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ALAMO DAM AND LAKE
COLORADO RIVER BASIN, BILL WILLIAMS RIVER, ARIZONA

PERTINENT DATA (English Units)

October 2003
Completion date July 1968
SEIEAM SYSTEIM ..ottt bbbttt bbbttt ettt enne Bill Williams River
Drainage area ..........cceeeeevreeereeereeneseneneeeneieneeennes SN 4,770
Reservoir
Elevation (from gross area-capacity table)
Streambed at Intake Structure ft., NGVD
Recreation Pool.................. ft., NGVD
Water Conservation Pool ft., NGVD
Flood Control Pool (Spillway Crest). ft., NGVD
Spillway Design Surcharge Level ft., NGVD
Top of Dam................ ft., NGVD
Area
Streambed at Intake Structure ...
RECTEAtION POOL........ceiviiiiiiiiiiiici e
Water Conservation Pool
Flood Control Pool (Spillway Crest).....
Spillway Design Surcharge Level ...
Top of Dam
Capacity
Streambed at Intake Structure ....... ..oac-ft... 0.0
Recreation Pool ac-ft 24,372 (0.10%)
Water Conservation PoOL.........c.coeeiririeeinieeeinneeeeeecsiene ac-ft et nen 321,716 (1.26*)
Flood Control Pool (Spillway Crest) ac-ft 995,300 (3.91%)
Spillway Design Surcharge Level . ...ac-ft... ...1,361,247 (5.35%)
Top of Dam ac-ft 1,451,300 (5.70%)
Storage Allocations Below Spillway Crest
Recreation ACTE 1t 5,000 (0.02%*)
Water Conservation . ac-ft 230,000 (0.90*)
Flood Control ac-ft 608,369 (2.39%)
SediMeNntation ..........ceeeereeveieiriniereieeeeeeeeeee e ac-ft ...200,000 (0.79%)
Dam: - Type ....cc....... Rolled Earthfill
Height Above Original Streambed ft, NGVD 283
TOP LeNGth......oieiiiiiiiiiiiiiiiieii et T 975
Top Width ft 30
Spillway: - Type Detached, broad-crested
Crest Length... e Bt s 110
Crest Elevation ft., NGVD 1,235
Design Surcharge EIeVation ..........c.ccoveiviiiicuiicieieeiinieiieneecceieieenenenenenes Tt NGV 1,259.6
Design DISChArZe.......covvveueirieieiiieieieteteie et CFS s 41,600
Outlet Works:
Tunnel Length (including gate chamber and
tranSition SECHIONS.........cveeviereeeeeieeteeeeereeereeneeereerreeaeens fton, 1,290
Intake Invert Elevation ft., NGVD 990
Outlet Invert Elevation ............cccocoeveveeevenennnne. Tt NGVD oot 980
GALES — TYPC .ttt b bbbttt bbb bbbt ettt tandem slide
Number and Size
SEIVICE (AOWINSIICAIN) ...ttt ettt etes et bete st b et e st e bese st s et es e e et esen et et et eses et ebes et et ebes e s ebeses et ebesensebeseneaseseneneses three 5'W x 8.5'H
Emergency (upstream) ....three 5'W x 8.5'H
Maximum Discharge at Spillway Crest............ooeieieiieeeneneienennne CFS e 8,715
Low-flow Bypass around Service Gate No. 3
Pipe Size, I. D ettt — ettt ettt et et et et et eaenn in 18
CONTOL VAIVE — TYPEC ..ttt ettt ettt ettt et sttt b ettt h et s e s sttt e b bt e b e b a et e b es et b b e st s et eb ettt e st s st ebeaean Butterfly
Maximum Discharge Capacity OB et 112
Water-Surface Elevation to Initiate
operation ft., NGVD.....ccoveverenne. 1002.3

Standard Project Flood (revised March 1986):
Inflow Duration
Total Volume

613,000 (2.41%)

INTIOW PEAK ....c.vovivitieiceeetitecteeteeeee ettt ese s eenssnesnensesesness CES teuieuietietietet et ete st et eteesessessessesessesseseesesesseseesesens 389,000
Outflow Peak R 7,000
Maximum Reservoir EIevation............cccccccevveeeeveeieeeeeeceieeeeeseeeeeseereesneeseeens 1o, NGVD o 1,222.14
Probable Maximum Flood (revised March 1986):

INFIOW DUFALION ..ttt days .....cc..... 3
TOtal VOIUIME .....oeeveeieeeeeeeee ettt et eaeeae s eaeenenan ACTE oo 1,390,000 (5.46*)
INFIOW PEAK .....ceeiiiiiiieeeeeee ettt cfs........ 820,000
Outflow Peak cfs

Maximum Pool EIEVAtION..........c.occuioiiiiiiiiiieieceeeeeeeeeeee et Tt NGVD oo 1281.3

*Inches of runoff on 4770 sq. mi. watershed

Historic Flood Inflow Peaks of Record
6 - 9 February 1937, inflow peak 106,530 cfs. 13-22 February 1980, inflow peak 82,000 cfs.
27 February -- 4 March 1983, inflow peak 69,070 cfs.
8 January -- 28 February 1993, inflow peak 104,667 cfs.



ALAMO DAM AND LAKE
COLORADO RIVER BASIN, BILL WILLIAMS RIVER, ARIZONA

PERTINENT DATA (SI Units)

October 2003
Completion date July 1968
SEIEAM SYSTEIM ..ottt bbbt bbbttt bbbt b ettt ettt senene Bill Williams River
Drainage area ..........ceceeeeeereeeninereecneeenenenenenes sq-km 12,354
Reservoir
Elevation (from gross area-capacity table)
Streambed at Intake SIrUCLUIE ........c.oeveevieeieeeeeceeceeeeeee e m, NGVD 301.75
Recreation POOL..........cocviouiiiiiiiieceeeeceeeeeeeeee e M, NGVD ..o 326.14
Water Conservation Pool m, NGVD .353.69
Flood Control Pool (Spillway Crest). m, NGVD 376.43
Spillway Design Surcharge Level 383.93
Top of Dam........ 385.57
Area
Streambed at Intake Structure ....
Recreation Pool
Water Conservation Pool
Flood Control Pool (Spillway Crest)....
Spillway Design Surcharge Level
Top of Dam
Capacity
Streambed at Intake Structure ...........ccocceeeeeicuicuerciennne. ...ha-m 0.0
Recreation Pool 3,006 (0.25%)
Water Conservation Pool . 39,683 (3.20%)
Flood Control Pool (Spillway Crest) ha-m 122,768 (9.93%)
Spillway Design Surcharge Level . . ....167,907 (13.59%)
Top of Dam 179,015 (14.48%)
Storage Allocations Below Spillway Crest
Recreation ...616.74 (0.051%)
Water Conservation . 28,370 (2.29%)
F100d CONLIOL.....cueieeeeieeieeeeceeeteeeeeee et 75,041 (6.07%)
Sedimentation ...........ceeeveeveieririnieeeirineeeeeeeereene 24,669 (2.01%)
Dam: - Type ....ccuuee. Rolled Earthfill
Height Above Original Streambed m, NGVD 86.26
Top Length
Top Width
Spillway: - Type
Crest Length... e Mt 33.53
Crest Elevation m., NGVD. 376.43
Design Surcharge EIeVation .............covieiiiiieieiiieiieiininieeeecscieneieneseneneneaes M, NGVD .o cccceeeienne 383.93
Design DISCHAIZE.....c.cvvvveuiirieieieiietc ettt CINIS ettt ettt et b et b et b ettt 1,178
Outlet Works:
Tunnel Length (including gate chamber and
transition SECHIONS......c.ccucueuiueiiieiriiicccicieeieeeeneieiiae m 393.19
Intake Invert Elevation ................c......... m., NGVD 301.75
Outlet InVert EISVALION ........cccveieuieiiieiietieieieceteeee ettt My NGVD oo 298.70
GALES — TYPC ettt ettt b bbbttt bbb bbbttt ettt tandem slide
Number and Size
SEIVICE (AOWINSIICAIM) ...vvevietietiiirteteiet ettt ettt ettt e bt et b et e st e b e s et b et es et ebes e st esesesen et et eses et esesene st esenestesenenesesesennne three 1.5m W x 2.6m H
Emergency (upstream) three 1.5m W x 2.6m H
Maximum Discharge at Spillway Crest..........ccouceieieiieiiernieininecceeeene CFS e 246.78
Low-flow Bypass around Service Gate No. 3
Pipe Size, I.D. cm 457
Control Valve — Type Butterfly
Maximum Discharge Capacity CINIS ottt 3.17
Water-Surface Elevation to Initiate
OPEIAtiON ... m., NGVD 305.5

Standard Project Flood (revised March 1986):
Inflow Duration
Total Volume
Inflow Peak..

75,612 (6.12%)
.. 11,015

...cms..

Outflow Peak cms 198
Maximum Reservoir ElIevation............c.c.ocvevieiericieeeiiiiceeieeeteeeeseeeeveseseveevennes M, NGVD ..ottt 372.51
Probable Maximum Flood (revised March 1986):
INFIOW DUTALION ..ottt days ...occceevenne 5
TOtAl VOIUME ...ttt nnenene ha-m ....... 171,454 (13.87%)
Inflow Peak CMS ..onnieene 23219
Outflow Peak .........cooevveveieenenns 163111 7,989
Maximum Pool EIEVAtION..........c.ccvieuiiieeiiieceieeeeeeeeeeeeee et M, NGVD ..o 390.54

*Centimeters (cm) of runoff on 12,354 sq. km. watershed

Historic Flood Inflow Peaks of Record
6 - 9 February 1937, inflow peak 3,017 cms. 13-22 February 1980, inflow peak 2,322 cms.
27 February -- 4 March 1983, inflow peak 1,956 cms.
8 January -- 28 February 1993, inflow peak 2,964 cms.



DEPARTMENT OF THE ARMY

SOUTH PACIFIC DIVISION, CORPS OF ENGINEERS
333 Market Street, Room 923
San Francisco, California 94105-2195

REPLY TO
ATTENTION OF:

CESPD-MT-E 1 1 DEC 2003
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MEMORANDUM FOR Commander, Los Angeles District, ATTN: CESPL-ED-HR

SUBJECT: Approval — Alamo Dam Water Control Manual

The South Pacific Division, Water Management Team has completed the policy compliance and
quality assurance review of subject document. A final copy, if printed and bounded, should be
provided to this office once completed. If you have any questions, please do not hesitate in

contacting Ms. Theresa Mendoza of my staff at (415) 977-8106.

FOR THE COMMANDER:

Mt Sollees

MARDA Q. STOTHERS
Chief, Engineering & Construction Division
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Aerial Photograph of Alamo Dam and Lake



NOTICE TO USERS OF WATER CONTROL MANUAL

Regulations specify that this Water Control Manual be published in loose-leaf
format, and only those sections, or parts thereof, requiring changes will be revised and
printed. Therefore, this copy should be preserved in good condition so that inserts can be

made to keep the manual current.

EMERGENCY REGULATION ASSISTANCE PROCEDURES

In the event that unusual conditions arise, contact can be made by telephone to the
U.S. Army Corps of Engineers, Los Angeles District Office, Reservoir Regulation
Section at (213) 452-3527 or (213) 452-3623.

il
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I - INTRODUCTION

1-01. Authorization

The authority and directives for the preparation of this manual are contained in

the following U.S. Army Corps of Engineers publications:

(1) Engineering Regulation (ER) 1110-2-240, dated 8 October 1982:

Engineering and Design, Water Control Management.

(2) Engineering Technical Letter (ETL) 1110-2-335, dated 1 April 1993:
Development of Drought Contingency Plans.

(3) Engineering Manual (EM) 1110-2-3600, dated 30 November 1987:

Management of Water Control Systems.

(4) Engineering Regulation (ER) 1110-2-8156, dated 31 August 1995:

Engineering and Design, Preparation of Water Control Manuals.

(5) Federal Standard 376B, dated 5 May 1983: Preferred Metric Units for

General Use by the Federal Government.

1-02. Purpose and Scope

The purpose of this water control manual is to provide current information about
Alamo Dam and Lake, the regulating policy, and a description of the organizations
responsible for reservoir regulation and data collection. The manual contains (a)
descriptive information pertaining to the drainage area and the project; (b) a description
of the plan of operation of Alamo Dam and its application to various floods; (c) the
organization for operations by the U.S. Army Corps of Engineers, Los Angeles District;

and (d) sources of hydrologic data and forecasts.
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1-03. Related Manuals and Reports

Manuals and reports relevant to Alamo Dam, Alamo Lake, and the drainage area

above and below Alamo Lake are listed in Table 1-01.

1-04. Project Owner

Alamo Dam and Lake are on land owned by the U.S. Army Corps of Engineers
(reference Section 2-05). The Los Angeles District of the U.S. Army Corps of Engineers

is responsible for reservoir regulation and for operating and maintaining the dam.

1-05. Operating Agency

The operation of Alamo Dam is the responsibility of the U.S. Army Corps of
Engineers, Los Angeles District (SPL). The District Engineer has delegated authority for
this function through the Chief, Engineering Division and the Chief, Hydrology and
Hydraulics Branch to the Chief, Reservoir Regulation Section. The dam is staffed by two
project operators (dam tenders) who live at the dam year round. The operators are under
the supervision of the Operations Branch SPL; they receive their reservoir regulation
instructions from the Reservoir Operations Center (ROC), at the downtown Los Angeles

office of the Reservoir Regulation Section.

1-06. Regulating Agencies

The U.S. Army Corps of Engineers, Los Angeles District is responsible for the
maintenance of Alamo Dam, for developing the water control plan for the regulation of

Alamo Lake, and for operating the dam.
The Arizona State Parks Department (ASP) manages U.S. Army Corps of

Engineers’ withdrawn and acquired lands at Alamo Lake (Plate 2-11) for fish and
wildlife purposes under Department of the Army license DACA09-3-97-31. Arizona
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Department of Game and Fish also has a role as trustee for all wildlife in the State of

Arizona, including both in the reservoir area and downstream from Alamo Dam.

The U.S. Geological Survey (USGS) operates and maintains a streamflow gage
on the Bill Williams River approximately 0.6 miles (0.97 Km) below Alamo Dam.
Additionally, the USGS maintains for SPL a streamflow gage on the Bill Williams River
33.7 miles (54.23 Km) below Alamo Dam.

The U.S. Fish and Wildlife Service maintains the Bill Williams River National
Wildlife Refuge, located on the lower 9 miles (14.5 Km) of the Bill Williams River

including the confluence with the Colorado River at Lake Havasu.

The U.S. Bureau of Land Management maintains two wilderness areas along the
Bill Williams River: the Rawhide Wilderness, located immediately below Alamo Dam;

and the Swansea Wilderness, located approximately 20 miles (32.2 Km) downstream.
The National Weather Service’s Colorado Basin River Forecast Center in Salt

Lake City, Utah provides inflow forecasts to Alamo Lake during the winter flood season

and at other times of the year upon request from the Corps.
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Table 1-01. Related Manuals and Reports

No. Title Date

Bill Williams River and Tributaries, Arizona, 78" Congress, 2™ Session,

! House Document No. 625 May 31, 1944

2 Hydrology, Alamo Reservoir, bill Williams River, Arizona March 29, 1946

3 Design Memorandum No. 3, General Design for Alamo Reservoir April 1964

4 Design Memorandum No. 4, Master Plan for Alamo Lake January 1975

5 Hydrology for Review of Design Features of Existing Dams, Alamo April 1982
Lake, Bill Williams River, Arizona p

6 Interim Report on Hydrology and Hydraulic Review of Design Features March 1986
of Existing Dams for Alamo and Whitlow Ranch Dams
Bill Williams River — Alamo Lake to Lake Havasu Hydrologic

7 Appraisal (prepared by Bill Stephens & Associates, Phoenix, AZ, for January 7, 1988
City of Scottsdale)
Bill Williams River Riparian Management (prepared by Bureau of Land

8 Management, Phoenix District, Arizona) February 1, 1988
Assessment of Water Resource Conditions in Support of Instream Flow

9 Water Rights, Bill Williams River, Arizona (prepared by Bureau of December 1988
Land Management, Phoenix District, Arizona

10 Alamo Lake, Arizona Reconnaissance Study July 1990
Proposed Water Management Plan for the Alamo Lake and the Bill

11 Williams River, Final Report and Recommendations of the Bill November 1994
Williams River Corridor Technical Committee, Volume I
Proposed Water Management Plan for the Alamo Lake and the Bill

12 Williams River, Final Report and Recommendations of the Bill November 1994
Williams River Corridor Technical Committee, Volume II
Technical Considerations for Alamo Lake Operation, U.S. Army Corps .

13 . . . . April 1998
of Engineers Hydrologic Engineering Center
Alamo Dam Risk Assessment Study, U.S. Army Corps of Engineers,

14 Los Angeles District, South Pacific Division March 1999
Alamo Dam Demonstration Risk Assessment: Summary Report, RAC

15 Engineers & Economists and the Los Angeles District, U.S. Army August 2000
Corps of Engineers

16 Alamo Lake, Arizona Feasibility Report and Environmental Impact Julv 1999
Statement, U.S. Army Corps of Engineers, Los Angeles District Y

17 Alamo Lake, Arizona Feasibility Study Technical Appendices, U.S. Julv 1999
Army Corps of Engineers, Los Angeles District Y
Operation and Maintenance Manual for Alamo Dam, Colorado River

18 Basin, Bill Williams River, Arizona, Department of the Army, Los December 1969
Angeles District Corps of Engineers
Instream Flow Request for the Bill Williams River National Wildlife

19 Refuge, Application Number 33-96300 (submitted to Arizona September 1993
Department of Water Resources)

20 Instructions for Reservoir Operations Center Personnel (The “Orange November 2002

Book”)
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I1 - DESCRIPTION OF PROJECT

2-01. Location

Alamo Dam is located on the Bill Williams River, 39 miles (62.8 Km) upstream
from its confluence with the Colorado River at Lake Havasu. The dam is on the border
of La Paz and Mohave Counties, Arizona, about 2.5 miles (4.0 Km) (downstream from
Alamo Crossing, see Plates 2-01 and 2-01a). Main access is from the town of Wenden,
on U.S. Highway 60, approximately 36 miles (57.9 Km) south of the dam. The
geographic coordinates of the dam are 34°13'55'N latitude and 11373629 W longitude.

2-02. Purpose
Alamo Dam and Lake is a multiple purpose project, which was authorized by
Public Law 78-534 (22 December 1944). The various authorized purposes are described

in the following paragraphs. The first four purposes were initial authorized purposes.

a. Flood Control. The project was authorized to provide flood control for lower

Colorado River communities downstream from Parker Dam (Lake Havasu).

b. Hydropower Generation. The project was authorized for hydropower. Had

a hydroelectric powerplant been constructed, the project would have furnished power to
the Phoenix area by interconnecting the powerplant transmission line with the Parker
Dam powerplant transmission line to Phoenix. This purpose, however, was not deemed

feasible and a powerplant was never constructed.

c¢. Water Conservation and Supply. Water conservation and supply was

authorized for usage both within the State of Arizona and within the Colorado River
mainstem. The purpose, however, has never been implemented, since no entity has ever

contracted with the Corps for a firm supply of water.
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d. Recreation. The project was authorized for in-lake recreation by the

establishment of a permanent pool below the flood control and water conservation pools.

e. Fish and Wildlife Benefits. Public Law 104-303 (12 October 1996)

authorized Alamo Dam to be operated for fish and wildlife benefits both upstream and
downstream from the dam. This authorization does not reduce the existing flood control

and recreational benefits of the project.

f. Water Quality. The overall water quality management objective for Alamo

Lake, formed by Alamo Dam is to maintain the best water quality possible with the
framework of the flood control, water supply, recreation, and environmental
enhancement purposes of the project. The quality of the water is monitored to ensure
compliance with applicable Federal and State water quality standards. The current water
control plan requires rapid lowering of the reservoir to the 1125-foot (342.9 m) target
elevation after major flood events. With this operation, the reservoir evaporation rate is
reduced. The result is prevention of an increase in reservoir salinity when the reservoir is
at a higher elevation and storage. This, in turn, helps prevent high salinity loading into

the lower Colorado River.

2-03. Physical Components

A general plan of the project is shown on Plate 2-02 and a detailed description of
the various features is contained in the following paragraphs. All elevations mentioned

are based on the National Geodetic Vertical Datum (NGVD).

a. Dam. The dam is a zoned earthfill structure with a top of dam elevation of
1265 feet (385.6 m), a crest width of 30 feet (9.1 m), and a crest length of 975 feet (297.2
m, see Photos 2-01 and 2-02). The height above the original Bill Williams River
streambed is 283 feet (86.3 m). The downstream slope of the embankment is 1 vertical
on 2 horizontal (1V:2H) and the upstream slope is 1V:2.5H. Both the upstream and
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downstream faces of the dam are protected by a layer of stone. Profiles and sections of

the dam embankment are shown on Plate 2-03 (reference Photos 2-01 through 2-02).

b. Spillway. The detached broadcrested spillway, with a crest elevation 1235
feet (376.4 m), is located in the right abutment, as shown on Plate 2-03 (reference photo
2-03). The spillway channel, an unlined trapezoidal section 110 feet (33.5 m) wide by
approximately 550 feet (167.6 m) long, cuts through a rock saddle, with the concrete
spillway crest block, 3 feet wide (0.9 m), 1 foot (0.3 m) deep and 116 feet (35.4 m) long,
entrenched in rock (reference Photo 2-04). The spillway profile and section are shown on
Plate 2-03. The spillway discharge curve is shown on Plate 2-04. Spillway flow
discharges into a gully separated from the right abutment by a rock ridge (Photo 2-05).
Flow rejoins the Bill Williams River about 1500 feet (457.2 m) downstream from the toe
of the dam.

¢. Outlet Works. The outlet works are located in the left, or southeast abutment.
Details of the outlet works are shown on Plates 2-05 through 2-07. The concrete-lined
outlet tunnel is 1290 feet (393.2 m) long and is 12 feet (3.7 m) in diameter, except
through the gate conduit section. At the entrance, there is a semicircular trashrack
enveloping the intake structure, and at the exit, an unlined outlet channel (Photo 2-06).
The gate chamber, just upstream from the axis of the dam, is circular in plan, and is 36

feet (10.9 m) in diameter.

Discharge is controlled by three slide gates 5.5 feet (1.7 m) wide by 8.5 feet (2.6
m) high. Upstream from each of these (service) gates is an emergency gate of the same
type and dimensions. Both service and emergency gates are hydraulically operated, open
or close at the rate of about one-half foot (0.15 m) per minute, and may be locked in any
position. Discharge curves for the service gates are shown on Plate 2-08. A butterfly
valve controls outflow through an 18-inch (45.7 cm) low-flow pipe that bypasses Service
Gate No. 3. The pipe is used for releases of up to approximately 112 cfs (3.2 cms), which

is the maximum discharge capacity of the butterfly valve.
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During the course of regulating the lake according to the prescribed Water
Control Plan, the lake level may recede to elevation 1100 feet (335.3 m) or lower. At this
point, the bulkhead gate can be installed so that the outlet tunnel can be dewatered for
inspection and maintenance of the outlet gates and the tunnel lining. The bulkhead gate
can be installed over the intake portal by a hoist mechanism situated on a paved bench
area, only if the lake level has receded to elevation 1070 feet (326.1 m), or lower.
Between elevations 1070 and 1100 feet (326.1 and 335.3 m), the bulkhead gate must be
installed from a barge or other floatation means from the lake surface. The bulkhead gate
was designed to withstand a maximum hydrostatic loading of up to elevation 1110 feet
(338.3 m) exerted by the reservoir, however, inspection and maintenance of the outlet
gates and tunnel do not occur unless the lake elevation is at, or below, 1100 feet

(335.3 m).

The outlet works control house is located on top of the dam approximately at the
midpoint of the outlet conduit (reference Photo 5-02). The control house contains a
hydraulic pump unit and control valve station, water surface recorder, selsyn gate-
position indicators and recorders, radio transceiver, telephone and electric power

installations, and sanitary facilities.

d. Reservoir. Reservoir boundaries are defined by the extent of the land
acquired by the Federal government for flood control behind Alamo Dam. A map of the
reservoir area is shown on Plate 2-09. Aerial surveys made in 1946 were used in the
preparation of an uncontrolled aerial mosaic of the reservoir area. Aerial surveys were
made for use in the preparation of a topographic map of the reservoir area in 1963. Area
and capacity curves for Alamo Lake, generated from the topographic map, are shown on
Plate 2-10. These curves are presented in tabular form in Table 2-01. Photo 2-07 is an

aerial view of the reservoir area, with a water surface elevation of 1183.76 feet (360.8 m).
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2-04. Related Control Facilities

There are no other significant water control facilities, such as dams or diversions,
within the Bill Williams River system. Section 3-04 summarizes the operational

coordination of Alamo Dam with related projects on the lower Colorado River system.

2-05. Real Estate Acquisition

The boundaries of real estate that the U.S. Army Corps of Engineers acquired for
Alamo Dam and Lake are shown on Plate 2-11. A total of 22,931.74 acres (9,280.1 ha)
was acquired for project operation up to the spillway crest, of which 18,377.74 acres
(7,437.2 ha) were Federal lands (U.S. Bureau of Land Management) and 4,554 acres

(1,842.9 ha) were State and private lands, acquired in fee.

2-06. Public Facilities

Public recreational facilities within the Alamo Lake area are jointly managed by
the Arizona Game and Fish Department and the Arizona State Parks. Existing
recreational facilities include five campgrounds equipped with bathroom and shower
facilities, and 250 camp sites for individual use (RV hook-ups), and one campground set
aside to accommodate group camping of 50 to 100 campers. There are also three boat
launch areas, a fish cleaning station, a group and individual picnic areas, and privately
operated concession/general store. All facilities are floodable. In addition, the Arizona
State Parks Department monitors overflow camping areas, which do not have any of the
aforementioned amenities. Plate 2-12 shows the recreational facilities in the reservoir

arca.
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Photo 2-01. Downstream face of Alamo Dam. Outlet works tunnel is in lower right
hand corner.

Photo 2-02. Upstream face of Alamo Dam. Water surface elevation 1130.56 feet (20
November 1985)
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Photo 2-03. Aecrial view of spillway adjacent to right abutment of dam.

Photo 2-04. Spillway channel looking downstream.
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Photo 2-05. Gully (arrow) through which spillway flows discharge before rejoining Bill
Williams River channel.

Photo 2-06. Bill Williams River channel immediately downstream from Alamo Dam.
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Photo 2-07. Aerial View of Alamo Lake.
Water surface elevation 1183.96 feet (4 May 1979)
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III - HISTORY OF PROJECT

3-01. Authorization

Alamo Dam was constructed under authorization of the Flood Control Act of 22
December 1944 (Public Law 534, 78th Congress, 2nd Session). The project was
recommended for approval by the Chief of Engineers in his report dated 11 April 1944,
published as a part of the project document (House Document No. 625, 78th Congress,
2nd Session). The project was authorized for flood control, water conservation, and

recreational purposes.
Subsequent legislation under Section 301(b)(1) of the Water Resources
Development Act of 1996 (Public Law 104-303) authorized Alamo Dam to be operated

for fish and wildlife benefits upstream and downstream from the dam.

3-02. Planning and Design

The initial planning for Alamo Dam is documented in a 15 January 1941 report by
the District Engineer, Los Angeles District. The report recommended a flood control
dam be constructed at the Alamo site. The report also recommended that features be
included in the dam and reservoir to meet future water conservation and power

developments, as well as changes in flood control requirements.

After formal authorization, various hydrologic, topographic, and geologic studies
were conducted from 1946 through 1963. Although the primary purpose of Alamo Dam
and Lake was for flood control, the Corps entered into an agreement with the U.S. Bureau
of Reclamation (USBR) for the latter to assess the water conservation and hydropower
potential of the project. In a November 1961 report, the USBR concluded that there was
water conservation potential, but no feasible hydropower potential. Hydropower
generation was determined to have potential for the National Economic Development

(NED) plan under some operating scenarios. However, a final analysis in the 1964 GDM
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indicated that hydropower generation would be operational too infrequently and thus
would not be economically justified. As a result, although authorized, hydropower

generation has never been implemented.

The original design concept was a concrete arch dam with an overflow spillway
located in the center of the structure. However, following a re-study in the early 1960's,
the final design was changed to an earthfill dam with a detached spillway in the right

abutment, as presented in the April 1964 General Design Memorandum No. 3.

3-03. Construction

Preliminary construction at Alamo Dam began in July 1963. Access road
construction began in October 1963 and was completed in October 1964. The dam and
appurtenant works were started in March 1965 and completed in July 1968. Operations
commenced 15 July 1968 and Alamo Lake reached the top of the original recreation pool

elevation of 1046 feet (318.8 m) on 2 March 1970.

3-04. Related Projects

The regulation of Alamo Dam is closely coordinated with the regulation of dams
on the lower Colorado River. The lower Colorado River Dams include those owned and
operated by the USBR, as well as dams operated by other agencies. The USBR office in
Boulder City, Nevada, is responsible for regulation of the lower Colorado River system
by means of its lower Colorado River dams and through coordination with facilities, such
as Alamo Dam, on tributaries to the Colorado River. Plate 3-01 is a schematic of the
lower Colorado River system, showing the location of all dams, USGS operated stream
gages, and listing the channel and levee capacity of the Colorado River main stem.

The USBR dams that Alamo Dam operations are coordinated with are described in the

following paragraphs.
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a. Glen Canyon Dam. Glen Canyon Dam is on the Colorado River in north-

central Arizona, about 15 miles (24.1 Km) upstream of Lee Ferry and 12 river miles (19.3
m) downstream of the Arizona-Utah state line. The dam, completed in 1964, has a
structural height of 710 feet (216.4 m), a crest length of 1,560 feet (475.5 m), and
contains 4,901,000 cubic yards (3,747,083 cubic meters) of concrete. Lake Powell, the
reservoir impounded by the dam, has a total storage capacity of 27,000,000 acre-feet
(3,330,401 ha-m), extends 186 miles (299.3 Km) up the Colorado River, has 1900 miles
(3,057.8 Km) of shoreline, and is the 2nd largest reservoir in the country. The reservoir
provides the long-term regulatory storage needed to permit the states of the Upper
Colorado River Basin to use their apportioned water and still meet their flow obligations
at Lee Ferry, Arizona, under the terms of the 1922 Compact of the Colorado River. The
powerplant provides the principal portion of the electrical energy generated by the
Colorado River Storage Project. Surplus revenue from the sale of this energy helps the
Upper Basin States to repay the costs of the project as authorized by Congress in 1956.
The powerplant has eight generating units providing a total generating capacity of
1,042,000 kilowatts. Water is conveyed from the reservoir to the turbines through eight
15-foot diameter penstocks embedded within the dam. Four river outlet conduits are
located near the left abutment of the dam to release water for downstream commitments
when the powerplant is not in operation and to assist in making releases during floods.
The conduits, each having a diameter of 96 inches (243.8 cm), have a total capacity of
15,000 cfs (424.8 cms) with releases controlled by 96-inch (243.8 cm) diameter hollow
jet valves. One spillway is provided on each abutment of the dam to make releases
during large floods. Discharges from each spillway are controlled by two 40- by 52.5-
foot (12.2m x 16m) radial gates in each intake structure providing a total spillway

discharge capacity of 276,000 cfs (7,815.5 cms).

b. Hoover Dam. Hoover Dam is on the Colorado River between Arizona and
Nevada, about 7 miles (11.3 Km) northeast of Boulder City, Nevada. The dam,
completed in 1936, has a structural height of 726 feet (221.3 m), a crest length of 1,232
feet (375.5 m), and contains 4,400,000 cubic yards (3,364,041 cubic meters) of concrete.

Lake Mead, the reservoir impounded by the dam, has a total storage capacity of
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28,537,000 acre-feet (3,519,987 ha-m), extends 115 miles (185 Km) up the Colorado
River, and has 550 miles (885 Km) of shoreline. The dam and reservoir provide flood
control, water supply for irrigation and municipal use, power generation, and recreation.
The powerplant is one of the major electrical generating facilities in the southwestern
United States. The powerplant has 19 generating units providing a total generating
capacity of 1,434,000 kilowatts. Water is conveyed from the reservoir to the turbines
through 13-foot (3.9 m) diameter penstocks connecting to 30-foot (9.1 m) diameter steel
pipes located within the old diversion tunnels inside of each abutment of the dam. River
outlet conduits continue downstream from the penstocks in each abutment of the dam to
release water for downstream commitments when the powerplant is not in operation and
to assist in making releases during floods. One spillway is provided within each
abutment of the dam to make releases during large floods. Discharges are controlled by
four 16- by 100-foot (4.9m x 30.5m) drum gates in each intake structure providing a
combined discharge capability of 130,000 cfs (3,681.2 cms) for each spillway tunnel.

c. Davis Dam. Davis Dam spans the Colorado River in Pyramid Canyon, 67
miles (107.8 Km) downstream from Hoover Dam and 88 miles (141.6 Km) upstream
from Parker Dam. The Dam provides re-regulation of the Colorado River below Hoover
Dam and facilitates water delivery beyond the boundary of the United States, as required
by treaty with Mexico. The Mexican Treaty of 1944 required the United States to
construct Davis Dam for regulation of water to be delivered to Mexico. The Dam also
provides for production and transmission of electrical energy, contributes to flood
control, irrigation and municipal water supplies, navigation improvement, recreation, and
wild waterfowl protection and related conservation purposes. Davis Dam, rising 200
feet (6.7 m) above the lowest point of the foundation and about 140 feet above the level
of the river, is a zoned earthfill structure with concrete spillway, intake structure, and
powerplant. The dam has a crest length of 1,600 feet (487.7 m), and a top width of 50
feet (15.2 m). The reservoir, Lake Mohave, has a total storage capacity of 1,818,300
acre-feet (224,284 ha-m), and, at high-water stages, extends 67 miles (107.8 Km)

upstream to the tailrace of the Hoover Powerplant.
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d. Parker Dam. Parker Dam is located on the Colorado River, approximately 16
miles (25.7 Km) northeast of Parker, Arizona and 155 miles (249.5 Km) downstream
from Hoover Dam, in a short section of gorge cut through low-lying hills. It is a gravity-
arch dam with a structural height of 320 feet (97.5 m), a crest length of 856 feet (260.9
m) at elevation 455 feet (138.7 m), and provides water storage and power production.
The reservoir formed by the dam, Lake Havasu, stores water for municipal and industrial
use by southern California and by the Central Arizona Project. With a reservoir elevation
of 450 feet (137.2 m) and a tailwater elevation of 366 feet (155.6 m), Parker Dam has a
differential hydrostatic load of 84 feet. The spillway consists of five 50- by 50-foot
(15.2m x 15.2m) Stoney gates located across the top of the dam above elevation 400 feet
(121.9 m). The gates are placed between hollow piers that contain the gate guides and
hold the gate hoist structure. The five bay gate-hoist structure rises 63 feet (19.2 m)
above the top of the dam.

Releases from Alamo Dam that are large enough to enter Lake Havasu, are
coordinated with the USBR to obtain maximum benefits. These benefits include water
supply, power generation, and incidental flood control (if releases are made within the

water conservation pool).

3-05. Modifications to Regulations

The original regulations for Alamo Dam and Lake were based on a plan
developed in General Design Memorandum No. 3. These regulations are described in the

paragraphs below.
(1) A recreation pool was designated from streambed up to elevation 1046 feet

(318.8 m). The downstream release from the recreation pool was stipulated as outflow-

equal-to-inflow up to a maximum of 10 cfs (0.28 cms), to meet water rights requirements.
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(2) A water conservation pool was designated from elevation 1046 feet (318.8 m)
to elevation 1160.4 feet (353.7 m). Releases in the water conservation pool were to be a

maximum of 2,000 cfs (56.6 cms).

(3) A flood control pool was designated from elevation 1160.4 feet (353.7 m) to
elevation 1235 feet (376.4 m). Releases from the flood control pool were to be held to a
maximum of 7,000 cfs (198.2 cms), which was considered to be the non-damaging

channel capacity of the Bill Williams River downstream.
After completion of Alamo Dam, a number of issues arose that have resulted in
significant changes to the aforementioned operating regulations. These issues are

described in the sections herein.

a. Change in Recreation Pool Elevation. Approximately 6 years after

operations began, the Arizona Department of Game and Fish requested that the top of the
recreation pool elevation be increased from 1046 feet (318.8 m) to 1066 feet (324.9 m),
which has since, by agreement, been revised to 1070 feet (326.1 m). The Corps agreed to
the request after determining that the increase would not have an adverse impact upon the
flood control capability of the reservoir. The request was formally approved 8 July 1981
by the Arizona Department of Water Resources, which also determined that the increase

would not adversely impact existing water rights.

b. Above-Normal Runoff. During the period 1978-1980, the entire Colorado

River basin experienced several significant flood events generating above-normal runoff.
The runoff peaked in 1980 (calendar year) when the total flow volume entering Mexico
(at the Northern International Boundary) was 6,934,000 acre-feet (855,296 ha-m), or 260
percent of the 1950-80 average. Inflows into Alamo Lake also peaked in 1980 with an
annual total of 503,148 acre-feet (60,062 ha-m) or 456 per cent of the normal annual
volume. During this period, Alamo Lake reached the highest historic elevation of
1207.33 feet (368.0 m) and the peak release from Alamo Dam of 3,900 cfs (110.4 cms)
was the highest of record until 1993.
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In order to alleviate flooding on the lower Colorado River, a multi-agency
meeting was convened 28 March 1980 to discuss what appropriate measures should be
taken. A decision was made whereby the Corps would gradually lower the elevation in
Alamo Lake to 1110 feet (338.3 m), and then maintain that elevation as long as
conditions warranted. The 1110-foot (338.3 m) elevation was chosen because it was
determined to be an optimal value for flood control, water supply and recreational inter-
ests. The elevation was maintained as a result of subsequent high run-off years that

lasted into the mid-1980's.

c. Modification to Recreational Facilities. Although the 1110-foot (383.3 m)

elevation described in the above section was never formally authorized as a permanent
change to operations, local interests in and around the lake had to modify their operations
as a result of the higher impoundment. Arizona State Parks (ASP) was obliged to replace
boat launch ramps and other recreational facilities inundated by the higher lake elevation.
The ASP proceeded to construct boat launch ramps and other facilities that were designed
for usage at this elevation. The new facilities, coupled with the higher lake elevation,
increased annual recreational usage because of greater lake surface area. ASP has
planned expansion of the recreational facilities around the lake based upon continued

maintenance of the lake being around the 1110-foot (383.3 m) elevation.

d. Southern Bald Eagles. In early 1980's a pair of Southern Bald Eagles were

discovered nesting in a partially inundated tree within the upper reaches of the Alamo
Lake (Photo 3-01). Subsequently, another pair was discovered nesting in the canyon wall
downstream from the dam. The two nests, which have been occupied ever since, have
prompted the USFWS to stipulate that the lake elevation remains within the range of
1100-1135 feet (335.3 — 345.9 m) for the preservation of the eagles. This stipulation was
made in accordance with the National Environmental Policy Act and the Endangered
Species Act. The 1100-1135 (335.3 — 345.9 m) foot elevation range is designed to
prevent inundation or access to any reservoir nest and to assure a lake surface with a

foraging area sufficient for both nests.
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3-06. Principal Regulation Problems

Although Alamo Dam has never spilled, there have been several problems

associated with operations. These problems are summarized in the sections below.

a. Erosion. In the spring of 1980, a release of about 2,500 cfs (70.8 cms) resulted
in an erosive eddy effect downstream of the outlet works, which in turn, caused scouring
of random fill adjacent to the toe of the dam. As a consequence of this occurrence,

scouring is now monitored during high releases.

b. Cavitation. Cavitation and abrasion have occurred on the service gates and
service gate seals when these gates were set at openings of one-half foot or less to
regulate discharges. The cavitation and abrasion ultimately resulted in leakage of as
much as 13 cfs (0.37 cms) through the gate-gate seal contact when the gates were fully
closed. Although the gates and gate seals were repaired and the leakage stopped,
modified regulations prevent the service gates from being set at an opening of less than a

half-foot (0.15 m).

c. Downstream River Crossings. Although no significant damage has occurred

from releases less than 2,000 cfs (56.6 cms), releases in the 300-500 cfs (8.5 — 13.2 cms)

range have made crossing the Bill Williams River virtually impossible at key locations
downstream from Alamo Dam. As a consequence the Corps is required to notify a
number of local agencies and citizens prior to making releases that equal or exceed the

aforementioned ranges.

d. Hydrogen-Sulfide. During the summer and early fall, Alamo Lake stratifies,

resulting in an anoxic hypolimnion. The anoxic conditions cause the generation of
hydrogen-sulfide (H,S) as a dissolved gas in the hypolimnic water. The H,S escapes
from the dissolved state as water is released through the outlet works. When the releases
being made are low-flow through the butterfly valve, the gas tends to permeate into the

outlet works gate chamber and gate shaft. The H,S gas is potentially lethal and,
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consequently, operating personnel cannot enter the chamber or shaft if high
concentrations are present. The result is that a change in the release from the butterfly
valve (which can only be operated from within the chamber) may have to be delayed
until the H,S dissipates. In addition, the H,S tends to be corrosive to the electrical

equipment in the chamber and shaft.
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Photo 3-01. Partially inundated tree in upper reaches of Alamo Lake (lake elevation
1097.95 feet (334.7 m), 27 October 1987). Example of a tree where Southern Bald
Eagles have nested within the lake.

Photo 3-02. High-pressure gasline across Bill Williams River 13.5 miles below Alamo
Dam.
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Photo 3-03. Bill Williams River National Wildlife Refuge, showing stands of cottonwood trees.
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IV - WATERHSED CHARACTERISTICS

4-01. General Characteristics

The drainage area above Alamo Dam, approximately 4,770 square miles
(12,354 sq Km) in size, is generally mountainous, and lies in west-central Arizona. The
drainage area is bounded on the north by Cottonwood Cliffs; on the east by the Juniper
and Santa Maria Mountains; on the south by Date Creek and the Harcuvar Mountains;

and on the west by the Hualpai Mountains.

The Bill Williams River is formed about 47 miles (75.6 Km) upstream from its
mouth by the confluence of the Big Sandy and Santa Maria Rivers. From the confluence,
the flow is southwest for about 8 miles (12.9 Km) on an average gradient of 18 feet (5.5
m) per mile to Alamo Dam. Bullard Wash is the largest tributary along this reach. Below

Alamo Dam, the river flows almost due west to its confluence with the Colorado River.

The Big Sandy River, the larger of the two main tributaries to the Bill Williams
River, drains an area of about 2,840 square miles (7,355.6 sq Km, Photo 4-01). This
stream, which is formed by the confluence of Trout and Knight Creeks, flows southward
about 49 miles (78.9 Km) on an average stream gradient of 38 feet (11.6 m) per mile to
its confluence with the Santa Maria River. Burro Creek is the largest tributary in this

reach.

The Santa Maria River drains an area of about 1,550 square miles (4,014.5 sq Km,
Photo 4-02). This stream, which is formed by the confluence of Kirkland and Sycamore
Creeks, flows southwestward about 51 miles (82 Km) to its junction with the Big Sandy
River. The stream gradient of the Santa Maria River is about 30 feet (9.1 m) per mile.
Date Creek is the largest tributary in this reach. The streambed gradients of many of the
minor upstream tributaries in the Bill Williams River system are greater than 100 feet
(30.5 m) per mile. Streambed profiles for the Bill Williams system are presented on Plate
4-01.
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4-02. Topography

The drainage area consists essentially of broad desert valleys and irregularly
distributed ranges of rugged mountains. Relief is moderate to high. Elevations in the
drainage area vary from about 990 feet (301.8 m) above sea level at the base of the dam
to 8,226 feet (2,507.3 m) at Hualpai Peak on the northwest boundary. Plate 4-01a shows
the topography of the Alamo Dam drainage area.

4-03. Geology and Soils

The Bill Williams River is a perennial stream, although subterranean in some
reaches. The river, along the upstream part of its course, has cut a deep narrow canyon
between the Buckskin Mountains on the south and the Rawhide Mountains on the north.
The Alamo dam site is within a narrow part of this canyon, about 2.5 miles (4.0 Km)
downstream from Alamo Crossing. The site is in a region of rugged mountains with
rough and steep slopes that are broken by ledges and cliffs and dissected by narrow
defiles and gullies. The gullies are separated by sharp-crested, irregular ridges. The Bill
Williams River drainage area upstream from the dam site consists of broad desert valleys
and short, rugged mountain ranges. The basin is bounded on the north by the Peacock
Mountains and the Cottonwood cliffs; on the east, by the Juniper and Santa Maria
Mountains and the Sierra Prieta; on the south, by the Weaver, Date Creek, and Harcuver

Mountains; on the west by the Buckskin, Rawhide and Hualpai Mountains.

Downstream from the junction of the Big Sandy and Santa Maria Rivers, the Bill
Williams River flows about 6 miles (9.7 Km) southwestward through a sandy flood plain
that broadens to a mile in width. The river in this reach is bordered on each side by
dissected bluffs composed of alluvial fan debris. The alluvial fans extend in gently

ascending slopes for several miles north and south of the river.

Downstream from the sandy flood plain, the Bill Williams River flows about 7

miles (11.3 Km) through a narrow rock-walled canyon. The Alamo Dam site is about 1
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mile (1.6 Km) downstream from the head of the canyon. At the dam site, the rock walls
of the canyon rise abruptly about 300 feet (91.4 m) above the canyon floor, which ranges
in width from 50 to 150 feet (15.2 to 45.7 m). The ground surface of the stream channel
along the axis of the dam is at a minimum elevation of 982 feet (299.3 m) above mean
sea level. The bedrock surface under the overburden of the stream channel is at a

minimum elevation of 918.4 feet (279.9 m).

As previously mentioned, flow in some segments of the Bill Williams River is
subterranean, except during periods of high runoff or releases. The longest segment is
between Lincoln Ranch and Planet Ranch (Photo 4-03), a distance of approximately 23
river miles (37 Km). Comparison of surface flows at either end of this segment were
made for the period October 1929 through September 1946, when the USGS stream
gages at the Alamo Dam site (No. 09426000) and at Planet Ranch (No. 09426500) were
concurrently in use. The comparison indicated that the aquifer stored a significant
portion of the higher flows recorded near the Alamo Dam site and discharged a signifi-
cant amount of the higher base flows recorded at Planet, when flows at the Alamo site
were minimal. Additionally, the aquifer is recharged by runoff originating from tributary
basins along its course; water in the aquifer is also withdrawn through wells that serve
irrigation and domestic uses. The principal water bearing unit of the aquifer is fill deposit

(boulder to pebble size conglomerate).

Rock formations in the vicinity of the dam site and reservoir consist of
metamorphic rocks of Precambrian age and younger, sedimentary strata (rock beds) of
Tertiary age or older, and volcanic rocks of Tertiary age. Alluvium in the region is

Recent and older.

The metamorphic rocks occur at the dam site in the general vicinity of the
Rawhide Mountains and the Buckskin Mountains. The metamorphic rocks consist of
banded gneiss, which comprise a lower section of rock in the vicinity of the dam site, is
of rather widespread occurrence, and extend to great, but undetermined depths. The

granitic gneiss occurs in the ridge of the right abutment. The undifferentiated rocks,
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which have been intensely contorted by ancient folding, occur in the upper part of both
abutments and in the general vicinity of the dam site. The contact between the gneiss and
the overlaying undifferentiated metamorphic rocks shows a regional upstream dip

ranging from about 10 to 20 degrees in the dam site area.

The sedimentary strata (red beds), consisting of alternating layers of reddish hard
siltstone and sandstone of unknown thickness, crop out along the Bill Williams River
about a mile (1.6 Km) upstream from the dam site. Outcrops of these sedimentary strata
begin at the upstream limits of the metamorphic rocks and extend about 6 miles (9.7 Km)
upstream. The volcanic rocks occur in a narrow band between the metamorphic rocks

and the sedimentary strata.

The Recent alluvium along the axis of the cutoff trench at the streambed has a
maximum thickness of about 65 feet (19.8 m). The Recent alluvium along the channels
of the Bill Williams River and its tributaries upstream from the dam site is of unknown
thickness. The older alluvium, which comprises the bluffs along the sides of the river
channel upstream from the dam site, ranges in thickness from 10 to 25 feet (3.0 to 7.6 m).

The older alluvium is underlain by the sedimentary strata.

Bedrock at the dam site consists of banded gneiss, undifferentiated rocks, and
granitic gneiss; alluvium at the site is Recent. The banded gneiss occurs in the lower
parts of both abutments and under the alluvium in the river channel; the granitic gneiss
occurs in the ridge at the spillway site; the undifferentiated rocks occur in the upper parts
of the left and right abutments and on the upstream and downstream slopes of the ridge at

the spillway. The Recent alluvium fills the canyon bottom of the Bill Williams River.
Surface soils in the southern and central parts of the drainage area and in the

district along the Big Sandy River vary in texture from fine gravels to clay. Shallow,

rocky soils occur in a few isolated areas near the mountain summits.
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4-04. Sediment

The estimate of sediment that would accumulate in Alamo Lake is based on
recorded data for nearby streams and for existing reservoirs in the general area. The
storage space required for a 100-year accumulation of sediment was estimated to be
200,000 acre-feet (24,670 ha-m). This estimate was obtained by applying a sedimentation
rate of 0.42 acre-feet (0.05 ha-m) per square mile per year to the drainage area of 4,770
square miles (12,354 sq Km). The sediment was assumed to be distributed in proportion

to the reservoir area up to the water surface for the reservoir design flood.

The original reservoir area survey was made in March 1963. The results of this
survey were modified somewhat by a bottom survey of May 1968 and by new capacity
computations in June 1977. A bathymetric survey of the reservoir was conducted in 1985
to determine the sediment accumulation over a 17-year period. The survey encompassed
the reservoir elevation range from the bottom up through elevation 1120 feet (341.4 m).
The current (1993) reservoir elevation-storage curve (Plate 2-10) and reservoir elevation-
storage table (Table 2-01) reflect the results of the bathymetric survey along with

assumptions made on accumulation of sediment above elevation 1120 feet (341.4 m).

In order to check sedimentation periodically, six index ranges were established in
the reservoir area and four index ranges were established along the downstream channel.
Locations of these ranges are shown on Plates 4-02 and 4-03, respectively. Index ranges
in the reservoir area are labeled "A" and index ranges in the downstream channel are

labeled "C" on the aforementioned plates.
4-05. Climate

The climate is typically desert in character over the lower elevations of the basin,
with short, mild winters and long, hot summers. In the higher elevations, the summers

are milder, and the winters colder and longer. The Alamo basin has two distinct rainfall

seasons: winter and summer, with a dry fall and a very dry late spring. A summary of
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climatological data for five Arizona stations, each just outside the drainage area above
Alamo Dam, is given in Table 4-01 (Refer to the Tables section of this manual). These
data are reproduced from the National Oceanographic and Atmospheric Administration

(NOAA) publication, Climatography of the United States No. 20, for Arizona. The

stations are: Parker, Kingman, Chino Valley, Prescott, and Wickenburg. These stations
range in elevation from 425 feet (129.5 m) NGVD (below the elevation of Alamo Dam)
to 5,510 feet (1679.5 m, representative of the higher elevation portions of the drainage)
NGVD. There are no stations within the Alamo drainage area for which data are

published.

a. Temperature. Table 4-01 (pgs. T4-1 through T4-6) lists, among other items,
the mean daily maximum and minimum temperature and record highest and lowest
temperature for each month of the year at the five stations surrounding the Alamo
drainage area. Average daily minimum and maximum temperatures (degrees Fahrenheit)
over the lower portions of the watershed range from about 65 and 35 respectively in
winter to about 108 and 75 in summer (see Table 4-01: Parker and Wickenburg). In the
higher elevations of the watershed, the values are about 15 to 25 degrees lower (see Table
4-01: Chino Valley and Prescott). High diurnal (day-to-night) temperature variations are
characteristic of the region. All-time high and low temperature extremes are about 120
and 15, respectively; in the lower elevations, to about 100 and minus 20 in the highest
mountains of the drainage. Significant periods of minimum temperatures below freezing
are rare in the lower desert areas, but are common during the winter above 4,000 feet (see

Table 4-01: Kingman, Chino Valley, and Prescott).

b. Precipitation. The 90-year (1868-1957) normal annual precipitation (Plate 4-
04) ranges from about 8 inches (20.3 cm) at the dam to about 22 inches (55.9 cm) over
the higher mountains of the headwater area with an average of 14.7 inches (37.3 cm) for
the drainage area. The heaviest precipitation occurs in the summer, with about one-third
of the annual precipitation normally occurring in July and August and one-half during the

fall and winter months. The driest time of the year is late spring (see Table 4-01).
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Table 4-01 lists the mean and maximum monthly and annual precipitation and
snowfall, as well as the maximum precipitation (both daily and monthly) and maximum
monthly snowfall for each month of the year, at the five stations. Also listed in Table 4-
01 are the probabilities (from 5 to 95 percent) for each month of the year that the monthly
total precipitation will be equal to or less than the indicated amounts. This table demon-
strates that there can be great year-to-year variability in annual, monthly, and daily
precipitation. The minimum observed monthly precipitation values are usually zero or

near zero.
A description of general winter storms, general summer storms, and local
thunderstorms, all of which produce precipitation in the basin, are given in the following

subparagraphs:

(1) General Winter Storms. General winter storms usually occur during

the period from December through March. They originate over the Pacific Ocean and
move slowly eastward across Arizona. These storms last anywhere from a few hours to
several days and can result in widespread precipitation over western Arizona, with snow

at the higher elevations.

(2) General Summer Storms. General summer storms usually occur

during the period August through early October. They are associated with an influx of
tropical maritime air originating over Mexico and the adjacent tropical Pacific Ocean and
enter the area from a south or southeast direction. Such storms are often associated with
the remnants of a tropical cyclone. General summer storms are often accompanied by

relatively heavy precipitation over large areas for periods of from 12 hours to 4 days.

(3) Local Thunderstorms. The local thunderstorms can occur at any time

of the year, either during general storms or as isolated phenomena. However, they are
most common during the period July through September, when the basin is frequently

covered by moist, unstable air originating over Mexico or the Gulf of California. These
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storms cover comparatively small areas and result in high-intensity precipitation of short

duration (up to 3 hours).

c. Snow. Snow falls occasionally at the higher elevations in the basin, but
usually melts within a few days. Although snow rarely falls below 3,000 feet (914.4 m,
Table 4-01: Parker and Wickenburg), it has occasionally fallen at the dam. Above 4,000
feet (1,219.2 m), snow becomes increasingly common with elevation (Table 4-01: Chino
Valley and Prescott); over the higher mountains nearly all winter precipitation falls as
snow. Most snow in the Alamo drainage below 6,000 feet (1,828.8 m) usually melts or
sublimates (evaporates directly) within a few days after falling. Snowmelt is normally
not a major factor in runoff generation in the Alamo drainage; but snowmelt, teamed with
antecedent rainfall, can assist in saturation of the ground prior to a major flood-producing

rainstorm.

d. Evaporation. Evaporation data for Alamo Dam (available from 1974 through
2000) indicate that mean monthly reservoir evaporation ranges from under 2 inches (5.1
cm) in early winter to more than 12 inches (30.5 cm) in early summer. Table 4-02 shows
this seasonal variation in mean monthly pan evaporation, and also reveals the great
variation that occurs from one well-exposed location to another. Individual daily values
show that evaporation can greatly exceed 1 inch (2.54 cm) per day during very dry,

windy conditions.

Table 4-02
Monthly Lake Evaporation at Alamo Dam
Month OCT [NOV | DEC | JAN | FEB [MAR| APR | MAY | JUN | JUL | AUG | SEP
Mean Evaporation (in) | 587 | 264 | 1.18 | 1.37 | 1.99 | 433 | 7.63 | 1091 | 1333 | 128 | 1092 | 8.34
Mean Evaporation (cm) | 14 91 | 6.71 | 2.99 | 3.48 | 5.05 | 11.0 | 19.38| 17.71 | 33.86 | 32.51 | 27.74 |21.18
Years of Data 26 |26 |25 |24 |25 |25 |26 |26 26 26 27 26

Notes:

1) Period of record from March 1974 to September 2000. Location: Longitude (deg-min-sec) 34-13-51, Latitude (deg-
min-sec) 112-36-28. Elevation: 1265 ft, NGVD.

2) Data for Alamo Dam are compiled from Corps of Engineers records.

3) Each evaporation station consists of a National Weather Service Class A Pan Readings are adjusted for observed
rainfall to yield net evaporation. Reservoir evaporation values herein reflect measured pan evaporation multiplied by
pan coefficient of 0.7. The pan coefficient remains fairly consistent at approximately 0.7 throughout the year.
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e. Wind. The prevailing winds are from the east and are usually light, although
severe windstorms occur on occasion as the result of local thunderstorms, tropical storms,

intense winter storms, or unusually strong Great Basin high pressure cells.

4-06. Storms and Floods

Historical accounts indicate that many damaging floods have occurred in the Bill
Williams River watershed, particularly within the following years: 1884, 1891, 1905,
1906, 1910, 1916, 1927, 1931, 1932, 1937, 1938, 1939, 1940, 1941, 1951, 1954, 1978,
1979, 1980, 1983, and 1993. A summary of annual peak discharges at the Alamo Dam
site for water years 1927 and 1929-1999 seasons are included in Table 4-03. Indications
are that these floods were the result either of general storms or, in a few cases, of tropical
cyclones centered in or near the Bill Williams River watershed. Table 4-03a shows the
cumulative annual damages prevented for with project conditions. Within the last 20
years, there was one year (1983) where significant flood damages were reported by the

City of Yuma. Total damages were estimated to be $2,944,000.
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Table 4-03
Recorded Annual Peak Discharges at Alamo Dam Site*

Water Year Discharge Discharge Water Year Discharge Discharge
(cfs) (cms) (cfs) (cms)

1927 125,000 3,540 1967 38,900 1,102

1929%** 28,884 818 1968 16,000 453
1930 73,474 2,081 1969 9,940 281
1931 92,152 2,609 1970 5,117 145
1932 58,793 1,665 1971 5,115 145
1933 252 7 1972 598 17
1934 1,187 34 1973 8,458 240
1935 18,416 521 1974 90 3
1936 3,462 98 1975 537 15
1937 106,531 3,017 1976 43,396 1,229
1938 70,296 1,991 1977 250 7
1939 86,000 2,435 1978 78,007 2,209
1940 2,700 76 1979 65,408 1,852
1941 46,000 1,303 1980 82,245 2,329
1942 407 12 1981 623 18
1943 2,480 70 1982 5,095 144
1944 11,000 311 1983 69,225 1,960
1945 7,380 209 1984 9,751 276
1946 972 28 1985 28,433 805
1947 7,230 205 1986 7,990 226
1948 2,070 59 1987 207 6
1949 2,900 82 1988 14,324 406
1950 1,850 53 1989 193 5
1951 65,100 1,843 1990 2,575 73
1952 37,600 1,065 1991 70,967 2,010
1953 193 6 1992 50,273 1,424
1954 34,700 983 1993 104,667 2,964
1955 4,610 131 1994 207 6
1956 162 5 1995 62,743 1,777
1957 12,100 343 1996 241 7
1958 13,000 368 1997 4,966 141
1959 2,900 82 1998 12,094 342
1960 3,420 97 1999 40 1
1961 16,300 462 2000 2687 76
1962 8,400 238 2001 3796 107
1963 10,300 292 2002 176 5
1964 25,600 725
1965 12,300 348
1966 41,900 1,186

*From 1927-1939, discharges are correlated from gage at Planet. From 1939 to 1968, discharges are from
gage at Alamo. From 1968 to present, discharges are computed inflows into Alamo Lake.

**Peak discharge for 1928 not available.
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Table 4-03a. Alamo Dam and Lake - Cumulative Annual Damages Prevented

Fiscal Year Damages Prevented Fiscal Year Damages Prevented
1982 $1,511,000 1993 $14,511,000
1983 $1,511,000 1994 $14,511,000
1984 $1,511,000 1995 $21,511,000
1985 $1,511,000 1996 $21,511,000
1986 $1,511,000 1997 $21,511,000
1987 $1,511,000 1998 $21,511,000
1988 $1,511,000 1999 $21,511,000
1989 $1,511,000 2000 $21,511,000
1990 $1,511,000 2001 $21,762,000
1991 $1,511,000 2002 $21,762,000
1992 $1,511,000

Note:

1. Damages prevented information not available for prior to 1982.

Brief descriptions of the more significant past storms and floods are given in the

following subparagraphs:

a. Early Storms and Floods. Several of the greatest floods on record on the Bill

Williams River occurred prior to 1930. The U.S. Geological Survey (USGS) has made

estimates of the peak flows on the Bill Williams River at Planet (below the site of the
present Alamo Dam), going back to the year 1883-84 and measurements beginning in the
water year 1928-29. Annual peak discharge estimates include more than 100,000 cfs
(2,832 cms) in February or March 1884, more than 200,000 cfs (5,663 cms) in February
1891, approximately 185,000 cfs (5,239 cms) in January 1916, and approximately
125,000 cfs (3,540 cms) in February 1927. Each of these flows resulted from an
unusually heavy low-latitude warm winter storm that occurred over ground thoroughly
saturated by other such storms during the previous days or weeks. Not published with
these figures were the floods of January and February 1862, which resulted from some of
the greatest storminess of this type ever known. Daily precipitation for selected stations
in and near the Alamo drainage for 13 storms from 1905 through 1941 are published as
Tables 8-20 in Hydrology, Alamo Reservoir, Bill Williams River, Arizona, U.S. Engineer
Office, Los Angeles, California, 29 March 1946. Three of these storms and floods, as

well as more modern events, are described below:
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b. Storm and Flood of 6-9 February 1937. After a very cold January, with

snowfall to unusually low elevations, a series of warm, low-latitude storms moved into
Arizona from out of the west, dropping relatively heavy rain in the mountains. Prescott
recorded 4.05 inches (10.29 cm), while Wikieup measured 3.90 inches (9.91 cm). The
peak discharge on the Bill Williams River at Planet, which may have been aided at least

slightly by snowmelt, was measured by the USGS at 92,500 cfs (2,619 cms).

¢. Storm and Flood of 26 February - 5 March 1938. This flood resulted from a

series of several very heavy low-latitude storms that moved across southern California
(with record flooding) and into western and northern Arizona. Precipitation totals includ-
ed 4.91 inches (12.47 cm) at Prescott, 4.78 inches (12.14 cm) at Yarnell, 3.73 inches
(9.47 cm) at Bagdad, and 3.65 inches (9.27 cm) at Wikieup. The heaviest rain fell on 2
and 3 March, where one-day totals up to 3.21 inches (8.15 cm) were measured at
Prescott, with 2.88 inches (7.32 cm) at Yarnell. This storm resulted in a peak discharge
on the Bill Williams River at Planet of 61,000 cfs (1,727 cms).

d. Storm and Flood of 3-8 September 1939. This storm had two centers

covering large areas, one northeast of the Imperial Valley in California and one from
Needles and Parker to Truxton and Wikieup in Arizona. The unusually heavy
precipitation during the storm was associated with three tropical cyclones originating off
the west coast of Mexico, one of which traveled northward through the Gulf of California
and dissipated over the lower Colorado River Valley. A total of 6 to 7 inches (17.78 cm)
of precipitation fell over an area of more than 2,300 square miles (5,957 sq Km) within
the center near Imperial Valley and over an area of more than 3,000 square miles (7,770
sq Km) within the center of the storm over Arizona. Totals in and near the Alamo
drainage included 7.03 inches (17.86 cm) at Wikieup, 6.55 inches (16.51 cm) at Truxton,
6.50 inches (16.51 cm) at Yarnell, and 5.45 inches (13.84 cm) each at Kingman and
Parker. Many stations reported more than 4 inches (10.16 cm). The maximum
precipitation intensities in this storm were also high. The recording gage at Yuma
measured 2.17 inches (5.51 cm) in 90 minutes; and at Phoenix, 2.41 inches (6.12 cm) fell

in 6 hours. The Bill Williams River at Planet measured a peak discharge of 73,000 cfs
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(2,067 cms), while the USGS estimated 77,000 cfs (2,180 cms) on the Bill Williams
River near the Alamo Dam site. The Big Sandy River below Burro Creek, at Signal,
Arizona, had a peak discharge of about 100,000 cfs (2,832 cms) from an area of 2,670
square miles (6,915 sq Km). Peak discharges for the storm are given in Table 4-04.

Table 4-04
Peak discharges from 3-8 September 1939 storm

Location Peak Discharge (CFS) Date
Big Sandy River near Signal *100,000 6 September 1939
Santa Maria River near Alamo 22,300 6 September 1939
Bill Williams River near Alamo 86,000 6 September 1939
Bill Williams River at Planet 73,000 7 September 1939

* Estimated

e. Storm and Flood of 27 — 30 August 1951. The storm of late August 1951

was the heaviest general summer storm to hit the Alamo drainage basin during the period
of record. A strong flow of tropical air from the south invaded Arizona during the latter
half of August. This was augmented during the last several days of the month when a
tropical storm crossed northern Baja California and dissipated over the mouth of the
Colorado River, sending its remnants into western Arizona. Total storm precipitation
ranged from less than 3 inches (7.62 cm) in the center of the Alamo basin to more than 8
inches (20.32 cm) in the mountains of the eastern portion of the Santa Maria River
drainage. The station, Bagdad 8NE, measured 7.40 inches (18.80 cm), all falling in just
over 36 hours. Camp Wood recorded 7.10 inches (18.03 cm), and Bagdad 2E recorded
5.24 inches (1331 cm). The basin average was computed at 3.86 inches (9.80 cm). The
peak inflow was measured at 64,500 cfs (1,826 cms) on 29 August at 1730 hours.

f. Storm and Flood of 28 February — 3 March 1978. During a series of low-

latitude winter storms, one especially intense storm stalled just off the southern California
coast, pumping abundant tropical moisture into western and central Arizona. Some very
heavy rainfall totals resulted, with a basin average of 3.82 (9.70 cm) inches in 78 hours.
The heaviest rain occurred on saturated ground early 1 March, with basin-average

precipitation up to 0.31 inch (0.79 cm) for 1 hour and effective rain of 0.20 inches (0.51
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cm) in 1 hour. Total storm effective runoff was 0.79 inch (2.01 cm). The observed flood
hydrograph on the Bill Williams at Alamo Dam shows a triple peak on 1 March. The
third peak, of 77,500 cfs (2,195 cms) at 1400 hours, was slightly higher than the other
two (see Plate 4-05).

g. Storm and Flood of 17-19 December 1978. Following a very sharp cold

spell in early December 1978, a deep low-pressure area formed off the Southern
California coast in mid-month. The circulation around this low brought abundant tropical
moisture into Arizona from well south of the tip of Baja California. This moisture was
forced up against the mountains and lifted orographically, producing very heavy rainfall
in foothill and upslope areas. A number of stations reported more than 3-4 inches (7.62 —
10.16 cm) for the storm. In the Alamo drainage, basin-wide precipitation aver-ages only
0.10 to 0.15 inch (0.25 — 0.38 cm) per hour, but rain fell for most of 48 hours, and the
accumulation of 2.46 inches (6.25 cm, basin average) on the cold ground resulted in a
broad flood hydrograph with a peak discharge of 67,000 cfs (1,897 cms) on 18 December
at 2100 hours (see Plate 4-06).

h. Storm and Flood of 28-30 January 1980. At the end of January 1980, a low-

latitude low developed off the Southern California coast similar to that of March 1978.
The resultant flow of tropical moisture against the mountains, which was plowed into by
a sharp cold front, brought more than 48 hours of intermittent precipitation to the Alamo
drainage, with a basin-average total of 2.51 inches (6.38 cm). This rain included several
hours of intensities greater than 0.20 inch (0.51 cm) per hour basin-wide, climaxed by
one hour of 0.30 inch (0.76 cm) followed by one hour of 0.28 inch (0.71 cm). Effective
precipitation was high, and the resulting flood hydro-graph of inflow to Alamo Lake
shows a peak discharge of 76,000 cfs (2,152 cms) on 30 January at 1000 hours (see Plate
4-07).

i. Storm and Flood of 13-22 February 1980. During mid-February 1980 a

series of six warm, low-latitude Pacific storms moved inland across Southern California

and Arizona, resulting in several periods of intense rainfall. The Alamo watershed
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received virtually continuous light precipitation between 13 and 15 February, punctuated
by a very heavy two-hour burst around noon on 14 February, with basin-average rates of
up to 0.41 inch (1.04 cm) in one hour. This produced a peak discharge into Alamo Lake
of 53,000 cfs (1,500 cms) on 15 February from 0600-0700 hours. After occasional light
rain on 17-18 February, two bursts of rain up to 0.18 inch (0.46 cm) in one hour fell on

19 February. With the ground saturated, effective rates were up to 0.12 inch (0.30 cm)
per hour. This produced a peak inflow of 82,000 cfs (2,322 cms) on 20 February from
0200-0300 hours (see Plate 4-07). The total basin-average precipitation for the storm was
4.80 inches (12.19 cm).

j- Storm and Flood of 27 February - 4 March 1983. The winter season of

1982-83 was characterized by several series of low-latitude Pacific storms that moved
across Southern California and Arizona from the west, driven by a very prominent El
Nifio condition in the equatorial Pacific Ocean. The climax of the season occurred from
27 February through 4 March, when storms stalled just southwest of San Diego and
produced large quantities of tropical moisture in western Arizona. Nearly 2.5 inches
(6.35 cm) fell at Alamo Dam, mostly on 3 and 4 March, while the upper portions of the
basin received an estimated 3-4 inches (7.62 — 10.16 cm). The ground had been saturated
by antecedent rainfall, and the rainfall was highly effective. The peak inflow to Alamo

Lake was 69,070 cfs (1,956 cms) on 3 March at 1500 hours (see Plate 4-08).

k. Storm and Flood of 8 January-28 February 1993. The winter season of

1992-93 was characterized by a series of low-latitude Pacific storms that moved across
Southern California and Arizona from the west, driven by cooler than normal
temperatures across the North Pacific Ocean. The first significant storm period occurred
from 7 to 19 January. The Bagdad precipitation station recorded 2.05 inches (5.21 cm) in
a 24-hour period between 7 and 9 January. The second significant storm period occurred
between 8 and 28 February. The Bagdad station recorded 3.87 inches (9.83 cm) between
8 and 10 February and 3.22 inches (8.18 cm) between 19 and 20 February. Antecedent

precipitation in December 1992 partially saturated the ground, thus serving to increase
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the effective runoff of the 1993 storm events. The peak 24-hour inflow to Alamo Lake
was 52,159 cfs (1,477 cms) on 20 February (see Plate 4-09).

4-07. Runoff Characteristics

Rapid concentration of water in the main channel produces runoff characterized
by high peaks and channel velocities. Runoff is relatively high because of a combination
of well-entrenched streams having steep gradients, impervious soil formations, fanshaped
collecting systems, and irregular distribution of rainfall. Perennial inflow in some
reaches of the Bill Williams, Santa Maria, and Big Sandy Rivers results from rising water
at subterranean bedrock constrictions. Normally, natural streamflow occurs only during
and immediately following major storms, except for occasional snowmelt runoff from
headwater areas. Table 4-04a shows the available annual average inflow data to Alamo

Lake for the period of record.

Table 4-04a. Annual Average Inflow to Alamo Lake

Year Flow (cfs) Flow (cms) Year Flow (cfs) Flow (cms)
1969 48 1.4 1985 206 5.8
1970 39 1.1 1986 78 22
1971 20 0.6 1987 9 0.25
1972 8 0.2 1988 85 24
1973 218 6.2 1989 7 0.2
1974 4 0.1 1990 8 0.2
1975 4 0.1 1991 157 44
1976 1 0.03 1992 156 4.4
1977 4 0.1 1993 973 27.6
1978 444 12.6 1994 -4 * -.01
1979 442 12.5 1995 335 9.5
1980 754 21.4 1996 3 0.08
1981 12 0.4 1997 22 0.6
1982 78 22 1998 150 42
1983 373 10.6 1999 8 0.2
1984 48 1.4 2000 11 0.3

* Evaporation was greater than inflow to the lake.

IV-16




4-08. Water Quality

The Corps, for many years, has conducted a water quality monitoring program at
Alamo Dam and Lake. The water quality parameters sampled and analyzed include the
following categories: (1) limnological (temperature, pH, dissolved oxygen, specific
conductance, and oxidation-reduction potential); (2) chemical (nitrogen, phosphorous,
sulfides, sulfates, chlorophyll, pheno-phytin, and various ions of the aforementioned);
and (3) bacteriological (total coliform, fecal coliform, and fecal streptococci). The latest
“Annual Report on Water Quality Management.” for Water Year 2002, dated January
2003, reported the following results for each parameter within the categories tested.
These parameters measured high or exceeded their range of values, however, comparing
results from prior years of water quality testing, they have been fairly consistent with no

notable changes:

Alkalinity (Range: 0— 300 mg/L): Measured in Lab at 235 mg/L
Dissolved Solids (Range: 0— 1000 mg/L): Measured in Lab at 419mg/L
Total Residue (Range: 0— 50 mg/L): Measured in Lab at 425 mg/L
Magnesium (Range: 0 — 25 mg/L): Measured in Lab at 22.1 mg/L
Manganese (Range: 0 — 25 ug/L): Measured in Lab at 23 ug/L

The water quality data sampled and analyzed are incorporated into SPL's Annual
Report on Water Quality Management and are transmitted into the Environmental
Protection Agency's STORET water quality database, and the results discussed in the
“Annual Report on Water Quality Management.”

Generally, water quality concern is primarily with the anaerobic conditions that
continue to exist at Alamo Lake, when the lake becomes fully stratified and the lake
hypolimnion forms. The anaerobic water causes the generation of hydrogen-sulfide gas
at significant concentration levels, which, in turn, permeate into the outlet works. The
presence of hydrogen-sulfide gas in the outlet works often precludes routine inspection

and maintenance of the outlet works because of hazardous conditions for

Iv-17



operation/maintenance personnel. Additionally, corrosion on various electrical
components within the dam is attributed to hydrogen sulfide gas. Deterioration of the
concrete in the outlet works has also been caused by the presence of dissolved hydrogen
sulfide in the water released. Recreational activity around the reservoir results in a nomi-
nal nutrient loading that contributes to the anaerobic conditions in the reservoir
hypolimnion. The upstream watershed has little impact upon the quality of water in the
lake. Because downstream releases are generally small, normally 10-50 cfs (0.28 — 1.42
cms), the water quality in Alamo Lake has little, if any, impact on the water quality

downstream and on the Colorado River.

4-09. Channel and Floodway Characteristics

The Bill Williams River downstream from Alamo Dam flows through a series of
narrow canyons alternating with wide valleys. The canyons are, in places, 200 feet (61
m) or less in width. Within the valleys, the river meanders to widths of 1 to 1.5 miles
(1.61 —2.41 Km). The average slope of the river between Alamo Dam and the mouth is
16 feet (4.88 m) per mile. Although 7,000 cfs (198.2 cms) has been designated as the
maximum non-damaging channel capacity, the 7,000 cfs (198.2 cms) release made during
the storm and flood of 1993 destroyed the road through the Bill Williams River National
Wildlife Refuge. The road, which provides access to Planet Ranch, had not been repaired
at the time this Water Control Manual was published. In the past the road had suffered
washouts from releases of 2,000 cfs (56.63 cms), or greater. Additionally, stream fords
in the Planet Ranch area have become impassable from releases of as little as 500 cfs
(14.16 cms). Table 4-05 shows the travel times of spillway flow at various locations
downstream of Alamo Dam. A schematic of capacities for the Bill Williams River

channel is presented on Plate 4-10.
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Table 4-05. Spillway Flow Travel Times Downstream of Alamo Dam

Distance from

Distance from

Average

Average

Alamo Dam Alamo Dam Location Elevation (ft, | Elevation (m, (IT(I)Tr:)
(miles) (Km) NGVD) NGVD)
34 5.5 D/S of Alamo Dam Outlet 966 294 0.25
7.9 12.7 Near Lincoln Ranch at Reid Valley 872 266 1.0
8.5 13.7 At Rankin Ranch Road 812 247 1.25
15.9 25.6 - 685 209 3.5
18.5 29.8 - 643 196 4.0
22.5 36.2 At Planet Ranch Road 582 177 5.0
25.0 40.2 - 542 165 5.5
28.7 46.2 - 482 147 9.0
354 57.0 D/S of Parker Dam 374 114 8.25
41.2 66.3 - 375 114 9.5
45.0 72.4 - 371 113 10.5
46.5 74.8 - 368 112 11.0
50.1 80.6 Parker Valley 351 107 12.0
53.6 86.3 Parker Valley 343 105 13.0
59.9 96.4 Parker Valley 335 102 14.0
66.8 107.5 Parker Valley Indian Reservation 315 96 17.0
69.4 111.7 Parker Valley Indian Reservation 310 94 19.0
73.7 118.6 Parker Valley Indian Reservation 300 91 21.0
79.9 128.6 Palo Verde Valley 290 88 22.0
82.7 133.1 Palo Verde Valley Indian Reservation 283 86 25.0
85.6 137.8 Colorado River Indian Reservation 278 85 28.0
90.7 146.0 Palo Verde Valley 267 81 30.0
97.3 156.6 Palo Verde Valley 253 77 50.0
99.4 160.0 Palo Verde Valley 250 76 50.5
106.4 171.2 Palo Verde Valley 242 74 59.5
113.4 182.5 Cibola Valley 235 72 62.5
121.3 195.2 Cibola Valley Refuge 216 66 65.0
129.5 208.4 - 210 64 70.0
134.7 216.8 Taylor Lake 206 63 71.5
145.8 234.6 Martinez Lake 197 60 78.5
152.5 2454 Imperial Dam 192 59 81.5
156.7 252.2 Mittry Lake 154 47 85.0
160.4 258.1 North Gila Valley 144 44 91.0
161.7 260.2 North Gila Valley 135 41 91.25
166.6 268.2 Fort Yuma Indian Reservation 130 40 93.0
169.6 272.9 Fort Yuma Indian Reservation 123 37 97.5
172.6 277.8 Near U.S. Marine Corps Air Station 116 35 97.5
177.3 285.3 Yuma Valley Cocopah Indian 109 33 118.0
Reservation
183.5 295.3 Yuma Valley 95 30 130.0
187.2 301.3 Yuma Valley 77 23 135.0

Note: This information is from the Alamo Dam Emergency Action and Notification Subplan prepared in June 1986. The Inundation
maps, which are part of this plan, are located at U.S. Army Corps of Engineers, Los Angeles District, Reservoir Operation Center, and

also at the dam site.
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4-10. Upstream Structures

There are no hydraulic control structures upstream of Alamo Dam.

4-11. Related Structures

Alamo Dam operation is closely coordinated with the operation of the U.S.
Bureau of Reclamation dams on the lower Colorado River (Hoover, Davis, Parker and
Imperial Diversion). The coordination is designed to optimize flood control,
hydropower, water supply, water quality, and recreational benefits on the Colorado River.
The maximum controlled release of 7,000 cfs (198.2 cms) from Alamo Dam was derived
assuming a Colorado River channel capacity of 25,000 cfs (707.9 cms) below Parker

Dam and an 18,000 cfs (509.7 cms) release from Hoover Dam.

Table 4-05 contains the names and locations (in river miles) of other dams on the
lower Colorado River below Parker Dam whose operations could be affected by Alamo

Dam regulation.

Table 4-06
Dams on lower Colorado River below Parker Dam.
Dam Distance (River Mile) Distance (Km)
Morelos 22.1 35.6
Laguna 43.2 69.5
Imperial 49.2 79.2
Palo Verde Diversion 133.8 215.3
Headgate Rock 177.9 286.3

4-12. Economic Data

a. Population. Alamo Dam affords protection to all property downstream from

Parker Dam to Mexico. The area protected has a population of approximately 1,172,000.
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Table 4-07a lists pertinent population data for the regions affected by operation of Alamo

Dam.

Table 4-07a. Population Data for Alamo Dam Watershed and Downstream

1980 1990 1998*
Watershed Area City or Indian Reservation (County)
Bagdad (Yavapai County) 2,349 1,858 2,613
Downstream Area along the Colorado River City or Indian
Reservation (County)
Colorado River Indian Reservation (La Paz) 2,504 3,035 3,318
Parker (La Paz) 2,542 2,897 2,990
Enrenberg (La Paz) 1,210 1,226 1,561
Blythe (Riverside) NA NA 2,150
Cocopah Indian Reservation (Yuma) 835 515 894
San Luis (Yuma) 1,946 4,212 11,090
Somerton (Yuma) 3,969 5,282 6,625
Yuma (Yuma) 42,481 54,923 68,160
San Luis Rio Colorado, Sonora, Mexico NA NA 200,000
Mexicali, Baja California, Mexico NA NA 800,000
Calexico, California NA NA 25,650

Source: Arizona Department of Commerce Alamo Dam Risk Assessment Study

Department of Finance California
* Latest data available to date

b. Industry. Table 4-07b and 4-07c lists pertinent industrial data in relation to
employment and agriculture for the regions affected by operation of Alamo Dam. The

data presented on these tables are the latest available, at the time in which this manual

was completed.
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Table 4-07b. Agricultural Data for Alamo Dam (1997%)

Acreages for Various Crops

Watershed Area Downstream Area along the Colorado River
Crop Yavapai Riverside Imperial La Paz Mohave Yuma
Corn NA| 0 0 NA| NA| 8,077
Wheat NA| 25,600 78,48 7,540 NA| 35,116
Barley NA| 2,235 NA| NA| 320, 2,313
Cotton 0 12,71 6,058 23,228 3,977 27,972
Hay-Alfalfa 3,305 90,926 232,734 59,065 7,469 42,520
Vegetables 197, 38,041 86,816 8,293 NA 86,329
Orchards 167 68,191 7,479 164 18 24,370,

Source: United States Department of Agriculture
* Latest available data to date

Table 4-07c. Unemployment Rate and Number People Employed by Sector

(2001%)
For Alamo Dam Watershed and Downstream Areas

Yavapai La Paz Mohave Yuma Riverside Imperial
Labor Force 70,821 6,417 66,777 64,487 711,500 43,700
Unemployment Rate 2.93% 6.3% 4.5% 24.4% 52% 21.3%
Employment by Sector
Agriculture 0 648 461 22,902 16,300 12,600
Manufacturing 3,375 300 3,200 2,350 53,600 1,900
Mining and Quarrying 1,075 0 100 0 500 0
Construction 4,875 100 4,700 2,800 52,500 1,600
Transportation, Comm. 1,325 100 2,225 1,475 15,100 2,000
and Public Utilities
Trade 13,700 1,650 12,375 11,600 117,200 10,400
Finance, Insurance, and 1,575 100 1,425 1,325 15,900 1,300
Real Estate
Services and 15,275 550 10,775 10,125 127,300 5,700
Miscellaneous
Government 9,975 2,150 7,600 11,975 90,300 16,100

Source: Arizona Department of Commerce
California Employment Development Department
* Latest available data to date

c. Flood Benefits. Plate 4-12 shows the area that would have been inundated by

the reservoir design flood prior to the construction of Alamo Dam. Practically all

economic development protected by Alamo Dam is along the lower Colorado River; very

few improvements are located on the Bill Williams River below the dam. Property of

significant value is situated in the lowlands of the Colorado River between Parker Dam
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and the Mexican border, a distance of about 200 river-miles. The principal downstream
areas are designated as: Parker Dam to Parker, Parker Valley, Palo Verde and Cibola
Valleys, and Yuma Valley. Areas susceptible to damage contain residential, business,
and industrial property, and various facilities such as irrigation and flood control works,
highways, and public facilities. The Alamo Dam Risk Assessment estimated the value of
the depreciated replacement of the property located in the floodplain to be
$5,615,258,000.

Table 4-08 herein, shows the damage-discharge relationships for various points
along the Colorado River below Alamo Dam. The table also shows the respective annual
exceedance probability of these discharges from Alamo Dam. The probabilities are
based on operating Alamo Dam according to the revised operating plan and are computed

from the available period of record 1929-1998.

Table 4-08
Damage-Discharge Data Below Alamo Dam
Discharge | Exceedance? Exceedance Damage Damage Damage
(cfs) (Percent) (Years) (Parker) (Blythe) (Yuma)
20.000 28R 35 S0 S0 S0
30,000 1.94 50 $0 $0 $0
40,000 1.52 65 $0 $0 $60,679,000
60,000 0.96 100 $0 $0 $99,008,000
70,000 0.84 120 $13,470,000 $0 $117,087,000
80,000 0.74 135 $25,976,000 $0 $123,169,000
90,000 0.64 156 $29,801,000 $0 $123,169,000
100,000 0.56 180 $31,898,000 $0 $129,252,000
150,000 0.32 310 $48,726,000 $33,779,000 $138,588,000

1. Based on 2002 price levels.
2. Based on computed probability curve.

A damage discharge curve was created based on the information provided on
Table 4-08, as shown on Plate 4-11, and can be used as a gauge by Reservoir Regulation
Section to estimate the amount of damages that would occur if the corresponding
discharge occurred at the particular location on the Colorado River. The value of these
damages, however, is expected to change in the future as the price levels and hydraulic

conditions changes. SPL's Economic Section will be responsible for calculating the
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changes in the flood damages due to changes in the price level. The changes in the price
level should be based on the price indexes provided by Marshall & Swift Valuation

Service, or equivalent.
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Photo 4-01. Big Sandy River Basin.

Photo 4-02. Santa Maria River Basin
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Photo 4-03. Sediment of Bill Williams River between Lincoln Ranch and Planet Ranch, where normal flows are subterranean. Photo
was taken immediately upstream of Planet Ranch.
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V -DATA COLLECTION AND COMMUNICATION
NETWORK

5-01. Hvdrometeorological Stations.

a. Facilities. Precipitation, stream flow, reservoir water level, air temperature,
evaporation, and wind data are collected and monitored by SPL and USGS equipment
located throughout the Bill Williams watershed. Plate 5-01 shows the location of these
data collection sites. All of the SPL sites are equipment with satellite telemetry data
collection platforms (DCP). Except for evaporation and wind data which is manually
recorded by the dam tender, all of the collected information is transmitted to the SPL
Water Control Data Processing System (WCDS) by the DCPs every 4-hours. The WCDS
processes and stores the data and makes the information immediately available to SPL
staff and also to the general public via the SPL web page. The DCPs transmissions are
also directly received and processed by other agencies such as the US Geological Survey
and the National Weather Service’s Colorado Basin River Forecast Center. Tables

5-01and 5-02 lists the active hydrometeorological stations in the Bill Williams watershed.

Also, the USGS has established two gages upstream and two downstream of
Alamo Dam as shown on Plate 5-01. Water quality monitoring is also performed at these
gaging stations by contract with the USGS. Currently, water quality samples are taken
from the lake and the downstream channel during non-inflow events. The river upstream
is dry most of the time for this project. The water quality program contract allows for
sampling additional areas, including the river upstream, when necessary. Details on
water quality monitoring are provided in section 5-02. Details for the USGS gages are

provided on Table 5-02.



Table 5-01
Active Precipitation, Stream Flow, Reservoir, and
Evaporation Stations in Bill Williams Basin

Gage Name Responsible COE GOES |NCDC| USGS County | Latitude Longitude Elev. Parameters
Agency 1D 1D 1D 1D
|Alamo Dam SPL ALMO |CE475D94 100 LaPaz  |34:14:00 113:35:00 1290 R,P,T,W,E
Bagdad SPL BAGD |CE474EE2 Yavapai |34:35:32 113:10:41 P, T
Bagdad NCDC 586 Yavapai |34:34:00 113:10:00 3705 C
Big Sandy River near Wikieup USGS SAND [162AC7EA 9424450 |Mohave [34:27:45 113:37:25 1400 S,P,T
Bill Williams River blw Alamo Dam |USGS/SPL BWRA |CE227058 9426000 |LaPaz |34:13:51 113:36:29 967 S
Bill Williams River near Parker USGS BWRP |CE22A630 9426620 |LaPaz |34:15:45 114:01:37 S
Burro Creek near Bagdad SPL BURO |CE1367A4 Mohave [34:32:30 113:26:40 1880 P, T
Campwood SPL CAMP |CE2280DC Yavapai (34:48:20 112:52:40 5710 P, T
Diamond M Ranch NCDC 2527 Mohave [35:17:00 113:22:00 5480 C
Goodwin BLM GOOD [324C62BC Yavapai [34:35:00 113:18:00 P
Lookout Wash near Fort Rock SPL LOKU |[CE477B78 Mohave [35:11:51 113:21:47 P, T
Parker NCDC 6250 LaPaz [34:11:00 114:13:00 375 C
Santa Maria River near Bagdad USGS SMRB |CE134148 9424900 |Mohave [34:18:21 113:20:47 1360 S,P,T
Skull Valley SPL SKLL |CE473872 Yavapai [34:35:37 112:37:46 P, T
Wikieup SPL WIKI |CE474030 Mohave [34:57:46 113:41:53 P, T
Wikieup NCDC 9309 Mohave |34:42:00 113:36:00 2010 C
Agency Notes Parameter Notes:
SPL = Los Angeles District, Corps of Engineers C = NCDC Weather Station
INCDC = National Climatic Data Center R = Reservoir Water Level
USGS = US Geological Survey P = Precipitation
BLM = Bureau of Land Management S = Stream Flow
T = Air Temperature
W = Wind

E = Evaporation
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Table 5-02. Bill Williams Basin Precipitation, Streamflow and Evaporation Stations

. Latitude Longitude .
Station (abbr.) Type (Degrees—Min‘utes— Seconds) Elevation

USGS4432 (4432) Flow 34-45-42 113-15-34 3260
USGS4447 (4447) Flow 34-32-30 113-26-40 1880
USGS4450 (4450) Flow 34-27-45 113-37-25 1400
USGS6000 (6000) Flow 34-13-51 113-36-29 967
Corps (CEVP) Evap 34-14-00 113-35-00 1360
Alamo 1 (A1) Prep. 34-16-00 112-24-00 1100
Alamo6ESE (A6) Prep. 34-15-00 113-28-00 1480
Bagdad (BGD) Prcp. 34-35-00 113-10-00 3820
BagdadR (BGDR) Prcp. 34-35-00 113-11-00 3750
Hillside (HS) Prcp. 34-29-00 112-53-00 3320
Lookout Ranch (LR) Prcp. 35-12-00 113-27-00 5000
Perner Ranch (PR) Prcp. 35-22-00 113-17-00 5600
Round Valley (RV) Prep. 35-06-00 113-40-00 3740
Signal (SG) Prcp. 34-28-00 113-38-00 1652
Signal13SW Prcp. 34-22-00 113-48-00 2500
Skull Valley (SV) Prcp. 34-30-00 112-41-00 4254
Trout Creek (TC) Prcp. 34-53-00 113-39-00 2850
Tonto Springs (TS) Prep. 34-37-00 112-45-00 4800
Wikieup (WK) Prcp. 34-43-00 113-37-00 2009
Yava6ESE (Y6) Prcp. 34-27-00 112-48-00 3780




b. Reporting. The reporting of data to the District office is accomplished by the

following means:

(1) Manual. The dam tender observes precipitation, reservoir water
surface, downstream flow, gate settings, pan evaporation (see photo 5-01), air
temperature, and wind measurements. The dam tender also notes general conditions
around the dam. During flood events, the dam tender usually reports by telephone on a
schedule established by the ROC. During non-flood periods, reports are given by
telephone (or radio) to the ROC once per day on weekdays (weekends and holidays are
exempt). Further reporting details for the dam tender are discussed in section 5-03 and 5-

05.

(2) The Geostationary Operational Environmental Satellite (GOES)
Telemetry System. SPL, USGS, and the BLM operate a network of GOES DCPs which

provide SPL with real-time information about precipitation, stream flow, reservoir water
level, and air temperature affecting regulation of Alamo Dam. The GOES satellite
telemetry system is managed, operated, and maintained by the National Environmental
Satellite, Data, and Information Service (NESDIS). The GOES primary mission is to
continuously observe changing weather phenomena from satellite based sensors situated
approximately 23,000 miles from Earth. As a collateral duty, the GOES system supports
a radio relay or Data Collection System (DCS). The DCS enables a large variety of
environmental data to be relayed from hydrologic ground stations, through GOES and
back to a receiving station (DCS Automated Processing System) operated by NESDIS in
Wallops, Virginia. Other users equipped with a GOES Direct Readout Ground Station
(DRGS) can also receive these data transmissions. NESDIS then disseminates the data to
SPL and other GOES system users by relaying the data through a commercial domestic
satellite (DOMSAT) to a DOMSAT receiving station. SPL maintains a DOMSAT
receiving station at the District office. GOES data collected at each station is transmitted
to one of two GOES satellites, then to a ground station. Collected data include
precipitation, air temperature, reservoir level, and river stage. SPL GOES DCPs collect

data in regular time intervals ranging from fifteen minutes to one hour depending on the
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parameter and site conditions. Eight hours of data is then transmitted every four hours.
The eight-hour block of reported data includes the latest four hours of data plus the
previous four-hour data block. The GOES data is collected and processed by a
DOMSAT receive station located at the SPL office. After processing the data, the
DOMSAT system stores the data in a HECDSS database system on the Water Control
Data System (WCDS) computer. GOES data can be viewed using the WCDS menu

system or from the Reservoir Regulation Section web site.

(3) Automated Local Evaluation in Real-Time (ALERT) System.

Yavapai County has jurisdiction over the operation of two ALERT rain gages within the
Alamo Dam drainage that provides current or “real time” information about hydrologic
conditions in the basin. The ALERT system is a network of rain, stream, and weather
gages which provide current or “real time” information regarding hydrologic conditions
in Arizona. Data is transmitted via VHF radio from these gages to an ALERT base
computer whereupon the information is quickly compiled, stored, and made available for
display and analysis. Additionally, the collected data can be relayed by VHF radio to the
National Weather Service office for entry into their database. The Corps of Engineers,

Los Angeles District, does not receive ALERT data for this project.

(4) Weather Data. Weather information is provided in forecasted and

real-time formats. A contract meteorologist provides forecasted precipitation
distributions called Quantitative Precipitation Forecasts (QPF) to the ROC so that proper
preparations can be made to operate the reservoir in the upcoming flood event. Updates

to the QPF are provided on an as needed basis.

The National Weather Service (NWS) provides an array of weather data,
including short and long-range forecasts, precipitation totals, watches and warnings, and
severe weather statements. Additionally, the NWS, through its Colorado River Forecast
Center (CRFC) in Salt Lake City, Utah, provides flow forecasts encompassing the entire

Lower Colorado River system including inflow to Alamo Lake.
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Data Transmission Network (DTN) is a real-time, global, weather data system
which provides the ROC with satellite loops, radar renderings, temperature dispersions,

and forecast synopses for areas within SPL.

c. Maintenance. Each operating agency is responsible for the maintenance of its
own gages. Gages under the Corps’ responsibility are scheduled for normal bi-annual
maintenance by the hydrographic technicians. Other visits to the stations (e.g.,

unscheduled repairs) are performed as required.

d. Cooperative Stream Gage Program. The Corps participates in a national

program with the USGS Water Resources Division (WRD) known as the Cooperative
Stream Gage Program. Funding for the upkeep of each station in the program is shared
by federal, state, and local agencies. The USGS has established two stream

gages upstream and two downstream of Alamo Dam as listed on Table 5-02, and shown
on Plate 5-01. The Corps incurs all the cost of maintaining the two upstream gages and
also the gage just downstream of the dam. The Bureau of Reclamation, the USFWS, and
the Corps provide matching funds for the cost of maintenance at the station near Parker.
Telemetry from these sites is transmitted by GOES satellite (as discussed earlier) thus

providing current information to the District regarding areas under a possible flood threat.

5-02. Water Quality Monitoring.

a. Facilities. The office of U.S. Fish and Wildlife Service (USFWS), Region 2,
Arizona FRO, Parker, Arizona has been contracted by the Corps to administer a program
consisting of periodic sampling and analysis of ambient water quality at Alamo Dam.
The sampling includes specimens from the reservoir and at the USGS gage just
downstream of the dam. Four locations within the reservoir and at the downstream gage
are sampled on a monthly basis: (1) closest to the dam; (2) mid-lake; (3) upper lake; and
(4) at downstream USGS gaging station. The sampling schedule is presented in table 5-
02 herein.
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Table 5-03
Alamo Lake Water Quality Monitoring Schedule'

Month Parameters Sampled
Octoher lim _chem chl nhe hact
Navemher lim chem
Decemher lim
Tanuarv lim chem hact
Fehrnarv lim
March lim
Anril lim chem hact
Mav lim chem hact
Tane lim _chem chl nhe hact
Tulv lim _chem chl nhe hact
Anonct lim _chem chl nhe hact
Sentemher lim _chem chl nhe hact

Sampling Locations: (1) near dam; (2) mid-lake; (3) upper lake; and (4) d/s USGS
gaging station.

Legend:
lim = limnology phe = pheophytin a
chem = chemistry bact = bacteriology

chl = chlorophyll a

"' Sampling schedule subject to change on an annual basis.
Note: Sampling depths vary from surface, to 6 ft (4.9 m), or a maximum depth of 15 ft (4.6 m).

b. Reporting. Tasks assigned to the USFWS are limited to sample collection
and laboratory analysis only. The The U.S. Army Corps of Engineers, Los Angeles
District (SPL) has the task of interpreting the data and preparing any associated written
reports. The Corps prepares the “Annual Report on Water Quality Management” for
each water year, in accordance with Engineering Regulation (ER) 1110-2-8154, “Water
Quality and Environmental Management for Civil Works Projects”, which establishes
reporting requirements and objectives for water quality programs at existing Corps of
Engineers Civil Works Projects. Eventually, Access to the STORET for storage and
retrieval of data will be available through the Internet. SPL plans on using the
Environmental Protection Agency’s STORET water quality data base system on an as

needed basis.

The following water quality information reported by the USFWS to the Corps are
included within this report: (1) limnology; (2) general chemistry; (3) chlorophyll-

V-7



pheophytin chemistry; (4) additional chemistry; and (5) bacteriology. Required
limnology parameters are lake elevation, temperatures, pH, dissolved oxygen, specific
conductance, oxidation-reduction potential, and secchi disk readings. General chemistry
parameters sampled are phosphorous, total suspended solids, orthophosphate, total
dissolved solids, kjeldahl nitrogen, total residue, ammonia, alkalinity, sulfide and
turbidity. Chlorophyll-pheophytin chemistry parameters include chlorophyll a,
pheophytin a, and the chlorophyll a to pheophytin a ratio. Additional chemistry
requirements are iron, manganese, sulfate, calcium, and total organic carbon.
Bacteriological data includes total coliform, fecal coliform (fc), fecal streptococci (f5s),

and fc/fs ratio.

c. Maintenance. The U.S. Army Corps of Engineers, Los Angeles District, has

no maintenance responsibilities with respect to water quality stations.

5-03. Sediment Stations.

a. Facilities. In order to check the sedimentation periodically, six sedimentation
stations in the reservoir and four along the downstream channel were established during
the construction of the project. These stations are shown on plates 4-02 and 4-03,
respectively, of the water control manual. They are respectively referred to as "'A' Index

Ranges" and "'C' Index Ranges."

b. Reporting. At present, sedimentation data are not available at the Los
Angeles District office. The USGS collects, compiles, and publishes sediment data on an

annual basis in Water Resources Data for California.

¢. Maintenance. The U.S. Army Corps of Engineers, Los Angeles District
maintains the sediment stations by performing reconnaissance surveys after each major
storm event to determine if an appreciable amount of sediment has accumulated in the

reservoir and if a comprehensive survey is necessary. The advent of aerial mapping has
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precluded the need to use the sediment stations as part of a comprehensive reservoir

survey; however, the sediment stations are still useful for the reconnaissance surveys.

5-04. Recording Hydrologic Data.

Each agency maintains records of its own data. During storm events, reservoir
reports from the SPL dam tender are received by telephone on a schedule established by
the ROC. During the remainder of the year, the dam tender at Alamo Lake normally
reports by telephone to the Reservoir Regulation Section by 0900 hours Pacific Standard
Time (PST) each workday (excluding weekends and holidays) or as requested. The
reservoir data reported to the ROC are recorded and immediately entered into an
HECDSS database using the Los Angeles District’s reservoir computation program

(Rescal).

Data from GOES DCPs are collected every 4-hours and stored in an HECDSS
database housed on the District Water Control Data System. The data can be viewed
either on the Reservoir Regulation Section web site or through the WCDS menu system.

The period of record collected and verified, to date, spans from 1927 to 1999.

Daily flows at the following selected gaging stations pertinent to the operation of
Alamo Lake are published annually in the “United States Geological Survey Water
Supply Papers” and on the Hydrodata CD-ROM from Hydrosphere, Inc.:

(1) Big Sandy River near Wikieup, AZ

(2) Santa Maria River near Bagdad, AZ

(3) Bill Williams River blw Alamo Dam, AZ
(4) Bill Williams River near Parker, AZ

Daily rainfall records for Alamo Dam and for other precipitation stations in the
Bill Williams River basin are published in the U.S. Weather Service’s monthly
publication entitled “Climatological Data” and annually on CD-ROM (Hydrodata). This
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rainfall data is archived at the NOAA, National Climatic Data Center in Asheville, North

Carolina.

5-05. Communication Network.

The communication facilities at Alamo Lake are described as follow:

a. Commercial Telephones - are installed in the dam tender’s residence and in

the project office. Telephones are the principal communication device between the ROC

and Alamo Dam.

b. FM Radio Transceiver - is installed in the project office to communicate with

the Los Angeles District Office, the Los Angeles District Base Yard, and the Arizona
office. Radio transmissions are conducted with the ROC through the Backbone
Microwave Repeater System. Radio signals transmitted from either station are directed
by line-of-sight mode to the repeater station on Smith Peak, Arizona, which then relays
the signal on through a system of microwave repeater stations to the receiving
destination. In the ROC, two radio consoles are capable of communicating with the dam:
(1) Centracom Series I, located in back of the ROC; and (2) Zetron, located at the radio
operator’s station. Radio transmissions are received at the project site via an antenna

located atop the control house (photo 5-02).

5-06. Communication with Project.

a. Between ROC and Alamo Dam. During the year when no storm events are

occurring, a routine phone call is made at least once each weekday from Alamo to the
ROC. This reservoir operation report is usually made prior to 0900 hours PST. During
flood events, the reporting interval is more frequent as determined by the ROC.
Reporting of the reservoir data is initiated by either the ROC or the dam operator
depending on the mode selected by the ROC. Other routine or non-routine radio or

telephone calls are made as necessary.



In the event that all communications with the District Office, including the
Baseyard, should be interrupted, a set of “Standing Instructions to the Project Operator
for Water Control” have been compiled and is presented as Exhibit A of this water

control manual.

b. Between Alamo Dam and Others. No routine or non-routine communication

between staff at Alamo Dam and other agencies is required. All notifications to other
agencies affected by the regulation/operation of Alamo Dam are made by the LA District

personnel.

c. Between ROC and Others. Flood operations at Alamo Lake are implemented

with careful consideration given to the operation of dams on the Colorado River and the
condition of the channel downstream of Alamo Lake. Flood releases are carefully
determined after discussions with the U.S. Bureau of Reclamation (USBR) about
reservoir operations on the Colorado River main stem. As previously mentioned, the
NWS’s CRFC in Salt Lake City, Utah provides a rainfall and inflow forecast for Alamo
Lake and the lower Colorado River basin from which Alamo Dam release considerations
can be developed. During various reservoir release conditions, other federal, state, and
local entities are notified as to proposed operational procedures. For riparian/wildlife
releases, notifications are given to the Arizona State Parks, USGS, Bill Williams Refuge,
Arizona Game and Fish Department, and Bureau of Land Management, in order to

monitor each agency’s habitat concerns.

When flood control releases greater than 500 cfs or designated target reservoir
elevations are expected, notifications are given to the Arizona Department of Water
Resources, city of Scottsdale, Bureau of Reclamation, Mohave County, Arizona Public
Service, Colorado River Board of California, International Boundary and Water
Commission, La Paz County, Central Arizona Project, other personnel at the Corps of
Engineers, U.S. Fish and Wildlife Service, Arizona Department of Environmental
Quality, Bureau of Land Management, and Arizona Game and Fish. In the event of

spillway flow, notification is given to National Weather Service, other personnel at the
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Corps of Engineers, La Paz County, and Yuma County. The actual notification roster
and conditions thereof are presented in the ROC’s “Instructions for Reservoir Operations
Center Personnel (the ‘Orange Book’)”. This roster is updated once a year, and as

needed, to maintain the most recent points of contacts.

5-07. Project Reporting Instructions.

The dam tender at Alamo Lake is required to perform the following:

a. Be present at the dam when rainfall or runoff is occurring or furnish the ROC

at the District Office a telephone number through which he or she can be reached.

b. See that all equipment at the reservoir such as recorders, indicating gages, gate

mechanisms, power units, radios, etc., is in operating condition.

c. Operate gates in accordance with instructions from the ROC, then report back

via telephone/radio to confirm.

d. Keep ROC notified of any unusual developments such as trash accumulation,

power failure, mechanical difficulties, etc.

e. Follow the current fixed-gate operation schedule posted in the control house

when a loss of communication with the ROC occurs.

f. Assist engineers dispatched by the ROC during flood emergency.

g. Maintain routine records such as water surface elevations, outflow gage

heights, precipitation amounts, gate openings, and a daily log on prescribed forms.

h. Notify local authorities and interested agencies of anticipated releases from the

reservoir when instructed to do so by the ROC or if communications are interrupted.
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i. Obtain hydrologic and hydraulic data from other agencies upon request of the

ROC.

5-08. Warnings.

The responsibility for issuing all weather watches and warnings in addition to all
flood and flash flood watches and warnings rests with the National Weather Service
(NWS). Local emergency officials of cities and counties are responsible for issuing any
public warnings regarding unusual overflows, evacuations, unsafe roads or bridges, toxic
spills, etc. The SPL makes notifications to local authorities when critical water surface
elevations are reached and critical release rates are initiated. The notifications list is
updated on an annual basis and can be found in the SPL’s “Instructions For Reservoir
Operations Center Personnel” commonly referred to as the “Orange Book”. In the event

of a dam break or other emergency, the Emergency Action and Notification Subplan is

used to determine appropriate actions. Copies are located in the ROC and the SPL’s

Emergency Operations Center (EOC), and at the dam site.
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Photo 5-01. Evaporation pan at Alamo Dam and Lake.

Photo 5-0 Alamo Da control house.
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VI - HYDROLOGIC FORECASTS

6-01. General

The agencies responsible for hydrologic forecasts and their tasks are described

herein.

a. Role of the Corps of Engineers. The LAD does not make any formal
hydrologic forecasts for Alamo Dam. Water quality conditions in Alamo Lake or in the
Bill Williams River are not predicted by the Corps. Despite lack of formal hydrologic
forecasts, the LAD monitors reservoir water surface elevation, outflow, inflow and
reservoir evaporation on a daily basis. The Corps notifies other agencies, along with
private concerns, of any significant changes in reservoir elevation, outflow, and inflow.
The Corps provides the Bureau of Reclamation office in Boulder City, Nevada with the

daily reservoir elevation, storage, inflow, and outflow values.

b. Role of Other Agencies. The National Weather Service (NWS) has

responsibility for preparing hydrometeorological data and forecasts for the Bill Williams
River drainage basin, which include inflow forecasts to Alamo Lake. These data and
forecasts are, in turn, obtained by Reservoir Regulation Section personnel, who analyze
the various hydrometeorological data and forecasts received at the District office and
keep themselves appraised of any precipitation or other unusual weather that could affect

the drainage above and below Alamo Dam.

The data and forecasts obtained consist of both alphanumeric text and visual
displays, the latter comprised of weather charts and satellite images. The alphanumeric
text, consisting of data summaries, discussions and forecasts, is available from the NWS
Weather Forecast Office in Phoenix, Arizona and is also on the RFC internet home
(Web) page. This data is stored on the District's Water Control Computer and can be
selectively printed out. The weather charts, consisting of analyses and computer-

prepared forecasts, are obtained via communications satellite and are printed on a line
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printer or a laser printer. The satellite images, also obtained via communications satellite,

are displayed on a computer monitor and are selectively printed on a facsimile recorder.

6-02. Flood Condition Forecasts

NWS inflow forecasts are made on a daily basis. By routinely evaluating inflow,
observed precipitation, and forecast precipitation, the NWS also provides inflow forecasts
in flood situations. Plate 6-01 illustrates the methodology NWS uses in river forecasts
and flood predictions. Using such information, the Reservoir Operation Center can
evaluate if flood flows will increase or decrease over the next 24 hours. Plate 5-01 shows
the location of precipitation and stream gages in and near the Bill Williams River basin

and the key control points downstream of Alamo Dam.

6-03. Conservation Purpose Forecasts

Since there is no subscribed user for water stored in the water conservation pool,

no conservation purpose forecasts are made.

6-04. Long Range Forecasts

The NWS has implemented an extended range forecasting procedure for the Bill
Williams drainage basin to provide an estimate of inflows into Alamo Lake. The
procedure uses the NWS Extended Streamflow Prediction (ESP) program. The ESP
program uses conceptual hydrologic/hydraulic models to predict future streamflows using
the current river, soil moisture, and snowpack conditions, along with historic
hydrological and meteorological data. The ESP program is useful in predicting water
supply and drought conditions, as well as predicting flood flows. Plate 6-02 illustrates

the methodology the NWS uses in ESP.

The forecasting procedure for the Bill Williams River basin was calibrated in

2000 using the National Weather Service River Forecast System (NWSRFS), a
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streamflow model which incorporates the Sacramento Soil Moisture Accounting (SSMA)
methods. The basin was divided into three areas: the Santa Maria River near Bagdad,
the Big Sandy near Wikieup; local area above Alamo Dam and below the previous two
areas. These three areas are combined to generate the inflow forecast to Alamo Lake.
The Reservoir Operations Center, in turn, uses the inflow forecasts to predict lake

elevations and/or schedule releases, as appropriate.

6-05. Drought Forecasts

Drought forecasts are made using the ESP program as described in Section 6-04.
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VII - WATER CONTROL PLAN

7-01. General Objectives

The primary purposes of Alamo Dam and Lake are (1) to provide protection for
the lower Colorado River from floods originating within the Bill Williams River
watershed; (2) to prevent flooding along the Bill Williams River below Alamo Dam from
flows greater than 7,000 cfs (198.2 cms); (3) to provide storage for lake recreation; (4) to
provide storage for water conservation; and (5) to provide storage and appropriate
releases for environmental objectives. Plate 7-01 is a diagram of Alamo Lake storage

allocations for the aforementioned purposes.

7-02. Operational Constraints

There are several issues that present operational constraints in the regulation of

Alamo Dam and Lake. These issues are briefly described herein:

a. Lower Colorado River. Releases from Alamo Lake ultimately enter Lake

Havasu, which is formed by Parker Dam on the lower Colorado River. Parker Dam is
one of three Bureau of Reclamation (USBR) dams on the lower Colorado River with the
necessary storage space for regulating streamflow. The other two dams are Davis and
Hoover Dams, both located upstream from Parker Dam in respective order. Hoover Dam
is operated mainly for water supply with hourly adjustments for power generation and, as
such, is normally committed to specific releases scheduled on a monthly basis. Both
Davis and Parker Dams serve to re-regulate the power releases from Hoover Dam, to
ensure that excess amounts of water are not sent to the Gulf of California. Additionally,
the two downstream dams have hydroelectric power facilities of their own, and Parker
Dam serves as the forebay structure for the Colorado River Aqueduct (Metropolitan
Water District of Southern California) and the Granite Reef Aqueduct (Central Arizona
Project). Most of the time Lake Havasu (formed by Parker Dam) and Lake Mohave

(formed by Davis Dam) are at least 90 percent full, which means that any significant
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releases from Alamo Dam will cause Parker Dam to spill unless coordinated with the

USBR in advance.

b. Channel Capacity. Under a 1963 Arizona State Senate resolution, the

Arizona State Department of Water Resources was tasked with precluding any
development along the Bill Williams River corridor within the floodway defined by a
7,000 cfs (198.2 cms) release from Alamo Dam. Although major development has not
taken place, some existing facilities, such as the Planet Ranch Road and landowner river

crossings have been damaged by releases less than 2,000 cfs (56.6 cms).

¢. Streambed Crossings. Several crossings of the Bill Williams River

streambed become inundated and impassable at flows as little as 300 to 500 cfs (8.5 —
14.2 cms). These crossings are used primarily by ranchers who have lands on both sides
of the river. However, every rancher and other party have alternate routes for
ingress/egress to their property, when usage of the aforementioned crossings is

interrupted by releases from Alamo Dam.

d. Hydrogen-Sulfide in Outlet Works Gate Chamber. Excessively high

concentrations of hydrogen-sulfide (H,S) gas in the outlet works gate chamber are
hazardous and potentially lethal to operating personnel. Consequently, operating
personnel may not be able to enter the chamber and make scheduled or requested
adjustment to riparian releases, since these releases are made through the low-flow

butterfly valve, which can only be operated from inside the gate chamber.

7-03. Overall Plan for Water Control

Alamo Dam is operated to conform with the objectives and specific provisions of
the authorizing legislation, along with the stipulations of subsequent Congressional acts
that are applicable to the operation of Federal facilities. The original authorizing
legislation specified that Alamo Dam would be operated for flood control, water

conservation, recreation, and water rights. Subsequent legislation has stipulated that
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Alamo Dam will also be operated for endangered species, water quality, and other
environmental objectives, such as riparian habitat and wildlife. Operation for these
objectives and stipulations requires that the U.S. Army Corps of Engineers coordinate

with other Federal, State and local agencies, and with local individuals.

a. Bill Williams River Corridor Technical Committee. The Bill Williams

River Corridor Technical Committee (BWRCTC) was an interagency committee formed
in 1991 for the purpose of cooperatively developing a revised water management
operations proposal for Alamo Lake and the Bill Williams River. The BWRCTC was
comprised of the following agencies: Arizona Game and Fish Department, Arizona State
Parks, Arizona Department of Water Resources, the Bureau of Reclamation, the Fish and
Wildlife Service, the Bureau of Land Management, and the Corps of Engineers. The
BWRCTC ultimately developed a recommended plan for re-operation of Alamo Dam and

Lake by the process described herein.

1) The BWRCTC was divided into subcommittees, whose purpose was to
develop independent water management prescriptions for each of the following
resource categories: riparian corridor, fisheries, wildlife, recreation, and reservoir

operations.

2) The aforementioned prescriptions were blended together to create
alternative operating plans for Alamo Dam and Lake that balanced all of the

prescriptions' objectives.

3) Based on subcommittee recommendations, evaluation criteria were
developed for each resource category to determine how each of the re-operation
alternatives maximized benefits to the categories as a whole. The recommended
alternative -- the one with the 1125-foot (342.9 m) target elevation -- provided the

optimum overall resource benefits.
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b. Alamo Lake Feasibility Study. The Alamo Dam and Lake Feasibility Study
was authorized under Section 216 of Public Law 91-611 (Flood Control Act of 1970) and
Section 301(b)(1) of the Water Resources Development Act of 1996. The study was

authorized to investigate the feasibility of implementing environmental restoration
activities with recreational benefits at Alamo Lake and along the Bill Williams River.
The study's primary purpose was to complete the planning process of formulating and
evaluating the array of alternative operating plans that were identified in the BWRCTC
studies, as well as previous studies, rather than formulate additional alternatives. The
Reconnaissance Guidance Memorandum, dated 18 December 1996, recognized the
extensive formulation activities of the previous studies and determined that no additional
alternatives need be formulated. The study and accompanying Environmental Impact
statement are contained in a July 1999 report. The Record of Decision for the study

(Exhibit C) was executed on 12 May 2000.

c. Adopted Operation Plan. The adopted Water Control Plan was based on the

BWRCTC’s recommended alternative. The concept of operation is based on keeping
Alamo Lake at or near elevation 1125 feet (342.9 m) for as long as possible to maximize
downstream benefits. This elevation is considered optimal for the benefit of all project
purposes and is consistent with the objectives of the authorizing legislation. A schematic
of the storage allocations is shown on Plate 7-01 and the Water Control Plan is presented
in tabular format on Plate 7-02. The maximum controlled outflow from the dam is

7,000 cfs (198.2 cms). Also provided on this plate is the “maximum rate of release
increase” schedule, which must be followed when making releases corresponding to lake
elevations that exceed 1125 feet (342.9 m). When Alamo Lake is at or below elevation
1125 feet (342.9 m) releases will vary between 10 and 50 cfs (0.28 and 1.4 cms)
depending upon specific lake elevation, time of year, and other factors. If necessary, the
lake elevation will be drawn down to elevation 1110 feet (338.3 m) in order to facilitate
inspection and maintenance of the upstream side of the outlet tunnel. Refer to section

7-15.b(2) for further details regarding inspection/maintenance of the upstream tunnel.
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7-04. Standing Instructions

Exhibit A contains the Standing Instructions to the Project Operator for Water
Control for the regulation of Alamo Dam and Lake. It includes instructions to the Project
Operator for normal conditions, during communication outages and during unforeseen
emergency events requiring deviation from the Water Control Plan. Because of the
remoteness of Alamo Dam and the inherent difficulty in communications with the
District Office, it is essential that the operators thoroughly understand all facets of the

Standing Instructions.

7-05. Flood Control

Alamo Dam flood control operations are coordinated with USBR's Lower
Colorado River Regional Office, which has operational responsibility over Hoover,
Davis, and Parker Dams on the Colorado River. The objective of the coordination is to
limit flows along the Parker Strip of the Colorado River mainstem to 19,000 cfs
(538 cms), which is the maximum non-damaging capacity for this reach. In a similar
manner, Alamo Dam flood operations are coordinated with other Federal, State, and local
agencies that have interests and concerns along the Bill Williams River. Normally when
any significant release changes are to be made, 24-hour notification is made to
downstream entities, and the scheduling of these release changes is coordinated in
advance with these entities. Although the maximum allowable Alamo Dam flood control
release is 7,000 cfs (198.2 cms), this release may be curtailed to permit flood control
releases from other dams within the lower Colorado River system, or to enable repairs to
downstream channel improvements to restore hydraulic conveyance capacity. Plate 7-02
provides the elevation-release schedule for releases commencing at the top of the target
elevation of 1125 feet (342.9 m). The “maximum rate of release increase” schedule
provided on Plate 7-02 must be followed when making releases corresponding to lake

elevations that exceed 1125 feet (342.9 m).
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If the Alamo Lake water surface rises above elevation 1235 feet (376.4 m,
spillway crest), floodwaters pass through the uncontrolled spillway. When the reservoir
water surface elevation reaches 1244.3 feet (379.3 m), uncontrolled spillway outflow

equals the maximum scheduled release of 7,000 cfs (198.2 cms).

In the case where forecasts of reservoir inflow indicate that the reservoir water
surface may exceed the maximum surcharge elevation of 1259.6 feet (383.9 m), and the
outlet works should remain at 80% gate opening throughout spillway flow (the “non-
spillway flow transfer option” schedule). If extended streamflow forecasts of reservoir
inflow indicate that there is a high degree of confidence in not exceeding the maximum
design surcharge elevation of 1259.6 ft (383.9 m), then outflows may be transferred from
the outlet works to the spillway, maintaining the maximum scheduled outflow of
7,000 cfs (198.2 cms) up to elevation 1244.3 feet (379.3 m), (the “spillway flow transfer
option”). Plate 7-02 shows the gate schedule for transfer of flow to the spillway. If the
water surface elevation rises above 1250 feet (381 m), the three outlet gates are opened to
the maximum 6.8-foot (2.1 m) setting, and releases are strictly for dam safety. Should
the lake water surface rise above 1259.6 feet (383.9 m), the dam operator(s) shall leave

the dam site for their own safety.

7-06. Recreation

The authorized top of recreation pool is elevation 1070 feet (326.1 m) however,
due to the revamping of the original recreation facilities (reference Section 3-05) to take
advantage of the higher pool elevation maintained for endangered species, the current
defacto top of recreation pool elevation is 1100 feet (335.3 m). This elevation is within
the lower range of lake elevations where boat ramp accessibility to the lake is possible.
The Water Control Plan does not require specific operational releases from Alamo Dam
for recreation; however, the releases made within the authorized recreational pool
between E1 990 to EI 1070 (301.8 to 326.1 m) are those necessary to satisfy water rights,
defined as an average release of 10 cfs (reference Section 7-14). Releases from elevation

1070 feet (326.1 m) up to elevation 1125 feet (342.9 m) benefits the fish and wildlife
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objectives described in Section 7-08. These releases benefit recreational objectives in
that lake fluctuations are kept minimal and promote recreational aesthetics such as

preventing the "bathtub ring" effect around the lake shoreline.

The recreation facilities can function within an elevation range from 1094 to 1144
feet (333.5 to 348.7 m), which includes the optimal 1115 to 1125-foot (339.9 to 342.9 m)
operating range for boat access and overall recreational benefits. The highest range of
lake elevations affording boat ramp accessibility is from 1154 to 1178 feet (351.7 to
359.1 m). Recreational facilities at Alamo Lake consist of boat launching ramps,
campgrounds, and appurtenant structures. All recreational facilities are operated and

maintained by the Arizona State Parks Department.

7-07. Water Quality

Alamo Dam is not operated specifically for water quality enhancement. The
relative contribution to the Colorado River by the Bill Williams River releases is low,
however, Alamo Dam ca be operated in coordination with the Colorado River Project to

benefit overall water quality in the Colorado River.

7-08. Fish and Wildlife

a. Riparian Releases. The Water Control Plan was derived in accordance with

the USFWS’ Biological Opinion (Exhibit D) to achieve adequate long-term water to
support riparian habitat along the Bill Williams River. Reservoir releases provided on
Plate 7-02 are the result of adjustments based on the water needs of the riparian habitat,
in coordination with the natural resource agencies (USFWS, AGF, and BLM). Riparian
releases ranges from 25 — 50 cfs (0.71 — 1.4 cms), up to the maximum outlet capacity of
7,000 cfs (198.2 cms). Releases made within the higher reservoir elevations have the
desired effect of “high flushing” flows which also fosters cottonwood-willow habitat
regeneration rehabilitating and sustaining the riparian corridor resources downstream

from Alamo Dam.
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b. Fisheries. Part of the continuing benefits derived from the prescribed Water
Control Plan is that sport fishery resources at Alamo Lake are maintained, as well as
provide a possible secondary fishery in the Bill Williams River below the dam for warm
water fish and native fish. Alamo Lake contains a variety of warm water sport fish,
including largemouth bass, which has made Alamo Lake one of the premier warm water
fishing lakes in Arizona. Other non-native fish downstream of the dam include channel
catfish, carp, green sunfish, and red shiners; however, the emphasis of maintenance
through the Water Control Plan is largely in support of the existing warm water fishery or
establishing a native fish fishery.

c. Wildlife. In general, all species within its assigned scope of concern benefits
from the prescribed Water Control Plan. The Wildlife Subcommittee determined that all
threatened and endangered species, neotropical migratory birds, other sensitive species,
waterfowl, and other wildlife best benefit from the creation and maintenance of a healthy,
diverse riparian ecosystem along the Bill Williams River corridor below Alamo Dam. It
was determined that only under extreme, prolonged drought conditions would water
management needs of the species at Alamo Lake conflict with maintenance of a healthy

riparian ecosystem downstream.

Since the early 1980°s specific efforts have been made to sustain the population of
the Bald Eagles. Pairs of Bald Eagles, an endangered species, have been observed within
the Alamo Lake area. The regulation of Alamo Lake provides a minimum pool for
sufficient foraging area for nesting eagles all year round. In addition to the habitat for the
Bald Eagles, favorable nesting areas are also provided for the Southwestern Willow
Flycatchers, which were recently declared endangered without critical habitat in February
1995. The Corps, USFWS, and the Arizona Game and Fish Department (AGF), as
necessary, will continue to coordinate efforts to minimize adverse impacts to bald eagle

and Southwestern Willow Flycatchers’ nests within the reservoir area.
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7-09. Water Conservation

The water conservation pool is between elevations 1070 and 1160.4 feet (326.1
and 353.7 m), regulated to enhance the Colorado River water supply. The schedule of
normal releases for the water conservation pool is shown on Plate 7-02. These releases
are designed to balance water conservation, wildlife enhancement and water rights
objectives. Actual releases may be modified with the agreement between Corps and the
other agencies that have an interest in Alamo Dam operations. The goal is to at all times
manage the water conservation pool to maximize project benefits. SPL will coordinate
all water conservation releases with USBR reservoir operations, as well as coordinate
with other Federal agencies and State agencies that have interests and concerns along the

Bill Williams River and lower Colorado River.

7-10. Hvdroelectric Power

There are no hydroelectric facilities at Alamo Dam. Consequently, there is no

operation for hydroelectric power.

7-11. Navigation Operation

There are no operational releases made from Alamo Dam for navigation purposes.

7-12. Drought Contingency Plans

The Drought Contingency Plan for Alamo Dam and Lake was completed in June
1992 under the authority of ER 1110-2-1941, dated 15 September 1981. This plan is
designed to alleviate water shortages for the following entities: Central Arizona Project;
Metropolitan Water District of Southern California; Mexico; Gila Gravity Main Canal,
the All American Canal System; and Arizona Department of Water Resources. Copies of

the plan are located in the Reservoir Regulation Section of SPL.
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7-13. Flood Emergency Action Plan

A flood emergency action plan for Alamo Dam was prepared in accordance with
ER 1130-2-419 (Dam Operations Management, dated 18 May 1978) and ER 1110-2-
1802 (Reporting Earthquake Effects, dated 25 July 1979). The plan, entitled "Emergency
Action and Notification Subplan -- Alamo Dam", dated July 1986, covers identification
of impending and existing emergencies, emergency operations and repairs, and post
earthquake response procedures. Downstream areas potentially subject to inundation are
identified for the case of dam failure with reservoir at full capacity, spillway crest
elevation of 1235 feet (376.4 m). Copies of this plan are in the Reservoir Operations
Center (ROC) and the Emergency Operations Center (EOC) of SPL and at the dam site.

7-14. Water Rights

The original (August 1970) edition of the Alamo Dam Water Control Manual
indicates that no vested water rights had been determined at the time that the manual was
published, but that a study of past records indicated that releasing inflow up to a
maximum of 10 cfs would satisfy water rights. At present, water rights remain
unadjudicated. The 10 cfs release specified in the original water control manual served
as a starting point for formulating alternative operation plans during the Bill Williams
River Corridor Technical Committee Study and is a basic feature of the adopted water
control plan. Except during flood events, inflows are normally 1 to 3 cfs. In the absence
of any other releases, an average minimum release of 10 cfs will be made at all times. If
it is necessary to shut off all releases due to inspection, maintenance, or repair activities,
and subsequent releases will be increased, if necessary, to maintain a daily 10 cfs average

outflow.

7-15. Inspection and Maintenance

a. Monthly Gate Exercise. In order to ensure that the outlet works gates remain

functional throughout the year, a monthly gate exercise is performed on the first Monday
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of each month. The exercise may be postponed, if conditions so warrant. The monthly

gate exercise is accomplished as follows:
1) The dam tender checks with the ROC for permission to perform the
exercise.
2) The dam tender checks the downstream channel from the dam to the
USGS streamgage immediately downstream to ensure no one is in the
area.
3) All service gates and the low-flow butterfly valve are closed.

4) Each emergency gate is fully closed.

5) Each service gate is fully opened and then closed. The low-flow
butterfly valve is also fully opened and closed.

6) Each emergency gate is fully opened.

7) Releases prior to the gate exercise are resumed.

b. Outlet Tunnel Inspection and Maintenance Operation.

(1) Lower Portion of Qutlet Tunnel. When inspections or short-term

repairs are to be conducted on the outlet tunnel downstream from the emergency gates,
releases are shut off, as necessary, in order to accomplish these tasks. Compensating
releases to satisfy downstream water requirements will be coordinated with the other

agencies, as appropriate, once the inspection/repairs are completed.

(2) Upper Portion of Outlet Tunnel. The opportunity for inspecting the

upper portion of the outlet tunnel would not be scheduled until the lake level recedes low

enough, through normal operation of the dam, to allow installation of the bulkhead. The
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elevation at which the bulkhead can be installed is at, or below, 1110 feet (338.3 m).
Should an emergency situation arise where inspection/maintenance of the upstream
tunnel is required, and the lake level is above elevation 1110 feet (338.3 m), then the lake
level will be drawn down in order to facilitate emergency inspection/maintenance
activities. Once the bulkhead is in place, the Corps will receive daily inflow forecasts
from the National Weather Service’s Colorado Basin River Forecast Center (CRFC) in
Salt Lake City. If the CRFC forecasts that inflows from a storm event are large enough
to cause the lake water surface elevation to rise above 1110 feet (338.3 m), the Corps will
immediately commence removing the bulkhead and placing Alamo Dam back into

operation.

Removing the bulkhead is a two-step process. The first step is to equalize
hydrostatic pressure on both sides of the bulkhead by opening the 6-inch (15.24 cm)
filling line. The filling process takes about 10 hours. The second step is the removal of
the bulkhead using divers and cables from barges in the lake. The barges are positioned
in a manner such that there is a minimal angle of pull between the orientation of the gate
guides and the barge cable winch. This requirement is to minimize lateral stresses on the
gate guide A-frame structure, which, if significant enough, could result in a structure
failure. However, if there is an extreme exigency for removal of the bulkhead wherein
mobilization of the barges would take an inordinate amount of time, an alternate
procedure can be followed. This procedure calls for the lifting of the bulkhead by using
winches located on the operation and maintenance access road. Details of this procedure
are contained in the following document: "Bulkhead Gate Instructions for Placing and
Removing, Alamo Dam Outlet Gate Rehabilitation, Mohave and Yuma Counties,

Arizona, DACW09-90-C-0027."

7-16. Deviation from Normal Regulation

Deviations from normal operation inevitably occur, because every possible

circumstance affecting the operation of the dam cannot be covered in the water control
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plan. Guidance for covering deviations from approved water control plans within the
South Pacific Division (SPD) is contained in Regulation CESPD R 1110-2-8, dated
12 September 2002 (Exhibit E). This guidance describes the types of deviations and the

procedures for implementing these deviations.

Approval for all deviations must be obtained from the SPD Commander. An
emergency deviation situation may warrant an immediate action, rendering prior approval
impossible. All planned deviations, however, must be approved by the SPD commander
or delegated representative prior to their implementation. SPD approval authority for
deviations is delegated to the Chief of the Water Management Team or his/her designated
representative. The Chief, Water Management Team shall consult with the Chief,
Technical Engineering and Construction Division, and appropriate CESPD Staff. The
Director of Military and Technical Services shall be advised by Division staff of the
temporary change to the Water Control Plan. Approval may be made by telephone,
E-mail, or FAX.

The preparation and funding for processing the deviation request is provided by
the agency requesting the deviation. The deviation request must undergo an independent
technical review (ITR) process by an independent technical review team (ITRT) within
the LA District. Upon completion of the ITR process, a District certification is prepared,
and sent to SPD with the deviation request package for acceptance and approval of the
deviation request. Processing a deviation request can be costly and time consuming, and
because an incomplete or inadequate package can delay approval, SPL personnel are
encouraged to coordinate any questions or concerns about potential deviations and to

discuss any atypical situations with their SPD counterparts early in the process.

7-17. Rate of Release Change

The maximum rates of release change are listed in Plate 7-02. These rates of
release change values were selected to prevent rapid changes in downstream flows and

river stages that would pose a safety hazard to the public.
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VIII - EFFECT OF WATER CONTROL PLAN

8-01. General
Alamo Dam is operated for flood control, water conservation, and recreation and
wildlife enhancement. The effects of operating for these purposes, along with flow and

elevation frequencies are described in the following sections.

8-02. Flood Control

a. Spillway Design Flood. The original spillway design flood was based on the

summer occurrence of a maximum probable flood with an antecedent flood which was
equivalent to the reservoir design flood. The estimate of the probable maximum flood
has since been superseded, however, it still remains as the spillway design flood. The
antecedent flood had a peak inflow of 220,000 cfs (6,230 cms) and a 3.54-day volume of
253,844 acre-feet (31,311 ha-m). The spillway design flood (summer maximum probable
flood) had a peak inflow of 580,000 cfs (16,424 cms) and a 4-day volume of 847,144
acre-feet (104,495 ha-m). Flood routing was begun on the first day of the antecedent
flood. The starting reservoir water surface elevation was assumed to be the top of the
water conservation pool or 1160.4 feet (353.7 m). The peak reservoir water surface
elevation of the combined antecedent-spillway design flood was 1259.6 feet (383.9 m).
The peak discharge was 50,660 cfs (1,435 cms), as shown on Plate 8-01.

b. Standard Project Flood -- Original. The original standard project flood

(SPF), which is the reservoir design flood, was based on a synthetic winter storm that was
selected upon review as the most severe storm reasonably characteristic of the geographic
area. The original SPF had a peak discharge of 317,000 cfs (8,976 cms) and a 7-day
volume of 422,000 acre-feet (52,054 ha-m). In routing the original SPF through the
reservoir, the controlled outflow was 7,000 cfs (198.2 cms) and the resultant peak
reservoir water surface elevation attained was 1215.2 feet (370.4 m). Although

conventional practice would have been to place the spillway crest at the 1215.2-foot
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(370.4 m) elevation, further project studies (including routings and cost estimates)
showed that there was no discernable difference in project cost from locating the spillway
crest at an elevation anywhere between elevation 1215.2 (370.4 m) and 1235 feet

(376.4 m). The basis for this conclusion was balancing of the deeper depth of cut
required for lower elevation spillway crests balanced by the minimal increase in required
dam embankment elevation for higher elevation spillway crests. The spillway crest was,

accordingly, set at 1235 feet (376.4 m).

c. Standard Project Flood -- Revised. The revised standard project flood (SPF)
has a peak discharge of 389,000 cfs (11,015 cms) and a 7-day volume of 613,000

acre-feet (75,613 ha-m), as referenced in the March 1986 “Interim Report on Hydrology
and Hydraulic Review of Design of Existing Dams for Alamo and Whitlow Ranch
Dams”. The revised SPF was routed through the reservoir using the current operating
plan, with the starting reservoir water surface elevation assumed to be the 1125-foot
(342.9 m) target elevation. The maximum outflow was 7,000 cfs (198.2 cms), or the
maximum allowable flood control release; the peak water surface elevation was

1222.1 feet (372.5 m), as referenced in the March 1999 “Alamo Dam Risk Assessment
Study”. The revised SPF routing is shown on Plate 8-02.

d. Probable Maximum Flood. Two methods of flood routing were used to

determine the highest water surface elevation that could possibly occur during the
spillway design flood. In one method, the October PMF and December PMF were routed
with no antecedent flow using the top of the flood control pool as a starting water surface
elevation. This is the typical routing procedure used for reservoir design because it is
reasonably representative of “worst case” conditions. The other procedure used involved
routing an antecedent flood prior to routing the PMF. This procedure assumes that any

antecedent flow occurring prior to the PMF will not exceed the reservoir design capacity.
Referring to the “Interim Report on Hydrology and Hydraulic Review of Design

Features of Existing Dams for Alamo and Whitlow Dams,” dated March 1986, the “worst

case” condition was derived from routing the antecedent flood consisting of the revised
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SPF, routed prior to the PMF routing. The reservoir water level would rise from the
starting elevation of 1160.4 feet (net storage) and overtop the dam at elevation 1265. The
revised December PMF peak discharge for Alamo Dam is 820,000 cfs (23,220 cms) with
a 3-day volume of 1,390,000 acre-feet (171,456 ha-m). The revised October PMF peak
discharge is 859,000 cfs (24,324 cms) with a 3-day volume of 1,180,000 acre-feet
(145,552 ha-m). The original design PMF peak discharge was 580,000 cfs (16,424 cms)
with a 3-day volume of 893,000 acre-feet (110,151 ha-m). The revised December PMF

routing is shown on Plate 8-02a.

The revised December PMF, because of greater volume than the October PMF,
was then used to evaluate current spillway adequacy and dam safety (Reference the
March 1986 “Interim Report on Hydrology and Hydraulic Review of Design of Existing
Dams for Alamo and Whitlow Ranch Dams” and the March 1999 “Alamo Dam Risk
Assessment Study”). The December PMF was routed in association with the antecedent
revised SPF, whose routing is summarized in section 8-02c. The PMF storm event was
assumed to commence immediately after cessation of the SPF storm event. As such, the
starting reservoir water surface elevation for the PMF was 1220.89 feet (372.1 m). The
PMF was routed according to the revised operating plan assuming no transfer of flow to
the spillway (maximum outlet release maintained above spillway crest). The routing,
nevertheless, resulted in overtopping of the dam embankment. The maximum
(theoretical) water surface elevation was 1281.3 feet (390.5 m); the maximum outflow
was 282,142 cfs (7,989 cms). This routing assumes no flow over the top of the dam and
the (maximum) water surface elevation assumes the dam embankment is constructed to
this elevation plus the required freeboard. The spillway configuration (geometry) is

assumed to also extend to the higher (theoretical) top of dam.

e. Threshold Flood. The flood that results in a peak reservoir water surface

elevation equal to the maximum design reservoir water surface elevation, 1259.6 feet
(383.9 m), is defined herein as the Threshold Flood. The Threshold Flood was
determined by successive routings using varying percentages of the December PMF. The

starting water surface elevation was identical to PMF starting conditions, as summarized
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in section 8-02d. This event was determined to be 45 percent of the PMF, with an inflow
peak of 369,000 cfs (10,449 cms) and a volume of 659,100 acre-feet (81,300 ha-m).
Therefore, assuming an antecedent SPF routing, the spillway at Alamo Dam is capable of
safely passing floods up to 45 percent of the PMF, occurring immediately after the SPF.
The Threshold Flood routing is shown on Plate 8-03. The adopted water control plan
produces an increase in dam safety, as compared to the GDM operation plan, by
increasing the magnitude of the threshold flood capable of being passed safely from

33 percent to 45 percent of PMF. Reference paragraph 8-12.f. for a brief description of a

risk assessment study performed for Alamo Dam.

f. Other Floods. The historic floods summarized in Sections 4-06f through
4-06k were routed according to the current water control plan. Plates 8-04 through 8-08

show the respective routings for these floods.

8-03. Recreation

With the current water control plan, recreational opportunities are enhanced by
maintaining Alamo Lake at or near a maximum, the target elevation being 1125 feet
(342.9 m), to the extent that reservoir inflow balances releases and evaporation losses
from the lake. When the lake elevation is within the 1115-1125-foot (339.9-342.9 m)
range, the functionality of the boat ramps is maximized. In addition, this elevation range

maximizes access and recreational opportunity at other locations around the lake.

8-04. Water Quality

The current water control plan requires rapid lowering of the reservoir to the
1125-foot (342.9 m) target elevation after major flood events. With this operation, the
reservoir evaporation rate is reduced. The result is prevention of an increase in reservoir
salinity when the reservoir is at a higher elevation and storage. This, in turn, helps
prevent high salinity loading into the lower Colorado River. During dry periods, when

reservoir salinity normally increases due to low inflows, releases are limited to those
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necessary for water rights and downstream riparian needs. These releases are small

enough such that the impact of salinity on the lower Colorado River is negligible.

8-05. Fish and Wildlife

The lake surface area supports a fish population sufficient for the foraging
requirements of the two pairs. The regulation at Alamo Dam supports the habitat of
nesting pairs of bald eagles by maintaining minimum lake elevations. This also provides
favorable conditions for the Southwestern Willow Flycatchers, which were declared as
endangered without critical habitat in February 1995. Keeping the lake elevation from
exceeding 1134 feet (345.6 m) prevents inundation of the lowest habitable nest site
within the reservoir. Over the years, a downward trend of the local eagle population has
been observed by the U.S. Fish and Wildlife Service (USFWS), and it is speculated that
this was partially due to loss of occupied eagle snags from inundation. One solution
suggested by the USFWS, in order to stimulate the growth of the eagle population, was
that artificial perches be established within the lake area.

Between water surface elevations 1070 (326.1 m) and 1125 feet (342.9 m),
baseflow releases are made which are designed to provide sufficient water for
maintenance of riparian habitat along the Bill Williams River corridor, including within
the National Wildlife Refuge. Baseflow releases range from 10 to 50 cfs
(0.28 to 1.4 cms), depending on lake elevation and season. If necessary, hydrologic
investigations will be made to more accurately define a sustainable baseflow regime that

will better fulfill the riparian system's needs.

8-06. Water Supply

Based upon a 1961 Bureau of Reclamation study, operating Alamo Dam in
conjunction with the Bureau's Hoover, Davis and Parker Dams can increase water supply
in the Colorado River system by an average of 4,500 acre-feet (555 ha-m) per year.

Under the present operating plan, conservation storage can be evacuated rapidly from
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Alamo Lake. While evacuating storage from Alamo Lake, releases from Lake Mead are
normally curtailed by an equivalent amount. The practice maximizes lower Colorado

River system water supply for consumptive uses.

8-07. Hvdroelectric Power

Although Alamo Dam has no hydroelectric power facilities, the 1961 USBR study
concluded that coordination of Alamo Dam releases with releases from Hoover and
Parker Dams can increase the average annual firm energy generation from those facilities
as follows:

Hoover - 5 million kwh

Parker - 7.58 million kwh

The present operating plan provides the necessary flexibility in release patterns
from Alamo Dam to achieve the predicted increase in energy generation. Coordination of
Alamo Dam releases with USBR operation of mainstem lower Colorado River reservoirs

is the key to achieving the power production increases.

8-08. Navigation

There are no benefits for or impacts on navigation from the operation of Alamo

Dam.

8-09. Drought Contingency Plan

The Drought Contingency Plan for Alamo Dam and Lake was completed in June
1992 under the authority of ER 1110-2-1941, dated 15 September 1981, and available at
the U.S. Army Corps of Engineers, Los Angeles District office. However, because there
is presently no prescribed user for water stored in the water conservation pool, water
released from Alamo Dam that reaches the Colorado River is distributed to water users in

accordance with the laws and rights governing consumptive use of Colorado River water.
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Water stored in Alamo Lake could be used to augment deliveries to the Central Arizona

Project, the Metropolitan Water District of Southern California, and Mexico.

8-10. Flood Emergency Action Plan

The plan entitled, “Emergency Action and Notification Subplan for Alamo Dam”,
dated July 1986, implements the Corps' program to prepare emergency plans for all
Corps projects and provides a guide for actions to identify impending and existing
emergencies, and to notify other parties about impending or existing emergencies,
emergency operations or repairs, and post earthquake response procedures. The plan also
identifies downstream areas potentially subject to inundation in the case of dam failure at
spillway crest elevation 1235 feet (376.4 m). A copy of the Emergency Action Plan is
available in the Los Angeles District Office, Reservoir Operation Center and at the dam

site.

8-11. Frequencies

The frequency analysis report was prepared by a contractor for the U.S. Army
Corps of Engineers, Los Angeles District, as a part of a risk assessment study (see section
8-12f), which was performed in August 2000, for the period of record (1929-1998). In
deriving the frequency curves, volume frequency curves were generated for the 1-, 2-, 3-,
5-, 10-, 20-, and 30-day. Balanced hydrographs for reservoir inflow were then
constructed for the 1 in 50, 1 in 100, 1 in 200, 1 in 500, 1 in 5,000, 1 in 10,000,
1 in 50,000, 1 in 500,000, and 1 in 1,000,000, based on the volume frequency
relationships and using the HEC-1 computer program. These balanced hydrographs and
the SPF and PMF events were routed through the reservoir using the HEC-5 computer
program and considered the Bill Williams River Corridor Technical Committee
(BWRCTC) dam operation plan modified to reflect the Colorado River reservoir system

operations for flood control.
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a. Inflow Frequency. Plate 8-09 shows the volume inflow volume frequency

curves for Alamo Lake. Plate 8-09a shows the 50-year balanced hydrograph, and Plate
8-09b shows the peak annual inflow frequency curve. The period of record data
specifically used to generate the frequency plots are from the following sources: Alamo
Dam and Lake operating records (1968-1999); USGS Gage No. 09426000 at Alamo Dam
site (1940-1967); USGS Gage No. 09426500 at Planet, approximately 30 miles (48.2
Km) downstream from Alamo Dam. Flows were correlated for Alamo Dam site using

linear regression (1927, 1929-1939).
Except for the extreme high events, recorded flows at Planet were adjusted for the
Alamo Dam site using a correlation developed from the seven-year period (1940-1946) in

which both the Alamo and Planet gages were concurrently in use.

b. Elevation Frequency. Plate 8-10 shows the Alamo Lake stage-frequency and

outflow-frequency relationships for existing conditions and the existing dam without
modifications. This data is from the risk assessment analysis performed in August 2000

(refer to section 8-12f).

c. Outflow Frequency. Plate 8-10 shows the outflow frequency in relation to

stage for existing conditions at the existing dam for a range of Exceedance probabilities.
This data is from the risk assessment analysis performed in August 2000 (refer to section

8-121).

d. Elevation-Duration-Frequency. Plate 8-11 shows the elevation-duration

curve for the period of record. This data is from the risk assessment analysis performed

in August 2000 (refer to section 8-12f).

8-12. Other Studies

The following paragraphs summarize other various studies concerning Alamo

Dam and lake:
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a. The Los Angeles District conducted a Section 216 reconnaissance study (Flood
Control Act of 1970) during Fiscal Year 1988-89 on potential reallocation of storage and
re-operation of Alamo Dam. A final study report, published in July 1990, contained nine

alternative operating plans.

b. The U.S. Bureau of Land Management (BLM) published a report, in
December 1988, entitled "Assessment of Water Resources Conditions in Support of In-
stream Flow Water Rights." The study recommended a monthly release schedule to

satisfy instream water rights below Alamo Dam.

c. An interagency committee, known as the Bill Williams River Corridor
Technical Committee (BWRCTC), was formed in 1991 for the purpose of developing a
revised water control plan that would best meet the objectives of the member agencies.
The water control plan presented in Chapter VII is the result of the various studies

conducted and recommendations prescribed by the BWRCTC.

d. As a follow-up to the BWRCTC study and the recommended operating plan,
the Corps, in 1996, completed a second reconnaissance study based on the 1970 Flood
Control Act. The reconnaissance study was then followed by the Alamo Dam and Lake
Feasibility Study. The Feasibility Study Report and the accompanying Environmental

Impact Statement were completed in 1999.

e. The Corps' Hydrologic Engineering Center (HEC), in April 1998, conducted a
computer simulation study for Alamo Dam and Lake operation using HEC's Prescriptive
Reservoir Model optimization program. The objectives of the study were to optimize
Alamo Dam and Lake operation for 1) protection of the in-lake bald eagle nests, 2)
development of lake drawdown schemes for dam maintenance that would not conflict
with other project purposes and 3) ascertain whether the recommended plan of the

BWRCTC could be improved.
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f. The Corps, in 1998-99, conducted a risk assessment study on Alamo Dam.
The Alamo Dam Risk Assessment Study was a demonstration project in the development
of risk assessment guidance for the Corps' Dam Safety Assurance Program. Some
specific outcomes in the risk study included 1) an understanding of potential dam failure
modes; 2) an evaluation of the risk posed by the existing dam against various risk-based
criteria; and 3) an assessment of risk reduction and the cost effectiveness of risk reduction
expected for various structural and non-structural measures. The Risk Assessment Study
recognized that the existing spillway was deficient in that the PMF could not be passed
without overtopping the dam, with the threshold flood being only 45% of the PMF
(reference sections 8-02d and 8-02e). However, there are no current plans to modify the
dam or the spillway, due to the extremely low probability of PMF occurrence and the low
risk and impact to life and property downstream on the Bill Williams River and on the

Colorado River main stem, should a PMF event occur.
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IX - WATER CONTROL MANAGEMENT

9-01. Responsibilities and Organization

a. Corps of Engineers. Alamo Dam is owned, operated, and maintained by the

U.S. Army Corps of Engineers, Los Angeles District, which has complete regulatory

responsibility for the dam and the reservoir area.

The Reservoir Regulation Section of the U.S. Army Corps of Engineers, Los
Angeles District, conducts reservoir regulation of Alamo Dam and Lake. Table 9-01 is
an organizational chart depicting the chain of command for the Reservoir Regulation

decisions.

Gate operation instructions to the dam tender are issued by the Reservoir
Regulation Section's Reservoir Operations Center (ROC), as mentioned in sections 5-05
and 5-06. In the event that communication between the ROC and Alamo Dam are
interrupted, reference to the “Standing Operating Instructions to Project Operator for
Water Control” should be made, which are included in this manual as Exhibit A. Dam
tenders are part of the Operations Branch, under the Construction-Operations Division of

the U.S. Army Corps of Engineers, Los Angeles District.

b. Other Federal Agencies. The U.S. Geological Survey (USGS) operates and

maintains four stream gages within the Bill Williams River basin. The USGS also
collects water quality samples at a site known as Bill Williams River near Planet. This
site (there is no gaging station) is located at the confluence of Mineral Wash and the Bill
Williams River. The U.S. Bureau of Land Management (BLM) is responsible for mainte-
nance of the six- mile riparian corridor segment immediately downstream from the dam.
The U.S. Fish and Wildlife Service (USFWS) is responsible for maintenance of the Bill
Williams River National Wildlife Refuge along the last eight-mile segment of the Bill

Williams river before the Colorado River confluence.



c. State and County Agencies. The Arizona Department of Water Resources is

responsible for issuance of all water rights claimed for water in the Bill Williams River
basin. The Arizona State Parks Department (ASP) manages U.S. Army Corps of
Engineers’ withdrawn and acquired lands at Alamo Lake (Plate 2-11) for fish and
wildlife purposes under Department of the Army license DACA09-3-97-31. Arizona
Department of Game and Fish also has a role as trustee for all wildlife in the State of

Arizona, including both in the reservoir area and downstream from Alamo Dam.

d. Private Organizations. There is no involvement of private organizations in

the operation or maintenance Alamo Dam.

9-02. Interagency Coordination

The U.S. Army Corps of Engineers coordinates with other Federal, State, County,
and local organizations, as well as with the press, concerning the water control for Alamo
Lake. These organizations, along with a brief explanation of their relationship to the

operation of Alamo Lake, is given in the following subparagraphs.

a. Local Press and Corps of Engineers Bulletins. The Public Affairs Office of

the U.S. Army Corps of Engineers, Los Angeles District, is responsible for interfacing
with the press regarding operations at Alamo Dam and flows on the Bill Williams River
downstream of the dam. This is accomplished through both interviews and the
occasional issuance of press releases. The Corps of Engineers does not publicly issue
flood watches or warnings or other status reports or forecasts. These are the

responsibility of the National Weather Service.

b. National Weather Service (NWS). The National Weather Service (NWS)

Colorado Basin River Forecast Center, in Salt Lake City, Utah, is the River Forecast
office for the Colorado River and its tributaries. Flood conditions, weather forecasts, and

precipitation reports for the Bill Williams River are routinely obtained by the Los
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Angeles District, via a leased telephone line. The NWS also provides SPL with extended

streamflow prediction forecasts for the Bill Williams basin.

c. U.S. Geological Survey (USGS). The USGS's Arizona District operates

stream gaging stations both upstream and downstream of Alamo Dam. The two upstream
stations, which are maintained by the USGS's Tempe office, are the Big Sandy River near
Wikieup and the Santa Maria River near Bagdad. The two downstream stations, which
are maintained by the USGS' Yuma office, are the Bill Williams River below Alamo
Dam and the Bill Williams River near Parker. These gages are operated under a
cooperative agreement between the Corps and the USGS. Streamflow records from these

gages are published in the annual "Streamflow Data for Arizona."

d. U.S. International Boundary and Water Commission (IBWC). The

IBWC, in El Paso, Texas, is interested in the operation of Alamo Dam because of the

Commission's responsibilities relating to the 1944 Water Treaty with Mexico.

e. U.S. Bureau of Reclamation (USBR). The U.S. Bureau of Reclamation's

Lower Colorado Regional Office in Boulder City, Nevada operates Parker Dam, and
controls the elevation of Lake Havasu at the confluence of the Bill Williams and
Colorado Rivers. The Bureau is responsible for operation of the lower Colorado River
system and for flood protective work on the main stem of the river. Hydrologic and
hydraulic data are exchanged between the Bureau's Boulder City office and the Reservoir
Regulation Section of the U.S. Army Corps of Engineers, Los Angeles District. This
information includes reservoir data and precipitation reports, as well as discharges along

the lower Colorado River and outflow from Alamo Dam.

f. U.S. Fish and Wildlife Service (USFWS). The USFWS monitors the

activities of all endangered wildlife within the vicinity of Alamo Dam and Lake, and also

manages the Bill Williams River National Wildlife Refuge.
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g. U.S. Bureau of Land Management (BLM). The BLM is responsible for

maintenance of the riparian corridor immediately downstream from Alamo Dam.

h. Arizona State Parks Board. The Arizona State Parks Board, in Phoenix,

Arizona is the recreational licensee for Alamo Lake.

i. Arizona Game and Fish Department. The Arizona Game and Fish

Department (AGF) manages U.S. Army Corps of Engineers’ withdrawn and acquired
lands at Alamo Lake (Plate 2-11) for fish and wildlife purposes under Department of the
Army license DACA09-3-97-31. The AGF also has a role as trustee for all wildlife in the

State of Arizona, including both in the reservoir area and downstream from Alamo Dam.

9-03. Interagency Agreements

The Corps annually contracts for water quality monitoring at Alamo Lake through
the U.S. Fish and Wildlife Service (USFWS), as discussed in Section 5-02a. The Corps
also has a cooperative stream gaging agreement with the USGS to calibrate, maintain,
and publish data from the stream gage immediately downstream from Alamo Dam.

Details about the cooperative stream gaging program can be found in Section 5-01d.

9-04. Commissions, River Authorities, Compacts, and Committees

Alamo Dam is on a tributary to the Colorado River main stem, however, the

facility is not part of any river authority, compact or committee.

9-05. Non-Federal Hydropower

There is no non-Federal hydropower facility at Alamo Dam.
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9-06. Reports

The U.S. Army Corps of Engineers, Los Angeles District, prepares and files

several types of reports.

If requested, during the runoff season, November through April, a flood situation
and runoff potential report is prepared and sent to the South Pacific Division of the Corps

of Engineers.

Six specific forms are also prepared in conjunction with the District's reservoir
operations. A copy of each of these forms, as listed in the following, is shown as Figures
9-01 through 9-06: Flood Control Basin Operation Report (prepared by each dam
tender), Rainfall Record (from manual readings of glass tube rain gages), Reservoir
Operation Report, Record of Data from Digital Recorders, Reservoir Computations, and

Record of Calls (both radio and telephone).

The Corps of Engineers also collects and files charts from recording instruments
at Alamo Dam, including precipitation, evaporation, and reservoir water surface
elevation. Daily precipitation and evaporation totals and, as needed, other data (such as
unusually high precipitation intensities) are manually extracted from the precipitation
charts, and the charts are sent to the National Climatic Data Center of NOAA and
published in the annual "Precipitation Records for Arizona." The other charts are

maintained on file at the Corps of Engineers, Los Angeles District.
Table 9-02 lists the general documents that the Corps of Engineers, Los Angeles

District prepares annually. Information pertaining to Alamo Dam and Lake is contained

in each of these reports.
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Table 9-01

Chain of Command for Reservoir Operations Decisions

Corps of Engineers
Los Angeles District

District Engineer
Phone (213) 452-3961
Pager (213) 391-2087

Water Control Decisions

Chief, Engineering Division
(213) 452-3629

Chief, Hydrology and Hydraulics Branch
(213) 452-3525

Chief, Reservoir Regulation Section
(213) 452-3527

Chief, Reservoir Regulation Unit
(213) 452-3530

Operations and Maintenance Decisions

Chief, Construction-Operations Division
(213) 452-3349

Chief, Operations Branch
(213) 452-3385

Chief, Operations and Maintenance
Section
(626) 401-4008

IX-6

Dam Tender Foreman
(626) 401-4006

Dam Tender
Radio Call Sign WUK 437




Table 9-02
Reports Prepared Annually by Corps of Engineers,
Los Angeles District

Report Name

Description of Report Contents

Annual Report on Water Quality Management

Summary of District water quality program and
significant water quality issues.

Annual Report on Water Control Management

Summary of operation and maintenance
activities; significant operational issues;
planning studies; personnel training.

Annual Instructions for Reservoir Operations
Personnel (the "Orange Book")

Instructions for District reservoir operations
personnel, lists of individuals and agencies to
notify in conjunction with reservoir operations.
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RESERVOIR OPERATION REPORT

DATE

RADIO RAINFALL (INCHES) GATE SETTINGS ( @ STANDBY )
CALL NAME OF DAM LOCAL WATER SURFACE STEP 1 REMARKS GLASS TUBE 2 3 4 5 6 7 8
SIGN TIME ELEVATION (FT) INVERT SINCE STORM SEASON 9 10 11 12 13 14 15 16
WUK4 LAST REPORT TOTAL TOTAL
710.2
411 SEPULVEDA 668.0 9.0 9.0 9.0 9.0
W.PIT 184.0 2.6 19.0 19.0 19.0
415 WHITTIER NARROWS E. PIT 184.0
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206.
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274.0
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412 HANSEN 3838 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1273.0
412 LOPEZ 1254.0 5.0
419.0
418 CARBON CANYON 403.0 0 1.0
490.0
421 PRADO 460.0 1.0 0 0 0 0 1.0
2164.0
420 SAN ANTONIO 2125.0 0.3 0 0
456.0 0 0 0 0 0 0 0 0
419 SANTA FE 421.0 0 0 0 0 0 0.5 0 0
RES. 550.0 0.5 0.5 0.5 C H L
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TABLE 2-01.
ALAMO LAKE -- CAPACITY TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION $90-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION CAPACITY (ACRE-FEET)
(FEET) .0 .1 .2 .3 .4 .5 .6 .7 .8 .9

R R R R R R R R R R R R R R R R Ry S L 2
990.0 0 0 0 0 0 0 0 0 0 0
991.0 0 0 0 0 0 0 0 0 0 0
992.0 0 0 0 0 0 0 0 0 0 0
993.0 0 0 0 0 0 0 0 0 0 0
994.0 ¢] 0 0 0 0 0 0 0 0 0

KAk kAR AR IR AR A IR AR Ak ok h ok hh kAR A AR I I IR AR AR R IR A AN I A A h b h ok kb hhhhkhhkhkdhhhhhdhhhhhhhhh*
995.0 0 0 0 0 0 0 0 0 0 0
996.0 0 0 0 0 o] 0 0 ] ¢] 0
997.0 0 0 0 0 0 0 0 0 0 0
998.0 0 0] 0 0 0 0 0 0 0 0
999.0 0 0 0 0 0 0 0 0 0 0

kkkkkkhhh Rk khhhhkhkhhh bk kkhhhhhkh ko hkhhhhhhhhkhk ke ke hk ke hhkk ke hkkhkkkhkkhrhkhkhkkhhkkkk*
1000.0 0 0 0 0 0 0 0 0 0 0
1001.0 0 0 0 0 0 0 0 0 0 0
1002.0 0 0 0 0 0 0 0 0 0 0
1003.0 0 ] 0 0 0 0 0 0 o] 0
1004.0 0 0 0 0 0 0 0 o] 0 0

Hkkkkkhhhhkhkkdh bk kk ke hkhkkkhkkh ke hh ok khhkkkkkhhhkhhhhkkkhhkkhhhhhhkhhkhk kb kkkkkh Xk kk ok ke k %
1005.0 0 0 0 0 0 o] 0 0 0 0
1006.0 0 o] 0 0 0 0 0 0 o] 0
1007.90 0 0 0 0 0 0 0 0 0 0
1008.0 0 0 0 0 0 0 0 0 0 0
1009.0 0 0 0 0 0 0 0 0 0 0

LR R R R R R R kR R A R R R
1010.0 0 0 0 0 0 o] 1 1 1 1
1011.0 1 1 1 1 2 2 2 2 2 3
1012.0 3 3 3 4 4 4 4 5 5 5
1013.0 5 6 6 6 7 7 7 8 8 8
1014.0 9 9 10 10 10 11 11 12 12 12

L R R R R R R R R R R R A s RS
1015.0 13 13 14 14 15 15 16 16 17 17
1016.0 18 18 19 19 20 20 21 22 23 23
1017.0 24 25 26 27 28 29 30 31 32 34
1018.0 35 36 38 39 41 42 44 46 48 50
1019.0 52 54 56 59 61 64 67 69 72 75

HREK IR ERK KK I KRR K KK RRR KK I AR R Ak hhh ko kkhh ko kA Rk hhhk A Ak ke ko hkkkkk ke ok ke hkk Rk kk ok hhkkkkkkhk k%
1020.0 79 82 85 89 93 97 101 105 110 115
1021.0 120 125 130 135 141 147 153 159 166 173
1022.0 180 187 194 202 210 218 227 235 244 253
1023.0 263 272 282 293 303 314 325 336 348 360
1024.0 372 384 397 410 422 435 448 461 474 488

B R R R R R R R R R IR s IR E)
1025.0 501 515 528 542 556 570 584 598 613 627
1026.0 642 656 671 686 701 716 731 746 761 776
1027.0 792 807 822 838 854 869 885 901 917 933
1028.0 949 965 982 998 1014 1031 1047 1063 1080 1097
1029.0 1113 1130 1146 1163 1180 1197 1214 1231 1248 1265

R R A R R R R R R 2 R R R X R R R R
1030.0 1282 1299 1316 1333 1351 1368 1386 1403 1421 1439
1031.0 1457 1475 1493 1511 1529 1547 1566 1584 1603 1622
1032.0 1640 1659 1678 1697 1716 1735 1755 1774 1794 1813
1033.0 1833 1853 1872 1892 1912 1933 1953 1973 1994 2014
1034.0 2035 2055 2076 2097 2119 2140 2162 2184 2206 2228

HREK I K IRRKK K AT AR KK IR AR AR F ARk h ok kkhhk ko ke Rk kkk ok ke ko k ok hkkkhkhhhhh kb hhk ke kh kX AT hhhkkk ke hhhk ko
1035.0 2250 2273 2295 2318 2341 2364 2388 2411 2435 2459
1036.0 2483 2508 2532 2557 2582 2607 2633 2659 2685 2711
1037.0 2738 2764 2791 2819 2846 2874 2502 2930 2958 2987
1038.0 3016 3045 3075 3105 3135 3165 3195 3226 3257 3289
1039.0 3320 3352 3384 3417 3449 3482 3515 3549 3583 3617

R R R R R R R R R R R R R I R X R T
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ELEVATION
(FEET)
1040.0
1041.
1042.
1043.
1044.

1045.
1046.
1047.
104s8.
10459.

1050.
1051.
1052.
1053.
1054.

1055.
1056.
1057.
1058.
1059.

1060.
1061.
1062.
1063.
1064.

1066.
1067.
1068.
1069.

1070.
1071.
1072.
1073.
1074.

*
1075.
1076.
1077.
1078.
1079.

*
1080.
1081.
1082.
1083.
1084.

0
0
0
0
*
0
0
0
0
0
*
0
0
0
0
0
*
0
0
0
0
0
*
0
0
0
0
0
*
1065.0
0
0
0
0
*
0
0
0
0
0
*
0
0
0
0
0
*
0
0
0
0
0
*
1085.0
1086.0
1087.0
1088.0
1089.0
*

.0

1090

TABLE 2-01.
ALAMO LAKE -- CAPACITY TABLE
SURVEYED:
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

CAPACITY (ACRE-FEET)

56619

56833

57048

57263

57479

T2-2

57695

57912

58129

MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)

58348

.0 .1 .2 .3 -4 .5 .6 .7 .8 .9
3651 3685 3720 3755 3790 3825 3861 3896 3932 3968
4004 4041 4077 4114 4151 4188 4225 4263 4300 4338
4376 4414 4453 4492 4531 4570 4610 4649 4689 4730
4770 4811 4852 4894 4935 4977 5019 5062 5104 5147
5190 5234 5278 5322 5366 5410 5455 5500 5545 5590
Akkkkhhhk kR ko hhhkhkhhhhhhkkhhhhhhkhhhhkhhhhhkkkkhhhhkh bk khhkkhhhhhkhhhhhhhh kR kR k kkhkk* k%
5636 5682 5728 5774 5821 5868 5915 5962 6010 6058
6106 6154 6203 6251 6300 6349 6399 6448 6498 6547
6597 6647 6698 6748 6799 6850 6901 6952 7004 7055
7107 7159 7211 7263 7316 7368 7420 7473 7526 7579
7632 7685 7738 7791 7845 7899 7952 8006 8060 8114
L R R R R T R R X T
8168 8223 8277 8332 8386 8441 8496 8552 8607 8663
8719 8774 8830 8887 8943 9000 9056 9113 9170 9228
9285 9343 9400 9459 9517 9575 9634 9693 9752 9812
9871 9931 9991 10052 10112 10173 10234 10295 10357 10419
10481 10543 10605 10668 10731 10795 10858 10922 10986 11051
R R R R T T
11115 11180 11246 11311 11377 11443 11510 11576 11643 11710
11778 11846 11914 11982 12050 12119 12188 12257 12327 12397
12466 12537 12607 12678 12749 12820 12891 12963 13035 13107
13179 13252 13325 13398 13472 13546 13621 13696 13771 13847
13922 13999 14075 14153 14230 14308 14386 14464 14543 14623
R X X X A AR R R R
14702 14782 14863 14943 15024 15105 15187 15269 15351 15433
15516 15599 15683 15766 15850 15935 16019 16104 16189 16275
16361 16447 16533 16620 16708 16795 16883 16971 17060 17149
17239 17328 17419 17509 17600 17691 17783 17875 17967 18060
18153 18246 18340 18434 18529 18623 18718 18814 18909 19005
B R R RS
19101 19198 19295 19392 19490 19588 19686 19784 19883 19982
20082 20182 20282 20383 20483 20585 20686 20788 20891 20994
21097 21200 21304 21409 21513 21618 21724 21830 21936 22043
22150 22257 22365 22473 22581 22690 22800 22909 23019 23130
23241 23352 23464 23576 23688 23801 23915 24028 24143 24257
B R R R R R R X R R AR R ad
24372 24487 24603 24719 24836 24953 25070 25188 25307 25426
25545 25664 25784 25905 26026 26147 26269 26391 26514 26637
26761 26884 27009 27134 27259 27385 27511 27637 27765 27892
28020 28148 28277 28406 28536 28666 28796 28927 29059 29191
29323 29456 29589 29723 29857 29991 30126 30261 30397 30533
B R R T X R R R X R R PR TR
30669 30806 30943 31081 31219 31358 31497 31636 31776 31916
32057 32198 32339 32482 32624 32767 32910 33054 33198 33343
33488 33633 33779 33926 34073 34220 34368 34516 34665 34814
34963 35113 35264 35415 35566 35718 35871 36024 36177 36331
36486 36641 36796 36952 37109 37265 37423 37581 37739 37898
R R R R R R R R R R R R S E L
38058 38217 38378 38539 38700 38862 39024 39187 39350 39514
39678 39843 40008 40174 40340 40507 40674 40842 41010 41179
41348 41518 41688 41859 42030 42201 42373 42546 42719 42893
43066 43241 43416 43592 43768 43944 44121 44298 44476 44655
44834 45013 45193 45374 45555 45737 45919 46102 46286 46470
Kok kT kAR R KK I I AR KKK I I I NI K KA RRR I IR AR AR AR AR I I Ak h ko h kR kkhkkkk kb khkhkkhhkkhkk ke hkkkk k%
46654 46840 47025 47212 47399 47586 47774 47963 48153 48342
48533 48724 48915 49108 49300 49494 49687 49882 50077 50272
50469 50665 50862 51060 51259 51457 51657 51857 52058 52259
52460 52663 52866 53069 53273 53478 53683 53889 54096 54303
54510 54718 54927 55137 55347 55557 55768 55980 56193 56406

*hhhkhhhkhhhhdhddhhhhhhhhhhhhhkhkhhrohhhhhhhhhhhhhhhhhdhrrrrhhrdhhdhdhdhhhhhdhhkhhhdhhhhhhhhrhkhrrrx

58566



SURVEYED:
COMPUTED JUNE 1993
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

MAR.

1963

ALAMO LAKE
- MAY 1968;

TABLE 2-01.

OCT.

-- CAPACITY TABLE
1985 (ELEVATION 990-1120 FEET)
(SUPERSEDES ALL PREVIOUS TABLES)

ELEVATION CAPACITY (ACRE-FEET)
(FEET) .0 .1 .2 .3 .4 .5 .6 .7 .8 .9
1091.0 58785 59004 59224 59445 59666 59888 60110 60332 60556 60779
1092.0 61004 61228 61454 61680 61906 62132 62359 62587 62815 63043
1093.0 63272 63501 63731 63962 64192 64423 64655 64887 65120 65353
1094.0 65586 65820 66054 66289 66524 66760 66996 67233 67470 67708
R Yy e 2 T T T T e
1095.0 67946 68184 68423 68663 68903 69143 69384 69625 69867 70109
1096.0 70352 70595 70839 71083 71327 71572 71817 72063 72309 72556
1097.0 72803 73050 73298 73546 73795 74044 74294 74544 74794 75045
1098.0 75296 75548 75800 76053 76306 76559 76813 77067 77322 77577
1099.0 77832 78088 78345 78602 78859 79117 79375 79633 79892 80152
Kk kkhkkh kR kA khhhkhhhhkhhhhhhhkhhhhhhhhhhhhhhhkhkkhhkkhhhrhhhhhh bk hhhhhhkhhrhh ok hhhhkhkkk ko
1100.0 80411 80672 80932 811954 81455 81717 81979 82242 82506 82769
1101.0 83033 83298 83563 83829 84095 84361 84628 84895 85163 85431
1102.0 85699 85968 86237 86508 86778 87049 87320 87591 87863 88136
1103.0 88409 88682 88956 89230 89505 89780 90055 90331 90608 90885
1104.0 91162 91440 91718 91997 92276 92556 92836 93116 93397 93679
R R R R R X ST LY
1105.0 93961 94243 94526 94809 95093 95377 95662 95947 96233 96519
1106.0 96806 97093 97380 97669 97957 98246 98536 98826 99117 99408
1107.0 99699 99991 100284 100577 100871 101165 101460 101755 102051 102347
1108.0 102644 102941 103238 103537 103836 104136 104436 104736 105038 105340
1109.0 105642 105945 106249 106553 106858 107163 107469 107776 108083 108391
LR R R A A R Y X Xa
1110.0 108699 109008 109317 109628 109938 110249 110561 110873 111186 111499
1111.0 111813 112127 112442 112758 113074 113390 113707 114025 114344 114662
1112.0 114982 115302 115622 115943 116265 116587 116910 117233 117557 117881
1113.0 118206 118532 118858 119185 119512 119840 120168 120497 120827 121157
1114.0 121488 1218192 122150 122483 122815 123148 123482 123816 124151 124486
B R Ry R X T R R R ey
1115.0 124822 125158 125494 125832 126169 126507 126846 127184 127524 127864
1116.0 128205 128546 128887 129229 129572 129915 130258 130602 130946 131291
1117.0 131636 131982 132328 132675 133022 133370 133718 134066 134416 134765
1118.0 135115 135465 135816 136168 136520 136873 137226 137579 137934 138288
1119.0 138643 138999 139355 139712 140070 140427 140785 141144 141504 141864
L R R R R R R R R Ry R R R R X R R A4
1120.0 142224 142585 142946 143308 143670 144033 144397 144760 145125 145490
1121.0 145855 146221 146587 146954 147322 147689 148058 148426 148796 149166
1122.0 149536 149907 150278 150650 151022 151395 151768 152142 152516 152891
1123.0 153266 153642 154018 154395 154773 155150 155529 155907 156287 156667
1124.0 157047 157428 157809 158191 158573 158956 159339 159723 160108 160327
B R R 2 R R R R R R 24
1125.0 160546 160765 160984 161371 161758 162145 162533 162922 163311 163700
1126.0 164090 164480 164870 165262 165653 166045 166437 166830 167223 167617
1127.0 168011 168405 168800 169196 169592 169988 170385 170782 171180 171578
1128.0 171976 172375 172774 173174 173575 173975 174376 174778 175180 175583
1129.0 175985 176389 176792 177197 177601 178006 178412 178818 179225 179478
X T T T R N R R A R L I IR
1130.0 179730 179983 180235 180644 181053 181462 181872 182283 182694 183105
1131.0 183517 183929 184342 184756 185169 185583 185998 186413 186829 187244
1132.0 187661 188078 188495 188%13 189331 189750 190169 190588 191009 191429
1133.0 191850 192272 192693 193116 193539 193962 194386 194810 195235 195660
1134.0 196086 196512 196938 197366 197793 198221 198649 199078 199508 199773
R R R R R R R R R R R R R R T TR TR
1135.0 200038 200303 200568 201000 201432 201865 202298 202732 203167 203602
1136.0 204037 204473 204910 205347 205785 206223 206662 207101 207541 207981
1137.0 208422 208863 209305 209748 210191 210635 211079 211523 211969 212414
1138.0 212861 213307 213755 214203 214651 215100 215550 216000 216451 216902
1139.0 217353 217805 218258 218712 219166 219620 220075 220530 220987 221220
R R R R L R A d R R X TR
1140.0 221453 221686 221919 222378 222838 223297 223758 224219 224681 225143
1141.0 225605 226068 226532 226997 227462 227927 228393 228859 229327 2297%4

T2-3



TABLE 2-01.
ALAMO LAKE -- CAPACITY TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION CAPACITY (ACRE-FEET)
(FEET) .0 .1 .2 .3 .4 .5 .6 -7 .8 .9
1142.0 230263 230731 231200 231671 232141 232612 233083 233556 234029 234502
1143.0 234976 235450 235925 236401 236876 237353 237830 238308 238786 239265
1144.0 239745 240224 240705 241186 241668 242150 242633 243116 243430 243744
D R R T T Y
1145.0 244059 244373 244687 245001 245488 245976 246465 246954 247445 247935
1146.0 248426 248918 249410 245904 250397 250891 251386 251881 252378 252874
1147.0 253372 253869 254368 254868 255367 255868 256368 256870 257373 257876
1148.0 258379 258883 259388 259893 260399 260906 261413 261921 262430 262939
1149.0 263448 263958 264469 264981 265493 266006 266520 267034 267347 267660
LR R R R R R R R Y
1150.0 267973 268286 268599 268912 269431 269950 270470 270990 271512 272033
1151.0 272556 273079 273602 274127 274652 275178 275704 276231 276759 277288
1152.0 277817 278346 278876 279408 279939 280472 281004 281538 282073 282608
1153.0 283143 283679 284216 284754 285292 285831 286371 286911 287452 287994
1154.0 288536 289078 289622 290167 290712 291257 291803 292350 292667 292984
B R R R R Y T TR
1155.0 293300 293617 293934 294251 294803 295355 2959508 296462 297017 297572
1156.0 298128 298684 299242 299800 300359 300918 301479 302039 302602 303164
1157.0 303727 304291 304855 305421 305987 306553 307121 307689 308258 308827
1158.0 309398 309969 310540 311113 311686 312260 312835 313410 313986 314563
1159.0 315140 315719 316297 316878 317458 318039 318621 319203 319524 319845
KRKRKRKKFRRRKR KK FRRRR I IRk h ko khkhhhhhkhhhhh kb kkhkkkkkhkhhkkhhkh ko kkhhhhhk ke hkkk kb kkhk*
1160.0 320165 320486 320807 321128 321716 322304 322893 323483 324074 324666
1161.0 325258 325851 326444 327040 327635 328231 328827 329425 330024 330623
1162.0 331222 331823 332424 333027 333629 334233 334837 335442 336049 336655
1163.0 337262 337870 3384739 339089 339700 340311 340923 341535 342149 342764
1164.0 343378 343994 344611 345229 345846 346465 347085 347705 348044 348384
LR R R R R R R R X R Y R R R
1165.0 348723 349062 349402 349741 350367 350994 351621 352249 352879 353508
1166.0 354139 354770 355402 356036 356669 357304 357939 358575 359212 359850
1167.0 360488 361128 361768 362409 363051 363693 364336 364980 365626 366271
1168.0 366918 367565 368213 368863 369512 370163 370814 371466 372119 372773
1169.0 373427 374083 374739 375396 376054 376712 377372 378032 378399 378765
R R R AR R R 2 R R R R T R L 2 i R 2L
1170.0 379132 379498 379865 380231 380897 381563 382231 382900 383570 384240
1171.0 384911 385583 386256 386931 387605 388281 388957 389634 390313 390992
1172.0 391672 392353 393035 393718 394401 395086 395771 396457 397144 397832
1173.0 398521 399210 399901 400593 401285 401978 402672 403367 404063 404760
1174.0 405458 406156 406855 407556 408257 408959 409662 410366 410737 411109
LR X R R X R X X T T L
1175.0 411480 411851 412223 412594 413303 414014 414726 415439 416153 416867
1176.0 417583 418299 419016 419735 420453 421173 421894 422615 423338 424062
1177.0 424786 425511 426237 426965 427692 428421 429151 429881 430613 431346
1178.0 432079 432813 433548 434285 435021 435759 436498 437237 437979 438720
1179.0 439462 440205 440949 441695 442441 443188 443935 444684 445078 445472
L L R s R AR A R R A A I T
1180.0 445866 446260 446654 447048 447803 448559 449316 450074 450834 451594
1181.0 452355 453116 453879 454643 455408 456173 456940 457707 458477 459246
1182.0 460016 460787 461560 462334 463108 463883 464659 465436 466215 466994
1183.0 467773 468554 469336 470120 470903 471688 472474 473260 474049 474837
1184.0 475627 476417 477209 478002 478795 479590 480385 481181 481588 481995
B R R R R R R L 23
1185.0 482403 482810 483217 483624 484427 485231 486036 486842 487649 488457
1186.0 489266 490076 490887 491700 492512 493326 494141 494956 495774 496592
1187.0 497410 498230 499050 499873 500695 501519 502343 503169 503996 504823
1188.0 505652 506481 507312 508144 508976 509809 510644 511479 512316 513153
1189.0 513992 514831 515671 516513 517355 518198 519043 519888 520315 520743
X R X R R A R R X X R 3
1190.0 521170 521597 522025 522452 523304 524157 525010 525865 526721 527578
1191.0 528435 529293 530152 531013 531874 532736 533598 534462 535328 536193
1192.0 537059 537927 538795 539665 540535 541406 542278 543151 544026 544900
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TABLE 2-01.
ALAMO LAKE -- CAPACITY TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION | CAPACITY (ACRE-FEET)
(FEET) .0 -1 .2 .3 .4 .5 .6 .7 .8 .9
1193.0 545776 546652 547530 548409 549288 550168 551050 551932 552816 553699
1194.0 554584 555470 556356 557245 558134 559023 559913 560805 561308 561810
L R R R X R R R X X T T
1195.0 562313 562815 563318 563820 564718 565617 566517 567418 568321 569223
1196.0 570127 571032 571937 572845 573753 574661 575571 576481 577394 578307
1197.0 579220 580134 581050 581967 582885 583803 584722 1585643 586565 587487
1198.0 588411 589335 590260 591187 592114 593043 593972 594902 1595834 596766
1199.0 597699 598633 599568 600506 601443 602381 603320 604260 604765 605270
R R R L L X XX T R R R e Ry
1200.0 605774 606279 606784 6072839 608235 609183 610131 611081 612032 612983
1201.0 613935 614888 615842 616798 617754 618711 619668 620627 621587 622548
1202.0 623509 624471 625434 626399 627364 628330 629297 630265 631234 632204
1203.0 633174 634146 635118 636092 637066 638041 639017 639994 640973 641952
1204.0 642931 643912 644894 645877 646861 647845 648830 649816 650381 650946
R R R R X R A
1205.0 651212 652077 652642 653207 654200 655194 656189 657185 658182 659180
1206.0 660179 661178 662179 663182 664184 665188 666193 667198 668206 669213
1207.0 669440 670442 671447 672454 673461 674469 675478 676489 677502 678515
1208.0 680364 681383 682403 683426 684448 685471 686496 687521 688549 689576
1209.0 690604 691633 692664 693696 694728 695762 696796 697831 698869 699906
B T R R A R T LI IR
1210.0 700080 701119 702160 703202 704245 705288 706333 707378 708426 709474
1211.0 710523 711572 712623 713676 714729 715783 716838 717894 718953 720011
1212.0 721070 722131 723192 724256 725319 726384 727449 728516 729585 730654
1213.0 731724 732794 733866 734941 736015 737090 738166 739244 740323 741403
1214.0 742483 743565 744647 745732 746817 747903 748990 750078 751168 752258
R R R R T R R R P e
1215.0 753190 754283 755376 756472 757568 758665 759763 760863 761965 763066
1216.0 764169 765274 766379 767487 768595 769704 770814 771925 773039 774153
1217.0 775268 776384 777501 778621 779741 780862 781984 783107 784233 785359
1218.0 786486 787614 788743 789875 791007 792140 793274 794409 795547 796685
1219.0 797824 798964 800106 801250 802394 803539 804685 805832 806983 808132
R R R R R R R R I
1220.0 809220 810371 811525 812681 813837 814994 816153 817313 818475 819637
1221.0 820801 821966 823132 824301 825469 826639 827810 828982 830157 831332
1222.0 832508 833686 834864 836045 837227 838409 839593 840778 841965 843153
1223.0 844341 845531 846722 847916 849110 850305 851501 852699 853899 855099
1224.0 856300 857503 858707 859914 861120 862328 863537 864747 865960 867173
R R R e E I R XIS
1225.0 868387 869602 870818 872038 873256 874476 875697 876920 878145 879369
1226.0 880595 881822 883050 884281 885512 886743 887976 889210 890447 891683
1227.0 892921 894159 895399 896642 897884 899128 900372 901618 902866 904115
1228.0 905364 906614 907866 909121 910375 911630 912886 914144 915404 916664
1229.0 917925 919188 920451 921718 922984 924251 925519 926789 928061 929333
R R R S R R R R R A I
1230.0 930210 931483 932759 934037 935314 936593 937873 939154 940437 941720
1231.0 943004 944290 945576 946865 948154 949444 950735 952027 953322 954616
1232.0 955911 957208 958505 959806 961105 962406 963709 965012 966318 967623
1233.0 968930 970237 971546 972858 974169 975481 976794 978109 979426 980743
1234.0 982060 983379 984699 986022 987345 988668 989993 991318 992647 993975
R Y R R R R R I I
1235.0 995300 996634 997966 999301 1000635 1001971 1003308 1004647 1005989 1007330
1236.0 1008673 1010017 1011363 1012712 1014060 1015410 1016761 1018114 1019469 1020825
1237.0 1022181 1023539 1024899 1026262 1027624 1028988 1030353 1031719 1033089 1034458
1238.0 1035829 1037201 1038575 1039951 1041328 1042706 1044085 1045465 1046849 1048232
1239.0 1049617 1051003 1052391 1053782 1055172 1056564 1057957 1059352 1060750 1062147
R R R R R e Y R R R L L)
1240.0 1063500 1064900 1066301 1067705 1069108 1070513 1071919 1073325 1074735 1076144
1241.0 1077554 1078965 1080377 1081792 1083207 1084622 1086039 1087456 1088877 1090297
1242.0 1091718 1093140 1094563 1095989 1097414 1098841 1100268 1101697 1103129 1104559
1243.0 1105991 1107425 1108859 1110296 1111732 1113170 1114608 1116048 1117490 1118932
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SURVEYED:

MAR.

COMPUTED JUNE 1993
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION
(FEET) .0 .
0 1120375 1121819 1123265 1124713 1126160 1127609 1129058 1130509 1131963 1133416

LR A R R R R R R R R R L R R R R R RS R R R R R R

1244.

1245.
1246.
1247.
1248.
1249.

1250.
1251.
1252.
1253.
1254.

1255.
1256.
1257.
1258.
1259.

1260.
1261.
1262.
1263.
1264.

1265.

1134870
1149484
1164228
1179101
1194105

1209100
1224368
1239776
1255324
1271013

1286842
1302801
1318880
1335079
1351398

1367400
1383960
1400638
1417437
1434356

QO OO0O0 ¥ODOOOO FOOOOO *OOOOOQ

.1 .2

1136325 1137782
1150953 1152422
1165709 1167191
1180595 1182091
1195612 1197120

1210619
1225902
1241324
1256886
1272589

1212141
1227438
1242874
1258450
1274166

1288432 1290024
1304404 1306007
1320494 1322110
1336705 1338332
1353036 1354675

1369050 1370702
1385622 1387285
1402313 1403988
1419123 1420810
1436054 1437753

1963

TABLE 2-01.

ALAMO LAKE

- MAY 1968;

CAPACITY

.3

1139241
1153894
1168677
1183589
1198632

1213665
1228976
1244427
1260017
1275747

1291618
1307613
1323728
1339963
1356318

1372356
1388951
1405666
1422501
1439456

1140701
1155367
1170162
1185087
1200143
B R R R R R R
1215190
1230515
1245979
1261583
1277328
R R R R R R R R R R R X X R A2
1293212
1309219
1325346
1341592
1357959
B R R R R R R R R AR s
1374010
1390617
1407344
1424191
1441158

- CAPACITY TABLE
OCT.

(ACRE-FEET)
.4 .5 6

1142161 1143623
1156840 1158315
1171648 1173136
1186587 1188087
1201655 1203169

1216716
1232055
1247533
1263151
1278910

1218243
1233596
1249088
1264720
1280493

1294807 1296403
1310826 1312434
1326965 1328585
1343223 1344855
1359602 1361247

1375665 1377321
1392284 1393952
1409023 1410703
1425882 1427574
1442861 1444565

.7

1145086
1159791
1174625
1189589
1204684

1219772
1235138
1250644
1266291
1282077

1298000
1314043
1330206
1346489
1362892

1378978
1395621
1412384
1429267
1446270

1985 (ELEVATION 990-1120 FEET)
(SUPERSEDES ALL PREVIOUS TABLES)

.8 -9

1146552 1148017
1161270 1162748
1176117 1177608
1191094 1192599
1206202 1207720

1221304
1236684
1252204
1267864
1283666

1222835
1238229
1253763
1269438
1285253

1299601 1301201
1315656 1317267
1331830 1333454
1348125 1349761
1364541 1366188

1380639 1382299
1397294 1398966
1414069 1415752
1430963 1432659
1447979 1449687

hhkhkhhhkkhdkhhhhhkdhdhhhhhhkhhhhkhhhhkhhkhkhkkhhhkkhhhhdhhhhhhhhhhkhdhhhhhhhkhhhdhhhhhhhhkhhhhhhhhhkhhkk

0 1451300
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TABLE 2-02.
ALAMO LAKE -- AREA TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION | AREA (ACRES)
(FEET) .0 L1 .2 .3 .4 .5 .6 .7 .8 .9
hkkkkkhhhkhkkhhhhhkk kbR rhkhkhkkkkhkkkhkh kb kb khkkh kR ke kk ke khkkhkhkk ke hk kb kkkhhkkhhkhhhhx
990.0 0 0 0 0 0 0 0 0 0 0
991.0 0 o] 0 0 0 0 0 0 0 0
992.0 0 0 0 0 0 0 0 0 0 0
993.0 0 0 0 0 0 0 0 0 0 0
994.0 0 0 0 0 0 0 0 0 0 0
A r Ak kA AR I h kA AR I Ik A AR Ik F AR AR R A AR R I ATk F kA hhk ok Ak ok h ke kA hh ko hhhkh bk kkhhkkhkhkdkhk kX h K
995.0 0 0 0 0 0 0 0 0 0 0
996.0 0 0 0 0 0 0 0 0 0 0
997.0 0 0 0 0 0 0 0 0 0 0
998.0 0 0 0 0 0 0 0 0 0 0
999.0 0 0 0 0 0 0 0 0 0 0
R g R R R R R R R R A R R L )
1000.0 0 0 0 0 0 0 0 0 0 0
1001.0 0 0 0 0 0 0 0 0 0 0
1002.0 0 0 0 0 0 0 0 0 0 0
1003.0 0 0 0 0 0 0 0 0 0 0
1004.0 0 0 0 0 0 0 0 o] 0 0
B R X R T R R R R R R e X
1005.0 0 0 0 0 0 0 0 0 0 0
1006.0 0 0 0 0 0 0 0 0 0 0
1007.0 0 0 0 0 0 0 0 0 0 0
1008.0 0 0 0 0 0 0 0 0 0 0
1009.0 0 0 0 0 0 0 0 0 0 0
R R R R R R R R R R AR RS
1010.0 0 0 0 0 0 1 1 1 1 1
1011.0 1 1 1 1 1 1 1 2 2 2
1012.0 2 2 2 2 2 2 2 2 2 2
1013.0 2 3 3 3 3 3 3 3 3 3
1014.0 3 3 3 3 3 4 4 4 4 4
HRA KKK I RRK KK KK RRIR KK I R AR IR K AR Rk bk kh Rk ok sk hk ke h ok hkkhkhhkhkhhhhh ok h ke kA Xk hkhh kb hhhhhk k%
1015.0 4 4 4 4 4 4 4 4 4 5
1016.0 5 5 5 6 6 6 7 7 7 8
1017.0 8 8 9 9 10 10 10 11 11 12
1018.0 12 13 14 15 16 16 17 18 19 20
1019.0 21 22 23 24 25 26 27 28 30 31
R R R R R R R R R R R X X R L R L L]
1020.0 32 34 35 37 39 40 42 44 46 48
1021.0 49 51 53 55 57 60 62 64 66 68
1022.0 71 73 75 78 80 82 85 87 90 92
1023.0 95 98 100 103 106 109 111 114 117 120
1024.0 123 124 125 126 127 129 130 131 132 133
B R R R R R IR E
1025.0 134 135 136 138 139 140 141 142 143 145
1026.0 146 146 147 148 149 149 150 151 152 153
1027.0 153 154 155 156 156 157 158 159 160 160
1028.0 16l 162 162 162 163 163 164 164 165 165
1029.0 166 166 167 167 168 168 169 169 169 170
B R B R g R R R R g R e S T
1030.0 170 171 172 173 174 175 175 176 177 178
1031.0 179 180 181 181 182 183 184 185 186 187
1032.0 187 188 189 190 191 192 193 194 195 196
1033.0 197 198 199 199 200 201 202 203 204 205
1034.0 206 208 210 211 213 215 217 218 220 222
B g B R g N Y X L AR
1035.0 224 225 227 229 231 233 235 236 238 240
1036.0 242 244 247 249 251 254 256 259 261 263
1037.0 266 268 271 273 276 278 281 283 286 288
1038.0 291 293 296 298 301 304 306 309 311 314
1039.0 317 319 322 325 327 330 333 336 338 341
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TABLE 2-02.
ALAMO LAKE -- AREA TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION | AREA (ACRES)
(FEET) .0 .1 .2 .3 .4 .5 .6 .7 .8 .9

kkkkkhhkhh kAR Rk hhhhhhhhhhhhkkk ko hkhhh Ak A Ak hhhhhhkdh bk hrhhhkhhkhhdhhhhkkhhd k& & k&
1040.0 344 346 347 349 351 353 355 357 358 360
1041.0 362 364 366 368 369 371 373 375 377 379
1042.0 381 383 386 388 391 393 396 399 401 404
1043.0 406 409 412 414 417 420 422 425 428 430
1044.0 433 435 438 440 443 445 447 450 452 455

hkkkkkhhhhhhhh kR Ak ko kA ko h ke k ko hk kR hh sk ke kkh ko ke h ke ke kA h ke hh kR kkkkk ke ok ke hhkhkhhk ke hhkkk ke kkx
1045.0 457 460 462 464 467 469 472 474 477 479
1046.0 482 484 485 487 489 491 493 494 496 458
1047.0 500 502 504 506 507 509 511 513 515 517
1048.0 519 520 521 522 523 524 525 527 528 529
1049.0 530 531 532 534 535 536 537 538 539 541

KA KKK E IR I I IR R RRIRRR AR AR R AR Ak hhhkkk ok ok ok ok ko khhhhh A A Ak kR A A bk kh bk hh kb hdhkkhhkh kA b bk k& k k&
1050.0 542 543 545 547 548 550 551 553 555 556
1051.0 558 560 561 563 564 566 568 569 571 573
1052.0 574 576 579 581 583 586 588 590 593 595
1053.0 597 600 602 604 607 609 611 614 616 618
1054.0 621 623 626 629 632 634 637 640 643 645

DR R R R R R R R R R R X R R IR T
1055.0 648 651 654 656 659 662 665 668 670 673
1056.0 676 678 681 683 686 688 690 693 695 698
1057.0 700 703 705 707 710 712 715 717 720 722
1058.0 725 728 732 735 739 743 746 750 754 757
1059.0 761 765 768 772 776 779 783 787 791 794

LR R R R R R X R A R R R R R R RS
1060.0 798 801 804 807 810 813 816 819 822 825
1061.0 829 832 835 838 841 844 847 850 853 856
1062.0 860 863 867 870 874 877 881 885 888 892
1063.0 896 899 903 906 910 914 917 921 925 929
1064.0 932 935 938 942 945 948 951 954 957 961

Iy I R R S L L T
1065.0 964 967 970 973 977 980 983 986 990 993
1066.0 996 1000 1003 1007 1011 1015 1018 1022 1026 1029
1067.0 1033 1037 1041 1045 1048 1052 1056 1060 1063 1067
1068.0 1071 1075 1079 1083 1087 1091 1095 1099 1103 1107
1069.0 1111 1115 1119 1123 1127 1131 1135 1139 1143 1147

L R R R R R R R R R R R
1070.0 1151 1155 1159 1164 1168 1172 1176 1181 1185 1189
1071.0 1194 1198 1202 1207 1211 1215 1220 1224 1228 1233
1072.0 1237 1241 1246 1250 1254 1259 1263 1268 1272 1276
1073.0 1281 1285 1289 1294 1298 1303 1307 1312 1316 1321
1074.0 1325 1329 1333 1337 1341 1346 1350 1354 1358 1362

R R R R R R R R R R L L g R R L R R R R L]
1075.0 1366 1370 1375 1379 1383 1387 1391 1396 1400 1404
1076.0 1408 1413 1417 1421 1426 1430 1435 1439 1444 1448
1077.0 1453 1457 1462 1466 1470 1475 1479 1484 1489 1493
1078.0 1498 1502 1507 1512 1517 1522 1527 1532 1537 1542
1079.0 1547 1551 1556 1561 1566 1571 1576 1581 1586 1591

e s R I LI R L XIS
1080.0 1596 1601 1606 1611 1615 1620 1625 1630 1635 1640
1081.0 1645 1650 1654 1659 1664 1669 1674 1679 1684 1689
1082.0 1694 1699 1703 1708 1713 1718 1723 1728 1733 1737
1083.0 1742 1747 1752 1757 1762 1767 1772 1777 1782 1786
1084.0 1791 1797 1803 1809 1814 1820 1826 1832 1837 1843

R R I I I I R R R R s
1085.0 1849 1855 1861 1866 1872 1878 1884 1890 1896 1901
1086.0 1507 1913 1918 1924 1930 1935 1941 1946 1952 1958
1087.0 1963 1969 1974 1980 1986 1991 1997 2003 2008 2014
1088.0 2020 2026 2032 2037 2043 2049 2055 2061 2067 2073
1089.0 2079 2085 2091 2097 2103 2109 2115 2121 2127 2133
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TABLE 2-02.
ALAMO LAKE -- AREA TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIQOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION AREA (ACRES)
(FEET) .0 .1 .2 .3 .4 .5 .6 .7 .8 -9
B R X T T Y
1090.0 2139 2144 2149 2154 2160 2165 2170 2176 2181 2186
1091.0 2192 2197 2202 2208 2213 2218 2224 2229 2235 2240
1092.0 2245 2250 2254 2259 2263 2268 2272 2277 2281 2286
1093.0 2291 2295 2300 2304 2309 2313 2318 2322 2327 2332
1094.0 2336 2341 2345 2350 2355 2359 2364 2369 2373 2378
LR R R T TR L
1095.0 2382 2387 2392 2396 2401 2406 2410 2415 2420 2424
1096.0 2429 2433 2438 2442 2446 2450 2455 2459 2463 2467
1097.0 2472 2476 2480 2484 2489 2493 2497 2502 2506 2510
1098.0 2515 2519 2523 2527 2531 2536 2540 2544 2548 2553
1099.0 2557 2561 2566 2570 2574 2578 2583 2587 2591 2596
L R R R R R R A X T R 2]
1100.0 2600 2604 2608 2613 2617 2622 2626 2630 2635 2639
1101.0 2643 2648 2652 2657 2661 2665 2670 2674 2678 2683
1102.0 2687 2692 2696 2700 2705 2709 2713 2718 2722 2727
1103.0 2731 2735 2740 2744 2748 2753 2757 2762 2766 2770
1104.0 2775 2779 2784 2789 2793 2798 2803 2807 2812 2817
LR R A S R AR AT
1105.0 2821 2826 2831 2835 2840 2845 2849 2854 2859 2863
1106.0 2868 2873 2878 2883 2888 2893 2898 2903 2908 2913
1107.0 2918 2923 2928 2933 2939 2944 2949 2954 2959 2964
1108.0 2969 2975 2981 2986 2992 2998 3004 3010 3015 3021
1109.0 3027 3033 3039 3045 3051 3056 3062 3068 3074 3080
B R R R R R R R R R R R )
1110.0 3086 3091 3097 3102 3108 3113 3119 3124 3130 3135
1111.0 3141 3146 3152 3157 3163 3168 3174 3179 3185 3191
1112.0 3196 3202 3207 3213 3219 3224 3230 3235 3241 3247
1113.0 3252 3258 3264 3269 3275 3281 3286 3292 3298 3303
1114.0 3309 3314 3319 3324 3329 3334 3338 3343 3348 3353
B R X R R R
1115.0 3358 3363 3368 3373 3378 3383 3388 3392 3397 3402
1116.0 3407 3412 3417 3421 3426 3431 3436 3440 3445 3450
1117.0 3455 3459 3464 3469 3474 3478 3483 3488 3493 3497
1118.0 3502 3507 3512 3518 3523 3528 3533 3538 3544 3549
1119.0 3554 3559 3564 3570 3575 3580 3585 3591 3596 3601
LR R X R R R R R T X T TR TR R R
1120.0 3606 3611 3616 3621 3626 3631 3636 3641 3646 3651
1121.0 3656 3660 3665 3670 3675 3680 3685 3690 3695 3700
1122.0 3705 3710 3715 3720 3725 3730 3735 3740 3745 3750
1123.0 3755 3760 3765 3770 3775 3780 3785 3790 3795 3800
1124.0 3805 3810 3815 3820 3825 3830 3835 3840 3846 3851
R R R R R R R R R R
1125.0 3856 3860 3864 3869 3873 3877 3882 3886 3890 3895
1126.0 3899 3903 3908 3912 3917 3921 3925 3930 3934 3938
1127.0 3943 3947 3951 3956 3960 3965 3969 3973 3978 3982
1128.0 3987 3991 3995 4000 4004 4009 4013 4017 4022 4026
1129.0 4031 4035 4040 4044 4048 4053 4057 4062 4066 4071
B R R R R L R R R R R R
1130.0 4075 4080 4084 4089 4093 4098 4102 4107 4111 4116
1131.0 4120 4125 4130 4134 4139 4143 4148 4152 4157 4161
1132.0 4166 4171 4175 4180 4184 4189 4194 4198 4203 4207
1133.0 4212 4217 4221 4226 4230 4235 4240 4244 4249 4253
1134.0 4258 4263 4267 4272 4277 4281 4286 4290 4295 4300
s  E E s s s L
1135.0 4304 4310 4315 4320 4326 4331 4336 4342 4347 4352
1136.0 4358 4363 4368 4374 4379 4384 4390 4395 4400 4406
1137.0 4411 4417 4422 4427 4433 4438 4443 4449 4454 4460
1138.0 4465 4470 4476 4481 4487 4492 4498 4503 4508 4514
1139.0 4519 4525 4530 4536 4541 4546 4552 4557 4563 4568
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TABLE 2-02.
ALAMO LAKE -- AREA TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION . AREA (ACRES)
(FEET) .0 .1 .2 .3 .4 .5 .6 .7 .8 .9

B R R R R T s
1140.0 4574 4579 4585 4590 4596 4601 4607 4612 4618 4623
1141.0 4629 4635 4640 4646 4651 4657 4662 4668 4673 4679
1142.0 4685 4690 4696 4701 4707 4712 4718 4724 4729 4735
1143.0 4740 4746 4752 4757 4763 4769 4774 4780 4785 4791
1144.0 4797 4802 4808 4814 4819 4825 4831 4836 4842 4848

R R R R R R
1145.0 4853 4859 4865 4872 4878 4884 4890 4896 4902 4908
1146.0 4914 4920 4927 4933 4939 4945 4951 4957 4963 4970
1147.0 4976 4982 4988 4994 5001 5007 5013 5019 5025 5031
1148.0 5038 5044 5050 5056 5063 5069 5075 5081 5087 5094
1149.0 5100 5106 5112 5119 5125 5131 5137 5144 5150 5156

B R R T T Ty
1150.0 5163 5169 5176 5182 5189 5195 5202 5208 5215 5221
1151.0 5228 5234 5241 5247 5254 5260 5267 5273 5280 5287
1152.0 5293 5300 5306 5313 5319 5326 5333 5339 5346 5352
1153.0 5359 5366 5372 5379 5385 5392 5399 5405 5412 5419
1154.0 5425 5432 5439 5445 5452 5459 5465 5472 5479 5485

L R X X R A R R R TR
1155.0 5492 5499 5506 5513 5520 5527 5535 5542 5549 5556
1156.0 5563 5570 5577 5584 5591 5599 5606 5613 5620 5627
1157.0 5634 5642 5649 5656 5663 5670 5677 5685 5692 5699
1158.0 5706 5713 5721 5728 5735 5742 5750 5757 5764 5771
1159.0 5779 5786 5793 5800 5808 5815 5822 5829 5837 5844

B T R R R R R T R

1160.0 5851 5859 5866 5874 5881 5889 5896 5904 5911 5919
1161.0 5926 5934 5941 5949 5956 5964 5971 5979 5987 5994
1162.0 6002 6009 6017 6024 6032 6040 6047 6055 6062 6070
1163.0 6078 6085 6093 6100 6108 6116 6123 6131 6139 6146
1164.0 6154 6162 6169 6177 6185 6192 6200 6208 6215 6223

R Ty R A R AR R R R R e ]
1165.0 6231 6239 6246 6254 6262 6270 6278 6286 6294 6302
1166.0 6310 6318 6325 6333 6341 6349 6357 6365 6373 6381
1167.0 6389 6397 6405 6413 6421 6429 6437 6445 6453 6461
1168.0 6469 6477 6485 6493 6501 6509 6517 6525 6533 6541
1169.0 6549 6557 6565 6573 6582 6590 6598 6606 6614 6622

LR R R R L R X X3
1170.0 6630 6639 6647 6656 6665 6673 6682 6691 6699 6708
1171.0 6717 6726 6734 6743 6752 6760 6769 6778 6787 6795
1172.0 6804 6813 6822 6830 6839 6848 6857 6866 6874 6883
1173.0 6892 6901 6910 6919 6927 6936 6945 6954 6963 6972
1174.0 6980 6989 6998 7007 7016 7025 7034 7043 7052 7061

KR K Ik r R R R KRR R R R AR T R IR AT AR I IR E R IR RRRRRRRARAA R R Ak bk kb ok k ok kkhhhhhhhhhhhkhhhhkkkkhhk+
1175.0 7070 7078 7087 7096 7105 7114 7123 7132 7140 7149
1176.0 7158 7167 7176 7185 7194 7203 7212 7221 7230 7239
1177.0 7248 7257 7266 7275 7283 7292 7301 7310 7319 7328
1178.0 7337 7346 7356 7365 7374 7383 7392 7401 7410 7419
1179.0 7428 7437 7446 7455 7464 7473 7482 7492 7501 7510

L X R X T R R R R L R R
1180.0 7519 7528 7538 7547 7557 7566 7576 7585 7595 7604
1181.0 7614 7623 7633 7642 7652 7661 7671 7680 7690 7699
1182.0 7709 7718 7728 7738 7747 7757 7766 7776 7785 7795
1183.0 7805 7814 7824 7834 7843 7853 7862 7872 7882 7891
1184.0 7901 7911 7921 7930 7940 7950 7959 7969 7979 7988

R S X R A R AR R R A R 2 LT
1185.0 7998 8008 8017 8027 8037 8046 8056 8066 8076 8085
1186.0 8095 8105 8114 8124 8134 8143 8153 8163 8173 8182
1187.0 8192 8202 8212 8222 8231 8241 8251 8261 8270 8280
1188.0 8290 8300 8310 8320 8329 8339 8349 8359 8369 8379
1189.0 8389 8398 8408 8418 8428 8438 8448 8458 8468 8478
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TABLE 2-02.
ALAMO LAKE -- AREA TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION AREA (ACRES)
(FEET) .0 .1 .2 .3 .4 .5 .6 .7 .8 .9
hkkkkhkkhkkhhkhhhhhkhkhhhhhkhkkhhhhhhhhhhhhhhhhkhkkhhhhhhhhhhh bk dhhhhhkhhhhhk bk hhkhkkkkhhkk*
1190.0 8488 8497 8506 8515 8524 8533 8542 8551 8560 8569
1191.0 8579 8588 8597 8606 8615 8624 8633 8642 8652 8661
11%2.0 8670 8679 8688 8697 8707 8716 8725 8734 8743 8753
1193.0 8762 8771 8780 8789 8799 8808 8817 8826 8836 8845
1194.0 8854 8863 8873 8882 8891 8901 8910 8919 8928 8938
LR R R R R R R T
1195.0 8947 8957 8966 8976 8986 8995 9005 9015 9024 9034
1196.0 9044 9054 9063 9073 9083 9092 9102 9112 9122 9131
1197.0 9141 9151 9161 9171 9180 9190 9200 9210 9219 9229
1198.0 9239 9249 9259 9269 9278 9288 9298 9308 9318 9328
1199.0 9337 9347 9357 9367 9377 9387 9397 9407 9417 9426
R R R R R R R R L R R R R R R R P R R R L )
1200.0 9436 9445 9455 9464 9473 9482 9491 9500 9509 9518
1201.0 9527 9537 9546 9555 9564 9573 9582 9591 9600 9610
1202.0 9619 9628 9637 9646 9656 9665 9674 9683 9692 9701
1203.0 9711 9720 9729 9738 9748 9757 9766 9775 9784 9794
1204.0 9803 9812 9821 9831 9840 9849 9859 9868 9877 9886
Ly R R AR R R R R R R
1205.0 9896 9905 9915 9925 9935 9945 9954 9964 9974 9984
1206.0 9994 10003 10013 10023 10033 10043 10052 10062 10072 10082
1207.0 10030 10041 10053 10065 10077 10089 10101 10113 10125 10137
1208.0 10191 10200 10210 10220 10230 10240 10250 10260 10270 10280
1209.0 10290 10300 10310 10320 10330 10340 10350 10360 10370 10380
B R R R R R R R R R R R R P T T T R PR TR R ey
1210.0 10390 10400 10410 10421 10431 10442 10452 10463 10473 10484
1211.0 10494 10505 10515 10526 10537 10547 10558 10568 10579 10589
1212.0 10600 10610 10621 10632 10642 10653 10663 10674 10685 10695
1213.0 10706 10717 10727 10738 10748 10759 10770 10780 10791 10802
1214.0 10812 10823 10834 10845 10855 10866 10877 10887 10898 10909
Y R r 2 AR P
1215.0 10920 10931 10943 10955 10967 10979 10991 11003 11014 11026
1216.0 11038 11050 11062 11074 11086 11098 11110 11122 11134 11146
1217.0 11158 11170 11182 11194 11206 11218 11230 11242 11254 11266
1218.0 11278 11290 11302 11314 11326 11338 11350 11362 11374 11386
1219.0 11398 11410 11422 11435 11447 11459 11471 11483 11495 11507
B R R R R R R T R Y
1220.0 11520 11532 11544 11557 11569 11582 11594 11607 11619 11632
1221.0 11644 11657 11669 11682 11694 11707 11719 11732 11744 11757
1222.0 11769 11782 11795 11807 11820 11832 11845 11858 11870 11883
1223.0 11895 11908 11921 11933 11946 11959 11971 11984 11997 12009
1224.0 12022 12035 12048 12060 12073 12086 12098 12111 12124 12137
B R R R R R R R R R R R R R R TS
1225.0 12150 12161 12173 12185 12196 12208 12220 12231 12243 12255
1226.0 12266 12278 12290 12302 12313 12325 12337 12349 12360 12372
1227.0 12384 12396 12407 12419 12431 12443 12455 12466 12478 12490
1228.0 12502 12514 12525 12537 12549 12561 12573 12585 12597 12609
1229.0 12620 12632 12644 12656 12668 12680 12692 12704 12716 12728
B R R R X R R
1230.0 12740 12751 12762 12773 12784 12795 12806 12817 12828 12839
1231.0 12851 12862 12873 12884 12895 12906 12917 12929 12940 12951
1232.0 12962 12973 12984 12996 13007 13018 13029 13040 13052 13063
1233.0 13074 13085 13097 13108 13119 13130 13141 13153 13164 13175
1234.0 13187 13198 13209 13220 13232 13243 13254 13266 13277 13288
B R T R R T
1235.0 13300 13313 13327 13341 13355 13369 13383 13396 13410 13424
1236.0 13438 13452 13466 13480 13494 13508 13522 13535 13549 13563
1237.0 13577 13591 13605 13619 13633 13647 13661 13675 13689 13703
1238.0 13717 13731 13745 13759 13774 13788 13802 13816 13830 13844
1239.0 13858 13872 13886 13900 13915 13929 13943 13957 13971 13985
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TABLE 2-02.
ALAMO LAKE -- AREA TABLE
SURVEYED: MAR. 1963 - MAY 1968; OCT. 1985 (ELEVATION 990-1120 FEET)
COMPUTED JUNE 1993 (SUPERSEDES ALL PREVIOUS TABLES)
(TABLE IS IN INCREMENTS OF 0.1 FOOT)

ELEVATION AREA (ACRES)
(FEET) .0 .1 .2 .3 .4 .5 .6 .7 .8 .9

R R R R R R R R R R
1240.0 14000 14010 14021 14032 14043 14054 14065 14076 14087 14098
1241.0 14109 14120 14131 14141 14152 14163 14174 14185 14196 14207
1242.0 14218 14229 14240 14251 14262 14273 14284 14295 14306 14317
1243.0 14328 14339 14350 14361 14372 14383 14394 14405 14417 14428
1244.0 14439 14450 l4461 14472 14483 14494 14505 14516 14527 14538

R R R R R R R R R R R X X
1245.0 14550 14562 14575 14588 14601 14614 14627 14640 14653 14665
1246.0 14678 14691 14704 14717 14730 14743 14756 14769 14782 14795
1247.0 14808 14821 14834 14847 14860 14873 14886 14899 14912 14925
1248.0 14938 14951 14964 14977 14990 15003 15016 15029 15042 15055
1249.0 15068 15081 15095 15108 15121 15134 15147 15160 15173 15186

R R R R R R R R R R R Y
1250.0 15200 15213 15227 15241 15255 15269 15283 15297 15310 15324
1251.0 15338 15352 15366 15380 15394 15408 15422 15436 15450 15464
1252.0 15478 15492 15506 15520 15534 15548 15562 15576 15590 15604
1253.0 15618 15632 15646 15660 15674 15688 15702 15716 15730 15744
1254.0 15758 15772 15786 15801 15815 15829 15843 15857 15871 15885

R R R X
1255.0 15900 15911 15923 15935 15947 15959 15971 15983 15995 16007
1256.0 16019 16031 16042 16054 16066 16078 16090 16102 16114 16126
1257.0 16138 16150 16162 16174 16186 16198 16210 16222 16234 16246
1258.0 16258 16270 16282 16294 16306 16318 16330 16342 16354 16367
1259.0 16379 16391 16403 16415 16427 16439 16451 16463 16475 16487

hhkkhkkkkkhhhkhhhkhhhhhhhhhhkkhhhkhhhhkhhhhhhhhhhhkhkhhhhhhhhhkhhhhhhhhkkhhkkhhkkkhkkhhk k&
1260.0 16500 16511 16523 16535 16547 16559 16571 16583 16595 16607
1261.0 16619 16631 16643 16654 16666 16678 16690 16702 16714 16726
1262.0 16738 16750 16762 16774 16786 16798 16810 16822 16834 16846
1263.0 16858 16870 16882 16894 16906 16918 16930 16942 16955 16967
1264.0 16979 16991 17003 17015 17027 17039 17051 17063 17075 17087

B R R R X o X R
1265.0 17100

T2-12
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Table 4-01
ALAMO DAM, ARIZONA Period of Record: 1 July 1975 to 31 December 1998

Monthly Climate Summary

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Max. Temperature (F) 64.9 70.1 75.6 84.8 93.4 104.3 107.7 105.9 100.0 89.1 74.9 65.6 86.4
Average Min. Temperature (F) 36.4 40.3 44.9 51.5 60.2 69.1 76 .6 75.9 68.3 55.8 43.0 35.8 54.8
Average Total Precipitation (in.) 1.22 1.18 1.06 0.28 0.19 0.03 0.61 1.50 1.06 0.56 0.69 0.81 9.19
Average Total SnowFall (in.) 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Average Snow Depth (in.) 0 0 0 0 0 0 0 0 0 0 0 0 0

Percent of possible observations for period of record.
Max. Temp.: 99.3% Min. Temp.: 99.4% Precipitation: 99.6% Snowfall: 99.6% Snow Depth: 99.6%

Heating Degree Days Cooling Degree Days
Heating Degree Days for Selected Base Temperature (F)

Base|Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual Cooling Degree Days for Selected Base Temperature (F)
65 |445 278 172 50 5 0 0 0 0 17 196 444 1606 BasejJan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual
60291 154 72 16 1 0 0 0 Y 3 96 289 9221 55} 15 70 184 397 676 952 11501113 874 541 156 17 6144
57 1203 95 36 6 0 0 0 0 0 1 56 202 598 57 6 44 137 341 614 892 10881051814 480 115 7 5587
55 1150 64 21 3 0 0 0 0 0 0 36 150 425 60 1 19 80 260 522 802 995 958 724 389 65 1 4814
50] 53 20 3 0 0 0 0 0 0 0 8 53 137 65 0 2 25 144 371 652 840 803 574 247 15 0 3672
*Heating degree days at or below specified base temperature. ) 70 0 0 4 62 232 502 685 648 426 129 1 o] 2689
Precipitation Exceedance Probability

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.05]13.87 3.53 3.24 1.25 0.77 0.22 1.83 5.02 4.59 1.80 2.54 3.26

E 0.1012.89 2.99 2.86 1.06 0.54 0.16 1.39 3.79 2.69 1.60 1.62 2.92

g 0.20 | 2.08 1.67 2.08 0.40 0.33 0.03 1.01 2.09 1.88 1.11 1.17 1.25

2 0.30]11.53 1.19 1.38 0.30 0.23 0.00 0.87 1.63 1.66 0.68 0.99 0.81

N 0.401]11.07 1.10 1.04 0.21 0.13 0.00 0.72 1.3%9 0.76 0.49 0.77 0.48

ﬁ 0.5010.77 0.89 0.88 0.12 0.07 0.00 0.50 1.25 0.44 0.32 0.39 0.39%

:} 0.60|0.59 0.84 0.23 0.04 0.04 0.00 0.30 0.99 0.22 0.16 0.26 0.27

ﬁ 0.7010.39 0.71 0.14 0.01 ©0.02 ©0.00 0.16 0.69 0.13 0.07 0.19 0.1ls6

% 0.8010.25 0.27 0.10 0.00 0.00 0.00 0.05 0.40 0.07 0.02 0.13 0.07

E 0.90]10.04 0.02 0.00 0.00 0.00 0.00 0.00 0.22 0.01 0.00 0.00 0.03

0.95 | 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 0.07 ©0.00 0.00 0.00 0.00

Monthly Precipitation (inches)
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Table 4-01
CHINO VALLEY, ARIZONA Period of Record: 1 July 1948 to 31 December 1998

Monthly Climate Summary

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Max. Temperature (F) 52.1 56.0 62.0 69.7 78.0 88.4 92.2 89.6 85.5 75.3 63.5 54.4 72.2
hverage Min. Temperature (F) 21.2 23.4 27.9 33.7 41.0 - 49.4 58.6 56.8 48.9 37.9 27.0 20.9 37.2
hverage Total Precipitation (in.) 1.01 0.95 0.99 0.58 0.40 0.34 1.93 2.09 1.24 0.86 0.66 0.97 12.04
hverage Total SnowFall (in.) 2.5 1.6 1.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.8 8.0
Bverage Snow Depth (din ) 0 0 o) 0 0 0 0 4] Q 0 0 0 0

Percent of possible observations for period of record.
Max. Temp.: 89.3% Min. Temp.: 89.4% Precipitation: 96.1% Snowfall: 97.2% Snow Depth: 96.3%

Heating Degree Days Cooling Degree Days
Heating Degree Days for Selected Base Temperature (F) Cooling Degree Days for Selected Base Temperature (F)

Base|Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual BasefJan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual

65 |878 715 622 399 188 30 0 1 36 267 593 849 4578 55 15 70 184 397 676 952 1150 1113874 541 156 17 6144

60 | 723 574 467 254 88 7 0 0 8 141 443 694 3399 57 6 44 137 341 614 892 1088 1051 814 480 115 7 5587

57 |630 489 375 178 51 2 0 0 3 88 353 601 2770 60 1 19 80 260 522 802 995 958 724 389 65 1 4814

55 |568 433 315 135 34 1 ] 0 1 62 295 539 2382 65 0 2 25 144 371 652 B840 803 574 247 15 0 3672

50 |414 2954 180 57 9 0 0 0 0 23 166 384 1528 70 0 0 4 62 232 502 685 648 426 129 1 0 2689
*Heating degree days at or below specified base temperature. *Cooling degree days at or above specified base temperature.

Precipitation Exceedance Probability

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.0512.93 2.79 3.54 2.25 1.35 1.46 4.96 4.53 4.37 2.03 2.05 2.96

2 0.10]2.28 2.28 2.22 1.21 1.01 1.18 3.69 4.03 3.62 1.84 1.56 2.23
g 0.20}11.79 1.84 1.72 1.03 0.63 0.66 2.96 3.56 1.85 1.24 1.23 1.80
2 0.3011.36 1.42 1.28 0.72 0.52 0.33 2.37 2.77 1.50 1.01 0.72 1.21
N 0.40]11.01 1.06 0.78 0.41 0.44 0.21 1.99 2.44 1.35 0.87 0.57 0.97
4 0.5040.77 0.69 0.70 0.30 0.28 0.13 1.79 2.04 0.9 0.51 0.51 0.60
: 0.60} 0.50 0.57 0.5 0.23 ©0.11 0.05 1.32 1.71 0.62 0.41 0.38 0.39
% 0.70 4 0.39 0.35 0.38 0.13 0.02 0.00 0.95 1.33 0.26 0.32 0.18 0.22
% 0.80}|0.16 0.14 0.15 0.07 ©0.00 0.00 0.80 0.%98 0.13 0.15 0.07 0.15
E 0.90}0.02 0.00 ©0.00 0.00 0.00 0.00 0.53 0.46 0.00 0.00 0.01 0.01
0.9510.00 ©0.00 ©0.00 0.00 ©0.00 0.00 0.30 0.14 0.00 0.00 0.00 0.00

Monthly Precipitation (inches)
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Table 4-01
KINGMAN, ARIZONA Period of Record: 1 May 1901 to 31 July 1967

Monthly Climate Summary

Jan Feb Mar ApY _Max Jun Jul Fi\iTed sen Qot Nov Dec Annual
hverage Max. Temperature (F) 55.8 60.1 65.8 74.2 82.7 92.6 97.8 95.3 90.3 79.0 66.5 56.8 76.4
pverage Min. Temperature (F) 31.0 33.5 36.8 43.2 49.7 58.0 67.1 65.4 58.0 47.6 37.8 32.2 46.7
hverage Total Precipitation (in.) 1.11 1.30 1.06 0.66 0.25 0.15 0.91 1.45 0.94 0.65 0.71 1.18 10.36
hpverage Total SnowFall (in.) 1.3 0.3 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.0 3.7
pverage Snaw Denth (in.) 0 0 0 v} 0 0 0 Q 0 0 0 0 0

Percent of possible observations for period of record.
Max. Temp.: 91.8% Min. Temp.: 92.2% Precipitation: 96.3% Snowfall: 96.3% Snow Depth: 95.9%

Heating Degree Days Cooling Degree Days
Heating Degree Days for Selected Base Temperature (F) Cooling Degree Days for Selected Base Temperature (F)
Base|Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual Base Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual
65 |669 514 423 208 67 5 0 0 6 115 386 637 3032 55 3 10 37 154 354 610 850 786 575 273 47 3 3700
60 |514 374 275 105 25 1 0 0 1 47 246 482 2070 57 1 5 21 114 298 550 788 724 515 220 28 1 3264
57 |422 293 195 63 12 0 0 0 0 25 173 390 1575 60 0 1 7 66 217 461 695 631 426 149 11 0 2664
55 [362 241 150 42 7 0 0 0 0 16 131 330 1280 65 0 0 0 20 105 316 540 476 281 62 1 0 1800
50 221 130 64 13 2 0 0 0 0 4 56 191 680 70 0 0 0 3 35 185 385 322 152 16 0 0 1097
*Heating degree days at or below specified base temperature. *Cooling degree days at or above specified base temperature.
Precipitation Exceedance Probability

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.05})2.86 4.40 3.29 2.35 1.17 0.78 2.26 3.86 3.43 2.64 2.68 3.53

3 0.10{2.20 3.01 2.%92 1.85 0.87 0.27 2.07 3.12 1.88 1.65 1.85 2.79

g 0.20}11.84 2.27 1.9 1.15 0.34 0.19 1.50 2.06 1.28 1.15 1.29 2.15

2 0.30°1.62 1.77 1.23 0.69 0.25 0.11 1.05 1.49 0.%7 0.68 0.%0 1.73

. 0.4011.28 1.25 0.88 0.57 0.14 0.07 0.84 1.21 0.66 0.56 0.46 1.18

ﬂ 0.5010.97 0.78 0.71 0.30 0.05 0.00 0.60 1.02 0.40 0.37 0.18 0.85

ﬂ 0.601]10.57 0.53 0.55 0.17 0.00 0.00 0.43 0.88 0.26 0.20 0.11 0.58

ﬁ 0.701 0.35 0.15 0.33 0.06 0.00 0.00 0.27 0.62 0.14 0.04 0.00 0.31

% 0.80]10.16 0.05 0.03 0.00 0.00 0.00 0.10 0.27 0.00 0.00 0.00 0.03

E 0.%010.07 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 ©0.00 0.00 0.00

0.95 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00

Monthly Precipitation (inches)
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Table 4-01
PARKER NE, ARIZONA Period of Record: 1 October 1893 to 31 December 1998

Monthly Climate Summary

Jan Feh Mar Apr Mays Jun Tl Aug Sen Qet Nov Dec nnual
hverage Max. Temperature (F) 67.1 72.9 78.9 87.3 95.3 104.0 108.3 106.6 101.6 90.4 77.2 67.5 88.1
hverage Min. Temperature (F) 35.9 40.6 45.5 51.9 59.6 68.3 77.3 76.7 68.0 55.0 42.6 36.0 54.8
hverage Total Precipitation (in.) 0.73 0.57 0.50 0.19 0.07 0.03 0.33 0.63 0.48 0.30 0.35 0.63 4.84
hverage Total SnowFall (in.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
verage Snow Nepth (in ) 0 0 0 0 Q 0 0 Q 0 0 o] 0 0

Percent of possible observations for period of record.
Max. Temp.: 94.9% Min. Temp.: 94.9% Precipitation: 96.5% Snowfall: 96.6% Snow Depth: 96.5%

Heating Degree Days Cooling Degree Days
Heating Degree Days for Selected Base Temperature (F) Cooling Degree Days for Selected Base Temperature (F)

Base|Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual BaseJan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual
65 | 418 238 129 32 4 0 0 0 0 19 176 411 1428 55 31 98 236 440 696 937 1173 1136 895 549 175 29 6396
60 |267 124 49 8 1 0 0 0 0 5 82 260 795 57 15 66 185 382 635 877 1111 1074 835 488 132 15 5815
57 {185 73 22 3 0 0 0 0 0 2 44 178 507 60 4 32 118 297 542 787 1018 981 745 398 79 4 5007
55 {139 48 12 1 0 0 0 0 0 1 27 130 358 65 0 6 43 171 390 637 863 826 595 258 24 0 3814
50 55 13 2 0 0 0 0 0 0 0 6 . 48 124 70 0 0 9 78 248 488 708 671 447 139 3 0 2791

*Heating degree days at or below specified base temperature. *Cooling degree days at or above gpecified base temperature.

Precipitation Exceedance Probability

Jan Feb Maxr Apr May Jun Jul Aug Sep Oct Nov Dec
0.05|2.89 2.52 1.76 1.28 0.30 0.22 1.21 2.51 1.75 1.48 1.42 2.39

2 0.10|1.70 1.99 1.44 0.55 0.18 0.10 0.99 1.56 1.06 0.90 1.00 1.83
g 0.20]11.34 0.8 0.86 0.32 0.07 0.01 0.58 0.95 0.83 0.51 0.56 1.15
3 0.30 | 0.90 0.46 0.57 0.16 0.03 0.00 0.36 0.67 0.38 0.24 0.41 0.71
. 0.40(0.52 0.32 0.30 0.07 ©0.00 0.00 0.21 0.43 0.25 0.13 0.25 0.51
i: 0.50(0.25 0.19 0.24 0.01 0.00 0.00 0.10 0.26 0.13 0.05 0.14 0.24
j 0.600.124 0.04 0.09 0.00 ©0.00 0.00 0.03 0.11 0.04 0.00 0.05 0.10
ﬁ 0.70 4 0.08 0.00 0.01 0.00 ©0.00 0.00 0.00 0.05 0.00 0.00 0.01 0.02
% 0.80}0.02 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E 0.90¢{0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.95}0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©0.00

Monthly Precipitation (inches)
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Table 4-01
PRESCOTT, ARIZONA Period of Record: 1 May 1898 to 31 December 1998

Monthly Climate Summary

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
hpverage Max. Temperature (F) 50.4 53.9 58.9 66.8 75.1 85.6 88.9 86.0 81.7 72.0 60.4 51.7 69.3
fverage Min. Temperature (F) 21.0 23.9 28.0 33.8 40.3 48.6 57.1 55.8 48.2 36.9 27.1  21.8 36.9
Average Total Precipitation (in.) 1.81 1.89 1.78 0.96 0.50 0.39 2.94 3.32 1.73 1.07 1.29 1.71 19.39
hverage Total SnowFall (in.) 6.3 5.1 5.3 1.4 0.2 0.0 0.0 0.0 0.0 0.2 2.3 5.0 25.9
verage Snow Depth (in ) 1 0 0 0 0 0 o} 0 0 0 a o 0

percent of possible observations for period of record.
Max. Temp.: 97.1% Min. Temp.: 96.6% Precipitation: 98% Snowfall: 97.4% Snow Depth: 94.4%

Heating Degree Days Cooling Degree Days
Heating Degree Days for Selected Base Temperature (F) Cooling Degree Days for Selected Base Temperature (F)
BaselJan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual Base|Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual
65 1909 737 667 442 239 48 2 4 65 331 637 76 4957 55 0 0 2 29 133 365 559 493 301 74 1 0 1958
60 |754 595 513 297 122 13 0 0 19 194 487 721 3715 57 0 0 1 16 94 307 497 431 245 47 0 0 1639
57 661 511 420 217 73 5 0 0 8 127 397 628 3047 60 0 0 0 6 49 226 404 338 166 21 0 0 1210
55 |599 454 360 170 50 2 0 0 4 92 338 566 2636 65 0 0 0 1 11 111 252 187 62 ° 3 0 0 627
50 | 444 316 219 79 17 0 0 o] 0 36 202 412 1725 70 0 o] 0 0 2 39 113 65 10 0 0 0 229
*Heating degree days at or below specified base temperature. *Cooling degree days at or above specified base temperature.

Precipitation Exceedance Probability

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.05}5.61 6.34 5.57 3.45 1.54 1.53 5.90 6.67 4.01 3.39 4.01 5.13

ﬂ 0.10}3.95 3.51 3.86 2.16 1.20 1.07 5.33 5.74 3.36 2.64 2.70 4.42
g 0.20 | 2.64 3.01 2.83 1.38 0.86 0.77 4.55 4.69 2.66 1.69 2.14 3.24
3 0.30}2.10 2.33 2.24 1.07 0.69 0.44 3.40 4.05 2.27 1.21 1.45 2.25
N 0.40}1.83 1.70 1.68 0.82 0.55 0.25 3.08 3.53 1.87 0.98 1.18 1.54
H 06.50}p1.32 1.31 1.16 0.56 0.37 0.16 2.80 2.82 1.50 0.73 0.95 1.03
: 0.60}0.86 0.90 0.91 0.36 0.20 0.10 2.30 2.35 1.20 0.49 0.73 0.73
% 0.70 4 0.60 0.65 0.60 0.22 0.09 0.00 1.%91 2.11 0.77 0.36 0.44 0.48
% 0.80}0.35 0.43 0.38 0.08 0.00 0.00 1.50 1.82 0.25 0.13 0.12 0.31
& 0.90}0.12 0.07 ©0.05 0.00 0.00 0.00 0.48 1.00 0.03 0.00 0.00 0.01
0.95}0.00 0.00 0.00 0.00 0.00 0.00 ©0.35 0.55 0.00 0.00 0.00 0.00

Monthly Precipitation (inches)
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Table 4-01
WICKENBURG, ARIZONA Period of Record: 1 March 1908 to 31 December 1998

Monthly Climate Summary

Ian Eeh Mar, AD Masz Tuin Ja1l Aig Sep Qct Nz Dec nmial
pverage Max. Temperature (F) 64.1 67.7 72.9 81.2 90.0 99.9 103.4 100.8 95.9 85.5 73.6 65.3 83.4
pverage Min. Temperature (F) 30.8 34.1 38.0 43.1 49.9 58.2 69.2 68.3 60.1 48.1 37.4 31.4 47.4
pverage Total Precipitation (in.) 1.23 1.20 1.07 0.49 0.19 0.13 1.27 1.94 1.16 0.61 0.75 1.24 | 11.29
pverage Total SnowFall (in.) 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2
serage Snow Depth (in ) 0 0 0 0 0 0 0 o 0 Q Q 0 0

Percent of possible observations for period of record.
Max. Temp.: 94.5% Min. Temp.: 94.6% Precipitation: 95.4% Snowfall: 95.5% Snow Depth: 95.3%

Heating Degree Days Cooling Degree Days
Heating Degree Days for Selected Base Temperature (F) Cooling Degree Days for Selected Base Temperature (F)

Basd Jan. Feb. Mar. Apr. May dJun. Jul. Aug. Sep. Oct. Nov. Dec. Annual Base|lJan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual
65 |542 399 301 127 28 1 0 0 1 7 291 514 2064 55 6 26 87 230 465 721 970 916 690 371 85 9 4575
60 | 389 262 168 51 7 0 0 0 0 18 162 360 1416 57 2 14 57 181 405 661 9508 854 630 312 56 3 4083
57 |298 187 105 26 P 0 0 0 0 8 101 270 997 60 0 4 27 116 316 571 815 761 540 230 26 0 3407
55 | 240 142 73 16 1 0 0 0 o 4 70 213 759 65 0 0 5 42 182 422 660 606 391 114 6 0 2428
50 [118 59 22 3 0 0 0 0 0 1 23 98 324 70 0 0 0 9 80 278 505 451 247 40 2 0 1612

*Heating degree days at or below specified base temperature. *Cooling degree days at or above specified base temperature.

Precipitation Exceedance Probability
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.05§3.85 3.98 3.89 2.06 0.77 0.69 3.38 4.74 3.84 2.06 2.46 4.14
ﬂ 0.1042.95 2.91. 2.81T 1.39 0.61 0.53 2.92 3.87 2.56 1.64 2.07 3.00
g 0.20y2.31 1.84 1.85 0.83 0.30 0.20 2.06 2.67 2.11 0.91 1.31 2.03
8 0.30} .73 1.34 1.19 0.52 0.21 0.06 1.55 1.99 1.51 "0.70 1.12 1.45
. 0.40 {1.01 0.99 0.82 0.32 0.10 0.00 1.15 1.62 0.92 0.49 0.59 1.16
ﬁ 0.50}0.73 0.72 0.54 0.17 0.02 0.00 0.92 1.46 0.63 0.31 0.34 0.67
j 0.60} 0.42 0.53 0.34 0.06 0.00 0.00 0.73 1.25 0.36 0.20 0.16 0.40
ﬁ 0.70 } 0.21 0.42 0.17 0.00 ©0.00 ©0.00 0.48 1.01 0.16 0.06 0.04 0.15
8 0.80}0.05 0.12 0.02 ©0.00 0.00 0.00 0.31 0.70 0.00 0.00 0.00 0.00
E 0.90 1 0.00 0.00 O©0.00 0.00 0.00 ©0.00 0.09 0.38 0.00 0.00 0.00 0.00
0.954{0.00 0.00 0.00 ©0.00 O0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00
Monthly Precipitation (inches)
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Maximum Reservoir Outflows in cfs

65,200 Maximum

| 7,000
I

| 50 | 7,000
| |

25

10

g

-

El 1,265 (Top of Dam)

1,361,247 ac-t

/E] 1,259.6 ft

Spillway Surcharge
(365,947 ac-ft)

\995,300 ac-ft

13,300 acres A 1,235 ft

Flood Control ®

(673,584 ac-ft)
321,716 ac-ft 5,881 acres El1,160.4 f1
/
/ *%*
160546act ;s _ 3856acres / EI1,125ft
Y, -
,— Water Conservation—
goattach _ _ _ (2734act)  2600acres /EI1,100t"
/ * Refer to Water Control Manual Text
** Top elevation for Riparian Releases
,24,372 ac-ft 1,151 acres El 1,070 ft
Recreation 1 BILL WILLIAMS RI\'/AIIE_QM('?OE'CA)’\FQ:I;‘CE)) éﬁ/ﬁi BASIN, ARIZONA
(24,372 ac-ft) WATER CONTROL MANUAL
El 990 ft (Invert)
“’ ~_—— STORAGE ALLOCATION
. DIAGRAM
otes:
1. Of the 24,372 ac-ft net storage, 5,000 ac-ft is allocated for Recreation.
2. Of the 297,344 ac-ft net storage, 230,000 ac-ft is allocated for Water Conservation.
3. Of the 673,584 ac-ft net storage, 608,369 ac-ft is allocated for Flood Control. U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

PLATE 7-01



Release Schedule

Non-Spillway Flow Transfer Option’ Spillway Flow Transfer Option® AGENCIES WITH WHOM TO COORDINATE RELEASES
Lake Water Surface |Spillway Discharge - -
E?e\?atioi e(zfrt I\TGVD) (cfs) O[L;}Isith\;vr%ts Total Discharge | Recommended OS}Leéfh\;Vr%ts Total lescharge ge;:orgn:?ndeg (1) U.S. Bureau of Reclamation in Boulder City,
’ i ate Settin
(cf) (cfs) Gate Setting (ft) (cfs) (cfs) g (ft) Nevadcj e s | N
79-91 24,604 - 65,198 ] (2) U.S. Fish and Wi ife Service, Bi illiams

1250 - 1265' 15,625 - 56,000 9,198 24,604 - 65,198 6.8 8,979 - 9,198 6.8 (3 gates) river National Wildlife Refuge in Parker,
1244.3 - 1250 7,000 - 15,625 8,979 15,899 - 24,604 6.8 0 7,000 - 15,625 0.0 Arizona ‘
12443 7,000 8,874 15,899 6.8 0 7,000 0.0 (3) U.S. Bureau of Land Management in Lake Havasu

] ’ Z 000 0.7 (1 gate) City, Arizona
1244 6,650 8,869 15,519 6.8 350 . : (4) Arizona Department of Water Resources in
1243 5,400 8,850 14,250 6.8 1,600 7,000 1.0 (3 gates) Phoenix, Arizona
1242 4350 8,832 13,182 6.8 2,650 7,000 1.7 (3 gates) (5) Arizona Department of Game and Fish in

’ Phoenix, Arizona
1241 3,300 8,814 12,114 6.8 3,700 7,000 2.5 (3 gates) (6) Arizona State Parks Department in Lake Havasu
1240 2 500 8,795 11,295 6.8 4,500 7,000 3.0 (3 gates) City, Arizona
1239 1.700 8,779 10,479 6.8 5,300 7,000 3.6 (3 gates)
1238 1,200 8,763 9,963 6.8 5,800 7,000 4.0 (3 gates)
1237 700 8,747 9,447 6.8 6,300 7,000 4.4 (3 gates)
1236 350 8,731 9,081 6.8 6,650 7,000 4.7 (3 gates)
1235 (Spillway crest) 0 8,71 5 8,71 5 6.8 7,000 7,000 5.0 (3 gates)
. Recommended Gate}
Discharge (cfs) Setting (ft)

1148.4%- 1235 7,000 6.80 - 5.0 (3 gates)
1132-1148.4 6,621° - 7,000 6.80 (3 gates) Maximum Rate of Release Increase
1131 - 1132 6,000 5.75 (3 gates) Release Range (cfs)’ Rate of Increase (cfs/hr)8
1130 - 1131 5,000 4.65 (3 gates) 0 - 500 250
1129 - 1130 4,000 3.65 (3 gates) 500 - 1,000 500

- 3,000 2.70 (3 gates)
128 1129 5 000 175 (3 qates) 1,000 - 3,000 1,000

- . ates
127 - 1128 ' 4 3,000 - 7,000 2,000
1126 - 1127 1,000 1.30 (2 gates)
1125 - 1126 Transition up to 1,000 cfs 0-1.3 (2 gates)
1100 - 1125 * 40 cfs 25 cfs 40 cfs 50 cfs
1070 - 1100 * 15 cfs 10 cfs 25 cfs 25 cfs OUTLET WORKS DIAGRAM
990 - 1070 10 cfs 10 cfs 10 cfs 10 cfs (Looking Downstream)

Oct 1 Nov 1 Feb 1 May 1, 5 Sep 30
Season of Year applies to riparian base flows only (shaded area). © Elev. 1002.3 ft.
; ALAMO DAM AND LAKE

Notes: 18-inch butterfly valve BILL WILLIAMS RIVER, COLORADO RIVER BASIN, ARIZONA
1. Top of dam diverts low flows WATER CONTROL MANUAL
2. Minimum elevation at which 7,000 cfs can be released (3 gaes at 6.90 feet opening). 1 2 3 around Gate No. 3
3. Maximum outflow at elevation 1132 feet (3 gates at 6.80 feet opening). Elev. 990 ft
4. Riparian release shown in the shaded area that are above 10 cfs are maximum.

Smaller releases can be made with agreement by the Bill Williams River National Wildlife Refuge Manager.

(o)

. Riparian releases could be temporarily interrupted to allow inspection and/or maintenance. Compensatory releases

should be made to maintain the scheduled daily average release rate. Coordination with the resource agencies and
other interested parties should be made.

O oo ~N®

. Outlet Works only

. Refer to section 7-05 for a discussion of when to use Spillway Flow Transfer Option.
. Total flow (Spillway + Outlets)

. To arrive at recommended gate setting, use 3 gate changes, one per hour apart: 1.7, 3.4, 5.1, then 6.8 feet.

Alt outlet gates 5.5 ft Wx 85 ftH

When service gates are in use, butterfly valve is closed

RESERVOIR OPERATION
SCHEDULE

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

PLATE 7-02



DISCHARGE IN THOUSAND CFS
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TOTAL (72 HOURS) 12.0 INCHES
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3.5 INCHES
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Alamo Dam Risk Assessment Demostration Study - 2000

Average
Return
Interval

ARI (yr)

2
5

10

20

50

100

200

500

1000

2000

5000

10000
20000
50000
100000
200000
500000
1000000
10000000
1000000000

NOTES:

Annual
Exceedance
Probability
AEP (%)

50

20

10

5

2

1

0.5

0.2

0.1
0.05
0.02
0.01
0.005
0.002
0.001
0.0005
0.0002
0.0001
0.00001
0.0000001

Maximum
Reservoir
Stage
(feet)

1,116.0
1,134.0
1,145.0
1,155.0
1,169.0
1,182.0
1,196.0
1,210.0
1,219.0
1,228.0
1,237.0
1,243.0
1,249.0
1,254.5
1,259.0
1,262.0
1,266.0
1,268.5
1,274.0
1,281.3

Maximum
Reservoir
QOutflow
(cfs)

5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
5,000
7,000
12,526
21,311
33,391
45,510
53,560
68,188
85,596
157,107
282,142

RESERVOIR ELEVATION (FEET)

1,300.0

1,280.0

1,260.0

1,240.0

1,220.0

1,200.0

1,180.0

1,160.0

S/

1,140.0

1,120.0 p'y

1,100.0

1.E+00

1.E+01

1.E+02

1.E+03 1.E+04 1.E+05 1.E+06
1/ EXCEEDANCE PROBABILITY

1.E+07 1.E+08 1.E+09

- Maximum reservoir outflow is a combination of discharge through the dam outlet works,
spillway, and over or through the embankment (in the case of dambreak)

- Values assume no embankment failure regardless of extent of overtopping

- The period of record spans from 1929 to 1998.

ALAMO DAM AND LAKE
BILL WILLIAMS RIVER, COLORADO RIVER BASIN, ARIZONA
WATER CONTROL MANUAL

RESERVOIR STAGE FREQUENCY
AND OUTFLOW FREQUENCY
RELATIONSHIPS FOR
[CURRENT WATER CONTROL PLAN
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EXHIBIT A
STANDING INSTRUCTIONS TO THE PROJECT OPERATOR
FOR WATER CONTROL
ALAMO DAM

1. BACKGROUND AND RESPONSIBILITIES

1.01 Genera Information.

(1) Thisexhibit is prepared in accordance with instructions contained in
EM 1110-2-3600, paragraph 9-2, (Standing Instructions to Project Operators for Water
Control), and ER 1110-2-240. The exhibit pertains to the duties and responsibilities of
the Project Operator, in connection with the operation of Alamo Dam and the reporting of

required hydrologic data.

Operational instructions to the project operator are outlined with specific
emphasis on flood emergencies when communication facilities between the project
operator and the Reservoir Operation Center (ROC) have been disrupted. This exhibit is
designed to be used independently as a flood control guide or in conjunction with the rest
of the water control manual. To facilitate independent use of this exhibit, a chart required
for normal and emergency flood control operation of Alamo Dam isincluded. This chart
is shown on Plate A-01.

The project operator is required to have available at the dam site, this
exhibit and other manuals that complement these standing instructions. These manuals
are: The current year’s * Instructions for Reservoir Operations Center Personnel” (the
“Orange Book”) and the “Operation and Maintenance Manual for Alamo Dam”. Any
deviation from the Standing instructions will require the approval of the District

Commander.

A-1



(2) The authorized purposes of Alamo Dam and Lake are flood control,

water conservation, recreation, and fish and wildlife conservation.

(3) Reservoir operations at Alamo Dam and other Corps of Engineers
facilities are conducted by the Reservoir Regulation Unit of the Reservoir Regulation
Section of the Los Angeles District. Plate A-02 is an organizational chart depicting the
chain of command for the reservoir operation decisions.

(4) Alamo Dam islocated on the Bill Williams River, 39 miles upstream
from its confluence with the Colorado River at Lake Havasu. The dam is on the border
of the La Paz and Mohave Counties, Arizona, about 2.5 miles downstream from the
Alamo Crossing (Refer to Plate 2-01 in the Water Control Manual). Main accessis from
the town of Wenden, on U.S. Highway 60, approximately 36 miles south of the reservoir.
The geographic coordinates of the dam are 34°13'55”N latitude and 113°36' 29" W

longitude.

Alamo Dam is a zoned earthfill embankment structure with a detached
spillway located in the right abutment. The outlet works, located near the left abutment
of the dam, consist of a concrete-lined tunnel 12 feet in diameter, and 3 pairs of dide

gatesinstalled in tandem.

(5) Mgor constraints and issues concerning operation of Alamo Dam are
1) downstream streambed crossing inundation, and 2) hydrogen-sulfide in the outlet

works gate chamber.

(6) Alamo Dam is owned, operated, and maintained by the U.S. Army
Corps of Engineers, Los Angeles District, which has complete regulatory responsibility.



Exhibit A

1.02 Role of the project Operator.

(1) Normal Conditions (Dependent Day-to-Day Instructions).

The Project Operator (dam tender) will be directed by the Reservoir
Operations Center (ROC), as necessary, for water control actions under normal
hydrometeorological conditions. The Project Operator is responsible for the project
works to ensure that all the equipment isin good operating condition, and that the gates
and electrical facilitiesin the control house are periodically inspected and tested
according to the pre-established schedule.

(2) Emergency Conditions (Flood or Drought).

The Project Operator will be directed by the ROC for water control actions
during flood events and other emergency conditions. The Project Operator

responsibilities are:

1) Be present at the Dam when rainfall or runoff occurs, as

instructed by the Operations Branch.

2) Operate the gates in accordance with instruction from the ROC.

3) Notify the ROC when a gate change will be required according
to Plate A-01, Alamo Dam Reservoir Regulation Schedule.

4) Notify the ROC if unable to set the gates as instructed.
5) Follow the Water Control Diagram provided in Plate A-01 in
this exhibit during any period of extended communication (longer

than 24 hours) disruption. During short-term communication (less

than 24 hours) disruptions, follow the most recent instructions

A-3



from the ROC. Make every possible effort to re-establish
communications with the ROC before undertaking any

independent action.

6) Assist engineers dispatched by the ROC during flood

emergencies in every way possible.

7) Maintain routine records such as water surface elevation,
outflow gate heights, precipitation amounts, gate openings, and a

daily log on prescribed forms.
8) Notify local authorities and interested agencies of anticipated
releases from the reservoir when instructed to do so by the ROC or

if communications are interrupted.

9) Obtain hydrologic and hydraulic data from other agencies upon
request of the ROC.

A-4



Exhibit A

2. DATA COLLECTION AND REPORTING.

2.01 Norma Conditions.

During normal operations, the following items are recorded by the Project
Operator on adaily basis: reservoir water surface elevation (both staff and tape
readings), the gage height from USGS Gage No. 09426000 (both staff and tape readings),
incremental precipitation, the hook gage reading (used to compute reservoir evaporation),
gate settings, flow through the 18-inch low flow valve, and current, minimum and

maximum daily evaporation pan temperatures.

The Project Operator maintains the record of measurements and logs all
radio and telephone communication on the following forms: Flood Control Basin
Operation Report (SPL 19) prepared by each Project Operator; Rainfall Record (SPL
31) from manual glass readings of glass tube rain gages; and Record of Calls (SPL 188)
for both radio and telephone communiqués. Examples of these forms are shown on

Figures A-1, A-2, and A-3, respectively.

2.02 Emergency Conditions.

During flood operations the Project Operator should follow instructions, as
issued by the ROC. Measurements of the reservoir water surface and USGS gage

readings may be required at a specified timeinterval.

When reporting to the ROC, the Project Operator should clearly describe
any wave action on the reservoir water surface, and any silt and debris situation at the
downstream gage. When instruments are not working or are stuck in silt, the Project
Operator should not report the erroneous reading, but should rather state the instrument or
staff problem.

2.03 Regional Hydrometeorological Conditions.
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The Project Operator will be informed by the ROC of regional
hydrometeorological conditions that may impact the project.

A-6



Exhibit A

3. WATER CONTROL ACTION AND REPORTING.

3.01 Norma Conditions.

During normal hydrometeorological conditions, the Project Operator will
be instructed by the ROC for the appropriate water control action. The Project Operator
should:

(1) Establish communication with the ROC.
(2) Implement instructions.
(3) Notify the ROC on the status of the water control action.

The Project Operator may not independently implement any gate change,
even if the change will have no effect on the reservoir operation. The Project Operator
may request gate-setting changes (e.g. for purposes of maintenance), however, they need

to be approved in advance by the ROC.

3.02 Emergency Conditions.

During emergency conditions, the Project Operator will be instructed by
the ROC to take the necessary water control action. During flood conditions, the Project
Operator will be instructed by the ROC for upcoming gate changes. The Project
Operator should:

(1) Establish communication with the ROC.

(2) Implement the instructions.

(3) Notify the ROC on the status of the water control action.
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(4) If communications are disrupted between the ROC and the
Project Operator, the Project Operator must follow the procedures in step 5) of Section
1.02(2) within this Exhibit.

3.03 Inquiries.

All significant inquiries received by the Project Operator from citizens,
constituents or interested groups regarding water control procedures or actions must be

referred directly to the ROC, without attempting to answer such inquiries.

3.04 Water Control Problems.

The ROC must be contacted immediately by the most rapid means
available in the event that an operational malfunction, erosion, or other incident occurs

that could impact project integrity, in general, or water control capability, in particular.

Emergency departures from the regulation instructions issued by the ROC
may be required, because of water control equipment failures, accidents, or other
emergencies requiring immediate action. Under these situations, the Project Operator
should contact the ROC viaradio or telephone for instructions. When communications
are broken, or the situation demands immediate action, the Project Operator may proceed
independently. The ROC should be notified of such action as soon as possible. All other
non-emergency deviations from procedures covered by this water control manual must be
approved in advance by the Division Engineer, South Pacific Division, U.S. Army Corps

of Engineers.

The Project Operator should immediately aert the ROC whenever a
requested gate change cannot be fully implemented due to mechanical or physical
problems. The ROC will evaluate the problem and provide further instructions to the

Project Operator.
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3.05 Communication Outage.

The ROC maintains close contact with the Project Operator at Alamo
Dam. During flood periods, communication between the Project Operator and ROC may
break down. The project Operator should try to re-establish communication through the

radio network or by any other means available.

If the Project Operator is unsuccessful in re-establishing communications
with the ROC, the Project Operator should not make any changes in gate settings for 24

hours, should the communication outage last that length of time, or longer.

Emergency notifications are normally made by the ROC. However, if the
Project Operator loses communication with the ROC and an emergency notification
situation arises, such as an imminent dam failure or spillway flow, the Project Operator
should make the necessary notifications, if possible. The emergency evacuation
notification list is contained in the “Instructions for Reservoir Operations Center
Personnel” (the “Orange Book™). The notifications should include:

(1) description of the type and extent of existing or impending

emergency.

(2) advisement for evacuation from the flood plain.

(3) information on the time of initia release of hazardous amounts

of water.

(4) the reservoir water surface elevation

(5) the project Operator’ s name and tel ephone number.



Upon completing the above notifications, attempt to re-establish
communications with the ROC. Document al notifications made, and refer to the
“Orange Book” for more information on additional emergency notifications. The Project
Operator should be not leave the dam unless hisher safety isin jeopardy. The Project
Operator’s safety is presumed to bein jeopardy if the reservoir water surface elevation
rises above 1259.6 feet.
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RAINFALL RECORD

STATION O HOURLY O DAILY DATE
HR DAY I;—II—Z’\AAgIﬁE REGA/-\DGIIEIG %c%il\f SFS‘I'SEL’\‘ OBSERVER (SNovs,EyE?AR; ETC)
0000 1
0100 2
0200 3
0300 4
0400 5
0500 6
0600 7
0700 8
0800 9
0900 10
1000 11
1100 12
1200 13
1300 14
1400 15
1500 16
1600 17
1700 18
1800 19
1900 20
2000 21
2100 22
2200 23
2300 24
2400 25

26
27
28
29
30
31
TOTAL
SpL FORME 31 FIGURE A-2

OCT 66




RECORD OF CALLS O Radio O Telephone Date
Check
From To Repeatable Message or Remarks
Loca calls
Time | person and/or Call | Telephone and Person and/or Telephone and
Sign City Call Sign City

*Reportable telephone calls include collect calls, charge calls and long distance calls that can not be dialed without a code number.
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Release Schedule

Maximum Rate of Release Increase

Release Range (cfs)

Rate of Increase (cfs/hr)

AWON -

)]

Use Non-Spillway Flow Transfer Option

Lake Water Surface  |Spillway Discharge ["5fiet Works Total Discharge  |Recommended
Elevation (ft, NGVD) (cfs) Discharge (cfs) (cfs) Gate Setting (ft)
1250 - 1265' 15,625 - 56,000 9,198 24,604 - 65,198 6.8
1244.3 - 1250 7.000 - 15,625 8,979 15,899 - 24,604 6.8
1244.3 7,000 8,874 15,899 6.8
1244 6.650 8,869 15,519 6.8
1243 5,400 8,850 14,250 6.8
1942 4350 8,832 13,182 6.8
1241 3.300 8,814 12,114 6.8
1240 2,500 8,795 11,295 6.8
1239 1,700 8,779 10,479 6.8
1238 1,200 8,763 9,963 6.8
1237 700 8,747 9,447 6.8
1236 350 8,731 9,081 6.8
1235 (Spillway crest) 0 8,715 8,715 68

Discharge (cfs) g:;ic:]n;r?fgnded Cate
1148.4% - 1235 7,000 6.80 - 5.0 (3 gates)
1132.-1148.4 6,6213 - 7,000 6.80 (3 gates)
1131-1132 6,000 5.75 (3 gates)
1130 - 1131 5,000 4.65 (3 gates)
1129 - 1130 4,000 3.65 (3 gates)
1128 - 1129 3,000 2.70 (3 gates)
1127 - 1128 2,000 1.75 (3 gates)
1126 - 1127 1,000 1.30 (2 gates)
1125- 1126 Transition up to 1,000 cfs 0-13 (2 gates)
1100 - 1125 * 40 cfs 25 cfs 40 cfs 50 cfs
1070 -1100 * 15 cfs 10 cfs 25 cfs 25 cfs
990 - 1070 10 cfs 10 cfs 10 cfs 10 cfs

Oct 1 Nov 1 Feb 1 May 1 Oct 1

Season of Year applies to riparian base flows only (shaded area). “°

0-500 250
500 - 1,000 500
1,000 - 3,000 1,000
3,000 - 7,000 2,000
Notes:
. Top of dam.

OUTLET WORKS DIAGRAM
(Looking Downstream)

Elev. 1002.3 ft.
S)

18-inch butterfly valve
diverts low flows
around Gate No. 3

Elev. 990 ft

All outlet gates 5.5 ft Wx 85 ftH

‘When service gates are in use, butterfly valve is closed

. Minimum elevation at which 7,000 cfs can be released (3 gates at 6.80 feet opening).
. Maximum outflow at elevation 1132 feet (3 gates at 6.80 feet opening).
. Riparian release shown in shaded area that are above 10 cfs are maximum.

Smaller releases can be made with agreement by the Bill Williams River National Wildlife Refuge Manager.

. Riparian releases could be temporarily interrupted to allow inspection and/or maintenance. Compensatory releases

should be made to maintain the scheduled daily average release rate. Coordination with the resource agencies and
other interested parties should be made.

General Notes:

1. Project Operator is to maintain the last gate settings provided by the Reservoir Operations Center (ROC) for a period of

24 hours following loss of communication with the ROC. If Project Operator is unable to reestablish communication
with the ROC for 24 hours, then the Project Operator shall use this reservoir operation schedule for project gate settings.

2. When reservoir water surface exceeds elevation 1259.6 feet, Project Operators are to leave dam for their safety.

ALAMO DAM AND LAKE
BILL WILLIAMS RIVER, COLORADO RIVER BASIN, ARIZONA
WATER CONTROL MANUAL

RESERVOIR OPERATION
SCHEDULE

(DURING LOSS OF COMMUNICATION
BETWEEN ROC AND DAMTENDER)

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

PLATE A-01




U.S. Army Corps of Engineers
Los Angeles District

Phone (213) 452-3961
Pager (213) 391-2087

District Engineer

Water Control Decisions

Operations and Maintenance
Decisions

Chief, Engineering Division
(213) 452-3629

Chief, Construction-Operations
Division
(213) 452-3349

Chief, Hydrology and
Hydraulics Branch
(213) 452-3525

Chief, Operations Branch
(213) 452-3385

Chief, Reservoir Regulation Section Chief, Operations and Maintenance

(213) 452-3527

Section
(626) 401-4008

Chief, Reservoir Regulation Unit Dam Tender Foreman

(213) 452-3530

(626) 401-4006

Dam Tender
Radio Call Sign
WUK 437

ALAMO DAM AND LAKE
BILL WILLIAMS RIVER, COLORADO RIVER BASIN, ARIZONA
WATER CONTROL MANUAL

CHAIN OF COMMAND FOR
RESERVOIR OPERATION
DECISIONS
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EXHIBIT B.

PERTINENT DATA FOR OTHER DAMS
AFFECTING ALAMO DAM AND LAKE OPERATION



EXHIBIT B

HOOVER DAM AND LAKE MEAD
COLORADO RIVER

PERTINENT DATA

COLORADO RIVER DRAINAGE AREAS REPRESENTATIVE STREAMFLOWS AND VOLUMES
Drainage Aress {sq mi)' AT HOOVER DAM
Location Total Incremental Mean Annual Naturat Runotf (1906-80) . .....15,135,000 ac-ft

Maximum Mean Daily Recorded Inflow! .
f:";f,',','.;”" Dam :g;;:g 300 Standard Project Ran Flood ’
Hoover Dam 167.740 59,700 Maximum Mean Datly Inflow. .
Davis Dam 169.340 1,600 Total Volume .1.079,000 ac-ft
Parker Dam 178,740 9.400 Probable Maximum Rain Fiood
jmperial Dam 184,540 5.800 Maximum Mean Daily Inflow. ......194.600 cfs
Southerly Total Volumg

International Boundary 242.740 58,200 Probable Maximum Snowmelt Flood
Maximum Month

Notes: Total Volume, Jan-Aug ...

1. USGS Water Resources Data less 3,959 square miles in Great

Divide Basin. NOTES:

2. Compact Point 'Colorado River near Grand Canyon, June 19, 1921.

DESCRIPTIVE DATA

DAM OUTLETS AND POWER PENSTOCKS
TP e e Concrete Gravity - Arch intakes
Crest Ek L1232 f Description Four towers, two near each abutment, one each for
Parapet Elevation .. L1236 ft river outlets and power penstocks.

Structural Height ..
Crest Length

Sill Elevations .. lower 895 ft
.upper 1045 f

.Two 32-f1 dia. gates in each tower

RIVER OUTLETS

Conduits Two 30-ft dia. steel conduits in concrete lined tunnels, one

SPILLWAY ¢
on each side’.

Description Two side-channel, gated spillways discharging through Valves Four 72-inch dia. needle valves on each conduit, sach with an
50-# dia. concrete lined tunnet through abutments, one emergency ring-follower type gate immediately upstream.
on each side. . Centerhine Elevation of Vaives (Nevada)....

Total Crast Length .......ooovrivieiiiiiciiieen e 800 ft {Anzona) ...

Gates
Description Four floating drum gates on each spillway activated by
Length, Eac:"mq flowt c_h.mws‘ 100 ft CANYON WALL OUTLETS
Maximum Height . 16 ft Condutt Two 30-ft dia. steel conduits in 37-ft dia. concrete lined
) tunnels, one through each abutment’.
Valves Two 84einch diameter needle valves on each penstock, each
w/an emergency ring-follower type gate immediately up-

POWERPLANT
stream.

Operating Head 440 10 590 ft Centerline Elevation of Valves ... ..B200
Number of Units errreererea e aee 19

Capacity (1980 Configuration) 1345 MW NOTES: " ‘

<t T j conc i :
Penstock wo 30-ft 9». stee! conduit through rete lined "30.% d'a. corduits used for both power penrt s snd = -or and
wnnals & - abutment,
cany o w2 rsleases.

AREA, STORAGE AND DISCHARGES & %™ I4L POOL ELEVATIONS

Storages {1000 ac-f1) Maximum Discharge (cfs)}
Below Maximum Canyon Spillway
Elevation Ares Total® ¥ ] Maxi Power Wall River Gates Gates
- Point {ft) (1000 ac)  Active Active Design Pool Plant* Outlets* Outlets* Up Down
Yop of Dam 1232 - — — _ — — - — -
Maximum Design Flood Pool 1229 162.7 27377 340 ] — 16000 28500 85000% 335000
Spillway Discharge @ 40,000 cfs

Channel Capacity 12269 162¢ 27037 ‘878 340 33500 16000 28400 40000 292000