOCAL AREA

BF O -.05 1.02

PB O

ZR=Pl A=VERDIGRIS B=OOLLOC C=PRECIP-INC F=ADJUST
Us 15 0.75

*

KKOOLLAK OOLOGAH LAKE SURFACE

BA 76.7

LU O 0

BF 0 -01 115

PB O

ZR=Pl A=VERDIGRIS B=OOLLOC C=PRECIP-INC F=ADJUST
Ul 24755

*

KKOOL-IN COMBINED INFLOW INTO OOLOGAH LAKE
HC 3

ZW  A=VERDIGRIS B=OOLO C=FLOW-RES IN F=CALC
*

KKRELESE OOLOGAH RELEASES

BA 1

ZR=-Ql A=POSITIVE B=OOLO C=FLOW-RES OUT F=0BS
*

KKNET-IN  NET INFLOW
HC 2
*

KKOOLOUT OOLOGAH INFLOW ROUTED THRU LAKE
*:PLOT-MACRO: OOLO

*R OOLOGAH LAKE

RS 1 ELEV637.00
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TABLE 6-1 (CONT'D)

SV 6935 19797 32546 51540 79847 118268 166795 229296 344011 552219
SV835308 1182658 1559279 3089510

SE 592 600 604 608 612 616 620 624 630 638

SE 646 654 661 680

SQ 0 0
SE 630 680

ZW  A=VERDIGRIS B=OOLO C=ELEV F=CALC
7z
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OPERATION
HYDROGRAPH AT
ROUTED TO
HYDROGRAPH AT
2 COMBINED AT
ROUTED TO
HYDROGRAPH AT
ROUTED TO
HYDROGRAPH AT
2 COMBINED AT
ROUTED TO
HYDROGRAPH AT
ROUTED TO
HYDROGRAPH AT
4 COMBINED AT
ROUTED TO
HYDROGRAPH AT
2 COMBINED AT
ROUTED TO
HYDROGRAPH AT
HYDROGRAPH AT
3 COMBINED AT
HYDROGRAPH AT
2 COMBINED AT

ROUTED TO

TABLE 6-2

OOLOGAH LAKE
HEC-1 FORECAST MODEL SAMPLE SUMMARY OUTPUT

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

AVERAGE FLOW FOR

PEAK TIME OF MAXIMUM PERIOD

BASIN MAXIMUM

STATION FLOW PEAK  6-HOUR 24-HOUR 72-HOUR AREA STAGE

TRONTO 0 2.00 0 0 0 730.00
ALTNA 0 2.00 0 0 0 730.00
ATLOC 6784 26.00 6664 5740 3356 408.00
ALTONA 6784 26.00 6664 5740 3356 1138.00
RIND 5441 44.00 5403 4996 3270 1138.00
FALRIV 0 2.00 0 0 0 585.00
FRDN 0 2.00 0 0 0 585.00
FRELOC 7280 16.00 6870 4952 2254 242.00
FREDNA 7280 16.00 6870 4952 2254 827.00
RIND2 4516 36.00 4479 3969 2220 827.00
ELKCTY 0 2.00 0 0 0 634.00
RIND3 0 2.00 0 0 0 634.00
INDLOC 8850 16.00 8540 6110 2715 293.00
INDPEN 11152 36.00 11094 10433 7740 2892.00
LENPA 10402 58.00 10372 9932 7483 2892.00
LENLOC 16775 18.00 16338 12831 6504 747.00
LENPAH 17118 20.00 16672 15196 12763 3639.00
LENOOL 15025 34.00 14968 14476 12504 3639.00
OOLLOC 22407 18.00 21605 15399 6341 686.30
OOLLAK 24755 4.00 8365 2143 716  76.70
OOL-IN 28496 20.00 27802 23841 17482 4402.00
RELESE 0 2.00 0 0 0 1.00
NET-IN 28496 20.00 27802 23841 17482 4403.00

OoOoLouUT 0 2.00 0 0 0 4403.00 641.24
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PER DAY MON

© 0O ~NOO O~ WNLPR

o
= o

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

5 SEP
5 SEP
5 SEP
5 SEP
5 SEP
5 SEP
5 SEP
5 SEP
6 SEP
6 SEP
6 SEP
6 SEP
6 SEP
6 SEP
6 SEP
6 SEP
6 SEP
6 SEP
6 SEP
6 SEP
7 SEP
7 SEP
7 SEP
7 SEP
7 SEP
7 SEP
7 SEP
7 SEP
7 SEP
7 SEP
7 SEP
7 SEP
8 SEP
8 SEP
8 SEP
8 SEP
8 SEP
8 SEP
8 SEP
8 SEP
8 SEP
8 SEP
8 SEP
8 SEP
9 SEP
9 SEP
9 SEP
9 SEP
9 SEP
9 SEP
9 SEP
9 SEP
9 SEP

STATION

HRMN

800
1000
1200
1400
1600
1800
2000
2200

0

200

400

600

800
1000
1200
1400
1600
1800
2000
2200

0

200

400

600

800
1000
1200
1400
1600
1800
2000
2200

0

200

400

600

800
1000
1200
1400
1600
1800
2000
2200

0

200

400

600

800
1000
1200
1400
1600

TABLE 6-2 (CONT'D)

INDPEN LENPAH OOL-IN OOLOUT RELEASE
FLOW STAGE

FLOW

493
1729
3278
4945
6544
7807
8677
9096
9037
8975
9216
9597

10016
10409
10756
11022
11152
11133
10971
10686
10301
9841
9408
8933
8419
7892
7369
6861
6376
5917
5486
5084
4710
4365
4045
3750
3477
3226
2995
2782
2585
2405
2234
2077
1933
1803
1685
1580
1485
1399
1321

FLOW

25882
4245
7918

12078

16660

21037

24557

27113

28496

28075

26560

25133

23767

22426

21151

19981

18935

18014

17210

16514

15915

15406

15063

14875

14713

14576

14456

14341

14219

14078

13909

13699

13446

13161

12845

12496

12114

11701

11259

10794

10312
9819
9320
8823
8331
7849
7381
6930
6498
6086
5696
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637
637
637
637
637
637
638
638
638
638
638
638
638
639
639
639
639
639
639
639
639
639
639
639
639
640
640
640
640
640
640
640
640
640
640
640
640
640
640
640
640
641
641
641
641
641
641
641
641
641
641

FLOW
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PER DAY MON

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

9 SEP

9 SEP

9 SEP
10 SEP
10 SEP
10 SEP
10 SEP
10 SEP
10 SEP
10 SEP
10 SEP
10 SEP
10 SEP
10 SEP
10 SEP
11 SEP
11 SEP
11 SEP
11 SEP
11 SEP
11 SEP
11 SEP
11 SEP
11 SEP
11 SEP
11 SEP
11 SEP
12 SEP
12 SEP
12 SEP
12 SEP
12 SEP
12 SEP
12 SEP
12 SEP
12 SEP
12 SEP
12 SEP
12 SEP
13 SEP
13 SEP
13 SEP
13 SEP
13 SEP
13 SEP
13 SEP
13 SEP

STATION

HRMN

1800
2000
2200
0
200
400
600
800
1000
1200
1400
1600
1800
2000
2200
0
200
400
600
800
1000
1200
1400
1600
1800
2000
2200
0
200
400
600
800
1000
1200
1400
1600
1800
2000
2200
0
200
400
600
800
1000
1200
1400

MAX
MIN
AVE

TABLE 6-2 (CONT'D)

INDPEN LENPAH OOL-IN OOLOUT RELEASE
FLOW STAGE

FLOW

1251
1186
1127
1072
1021
974
930
889
850
813
778
745
714
684
655
628
602
577
554
531
509
489
469
450
432
414
397
381
366
351
337
323
310
298
286
274
263
253
243
233
224
215
206
198
190
182
175

11152
0
3323

FLOW

3198
2980
2779
2593
2422
2265
2122
1990
1869
1759
1657
1564
1478
1399
1325
1257
1194
1135
1080
1029
980
935
892
851
813
77
742
710
678
649
621
594
568
544
520
498
477
457
437
419
401
384
368
352
338
323
310

17118
0
5832

5326
4978
4651
4344
4058
3790
3541
3309
3095
2896
2713
2544
2388
2245
2112
1990
1878
1774
1678
1590
1507
1431
1360
1293
1231
1173
1118
1066
1018
972
928
887
848
811
776
742
710
680
651
623
596
571
547
524
502
481
461

28496

8503
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641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641
641

641
637
640

FLOW
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TABLE 6-2 (CONT'D)

STATION ALTONA FREDNA LENLOC OOLLOC
HRMN FLOW FLOW EXCESS EXCESS
PER DAY MON

1 5 SEP 800 0 0 0 0

2 5 SEP 1000 0 0 0 0

3 5 SEP 1200 157 394 1 1

4 5 SEP 1400 588 1453 0 0

5 5 SEP 1600 1200 2900 0 0

6 5 SEP 1800 1916 4509 0 0

7 5 SEP 2000 2703 5957 0 0

8 5 SEP 2200 3538 6915 0 0

9 6 SEP 0 4399 7280 0 0
10 6 SEP 200 5194 6876 0 0
11 6 SEP 400 5840 5984 0 0
12 6 SEP 600 6323 5127 0 0
13 6 SEP 800 6641 4393 0 0
14 6 SEP 1000 6784 3764 0 0
15 6 SEP 1200 6711 3225 0 0
16 6 SEP 1400 6352 2764 0 0
17 6 SEP 1600 5849 2368 0 0
18 6 SEP 1800 5382 2029 0 0
19 6 SEP 2000 4953 1739 0 0
20 6 SEP 2200 4557 1490 0 0
21 7 SEP 0 4194 1276 0 0
22 7 SEP 200 3859 1094 0 0
23 7 SEP 400 3551 937 0 0
24 7 SEP 600 3268 803 0 0
25 7 SEP 800 3007 718 0 0
26 7 SEP 1000 2767 690 0 0
27 7 SEP 1200 2546 663 0 0
28 7 SEP 1400 2343 638 0 0
29 7 SEP 1600 2156 613 0 0
30 7 SEP 1800 1984 589 0 0
31 7 SEP 2000 1826 566 0 0
32 7 SEP 2200 1680 544 0 0
33 8 SEP 0 1546 523 0 0
34 8 SEP 200 1423 503 0 0
35 8 SEP 400 1309 483 0 0
36 8 SEP 600 1205 464 0 0
37 8 SEP 800 1109 446 0 0
38 8 SEP 1000 1020 429 0 0
39 8 SEP 1200 939 412 0 0
40 8 SEP 1400 864 396 0 0
41 8 SEP 1600 795 381 0 0
42 8 SEP 1800 732 366 0 0
43 8 SEP 2000 676 352 0 0
44 8 SEP 2200 650 338 0 0
45 9 SEP 0 625 325 0 0
46 9 SEP 200 600 313 0 0
47 9 SEP 400 577 300 0 0
48 9 SEP 600 555 289 0 0
49 9 SEP 800 533 278 0 0
50 9 SEP 1000 512 267 0 0
51 9 SEP 1200 492 256 0 0
52 9 SEP 1400 473 246 0 0
53 9 SEP 1600 455 237 0 0
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TABLE 6-2 (CONT'D)

STATION ALTONA FREDNA LENLOC OOLLOC
HRMN FLOW FLOW EXCESS EXCESS
PER DAY MON

54 9 SEP 1800 437 228 0 0
55 9 SEP 2000 420 219 0 0
56 9 SEP 2200 404 210 0 0
57 10 SEP 0 388 202 0 0
58 10 SEP 200 373 194 0 0
59 10 SEP 400 359 187 0 0
60 10 SEP 600 345 180 0 0
61 10 SEP 800 331 173 0 0
62 10 SEP 1000 319 166 0 0
63 10 SEP 1200 306 159 0 0
64 10 SEP 1400 294 153 0 0
65 10 SEP 1600 283 147 0 0
66 10 SEP 1800 272 142 0 0
67 10 SEP 2000 261 136 0 0
68 10 SEP 2200 251 131 0 0
69 11 SEP 0 241 126 0 0
70 11 SEP 200 232 121 0 0
71 11 SEP 400 223 116 0 0
72 11 SEP 600 214 112 0 0
73 11 SEP 800 206 107 0 0
74 11 SEP 1000 198 103 0 0
75 11 SEP 1200 190 99 0 0
76 11 SEP 1400 183 95 0 0
77 11 SEP 1600 176 92 0 0
78 11 SEP 1800 169 88 0 0
79 11 SEP 2000 162 85 0 0
80 11 SEP 2200 156 81 0 0
81 12 SEP 0 150 78 0 0
82 12 SEP 200 144 75 0 0
83 12 SEP 400 139 72 0 0
84 12 SEP 600 133 69 0 0
85 12 SEP 800 128 67 0 0
86 12 SEP 1000 123 64 0 0
87 12 SEP 1200 118 62 0 0
88 12 SEP 1400 114 59 0 0
89 12 SEP 1600 109 57 0 0
90 12 SEP 1800 105 55 0 0
91 12 SEP 2000 101 53 0 0
92 12 SEP 2200 97 51 0 0
93 13 SEP 0 93 49 0 0
94 13 SEP 200 90 47 0 0
95 13 SEP 400 86 45 0 0
96 13 SEP 600 83 43 0 0
97 13 SEP 800 80 41 0 0
98 13 SEP 1000 77 40 0 0
99 13 SEP 1200 74 38 0 0
100 13 SEP 1400 71 37 0 0
MAX 6784 7280 1 1

MIN 0 0 0 0

AVE 1389 909 0 0
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OOLOGAH LAKE, OKLAHOMA

TABLE 7-6

ELEVATION-AREA-CAPACITY

STATION FILE NO. 07171300

BASED ON 1 MAY 1977 RESURVEY TABLE NO. 2
AREA IN 1000'S OF AC
ELEV 0 1 2 3 4 5 6 7 8 9
560 0.000 0.000 0.013 0.026 0.029 0.031 0.033 0.036 0.037 0.040
570 0.042 0.045 0.048 0.063 0.073 0.078 0.108 0.138 0.165 0.181
580 0.193 0.214 0.270 0.311 0.344 0.374 0.411 0.500 0.575 0.638
590 0.695 0.783 0.880 1.020 1.145 1.351 1.560 1.847 2.051 2.216
600 2.463 2.826 3.276 3.505 3.822 4.253 4.613 5.146 6.141 6.597
610 7.010 7.558 8.143 9.144 9.510 10.208 10.976 11.414 11.854 12.860
620 13.822 14.818 15.537 16.724 17.021 17.538 18.226 18.798 19.852 20.802
630 21.978 23.033 24.230 25.227 25.848 26.464 27.528 29.367 31.043 32.250
640 33.400 34.242 35.231 36.363 37.586 38.699 39.593 40.329 41.239 42.057
650 42.977 44.242 45.651 46.912 48.294 49.558 50.882 52.572 54.028 55.296
660 56.579 67.117 69.147 70.468 71.205 71.799 72.118 72.314 72.597 73.428
670 73.516 86.170 86.831 87.872 88.447 89.097 90.099 90.463 92.003 92.632
680 92.933 108.954 110470 111.142 111.305 111.532 111.712 112.402 112.862 113.914
690 114.407 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
CAPACITY IN 1000'S OF ACRE-FEET
ELEV 0 1 2 3 4 5 6 7 8 9
560 0.000 0.000 0.007 0.026 0.054 0.084 0.116 0.150 0.187 0.225
570 0.266 0.310 0.356 0.412 0.480 0.555 0.648 0.771 0.923 1.096
580 1.283 1.486 1.728 2.019 2.346 2.705 3.098 3.553 4.091 4.697
590 5.364 6.103 6.934 7.884 8.967 10.215 11.670 13.374 15.323 17.456
600 19.796 22.440 25.491 28.882 32.545 36.583 41.016 45.895 51.539 57.908
610 64.711 71.995 79.846 88.489 97.816 107.675 118.267 129.462 141.096 153.453
620 166.794 181.114 196.292 212.422 229.295 246.574 264.456 282968 302.293 322.620
630 344.010 366.516 390.147 414876 440.413 466.569 493.565 522.013 552.218 583.864
640 616.689 650.510 685.247 721.044 758.018 796.161 835.307 875.268 916.052 957.700
650 1000.217 1043.826 1088.773 1135.054 1182.657 1231.583 1281.803 1333.530 1386.830 1441.492
660 1497.430 1559.278 1627.410 1697.217 1768.054 1839.556 1911.514 1983.730 2056.186 2129.198
670 2202.670 2282.513 2369.014 2456.365 2544.525 2633.297 2722.895 2813.176 2904.409 2996.726
680 3089.509 3190.452 3300.164 3410.970 3522.194 3633.612 3745.234 3857.291 3969.923 4083.311
690 4197.472 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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OOLOGAH LAKE, OKLAHOMA ELEVATION-AREA-CAPACITY STATION FILE NO. 07171300
BASED ON 1 MAY 1977 RESURVEY TABLE NO. 2
CAPACITY IN 1000'S OF ACRE-FEET

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
560 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
561 0.000 0.000 0.000 0.001 0.001 0.002 0.002 0.003 0.004 0.005
562 0.007 0.008 0.009 0.011 0.013 0.015 0.017 0.019 0.021 0.024
563 0.026 0.029 0.031 0.034 0.037 0.039 0.042 0.045 0.048 0.051
564 0.054 0.057 0.059 0.062 0.065 0.068 0.071 0.074 0.077 0.081
565 0.084 0.087 0.090 0.093 0.096 0.099 0.103 0.106 0.109 0.112
566 0.116 0.119 0.122 0.126 0.129 0.132 0.136 0.139 0.143 0.147
567 0.150 0.154 0.157 0.161 0.165 0.168 0.172 0.176 0.179 0.183
568 0.187 0.190 0.194 0.198 0.202 0.205 0.209 0.213 0.217 0.221
569 0.225 0.229 0.233 0.237 0.241 0.245 0.249 0.254 0.258 0.262
570 0.266 0.270 0.275 0.279 0.283 0.287 0.292 0.296 0.301 0.305
571 0.310 0.314 0.319 0.323 0.328 0.332 0.337 0.342 0.347 0.351
572 0.356 0.361 0.366 0.371 0.376 0.382 0.388 0.393 0.399 0.405
573 0.412 0.418 0.424 0.431 0.438 0.444 0.451 0.458 0.465 0.472
574 0.480 0.487 0.494 0.502 0.509 0.517 0.524 0.532 0.540 0.547
575 0.555 0.563 0.571 0.580 0.589 0.598 0.607 0.617 0.627 0.637
576 0.648 0.659 0.670 0.682 0.694 0.706 0.718 0.731 0.744 0.757
577 0.771 0.785 0.799 0.814 0.828 0.843 0.859 0.874 0.890 0.906
578 0.923 0.939 0.956 0.973 0.990 1.007 1.024 1.042 1.060 1.078
579 1.096 1114 1.132 1.150 1.169 1.188 1.206 1.225 1.244 1.263
580 1.283 1.302 1.322 1.341 1.361 1.382 1.402 1.423 1.444 1.465
581 1.486 1.508 1.530 1.553 1576 1.600 1.625 1.650 1.675 1.701
582 1.728 1.755 1.783 1.811 1.839 1.868 1.897 1.927 1.957 1.988
583 2.019 2.050 2.081 2.113 2.146 2.178 2.211 2.244 2.278 2.312
584 2.346 2.381 2.415 2.451 2.486 2.522 2.558 2.594 2.631 2.668
585 2.705 2.743 2.781 2.819 2.858 2.897 2.936 2.976 3.016 3.057
586 3.098 3.139 3.182 3.225 3.269 3.314 3.360 3.407 3.455 3.504
587 3.553 3.603 3.655 3.706 3.759 3.812 3.867 3.921 3.977 4.033
588 4.091 4.148 4.207 4.266 4.326 4.386 4.447 4.509 4571 4.634

589 4.697 4.761 4.826 4.891 4.957 5.023 5.090 5.158 5.226 5.294
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OOLOGAH LAKE, OKLAHOMA

TABLE 7-6 (CONT'D)
ELEVATION-AREA-CAPACITY

STATION FILE NO. 07171300

BASED ON 1 MAY 1977 RESURVEY TABLE NO. 2
CAPACITY IN 1000'S OF ACRE-FEET

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
590 5.364 5.434 5.504 5.576 5.649 5.722 5.796 5.872 5.948 6.025
591 6.103 6.181 6.261 6.342 6.424 6.506 6.590 6.674 6.760 6.847
592 6.934 7.023 7.113 7.204 7.297 7.392 7.487 7.584 7.683 7.783
593 7.884 7.987 8.091 8.196 8.302 8.410 8.519 8.629 8.740 8.853
594 8.967 9.082 9.200 9.319 9.441 9.565 9.691 9.819 9.949 10.081
595 10.215 10.351 10.489 10.629 10.772 10.916 11.063 11.212 11.362 11.515
596 11.670 11.828 11.988 12.151 12.317 12.486 12.658 12.832 13.010 13.190
597 13.374 13.559 13.747 13.937 14.129 14.323 14.519 14.716 14.916 15.119
598 15.323 15.529 15.736 15.945 16.156 16.369 16.583 16.799 17.016 17.235
599 17.456 17.679 17.904 18.132 18.362 18.595 18.830 19.068 19.308 19.551
600 19.796 20.044 20.295 20.551 20.810 21.072 21.339 21.609 21.882 22.159
601 22.440 22.725 23.014 23.308 23.607 23.909 24.217 24.529 24.845 25.166
602 25.491 25.820 26.151 26.484 26.820 27.158 27.498 27.840 28.185 28.532
603 28.882 29.234 29.589 29.947 30.309 30.674 31.042 31.413 31.787 32.164
604 32.545 32.929 33.318 33.711 34.108 34.510 34.916 35.326 35.741 36.159
605 36.583 37.010 37.440 37.875 38.313 38.754 39.199 39.648 40.100 40.556
606 41.016 41.480 41.949 42.423 42.903 43.389 43.879 44.375 44877 45.383
607 45.895 46.415 46.944 47.484 48.033 48.592 49.162 49.741 50.330 50.929
608 51.539 52.155 52.776 53.401 54.031 54.666 55.305 55.949 56.597 57.250
609 57.908 58.569 59.235 59.905 60.579 61.258 61.940 62.627 63.317 64.012
610 64.711 65.415 66.124 66.839 67.559 68.285 69.016 69.752 70.494 71.242
611 71.995 72.754 73.518 74.289 75.065 75.847 76.635 77.429 78.229 79.034
612 79.846 80.665 81.494 82.334 83.183 84.042 84.912 85.791 86.680 87.580
613 88.489 89.405 90.325 91.249 92.176 93.107 94.041 94.980 95.921 96.867
614 97.816 98.771 99.732 100.701 101.676 102.658 103.648 104.644 105.647 106.658
615 107.675 108.700 109.732 110.772 111.820 112.875 113.938 115.009 116.087 117.173
616 118.267 119.367 120.471 121.580 122.693 123.810 124.932 126.058 127.188 128.323
617 129.462 130.606 131.754 132.906 134.063 135.224 136.390 137.560 138.734 139.913
618 141.096 142.287 143.487 144.698 145918 147.149 148.390 149.640 150.901 152.172
619 153.453 154.744 156.044 157.354 158.674 160.003 161.342 162.691 164.049 165.417
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OOLOGAH LAKE, OKLAHOMA

TABLE 7-6 (CONT'D)
ELEVATION-AREA-CAPACITY

STATION FILE NO. 07171300

BASED ON 1 MAY 1977 RESURVEY TABLE NO. 2
CAPACITY IN 1000'S OF ACRE-FEET

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
620 166.794 168.181 169.578 170.986 172.403 173.830 175.267 176.714 178.170 179.637
621 181.114 182.599 184.092 185.592 187.099 188.613 190.134 191.663 193.199 194.741
622 196.292 197.851 199.423 201.006 202.601 204.208 205.827 207.458 209.101 210.756
623 212.422 214.096 215.773 217.453 219.135 220.821 222.510 224.202 225.896 227.594
624 229.295 230.999 232.709 234.424 236.144 237.870 239.600 241.336 243.077 244.823
625 246.574 248.331 250.095 251.866 253.644 255.429 257.221 259.019 260.825 262.637
626 264.456 266.282 268.113 269.950 271.792 273.641 275.495 277.354 279.220 281.091
627 282.968 284.853 286.749 288.655 290.572 292.499 294.437 296.385 298.344 300.313
628 302.293 304.283 306.283 308.291 310.310 312.338 314.375 316.422 318.479 320.545
629 322.620 324.706 326.804 328.914 331.035 333.168 335.313 337.470 339.638 341.818
630 344.010 346.213 348.427 350.651 352.886 355.131 357.387 359.653 361.930 364.218
631 366.516 368.825 371.146 373.479 375.825 378.182 380.551 382.932 385.325 387.730
632 390.147 392575 395.013 397.461 399.919 402.387 404.865 407.352 409.850 412.358
633 414876 417.401 419.933 422472 425.016 427.567 430.124 432.687 435.256 437.831
634 440.413 443.001 445595 448.195 450.802 453.414 456.033 458.658 461.289 463.926
635 466.569 469.221 471.883 474556 477.240 479.934 482.639 485.355 488.081 490.818
636 493.565 496.327 499.107 501906 504.723 507.559 510.413 513.285 516.176 519.085
637 522.013 524.958 527.920 530.898 533.893 536.906 539.934 542.980 546.043 549.122
638 552.218 555.328 558450 561.585 564.731 567.890 571.061 574.243 577.438 580.645
639 583.864 587.095 590.337 593.591 596.856 600.133 603.421 606.721 610.032 613.355
640 616.689 620.033 623.386 626.747 630.116 633.494 636.881 640.275 643.679 647.090
641 650.510 653.939 657.378 660.827 664.286 667.755 671.233 674.722 678.220 681.728
642 685.247 688.775 692.315 695.867 699.430 703.004 706.589 710.186 713.794 717.413
643 721.044 724.686 728.341 732.008 735.687 739.378 743.082 746.797 750.525 754.266
644 758.018 761.782 765.558 769.344 773.142 776.950 780.770 784.601 788.443 792.296
645 796.161 800.035 803918 807.811 811.712 815.622 819.541 823.469 827.406 831.352
646 835.307 839.270 843.240 847.218 851.203 855.195 859.195 863.202 867.217 871.238
647 875.268 879.305 883.352 887.407 891.472 895.546 899.629 903.721 907.822 911.932
648 916.052 920.180 924.316 928.460 932.613 936.773 940.942 945119 949.305 953.498
649 957.700 961.910 966.129 970.358 974.596 978.843 983.099 987.365 991.640 995.923
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OOLOGAH LAKE, OKLAHOMA

TABLE 7-6 (CONT'D)
ELEVATION-AREA-CAPACITY

STATION FILE NO. 07171300

BASED ON 1 MAY 1977 RESURVEY TABLE NO. 2
CAPACITY IN 1000'S OF ACRE-FEET

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
650 1000.217 1004.521 1008.837 1013.167 1017.509 1021.863 1026.230 1030.610 1035.003 1039.408
651 1043.826 1048.257 1052.703 1057.162 1061.636 1066.123 1070.625 1075.141 1079.671 1084.215
652 1088.773 1093.344 1097.928 1102.525 1107.134 1111.756 1116.390 1121.037 1125.697 1130.369
653 1135.054 1139.752 1144.464 1149.190 1153.929 1158.683 1163.450 1168.231 1173.026 1177.835
654 1182.657 1187.493 1192.341 1197.202 1202.076 1206.962 1211.861 1216.773 1221.697 1226.634
655 1231.583 1236.546 1241.521 1246.510 1251.512 1256.528 1261.556 1266.598 1271.653 1276.721
656 1281.803 1286.900 1292.013 1297.144 1302.291 1307.455 1312.636 1317.835 1323.049 1328.281
657 1333.530 1338.795 1344.074 1349.367 1354.675 1359.998 1365.335 1370.687 1376.054 1381.435
658 1386.830 1392.239 1397.661 1403.096 1408.543 1414.003 1419.475 1424.960 1430.458 1435.969
659 1441.492 1447.028 1452.577 1458.139 1463.713 1469.300 1474.901 1480.514 1486.140 1491.778
660 1497.430 1503.140 1508.956 1514.877 1520.904 1527.036 1533.274 1539.617 1546.065 1552.619
661 1559.278 1566.000 1572.742 1579.504 1586.287 1593.090 1599.913 1606.757 1613.621 1620.505
662 1627.410 1634.331 1641.266 1648.213 1655.174 1662.148 1669.136 1676.136 1683.150 1690.177
663 1697.217 1704.268 1711.325 1718.391 1725.463 1732.543 1739.631 1746.725 1753.827 1760.937
664 1768.054 1775.177 1782.307 1789.442 1796.583 1803.730 1810.883 1818.043 1825.208 1832.379
665 1839.556 1846.737 1853.922 1861.110 1868.301 1875.495 1882.693 1889.893 1897.097 1904.304
666 1911.514 1918.727 1925.942 1933.158 1940.377 1947.598 1954.820 1962.045 1969.271 1976.500
667 1983.730 1990.963 1998.199 2005.437 2012.678 2019.922 2027.169 2034.419 2041.672 2048.927
668 2056.186 2063.449 2070.722 2078.002 2085.291 2092.588 2099.893 2107.207 2114.529 2121.859
669 2129.198 2136.541 2143.885 2151.230 2158.576 2165.923 2173.271 2180.619 2187.969 2195.319
670 2202.670 2210.085 2217.626 2225.294 2233.089 2241.010 2249.057 2257.232 2265.532 2273.959
671 2282.513 2291.133 2299.760 2308.394 2317.034 2325.681 2334.334 2342.994 2351.661 2360.334
672 2369.014 2377.702 2386.401 2395.110 2403.829 2412.559 2421.300 2430.050 2438.812 2447.583
673 2456.365 2465.155 2473.951 2482.753 2491.560 2500.373 2509.192 2518.016 2526.847 2535.683
674 2544525 2553.373 2562.227 2571.088 2579.955 2588.829 2597.710 2606.597 2615.490 2624.390
675 2633.297 2642.211 2651.136 2660.071 2669.016 2677.970 2686.935 2695.910 2704.895 2713.890
676 2722.895 2731906 2740.922 2749.941 2758.963 2767.990 2777.020 2786.053 2795.090 2804.131
677 2813.176 2822.229 2831.299 2840.384 2849.484 2858.600 2867.731 2876.877 2886.039 2895.216
678 2904.409 2913.612 2922.822 2932.038 2941.260 2950.489 2959.724 2968.965 2978.212 2987.466
679 2996.726 3005.991 3015.259 3024.529 3033.803 3043.080 3052.360 3061.642 3070.928 3080.217
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TABLE 7-6 (CONT'D)
ELEVATION-AREA-CAPACITY

STATION FILE NO. 07171300

BASED ON 1 MAY 1977 RESURVEY TABLE NO. 2
CAPACITY IN 1000'S OF ACRE-FEET

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
680 3089.509 3098.882 3108.416 3118.109 3127.964 3137.978 3148.152 3158.487 3168.982 3179.637
681 3190.452 3201.355 3212.273 3223.207 3234.155 3245.119 3256.097 3267.091 3278.100 3289.125
682 3300.164 3311.214 3322.271 3333.335 3344.406 3355.483 3366.567 3377.658 3388.755 3399.859
683 3410.970 3422.085 3433.202 3444.320 3455.440 3466.562 3477.685 3488.809 3499.936 3511.064
684 3522.194 3533.325 3544.459 3555.595 3566.734 3577.875 3589.017 3600.163 3611.310 3622.460
685 3633.612 3644.766 3655.922 3667.080 3678.239 3689.401 3700.564 3711.729 3722.895 3734.064
686 3745.234 3756.409 3767.590 3778.779 3789.974 3801.176 3812.385 3823.602 3834.825 3846.054
687 3857.291 3868.534 3879.781 3891.032 3902.289 3913.550 3924.815 3936.085 3947.360 3958.639
688 3969.923 3981.215 3992.517 4003.829 4015.152 4026.486 4037.830 4049.184 4060.549 4071.925
689 4083.311 4094.705 4106.104 4117.508 4128.916 4140.330 4151.749 4163.171 4174.600 4186.033
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Other names for Projects

Location

Type of Project

Objectives of regulation

Project Owner

Operating Agency

Regulating agency

Water supply contracts

Water rights

Project cost

Closure date

1. GENERAL INFORMATION

None

Arkansas River Basin, Verdigris River, river
mile 90.2, State of Oklahoma.

Dam and Lake

Multipurpose - Flood control, water supply,
navigation, fish and wildlife, recreation and
streamflow aesthetics

U.S. Government

U.S. Army Corps of Engineers. The working
hours of operation for weekdays are 7:00 a.m.
to 4:30 p.m.; working hours for weekends,
holidays, and nights vary but generally are the
same as weekdays; working hours during flood
emergency conditions are 24 hours a day.

U.S. Army Corps of Engineers

Currently, there are nine contracts totaling
327,005 acre-feet. The remaining 15,595
acre-feet are not under contract.

Water rights have been granted in the
Verdigris River basin between Oologah Dam
and the Arkansas River in the amount of
73,030 acre-feet. Releases may be required
from Oologah Lake to meet some of these
water rights.

$46,655,000
The project was placed in operation on
May 15, 1963. The construction for ultimate

development was completed and final storage
began January 13, 1971.
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2. LAKE INFORMATION

ELEVATIONS, AREAS, AND STORAGES:

Lake Capacity Outlet Works

Feature Elevation Lake Area® | Accumulative® | Incremental | Runoff® and Spillway
(feet NGVD) (acres) (Acre-feet) (Acre-feet) (inches) Capacity
(cfs)

Top of Dam 687.0 112,402 3,857,292 929,862 7.41
Maximum Pool 678.25 92,160 2,927,430 1,015,915 8.10 264,700
Top of Surcharge Pool 666.0 72,118 1,911,515 352,236 2.81 160,200
Top of Flood Control Pool 661.0 67,117 1,559,279 942,589 7.51 122,500
Spillway Crest 640.0 33,400 616,690 64,455 0.51 30,800
Top of Conservation Pool 638.0 31,043 552,235 545,300 4.35 30,300
Top of Inactive Pool 592.0 880 6,935 6,935 0.06 13,000
Flood Control Storage 638.0-661.0 1,007,060 8.02
Conservation Storage 592.0-638.0 545,300 4.35
Streambed at Dam 550.0

(1) Based on 1977 sedimentation survey.

(2) One inch of runoff equals 125,493 acre-feet, based upon 2,353 square miles of
uncontrolled area.

(3) Includes 342,600 acre-feet for water supply (154 mgd yield), 168,000 acre-feet for
navigation (81.3 mgd yield), and 34,700 acre-feet for sediment storage.

MAXIMUM FLOODS PAST THE DAM SITE

Date Peak Flow Volume _ Runoff
(cfs) (Acre-feet)  (inches)(1)
May 8 - Jun 2, 1943 138,000 2,179,000 9.42
Sep 26 - Oct 21, 1986 97,500 2,144,000 9.26
Jun 20 - Jul 25, 1951 63,500 1,936,000 8.37
May 1 - Jun 15, 1995 80,000 1,905,000 8.23
May 17 - Jun 26, 1957 38,000 1,719,000 7.43
Apr 9 - 29, 1927 65,500 1,501,000 6.49
May 1 - 14, 1961 123,000 1,186,000 5.12

(1) One inch of runoff equals 231,413 acre-feet, based upon
4,339 square miles of total drainage area.
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Real estate taking line

Real estate taking line

Range of clearing

Pool elevation
corresponding to
discharge capability

of maximum nondamaging
flow rate downstream

Reservoir length at top
of conservation pool

Shoreline length at top
of conservation pool

Safety aspects, possibly
requiring warning

The fee taking line is semi-blocked for fee title
perimeter to elevation 655.0 and contains
50,150 acres

Flowage easements were acquired for
easement in the flat pool area above the fee
taking line to elevation 664.0. In the upper
reaches the flowage easement is to the
elevation of the backwater envelope curve for
a 50-year flood after 50 years of
sedimentation. This contains 15,119 acres.

Lower limit - elevation 608.0

Upper limit - above Winganon bridge,
elevation 641.0; belowWingnon bridge,

638.0.

The nondamaging channel capacity
immediately below Oologah Dam is
estimated to be 30,000 cfs This flow
rate can be discharged when the lake
level is at elevation 636.0 and above.

35 miles

209 miles

Some campsites and access roadswill be
inundated at elevation 740.0 (about 1-yr flood
frequency). At elevation 652.5 (about 5-yr
flood frequency), all access roads to recreation
areas would be inundated. The Project
Manager will make every effort to inform
campsite users when roads and campsites are
closed. When water is released for flood
control purposes, a horn will sound.

A-3



Emergency drawdown

Drainage area

Spillway design flood

Max. water surface
elevation

Peak inflow
(into full pool)

Total storm runoff
(into full pool)

Volume (into full pool)

Maximum outflow
(full flood control
pool at beginning of
spillway design flood)

Flood duration

Oologah Lake has 7 - 40' x 21' tainter gates
with a spillway crest at elevation 740.0. The
dam also has two 19' diameter conduits,
controlled by four 9' x 19' vertical lift gates,
with an invert elevation of 565.0. All water in
the reservoir can be emptied through the
conduits. The minimum time required to empty
when the water level is at the top of the
conservation pool is 12 days. The total time
required to empty the lake from the top of the
flood pool would be 21 1/2 days. The times
required to empty given above are based on
no inflow.

3. HYDROLOGY

The total drainage area above Oologah Lake
is 4,339 square miles. The uncontrolled
drainage area below the upstream lakes is
2,353 square miles.

678.25
473,000 cfs

15.87 inches
3,671,600 acre-feet

265,100 cfs

14 days



Standard Project Flood

Maximum water
surface elevation

Peak inflow
(into full pool)

Total runoff
(natural channel
flow)

Volume (natural channel

flows)

Maximum outflow
(full flood control
pool at beginning of

standard project flood)

Flood duration

Climate

One inch runoff

Storm types

Flood season

Low flow season

Minimum daily flow*

Minimum monthly flow*

667.54

236,500 cfs

7.93 inches

1,835,800 acre-feet

172,200 cfs

14 days

Moderate

231,413 acre-feet for 4,339 square miles and
125,493 acre-feet for the uncontrolled area of
2,353 square miles.

Primarily thunderstorms

Primary flood period March through July with a
secondary period September through
November; however, floods are possible in any
month of the year.

Primarily August, September, December
through February; however, low flow can occur
at any time of the year.

1 cfs (numerous occurrences)

61 acre-feet (December 1976)
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Minimum annual flow* 49,429 acre-feet (1956)

Average annual flow* 2,100,983 acre-feet

Maximum daily flow* 100,206 cfs (October 6, 1986)

Maximum instantaneous flow 123,000 cfs (May 10, 1986)

Maximum monthly flow* 1,646,908 acre-feet (May 1943)
Maximum annual flow* 5,460,238 acre-feet

Maximum flood volume 2,179,000 acre-feet (8 May-2 June 1943)

* (Based on 1940-1986 period of record with Toronto, Fall River, and Elk City lakes in
operation from SUPER RUN A88X01.)

Name and location of key Independence and Lenapah gages are

streamflow stations located on the Verdigris River above Oologh
Dam at river miles 194.3 and 144.6,
respectively. The Claremore gage is on the
Verdigris River below Oologah Dam at river
mile 76.0. The Van Buren gage is on the
Arkansas River below Oologah Dam at river

mile 308.9.
Type of hydrometeorologic Maximum and minimum air temperature,
data recorded at damsite recording and standard rainfall gages,

evaporation pan, anemometer, pool elevation
(recording and staff) and tailwater elevation
(recording and staff).

Number of precipitation 33 recording and 1 non-recording.
stations used in hydrologic
forecasting of Oologah Lake

Number of sediment ranges 44
Number of degradation 5
ranges
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4. EMBANKMENTS

Location Verdigris River at river mile 90.2

Purpose Protection of agriculture lands and rural and
urban structures, against loss of life and
property, water supply, navigation, recreation,
and fish and wildlife.

Type Nonoverflow embankment
Type of fill Rolled earthfill with impervious earth core
Slope protection Riprap upstream and grassed on downstream
Height 137 feet above streambed
Length 4,000 feet
Top elevation 687.0 feet
Design flood May 6-12, 1943 storm increased 34

percent.
Freeboard 8.75 feet above maximum pool elevation
Used for roadway Yes, Oklahoma Highway 88 crosses the

embankment and spillway with a 24-foot wide
asphalt roadway

Elevation of streambed 550.0
5. SPILLWAY
Location 2 miles east of main embankment
Type Gated cc_)ntrolled spillway, gravity
ogee weir
Crest elevation 640.0
Net overflow length 280 feet
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Number, type, and size 7 - 40' x 21' tainter gates operated

gates by individual electric powered hoists.

Top of gate elevation 661.0

Induced surcharge 5 feet

Design head 28 feet

Maximum discharge capacity 232,600 cfs

Type energy dissipator None

Time required to Gates raise or lower separtely at a rate of 1
open/close tainter gates foot per minute.

Type emergency closure Diesel powered generating unit is

located at project.

Spillway activation The tainter and conduit gates, except for
periodic maintenance, are activated only
during flood conditions. During normal
conditions, all discharges including low flow
requirements are released through the low flow
conduit.

6. NONOVERFLOW DIKE

Location 1/2 mile east of spillway
Type Nonoverflow rolled earth levee
Type of fill Impervious random fill with an

impervious core.

Slope protection Grass on lake side and grass on
downstream side

Height (maximum) 30 feet

Length 3,330 feet
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Top elevation
Design flood

Freeboard

a. Conduit
Location
Purpose
Type of outlet

Number and size
of gates

Type of service gates
Entrance invert elevation

Discharge at pertinent
elevations

Minimum pool elevation
when inoperative

Minimum time
required to open or
close service gates

685.0

Same as main embankment

6.75 feet

7. OUTLET FACILITIES

Through main embankment
Flood control releases
Two circular conduits

4 -9'x19' gates

Hoist operated tractor gates
565.0

Bottom of conservation pool (592.0) -
elevation 13,000 cfs

Top of conservation pool (638.0) -
30,300 cfs

Top of flood control pool (661.0) -
35,000 cfs (tainter gates closed)

Top of maximum pool (678.25) -
32,100 cfs (tainter gates open)

565.0

Average time is 78 minutes from
completely closed to completely
opened positions for all four gates.
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Type of emergency closure

Type energy dissipator

. Low flow
Location

Type and site of
outlet

Type of gate

Entrance invert
elevation

Capacity at top
of conservation pool

. Water supply
Location

Number, type and
size outlet

Type service gate

Entrance invert
elevation

. Claremore gage

Location

Purpose

One auxiliary gate operated by gantrycrane.

Two rows of baffle blocks in tandem
arrangement with a sloped endsill.

Dividing pier between conduits

Circular 48-inch conduit

48" butterfly valve

574.5

550 cfs

In the intake structure

One 66" circular conduit

Slide gate

565.0

8. CONTROL POINTS

At river mile 76.0 on the Verdigris River, near
left bank on downstream side of bridge on
State Highway 20, west of Claremore

Measure stage and serve as control point for
flood releases from Oologah Lake
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Channel description

Drainage area

Target flow rate

Time of crest travel

from Oologah Dam to gage
Description of equipment
Zero of gage

. Van Buren Gage (Arkansas River)

Location

Purpose
Channel description

Drainage area

Target flow rate

Time of water travel

from Oologah dam to gage

Description of equipment

Zero of gage

Channel banks are high and covered
with vegetation. Streambed is rock.

6,534 square miles

Operating stage is 35 feet, 42,000 cfs (current
rating)

Approximately 6 hours

Water-stage recorder with a sutron DCP

Elevation 538.62

At river mile 308.7 on Arkansas River, in Dam
No. 13 control house onright bank

Provide river stage data for flood control
Channelized and stabilized

150,547 square miles of which 22,241 is
probably noncontributing

Bankfull stage is 22.0 feet, 105,000 cfs
(current rating)

48 hours (approximate)
Water-stage recorder with a Sutron
DCP

Elevation 372.36
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EXHIBIT B

WATER SUPPLY CONTRACTS

OOLOGAH LAKE



WATER STORAGE CONTRACT
BEETWEEN THE UNITED STATES OF AMERICA
AND
RURAL WATER DISTRICT NO. 3, WASHINGTON COUNTY, OKLAHOM2
FOR
WATER STORAGE SPACE IN OQLOGAH LAKE

THIS CONTRACT, entered inteo this _ 13t day of Hay
1¢_92 , by and between THE UNITED STETES OF AMERICA (hereinafter
called the "Government"} reprasented hy the Contracting Officer
executing this contract, and RURAL WATER DISTRICT No. 3,
WASHINGTCON COUNTY, OKLAMOMA (hereinafter caljed the "User');

WITHESSETH THAT:

WHEREZS, pursuant teo Pubklic Law 7&1, 75th Congress, 3d
Session approved 28 June 1538, as amended by the River and Harbor
Aot approved 24 July 1946, (Public Law 525, 72th Congress, 34
Session) and Section 7% of the Water Resturces Development ket of
1974 (Pubklic Law 93-251), approved 7 March 1874 the Government
has constructed and is operating and maintaining Oclogah Lake on
the vVerdigris Riwver, Oklahoma, (hereinafter called the "Pro-
ject"); and,

WHEREAS, the User desires to contract with the Government
for the use of storage included in the Project for municipal and
industrial water supply, and for payment of the cost thereof in
accordance Wwith the provislions of the Water Supply Act of 1558,
as amendad (43 U.§5.C. 380k-f, et se2g.}; and,

WHEREAS, the User is empowered to contract with the Govern-
ment and is vested with all necessary powers of accemplishment of
the purpeses of this contract;

NOQW THEREFORE, the Government and the User agree as follows:

ARETICLE 1 - Water Storage Space.

a. Project Constructicn. The Government, subject teo the
directiens ©f Federal law and any limitations imposed therehby,
has designed and constructed the Project so as o include therein
space for the storage of water by the User.

k. Rights of Usger.

{1} The User shall have the right to utilize an
undivided 0.817 percent (estimated to contain 4,170 acre-feet
after adjustrnent for sediment deposits) of the usable storage
space in the Project between elevaticns 638.0 feet National
Geodetic Vertical Datum and 592.0 Naticnal Gecodetic Vertical
Datum, which usakle conservation storage space 15 estimated to
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contain 510,600 acre-~feet after adjugtment for sediment deposits,
This storage space is to be used to impound water for present
demand or need for muniecipal and industrial water supply.

{2) The User shall have the right to withdraw water
from the lake, or to order releases to be made by the Government
through the ocutlet works in the Dam, subject to the provisions of
Article 1lc and to the extent the aforesaid storage space will
provide; and shall have the right to construct all such works,
plants, pipelines, and appurtenances as may be hacessary and
convenient for the purpose of diversion or withdrawals, subject
to the approval of the Contracting officer as to design and
location. The grant of an easement for right-of-way, across, in
and upon land of the Government at the Project shall be by a
separate Instrument in a form satisfactory to the Secretary of
the Army, without additional cost te the User, under the authori-
ty of and in accordance with the provisions of 19 V.5.T. 2682 and
such cother authorities as may be necessary. Subject to the
conditions of such easement, the User shall have the right to use
so ruch of the Project land as may reasonably be reguired in the
exercise of the rights and privileges granted under this con-
tract.

¢. Rights Reserved. The Government reserves the right to
control and use all storage in this Project in accordance with
autherized Project purposes. The Government further reserves the
right to take such measures as may be Tnecessary in the operation
cf the Project to preserve life andfor property, including the
Tight not to make downstreshn releases during such periods of time
as are deemed necessary, in its sole discretion, to inspect,
maintain, or repalr the Project.

d, Quality or Availability of Water, The Uszser recognizes
that this contract provides storage space for raw water only.
The Government makes no representations with respect to the
quality or availabkility of water and assumes no responsibility
therefor, or for the treatpnent of the water.

a. Sedirmentation Surveys.

(1) Sedimentaticn surveys will be made by the
Contracting Officer during the term of this contract at
intervals not to exceed fifteen (15} yvears unless the Con-
tracting Officer determines that such surveys are
unnecessary or funds are not available to perform the
surveys. When, in the opinion of the Contracting Officer,
the findings of such survey indicate any Project purpose
will be affected by unanticipated sedimentation
distribution, there zhall he an eguitable redistribution of
the sediment reserve storage space ameonyg the purposes served
by the Project including municipal and industrial water
supPly. The total avallable remaining storage space in the

2
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Project will then be divided among the various Project
features in the same ratic as was initially utilized.
adjusted pool elevations will be rounded to the nearest one-
half foot. Such findings and the storage space allocated to
municipal and industrial water supply shall bhe defined and
described as an exhibkit which will be made a part of this
contract and the reservoir regulaticnh manual will be
modified accerdingly.

{2} The Government assumes no responsibility for
deviations from estimated rates of sedimentation, or the
distribution thereof. Such deviations may cause unegual
distribution of sediment reservoir storage greater than
estimated, and/or encroachment on the total storage at the
Project.

ARTICLE 2 - Regulation of and Right to Use of Water. The regula-
tion of the use of water withdrawn or released from the aforesaid
storage space shall be the sole responsibility of the User. The
User has the full respeonsibility to acquire in accordance with
State laws and regulations, and, if necessary, to establish or
defend, any and all water rights needed for utilization of the
storage provided under this contract. The Government shall not
be responsible for diversions by others, nor will i1t become a
party to any controversies involving the use of the storage =pace
by the User except as such controversies may affect the
operations of the Project by the Government.

ARTICLE 3 - Operaticon and Maintenance. The Government shall
operate and maintain the Preoject and the User shall pay to the
Government a share of the c¢osts of such operation and maintenance
as provided in Artigle 5, The User shall be responsible for
operation and maintenance of all installations and facilities
which 1t may construct for the diversion or withdrawal of water,
and shall bear all costs of construction, operation and
maintenance of such installations and facilities.

ARTICLE 4 - Measurement of Withdrawals and Releases. The User
agrees to furnish and install, without cost to the Government,
suitable meters or measuring devices satisfactory to the
Contracting Officer for the measurement of water which is
withdrawn from the Project by any means other than through the
Project outlet works. The User shall furnish to the Government
monthly statements of all such withdrawals. Prior to the
construction of any facilities for withdrawal of water from the
Project, the User will chtain the Contracting officer's approval
of the design, location and installation of the facilities
including the meters or measuring devices. 8Such devices shall be
available for inspection by Government representatives at all
reasconable times. Releases from the water supply storage space
through the Project cutlet works shall be made in accordance with
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written schedules furnished by the User and approved by the
Contracting Officer and shall be subject to Article 1lc. The
measure of all such releases shall be by means of a rating curve
of the outlet works, ¢or by such other suitable means as may be
agreed upon prior to use of the water supply storage space.

ARTICLE 5_- Paymepts. In considsration of the right to utilize
the aforesaid storage space in the Project for municipal and
industrial water supply purposes, the User shall pay the
following sums to the Government:

a. Project Investment Costs.

(1) The User shall repay to the Government, at the
times and with interest on the unpaid balance as hereinafter
specified, the amounts stated below which, as shown in
Exhibit "B" attached to and made a part of this contract,
constitutes the entire actual amount of investment costs,
including interest during construction, allocated to the
water storage right acquired by the User under this
contract. The interest rate to be used for purpeoses of
computing interest during construction and interest on the
unpaid kalance will be the coupon rate as determined by the
Secretary of the Treasury on the basis set forth in the
Water Supply Act of 1858, Title IITI of PL 85-500. For the
ultimate develcpment stage of the Project, construction of
which was initiated in Fiscal Year 1967 this interest rate
is 3.22%5 percent. The User shall repay:

1.217 percent of the total Project joint-use

construction costs, % 124,365
Interest during construction, S5 10,4413

Total amount of Project investment costs
allocated to the User % 134,808

{2} The Project investment costs allocated to the
storage space indicated in Article 1{(b){1) as being provided
for present demand is $134,808, on the basis of the costs
presented in Exhibit "B". The amount of the Project invest-
rent costs allocated to the storage for present demand shall
be paild within the life of the Project in not to exceed 30
years from the date the first contract for water supply
storage space in the Project was approved by the Secretary
of the Army, 2 April 1%82. The payments shall be made in
ggual consecutive annual installments, the first of which
shall be due and payable within 30 days after the User is
notified by the Contracting Officer of the approval of this
contract by the Secretary of the Army. Annual installments
thereafter will be due and payable on the anniversary date
of the date of notification. Except for the first payment

4
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CONTRACT BETWEEN THE UNITED STATES OF AMERICA
AND
TOWKX OF CHELSEA, OKLAHOMA
FOR /5/ 2 bfn Y2

WATER STORACE SPACE IN (OLAGAH LAKY

THIS COKTRACT, entered into this day of 80 APR 3019 gy
and between THE UNITED STATES OF AMERICA (hereinafter called the
"Government”) represented by the Contracting Officer executing this
contract, and the TOWH OF CHELSEA, OKLAHOMA, (hereinafter called the
TIUSE.T..I};

WITHESSETH THAT:

WIFREAS, pursuant to Public Law 76l, 7ith Congress, 3d Session
approved 28 Junc 1938, as amended by the River and Harber Act approved
24 July 1%46, {Public Law 525, 79th Congress, 3d Session)] and Section 79
of the Water Kesources Development Act of 1974 (Public Law 93-2313,
approved 7 March 1974 the Government has constructed and is operating
and maintairing Oclogah Lake on the Verdigris River, Oklahoma,
{hereinafter called the "Project"); and

WHEREAS, the User desires to contract with the Government far the
use of storage included in the Preject for future municipal and industrial
water supply, and for povment of the cost thersof ip accordance with
the provisions of the Water Supply Act of IB38, as amended (43 USC
3905L-F); and

WHEREAS, the User is empowered se to contract with the Government
and is vested with all necessary powers for avcomplishment of the

purposes of thls contract;

¥0W, THEREFORE, the Government and the User agree as follous:

ARTICLE 1 - Watcr Storage Space.

{a} Projesrt Construction. The Governoent, subject te the directiaons
of Federal law and any limitations imposed thereby, has constructed thne
Project so as to inclode therein space for the storage of water by tie
User.

{b} Rights of Uscr.

i1 The User shall have the right te utilize an undivided
0.300 percent (estimated to contain 1,330 acre-feet after adjustment for
gsediment deposits) of the total storage space in the Project between
elovations B38.0 feet above mean sea level and 5%2.0 feet ahove mean sea
level, which total storage space is estimated to contain 510,600 acre-
feet after adjustment for sediment deposits., This storage space is to
be used to impound water for future demand or need {for wmunicipal and



industrial water supply. 43.79 percent (an estimated &70 mcre-feet) of
the space which User has a right to utilize is designated as Storage
Space No. 1 and 56,21 percent (an estimated 860 acre-feet) is designated
&5 Jrorage Space Wo. 1,

{2} The User shall have the right to withdraw water from the
lake, or to sorder releasce to be made by the Government through the
outler works in the Dam, subject to the provisions of Article 1(c) and
to the extent the aforesald ztorage space will provide; and shall have
the right to eemstruct all such works, plants, pipelines, and appliances
as may be necessary and convenient for the purpese of diversion or
withdrawals, subject to the approval of rhe Contracting Officer as to
design and locatien. The grant of an easement for right-of-way, across,
1n and upon land of the Govermment at the Project shall be by a separate
instrument in a form satisfactory to the Secretary of the Avmy, withoug
addirional coat te the User, under the authority of and in aceordance
with the provisfons of 10 U3C 2669, Subject to the condictiens of such
easement, the User shall have the right fo use so wuch of the Project
land as may reasonably be required in the exercise of the rights and
privileges herein granted.

{c) Rights Reserved, The Government reserves the right to maintain
at all times minimum downstream releases through the gates or spillway
of the dam to meer established water rights. The Government further
reserves the right to take such measures as may be nécessary in the
operatien of the Project to preserve life or property, including the
right aot to meke downatresw TYelesses duriog such periods of time as is
deemed necessary, In Its sele discretion, to Inspect, maintain, or
repalr the Project.

{(d) Quality or Availability of Water. The Uset recogniges that
this contract provides storage space for raw water only. The Government
makes N0 representations with respect to the quality or availability of
water and assumes No responsibility therefor, or for the treatment of
the water.

ARTICLE 2 - Regulation of and Right to Use of Water. The regulation of
the use of water withdvawn or released from the aforesaid BLOTAZE GLAte
shall be the sole responsibilicy of the User. The User has the full
responsibilicy te acquire inm accordance with state iaws and regulations,
and, 1f necessary, to establish or defend, any and all water rights
needed for utilization of the storage provided under this contract. The
Government shall not be responsible for diversions by others, nor will
i1t become a party to any conttroversies involving the use of the storage
space DY the User except as such controversles may affect the operations
ot the Government.

ARTICLE 3 - Operation and Maintenance., The Government shall operate and
maintain the Project and the User shall pay to the Govermnment a share of
the costs of such operation and malntenance as provided in Article 5.
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The User ahall be responsible for operation and maintenance of all
installations and facilities which it may construct for the diversion or
withdrawal of water, and shall bear all costs of construction, operation,
and maintenance of such installations and facilicies.

ARTICLE 4 - Measurement of Withdrawals and Releases. The User aprees Lo
furnish and install, without cost of the Govermment, suitable meters or
measuring devices satisfactory to the Contracting Officer for the
measurement of water which Is withdraun from the Project by any meana
other than through the Project sutlet works. Prior to the conetruction
of any facilities for withdrawal of water, the User will obtain the
Contracting Officer's approval of the design, location, and Installation
of the facilities including the meters or measuring devices. Such
devices shall be available for imnspection by Government representatives
at all reasonable times. The User shall furnish to the Government
monthly statements of all such withdrawals. Releases from rhe water
supply storage space through the Project outlet works shzll be made jn
accordance with written schedules furnished by the User and approved by
the Contracting Officer and shall be subject to Article 1{¢). The
measure of all such releases shall be by means of a rating curve of the
autlet works, oT by such other suitable means as may be agreed upon
prior to use of the water supply storage gpace.

ARTICLE 5 - Payments. In consideration of the right to utilize the
aforesaid storage space In the Froject for municipal and industrial
water supply purposes, the User shall pay the following sums to the
Government:

{a} Project Investment Costs.

{1} The User shall repay te the Government, at the times and
with interest on the unpaid balance as hereinafter specified, the amount
which, as shown in Exhibit "A" attached to and made a pare of this
contract, constitutes the entire actual amount of the construction
costs, Ineluding interest during construction, allocated to the water
storage right aeguired by the User under thia contract. The interest
Tate to be used for purposes of computing interest during comstruction
and interest en the unpaid balance was determined by che Secretary of
the Treasury as of the beginning of the fiscal year in which construction
of the Project was initiared, on the basis set forth im the Water Supply
Act of 1958, as amended, For the Project, this interest rate is 3.225
percent, The User shall repay:

0.105 percent of the total Project jolnt-use

construction costs 545,527
Interest during comstruction $ 3,848

Total amount of Project
investment costs allocated to
water supply 349,375
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COMTRALT BETWEEX TEE UHITEL 5TATES CGF AMEFICA

ANL
FURAL WATEIF LISIRICT KDL 3, ROGERE CCUNTY, OFLAHCMA
FCR
— WAIER STORMGE SBPACE 1N GDLCGAY 1AKE
THIS CONTRACT, e¢ntered into this day cf B4 5EP 2 5. +9 _, by and

-

butween THE LHITEL STATES OF AMERICA {hereinafter called the "Government')
Tepresented by the Contracting Qfficer sxecutirg thie contract, and RURAL
WATER LIS1RICT KO. 3, BOGERS COUTTY, OELAHDMA (hereirsiter called the
Meor");

S WITHESSETH THAT:

WHEREAS, the Act of Corngress approved 28 Juvre 1938 {Public Law 761, 75tt

" Gonpress, 3d Sesaion), on azended by the River ard Hetbor Act approved

28 July 1946 (Public Law 325, 79tk Corgress, 3d Sessionl, autheorized the
cuonklruction, operation, ard oaintenance of the Jologah Lake or the

Verdigris River, Olahoma, [hereinafrer called the "Project'’; and
4 » ]

WiERLAS, the Pro‘ect hay been operating under the initiai stace of
deve lopnent, defined am top of fiood contrcl pool at elevetion 651.0 feet
abwove 2osr ses level, and 5 now operated urder rhe ultizare erage of
deve.opment, defined as top fleod contrcl goel ot elevation of 661.0 feet
above mean gea level) and

WHEREAS, therw ie now in full force and effect batwean the parties
herere Contract Koo DA-S4-066-CIVENG-65- 190G, spproved on 25 Janucary 1966,
whichh muthorizes the User to utilize 30T mcie-feet of storage to provide »
crpenvatle yieid of 500 acre-feet per year in the initial stage of
developeent of the Qologah Lake as & scuree of Dunicipel end incostrial
wuter supply; arc

VAEREAS, the exiaiting contract provides that, wpon changet frop the
in:tinl stepe of developsent of the Project, the Jeerr aail have the prior
right, aub’ect to any reguired approval of appropriste State suthoTities, to
Bepotiate & new contract for use of storage epace thea available for water
supply purposes, with The mew certract providing for appropriate
codafication in guantity, elevarior #ard enncal paveent; ard lerther provides
tiat, n determpirg the allocatle charges to be ppecified in the new
root.act, due coneideration will be given ro the swournt of Teirhursenent
wiick has already baen made to tre Government at that tice, »md

WiERFAS, the User desites to cevtract with the Governcert for the une of
slorTage included in trne Project for municipas and dindastrial weter supnly oy
Sction 79 ¢f the Water Resources Develeoprert Act of 1974 (FL S3-25%10,
approved 7 March J%74, and for paywvent of the cost thereof in sccovdarce
wit! the previszons of tne Water Supply Act of 13%8, as acended (L] USC
35Co-§); and

S
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WHEREAS, the User ie empowered so to contract with the Government and ie
vested with 21l necesgary powers for accomwplishment of the purposes of this
contract;

ROM, THEREFORE, upon approval of this contract by the Secretary of the
Army, Coutract No. DA-34-06L-CIVENG-65-1909 ie hereby terminated, and the
Government and the User agree as follows:

AKTICLE 1 — Water Storage Space.

(a} Project Construction. The Government, subject to the directioms of
Federsl law and any limitations imposed thereby, has designed and
Jconstructed the Project go as to include therein space for the Etorage of

L WaLeT by the User. _ . n

{b) Rights cof User.

(1) The User shall have the right to utilize an undivided 1.167
percent (estimated to contain 5,960 scre-feet after ad justment for sediment
deposita} of the usable storage space in the Project between elevations
638.0 feet National Geodetic Verticael Datum end 592.0 feet Nationsl Geodetic
Vertical Datum, which usahle conservation Btorage gpace isg egtimated to
contain 510,600 acre-feet after adjustment for sediment deposits. This
storage space ie to be used to impound water for present demand or need for
mnicipal and industrial weter supply. 10,067 percent (an estimated
600 acre-feet, designated &5 Storage Space No. 1, initial stage
development}, ie provided by the existing contract and 89,933 percent {an
estimated 5,360 acre-feet, designated a5 Storage Space Wo., 2, ultimate stage
development) is for use beginning on 1 February following the mpproval of
this contract.

{2) The User shall have the right to withdraw water from the lake,
or to order releases to be made by the Govermment through the outlet works
in the Dam, subject to provisions of Article 1{c} and to the extent the
aforesaid storage epace will provide; and shall have the right to construct
all such works, plants, pipelines, snd appurtenances as may he necessary and
convenient for the purpose of diversion or withdrawals, subject to the
approval of the Contracting Officer as to design and lecation. The grant of
an casebent for right-of-way, acress, in end upon land of the Government at
the Project shall be by a separate instrument in a form satisfacrory to the
Sceretary of the Army, without additional cost to the User, under the
authoricy of end in accordance with the provisions of 10 USC 2669 and guch
other authorities as may be necessary. Subject to the conditions of such
easement, the User shall have the right to use s¢ much of the Project land
as way reasonably be required in the exercise of the rights and privileges
granted under this contract.

{c) Riphts reserved. The Government reserves the right te control and
use anpy water supply storage not under contract in accordance with
authorized Project purposee. The Government further reserves the right to
take such measures a5 may be necessary in the operstion of the Project to
preserve life andfor property, including the tight not to meke downstrean
Teleases during such periocds of tire as are deemed necesesTy, in ite enle
discrefion, to inspect, maintain, or repair the Project.

Z
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» CONDITIONAL
TRANSFER AND ASSIGNMENT OF A CONTRACT BETWEEN THE
) UNITED STATES OF AMERICA
AND RURAL WATER DISTRICT NO. 3, ROGERS COUNTY, OKLAHOMA
FOR WATER STORAGE SPACE IN OOLOGAH LAKE

WITNESSETR THAT:

WHEREAS, Rural Water District No. 3, Rogers County, Oklahomz {hereinafter
called the "User'), entered inte Contract No. DACW56-83-C-0019 with the United

(States of American on 25 September 1984 for water supply etorage space in
'Oologah Lake; and .- _

- N
1 -
:

WHEREAS, sald contract will be part of the security for Farmers Home
Administration (hereinafter called "FmHA") loans to Rural Water District Re. 3,
‘Rogers County, Oklahoma; and

WHEREAS, Article 10 of sald contract provides for transfer or assipgnment
of the contract subject to the approval of the Secretary of the Army or his
duly authorized representative; and

WHEREAS, said contract can be assigned to FmHA In accordance with
financial arrangements upon agreement by said agency to assume all the respon-—
sibilities of the contract terms and approval of the Secretary of the Army or
his duly authorized representative as provided in sald contract.

KROW, therefore, in consideratien of the total eum of 51,886,300, the
receipt whereof 1s hereby acknowledged, and any subsequent amounts loaned not
exceeding 15 percent, the User does herehy transfer and assign unto FmHA, 1ts
successors and asslgns, all of its right, title and interest in and to the
said Contract No. DACWS6-83-C-0019 with the United States of America dated

25 Septenmber 1984 _ -

This transfer and assignment 1s intended as a conditional transfer and
assignment to secure the payment of certain promisgsory notes of even date
herewlth for $810,600, $46,000, and 51,029,700, due 40 years from dates of
loans closing, made to FmHa, or order, payable at monthly iatervals, wirh

4 1/8, 4 1/2, and 5 percent, respectively, interest per amnum, and executed
by the User.

1f the User shall pay or cause to be paid to FmHA, its successors and
azsipgns, the total sum of momey in the above-described notes, together with
the interest thereon accordinpg to the terms and tenor of said notes, then
these presents shall be wholly discharged and void. If saild sums of money or
any part thereof is not paid when due, FmBA, 1ts successors or assipns, may
glect to declare the whole sum and interest thereon due and payable at once
and proceed to collect said debt including attorney's fees, and to foreclose
this conditional tranzfer and assignment and shall become entitled te all
rights and interests in and under eald contract.

The User hereby walves notice of election to declare the whole debt due
a5 above and alsc benefit of stay, valuation or appraisement laws.

FINAECD AC2TS, SEOTIOY



FuHA hereby aprees to assume all of the responsibilities of the User
and abide by all the terms and provisions of saild contract i1f and when thiz
condit{ional agreement shall become absolute, including the requirements of
approval of the Secretary of the Army or his duly authorized represenrative
for all subsequent assipnments in accordance with Article 10 of the contract.

The conditicnal agreement shall become effective uvpon approval of the
Secretary of the Army or his duly asuthorized representative.

' FARMERS HOME ADMINISTRATION RURAL WATER DISTRICT NO. 3
T ROGERS COUNTY, OKLAHOMA

- AARRY E. STEPHENSON

(o
State Director

Dace: November 25, 1534

APPROVED:

Htﬁﬁj 4sst. Secrerary of the Army (Civil Works)

g FEB 15

Date:




{d) Duality or Availability of Water. The User recognizes that this
contract provides storage space for row water only. The Government makes no
representations with respect to the quality or availability of water and
assumes no responsibility therefor, or for the treatment of the water.

le) Sedimentation Surveys.

(1} Sedimentation sBurveys will be made by the Contracting Officer
during the term of thig contract st intervale not to exceed fifteen (15}
years unless otherwise agreed to in writing by both parties. When, in the
opinion cof the Contracting Officer, the findinge of sueh gurvey indicate any
Froject purpose will be affected by unanticipated sedimentationm
fdistribution, there shall be &n equitable redistribution of the pediment
eserve ftorage epace smong the purposes smerved_by the Project, including
‘municipal and industrial water supply. The total aveilsble remaining
storage space in the Froject will then he divided among the warious Proierct
features in the same rTatio as was inicially wtiligzed, Adjusted pool
‘elevations will be rounded to the nearest one-half foot. Buch findings and
the storage space allocated to municipal and industrial water supply shall
be defined and described as an exhibic which will be made a part of thie
contract and the reservoir regulation manval will be modified accordingly.

(2) The Government assumes no responsibility for deviations from
estineted ratee of pedimentation, or the distribvtion cthereof. Such
deviations may cause vnequal distribution of sediment reserve storage
greater than estimated, and/or encroachment on the totel storage at the
Project.

ARTICLE 2 — Reguletion ¢f snd Right to Use of Water. The repularion of the
use of water withdrawn or relessed from the aforegzid storage space shall be
the sole responsibility of the User, The User has the full responsikility
to acquire in accordance with etate laws and regulations, and, if necessary,
to establish or defend, any and all water righte needed for wtilization of
the sturage provided under this contract. The Government shall not be
responsible for diversions by others, nor will it become a party to anv
controversies invelving the use of the storage space by the User except as
such controversies may affect the operations of the Sovernment.

ARTICLE 3 - Operation and Maiotenance. The Govermment shall ocperate and
maintain the Project and the User shzll pay to the Government euch share of
the coete of euch operation and paintenance ap provided in Article 5. The
User shall be responsible for operation and maintenance of all installations
and facilities which it may construct for the diversion or withdrawal of
water, and shall bear Bll costs of construction, eoperation, &nd maincenance
e¢f such instaellations and facilities.

ARTICLE 4 — Measurement of Withdrewals and Releases. The User agrees to
turnieh and install, without cost to the Government, ewitable meters or
weasuring devices satisfactory to the Contracting ODfficer for the
megsurenent of water which ig withdrawn frowm the Project by any mesns other
than through the Project outlet works. The Usger shall furnieh teo the
Governnent ponthly statemente of all such withdrawals., Prior to the
construction of any facilitiez for withdrawal of water from the Projecr, the
User will obtsin the Comtracting Officer's approval of the design, locatior,




: | PACKSS -83-C-0019

‘and installation of the facilities including the meters or measuring
devices. BSuch devices shall be available for inspection by Government
representatives at all reasconsble times, Releases from the water supply
storage space through the Project outlet works shall be made in accordance
with written echedules furnished by the User and approved by the Contracting
Officer and shall be subject to Article 1l{c). The neasure of all such
reiecases shall be by means of 2 rating curve of the cutlet works, or by such

other suitable means ae may be agreed upon prior to use of the water supply
ELorage gpace,

ARTICLE 5 - Payments. In consideration of the right to utilize the
aforesaid sterage space in the Project for municipal and industrial water
s8upply purposes, the User shall pay the following sums to the Government:

- -

.:.‘I o -

{(a) Project Investment Costs.

(1) The User shall repay the Government, at the times and with

“interest on the unpaid balance as hereinafter specified, the amounts ptated
below which, as shown in Exhibit "A" attached to and made a part of this
contract, constitutes the entire actual anmount of the comstruction costs,
including interest during construction, allocated to the water storage right
acquired by the User under this contract. The interest rate to be used for
purposes of computing intarest during construction =nd interest on the
vupeaid balunce wae determined by the Secretary of the Treaeury zs of the
beginning of the fiscal year in whieh construetion of the initial and
ultimate development stage of the Project were initiated, on the basis eet
forth in the Water Supply &ct of 1958, &5 amended. For initial development
stage of the Project, this interest vete is 2.544 percent, and for the
ultimate developoent stape it ie 3,225 percent. The User shall repay:

0.408 percent of the rtotal Project joint-use

tonstruction costs $177.,770,00

Interest during comstruction $§ 14,930.00
Subtotal 5192,700.00
Leses credit for payments on principzl made '
under Contract No. DA-34-066-CIVENG-65-190%
thru 1 February 19B5

Total remaining unpaid amount of PFroject
luvestment costs $190,129.03

§ -2,570.%7

Ihe entire PFroject investment cost sllocated to water supply to he paid
under this contract will be divided inte Storape Space Numbere ] and 2
defined herein as follows!:

Storage Space Ho, 1 ~ b00 arre-feet
{initial development)
Storage Space Ho. 2 = 5,360 acre-feet

§ 16,819.02

{ultipate development) $173,310.00
Taoral 5190,129.03

(2) The Project investment costs sllocated to the Storage Space
No. 1, 600 acre—feet of storage space for present use (initial development)

&
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CONTRACT EETWEEN TEE UNITEL STATES OF AMERICA
AND
TULSA METEOPOLITAN WATER AUTHORITY
FOR
WATEER ETORACE SFACE IN OOLOGCAH LAFE

THIS CORTRACT, entered inte this day ofl 2 DEC 1,9%9 y by and
between THE UNITED STATES OF AMERICA (hereinafter called the "Government™)
represected by the Contractinog Officer executing this contract, and THE TULSA
METROPOLITAN WATER AUTHCRITY, a public trust, (hereinafter called the "User™);

WITHESSETH THAT:

WHEBEAS, the Act of Congress approved 2B Jupe 1938 (Public Law 761, 75th
Congress, 3d Seesion), ss smwended by the River snd Barbor Act spproved 24 July
1946 (Public Law 515, 79th Congress Jd Session), sauthorired the comatruction,
operation, snd maintenance of the Oclogah Lake on the Verdigris River,
Oklahoma, (hereimafter called the "Project"); and

WHEREAS, the Project hae been operating under the initial stage of
development, defined as top of flood control pool at elevation 651.0 feet
above mean sea level, and ie now operated under the ultimate stage of
development, defined as top flood control pocl at elevation 661.0 feat sbove
mean gea level; and,

WHEREAS, there has beern in full forece and effect between the parties
hereto Contract Bo. DA-34-066-CIVENG-57-31), dated 4th day of December 1956,
vhich suthorizes the User to utilize 38,000 acre-feet of storage in the
initial stage of development of the Oclogah Leke &8 a source of municipal end
industrial water aupply. Medification No. 1, thereto, dsted lst day of
December 1961, incorporates the provieions of the Water Supply Act of 1958 to
defer payment on storage until time of use, and provides for commencing
payments on the existing Bé-inch wnFér supply conduii as a separate item} and

WHEREAZ, the prior contract provides that, upon change frop the initial
stage of development of the Project, the User ahall have the prior right,
subject to any required approval of sppropriate State authorities, teo
negotiate & new contract for uee of storage space then available for water
supply purposes, with the new contract providing for appropriste modifications
in quantity, elevation, and annual payment; and further provides that, in
determining the allocable charges to be specified in the new contract, due
consideration will be given to the mmount o¢f reimbursement which hae already
been made to the Government at that time; and

WHEREAS, Contract No. DA-34-086-CIVENG-57-330 snd Modification Ho. 1,
thereto, which expired on 29 July, 1972 under their own terms pursuant to
Article 5, has been continued on a year to year basis by mutual agreement of
the parties; and
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WHEREAL, the User desires to contract with the Goveronment for the use of

‘storage included in the Project for mmicipal and industrial water eupply by

Section 79 of the Water Resources Development Act of 1974 {PL 93-251),
approved 7 Merch 1974, and for payment of the cost thereof in accordnnce with
the provisions of the Water Supply Act of I958, as amended (43 USC 390b-f); and

WHEREAS, the User ie empowered 0 to contract with the Government and im
vested with all naceasary powers for accomplishment of the purposes of this
contract;

NOW, THEREFORE, the Government and the User agree as follows:

ARTICLE ] — Water StcTage Space.

{(a) Project Construction. The Government, subject to the directisne of
Federal law snd any limitations imposed thereby, hae designed and constructed

the Project so 88 to include therein space for the storege of water by the
User.

{b) Righta of User.

(1) The User shall have the right to utilize an undivided 55,905
percent {estimsted to contain 285,450 acre-feet after ad justment for sediment
depoaita) of the usable storage space in the Project between elevations 638.0
feet above mean sea level and 592.0 feet above mean aea level, which total
conservation storage apAce ie estimeted to contain 510,600 acre-feet after
ad justment for eediment deposite. This atorage épace i to be used teo impound
water for present demand or need for municipal and industrial water supply.

(2} The User shall have the right to withdrew water from the lake, or
ro order releases to be made by the Government through the outlet works in the
Dam, subject to provisiona of Article l{c) and to the extent the aforesaid
storage space will provide; and shall have the right to construct all such
works, plants, pipelines, and appurtenances as may be necessary end convenient
for the purpose of diversion or withdrawals, subject to the approval of the
Contracting Cfficer ae to deaign and location. The grant of an easement for
right-of-way, across, in and upon land of the Government at the Project shall
ke by a separate itetrument in a form satisfactory ko the Secretary of the
Army, without additional cost to the User, under the authority of and in
accordance with the provisions of 10 USC 266% and auch other muthorities as
mey be neceasary. Sunbject te the conditions of such eassment, the User shall
have the rzght to uee 80 much of the Project land as may reasonably be
requited in the exercise of the rlghts and privileges granted under this
contract,

{3 Righta Reserved. The Government reserves the right to contrel end
use any future water Bupply etorage or any water supply storzge not under
contract in accordance with authorized Preject purposes. The Government
further reserves the right to take such measures as may ba necessary in the
operation of the Project to preserve life and/or praoperty, including the right
not to make downetream releasee during such periods of time as are deemed
neceseary, in ite sole discretion, to inspect, maintain, or repeir the Project.




{dJ glity or Availability of Water. The User recognizes that this
contract provides stor&ge space for raw water only. The Government makes no
representatione with respect to the quality or availability of water and
aasumes no respondibility therefor, or for the trestment of the water.

{e) Bedimentation Burveys,

{1) Sedimentation surveys will be made by the Contracting Officer
during the term of this contract at intervale not to exceed fiftesn (15) years
unless otherwise agreed to in writing by both parties. When, in the opinion
of the Contracting Officer, the findings of auch survey indicate any Project
purpose will be affactad by unenticipated sedimentation distribution, there
shall be an equitable redistribution of the sediment reserve AtoTage apace
among the purposes served by the Project, including municipal and industrial
water supply. The total available remaining storage space in the Project will
then be divided among the various Project features in the ssme ratio as was
initially utiliged. Adjusted pool elevatione will be rounded to the pearest
voe-half foot. Such findings and the storage space allocated to punicipal and
induetrial water pupply shall be defined and deacribed sa an exhibit which
will be made a part of thie contract and the reservoir Tegulation manual will
be mpdified accordingly.

(2} The Governoent ssewmes no responeibility for deviations from
edtimited rates of sedimentation, or the distribution thereof. Such
devistions may cause unequal distribution of sediment resarve storage greater
than eatimsted, and/or eoccroschment on the totsl storage at the Project,

ARTICLE 2 - Regulation ¢f and Right to Use of Water, Tha regulation of the

use of water withdrawn or released from the aforesaid aforage space shall be

the sole responsibility of the User. The User has the full responsibility to
acquire in accordeance with State laws and regulatione, and, if necessary, to
e#stablieh or defend, any and all water rights needed for utilization of the
storage provided under thie contract. The Covernment ehall not be Tegponeible
Tor diversione by othera, nor will it become a party to any controversies
involving the use of the storage apace by the User except as such
cootroversies may affect the operations of the Goveroment.

ARTICLE 3 - Operation and Maintenance. The Government shall operate and

maintein the Project and the User shall pay to the Government & share of the
coste of auch operation and maintensnce as provided in Article 5., The User

ghall be responeible for operation and maintenance of all installations and

facilities which it may construet for the diversion or withdrawsl of wAter,

&nd shall bear all costs of comstruction, operation, and maintenance of such
inetallations and facilitiee.

ARTICLE &4 = Measurement of Withdrawels and Releases. The User agrees ko
furnish and ingtall, without cost to the Government, suitable meters or
measuring devices satiemfactory to the Contracting Officer for the measurement
of wiater which is withdrewm from the Project by any meane cther than through
the Project outlet works. The User shall furniszh to the Covernment monthly
statements of all such withdrawale. Prior to the construction of any
facilities for withdrawal of water from the Project, the User will obrain the
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" Contracting Officer's approval of the design, locatisn, and installation of
the facilities including the meters or measuring devices. Such devicea ahall
be available for inspection by Goveroment Tepresentatives at all reasopable
times. Beleasee from the water supply storage apace through the Project
outiet works ahall be made in accordance with written achedules furniehed by
the User and approved by the Contracting Officer and shall he subject to
Article 1(c}., The weasure of all such releases shall be by means of a rating
eurve of the cutlet works, or by such other suitable means as may be apreed
upon prior t¢ use of the water supply storage mpace.

ARTICLE 5 — Paymentg. In coneideration of the tight to utilire the aforesaid
storage apace and the water supply conduit in the Project for municipal and

industrisl water supply purpoees, the User shsll pay the following sums Lo the
Goveroment:

{(a} Project Investment Costs.

(1) The User shall repay to the Govermment, at the times and with
interest on the unpaid balance ag hersinafter apecified, the amounts stated
below which, es shown in Exhibit "A" attached to and made a part of this
contract, constitutes the entire actusl amount of the conatruction coats,
including interest duripg construction, allocated to the water atorags and the
water supply conduit right acquired by the User under thie contract. The
interest rate to be used for purposes of computing intereast during
construction and intersst on the unpaid balence was determined by the
Secretary of the Treasury &a of the beginning of the fiscal years in vhich
construction of the initial and ultimate development stages of the Project
were ipitiated, on the basis set forth in the Water Supply Act of 1958, as
‘amended. For the initial development stage of the Project, this intereat rate
is 2.5 percent, and for the ultimate development stage it is 3.225 percent,
The Uaser shall repay:

100 percent of the construction cost of apecific

water supply outlet works § 365,000.00

19.546 percent of the total Project joint-uee

construction ¢costa 58,514,330.00

Interest during construction _ § 741,517.00
Subtotal 59,620,847.00

Lese credit for paymente on principal made
under Contract No. DA-34-066-CIVENG-57-330

thru 29 May 1977 - 5% 53,519.69
Total remsining unpaid smount of Project
investment coets £9,567,327,31

The entire Project investment cost allocated to water supply to be paid under
thie contract will be divided into the water supply conduit and increments of
&torage space defined herein as follows:
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CONTRACT BETWEEK THE UNITED STATES OF AMERICA
AND
BURAL WATER DISTRICT NO. 1, NOWATA COUNTY, OKLAOOMA
FGR
WATER STORAGE SFPACE IN OOLOGAH LAXE

THIS CONTRACT, entered into thie day of 10 JAN 1523 19, by and
between THE UNITED STATES OF AMERICA (hereinafter called the "Government ')
represented by the Contracting Dfficer executing this contract, and RURAL

WATER DISTRICT NG. 1, NOWATA COUNTY, OKLAHOMA (hereinafter called the
"User™);

WITNESSETH THAT:

WHEREAS, the Act of Congress approved 28 June 1938 (Public Law 761, 75th
Gongress, 3d Session), 85 amended by the River and Harbor Act approved
24 July 1946 (Public Law 525, 79th Congress, 3d Session), suthorized the
construction, operation, and maintenance of the Oologah Lake on the
Verdigris River, Oklahoma, (hereinafter called the “Project”): and

WHEREAS, the Project has been operating under the initisl stage of
development, defined as top of fleod contrcl pool at elevation 651.0 feet
gbove mean gea level, and 15 now operated under the ultimate stage of
developuent, defined as top flood conctrol pool at elevation of 661.0 feet
above mean sea level; and

WHEREAS, there 16 now in full foree and effect between the parties
herete Contract Wo. DA 34-D66-CIVENG-64-2016, approved on 22 September 1964,
which authorizes the User to utilize 100 scre—feet of storage to provide a
dependable yield of 100 acre-feet per year in the Iinitial Aatage of
developnent of the Qelogah Lake as & source of mundeipal and industrial
water supply; and

WHEREA3, the existing contrsct provides that, upon change from the
initial stage of development of the Project, the User shall have the prior
Tight, subject to any required approval of appropriate State authoritiee, to
negotiste a new contract for use of storage space then avallable for water
supply purposes, with the new contract providing for appropriate
modification in quantity, elevatlon and annual payment; and further provides
that, in determining the allocable charges to be specified in the new
contract, due consideration will be given to the smount of reimbursement
which has already been made to the GCovernment at that time; and

WHEREAS, the User desires to ceontract with the Government for the use of
6torage included in the Project for wunlcipal and industrial water supply by
Section 79 of the Water Resources Bevelopment Act of 1974 {PL $3-251),
approved 7 March 1974, and for payment of the cost theresf in accordance
vith the provisione of the Water Supply Act of 1958, as amended (43 USC
A90b-£); and



WHEREAS, the User 1s empowered go to contract with the Government and is

vested with a8ll necessary powers for sccomplistment of the purposes of this
contrace;

NOW, THEREFORE, upon approval of this contract by the Secretary of the
Army, Contract No. DA-34-066-CIVENG-54-2016 is hereby terminated, and the
Government and the User agree as follows:

ARTICLE 1 - Water Storage Space.

(a} Project Construction. The Government, subject to the directicns of
Federal law and any limitations imposed thereby, has desipned and
constructed the Project so as to include thereiln space for the storage of
water by the Dser.

(b} Eilghts of User.

{13 The User shzll have the right to vtilize an undivided {.039
percent (estimated to contaln 200 acre-feet after ad justment for sediment
deposits) of the usable storage space in the Project between elevations
638.0 feet Mational Geodetic Vertical Datum and 592.0 feet Natfonal Geodetic
Vertical Datum, which usable conservatiom storage space 1s estimated to
contain 510,600 acre-feet after ad justwment for sediment deposits. This
storage space 15 to be used to impound water for present demand or need for
mmicipal and industrial water supply. 50.00 percent {&n estimated
100 acre—feet, designated as Storage Space No. 1, initlal gtage development)
of the ppace which user has a right to utlilize Is provided by the existing
contract and 50.00 percent {an estimated 100 acre-feet, deslgnated asz
Storage Space Mo, 2, ultimate stage development) is for uee beginning on 1
May followlng the approval of this contract.

{2y The User shall have the right to withdraw water from the lake,
or toc order releases to be made by the Governmment through the outlet works
in the Dam, subject to provislons of Article 1(c) and to the extent the
aforesald storage space will provide; &nd shall have the right to construct
all such works, plants, pipelines, and appurtenances &8s may be necessary and
convenient for the purpase of diversion or withdrawals, sublect to the
approval of the Contracting Officer as to deslgn and locatien. The grant of
an easement for right—of-way, across, in &nd upon land of the Government at
the Project shall be by a separate instTument Iin a form satisfactory te the
Secretary of the Army, without additional cost to the User, under the
authority of and in accordance with the provisions of 10 03C 2669 and such
other authorities as may be necessary. Subject to the conditions of such
easement, the User shall have the right to use so much of the Project land
as may reasonably be required in the exercise of the righta and privileges
granted under this contract.

(¢} Rights reserved. The Government reserves the right to control and
use any water supply storage not under contract in accerdance with
guthorized Project purpeses. The Govermment further reserves the right to
take such messures as mBy¥ be necessary in the aoperation of the Project to
preserve life and/or property, including the right not to make downstream
releases during such perlods of time as are deewmed necessary, in its seole
discretion, to inspect, maintain, or repalr the Project.
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(d) Quality or Avallabllity of Water. The User recognizes that this
conktract provides storage space for raw water anly. The Government makes no
representations with respect to the quality or availability of waster and
assuwes no responsibility therefor, or for the treatment of the water.

(e) Sedipentatlon Survevs.

f1) Sedimentation surveys will be made by the Contracting Officer
during the term ©f this contract st intervale not te exceed fifteen (15)
vears unless otherwlse agreed to in writing by both parties. When, in the
eplolon of the Contracting Qfficer, the findings of such survey indicate any
Project purpose will be affected by unanticipated sedimentation
distribution, there shall be an equitable redistribution of the sediment
Tesarve storage space gaong the purposes served by the Project, including
minicipal and industrial water supplv. The total available remaining
storage space In the Project will then be divided among the varlous Project
features in the same ratic as was initially utilized. Adiusted pool
elevations will be rounded to the nearest one=half foot. BSuch findings and
the storage epace allocated to muniecipal and fndustrial water eupply shall
be defined and described as an exhibit which will be made a part of this
contract and the reservoir regulation manual will be modified accordingly.

{2) The Government assumes no responsibllity for deviations frow
estipated rates of eedimentation, or the disrribution theresnf. Such
deviations may cause unegual distribution of sediment reserve storage
greater than estimated, andfor encreachment on the total storage at the
Froject.

ARTICLE 2 - Regulatien of and Right to Use of Water. The regulation of the
use of water withdrawn or relessed from the aforesaid storage space shall be
the sole responaibility of the User. The User has the full responsibilicty
to acquire in accordance with state laws and regulations, and, if necessary,
to establish or defend, any and all water rights needed for utilirzation of
the storage provided under this contract. The Government shall not be
responsible for diversions by others, nor will it become & party to any
controversies invoelving the use of the storage space by the User except as
such controversgles may effect the operatlons of the Government.

ARTICLE 3 — Qperation and Halntenance. The Government shall operate and
maintain the Project and the User shall pay to the Government such share of
the costs of such operation and maintenance &g provided in Article 5. The
User shall be responsible for operation and maintenance of all installations
and facilities which it may construct for the diversion or withdrawal of
water, and shall bear all costs of construction, operationm, and maintenance
of such lostallations and facilities.

ARTICLE & — Meagurement of Withdrawals and Releases. The User agrees to
furnish end install, without cost te the Goverpment, sultable metere or
measuring devices satisfactoery to the Contracting Cfficer for the
measurement of water which is withdrawn from the Project by &ny meane cther
than through the Project outlet works. The ¥ser shall furnish to the
Government monthly statements of all such withdrawals. Prier to the
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construction of any facilities for withdrawal of water from the Prolect, the
User will obtain the Contracting Officer's epproval of the desiga, location,
and installation of the facilities including the meters or measurTing
devices. Such devices shall be availsable for inepection by Government
repregentatives at 8ll reasonable times. Releasee from the water supply
storage space through the Project outlet works shall be made in accordance
with written schedules furnished by the User and approved by the Contracting
Officer and shall be sublect to Article 1{c}. The measure of 4ll such
releases shall be by means of a rating curve of the outlet works, or by such
other suitable means as may be agreed upon prior to use of the water supply
EtoTage space.

ARTICLE 5 - Payments. In consideration of the right to utilize the
aforesaid storage space in the Project for muinicipal and industrial water
upply purposes, the User shall pay the following sumz to the Government:

{a)} Project Investment Costs.

{1} The User shall repsy the Government, at the times and with
interest on the uppaid balance as hereinafter specified, the amounts stated
below which, as shown i{n Exhibit "A" attached to and made a part of this
contract, constitutes the entire actual emount of the comstruction costs,
lncluding interest during comstruction, allocated to the water storage Tight
acquired by the User under this contract. The interest rate to be used far
pFurposes of computing interest during construction and interest on the
unpald balance was determined by the Secretary of the Ireasury as of the
beginning of the fiscal year in which construction of the initial and
wWtinate developoent stages of the Preject were initiated, on the basle et
forth in the Water Supply Act of 1258, as amended. For initial development
stage of the Project, this Interest rate is 2.50 percent, and for the
ultimate development stage 1t 1s 3.225 percent. The User shall Tepay:

0.0127 percent of the total Project joint-use

construction costs 5 5,96B.00
Interest durlng constructien 5 502,00
Subtotal & 6,470.00

lees creditc for payments on principal made
under Cantract No. DA-34-066-CIVENG-64~2016

thru 1 May 1985 $ -1,089.39
Total remaining unpald amount of Project
investment costs § 5,380.51

The entire Project investment cost allocated to water supply to be paid
under this contract will be divided into Storage Space Numbers 1 and 2
defined herein as fellows:

Storage Space Ho. 1 - 100 acre—feet
{inltial development) £ 2,145.681

Storage Space Ko. 2 - 100 acre-feat
(ulcimate development}

Tatal
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CONTRACT BETWEEN THE UNITED STATES OF AMERICA
AND
THE FUBLIC SERVICE COMPANY OF QELAHOMA
FOR

WATER STORAGE SPACE IN OOLOGAH LAEE

THIS CONTRACT, e ‘ i 2 5 MAR 1985

, entered into this day of , 14, by and
between THE UNITED STATES OF AMERICA (hereinafter called the “Governmment")
represented by the Comtracting Gfficer executing thie contract, and THE
PUBLIC SERVICE COMPANY OF OEKLAHOMA {hereinafter called the "User™);
WITHESSETH THAT:

WHEREAS, the Act of Congress approved 28 Jume 1938 {[Public Law 761, ?5th
Congress, 3d Session}, me amended by the River and Earbor Act approved
24 July 1946 {Public Law 525, 79th Congress, 3¢ Session), authorized the
construction, operation, and maintenance of the Oologah Lake on the
Yerdigrie River, Oklahoma, (hereinafter called the "Preoject'); and

WHEREAS, the Project has baen operating under the imitiel etage of
development, defined as top of flood control pool at elevation 651.0 feet
above mean sea level, and ie now vperated under the ultimate etage of
development, defined as top fload control pool at elevation of 661,00 feet
above mean sea level; and

WHEREAS, there is now in full force and effect between the parties
hereto Contract No. DA-34-065-CIVENG-58-265, approved on 1 August 1938,
which authorizes the Uger ta utilize 5,000 acre-feet of gptorage space in the
initial stage of developwent of the Project as a source of cooling water for
a thermal electric plant located in the vicinity of the Project; and

WHEREAS, the existing contract provides that, upon change from the
initial stage of development of the Froject, the User shall have the prior
Tight, subject to any reguired approval of appropriate State suthorities, to
negotiate a new contract for use of storage apace them available for water
gupply purposes, with the new contract providing for sppropriate
modification in quantity, elevation and aznnual payment; and further provides
that, in determining the allocsble charges to be apecified in the new
contrect, due consideration will be given to the amount of reimbureement
which has #lready been mede to the Goveroment at that time; and

WHEREAS, the User depires to contract with the Government for the use of
Btorage jfcYuded in the Project for municipal and industrial water supply by
Section 79 of the Water Resourcee Development Act of 1974 (PL 93-251),



approved ¥ March 1974, gnd for payment of the cpat thereof in accordance

with the provisions of the Water Supply Act of 1958, as amended (43 USC
340b-F); and

WHEREAS, the User is empowered g0 to contract with the Covernment and in

vested with all necessary powsers for accomplishment of the purposes of thie
contract;

KOW, THEREFORE, upen approval of this contract by the Secretary of the
Army, Contract No. DA-34-066-CIVENG-58-263 is hereby terminated, and the
Government and the User agree as follows:

ARTICLE 1 — Water Storage Space,

(a) Project Conetruction. The Government, subject to the directions of
Federal law and any limitations imposed thereby, has designed apd
constructed the Project so as to include therein space for the storage of
water by the User.

{b) Rights of User.

(1) The User shall have the right to utilize an vndivided
4,111 percent (estimated to contain 20,990 acre-feet gfter ad junstment for
sediment deposita) of the usable storage space in the Project between
elevations 638.0 feet Natiopml Geodetic Vertical Datum and 592.0 feet
Hational Geodetic Vertical Datum, which ussble conmservarion BLtorage epace is
estimated to ceontain 510,600 acre-feet after adjustment for sediment
deposits. This storage space is to be vased to impound water for present
dexand or need for industrial water supply. 23.82! percent {&n estimated
5,000 acre-feet, designated as Storage Space No. 1, inirial stage
development) of the space which User has a right to utilire is provided by
the existing contract and 76,179 percent (an estimated 15,990 acre-feet,
designated as Storage Space Mo, 2, ultimate stage development) is for upe
beginning on 1 July following the approvel of this contract.

(2) The User shall have the right to withdraw water from the lake,
ot to order releases to be made by the Government through the outlet works
in the Dam, Bubject to provisions of Article 1(c) end to the extent the
aforesaid storage epace will provide; and shall have the right to construct
all euch worke, plants, pipelines, and appurtenances as may be omeceessry and
convenient for the purpose of diveraion or withdrawals, pubject to the
approval of the Contracting Officer as to desipn and locatiopm. The graat of
an easement for right-of-way, acrose, in &nd upon land of the Government at
the Project shell be by a separate inetrument in & form satiefactory to the
Secretary of the Army, without additional cest to the User, under the
zuthority of and in accordance with the provisions of 10 USC 2669 and auch
other authorities as mey be necessary., Subject to the conditions of such
easement, the Uszer shall have the right to vse so much of the Project lend

48 may reasonably be required in the exercisme of the rights and privileges

granted under this contract.
= ¥



(c) Rights veserved. The Government reserves the right to control amd
uge any warter aupply mtorage not under contract in accordence with
suthorized Project purposes. The Government further regerves the right to
take such measures as may be necesgary in the operation of the Project to
preserve life and/or property, including the right not to make downstreszm
releases during such periods af time ae are deemed necepeary, in its sole
diecretion, to inspect, maintain, or repair the Project.

(d) Quality or Availability of Water. The User recognizes that this
centract providea storage space for raw water only. The Covernment makes no
repregentations with respect to the quality or evailability of water and
assumes no responsibility therefor, or for the treatment of the water.

(e) Sedimentztion Surveys.

(1) Sedimentation surveys will be made by the Contracting Officer
during the term of this contract at intervals mot to exceed fifteen (15)
yeare unless otherviee agreed to in wriring by both parties. When, in the
apinion of the Contracting Dfficer, the findings of such survey indicate any
Preoject purpese will be affected by unanticipated sedimentation
distribution, there ghall be an equitable redistribution of the sediment
reEerve Brorage space among the purposes eerved by the Project, ipcluding
municipal and industrial water supply. The totsl available remeining
storage space inm the Project will rhen be divided among the various Project
features in the same ratio &s was initizlly wtilized, Adjusted pool
elevations will be rounded to the nearest ome-half foot. Such findings and
the mtorage space allocated to wunicipal eand industrisl water supply &hall
be defined and described as an exhibit which will be made a part of this
coutract and the reservolr reguletion manuel will be modified accordimgly.

{2} The Government assumes no responsibility for deviations from
estimated rates of sedimentation, or the distribution thereof. Such
deviations may cause unequal distribution of sediment reserve storage
grezter than estimeted, and/or encroachment on the total gtorage at the
Project,

ARTICLE 2 - Repulation of sand Right to Use of Water, The regulation of rhe
uee of water withdrawn or released frow the aforesaid storage apace ahall be
the sole responaibility of the User. The User has the full responeibility
te acquire in accordance with state laws and tegulations, and, if NeceasATyY,
Ee egtablieh or defend, any aod all water rights needed for utilization of
the storage provided vnder this contract. The Government shall not be
responsible for diversions by others, nor will it become a party to any
controversies involving the use of the storage space by the User except as
such controversies may affect the operations of the Government.

ARTICLE 3 - Opersation and Maintenance. The Government shall operate and
maintain the Froject and the User shall pay to the Government such ghare of
the costs of such operstion and maintenance as provided in Article 5. The
User shall be responsible for ocperation and maintenance of all instsllations
and facili;i}a which it may construct for the diversiocn or withdrawal of
water, and akall bear all coets of conetruction, operatiom, and maintenance
of auch installations and facilities.
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ARTICLE 4 ~ Measurewent of Withdrawals and Releases. The User AgTees to
furnish and install, without cost to Lhe Government, euitsble meters or
measuring devices satisfactory to the Contracting Officer for the
measurement of water which is withdrawn from the Project by any means other
than through the Project outlet works., The Uzer shall furnish to the
Government monthly atatements of all such vithdrawzls. Prior to the
congtruction of any facilities for withdrawal of water from the Project, the
User will obtein the Contracting Dfficer's approval of the degign, location,
and instsllation of the facilities including the meters or mezeuying
devices. Such devicees shzll be available for inspection by Government
representativea at all reasonable times. EReleases from the warer supply
aAtorage space through the Project outlet works ahell be made irn accordance
with written schedules furnished by the User and approved by the Contracting
Officer and shall be aubject to Article 1{c), The measure of all such
releases shall be by means of a rating curve of the outlet works, or by guch
other puitable means as mey be agreed upon prior to use of the water supply
Etorage sgpace, .

ARTICLE 5 - Payments. 1In ¢onsideration of the right to utilize the
aforesaid storage space in the Project for municipal and industrial water
supply purposes, the User shall pay the following sums to the Government:

{a) Project Investment Costs.

(13 The Veser shall repay the Gavernment, at the timee mnd with
interest on the unpaid balance as hereinafter specified, the smounts stated
below which, as shown in Exhibit "A" attached to and wede a part of this
contract, consatitutes the entire actual amount of the copstruction coets,
including interest during construction, zllocated to the water storage right
acquired by the User under this contract., The interest rate to be used for
purposes of computing interest during construction eand interest oo the
unpaid balance was deterwined by the Secretary of the Treasury as of the
beginning of the fiscal year in which construction of the initial and
ultimate development stages of the Project were initiated, on the basis aset
forth in the Water Supply Act of 1958, as amended. For initisl development
atape of the Project, thie interest rete is 2.5 percent, and for the
ultimate development stage it is 3.225 percent. The User ahall repay:

1.427 percent of the total Project joint-use
construction coste £625,090.00

Intereat during construction § 52,570.00

Subrotal $67E,660,00
Less credit for paymente on principsl made
under Contract No. DA-34-066-CIVENG-58-265

thru 30 June 1985 §~49,869, 52

Totzl remaining unpaid amount of Project

investment coste £628,790.48
-

The entire Project investment cost allocated to water supply to be paid
under this contract will be divided into Storage Space Numbers 1 and 2
defined herein as follows:
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CONTRACT BETWEEN THE UNITED STATES OF AMERICA
ANT:
CITY OF COLLINSVILLE, OKLAHDMA
FOR
WATER STORAGE SPACE IN DDLOGAH LAKE

TAIS CONTRACT, entered into this day ofl 4 APR I9p5, 19, by and
between THE UNITED STATES OF AMERICA (hereinafter called the “"Government™)
represented by the Contracting Officer executing this contract, and THE CITY
OF COLLINSVILLE, OKLAHOMA (hereinafter called the “Usar™):

WITHESSETE THAT:

WHEREAS, the Act of Congresc approved 28 June 1938 (Public Law 761, 75th
Conprese, 3d Sessicn), as smended by the River and Harbor Act approved
24 July 1946 {Public Law 525, 79th Congress, 34 Seesicon), authorized the
construction, operation, and maintenznce of the Oologah Lake on the
Verdigris River, Oklahomz, (hereinafter called the "Project™); and

WHEREAS, the Project has been pperating under the initial etage of
development, defined ae top of flood contrel pool at elevatlon €51.0 feet
above mean sea level, and {s now operated under the ultimate etage of
development, defined as top flood control pool at elevation of 661.0 feet
above mezn sea level; and

WHEREAS, there 1e now In full force and effect betwesn the parties
hereto Contract No. DA-34-D66~CIVENG-58-266, approved on 1 August 1958,
which suthorizes the User to utilize 500 acre-feet of storage in the initfal
atape of development of the Oclogah Lake am a source of sunicipsl and
Industrial water gupply; and

WHEREAS, the existing contract provides that, upon change from the
initial stage of development of the Project, the User shall have the prier
right, subject to sany required approval of appropriate State authorities, to
negotiate a new contract for use of storage space then available for water
supply purposes, with the new contract providing for approprizte
modification in quantity, elevation and annual payment; and further provides
that, in determining the allocable charges to be specified in the new
contract, due conglderaticn will be given te the amount of reilmbursement
which has already been made to the Government at that time; and

WHEREAS, the User desites to contract with the Governmeat for the use of
gtorage included in the Project for municipal and industrial water supply by
Section 79 of the Water Rescurces Devalopment Act of 1974 (PL 93=251},
approved 7 March 1974, and for paywent of the cost thereof in accordance
with the provisions of the Water Supply Act of 1958, as amended (43 USC
390b=f); and

WHEREAS, the User ilg empowered mo to contract with the Government and is
vegted with all necessary powere for accomplishment of the purposes of this
contract;



NOW, THEREFORE, upon approval of thie contract by the Secretary of the
Army, Contract Bo. DA-34-066-CIVENG-5B~286 is hereby terminated, and the
Government aod the User agree as follows:

ARTICLE 1 - Water Storage Space.

(&) Project Comstruction. The Governmant, subjlect to the directions of
Federal law and any limitetions lmposed thereby, has designed and
constructed the Project sc as to include thetrein Epace for the storage of
water by the User.

(b} Righte of User.

{1} The User shall have the right te vtilize zn undivided 1.206
percent (estimated to contain 6,670 ascre-feet after adjustment for eediment
depoeits) of the usable storage space in the Froject between elevations
638.0 feet Nerional Geodetic Vertical Datum and 592.0 feet National Geodetic
Vertical Datum, which usable conservation Eforage epace Is estimated to
contain 510,600 acre-feet after adfustment for eediment deposits. This
etorage space 1s to be used to impound water for present demand or need for
municipal end industrial water supply. 7.496 percent {(an estimsted
500 acre-feet, designated as Storage Space No. 1, Initial stage development)
of the epace which the User has a right to utilize fe provided by the
exleting contract and 92.504 percent fan estimated 6,170 acre-feet,
designated as Storage Space No. 2, ultimate etage development) 1g for use
beginning on 2 April following the approval of this contract.

{2) The User ghall have the right t2 withdraw water from the lake,
or te order releases to be made by the Government through the outlet works
in the Dam, subject to provisions of Article 1{c) and to the extent the
aforesald atoerage apace will provide; and shall have the right te construct
all such works, plants, pipelines, and appurtenances as may be neceegsary and
convenient for the purpose of diversion or withdrawale, subject to the
approvel of the Contracting Officer zs to design and lecatfon. The grant of
an easement for right-of-way, acrose, in and upon land of the Government at
the Project shall be by & separate Instrument f{n & form geatisfactory to the
Secretary of the Army, without additinnal coet to the User, under the
authority of and in accordance with the provieione of 10 USC 2669 and such
other authorities 26 may be neceseary. Subject to the conditions of euch
eagement, the User skall have the tight to use eo much of the Froject land
&5 may reasonably be regquired in the exercise of the righte and privileges
Eranted under this contract.

(c) Rights reserved. The GCovernment reserves the right te contrel and
uee Bny water supply storage not under contract in accordance with
authorized Project purposes. The Government Ffurther reserves the right to
take euch measures as may be neceesary in the operaticn of the Project to
Freserve life and/or property, including the right not to make downstream
releases during such periods of time as are deemed necezsary, in its scle
discretion, to Inspect, malntain, or repair the Project.

(d) Quelity or Avallability of Water. The User recopnlizes that this
contract provides etorage space for raw water only. The Government makes no




Teprecentatione with respect to the guality or aveilahility of water &nd
assumee ne responeibility therefor, or for the treatwent of the water.

(e} Sedimentation Surveys.

(1) Sedimentation surveye will be made by the Contracting Officer
during the term of this contract at intervals not to exceed fifteen {15)
yearz unlese otherwise agreed to in writing by both perties. When, in the
opinion of the Contracting Cfficer, the findings of such survey indicate any
Project purpose will be affected by unancticipated sedimentation
distribution, there shall be an equitable redistribution of the sediment
TegeTve etorage epace among the purposes served by the Prolect, including
municipal and industrial weter gupply. The totsl available remaining
storage space in the Project will then be divided among the various Project
features In the same ratlo as was initislly utilized. Adjusted pool
elevations will be rounded to the nearest one—half foot. Such findings and
the etorage epace allocated to wuniclpal and indusecrial water supply shall
be defined and described as an exhibit which will be made a part of thie
contract and the reservoir reguletion manual will be modified asccordingly.

{2} The Government assumes ne responsibillity for deviations from
estimated rates of eedimentation, or the distriburion thereaf. Such
deviations may czuse unequal distribution of sediment reserve storage
greater than estimated, and/or encroachment on the total storage at the
Project.

ARTICLE 2 — Repulation of and Right to Use of Water. The regulation of the
use ¢f warer withdrawn or released from the aforesald storage space shall be
the egole responsibility of the User. The User haes the full responsibility
te acquire in accordance with state laws and regulations, and, if oecessary,
to establish or defend, any and all water rights needed for utilizaticn of
the storage provided under this contract. The Government shall net be
responsible for diversions by others, nor will it become a party tc any
controversies Invelwing the use of the storage space by the User except as
such controversies may affect the pperations of the Government.

ARTICLE 3 — Qperation and Maintenance. The Government shall operate and
maintain the Preject and the User shall pay to the Govermment such share of
the coste of such operation and maintenance as provided in Article 5. The
User ehall he reeprnsible for operaticn and meintenance of sll installations
and facilities which it may construct for the diversion or withdrawal of
water, and shall bear all coste of construction, cperatlon, and maintenance
of such installations and facllities.

ARTICLE 4 — Measyrement of Withdrawale and Releases. The User agrees to
furnish and inetzll, without cost to the Government, sultable meters or
meaguring devices patisfactory to the Contracting Officer for the
meagurement of water which is withdrawn from the Frolect by any meane other
than through the Project outlet works. The User shall furnish to the
Government monthly statements of all such withdrawsls. Prior te the
construction of any facilities for withdrawsl of water from the Project, the
User will obtain the Contracting Officer's approval of the design, location,
gnd Installatioen of the facilities including the meters or measuring
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devices. Such devices ghall be available for Inmspection by Govermment
repregentatives at all reagonable times. Releaces from the water supply
storage apace through the Project outlet works shall be made In accordance
with written achedulee furnished by the User and approved by the Contracting
Officer and shall be subject Ec Article 1l{c). The measure of all such
teleases shall be by means of & rating curve of the outlet works, or by such

other suitable means a5 wmey be agreed upon prior to use of the water supply
etorage Bpace.

ARTICLE 5 - Payments. In consideration of the right to utilize the
aforesald storage space Iin the Project for municipal and Iindustrial water
supply purposes, the User shall pay the followlng sums to the Government:

{(a) Project Investment Costs.

{1} The User shall repay the Government, at the times and with
{nterest on the unpaid balance ae hereinafter specified, the amounte stated
below which, as shown in Exhibit "A™ attached to and made a part of this
contrzct, constitutes the entire actual amount of the construetion costs,
including Iinterest during construction, allocated to the water storage right
acquired by the User under thie contract. The Interest rate to be used for
purposes of computing Interest during comstruction and interest on the
unpaid balance was determined by the Secretary of the Treasury as of the
beginning of the fiscal year in which construction of the initlal and
uleimate development stages of the Project were Infitiated, on the basis set
forth in the Water Supply Act of 1958, as amended. TFor inltial development
gtage of the Project, this interest rate {s 2.3 percent, and for the
ultimate development stage 1t 15 3.225 percent. The User shall repay:

0.457 percent of the total Project Joint-muae

construction cosEE £1%8,950.00
Interest during constructlon § 16,700.00
Subtotal $215,650.00

Less credit for payments on principal made
under Contract No. DA-34-066-CIVENG-38-266

thru 2 April 1985 $§ —4,781.25
Total remaining unpaid amount of Project
investment costs $210,BRB.75

The entire Project investment cost allocated to water supply to be pald
under this rontract will be divided into Storage Space Numbers 1 and 2
defined herein as follows:

Storage Space No. 1 - 500 acre-feet

{initial development) 5 11,378.73
Storage Space No. 2 — 6,170 acre-feet
" (ultimate development) $199,490.00
Totsal $210,BEB .75

{2) The Project investment costs allocated to the Storage Space
Ne. 1, 500 acre—feet of storsge epace for present uae (initial development}
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CONTRACT BETWEEN THE UNITED STATES OF AMERICA
AND
RURAL WATER DISTRICT WO. 4, ROGERS CODNTY, OKLARDMA
FOR
WATEE STORAGE SPACE IN QOLODGAB LAKE

THIS CONTRACT, entered into this dey of 12 APR 1965 19 | by and
between THE UNITED STATES OF AMERICA (hereilnafter called the "Government™)
reprecented by the Contracting Officer executing this contract, and RURAL
WATER DISTRICT NO. 4, ROGERS COUNTY, OKLAHOMA {herelnafter called the
“User”™};

WITHESSETH THAT:

WHEREAS, the Act of Congress approved 28 June 1938 {Public Law 761, 75th
Congrees, 3d Sessicn), es amended by the Eiver and Harbor Act approved
24 July 1946 (Public Law 525, 79th Congress, 3d Seseion), authorized the
conetruction, operation, and maintenance of the ODologah Lake on the
Verdigris River, Oklahoma, (hereinafter called the “Project”); and

WHEREAS, the Project has been operating under the initial stage of
development, defined ae top of flood control pool at elevation 651.0 feet
above mean &ea level, and is now operated under the ultimate stage of
development, defined as top flood cantrol pocl at elevation of 661.0 feet
above mean sea level; and

WHEREAS, there ie now In full force and effect between the parties
herete Contract No. DA-34-D66-CIVENG-66-68, approved on 16 February 1966,
which authorizes the User to utilize 300 acre~feet of mtorage to provide =
dependable yield of 300 acre-feet per year in the foitifal stage of
development of the Oologah Lake &z a pource of municipal and i{ndustrial
water supply; and

WHEREAS, the existing contract provides that, upon change from the
initi{sl stage of development of the Projeet, the User shall have the prior
right, subject to any tequired approval of appropriate State authotities, to
negotlate a new contract for use of storage space theo avallable for weter
Bupply purposes, with the new contract providing for appropriate
wedificatfon in quantity, elevstion and annual payment: and further provides
that, i{n determining the allocable charges to be gpeciffed in the new
centract, due conmsideratfon will be given to the amount of reimbureement
whirh has already been made to the Government at that time; and

WHEREAS, the Ueer desiree to contract with the Government for the use of
storage fncluded In the Project for municipal and industrial water supply by
Section 79 of the Water Resources Development Act of 1974 (PL 93=2513,
approved 7 March 1974, and for payment of the cost thereof in accordance
with the provisions of the Water Supply Act of 1958, as amended {43 USC
A90b-f); =mnd



WHEREAS, the User 15 empowered so to contract with the Government and fs
vested with all necessary powers for accomplishment of the purposes of this
contract;

NOW, THEREFORE, upon approval of this contract by the Secretary of the
Atwy, Coniract Wo. DA-34-06K-CIVEMG-56-68 Ls hereby terminated, and the
Government and the User agree as follows:

ARTICLE 1 - Water Storage Space.

(a) Projecr Construction., The Goverpment, subject to the diTections of
Federal law and any limitaticns imposed thereby, has designed and
constructed the Project go as to include therein space for the stotage of
water by the Uger.

{b) BRights of User.

{1) The User shall have the right to utilize an undivided 0.312
percent (estimated to contain 1,590 acre-feet after adjustment for eediment
depoe{ts} of the usable storage space in the Project hetween elevations
£3B.0 feet National Geodetic Vertical Datum and 592.0 feet Mational Geodetic
Vertical Datum, which usable conservation storage space 1s eetimated to
contain 310,600 acre-feet after adjustment for sediment deposits. Thie
storage space ig to be used to Impound water for present demand or need for
municipal =2nd industrial water supply. 18.868 percent (an estimated
300 acre-feet, designated ae Storage Space No. 1, Initial development) of
the space which User has a right to utilize is provided by the existing
contract and 81.131 percent {an estimated 1,290 acre-feet, designated as
Storage Space RHo. 2, ultimete developmenty L Ior use begloning onm 1 May
following the approval of this contract.

{2) The Uger shall have the right to withdraw water from the lake,
of to order releases to be made by the Government through the outlet works
in the Dam, subject to provislons of Article 1{c) and to the extent the
aforesaid storage space will provide; and shall have the right to construct
all such works, plants, pipelines, and appurtenances as may he necessary and
convenient for the purpeose of diversion or withdrawale, subject to the
approval of the Contracting Officer as to deslgn and location. The grant of
an easement for right-of-way, scross, in and upon land of the Government ac
the Project ehall be by a peparate instrument in & form satisfactory to the
Secretary of the Army, without additional cost te the User, under the
authority of and in accordance with the provieions of 10 USC 2669 and such
other anthorities as mway be necessary. Subject to the conditiens of such
easement, the User shall have the right te use so much of the Preoject land
ag mey reasonably be regquired in the exerclse of the righte and privileges
granted under this contract.

{c} Rights reserved. The Government reserves the right to contrel aod
UBE any wWater suppf} storage not under econtract in accordance with
authorized Froject purposes. The Government further reserves the tight to
take such measures a4s may be necessary in the operatien of the Project to
vreserve 1ife andfer property, inclading the TiEnt oot Lo mAke JdoWnstream
releasegs durlng such pericds of time as are deemed necessary, in its eole
discretion, to inspect, maintain, or repair the Project.




(d) Quality or Availability of Water. The User recognizes that this
contract provides storage space for raw water enly. The Government makes no
representations with respect to the quality or availability of water and
assules 0o responsibility therefor, or for the treatment of the water.

{e) Sedimentation Surveys.

(1} Sedimentation surveys will be made by the Contracting Officer
during the term of this contract at intervals par bt exceed fifteen (15)
years unless ctherwise agreed to in writing by beth parties. When, in the
opirion of the Contracting Officer, the findingse of such gurvey indicate any
Froject purpose will be affected by vnanticipated sedimentation
dietribution, there shall ke an equitable redietribution of the sediment
Teserve Srorage space awmong the purposes served by the Project, including
municipal and Industrizl water eupply. The totzl available remaining
Etorage apace In the Prodect will then be divided among the varfous Project
features in the same ratio as was Iinftislly utflized. Adjusted pool
elevations will be rounded to the nearest cne—half foot. Such findings and
the storage space allocated to ounicipal and industrial water supply shall
be defined and described as an exhibit which will he made a part of this
contract and the reservoir regulation manual will ba modified accordingly.

{2} The Government sssumes no responeibility for deviations from
estimated rates of sedimentatlon, or the distribution therecf. Such
deviations may cause unequal distribution of sediment reserve gtorage
greater than estimated, and/or encroachment on the total BtoTrage at the
Froetject.

ARTICLE 2 - Regularfon of and Right to Use of Water. The repularion of the
use of water withdrawn or released from the aforesaid 6torage epace shall be
the gole responsibility of the User. The UPser has the full responsibility
to acquire In accordance with state laws snd regulations, and, I{f nececrary,
to establish or defend, any and all water righte needed for utilizstion of
the sterage provided under thie contract. The Covernment shall not be
responsible for diversions by others, mor will it become a PArLy toc any
controverefes involving the use of the storage space by the User except as
such controversieg may affect the operations of the Government.

ARTICLE 3 - Operation and Maintenance. The Government shall operate and
maintain the Project and the User shall pay to the Government such ghare of
the epsts of such operation and maintenasnce as provided in Article 5. The
User shall be responsible for operation and maintenance of all installsations
end facilities which it may construct for the diversiem or withdrawal of
water, and ehall bear all coasts of conetruction, eperation, and maintemance
of such installations and facilities.

ARTICLE 4 - Measurement of Withdrawals and Releases. The User agrees to
furnish and install, without cost to the Government, sultable meters or
meaguring devices satisfactory to the Contracting Officer for the
meagurement of water which fg withdrawn from the Prolect by any weans other
than through the Project ocutlet works. The User ghall furnish ta the
Government monthly statemente of all such withdrawals. Pricr to the
construction of any facilities for withdrawal of water from the Project, the




User will obtain the Contracting Officer's approval of the desdgn, locatiom,
and Iinstallation of the facilitiee including the meters or measuring
devices. Such devices shall be avallable for inepection by Government
Tepresentatives ot all reasonable rimes. Releases from the water supply
storage space through the Project outlet works shall be made in accordance
with written schedulee furnished by the User and approved by the Contracting
Officer and shall be subject to Article 1{c). The measure of &ll such
releases shall be by means of a rating curve of the outlet worke, or by such
other suitable means as may be apgreed upan prior to use of the water supply
Gtorage Epace.

ARTICLE 5 - Payments. In consideration of the right to utilize the
aforesaid eterage space In the Project for municipal and industrial water
Bupply purpoees, the User shall pay the following sums to the Government:

{a) Prolect Investwment Costs.

{1) The User ghall repay the Government, at the times and with
interest on the unpaid balance as hereinafter specified, the smounts stated
below which, a5 shown Iin Exhibit "A" attached to end made a part of rhis
tontract, constitutes the entire actual amount of the constructlon costs,
including interest during construction, allocared to the water storage righe
acquired by the User under this contract. The inrerest rate to he used far
purpeses of computing interest during constructton and Ioterest on the
unpald balance wae determined by the Secretary of the Treasury ae of the
beginning of the fiscal year in which construction of the inftial and
ultimate development stage of the Froject were Initiated, on the basie set
forth in the Water Supply Act of 1958, ac smended. For infitlal development
stage of the Project, this fnterest rate is 7.544 percent, and for the
nitimate development stapge 1t 1s 3.225 percent. The User shall repay:

0,109 percent of the total Project joint—use

construction costs 5 47 420,00
Interest during conatruction $ 3,380.00
Subtotal 5 51,400.00

Less credit for payments on principal made
under Contract No. DA-34-066-CIVENG-66-68
thru 1 May 1985

Total remalning unpaid amcunt of Project
inveestment costs % 4B,48R.72

§ -2,811.28

The entire Froject investment cost allocated to water aupply to be paid
under thie contract will be divided into Storage Space Numbers 1 and 2
defined herein as follows:

‘Btorage Space Ne., 1 - 300 acre—feet

(initial development) $ 6,788.72
Storage Space Wo, 2 - 1,290 acre-fest

{ultimate development) $ 41 700,00
Total $ 48 ,4BR.72
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CONTRACT BETWEEN THE UNITED STATES OF AMERICA
AND
CITY OF CLAREMDRE, OKLAHOMA
 FOR
WATER STORAGE SPACE IN OOLOGAX LAXE
THIS CCNTRACT, entered into this 4thday of _June , 1988 , by and
between THE UNITEQ STATES OF AMERICA {(hereinafter called the "Government®)
represented by the Cantracting Officer executing this contract, and the £ITY
OF CLAREMORE, OKLAHOMA {herainafter called the "User"};

WITNESSETH THAT:

WHEREAS, pursuant to Public Law 761, 75th Congress, 3d Session approved
28 June 1938, as amended by the River and Harbor Act approved 24 July 1946,
{Public Law 525, 79th Congress, 3d Session) and Section 79 of the Water
Resources Development Act of 1974 {Public Law 93-251), approved 7 March 1974
the Government has constructed and {s operating and maintaining Qologah Lake
on the Yerdigr{s River, Oklahoma, (hereinafter called the "Project®); and

WHEREAS, the User desires to contract with the Government for the use
of storage included in the Project for municipal and industrial water
supply, and for payment of the cost thereof in accordance with the
provisions of the Water Supply Act of 1958, as amended (43 U.5.C. 390b-f);
and

WHEREAS, the User is empowered to contract with the Government and is
vasted with all necessary powers for accomplishment of the purposes of this
contract;

NOW, THEREFORE, the Government and the User agree as follows:

ARTICLE | - Water Steorage Space.

{a) Project Comstruction. The Government, subject to the directions
of Federal law and any limitations imposed thereby, has designed and
constructed the Project so as to include therein space for the storage
of water by the User.

{b) Rights of User.

(1) The User shall have the right to utilize an undivided 0.087
percent {estimated to contain 445 acre-feet after adjustment for
sediment deposits) of the usable storage space in the Project
between elevations 638.0 feet National Geodetic Vertical Datum and
£92.0 feet National Geodetic Vertical Datum, which usable
conservation storage space is estimated to contain 510,600 acre-
feet after adjustment for sediment deposits. This storage space

PERCRCET 4T CGERMMEENT EXEMAE
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is to be used to impound water for present demand or need for
municipal and industrial water supply.

{2} The User shall have the right to withdraw water from the
Take, or to order releases to be made by the Government through
the outlet works in the Dam, subject to the provisions of Article
1{c) and to the extent the aforesaid storage space will provide;
and shall have the right to construct all such works, plants,
pipelines, and appurtenances as may be necessary and convenient
for the purpose of diversion or withdrawals, subject to the
approval of the Contracting Officer as to design and Jocation.

The grant of an easement for right-of-way, across, in and upon
land of the Government at the Project shall be by a saparate
instrument in a form satisfactery to the Secretary of the Army,
without additiomal cost to the User, under the authority of and in
accordance with the provisions of 10 U.$.C. 2669 and other such
authorities as may be necessary. Subject to the conditions of
such easement, the User shall have the right to use so much of the
Project land as may reasonably be required in the exercise of the
rights and privileges granted under this contract.

{c) BRights Reserved. The Government reserves the right to control and
use any future water supply storage and/or any water supply storage not
under contract in accordance with authorized Project purposes. The
Government further reserves the right to take such measures as may be
necessary 1n the operation of the Project to preserve 1ife and/or
property, including the right not to make downstream releases during
such periods of time as are deemed necessary, in its sole discretion,
to inspect, maintain, or repair the Project.

{d) Quality er Availability of Water. The User reccgnizes that this
contract provides storage space for raw water only. The Government
makes no representations with respect to the quality or availability of
water and assumes no responsibility therefor, or for the treatment of
the water.

{e) Sedimentation Surveys.

(1) Sedimentation surveys will be made by the Contracting Officer
during the term of this contract at intervals not to exceed
fifteen {15) years unless otherwise agreed to in writing by both
parties. When, in the epinion of the Contracting Officer, the
findings of such survey indicate any Project purpose will be
affected by unanticipated sedimentation distribution, there shall
be an equitable redistribution of the sediment reserve storage
space among the purposes served by the Project including municipal
and industrial water supply. The total available remaining
storage space in the Project will then be divided among the
various Project features in the same ratic as was 1nitfally
utilized. Adjusted pool elevations will be rounded to the nearest
one-half foot. Such findings and the storage space ailecated to
municipal and industrial water supply shall be defined and

2
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described as an exhibit which will be made a part of this contract
and the reservoir regulation manual will be modjified accordingly.

(2) The Government assumes no responsibility for deviations from
estimated rates of sedimentation, or the distributien thereof.
Such deviations may cause unequal distribution of sediment reserve

storage greater than estimated, and/or encroachment on the total
storage at the Project.

ARTICLE ¢ - Regulation gf and Right to Use of Water. The regulation of the
use of water withdrawn or released from the aforesaid storage space shall be
the sole responsibility of the User. The User has the full responsibitity
to acquire in accordance with State Taws and regulations, and, if necessary,
to establish or defend, any and all water rights needed for utilization of
the storage provided under this contract. The Government shall not be
respensible for diversions by others, nor will it become a party to any
controversies involving the use of the storage space by the User except as
such controversies may affect the operations of the Government.

ARTICLE 3 - Operation and Maintepance. The Government shall operate and
maintain the Project and the User shall pay to the Government a share of the
costs of such operation and maintenance as provided 1n Article 5. The User
shall be responsible for operation and maintenance of all installations and
facilities which it may construct for the diversion or withdrawal of water,
and shall bear all costs of construction, operation, and maintenance of such
tnstallations and facilities.

ARTICLE 4 - Measurement of Withdrawals and Releases. The User agrees to
furnish and install, without cost to the Government, suitable meters or

measuring devices satisfactory to the Contracting Officer for the
measurement of water which is withdrawn from the Project by any meazns other
than through the Project outlet works. The User shall furnish to the
Government monthly statements of all such withdrawals. Prior to the
construction of any facilities for withdrawal of water from the Praject, the
User will obtain the Contracting Officer's approval of the design, location,
and installation of the facilities including the meters or measuring
devices. Such devices shall be available for inspection by Government
representatives at all reasonable times. Releases from the water supply
storage space through the Project outlet works shall be made in accordance
with written schedules furnished by the User and approved by the Contracting
Gfficer and shall be subject to Article 1fe). The measure of all such
releases shall be by means of a rating curve of the sutlet works, or by such

other suitable means as may be agreed upon prior to use of the water supply
storage space,

ARTICLE 5 - Payments. In consideration of the right to utilize the
aforesaid storage space in the Project for municipal and industrial water
supply purposes, the User shall pay the following sums to the Government:

Y-ec-ugro
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EXHIBIT C
STANDING INSTRUCTIONS TO PROJECT MANAGER
OOLOGAH LAKE
|. GENERAL

1. Instructions. Detailed instructions to the project personnel at Oologah Lake are
presented below.

a. Operation. During flood periods, the lake will be regulated following the
normal regulations for flood control operation as directed in subparagraph 7-05a.
Instructions for the storage and discharge of floodwater will be issued by the Water
Control Section. In the event communication with the Tulsa District Office is disrupted,
the lake regulation will become the responsibility of the Project Manager and will be
regulated according to subparagraph 7-05b of this manual or paragraph 3 of section II
of this exhibit. In addition, the Project Manager will immediately attempt to reestablish
communications with the Tulsa District Office. The Project Manager will make daily
observations of the weather station and lake conditions and report those observations
as directed by the Water Control Section. Should an emergency occur in which
communication is not lost, such as an inoperable gate, drowning accident, excessive
trash in gates, broken buoy line, or power outages, the Water Control Section will be
notified immediately.

b. Data Reporting Instructions. Most of the daily lake data from Oologah Lake
(see plate 5-3) will be obtained from the WCDS database. Weather data and other
data collected by the Oologah Lake Project will be submitted to the Water Control
Section, Hydrology-Hydraulics Branch, Tulsa District Office (telephone 918-669-7103
or VHF-FM radio, call signal WUI-3 Hydrology). The Water Control Section office is
manned from 7:00 a.m. to 4:30 p.m. daily and various hours on weekends and holidays.
Data for nonworking days will be read and submitted the following workday. Should
unusual conditions arise duringnonworking hours, one of the persons listed on pagei
should be contacted. The following data should be included in the daily report.

(1) As of 8:00 a.m. Each Weekday.

a. The current lake clarity and weather condition.
b. The total precipitation amounts for the previous 24-hour periods

(7:00 a.m. to 7:00 a.m.) including the amounts for the 6-hour periods ending at
1:00 p.m., 7:00 p.m., 1:00 a.m., and 7:00 a.m., and the starting and ending times.

C-1



c. The pan evaporation in inches for the previous 24-hour period
(7:00 a.m. to 7:00 a.m.) or for the period since the last evaporation reading was taken.

d. The current wind direction and wind speed (Beaufort scale).

e. Water supply withdrawal or release for previous day (if available).

f. Report the current gate setting and any gate changes made during
the past 24-hour period including the time and pool elevation (and tailwater elevation if

necessary) when the change was made.

(2) As of 8:00 a.m. Each Monday.

a. The same data as required in a. above.

b. Report the current pool elevation readings from the pool gage, the
recording chart or tape, the shaft encoder or data logger, and the wire weight or staff
gage. If wind or weather prevents readings Monday, then these readings can be taken
on the next day that weather permits.

c. The current tailwater elevation if available.

(3) Weekends and Holidays.

a. Daily reports are not required on weekends and holidays except
during flood periods.

b. During flood periods, weekend and holiday reports should include
the same data as required in a. above plus the 8:00 a.m. pool elevation from the pool

gage.

(4) During Flood Periods. Besides the data in a. and b. above, additional
reports of lake elevations may be requested by the Water Control Section personnel
during flood periods.

(5) Rainfall Reports. Rainfall reports will be made as follows:

a. At 8:00 a.m. all precipitation that occurred during the preceding 24
hours (7:00 a.m. to 7:00 a.m.) as shown on plate 5-3 (covered by routine report on
working days).



b. At 1:00 p.m. when 0.50 inch or more of precipitation has occurred
since 7:00 a.m. and no 1:00 p.m. report was made, or if it has continued to rain since
7:00 a.m.

c. At 7:00 p.m. when 0.50 inches or more precipitation has occurred
since 7:00 a.m. and no 1:00 p.m. report was made, or if it has continued to rain since
reporting at 1:00 p.m.

d. Report at once the occurrence of 2.00 inches or more of
precipitation that occurs during a period six hours or less. Duringnonworking hours,
the report should be made to one on the persons listed on page i.

c. Reporting Unusual Events. Events or conditions not normally encountered in
the routine operation of the dam and lake that might endanger the dam or require
temporary or permanent revision of the operating procedures such as a settlement,
movement, or cracking of the earth embankment or abutments; unusual change in
seepage rates or development of new seepage areas; mechanical malfunction or
failure; structural settlement, movement, cracking, or vibration; landslides, rockslides,
or indication of an impending movement; or an occurrence showing any degree of
jeopardy to the safety of the dam or to the safety of the public will be reported promptly
to the Water Control Section, Hydrology-Hydraulics Branch.

d. Warnings. lItis the responsibility of the Project Manager and project
personnel authorized to make gate changes, to maintain a list in current status of
residents and/or property owners who would be endangered or inconvenienced by
large and/or prolonged releases. This list will be attached to the Project Manager's file
copy of this manual. If damaging releases are expected to occur, notification will be
made by telephone or oral warning by the Corps employees. Notification will be made
according to the Tulsa District supplements to ER-500-1-1. This would include radio,
television, telephone, Citizen Band radio, use of law enforcement and Civil Defense
agencies and their communication systems, National Guard and Reserve Units,
supplemented by oral warning from Corps employees in Government vehicles. Studies
have been made to determine the possible downstream flood conditions that could
exist in case of a maximum spillway release or failure of the dam at maximum pool.
Approximate water surface profiles and flooded area maps giving the results of these
studies can be found in the Oologah Dam, Operation and Maintenance Manual,
Volume IlI, dated October 1982. Always when a gate change is made a horn is blown to
give warning to people immediately downstream who are within hearing distance of the
horn blast.
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e. Frequency of Gate Changes. During flood periods, gate changes may be
directed by the Water Control Section anytime. The initial transition from low flow
releases to flood releases or vice versa may require gate changes every hour. When
floodwater has significantly risen into the flood control pool, gate changes can be
expected two or three times daily. When the pool level is at or above the top of the
flood control pool, gate changes may occur every hour. Only under the most unusual
circumstances will changes be ordered more frequently than once every hour.
Frequency of gate changes during low flow operation will generally be less than once a
day.

C-4



Il - REGULATION PROCEDURES

1. Requlating River Stages and Discharges The regulation schedules provide that the
channel capacity of 30,000 cfs is not to be exceeded as far as practicable.

Floodwaters will be released as rapidly as practicable with consideration given to
reducing flooding of low-water crossings and low-lying farmland. Factors considered in
the determination of releases are: the season of the year with respect to the probability
of floods, status of crops in low-lying farmlands, and minimum stages or discharges.

2. Normal Regulation of Flood Control Operations Oologah Lake will be regulated for
optimum flood reductions on the Verdigris from the dam to its confluence with the
Arkansas River and with the existing system of lakes on the Arkansas River and
tributaries from the confluence to Van Buren, Arkansas. The following regulations, as
shown in Table 7-1, will govern releases from Oologah Lake. During flood control
regulation the tainter gates and conduit gates are to be operated at uniform settings
with a no more than a 1-foot difference in opening between gates of like type.

3. Emergency Flood Control Regulations When communication with the Tulsa District
Office is disrupted, the Project Manager will, on his own initiative, direct regulation of
the lake according to the schedule shown on Table C-2 until communication is
restored. In addition, the Project Manager will make every effort to reestablish
communication with the Tulsa District Office. Plate 7-2 will be used by the project
manager during emergency flood operations to determine the 4-hour inflow. Using this
inflow, a release will be determined from plate 7-1. Plate 7-10 has been included to
meet HQUSACE requirements and should only be used as a last resort. Use of this
plate will direct releases to be made which are much greater than necessary. The
spillway gates will be operated at uniform openings as discussed in paragraph 2.

4. During Emergency Events. The Project Manager may temporarily deviate from the
current release rates in the event an immediate short-term departure is deemed
necessary for emergency reasons to protect the safety of the dam or to avoid serious
hazards to life. Such actions will be immediately reported by the fastest means of
communication available. Actions will be confirmed in writing the same day to the
Water Control Section and will include justification for the action. Continuation of the
deviation will require the express approval of the Water Control Section.
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TABLE C-2
EMERGENCY FLOOD CONTROL REGULATION SCHEDULE
OOLOGAH LAKE

LAKE STAGE | POOL CONDITIONS REGULATION

Below 638.0 Rising Continue the releases being made at the time of
communication failure.

638.0 to 666.0 Rising If the lake level is below elevation 656.5, maintain
current releases until communication is restored.
If, after 12 hours, communication has not been
restored, or the pool is above or rises to elevation
656.5 anytime within the 12-hour period,
determine inflows following plate 7-2 (Inflow
Nomograph) and go on to plate 7-1 (Spillway
Gate Regulation Schedule-Inflow Parameter) to
determine required releases. The rate of rise of
the lake and the average discharge will be
computed every 4 hours for the preceding 4
hours. Never when the lake is rising will releases
be decreased. If after the 12-hour delay, the lake
level becomes static and releases are less than
1000 cfs, then releases will be increased to 1000
cfs immediately.

666.0 or above Rising Releases will be increased by raising the spillway
gates in one foot increments to maintain the lake
at elevation 666.0 or until all gates are fully open.
After the spillway gates have been fully opened
and the pool is still rising, the conduit gates will
be raised in 2 foot increments until the lake stops
rising or the conduit gates are fully open.

666.0 or above Falling Maximum gate openings attained will be
maintained until the lake level recedes to
elevation 666.0.
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TABLE C-2 (CONT'D)

LAKE STAGE

POOL CONDITIONS

REGULATION

666.0 - 661.0

Falling

The maximum spillway gate opening attained will
be held until the lake level recedes an amount
sufficient to permit lowering the spillway gates
one-half foot without causing the pool to rise. If
the pool begins to rise, set the gates back to the
previous opening. A margin of not less than one-
fourth foot between the lake level and the top of
the spillway gates will be maintained at all times.
This operation will be repeated until the lake level
reaches elevation 661.0 or the release is

30,000 cfs.

661.0 - 640.0

Falling

If the maximum release rate exceeded 30,000 cfs,
releases will be adjusted by lowering the spillway
gates one-half foot without causing the pool to
rise. If the pool begins to rise, set the gates back
to the previous opening. This operation will be
repeated until the release is 30,000 cfs. If the
maximum release was much lower than 30,000
cfs this release will be maintained until the lake
level reaches 640.0.

640.0 - 638.0

Falling

Begin a gradual reduction of the release rate (not
to exceed 5,000 per 3-hr period) so that releases
are equal to inflow (the pool is steady) at
elevation 638.0.
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Area U,Estaihne Springs
Area VI & Truscott Brine Lake
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CFryCreek, 0K . -
GreatEen&,KS e e
‘Halstead, KS

Y
il

‘Whiskey & Rock Creek, K8 .

Boswell Lake, OK

Candy Lake, OK

Douglass Lake, K8
Lukfata lake, OK
ParkerLake, OK
Sand Lake, OK
Shidler Lake, QK.
Tuskahoma Lake, {}K

- I;ucal Protedtion ijects :

Ar?&ga.nsasfffitjh KS

Holliday Creek, TX
Independence, K8 -
MceGrath Creek [ TX
Minge Creek, Tulsa, QK

Fark City, KS
Upper Little Arkansas River, KS

L Flak Rosk Sid Vﬁ'ﬂé?"v’"iéw’ Talsa OK
J-2 Filerence K8 .
1-5 Haikey Creek, Tulsa. OK
Ivz Hﬂtch]nﬁ{}n KS ............................................
L2 bla, K8
B Jenks, OK ...
1-5 Joe Creek, Tulsa, OK _ _
N2 Larned,®KS P
- 4-3 Main Branch Chisholm Crk; Park Ctt}', XS
" 4.2 Marion, K58
. -6 Uklahoma City Floodway, OK
- d-2 BandCreek, Newton, K8 = oo
L5 Tulsa & West Tulsa Leves, OK _
J-3 'West Branch Chisholm Creek, Wichita, K§
...... © J-3 Wichita & Valley Center, K8
- Jd-3 Winfield, K5

L _'_I:;Grand Rwer flam Authﬁr!ty

Ly vxj M b h o

=]

M-6 Bigand Little Sallisaw Creek, OK

Bank Stabilization Projects .

MEtwN-§  Arkansas River
- K-8t N-9 ° Red Hiver

- Arkansas Biver Basin Chloride Control
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14 Areai
G4 Area L &1I
LB AreaiV

Red River Basin Chloride Control
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8 Area VI
B AreasiX
_9 Arﬁﬁ X ..........................................
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B Area XIV
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INSTALLATIONS SERVED

‘BY THE TULSA DISTRICT

Mlhtar}r Instailations

G-7 Altus USAF
H-8 Fort5ill, USA

o "ricﬁies.t,er Ammunﬁmn Plant, USA

-9 Heese LISAF
H-8 Sheppard USAF
4-6 Tinker USAF

-5 Vanee USAF

Beparimenti of Energy Instaliation

-6 Pantex, TX

NON-CORPS LAKES

U iCarpsof Engineers manages the fnod conbent apemations. ;

: Bureau of Reciamation

3-7 Altus Reservoir, OK - [
_d-8  Arbuckle Reservoir, OK
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. IMB ' Lake Meredith, TX

§-7 . Lake Thunderbird, OK = .-
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“Tom Steed Lake, DK T
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M 4 Grand Lake O the Ghemkees OR®
M -5 Lake Hu&sm UK* o

ﬂ:ty {}f Wi{:hlta Fails, TX and Wlﬂhita L
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Lake Hudson -
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STREAM PROFILE
PLATE 2 OF 2

VERDIGRIS RIVER
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DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996

DRAWN: G.D.E.

VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

STREAM PROFILE
FALL RIVER & ELK RIVER

ARKANSAS RIVER WATERSHED

CHECKED: R.W.B.
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DISCHARGE IN 1000'S CFS

35

30

R

20
|
)
15
|
\
\
\
\
10 NS >{INFLOW CONDITIONS]
A\
f\
A\
A\ \
\
5
B
N\ HOUTFLOW_CONDITIONS
NG ,&
I+ 2l
O — e N~ - --.|=_
0 20 40 60 80 100
PERCENT OF TIME EQUALLED OR EXCEEDED
NOTE:

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

CURVE IS BASED UPON PERIOD OOLOGAH LAKE

OF RECORD JANUARY 1940 THRU
DECEMBER 1993 FROM SUPER RUN
A95X09.

FLOW DURATION CURVE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E.

CHECKED: R.W.B. 4-4
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50
40 =
/’I
//
/
/
b 30 /
w <] FLOOD STAGE 30 FEET
~ DISCHARGE 20,900 CFS
- /
LJ
7
‘&’ /
— /
o /
20 1
/
/
7
/
10 £
7 100 120 140 160
/
1
]
0 0 20 40 60 80 ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKL AHOMA
DISCHARGE IN 1000'S CFS OOLOGAH LAKE
NOTE: DISCHARGE RATING CURVE
CURVE IS BASED UPON RATING CURVE RIS RIVER AT
NUMBER 17, DATED OCTOBER 1, 1990 |N\6EER|;%ISDESNCE &ANSAS
AND SHIFT 'CURVE DATED DECEMBER 2, 1992. '
DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1994
DRAWN: G.D.E.
CHECKED: R.W.B.
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= VTN FLOOD STAGE 30 FEET
~ DISCHARGE 32,800 CFS
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wn
20
7
10 100 120 120 160
/
0 0 20 40 60 80 ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKL AHOMA
DISCHARGE IN 1000'S CFS OOLOGAH LAKE
NOTE: DISCHARGE RATING CURVE

CURVE IS BASED UPON RATING CURVE
NUMBER 17, DATED OCTOBER 1, 1990

AND SHIFT CURVE DATED OCTOBER 7, 1993.

VERDIGRIS RIVER NEAR
LENAPAH, OKLAHOMA

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1994

DRAWN: G.D.E.
CHECKED: R.W.B.
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L REGULATING STAGE 26 FEET
< [ DISCHARGE 10,300 CFS
@ /
20 /
/
/
[
10 Hf
100 120 140 160
|
|
i
0 0 20 40 60 80 ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
DISCHARGE IN 1000'S CFS OOLOGAH LAKE
NOTE: DISCHARGE RATING CURVE

CURVE IS BASED UPON RATING CURVE
NUMBER 26, DATED OCTOBER 1, 1994

AND SHIFT CURVE DATED JUNE 14, 1996.

DRAWN: G.D.E.
CHECKED: R.W.B.

CANEY RIVER NEAR
RAMONA, OKLAHOMA

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
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/T T [ REGULATING STAGE 35 FEET
H DISCHARGE 51,900 CFS
'/'
A
//
20 )4 200 240 280 320
7
/I
0 0 40 80 120 160 ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
DISCHARGE IN 1000'S CFS OOLOGAH LAKE
NOTE: DISCHARGE RATING CURVE

CURVE IS BASED UPON RATING CURVE
NUMBER 18, DATED OCTOBER 1, 1993
AND SHIFT CURVE DATED SEPTEMBER 1, 1994.

VERDIGRIS RIVER NEAR
CLAREMORE, OKLAHOMA

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E.
CHECKED: R.W.B.
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N
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.} POTEAU
12
*
v
WISTER LAKE

NOTES:
1. TIME OF TRAVEL IN HOURS
FOR LARGE RISES IS SHOWN:
- 24 *
2. TIME SHOWN ABOVE UPSTREAM
STATION IS AVERAGE TIME TO
CREST AFTER BEGINNING OF

RUNOFF.

VERDIGRIS RIVER, OKLAHOMA

ARKANSAS RIVER WATERSHED
OOLOGAH LAKE

TIME OF CREST TRAVEL

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996

DRAWN: G.D.E.
CHECKED: R.W.B.
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ELEVATION AT OOLOGAH DAM SITE IN FEET, NGVD

OL-v

630
" 1
4 g A
/
/ /
MAXIMUM 620.5 R /
620 OCTOBER 1986 7 f
T AREA| ~
V4 //
i’ 7
7 7
Vd P4
‘/ g
610 v P
b L~
7 - ~JSTRUCTURES]
P
v 7
4/ ]
600 s
P P e
=T TR [MAY 1987 PRICES]
590
0 500 1000 1500 2000 2500 3000 3500 4000
FLOOD LOSSES IN THOUSANDS OF DOLLARS
0 200 400 600 800 1000 1200 1600 1800
AREA FLOODED IN ACRES
ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

STRUCTURAL LOSS AND
AREA CURVES

VERDIGRIS RIVER FROM
OOLOGAH DAM TO
CANEY RIVER CONFLUENCE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E.
CHECKED: R.W.B.
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STAGE AT *1INOLA GAGE IN FEET
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1
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MAXIMUM 55.9 - 8
OCTOBER 1986 = I
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" v
N e R [MAY 1987 PRICES|
! ~ EE L=
500 1000 1500 2000 2500 3000 3500 4000
FLOOD LOSSES IN THOUSANDS OF DOLLARS
200 400 600 800 1000 1200 1600 1800
AREA FLOODED IN ACRES
ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

STRUCTURAL LOSS AND
AREA CURVES

VERDIGRIS RIVER FROM
CANEY RIVER CONFLUENCE
TO BIRD CREEK CONFLUENCE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E.
CHECKED: R.W.B.
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#2 INOLA GAGE IN FEET
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MR
4 8 12 16 20 24 28 32
FLOOD LOSSES IN MILLIONS OF DOLLARS
1000 2000 3000 4000 5000 6000 7000 8000
AREA FLOODED IN ACRES
ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

STRUCTURAL LOSS AND
AREA CURVES

VERDIGRIS RIVER FROM
BIRD CREEK CONFLUENCE
TO ARKANSAS RIVER

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E.
CHECKED: R.W.B.




Cossodoy

lolo

Yates Center

Beoumont
Chonute

Grenola

4
BIC

Sedon

A~
ST~

offeyville

<

Copon @
Bortlesvile @
OOLOGAH
LAKE
Ram.onn
Collinsville [
ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
LEGEND OOLOGAH LAKE
® RECORDING PRECIPITATION STATIONS RECORDING RAINFALL AND

OBSERVER PRECIPITATION STATIONS

A RECORDING STREAM GAGING AND
PRECIPITATION STATIONS

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 5-‘]
CHECKED: R.W.B.
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1.

NATIONAL WEATHER SERVICE

RIVER FORECAST CENTER

DIRECT COMMUNICATIONS ARE MAINTAINED BETWEEN THE LAKES AND THE RESERVOIR

2

TULSA DISTRICT
EXECUTIVE OFFICE

ENGINEERING & CONSTRUCTION DIVISION

OPERATIONS DIVISION

HYDRO-HYDRA BRANCH

BRANCH CHIEF, CM-14

WATER CONTROL SECTION

(b) 6) cn. s3]

VERDIGRIS RIVER REGULATORS

(b) (6) R

CONTROL SECTION FOR TRANSMISSION OF LAKE DATA AND INSTRUCTIONS.

2.
SERVICE.

PRECIPITATION AND STREAM GAGCE DATA ARE FURNISHED BY THE NATIONAL WEATHER
RIVER FORECAST CENTER.

S 00LOGAH LAKE
PROJECT OFFICE

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

ORGANIZATIONAL CHART

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E.
CHECKED: R.W.B.




LAKE DATA
26 JUNE 1991

L INE

NUMBER ITEM TIME 00Lo
POOL
! ELEVATION 12N 640.55
POOL
2 ELEVATION 4PM 640.48
POOL
3 ELevArTON 12M 640.51
POOL
4 ELEVATION 8AM 640.51
TAILWATER
5 ELEVATION 8AM 14.76
24 HR AVE. POWER
e DISCHARGE 12M
24 HR AVE. TOTAL
7 D1SCHARGE LM
NET POWER
8 GENERAT 10N LeM
GEN*1 HRS IN USE 12M
GEN*2 HRS IN USE 12M
9
GEN*3 HRS IN USE 12M
GEN*4 HRS IN USE 12M
INSTANTANEOUS
1 POWER DISCHARGE 8AM
INSTANTANEOUS
1 TOTAL DISCHARGE 8AM 3000
12 LAKE CONDITIONS 8AM @
13 WEATHER COND. 8AM [}
1PM
TOTAL PRECEEDING
6 HOUR 7PM
14 PRECIPITATION
ENDING AT 1AM
76M
TOTAL 24 HOUR
15 PRECIPITATION 7AM 0.2
6 COMMENTS ON
PRECIP. DIST.
EVAPORATION
WIND
18 DIRECTION 8AM S
WIND .
19 VELOCITY 8AaM B-1
WATER
20 SUPPLY
GATE SETTINGS }
21 NO. TYPE,OPENING 8AM 4CC1.5
o GATE DATE 6-25-9]
CHANGES  TIME 1400
23 POOL ELEVATION 640.47
FROM: GATE .
24 SETTING 4CG3
T GATE ;
25 0: SETTING 4CGC1.5
e GATE DATE
CHANGES — TIME
27 POOL ELEVATION
FROM3 GATE
28 SETTING
TOs GATE
29 SETTING
30 RIVER STAGE
LOW FLOW WEIR

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

LAKE DATA

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 5_ 3
CHECKED: R.W.B.




Cossodoy

lolo

Beoumont
Chonute

Grenola

[ ]
Copon @
Bortlesvile @
Ram.onn
Collinsville .
L
:") ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
LEGEND ‘ OOLOGAH LAKE
RDING PRECIPITATION STATION
® RECORDING PREC ON STATIONS FORECAST REACHES

A RECORDING STREAM GAGING AND
PRECIPITATION STATIONS

LENLOC - SUBAREA NAME

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 6-‘]
CHECKED: R.W.B.
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DISCHARGE IN CFS
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200

100

DATA BASED ON:

DRAINAGE AREA
1" RUNOFF = 50,290 AC-FT
2 HOUR UNIT HYDROGRAPH

NOTE:

UNIT HYDROGRAPH OBTAINED BY APPLYING
ONE INCH OF RUNOFF IN A TWO HOUR PERIOD ABOVE THE INDEPENDENCE GAGE
TO THE SUBDIVIDED FORECAST MODEL.

2 3 4
DAYS FROM BEGINNING OF RAINFALL EXCESS

DRAWN: G.D.E.
CHECKED: R.W.B.

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
943 SQ. ML OOLOGAH LAKE

UNIT HYDROGRAPH

AREA BELOW FALL RIVER,
TORONTO AND ELK CITY LAKES AND

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1994
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DISCHARGE IN CFS
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A
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S
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M
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A
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]
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e~

T ———]

1000

0 1 2

DAYS FROM BEGINNING OF RAINFALL EXCESS

DATA BASED ON:

DRAINAGE AREA = 1690 SQ. M.
1" RUNOFF = 90,130 AC-FT
2 HOUR UNIT HYDROGRAPH

NOTE:

UNIT HYDROGRAPH OBTAINED BY APPLYING
ONE INCH OF RUNOFF IN A TWO HOUR PERIOD
TO THE SUBDIVIDED FORECAST MODEL.

3 4 5

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

UNIT HYDROGRAPH

AREA BELOW FALL RIVER, TORONTO,
BIG HILL AND ELK CITY LAKES AND
ABOVE THE LENAPAH GAGE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 6_ 3
CHECKED: R.W.B.
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0 2 4

DAYS FROM BEGINNING OF RAINFALL EXCESS

DATA BASED ON:

DRAINAGE AREA = 958 SQ. MI.
1" RUNOFF = 51,093 AC-FT
2 HOUR UNIT HYDROGRAPH

NOTE:

UNIT HYDROGRAPH OBTAINED BY APPLYING
ONE INCH OF RUNOFF IN A TWO HOUR PERIOD
TO THE SUBDIVIDED FORECAST MODEL.

6 8 10

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

UNIT HYDROGRAPH

AREA ABOVE THE CLAREMORE GAGE
ON THE VERDIGRIS RIVER AND BELOW
HULAH, COPAN AND OOLOGAH LAKES

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 6- 4
CHECKED: R.W.B.




POOL ELEVATION IN FEET (NGVD)

a2 MINIMUM DISCHARGE CURVE TOP OF SURCHARGEHE
% FLOOD FORECASTING TECHNIQUES ' =
666 < 4 i
<O — H
> = --‘ = gt o = =t : —1
7 52 = C mEses m i EEmmee o cas amsE NOTES:
1= LA z - = & =z jmsEEsnaRSEssunn 1. MINIMUM DISCHARGE CURVE FOR NORMAL
§ T & - 2 - + . OPERATIONS WILL BE USED WHEN USING
662 Y(:L’ ‘ Z & i FLOOD FORECASTING TECHNIQUES
114 (} I 'r L = =
7 6 /| ‘ rd 7] ot !
O o e e {TOP_OF FLOOD POOL 661.C 2. MINIMUM DISCHARGE CURVE FOR
ONSH A AT : EMERGENCY OPERATIONS WILL BE USED
Qs . WHEN COMMUNICATION WITH DISTRICT
N / A 4 e e OFFICE IS LOST AND PROJECT MANAGER
£ AA —H - IS OPERATING FOR EMERGENCY CONDITIONS.
658 f:: LA £ #4H17-40' x 27 TANTER
,‘g A A a . GATES FULL OPEN
AN S L i
\/’i\/v / 7
A PRANSHK S 2
'1 4 \'@Q\)C} 'l 7 F
SUUS / '
654 ’7@6" 2 adamss EXAMPLE:
%4 / 7S / y TO DETERMINE A DISCHARGE ( FOR
AT 7/ Vi EMERGENCY OPERATION) WITH A POOL
TS ELEVATION OF 663.0 AND A 4 HOUR
,‘uf:f;?’ A COMPUTED INFLOW OF 260,000 CFS.
YA L] 7-40'x 21 TANTER GATES FULL OPEN
T AND 4-9'x 19' CONDUIT GATES FULL OPEN 1. AT ELEVATION 663.0 READ
/ ACROSS TO THE INTERSECTION
650 7 7 OF THE 260,000 INFLOW CURVE
[ ’ DISCHARGE OF 86,000 CFS.
ISCHA , .
v INFLOW IN 1000'S CFS
H
|m "
4
646 Hf 7 7
Vi
642
U / i
Vi
; CREST OF SPILLWAY 640.0
f ¥
638 TOP_OF _CONSERVATION POOL 638.0}
ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
OOLOGAH LAKE
634
0 20 40 60 80 100 120 140 160 180

SPILLWAY GATE
REGULATION SCHEDULE
INFLOW PARAMETER

DISCHARGE IN THOUSANDS OF CFS

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 7-1
CHECKED: R.W.B.




INSTRUCTIONS /
/
To determine the 4-hour inflow: //
{
@ Locate the poolelevation at the end of the 4-hour period on the /
lower left portion of this chart. //
@ Determine the rate of rise by subtracting the poolelevation at the /
beginning of the 4-hour period from the poolelevation at the end /
of the period and dividing by 4. Move straight up untilyou /
— intersect the appropriote rate of rise curve. /
~ (® Determine the 4-hour average discharge by:
-~ (a) Multiply the discharge for each gote setting used
during the 4-hour period by the time in hours
P each setting was in effect during the 4-hour
| | 1 period
[T AVERAGE RATE OF RISE IN FT/HR | E——— (b) Sum those products and divide by 4 hours.
pd - (See example computations below)
1 1 ,/ /
0.7] ~ ~ @ Move straight down to the bottom of the chart to /
— p read the average inflow for the 4-hour period.
— /, /
4 = /
— 0.6] Piad P ] Go to Plate 7-1to determine the appropriate /
— P P discharge for the next period. //
= e /,/
T i ,//
0.5 11 -
—T il //' iE
- "] ,,/
0.4] ~
—l/
———— Q
- L —— S
——— — SA
Q/Q QO =)
[ ] bp\ Q QQQ C<
— — = > A QQQQ
- T Nt T T T T —_— e e s e - S-S &
[ A 87
- %Sy 2
' T S y
0.2 | —1 &
= 55
3
<
Kl &V@
4)
(1) N
b |
656 658 660 662 664 666 0 100,000 200,000 300,000 400,000 500,000
POOL ELEVATION FEET AVERAGE 4-HOUR INFLOW IN CFS
EXAMPLE COMPUTATIONS: ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
Q) Begin with a lake elevation of 663.00 feet. Four hours ago the elevation was 662.08 feet. OOLOGAH LAKE
@) Rate of rise = (663.00 - 662.08) / 4 hrs = 0.92 feet / 4 hrs - 0.23 ft/hr
Q®  Releases for last four hours were: 20 hrs ol 60.000 cfs - 2.0 x 60.000 120.000 <f INFLOW VS. RATE OF RISE
.0 hrs a , cfs = 2.0 x 60, - , cfs
2.0 hrs at 80,000 cfs = 2.0 x 80,000 - _160,000 cfs L y
Average release = 280,000 cfs /7 4 hrs Total 4 hrs 280,000 cfs NOMOGRAPH

= 70,000 cfs

@ The resulting 4-hour inflow is 260,000 cfs.
DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 7-2
CHECKED: R.W.B.




POOL ELEVATION IN FEET (NGVD)

oA s/ 26l 271/ 28]
213 5-‘4-‘-‘7H'2“ H s 7E L= d
120} 12 31T T
(rpoy TEE hme /
Q 119
q?“' 118}
™ 117§
¥ [
676 » [16]
\/6 1 1'-' Vi
®
Q T |14 7
ok [}
i [12] i
{ToP OF GATE |r
672 LN /
[10 [
Elpiy o :
2 M (] ¢ %
7 B4 f
I 7 ]
|6 1 1
668 e~ (R1 R SRR/ IR EAS IR RS SRRV SRED) / f HGATE FULL OPEN]
514
‘ = ] ¥ ] ] ] l’
| HII 1 I
-3- l, I / / rd rd
664 2 LA ! ; /
M i i i 4
-:[— I Vi Vi
[ J
,l l, / Vi
660 : /
T I I NOTES:
7 7 (1) DISCHARGES ARE FOR ONE GATE
FH / OPERATING FOR INDICATED OPENINGS
i [ SEVEN GATES AVAILABLE.
ss6 o / i (2) GATES ARE CALIBRATED BASED
i i fry UPON VERTICAL DISTANCE.
l, 1 1 / /
I J f ] / Vi
652 R
J J
Il 0
I
: |
1 / w
648 o
1iml i
ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
7 OOLOGAH LAKE
644 H
H | )
/ SPILLWAY RATING CURVES
f PARTIAL AND FULL GATE OPENINGS
[.ﬂ [SPILLWAY CREST ELEV.640.0 1-40"x 21" TAINTER GATE
640 | I jEEEEEE NN NN NN NN AN AN EE N AN
0 4 8 12 16 20 24 28 32 36
DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1995
DISCHARGE IN THOUSANDS OF CFS DRAWN: SKG .
CHECKED: GDE 7 3




WATER SUPPLY STORAGE ACCOUNTING

OOLOGAH

LAKE

CONSERVATION STORAGE 545300

(ALL VALUES ARE

TOTAL CONSERVATION STORAGE
UN-CONTRACTED STORAGE

CONTRACT
CONTRACT
CONTRACT
CONTRACT
CONTRACT
CONTRACT
CONTRACT
CONTRACT
CONTRACT
CONTRACT

STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
STORAGE

PERIGD
MO/ YR

USER

17/84

—

>
| >=

8/84

—

>
= =
QUONNUTDWN—=OM OOV NNUITDWN—=OM

JEEN

BEGINNING
STORAGE

510610
15595
4170
1530
5960
285450
200
20990
6670
1590
455
168000

465167
14622
3823
1376
5395
256025
180
18858
6012
1433
412
157032

USER
USER
USER
USER
USER
USER
USER
USER
USER
USER

[

HRHEREHERY
O@NOUTDUWN =

®
o

NFLOW
SHARE

OO —-W0O—-"MN—--MNN

(op}

IN ACRE-FEET)

510600
15595
4170, WASHINGTON COUNTY RW
1530, TOWN OF CHELSEA
5960, ROGERS COUNTY RWD #3
285450, CITY OF TULSA
200, CONSOLIDATED RWD #1
20990, PUBLIC SERVICE OF OK
6670, CITY OF COLLINSVILLE
1590, ROGERS COUNTY RWD #4
445, CITY OF CLAREMORE
168000, NAVIGATION
TOTAL WITH- ENDING
LOSSES DRAWN STORAGE
32650 14033 465167
1011 0 14622
267 90 3823
97 60 1376
380 200 5395
18118 12000 256025
13 8 180
1333 850 18858
424 250 6012
101 60 1433
29 15 412
10876 500 157032
25599 13626 426141
817 0 13811
211 85 3528
75 55 1247
295 225 4877
13978 11500 230659
10 8 162
1028 890 16947
328 280 5407
78 65 1290
23 18 372
8756 500 147842

DRAWN: SKG
CHECKED: GDE

ARKANSAS RIVER WATERSHED

OOLOGAH LAKE

WATER SUPPLY
STORAGE ACCOUNTING

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996

VERDIGRIS RIVER, OKLAHOMA
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ELEVATION IN FEET (N.G.V.D.
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600 - ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
0 200 400 600 800 1000 1200 1400 1600 1800 2000 OOLOGAH LAKE

EVAPORATION IN C.F.S.

EVAPORATION CURVES

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1995
DRAWN: SKG 7 _ 5
CHECKED: GDE




POOL ELEVATION IN FEET (N.G.V.D.)
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550 600 650
ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

DISCHARGE IN C.F.S.

OOLOGAH LAKE

LOW FLOW RATING CURVE
48" LOW FLOW PIPE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1995
DRAWN: SKG 7 - 6
CHECKED: GDE




(N.G.v.D.)

IN FEET

POOL ELEVATION
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o FULL OPEN
/T 1.7
INTAKE INVERT EL. 565.0]
EEEEEE AR EEEE
10 20 30 40 50
DISCHARGE IN 1,000 C.F.S.
ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

CONDUIT RATING CURVES

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: SKG 7 - 7
CHECKED: GDE
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000
PISCHARGE I €FS CONDUIT RATING CURVES

FOR PARTIAL GATE OPENINGS

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 7-8
CHECKED: R.W.B.




6-L

ELEVATION IN FEET (NGVD)

(STAGE IN FEET)

592

(40

582

(30)

572

(20)

562 [/

(o r

552

(0o

15

20 25

DISCHARGE IN 1000'S OF CFS

30 35 40

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

TAILWATER RATING CURVE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1995
DRAWN: G.D.E.
CHECKED: D.E.B.




POOL ELEVATION IN FEET (NGVD)
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DISCHARGE IN THOUSANDS OF CFS

1. MINIMUM DISCHARGE CURVE FOR
EMERGENCY OPERATIONS WILL BE USED
WHEN COMMUNICATION WITH DISTRICT
OFFICE IS LOST AND PROJECT MANAGER

IS OPERATING FOR EMERGENCY CONDITIONS.

2. THIS PLATE IS PRESENTED TO MEET
EM 1110-2-3600 REQUIREMENTS AND SHOULD
ONLY BE USED AS A LAST ALTERNATIVE.

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

SPILLWAY GATE
REGULATION SCHEDULE
RATE OF RISE PARAMETER

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996

DRAWN: G.D.E. )
CHECKED: R.W.8. 7-10




POOL ELEVATION IN FEET (NGVD)

DISCHARGE IN THOUSANDS OF CFS
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TIME IN DAYS FROM BEGINNING OF RUNOFF

| MAX POOL EL 678.25
FULL POOL
A S e
MAX POOL EL 674.21
7 N — EMPTY POOL
4|. d LA mEXS I
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N/ ’ N L
i ; SRR
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// 3 ~~\\s
- 5 4 ol e
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%
/
\
/
/ \
/
/ \
N \
JP‘#LKI
| PEAK QUTFLOW 265,100 CFS
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N A A I O A |
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/ r -
2 3 4 6 7 8 9 10 N 12 13 14 15 16 17 18 19

NOTES: EMERGENCY OPERATIONS

1. INFLOW HYDROGRAPH

2. OUTFLOW-FULL POOL

3. OUTFLOW-EMPTY POOL
4. ELEVATION-FULL POOL

5. ELEVATION-EMPTY POOL

ARKANSAS RIVER WATERSHED

OOLOGAH LAKE

OPERATIONAL HYDROGRAPHS
SPILLWAY DESIGN FLOOD

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E.
CHECKED: R.W.B.

VERDIGRIS RIVER, OKLAHOMA
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POOL ELEVATION IN FEET (NGVD)

DISCHARGE IN THOUSANDS OF CFS
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OPERATIONAL HYDROGRAPHS
/> SPILLWAY DESIGN FLOOD

TIME IN DAYS FROM BEGINNING OF RUNOFF

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 8_ 2
CHECKED: R.W.B.




RAINFALL [NCHES

POOL ELEVATION [N FEET
(N.G.V.D.)

IN THOUSANDS OF CFS
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ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA
: ~{ OOLOGAH LAKE
p | 7 ~—
1N p
\ OPERATIONAL HYDROGRAPHS
10
/ ERE FLOOD OF OCTOBER 1986
/ N
0 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SEPTEMBER 1986 OCTOBER 1986 BEFA’JVNOZSI::E ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996 8-3
CHECKED: R.W.B.




DISCHARGE IN CFS
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700000 EE——rr——rtrrrrr
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AVERAGE RECURRENCE INTERVAL IN YEARS

COMPUTED PEAK INFLOW PROBABILITY
A HISTORICAL EVENTS

NOTE:

1. BASED ON PERIOD OF RECORD
1940 TO 1993.

2. ADOPTED SKEW COEFFICIENT
OF -.40 WAS USED.

3. FLOWS MODIFIED BY OPERATION
OF TORONTO, FALL RIVER AND
ELK CITY LAKES

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

PEAK INFLOW
PROBABILITY CURVE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 8- 4
CHECKED: R.W.B.




POOL ELEVATION IN FEET NGVD
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660 T | TOP OF FLOOD CONTROL POOL EL 661.0 [

650 7
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/V
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N
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AVERAGE RECURRENCE INTERVAL IN YEARS

NOTE: ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

CURVE IS BASED UPON PERIOD OOLOGAH LAKE

OF RECORD JANUARY 1940 THRU
DECEMBER 1993 FROM SUPER RUN
A95X09.

POOL ELEVATION
PROBABILITY CURVE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 8_ 5
CHECKED: R.W.B.




POOL ELEVATION IN FEET NGVD
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NOTE:

PERCENT OF T

60 80 100

IME EQUALLED OR EXCEEDED

CURVE IS BASED UPON PERIOD
OF RECORD JANUARY 1940 THRU
DECEMBER 1993 FROM SUPER RUN
A95X09.

ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA

OOLOGAH LAKE

POOL ELEVATION
DURATION CURVE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E.
CHECKED: R.W.B.
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