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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

Backup Coordinator, Office (918) 669-7132

Backup Coordinator, Office (918) 669-7101

Backup Coordinator, Office (918) 669-7103

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

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

Emergency Operations Manager, Office (918) 669-7485
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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
(feet NGVD)

Area
(acres)

Fee Simple Blocked perimeter to 769 20,676
Easement Reserved for roadway easement 25.5

ELEVATIONS, AREAS, AND STORAGES:

Lake Capacity

Feature
Elevation

(feet NGVD)
Lake Area(1)

(acres)
Accumulative(1)

(Acre-feet)
Incremental
(Acre-feet)

Runoff(2)

(inches)

Outlet Works
and Spillway

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 --- 31,156(3) --- 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.

----
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HULAH LAKE
VERDIGRIS RIVER, OKLAHOMA

WATER CONTROL MANUAL
APPENDIX D

TO
WATER CONTROL MASTER MANUAL

ARKANSAS RIVER BASIN

I - 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 II) and Elk City (Part III)
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
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Appendix S - W.D. Mayo Lock Dam (Part II)
                     Robert S. Kerr Lock, Dam, and Reservoir (Part III)
                     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. II,
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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II - 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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III - 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, Illinois,
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 Regulations.  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 runoff
Month

Average
rainfall (1)
(inches)

Percent of
average annual

rainfall
(acre-feet) (2) (3)

(inches)

Percent of
average annual

 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.
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       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

Inclusive Dates
Average

 Basin Rainfall
(inches)

Inclusive Dates
Average

Basin Rainfall
(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 5.31 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 5.42
3-5 Sep 1926 4.53 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 4.52
17 Oct 1934 5.62 2-4 Jul 1976 4.65
16-18 Sep 1936 4.57 20-21 Nov 1979 7.12
17-19 Jul 1937 4.14 17-21 Oct 1983 5.42
17-21 Jun 1942 4.02 13-16 Oct 1984 5.66
6-11 May 1943 5.21 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 4.71
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 4.91
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(1) 29000 (1)

6-22-77 29300 26.10 7-22-59 21400 18.75 11-4-74 28600 29.85
5-19-43 29000 24.51 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
89(1) 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 (1)

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
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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 T4-1 to 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

MAXIMUM FLOOD OF RECORD
STATION STREAM

MILES
ABOVE
MOUTH

GAGE
ZERO

(ft.,NGVD)

FLOOD
STAGE

(ft.)

BANK FULL
CAPACITY

(cfs) DATE STAGE
(ft.)

DISCHARGE
(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 PERIOD OF
RECORD

STATION STREAM
DATE STAGE

(ft.)
DISCHARGE

(cfs) DATE STAGE
(ft.)

DISCHARGE
(cfs)

(FLOW AND/OR
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)

Monthly Inflow in Hundreds of Acre-FeetFrequency
Of

 Occurrence
(years) 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.
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TABLE 4-8

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

U.S. Census Population
County & City 1970 1980 1990 Projected

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 )

Hulah dam Caney
River to Little Caney

River Confluence

Caney River to Sand
Creek

Sand Creek to
mouth of Caney
River(confluence

with Verdigris River)
Total

Crops Acres
Value

$ Acres
Value

$ Acres
Value

$ Acres
Value

$
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
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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
Agency

Tulsa
ID

USGS
ID

SHEF
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
Bartlesville, Oklahoma

USGS BART 07174400 BVLO2

Caney River near Ramona, Oklahoma USGS RAMO 07175500 RAMO2
Verdigris River near Claremore,
Oklahoma

USGS CLAR 07176000 CLRO2

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 KAWO2
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).
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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 VII
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 IX 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.  It is 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:

(1) 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
T6-1 to 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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VII - 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 Regulation.  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 VII 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 Regulation.  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 Regulation 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
Below

-- Releases are made to maintain elevation 733.0,
or to meet downstream low-flow requirements
defined in paragraph 7-07.

733.0 to 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.

767.0 to 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 Regulations.  When communication with the Tulsa
District Office is disrupted, the Project Manager will, on his own initiative, direct
regulation of the lake according to the schedule shown on Table 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.

733.0 to 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

Period
Flows
(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)

Month
Hulah Release Rate

(cfs)
Copan Release Rate

(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.  Regulation 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

USER NAME

CONTRACT
APPROVAL

DATE
CONTRACT

TYPE
USER STORAGE

(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.  Regulation 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

User Point Of Diversion

Authorized
Amount
(ac-ft/yr)

43
390
300
915
80

101
57
4

280
232

Bartlesville, City of SE-NE NE 12 T26N, R12E 6000
Ken-Ada Ranches, Inc. SW-NE NW 01 T26N, R12E 628

52
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 VII 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

(b) (6)
(b) (6)

(b) (6)
(b) (6)
(b) (6)

(b) (6)
(b) (6)

(b) (6)
(b) (6)
(b) (6)

(b) (6)
(b) (6)
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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
(cfs)

Maximum increase
(cfs)

Minimum time between
changes (hours) (1)

6,500 1,100 2

Decreasing Release Below Channel Capacity

Current release range
(cfs)

Maximum decrease
(cfs)

Minimum time between
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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VIII - 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 II, 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 Regulation.  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.

1.  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 VII 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 VII 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

Name of Report When Required Regulation
Requiring Reporting

Daily Report Daily, except Saturday,
Sunday, and holidays

TDR 1130-2-12

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
causing major damage

OM 500-1-6
ER 500-1-1

Annual Report Annually ER 1110-2-1400



TABLES



TABLE 4-6

T4-1

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



TABLE 4-6 (Cont'd)

T4-2

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
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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
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TABLE 6-1

HULAH LAKE
HEC-1 FORECAST MODEL

ID      VERDIGRIS FORECAST MODEL
ID      UNIT HYDROGRAPHS COOK MAY,83
ID      MODIFIED BY ESTEP OCT,94
IT   120 13OCT98    1200     200      1900
*FREE
IO     3
VS CEDAL   ELGIL   CEDAL   ELGIL
VV  5.11    5.11    2.11    2.11
VSHULAIN  COPAIN  HULOUT  COPOUT
VV  2.11    2.11    7.11    7.11
* **********************************************************
* *** START COPAN MODEL ****
KK SEDAL
KM SEDAN GAGE SITE
* :PLOT-MACRO: SEDA
BA  119
* B  BASE FLOW FOR SEDA GAGE SITE
BF    0    -.25     1.01
PB 0
ZR=PI B=SEDAL C=PRECIP-INC F=ADJUST
* L  LOSS RATE FOR SEDA
LU    0       0
US    8     .68
ZW      B=SEDA C=FLOW-LOC CUM F=CALC
* *********************************************************
KKSEDANR
KM ROUTE HYDROGRAPH TO LAKE
RM     1      14      .3
* *********************************************************
KK COPAL
KM  HYDROGRAPH AT COPAN LAKE
BA 371.8
BF     0    -.25    1.02
PB  0
ZR=PI B=COPAL C=PRECIP-INC F=ADJUST
* L  LOSS RATE FOR COPAN LOCAL
LU     0       0
US    20     .60
* *********************************************************
KKCOPLAK   COPAN LAKE SURFACE
BA  14.2
BF     0    -.01    1.15
PB  0
ZR=PI B=COPAL C=PRECIP-INC F=ADJUST
LU     0       0
UI  4595
* *********************************************************
KKCOPAIN
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KM COMBINE HYDROGRAPHS FOR TOTAL INFLOW INTO COPAN LAKE
HC     3
ZW      B=COPA C=FLOW-RES IN F=CALC
* *********************************************************
KKCOPARE
KM  CALL RELEASES FROM COPAN LAKE
BA 1
ZR=-QI  B=COPA C=FLOW-RES OUT F=OBS
* *********************************************************
KKCOPDIF
KM SUBTRACT RELEASES TO PRODUCE NET INFLOW
HC 2
* *********************************************************
KKCOPOUT
KM  ROUTE NET INFLOW THROUGH COPAN LAKE
* :PLOT-MACRO: COPA
* 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
* *****************************************************
KKCOPAON           CONDUIT RELEASES (24-HOUR VALUES)
BA 1
ZR=QI   B=COPA C=FLOW-RES OUT F=OBS
* **************************************************
KKCOPSPL           SPILLWAY+CONDUIT
HC     2
* *** END COPAN MODEL ****
* *** start hulah model ****
KK CEDAL
KM  CEDAR VALE GAGE SUBAREA (458-3)
* :PLOT-MACRO: CEDA
BA   208
* B   BASE FLOW FOR ELGIN GAGE AREA
BF     0   -0.25    1.025
PB     0
ZR=PI   B=CEDAL C=PRECIP-INC F=ADJUST
* L    LOSS RATE CARD FOR THE HULAH LAKE LOCAL SUBAREA
LU     0       0
US    11     .68
ZW  B=CEDA C=FLOW-LOC CUM F=CALC
* ********************************************************
KKCEDRVE           ROUTE COMBINED HYDROGRAPHS THROUGH AREA ELGIL
RM     2       5      .3
* *******************************************************
KK ELGIL
KM   ELGIN GAGE SUBAREA (458-4)
BA   237
PB     0
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ZR=PI   B=ELGIL C=PRECIP-INC F=ADJUST
* L    LOSS RATE CARD FOR THE HULAH LAKE LOCAL SUBAREA
LU     0       0
US    10     .72
* **********************************************************
KK ELGIN           COMBINE HYDROGRAPHS AT ELGIN GAGE
* :PLOT-MACRO: ELGI
HC     2
ZW  B=ELGI C=FLOW-LOC CUM F=CALC
* ************************************************************
KK  ELGN           ROUTE COMBINED HYDROGRAPHS THROUGH AREA BUCK
RM     1       3      .3
* **************************************************************
KK HULAL           HULAH LAKE AREA
BA   274
PB     0
ZR=PI   B=HULAL C=PRECIP-INC F=ADJUST
* L    LOSS RATE CARD FOR THE HULAH LAKE LOCAL SUBAREA
LU     0       0
US    12     .72
* ***************************************************************
KKHULLAK           HULAH LAKE SURFACE
BA    13
BF     0   -0.01    1.20
PB     0
ZR=PI   B=HULAL C=PRECIP-INC F=ADJUST
LU     0       0
UI  4177
* ***************************************************************
KKHULAIN           COMBINE HYDROGRAPHS AT HULAH DAM (INFLOW)
KO     3
HC     3
ZW      B=HULA C=FLOW-RES IN F=CALC
* ***************************************************************
KKHULARE           RELEASES (24 HOUR AVERAGE.  USE NEGATIVE VALUES)
BA     1
ZR=-QI   B=HULA C=FLOW-RES OUT F=OBS
* *************************************************************
KKHULDIF           DIFFERENCE BETWEEN INFLOW AND RELEASE
HC     2
* *************************************************************
KKHULOUT           NET INFLOW 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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* *****************************************************
KKHULAON           CONDUIT RELEASES (24-HOUR VALUES)
BA 1
ZR=QI   B=HULA C=FLOW-RES OUT F=OBS
* **************************************************
KKHULSPL           SPILLWAY+CONDUIT
HC     2
* *** end hulah model ****
KK HUPAN           HULAH &COPAN COMBINED
HC     2
* ******************************************************************
KKBRTRT
RM     2     18     0.3
* ******************************************************************
KK BARTL           BARTLESVILLE 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=PRECIP-INC F=ADJUST
US    11    0.65
* ****************************************************************
KKBRTCON           TOTAL FLOW AT BARTLESVILLE
* :PLOT-MACRO: BART
HC     2
ZW      B=BART C=FLOW-LOC CUM F=CALC
* ****************************************************************
KKRAMOLR           COMBINED OUTFLOWS ROUTED TO RAMONA
RM     4      36      .4
* ******************************************************************
KK RAMOL           RAMONA LOCAL RUNOFF
BA   563
* B    BASE FLOW FOR RAMO GAGE
BF     0     -.2   1.015
* L    LOSS RATE FOR RAMO GAGE
LU     0       0
PB     0
ZR=PI   B=RAMOL C=PRECIP-INC F=ADJUST
US    24     .52
* ***************************************************************
KKRAMONA           COMBINED FLOWS AT RAMONA GAGE
* :PLOT-MACRO: RAMO
HC     2
ZW      B=RAMO C=FLOW-LOC CUM F=CALC
* ****************************************************************
KKCLRMRT           ROUTE TO VERDIGRIS CONFLUENCE
RM     2      22      .2
* ***************************************************************
KKCLARCR           LOCAL AREA ABOVE VERDIGRIS CONFLUENCE
BA   156
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PB     0
ZR=PI   B=CLARCR C=PRECIP-INC F=ADJUST
US    12     .60
* ***************************************************************
KKCANVER           CANEY RIVER ABOVE VERDIGRIS RIVER
HC     2
* ***************************************************************
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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 0.418 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 2.908 3.128 3.348 3.568 3.788 3.980 4.200 4.400 4.640 4.880
740 5.160 5.440 5.760 6.060 6.400 6.740 7.060 7.380 7.740 8.000
750 8.420 8.580 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 14.800 15.460 15.560 16.365 16.700 17.350 18.000 18.580

CAPACITY IN 1000'S OF ACRE-FEET
ELEV 0 1 2 3 4 5 6 7 8 9

710 0.000 0.059 0.214 0.444 0.749 1.129 1.579 2.099 2.689 3.349
720 4.097 4.955 5.948 7.096 8.429 9.972 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
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TABLE 7-8 (CONT’D)
HULAH LAKE, OKLAHOMA 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 4.177 4.259 4.342 4.426 4.511 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
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TABLE 7-8 (CONT’D)
HULAH LAKE, OKLAHOMA 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
749.0 120.568 121.370 122.176 122.987 123.802 124.621 125.444 126.271 127.103 127.938

750.0 128.778 129.621 130.465 131.311 132.159 133.008 133.859 134.711 135.565 136.421
751.0 137.278 138.138 139.003 139.872 140.745 141.623 142.505 143.392 144.283 145.178
752.0 146.078 146.981 147.886 148.792 149.701 150.611 151.523 152.436 153.352 154.269
753.0 155.188 156.110 157.036 157.966 158.900 159.838 160.780 161.726 162.676 163.630
754.0 164.588 165.549 166.512 167.477 168.444 169.413 170.384 171.357 172.332 173.309
755.0 174.288 175.270 176.255 177.244 178.237 179.233 180.233 181.236 182.243 183.254
756.0 184.268 185.285 186.305 187.327 188.351 189.378 190.407 191.439 192.473 193.509
757.0 194.548 195.590 196.637 197.687 198.742 199.801 200.864 201.931 203.003 204.078
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
761.0 239.148 240.334 241.524 242.718 243.916 245.118 246.324 247.534 248.748 249.966
762.0 251.188 252.413 253.641 254.870 256.102 257.336 258.572 259.810 261.051 262.293
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
767.0 315.898 317.277 318.659 320.044 321.431 322.821 324.213 325.608 327.005 328.405
768.0 329.808 331.215 332.628 334.046 335.471 336.901 338.337 339.778 341.226 342.679
769.0 344.138 345.601 347.066 348.532 350.001 351.471 352.943 354.416 355.892 357.369
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TABLE 7-8 (CONT’D)
HULAH LAKE, OKLAHOMA 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
771.0 373.978 375.525 377.072 378.621 380.170 381.721 383.272 384.825 386.378 387.933
772.0 389.488 391.048 392.616 394.192 395.777 397.369 398.969 400.577 402.194 403.818
773.0 405.451 407.089 408.730 410.375 412.023 413.675 415.330 416.988 418.650 420.315
774.0 421.983 423.656 425.336 427.022 428.715 430.414 432.120 433.832 435.551 437.276
775.0 439.008 440.746 442.491 444.242 446.000 447.764 449.535 451.312 453.096 454.886
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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TABLE 7-8 (CONT’D)
HULAH LAKE, OKLAHOMA 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 1.171 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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TABLE 7-8 (CONT’D)
HULAH LAKE, OKLAHOMA 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)
HULAH LAKE, OKLAHOMA 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



T7-8
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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
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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

PEAK TIME OF
AVERAGE FLOW FOR

MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK 6-HOUR 24-HOUR 72-HOUR AREA STAGE MAX STAGE

HYDROGRAPH AT SEDAL 6456 10 5935 3272 1887 119
ROUTED TO SEDANR 3779 18 3664 2831 1839 119
HYDROGRAPH AT COPAL 7359 20 7187 5919 3314 371.8
HYDROGRAPH AT COPLAK 4595 2 1553 398 133 14.2
3 COMBINED AT COPAIN 10903 18 10713 8739 5106 505
HYDROGRAPH AT COPARE 0 2 0 0 0 1
2 COMBINED AT COPDIF 10903 18 10713 8739 5106 506
ROUTED TO COPOUT 0 2 0 0 0 506 717.13 398
HYDROGRAPH AT COPAON 0 2 0 0 0 1
2 COMBINED AT COPSPL 0 2 0 0 0 507
HYDROGRAPH AT CEDAL 8289 12 7698 4936 2428 208
ROUTED TO CEDRVE 7586 16 7295 4852 2416 208
HYDROGRAPH AT ELGIL 10924 10 10351 6061 2977 237
2 COMBINED AT ELGIN 16086 12 15417 10627 5366 445
ROUTED TO ELGN 15440 16 14708 10523 5347 445
HYDROGRAPH AT HULAL 10623 12 10164 6516 3185 274
HYDROGRAPH AT HULLAK 4177 2 1411 360 121 13
3 COMBINED AT HULAIN 25335 14 24123 16830 8564 732
HYDROGRAPH AT HULARE 0 2 0 0 0 1
2 COMBINED AT HULDIF 25335 14 24123 16830 8564 733
ROUTED TO HULOUT 0 2 0 0 0 733 744.92 396
HYDROGRAPH AT HULAON 0 2 0 0 0 1
2 COMBINED AT HULSPL 0 2 0 0 0 734
2 COMBINED AT HUPAN 0 2 0 0 0 1241
ROUTED TO BRTRT 0 2 0 0 0 1241
HYDROGRAPH AT BARTL 5960 12 5530 3589 1553 155
2 COMBINED AT BRTCON 5960 12 5530 3589 1553 1396
ROUTED TO RAMOLR 3506 44 3456 2956 1572 1396
HYDROGRAPH AT RAMOL 8117 24 7968 6962 4384 563
2 COMBINED AT RAMONA 8406 38 8360 7928 5744 1959
ROUTED TO CLRMRT 7443 56 7421 7108 5415 1959
HYDROGRAPH AT CLARCR 5105 12 4892 3349 1664 156
2 COMBINED AT CANVER 8170 56 8137 7837 6264 2115
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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 740.94 713.13
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 741.58 713.71
20 15 OCT 200 0 0 1524 1834 5867 5185 741.77 713.88
21 15 OCT 400 0 0 1450 1746 5558 4787 741.94 714.02
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 742.37 714.32
25 15 OCT 1200 0 0 1190 1433 4546 3550 742.49 714.41
26 15 OCT 1400 0 0 1133 1364 4327 3311 742.62 714.49
27 15 OCT 1600 0 0 1078 1298 4118 3180 742.73 714.56
28 15 OCT 1800 0 0 1026 1236 3920 3073 742.84 714.64
29 15 OCT 2000 0 0 977 1176 3731 2972 742.94 714.71
30 15 OCT 2200 0 0 930 1119 3551 2875 743.04 714.77
31 16 OCT 0 0 0 885 1066 3380 2782 743.14 714.84
32 16 OCT 200 0 0 842 1014 3217 2694 743.23 714.90
33 16 OCT 400 0 0 802 965 3062 2609 743.31 714.97
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 743.55 715.14
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 743.81 715.35
41 16 OCT 2000 0 0 540 650 2063 2039 743.86 715.40
42 16 OCT 2200 0 0 514 619 1963 1978 743.92 715.44
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1. GENERAL INFORMATION

Other names for Projects None

Location Caney River Basin, Caney River, river mile
96.2, State of Oklahoma.

Type of Project Dam and Lake

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

Project Owner U.S. Government

Operating Agency 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.

Regulating agency U.S. Army Corps of Engineers

Water supply contracts Currently, there are three contracts totaling
19,800 acre-feet.  All available water supply
storage is currently under contract.

Water rights 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.

Project cost $11,200,000

Closure date The project was placed in operation on      
September 1951.
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2.  LAKE INFORMATION

ELEVATIONS, AREAS, AND STORAGES:

Lake Capacity

Feature Elevation
(feet NGVD)

Lake Area(1)

(acres)
Accumulative(1)

(Acre-feet)
Incremental
(Acre-feet)

Runoff(2)

(inches)

Outlet Works
and Spillway

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 --- 31,156(3) --- 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
(cfs)

Volume
(Acre-feet)

Runoff
(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

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

I I 
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Real estate taking line 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.

Real estate taking line Roadway easements were obtained totaling
for easement 25.5 acres.

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

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

Reservoir length at top 3.5 miles
of conservation pool

Reservoir length at top 11.6 miles
of flood pool

Shoreline length at top 62 miles
of conservation pool

Safety aspects, possibly All access roads are constructed above
requiring warning 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 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

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

Probable Maximum flood

  Max. water surface elevation 775.87 feet, NGVD

  Peak inflow (into full pool) 430,000 cfs

  Total storm runoff 23.4 inches

  Volume (into full pool) 915,000 acre-feet

  Maximum outflow (into full pool) 337,500 cfs

  Flood duration 3 days

Standard Project Flood

  Maximum water surface elevation 766.96 feet, NGVD

  Peak inflow  (into full pool) 215,000 cfs

  Total storm runoff 11.7 inches

  Volume (into full pool) 457,500 acre-feet

  Maximum outflow (into full pool) 215,600 cfs

  Flood duration 3 days
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Climate Moderate

One inch runoff 39,040 acre-feet.

Storm types Primarily thunderstorms

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

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

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

Minimum monthly flow 0 acre-feet (numerous occurrences)

Minimum annual flow 9,650 acre-feet (1956)

Average annual flow 322,204 acre-feet (1918 to 1997)

Maximum daily flow 69,600 cfs (October 3, 1986)

Maximum instantaneous flow 133,000 cfs (October 3, 1986)

Maximum monthly flow 332,900 acre-feet (October 1986)

Maximum annual flow 912,400 acre-feet (1986)

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

Name and location of key Elgin, Ok, Caney River (river mile 117.8)
streamflow stations Bartlesville OK, Caney River (river mile 69.2)

Ramona, OK, Caney River (river mile 32.0)
Claremore, OK, Verdigris River (river mile
76.0)

Type of hydrometeorologic Recording rainfall gage, pool elevation
data recorded at damsite (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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5.  SPILLWAY

Location Near right abutment.

Type Gated controlled spillway, gravity
ogee weir

Crest elevation 740.0 feet

Net overflow length 400 feet

Number, type, and size 10 - 40' x 25' tainter gates operated
gates by individual electric powered hoists.

Top of gate elevation 765.0 feet, in closed position.

Induced surcharge 2 feet above top of flood pool, elevation 767.0.

Design head 34 feet

Maximum discharge capacity 328,000 cfs at elevation 775.87

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

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

Type emergency closure Diesel powered generating unit is
located at project.

Spillway activation The tainter 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 0 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 One through each of the second monoliths
from each abutment.

    Type and size of Two, circular 24-inch diameter
    outlet

    Type of gate 24" butterfly valve

    Entrance invert 706.0 feet
    elevation

    Capacity at top 170 cfs
    of conservation pool

c.  Water supply

    Location Through right abutment

    Number, type and One 10" diameter circular pipe
    size outlet

    Type service gate Deferred (pipe blind flanged)

    Entrance invert 712.0 feet
    elevation

7.  CONTROL POINTS

a.  Hulah Gage

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

    Purpose Used by Corps of Engineers to determine
benefits,

    Channel and floodplain The channel is well defined, crooked, laden    
    description 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 1 square mile

    Target flow rate Bankfull stage is 13.5 feet, 6500 cfs

    Time of crest travel Approximately 1 hour from Hulah Dam to
Hulah gage.

    Description of equipment Staff gage

    Zero of gage Elevation 694.0 feet

b.  Bartlesville Gage

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

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

    Channel and floodplain The channel is well defi ned, crooked, laden    
    description 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.

    Uncontrolled drainage area 155 square miles

    Treatment of uncontrolled Contributes to flood control target flows.
    Runoff.

    Target flow rate Bankfull stage is 13.0 feet, 10,500 cfs (current
rating)

    Time of water travel 26 hours (approximate) from Hulah dam to
gage

    Description of equipment Water-stage recorder with a Sutron
DCP

    Zero of gage Elevation 653.33 feet
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c.  Ramona Gage

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

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

Channel and floodplain The channel is relatively narrow and deep,
description with heavily wooded banks. The floodplain is 

in excess of 1 mile wide, with trees, cultivated
crops, oil wells, and some rural development.

    Uncontrolled drainage area 718 square miles

    Treatment of uncontrolled Contributes to flood control target flows.
    runoff.

    Target flow rate Bankfull stage is 26.0 feet, 10,400 cfs (current
rating)

    Time of water travel 50 hours (approximate) from Hulah dam to
gage

    Description of equipment Water-stage recorder with a Sutron DCP

    Zero of gage Elevation 653.33 feet



EXHIBIT B

WATER SUPPLY CONTRACTS

HULAH LAKE
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COllrltKC'r lllmlimll 1:111; ,Jt,ru;., STAM OF rua?.IC/l. -'l'!ra Cl'l'l OF BIIRl'IBSVILU:, OKLAJ!Olo\ -w=il. SW~ $PACE Jl'l lll!Uil R.lal:ilVOiil 

=s OJl!I'!l.>.m, e:,tered into Ulio ,>tti ~ or ll<Q' l-957, by ml: OKilllD 
=:rF.:', W' Al=CA (bere~ cal.led th.a Govet'tllO@nt), r<>F••ont<!d b)' tho 
Cont""°tinil Office,.- oxeoutJ.nil this oontr=t, ""'1 the = O!' PA"l'l'IBSl'!r.t.E, 
Oll'.UIE[I~, a m-.:nl.oip;IJ. 00rpo,,.ti0n ex:Lotill,g ""'1er tlie l.nYG of 1>le ekl>: of 
Okhba-n '1:1.th its prinoi~ office in tl>e Cit.¥ 0f llorlles.Ule, -~ 
Count.,.v, State or=~ (b.,..,~ o"1.led th~ City), lll'i'!lESSroll, ;i;.~t: 

lro:l:_BA.B, 'i'lle (;o==nt 1'> =•=•~ of ",lle r...ocd COlltl:oJ. Acet apprc"'°' 
;r,me 22, 1936 (l'ubl.!c J.,.v 738, 7~"!.11. Cani;cess), MS oo-...str=t.ed end i,; .,,,. 
o;,,ratin,J =&. =in""1.<lins tbe H= r:,,. .. on~ Reoe,c,-.:,u-, Csc,ey Rlver, Ka.'IBsci 

"-'ll1 ="'2=; a,id 

llEZ£"5, >'i:,o ~J>t Of CocSl"'SS ~p!'O\'~ July 30, l.956 (Public t,,__. 8".3, 
(\l;t!, O=•, =pter 787, 2d iiessioo), p..--avides"" follamo, . 

'Se it enact.ad b'/ the i¾n~t<. Ol'.ld House or Rep<'&oent<>ti""s of tha 
U!,.ite~ S<:,.te& of 11:aerioa il1 Cacgreos aoo.,.bled, 'r'=t 

"(<t) 'i'l'.e Secro= of th, .',rcy" is be'Teby enthorizod -to oon­
trect rts.bc t1'e City of llarll.esville, Oll.l.e!idlla, upoo such - -1 to~ •~""­
peci.a'i., not te e:.oeed fif'ty YI'""•• a,; ho ,.,.,. cle= ,.,-,,s,mo"l;a, f<>l' t.b.e use of 
not to e:<e~ fif'weo. ~o""@d four hlllldreci. aore•f""'- of stor"S" GJ>'"'e i!l 
tht! l'!i.ll.oll lleae.--.oir, for 'CLe purp<>se of FOvi<l.1n;!; euch city "- regulated. · 
=ter •-O*• 

"(b) n,,, proJect fo.- the lil:1.al1 Re••="" on the c.,,,.,, !1.i'"'r 
autllort-1 t,,• the /let entitled 'An Ac. "'1tbor1tl,s the oCZll»NOUon of =· 
ta1n p<&"bJ.io wrks an rivero ..,.d. bubo"" for i'J.oOd cont=J.., "'1d f<>r atboir p,,r­
p:,oes', <>WZ0-<<1 JUlle 2:2, l.936, ia hereby """1ti'1e<11n aooardaDce "1th t:21e 
pr0vl.oio.>s of 1:.hl.• /let. 

"(c) ,UJ. """"'Y• :reoei~ by t:21• Cb1"!: <>l: Ecjj!ne..-a pw·s=t 
to tM• A~ eJ,aJ.l be ~- 1Jl th.a 'rreas"'7 Of Ui.e tllli1.ed. Stateo e.s otiG• 
eell.lme°"" ,..,•~•• 

"(d) llothin!! l.n th18 kt sbell. a.fleet w.ter ri!ll<U '""1.er 
eiate 1.a.,r.•i 811d 
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~'ill bo Ol1e snd pa,yaN.e o,, Ule &:t• \h1s =tract U -ov,a:l i,,- ti»! 
se-..nter,, of th• Amy; v:1..1.l. be for tile per:l.ctl. endil:£: the 3oth of Jun.e fcl• 
la<lil:et the a~; oni v:1..1.l. be FO""ted <O the bul.a of the aO'la!=ted. 
amwel '"!le.tWI• 1- or open.ti= and.1112.intensnce ~'lll.oh f<>m tile bB!w> of 
o=,,ute.tion on:l. 1,/hioh will b<: u,;ed ill tututt ~ti= of ""'1ntenlillee anil. 
<>petati= ch.Ug,,o ore in~ "" E;:l,.l.bit A. As set. '"1t 1n E:i:l>ibit A the 
preoect estt.eie.te of thg City'• srrmol l"'ll""""t of~ opera.tton and. 
miw>b!!nrne ooots is ,$4,2JO. SlwSe'l"""t to the f1>'¢ _t, Mr'lel pa;;,­
.,-., v:1..1.l. be due and po;;3bl.e 1n ad~-sno,> = l S•~ cf es.oh :year thsl'<!• 
e.f'I:°" end. 111,ll be ~ to 5, 5o8 Pe>' oerit oi' the aotm:!. e,;p;,neze>od coot of 
~1= en<l m&intenao<O" far th• pr<,oedin3 ao<erimirnt fueal. :,,,ar. ~ ••=i -=t ohall be tn=aseil 0l' 4ect :ea°" :in .._ ~ to reflect the 
d.iffe=~ between the =t pey.,;-$'t onll. 5.5o8 per cent oz th• om:Ul>l el<• 
poricnoed coot of OJ><"'~¾= anil. m&in=o.noe for the fi>:st yeEU' c,: portiOll 
thereof aa n"1. fcrt:h abov>, P>iyn::,nt l'or &<O' frnet1<~ =" of a~ 
vlll.Ci>. ""'°' reoul.t tru. ~"'1'.ini>'oto?< al' -eio contract:. omll be pron.'uad rn 
the beSio of the =.>al. e'l=,,--eo. 

Reo=ls tl cos~ of -ntion o,,l. =inteoanee or t.M 
;,rojeot sba.ll Oe osnii.~bl,> for 1l,apeot~ llDd e:::Fmirotion t,;., tee City, 

~e -ent of ,,_-uu,n and. ""1•te:,mc• ~r ti»! p:rojeo"l: 
s"'1!.l be d.et=ili::<>i by the Cont~ orncer ""'1 <J.l rsoorta ""1ll. ecoc,.,,,t­
j_og oh.oil be ..,_1.;;it,ci,,ed bY th<! ==ttns Ol'fioer. In the ~t tlist the 
Cit.I,' ,J,o-JJ.d reg_uire a.dilttooe'.l. oparati<'.lll o,,d -=c• fo,, ~ OOllRon<I• 
ti0<1 stora,..., =r ..,,,,.;_ aoo·.rc -tu.t ~eterrnined. by t.t,e Co>t:reoti,,s O!'z:l.oe,, ani 
o,-..,. =i e."bOC';> t:&t ";.J.o!! f=sd = "t:sOi• for Mt<,,,.::!neti<111 "" """ =t 1n 
E::.:ll10tt .11, the laty slli,ll bo<cr 1Le eo.ti:re coot of "'.cl> -.i.t1.,,,a.: ex.,enoe.-

(:l) 100 :,>:r ce::it of th• tatal onn•nJ coats for sped!'l:c 
~ti= for =ter ol@l;/' pre•enti.' e•tt=wi "" $700 """1'1B.ll,y. 

(4) 'l'me t.,tal cost, 1n Uie o,,<>tmt ,,r $;,28o, f<II" ti>, 10-1nel,. 
~-oter a~l.J' pipe ~ th• II=, ,rbiel,. abl>ll be n•oe,.,ri for tile exol.miive 
use of tee City for wwr a\.\9plY pt1cy0oea. 

(5) In 1:ha =t oi' i!<lr..ul.t l.n ti»! _.,,,,t of the cost.. con• 
tclnei!. 1n /lrliole 5 (l), {2), (3) and. (4), the City abl>ll I"'il' 1n'oeNSt"" 
aw::i. ""'rdue po.y,,,~t• e.t t!ie n.te ~ W0 on4 cme-be.1.£ per cent ($) per 
""""" thm'=, cCll:PCl"l<ie,l ennualJ}" OM <Neb J.nt.e.e~ eball. be ~ = 
the date ouell _.,ts """ dlle until ¢d. 
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A!l:IICIE 6. H:11IOD al! COll'l'llA...""l'. - !Ii.lo ect1'h?Get .oho.ll bec,:,ca 
e>"l'aof:.i•,e"" al' tile 4Bte it 1B ~ffe,,vi't t,;/ 1:l!e Se~ al' tile ll=¥, ..o 
se,: fal'tll. :In AFl.!tlea 5{l.) """1 16, mid ~ contu.,,, ,n £ul.l. farca and 
ef'tect tbereB.."'i=" 1mt.11. t11e 3ou,. or .:r..... foll<T""'6. sru1 ~ be wtanat-
1CW4' - --- """'1l fiscal. _,- f<lr a pn1od al' tl.fty (OO) --

All'rlCI8 7. lilSII ClCllll'BAll'X, - fi ta the ~ ""'1 e,cpeo­
tat1= of tfui pert.1.,, hereto t!iii.t uprn upu-atl.Oll of this e<ml=.ct t11e 
City &ball 1:zw tho l'181>t, SUJ,Jeet to aey required '®,ll<>>ol of &.PP"O• 
:prle.te stm:e ""tho."'.tiet1, to nee,,tiat;e fO>' ua• <>f '1torn.le space tJlen 
"''PflsbJe fcr wter s~ ~• ~• terms of tl>e nw omr!.rs.ot •ball 
be suOjoet to nru,t,,a.'. agre......t at tlie tuie, it bd.n,: t!ie :l'Urther e,:pecta­
tion <>f t::ie pirttea tlli>t ill 411~ th<r chan,ie• to be speo1fied 1n 
ouch ,..,, eon~ full eoru;14etat1on llill. 1>o givon to the BIOO\mt 0f re­
:!Al,,==m >l:11<:IL llnB l>e"'1 me.do to the Ga=t fo,, the 1n""ot>oent 
alJ orobl e to wt.er ai,;p;,l,J-· nt that t1m<. Conaidns>tiJ:m v:lll o.loo be 
siv= to a,,.y- en,,>a~ ~tnres c,ad.o"" ~ to be ....u, b,' 
tha Gov=t ""'4 ,,biol> """ not reoove,:,OC. <l,,Jrl.11€, na O>'igi.nal cont=ct 
perio.i., 

A!~ICU 8, DE:i'AOL~. - Ill 1J>e event th!l.t the C11',y :ret'uoen or 
rails t,, ~ "1tll ""Y of u.,, t.,,m,, or "!.hLs ocn!;ract, hiol.ulUlg tha 
fare1pln$ p""'1~• llitll respect to pe:rmeoU, tha Gownm>ent :reoerveo 
1'h<e rlel>t to tern1l>lte th!• erurtra<:t. 

AmI~ 0~ A!ID f!,tnli'>'!!Al:IC'E. - ~ Ocl9<rnment !lhe.l..l 
Ol"'fflte ""~ ~ the p,,,Ject Ol<1le<i 'by "'-• Go-. ~ Cit;y ali.e.ll 
t,a.w, th:, rii;irt to on<e 11:l:tll<lrnw.ls at: ,rater i"l>r ito ;iu=• "" need2d 1n 
acoor>ki~o• "1th Art.::.oJ.,, l, nie City ohtlll b> rospanai~lf, for <>:l><'l'&t.10!1 
oml o,>t~t.oMne., ol: 3l.l. fea...,..s .ocd ~•• illi;Loll ,:,,:i 'tE p,,,tr1d00. 
a.o.l. a.r.:io<l. by the Cti;y. 

• 
ARrlCl.3 10. !II!lll'i'S--0,'-W/cl. - Tile St'""t o1' "" """""""t for 

rlsht-ot...,... OVM', =••• 1n ai,ii "!10" Gov;>r=ec.t-amed l<mds, tmder tha 
~ o1' tha BecNta:ey o1' th• Aney, :req;ured far -•~ion or t11e 
llatet" r= the poim; or v1tl,d,,.,wl, ohsl.l be by •~--!iilitm!l!nt vtth· 
out adilit10llal. oost "° the Cit,-, tlttder tlle a,itho:rit:,, and 1n ..oco. I n° 6 

vith th~ provisions ot the A<:t ot ~..,, avi,rowd K!!,:i-17, 1926, 
Ch. 3J.3, See, l.~, 44 Stst. 562 (10 !J,S,C, 135l. and 1352) IIZ>O. Seo. 7 of 
t11e PlO<><\ Control kt ot 1946 (60 Stla.t. 643; 43 u.s.c. 93ll>), 

A!l'l'Ieul ll, =mE av OIAIMi!, - '!he CiQ o:oa.1.l bold ano!. ""'" 
~ Go-,.:w.at 1.Qe1\ldtn,!I it.a <>tfioera, _.,to, o,,11 ~B, hazmleoa 
:trao UeMJ<ty of "",T na.tare or IWld. for or 011 o.oocu:it ol: ""Y el.aim t,,r-

, 
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d- llhi<lb _. bo. f'lled or ......en.ed a. a J'Ulll.t af wl.th4n>ffLl or=· 
J.e..ae of ..t.!r trom <lie :i,ro.Ject Ede °" or T eel. \y 1ab.2 Ciq,, ar"" a 
~t of tl>e """"-• c,p,r,rl;.lan, or mo•~,enFll'M of tho. t>,atm-os 
or 4;w 1-ua • • c,,,med ""'1 ~ by thl! City, 

A::ll'ICU! 13, OWIO!ALS l'lt'l' '1'0 BB?«:,u. - !lo.......," of or dol.<!· 
gate to ~•s, or ,a lcler,t cOOlll.lao1anO>', iilial.!. bo. edmti;ed to SD,Y 
oi..re or Jal"' at: tins """-usct, ""to au;y ~t ti.o.t ms;r or:loe tha...,. 
tromJ bort tll.1• ll")vi.1!1an SbalJ. llO't be const.nlad to enen<1 -to 1a11a cot1• 

tmct u- -ie nob. a eorp,re.t.i.cm. tor its g,me...i. bellent. 

· Ail'UCLE l.4, Cl.lVSliAll'r AGAI!iS'I' CO!ffllOilll' Flsz3. • ~ City w.r• 
rents that no peroon or 0 eiJ1ns agency baa beel>. eiiiiii.,...a. or retained t.o 
5011.cit or eecuro thin cwtt""t tlP(:G Sll SS""""""'-t or <m<l=at,m,llnff f<>r 
a cmrn'.f••'""• percezitase, -z::ge, or oon:t:l .. ngent ree, e:<cept1ng boDIJ. 
fide~• or 'bon8 fille e&tabliilhe<L <:<mllel'c1al or seJllng o.i=1•• 
11'.1!11nf.61Md 'o,11:ll• City tor the J?Ul'!l<l"O of oeetll'ing busine08, F<n, bl"eacli 
or "lfiols.t1"'1 al! th!• wrnmty the Gooem,r..nt absU have tl>e ~ to 
w,nul. this ,:,cm-.,,,Ct -.ntbout llo!>Uity or !n its <li&oretion to add to Uie 
c<Xltn>Ct ~•• or c,cnsidenl.t!.m Ule full ~ ot suoh ~....,...s••on, per. 
c.,,,ta,:,,, bl-Ae Ii", or c011t1Dge!l.t ti,o, 

' 
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:B=tleo"1.Ue, OlrJ•b-, bl' illrtllotl't:," <Ii' ita ~ bodl ""'1 is v1tb.l.t,. 

tll.e acc,pe t>f its le(!lll. p:,-Jera. 

DI l!l'lm:3S Wll1!EIOF, I Ila,.,, lierelmto aiTi:ied 1ll!' - an,l. t.ha &ea.I. <Ii' 

oa10. Ci'ty of BBrtl.eort.l..l.e, Oklctzn, thie )J~ of mf:J; 
195"1. 

~L-m,,,L. 
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Contract No. DA-34---066-CIT,;Nlr-57-717 
KoOification No. l 

T1'is supplemental ag"eetnMt, entered inl-0 thio ~th day of June 1970 
by and bet~een u,o UNITl:D STATB0 Of IJ!ERICA (hereinafter referr•d to as 
the Oovornment), reprosentod by the Contracti~ Officer executing th» 
supplem<mtal agreement, arnl tho CITT OF ll>.RTLESVILI.S, OKLAllOIU (ll•r•in­
after referred to as the City), WlTNEc<,Efrl, '!HAT, 

W;julF..\S, there is now in full force and effect between the parti•• 
hereto a certain contract beari<"- dato of !.he 9th day of Ma;' 1957 (being 
Controct No, DA-)t.-066-CI'iEIJC-57-717), which authorizes the City to 
utUhe 57,<49 p~cent (15,400 acre-feet) of the conservation s!.Orage 
space in the H\ll.ah Rosel"Joir, Caney River, Otlaho~a, bet"••n e).evauon 
733.0 and 710.0 feet above ~ean sea level; and, 

~HEJ\EAS, Oy letter, dated 12 April 1966, the City requestecl permis,ior. 
to i,urchas• the remaimJ\'! unassigned 2,200 acre-feet of conservation 
storage space in !.ho /'roJect tc oup9loment the storage provided under 
Contract No. $7-717. 

Sl!UF..10, under pr<>visions of Section 6 of the Act of December 22, 
).944 (58 Stat. 890; J3 U.S,C. 708), as revived and reenacte<t by !.he Act 
approved 23 Hzy 1952 (Publlc La>< 82-~&J, 66 Stat. 93), the Goverru>ent ie 
authorised to c,ake contracts with States and local interests for water 
supply storage for e,unicipal and industrial purposes, ur.der conditiMS 
prov,ded therein; amt, 

\IHEitEAS, subject to the li11ntationo prescribed thereby, Public La>< 
g,;.140 (43 U.S,C. 390<-e) makes pormansnt the rights of States and local 
interests to utiJ.ioe rnWlicip.al. and industrial sl.orage in Corps of 
En;iineers reoervoic, for ><hich they have contributed or ><iU hereaf1.er 
contn.bute, or ha•e contractod or ><il.l hereafter conl.ract t<> p&Y to the 
Covernment ovor e specif>.B<l podod of year• money, exclusive of int-ecest, 
equivalent to th• cost of proviQing space for such storo.ge. 

No. ,,. 
NCI>/, THV.EPOl'IE, the parti•• ~o ""'tuolly o.gree t.hat ContrMt 

DA-JJ.-066-GlVENlr-57-717 shal.l be ar,d the same is he;oeby modified 
follo·,nng particulars, ,,,-,,..,; " . ~, ;"·· .. ·, '; 

.,, .. , •. ----' -·oi;·EERS 
\; "' ~ "' L .. ~,,, 

TULSA, OKLAHOMA 

.-- -·--

'" 
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Item l: Tho fl.rot two par"l!raphs of >.RTiill'- l, WA'l'El1. Sro&GE SPACE, 
ar• hereby deleted and th• following substituted therefor, 

"Article 1 1 Water S-AA• Space. Tho Cl.l.J' sholl M.ve the 
right to uUJ.ize a utal of 65.1o27 percent oft.he c,;msel'Vation storage 
,pace it> t.he re,ervoir bol.we<n elevations 733.0 foot above .,eon••• 
level and 710,0 feet above mean sea level •• foll.m<s: 

•• Jn ,mllivi<lod 57,:.t.9 per<ont of the storage space in the 
reservoir between said elevations •• provided urul.,.,. the original contract 
No, OA-~...066-CIVENG-57-717, om hereina~er ref"1'red to as Storage S?a<e 

No. l. 

b. J,n undivi<!ed B,178 p"1'cent of additional storage space in 
the ree<>..-voir between oaid elevations, hereinattor ~f•r~ed u, as Stora,ge 
Space No. <• 

Tho City shall have th• right to .l.:npound ~ater in the Projoct 
for it• m=icipal and industrial- use and to ma~• such >"ithdrawal.s a• 
have been granted to the City by the SI.ate of Cll:lahoi<a, to the ei;l.ent 
,uo), storage space will prov,de, subje<t to t.he retentior, by the Governm<nt 
and othe,-s of the r-inilll! tmdivi<i<d Jl.,573 p<rcont of the storage ,pace 
bet~een elevation, 733.0 a!>l ?10.0 feet above Jcean oea le.el fOl' such 
purposes a.s the Government ,...y deem desirable. The i:<,vern.'!lent shell not 
be re,pon.sible for diversions by other,, nor will it become a party to 
any controversies between uoers of the aforesaid storage space, exc<)>I. 
as such con..,..,..ersi•• JnaY affect storage space retained by the (;ovornc,ent. 

the City shall have the ri&'t to withdrew water from th• ofora­
sald otorage space, or to o!"der rel~••• thorefrom to be ,,,,de by the 
Covernment, at ...,y tillle "" long as the elevation of the ~ator within t.ho 
Projoct is aOov• ?10.0 feet aOovo ~ean oea level, provict•d that such 
release when cornbineQ with local t"Unoff bolow the dam will not cause 

flooding." 

Item 2: Pora.graph• (1), (<), and {J) of /,tMl'le 5, Cppsid•"•lfoD and 
PaV1!lent, oet..s out the p~-• t.o be m><le for the storage designated as 
StoraBO Space No, l lll It°"" l of t.his oupple~ent.al. aBN-11<• the follow­
ing paragraph• are hereby adde<I Lo Article 5, 

No, l is shown 
"(6) A ochodule of annual pa)'tllent.a tor Storo.ge Space 

on Wibit B attachO<\ hereto and mod• a p.,rt hereof. 

'" Space ~o. 2, the Gity 
In conoiderotion of the Government providing Storage 
shall f"'}' tho Government tho follos'ing aJaOUnts: 

' 
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(a) Annual i,aymonto Qf $3,036, ba•ed on the ye"1'l)' 
OIW,!nt r•qW."•d to -rl.l.se the cost, including intoe<,.t during con,truc-
1..ion, of •aid storage ovor a 50-yoar p<>i'iod a, <101.<>nnined in I.lie 111,mn•r 
oot out in Exllibit C attachO<i horo'-<> and ma.de a port hereof. E1"ept for 
the first p...-nt, >mich ohall be applied oolol.T to I.lie Ntire,nent of 
prl!lcipaJ., all p-•nt• shall S.ncludo acoroed irtt.erest at the rate of 2.5 
percent p...- annum on the =aid bal.ance. A schedule of anlloal ~•nt, is 
oho>m on E,:hihlt Datt.ached hereto and ....ie a part hereof. Too l'ir•t pay­
Jnont will be due ami ~•bl• withill JO <\:,,yo of the date the Cit)' is notill~ 
that t.h.ls <n0dificati<m is app>'<>ved by the Sec,o<.ary of the Arm;r; will be 
for the peri.ocl ending the JOt.h of Juno follo><J.ng the awroval; ond will be 
~rorated for that period on t.he 0,.o,o of the estl.ma.ted alll'luol charge. 
Annual p.,.,,,onts thereaf<er will Oe duo &nd pa;,able on l July of each year 
for the pl>!'iod of this contract. 

(b) 0.76'1 peo-cent of th• annual expori•nced cost 
or ordinary op•!'O.tion a.nd mal.!ltenance of th• Pr<>jeet, exclusive of the 
operation and ""'int.enance coots for land managel!lent and public utlli•ation. 
Items of o,peration and main-once ><hkh form the ba,is of compu'l.ation anO 
whict, ~-ill be used in future coopu,..tion of operation !Ind m,d.ntenance 
charges are <hown in EMibit C. Each po_y,cent ohall 0• •qual to 0.76'1 percent 
of c.;e actual experienced cost of operation anO eiainte,,,.nce for the precedin!I 
Govenunent l'iacal. year. The annual. payc,•nt will be due and pa:yabl• unc'.er 
terms set forth in parO,!lraph (?)(a) abave. 

(e) 0.76'1 percent of the cost or major ca,<i."'1 
replace~ent items arxl sO<ilJCentation resurveys, when incurred. Pa)'ll'ent 
shall b• <no.de with LJ,e first amual- pa;,,,ent beoOOll.11/l due art.or the d>.to 
,aid oost is inourr•d. 

(B) The extent of o,peration and OIQintenance of th• 
Project oh.Ube determine<! by the ContraCti11/l Officer, and al.l r•oard• 
and accountin,; shall be maintain•d by the Contracti11o'l Officor. Eecor<ls of 
cost of op•ration and ""'intenance of tho Project shall be available for 
inspection and OJCamination by the City. 

(9) In the event \J\at the City requ•sto additional. 
opecration and ""'intonanco for the water supply storage over and above that 
detonnined by I.Ji• Cont.racl.l.ng Officer ar:<l ovor arul a\>ovo \J\at ><hich formed 
the basis for d•-nation ao set out in Exhibit A and C, tho City ,h.all 
b•ar the entire cost of ouch additional- e:,cpenoe. 

; 
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(lO) In the event of default in the pa:iment of 1.1,o costs 
cont.>.in•d in p.,-agraph (7) above, U,o Gity shall pa.y interest on ouoh 
overdue _,.ents at the rat.o of 2.5 p•r annum. Sia.oh -unt of intoeosts 
shall bo oomp;,unded annuall}' om charged ftOlll th• date ouch payments aro 
Que unUl paiQ. 1h• amount of interest payable for ar,y fTaoUonal. par-\. of 
• ye.or will be f4',red on • IIIOllthly t..si•. For example, if U,o ~•nt 
is made ,,J.thln the first ,.onth aftor Ooi.!1,1! overdue,30 Lo &J days after 
=iversaey date, one mon-U,'o interest will bO charged." 

It""' 3, Article 6 Period of Contract is horeby O<>difiod by adding the 
fol.lorlng: 

"The City's rights to Stora;;• Space No, 2 shall contim• in ruJ.l 
force and offeot for the period of the initial )'O>'lllOTit therefor. The City 
st.all have th• right u, "°""" this contract as t.o stor"I!• Space No, 2 .. oh 
ye"1' therea/'1.er for a total period of 50 yoars aft.er ini<ial ~•nt ther ... 
for or the life of th• Project, whichever is lessru-, Receipt of each 
annual. M"ll•nt shall constitute reneaa.l. for the ensuir<, year," 

Ite:n 4: guoJ.e z, N.,, Cont~act io ~deted in it• entirety, and the 
foilowi.n;: oubstituted therefor: 

"Article?, Pemnent Ri.hts to Stora&•• The City shall have a 
perJt.anent ri!\"t, under the provision., of Public La." 88-UO, to the us• of 
Storage Spa<• Mo, 1 and SWrage Space No. 2 es set forLh in arnenda<\ !.rticle l 
hereof, subj•ot Lo the follo-.ing conditions: 

a. The City must have dischargeQ it• reS!""'Sibilities for 
p.,-,,ent of the costs allocate<! to Storage Space No, 1 and 5tor"8e Space 
No. 2, However, failure to meet th• obligations of one storage space 
ohall not lmpair the rights to the other stor"I!• space since the rights 
ond obligation• atu,ched to Storage Space No. 1 and Storage Sp""• No,~ 
sha.l.l be inctependent of •""h ot.her. 

b, That the Oit:, shal1 PoY its proportionate •hare of on:, 
!urt.hO!' costs a.llocaud t.o water supply which ""Q', subsequent to 50 yeers 
fro~ th• effe<tivo date of tho origJ.!>al contract with regard'-<> SLoroge 
Space No. 1, and ,uc,.,.uent '-<> 50 y,,ars fr°" U,e date of this mo<ij.fication 
wit.h re.,,_ro to Storage Space No, 2, be required f°" such roconsWUcl.ion, 
rehabilitation, or replac.,.ent of Proje<t fecilitie, on<! for ,ueh annua.l. 

' 
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operation and maintenance •• dotermin'"1 pecesoa17 to contl.n11e oati•foctocy 
operation or tho Project. Such cost• will b• ostabliahod by tll• Contract­
ing Officer. Rapqment arrah,!ec>ont• will be made bj>" furl.her IOOdifical.l.on 
to this contract. 

c, Upon s,;piration of ;o years frOlll the d.>.te of 't.he firot 
paY""'"t tor Storag• Space No, l, the Com;racti"I! Officor •hall rodetennine 
the storage opace for =icipal and industrial ><a.tor oupply Laking inl-o 
account such equit.ablo reallocation of re,ecvoir capacities uong the 
purposes oe>"ted by the P,oject as may be nece30a17 duo to sedimentation. 
Such nMings, and che s'\..orage space allocated to muoid.pol- arul industrial 
water su;,ply, shall be defined om describe<! in an o,;hibit which will be 
made a part of a supplo~eaW ag,e.,,,ent to this agro.,,,ont. FolJ.o,,1.ng tll• 
same p~inciple, such reallocations of rooel'Voir otorage cape.city may be 
rurlher adjusted l'Toin U...e to tic,e •• a result of sedim•ntation ,os,,>'Veys 
to re[loct actual rotes of sediment.ation and the contract /'urthor me<lifie<I 
on the basis of revision• in storage space allooatoa to municipal oi,~ 

ir..!u,tri.al water supply. 

d. The perm,,,,ent d.i!ht• of the City under this contract 
shall oo,,tinu• so long ao the C:Over""'ent continue, to operate the Proj<>Ot. 
In ti« event Lhe =ern,nont ceases to operate the Project, such rights ...,­
be oont.inued subject to the executior,. of a separate contract, or adoitional. 
supplemental agreeino,,t to this contract providing for, 

(1) Continued operation of th• Gity of ,uch part of the 
f,cility as is necess,ry for utilisation of the •'-""-ge space ollooatod 
to it; 

(2) Terms wl,ich will pt'Dtect Lh• public interest; and, 

(3) Effective absolve~ent of the CoverMent by the Cit,, 
ft'OOl a.ll li.ability in connection witll ..,ch conW.nuod 0peration." 

Item 5: Artiol• 15, Pisputeo, is delete<\ in ito entirety. 

EXCVT as hereill me-:liri•d, all th• ter,ns and condition• or sa;ld 
contract oholl rOIII.Un unchanged and in full force and effeet. 

T\lIS •upplomen!.al agreement shall be ,ubject to the written approval 
of the Secretary of the /.rm;' and sOall not b• binding until so approved. 
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IN WJTM<:JS WllEREOF, the parties hereto have e,cecute<l <.his supple-­
ic•n~l a.greement a• of the day and year first abov•-~r,tt<m• 

APPRCM:0: ~~ IJJ<IToD ,-,T~T!:S OP ~JCA 

• ~ CV 1971l Date, ________ _ 

~ , " n , IV ,t.,, 
a1;on "'· PINl(Et 

Colonel, GE, Diotr 
ConCractin.; Offieer 

City :°'d:;J/zf 7rd,.,z%: ' certify that lam the City Clerl< 
e City ·r Bartlesville, Oklaho;i;a, na:n•d as City herein; that __ _ 
;;;, 0 who signed I.his supplel!lental acre•~•~~ on beI'.a.lf of 

the City was t en )layor of the City ot Bartlesville, Oklaho:na, that s,id 
,u?plOl.ler.tal agree~•nt was duly sisned for and is •·i<hin the scope of its 

legal powero. 

In \\'1tness :,nor.of, I 
said City of 'lartlesville, 

(Soal) 

have he~ocmto •wxed 111Y h 
Oklohooia, this rlcy of 

f, 

aad the seal of 
' , 1570, 

TUHNICAL REVIEW 

)"Q -
~ 
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ASSURA"<CE Of ~PLJptlCE WITH WE DEPAATMENT OF DEFENSE DIRECTIVE 

\.WER TITLE VI OF TI-1E CtVJL RIG-ITS ACT OF 1964 

City of Bartlesville, Oklahen,a 

HEREBY ;GREES THAT it "1).1 cc,,ply vith title VI of the Civil Rights Act 

of 196!, (Public L~" 88-352) and o.ll requlrem•nts imposed by -Or pursua>nt 

to th• Directive or the Dep•r~ment or nerense (32 Code or Fed.,.o.l Regu­

lation, Part 300, issued as Deportment of !l<fer,se Directive 5;,()0.11, 

28 December 1964) ;,sued pursuant to that title, to tho end that, in 

accordance vith title VI of that Act and the Directive, no person in the 

U~ited Stotes shall, on the grolli'.d or race, color, or nat!onol. origin be 

excluded fr""1 po,-tidpation in, be den;ed tne benefits of, or be Other­

wise subjected to discrimination under My pr~ram or activity for which 

the Applic•nt-Recipieot rece;.vcs Federal fio,.ccial assistoace fro,, 

Department of the Amy and HERE6Y GIVES "5SURA"<CE TKAT it wHl wneai­

at•ly take "-'"1 !Ueasures necessary tc effect,uatc tnis ,ieree,aent. 

lf arry ~eal p~operty or structure thereon is provided o~ i~proved vith 

the ai~ of >'ed.rol fin,nda). ""sistence e~tende~ to the /.pplicant­

Recipient by this Dcp,rroont of the -'""', e.ssurance shall obligate the 

Applicent-Rec:l.pient, or !n the case of any t~ansfer of such property, 

erry transferee, for tte ~•rioci deu"ing •·o;ch the real _Oro;!'erty or struc­

ture ;, used for a purpose for ·•h.ch the FeOeral fica~cial assista"oe is 

extendeO or for ancth•r purpose in,·01·,b~ the provision of si~.ilae- ser­

vices or Den•fits. lf an;,• pec-,oo~l property,, so provideC, •his essW"­

•oce sh~l). obll.gate tC.e Apl'licar.t-Recip1er.t for the period Ounos '1hich 

it r<t~i.ns o,mersl:1.p or posse>sion of the property. ln o.J.l <rloher cases, 

this assur.,,,e shall obllg~te tlle Ai'!'J.icaat,-Seci.picnt for the period 

du:-iog ,1,;c., t~e :Fe~ee-Ol financiCal assistance is extended to it by 

Oepartmer.t o~ the r.=y. 

lHIS .OSSURA'<CE io gi~cn on ccosideratioo of end £er the pO>"~ose of ob­

taining OCl'J and all Fede,-al grants , loans ,contracts, property, discoont• 

oc ('thee Fedecal financial asoistanoe extended a;'t.er tn• date hereof to 

the Apphcant--Reci;,Jeot by the Departm•nt,i.nCluiiing io.stal.)cent peyments 

after such date on •ccount of ar~o.ogco,eots for Fecleral finoncial aesist­

aoce ~hich ~e-re npprovcd before ,uoh date. T"oe Applicent-Recipie,ot rec­

ognizes and agree, that ouch Federal !innncial assistance vil). be 

•~tended in re).ionce on the <epre••ntations and Ollreements i,ade in this 

assurance, and that the United States shall have the right to seek jui.i­

ci<l. enforc..,ent of this assurance. This a.ssurence is b;.nding on the 

Aw,licont-Recipient , 1 to successors, transferees, and assignees, and the 

p.,.son o,- perso,,o ~hose ,;;gnotures appea, Oelow are authori.Z~d to sign 

th!o o.ssuronce on Oehalf of the Applicant-Eeoipient. 

Dated June 9, 1970 

City Clerk 

S\IT fOCIII 553-C , 
22 ><a, 67 , c'" "-'-
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Gontrac•.No. DM.w'JG • 7 ! · C·0021 

COJ<T'P,ACT BE'!','ILN '™E Ul<JT~D .O.AT!:C: Of ~lCA ·~ HULIIH WATUI mc/f!'.ICT JNCORF'O!<A'[E[) 
ro, 

KAnl/ .SUPP"Y C,WHAG1 :,PAC~ IN HULAH ru;=VO!R 

TiilS CONToACT ie .,.de thio 2l <lay of A%'!"t 1970, by 
a,id betoeen the United States of !.,oerica (hereinafter cal.led the "United 
Ct.ales"), represented b~ the Gon~ractin~ Orticer executin,,; U>iS contract, 
and the ~ulah Mater District, Inc, (h°"eir,after oaUed the "Usor"). 

'o1ff.f0.I.~, the flood Control Aet approved 22 June 19)6, (?ublio 
I.a~ T)8, 74th Gcmgres,) (60 Otat. 6JS), aut.hori<e:I the construction, 
operation, and maintenance of t.i,e Hulah Oa.lll and Reservoir, on Caney 
River, in U,e State of Oltla.hoaia (hereinafter c,J_lec! the "Project"); 

aao 

i;HV'.D.5, the User ctesires to contract "].th the Ur.ited States for 
ir,clusion in I.Ile Project of storage for mun,cipal and industrial >1ator 
supply, ar.d for paYlOont of tho coot U,ereof in accordance with the pro• 
visions of t.he •ater Supply Act of 1958, as arnendod (1.3 U.S.C. )9'0b,-f); 

ancl 

,,"li<i!E.o.5, the Uoer iS e.lllpo~ered so to contract and is vested with all 
necessary P""ers for sccomplisWlent of the purposes of this contrect. 

•• ~ight• of Us~r. :i-ne User shall havo I.Ile right to 
utilize an undividsd o.)?O perc""-t of the ,torase ,,.._co in the Project 
bet~een elevations 733.0 feet abO'le mean sea level and 7).0.0 feet above 
"'""" sea level, estimated to be l.00 acr ... reet, to impound water for 
present de~and or need for municipal and industrial ~ater eupp).j. The 

-.. ' 
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Usor sh.:U. hav• t.he right to withOra>< wat.er !r<>m the nMrvoir, or t.o 
order releaoos to bo i::,a<\o 'cy tho United Stat••• to tho «<tent t.ho 
aforesoi<i 01.oroge space will provide; orul oh.U havo tho right to 
con,.,,.,t a.ll such ..,rk•, pl,mto, pipolinoo, a.rul appliancoo a, Jna:!' be 
nocoooocy ant:I convenient for the l""l'ooo of divoroions or withdrawal.a, 
oubje<t to the app"""li of tho C<>ntracW.,,g Officer OS t.o deoign and 
location. Tho g,-ant of on easement for righO-of'""'ay ov"1', acrooo, in 
a.rul upon lar,l of I.ho United Sta.too at t.ho Project. sh;ul. be 'cy a ,_rate 
in,trum-;.,, o fon11 oa<i.o!act.o17 to I.ho Secreta17 of the A"'lf, rlthout 
additional cost to the Usor, under th• authority arul 1rl accordance with 
tho pr,,.,ioi<>no of 10 U.S.C, 2669. 5",bject to tho eon<ll.tiom of ouch 
.,,,..,.nt, I.ho Uso, sh>.11 have tho rJ.aht to "'" oo c,uch of I.he Project 
lar<I a• m.ay r%Son.obly be required in I.ho e,cerciso of the righl.s atd 
privileges t,orel.J'I granted, 

b, Rishta Rese,-vod, Tho United Stat•• reservoo the 
ri~t t.o o,al.ntain <IOW?>•troam rdea.so• to moot tho e,t..,,bliohed ,equire­
mento of riparian owner, through the gates or opill~oy of the dam, The 
Uni~ed Sta'-"• i'urther re,erves the right to toke such ,..,,,ureo •• ""'Y 
be t,eoessarr it, the op...-atio" of the Projoet t.o ;,,-oserve lifo or 
µr<>pert,,, 

o, Quality or Availability of \later. Tho Uaer recogoi~e• 
that 1.his oontroet pr<>video store.go opaee for raw water only, Tho 
United St.ate, makes no "'l''••entatiOils with reopoet t.o the q"4l.ity or 
availahility of water and aasU111es no responoibill.ty therefor, or for 
the treatu.em of the water, 

ARTIGIE 2, P.EllULATION QP AllD IUQ.l1 TO USE OF liATER, The 
regul.atior, of the u•e of the water auppl,jr .rt-am the aforesaid otor,ge 
,paee shall be the responsibility of the Uoe;-, Tho Uoer has the full 
r••;,onoibility to acquire in aocordonoo .,J.t.h State law• a.rul rogul.ation•, 
and if noo•asarr to &st.oblioh o"'1 dofor,l, llM tll. water ·rights needed 
for utilisation of the ot<>rll/!e spaco provided und&>- <his conl.ract. '!he 
United States sll,u.l. not he re,ponoihl• for divordon by othor•, nor will 
it boo""-• • part,- to ony conlrov•r•i•• involving the use of t.he st.orage 
,pace by ll\o Uoer OXO"!'t a• such controveroieo mos affeot the operations 
of th• Un:1.t•d States. The User shall utJ.11"0 the aforesaid stor"8• ope.co 
in a manner <Oilsi,tent with Foderol and State lawo. 

' 
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lRTICLE J• Ol'ERl.TIOJ! AND ~AlN'mlANct. Tho United States 
shall o~,rate ond maint.,.in tho '1am am! rooervoir ar<I the Usor shall 
P"'7 I.<> U,o Vn:l.ted St.?.tes a ahar<> of t>io coots of such operation om 
"1aintooanco ao provi<!ed herein. The u,.,,. ohall hove tho right to 
<liroot rol .. ••• of watOl" to bo -• for ito pur,,oses "" provided 1n 
.lrtiole 1. The ua..- ohall be responoibl• fey operation atld mai,,tm,.. 
once of all in.st.allotion• ond r,,.,u;t,l.os ,mieh it moy eonstruet for 
the diver,ion or "1thdrawal of water, ond shall bear oil eoots of 
eons""1otion, operation om mal.rttonanco of oueh insl.a.llat.ion, ar,<! 
faeili. tiea, 

ARTICLE £• !W.5™NT OF WI'tiHJRl.WALS AND RELEASES. The 
Us,r =••• to furnish and install, "1thout cost to the United States 
suit,,.ble 111eters or measuring devices oatiofactory to tho Contracting 
Ofl':ieor for \.ho ""'"'ur-nt of watec which ia wi\.hdra"ll fcmi, tl,o 
Project by a!(f mean• ath,.,- than through the l'!-ojoot outlet wor~s. The 
User oholl fun,ish to the United St.ates IDOllthl:, at.ateinents of all such 
vithdra><al.,. Rele;a.so, (roe, tho water supply storage space thT"U!!h the 
Projoot ouilet vorloco shall b• made in accor<tonoo rlth written schedule• 
furnished by the User acl approved 'cy the Contracting Officer. The 
measure of .:U. such releases shall Oe 'cy ~e•ns of a rating curve of the 
outlet wor~,, or by ouch other eui1..able means•• Clla¥ Oe ogroed UP"" 
prior l.o uo• of cl,e vator $Upplr Sl.orag• apace. 

ARTICLE 5• CC!.'SIDIBATION !ND PJLYl!B1!T, ln coooiderat.ion of 
the rii;ht t.o utili•e the aforesaid storage spa.co in the Projeet for 
munieipol ond industrial water supply pur;,o,es, the Uaer agrees to pay 
to l.he United State, the foll""1ng sums, 

•• The User shall repay to the United Su.to•, in • 
lwnp,.sum ~ent the omount stated below which, on the basis of costs 
ohown in rxhil>it A at'\..>.ched hereto and ""de a part of this contract, 
COilOiltut• the an,;,unt of tll• construction coot,, inoluOing intereot 
durin& construction, plus \.he proaont W<>rtli of u,o eeti,,,,,tod snnual 
coots of mojor capital reµL,.cee,ont itO<QO 8"" Operation a,id ma'-ntenanc• 
of the Project over a 50-y,oa,r period, for providing <lie afore""id. 
•Lora&• sp,,.ce. Tile interest rate to l>e used for l'W'l'o•e, of o-utih!I 
interest du:ring oonotruction an:! the present worth of costs of maJor 
roplacea,ont ~d cperation and ,..intenance shall be at the ral.e of 
2,5 p•rc•nt per allIIWlJ. Th• lwcp-oum payment shall Oe due arul pay,,Ole 
within U,i«.y (30) days an.. tho date U.e User is notili"1 l.liat I.Iii• 
contract is approved O)" the Soor•ta,y of the Arny. 'I'll• U,er -ll ro,..,., 

; 
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0.036 per<ent of tho ~je<t cost (0,036% "Sll,215,960) U.,C:00 

P>-esent "orth of 0,036 pe>'<ent of the •sU.rn!!Ud ann<W. 
operation, """inteoanca and major roplaoe11aent, 
costs and •••lio,otil.?.t.ion resurveyo tor a 50-y.,.r po,iod 

Tot.al lump,-sum paymont 
e; 

$1,,Sl.l. 

0, lt the Uofil' aha.11 foil to !lake tho afores,,id 
lum;,.sum when due, I.hon the ovel"!ue pa,,ment shol.l oear interest at t.he 
rate of 2.5 p01'cent per ennUlll wrtil paid, 

AllTIO!.E 6, PERIOD OP COWl'R.I.GT. t\iio contN1ct ohall becoo,e 
effective as of tho date of approval lq t.he Seor.-tary of 'I.he Army, and 
sholl continue in fb.l.l force ans! effoot under the co,,dit.ions set focth 
herein, not to o;,;ceed the life of the Project, 

Al\TICU: 7. PIBIIANENT Rl~TS TO STOf'J!CE, Upon coc,pletion of 
pa,YCent, by t>,e User, as provl.<tetl in Article 5 herein, the User shall 
have a pe-,,ent right, uz,der t.he provioiono of Public Law SB-llO, to 
the use of I.he ·,ater suppl;,- storage opa.oe in t.ho Proj•ot •• ~ovide<\ 
in ArUcle 1, subject to the follo,r;i.118, 

a. The User shal.l, afte,- expiration of 50 years frOlll 
errect.ive date of 1.his con'l.ract, r•-e ar>:I continue pa)'!Dent of annuo1 
operation arul o,aintenar,co costs allocated to wal.er suppl;,-. 

b. The User aha).l, artor -iration,of 50 years tr010 
effective date of t.his contract, bear tho coats al.locate<\ 1.o water 
supply of any necessa17 Ncon>truction, rohabHiu,,tion or replace:ment 
of l'rojoct features winch ~~ be requirod I.Q continue satisfactory 
operation of the Project. Such costs >Jill bo established bj' the 
Oontrac~ Officer. l<<opay,aent arrang"lllent• incl\10.ing schectules "ill 
Oo :In =itin,g and will be ma.do a put of I.his contract, 

c. The Contra.oilJ'@ Officer shall, after 50 years, 
redeterQine the storage opace for municipal aM iMu•t!'ial "•tor oupply, 
hl<.lng into account such equit.,ble real.looaW.o-o of reservoir otorage 
ee,pacitio• '-""'l>g the purposes served b;;' I.lie Project •• m.y oo neeessaey 
due to oe0iment.at1on. Sueh Iin,tingo, an<\ th• storage space alloeated 
to CIIUflicipal on:! it>dustrio1 "ater ouppl,j, shall. be defined and described 
in an ecrl,ibit ~hich will be JOOde a part ot t.hh contract. foll01<il)g 
th• ,..,e principle, such reallocation or re,..,.voir storage capacity IIBJ" 
be furl.her aOjuste:I fr0111 time I.Q t!Joe as the result of ·sedllllont.at>on 

- ' 
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"e,urv"l'• to reflect actual- rates of sedimentation and Exhibit A revi••d 
to show tr.e revised scor-ae ,po.co ,llooated lo municipal and industrial 
water supply. 

d. Th• perm.>r>ent ri&'t• of the User under t.hio contract 
oholl be continu•d so loll!! es W,e United Sta.tos continue, 1..0 operat.e the 
Project. In tlie eve,,t t.he United Stat.es no longer op0rate, the P,,ojoct, 
such rights .,.y be continued subject I.<> W,e execution of • o")>arato 
contract, or od<litJ.on.al aupplel!lenW ..,,ree,nont prD'lliding for, 

(1) Continued operation b:;,- the Uo"1' of such part of 
1.>1• facility as io necesoary for uti.lisati.on of tho water supply sl.ora~<> 
,pace allocatod to it; 

(~) terms which will protect the puOlic interoot) aod 

(~) effootS.ve al>sol•-rrt. of lhe United SI.ates h:i' 
th• User from oll lisl>ility in comectio,, ,.;_th ouch continued operation. 

J.RTICU: 8. REIBII.SE OF CUil'.5. Th• Ua<ll' sh>.11 hold aru! save 
the United 5tatoo, including it• officers, •s•nts, - ""Ployoeo, harml••• 
h"<,J, liabilicy of .,,y n,ituro or ~ind for or on account of ar,y cl,,l..m for 
damai,eo which _. he filed or aS>erted ao a result of the storqe am 
withdra""1 or rele,,.se of water from lho Project=• or O<'<lored t,; the 
User, or as a ri»ult of tlie construction, <1)eration, or ciaintenance of 
th• features or app,,rtenances OW?><d an:! operot('d by th• User. 

~1lCL!: 9• '11\ANS~ OR A$SlGN!'laN1. Toe User shall not transfer 
or assign thio contract nor .,,y r:ighto acquired thereunler, nor suoallot oa,d 
water or a,zy pan I.hereof, nor ,vant ar,y intereot, privilege or license 
wha.taoever in connection wit.h thio cont.ract, without the ap!"""al of t.he 
Secrotary of the Arn;r; f"°"Vide'1 that this nst.riction shall not Oe conw 
strue<l to apply l<> any >1ater which o,cy \>e obWned from the ~at..- supply 
storage •pace by the User am furnished l<> !11\Y third pacrty or parties or 
the rate• eharged U,erefor. 

/J'.TtGIB 10. Ol'FICIALS 1'0T TO Balil:FI1. No ""'"'ber of Qr delega"" 
to Congroso, or Resioent GOlllltlssiQner, sh>.11 b" a<W.tted to a,zy share or 
part of thio contract, or to any b•nefit that CIIIQ' arise therofrom; but 
't.his provision shal.l not be conotrued t-0 ext•n~ to this contract if 111ad• 
'<l.th a co<;>oraUon for its general. benefit. 

; 
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ARTICLE ll. COl'ENMIT AGAINST CONTI!<CENT fEES. The U,•, 

warrants that no per,on or selling ar•ney ha• boen ""ployed or rotainod 
to ,olicit or ,ecure thi• contrect upon an agreeJl",<mt or under<hMing 
for a commio,ion, percen'-oge, brokerage, or contin~ent fee, excoptl.ne; 
bona fide employees or bona f,do establisheQ cornr,ercial. or aelling 
agencie• m.a:,.ntained by the User for the purpose of securl",!! busin•••• 
For Or~ch or violation of this warranL.Y, the Un;ted ~t,,.teo shall have 
tile rii;),t to anmil this contract wiehout hobility, or, in its diocretion, 
to add to the contract price or consideration the lull amount of such 
c"""1isoion, percenc.,.go, brok•rnse, or contingent fee. 

AflTICIB 12. APPF<OVAL Of COtlThl.CI. Thi• contract shall be 
subject tot.he written approval of the ""'cretary of the Arozy, end shaJ.lnot 

Ce Oindiog uotil so approved. 

IN l:lTl/ESS ','HEHlllF, the parties nereto have •~•cute<\ thi, a;;ree~ent 
as of the day and year fir,t ahove written, 

~Pf'RO'IED, 

Secretary of th• Arn;y 
•.·11:<i,J ~to, _______ _ 

Attest, 

e.At-,. j. u ai, .-: tt 
(Seol.) 

THE ll!IITl'.D sr,u:s OF AKERICA 

/} ' 

/ :/:>/il ,r,,.,,t,;•~---­
VilP.'W~ W, ?OHY.EY 
colonel, CE 
p,,cr,ct Engineer 
coatracting Officer 
HUU~ I/ATER DlST?.lCT INCORPCRA'lfil 
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A£sll<A'ICE OF o;W>LJ....:E W!TH iHE OEPAAT>£1!T OF DEFEN'>E D!R!a:CTI\/E 

=R TITLE VI OF ll1E C!VIL R)GHTS Ar.T OF 196~ 

Hul.ol< W~ter Dl.8triot, Ino, 
(here.nofter calJ.ed "Applicont-Reoipient'l 

MERffiY Pl,REES TnAT it >till oomply >1ith title vr of the Civil ~ight.s Aot 
or 1964 (Po!>lio Law 8B-352) ond all requir.,.ents l.naposed by or pursu"-'lt 
tQ the Directive of -r.he Dep!ll"Uent of Defens• (J2 Code of Feder~l ~eru­
J.ations Port ;100, issued os Department or Defense Direotive 5500.11, 
28 Deoe,nber 1964) iosu<ad pursuant to that title, to the end thot, in 
accordance vlth title VI cf that Act and the Directive, no P°"oon in the 
Uoited stotes ohall, on the ground or race, color, or nationa.1 origin he 
excluded fr<m portidp&tion in, be denied the benefits of, O!' be other­
wise ,ubjeotocl to discri~ination Ullder a.ey progr.,. or activltr for Yhich 
'I.he Al'l'licMt-Recipient receives Federal r;nanoia.l assistance f7"= 
Department of the Aracr ond HEREBY GIVES A,$URl>NCE WAT it ~ill ;,,,,edi­
stely take =;r measures necessary to effeotuste this <sre"'1ent, 

If am rea.l :property or structuro tOereon is rro,-ided or improved with 
the aid of i'ederal finanoia.l .,,siste..oce extended to tho AppJ.icont­
Recipient h), this DeporU.ent of the A=,, assurance shel.l obiigate the 
Appiic~r.t...Recipient, or in the case of any tra~sfer of such P,"l'erty, 
any transferee, for the period durir,g which the reel proporty or stn<c­
ture i• used for s purpose £or which 1.h• Fed•ral fi_"a,ic;a.l asoistence is 
extende~ or for ..nother ~urpose in¥olv1c.g the provision of siiallar ser­
vices or hener!ts, If=;/ personsl property is so provi~ed, this o.ss.r­
OllCe shaJ.l obligote the A?pJ.icant-Recipient for t:,e period during ·,hich 
it retains ow.iership or possession of tho property. In aJ.J. other cases, 
this essura-oce shall oOJ.;gate 1.he Applicant-Rec,pient for the ~ericd 
durcng which ,;he federel. financial. assJ.stance is extended to it by 

D•part,.ent of the An,y. 

TH1$ ASSURANCE is given in consideration of and for t~• purpose of oO­
tai,ing ""Y and aJ.l F~deral grants , loans ,contract, , property, diScounts 
oe other federal finor.cisl e,sistance •~tended after the date hereof to 
the A~plicrutt-Eecipient Oy th• Departme~t,ir,cJ.uding instollment poym•nto 
ofter such date on account of arrangec,ents for FeOeral financial- assist­
once which were approved befor• such date. The Applicant-Recipient reo­
ogn1zes and <sree, that such Fed•raJ. financial assistance vill b• 
extende~ in reHance on the re~reoentations on~ a;;re""er.ts mo.d• in this 
o.ssu,,ance, ond that the Uoited States shUJ. have ,;he right to seel< Ju~i­
ciel. enforcement of this os,u:rance. Thi, ,ssurwce i, bindiag on th• 
A,a,llcant-Recipient ,. its ouccesso,s , transferees, and as•igneeo , atld the 
pe.,,on or person, vho,e ,ignature, oppeor below are au'l.hori<ed tQ sign 
tlli• assurance on behal.f of the Applicant-Recipient. 

Doted _ _,.,•,~~'"'''C,,_.,,ne,o _____ _ Hulob Jl'llhr D!otrlot, Joe, 

I, ' 
\~:F~ 553-C 

22 M•~ 67 ' 
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connaccMo. Dl',Cl'/56 -82-C-0101 

C01'TRACT BETllttN THE !JNl'l'EO STA'l'ES OF ~lllCI< 

= CITY OF f.M!LESVIU.E, c,pJ.]!OIIII 

'"' IIA'l'ER STOl\AGE SPACE lN IIU\JIJI l.lJ:E 
,i.>AJd 1J#J~J1,, 

T!!IS COIIT!YICT, onte,od into thiS _ day of\ 12. MAY~) 19_, by aod 
l,etveen THE \IHl'l'EO STARS OF /,MERICA (hetoioaftet oaHed the "Government") 
«prosentod by the Controetlng Officer oxeeudng thio cootta<t, one! the CITY 
OF BARTUSVILI.E, OiCU!IOIU., (he<einoftet called tho "U•«"); 

lllrl<l:SSETII TIIAT: 

11!IBllfAS, the flood Connol Act, opptovod 22 Jnoe 1936 (J'ublie L&v 738, 
74th Coo.gro,o), au<hori:ed the eono,TI>edon, op<totloo, ond ,.._1n«nonce of 
the auleh Lake oo the Cooey Rive<, Itan,os and Oklahoca, (hereioaftor eolled 

the "Project"); and, 

\ili!CREAS, the User deoi«s to eontuct vhh the Covernment for th• u,e of 
otorage included in the P"rojeot !or ""niolpol anO ioduotrial voter oupply, 
and fot pa)""ent of the east the<of in ,iceordanee "ith th• poovhions of th• 
lleter Supply Act of !95B, os ,imend•d (4l use 390b-f); ,ind, 

,ll![!IBAS, the Use< lo empo.,eced to eontT,iet with the Goven,,ent ond h 
vested "1th all nee"'""' PO""'" for Aeeomplh)ment of the purpooe• of thh 

contra«; 

AATICLJS 1 - \later Stouge Sp•••• 

(o) !!_oject Conotruot!on. 'l'ke O;o.ernment, ,ubjoet to tOe diTeeUon• 
of Fedo<ol la" ond any Umitotion• j,op0sed therel,y, h•• deoigned and 
consnuetod the P<ojeet oo "" to inelud• theroio opac< for the stonge of 
woter by the U,er. 

(b) Right• of Uoer. 

(I) Th• User oh.oil have the r:tsht to utill•e oo ,.,-,,divided J.807 pereeot 
(.,U,..tod to eontoio 2,100 o«e-foot afto< odju•tmeot !or oedi,..nt 
deposit•) of the uo•ble otong• •poce ln the P<ojett betv•on elevadono 
133.0 feet ab""" ,..ao ••• 1e•ol aod 710.0 foot above -an••• lev•l, vl,lch 
uooble conae<vatloo otorag• opaee lo e•U10ot•d to cootalo 26,900 aer.-feet 
oftar adjuotment fo< oedi1><-ot depoolto, Thi• atonr opace l• to be uo•d to 
l10pound vate< for p,eaoot d.-nd or need for ,.,,,nlclp,il and lodu,t<ial voter 

oupply, · 

"' to order 
th• Dam, 

'l'k• 11oer ohall h.&ve the ,ight to withdrav ""'"' fr"" the lo1'e, or 
rel••••• to be ,..do by th< O;o•orn,,e,lt through th• outlot ,,.,,ic, in 
aubJect to th• p<ovloiooo of Article l(c) and to the extent the 
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,fo,esald otorag, •pace vHl provide; and shall hove th< rifht to construct 
oU ,uch work,, plants, pipollne,, and appuTtenonceo •• ,..y be ne«ss>ry ond 
convenhnt fo< the p,«po,e of divoc,iDTI or vithdravah, subject to the 
opprovol of the Cont,acting O!UcOT oo to d<sign and location. :rh• grant of 
an easoment for right-of...,oy, across, in and upon land of the Gov«nment a< 
the P,ojoct oholl be by a soparat• in"'""'""' in o form oaUsfa<tory to the 
Secretary of the Arm:,, "lthout add!Uond co>t to the Uee<, under the 
outhocltY of and in accordance vith the provloiono of 10 OSC 266~ and 01,eh 
other author!tleo ••maybe necosoa,y. Subje<t to the condidon, of ouch 
easement, the User ohalr have the right to u•• oo ..,ch of the Project land 
as may r,aooaably be required in the exercise of the rights ana privliegea 
graotod under thi< contract. 

(c) R1'Rh<s R.,orved. n.e Government ,e .. rvee th• right to control ond 
use any fotu<e water ,upply otouge or any w,teT ,upply .,o,.g• not und•• 
contract in accordonce with authoThed Frojoot purpose,. n.o Go.arnment 
further <ese,-ves the right to talc• suoh 111easur., •• may be necossoc, In the 
operation of the Project to pr•••rve life &nd/or property. including the 
right not to ,nake dwn,troam <eleasas during such period, of Um• •• are 
doe~ed necessary, in its ,ole discretion, to inopeet. ,nain<aln, OT repair 
th< Pcoject. 

(d) Quality OT Availability of ~,ter. The Usor ,eeogahes that thi> 
contract pTovid•• «o<age space lo< raw w,teT only. n.e l)o.arnmont makos no 
rep«sentatioos with respect to the quality OT availobUity of watOT and 
as.o~e, no Tesponsibility thordoT, or foe th• treatment of the wateT• 

(e) SeOi~en<ation Sucveys, 

(1) Sedi1110ntotion •u<veys '1111 be mado by the Contcactlng Offioor 
duc!ng the teT" of thi• contract ot lnoervals not to e,:coe<l Uftoon (iS) 
years unless other-ise agreed to in writing by both port<••• llbea, in the 
opinion of the Controoting Officer, <he findings of such •orvey iod!cato any 
Project purposo wiU be affected by unanticipated sodi,..ntat!on 
distribution, there sholl be an eq"Uable red<snibutlon of the sodiment 
reserve ,torag• &pace among the purpose• eerved by the Projoot including 
municipal and fndusteiol water oopply. The total ovailable ,emaining 
otorag• sp.;,ce in the Projoot v!U then be divided a111ong ti•• variou, Projoct 
hatoTes in the ,,,.. ratio as was initially utilized• Adjusted pool 
ele,atlons will be ,ound•d to the n•o«ot ono-holf fooc. Such findinss and 
the storag• opoee allocated to municipal and industrial votOT •upply •hall 
bo. dofined and deoeribod •• on o,:hlbit vhioh will b• m.ade o pare of this 
contract •nd the reservoir rogulot1on manuol will be modified oeeordlng)y. 

(<) The Governm"1lt os,ume• no reoponolbility for deviations from 
esUCllated rat" of ,edimontoUon, or th• distr1buti<>n the<oof. Soeh 
deviation• m.ay eauoo unequal distribution of oodl,nent rosorv< otorago 
greateT than ooti11>0ted, and/OT ooeroaelml<.nt on the total otoTage at the 

Projeet• 

IJ<TlCLE 2 - R<gulotion of and Right to Uoe of WotOT, The regulation of the 
use of ""'"~ withdrawn OT r<leooed fr- the afo«,aid otoToge ,pace ,boll be 
the ,ole respon,Jbility of the U••r• n• u,e, ha, the full , .. pon,lbility 
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to ae~uiTO in accordance with State lov• and T<gulations, and, 1f neeessa<y, 
to establish or defend, any and all wate< right< needed foT ,>t!lieation of 
the otoTage provided under th!, contTOOt• Tl,e Cove..nmont ,hall no, be 
«spoo,ible foT diversions by otharo, nor will a become• pany to any 
contrnvenies involving the use ol' the ,to<age space by the Oser o,cept as 
ouch eontTovanie, may affect tha operations of the Gove=-ent. 

~~TlCLt 3 ~ e>pnatlon and Hointenance, Th• <;overnmcnt ohall operote and 
maintain the frajece and tho Use< ohall pay to the ,;avornment a shaT• of the 
costs of sueh opention and i,a<otonance •• provided in Acticle 5. The U,er 
ohatl. be «oponsiblo for O!"'«Uon ond u.aiotenanoc of all installations and 
tacilltle• ,rn1,h it ""'Y consuuct for the dlvenion or withdra~ol of vater, 
and ohall bear all ooots of oonstrueti<>TI, operadon, and ,..iotenane• of suth 

iostallotions and heilides. 

A•TICLE 4 - l<easu<ement of l,'ithdr•"•l• and Raleos••• The Us<r ogcee< to 
forni,h and install, vlthout coot to tho Government, auitabl• meter• or 
measuring device, ,,t<sfaotory to the Contraet1n~ Officer for the 
m•asucement of water vh!oh is vithdcovn fro,, th• Project by any means other 
than through the Project ou<let "ork•• Tho User ,hall furohh to the 
Government oonthly oUtements of all ouch vithdrovals, Frio< to th• 
oonsuuoUon of any hoillties for vlthdra~.i of "ater fro~ tho Project, the 
1/sOT ..,,ll obtain the Contraot!ng Offleer', approval of the de<ign, location, 
and installation of the facilities including the meters or """'"ring 
device,. Such devices ,hall be availoble for insp•oUon by Governm•nt 
ropreoentative, at all reasonable tim••· ~•l•a«s f<om the wator supply 
,torage space through the Project outlet wor~, shall b• made in aetOT<lonce 
"Uh ,rritton schedule, furni<hed by the User anO approved by tho Cootra«ing 
Officer and ohall be oubjoot to Article l(e). Th• m•a,ure of all auoh 
r,leases shall be b; cean, of a rating eurvo of th• outlet worl-.s, or b)" suoh 
other suiUbl• 1>0an, as ,.,y be agroeO upon prior to uoe of the water oupply 
storage ,paoo. 

/,RTICtt 5 - Pa)"'ents. ln consideration of the right to utili•• the 
aforesaid ,to,ago opoee in the frojeet for c,nieipal ond industrial woter 
supply purpo.,,, the Uoer ohall pay tho follo,,ing '""" to the Government: 

(•l Project Investment Costs. 

(l) The u,OT ,hall repoy to the (;O"°rn=ent, at the timo, ond ""h 
interest on the unpaid bolaoee •• h•re!naftor specified, the ""'°""'° ,toted 
ho.low "1,!ch, •• ,ho,tn in E>;.hibit "A- attoehed to and .,.de o port of th!o 
oontroet, oonstitut• the •nti<e octuol amouTit of th• oooonuot<on oooto ol 
the Project, inolud!"& in«cest during oonotruetion, ollooaUd to the water 
supply otorage right acquired by th• lloer uruler thio oonUOOt• Th• lnte"°ot 
rate to be used for p,urpo••• ol' 0010.puUng lntereot during oonotTUeUon anO 
loterest oo tho unpaid bolanoo vao det•nioed by the S.orotary of th• 
Treaoury •• of th• beginning of th• fi,eol yoar In which eonotruot!on of tbe 
Projo<t voo inlthted, on th• bosh oot forth In tho Wat<T Supply Aot of 
1958, o• amended. For th• Project, construction of which vo, inHiotod io 
n 1948, th1" lnoece,t rate i• 2.5 peroont, Th• u,er ohall repay 0,751 
percent of the total proJ•ot joint~u .. coot •=ount1ng to $8t.,224. 
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(l) The Pcoje<t inveotment co•U allocated to th• otoroge ,pace 
in,Hcoted in Aniole l(b){l) •• belng provided for pceoent dom,ind is 
$5•,22•, on the bo,is of the ooat p,..,sented In ExhibH "A". lnterest at the 
rate p,ovidad above will be compounded annually on the omount of the Project 
inves<men, eooto ollocoted to thi• <tocage opace from 30 September 1961, the 
end of •h• JO-year ioeoreot fTee period, until the dot< of approval of this 
conuact• The principal plus acc,.,,ed interest ohall b& paid within the life 
of th• Projoot but in no ovent to excoed SO eonoeeuUve annual 1notall1'0ote, 
the first of vhich shall be due and payoble vlthln 30 day• ofter the User is 
notified of app,oval of the eont<a<t by the A"btont Seoreto,y of the A~y 
(Civil llot~s). Annuol install,..nto the<edter will b• due ond payable on 
the anniv•«ary dot• of the dote of notiflcot!on, Except for th• first 
p•ym•nt vbith vill be applied aololy to the tetiro1oont of principal, oll 
ioatallmeTitO ohall include aeoroed intoreot on the unpaid bolonce Ot th• 
<ato provided above, n,e i.., annual inotallm""t ohall be odjuotod U!"'OTd 
or do,,m1ard wh~ due to .. ,ure t•paymont of all of the inveotment oooto 
allocatod to storage for pr.,ent demand within 50 yearo, 

(l) An esti,..ted achedule of annual paymonU for the water ouppl)· 
,tor••• provided for pre,en< dee,and i• attached•• !,:!,!bl< "B'" of thi• 
conuaet. The annual payment• oo providod theoeln oholl bo 111<1de eubject to 
AoUcle 6. 

(I) Sub••quent to opproval of the Se«etary of the Arm:,, txhibiU A 
and B will be o<ljusted to «fleet the actual aee,ued 1nureot f<O"' the end 
of ,he 10-year lnteoe,t tree l"'riod to the date of awroval of this controot, 

(b) HaJor Replaee=ent Cost. Th• U•e• will b• r«ioioed to P•Y 0.151 
pe,oent of th• cost o! joint-uoe ""Jor replac<mont lte=•• Payment of co"•• 
inclu~ing inte<ost duoing conotruetion, shall be mad• olther incrementally 
during construction, in hn:.p 0,1m upon completion of conotruction, or 
annuolly with 11ltere,t on the unpaid balance, lf paid annually, th• Use•'• 
eha<e •~•ll be paid within the life of the Project in not to oxceed 25 
conseeuUve annual in,.,11,,,ento with the firot payment to be m,.de with the 
first onnuol poyment •• oet forth in Article 5(o)(2) on the Project 
Investment coou becoming duo afteo tho dote oaid 1110jor replacem•nt coots 
ore incurred, The firot annual poym,nt ,hall Include !nteroot on the 
ln.,st111<nt cost <1ce<ulog until th• payment dote, Annual payments th•reolter 
vlll 1H, du• and payoble on tho anniversary of thh repayment date, All 
•nnual payment• oholl lncluae oooru•d lntereot on th• unpola balanoo &t the 
Interest rat< ,., detenolnod by the Sooretny of the Treaauey on the boalo •• 
oet forth In th• llotor Supply M.t of 1958, •• ""'•ndod, for uoe In tho 
1,ove,:nment fiooal year in which the major o•pltal oepboemont !, Initiated, 
The last annual poymeot oholl be •d3",tod Ul"'ard or d°"""ard vhon due to 
a,sure repaym•nt of all th• loourred coot• within the tepayment peolod, 

(c) Mnud Opentlon and Mdntenanco (OSH) E,;penoe. Tho Uoor will be 
tequlted to pay 0.7Sl poroent of th• annual ••P••ioncod Joint-use O&M 
e>penao of tho Projoct, Payment• fot 01.K e>peno• for preoont uo• otorage 
ore duo •nd payable In odvanoo on the dote fot payment of Projoct lnve,t1'0nt 
oo•t• •• ,ot fotth in Artlclo S(o)(l) ond oholl be booed 011 0"'9 •"!'•no• for 
the Project In tho Gouen,ment fiooal year .,o,t recently ended. The amount 
of each ennual poymont will be the actual e~potienood O&ll o>peooe (olloc,ted 
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jo!ot-u .. ) for tho p<eceding fhcol year or an estlmate thereof "hen actuol 
""penso informaUoo io not ou,ilabl•• 

(d) l<ajor Rehabilitation and 0•~ Safety Assurance Programs Cost•• For 
cost• a,ooclated v!th major reh,bili<otion programs, tho pe,ce,tages of 
Joint-uoe cO<tS which the User 1'111 be roqui«d to poy will be in accordance 
vith Ardcle 5(c), For oo,ts a,oocioted with dam sahty o,ourance prognms, 
the percentages of Joint-us• cost, which the 1;Joor wUl hO required to pay 
will bo in occordaoce with Article 5(o). Pal"'ent for the cosU oosocio,ed 
vHh both progra10., &hall be In accordance with Article 5(b). 

(e) n.e User ohall havo the right ot any time it so elects to prepay 
the indebtedness uoder thlo Article, oubJect to redetermina<ion of coots a, 
prou!ded for in Art<el• 6, in "ho!• or in port, "1th ae<r"•d inter••• 
theroon to the date of ,uoh prep.,y,,ent. 

(f) Delinqu•nt Pal""ents. lf the lloer shall foil to make any of th• 
aforesaid pay:oent, whon due, then the ovordue pa:,-mento shall bear intereot 
compounded onnually until paid, n.o into<•« rote to be u,ed for overduo 
pay,,ents duo under tho provhioos of irdele• 5(a}, 5(b), 5(<), and 5(d) 
above, ,holl be that determined by the !lepartment of the ?reasucy'o Trea,ury 
!'Boal ~equire=•n" Manual (l n'Rli 6-8000, "Cash Monageoon<"). Tho amount 
eh,rged on pa:;:,eo« overduo for o poriod of lose than one year ,hall be 
fig,,red on a monthly ba,is. For •~•~l•, if th• pay,,ent U made ~!thin the 
firSC month after bo.ing overduo ofter a l~-<lay graee perio<l !rota the 
onniver•ary date of th• dato of notilleation, one montll'o intorest ,hall be 
charged. Thoroaft<r • month'• inte,est wlU b• chuged for any portion of 
oach '"cceeding month that th• po:;:,ent !s delinquent, Thie pro,!sion •hall 
not bo construed ao giviog th• U••r o choice of either =king poy,,ents "hen 
due OT paying !nte«", oor <hall 1t be eoo,trued •• "ajvin& any other 
r,ghts of the c;ove,nmeot, ot la" or in equity, ..i,1eh might re,ult lroo any 

default by the Us•r• 

A~T!CL[ 6 - Adjustment to frojo<t In.,stoent Cost, The investment coot 
ohmm in <his controct and th• exhibits ls 0,oed on octu•l final 
cons<ruct!on eost of the Project• Any further investment cost accruing to 
the u,er'o "ator stoTagc right oholl bo ropo!d under =Jor replacomcnt co,t, 
lf copitali<ed or under oporo<ion and mdntonanee exp•nse if not 
capitalieed, 

ARTICLE 7 - Durotioo of Cont~aot. "!hi• contract •boll bocome offeoUve whon 
•pp<ovod by tho J. .. !otant See<et,.ry of th• An,y (Civil llorko) ond ohall 
oontlnue io full foroo arul •ff•c• for the 11£• of the P~oJe<t, 

Al!TlCLE 8 - Pen,aneot Right< to Storago, Up'"'- completion of p,..,..nt, by tho 
Us•r, ._, providod in A<tlcie S(a) herein, the Uo•t oh.oU h""• o pe.,..nont 
right, undor the provioion• of the Aot of 16 October 1%] (Public i..,.., 

&8-HO, 43 USC l90e), to the uo• of the water oupply otorag• •pace io the 
ProJoet •• provided in Artitlo l, •ubJeot to •"" foUoviog, 

(o) TM Uoor ohall conUnu• po)"'••• of annual operation •nd ~aintenono• 
co•" allocated to votet oupply. 
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(b) The Uoer ,hall boar the c<>•U alloeot•• to water •upply of any 
neco.,aey reeonotruetion, rehabil!totion, or r<'f>laenent of Project featuros 
which nuiy be required to eootlnue ••thfoetory operation of the Proje<t• 
Sueh eoata will be e3'abH•h•d by the Cootraeting Officer and rep,ym<at 
«range~ento ohall ho in writing in aecordonee vlth the tenoo and conditions 
••• forth in Article S(b) for HoJor Roplaoem<nt Co•"• ond be .,.;, a part of 
<hi• contra••• 

(e) Upon oompled<>n of poyment• by the Uoer •• pTovided in Article 
S(a), tho C,,,,Uocting OU!cer shall redetonoino the otorage opoee far 
1'llnie!pal and indusuhl ,.ater aupply In oecordanee with the provh!on, of 
~rticle l(e). SucO redetorminatlon of r .. arvo!T •••••&• capacity may be 
forOher adjuatod from time to Ume •• the result of oedimentsdon reour,,eys 
to rofloot octuol rot•• of ••<limentotton ond the ex!\1Mt rovloed to ohow the 
tevhe<I oto,age ,paoo alloootea to 11mnielpal ond ioduotriol wat<t oupplY• 

(d) !he pern,ment rights of the User under thio contract oball be 
continued so long o, the Government continues to operate the Project. ln 
the ovent the Govo,nmcnt no longer "!>Ototes the Project, ,uch rights "-"Yb, 
continued subject to the •~eoution of • ••parat< contract, OT odditional 
suppleoentol agree~ont providing for: 

(I) Continued opecot!on lry the U,er of ouch part of the facility o, ls 
necessary for uUli,ation of the voter supply sto,oge space 
allocoted to it; 

(2) !e=s which will protect the p,ubllc int,reot; on<! 

(J} EHeeUve ,bsolvement of tho Govetnment by tho User from all 
liaOHity in eonneotlon with ouch continuod opetotlon. 

ARTICLE 9 - Roloase of Clal,>o. The Uoet ,hall hold and save the Government, 
including its o!fioe,,, agento, aTid omployees honoleos froo lhbllity of any 
n8tu<e or kind for or on account of any elalc for do=E•• which may b• filed 
or oss•rtod o, o r'6ult of the otor,ge In the Projoct, or withdtovol or 
reloa,e of wote, from t11e Projoot, .,.de or ordoted l,y the U"t ot a• • 
result of tho con,tructlon, operot100, ot ,..lotenonoo of the wator oupply 
hcllitles ond awutte""nces thereto o,rned ond operated by the Uoer, excopt 
for damag'6 due to th• fault or negligence of the Gov,m~ont or its 
eoouactors. 

AllT!CLE 10 - Assigruoent• The Uoor oholl J>Ot tron,for or •••lgn this 
controet ot any t!Eh'" acquired thot&uodot, nor oubollot Hid water oupply 
storage opoce or aey port thereof, nor ~•ant any !ntereot, ptivilogo or 
Hcoo,e v1iauoevor In oonnootlon with thlo contract, without tho oppr,,..,l of 
the See<•t8l"l' of the Atllll', provided thot, unl••• oootraey to tho public 
!nt•«ot, thlo rootrlcUon ,hall not l>e ooootrued to apply to aoy watet that 
""Y be obta<nod from th• water oupply ototage spoe• by tho O•ot and 
futn!ohod to •ny third porty or partleo, not any 100thod of allocation 
thetoof. 

IJ'!lC!.E 11 - Oftidalo Not to Benefit, No member of ct deloi,.,to to 
Congte.,, or Resident Co"""1•olonOT, oholl bo admitted to ony oh•r• or patt 
of thio contract, or to any benefit that may orhe tharofr<1111; bot thh 
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p,odoion ,hall not be conotrn•<l to ••«nd to thio contcaot H ma<le vith a 
eor•orat!on for ito seneral beoefit. 

AATICl.S 12 - Convenant Against Cootlngent Fees. The Uoer ,.,,nnts tllot no 
person ot ,elling agoney has been ,mployed o, «tainod to solldt or «eure 
this eonuaet upon an agreement or undoutonding foe o com::ols,ioo, 
percooUge, broko,age, or contingent fee, oxcept!ng bona Hde omploy••• or 
IH>no Ude ••t•bU,hed com:oeccial or oelling ogonele• ""'intained bi' the U•« 
for the pucpoao of securing 1>u,1n,,,. For bteach or violoUon of thi< 
wauon<y the Goverm>ont oholl hove the tight to annul thi• cootraet w;thout 
;<ability or in it, Oiacredon to add to tho contract price or 
consideration, or other-..i,e rooover the fuU amount of •ooh commission, 
peteontage, bro~etage, or contingont fee. 

A~TICLE 13 - E,w!rom,ental quality. During any eoo,nucti<>n, ope,ation, and 
""in<enance by U•« of any faciliti<><, ,pecific action, vill be taken to 
control envl<on~ental pollution which could ,esult f,om such activity and to 
co=ply witll applicable Fedoral, State and local law• and ,eguhtions 
concotning envitonmental pollution, Peroieula, attention ohould bo given to 
(l) reduction of aiT pollution l>y conttol of butning, 10in1Cmfaatlon of dust, 
cooca!nment of chedcal vopors, and control of engine exhauot gases, ,nd of 
,~oke froo ••~porary heatoro; (2) tcducUon of w,ter pollution by control of 
sanitotY fadlitJes, <to,age of fuels aod othe< oontaminaots, and control of 
turbidity •nd ,ntaUon fr010 etosion: (3) minimi<atiOO of no1'e levels; (') 
onsite and of!slte di<po,al of"•••• aod spo!l; and (5) preoentiotl of 
land>c•p• del",comcnt and d•,,.ge, 

A.'RTtCLE 14 - Fed•ral and S<ate Le»o, 

(a) ln octing under Ito tights •nd obligations hoteunder, the U••r 
og« .. to comply with •ll oppliMble Fede<al and State la~, and regolotion,, 
including but not limited <O th• pTooi,ions of the llaois-~aeon Act (40 USC 
216a et ,eq); the Cootraet llork Hour, and Solety Standard, Aet (40 USC 
,27-lll); Title 29, Code of Federal Reguladon,, Part l; and Sootiono 210 
ond 305 of th< Un!torm R<loeat1on Ao,istanee and Real Prop«ty Aequisitioo 
Policies Act of 1970 (P,L, 91-646), 

(b) The User furnloheo, as poet of thh eonnact, an ao,urance (l:Ihlbit 
C) that it vill comply witll Tltl< VI of tho Cl•il RlghU Act of 196' (78 
Stot 241, 42 USC 2000d, et •<>q.) and Deputment of Defeo'° Dlreotive ~SOO.ll 
hsued r,,t"'""' thereto and poblbhed IO Patt 300 of Title 32, Code of 
Fodenl ieaulationo. 

(c) ~ny diseba<g•s of "ator o< pollutant, lnto a naoigable aUe•,. or 
trlboury theteof re,ult<ng ftom the D••<'a faoUJtlos and opantion• 
und«taken undot th!< connaet alloll bo petformed only In aoeordance "Ith 
applicablo Federal, State, and local lava and re1JU1ation•• 

Al<TICl-t 15 - Def!nftlon•• 

(a) Initial rrojeet !nve«men<o eoota - Th< Initial coat of the 
Frojoet, Including, lan~ acquidtion; eonotruetion; !n««ot during 
con,t,uct<on on the value of lond, labot, and ,..tedalo uaed for planµiog 
and con<eTUetioO of tho rroJeet, 

' 

I 



I 
' 
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(b) Jntor.,, duTlng tonstructlon - AA omount of interest whicl> accrues 
on exo,ndituTes for th• ootabll,hm<at of Project oo,vlcos during the peciod 
between tho actual outloy ond the timo the Project 18 fhat u.ade available 
to u,« for water storage. 

(e) Specific costs - The co.ts of Project feature, no""'lly ,erving 
only one particular project purpoae. 

(d) Joint-uoe costs - The co,u of feature, uoed for any'"" or more 
Project purposos. 

(e) Plan<-in-,e,vjee date - Thh dace 1, the date that the Projoot is 
phy,ically avail•blo to initiat< doliberato impoundmont for watOT ,upply 
purposos, 

(£) Annual operaUoo and ma1"t.,,anee (O&!<) expenso - k,nual o,pe,ses 
funded under the O!.M, Geneul account. Theo• eocponseo Include th• daily 
project 00~ costs as well as tho'" O&M cost< which are copitalhed• 

(g) Hojor replaooment cost - Co,ta funded und<>r the Conet<uoUon, 
Gone<,l account bu, not ""oeioted "1th initial Project investment oostS• 

(h) Hscal Yoar - Refe<S to tho Govern~ent's fi,eal yo,e. Th1' year 
begins on l Ootob,r and ends on 30 September. Tho Sopte~ber eolendar yoar 
co<rosponds to tho H,ool yoar. 

(1) Life of the P,oject - Thi• is tho physical lH• of the Projoot. 

(j) Major Rehabilitation - This program is to faoil1t,u ao,o,,pllshmont 
of significant, costly infrequent rohab!Htation vork at ti,e P<oJeot without 
un~uly distorting <h• Operation and ~•intononoe, GBneral budget. 

(k) Dam safety A"uranoe Progra., - Thl< prog<am is to p<ovide fo< 
~odifioa<ion of th< co=plotod PtoJect to tectify po<e"tlal ••fety ha,ards 1" 
ligh, of pre•ont doy ot•"da<d,, t<oh"ology, and Oitoum<tonce•• 

ARTICLE 16 Approvol of Co"tract. Thia <onuoot is oubject to the vtHt<n 
apprnval of the A"Uto"t Soo<etory of th< Army {Civ!l Wotks) or hi< duly 
autho<ie<<l rop««ntativ<, and shall not bo blnalng until oo appcoved • 

• 

I 
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DAC\'156 -a2-c-0101 

IN IIITNESS S"HEP:EOF, the parties have •~«uted this cont<>ct ao of the 
day and yeaT Hcot ebov• WTltten. 

Al'PROvtD: 

w>- A' &- ·,a. 
ttie A<olj Asshtant See,etacy of 

(Civil WoTks) 

ti NO~ 1982 M!E, __ .c_ ____ _ 

s 

TIIS 1JIHTED STATES OF A.'!ERICA 

Cl'IT or !ARTLS5VILL!, OKLAHOJIA 

' 

I 
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DAC\'156 -82-c-OlOl 
CER!IF!CATJON 

·,, J~rry M. Maddux Attorney for the City of )lartl•svUle, 

Clklohoo,a, named., Uoer hereiO, hereby certify that the foregoing ogreement 

exoouteO by __ M~S'•'~•sos>s>Sll~SL ___ , llayor of tho Usor !s vlthio the ,cope of 

his outhor1ty to oct upon behalf of the Ueer, onO thot in my capacity o, 

Auorney foT the Uoer, l have oondOere<l the logo! el"tect of Sootioo ,21 of 

the 19)0 Flood ContTol Act (Publle !.," 91-Hl) aod UoO that tho Use, is 

!,gaily ond fl_nancially capable of ,nteTing Into the eonuaccuol obl!goUons 

containeO in the foregoing agro01Dent ond that, upon oceeptane<, it v!ll be 

legally enforceable. 

, .. 
Bartlesvllle, Ollahoma 

.. 

I 
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ASSURA!<Cl Of C0"PUANCE wml = O!PAIITMEITT OF DEFENSE OJHB:TIW 
UNO.it mU. VI OF TI!! CMLRIGIITS ACT OF 19'4 

The City of Butlesville, Oklaho~• 

HER.EBY AGREES TitAT " ..,n oornply w,h ml, Vl 
of lh• CMJ Righi> Aet of !964 (Publio I.,,w S8.J5l) aod 
&!l r<q=mont! ,mpo~d by o, pum,ant to tll< DO«;m 
of n,, O<p"1m,., of D<f,o,o (32 Cod, of hd"tl 
R,gu~!ionl fut 300. 5,oo,I a, D<portm<"' of [)<f,o" 

o,..,,i,,, S500.I I, 1.1 D<=>btt 1964) 1>,uod """"'"' 
to""' ~tlo. lO tll< ,od u..,,., ,ooooian« .;u, ,al, VI 
of th>< Act ,od tho Diroct!v<, "° I"""" m lht ~•d 
Su"' WU, on th, "°"""or""'•""'"•"' n,tlol,,l 
<><ip bt «docled !torn p,,1,cipao,on io, bt d,ruod ch, 

b<oo '"' of, " b< och,rw;,. ,ubjoct..! to d"'rimioatmn 
uod" any prns,srn 01 •"Mty fo, o,Ju;:h the 

Appill"'-Ro"'""' T«W" F,do,,i fWoe,al """"'" 
from D<partrn,oc of ch• Anny "" HEREBY GJVES 
ASSURANCE THAT a will ""'"..!~"ly "'"' "'l' 
""""" n<O""")' to .rr"'"'" ,,,,, ,p,omen,. 

ff ,ny 10<1 ''°"rty o, ~"'""" lho,o,m ~ p,ovldod "' 
;mp,,,,.,d wah tho ,_, of F<cleotl f...,,=l '"'~'"" 
<>COodod !O th< Applioant,R,e,p;ont b> the D•partmcnl 
of th, Army, '"""n" >ho)] 0M;1, .. th• 
Awie,,c,R<~p,<m, ot m th, ,.,. of •or tr.,.,f<c of 
.,cl, ..,pec;y, ,ny tr.,n,f""• fo, tho P"i<d dunn, 
""'"'" ,h, , .. r propmy o,- M«tu" ~ "'°" foe , 
purpo,, fo, whlcl, o,, F,a.,,I fm.1nod '""""" ~ 
.. ,tnc1,d 01 for ,oothoc pucpo" ,n«,lv,n! th• provmon 
of'"'""" ,m;oe,oc b<nofits If any !'<"""'I ptopmy" 
so p,o,cd,d, th;, '""""" ""11 obli&>,10 th< 

o.tod A ril 19, 1982 

:,wr ·- '" 
... 2l '",, 

AWli""1.P.,c,p~ot ror o,, p<ood dieting whioh " 

""""" ...,,,rwp "' """'"""' of '"' prop,r,y. la .. 
.u,., ""''- lllil "'"""" '""U obi;s,t< tho App!A/lt­
ltoeip~nt roe th, l"'i<d du~ wh;ch th< f,do,>l 
f.,..,.., ,-,ne, ~ <>trnOod lO " t,,/ [lop"""'"' of 
""'Army. 

TlilS ASSURANCE " """n ., "'"'"''"''°" of ,ad rm 
1ho po,po,< or ob"'Wrcg any ,nd ,u F,d<,>l l<'""'­
loan,, °"""""' prop,rty, doo,,mts"' oci..c F«l"'I 
firuncUI •~"""" c<t,ru!od ,~., the d,to h<r,or ro tho 
Appl,o,ac.Ro<;p~ot by lh, °'""""'°'• iooha<ill>i 
m:,,lin,eot paymont< ,ft" ""h dato on '""''"' of 
anang<ment, fo, Fodota I fmane,o I '"'"'""' whlcl, ~,,. 
'"""'" bofor, "'" dato. Th, Apph<"'1· R«'1'~"' 
t<<O~~" rnd ,P<<> tl1,< """ Fod"'°I f,cuno;.I 
""'""" will b, oxcood,d in 1~!>,,e, on th< 
"Pl'"'"""n' "d 't'""''"" mod, m 1tc;1 "''""""• 
and th" !ho uru1,d """ !hill h,., "" ,;,,,, to ,..k 

judCo~I ,oro«••""' or Lrus "'""""'· Thi> ''"'"""' ;. 
bmd,n! o, th• App]-t,Roolp~ot. "' '""""'°'~ 
tun.r,,.., 1t>d o,,igo,.,, ,ru! the p,mn oc "'""'"' 
.-ho,. """"""' ,p,.., O•low ,,.. ,ulhot~,d to op 
u,;, "'"""'' oo behalf or tit, Appli--l<•ctpcn,I. 

S,.,,[oru; !Y an,! V[I ofD<partmont ofO.fon>< Dlr•ct~, 

5~.ll '''""' fo~h prt)hi'M<d di"""""''">' &<!;on, 
,ad oornplian<o ;,,ro,,n,1"'" ~ o,, tho """' hmof. 

'.rnE CITY OF BARTU'llVILLE, O]!lJiE[lll/. 

By~ 
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EXHIBIT C

STANDING INSTRUCTIONS TO PROJECT MANAGER

HULAH LAKE

I. 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 II
of this exhibit.  In addition, the Project Manager will immediately attempt to reestablish
communications with the Tulsa District Office.  The Project Manager will make
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.
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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
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to the Water Control Section, Hydrology-Hydraulics Branch.

d.  Warnings.  It is 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.

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.
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II - REGULATION PROCEDURES

1.  Regulating 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 Regulations .  When communication with the Tulsa District
Office is disrupted, the Project Manager will, on his own initiative, direct regulation of
the lake according to the schedule shown on Table 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.

733.0 to 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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COMPLETED PROJECTS 

Lakes 

.. L-5 FlatRockandValleJVieW, TUlsa;OK 
J-2 Florence, KS 
L-5 Hai key Creek, Tulsa, OK 
I-2 Hutchinson, KS 
.L-2 Iola, KS 

· · L-5 Jenks, OK 
. L-5 Joe Creek, Tulsa, OK 
. N-2 Larned, KS 

M-6 Big and Little Sallisaw Creek, OK 

· ····· Bank Stabilization Projects 

.M-6 to N-6 . Arkansas River 
.. K-9 t.o N-9 . Red River 

INSTALLATIONS SERVED 
BY THE TULSA DISTRICT 

J-6 Arcadia.\,a.k~, OK · .. · ... 
. K-4 Birch Lake, OK 

M-8 Broken Bow Lake, OK" 
H-5 Canton Lake, OK 

.. J-3 Main Branch Chisholm Crk; Park City, KS 
.·. J-2 Marion, KS 

Military Installations 

Altus USAF ·······························G-7 
· Arkansas River Basin Chloride Control H-8 Fort Sill, USA 

McAlester Ammunition Piant, ttSA .. 
Reese USAF 

L-4 Copan Lake, OK .. 
K-1 Council Grove Lake, KS 

. J-6 Oklahoma CityFloodway, OK 
. . J-2 Sand Creek, Newton, KS 

Project · L-7 
D-9 

...... K-2 El Dorado Lake, KS 
L-3 Elk City Lake, KS 

. L-6 Eufaula Lake, OK 

.· L-5 Tulsa & West Tulsa Levee, OK 
J-3 West Branch Chisholm Creek, Wichita. KS 
J-3 Wichita & Valiey Center, KS · 
J-3 Winfield, KS 

I-4 Area I 
........... G-4 Area II & IIl 

I-5 Area IV 
K-3 Fall River Lake, KS* · 

······ M-5 Fort Gibson Lake, OK* .··· Red River Basin Chloride Control 
G-4 Fort Supply Lake. OK ............................... Red River Basin Chloride ControlPi-ojects ...................... Project 
I-4 Great Salt Plains Lake, QI{ 
K-5 Heyburn Lake, OK 

...... ?>I-8 Hugo Lake, OK 
K-4 Bulah Lake, OK and KS 
L-2 ,John Redmond Dam and Reservoir, KS 
J-4 Kaw Lake, OK 

······ K-5 Keystone Lake, OK* 
K-9 Lake Texoma, OK and TX* 

····· · J-2 Marion Lake, KS 
L-5 Oologah Lake, OK 
E-4 Optima Lake, OK 
L-9 Pat Mayse Lake, TX 

...... L-3 . Pearson-Skubitz Big Hill Lake, KS .··· 
M-8 Pine Creek Lake, OK 
M-7 Sardis Lake, OK 
K-5 Skiatook Lake, OK 
M-6 Tenkiller Ferry Lake, OK" 

...... L-2 Toronto Lake, KS 

F-8 Area V, Estelline Springs 
· F-9 Area VIII & Truscott Brine Lake 

····· OTHER AUTHORIZED 
· .. • ...... PROJECTS 

... Lake Projects 

. M-S Big Pine Lake, TX 
. L-8 Boswell Lake. OK 
K-4 Candy Lake, OK 
J-3 Douglass Lake, KS 

. . / M-8 Lukfata Lake, OK 
... · ... K-7 Parker Lake, OK 

. K-4 Sand Lake, OK I-8 Waurika Lake; OK 
M-7 Wister Lake, OK 

.... ········· K-4 Shidler Lake, OK./. . . 
.M-7 Tuskahoma Lake, OK · · 

Navigation Project; • .··· 
· . Local Protectlt>n Projects.· 

N-6 to L-5 McClellan-Kerr Navigation Sys~ .·· .·· 
L-6 Chouteau Lock .and Dam · J.3. · Arkansas City; KS 

J-6 Criitcho Creek, OK ...... L-5 NewtGrahamLockandDam ····· .. L ~• · 
· • M:6 ·• Roberts: Kerr L&D and Reservoir ~·.· . · -;i Fry.Creek, OK .. · 

· M-6 W,D,MayoLockandOam ·. H-1 GreatBend,KS . 
.... M-6 Webbers Falls L&D and Reservoir* . J-2 Halstead, KS · 

··N-6 Poteau River Navigation.OK and AR· ···H-8 Holliday Creek, TX 
L-3 Independente, KS 

G-7 
F-9 
F-8 
F-9 
F-8 

.... F-8 
E-8 

Area VT 
Area VII 
Area IX 
Area X 
Ar""a XIII 
Area XIV 
Area XV 

NON~CORPS LAKES 

Bureau of Reclamation 

G-7 Altus Reservoir, OK.· 
. J-8 Arbuckle Reservoir, OK · 
I-3 Cheney Reservoir. KS 

·· H-7 Fort.Cobb Reservoir, OK . • ·· ·· 
.· .H-6 . Foss Reservoir, OK 

D-6 Lake Meredith, TX 
J.7 .. Lake Thunderbird, OK . .·· .··· 

· ·.·· L-8 . McGee Creek Reservoir; bi( 
.. ··· . H-7 Tom Steed Lake, OK 

. Gr.a:nd. River Dam A iithodty .· .. 

.... · .. · .. · ........................... · M-4 GrandLiikeO'theC:h~rokee~ OK" ..•. 
. . M-5 Lake Htidson, OK"': , 

r.-: :f~;:~r~::~t~Ts~, OK Cit{~fW~chi~ F~Hs, ;;, ~~d Wichita 
J-6 N. Canadian Treatment Pfarit; OK · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · County Water Improvement District 2 

Loe a! Flood Prote~tioh Projects .· 

······· L-5 
G-2 
I-5 

Cherry and Red Fork Creeks, Tulsa;oK·· · 
Dodge City, KS J-3 Park City, KS 

I-1 Upper Little Arkansas River, KS Enid, OK 
.·· ......... L,3 Whiskey & Rock Creek, KS.·· 

G-9 Lake Kemp, TX 

··········H-9 
.J-6 

· · I-5 

Sheppard USAF 
Tinker USAF 
Vance USAF 

Department of Energy Installation · · · 

· D-6 Pantex, TX 

ALTERNATE NAME··LIST 
.. Markham Ferry Reservoir ..... , Lake Hudson .· · 

Mountain Park Reservoir• , . . . Tom Steed Lake 
·· Norman Reservoir ..... ; , , Lake Thunderbird 
Pensacola Res . . Grand Lake O' the Cherokees 
Sanford Reservoir ...... ; ; . . . . Lake Meredith 

* -Denotes a hydropower project ... 
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500 
\. I 

' ' 11 INFLOW CONDITIONS 
' \ I/ 

... ' I{ .. II"" 

"'""' ,__ .. .---~ 
0 

.. .. - -- -
0 20 40 60 80 100 

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 
A98X01. 

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

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN: G.D.E. 4-2 CHECKED: R.W.8. 
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/ .. ~ FLOOD STAGE 20 FEET I/ 
/ 1 DISCHARGE 5,000 CFS ,, 

, 
,, 

,, 

10 I 

25 30 35 40 

00 5 10 15 20 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 
NUMBER 3,DATED SEPTEMBER 30,1994 CEDAR VALE, KANSAS AND SHIFT CURVE DATED APRIL 19, 1996. 

~ DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
I DRAWN: G.D.E. 

vi CHECKED: R.W.B. 
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10 f 100 120 140 160 
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00 20 40 60 80 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 
NUMBER 3,DATED SEPTEMBER 30,1994 ELGIN, KANSAS AND SHIFT CURVE DATED APRIL 19, 1996. 

~ DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
I DRAWN: G.D.E. 
~ CHECKED: R.W.B. 
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00 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 
NUMBER 31, DATED OCTOBER 1, 1991 HULAH, OKLAHOMA 

~ DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
I DRAWN: G.D.E. 

(.11 CHECKED: R.W.B. 
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100 120 140 160 
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00 20 40 60 80 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 
NUMBER 3,DATED SEPTEMBER 30,1994 
AND SHIFT CURVE DATED APRIL 19, 1996. BARTLESVILLE, OKLAHOMA 

~ DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
I 

O'I 
DRAWN: G.D.E. 
CHECKED: R.W.B. 
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00 20 40 60 80 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 
NUMBER 26, DATED OCTOBER 1, 1994 RAMONA, OKLAHOMA AND SHIFT CURVE DATED JUNE 14, 1996. 

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

-..J CHECKED: R.W.B. 
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00 40 80 120 160 ARKANSAS RIVER WATERSHED VERDIGRIS RIVER, OKLAHOMA 

DISCHARGE IN 1000'5 CFS HULAH LAKE 

NOTE: DISCHARGE RATING CURVE 
CURVE IS BASED UPON RATING CURVE VERDIGRIS RIVER NEAR 
NUMBER 18, DATED OCTOBER 1, 1993 
AND SHIFT CURVE DATED SEPTEMBER 1, 1994. CLAREMORE,OKLAHOMA 

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

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



CEDAR 
LENAPAH 

NOTES: 

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

• 24 • 

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

~ 
~ ~% 
~~ 

LAKE 

BUREN 

• POTEAU 

• 
WISTER LAKE 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

TIME OF CREST TRAVEL 

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN: G.D.E. 
CHECKED: R.W.B. 4 -9 
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0 1000 2000 3000 4000 5000 6000 7000 8000 
AREA FLOODED IN ACRES 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

STRUCTURAL LOSS ANO 
AREA CURVES 

HULAH DAM TO THE CONFLUENCE 
OF THE LITTLE CANEY RIVER 

WITH THE CANEY RIVER 
~ 

I DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 ..... 
0 DRAWN: G.D.E. 

CHECKED: R.W.B. 
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ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

STRUCTURAL LOSS ANO 
AREA CURVES 

LITTLE CANEY RIVER CONFLUENCE 
TO SAND CREEK CONFLUENCE 

ON THE CANEY RIVER 

~ DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
I ..... DRAWN: G.D.E. ..... CHECKED: R.W.B. 
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ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

STRUCTURAL LOSS ANO 
AREA CURVES 

SAND CREEK CONFLUENCE OF THE 
CANEY RIVER TO THE CANEY RIVER 

CONFLUENCE WITH THE VERDIGRIS RIVER 
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ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

e RECORDING PRECIPITATION ST AT IONS 

0 OBSERVER PRECIPITATION ST AT IONS 

RECORDING STREAM GAGING AND 
PRECIPITATION ST AT IONS 

STREAM GAGING ANO 
STATIONS RAINFALL 

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



(b) (6)

(b) (6)

(b) (6)

(J1 
I 

N 

NATIONAL WEATHER SERVICE 

RIVER FORECAST CENTER 
2 

TULSA DISTRICT 
EXECUTIVE OFFICE 

ENGINEERING & CONSTRUCTION DIVISION 

HYDRO-HYDRA BRANCH 
GM - 14 

WATER CONTROL SECTION 

CH. GS-13 

r-----

OPERATIONS DIVISION 

COPAN/HULAH LAKE 
PROJECT OFFICE 

___ VERDIGRIS RIVER REGULATORS _____ I 

GS-12 
GS-12 

1. DIRECT COMMUNICATIONS ARE MAINTAINED BETWEEN THE LAKES AND THE RESERVOIR 
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. 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

ORGANIZATIONAL CHART 

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



LAKE DATA 
HULA 

26 JUNE 1991 
LINE ITEM TIME NUMBER 

POOL 12N 734.00 ELEVATION 

2 
POOL 

4PM 733.99 ELEVATION 

3 POOL 12M 733.95 ELEVATION 

4 POOL 8AM 733.90 ELEVATION 

5 TAILWATER 8AM ELEVATION 

6 24 HR AVE. POWER 12M DISCHARGE 

7 24 HR AVE. TOTAL 12M DISCHARGE 

8 NET POWER 12M GENERATION 
GEN• 1 HRS IN USE 12M 

GEN•2 HRS IN USE 12M 
9 

GEN•3 HRS IN USE 12M 

GEN•4 HRS IN USE 12M 

10 INSTANTANEOUS BAM POWER DISCHARGE 
11 INSTANTANEOUS BAM 400 TOTAL DISCHARGE 

12 LAKE CONDIT IONS 8AM '®. 

13 WEATHER COND. 8AM ¢ 

1PM 

TOTAL PRECEEDING 7PM 6 HOUR 14 PREC IP !TAT ION 
ENDING AT 1AM 

7AM 

15 TOTAL 24 HOUR 7AM 0.0 PREC IP !TAT ION 

16 COMMENTS ON 
PRECIP. DIST. 

17 EVAPORATION 8AM 0.23 24 HOURS 

18 WIND 8AM s DIRECTION 

19 WIND 8AM B-1 VELOCITY 

20 WATER I-PUMP SUPPLY 

21 GATE SETTINGS 8AM 5SG0.5' NO. TYPE,OPENING 

22 GATE DATE 4APR98 
CHANGES TIME 1400 

23 POOL ELEVATION 733.98 

24 FROM• GATE LF 30% SETTING 

25 TO• GATE 
SETTING 5SG0.5' 

26 GATE DATE 
CHANGES TIME 

27 POOL ELEVATION 

28 FROM• GATE 
SETTING 

29 TO• GATE 
SETTING 

30 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.8. 



.A. Winfield 

• Atlanta 

• 

• Hardy 

HULAH 
LAKE 

• Newkirk Mesanet 

• Kaw Lake 

... 
Kaw Lake Tailwater • Burbank Mesanet 

.A. Ralston 

N 

Elk Falls 

• Elk City lake 

... 
Independence 

.A. Lenapah 

• 

• • 
Wynona Mesonet 

Skiatook Mesonet 

• 
Skiatook Lake. 

Claremore • Claremore Mesonet 

Sperry. 

Keystone Lake 

• 

LEGEND 

e RECORDING PRECIPITATION STATIONS 

RECORDING STREAM GAGING AND 
PRECIPITATION ST AT IONS 

CEDAL - SUBAREA NAME 

• Tulsa 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

FORECAST REACHES 

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN: G.D.E. 6 1 
CHECKED: R.W.8. -
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-
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1000 1 2 3 4 5 

DAYS FROM BEGINNING OF RAINFALL EXCESS 

DATA BASED ON: 
ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

DRAINAGE AREA • 208 SQ. Ml. HULAH LAKE 
1" RUNOFF • 11,093 AC-FT 
2 HOUR UNIT HYDROGRAPH 

UNIT HYOROGRAPH 
NOTE: AREA ABOVE THE CEDAR VALE GAGE 

UNIT HYDROGRAPH OBTAINED BY APPL YING 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 1998 
DRAWN: G.D.E. 6-2 
CHECKED: R.W.B. 
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1000 1 2 3 4 5 

DAYS FROM BEGINNING OF RAINFALL EXCESS 

DATA BASED ON: 
ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

DRAINAGE AREA • 445 SQ. Ml. HULAH LAKE 
1" RUNOFF • 23,733 AC-FT 
2 HOUR UNIT HYDROGRAPH 

UNIT HYOROGRAPH 
NOTE: AREA ABOVE THE ELGIN GAGE 

UNIT HYDROGRAPH OBTAINED BY APPL YING 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 

NOTE: 
UNIT HYOROGRAPH 

UNIT HYDROGRAPH OBTAINED BY APPL YING 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.B. 
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cu~';\o~s 
11-~c:,t~t~I>-

~sc'<' -< o -
~""Q~s MINIMUM DISCHARGE CURVE 

~\~\W- '(,~t~ ox GIi- FOR NORMAL OPERATIONS USING 
768 xO~ ~ ,of2 FLOOD FORECASTING TECHNIQUES 

TOP OF SURCHARG_ 
POOL 767.0 

TOP OF FLOOD POOL 765.0 
(f ,,.a 

764 ·-;~ 
!::i 

~Cj 

~~ 
'o....:~ g_, NOTES: ~d~~ ~, 

1. MINIMUM DISCHARGE CURVE FOR NORMAL 
~ 

OPERATIONS WILL BE USED WHEN USING 
0 760 ~() FLOOD FORECASTING TECHNIQUES 
> 
C) 

,ea<::i z 
""' 2. MINIMUM DISCHARGE CURVE FOR ~ 

I- "" "' ,-roo EMERGENCY OPERATIONS WILL BE USED 
w ''""' WHEN COMMUNICATION WITH DISTRICT 
w ()Ci OFFICE IS LOST AND PROJECT MANAGER LL °" "' 

~ IS OPERATING FOR EMERGENCY CONDITIONS. 
~ 

"" <ii() 
z 756 <ii :12'1() 
Q '""" ~ 
I- . 
<( " "" Co() EXAMPLE: > w '""" ~ TO DETERMINE A DISCHARGE C FOR "'' 10-40' x 25' TAINTER _J 'b.() w '"" GATES FULL OPEN EMERGENCY OPERATION) WITH A POOL '7,.; 

ELEVATION OF 761.0 AND A 2 HOUR _J 

~cs. 0 COMPUTED INFLOW OF 275,000 CFS. 
0 752 'lj 
0... 

1. AT ELEVATION 761.0 READ 
ACROSS TO THE INTERSECTION 

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

2. READ DOWN TO FIND THE 
DISCHARGE OF 113,000 CFS. 

748 

10-40' x 25' TAINTER GATES FULL OPEN 200 220 240 260 
AND 9-5' x 6.5' SLUICE GATES FULL OPEN 

744 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

CREST OF SPILLWAY 740.0 HULAH LAKE 

740 O 
20 40 60 80 100 120 140 160 180 

SPILLWAY GATE DISCHARGE IN THOUSANDS OF CFS 
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: 

>-+-+-+-+--+-+-+-+-+-+-+--+-+-+-+-+-+-+--+-+-+-+-+-+-+--+-+-+-+---<-+-+--+-+-+-+-+-+-+--+-+-+-+-+-+-+--+-+-+-+-+-+-+--+-+-+-+-t--+-+---H G) 

t-+-+-+-+--+-+---,--+-+-+-+-+-+-+-+-+--+-+---,--+-+-+-+-+-+-+-+-+--+--+--,--+-+-+-+-+-+-+-+-+--+-+---,--+-+-+-+-+-+-+-+-+--+-+---,--+-+-+-+-+-+-t @ 

Locote the pool elevation ot the end of the 2-hour period on the 
lower left portion of this chort. 

Determine the rate of rise by subtracting the pool elevation ot the 
beginning of the 2-hour period from the pool elevation ot the end 
of the period ond dividing by 2. Move straight up until you 
intersect the oppropriote rate of rise curve. ' 

' 
1-----+-+-+-+--+-+-+-+--+---<--+--+-+--+--+-f---+--+-+----+-+-+-+-+-+-+--+-+-+--+-+-+--+--+-+--+--+-f---+--+-+-+-+-+-+-+-+-+--+-+-+-+-+-+--+--+-+--+--+-+1-----+-1 Q) Determine the 2 -hour over o g e disc ho r g e by: 

J 

AVERAGE RATE OF RISE IN FT /HR 1 

1---+-++--+-+--+----j---+-+-+-++--+-+--+----j---+-+-+-++--+-+--+----j---+-+-+-++--+-+--+----j---+-+-+-++--+-+--+----j---+-+-+-++--+-+--+----j---+-+-_+rl,3-:::--.-=0"ll-----+--+-+-I @ 

--

---- -- -- ---.... 
___ .... 

--- -------- -- -- ------ --- --------- --.... -- ___ .,.. 

--- .._ .... ---- ------- ------c------___ .,.. 
-------

l .J 

,, 

756 758 760 CD 762 764 766 

POOL ELEVATION FEET 

EXAMPLE COMPUTATIONS: 

CD Begin with o lake elevation of 761.00 feet. Two hours ogo the elevation wos 758.15 feet. 

(Zl Rate of rise = (761.00 - 758.15) I 2 hrs = 2.85 feet I 2 hrs = 1.43 ft/hr 

Releases for last two hours were= 

® 

Average release = 160,000 cfs / 2 hrs 
= 80,000 cfs 

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

1.0 hrs ot 60,000 cfs = 1.0 x 60,000 
1.0 hrs ot 100,000 cfs = 1.0 x 100,000 

Totol 2 hrs 

-12.8 
...L..L 

-- 12.6 

-- 12.4 

-- 12.2 

-12.0 

-- 11.8 

-- 11.6 

1.4 

1.0 = 0.9 

10.1 

= 60,000 cfs 
= 100,000 cfs 

160,000 cfs 

Col Multiply the discharge for eoch gote setting used 
during the 2-hour period by the time in hours 
eoch setting was in effect during the 2-hour 
period 

(bl Sum those products ond divide by 2 hours. 
(See example computations below) 

Move straight down to the bottom of the chart to 
read the average inflow for the 2-hour period. 

Go to Plate 7-1 to determine the appropriate 
discharge for the next period. 
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AVERAGE 2-HOUR INFLOW IN CFS 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

INFLOW VS. RATE OF 
NOMOGRAPH 

RISE 

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

NOTES: 
(1) DISCHARGES ARE FOR ONE GATE 

OPERATING FOR INDICATED OPENINGS 
TEN GATES AVAILABLE. 

(2) GATES ARE CALIBRATED BASED 
UPON ARC DISTANCE. 
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DISCHARGE IN THOUSANDS OF CFS 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMJ 

HULAH LAKE 

SPILLWAY RATING CURVES 
PARTIAL AND FULL GATE OPENINGS 

1 40' x 25' TAINTER GATE 

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



PERIOD 
MO/YR 

5/88 

6/88 

7/88 

8/88 

9/88 

10/88 

WATER SUPPLY STORAGE ACCOUNTING 
HULAH LAKE 

CALL 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 
CONTRACT STORAGE USER# 3 

USER BEGINNING INFLOW 
STORAGE SHARE 

LAKE 31100 1457 
1 22775 298 
2 116 4 
3 8209 1156 

LAKE 30980 2013 
1 22775 1474 
2 116 8 
3 8089 531 

LAKE 29320 109 
1 22433 80 
2 114 0 
3 6773 29 

LAKE 24919 470 
1 19706 344 
2 101 2 
3 5112 124 

LAKE 21500 438 
1 17728 321 
2 92 2 
3 3681 116 

LAKE 19450 157 
1 16441 11 5 
2 85 1 
3 2923 41 

116, HULAH WATER DISTRICT 
8209, WATER QUALITY 

TOTAL WI TH- ENDING 
LOSSES DRAWN STORAGE 

399 11 78 30980 
298 0 22775 

2 2 116 
100 1176 8089 

2055 1618 29320 
1541 275 22433 

8 2 114 
506 1341 6773 

2969 1541 24919 
2307 501 19706 

12 1 101 
651 1039 5112 

2261 1628 21500 
1823 499 17728 

9 2 92 
428 1127 3681 

1359 1129 19450 
1134 473 16441 

6 2 85 
219 654 2923 

1077 840 17690 
923 259 15375 

5 0 81 
150 581 2234 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

WATER SUPPLY 
STORAGE ACCOUNTING 

DEPT. DF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN:SKG 7 4 
CHECKED=GDE -
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CLASS A PAN EVAPORATION 

740 SPILLWAY CREST 740.0 

TOP OF CONSERVATION POOL 733.0 
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720 
ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

0 40 80 120 160 200 240 280 320 360 400 HULAH LAKE 

EVAPORATION IN C.F.S. 

EVAPORATION CURVES 

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
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ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

LOW FLOW RATING CURVE 
ONE 24" LOW FLOW PIPE 

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN: SKG ] - 6 
CHECKEO:GOE 
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DISCHARGE IN 1000'S OF CFS 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

NOTE: HULAH LAKE 

RATING IS FOR 9 - 5' 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.8. 
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750 > FULL GATE OPENING NOTE: 

C) 

z 1. RATING IS FOR 1 - 5' X 6.5' SLUICE GATE. 
~ 

9 - SLUICE GATES AVAILABLE. 
I- 2. GATE SETTINGS ARE AVERAGE VALUES w 
w OF CAPACITY OF ALL 9 GATES. 
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ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

INVE RT ELEVATION 702.0 HULAH LAKE 
700 
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DISCHARGE IN C.F.S. SLUICE RATING CURVE 
FOR PARTIAL GATE OPENINGS 

<ONE GATE) 

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN:SKG 7-8 
CHECKED: GDE 
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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 

TAIL WATER RATING CURVE 

-...J 
DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1995 I 

1.0 DRAWN: G.D.E. 
CHECKED: D.E.8. 
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RATE OF RISE IN FT /HR 

10-40' x 25' TAINTER GATES FULL OPEN 
AND 9-5' x 6.5' SLUICE GATES FULL OPEN 

10-40' x 25' TAINTER 
GATES FULL OPEN 

CREST OF SPILLWAY 740.0 

20 40 60 80 100 120 140 

DISCHARGE IN THOUSANDS OF CFS 

200 

160 180 

NOTES: 

TOP OF SURCHARG"~f~ffEEf~ffEE~ 
POOL 767.0 

TOP OF FLOOD POOL 765.0 

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

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

220 240 260 

ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

HULAH LAKE 

SPILLWAY GATE 
REGULATION SCHEDULE 

RATE OF RISE PARAMETER 

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN: G.D.E. 7 -10 
CHECKED: R.W.B. 
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500 NOTES: EMERGENCY OPERATIONS 
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DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN: G.D.E. 8-1 CHECKED: R.W.B. 
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AVERAGE RECURRENCE INTERVAL IN YEARS 

-- COMPUTED PEAK INFLOW PROBABILITY ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

6 HISTORICAL EVENTS HULAH LAKE 

NOTE: 

1. BASED ON PERIOD OF RECORD PEAK INFLOW 1940 TO 1997. 

2. ADOPTED SKEW COEFFICIENT 
PROBABILITY CURVE 

OF - .554 WAS USED. 

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN: G.D.E. 8-4 CHECKED: R.W.B. 
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AVERAGE RECURRENCE INT ERV AL IN YEARS 

NOTE= ARKANSAS RIVER WATERSHED CANEY RIVER, OKLAHOMA 

CURVE IS BASED UPON PERIOD HULAH LAKE 
OF RECORD JANUARY 1940 THRU 
DECEMBER 1997 FROM SUPER RUN 
A95X09. 

POOL ELEVATION 
PROBABILITY CURVE 

DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
DRAWN: G.D.E. 8-5 CHECKED: R.W.8. 
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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 
A98X01. 
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DEPT. OF THE ARMY, TULSA DISTRICT CORPS OF ENGINEERS 1998 
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