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NOTICE TO USERS OF THIS MANUAL

Regulations specify that this Water Control Manual be used in loose-leaf 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) 669-7132, 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
procedures 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 (918) 669-7102
(b) (6) (b) (6)

Backup Coordinator, Office (918) 669-7132
(b) (6) (b) (6)

Backup Coordinator, Office (918) 669-7101

(b) (6)

Backup Coordinator, Office (918) 669-7103
(b) (6)

Chief, Water Control Section, Office (918) 669-7093
(b) (6) (b) (6)

Chief, Readiness & Security Branch, Office (918) 669-7325
(b) (6) (b) (6)

Emergency Operations Manager, Office (918) 669-7485

(b) (6) (b) (6)
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PERTINENT DATA

HULAH LAKE
LOCATION: Caney River at mile 96.2, 15 miles northwest of Bartlesville, Oklahoma.
DRAINAGE AREA: 732 square miles above the dam.
DAM: Type: Rolled earthfill embankment

Length: 5,200 feet (including spillway).
Top of Dam: 799.5 feet, NGVD.

Max. Height: 94 feet above streambed.
Crest Width: 31 feet

DIKE: Location: One in a saddle near right abutment of the dam.
Type: Earthfill.
Maximum Height: 30 feet
Length: 1,115 feet

SPILLWAY: Location: Near right abutment.
Type: Gate controlled, concrete, gravity, ogee weir.
Number, size, and type of gates: 10 -40' x 25' tainter gates
Crest Elevation: 740.0 feet, NGVD.
Length: 472 feet gross and 400 feet net

OUTLET WORKS: Location: Through intermediate piers in spillway.
Type and Size: 9 -5’ x 6.5’ rectangular sluices.
Invert Elevation: 702.0 feet, NGVD.
Control: Hydraulically operated lift gates.
Low Flow Pipe, Number, Size and Type: 2 - 24" Diameter, butterfly valves

WATER SUPPLY: Location: Through right abutment.
Type: 1 - 10" diameter, deferred (pipe blind flanged)
Invert Elevation: 712.0 feet, NGVD

LAND ACQUISITION:

Guide Contour Elevation Area
(feet NGVD) (acres)
Fee Simple Blocked perimeter to 769 20,676
Easement Reserved for roadway easement 255
ELEVATIONS, AREAS, AND STORAGES:
Lake Capacity Outlet Works
and Spillway
Elevation Lake Area® | Accumulative® | Incremental | Runoff® Capacity
Feature (feet NGVD) (acres) (Acre-feet) (Acre-feet) (inches) (cfs)
Top of Dam 779.5
Maximum Pool 775.87 17,916 472,563 156,665 4.01 337,500
Top of Surcharge Pool 767.0 13,780 315,898 26,810 0.69 219,100
Top of Flood Control Pool 765.0 13,000 289,088 227,680 5.83 196,500
Spillway Crest 740.0 5,160 61,408 30,252 0.77 9,500
Top of Conservation Pool 733.0 3,568 31,156 31,156 0.80 8,350
Top of Inactive Pool 710.0 0 0 0 0 0
Flood Control Storage 733.0-765.0 257,932 6.61
Conservation Storage 710.0-733.0 31,1569 0.80
Streambed at Dam 685.5
Q) Based on 1973 sedimentation survey.
2) One inch of runoff equals 39,040 acre-feet.
3) Includes 19,800 acre-feet for water supply (12.4 mgd yield), 7,100 acre-feet for water quality (4.5 mgd yield), and 4,200

acre-feet for sediment reserve.
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HULAH LAKE
VERDIGRIS RIVER, OKLAHOMA

WATER CONTROL MANUAL
APPENDIX D
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 Appendix D to the 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 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 L - Oologah

Appendix M - Keystone

Appendix N - Eufaula

Appendix O - Council Grove, Marion, and John Redmond

Appendix P - Norman

Appendix Q - Sanford

Appendix R - Cheney

1-1



Appendix S - W.D. Mayo Lock Dam (Part II)
Robert S. Kerr Lock, Dam, and Reservoir (Part 111)
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
Plate 1-1. Design memorandums important to the regulation of Hulah Lake are:
Operation and Maintenance Manual Vol. I; Operation and Maintenance Manual, Vol. I,
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. Hulah Lake is owned by the U.S. Government.

1.05. Operating Agency. The Corps of Engineers is the operating agency for Hulah
Lake. The Project Manager, Copan/Hulah Lake Office, operating through the Oologah
Resident Office and 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 663.0. Below elevation 663.0, the project office at Copan Lake
will be manned during normal work hours each day through the recreational season.
When the recreation season is over, the project office 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 along with office and home telephone numbers. 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 Hulah
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. Hulah Lake is located at mile 96.2 on the Caney River, approximately
15 miles northwest of the city of Bartlesville in Osage County, Oklahoma. The project
location is shown on plate 2-1. Supplementary pertinent data for Hulah Lake is given in
Exhibit A.

2-02. Purpose. Hulah Lake is a multipurpose project for flood control, water supply,
water quality, navigation, recreation, and fish and wildlife. The project was designed to
provide maximum flood protection on the Caney and Verdigris 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 top of the embankment is at elevation 779.5
and has a maximum height of 94 feet above streambed. The embankment is 5,200 feet
long (including spillway). The dam has a top width of 31 feet with 24 feet of paved
roadway for State Highway 10. The upstream slope of the embankment is protected by
18-inch riprap over 6 inches of rock spall on backing material and the downstream
slope is grass covered. 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 472 feet, a net overflow length of 400 feet, and a crest elevation
of 740.0. The structure is located on the right abutment of the dam. Flows over the
spillway are controlled by ten 40 feet by 25 feet tainter gates operated by individual
electric-powered 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 room to provide electricity in case normal electric service is interrupted. The
spillway plan and section is shown on plate 2-3.

c. Outlet works. The outlet works consist of nine 5-foot by 6.5-foot sluices located
through the spillway. The sluices are equipped with hydraulically operated, vertical lift
gates. The gate hoists will lift the gates at a speed of one-half foot per minute. Two
24-inch low flow pipes are provided in the base of the weir. One pipe is contained in
each of the second monoliths from each abutment. A section of the outlet works is
shown on plates 2-3 and 2-4.

d. Sedimentation and Degradation. Thirty-one sediment ranges have been
established in the lake and six degradation ranges are located on the river below Hulah
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
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degradation ranges are shown on plates 2-5 and 2-6, respectively.

e. Water Supply. The water supply facility consists of a 10-inch diameter water
supply pipe with a blind flange at the outlet end. A multilevel intake is not provided.

2-04. Related Control Facilities. None.

2-05. Real Estate Acquisition. The fee taking line for Hulah Lake is a blocked
perimeter encompassing elevation 769.0. The acquisition guideline is 4 feet above the
flood control pool. In the upper reaches of the reservoir, the guideline is elevation
775.0 or the envelope curve of backwater effects of the 50-year flood. The envelope
curves of backwater effects are shown on plate 2-7. There are 20,676 acres in fee
simple title.

2-06. Public Facilities. The Corps of Engineers maintains eight Public Use Areas on
Hulah Lake. They are: (1) Dam Site, (2) Hulah Cove, (3) Caney Bend, (4) Turkey
Creek, (5) Skull Creek, (6) Caney River (access point only), (7) Boulanger Landing,
and (8) Pond Creek. Facilities provided at these areas consist of roads, parking areas,
boat ramps, camping and picnicking facilities, walkways, sanitation facilities, potable
water, and swimming areas. A total of 10,040 acres of reservoir land has been zoned
for wildlife management purposes. The public use areas are shown on plate 2-8.
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Il - HISTORY OF PROJECT

3-01. Authorization. Hulah Lake was authorized for construction by the Flood Control
Act approved 22 June 1936 (Public Law 738, 74th Congress, House Resolution 8455),
in accordance with the plan outlined in House Document No. 308 (74th Congress).

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. This report was a review of the projects included in
the Flood Control Act, approved by congress 15 May 1928, for flood control and
navigation of the Mississippi River and its alluvial valley. Also included in the report,
was a system of reservoirs in the Arkansas River Basin, one of which was the Hulah
Reservoir. The report was unfavorable for the construction of such a system by the
Federal Government at that time.

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

c. Concise Report. A concise report on Hulah reservoir, dated 15 February 1934,
was made in compliance with directions from the office of the Chief of Engineers. This
report considered a reservoir at the Hulah Dam site with 490,000 acre feet of flood
control and water supply storage, based on a similar plan developed for the survey
report published in the House Document No. 308. The report concluded that the
project was economically feasible. This recommended plan of improvement was
authorized by the Flood Control Act of 1936.

d. Definite Project Report. A report entitled “Definite Project Report, Hulah Dam
and Reservoir, Caney River, Oklahoma and Kansas”, dated December 1939, was
forwarded to the Office, Chief of Engineers in January 1940. Various revisions of the
report and the “Analysis of Design for Construction” followed the Act.
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3-03. Construction. A resume' of construction activities is presented in Table 3-1.

TABLE 3-1

RESUME' OF CONSTRUCTION ACTIVITIES

Activity Date
Construction began May 1946
Date of diversion February 1950
Final storage began September 1951
Conservation pool filled September 1951

3-04. Related Projects. Hulah Lake is a component of the 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. In particular, Hulah Lake is operated in conjunction with
Copan Lake on the Caney River, Birch and Skiatook Lakes on tributaries of Bird Creek,
and Oologah Lake on the Verdigris River to regulate floods on the Verdigris River. The
Arkansas River system is operated for the control of floods, navigation, and other
beneficial uses.

3-05. Modification to Reqgulations. The regulation of Hulah 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 Regulation Problems. Since the construction of Hulah Dam, it has
been determined that the channel capacity at the confluence of the Caney River and
the Little Caney River is only 7000 cfs. Immediately downstream of the dam the
channel capacity is only 6,500 cfs. Flooding and inundation of access roads to
recreation areas occurs when the pool reaches elevation 736.0. Twenty-four hour flood
surveillance at the dam begins at elevation 763.0.
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IV - WATERSHED CHARACTERISTICS

4-01. General Characteristics. The Caney River watershed has a pear-shaped
drainage area of 2,111 square miles, with a length of about 94 miles and a width of 23
miles. The drainage area above Hulah Dam is 732 square miles, all of which is
considered to contribute to runoff. The basin ranges in elevation from about 560 feet to
1,280 feet NGVD and has an average stream slope of 4.5 feet per mile. The vegetation
consists of pasture, cultivated crops, and woodlands. The stream pattern consists of
one principal stream with several major tributaries on both left and right banks. The
slope of the stream above Hulah Dam varies from 20 feet per mile in the headwaters to
2.6 feet per mile through the reservoir area. Slopes may vary from 2 feet per mile to
150 feet per mile on some of the tributaries. Little Caney River is the largest tributary
of Caney River. It has a drainage area of 516 square miles and joins the Caney River
at river mile 80.5. Sand Creek, the next largest tributary, joins the Caney River below
Bartlesville at mile 63.7 and has a drainage area of about 240 square miles. Stream
profiles of the Caney River are shown on plate 4-1.

4-02. Topography. The upper portion of the basin is formed by the rugged highlands
of the Flint Hills in Kansas and the Osage Hills of Oklahoma. The remainder of the
basin consists of rolling, undulating plains. Terrain is characterized by sandstone-
capped cuestas with gentle slopes, mature streams, and valleys with broad alluvial
plains. The River flows through a relatively stable channel 200 to 400 feet wide with
banks 15 to 40 feet high. The channel is crooked; strewn with snags, boulders, and
drift. The drainage pattern of the area is treelike with the Caney River as the main
stem. Land use consists of ranching, crop production, limited timber production, and
extraction of oil and gas.

4-03. Geology and Soils. Hulah Lake is in the Osage Plains Subdivision of the
Interior Lowlands physiographic province. The bedrock strata are sedimentary rocks of
upper Pennsylvanian age. Alluvial soil in the flood plain ranges in thickness from 10-35
feet while residual soil in the upland exists as a thin mantle.

4-04. Sediment. The Caney 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 low compared to other reservoirs in the Tulsa District. The sediment inflow is further
reduced due to several U.S. Soil Conservation Service (SCS) dams upstream. The
average annual sediment deposit is 281 acre-feet. The 50-year design sediment
storage for the lake is 1,300 acre-feet. This storage has been filled, however, from the
1973 resurvey an additional 4,200 acre-feet of sediment storage is available in the
conservation pool for sediment accumulation. The area and capacity data of the lake
have been updated using the last sedimentation resurvey conducted in 1973.
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4-05. Climate. The climate in the Caney 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 - Bartlesville Gage

Mean annual (1961 — 1990) 60 degrees F
Maximum recorded (July 1954) 115 degrees F
Minimum recorded (January 1949) -15 degrees F

b. Precipitation - Bartlesville Gage

(Mean for the drainage basin above Hulah Dam)

Mean annual (Jan. 1930 - Dec. 1997) 34.93 inches
Maximum annual (1986) 58.64 inches
Minimum annual (1963) 19.84 inches
Percent during growing season 68 percent

(April through September)

c. Snow — Bartlesville Gage

Mean annual 8.9 inches
Maximum annual (1948) 26.7 inches
Minimum annual (several years) 0.5 inches
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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 HULAH DAM

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

(inches) rainfall (inches) runoff
January 1.15 3.3 11,050 0.28 3.4
February 1.25 3.6 13,860 0.36 4.4
March 2.26 6.5 29,670 0.76 9.2
April 3.38 9.7 43,270 1.11 13.4
May 5.03 14.4 51,950 1.33 16.1
June 4.68 13.4 42,260 1.08 13.1
July 3.29 9.4 26,760 0.69 8.4
August 3.28 9.4 11,230 0.29 3.5
September 4.07 11.6 25,000 0.64 7.7
October 2.88 8.2 29,540 0.76 9.2
November 2.31 6.6 24,340 0.62 7.5
December 1.35 3.9 13,130 0.34 4.1
Total 34.93 100.0 322,060 8.26 100.0

(1) Period of record - January 1930 through December 1997.

(2) Contributing drainage area above Hulah Lake = 732 square miles.

(3) Period of record - January 1918 through December 1997.



d. Evaporation. The estimated monthly evaporation at Hulah Lake is shown in
Table 4-2.
TABLE 4-2

AVERAGE MONTHLY PAN EVAPORATION
HULAH LAKE

Evaporation (inches) (1)

January 1.99
February 2.83
March 4.82
April 7.05
May 7.60
June 8.76
July 10.16
August 9.71
September 7.06
October 5.35
November 3.30
December 2.33
TOTAL INCHES PER YEAR 70.96

(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 for durations of 1-minute and
1-hour, show the highest wind speeds that can reasonably be expected at the dam site
to be 78 and 56 miles per hour, respectively.

4-06. Storms and Floods. Most major storms in the Hulah 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 95 years of records was the September 26 to
October 1, 1986 storm that produced an average of 16.76 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.
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Major storms with an average precipitation of 4 inches or more over the drainage area
above the damsite are listed in Table 4-3.

TABLE 4-3
MAJOR STORMS — MAY 1903 THROUGH SEPTEMBER 1998
HULAH LAKE
Average Average
Inclusive Dates Basin Rainfall Inclusive Dates Basin Rainfall
(inches) (inches)

20-24, May 1903 5.00 10-18 Jun 1957 7.08
1-4 Jun 1904 4.42 22 Jun-1 Jul 1957 4.11
19-23 Oct 1908 6.95 4-7 Jul 1958 5.06
14-16 Sep 1915 531 14-17 Jul 1959 5.15
6 May 1918 4.95 20 Sep-6 Oct 1959 6.75
8-9 Apr 1922 4.06 4-9 May 1961 7.43
10-12 Jul 1922 6.64 13 Sep 1961 542
3-5 Sep 1926 453 15-19 Nov 1964 4.62
1-4 Oct 1926 7.28 9-11 Jun 1967 4.10
1-3 Aug 1927 4.16 23-27 Jun 1969 4.30
16-17 Nov 1928 4.61 11-13 Oct 1969 4.48
7-11 Jun 1930 5.13 1-4 Jul 1972 4.22
8-10 Sep 1930 4.20 9-11 Mar 1974 5.63
22-23 Nov 1931 4.28 4-8 Jun 1974 4.00
18-21 Jun 1932 4.59 14-18 Aug 1975 452
17 Oct 1934 5.62 2-4 Jul 1976 4.65
16-18 Sep 1936 457 20-21 Nov 1979 7.12
17-19 Jul 1937 4.14 17-21 Oct 1983 542
17-21 Jun 1942 4.02 13-16 Oct 1984 5.66
6-11 May 1943 521 29 Sep-1 Oct 1986 16.76
13-20 May 1943 5.01 27-29 May 1987 4.36
8-11 Apr 1944 6.35 29 Mar-2 Apr 1988 471
27-28 Sep 1944 5.30 15-21 Sep 1988 4.77
27-30 Sep 1945 5.29 10-13 Jun 1989 6.14
21-28 Jun1948 6.19 28 Apr-2 May 1994 491
11-17 Aug 1948 4.27 31May-6 Jun 1995 4.10
16-19 Jul 1950 5.63 15-21 Mar 1998 4.69
2-5 Oct 1955 4.36 12-13 Sep 1998 4.07
9-18 May 1957 4.79
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The top twenty floods recorded at the Elgin, Bartlesville, and Ramona gages are listed
in Table 4-4.

TABLE 4-4

TOP TWENTY FLOODS AT GAGES

Elgin Gage Bartlesville Gage Ramona Gage
DATE | DISCHARGE |STAGE| DATE |DISCHARGE| STAGE | DATE |DISCHARGE| STAGE

10-3-86| 104000 42.35 | 10-4-86] 94500 27.70 | 10-5-86| 85600 31.16
9-13-61, 62000 34.70 | 4-11-44] 68000 24.71 | 9-29-86| 43000 29.14
7-3-95 43200 29.64 | 5-19-43| 54800 23.40 | 10-3-45/ 38500 30.12
4-10-44| 35500 29.80 | 10-2-45| 37200 21.32 | 3-11-74| 38400 30.12
5-15-90, 34600 27.27 | 3-11-74| 34200 20.90 | 6-12-57| 36700 29.69
4-28-94| 32900 26.70 | 7-21-50| 27600 19.90 | 6-11-95 35800 28.86
6-12-57, 32500 26.40 | 5-11-43] 25900 19.71 | 5-10-93] 35300 28.94

6-30-51| 30000 26.22 | 4-17-45] 23600 19.18 35% 29000 @
6-22-77, 29300 26.10 | 7-22-59| 21400 18.75 | 11-4-74] 28600 29.85
5-19-43) 29000 2451 | 9-30-85 21100 18.25 | 4-12-94| 28400 28.62
9-30-86/ 27600 24.75 | 4-15-47| 21000 18.65 | 2-23-85/ 28000 29.79
9-30-45 26100 25.05 | 4-21-42| 20400 18.63 | 5-10-61| 23400 29.52
6-7-66, 25800 23.90 | 7-19-48/ 19500 18.30 | 7-24-59] 22300 29.76
8o 23700 23.39 | 6-19-35 19100 18.30 | 7-23-50/ 21800 29.42
7-15-59, 23600 22.90 8-2-50| 17700 17.80 | 4-19-45] 21600 29.28
10-13-59| 23600 22.91 | 10-5-44| 17600 17.78 4-3-88) 20500 28.33
7-16-50, 23400 23.28 | 12-7-44] 17600 17.76 | 6-26-48/ 19900 29.30
6-24-69, 23200 22.74 | 6-11-41| 17500 17.85 | 3-13-90| 19100 28.39

5-31-82| 22000 22.08 | 3-27-45] 17500 17.52 |10-13-36) 18000 @
11-2-61| 21100 21.48 | 10-11-36| 17100 17.70 | 4-18-47| 17600 29.06
11-3-74| 20900 21.36 7-2-51| 17100 17.60 | 10-6-59| 16200 29.46
4-13-47| 20700 21.33 5-9-61| 16600 17.45 | 4-17-73] 16200 29.45

Flood stage 25.0 feet Flood stage 13.0 feet Flood stage 26.0 feet

(1) Unavailable



4.07. Runoff Characteristics. The general shape of the 732 square mile Caney River
drainage basin above Hulah Dam is elliptical. Generally the storms common to the
drainage basin are not of uniform intensity. Hydrologic studies indicate the time from
the most intense rainfall to peak inflow into Hulah Lake is about 18 hours. However,
this time is highly dependent upon the storm pattern and its location over the basin.
This is partly due to the steep slopes and impervious shallow soils in the upper portions
of the Caney River basin. Base flow in the basin is moderately low and periods of zero
flow have been observed. Pertinent data for stream gaging stations in the basin are
shown in Table 4-5. The estimated monthly and annual flows at the Hulah dam site for
the period 1923 through 1989 are shown on Table 4-6, pages T4-1to T4-3. The
monthly inflow volume frequency is shown on Table 4-7. Flow duration curves (inflow
and outflow) are shown on plate 4-2.

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.NGVD)|  (ft) (cfs) DATE (ft) (cfs)
Elgin, KS Caney river 117.8 763.32 25.0 28,950 10-03-86 42.35 104,000
Bartlesville, OK Caney River 68.7 653.33 13.0 10,500 10-04-86 27.70 94,500
Ramona, OK Caney River 32.0 586.43 26.0 10,400 10-05-86 31.16 85,600
Claremore, OK Verdigris River 76.0 536.62 35.0 51,900 05-21-43 55.05 182,000
2ND LARGEST FLOOD OF RECORD 3RD LARGEST FLOOD OF RECORD PIEEE’:OODRgF
STATION STREAM
STAGE DISCHARGE STAGE DISCHARGE (FLOW AND/OR
DATE (ft) (cfs) DATE (ft) (cfs) STAGE)
Elgin, KS Caney river 09-13-61 34.70 62,000 07-03-95 29.64 43,200 MAY 1939-Present
Bartlesville, OK Caney River 04-11-44 24.71 68,000 05-19-43 23.40 54,800 AUG 1926-Present
Ramona, OK Caney River 09-29-86 29.14 43,000 10-03-45 30.12 38,500 AUG 1944-Present
Claremore, OK Verdigris River 05-11-61 50.06 116,000 04-13-44 47.23 85,200 OCT 1935-Present
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TABLE 4-7
INFLOW VOLUME FREQUENCY
(1918-1997)

Frequ]?ncy Monthly Inflow in Hundreds of Acre-Feet

o)

O‘E;g;rres;‘ce JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
2 43 43 119 220 292 190 63 27 48 48 48 42
5 154 168 434 663 782 624 302 122 290 319 296 179
10 287 347 810 1140 1280 1140 687 271 710 835 727 383
25 542 760 1520 1990 2160 2170 1660 646 1800 2300 1830 868
50 802 1270 2250 2810 3000 3270 2950 1150 3230 4410 3270 1480

4-08. Water Quality. Based on 1981 water quality investigations Hulah Lake is
shallow, turbid, and mesotrophic with respect to nutrient levels. The lake rarely
stratifies and dissolved oxygen concentrations near the lake bottom are sufficient to
prevent water quality degradation even during “worst case” summer conditions.
Phytoplankton primary productivity is probably limited by high levels of naturally
occurring suspended solids and turbidity. The high turbidity detracts from the aesthetic
and recreation value of the lake but does not impair water uses. Concentrations of
chlorides, sulfates, and the major cations are relatively low. The pesticides chlordane
and DDE have been identified in the water and fish tissues, but concentrations were
below 1988 Environmental Protection Agency (EPA) and state of Oklahoma alert
levels. Toxic metals have not been detected. Iron and manganese occasionally
exceed EPA criteria for raw water sources but the bulk of these metals is associated
with the suspended solids and can be removed by conventional water treatment
processes. Hulah Lake is well suited for municipal, agricultural, and industrial water
uses.

4-09. Channel and Floodway Characteristics. The regulating channel capacity on the
Caney River below Hulah dam is about 6,500 cfs. The stream is winding and lined with
a heavy growth of trees and brush, which can cause degradation in the channel
capacity. The limiting non-damaging flow on the Caney River at the critical point
downstream from the confluence with the Little Caney River is about 7,000 cfs. The
channel capacities at Bartlesville and Ramona are 10,500 cfs and 10,400 cfs,
respectively. The channel capacity of the Verdigris River below the confluence of the
Caney River at the Claremore gage is about 42,000 cfs. Discharge rating curves for
the Cedar Vale, Elgin, Hulah, Bartlesville, and Ramona gages on the Caney River are
shown on plates 4-3 through 4-7. The rating curve for the Verdigris River near
Claremore gage is shown on plate 4-8. Rating curves used by the Reservoir Control
Section are adjusted to changing conditions and are kept current. A simplified diagram
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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. Located upstream of Hulah Lake are thirty-eight Soil
Conservation Service (SCS) single and multipurpose flood retarding structures. Total
flood control storage is about 39,326 acre-feet with an additional storage of about
6,467 acre-feet for sediment. Flood control releases are through uncontrolled outlet
works and spillways. The total drainage area regulated by the SCS structures is 181.2
square miles.

4-11. Downstream Structures. Other related structures regulated by the Corps of
Engineers in the Verdigris River Basin include the following: Copan Lake on the Little
Caney River (drainage area 505 square miles); Skiatook Lake (drainage area 354
square miles) and Birch Lake (drainage area 66 square miles) on Bird Creek; Oologah
Lake (drainage area 4,339 square miles) on the Verdigris River, and Newt Graham
Lock and Dam (drainage area 8,030 square miles) the uppermost lock on the
McClellan-Kerr Navigation System on the Verdigris and Arkansas Rivers.

4-12. Economic Data.

a. Population. The population of counties and cities within the Caney River
basin is shown in Table 4-8. Although only a portion of the total county population may
reside within the basin, the total population of each county is shown in the table.



TABLE 4-8

POPULATION OF OKLAHOMA AND KANSAS COUNTIES AND CITIES
IN THE CANEY RIVER BASIN - 1970 to 2000

U.S. Census Population
County & Cit Projected
y & Clty 1970 1980 1990 ‘
2000
Oklahoma
Nowata County 9,773 11,486 9,992 10,150
Nowata 3,679 4,270 3,896 4,055
Osage County 29,750 39,327 41,645 44,600
Pawhuska 4,238 4,771 3,825 3,405
Skiatook 2,930 3,596 4,910 5,920
Rogers County 28,425 46,436 55,170 61,415
Claremore 9,084 12,085 13,280 14,150
Tulsa County 401,663 470,693 503,341 559,760
Tulsa 330,350 360,919 367,302 397,335
Washington County 42,277 48,113 48,066 50,950
Bartlesville 29,683 34,568 34,252 36,150
Dewey 3,958 3,545 3,326 3,405
Kansas

Chautauqua County 4,642 5,016 4,407 4,230
Sedan 1,555 1,579 1,306 1,254
Montgomery County 39,949 42,281 38,816 39,171
Caney 2,192 2,284 2,062 2,081
Coffeyville 15,116 15,185 12,917 13,035
Independence 10,347 10,598 9,942 10,033
Total Counties 556,479 663,252 701,437 770,276

b. Industry. The chief industry in the Caney River Basin is agriculture and its
related industries. Other major manufacturers are in chemical and allied products;
petroleum and allied products; concrete, stone, and clay products; meat, dairy, and
poultry products; and lumber and wood products. Crude oil and natural gas are the
leading minerals produced. Bituminous coal deposits underlay portions of Chautauqua
and Montgomery counties in Kansas.
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c. Agriculture. Agriculture is important to the economy of southeast Kansas and
northeast Oklahoma. It is also the largest employer and income producer, and has the
largest investment of any industry in the State of Kansas. Agriculture also ranks high in
northeastern Oklahoma due to these same factors. The climate, topography, and soil
of this region are suitable for diversified farming. Crops are grown in the bottomlands
and the uplands are used principally for livestock grazing and hay production. The
principal crops grown in the flood plain are soybeans and wheat, while alfalfa hay, corn,
and sorghum are also produced. Pecan trees are found throughout the basin,
especially in the bottomland areas. Bermuda pastures and wooded pastures are
predominate in the flood plain. Table 4-9 displays the annual value of crops in the

basin.
TABLE 4-9
ACRES, AND ANNUAL VALUE OF PRINCIPAL CROPS
IN CANEY RIVER FLOOD PLAIN BELOW HULAH DAM
(June 1998 Prices)
Sand Creek to
Hulah dam Caney Caney River to Sand mouth of Caney
River Confluence with Verdigris River)
Value Value Value Value

Crops Acres $ Acres $ Acres $ Acres $
Corn 75 $17,616 86 $20,200 634 $148,920 795 $186,737
Alfalfa 225 $67,500 258 $77,400 1902 $570,600 2385 $715,500
Soybeans 750 $150,412 860 $172,473 6340 | $1,271,487 7950 | $1,594,372
Sorghum 75 $10,900 86 $12,499 634 $92,145 795 $115,545
Wheat 375 $34,860 430 $39,972 3170 $294,683 3975 $369,516
Pecans 360 $216,000 850 $510,000 1820 | $1,092,000 3030 | $1,818,000
Pasture 3710 $510,457 | 10290 | $1,415,798 | 14460 | $1,989,547 | 28460 | $3,915,802
Wooded

Pasture 2230 $87,070 5140 $200,691 | 12040 $470,101 | 19410 $757,863

Total 7800 | $1,094,817 | 18000 | $2,449,034 | 41000 | $5,929,484 | 66800 | $9,473,337

4-11



d. Flood Damages. The estimated average annual damages along the Caney
River from Hulah and Copan dams to the river’s confluence with the Verdigris River
with and without the operation of the projects is shown in Table 4-10. These damages,
residual damages and average annual damages prevented are based on studies made
in preparation of the Caney River Basin Interim Reconnaissance Study, Verdigris River
Basin, Oklahoma and Kansas, dated May 1988. Price levels were updated to June
1998 prices. Structural loss and area curves are shown for the pertinent reaches below
Hulah dam to the confluence of the Caney River and the Verdigris River. Plates 4-10
through 4-12 display these curves.

TABLE 4-10

AVERAGE ANNUAL FLOOD DAMAGES
Caney River below Hulah and Copan
June 1998 price levels

Item Damages Damages Prevented | Residual Damages
$ $ $
Structures | $10,200,000 $7,386,000 $2,814,000
Crops $819,000 $325,000 $494,000
Total [ $11,019,000 $7,711,000 $3,308,000
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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 bubble gage connected to a digital recorder and wired to a
transmitting type data collection platform. This equipment is located in a gage house
on the northeast portion of the dam. Elevations can also be obtained from a wire
weight gage located on the dam.

All stream gaging stations are automated gages consisting of floatwells or
bubble gages connected to digital recorders and data collection platforms. Stream
gages on the Caney River used in forecasting inflows to Hulah Lake are Caney River
near Cedar Vale, Kansas and Caney River near Elgin, Kansas. The gages designated
for regulation are; the Caney River at Bartlesville, Oklahoma, the Caney River near
Ramona, Oklahoma, 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).

b. Reporting. The reporting procedures for precipitation and stream gaging
stations are on a cooperative basis with the NWS and the USGS. 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
Geostationary Operational Environmental Satellite (GOES) 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 to the Tulsa District’s
Receive Only Terminal (DROT). The data from the NOAA 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 database on the Tulsa District Water Control Data System (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 telephone 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 telephone line
to the Tulsa River Forecast Center. Once the data is received, it is decoded and
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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 stream gages are the
responsibility of the administering agency. Both the Corps of Engineers and the USGS
have stream-gaging equipment in the Caney River Basin. The Hydraulic Engineering
Section, Hydrology-Hydraulics Branch, Tulsa District, is charged with the responsibility
for the equipment placed by the Corps of Engineers.
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TABLE 5-1
AUTOMATED GAGES

Station Operating | Tulsa USGS SHEF
Agency ID ID ID
Automated Stream Gages
Caney River near Cedar Vale, Kansas USGS CEDA 07171600 CDVK1
Caney River near Elgin, Kansas USGS ELGI 07172000 ELGK1
Caney River above Coon Creek at USGS BART 07174400 BVLO2
Bartlesville, Oklahoma
Caney River near Ramona, Oklahoma USGS RAMO 07175500 RAMO2
Verdigris River near Claremore, USGS CLAR 07176000 CLRO2
Oklahoma
Automated Pool Gages
Hulah Lake COE HULA 07172500 HULO2
Automated Rainfall Gages Used in the Hulah Lake Forecast Model
Arkansas City, Kansas USGS AARK 07146500 ARCK1
Atlanta, Kansas COE ATLA ATLK1
Dexter, Kansas COE DEXT DEXK1
Hardy, Oklahoma COE HARD HARO2
Ponca City, Oklahoma COE KAWA 07148130 PCYO2
Kaw Lake, Oklahoma COE KAWL 07148140 KAWO?2
Havana, Kansas COE HAVA HVAK1
Ralston, Oklahoma COE RALS 07152500 RLSO2
Bartlesville, Oklahoma USGS BART 07174500 BVLO2
Cedar Vale, Kansas COE CEDA 07171600 CDVK1
Copan Lake, Oklahoma COE COPA 07174300 CPLO2
Grenola, Kansas COE GREN 07171590 GRNK1
Beaumont, Kansas COE BEAU 07167451 BUMK1
Birch Lake, Oklahoma COE BIRC 07176460 BIRO2
Hulah Lake, Oklahoma COE HULA 07172500 HULO2
Elgin, Kansas USGS ELGI 07172000 ELGK1
Sedan, Kansas USGS SEDA 07173300 SDNK1
Elk Falls, Kansas USGS ELKF 07169800 ELFK1
Winfield, Kansas USGS WINF 07147800 WFDK1
Ramona, Oklahoma USGS RAMO 07175500 RAMO2
Skiatook Lake, Oklahoma COE SKIA 07177400 SKLO2
Sperry, Oklahoma USGS SPER 07177500 SPEO2
Oologah Lake, Oklahoma COE OOLO 07176000 OOLO2
Collinsville, Oklahoma COE COLL 07175550 CVLO2
Skiatook, Oklahoma Mesonet SKSO2
Foraker, Oklahoma Mesonet PWSO2
Newkirk, Oklahoma Mesonet NKSO2
Copan, Oklahoma Mesonet CPSO2
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5-02. Water Quality Stations.

a. Facilities. No water quality stations are currently in operation on the Caney
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 31 sedimentation ranges
above Hulah Dam and six degradation ranges below Hulah 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).



c. Water Quality Data. Water quality data from Hulah 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 the Copan/Hulah Lake Office consist
of local and long-distance telephone service. Radio Communication is by a VHF-FM
fixed station (call signal WUI-307) 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 VIl
and Exhibit C of this manual. A chart, "Organization Chart — Copan/Hulah 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 Hulah Lake (see
plate 5-3) will be obtained from the WCDS database. Weather data and other data
collected by the Copan/Hulah Lake Project will be submitted to the Water Control
Section, Hydrology-Hydraulics Branch, Tulsa District Office (telephone 918-669-7102
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, as needed.
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 total precipitation amounts for the previous 24-hour periods
(7:00 a.m. to 7:00 a.m.).

(2) The current wind direction and wind speed (Beaufort scale).
(3) Number of water supply pumps in operation.

(4) The current gate setting and any gate changes made during the past
24-hour period including the time and pool elevation 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, 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.

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.

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) 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.
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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
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 Hulah Dam, Operation and Maintenance Manual, Volume II, dated August 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 at anytime. 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. In addition, 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. Lake information can also be obtained by the
public from the internet using address “www.swt-wc.usace.army.mil”. 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.
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(8) Percent chance of precipitation (twice daily).

6-02. Flood Condition Forecasts.

a. Requirements. Flood condition forecasts are necessary whenever
substantial rainfall has occurred on the basin above or below Hulah Dam. Personnel in
the Forecasting Section have developed a flood-forecasting model for Hulah 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:

Q) Rainfall for stations listed in Tables 5-1.
(2) Hulah Lake pool elevation for time of forecast.
3 Flood hydrographs for gages listed in Table 5-1.

4) Releases for Hulah Lake, including projected releases, from time of
forecast until the end of the forecast period.

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 to compute an inflow hydrograph. Using
projected releases from Hulah 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 4-2; 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
snowmelt 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 Hulah Lake include recreation,
fish and wildlife, flood control, water supply, water quality, and navigation. However,
Hulah Lake is only authorized to be regulated for flood control, water supply, water
quality, and navigation. Hulah 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 Hulah 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, dated November 1987.

7-02. Major Constraints. The flows on the Caney River below Hulah Lake are
regulated to 6,500 cfs while the sluice gates are capable of discharging 8,300 cfs at
elevation 733.0 (top of conservation pool). The invert of the sluices is at elevation
702.0, which is the lowest elevation from which water can be released from the dam.
The recession of floodwaters on the Caney and Little Caney Rivers below Hulah and
Copan Dams must 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
downstream of the confluence of the Caney River with the Little Caney River is about
7,000 cfs. The limiting nondamaging flow at the Caney River above Coon Creek at
Bartlesville is about 10,500 cfs or a stage of 13.0 feet and about 10,400 cfs or a stage
of 26.0 feet at the Caney River near Ramona gage.

7-03. Overall Plan for Water Control.

a. General. Hulah 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 Caney River watershed; however, they do not significantly affect Hulah’s flood
operation.

b. System Regqulation. Hulah Lake will be regulated in a system with the Copan
Lake for control of floods on the Caney River, in a system with other lakes in the
Verdigris River basin to control floods in the lower Verdigris River, 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 Arkansas
River system is above 30 percent full and floodwaters are being accumulated, each
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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, Hulah Lake will be regulated for water supply, and
water quality.

c. Hulah and Copan Lakes Subsystem Requlation. The Hulah and Copan
Lakes system regulation plan discussed in the previous paragraph will be used in
determining a release schedule for Hulah Lake. This release schedule is determined
by using the Taper program that includes projected inflows and storages to balance the
Arkansas River System. When the equivalent flood control storage of the two lakes is
unbalanced, the lake with the highest equivalent flood control storage will be given
priority to available channel capacity of the Caney River. After a balance of their flood
control storage is achieved, each lake will share the channel of the Caney River
proportionate to the equivalent flood control storage utilized and the limitations below
each lake. Table 7-1 will be used as a guide in determining Hulah 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
observations of the weather station and lake conditions, when requested, and report
those observations to 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.
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7-05. Flood Control.

a. Normal Reqgulation for Flood Control Operations. Hulah Lake will be
regulated for optimum flood reductions, in conjunction with Copan Lake, on the Caney
River from the dam to the confluence with the Verdigris River and with the existing
system of lakes on the Arkansas River and tributaries to Van Buren, Arkansas. The
following regulations, as shown in Table 7-1, will govern releases from Hulah Lake.
During flood control regulation, the tainter gates and sluice 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

HULAH LAKE
LAKE STAGE POOL CONDITIONS REGULATION
733.0 and -- Releases are made to maintain elevation 733.0,
Below or to meet downstream low-flow requirements

defined in paragraph 7-07.

733.0to 739.0
and forecasted
not to exceed
739.0

Rising

Releases, when combined with intervening flow
downstream, will not exceed channel capacities.
The channel capacities are currently estimated
to be 6,500 cfs below the dam, 7,000 cfs
downstream of the confluence of the Little Caney
River, a 13-foot stage (10,500 cfs) on the Caney
River above Coon Creek at Bartlesville gage, or
a 26-foot stage (10,400 cfs) at the Caney River
near Ramona gage. Regulated releases may be
made at less than the maximum rate permissible
if the rate of release is such that the flood control
pool will be empty in approximately 3 days.
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.

739.0 to 765.0
and forecasted
not to exceed
765.0

Rising

Releases, when combined with intervening flow
downstream, will not exceed channel capacities.
The channel capacities are currently estimated
to be 6,500 cfs below the dam, 7,000 cfs
downstream of the confluence of the Little Caney
River, a 13-foot stage (10,500 cfs) on the Caney
River above Coon Creek at Bartlesville gage, or
a 26-foot stage (10,400 cfs) at the Caney River
near Ramona 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
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TABLE 7-1 (CONT'D)

LAKE STAGE

POOL CONDITIONS

REGULATION

765.0 to 767.0
or forecasted to
exceed 765.0

Rising

Releases will be based on inflow forecasts and
made such that the pool elevation will not
exceed elevation 767.0, 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
767.0 will be maintained, if possible, by opening
the spillway gates and sluice gates as necessary
to pass inflow or until the gates are fully opened.
Releases will be made by operating all the
spillway gates and sluice gates at uniform
openings.

Above 767.0

Rising

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

Above 767.0

Falling

The spillway gates and sluice gates will be
maintained fully opened and held in such
position until the pool elevation recedes to
elevation 767.0.

767.0t0 765.0

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 765.0.
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TABLE 7-1 (CONT'D)

LAKE STAGE POOL CONDITIONS REGULATION

765.0 to 733.0 Falling If the maximum release rate was smaller than
6,500 cfs, releases will not exceed 6,500 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 6,500 cfs, releases will be
made equal to the previous 2-hour inflow or
6,500 cfs, whichever is greater. Releases much
lower than 6,500 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 Reqgulations. 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 2-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.
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TABLE 7-2

EMERGENCY FLOOD CONTROL REGULATION SCHEDULE
HULAH LAKE

LAKE STAGE

POOL CONDITIONS

REGULATION

Below 733.0

Rising

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

733.0t0 767.0

Rising

If the lake level is below elevation 760.0, 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
760.0 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 2
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 sluice gates will be raised
at uniform openings until the lake stops rising or
the sluice 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 767.0

Rising

The spillway gates and sluice 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 767.0

Falling

The spillway gates and sluice gates will be
maintained fully opened and held in such position
until the pool elevation recedes to elevation
767.0.

767.0 - 765.0

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 765.0 or the release is

6,500 cfs.

765.0 - 736.0

Falling

If the maximum release rate exceeded 6,500 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 6,500 cfs.

If the maximum release was much lower than
6,500 cfs, this release will be maintained until the
lake level reaches 736.0.

736.0 - 733.0

Falling

Begin a gradual reduction of the release rate (not
to exceed 1,100 cfs per 3-hr period) so that
releases are equal to inflow (the pool is steady) at
elevation 733.0.

c. Constraints. The regulation schedules insure that the channel capacity
immediately below the dam is not exceeded insofar as practicable. The channel
capacities are currently estimated to be 6,500 cfs below the dam, 7,000 cfs
downstream of the confluence of the Little Caney River, a 13-foot stage (10,500 cfs) on
the Caney River above Coon Creek at Bartlesville gage, or a 26-foot stage (10,400 cfs)
at the Caney River near Ramona gage. If the 6,500 cfs release must be exceeded then
the stage-damage curves shown on Plates 4-10 through 4-12 should be used as a
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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, Hulah Lake is only
authorized to make regulated releases for flood control, water supply, and water
quality. 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 733.0. The access roads begin to be affected by floodwaters at elevation
736.0 (skull Creek and East Turkey Creek). All recreation area roads are impassable
when the pool reaches 753.0. Some private access and county roads are also affected
by high water. The Bottoms Road is impassable at elevation 734.0, and another
private access road is impassable at elevation 747.5. Public facilities are listed in
paragraph 2-06 of this manual and shown on plate 2-8. 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. The quality of water in Caney River is considered good, and it
requires minimum treatment to be suitable for municipal, agricultural, and industrial
use. Hulah Lake has 7,100 acre-feet of storage allocated to water quality, based on
50-year frequency drought, and yields an average of 4.5 mgd (7.0 cfs). The average
annual downstream water quality requirements at the City of Bartlesville are presented
in table 7-3. Minimum releases from Hulah and Copan Lakes for water quality control
will be made in accordance with monthly flow requirements presented in table 7-4.
Should additional flow above the minimum be required to satisfy the requirement at
Bartlesville, it will be provided by releasing about 20 percent from Hulah and 80
percent from Copan. Additional releases shall be made as necessary to alleviate or
respond to emergency conditions such as fish kills and flow augmentation for pollution
abatement. Water quality and water supply releases shall not be made that will reduce
the pool elevation in Hulah Lake below elevation 710.0

TABLE 7-3
LOW-FLOW REQUIREMENTS
Bartlesville Gage

Flows
Period (cfs)
January — May 10
June 11
July — August 13
September — December 10
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TABLE 7-4

HULAH AND COPAN LAKES
MINIMUM LOW-FLOW RELEASES
(Present)

Hulah Release Rate Copan Release Rate
Month (cfs) (cfs)

January — May 2 5
June — August 4 8
September — December 2 5

Annual Average 2.50 5.75

7-08. Fish and Wildlife. Although fish and wildlife is a project purpose, no storage is
authorized for that purpose. The low-flow releases, for water quality, should prevent
most fish and wildlife problems that might occur downstream of Hulah Lake.
Management of the fish and wildlife resources will be under the direction of the
(ODWC).

7-09. Water Supply.

a. General. Hulah Lake has a water supply storage of 19,800 acre-feet with a
dependable yield of 12.4 MGD. Table 7-5 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
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. Requlation Procedure for Water Supply. Withdrawals for municipal and
industrial water supply are released through two 24-inch low flow pipes into the stilling
basin. The water withdrawn from the lake or the stilling basin will be metered and read
by the user and reported to the Hydraulics and Hydrology Branch on a monthly basis.
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TABLE 7-5
WATER SUPPLY CONTRACTS

HULAH LAKE
CONTRACT
APPROVAL CONTRACT | USER STORAGE
USER NAME DATE TYPE (ACRE-FEET)

City of Bartlesville 06/12/57 Storage 15,400
City of Bartlesville 11/04/70 Storage 2,200
Hulah Water District, Inc. 11/04/70 Storage 100
City of Bartlesville 11/12/82 Storage 2,100

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 on a monthly accounting basis. Plate 7-4 gives an
example of output from the accounting program.

d. Requlation Procedure for Water Rights. The Oklahoma Water Resources
Board (OWRB) has issued water rights on the Caney River below Hulah Lake. These
water rights locations and amounts are shown in Table 7-6. 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.
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TABLE 7-6
WATER RIGHTS FOR THE CANEY RIVER
FROM THE MOUTH TO HULAH DAM

Authorized

Amount

User Point Of Diversion (ac-ft/yr)
(b) (6) 43
(b) (6) 390
(b) (6) 300
(b) (6) 915
(b) (6) 80
(b) (6) 101
(b) (6) 57
(b) (6) 4
(b) (6) 280
(b) (6) 232
Bartlesville, City of SE-NE NE 12 T26N, R12E 6000
Ken-Ada Ranches, Inc. SW-NE NW 01 T26N, R12E 628
(b) (6) 52
(b) (6) 232
TOTAL 9,314

7-10. Hydroelectric Power. Hulah Lake has no hydroelectric power units and
installation of hydroelectric power is not being considered at this time.

7-11. Navigation. Hulah 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 Hulah 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
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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 Hulah Dam, dated August 1982. A copy of the plan can be found at the
Copan/Hulah Lakes 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 drowning, accidents, operating facility failure, and pollution. SWD will be
informed and a written confirmation describing the deviation will be furnished as soon
as possible.

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. In
addition, 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-ETE-P
(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.
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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 7-7, 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 7-7
RELEASE RATE CHANGES

Increasing Releases to Channel Capacity

Current release range Maximum increase Minimum time between
(cfs) (cfs) changes (hours) (1)
6,500 1,100 2

Decreasing Release Below Channel Capacity

Current release range Maximum decrease Minimum time between
(cfs) (cfs) changes (hours) (1)
6,500 1,100 3

(1) A maximum of 3 gate changes per day.

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
sluice gates 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 7-8 on pages
T7-1 through T7-8. Rating curves used by the Water Control Section are adjusted for
changing conditions and are maintained in current status.
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lIl - 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 the October 1986 flood are
presented in the following paragraphs. The floods were selected to show the effects of
the flood control regulations for Hulah Lake on a variety of possible flood conditions.

8-02. Flood Control.

a. Probable Maximum Flood. The probable maximum flood was generated by
applying the probable maximum precipitation from Hydrometerological Report No. 52 to
an HEC-1 rainfall-runoff computer model representing the drainage area above Hulah
Lake. The flood has 915,000 acre-feet of volume and a peak inflow of 430,000 cfs.
The flood, routed through Hulah Lake on a full flood control pool by emergency
regulations, resulted in a peak release of 338,100 cfs at the maximum pool elevation of
775.72. Plate 8-1 shows the operational hydrographs for the probable maximum flood
routed through Hulah 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 probable maximum flood. This flood has a volume of 457,500 acre-feet
and a peak inflow of 215,000 cfs. The flood, routed through Hulah Lake on a full flood
pool, resulted in a peak release of 215,600 cfs at the maximum pool elevation of
766.96. Plate 8-2 shows the operational hydrographs for this flood routed by
emergency regulations on both empty and full flood control pools.

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 16.76
inches from September 29 to October 4. The inflow came in two peaks, one on
September 30 at 70,000 cfs with no release made. The second peak occurred on
October 3 with an inflow of 133,000 cfs. The flood had a volume of 366,500 acre-feet,
a peak release of 58,000 cfs, and a peak pool elevation of 769.42. During this flood a
deviation was requested and approved to allow the pool to rise to a maximum elevation
of 770.0, if necessary. This flood is the flood of record for the Hulah Lake drainage
basin. Plate 8-3 shows the operational hydrographs for Hulah Lake for both
experienced and emergency regulations.

8-03. Recreation. Rock bluffs, rolling hills, and the timbered creeks make the lake an
area of unique appeal for recreation. Eight public use areas have been developed
around the lake. Some areas start becoming inundated at elevation 736.0 and by
elevation 753.0 all of the areas are affected by the water level. Recreation activities
are also affected by releases for water supply and water quality during drought periods,
which causes the pool to be fall below normal.
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8-04. Water Quality. Hulah Lake, overall, has good water quality that would not be
significantly altered during flood control operations. During dry periods before the
construction of the dam, there have been periods of zero flow on the Caney River at the
damsite. With the lake, however, the present low-flow requirements from 2 to 4 cfs
would prevent the flow from going to zero. This results in enhanced water quality in the
Caney River.

8-05. Fish and Wildlife. Hulah Lake provides an improved fishery over the natural
river, allowing some species of sport fish to flourish in contrast to previous natural river
conditions. The downstream fishery is improved by releases from the lake. Minimum
releases required for water quality also aid the downstream fishery in periods of low
flow. Waterfowl species have increased due to the enlargement of the waterfowl
habitat. Some wildlife habitat was inundated due to impoundment; however, wildlife
management of lake perimeter lands strives to mitigate these losses.

8-06. Water Supply. The quality of water in the Hulah 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 Hulah Lake.

8-08. Navigation. The coordination of releases from Hulah Lake with other reservoirs
(discussed in Chapter VII 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.

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 that 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 Hulah Dam, dated August 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.
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8-11. Frequencies.

a. Peak Inflow Probability. Annual peak mean daily inflows for Hulah Lake were
determined using the SUPER program, a computer routing model for the period of
record, for the period 1940 to 1997. Linear regression techniques were used to
develop a regression equation correlating peak discharges to peak mean daily flows for
the Caney River near Elgin, Kansas gage during the period 1940 to 1996. This
regression 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 Hulah 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 Disposition Form dated August 22, 1979.
The Peak Inflow Probability Curve is presented in Plate 8-4.

b. Pool Elevation Duration and Frequency. The SUPER model, for the period
1940 to 1997, 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 Hulah
Lake are shown on plates 4-3 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 the city of Bartlesville. The Corps of Engineers completed the study in August
1988 and revised it in November of 1988. Additional portions of the Caney River were
studied in the Tulsa County Flood Insurance studies in 1976 — 1980 and in the Rogers
County Flood Insurance Study in 1982 — 1983. This report includes profiles of the 500-,
100-, 50-, and 10-year floods. A special Flood Hazard information Report (June 1975)
was prepared for the Port of Catoosa showing profiles and the area flooded by the 100-
year flood. No channelization projects exist below Hulah Lake with the exception of 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. The U.S. Government owns Hulah Lake. The Tulsa
District of the Corps of Engineers is the operating agency. Hulah 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. Make periodic visits to projects by section personnel 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, hydraulic, 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. Provide 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, the Water
Control Section accomplishes the routine regulation of the lake. 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.

(4) Provision for 24-hour Alert. The National Weather Service (NWS)
and project personnel are provided with a list of names, addresses, and telephone
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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. The Environmental Protection
Agency, together with the State of Oklahoma, establishes the standards for water
quality releases.

c. State Agencies. Management of the fish and wildlife resources of the Hulah
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 Hulah 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 NWS 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, hydropower 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. The Tulsa District also maintains an Emergency Operations Center
which coordinates emergency measures and information with affected agencies and
local authorities during flood events. These agencies and authorities include Federal
Emergency Management Agency and local Civil Defense teams and local governments.

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 Caney River. Arkansas River Basin compacts
have been established between the States of Arkansas and Oklahoma, 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.
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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.

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. Daily 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. The monthly
lake reports are also available on the Tulsa District Web Page from 1994 to the present
at www.swt-wc.usace.army.mil.

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.
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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
in the review or possible claims against the United States for damages. The District
Office Planning Division personnel, using information compiled and prepared by the
Water Control Section prepare the report. The report should be completed within
approximately three months of the time of flooding, including a statement of final cost.

e. Annual Reports. The Water Control Section prepares this report. 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
Daily 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 4-6

ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FEET

HULAH LAKE
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC ANNUAL
1918 3400 2200 10500 17500 163300 4700 3400 15400 16200 34500 46100 12800 330000
1919 2000 5500 2300 48200 18400 35900 70000 19200 390 16000 11500 2400 231790
1920 3500 2300 43400 4900 37900 3800 30800 23300 5500 40800 8100 8100 212400
1921 19900 1000 12400 24500 6000 32400 11200 22600 29200 680 660 930 161470
1922 4000 7600 29500 110700 62300 8200 248400 1200 19900 8800 16500 2200 519300
1923 2000 1900 5800 5100 24000 7500 6000 680 53400 49400 2700 3300 161780
1924 2600 3000 12100 27000 38400 31600 47800 36900 64100 8700 21900 4000 298100
1925 9200 1800 2100 25200 10900 15700 11600 10400 38800 2800 36800 1600 166900
1926 4300 2800 4000 13000 19900 9400 40600 76900 183100 262100 2200 7200 625500
1927 3900 3900 17800 152000 20200 80300 40600 117200 28700 123900 2200 12600 603300
1928 2800 4300 18900 32200 19400 148800 14100 3000 1700 42600 73000 31200 392000
1929 6000 3500 8100 80200 108100 62800 83900 11100 840 9200 6100 1500 381340
1930 7800 2700 1400 46500 70300 165100 6900 4200 137500 10400 22200 4300 479300
1931 2600 3400 18100 4300 17000 10700 39800 19500 1100 4600 211800 2300 335200
1932 7000 2100 740 1100 12000 89400 9800 250 18800 7600 480 28900 178170
1933 2500 2900 13600 20200 65700 3500 34600 103100 30700 19400 10100 14300 320600
1934 4700 2700 1300 48000 29000 12900 6300 14800 83200 162000 14000 2300 381200
1935 6400 5200 14500 3000 73000 129800 1200 5500 5300 44800 80000 10100 378800
1936 2800 1100 510 5300 27400 23500 7400 120 172100 154800 1900 9700 406630
1937 3900 3100 12100 18100 22400 69000 229500 6000 71700 300 310 660 437070
1938 890 3900 27500 23600 115200 74400 1900 1500 1400 130 240 260 250920
1939 320 280 2000 10000 10700 4000 550 20 0 0 0 0 27870
1940 0 20 50 6000 2800 23500 7000 3100 2800 0 5500 4100 54870
1941 12500 14900 7000 75400 38500 55300 870 1700 7400 109700 42800 21500 387570
1942 8000 23400 24200 128100 13200 62900 3400 7800 78900 18300 7200 23800 399200
1943 14900 10900 10200 7300 244500 35800 3000 1000 430 1400 240 1100 330770
1944 2400 2200 26600 236700 42700 10100 1200 2000 26700 49900 3700 66600 470800
1945 7400 6600 106800 137100 27000 12800 30700 940 147800 72200 3600 2200 555140
1946 25100 21700 41200 15100 5600 1400 700 310 600 50 2400 810 114970
1947 700 460 8100 156300 80400 22200 4100 570 200 60 90 160 273340
1948 200 170 3700 16800 27000 51100 110200 44400 1300 270 2100 2500 259740
1949 62400 97100 37000 27100 54100 17900 12600 1200 27200 11100 2800 2300 352800
1950 5700 3000 6100 4400 30400 67300 172800 109800 15400 2800 1600 1300 420600
1951 1600 7800 6200 18800 79500 123400 97500 4600 62200 23700 68300 18000 511600
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TABLE 4-6 (Cont'd)

ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FEET

HULAH LAKE
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC ANNUAL
1952 17200 14200 80900 45300 9200 9400 1600 610 0 0 670 240 179320
1953 180 430 2200 4400 21600 7000 1500 4 1500 900 960 0 40674
1954 80 560 250 4000 47600 2900 280 950 690 15600 200 700 73810
1955 860 2600 3000 2300 75300 6900 290 450 880 22400 80 230 115290
1956 580 290 660 820 1400 3100 430 820 310 720 240 280 9650
1957 80 300 650 42100 182000 231100 10500 1600 2100 580 2800 1700 475510
1958 1600 2800 94200 80600 28900 3500 31800 2400 2200 620 910 990 250520
1959 870 1300 2900 16400 22500 7400 196300 6800 7700 176400 9700 13400 461670
1960 17100 29100 48300 30000 19500 6300 3400 6700 830 3400 2200 5700 172530
1961 1500 3900 15400 67200 252700 14100 6700 15600 164700 65000 139800 42300 788900
1962 26200 11800 10200 7200 2800 10400 2000 1400 6500 1900 1400 2900 84700
1963 11700 2700 16000 3800 3800 1700 840 790 8 510 180 0 42028
1964 460 200 610 5400 12000 6100 0 20900 3100 390 68300 17500 134960
1965 14100 8400 17600 122000 12600 18800 4800 2800 15500 300 60 1400 218360
1966 2100 6900 9300 5000 5600 66400 1300 260 40 140 140 320 97500
1967 1100 560 600 3600 3700 44700 27800 470 19400 18000 4500 5800 130230
1968 13600 5100 26400 31700 48800 15200 7100 19600 18900 21200 54000 37900 299500
1969 23400 35900 69000 75900 37600 150500 6500 1200 2100 21700 3700 410 427910
1970 3200 1900 10000 148200 14000 10300 960 220 1600 670 150 430 191630
1971 6700 7400 7000 3300 4200 4100 1900 390 14600 17700 3800 43800 114890
1972 10000 4300 2900 9400 19600 760 33900 2400 1500 5800 61400 29900 181860
1973 99300 32400 223600 92100 33200 5100 2200 510 6800 10300 31200 49100 585810
1974 32200 29100 185000 20800 62900 65100 1400 5900 5500 39500 152300 37900 637600
1975 72800 74600 81000 64100 89400 64900 2400 7200 280 780 1200 710 459370
1976 660 1000 14100 26700 18900 4600 102200 3400 320 410 300 400 172990
1977 200 1300 1800 11700 102000 102900 6300 44900 33600 7700 82900 5400 400700
1978 3200 42300 35300 41600 132600 57500 6200 380 240 700 1900 750 322670
1979 7100 8600 20800 25900 6700 22600 11500 1900 520 1200 91400 3800 202020
1980 2500 11000 54200 68500 16000 2000 110 470 440 170 0 730 156120
1981 0 210 850 780 7800 4000 850 2300 360 4900 24800 5400 52250
1982 5400 11500 27600 4300 166400 78600 5200 1400 1700 860 1400 6700 311060
1983 5500 27700 43200 94400 109200 11600 2000 230 650 26500 3200 5200 329380
1984 510 880 12300 5900 4200 970 80 830 90 77800 9800 84000 197360
1985 38900 113900 86900 61700 38000 109000 2300 4600 21000 76000 97800 24000 674100
1986 8500 7200 10400 51300 128400 82600 24000 10300 127700 332900 74400 54700 912400



TABLE 4-6 (Cont'd)

ESTIMATED MONTHLY AND ANNUAL FLOWS IN ACRE-FEET

HULAH LAKE

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC ANNUAL
1987 37000 125000 117600 19500 95000 27100 25000 6600 1600 1500 25700 73600 555200
1988 45800 10700 93100 169100 12400 1800 3100 560 14100 1200 5700 3900 361460
1989 4500 5200 45900 10100 29300 175000 7500 18200 122300 60500 14100 4800 497400
1990 25300 34800 197500 43900 112700 8000 440 1220 1370 1460 2200 630 429520
1991 1600 340 50 25930 18390 31640 800 160 1050 1000 360 22430 103750
1992 9240 15470 15160 9260 7340 69280 8410 3870 1640 230 93740 94040 327680
1993 69090 46770 50820 39270 276440 28610 16260 1170 27390 1160 12440 12610 582030
1994 6030 16900 9030 208030 46220 2300 27040 4080 1670 1388 61806 11861 396355
1995 6813 5484 74272 31548 131407 233111 125089 15551 3114 0 12 853 627254
1996 466 258 0 5405 5871 5465 0 2460 22562 18318 69899 23058 153762
1997 5703 89972 19299 71644 62619 59396 30189 3828 5296 8013 3917 65753 425629
MEAN 11054 13858 29671 43272 51950 42262 26761 11233 25000 29268 24085 13791 322204
MAXIMUM 99300 125000 223600 236700 276440 233111 248400 117200 183100 332900 211800 94040 912400
MINIMUM 0 20 0 780 1400 760 0 4 0 0 0 0 9650



TABLE 6-1

HULAH LAKE
HEC-1 FORECAST MODEL

ID VERDI GRI S FORECAST MCDEL

ID UNI T HYDROGRAPHS COOK MAY, 83

ID MCDI FI ED BY ESTEP COCT, 94

I'T 120 130CT98 1200 200 1900
*FREE

(O] 3

VS CEDAL ELGL CEDAL ELGL
W 511 511 2,11  2.11

VSHULAIN COPAIN HULOUT COPOUT

W 2,11 211  7.11  7.11

S kR R Ok I Rk S S kR b S I b I SR Sk I b kR S
* xx% START COPAN MODEL ****

KK SEDAL

KM SEDAN GAGE SI TE

* : PLOT- MACRO.  SEDA

BA 119

* B BASE FLOW FOR SEDA GAGE SITE
BF 0 -.25 1.01

PB 0O

ZR=PI B=SEDAL C=PRECI P-| NC F=ADJUST
* L LOSS RATE FOR SEDA

LU 0 0

(O 8 .68

W B=SEDA C=FLOW LOC CUM F=CALC

S O bk R R I Rk Ik b S o kR R R R R IR R Ik b Sk I b b kR R Rk I
KKSEDANR

KM ROUTE HYDROGRAPH TO LAKE

RM 1 14 .3

Sk O kR R Rk Ik kS R R R R Rk R R bk Ik R R Rk
KK COPAL

KM HYDROGRAPH AT COPAN LAKE

BA 371.8

BF 0 -.25 1.02

PB O

ZR=PI B=COPAL C=PRECI P-| NC F=ADJUST
* L LOSS RATE FOR COPAN LOCAL

LU 0 0

(O 20 . 60

Sk O kR R I Rk Ik b S o kR R R R R R R R bk O R R R
KKCOPLAK  COPAN LAKE SURFACE

BA 14.2

BF 0 -.01 1.15

PB O

ZR=PI B=COPAL C=PRECI P-| NC F=ADJUST

LU 0 0

U 4595

Sk kR R I Rk Ik ko Sk kR R R R R I R R Ik b Sk I R R Rk O
KKCOPAI N

T6-1



TABLE 6-1 (CONT'D)

KM COMBI NE HYDROGRAPHS FCOR TOTAL | NFLOW I NTO COPAN LAKE

HC 3

W B=COPA C=FLOW RES I N F=CALC

Sk bk R R Rk Ik ko kI R R Sk kR R Sk R IR Rk kR
KKCOPARE

KM CALL RELEASES FROM COPAN LAKE

BA 1

ZR=-Q B=COPA C=FLOW RES QUT F=0BS

S Sk kR R Rk kb kS kR R Rk Sk kb I R R Rk Rk Ik R Ik Ik
KKCCOPDI F

KM SUBTRACT RELEASES TO PRCDUCE NET | NFLOW

HC 2

kb kR R R Ik b kb Sk kR R Rk R R R R R bk Ik kR R I R
KKCOPQUT

KM ROUTE NET | NFLOW THROUGH COPAN LAKE

* :PLOT- MACRO: CCPA

* R COPAN LAKE

RS 1 ELEV 710

SV 6685 14220 34280 43400 65070 121800 203200 227700 338500 455400
SE 698 702 708 710 714 722 730 732 739.1 745

SQ 0 0
SE 698 745

ZW B=COPA C=ELEV F=CALC

* khkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkkhkhkkhkkhkhkhkkhkkhkhkkhkhkhkkhkkhkkhkkhkkhkkikkhkkhkkk
KKCOPAON CONDUI T RELEASES ( 24- HOUR VALUES)

BA 1

ZR=Q  B=COPA C=FLOWRES OUT F=OBS

* khkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkkhkkikkhkkhkkhkk*k
KKCOPSPL SPI LLWAY+CONDUI T

HC 2

* *x* END COPAN MODEL ****

* *** gtart hul ah nodel ****

KK CEDAL

KM CEDAR VALE GAGE SUBAREA (458-3)
* - PLOT- MACRO CEDA

BA 208

* B BASE FLOW FOR ELA N GAGE AREA
BF 0 -0.25 1.025

PB 0

ZR=PI B=CEDAL C=PRECI P-1 NC F=ADJUST
* L LCSS RATE CARD FOR THE HULAH LAKE LOCAL SUBAREA

LU 0 0

(O 11 . 68

ZW B=CEDA C=FLOW LOC CUM F=CALC

R Sk O R Rk I b S b S S I S R R I S kS R R bk Sk I kS Rk R S
KKCEDRVE ROUTE COMBI NED HYDROGRAPHS THROUGH AREA ELG L
RM 2 5 .3

kb Sk kR R R R Rk Ik kI Rk S kI b S R
KK ELG L

KM ELG N GAGE SUBAREA (458-4)

BA 237

PB 0

T6-2



TABLE 6-1 (CONT'D)

ZR=PI B=ELG L C=PRECI P-1 NC F=ADJUST
* L LCSS RATE CARD FOR THE HULAH LAKE LOCAL SUBAREA

LU 0 0
us 10 .72

* khkkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkhkkhkhkhkkhkkhkhkkhkhkhkkhkhkkhkkhkhkkhkkhkkhkkhkkhkkikkhkkikkhkkhkkikkx

KK ELG N COMBI NE HYDROGRAPHS AT ELGI N GAGE

* : PLOT- MACRO. ELG

HC 2

ZW B=ELG C=FLOMLOC CUM F=CALC

* khkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkhkhkkhkhkhkkhkkhkhkkhkhkkhkhkhkkhkhkhkhkkhkhkkkkhkkikkhkkhkkk
KK ELGN ROUTE COVBI NED HYDROGRAPHS THROUGH AREA BUCK
RM 1 3 .3

* khkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkhkhkkhkhkhkkhkkhkhkkhkhkkhkkhkhkkhkkhkkhkhkkhkkhkkhkkikkhkkikkhkk*k
KK HULAL HULAH LAKE AREA

BA 274

PB 0

ZR=PI B=HULAL C=PRECI P-1 NC F=ADJUST
* L LCSS RATE CARD FOR THE HULAH LAKE LOCAL SUBAREA

LU 0 0

us 12 .72

* khkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkhkkhkhkhkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkkhkkikkhkkhkkhkkhkkhkh*kx
KKHUL LAK HULAH LAKE SURFACE

BA 13

BF 0 -0.01 1.20

PB 0

ZR=PI  B=HULAL C=PRECI P- | NC F=ADJUST

LU 0 0

u 4177

* khkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkhkkhkhkhkkhkkhkkhkkhkhkhkhkkhkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkkhkkhkkhkhkkhkkikkhkkhkkhkkhkkikh*kx
KKHULAI N COMBI NE HYDROGRAPHS AT HULAH DAM (| NFLOW

KO 3

HC 3

zZw B=HULA C=FLONMRES | N F=CALC

* khkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkhkkhkkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkkhkkhkkhkkikkhkkhkkhkkhkkikkhx
KKHUL ARE RELEASES (24 HOUR AVERAGE. USE NEGATI VE VALUES)
BA 1

ZR=-Q  B=HULA C=FLOWRES OUT F=0BS

* kkkkhkkhkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkhkkhkhkkhkkhkkhkkhkhkhkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkhkkhkkhkkikkhkkhkkhkk*k
KKHULDI F DI FFERENCE BETWEEN | NFLOW AND RELEASE

HC 2

* khkkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkhkkhkhkhkkhkkhkkhkkhkhkkhkhkkhkhkhkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkkikkhkkhkkhkk*k
KKHUL QUT NET | NFLOW ROUTED THRU LAKE

* : PLOT- MACRO. HULA

* R HULAH LAKE

RS 1 ELEV 733.00

sV 0 5948 31156 34834 42808 51628 61408 72308 84448 91018

SV 97918 112698 128778 146078 164588 205158 251188 289088 329808 389488
SE 710 722 733 734 736 738 740 742 744 745
SE 746 748 750 752 754 758 762 765 768 772

SQ 0 0
SE 726 772
ZW B=HULA C=ELEV F=CALC
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TABLE 6-1 (CONT'D)

Ok I R Sk R Rk kR SRR Rk R bk kA R IR Ik Sk S

KKHULAON CONDU T RELEASES (24- HOUR VALUES)
BA 1
ZR=Q B=HULA C=FLOW RES OUT F=0BS

Sk kR Rk kR R Ik I Rk kR Rk I

KKHUL SPL SPI LLWAY+CONDUI T

HC 2

* *** and hul ah nodel ****

KK HUPAN HULAH &COPAN COVBI NED
L_K:*****3************************************************************
KKBRTRT

RM 2 18 0.3

* R I S S S S S S S S I S S S S S S S S S S S S S S S S S S S D S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S
KK BARTL BARTLESVI LLE LOCAL RUNOFF

BA 155

* B BASE FLOW FOR BART GAGE

BF 0 -1 1. 015

* L LOSS RATE FOR BARTL

LU 0 0

PB 0

ZR=PI B=BARTL C=PRECI P-1 NC F=ADJUST
(O 11 0. 65

Rk O Sk Ik b Sk S R S Rk S kS I R Rk S S Rk kS S Rk Ik Rk kR S O

KKBRTCON TOTAL FLOW AT BARTLESVI LLE

* :PLOT- MACRO BART

HC 2

W B=BART C=FLOW LOC CUM F=CALC

Rk O R Rk Ik b b I S R Rk S R R R Rk kR R R Sk S kR R ARk R Sk O S O
KKRAMCLR COMBI NED QUTFLOWS ROUTED TO RAMONA

RM 4 36 .4

R Ok O R R I R R I S R S R R bk Sk S Rk R b Sk I S kR Rk Sk Rk IRk kI
KK RAMOL RAMONA LOCAL RUNOFF

BA 563

* B BASE FLOW FOR RAMO GAGE

BF 0 -.2 1. 015

* L LCSS RATE FOR RAMO GAGE

LU 0 0

PB 0

ZR=PI B=RAMOL C=PRECI P-1 NC F=ADJUST

(O 24 .52

Sk S b bk R R R Ik kR R Rk Ik I b R IR Rk R bk kb S IR Rk
KKRAMONA COMBI NED FLONS AT RAMONA GAGE

* :PLOT- MVACRO RAMO

HC 2

W B=RAMO C=FLOW LOC CUM F=CALC

Rk O Rk Ik b Sk S S Rk S Sk S R Rk kb S R Rk kI R Rk R Sk O I S O
KKCLRMRT ROUTE TO VERDI GRI' S CONFLUENCE

RM 2 22 .2

Rk S b bk R Rk Ik kI Rk Sk kI R R R R b Sk I kR R R I Sk I bk
KKCLARCR LOCAL AREA ABOVE VERDI GRI S CONFLUENCE

BA 156

T6-4



TABLE 6-1 (CONT'D)

PB 0

ZR=PI B=CLARCR C=PRECI P-| NC F=ADJUST

(ON) 12 . 60

I R R R R XX
KKCANVER CANEY RI VER ABOVE VERDI GRI S RI VER

HC 2

Rk S b b kR Rk Ik kSR R R R Ik I b R R Rk R Ik R b b S I R R R S Sk

T6-5



TABLE 7-8

HULAH LAKE, OKLAHOMA STATION FILE NO. 07173000
BASED ON 1973 RESURVEY TABLE NO. 3
AREA IN 1000'S OF AC

ELEV 0 1 2 3 4 5 6 7 8 9

710 0.000 0.118 0.192 0.268 0.342 0418 0.482 0.558 0.622 0.698
720 0.798 0.918 1.068 1.228 1.438 1.648 1.908 2.168 2.428 2.688
730 2908 3.128 3.348 3,568 3.788 3.980 4.200 4.400 4.640 4.880
740 5.160 5440 5.760 6.060 6.400 6.740 7.060 7.380 7.740  8.000
750 8420 8580 9.020 9.200 9.600 9.800 10.160 10.400 10.820 11.100
760 11.560 11.840 12.240 12.460 12.820 13.000 13.420 13.780 14.040 14.620
770 14800 15.460 15.560 16.365 16.700 17.350 18.000 18.580

CAPACITY IN 1000'S OF ACRE-FEET

T-L1

ELEV 0 1 2 3 4 5 6 7 8 9

710 0.000 0.059 0.214 0.444 0.749 1129 1579 2.099 2.689 3.349
720 4.097 4955 5948 7.096 8.429 9972 11.750 13.788 16.086 18.644
730 21.442 24.460 27.698 31.156 34.834 38.718 42.808 47.108 51.628 56.388
740 61.408 66.708 72.308 78.218 84.448 91.018 97.918 105.138 112.698 120.568
750 128.778 137.278 146.078 155.188 164.588 174.288 184.268 194.548 205.158 216.118
760 227.448 239.148 251.188 263.538 276.178 289.088 302.298 315.898 329.808 344.138
770 358.848 373.978 389.488 405.451 421.983 439.008 456.683 474.973




¢-L1

HULAH LAKE, OKLAHOMA

TABLE 7-8 (CONT'D)

STATION FILE NO. 07173000

BASED ON 1973 RESURVEY TABLE NO. 3
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
710.0 0.000 0.001 0.002 0.005 0.010 0.015 0.021 0.029 0.038 0.048
711.0 0.059 0.071 0.084 0.098 0.112 0.127 0.143 0.160 0.177 0.195
712.0 0.214 0.234 0.254 0.275 0.297 0.320 0.343 0.367 0.392 0.418
713.0 0.444 0.471 0.499 0.528 0.557 0.587 0.618 0.650 0.682 0.715
714.0 0.749 0.784 0.819 0.855 0.892 0.930 0.968 1.007 1.047 1.088
715.0 1.129 1.171 1.214 1.257 1.301 1.346 1.391 1.437 1.484 1.531
716.0 1.579 1.628 1.677 1.727 1.778 1.830 1.882 1.935 1.989 2.044
717.0 2.099 2.155 2.212 2.269 2.327 2.386 2.445 2.505 2.566 2.627
718.0 2.689 2.752 2.815 2.879 2.944 3.010 3.076 3.143 3.211 3.280
719.0 3.349 3.419 3.491 3.563 3.636 3.711 3.786 3.862 3.940 4.018
720.0 4.097 4177 4.259 4.342 4.426 4511 4.597 4.685 4,774 4.864
721.0 4,955 5.048 5.142 5.237 5.334 5.433 5.533 5.634 5.737 5.842
722.0 5.948 6.056 6.165 6.276 6.388 6.502 6.618 6.735 6.854 6.974
723.0 7.096 7.220 7.346 7.474 7.604 7.736 7.871 8.007 8.146 8.286
724.0 8.429 8.574 8.721 8.870 9.021 9.174 9.330 9.487 9.647 9.808
725.0 9.972 10.138 10.307 10.478 10.652 10.829 11.008 11.189 11.374 11.561
726.0 11.750 11.942 12.137 12.334 12.534 12.737 12.942 13.149 13.360 13.573
727.0 13.788 14.006 14.227 14.450 14.676 14.905 15.136 15.369 15.606 15.845
728.0 16.086 16.330 16.577 16.826 17.078 17.333 17.590 17.849 18.112 18.377
729.0 18.644 18.914 19.186 19.460 19.737 20.016 20.297 20.580 20.865 21,152
730.0 21.442 21.734 22.028 22.324 22.623 22.924 23.226 23.532 23.839 24.148
731.0 24.460 24,774 25.090 25.408 25.729 26.052 26.377 26.704 27.033 27.364
732.0 27.698 28.034 28.372 28.712 29.055 29.400 29.747 30.096 30.447 30.800
733.0 31.156 31.514 31.874 32.236 32.601 32.968 33.336 33.708 34.081 34.456
734.0 34.834 35.214 35.596 35.979 36.365 36.752 37.141 37.533 37.926 38.321
735.0 38.718 39.117 39.518 39.922 40.328 40.736 41.146 41.558 41.972 42.389
736.0 42.808 43.229 43.652 44.077 44.504 44,933 45.364 45.797 46.232 46.669
737.0 47.108 47.549 47.993 48.439 48.887 49.338 49.791 50.247 50.705 51.165
738.0 51.628 52.093 52.561 53.031 53.503 53.978 54.455 54.935 55.417 55.901
739.0 56.388 56.877 57.370 57.865 58.362 58.863 59.366 59.873 60.382 60.894




€Ll

HULAH LAKE, OKLAHOMA

TABLE 7-8 (CONT'D)

STATION FILE NO. 07173000

BASED ON 1973 RESURVEY TABLE NO. 3
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
740.0 61.408 61.925 62.446 62.969 63.494 64.023 64.554 65.089 65.626 66.165
741.0 66.708 67.254 67.802 68.354 68.910 69.468 70.030 70.594 71.162 71.734
742.0 72.308 72.886 73.466 74.050 74.636 75.226 75.818 76.414 77.012 77.614
743.0 78.218 78.826 79.437 80.051 80.669 81.291 81.915 82.543 83.175 83.810
744.0 84.448 85.090 85.735 86.383 87.035 87.691 88.349 89.011 89.677 90.346
745.0 91.018 91.694 92.372 93.054 93.740 94.428 95.120 95.814 96.512 97.214
746.0 97.918 98.626 99.337 100.050 100.768 101.488 102.212 102.938 103.668 104.402
747.0 105.138 105.878 106.621 107.368 108.119 108.873 109.631 110.392 111.157 111.926
748.0 112.698 113.473 114.251 115.032 115.815 116.601 117.389 118.180 118.973 119.769
749.0 120.568 121.370 122176 122,987 123.802 124.621 125444 126.271 127.103 127.938
750.0 128.778 129.621 130.465 131.311 132.159 133.008 133.859 134.711 135565 136.421
751.0 137.278 138.138 139.003 139.872 140.745 141.623 142505 143.392 144.283 145.178
752.0 146.078 146.981 147.886 148.792 149.701 150.611 151523 152.436 153.352 154.269
753.0 155.188 156.110 157.036 157.966 158.900 159.838 160.780 161.726 162.676 163.630
754.0 164588 165.549 166.512 167.477 168.444 169.413 170.384 171.357 172.332 173.309
755.0 174288 175.270 176.255 177.244 178.237 179.233 180.233 181.236 182.243 183.254
756.0 184.268 185.285 186.305 187.327 188.351 189.378 190.407 191439 192473 193.509
757.0 194548 195.590 196.637 197.687 198.742 199.801 200.864 201.931 203.003 204.078
758.0 205.158 206.242 207.328 208.417 209.508 210.603 211.701 212.801 213.904 215.010
759.0 216.118 217.230 218.347 219.469 220.595 221.726 222.861 224.001 225.145 226.294
760.0 227.448 228.605 229.766 230.929 232.095 233.263 234.435 235.609 236.786 237.965
761.0 239.148 240.334 241.524 242718 243916 245118 246.324 247.534 248.748 249.966
762.0 251.188 252413 253.641 254.870 256.102 257.336 258,572 259.810 261.051 262.293
763.0 263.538 264.786 266.037 267.292 268.551 269.813 271.079 272.348 273.621 274.898
764.0 276.178 277.461 278.746 280.032 281.320 282.611 283.902 285.196 286.492 287.789
765.0 289.088 290.390 291.697 293.007 294.322 295.641 296.964 298.291 299.622 300.958
766.0 302.298 303.642 304.989 306.340 307.695 309.053 310.415 311.780 313.149 314.522
767.0 315.898 317.277 318.659 320.044 321431 322.821 324.213 325.608 327.005 328.405
768.0 329.808 331.215 332.628 334.046 335471 336.901 338.337 339.778 341.226 342.679
769.0 344,138 345.601 347.066 348,532 350.001 351471 352.943 354416 355.892 357.369
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HULAH LAKE, OKLAHOMA

TABLE 7-8 (CONT'D)

STATION FILE NO. 07173000

BASED ON 1973 RESURVEY TABLE NO. 3
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
770.0 358.848 360.331 361.821 363.318 364.821 366.331 367.847 369.370 370.899 372.435
771.0 373978 375525 377.072 378.621 380.170 381.721 383.272 384.825 386.378 387.933
772.0 389.488 391.048 392.616 394.192 395.777 397.369 398.969 400.577 402.194 403.818
773.0 405451 407.089 408.730 410.375 412.023 413.675 415.330 416.988 418.650 420.315
774.0 421983 423.656 425.336 427.022 428.715 430.414 432120 433.832 435551 437.276
775.0 439.008 440.746 442491 444.242 446.000 447.764 449535 451.312 453.096 454.886
776.0 456.683 458.486 460.295 462.109 463.930 465.756 467.587 469.425 471.269 473.118
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HULAH LAKE, OKLAHOMA

TABLE 7-8 (CONT'D)

STATION FILE NO. 07173000

BASED ON 1973 RESURVEY TABLE NO. 3
CAPACITY [1000'S OF ACRE-FEET]
AREA [1000'S OF ACRES]

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
710.0 0.000 0.001 0.002 0.005 0.010 0.015 0.021 0.029 0.038 0.048
0.000 0.012 0.024 0.036 0.047 0.059 0.071 0.083 0.095 0.106

711.0 0.059 0.071 0.084 0.098 0.112 0.127 0.143 0.160 0.177 0.195
0.118 0.125 0.133 0.140 0.148 0.155 0.163 0.170 0.177 0.185

712.0 0.214 0.234 0.254 0.275 0.297 0.320 0.343 0.367 0.392 0.418
0.192 0.200 0.207 0.215 0.222 0.230 0.238 0.245 0.253 0.261

713.0 0.444 0.471 0.499 0.528 0.557 0.587 0.618 0.650 0.682 0.715
0.268 0.275 0.283 0.290 0.298 0.305 0.313 0.320 0.327 0.335

714.0 0.749 0.784 0.819 0.855 0.892 0.930 0.968 1.007 1.047 1.088
0.342 0.350 0.357 0.365 0.373 0.380 0.388 0.395 0.403 0.411

715.0 1.129 1171 1.214 1.257 1.301 1.346 1.391 1.437 1.484 1.531
0.418 0.424 0.431 0.437 0.444 0.450 0.456 0.463 0.469 0.476

716.0 1.579 1.628 1.677 1.727 1.778 1.830 1.882 1.935 1.989 2.044
0.482 0.490 0.497 0.505 0.512 0.520 0.528 0.535 0.543 0.551

717.0 2.099 2.155 2.212 2.269 2.327 2.386 2.445 2.505 2.566 2.627
0.558 0.564 0.571 0.577 0.584 0.590 0.596 0.603 0.609 0.616

718.0 2.689 2.752 2.815 2.879 2.944 3.010 3.076 3.143 3.211 3.280
0.622 0.630 0.637 0.645 0.652 0.660 0.668 0.675 0.683 0.691

719.0 3.349 3.419 3.491 3.563 3.636 3.711 3.786 3.862 3.940 4.018
0.698 0.708 0.718 0.728 0.738 0.748 0.758 0.768 0.778 0.788

720.0 4.097 4.177 4.259 4.342 4.426 4.511 4.597 4.685 4.774 4.864
0.798 0.810 0.822 0.834 0.846 0.858 0.870 0.882 0.894 0.906

721.0 4.955 5.048 5.142 5.237 5.334 5.433 5.533 5.634 5.737 5.842
0.918 0.933 0.948 0.963 0.978 0.993 1.008 1.023 1.038 1.053

722.0 5.948 6.056 6.165 6.276 6.388 6.502 6.618 6.735 6.854 6.974
1.068 1.084 1.100 1.116 1.132 1.148 1.164 1.180 1.196 1.212

723.0 7.096 7.220 7.346 7.474 7.604 7.736 7.871 8.007 8.146 8.286
1.228 1.249 1.270 1.291 1.312 1.333 1.354 1.375 1.396 1.417

724.0 8.429 8.574 8.721 8.870 9.021 9.174 9.330 9.487 9.647 9.808
1.438 1.459 1.480 1.501 1.522 1.543 1.564 1.585 1.606 1.627

725.0 9.972 10.138 10.307 10.478 10.652 10.829 11.008 11.189 11.374 11.561
1.648 1.674 1.700 1.726 1.752 1.778 1.804 1.830 1.856 1.882

726.0 11.750 11.942 12.137 12.334 12.534 12.737 12.942 13.149 13.360 13.573
1.908 1.934 1.960 1.986 2.012 2.038 2.064 2.090 2.116 2.142

727.0 13.788 14.006 14.227 14.450 14.676 14.905 15.136 15.369 15.606 15.845
2.168 2.194 2.220 2.246 2.272 2.298 2.324 2.350 2.376 2.402

728.0 16.086 16.330 16.577 16.826 17.078 17.333 17.590 17.849 18.112 18.377
2.428 2.454 2.480 2.506 2.532 2.558 2.584 2.610 2.636 2.662

729.0 18.644 18.914 19.186 19.460 19.737 20.016 20.297 20.580 20.865 21.152
2.688 2.710 2.732 2.754 2.776 2.798 2.820 2.842 2.864 2.886
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HULAH LAKE, OKLAHOMA

TABLE 7-8 (CONT'D)

STATION FILE NO. 07173000

BASED ON 1973 RESURVEY TABLE NO. 3
CAPACITY [1000'S OF ACRE-FEET]
AREA [1000'S OF ACRES]

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
730.0 21.442 21.734 22.028 22.324 22.623 22.924 23.226 23.532 23.839 24.148
2.908 2.930 2.952 2.974 2.996 3.018 3.040 3.062 3.084 3.106

731.0 24.460 24.774 25.090 25.408 25.729 26.052 26.377 26.704 27.033 27.364
3.128 3.150 3.172 3.194 3.216 3.238 3.260 3.282 3.304 3.326

732.0 27.698 28.034 28.372 28.712 29.055 29.400 29.747 30.096 30.447 30.800
3.348 3.370 3.392 3.414 3.436 3.458 3.480 3.502 3.524 3.546

733.0 31.156 31.514 31.874 32.236 32.601 32.968 33.336 33.708 34.081 34.456
3.568 3.590 3.612 3.634 3.656 3.678 3.700 3.722 3.744 3.766

734.0 34.834 35.214 35.596 35.979 36.365 36.752 37.141 37.533 37.926 38.321
3.788 3.807 3.826 3.846 3.865 3.884 3.903 3.922 3.942 3.961

735.0 38.718 39.117 39.518 39.922 40.328 40.736 41.146 41.558 41.972 42.389
3.980 4.002 4.024 4.046 4.068 4.090 4.112 4.134 4.156 4.178

736.0 42.808 43.229 43.652 44.077 44.504 44.933 45.364 45.797 46.232 46.669
4.200 4.220 4.240 4.260 4.280 4.300 4.320 4.340 4.360 4.380

737.0 47.108 47.549 47.993 48.439 48.887 49.338 49.791 50.247 50.705 51.165
4.400 4.424 4.448 4.472 4.496 4.520 4.544 4.568 4.592 4.616

738.0 51.628 52.093 52.561 53.031 53.503 53.978 54.455 54.935 55.417 55.901
4.640 4.664 4.688 4.712 4.736 4.760 4.784 4.808 4.832 4.856

739.0 56.388 56.877 57.370 57.865 58.362 58.863 59.366 59.873 60.382 60.894
4.880 4.908 4.936 4.964 4.992 5.020 5.048 5.076 5.104 5.132

740.0 61.408 61.925 62.446 62.969 63.494 64.023 64.554 65.089 65.626 66.165
5.160 5.188 5.216 5.244 5.272 5.300 5.328 5.356 5.384 5.412

741.0 66.708 67.254 67.802 68.354 68.910 69.468 70.030 70.594 71.162 71.734
5.440 5.472 5.504 5.536 5.568 5.600 5.632 5.664 5.696 5.728

742.0 72.308 72.886 73.466 74.050 74.636 75.226 75.818 76.414 77.012 77.614
5.760 5.790 5.820 5.850 5.880 5.910 5.940 5.970 6.000 6.030

743.0 78.218 78.826 79.437 80.051 80.669 81.291 81.915 82.543 83.175 83.810
6.060 6.094 6.128 6.162 6.196 6.230 6.264 6.298 6.332 6.366

744.0 84.448 85.090 85.735 86.383 87.035 87.691 88.349 89.011 89.677 90.346
6.400 6.434 6.468 6.502 6.536 6.570 6.604 6.638 6.672 6.706

745.0 91.018 91.694 92.372 93.054 93.740 94.428 95.120 95.814 96.512 97.214
6.740 6.772 6.804 6.836 6.868 6.900 6.932 6.964 6.996 7.028

746.0 97.918 98.626 99.337 100.050 100.768 101.488 102.212 102.938 103.668 104.402
7.060 7.092 7.124 7.156 7.188 7.220 7.252 7.284 7.316 7.348

747.0 105.138 105.878 106.621 107.368 108.119 108.873 109.631 110.392 111.157 111.926
7.380 7.416 7.452 7.488 7.524 7.560 7.596 7.632 7.668 7.704

748.0 112.698 113.473 114.251 115.032 115.815 116.601 117.389 118.180 118.973 119.769
7.740 7.766 7.792 7.818 7.844 7.870 7.896 7.922 7.948 7.974

749.0 120.568 121.370 122.176 122.987 123.802 124.621 125.444 126.271 127.103 127.938
8.000 8.042 8.084 8.126 8.168 8.210 8.252 8.294 8.336 8.378
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TABLE 7-8 (CONT'D)

STATION FILE NO. 07173000

BASED ON 1973 RESURVEY TABLE NO. 3

CAPACITY [1000'S OF ACRE-FEET]

AREA [1000'S OF ACRES]

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
750.0 128.778 129.621 130.465 131.311 132.159 133.008 133.859 134.711 135.565 136.421
8.420 8.436 8.452 8.468 8.484 8.500 8.516 8.532 8.548 8.564
751.0 137.278 138.138 139.003 139.872 140.745 141.623 142.505 143.392 144.283 145.178
8.580 8.624 8.668 8.712 8.756 8.800 8.844 8.888 8.932 8.976
752.0 146.078 146.981 147.886 148.792 149.701 150.611 151.523 152.436 153.352 154.269
9.020 9.038 9.056 9.074 9.092 9.110 9.128 9.146 9.164 9.182
753.0 155.188 156.110 157.036 157.966 158.900 159.838 160.780 161.726 162.676 163.630
9.200 9.240 9.280 9.320 9.360 9.400 9.440 9.480 9.520 9.560
754.0 164.588 165.549 166.512 167.477 168.444 169.413 170.384 171.357 172.332 173.309
9.600 9.620 9.640 9.660 9.680 9.700 9.720 9.740 9.760 9.780
755.0 174.288 175.270 176.255 177.244 178.237 179.233 180.233 181.236 182.243 183.254
9.800 9.836 9.872 9.908 9.944 9.980 10.016 10.052 10.088 10.124
756.0 184.268 185.285 186.305 187.327 188.351 189.378 190.407 191.439 192.473 193.509
10.160 10.184 10.208 10.232 10.256 10.280 10.304 10.328 10.352 10.376
757.0 194.548 195.590 196.637 197.687 198.742 199.801 200.864 201.931 203.003 204.078
10.400 10.442 10.484 10.526 10.568 10.610 10.652 10.694 10.736 10.778
758.0 205.158 206.242 207.328 208.417 209.508 210.603 211.701 212.801 213.904 215.010
10.820 10.848 10.876 10.904 10.932 10.960 10.988 11.016 11.044 11.072
759.0 216.118 217.230 218.347 219.469 220.595 221.726 222.861 224.001 225.145 226.294
11.100 11.146 11.192 11.238 11.284 11.330 11.376 11.422 11.468 11.514
760.0 227.448 228.605 229.766 230.929 232.095 233.263 234.435 235.609 236.786 237.965
11.560 11.588 11.616 11.644 11.672 11.700 11.728 11.756 11.784 11.812
761.0 239.148 240.334 241.524 242.718 243.916 245.118 246.324 247.534 248.748 249.966
11.840 11.880 11.920 11.960 12.000 12.040 12.080 12.120 12.160 12.200
762.0 251.188 252.413 253.641 254.870 256.102 257.336 258.572 259.810 261.051 262.293
12.240 12.262 12.284 12.306 12.328 12.350 12.372 12.394 12.416 12.438
763.0 263.538 264.786 266.037 267.292 268.551 269.813 271.079 272.348 273.621 274.898
12.460 12.496 12.532 12.568 12.604 12.640 12.676 12.712 12.748 12.784
764.0 276.178 277.461 278.746 280.032 281.320 282.611 283.902 285.196 286.492 287.789
12.820 12.838 12.856 12.874 12.892 12.910 12.928 12.946 12.964 12.982
765.0 289.088 290.390 291.697 293.007 294.322 295.641 296.964 298.291 299.622 300.958
13.000 13.042 13.084 13.126 13.168 13.210 13.252 13.294 13.336 13.378
766.0 302.298 303.642 304.989 306.340 307.695 309.053 310.415 311.780 313.149 314.522
13.420 13.456 13.492 13.528 13.564 13.600 13.636 13.672 13.708 13.744
767.0 315.898 317.277 318.659 320.044 321.431 322.821 324.213 325.608 327.005 328.405
13.780 13.806 13.832 13.858 13.884 13.910 13.936 13.962 13.988 14.014
768.0 329.808 331.215 332.628 334.046 335.471 336.901 338.337 339.778 341.226 342.679
14.040 14.098 14.156 14.214 14.272 14.330 14.388 14.446 14.504 14.562
769.0 344.138 345.601 347.066 348.532 350.001 351.471 352.943 354.416 355.892 357.369
14.620 14.638 14.656 14.674 14.692 14.710 14.728 14.746 14.764 14.782
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TABLE 7-8 (CONT'D)

STATION FILE NO. 07173000

BASED ON 1973 RESURVEY TABLE NO. 3
CAPACITY [1000'S OF ACRE-FEET]
AREA [1000'S OF ACRES]

ELEV 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
770.0 358.848 360.331 361.821 363.318 364.821 366.331 367.847 369.370 370.899 372.435
14.800 14.866 14.932 14.998 15.064 15.130 15.196 15.262 15.328 15.394

771.0 373.978 375.525 377.072 378.621 380.170 381.721 383.272 384.825 386.378 387.933
15.460 15.470 15.480 15.490 15.500 15.510 15.520 15.530 15.540 15.550

772.0 389.488 391.048 392.616 394.192 395.777 397.369 398.969 400.577 402.194 403.818
15.560 15.641 15.721 15.802 15.882 15.963 16.043 16.124 16.204 16.285

773.0 405.451 407.089 408.730 410.375 412.023 413.675 415.330 416.988 418.650 420.315
16.365 16.399 16.432 16.466 16.499 16.533 16.566 16.600 16.633 16.667

774.0 421.983 423.656 425.336 427.022 428.715 430.414 432.120 433.832 435.551 437.276
16.700 16.765 16.830 16.895 16.960 17.025 17.090 17.155 17.220 17.285

775.0 439.008 440.746 442.491 444.242 446.000 447.764 449.535 451.312 453.096 454.886
17.350 17.415 17.480 17.545 17.610 17.675 17.740 17.805 17.870 17.935

776.0 456.683 458.486 460.295 462.109 463.930 465.756 467.587 469.425 471.269 473.118
18.000 18.058 18.116 18.174 18.232 18.290 18.348 18.406 18.464 18.522




TABLE 6-2

HULAH 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
OPERATION STATION FLOW PEAK 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT  SEDAL 6456 10 5935 3272 1887
ROUTED TO SEDANR 3779 18 3664 2831 1839
HYDROGRAPH AT COPAL 7359 20 7187 5919 3314
HYDROGRAPH AT COPLAK 4595 2 1553 398 133
3 COMBINED AT COPAIN 10903 18 10713 8739 5106
HYDROGRAPH AT COPARE 0 2 0 0 0
2 COMBINED AT COPDIF 10903 18 10713 8739 5106
ROUTED TO COPOUT 0 2 0 0 0
HYDROGRAPH AT COPAON 0 2 0 0 0
2 COMBINED AT COPSPL 0 2 0 0 0
HYDROGRAPH AT CEDAL 8289 12 7698 4936 2428
ROUTED TO CEDRVE 7586 16 7295 4852 2416
HYDROGRAPH AT ELGIL 10924 10 10351 6061 2977
2 COMBINED AT ELGIN 16086 12 15417 10627 5366
ROUTED TO ELGN 15440 16 14708 10523 5347
HYDROGRAPH AT  HULAL 10623 12 10164 6516 3185
HYDROGRAPH AT HULLAK 4177 2 1411 360 121
3 COMBINED AT HULAIN 25335 14 24123 16830 8564
HYDROGRAPH AT HULARE 0 2 0 0 0
2 COMBINED AT HULDIF 25335 14 24123 16830 8564
ROUTED TO HULOUT 0 2 0 0 0
HYDROGRAPH AT HULAON 0 2 0 0 0
2 COMBINED AT HULSPL 0 2 0 0 0
2 COMBINED AT HUPAN 0 2 0 0 0
ROUTED TO BRTRT 0 2 0 0 0
HYDROGRAPH AT  BARTL 5960 12 5530 3589 1553
2 COMBINED AT BRTCON 5960 12 5530 3589 1553
ROUTED TO RAMOLR 3506 44 3456 2956 1572
HYDROGRAPH AT RAMOL 8117 24 7968 6962 4384
2 COMBINED AT RAMONA 8406 38 8360 7928 5744
ROUTED TO CLRMRT 7443 56 7421 7108 5415
HYDROGRAPH AT CLARCR 5105 12 4892 3349 1664
2 COMBINED AT CANVER 8170 56 8137 7837 6264

T6-6

BASIN MAXIMUM

AREA

119
119
371.8
14.2
505
1
506
506
1
507
208
208
237
445
445
274
13
732
1
733
733
1
734
1241
1241
155
1396
1396
563
1959
1959
156
2115

STAGE

717.13

744.92

TIME OF
MAX STAGE

398

396



TABLE 6-2 (CONT'D)

STATION CEDAL ELGIL CEDAL ELGIL HULAIN COPAIN HULOUT COPOUT
EXCESS EXCESS FLOW FLOW FLOW FLOW STAGE STAGE
PER DAY MON HRMN

1 13 OCT 1200 0 0 0 0 0 0 733.00 710.00

2 13 OCT 1400 1 1 589 948 4923 4599  733.11  710.07

3 13 OCT 1600 0 0 2130 3379 3329 281 733.30 710.14

4 13 OCT 1800 0 0 4151 6460 7648 1054 733.54 710.16

5 13 OCT 2000 0 0 6204 9288 13170 2590 734.01 710.22

6 13 OCT 2200 0 0 7710 10924 18797 4815 734.67  710.33

7 14 OCT 0 0 0 8289 10914 23154 7286  735.54  710.52

8 14 OCT 200 0 0 7749 9143 25335 9260 736.49  710.77

9 14 OCT 400 0 0 6398 6754 24544 10392 737.43  711.07
10 14 OCT 600 0 0 5047 4959 21826 10903 738.27 711.40
11 14 OCT 800 0 0 3981 3641 18803 10841 738.96 711.73
12 14 OCT 1000 0 0 3140 2723 15711 10399 739.54 712.05
13 14 OCT 1200 0 0 2477 2592 12823 9630 740.02 712.36
14 14 OCT 1400 0 0 2049 2467 10618 8755 740.37 712.64
15 14 OCT 1600 0 0 1951 2348 9273 7978 740.68  712.89
16 14 OCT 1800 0 0 1857 2235 8175 7287 74094  713.13
17 14 OCT 2000 0 0 1767 2127 7311 6671 741.18 713.34
18 14 OCT 2200 0 0 1682 2025 6687 6120 741.39  713.53
19 15 OCT 0 0 0 1601 1927 6229 5627 74158 713.71
20 15 OCT 200 0 0 1524 1834 5867 5185 741.77  713.88
21 15 OCT 400 0 0 1450 1746 5558 4787 74194  714.02
22 15 OCT 600 0 0 1380 1662 5279 4429 742.09 714.13
23 15 OCT 800 0 0 1314 1582 5021 4106 742.23  714.23
24 15 OCT 1000 0 0 1251 1506 4777 3814 74237  714.32
25 15 OCT 1200 0 0 1190 1433 4546 3550 74249 71441
26 15 OCT 1400 0 0 1133 1364 4327 3311 74262 714.49
27 15 OCT 1600 0 0 1078 1298 4118 3180 742.73  714.56
28 15 OCT 1800 0 0 1026 1236 3920 3073 74284 714.64
29 15 OCT 2000 0 0 977 1176 3731 2972 74294 71471
30 15 OCT 2200 0 0 930 1119 3551 2875 743.04 71477
31 16 OCT 0 0 0 885 1066 3380 2782 743.14 71484
32 16 OCT 200 0 0 842 1014 3217 2694 743.23 714.90
33 16 OCT 400 0 0 802 965 3062 2609 74331 714.97
34 16 OCT 600 0 0 763 919 2914 2528 743.39  715.03
35 16 OCT 800 0 0 726 875 2774 2450 743.47  715.08
36 16 OCT 1000 0 0 691 832 2640 2375 74355 71514
37 16 OCT 1200 0 0 658 792 2513 2303 743.62 715.19
38 16 OCT 1400 0 0 626 754 2392 2233 743.68  715.25
39 16 OCT 1600 0 0 596 718 2277 2166  743.75  715.30
40 16 OCT 1800 0 0 567 683 2167 2101 74381  715.35
41 16 OCT 2000 0 0 540 650 2063 2039 743.86  715.40
42 16 OCT 2200 0 0 514 619 1963 1978 743.92 71544
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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

Caney River Basin, Caney River, river mile
96.2, 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 three contracts totaling
19,800 acre-feet. All available water supply
storage is currently under contract.

The Oklahoma Water Resource Board
(OWRB) has issued water rights on the Caney
River basin below Hulah Lake. Releases may
be required from Hulah Lake to meet some of
these water rights.

$11,200,000

The project was placed in operation on
September 1951.

A-1



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 779.5
Maximum Pool 775.87 17,916 472,563 156,665 4.01 337,500
Top of Surcharge Pool 767.0 13,780 315,898 26,810 0.69 219,100
Top of Flood Control Pool 765.0 13,000 289,088 227,680 5.83 196,500
Spillway Crest 740.0 5,160 61,408 30,252 0.77 9,500
Top of Conservation Pool 733.0 3,568 31,156 31,156 0.80 8,350
Top of Inactive Pool 710.0 0 0 0 0 0
Flood Control Storage 733.0-765.0 257,932 6.61
Conservation Storage 710.0-733.0 31,1569 0.80
Streambed at Dam 685.5

(1) Based on 1973 sedimentation survey.

(2) One inch of runoff equals 39,040 acre -feet.
(3) Includes 19,800 acre-feet for water supply (12.4 mgd yield), 7,100 acre-feet for
water quality (4.5 mgd yield), and 4,200 acre-feet for sediment reserve.

MAXIMUM FLOODS PAST THE DAM SITE

Date Peak Flow Volume _ Runoff
(cfs) (Acre-feet)  (inches)(1)
Sep 29 - Oct 1, 1986 133,000 366,500 9.40
Mar 9 — 11, 1974 70,100 125,600 3.22
Nov 20 — 21, 1979 68,740 87,100 2.23

A-2

(1) One inch of runoff equals 39,040 acre-feet, based upon 732
square miles of drainage area.



Real estate taking line

Real estate taking line
for easement

Range of clearing

Pool elevation
corresponding to
discharge capability

of maximum nondamaging
flow rate downstream

Reservoir length at top
of conservation pool

Reservoir length at top
of flood pool

Shoreline length at top
of conservation pool

Safety aspects, possibly
requiring warning

The fee taking line is a blocked perimeter to
elevation 769.0. In the upper reaches of the
lake, the blocked perimeter encompasses the
backwater profile up to elevation 775.0. The
fee taking line contains 20,676 acres.

Roadway easements were obtained totaling
25.5 acres.

Main body of lake, up to elevation 733.0 feet,
NGVD.

The nondamaging channel capacity
immediately below Hulah Dam is
estimated to be 6,500 cfs. This flow
rate can be discharged when the lake
level is at elevation 72 2.5 and above.

3.5 miles

11.6 miles

62 miles

All access roads are constructed above
elevation 733.0. Some access roads are
affected by flood waters at elevation 736.0
(about 1-year pool elevation frequency). All
access roads to recreation areas are
impassable when the pool reaches elevation
753.0 (3-year pool elevation frequency). The
Project Manager will make every effort to
inform campsite users when roads and
campsites are closed. One private access
road is impassable at elevation 734.0 and
another at 747.5. When water is released for
flood control purposes, a horn will sound.
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Emergency drawdown

Drainage area

Probable Maximum flood

Max. water surface elevation
Peak inflow (into full pool)

Total storm runoff

Volume (into full pool)
Maximum outflow (into full pool)
Flood duration

Standard Project Flood

Maximum water surface elevation
Peak inflow (into full pool)

Total storm runoff

Volume (into full pool)

Maximum outflow (into full pool)

Flood duration

The minimum time required to empty the lake
when the water level is at the top of the
conservation pool (elevation 733.0), to the top
of the inactive pool (elevation 710,0) is 3
days. The entrance invert elevation for the
sluice gates is 702.0 feet, NGVD.

3. HYDROLOGY

The total drainage area above Hulah Lake is
732 square miles.

775.87 feet, NGVD
430,000 cfs

23.4 inches
915,000 acre-feet
337,500 cfs

3 days

766.96 feet, NGVD
215,000 cfs

11.7 inches
457,500 acre-feet
215,600 cfs

3 days



Climate
One inch runoff
Storm types

Flood season

Low flow season

Minimum daily flow

Minimum monthly flow
Minimum annual flow
Average annual flow
Maximum daily flow
Maximum instantaneous flow
Maximum monthly flow
Maximum annual flow
Maximum flood volume

Name and location of key
streamflow stations

Type of hydrometeorologic
data recorded at damsite

Moderate

39,040 acre-feet.

Primarily thunderstorms

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

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

year.

0 cfs (numerous occurrences)
Period of record is 1918 to 1997

0 acre-feet (numerous occurrences)
9,650 acre-feet (1956)

322,204 acre-feet (1918 to 1997)
69,600 cfs (October 3, 1986)
133,000 cfs (October 3, 1986)
332,900 acre-feet (October 1986)
912,400 acre-feet (1986)

366,500 acre-feet (29 September-4 October
1986)

Elgin, Ok, Caney River (river mile 117.8)
Bartlesville OK, Caney River (river mile 69.2)
Ramona, OK, Caney River (river mile 32.0)
Claremore, OK, Verdigris River (river mile
76.0)

Recording rainfall gage, pool elevation
(recording and staff) and tailwater elevation
(staff gage).
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Number of precipitation 28 recording
stations used in hydrologic
forecasting of Hulah Lake

Number of sediment ranges 31
Number of degradation 6
ranges

4. EMBANKMENTS

Location Caney River at river mile 96.2

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 94 feet above streambed

Length 5,200 feet

Top elevation 779.5 feet

Design flood Probable Maximum Flood

Freeboard 3.6 feet above maximum pool elevation

Used for roadway Yes, Oklahoma Highway 10 crosses the

embankment and spillway with a 24-foot wide
bituminous surfaced roadway.

Elevation of streambed 685.5 feet
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Location

Type

Crest elevation
Net overflow length

Number, type, and size
gates

Top of gate elevation
Induced surcharge

Design head

Maximum discharge capacity
Type energy dissipator

Time required to

open/close tainter gates

Type emergency closure

Spillway activation

5. SPILLWAY

Near right abutment.

Gated controlled spillway, gravity
ogee weir

740.0 feet
400 feet

10 - 40' x 25' tainter gates operated
by individual electric powered hoists.

765.0 feet, in closed position.

2 feet above top of flood pool, elevation 767.0.
34 feet

328,000 cfs at elevation 775.87

Stilling Basin with two rows of baffles and a 7
foot high end sill.

Gates raise or lower separately at a rate of 1
foot per minute.

Diesel powered generating unit is
located at project.

The tainter gates, except for periodic

maintenance, are activated only during flood
conditions.
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6. OUTLET FACILITIES

a. Sluices
Location Through intermediate piers in spillway
Purpose Flood control releases
Type of outlet Rectangular sluices
Number and size 9-5'x 6.5 gates
of gates
Type of service gates Hydraulically operated lift gates
Entrance invert elevation 702.0 feet
Discharge at pertinent Bottom of conservation pool (710.0) -
elevations O cfs
Top of conservation pool (733.0) -
8,350 cfs
Spillway crest (740.0) —
9,500 cfs
Top of flood control pool (765.0) -
13,000 cfs (tainter gates closed)
Top of maximum pool (775.87) -
11,500 cfs (tainter gates open)
Minimum pool elevation 702.0 feet

when inoperative

Minimum time Average time is 13 minutes from
required to open or completely closed to completely

close service gates opened positions for each gate.

Type of emergency closure Auxiliary gates similar to service gates.
Type of energy dissipator Tetrahedral deflector
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b. Low flow

Location

Type and size 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

. Hulah Gage

Location

Purpose

Channel and floodplain
description

One through each of the second monoliths
from each abutment.

Two, circular 24-inch diameter

24" butterfly valve

706.0 feet

170 cfs

Through right abutment

One 10" diameter circular pipe

Deferred (pipe blind flanged)

712.0 feet

7. CONTROL POINTS

On left bank, 1200 feet downstream from
Hulah Dam at river mile 95.9.

Used by Corps of Engineers to determine
benefits,

The channel is well defined, crooked, laden
with drift along the sideslopes, and with
sloughing and caving sides. The floodplain is
broad, with trees, cultivated crops, oil wells,
and some rural development.
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Uncontrolled drainage area
Target flow rate

Time of crest travel

Description of equipment
Zero of gage

. Bartlesville Gage

Location

Purpose

Channel and floodplain

description

Uncontrolled drainage area

Treatment of uncontrolled

Runoff.

Target flow rate

Time of water travel

Description of equipment

Zero of gage

1 square mile
Bankfull stage is 13.5 feet, 6500 cfs

Approximately 1 hour from Hulah Dam to
Hulah gage.

Staff gage

Elevation 694.0 feet

At right bank in the City of Bartlesville water
intake tower at river mile 68.7.

Provide river stage data for flood control and to
determine benefits.

The channel is well defined, crooked, laden
with drift along the sideslopes, and with
sloughing and caving sides. The floodplain is
broad, with trees, cultivated crops, oil wells,
and some rural development.

155 square miles
Contributes to flood control target flows.
Bankfull stage is 13.0 feet, 10,500 cfs (current

rating)

26 hours (approximate) from Hulah dam to
gage

Water-stage recorder with a Sutron
DCP

Elevation 653.33 feet
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c. Ramona Gage

Location

Purpose

Channel and floodplain
description

Uncontrolled drainage area

Treatment of uncontrolled
runoff.

Target flow rate

Time of water travel

Description of equipment

Zero of gage

On left bank on Washington County road
bridge, 4.5 miles southeast of Ramona,
Oklahoma at river mile 32.0.

Provide river stage data for flood control and to
determine benefits. Also used by the NWS
and the USGS.

The channel is relatively narrow and deep,
with heavily wooded banks. The floodplain is
in excess of 1 mile wide, with trees, cultivated
crops, oil wells, and some rural development.
718 square miles

Contributes to flood control target flows.
Bankfull stage is 26.0 feet, 10,400 cfs (current
rating)

50 hours (approximate) from Hulah dam to
gage

Water-stage recorder with a Sutron DCP

Elevation 653.33 feet
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Contract No. DA-3e-080-CIVENG-97-TEHT

CORIRACT BETWEEN THE UNITmw STATES OF ARDCICA
AR
THE CTTY OF RARTTESYITIE, OKLARCHA
FUH
WATER ETORAGRE SPACE TE HULAY RSERTOIR

THIS CONTRAOT, entered into this Gih dey of May 1457, by THE UKITED
STATES (B AERICA (hereipsfter called the Goverpmept), rapresented by the
Contractiing fficer executing this contract, and the CITTI OF BARTIEGVILLE,
ONTASTRA, & munlcipel corporation edeilng wnder the lews af the Glate of
Otpheen vith 1ts principal office in the CILy of Bartleswllie, Weshingtonm
Coumky, State of Clilebmme (herelnafter calied the (ity), WITHERIETHE, Ghet:

HEEIZAR, The Goverament in pursuezesz of the Fiood Control Aot apprewed
Juge 22, 1936 {Public law 738, Tith Cangress}, khas coretructed end is new
eperating =nd mEintAaining the Hulah Dem and Reservolr, Caoaey Alver, Koness
end Colsicea: and

VErAZA5, The Act of Copsress spprovad July 3¢, 1956 (Public Llawv 843,
flith Gesgpross, Chepter To7, 24 Sessicn), poovides ag follove:

"Be it engeted by the Banete ond House of Representetlves of tha
Upited Stetes of Agcrilea in Conzrsos szgembled, Tost

*(e) The Seargiary of the Arcy 1 bereby emthordized to con-
trect wlzh the City of Bartlesville, Cklehowa, upsn such termd aod for susa
periat, oot to ezceed fifty yesrs, &5 b2 may dees ressoopetle, for the wse of
not oo esnesd fAf{een thoussnd four hundred gers-foot of sborage cpace 1n
the Enlah Reperwalr, for the purpess of mroviding such city & reguleted
veter sOELY.

"(b) The prolect fo* the Hulah Regervoir on the Coney Biver
autharizad by the Act entitled 'An Act suthoricing the ccoetruction of cer-
tain public vorks an rivers wod herbors for flood eoptral, and for other fur-
poses', arproved Jume 22, 1936, ia herchy madiflied in accordance with the
provicicas of this net.

: M{e) All momeys received by the Chief of Engloeers pursusot
to this Act eball e depoadted 1n the Treasury oF the United States es mise
eellmneds recadpts.

o "{a) Nothing in this Act epall affect water righte under
State law.™; aod : : e .-

L]
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Contrast No. DA-W-0CC-CIVEND-S5T7-TLT

WHZREA3, The Clty of Bartlesvilie, Oilehoos etecded taking water fem
the CJanzr River gt Bartleaville, Oklohaga, and hoe taken all of its munic-
ipel woiozr supply fron the Qoney River and ite tributardies ainee 1857, avd,
oo Oetcoer 15, 1633, applied to the Oklchoma Planming amd Hepources uE
to talke tw=lve thousand sare-feot per year from the Cavey River mb
Bartlesrille, Oklanoma; eald spplicstior being Bo. 53-T52, which appllea.
tim vea flled by the Oklehoms Planring and descurwes Baosd; prior to
December 2, 1953, and vhersns, oo Febtusey £2, 1957, the Cliy of Bartlesville,
Qklohors, made en mrended application with the Qhlahome Plannitg and Regooras
Prord T toke fLfteen theweand four hundmed acre=foot of water pop yeor {roo
the Cenzv River, &% Fulsh Regervelr, which stmllestion wvan filed cn
February 2%, 1957, umier Applicaticon No. 57-187: end

VEEERS, Tue ity of Bartlesville, (illahema, resognlzes that these Gpyii-
catione are gusjess 0 sueh pgresmerts ay may reeult from Futurs intercizie
sarpeat or cogsacts relating to the sallovation of weters of the Arlagsss
Fivar axd €ributeries.

U7, THIEPORE, the pertles do mubvally agres ns followe:

APTIILE 1. WATER SPURMGE SPACE. - Tae Cliy shall heve the riget {o
ubilizn an uadrt ided ST.2L% per cenb of the sterege spoce In Hoe Feseprvoll Gze
tween elevatiome T35.0 f2et above mesn cen lovel apn T10.0 feet above mean
sea levzl, exclusive of peddment reserve, as deemed necedsary Ty tha COliy fo
impaued weter in the project and meke sueh diversicoe es bave been or Bre
graated w0 the Cify by the State of Oklchemz, to the evieat such sloznge epoce
1l provide, aad sublest to the retention hy the Governosat esd oiders of tho
remzinisy wedivided 2,751 per cent of the storsgy sdace for such purposes ee
tha flovermment tey deem desirabie. The Government chall oot be respansitle
for divarsions by others, nor will it becomz & party to any ¢onbreversies be-
tiean uzeps of the eforesald phoroge Epsce, excepb &9 auen controversics may
affart siorege gpace retedned by the Ooverdment.

Tae City ehall hawe the right to vithirew weter fom the afdseiodd
57,23 per cent of tha Ftarape omaes, of to order mleeses therefree to be
mads by the Covermment, &t amy tImé 60 long as the clevatlicn of the wvalel
within the praject 1s abeowvs TLO.0 feet above meen ees lewel, provided, that
guch relegse whan combined with lecel runoff Belowr the dam will oot canse
flocddhd.

The design and losetion of eny future City installatiops or fscil-
1t1eg that the Oty may copstruct Bt the pro)ect for the purpose of ddwer-
aicna or withirawnsls shall be eublect to the apprownl of the Contracting
Officer, and the cost of soch installaticns shall be boroe by the City.

The Govermoemt reserves the ¥ight to tale suth measures as may Le
pecensory 10 tha operaticn of tha praject to preserve life and/or Propsreys
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The Clty rzeogadeas that the storage gphacs being made awveiinble

ts the Clty gpier tha termm of this agreement will provids raw water. The

Goverymont makes oo representation with respect to the condition of pria-
bility or avalisbhility of water apd sasumes no respansibllity therefor, or
for treatmsnt of the wvaler.

ARTICIS 2. METERING. = For the purpose of determining that the
City dows oot ezeeed their proparticnate ghars of the water yiald from tke
comeervablon mhorzge, the Clky ghall install sultsbls mebors or metering
dericss satisfactory 1o the Contracting Officer to messure the gquantity of
weter drsyn Fran such compeyyatdom storege. The City shall furnish the
Governzmt ponthly stetements of the quantity go drawn.

ARTICLE 3. FEDERAL AND STATE LANS. - The CIty ghall wtilize
such atorage foecc ln @ mannsr consistent with Federnl and Stake lows.

ASTICIE L. DEGULATION OF THZ UNSE OF Wik, - The regolation of
+he usa of water Atored in the aforessid slorege space ghall e the respom-
eibility of tha Jity epnd sball net be considersd e part of thie confract.

E:UI}J 5, CORSITERARTICH ARD PAYSET. = In conpideratlcn of the
provited in thit comtmet o be paid oy the City o the Gowerrment,
it 1a mgresd thet the Govermment will provide storsge space ln the project
ge previdsd in Artdele 1. To comsid=raticu of the Govermment's prowlding
the alforeaadd gtorage speoe to the City, it is agreed thnt the CIty ghall
pay the follavleg suns ©6 the Govermzent:

(1} Ip ampwad inctellmente, 5.503 per cent of the total
sest of the profect, including daterest at the rale of t0 and ope-half
per cent (242) per entum during the consiruction periol of the praject,
Which s the Uity's ghare of the totel cost of the peroject ss determiced
in the mapoer set out in Exhibit A, Pased oo the total cost of ithe &=
pleted project, payment at the rate of $21,800 annuslly will be made eon-
mencing the date this comtesot is approved by the Secrétary of the Awy.
The first payment will be due and psysble as of the date this contraet ia
apprmﬂhrthesewetmuftheﬂmy;uﬂlbefwthepeﬂodenﬂingthe
30t of Jupe following the approval; and will be proarated for thet period
on the bapis of the esbimated agnnal charge. Annual peyments therealter
#1111 bte due and peyeble on I September of each year for the period of this
contract. Payment for any Srachiional part of a year which may Tesult fros
termivation of this cootract shnll be prorated oo the besis of the suaual
SHATEE .

{2} 5.508 p=r cent of the arnual ekperlepsed cna'ﬁ af operes

tim end maintensnee of thoe project excluglive of the gpermnticn and palmie-
pnce ocst for lend manepement aod public whilizetion. Toe Tiret peyment

3




p o Yo WL L E P, G Jer g

Comtract Uo. Tme-34-060 -CTTEG-57-TLT

vill bo due and payeble ot the dete thls comtract 1 appeoved by the
Scepotary of the Amg; will e for tae paricd ending the 30th of June folw
lowirz the spprovel; nnd will be prorated of the besis of the estir=ted
anpus) charze. Itews of aperation and medntensnce which Form the tanis of
ceamputetion and vhich will be peed ip future compatetion of meintepanss and
operaticn charges are included as Exhibit A. A3 pet out in Exhibit A the
pracent estimete of the City's arrmal payment of aréiosry coperation and
malntenancs costs i $%5,800. Subsequent to the fiwet payment, anriel pay-
mamts will be due and paysble in advence oo 1 Septerbar of each year theroe
ufter end will be equal &2 5.508 per cent of the actual expariensed cost of
cpereticn and meintenance for the preceding goverment fiscel year. The
gexmi pRymsat shallbeincreaﬂe&nrﬂetrsaﬂedmummttnreﬂentthe
difference betwesn the first pegsent and 5.505 per cent of the anrunl exe
paricnced o5t of epevaticon snd melntinance cor the fiwst yerr oy portion
thereod mo o=t forth shove, DPeyzont for any froctitnat part of a yeer
which mey result from terminntion of iade contract ehail be prorsted cn
the bosic of the anmial tNErESE.

Records of cost of operation sof. mointepance of the
oroject chall be avwnilstie Jor ipspecticn ond espmirstion by the iy,

The eztrent of aperation and medrtensmes of the prolect
2hal1l be determized by the Contrectiog Offfcer snd gll records end soodunt-
ing ghell be meioteined Ty the Contyeeting Officer. In the event thet the
City showld require adiitionsd operaticn ard maipterence or the COARCTTA-
tion BhOTaTE over end abov: hal Aebermined by the Centroeting Officer end
aver apd ghose tkat wileh Forped the teadis for detminsbion 85 pet oul le
Fuhivit A, the City shell beer tke entire coghk of ol edddbicmal expense.”

(3) 100 por eent of the total snmml ¢oskc for speclfic
aueretion for vater eyoply presently estimntod s 4700 szynally. .

{4} Tae total eoct, in the spount of 35,200, for +he 10-inth
wohor sgmly pipe through the dam, which aball be reserwed for the exclusive
pae of the Ity for wmbter suppl) FUIPOGES.

. [5} In tha event of dofoult in the payment of the cogts oEl
tadned in Article 5 {1), {2), (3} and (4}, the City shall Day interest
guen overdue peyments &% the rete of two end cne-helf per ceat {24) per
anrrm therean, corpounded anmuallrr and such interest cball be tharged fram
the date such peymente apre doe uptll pald. .
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ARTICLE 6. PERIOD OF COBTEAST. - Phis eoubraet shall becoms
affactire As of the dnte it 19 aporoved by the Eseretary of the Army, ad
got forth in Artielas 5{1) and 16, and phmll continoe 1n full foree and
affoct thereafter uotil the 30th of Jups fallowing, and shall e sutonat-
1cally extendsd thersaftor aneh fircal yoar for 6 pericd aof £ty (50)
YEITB.

ABTICLE 7. NEW CONTRADT., = It is the understanding and eipee-
tabion of the purtfos hereto that apoo sapivaticn of this comtruct the
ity chell beve the right, sub)lect to any reguirdd epproval of approe
priete State avthoritles, to negotliete for use of gtorsge space then
aveilsble Tor waier supply purpsase. The temms of the new contract gholl
be mibiest to mutua’ agreement &t the time, it being the further expects-
tion of Eie parties that in 4Astermining the changes to be speclified 1o
guch ned copteest full eonedderation will b given o the apeunt of re-
it rseyemt whaleh has been mede o the Governmert for the Inveatment
gllocable to weter supply nt that time. Comajderabion will aloo be
given t9 agy extramdinnry expenditures pada or expacted to be made by
tho Gevormment and wbieh are not recovered during the arlginnl contract
perdiod.

ARZTCLT 8. DEFAULT. - In the event that the City refuses or
fails to oomly with exy of tho terme of this cenbract, including thoe
frregolng vrovlatans wlth respect to peyomentes, the Govermment reserves
the pipht to terrdnoate this enobrace.

AFTITIE 9. OQPSFATTON AND MATHEMANTE. - The Grermment shell
cpernte snd mEinioii tHE projedt ownea by tie Goveramemt. The Ciky shell
have the righot to gake withdrovmls of water for iis purpoee as needed in
acocordgacs with Artiele 1. The €Ity shall be respanaible iz opersticn
end maintonanes of all featnreg and appurtennrces which oy e proTided

ARMICLE 10, HIGHTS-OF-WAY. - The grast of an essement for
right-of=4ay OVer, Gorobs, in sbd owon Governrent-owned landa, undsy tha
contenl of the Beerotary of the Arwy, requirsd for transmicalon of the

water from the polnt of withirawal, shall be by eeparste IHetrument Wrth- )

out adiiticpsl comt to the City, under the authority, amd in accordance
with the provisions of the Act of Congress, approved May 17, 14926,

Ch. 313, Sec. 12, 4k Biat. 362 (10 U.5.0. 1351 and 1392) nod Jes. T of
the Flood Comtrol Act of 1946 (G0 Stat. &43; b3 U.5.0. 331v).

ARTICIE 11. RELEASE OF CLATHMS. - The City eball bold and save
the Joverpment 1nelwiing tto afficers, ogents, end erploiresn, harmlesa
from labkdlity of exy natare or Kipd for oF oo accoumt of exy claim for
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damssee whioh pey ba filed or ssserted s & renlt of withirswm) or ré-
lomps of water from the project wade o ordared Ty the City, cras a
recult of the constructicn, cpermiicon, or meintenknoss of the Peatorasg
o aprurtenanees ountd shi eporEted by the Qity.

AFTIZIE 12. TRAREFER CR ABSIGMERT. -~ The City shal)l oot
tmfwwmmﬁiammtmrsnmmtmﬂmﬂmm—

Bge AT gAY part theresf, fex grent Aoy intareet, mw; HFF‘&“

haoeuer in goenactdion sk 5
I e, T &nmmﬁ%%%ﬂmﬁam 2 i
n~t e apply to any weter which may be fron tho

m%imuhmwmmwmmm&mwmﬂmwm-
ties nor any mcthed of alliceation thersol.

AZEICLE 13. OFFICIALS IOT 70 EENEFIT. - Ho mepber of or dele.
gate to mTread, or resident eommiseloner, shall ba adeitied to amy
mhare or Faxrt of this contrect, or to aoy benefit thet may ariee thargs
fram: et this movisioo ahall oot B¢ construed o exrtend 4o this coo-
tract Lif Eade wlth & corporetlion for ite genersl beueflt.

ARTICIE lh. CUVEBANT AGALIST CONTINGENT FERS. - The Clty wor-
rents that no perscn ar Belling egoney bas been omploysd or retained o
salicit or sscure thip comteget updd oo sgroemont or sndearstanding for
& cosmienion, percentage, brvhkerage, or conbtingent fee, excepting bona
Flde amployess or Tona fide estdblished commerclal of selling sgencies
meintained by the Olty for the purpose of securing business. For breach
or volagtion of this werranty the Govermment shall bave the right to
anmal this oootrect without liability or in 1ts discretlon 4o wdd to the
contraet rice or conslderntion the full emcunt of such comalssian, pers

gentare, brokerege, or eoptipgemt fow,

ARTICIE 15. DISTUTES, = Ewceopt ap obtharmedae provided in this
contrast, aoy digpute conemming & questlom of fast arising sodar this
scntrest shieh 1s not dispooed of by sgreewent sball be decided by the
Contracting (fficer, who shall reduce his declision o writing and mall
or otherrioe Purcish & cony theveof to the Cify. Within 30 days fron
the receipt of such copy, the Qity may appesl by malling o otherse
#Muornlghing 4o the (catracting 0fficer a written appenl sddraassd to the

Secratary, and the decision of the Seeretary or his duly awthorized repre---..
sontativae for the hearieg of auch appeals ghell, unless dotermined by &=

aoiet of coopetent Juriadictlon %o heve been fravdulent or cepricicus or
arvitrary of so grosgly erTonecus as neceasarily to imply bad falth, oo

Mtwpnﬂaﬂwmmﬂm&mce,hefmﬂm;mﬂmht,wdﬂﬂd
thret, if no such appeal is teken, the deciaton of the Centracting Officer
sball b final and eomelusive. in eonnscticn with any appeal procecding

-
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unfler thig elmire, the Tty shall be afforded an opportunlily to be hesrd
&nd to offer evidence in support of its aypeal, Pending final decision of
a dapukts hareunder, the Clty shall procesd dlligently with the perfom-
ance of the contraet sl in accordsocs with the Contracting Officer's
deeision.

ARTICLE 15, APPRINAL OF CONTRACT. - This contract shall e sub-
ject to the written apiTvil of the Secretary of the Arxy or his doly aith-
orized veprecentative and chall oot e rinding umtdl sc approved.

ARTICLE 17, DEFINITIONS, - {&) The term "Beeretary” medns the
Sacretary of the Army; the terms Secreiary of the Army” or "Head of the
Departmant™ az nsed bereln shall bave one and the same memying: and the
terg "his AUy exthorlsed reprasentative™ means the Chief of Englneers,
Department of the Army, or s 1mdividonl or board designated Ty him.

{b) Except for the ariginal eigning
of this cantrect and except as othervige gtated herwein, the term “Contrscte
ing Officer™ ns uned heredn shall inclpde his duly appoloted poccéascT Or
bls suthorieed repregentative.

ABTITLE iﬂ-_ ATTEARTIONS, = The fallowing alteratlons have been
made 1in the provigions of this contrmct: None.

JH WTTHR2S WAERSOF, the parties bhereto bave execytasd this soptrect a3
of the day and year Flregt ashonfe writton.

CITY QF “i: -
.‘.ﬁ-'_'...i 4 -
Pl O =

é




TR WML LY G SRR

4 .

- -

F

Comtract Fo, Di-30-0880TVERR57.T17

ity Gecrvtary aof tha City of Bartlesville, Oklabhrma, nemed ps Oty hersin,

y certlfy that I ar the

that , . vho Bignad thia éomtrect on
behal [ of the Clty was then ﬂmciwdmle;ﬂﬂuhm;
that Aedd contract was duly slgned for and oo bhebal P of enld City of
Enrtlosville, Oklohops, by axthority of ite governing body and is within
ﬁe acope of 1t3 legnl poRers.

1N WITHERS WHEREDR, I have herounto aiTized my hand aml tha sesl aff

sild City of Bartlesville, Oklahoma, thie {& —day of _%4

1957,

FLCRFORATE SEAL

T

-r R 1
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Contract No. DA=3L-066-CIVENG=ST=-T17
Modifieation Ho. 1

SUPPLEMENTAL AGREEMENT

This surplemental agreement, entered into this Ath day of June 1970
by and between the UNITED STATES OF AMERICA (hersinafter referred to as
the Government), represented by the Goptracting Officer executing this
suppleméntal agreement, and the CITY OF BARTLESVILLE, CGKLAROML {hereipn-
after raferred to as the Gity), WITHESSETH, THAT:

WHEAEAS, there is now in full force and effect between the partiss
wareto a certain centract bearing date of Lhe Seh day of May 1957 {peing
Centract No, BA=3L-0586-CIVERC=5T-T717), which authorizes the City to
wtilize 47,249 percent (15,400 arre=leat) of the conservation zterzge
spage in the Hulah Reserveir, Caney River, (klahoma, between elevation
735,00 and 710.0 feet sbove mean ssa level; and,

WHEHEAS, by letter, dated 12 April 1966, the City requested permisslon
to purchase the remaining unassigned 2,200 acre-Teat of conservatlon
starage space in the Froject te supplement the storage pravided undesr
Contract Bo. 57=717.

WHEREAS, under provisiens of Section & of the Act of December 23,
1945 (58 Stat. £33 33 U.5,C. 708), as revived snd reenacted by Lhe Act
sppeoved 23 Hay 1952 {Public Law 852-350, 6& Stat. 93], the Gorernment is
antherized to make cootrasts =itk States and Local interests for water
sumply storage for ounicipal and industrial purposes, under gonditicns
provided therein; and,

WHEREAS, subjetd to the limitations prescribed thersby, Public Law
#8140 (43 U.5.C, 390c-2) makes permanent the rights of States and local
ipterests to utilize murdcipal and industrial sleorage in Gerps of
Engineers reservoirs for which they have contributed or will hersaliler
rontribute, or have contracted or will hereafter conlract to pay Lo the
Oavernment over a specilied periocd of years money, exclusive of interest,
equivalent to the cost of providing space for such storage.

NG, THEREFPOHE, the partiss do mitually agree that Centract ,
Noe Dhelb=-086-CIVERG=57-717 shall be and the same 1s hereby modified in
the fellowing particularse LR

. '
P h e a0 8

QO OF LUGINEERS

- TULEA, CELAHOMA
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Ttem 1: The first twa paragraphs of ARRETICLE L1, WATER STCHAGE SPACE,
are hereby delated and the follewing aubstituted thareflori

mprticle 1, Hater Storace Space. The City shall have the
right to ulilize a lotel of &5.427 percent of the semservation storags
gpate in the reserveir helween elevatisns 733.0 feat gbove méan &€a
tevel apd TI0.0 faet above mean sea level as follows:

a. 4n undlvidsd §7.209 percent uf the storage space in the
reseryeir between agld elevations as provided under the original comiract
N D= =00E=CIYENG=-57=TLT, and hereipalter raferred to as Storage Space
Ho. 1.

b. An updiviged E.178 percent of additicnal storage specé in
the reservolr between said elevations, hereinafter referred Lo as Btorage
Spate Ho. 2.

The {ity shall heve the right to xnound water in the Froject
for its mumicipal and intdustrial use and to make such withdrawals as
have been granted to the Lity by the Slate of (klzhora, to the exlent
guch storage space will provide, subject to the retemtion by the Coverpment
and others of the remaiming undivided 34,573 percent of the storags space
batween elevations 733.0 and 710.0 feet above rfan 543 level fgp such
purposes as the Government may deem deairable. The Govarnment shzll not
be responsible for diversions by others, ner will it becemz a party to
any toptroversies between wsers of the aferesaid sterage space, except
ag such conlroversies may affect storage spase retained by the CGovernment.,

The City shall have the right to withdraw water from the afors-—
said storage spate, or Lo order relegses therefrom to be made by the
Goverpment, at any time so leng as the elevation of the water within the
Froject is above 710.0 feet above mean 2ea level, provided that such
rélegse whan combined with local runoff bBelow the dam will not cauzse
MNesding."

Item 24 Paragraph= (1), (2), and {3) of Sop=tderati

Pavment, sets cut the paymemiz 1o be made for the storape designated as
Storage Space No. 1 in Item ) of this supplemenial agreemant. Tha fellows
ing paragrapha are hereby added Lo Article 5z

2{6) A sehedule of annual payments fer Storage Space
Mo. 1 is shown on Exhibit B attached hersto and made a part herecf.

(%) In consideration of the Government providing Storage
Space No. 2, the Gity shall pay the Goverrment ihe following apounts:

2
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{a) Al payments of $3,0956, baaed on the yearly
areunt Teguired to gmortize the cost, including intersat, during construc-
licn, of sald storage over a 50-year pericd as delermined in bhe manner
set oyt in Exhibit © attached herelc snd mads a part hereef, Except for
the first payment, ¥hich shall be applied selely to the retirement of
principal, all payments shall ipclude accrued interest at the rate of 2.5
percent per anputt on the unpaid balance., A schedule of gnbual payments is
shown on Exhibit D atlached herste and made a part heresf. The [irst pay-
mant will be dus and payable within 30 days of the date the City is netilled
that this modification is approved by the Seerelary of the Army; will be
for the period ending the 30th of June following the approval; and will be
prorated for that period em the basis of the esiimated annual charge.
Anrual payments thereafzer will be dum and payable on 1 July of each year
for the period of bhis eceontract.

(&) 0.787 percent of the snnousl experienced cost
af erdimary operation and maintenance of the Project, exclusive of the
operation and msintenance costs for land management and publie willisation.
Items of cperatien and maintenante which form the basiz of camnutation and
which w41} be nsed in future coocputation of operation and maintepance
charges are shown in Pxhibit C. Each payment shall be equal to 0.767 percent
of the actuzl experiensed sost of eperation and maintensnce for the preceding
Oovarnment [issal yesr. The anneal payment will be due and payable under
terms set forth in paragraph {7){a) above.

{e} 0.727 percent of the cost of major capital
replacecent items ard sedimentation resurveys, when incurred. Fayrent
shall be made with Lhe first aoruesl payment becoming due alter the date
said cost iz incurred.

fE} The extent of cperation and mainterance of the
Froject shall be determined by the Contrapcting Officer, and all records
and acecunting shall be maintslpned by the Contractlng Qfficer. Hecords of
coat of operation and maintengnee of the Project shall be available for
inspesilon and axaminatiaon by the City.

£%1 In the event that the City reguests additional
operaticon and maintepance for the water supply storage over and sbove that
determined by bhe Contracting Officer ard over and above Lhat whish formed
the besis for daberminaticn as set out in Exhibit A ant €, the City shall
hegr the entire ceat of such additions) expensze.

3
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(18] In the event of default in the payment of the casts
containad in paragraph {7) sbove, Lhe City shall pay interest on such
sverdue payments at the rate of 2.5 per anmum. Sueh amount of interasts
shall be eompounded annually and charged from the date such payments are
gue unli) paid. The amount of interest payable fer any fractisnal parl of
g year will be figured on a menthly baslis. For example, if Lhe payment
is made within the Flrat month sfter baing overdue,30 Lo 60 days after
anniversary date, one month'™s interest will be charged.'

Ttem 32 Articla &, Period of Contratt is hereby medifisd by addine the
following:

The City's rights to Storage Spage No. 2 shall contimue in [ull
force and effect for the meriod of the inmitial peyment therefor. The City
shall hawe the right te renew this contrast as te Slorage Space No. 2 egsh
vear therealter for z teotal periad of 50 years alter ipitial paymant there-
for or the 1ife of the Project, whichever iz lesser. Hecelpt of each
anmual payment shall coenstitute renedal for the ensuirg year.®

tem 4t Article 7, New Contract is deleted in its entirety, and the
following substituted therefor:

wirticle 7, Permanent Rights to Storage. The Lity shall have a
permapent Tight, under the provistiens of Poolie law g8-14i7, to tha use of
Storgee Space Mo. 1 and Stiorage Space No. 2 as seb forih in amended Article 1

herecf, subject Lo the followipg conditions:

a. The City must have discharged its respensibilities for
payrnent of the costs milacated to Storage Space Ho. 1 and  Storage Space
Fo. 9. However, failure to meet the ohlipgaticns of ome storags space
shall net Impair the rights to the sther storage space since the rights
amvd obligations attached to Storage Space No. 1 and Storage Space No. 2
shall be ingependent of eash other.

b. That the City shall pay its proporticpate share of any
farlher costs allocated to water supply which may, subseguent to 50 years
from the effsctive date of the original contract with regard io Slorage
Space Na. 1, and subaequent 1o 50 years from Lhe dete of this madiflcation
with regard to 3torage Space No. 2, be reguired for such racensirns Lion,
rehabilitation, or replacement of Frojest facillties ard for such anmual

&
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eperation and malntenance as determinad pecessary te continune satisfactory
speraticon of the Project. Buth cosiz wlll bea astsblished by the Contract-
ing Officer, Repayment arrengements will be made by furlher modificallon
to this contrast.

¢, Upon expiration of 50 years from lhe date of the first
payment for Storage Space Mo, 1, the Gaptracting Officer shall redetermine
the storaze space for municipal and industTial water supply Leking inbo
aceotnt such eguitabla reallocation of reaervalr capgeliies among the
purposes served by the Project as may be pecesgary due tno sedimentalion.
Such [indings, and the sicrage space allscated to murnlcival and industrial
water supply, shall be defined and deseribed in an axhibit which will be
made a part of & supplemental agrapment to this agrasment. Following the
same principle, such resllecations of reservolr storage capatity may be
furlher adjusted [rom iime to tlme as a peault of sedimeptation resqrveys
ta re[lact sctual rates of sadimentation and the contract further medified
on the basis of revisions in storage space allecated to mumledpal and
irdestrial water supply.

d. The permarent rights of the City under thiz sentract
shall centinus o long a8 the Government continues to operate the Frojest.
in the event the Government ceases to operate the Project, such rights may
ne eontinued subject to Lhe executien of a separats contract, o additional
supplemental sgresment to this contract providing for:

{1} Continued eperation of the City of sueh part of the
faeility as iz necessary for utilization of the storage space gllccated
e it;

(2} Terms which will protect Lhe public interesi; and,

f4) Effective abselvement of the Government by Lthe City
Prem all liepility in connection with suech conbirmed eperation.!

Ttem 52 Article 15, Disputes, is deleted in its entirety.

EXCEPT as herein medified, all the terms and eonditions of sadd
coptract shell remain unchanged and in full forge antd effect.

THIS supplementsl agresment shall be subject to the written appreval
of the Secretary of the Army and shgil not be binding until so approvad.
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1N WETNE3S YMEREQF, the parties nereto have executed this supples
menkal agreement aa of the day and year First abgva=written.

LPEROVED & THE UNITZL STATES OF AMERICA
ﬁqaﬂbw Ei jeL-JJ By ;ﬁi;:::fflitjffggiézv
Secretary of tha Army WehtOn . PINKEY /
= KOW 1970 Colonel, CE, District Engineer
Date: Contracting Cfficer

CITY OF BARTLESVILLE, OKLANGMA

Attaﬁﬁ}f 4;6"
e f h;a?;}éﬂi ﬂﬂb1-
City Cler

]..; . '
L lrr ﬂ .
I, -*’J/f,Z{ 7/’3‘6@ , certify that 1 am the City Clerk
oL the) City °F bartlesville, Oklahoma, named as City nereini that
) B AP who signed this supplemental agreepent on pehall of
the City was then Mavor of the City of Barilesville, Oklaboma, that said

suzplemerital mEreecant was duly gigned for and is within the scope of its
lezal powers.,

in Witness ¥Whereaf, I have herauntd affixed my hert and the seal of
said City of Jartlesvilie, Oklghoma, this tgey of ? 15T,

(Seal)

city Clerk

gL SUFFICIERCY Andil Brazeh Beri
IE GEVEED El:tm -- &y’ Ié;ff, o TECHNICAL REYIEW

Dﬁuﬂgﬂf‘ Ja Q P
JF C;ﬂ
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LS SURSNCE OF QOMPLTANLE WITH THE BEPARTHENT OF DEFEMSE DIRECTIVE
WNoER TITLE ¥I OF THE CIVIL RIGHTS ACT OF 1963

ciEE_nf Partlesville, OXklahoma
{hereipafter called "Applicant—ﬂecipienl"}

HEREBY AGREES THAT it will ecoply wiih title ¥I of the Givil Righis Act
of 196k (Public Law 88-352} end all requirements imposed by OY pursuant
to the Directive of the Depariment of Defense {32 Code of FPederai Regu-
1ations Part 300, 1ssued as Departmetd of Tefense Directive  5500.11,
-6 December 1964] issued pursuant te that title, to the end thet, in
gecordance with title ¥I of that Act and the Directive, no person in the
lnited States shall, on the groucd ol race, rolor, or paticnal grigin be
excluded frem participation in, be Jenied tne beneflits of, or be other—
wize subjerted to discriminetion wder ANy progran or activity Tor which
the Applicant-Recipient reqaives Federal financial assistenee freom
bepertment of the ATy and HEREBY GIVES ASSURANCE THAT it will immedi-
ately take any MeasUres necessary 39 elffectuate tniz aglecment.-

1f amy real properiy or structire thereon is provided or improved with
the aid of Federnl financial a=sistance axtended Lo the Applicant-
Reeipient by this Departoment of the Army, SSSUrance ghall obligate the
Lpolicent-Eeclpient, oF in the case of any transser of such proverty,
ary transferee, Tor the period durding wpich the real property or stric-
tyre is uged for a purpsse Tor which the Pederal Tinapcial assistance 1s
extended or Tor apcther puUrpose ipvolving the provision of gimilar sar-
wices or pepefirs. If any peTsobsld property i S0 provided, this =zsur-
ance shall ckligate tre Applicant-Reclpient for the period during whach
it retains ownership or possegasich of the property. In g1l ather £ase5.
this sassursnee shall cbligate the toplicant—Recipient #or the peried
du=ing whicnh the vaderal TFimancizl assistancs iz ewxtended to it T
Department pf the Arcy-

THIS ASSUEANCE 4is given in apmsideration of end for Lie DUrDOsE of oh=-
taining any and &ll Federal grants, loans,oonizadts, property, discounts
or other Federsd finsncial sssistance extended aTter tae date hereofl Lo
the Applicant-Reaiplent by the Depsrtment,ineluding ipstaelloenht DAYTIENLS
after such date on account of arrangraents for Federal T{nanpial ag=ist-
gnce Which were approved before such dete., The ﬂpplicant-Recipient ran-
pgnizes and BgTess that =ugh Federal financinl  essistanae will ©Te
extended in reliance oo the representations and pgreements made In thi=s
peeurance, and that the United ftates shall hewe the right to ssek Judd-
ol{sl enforcememt of this assurence. This sssursnce 1is binding on the
ﬁpplicant-ﬂecipient,-ita augeessers, transferees, and assignees, and the
persen Or Persone whose signetures appear belew are suthorized to sSiED
thip mssurance on bpehall of the Applicant-Resipient.

pplic t-Recipient)

City Clerk

Eity~;ﬁr1myrtlesville. Ok lahom:
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CORTRACT BETWEEN TPE UNITED OSTATES OF AMERICA
AND
HULAH WATER DLuTRICT INCORPORATED
[Ja
KATER SIPPLY STOHACE ZPACE IN HULAH RESERWOIR

THIS CONTHACT is made thia 21 day of Auvmust 1970, by
amd between the United States of America {hereipafter called the "United
ctalest), represented by the Costracting Officer executing this contract,
and the Hulah Water District, Inc. fhersinafter called the njsert),

wITHEDETH:

WMEFZAS, the Flood Comtrel act approved 22 June 1936, {Public
Taw TUE, Thth Congresa) (00 Stat. &35, authorized the construction,
operation, and maipteépance of the Hulabh Dam and Reserwoir, on Caney
giver, ib the State of Cklahoma {hereinafter called the tPpa jackit}s

HilG

WHEFE®S, the User desires to contract with the United States for
inclnsion o the Project of storags for municipal and industrial water
supply, ard for payment af the eost thereof in accordance with the pro-
vistens of the Water Supply Act of 1958, as amended {L3 5.0, 3900-);

and

wHEAEAS, the User is empowered so to coptract and is vested with all
necessary powers for accomplishment of the purpeses of this contrect.

K%, THEREFCRE, THE perties hersle do eutually agree as Tollowss:

APTLCLE 1. WATER SUPPLY STORAGE

a. Hights of User. TIne User zhall have the right to
gtilize an undivided 0,370 percemt of the storage spacs in the Project
beiween slevations T33.0 feet abeve masn Sea lewel and 710.0 feet above
mean sea level, estimgted to be LI} acTewfeel, to impound water fer
present demand or need for mmicipal and industrisel water supply. The
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Ueer ahall have Lhe right to withdraw waler [rom the resarvalr, or Lo
order releases to be made by the United States, to the extent ihe
aforesaid slorgge space will provide; and chell have the right Lo
construet all such worls, plants, pipelines, shd appliances as may be
necassary ard convenient for the purpose of diversions or withdrawals,
subiest to the approval of the Contracting Officer as o deaign and
localion. The grant of an easement for right—oflewal over, ACTOSH, in
gnd upon land of the United States at the Froject shall be by a zeparate
ipatrupent in & form satlsfaclory to the Sseretary of the Army, wilthout
additionsl cost to the User, under the suthority amd In ascardance with
the provisions of 10 U.5.0. 2669, Subject Lo the conditicons of such
esgemant, the User shall have the pight to wae 30 much of the Project
lard 5% may reasonably be required in the exercise of the righis and
privileges bereln granted.

¥. Righta Reserved, The United States reserves the
right Lo maintaln downpatream relsases to mest tha astablizhed regquire-
ments of riparian cwnera threugh the pates or spillway of the dam. The
Uriied Stales Murther reserves the right to take such measures az 3y
be pecessary in the cperation of the Project to praserve life or

property .

e ‘guality or Availamility of Water. The Uaer recognizes
that ihia contrast provides storage space fer raw water only. The
United States makes no repreaentations with respect to the quality ar
avalla™lity of weter and gasumes ne reaponeibility therefor, or for
the treatment of the water,

AETICIE 2, PEGULATION OF AND RIGHT T USE OF WATER., The
regulation of the wze of the water supply from the afereszid storage
space shall be the responsibility of the Uzer. The Usepr has the full
respensibllity to acquire in accerdance wlbh State laws pnd Tagulaticnsz,
and if necessary to establish emd defend, and all water rights needed
for utilization of the storage spacs provided under this conlract. The
United States shall not ha responsible for diverelon by others, neor will
it heseme a party to any coniroversies involving the use of the slarage
gpace by Lhe Uszer except as such controversies may aflect the operatlons
of the Unlted States. The User shgll utdllze the aforesaid storage 2pace
ip & manner cepsistent with Federgl amd State lawa.

£
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ARTICLE 7. OPERATION AND MAINTEMAHCE. The Unlted States
shall oporate and mainiain the dam and reserveir and the User shall
pay Lo Lhe Undted States a2 share of the costs of such operation amd
maintenanta as provided herein. The User shall have the right to
direct ralepsss of water to he made for its purpozes es provided in
Artiecle 1. The Uasy zhall be responsible fer operation and malnbere
arce of all instgllgticons gnd fesidlitdez which it may construct fopr
the diversicn or wlthdrawal of water, and shall bear all costs of
censbruction, operation arnd malntenance of such imslallations and
facilitiesa,

ARTICLE L. MEASUREMENT OF WITHORAWALS AMD RETEAZES. The
Jser agrees to furpish and install, wlthout cost to the United States
3ui bable meters or mezsuring devices satisfactory to the Uontracting
Qf[icar for the moasuremsnt of water which la withdrawn from the
Project by any negns other thano through the Project outlet worksz., The
Uszer ahall furnish to the Unlted States monthly statements of all such
withdrawals. Releases Irom the weter supply storage space bhrough the
FProjast agllet warks shall be mpde in gecordance with written schadules
furpished by the Taer ard appreved by the Contracting Officer. The
measure of all such relegses shall be by means of a ratlong curve of the
outlet works, or by such other suitable meanz az may ba agréaed upom
prior Lo yag of the water supply slarage apace,

ARTICLE £, CONSIDERATICH AND PATMENT, In econziderguion of
the right to utilize the pforesaid storasgs space in the Frojest for
minicipal and industrdel water supply purposes, the faer agrees to pay
to the Indted Statesz the followlng sums:

#a+« The User shall repay to the United States, in a
lumpesum payment the amount stated below which, on the basis of costs
shown in Exhitit A atiached herete and mads a part of this contrach,
ecnalitute the amount of the construction costs, including interest
during construction, plus the prasent worth of Whe estimated snmuial
costs of major capital replaocement itemz and opeératisn and Ealntensnose
of the Project over g S0=year peried, for providing the gforesgid
slorage =pace. The interest rate to be uzsed for purposes of commuting
interest during constructicn amd the present worth of coats of malor
replacemant and cperation and maintenance shall be at the rale of
2.5 parcent per annum. The luop-zum payment shall be due and paymble
within thirty {30} days after tha date Lhe User is notified Lhat Lhis
gontract is appreved by the Secretary of the Army. The lUsar shall repay:

3
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0.036 percent of the project cost (0.036% » §11,215,980) 34,000

Present worth of Q.036 percent of the esbimAtel annual

aperaticn, maintensnes and major replatements

ceats and sedimeptatien resurveys for g4 S0-year pericd [=ARA
Total lumpesum payment & ELL

b. If the User ahall fail to make the aferesald
lumssum when dua, than the cverdue payment shall bear interest at e
rate of 2.5 percent per annuwo umtil paid.

JRTICLE &, FPERICD OF CONTRAGT. This contract shell become
effective as of tha gate of approval by the Seeretary of the Army, and
ahall cemtinmue in full force and effect under tine copditdens set forth
herein, net te exceed the rife of the Froject.

ARTIGLE 7. EPERMAMENT RICMTS TQ STORAGE. Upen cempletion of
payments by the User, as provided in Article 5 herein, the Hser shall
have a permenent right, undsr the provisions of Fublic Law BB=1M, to
the nse of the water supply storage space in the Projsct as provided
in Artdele 1, subject to the following:

a. The User shall, after expiration of 50 years [rom
affective date of ithis conlract, resame and continue pogment of annual
aperation and maintengmes costs allocgted to waler supplys '

b. ‘The !Iser shall, after expiration.of 50 rears [rom
effective date of this contrast, bear the costs gllecated Lo water
supply of any necessary reconatracticn, rehabilivation or replacement
of Project features which may be required ko continue satlslactory
cperation of the Project. Such c¢osts will be established by the
Contracling Officer. Rspayment arrangements ineluding schedules will
ba in writlng and will be made a part ol thls contract.

¢« The Dontraciling Officer shall, after 50 years,

redaterpine the sterage space for municipal and industrisl water supply,
teking into aceount such equitable reallecalicon of reservolr siorage
sapacities amomg the purpeses served by bhe Project as may be necessary
due to sedimentgticn. Sueh Findings, and the storage space ellacated
to municipal and industrisl water supply shall be delined and desoribed
in an exhibit which will bte made a part of thias contract. Follewing
the same principle, such reallocatisn of reservoir storage capacity bmay
be Murther adjusted [rom time ko time as the result of 'sedimentation

B L
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resurveys to reflect attoal rates ¢f sedimentation and Exhibit & revised
to show the revized storage space alleeated Lo municipal and industrial
water supply.

d. The permansnt rights of the User under this contract
shall b continued so leng as bhe Unlted States continues Lo opsrate the
Project. In the event bthe [nited Stabes ne langer oparates the Project,
suzh rlghts may be continued aubject Lo Lhe execution of a zeparate
contract, or additional supplemental agreement providing fur:

1] Contimwed operation by the User of such part of
ihe facility &s is necessary for utilizatioen of the water supply slorage
space ellocated ta it

{2) terms which will protect the public intersst; and

(3} effective absolvemerml of Lhe United Slates by
tha User from all 1iability in cormestien with such contined operation.

ARTICLE 8. RELEASE OF SLATHS., The Uaer szhall held and save
the United States, ineluding itz officers, agents, aml empleyses, harmless
Irom 1isblliky of any nature or kind for or om account of amy elaim for
dameges which may te filed or asserted as s result of the storage amd
withdrawal or pelease of water frem Lha Praject made or ordared by the
User, or as a result of the construction, operaticn, or paintenance of
the [eatures or appurtenances cwned and operated by the User.

AATICLE G. TRANSFER OR ASSICHMENT. The User shall net transfer
or assign this contract nor any rights saquired thereurder, nos suballot said
water or amy part thereof, nor gramt any interest, privilege or licanse
Whatsoever in eomnection with this contracht, witheunt the approval of the
Secretary of the Army; provided that this restriction ghall not be SOl
strued to apply Lo any water which may be chiained from the water supply
storage apace by the User and [urnished Lo any third party or parties or
tha rates charged Lherefor.

ARTICLE 10, $FFICIALS NOT TD BENEFIT, No member of or delegale
16 Congress, or Resicent Commissionsr, shall be admitted to amy share or
part of this ecoptract, ar to amy bapefit that mey arise therefram; but
this provisicon shall not be construed to extend to this contract if made
with a corporation for its general benefllk.

5
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ARTICLE 11. COVENAHT ACAINST COMTIMGENT FEES. The {ger
warrants that no person or selling agepcy has been srploped pr retainsd
to salleit or secure this contract upen an sgreement or understanding
for A COMMiGSicn, percenbage, brokerzge, or rantingant fe8, axcepting
bona fide employees or bema fide established sommerailal or aglling
agencies maintained by the User for the purpose of securing bBusinsst.

For bresch or viglation of this warranly, the United Siates shall hgve
the right to anpul this eontract without liability, or, im its diseretion,
to add te the coptract price or consideratlon the full amount of such
cemmission, percentage, brokerage, or contingzant Ded.

JRTICIE 12, APFROVAL OF CONTRAST. This contract shall be
subject to he written approval of the Secretary of the Army, and shallnot
me bipding until so approved.

1K WITYESS WHERECOF, the parties nereto have evecuted this agreerent
25 of the day apd year first above writiern.

APFACVED: THE UNITED STATES OF AMERICA
K ﬂ
%‘;ﬂl"‘\ E Rﬁ-‘-“l By .7.}-;;:::3? AL .’f::ma’fe.:,-
Tacretary of the Army VERMON W, PIIYEY /
LKAy ) colonel, CE
Date: il mistrict Engineer

fontracting Officer
BULLE WATER DISTRICT INCCRPCRATED

Attests
ol for ol it [l 1S areiB
(Seal)

REVIEWED FO %5?5
f . _f ;? L
7 Jr,l';,.l'

Audi Prgueh Rerlew TttHﬂ!tAl,R VIZ
m, AT el L e B‘f__/,f':’_'"_, il
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CERTIFICATE

I, Patricis A. Borneti . hereby certily thai I am Lhe
Secretary-Treasurer of Bulah Water District, Inc., Oklshoms,
raged a® User hereln; that pill Rarmeil , whe zigned Lhis
contract on bshalf of the User was then _President of sald
Hulah Water District, Inc., Oklahoma; Lhat said contract wad duly
signed for and on behall of said Uger by authority of ita gevernlng
body, and is within the acope of its legal prwers.

1N WITHESS WHEREOF, I have hersunto affized my hand and the sesl

&f Yulgh Watsr Distrist, Ing., Cklahoma, this pal dey of
Sugust 1570,

éi;;fﬁrf:;?f f:i jf;%?¢£iﬂ22i_

(=eal}
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22 Mar 67

pore tery=Tressurar, Board of DHrectors
. 3 ".'n.l '

ASCURANCE OF COMPLIAHCE WITH THE DEPARTMENT OF DEFEMSE DIRECTIVE
wener TITLE W1 OF THE CIVIL RIGHTS ALT OF oY

Hulsh Water IMatrict, ITrd.
{hereinafter called Mppplicent-Recipient”]

HEREEY AGREES TrAT it will cemply with title VI of the 0ivil Rights Act
of 1964 (Public Low 88-352) and ell requirements lmpesed by or pursuznt
to the Directive of the Department of Defense {32 Code of Federal Regu-
1ations FPart 300, insued 85 bepertment of Defebse Directive RSOD.11,
of Depembet 1964}  issued pursuant to that title, to the end that, iz
accardance with title VI of that Act and the Direstive, ne person in the
Umited Stotes ghall, on the ground of race, eolor, or pational origin be
excluded froem participaticon in, e denied the benefita of, or be other-
wise Bubjected to discricination upder any program or ackivity for which
the Applicant—Recipient receives Federal Financial aszslstance froc
Department of the ATmf aril HEREBY GIVES ASSURSHCE THAT it will immedi-
stely teke any Neasurss  OesesIALy to effeatuste thiz egreement.

17 amy reel property or structure theregn iz provided or improved with
the ais of Pederal finaneial agsizience extended to the ALpplicapt-
Becipient by this Departrent of the Aoy, assurance shall oeblighte Lthe
Ayplicent-Recipient, or in the case of any tracsfer of sush property .
amy trapsferee, IoT the pericd during which the regl properiy or siruc-
ture i5 used for & purpese for wihich ihe FPedergl financial mssistence is
extended or for enother pUrpose invelving the provision of similar ser-
sices or benefits, If any personsl prooerty is 5@ provided, this assurs
ance shall obligete the Arpllicant-Recipient for the peried during which
j+ retains cwnership or possessieon of the property. In all other cases,
thiz essurante shall cbligate 1he Applicant-Recipient for the pericd
Auring which the Federsl fineacial assistance iz extended te it By
Department of the Army. .

THIS ASSURSHCE {3 given in censlderation of and for the purpese of ob-
tainipg eny end all Federal grants, lcans,pentzacts, propeTiy, dizgounts
o otner Federsl finencisl easistance extended after the date herecf TO
the Avplicant-Reziplent by the Department ,tneluding installment payments
after such date op cecount of arrangedehts for Federal fineneisl masist-
ance which were approved before such date. The Applicapt-Recipient réc-
agnlzes and sgrees that such Federsl financial  assistance will Te
actended in reliance on the represeptations and agreemepts mede in this
psgurance, end that the United States chall have the Tight to seek judi-
oial enforesment of this assurance, This assurance is bipdiog on the
Applicant-ﬂecipi&nt.-its susressors , transzferees, and asaigness, and the
person Or perkons  Whose gigpaturss appear below sre guthoriced to Eigo
this assurence oo behalf of the Applicant-Heclplent.

Hulwmmguﬁ
(Applicant-Recipient..

Dated hugpet 21, 1970

.. i ,g? By
-"'r .‘hgészﬂfﬂ‘:’

e

n E o .

! - -
- i . L.

SWT Form 353C e Y y



EENAA | CRIMRCRA S LN R SRR

contract Ne. [WiwWee -22-0-0101

COETRACT RETWEEN TAE THITED ETATES OF AMERICA
AND
CITY OF BARTLESVILLE, CTLAHDMA
FOR
WATER STORAGE SPACE IN ATLAY LAFE
AZE L 12 Aty &

THIS CONTRACT, entered into this day ofy B2 MAY 83 1% __, by and
betwesn THE UMITEDR STATES OF AMERICA {herainafter called the "Goverfiment" )
represented by rhe contracting Officer executing this epprract, and the CITY
OF BARTLESVILLE, ORLARGMA, {hereinafrer called the “Ueer™);

VITKESSETH THAT:

WHEREAS, the Flood Coutrol Act, approved 2@ June 1936 fPublic Law 738,
74th Congress), authorized the constroction, operation, and malutenance of
the Bulah Lake op the Cmney RIver, Rangas and Oklaheme, (hereinsfter called

the “Project™ds; and,

WRERELS, the User desires to semttact with the Government for the use of
gtarage included in the Project for munleipal and industrizl water BupPRly,
gnd for payment of the caost thetof in sccordance with the provigfone of the
Water Swupply Act of 1958, as apended (43 DSC 390b-£); and,

WHEREAS, the Ueer 1s empovered to contract with the Government and 15
yested with all necessary powers foT accomplishment of the purpoees of this

eontrack;

¥oM, THEREFFORE, the government #nd the Tser egree AS follewe:

ARTICLE 1 - Water Storage Space.

{8y Froject Conpptruction. The Goverpment, sublect to the directions
of Federal law and any limitations jupeeed therely, has degigned and
constructed the Project so as to include therein epace for the sLCTRER of

water by the Teer.

{b) Rights of lger.

{1} The Gser ahall have the right to utilize an podivided 7.807 percent
fectimated to ¢omtaln 2,100 sere-fast aftar sdjustment for pediment
depopite) of the veable SEOTARE ApACE fn the Prafect betwssn elevations
213.0 fest above mean pea level and 710.0 feet above mean sea levsel, which
usable conservation storege space In patimpted to contaln 26,%00 acra-feat
after adjustment for sedisent deposits. This storage apace ig to be usad o
iepound water for present demand of need for municipal and indusrrial water

pupply.
(2 The Ueer chall have the Tight to withdraw water Ired the leke, aT

ta order relemsag to he made by the covarnoent through the cutlet worke in
the Dam, aubject to the proviaions of Article 1fe) and to the extent the
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aforesald etorage space will providey apd shall have the right to fenstruet
atl such woerks, plants, plpelinee, and mppurtinancet 2E mey¥ be necessary and
convenient for the purpose of diversiom or withdrawale, subject to the
spproval of the Contracting OfficeT as to design and locetlon. The grant of
an sasament for right-of-way, across, in and upen land of the Government &€
the Project zhall be by a separate instrument in a form eatisfactoTy te the
tecreraty of the Army, without additfonal cost to the Uget, under the
autherity of and in accordance with the provisiens of 10 USC 266% and such
sther euthoTities as may be mecessary. Subject to the gonditions of euch
eapetent, the Dser shall have the right to use s8¢ mych of the Preject land
#s may reasonably he required in the exercise of the rights and privileges
granted wnder this eontract.

{¢) PRights Reserved. The Government reseTves the right to centrol and
use any future water SUPPLY SCOTAgE or ARNY water Eupply storage not undar
contrdact it accordance with authorized Project purposes. The Government
farthar reserves the right to take such measules A WAY De nec&#EBATY in the
operation of the Project to preserve 11fe apdfer property, including the
right nat to meke deumztresd releasas during such pericds of time as aTe
deemed necessary, in its gole discretion, to Inspect, maintain, or Tepaltr
the Praject.

FAY Quality or Availability of Hater. The Dser Tecognizes that this
cantTEct provides SIGTARE Space for raw water only. The Government mekes To
representations with respect to the qualizy or availability of water and
assuzes no responsibility therefor, or for the treatment of the WateT.

(e} Sedizentation SUrveys.

£11 Sedimentation surveys will be made by the Comtractinp Offleer
during the term of thie contract at incervals not to exceed fiftaen {15}
years unless otherwlse agreed to in writing by both parties. ¥han, in the
opinlon of the Contracting tfficer, the findings of such BuTvel indicate any
Project purpase will be affected by unanticipated sedimentztion
gigtriburion, there ehall be an equizable redistribution of the sediment
Teserve gtoTEEe space Aamong the purposes served by the Froject including
punicipel and fndustTrial water supply. The total available renaining
storage space in the Prolect will then be divided among the various Project
featuras in the pame ratio as wag Initially ntilized. Adjusted pool
elpvarions will be rounded to the nearest one-half foor- Such findings and
the ptorsge epace allocated to municipal apd industrial water evpply chall
e defined and degcribed as an axhibit which will be made a parc of thie
eontract and the reserveir regulation manuvel will be modified gccordingly.

t21 The Governmenk aspumes o responslbility for deviations from
actimated rates of spedimentation, or the distribution therapf. Such
deviations may cause unegqual distribution pf pediment rYeserve storage
gteater than estimated, andfor eocroachment on the total stoTage at the
Frojeck.

ARTICLE 2 ~ Repulation of and Right to Dse of Hater. The regulation of the
wse of water withdrawn of released from the aforegald stoTage ppace ehall be
the eole responsibilicy of the User. The Ueer has the full responelbility
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to acquire in accardance with State 1aws and regulations, mnd, I1f necessarty.
to establish or defepd, any and all waterl rights needed for utilizacion of
the sterage provided under thie contract. The Government shall not be
teaponslible for diversians by others, not will it become =z party to any
eoptroverslies invoiving the use of the storage Bpace by the Usetr except as
such controversies mey affect the operations af the Government- §

ARTICLE 3 ~ OpeTation and Maintenance. The Government shall aperate and
Tointain the Fralect and the User shall pey to the (overnment a ghare of the
rosts of such operation and maintenance as provided in Artiele 5. The Tset
thall be responsible for operation and waintensnce of all installations and
facilities which it mey construct for the divergion or withdrawal of witer,
and shaill bear a1l coets of wonstructiom, operaticm, and palntenance of such
installatlons and facllitieg.

ARTICLE & — Yeasurement of Withdrawals and Relegses. The Tser agrees to
furniczk and install, without cost to the Government, suitable meters or
meacuring devices satisfactory teo the Contracting Dfficer for the
measurement of watet which is withdrawn from the Frolect by eny means other
then through the Project cutlet works. The Uger zhall furaieh to the
tavernment meathly statements of all such withdrawals. Frior te the
construction of any facilities for withdirawa] of water from the Project, the
ttser #ill obtzin the Contracting Officer’s approval of the design, locatiom,
and instzllation aof the facilities including the meters oT measuring
dovires. GSoch devices shall be g4allable for Inspaction by dovernment
representatives at all reasenable times. Releases from che water gupply
storapge space through the Prodett outlet works shall he made Iin mccordance
with written schedules furnished by the User and spproved by the Contracting
gfficer and shall Be pubject to arcicle 2{ch. The meagure of a1l such
releases shall be by ceans of s rating curve of the outlet werks, of by such
other suitahle means as may be mgreed upon priocr to uee of the water gupply
SLOTaZe EPARE-

ARTICLE & — Pavments. In comsideratfion of the right to utilize che
Bforesald storage space in the Froject for gunicipal and industrial water
supply purposss, the User shall pay the follpwing swms to the Government:

fal FProlect Investment Costs.

{1 The Tear ghall repay to the Govarnment, at the tiwes and with
{nterest of the unpald balance as herelnafter specified, the smounts stated
below which, as shown in Exhibie “A7 attached ro and made a patt of thils
contract, constituce the entire actual amount of the sonstruction fostg of
the Project, including interest durlng constTuction, sllocated te the water
supply storage right acquired by the Teer wnder thig contract. The ipterest
rate to be uped for purposes of computing InteTest duting constructlen and
tnterest po the uppaid balance wae deterzined by the Secretary of the
Treagury as of the beginning of the figcel wear in which construetion of the
Project was initisted, on the basis pet forth in the Water Supply Act of
1958, ae amended. For the Prolect, construction of which was Initiated in
FY 1048, this interest rate is 1.5 percent. The Yeer shall Tepey 0.751
percent of the toral project Joint-use cost spounting to 584,224,
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{2y The Project investment coeté allpcated to the storage space
indicated in Artiele 1(B){1) as belng provided for present demand is
§84,224, on the basis of the coet presented In Exhibit TA". Intersst at the
rate providad above will be compounded annually on the amount of the Froject
investment cogts allocated to this Etorage gpace from 30 September 1961, the
and of the 10-vear inrerest free period, untll the date of approval of this
contract. The pripcipel plus accrued interest shall be paid within the life
of the Project but in no event to excesad 50 compecutive monual installments,
the first of which shall be due and payeble within 30 daye efter the Tser 1s
aotified of approval of the contract by the Aselstant SecrTetary of the ATmy
(Civil WorksYs Annual ingtallments theresfter will be due and payable on
the anniversary date of the dete of notification. Except for the first
payment which will be applied aclely to the retiremsnt of principal, all
tpgeallments shall include accrued interest on the unpaild balence at the
rate provided above. The lext annual iostallment ghall be adjusted upward
aT downward wWhen due to assure repayment of all of rhe investment costs
allscated to storage for present demand within 50 yeare.

{3} An estimated sehedule of appuel peyoente for the waceT supply
etorage provided for pregent demand ie attached az Exhibic "B" of this
contract- The annual payments ag providad theresdn ghall ba made publect teo
ATticle .

{4 Subeequent to approval of the Secretary of the Avmy, Exhibits A
and B will be sdijusted to teflect the actual accrued interest from the and
of the l0-year interest free peried to the date of approval of rhis contract.

{b} Haior Replacement Cost. The User will be required to pay 0.751
percent of the cost of jolnt—use major replacemsnt iteme. FPayment of costs,
1neluding interest during comstructien, shall ke made aither incrementally
during construction, 1o Luep sum upoen completion of consktruection, oT
antiually with interest on the unpeid balance. If paid annwally, the User's
ghare shall Be pald within the life of the Project In not to exceed 25
consecutive annual installments with the first payment to be made with the
firet mnnual payment ag 4t forth in Article 5fa3(2) on the Project
investment coste becoming due after the date seid major replacement COBLS
are ineurred. The firet annual payment shall include Interest on the
investment cost aceruing until the payment date. Annual paymente thereafter
will be due and pavable on the anniversary of this repayment date. All
annual payments shall include meerued interest on the unpald belansa at the
{nterest rate as deternined by the Sacretary of the Treasury on the basle se
zet forth in the Heter Supply Aet of 1958, ae amended, for wee io the
Government fiszal vear in which the majer capital replacement ip initiated.
The last anmual payment shall be adJusted ypward or downward vhen due to
assure repayument of 211 the incurred coets wthin the repayeent pericd.

{z) Apnnuel Operation and Maintepance [OEH) Expemee. The Teer will be
required to pay 0.751 percent of the annual experiencad joint-use QO5M
expenea of the Frofect. Peyments for ORM expenpe for pregent uge KLOrage
aTe due god payable In mdvance en the date for payment of Froject investment
coste as sat forth in Article 5{a){2) and shzll be based on QBN expenge for
the Project in the Covernment ffigcal yeir wost recently anded. The amount
of each ennual payment will be the artusl experienced ORM sxpense {allocated
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joint-use} for the preceding fiscal year oT 4n estimats thereof when actusl
expense informatien ds not aveilable.

{d) Major Behabidlitation and Bam Safety Assurance Frograms Coets« For
costs aseocisted with major renepilitation programs, the percenbages of
joint-uee costs Which the Ueer will be Tequired to pay will be in accordance
with Arricle 5fcY. TFor costs asscciated with dam safety agsurance Progrens,
the percentages of Jjelpt-use cOELE which the Taer will he regulred to pay
will be in sccordance with Article 5{a). Payment for the castes assocolated
with both programs ehall be in accordance with Article S(b7-

fe) The tzer ghall have the right at any time It &0 elects to prepay
the indebtedness under this Article, sublect to redetermination of COStE AE
provided for in Article &, ir whele or In paTt, with sccrued interest
therson to the date of such prepayment.

¢£f} Delinguent Payments. 1f the ttger shall fail to make any of the
aforesaid payoents whem due, then the overdue payments shall hear interest
compounded snnwally until paid. The interest rate to be uzed for overdue
paygents due under the provielons of Articles 5fa}, 3(bd, 5{c), and cgd)
above, chell be that determined by the Department of the Treegsurvy's TreasuTy
Pleeal Reguivements Manual {1 TFEM 6-8000, “cash Hanagement™ ). The amount
chaTzed on payments overdus for & peried of lege thatl one yealr ehall be
figured om a menthly basis. For exacple, 1f the paypent iz made within the
firet month after being overdue after a 13-day grace period from the
anniversary date of the date of notification, ope month'e InteTest shall he
charped. Thereafter a menth's interest will be charged for any portion of
sach succeeding month thet the payment 15 delinguent. This provielon shall
not be copstrued as giving the User a choice of either making peyments when
dus or payinpg interest, nor shall it be construed as walving any other
rights of the Governmen:t, at 1a% or in equity, which might reanlt from any
default by the User.

ARTICLE €& = Adjustument to Froject Investoent Lost. The ipvestment cost
ghown im this contract and the exhibivs s based on actual final
ronstruction cost of the Project. Any further lovestment eost accruing ta
the Teer's water storage Tight shall be repaid under majer replacement costs
1f capitalized or under operation and paintenance expense if net
capitalized.

ARTTCLE 7 - Duretion of Copkymet- This contract ahgll bacome effective when
approved by the Aspietant Secretary of the Arwy (Civil Works) and shall
continue in full foree end sffect for the 1ife of the Project.

ANTICLE & - Permanent Rights to Storage. Upom coupletion of payoents by the
Teer, as provided in Article 5{a) herein, the Toer shall have a permanent
right, undar the provisioms of the Act of 16 detober 1963 (Pubhlie law
BE-140, &3 USC 390e), to the use of the water supply storage space In the
Project ms prowided in Artiele 1, subject to tha following:

(a) The Dser shall contirue payment of pnrual pperation and meintenance
cogkp mnllosated to water supply.



A LHEFTRRAA Ly O P Bl

R

(bY The User shzll baar the costs allocated to water cupply of any
necessary reconstruction, rehabilitatiom, or replacament of Project featura:
which may be reguired to continue sstivfactory opperation of the Project.
Such coets will be established by the Contractling Cfficer mnd repayment
arrangenents shall be in wricing in accordance with the terms and ecnditions
aet forth inm Article 5¢bY for Haior Replacement Costs, and be made a part of
thie contract.

fc) Dpon completion of peymente by the Tser as provided in Article
£fa%, the ComtTacting Officer shall redetermine the etorage epece faor
suniclipal and industrial water supply in accordance with the proviglons of
Artiele 1{e}- 5Such redetermination of raservolr storage capacily may be
further adjusted from time to time 25 the result of gedimentaticon TEEUIVEYS
to reflect actual retes of sadimentetion and the exhibir revieed to show the
reviged gtoraze space allocated to ounizipal end Industrial water BUppRly.

{d3) The permanent Tights of the User under this contract shall be
continued o long as the Government contimnes to cperate the Project. In
the svent the Government no longer opeTates the Froject, such rights may be
continued subject to the erecution of A separate conlract, oF additisnal
supplenental zgreezent providing fer:

f1} Contimued operetion by the Ueer of such part of the facility a3 s
necessary for utilizatlon of the water supply storege space
allocated to it}

{21 Terms which will protect the publlc interest; and

{3} Effective absolvement of the Government by the User from all
1fapility in connection with such continned operatica.

ARTICLE 9 - Releage of Claimes. The TUser ghall held and save the Government,
including its officers, agents, and employees harmlese From liability of any
pature or kind for or on acepunt of any clale for damages which may be £iled
or msserted 25 a result of the storage in the Project, or withdrawal or
release of water from the Project, made or ordered by the User or as a
result of the comstruction, cperatien, or maintenance of the water supply
facilities and appuTtenances thereto cwmed and operated by the User, except
for damages due to the fault or neglipence of the Govarnment or 1its
CONLTACLOTS

ARTICLE 10 ~ Assignment. The Uaer shell mot tTanefer or azsign this
contract or any rights acquired thersusder, mor suballot szid water supply
storage space or Any part thereof, ner grant any interest, privilege or
licenee whetaoever in commection with this contract, without the approval of
the Secretary of the Army, provided that, unless contrary ko the public
interast, thie restricticn shall oot be construed to apply to any water that
nay be obtained from the water supply storage gpace by the Dser and
furntshad to auy third party or parties, oot any method of allecation
thereof.

ARTICLE 11 - Offirials Net to Benefit. No member of or delegate to

Congrees, or Resident Commiseioner, shall be adpitted to mny ahare or part
of thie contract, or to any benefit that may ariee tharefrom; but thia
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prawision ehall nor be conptrued to extend to thip contract 1f made with a
corporation for ite gemeral bepefit.

ARTICLE 12 = Convepant Apaingt Contingent Fees. The User warrents thet no

person ©T selling agency hae been employed of retained to gplieit or secuTe
this contract upon an agreement oT pnderetanding for a comxdsgicn,
percentage, brokerage, or contingent fee, excepting bona fide smplovees OT
bona fide sstablished compercial or selling agencies maintained by the User
for the purpose of gecuring business. For breach or wiolation of this
warrenty the Goverrment shall have the Tight to anmul this eeptract withoul
1iability or in ite discrecicn to add to the contract price or
egongideration, or otherwipe recover the full amount of sueh commission,
petreentage, brokerage, oT conptinzent fee.

ARTICLE 1% — Ervironmental Oualivy. During any construction, operation, mnd

Taintenance by User of any facllities, specific actions will be taken to
control envivenmental pellution which eould resuvlt from guch gctivity and to
eomply with applicable Fedaral, Statc and 1ocal lews end regulaticons
concerning environmental pellutien. Particular attention should be given to
f1) reduction of airt polluticon by pontral of burning, oinimization of dust,
cootzinment of chemical wapors, and central pf engine exhaust gases, gnd of
emoke froo tecpotary heatersi (2) reduvctlon of water pollution by contrel of
sanitary facilities, storape of fuels and other contaminants, and control of
turbidity and silwation from ercsion; £3) minimization of nolee Levels; )
oneite and offefte disposal of waste and gpell; and (3) preventicm of
landscape defacenent and damage.

ABRTICLE 14 = Federal and Seate Laws.

{z) In scting under its rights and chlizations hereunder, the Tser
aprees o comply with a1l spplicable Federal and Stzte lsws and reguletions,
fncluding but mot limited €& the proviplons of the Davisg-Lacon Azt (40 USC
2764 et seg): the Conetract Work Hours and Safety Standards Act (&40 130
1271-331); Title 29, Cede of Federsl Regulations, Part 3; and Sections 210
and 305 of the Uniform Relocation Apelstance and Feal Property Acquisition
Palicles Aeck of 1970 tPiLl gl'ﬁiﬁ}q

fby The User furnishes, as part af this contract, nn assurance {Exhlbit
£} that it will eemply with Title ¥I pf the Civil Rights Act of 1984 (78
seat D41, &2 USC 20004, et seg.) and Department of Defense Directive 5300.11
jssued pursuant thereto and published in Part 300 of Title 32, Code of
Federal Regulatlione.

fcy Any discharges of water or pollutanis into a navigable stream or
tribatary thereof resultling from the Oser®s Facllities and operatione
undertaken under this contract shall be perfcrmed only in accordence with
applicable Federnl, State, and lecal lawe and reguiations.

AUTICLE 15 ~ Definitions.

fay Initial Project Investments Gosts = The ipitial cost of the
Prodest, including: land acquisirion; construction; Interest during
conetruceion on the value of land, laber, and materiale used for planniog
and construction of the Project.
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{b) TInterest duting comstructlon — An amount of Interest which poorues
on expenditures for the =stabllshment of Project services during the period
betwsen the actual outlay end the time the Project 1s firest made available
o User for water Btotage.

fe} Specific eosts = The coste of Project features nermally zerving
only one particuvlar project purpoBe.

tdY Joint-use coste - The costs of features used for any two oT moTé
Project purposes.

fe} Plant-in-pervice dzte - Thie date 1e the date that the Project 1=
phreically avalleble to inltiate delliberate impoundment for water Bupply
PUTROSES .

£y Annual opperation and malntenance {D&4Y expense — Annual expenses
funded under the OAM, General account. These eXpEnNEes include the daily
project O&4 coste as well ms rhose (&M costs which are capitzlized.

fgY Haier replacement cost — CeELE funded undar the Construsticn,
Ceneral acconnt buok not mssocisted with ipitial Project investment costa.

£h] Fizcal Year — Hefers to the Covernment's flgeal year. Thles year
begins on 1 October and ends on 30 September. The Septecber calendar yeat
corresponds to the fiscal year.

f1y Life of the Project - This 15 the physieal life of the Project.

{1 Majer Rehabilitation - Thls program 1s to facilitate acecmplishment
of significant, cestly lnfrequent rehabilitation work at the Project without
unduly distorting the Operation and Kaintenance, Ganeral budget.

fk} Dem Safety Assurance Frogram - This pregranm i to provide for
podificakion of the complered Project to rectify potential eafery harards in
lighe of present day atandards, technology, and ecircumetances.

ARTICLE 14 — Appraval of Contract. This contract {5 subject to the written
approval of the Assistant SacTetary of the Army {Livil Werks) ot his duly
authoTized representative, snd shall not be binding until so approved.
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TN WITNESS WHEFEOF, the partiesz have ewecuted this contract as of the
day and wear first ghave written.

AFPFROVED: THE UNITED STATES OF AMERICA

o tlia B it
Acsietant Secretary of the Armomy
{tivil Works}

133¢
DATE: 12 NIV Contracting Officer

DATE: Z7éfj /7&

£ITTY OF BARILESVILLE, OKERAROMA

BY
Mayor

DATE : @n{ /9 /952 _
ATESYT O&/@tw dﬁ’ Lo
£al



S pepsTl g i A CHT LY NI N

DACWSS -82-C-0101

CERIIFICATICH

"I, Jerry M. Madduw , Attoroey for the City of Rartlesville,
Mklakoma, named as User herein, hereby certify that the foregolng sgreement
executed by Arck Bobbing , Mayor of the Deer s within the scope of
hiz avthoTity to ack upen behelf of the User, snd that In my capacity ae
Atctetney for the User, T have zoneidered the legal effect of Section 221 of
the 1970 Tlood Control Act (Publie Law 91-811} and find that the Tser is
legally 2nd financislly cepable of entering Into the contractual obligations
contained in the faregoing mgreement and that, upon acceptance, it will be .

legally enfarceable.

Given uwnder my hand, this 19th day of April 1882,

g W%ﬁ%{_
Atfor for the
cfty of Bartlesville, Oklahoma

10
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ASSURANCE OF COMPLIARCE WITH THE DEPARTMENT OF DEFENSE DIRELTIVE
UNDER TITLE Y1 OF THE CIVIL RIGHTS ALT OF 1964

The City of Dartlesviile, Oklshpoe

(hereinafter called *Applicant-Recipient”)

HEREEY AGREES THAT it will comply with title ¥1
of the Civil Rights Act of 1954 (Public Law 23-352) and
al! requirements orposd by or pursuant 1o the Dircctive
of (he Depattment of Defenes (32 Code of Federd
Repulations Part 300, swued a5 Department of Defense
Directive 550011, 28 Decernber 19647 famued putsuant
to that title, W the epd thay, io accordancs with title ¥1
of that Act aod the Directive, no person in the United
Swies ahall, on the pround of tace, color, of natlonal
origin be exchided from participation in, be dended the
bapefits of, ar be arherwise subjoated to discimination
under any program o1 dstivity For Whith the
Applicans-Recipient receives Federal financial atzstance
from Department of the Army and HERERY GIVES
ASSURANCE THAT it will immedizeely teke any
measures fecassary to effectuare this agreement.

If ary tez) property or strusture thereon i provided ot
impeoved with the 2id of Federal financial sssistance
exieoded to the Applicant-Recipicnt by the Department
of the Army, assurance shall obligawe the
Appliczne-Recipient, of in the exse of apy transfer of
mich properly, any trznsferee, for the pericd during
which the real properly or sirusture i wied for a
putpose for which the Federal financiel assistance 3
extended of for ancther purpose involving the prowvsion
of aimilar servicss of benefits, I 2ny personal property is
g0 provided, this saturance shall obligate the

Dmed  April 19, 1962

Applicant-Fecipient for the pericd during which it
retainy ewmenhip o posestion of the proferty. Inall
oiher eases, thi romirance chall obligate the A pplicant-
Recipient for the peviod diring which the Federad
firenriad assistance i extended 10 # by Depeniment of
the Army.

TH1S ASSURANCE is given in conshferatlon of and for
the purpom of obiaining any and all Federa] gramts,
boans, contracts, poopedty, discunts or other Federal
financial exslnenee ectended afier the date hepsofl to the
Applicant-Recipient by the Deparument, inchding
inmallment payments after sch date on account of
arrangaments for Federal financial assistance which were
approved befors much date. The Applitant- Kegipient
tecognizes and mgrees that smch Federal firancial
gszistance will be exiendsd in reliance con the
representations and agreements made in this assurance,
znd that the United States shadl have the right to stk
pudlztal enforcsment of this ussurance. This assurnce is
binding on the Applicant-Reciplenl, its sietesory,
trandfereet, and #szipnees, and the person or persons
whoss mpnatures appead below are zuthoiized to agn
Lhin assutance of behall of the Applicant-Becipient.

Sactions TY and WII of Department of Defense Directive

5%00,11 setting forth prohibited discrimnetory actions
and compliance informatian i om the reverse berest.

THE CTTY OF BARTLESVILLE, OFLAHLHA

WL Form 533
Rev 23 Jup 31

( Applicznt-Recipient)

By |
Mayor

FREVIQUS EDITIONS OF THIS FORM ARE QBSOLETE

EXHIBIT "'
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EXHIBIT C
STANDING INSTRUCTIONS TO PROJECT MANAGER
HULAH LAKE
|. GENERAL

1. Instructions. Detailed instructions to the project personnel at Hulah 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 Il
of this exhibit. In addition, the Project Manager will immediately attempt to reestablish
communications with the Tulsa District Office. The Project Manager will make
observations of rainfall 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 Hulah Lake
(see plate 5-3) will be obtained from the WCDS database. Weather data and other
data collected by the Copan/Hulah Lakes Project Office will be submitted to the Water
Control Section, Hydrology-Hydraulics Branch, Tulsa District Office (telephone 918-
669-7102 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 on an as needed basis. 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.

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

a. The total precipitation amounts for the previous 24-hour periods
(7:00 a.m. to 7:00 a.m.).

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

c. Number of water supply pumps in operation.

C-1



d. The current gate setting and any gate changes made during the
past 24-hour period including the time and pool elevation when the change was made.

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

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

b. The current pool elevation readings from the pool gage, 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) 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. 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.

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

C-2



to the Water Control Section, Hydrology-Hydraulics Branch.

d. 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 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 Hulah Dam, Operation and Maintenance Manual, Volume I,
dated August 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.

e. Frequency of Gate Changes. During flood periods, gate changes may be
directed by the Water Control Section anytime. 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-3



Il - REGULATION PROCEDURES

1. Requlating River Stages and Discharges . The regulation schedules provide that the
channel capacity of 6,500 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 . Hulah Lake will be regulated for
optimum flood reductions, in conjunction with Copan Lake, on the Caney River from the
dam to the confluence with the Verdigris River and with the existing system of lakes on
the Arkansas River and tributaries to Van Buren, Arkansas. The following regulations,
as shown in Table 7-1, will govern releases from Hulah Lake. During flood control
regulation, the tainter gates and sluice 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 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 or Table C-1 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 2-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-1

EMERGENCY FLOOD CONTROL REGULATION SCHEDULE
HULAH LAKE

LAKE STAGE

POOL CONDITIONS

REGULATION

Below 733.0

Rising

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

733.0to 767.0

Rising

If the lake level is below elevation 760.0, 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
760.0 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 2
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 sluice gates will be raised
at uniform openings until the lake stops rising or
the sluice 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 767.0

Rising

The spillway gates and sluice gates will be
maintained fully opened and held in such
position.
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TABLE C-1 (CONT'D)

LAKE STAGE

POOL CONDITIONS

REGULATION

Above 767.0

Falling

The spillway gates and sluice gates will be
maintained fully opened and held in such position
until the pool elevation recedes to elevation
767.0.

767.0 - 765.0

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 765.0 or the release is

6,500 cfs.

765.0 — 736.0

Falling

If the maximum release rate exceeded 6,500 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 6,500 cfs.

If the maximum release was much lower than
6,500 cfs, this release will be maintained until the
lake level reaches 736.0.

736.0 - 733.0

Falling

Begin a gradual reduction of the release rate (not
to exceed 1,100 cfs per 3-hr period) so that
releases are equal to inflow (the pool is steady) at
elevation 733.0.
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PERCENT OF TIME EQUALLED OR EXCEEDED
NOTE: ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
CURVE IS BASED UPON PERIOD HULAH LAKE

OF RECORD JANUARY 1940 THRU
DECEMBER 1995 FROM SUPER RUN
A98XO01.

OUTFLOW CONDITIONS CURVE
APPROACHES ZERO AT 6700 CFS.
INFLOW CONDITIONS CURVE
APPROACHES ZERO AT 34,000 CFS.

FLOW DURATION CURVE
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0 0 5 10 15 20 ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
DISCHARGE IN 1000'S CFS HULAH LAKE

NOTE:

CURVE IS BASED UPON RATING CURVE
NUMBER 3, DATED SEPTEMBER 30, 1994
AND SHIFT CURVE DATED APRIL 19, 1996.

DISCHARGE RATING CURVE

CANEY RIVER NEAR
CEDAR VALE, KANSAS
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CURVE IS BASED UPON RATING CURVE
NUMBER 3, DATED SEPTEMBER 30, 1994
AND SHIFT CURVE DATED APRIL 19, 1996.

DISCHARGE RATING CURVE

CANEY RIVER NEAR
ELGIN, KANSAS

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E.
CHECKED: R.W.B.




G-

50
40
A
/'
-
— =
L 30 =
[ =t
Z - =]
W — ="
O gy
< —
— ]
n
20 7 = BANKFULL STAGE 22 FEET
/ DISCHARGE 9,500 CFS
/ i i
7
y
/
0T/ 50 60 70 80
/
/
/
/
/
0 0 10 20 30 40 ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
DISCHARGE IN 1000'S CFS HULAH LAKE
NOTE: DISCHARGE RATING CURVE
CURVE IS BASED UPON RATING CURVE CANEY RIVER NEAR
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CURVE IS BASED UPON RATING CURVE
NUMBER 3, DATED SEPTEMBER 30, 1994
AND SHIFT CURVE DATED APRIL 19, 1996

CANEY RIVER NEAR
BARTLESVILLE, OKLAHOMA
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AND SHIFT CURVE DATED JUNE 14, 1996.
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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
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NOTES:

1. TIME OF TRAVEL IN HOURS
FOR LARGE RISES IS SHOWN:

Lo TIME OF CREST TRAVEL

2. TIME SHOWN ABOVE UPSTREAM
STATION IS AVERAGE TIME TO
CREST AFTER BEGINNING OF

RUNOFF.
DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998

DRAWN: G.D.E. _
CHECKED: R.W.B. 4 9
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STAGE AT HULAH GAGE (DISCONTINUED) IN FEET
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500 1000 1500 2000 2500 3000 3500 4000
FLOOD LOSSES IN THOUSANDS OF DOLLARS
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AREA FLOODED IN ACRES

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA

HULAH LAKE

STRUCTURAL LOSS AND
AREA CURVES

HULAH DAM TO THE CONFLUENCE
OF THE LITTLE CANEY RIVER
WITH THE CANEY RIVER

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E.
CHECKED: R.W.B.
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STAGE AT BARTLESVILLE GAGE IN FEET
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AREA FLOODED IN ACRES

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA

HULAH LAKE

STRUCTURAL LOSS AND
AREA CURVES

LITTLE CANEY RIVER CONFLUENCE
TO SAND CREEK CONFLUENCE
ON THE CANEY RIVER

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E.
CHECKED: R.W.B.
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STAGE AT RAMONA GAGE IN FEET
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ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA

HULAH LAKE

STRUCTURAL LOSS AND
AREA CURVES

SAND CREEK CONFLUENCE OF THE
CANEY RIVER TO THE CANEY RIVER
CONFLUENCE WITH THE VERDIGRIS RIVER

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E.
CHECKED: R.W.B.
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RECORDING PRECIPITATION STATIONS

STREAM GAGING AND
O  OBSERVER PRECIPITATION STATIONS RAINFALL STATIONS

A RECORDING STREAM GAGING AND
PRECIPITATION STATIONS

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E. 5-1
CHECKED: R.W.B.




TULSA DISTRICT
EXECUTIVE OFFICE

OPERATIONS DIVISION

NATIONAL WEATHER SERVICE ENGINEERING & CONSTRUCTION DIVISION

RIVER FORECAST CENTER F—'——'—é'| | HYDRO-HYDRA BRANCH
| (b) (6) o1y
|
|
| _____ COPAN/HULAH LAKE
| WATER CONTROL SECTION i_ PROJECT OFFICE
| (b) (6) cH. os-13 |
| 1
| |
| |
|
|___ VERDIGRIS RIVER REGULATORS | — _ _ _1
(b) (6) 6S-12
GS-12
ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
HULAH LAKE
1. DIRECT COMMUNICATIONS ARE MAINTAINED BETWEEN THE LAKES AND THE RESERVOIR ORGANIZATIONAL CHART

CONTROL SECTION FOR TRANSMISSION OF LAKE DATA AND INSTRUCTIONS.

2. PRECIPITATION AND STREAM GAGE DATA ARE SHARED WITH THE NATIONAL WEATHER
SERVICE. RIVER FORECAST CENTER.

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E.
CHECKED: R.W.B.
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LAKE DATA

HULA
L 26 JUNE 1991
SR ITEM TIME
POOL
1 ELERb on 12N 734.00
P
2 ELE&%%TON 4PM 733.99
POOL
3 ELEVATION 12M 733.95
POOL
4 ELEVATION 8AM 733.90
TAILWATER
5 ELEVATION 8AM
24 HR AVE. POWER
6 DISCHARGE 12M
24 HR AVE. T0TAL
/ DISCHARGE L2
NET POWER
8 GENERAT ION Lo
CEN+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
e POWER DISCHARGE 8AM
INSTANTANEOUS
1 TOTAL DISCHARGE 8AM 408
12 LAKE CONDITIONS 8AM R
13 WEATHER COND. 8AM &
1PM
TOTAL PRECEEDING
6 HOUR 7PM
14 PRECIPITATION
ENDING AT 1AM
76M
TOTAL 24 HOUR
15 PRECIPITATION 76M 0.0
6 COMMENTS ON
PRECIP. DIST.
EVAPORATION
17 24 HOURS 8am 8.23
WIND
18 DIRECTION 8AM S
WIND ]
19 VELOCITY 8aM B!
WATER R
2l SUPPLY L-PUMP
GATE SETTINGS ;
2l NO. TYPE,OPENING BAM 5560.5
o GATE DATE 4APR98
CHANGES  TIME 1400
23 POOL ELEVATION 733.98
FROM: GATE D
24 SETTING LF o7
T0 GATE |
25 ' SETTING 5560.5
e GATE DATE
CHANGES  TIME
57 POOL ELEVATION
FROM:= GATE
28 SETTING
TOs GATE
29 SETTING
v RIVER STAGE
LOW FLOW WEIR

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
HULAH LAKE
LAKE DATA

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E. 5_3
CHECKED: R.W.B.
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® RECORDING PRECIPITATION STATIONS

RECORDING STREAM GAGING AND FORECAST REACHES
PRECIPITATION STATIONS

CEDAL - SUBAREA NAME

A

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E. 6-‘]
CHECKED: R.W.B.
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0 1 2

DAYS FROM BEGINNING OF RAINFALL EXCESS

DATA BASED ON:

DRAINAGE AREA = 208 SQ. MI.
1" RUNOFF = 11,093 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.

3 4 5

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
HULAH LAKE

UNIT HYDROGRAPH

AREA ABOVE THE CEDAR VALE GAGE
ON THE CANEY RIVER
ABOVE HULAH LAKE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E. 6- 2
CHECKED: R.W.B.
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DATA BASED ON:

ARKANSAS RIVER WATERSHED CANEY RIVER, OKL AHOMA
DRAINAGE AREA = 445 SQ. ML HULAH LAKE

1" RUNOFF = 23,733 AC-FT
2 HOUR UNIT HYDROGRAPH

UNIT HYDROGRAPH

NOTE: AREA ABOVE THE ELGIN GAGE
UNIT HYDROGRAPH OBTAINED BY APPLYING ON THE CANEY RIVER
ONE INCH OF RUNOFF IN A TWO HOUR PERIOD ABOVE HULAH LAKE

TO THE SUBDIVIDED FORECAST MODEL.

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1996
DRAWN: G.D.E. 6- 3
CHECKED: R.W.B.
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DAYS FROM BEGINNING OF RAINFALL EXCESS

DATA BASED ON:

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
DRAINAGE AREA = 732 SQ. ML HULAH LAKE

1" RUNOFF = 39,040 AC-FT
2 HOUR UNIT HYDROGRAPH

UNIT HYDROGRAPH
NOTE:

UNIT HYDROGRAPH OBTAINED BY APPLYING AREA ABOVE HULAH LAKE
ONE INCH OF RUNOFF IN A TWO HOUR PERIOD ON THE CANEY RIVER
TO THE SUBDIVIDED FORECAST MODEL.

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E. 6-4
CHECKED: R.W.8.




POOL ELEVATION IN FEET (NGVD)
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WHEN COMMUNICATION WITH DISTRICT

H / v.al L??%, EMERGENCY OPERATIONS WILL BE USED
|

H I v, / / OFFICE IS LOST AND PROJECT MANAGER

/ 7 F IS OPERATING FOR EMERGENCY CONDITIONS.
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N EMERGENCY OPERATION) WITH A POOL

7 ELEVATION OF 761.0 AND A 2 HOUR

/ ,HQC’/ COMPUTED INFLOW OF 275,000 CFS.

S
N

752

f 1. AT ELEVATION 761.0 READ

/ 1/ T ACROSS TO THE INTERSECTION

] o INFLOW IN 1000'S CFS OF THE 275,000 INFLOW CURVE

! i 5 2. READ DOWN TO FIND THE

| ] DISCHARGE OF 113,000 CFS.

748 a

| / / 10-40'x 25' TANTER GATES FULL OPEN 200 220 240 260
E T L

—

744 i

h Y

I L ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
T |CREST OF SPILLWAY 740.0 | HULAH LAKE
I I I I I I
0 6

740

0 80 100 120 140 160 180
DISCHARGE IN THOUSANDS OF CFS SPILLWAY GATE

REGULATION SCHEDULE
INFLOW PARAMETER

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1997
DRAWN: G.D.E. 7-1
CHECKED: R.W.B.




INSTRUCTIONS /
/
To determine the 2-hour inflow: //
{
@ Locate the poolelevation at the end of the 2-hour period on the /
lower left portion of this chart. //
@ Determine the rate of rise by subtracting the poolelevation at the /
beginning of the 2-hour period from the poolelevation at the end /
of the period and dividing by 2. Move straight up until you /
intersect the appropriate rate of rise curve. /
(® Determine the 2-hour average discharge by:
(a) Multiply the discharge for each gote setting used
during the 2-hour period by the time in hours
each setting was in effect during the 2-hour
period
(b) Sum those products and divide by 2 hours.
[AVERAGE RATE OF RISE IN FT/HR} (See example computations below)
/
3.0 @ Move straight down to the bottom of the chart to /
_— TT read the average inflow for the 2-hour period.
fo 1T /
— —1(2.8| /
- —t" T . . /
1 AT i Go to Plate 7-1to determine the appropriate /
— — — s — "2‘-6‘” discharge for the next period. //
o L = o =11 |1 —"T
- -— [ I "] [
e il fpr"1 el | ="
- L — = —112.0|
L | et L [ L = ] |t 'J_Ll—’—'f
| L | L " L | E
—— ———— I —— T O
EERRS e L — 2] LIS 2
= =TT @ —— 1T TS <
= el el e e T L Il s EEEEE Rl e el b Bl e S SV SV Q) S
e —— 1T RS &
— = [1.0] ; N Y%
—— Lo h QQQ A/
— 0.9 1 S
0.8} g Y &
0.7] Y
— 0.6 L v(gv
10.5)  E
[0.4] 4 \?
O z
-2 t
[0.2] Y
[0.1] 11¢4)
T 1T
756 758 760 D 762 764 766 0 100,000 200,000 300,000 400,000 500,000
POOL ELEVATION FEET AVERAGE 2-HOUR INFLOW IN CFS
EXAMPLE COMPUTATIONS: ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
Q) Begin with a lake elevation of 761.00 feel. Two hours ago the elevation was 758.15 feet. HULAH LAKE
%) Rate of rise = (761.00 - 758.15) / 2 hrs - 2.85 feet / 2 hrs - 1.43 ft/hr
®  Releases for last two hours were: 10 hrs ot 60.000 cfs - 1.0 60.000 60.000 cf INFLOW VS. RATE OF RISE
.0 hrs a , cfs = 1.0 x , = , cfs
1.0 hrs ot 100,000 cfs = 1.0 x 100,000 =_100,000 cfs L y
Average release = 160,000 cfs / 2 hrs Total 2 hrs 160,000 cfs NOMOGRAPH

= 80,000 cfs

@) The resulting 2-hour inflow is 275,000 cfs.

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E. 7- 2
CHECKED: R.W.B.




POOL ELEVATION IN FEET (NGVD)
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" | . NOTES:
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| / OPERATING FOR INDICATED OPENINGS
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(2) GATES ARE CALIBRATED BASED
[ UPON ARC DISTANCE.
il ]
| /|
I
I
1
I
/ [SPILLWAY_CREST ELEV. 740.0
0 4 8 12 16 20 24 28 32

DISCHARGE IN THOUSANDS OF CFS

36

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
HULAH LAKE

SPILLWAY RATING CURVES

PARTIAL AND FULL GATE OPENINGS
1- 40"x 25" TANTER GATE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998.
DRAWN: SKG 7 - 3
CHECKED: GDE




WATER SUPPLY STORAGE ACCOUNTING
HULAH LAKE

(ALL VALUES ARE IN ACRE-FEET)
TOTAL CONSERVATION STORAGE 31100

UN-CONTRACTED STORAGE 0
CONTRACT STORAGE USER # 1 22775, CITY OF BARTLESVILLE
CONTRACT STORAGE USER # 2 116+ HULAH WATER DISTRICT
CONTRACT STORAGE USER # 3 8209. WATER QUALITY
PERIOD  USER  BEGINNING INFLOW TOTAL WITH- ENDING
MO/ YR STORAGE SHARE LOSSES DRAWN STORAGE
5/88  LAKE 31100 1457 399 1178 30980
1 22775 298 298 0 22775
2 116 4 2 2 116
3 8209 1156 100 1176 8089
6/88  LAKE 30980 2013 2055 1618 29320
1 22775 1474 1541 275 22433
2 116 8 8 2 114
3 8089 531 506 1341 6773
7/88  LAKE 29320 109 2969 1541 24919
1 22433 80 2307 501 19706
2 114 0 12 1 101
3 6773 29 651 1039 5112
8/88  LAKE 24919 470 2261 1628 21500
1 19706 344 1823 499 17728
2 101 2 9 2 92
3 5112 124 428 1127 3681
9/88  LAKE 21500 438 1359 1129 19450
1 17728 321 1134 473 16441
2 92 2 6 2 85
3 3681 116 219 654 2923
10/88  LAKE 19450 157 1077 840 17690
1 16441 15 923 259 15375
2 85 1 5 0 81
3 2923 41 150 581 2234
ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
HULAH LAKE

WATER SUPPLY
STORAGE ACCOUNTING

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: SKG 7-4
CHECKED: GDE




ELEVATION IN FEET (N.G.V.D.
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720 ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
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EVAPORATION IN C.F.S.

EVAPORATION CURVES

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: SKG 7 _ 5
CHECKED: GDE




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

780

770

760

750

740

730

720

710

700

DISCHARGE IN C.F.S.

aE il N N ) : ,'\\ N
S o} o % 5 & A &
S N ™, ' / "
I / /
T f 4
| B2d
] i .
NN NN IR EEEEEEEE INEEEEEEEE NN Nl NNV ANEENE ENEEEEEEEY AREEE e ,,,,,L,,,, HEEEEE NN IEEEEEEE N BN NN NN NN NN LA HEEEEEEEEE I NN NN NN EEE NN AN
I 2 ll
/ TOP OF CONSERVATION POOL
' ELEVATION 733.0
I 4
|
i
] | 7
1 s /
i / .
] y
J / g
I Ll i
' e =R 10 120 130
i INVE ELEVATION 706.0
ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA
HULAH LAKE
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DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: SKG 7 _6
CHECKED: GDE
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ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA

NOTE: HULAH LAKE

RATING IS FOR 9 - 35'X 6.5 SLUICES.
SLUICE INVERT IS AT ELEVATION 702.00

SLUICE RATING CURVE

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: G.D.E. 7-7
CHECKED: R.W.B.




POOL ELEVATION IN FEET (N.G.V.D.)
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DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998
DRAWN: SKG 7 - 8
CHECKED: GDE
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ELEVATION IN FEET (NGVD)
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DISCHARGE IN 1000'S OF CFS
NOTE: ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA

CURVE APPLIES AT R.M. 96.2

HULAH 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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