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Top of dam. e e .ft., NGVD .
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Capacity, gross
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Top of dam . . acre-feet
Al | owance for sedi ment (50 year) . .acre-feet
Dam - Type . Lo -
Hei ght above ori gi nal strean‘oed ft
Top Length . . ft
Top width ft
Fr eeboar d e ft
Spillway: - Type . Lo
Crest Length . . Cft.
Desi gn surcharge . c.f.s.
Qutlets:
Uncontrol |l ed
Nunber and size . . . .. fto.
Entrance invert elevation . ft., NG/ .
Controll ed
Gates - type. .
Nunber and si ze. . . Lo ft
Entrance invert el evatr on . ft., NG/ .
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Nunber and si ze. ft
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Regul ated capacity at spillway crest . . . . ©c.f.s
St andard Project Flood:
Duration (inflow) . days .
Total volume . acre-feet
I nfl ow peak . c.f.s .
Qut fl ow peak . . . .c.f.s .
Maxi mum wat er surface eI evatl on . Lt
Probabl e Maxi mum Fl ood:
Duration (Inflow) . hours .
Total volume . .acre-feet
I nfl ow peak . c.f.s .
Qut fl ow peak . . . .c.f.s .
Maxi mum wat er surface eI evatl on . Lt
Hi storic Maxi nuns
Maxi mum mean hourly inflow . c.f.s .
Dat e . R
NBXlrrumreIease . c.f.s .
Dat e . L
Maxi mum st or age . acre-feet
Dat e . .o
Maxi mum wat er surface eI evatl on . Lt
Date . . .
Real Estate Taki ng L| ne:
By fee . .o .acres .
By easenents . .acres .

*Inch of runoff

**Top of parapet watt el evation 298.0 feet

Mar ch, 1942
Brea Creek
22

208.0
279.0
292.2
295. 0**

162.7
250. 2
272.8

4,008.5 (3.42%)
6,688.6 (5.70%)
7,420.2 (6.32%)
1,200 (1.02%)
Earthfill
87
1,765
20
5.8+

overfl ow concrete ogee
150
27, 000

Ungat ed,

Wx 2.5 H
251

2 - 3.0

Lift
Wx 8 H
208

Vertical
2 - 5

2 -5 Wx 38 H
484
3, 800

1, 500

2
8,260 (7.04%)
8, 000
5, 060
283. 2

12
8,200 (6. 99%)
37, 000
27, 000
292. 2

2,625
3-1-83
1, 440
3-1-83
1,073
3-1-83
252.0
3-1-83

236. 65
62. 08



DEPARTMENT OF THE ARMY

SOUTH PACIFIC DIVISION, CORPS OF ENGINEERS

630 Sansome Street,Room 720
San Francisco, California 94111-2206

REPLY TO
ATTENTION OF:

MAR2 0 o

CESPD-ED-W (1110-2-240b)

MEMORANDUM FORLCGEE;;;er, Los Angeles District
Commander, Sacramento District

SUBJECT: % Planned Deviations from Approved Water Control Plans

1. All planned deviations from approved water control plans for reservoir
projects within the South Pacific Division must be coordinated with the
Coastal Engineering and Water Management Division at CESPD. Approval must
be given prior to implementation of the deviation.

. 2. Emergency deviations do not require prior approval but coordination
must still be made as soon as is practical.

/

GER ANKQFPE
riga General, U.S. Army
Commanding -
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NOTICE TO USERS OF THISMANUAL

Regulations specify that thisWater Control Manud be published in loosdleaf form; and only those
sections, or partsthereof, requiring changeswill berevised and printed. Therefore, thiscopy should
be preserved in good condition so that inserts can be made in order to keep the manual current.

EMERGENCY REGULATION ASSISTANCE PROCEDURES

In the event that unusua conditions arise, contact can be made by telephone to the U.S. Army
Corps of Engineers, Los Angeles Didrict Office during officia business hours (0730-1600,
Monday through Friday), plus during non-duty periods of flood operations:

Reservoir Operation Center (213) 452-3623
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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
Corp of Engineers' publications:

EM 1110-2-3600, 30 November 1987: Management of Water Control Systems.

ETL 110-2-251, 14 March 1980: Guide for Preparing Water Control Manuals.

ER 1110-2-240, 8 October 1982: Engineering and Design, Water Control Management.

Brea Dam and Reservoir are operated for flood control purposes only. There are no water supply,
hydropower, or navigational purposes authorized at this time; therefore, no further mention of them will be

made in this manual.

1-02.  Purpose and Scope

This water control manual was prepared pursuant to requirements set forth in the Code of Federal
Regulations, Title 33, Part 208.11, subparagraph d-4, entitled, "Water Control Plan and Manual". This manual
contains (a) descriptive information pertaining to the drainage area and the project; (b) a description of the plan
of operation of Brea 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.

1-03. Related Manuals and Reports

Manuals and reports relevant to Brea Dam, Brea Reservoir, the drainage areas above and below Brea
Reservoir, and significant hydraulic structures relating to these drainage areas are listed on plate 1-01.

1-04.  Project Owner

Brea Dam and the reservoir lands behind the dam (frequently referred to as the Brea Flood Control Basin)
are owned by the Federal Government, or by others with Federal flood easements. (The Federal Government
owns 236.65 acres of basin land and has flood easements on 61.99 additional acres). The basin is under the
jurisdiction of the U.S. Army Corps of Engineers, Los Angeles District.

1-05. Operating Agencies

a. U.S. Army Corps of Engineers, Los Angeles District is responsible for the operation and maintenance
of the dam, reservoir (excluding recreational facilities), and intake and outlet works. The chain of command
for reservoir operations decisions is given in table 1-01.
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Table 1-01.
Chain of Command for Reservoir Regulation Decisions

Corps of Engineers
Los Angeles District

Title Office Phone Number
District Engineer (213) 894-5300
Water Control Decisions Operational and Maintenance
Title Phone: Title Phone:
Chief, Engineering (213) 452-3629 Chief, Construction- (213) 452-3350
Division operations Division
Chief, Hydrology & (213) 452-3525 Chief, Operations (213) 452-3385
Hydraulics Branch Branch
Chief, Reservoir (213) 452-3527 Chief, Operations & (213) 452-3387
Regulation Section Maintenance Section
Chief, Reservoir (213) 452-3530 Dam Tender Foreman (626) 401-4006
Regulation Unit
Brea Dam Tender Call ROC for the last number

b. The recreational features of Brea Reservoir are managed by the City of Fullerton.

c. The American Hostel Association, Inc. operates a hostel on 2.98 acres of land adjacent to the
downstream side of the dam. The land is leased from the Corps.

d. Orange County Environmental Management Agency (OCEMA) is responsible for the operation and
maintenance of the Brea Creek channel downstream from Brea Dam.

1-06. Regulating Agencies

a. The U.S. Army Corps of Engineers, Los Angeles - District is responsible for developing the water
control plan for Brea Dam and Reservoir.
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b. The City of Fullerton is responsible for regulating and administrating recreation programs and
facilities at Brea Reservoir. The City has a lease from the Corps for operation and maintenance of recreational
development.



Il - DESCRIPTION OF PROJECT

2-01.  Location

BreaDamislocated across BreaCreek, about 6 milesabovethe confluence of BreaCreek and Coyote Creek.
The dam, which lieswithin the city limits of Fullerton, is about 1/2 miles north of the intersection of Harbor
Boulevard and Brea Boulevard, and about 20 miles southeast of the civic center of Los Angeles. Thelocation
of the project is shown on plate 2-01.

2-02. Purpose

The primary purpose for which Brea Damwas constructed is flood control. Other uses and benefits of the
dam and reservoir, such as recreation are secondary. BreaDam regul atesflowson BreaCreek, andisdesigned
to provide protection from floods for the City of Fullerton and the adjacent, highly-developed, coastal plain
area

2-03. Physical Components

BreaDam consistsof an earthfilled embankment, with areinforced concrete spillway and outlet works. The
components of Brea Dam and Reservoir include:

a. Dam Thedamisazoned earthfill embankment with a crest length of 1,765 feet at an elevation of 295
feet, National Geodetic Vertical Datum (NGVD) . Thecrest width at thetop of thedamis 20 feet and the maximum
height above the original Brea Creek streambed is 87 feet. The upstream slope (Photo No. 2-01) varies from 1
on 3.3 at the top of thedam to 1 on 4 at the toe. The downstream slope (Photo No. 2-02) variesfrom 1 on 3 at
the top of the damto 1 on 4 at the toe. The upstream slope is paved with a 2-foot layer of graded rip-rap on a
12-inch gravel blanket (Photo No. 2-03) and the downstream slopeis protected with a 2-foot blanket of gravel.
The general plan and elevation of the dam is shown on plate 2-02. A 3 foot high parapet wall was added to the
damcrest in 1973 to account for afreeboard (wave runup and wind setup) deficiency. The deficiency did not
exist at the saddle dike.

b. Outlet Works. The outlet worksin the right abutment consist of (1) alined approach channel, (2) a
reinforced concreteintake structure (Photo No. 2-04), (3) outlet gates, (4) ungated outlets, (5) concreteconduits
through the dam, (6) a control house with service bridge, and (7) an outlet channel (see pl. 2-03).

(1) Thelined approach channel istrapezoidal in cross-section with abottomwidth of 25 feet and side
slopes of 1 on 2. Itislined with 12 inches of rock paving on a6-inch gravel blanket for alength of 100 feet, and
reinforced concrete for alength of 67 feet, including intake structure wing walls.

(2) Thereinforced concreteintake structureincludesan inlet channel transition section approximately

31 feet long and an intake tower 87.5 feet high. Trash racks are provided in the base of the intake tower The
intake tower provides access to the gate operating cable, sheave blocks and the outlet gates.
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(3) Theconcrete gate control house, located on top of theintake tower, is22 feet by 28 feet inside, and
17 feet high. The control house contains (i) the gate hoists and electrical controls, (ii) gate position indicators
and two Stevens Type F gate-opening recorders, (iii) StevensA71 and A35reservoir water stagerecorders, (iv)
a selsyn indicator connected with the downstream gauging station, (v) a glass-tube rain gauge, and (vi) a
remote terminal unit of the Los Angeles Telemetry System.

(4) Two caterpillar- type vertical lift gates, 5 feet wide by 8 feet high, are set in the base of the intake
tower at invert elevation 208 feet. The Southern California Edison Company supplies 440-volt power to the
motors on the two gate hoist assemblies. In case of commercial power failure, adiesel standby power unitis
available to supply 30 KW at 480 volts and 60 Hz. The gates may also be operated by hand crank in case of
motor failure. Under normal operating conditions the gates open or close at about one foot per minute.

(5) Two 3feet wide by 2.5 feet high ungated outlets equipped with trash racks, with entrance crests
at elevation 251 feet, are provided to prevent permanent storage abovethat elevation. A transition section with
level invert at elevation 208 feet extends approximately 27 feet downstream and mergestheflowsfrom the gated
and ungated outlets and directs them into the outlet conduits. Maximum outflow through one gated and one
ungated outlet islimited by the capacity of the outlet conduit.

(6) The concrete outlet conduit is double-barreled. Each barrel is5 feet wide by 8 feet high and is484
feet long, including an upstream transition section 58 feet long. From the end of the transition section to the
outlet portals, the slopeis0.00238. The maximum outl et capacity withthewater surfaceat spillway crest is 3,800
cubic feet per second (cfs). Discharges of gated and ungated outlets against el evation are given on plate 2-04
and plotted on plate 2-05.

(7) The outlet conduit discharges into arectangular concrete-lined outlet channel 12.5 feet wide and

425 feet long, with channel height ranging from 9 to 12 feet. A trapezoidal section 60 feet long, paved with
derrick stone, serves asatransition to Brea Creek Channel.

c. Spillway. The spillway is detached from the embankment and is located through the hill forming
the east abutment. It includes (1) a trapezoidal approach channel (Photo No. 2-05), (2) arectangular control
section, and (3) atrapezoidal exit channel (Photo No. 2-06). See plate 2-06. Spillway discharge versuselevation
islisted on plate 2-07 and plotted on plate 2-08.

(1) Thetrapezoidal approach channel is approximately 220 feet long with side slopesof 1 on 2 and a
bottomwidth of 150 feet. The first 180 feet of channel is unlined and the downstream 40 feet is lined with

reinforced concrete.

(2) The control section is formed by a concrete ogee 12 feet high and 150 feet long. The spillway
channel is 640 feet long and terminatesin aflip bucket with lip elevation 240 feet.
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(3) The spillway exit channel is approximately 325 feet long and 150 feet wide with side slopesof 1 on
2. Derrick-stone lining protects the first 50 feet of the exit channel.

(4) The spillway channel returns to Brea Creek Channel approximately 800 feet downstream from the
outlet works exit.

d. OutletWorks.  Theoutlet works(asshown on pl. 2-03) consist of both controlled and uncontrolled
intake conduits. The controlled intake conduit, whose invert elevation is 208 feet, housestwo 5 feet wide by
8feet high vertical lift gates. The uncontrolled intake conduit, whose invert elevation is 251 feet, consists of
two 3 feet wide by 2.5 feet high entrances. The uncontrolled and controlled structures join each other just
downstreamfrom their entrancesand form a484 feet long, 5 feet high by 8 feet wide conduit. Theconduitshave
amaximum capacity of 3,800 cfswith areservoir elevation at spillway crest.

e. SaddleDike. A saddledikeislocated about one mile upstream from thedam. The dike, with crest
elevation 295 feet, is approximately 640 feet long and 41 feet high. Details and plan views are shown on plate
2-09. The dike was constructed to protect the Union Pacific Railroad right-of-way that is located in the flood
control basin.

f. Reservoir. Thereservoir formed by BreaDam hasan areaand gross capacity at spillway crest (elev.
279 feet) of 162.7 acres and 4,009 acre-feet, respectively. At thetop of the dam (elev. 295 feet) the areais 272.8
acres and the capacity is 7,420 acre-feet. Thereal estatelimitsfor the BreaReservoir isshownon plate2-10. The
recreational development planisshown on plate 211. Plate 2-12 shows the storage all ocation diagram for Brea
Reservoir. Tabulation of areas and capacities is given on plate 2-13. Plate 2-14 shows the area and capacity
Ccurves.

2-04. Related Control Facilities

Brea Creek flows enter the San Gabriel River via Coyote Creek channel. The channel of Brea Creek, from
outlet of reservair to the confluence with Coyote Creek, isregulated primarily by Brea Dam.

2-05. Real Estate Acquisition

A total acreage of 298.7 acreswasacquired by the Federal Government withinthereservoir takingline. The
City of Fullerton has acquired 7.75 acres outside the reservoir taking line to supplement the acreage available
for recreation development. The boundaries of real estate are depicted on plate 2-11.

2-06.  Public Facilities

The public and private facilities within Brea Reservoir are comprised of golf courses, a stadium, picnic
areas, and tenniscourts. All recreation facilitiesat BreaDam recreational areas are operated and maintained by
the City of Fullerton. Pertinent elevations are given in table 2-01.
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Note:

Table2-01.
Elevations of Recreation and Other Facilities
Brea Reservoir. Fullerton. California

L owest
Elevation

Fecility

Fullerton Municipal Golf Course
Bastanchury Road

Qil Wells (Union Qil)

Tennis Courts

Children’s Center and Y.M.C.A. are not within the reservoir.

24

239

239
275

284



Photo No. 2-01. Upstream slope of dam (view toward southeast).

Photo No. 2-02. Downstream slope of dam, with outlet channel

in background (view toward south).

2-5



Photo No. 2.03. Brea Reservoir (view toward upstream).

Photo No. 2-04. Outlet works: approach channel and trash

rack (view toward downstream).
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Photo No. 2-05. Approach to spillway (view toward south).

Photo No. 2-06. Spillway outlet channel (view looking upstream)



111 - HISTORY OF PROJECT

3-0L Authorization

BreaDam, one of the units of theflood-control project for the San Gabriel River Basin and Orange County,
Cdlifornia, was constructed under authorization of the Flood Control Act of 22 June 1936 (as amended). The
Corps of Engineers is responsible for the operation and maintenance of the project. Section 5 of the
aforementioned act authorizes construction of Brea Dam under the following paragraphs:

LOS ANGELESAND SAN GABRIEL RIVERS, CALIFORNIA

Construction of reservoirs and principal flood channelsin accordance with plansto
be approved by the Chief of Engineers on recommendation of the Board of Engineersfor
Rivers and Harbors at an estimated construction cost not to exceed $70,000,000; estimated
costs of lands and damages, $5,000,000.

SANTA ANA RIVER, CALIFORNIA

Construction of reservoirs and related flood-control works for protection of
metropolitan areain Orange County, California, in accordance with plans to be approved
by the Chief of Engineers on recommendation of the Board of Engineersfor River and
Harbors, at an estimated construction cost not to exceed $13,000,000; estimated costs of
lands and damages, $3,500,000.

3-02. Planning and Design

The flood of 1916 and the agricultural growth of Orange County in the 1920's gave rise to the need for
improved flood protection on the County's coastal plain, and for development of a system to replenish the
groundwater that was being used at an ever increasing rate. The Orange County Flood Control District
envisioned a plan that would address both of these issues, and outlined it in their 1929 report, "The Control
of Floods and Conservation of Water".

The original plan for the Brea Creek watershed was to construct a storage dam on each of the two forks
of Brea Creek. A dam on each of the forks was necessary because a single dam on Brea Creek below the
confluence of the forks would have inundated nearby oil fields. Stored water was to have been released
downstreamand diverted, bel ow theconfluence, intothe Fullerton Creek watershed and stored behind Fullerton
Dam. Releases from Fullerton Dam would then be transmitted to Carbon Canyon Creek via a conduit and
subsequently released into the Santa Ana River with the intent of recharging the groundwater aguifer.

It appears that Orange County originally submitted a report on the overall Santa AnaRiver Basin and
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Orange County project and applied for agrant under the Federal Emergency Relief Appropriation Act of 1935.
The project was later authorized under the Flood Control Act of 22 June 1936 (as amended).

The Flood Control Act did not authorize any storage for water conservation; therefore Brea Dam was
constructed for flood control only. The present dam site was chosen because agreater amount of flood water
could be impounded than at the sites proposed by the county. A hydrologic study for Brea Creek was
performed in November 1939, and the analysis of design for Brea Dam was accomplished based on the derived
hydrologic information in February 1940 (Ref. 1939 Hydrology in the Brea Creek Drainage Area, and 1940
Analysis of Design listed on pl. 1-01). The Dam was named Brea because of itslocation.

3-03. Construction

Construction of Brea Dam was started in July 1940 and completed in March 1942. The cost of the project,
which was financed by Federal funds, was $1,417,815.

3-04. Related Projects

The other components of the flood control system related to Brea Dam are Fullerton Dam and Carbon
Canyon Dam. These facilities are discussed in section 4-11 of this manual. All three facilities are operated
independently of each other. Their operation only influences flow conditions in their immediate downstream
areas.

3-05. Modification To Regulations

At the time of construction of BreaDamin 1942, acapacity of 1,330 cfsfor thedownstream channel of Brea
Creek was adopted as the regulated outflow from the dam. M odificationsto the operating schedule sincethen
have been minor. Theoriginal designwater control plan for BreaFlood Control Basinispresented in thereport,
"Brea Creek Improvement, BreaDam, Analysisof Design," dated February 1940. The plan established adebris
pool by keeping both gates closed until the sill; of theungated outletswasreached at water surfaceelevation
251.0 feet. Above this elevation, the gates were operated to maintain outflow equal to inflow to a maximum
discharge of 1,330 cfs. With increasing flow, the gates were operated to maintain a constant outflow of 1,330
cfs, including discharge through the ungated openings. During falling stages, the maximum outflow of 1,330
cfs was maintained until the water surface receded to elevation 251.0 feet. Below this elevation, water was
released at anon-damaging rate. This plan wasin effect until 1970.

A water control plan, adopted in 1970, had both gatesinitially open onefoot to passsmall flows. Thegates
were operated to increase the outflow to approximately 1,330 cfs at water surface elevation 232.0 feet, and to
maintain this outflow to spillway crest (elev. 279.0 ft.). Above spillway crest, the gates were gradually closed,
transferring flow to the spillway. During falling stages, the reverse schedule wasfollowed. In 1970, amaximum
discharge of 1,400 cfs was adopted to regulate the outflows, and in 1982, the gate opening for theinitial stage
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was changed from 1.0 to 3.5 feet. This plan will be referred to as the "Previous Plan" in the remainder of this
manual .

The current water control plan adopts 1,500 cfs as the limiting release for reservoir elevations up to the
spillway crest. Thislimiting releaseis consi stent with the downstream channel capacitieswhich vary from 1,500

cfs (for the unlined channel near Hillcrest Park) to 11,000 cfs.

3-06. Principal Regulating Problems

There have been no major problemsin the regulation of Brea Dam since construction was completed in
1942. The dam has never spilled; there have never been any structural deficiencies or major hydraulic
malfunctions.

Thetrash rack at the entrance to the intake structure occasionally becomes clogged from excess debris
accumulation (Photo No. 3-01); periodic maintenanceisnecessary to removethe accumul ated trash and debris.
As much as 8 feet of sediment has been deposited at the intake structure as a result of storm runoff. The
sediment accumulation occasionally causes the digital recorder float to become stuck. The float eventually
becomes dislodged when the buoyant force caused by increasing reservoir head becomes great enough to do
so0. Theresult, however, is an erroneous jump in the digital reading.

Photograph 3-02 shows sediment deposition at Basque Avenueinthechannel downstreamfromBreaDam.
Debris and sediment accumulation occurred at Basgue Avenue in 1980. Although the accumulation was
significant, peak flows were contained within the channel. During the flood of 1983, flows briefly overtopped
the channel just upstream of Basgque Avenue. Reduced channel capacity due to sediment accumulation was
the probabl e cause of the breakout. Removal of such accumulation is the responsibility of OCEMA.

An oil spill occurred within the Brea Creek basin several miles upstream of the dam in January, 1983. A
constant reservoir water surface was maintained to aid in the clean up of the oil from reservoir lands. A minimal
amount of oil passed the dam and ultimately reached the ocean. The spill, which was cleaned up shortly
thereafter, was considered insignificant by the Regional Water Quality Control Board and the Environmental
Protection Agency.
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IV - WATERSHED CHARACTERISTICS

4-01. General Characteristics

The drainage area of Brea Creek and its tributaries above BreaDam is 22.0 square miles. Thewatershedis
13 mileslong and has an average width of 1.8 miles. The arealiesentirely in the Puente Hills drainage system.
Elevationsin the drainage area vary from 205 feet at BreaDamto about 1,300 feet along the crest of the Puente
Hills.

BreaCreek isformed 5 miles above the dam at the confluence of Brea Canyon and Tonner Canyon Creeks,
which have tributary areas of 6.5 and 11.8 square miles, respectively. Brea Creek then flows generally
southwesterly into BreaReservoir, through anareaof 3.7 squaremilesimmediately tributary to BreaDam. Below
thedam, Brea Creek flows southward through the central businessdistrict of the City of Fullerton, whereit turns
westward to join Coyote Creek, atributary of San Gabriel River. The longestwatercourseinthedrainage area,
Tonner Canyon Creek, is 14.9 mileslong and the overall gradient is about 83 feet per mile.

4-02. Topography

Brea Creek drains a portion of the southern slopes of the Puente Hillsin north Orange County aswell as
amajor part of the Coyote Hillsin the City of Fullerton. The stream system originates near the border between
Los Angeles and San Bernardino Counties. The stream gradientsin the foothill and valley areas of Brea Creek
are about 100 and 40 feet per mile, respectively. Elevations range from about 1,300 feet in the headwater above
BreaDamto about 70 feet at the confluencewith Coyote Creek. Residential and commercial devel opmentsexist
aboveand below BreaDam, but devel opment abovethedam representsonly about 10 percentimperviouscover
while devel opment bel ow the dam represents about 30 percent imperviouscover. Thedrainage areaabove Brea
Damis 22.0 square miles and drainage area at the confluence with Coyote Creek is 33.5 square miles (including
drainage areaabovethe dam). Five watersheds contributeto local inflowsto the Brea Creek downstream of the
dam. Drainage areas of watershedsat concentration points CP-2 (Harbor Boulevard), CP-3 (Bastanchury Road),
and CP-4 (Union Pacific Railroad Overcrossing), shown on plate 4-01 are 2.44, 1.94, and 2.08 square miles,
respectively.

4-03. Geology and Soils

BreaDam islocated between the Coyote Hills on the upper (northeastern) edge of the Coastal Plain and
is about 4 miles southwest of the Whittier fault and the Puente Hills. The left abutment consists of Fernando
sediments whicharefairly well compacted but practically uncemented sands, silts, clay and gravel sinquantities
decreasing in the order given. The right abutment contains more silt and clay than the left abutment. The
abutments are practically impermeable, and the slight percolation characteristics, revealed by laboratory
analyses, are considered to be within reasonable limits.
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The Brea Creek drainage area has been divided into two district geological sections by the Whittier fault
which traverses the drainage areain anorth 65° west direction. The part of the Puente Hills lying on the north
raised side of the fault is known as the Puente fault block. About 19 square miles of the Brea Creek drainage
arealie on thisraised block. The upper structure of this area, known as the Puente formation, is made up of a
comparatively impervious indurate series of complexly folded and faulted sediments which have been divided
into three classifications. namely, alower shale, amiddle sandstone, and an upper shale. The most important
of these, hydrologically, are the lower shale and middle sandstone, as they outcrop over the entire upper
portion of the drainage area. The lower shale member consists of laminated white siliceous shales, clayey and
silty shales, fine arkosi c-sandstone beds, and a considerabl e thickness of sandstones. The middle member of
the Puenteformationisayellow sandstone, whichispoorly bedded, rather soft, and made up largely of angular
quartz grains.

Following the development of the Puente formation during the upper Miocene era, a period of
peneplanation took place, producing great thicknessesof Plioceneand lower Pleistocene sediments. Thisseries
comprises the Fernando group which, together with the older alluvium and recent alluvium of subsequent
periods, form the present surface materials of 4.4 square miles of the Brea Creek drainage area lying south of
the Whittier fault. The recent and older alluviums are the more important, since they are far more in evidence
at the surface than the Fernando group. Both of the alluvium groups are of continental origin and consist of
unconsolidated, poorly sorted clay, sand, and gravel.

The Puente Hills appear to be aremnant of a once-extensive upland surface, greatly dissected by
streams that headed north and east of the hills. The hills are now beheaded; their canyons occupied by
small misfit streams, (e.g., Breaand Tonner), that have greatly incised their broad canyon floors. During
much of late Pleistocene time, alluvial material accumulated to great thicknesses south of the Puente Hills,
overlapping the site of the Coyote Hills onto the central plain to the south. Asmuch as 2,000 feet of these
depositsistransected by erosion that breached the Coyote Hills during and after their uplift. Thiserosion
formed an extensive surface of low relief by late Quaternary time, then warped during uplift of the Coyote
Hills and dissected by such antecedent streams as Brea and Coyote Creeks. South of Coyote Hills, these
creeks have been sharply deflected by westward encroachment of the Santa Ana River alluvial fan and
southward encroachment of the San Gabriel River fan; the deflections occur in the area where the two fans
merge on the inland margin of the central plain.

Soils inthe drainage areaare sedimentsof thelate Tertiary period. Sedimentscomprising the hillsaremade
of sandstone, shales, and conglomeratesof the Puenteseries. Detritusresulting from-erosionisgenerally sands
and fine gravelsimpregnated with clay in the stream beds. The upper portion of the drainage area has alight
to medium cover of chaparral and native grasses.

The portion of the arealying north of the Whittier fault islargely composed of rough, broken, and stony
land which is nonagricultural. Small amounts of Yolo loam, Altamont clay loam, and Altamont loam are in
evidencein the troughs of Rodeo and LaBrea Canyons. In general, the areais highly impervious and capable
of producing high rates of runoff. The small portion of the Brea Creek drainage area below the Whittier fault
consists of avariety of soils of the Yolo, Ramona, Altamont, and small areas of the Hanford series. These are
moderately weathered, medium-textured secondary soils of high agricultural value.
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404,  Sediment

Sediment production within the drainage area above Brea Dam varies considerably according to terrain.
In the urbanized valley areas, production is at aminimum. In the steep and largely unurbanized mountain and
foothill areas, sediment productionis significant, particularly during periods of recurring heavy rains, and is
especially great after a severe brush or forest fire.

However, the observed rate of sediment accumulation in Brea Reservoir appears to be relatively minor.
Comparison of reservoir capacity at the sedimentation pool elevation of 251 feet indicates that between 1942
and 1964, the sediment trap rate was about 8 ac-ft per year. Theoriginal design sedimentation ratewas 24 ac-ft
per year.

4-05. Climate

The climate of the drainage area above BreaDam is generally temperate -subtropical and semi-arid, with
warm, dry summers and mild, moist winters.

a. Temperature. Average daily minimum/maximum temperatures (degrees Fahrenheit) range from
42/66 in winter to 59/90 in summer. All-time low/high extremes of temperature are about 22/113. The area does
not experience significant periods of freezing temperatures.

Plate4-02, reprinted from the National Weather Service publicationClimatography of the United StatesNo,

20 for the nearby Yorba Linda, California weather Station No. 9847, lists among other items the mean daily
maximum and minimum temperature and record highest and lowest temperature for each month of the year.

b. Precipitation. Normal annual precipitation in the drainage area above Brea Dam ranges from just
under 13 inches at the dam to just over 18 inches in the eastern Tonner Canyon area near the top of the
watershed, asisshown on plate 403. Thebasin averagenormal annual precipitation abovethedamisabout 17.3
inches. Based on the Orange County Environmental Management Agency (OCEMA) 1980-1981 Hydrologic
Data Report, the 40-year (1941-1980) mean annual precipitation below the dam is about 13.5 inches.

Table 4-01isasummary of mean, maximum, and minimum observed monthly precipitationfor BreaDam (Sta.
No. 1057) for the years 1948-1988, inclusive. Plate 4-02 shows the mean and maximum monthly and annual
precipitation, as well as the maximum daily precipitation for each month of the year, for nearby Y orba Linda.
Also listed on plate 4-02 are the probabilities (from 5 to 95 percent) for each month of the year that the monthly
total precipitation will beequal to or lessthan theindicated amounts. Thesetables show that there can be great
year-to-year variability in annual, monthly, and daily precipitation.
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Table4-01.
Monthly Mean. Maximum, and Minimum Observed
Precipitation at Brea Dam Station
1948 through 1988

PRECIPITATION (INCHES)

NO. OF YEARS
MONTH MAXIMUM YEAR MEAN MEDIAN MINIMUM AT*“0Q"
January 11.05 1969 314 234 0.00 3
February 884 1980 250 141 0.00 4
March 7.79 1983 216 139 0.00 3
April 411 1958 1.00 0.61 0.00 6
May 207 1977 0.15 0.04 0.00 16
June 0.32 1976 0.03 0.00 0.00 32
July 0.30 1968 0.02 0.00 0.00 3B
August 224 1977 0.09 0.00 0.00 30
September 258 1976 0.28 0.00 0.00 2
October 177 1983 0.32 0.04 0.00 18
November 6.73 1965 162 1.08 0.00 5
December 541 1971, 1984 167 135 0.00 4

Table 4-02 is a precipitation depth-duration-frequency tabulation for Brea Dam. This table shows the
computed point-val ue precipitation depths for durations of from 5 minutes to 24 hours, and for return periods
from 2 to 200 years. Data for this table were obtained from the State of California Department of Water
Resources publication, Rainfall Depth-Duration Frequency for California, revised November 1982. These
CaliforniaWater Resources data are almost the same magnitude as those obtained from the National Oceanic
and Atmospheric Administration publication, NOAA Atlas 2, for durations from 15 minutes to 6 hours. At
durationsof 12 and 24 hours, the NOAA Atlas2 dataare higher thanthe Californiadata, up to 23 percent higher
at 24 hours for the 100-year return period.
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Table 4-02.
Precipitation Depth-Duration-Frequency Table
for BreaDam States

Return Maximum Precipitation for Indicated Duration in Inches
Period in (M-Minutes; H-Hours)
Years M 10M 1M 3M IH 2+ 3H 6H o 244
2 15 23 29 .38 50 .68 83 118 61 207
5 22 34 43 .56 74 1.00 123 174 .38 3.06
10 26 42 53 .68 90 121 149 211 .88 371
20 31 48 61 .79 104 141 173 246 35 431
25 32 51 64 82 1.09 147 181 2.56 50 450
40 35 55 .69 .89 118 160 196 2.79 .80 4.89
50 .36 57 72 93 123 1.66 204 2.89 A 5.07
100 40 63 .80 103 136 184 2.26 321 37 5.63
200 44 .69 33 113 149 202 248 352 .80 6.17
Mean 16 25 32 42 55 75 91 130 177 2.28
Record Max. .34 49 .60 .73 1.02 145 170 250 359 540

Record Year 1952 1952 1952 1952 1974 1974 1974 1979 1979 1956

(1) General Winter Storms. Most precipitation in southern California coastal areas occursduring the
cool season, primarily from November through early April, asmid-latitude cyclonesfromthenorth Pacific Ocean
occasionally moveacrossthewest coast of the United Statesto bring precipitation to southern California. Most
of these storms are of the general winter type, with hours of light to moderate steady precipitation, but with
occasionally heavy showers or thunderstorms embedded. Although these storms frequently produce
significant snow above 6,000 feet, snowfall and snowmelt are insignificant in the Brea watershed.

(2)Local Thunderstorms. Local thunderstormscan occur in southern Californiaat any timeof theyear,
but are least common and least intense during the late spring. These types of storms occur fairly frequently in
the coastal areas during or just after general winter storms. They can also occur between early July and early
October, when desert thunderstorms occasionally drift westward across the mountains into coastal areas,
sometimes enhanced by moisture drifting northward from tropical storms off the west coast of Mexico. Local
thunderstorms can also occur throughout the fall, as upper-level low-pressure centers sometimes trigger
left-over summer moisture. These local thunderstorms can at times result in very heavy rain for short periods
of time over small areas, causing very rapid runoff from small drainage areas. The Brea Dam watershed is
especially vulnerable to thistype of storm.

(3) General Summer Storms. General summer storms in southern California are quite rare; but on
occasion a tropical storm from off the west coast of Mexico can drift far enough northward to bring rain,
occasionally heavy, to southern California, sometimeswith very heavy thunderstorms embedded. The season
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in whichthese stormsarethe most likely to significantly affect southern Californiaismid-August through early
October, although there have been some effectsin southern Californiafromtropical stormsasearly aslate June
and as late as early November.

On rare occasions, southern California has received light rain from non-tropical general summer storms,
some of which have exhibited some characteristics of general winter storms.

c. Evaporation. Few formal studies of evaporation have been made in Orange County, because Brea
Reservoir is normally dry, with any impoundments generally lasting less than a day, evaporation is not a
significant consideration at thissite. Studiesfrom nearby locationsindicatethat mean daily evaporation ranges
fromabout one-quarter inch in winter to about one-half inch in summer. On days of very strong, dry SantaAna
winds, evaporation can be considerably greater than one inch.

d. Wind.  Theprevailing wind in northern Orange County is the seabreeze. Thisgentle onshorewind
is normally strongest during late spring and summer afternoons, with speedsin the Fullerton-Y orbaLindaarea
normally 10 to 15 miles per hour.

The Santa Anaisadry desert wind that blows from out of the northeast, most frequently during late fall
and winter. It can beespecially strong bel ow the Santa AnaRiver Canyon (whereit receivesitsname), with peak
gusts to more than 70 miles per hour (mph) at times. This type of wind, which does not normally occur when
water isimpounded behind Brea Dam, can create very high fire hazards, but can also be instrumental in drying
asaturated watershed, thus reducing the flood potential.

Rainstorm-related winds are the next most common typein southern California. Windsfrom the southeast

ahead of an approaching storm average 20-30 mph, with occasional gusts to more than 40 mph. West to
northwest winds behind storms can sometimes exceed 35 mph, with higher gusts.

4-06. Storms and Floods

All of the mgjor inflowand impoundment eventsin the history of BreaDam have beentheresult of general
winter storms.

Prior to the construction of the dam, there were a number of major storms. Information compiled from
historical accounts, records of court cases, and statements of witnesses, indicated that large floods occurred
in 1811, 1815, 1822, 1825, 1832, 1851, 1852, 1859, 1860, 1862, and 1867 in adjacent basins. Availablerecordssince
1880 indicate that mediumto large general floods occurred in February 1891, March 1905, March 1906, January
1910, February 1911, February 1914, January 1916, December 1921, April 1926, February 1927, January 1934, and
March 1938. Thefloods of February-March 1884, December 1889, and March 1938 were outstanding i n adjacent
basins, and the flood of 1934 was large on some streamsin the general area. There was also a significant late
summer storm in September 1939; and shortly before Brea Dam was placed into operation, a heavy local
thunderstorm struck the watershed in March 1941.
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Since the dam was completed, there have been several major storms and inflows, including those of
January 1943, January and March 1952, January 1956, January and February 1969, December 1974, February
1978, February-March 1978, January 1979, January-February 1979, January and February 1980, and
February-March 1983.

Several of the more significant storms and floods are discussed further in section 8-02.

4-07. Runoff Characteristics

Little streamflow occurs except during and immediately after the heavier rains because drainage area
characteristics are not conducive to continuous runoff. Streamflow in the mountain areas above the dams
increases rapidly in response to effectiverainfall andis characterized by high peaks of short duration carrying
considerable debris. Streamflow in the valley subareas below the dam also increases rapidly in response to
effective rainfall (due to urbanized areas). Channel flow below the damis characterized by flows of relatively
long duration dueto controlled release by Brea Dam with occasional sharp peaks from contributing subareas.

Plate 4-04 lists historic monthly inflows (in ac-ft) to the Brea Reservoir from 1941 to 1985. Plate 4-05 lists
the annual maximum of inflows, outflow, storage, and elevation at Brea Dam.

Plate 4-06 shows the historical increase in effective impervious cover over the past 40 years. Effective
impervious cover isdefined asthat impervious cover which contributesto direct overland runoff to adrainage
basin outlet. Effective impervious cover forthe BreaCreek Basin was obtai ned from thetotal impervious cover
by using the relationship developed in the report entitled "L os Angeles County Drainage Area (LACDA)
Review, Los Angeles County, Part 1, Hydrology Report Base Conditions (Revised March 1989)". Plate 4-07
shows the relationship between total and effective impervious cover.

Plate4-08illustratesthe 10-year running mean of the historic annual peak flood plotted at the middle of the
10-years. The plot indicates a wet-dry-wet cyclic pattern over the past 40 years. The 10-year average annual
peak inflow is plotted against the corresponding percent impervious cover in Plate 4-09. |t shows an increase
in peak annual discharge with increase of percent impervious cover. Data prior to 1947 does not follow this
trend; this might be due to the cyclic behavior of peak discharge mentioned previously.

Plate4-10 showsplotsof running 10-year averagesof peak annual inflowstothe BreaDam and annual peak
hourly precipitation rates (in/hr) at Brea Dam station, for the available years of record. This plate also shows
running 10-year average total precipitation amounts (inches) of the storm during which peak inflow occurred
in each year of available record, and the change in percent impervious coverin thewatershed during 1947-78.
Plate4-10 showsgood correl ation betweenincreasesin peak inflowsandincreasesin percent imperviouscover;
however, no consistent trend is evident in the relationship between peak inflows and peak precipitation rates
or total storm precipitation at BreaDam. Observed increasesin peak inflowsare dueto, in addition to increased
urbanization in watershed, many other factors not readily quantifiable, e.g., antecedent precipitation, rainfall
intensity in the upper drainage areas of the Breaand Tonner Canyon Creeks, upstream channelization (if any),
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areal extent of storm, rainfall distribution (rather than peak rate or total amount only), soil moisture content and
its effect on infiltration rate, change in vegetation cover, etc.

Historical monthly and annual rainfall data at Brea Station are listed on plate 4-11. Plate 4-12 showsaplot
of annual inflow to Brea Dam versus annual precipitation at Brea Dam for the period 1949-88. Annual
rainfall-runoff relations are plotted separately for the three periods 1949-60, 1961-79 and 1980-88; this
comparison indicates a significant change in rainfall-runoff relation after 1960. A given volume of annual
precipitation occurring during the period 1961-1979 resulted in 3 to 4 times more runoff than that by the same
amount of annual rainfall occurring during the 1949-1960 period. The same volume of annual precipitation
resulted in 7 to 13 times more runoff than that occurring during the 1949-1960 period. Although peak annual
inflows depend on many additional factors not reflected in annual rainfall-runoff relation, adefinite changein
watershed characteristics (after 1960) isindicated by thisplot (pl. 4-12), and thisisin conformity with thetrend
in peak annual inflows shown on plate 4-08.

Unit hydrograph valuesfor the drainage area upstream of the BreaDam are given on plate4-13 and plotted
on plate 4-14. This unit hydrograph was obtained by combining three separate unit hydrographs for
sub-watershed areas: A (3.7 sg. mi.), B (6.5 sg. mi.), and C (11.8 sg. mi.) upstream of the Brea Dam. These
hydrographs were derived using average Fullerton-San Jose S-Graph. Unit hydrographs for subareas B and C
were added and routed, and then added with unit hydrograph for subarea A to get the combined unit
hydrograph for the total upstream drainage area of 22 square miles. Because of this combination and routing
process involved, the combined unit hydrograph shows doubl e peaks as indicated on plate 4-14.

4-08. Water Quality

BecauseBreaReservoir isstrictly aflood-control project that rarely impoundswater for morethan 24 hours,
it hasno appreciabl e effect onwater quality. The nature of urban storm runoff entering thereservoirisgenerally
of poor quality. Routine base flow (usually lessthan 10 cfs) istypically highin salinity content, whereas storm
runoff isgenerally low in salinity content.

4-09.  Channel and Floodway Characteristics

The system diagram which shows the channel capacities and configurations and flood wave travel time
is shown on plate 4-01. The channel immediately below Brea Dam is a concrete rectangular channel with a
capacity of 2,200 cfs (Photo No. 4-01). (Outflow from Brea Dam is limited to 1,500-cfs). The channel then
transitions to a concrete box channel with a capacity of 2,000 cfs before turning into an unlined channel at
Hillcrest Park (Photo No. 4-02). The channel transitions from the unlined section to a trapezoidal concrete
section and then to rectangular to box to trapezoidal concrete sections with capacity ranging from 2,200 cfs
upstream to 3,000 cfs downstream. The channel transitionsto arectangular concrete section with a capacity
of 11,000 cfs between the Union Pacific Railroad over-crossing and Dale Street (Photo No. 4-03).
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The channel then constricts to an unlined section near Dale Street where the capacity is only 3,500 cfs.
Further downstream, the channel transitionsto atrapezoidal concrete section with capacity of 4,900 cfs (Photo
No. 4-04), then transitions again to an unlined channel with capacity of 4,000 cfs before emptying into Coyote
Creek approximately 6 miles below Brea Dam (Photo No. 4-06). The Coyote Creek channel, immediately
downstream of the confluence with Brea Creek, is a concreterectangular channel with acapacity of 21,500 cfs.

The streambed profile of Brea Creek from its confluence with Coyote Creek to downstream of the dam is
shown on plate 4-15.

4-10. Upstream Structures

There are no hydraulic structuresin the watershed upstream of Brea Dam that affect the operation of Brea
Dam.

4-11. Related Structures

a Fullerton Dam. This dam is constructed on Fullerton Creek, 10 miles above its confluence with
Coyote Creek (asshown onpl. 2-01). Fullerton Damisowned, operated, and maintained by theU.S. Army Corps
of Engineers, Los Angeles District.

Fullerton Dam was completed May 1941. The flood storage capacity at spillway crest is 764 acrefeet. It is
an earthfill dam, 46 feet high, with atop elevation of 307.0 feet. The spillway is detached with an ogee crest at
elevation 290.0 feet and a crest length of 40 feet. The outlet worksis through the right abutment and consists
of agated 4-feet wide by 6-feet high conduit, 346 feet long.

b. Carbon Canyon Dam. Carbon Canyon Dam, owned and operated by the U.S. Army Corps of
Engineers, Los Angeles District, isamajor flood control structure on Carbon Creek 4 miles east of the City of
the Brea and approximately 12 miles north of the City of Santa Ana. The dam has 6,114 acft of flood storage
capacity at the spillway crest elevation of 475 feet. Numerous flood retarding basins exist along Carbon Creek
below Carbon Canyon Dam which have potential to reduce peak floodflowsinthe main channel. Thesebasins
are Miller, Placentia, Raymond, and Gilbert Basins, in downstream order.

c. Whittier NarrowsDam.  This unique flood-control facility was built by the U.S. Army Corps of

Engineers at the narrows of the San Gabriel River and Rio Hondo in Los Angeles County, just north of Pico
Rivera. Thefacility is owned, operated, and maintained by the Corps of Engineers, Los Angeles District.
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This dam has the capability of diverting San Gabriel River inflow westward for discharge into Rio Hondo.
During moderate and high reservoir impoundment behind the dam, the waters from the two rivers combine
within the reservoir, and can be let out into either of the two downstream channels. Thus a major portion of,
and at timesthetotal inflow from the entire upper San Gabriel River drainages can be passed into the lower Rio
Hondo, and ultimately into the lower Los Angeles River. During significant flows, however, the outflow from
Whittier Narrows Dam is normally discharged into both the Rio Hondo and the San Gabriel River.

4-12.  Economic Data

a.  Population. Orange County has been one of the fastest growing areasin the country since the end
of World War Il. Thewatershed for BreaDam liesin the Cities of Fullerton and Brea and continues up into the
Puente and Chino Hills with the far northern part in Los Angeles County. Most of the downstream area is
located in Fullertonwith thefar western partinthe City of BuenaPark. The population estimatesbel ow arefrom
the State of California, Department of Finance, Population Research Unit, and are as of January 1984:

Fullerton 106,900
Brea 31,850
Buena Park 65,100

b. Agriculture. Thewatershed aboveand downstream below thedamwasonce primarily anagricultural
area. Thepostwar erahasbrought increasing urbanization to theareawhich hasvirtually replaced all agriculture
except for asmall amount of commercia agriculture in the far downstream area.

c. Industry.  Theexplosive growth in population has been accompanied by corresponding growth
inindustry and commerce. Thereareoil fieldsinthewatershed and somelight industry inthe downstream areas
with Hunt-Wesson Foods and Hughes Aircraft as the largest facilities. Both the upstream and downstream
areas have numerous residential developments. There are afew business parksin both areas.

d. Flood Damages. Since completion of the project, flood damages prevented through fiscal year 1984
are estimated to be $13,860,000. Stage-damage curves for Brea Creek could not be calculated because the
necessary overflow information was not available. Estimated damages on Brea Creek for some of the historic
floods are listed in table 4-03. Most of these damages were due to channel erosion in the unlined Brea Creek
channel downstream from the dam.
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Table4-03.

Flood Damages on Brea Creek

FElood Estimated Damage
27 February-3 March, 1938* $31,000
19-27 January, 1969* $41,000
21-26 February, 1969* $34,000
28 February-6 March, 1978** $13540
13-18 February, 1980** $10,580
27 February-3 March, 1983+ $13,790

*DataSource:  Reservoir Regulation Manual for Brea Flood-Control Reservoir, U.S. Army Corps of
Engineers, Los Angeles District, June 1970.

**Data Source: Federal Disaster Assistance Administration.

+DataSource:  Federal Emergency Management Agency.
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Photo No. 4-01. Brea Dam rectangular concrete outlet channel

(view toward upstream).

Photo No. 4-02. Unlined earth channel at Hillcrest Park

(view toward upstream from Valley View Drive).



Photo No. 4-03. Rectangular concrete channel with 11,000 cfs

capacity (view toward upstream from Gilbert Street).

Photo No. 4-04. Trapezoidal concrete channel with 4,900 cfs

capacity (view toward downstream from Beach Boulevard).
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Photo No. 4-05. An unlined channel with 4,000 cfs capacity
(view toward downstream from Western Avenue). Confluence

with Coyote Creek is in far background.



V -DATA COLLECTION AND COMMUNICATION NETWORKS

501 Hydrometerological Stations

a Fadilitiess  Hydrologic instrumentation installed at Brea Dam provides data on reservoir water
surface elevation, downstream gauge height, precipitation, and the outlet gate openings. A list of the
instrumentation and available datais provided on plate 5-01. Data collection facilities of interest in the vicinity
of Brea Dam, the Brea Creek gauging station, and nearby preci pitation gauges are shown on plate 5-02. These
facilities with all pertinent hydrometeorological instrumentation are listed on plate 5-03. The instrumentation
located at or near Brea Dam are detailed below.

(1) Reservoir Water Surface Recording System. Two tape-float-pulley assemblies are used within two
float wells to measure the water surface elevation. Thelower well usesaStevens A-71 strip-chart recorder and
adigital recorder to automatically record the float water surface elevation from elevation 208 to 231. A Stevens
A-35 strip-chart recorder and a digital recorder automatically records the float water surface elevation from
elevation 231 to the top of the dam.

(2) Reservoir Staff Gauges. A seriesof staff gauge boards areinstalled along the upstream face of the
dam. The boards are graduated in 0.10 foot increments and are readabl e from the top of the dam.

(3) Outlet Gate Recorders. Both outlet service gates haveaStevens Type"F" recorder that documents
all gate movements. These recorders monitor gate settings and make permanent paper records of them.

(4) Precipitation Measurement. A tipping-bucket rain gaugeisinstalled at the BreaDam control house.
The amount of rainfall is measured by the tips of the bucket. Each tip isequal to 0.01" of rainfall. A magnetic
sensor in the gauge sends asignal to adigital recorder after each tip. Rainfall isalso measured by aglassrain
tube and a Belfort recording gauge. The paper charts from the Belfort gauge are sent to the National Weather
Service for publication.

(5) StreemGauge Stations. Hydrologicfacilitiesfor obtaining downstream streamflow dataincludesU.S.
Geological Survey (USGS) gauge#11088500 bel ow the dam and an Orange County Environmental Management
Agency (OCEMA) gauge station at Darlington Avenue. The USGS gauge uses a slant manometer with a
Stevensdigital recorder to measure and record theflow. The OCEMA gauge station housesthe COE's Stevens
A-T71strip chart recorder with thefloat-tape and float-tapeindicator. Rating tablesfor both gaugesare provided
on plates 5-04 and 5-05 and rating curves are shown on plate 5-06.

b. Reporting. Hydrological datafrom BreaDam arereportedin three separate ways. Readingsare made
manually by the dam operator, recorded automatically by gauges, and reported in real-time by the telemetry
system.

(1) Manual. Thedam tender at Brea Dam reports viaradio or telephone each morning between 15
November and 15 April to the Reservoir Regulation Unit. The report includes water surface elevation,

downstream stage, rainfall and gate settings. This report is made more frequently during periods of rain, as
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specified by the Reservoir Regulation Unit. Between 15 April and 15 November, reportsaremadeevery Monday
morning.

(2) Recording Instrument. Measurements recorded by the Stevens strip-chart recorders or digital
recorders arestored on paper strip chartsor paper punch tapes. These paper recordsareretrieved ona-monthly
basisin the rainy season, and on a quarterly basis the remainder of the year, and kept on file by the Water
Control Data Unit.

(3) Telemetry System. Hydrologic datameasured at the dam and other gauges are transmitted to
the Los Angeles District Office by the Los Angeles Telemetry System (LATS). The event modeisthe primary
data transmission mode for the telemetry system. As a gauge registers an event, current data are transmitted
by aremote terminal unit (RTU) by aline-of-site radio to arepeater. The datais then relayed viamicrowaveto
the LAD office. Each RTU isprogrammed to trigger whenever 0.04 inches of precipitation, or a0.25-foot change
in water surface elevation, is measured. These RTU's automatically transmit reports at predetermined 24-hour
intervals. All RTU's can also be interrogated at any timefor current databy the Los Angeles Telemetry System
Central Station.

(4) Alert System. Thereisalso an event reporting gauge system throughout southern California
sponsored by the National Weather Service. Thissystemisreferredto asthe ALERT System (Automatic Local
Evaluation in Real Time). OCEMA maintains a network of these gauges in Orange County. Included in this
network are precipitation station #265 in the City of Brea, and precipitation station #241 located at Miller Basin
on Carbon Canyon Creek. Access to this information can be obtained through the REPORT Program on the
Water Control Data System computer.

c. Maintenance. The Water Control Data Unit of the Reservoir Regulation Section, Engineering

Division, LAD, is responsible for maintaining the hydrometerol ogic instrumentation owned by the Corps of
Engineers.

502.  Water Quality Station. Therearenowater quality stationsin the watershed above the dam or inthe
downstream channel.

5-03. Sediment Stations. There are no sediment stations in the watershed above Brea Dam or along the
downstream channel of Brea Creek.

504. RecordingHydrologicData. Hydrologic datafrom BreaDamisrecorded and storedin several forms.
A report of daily observationsis made by thedam tender at the dam and thisrecord, form SPL-19, Flood Control
Basin Operation Report, is stored by the Water Control Data Unit of the Reservoir Regulation Section in the
Didtrict's base yard office. Using this report and strip charts of reservoir water surface elevation, reservoir
computations are made by the Water Control Data Unit on form SPL-30, Reservoir Computations. The same
information transmitted by radio or telephone to the Reservoir Regulation Unit is recorded on form SPL-424,
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Reservoir Operation Report. Thisinformation is entered into the RESCAL computer program which storesthe
record in a computer database and produces a "Daily Reservoir Report" that is issued by the Reservoir
Regulation Unit each work day. However, theform SPL-30, isthe official hydrologic record of reservoir datafor
the District. Rainfall records at Brea Damarekept onform SPL-31"Rainfall Records" by thedamtender and are
stored by the Water Control Data Unit. During the activation of the Reservoir Operation Center in responseto
aflood situation, radio and telephone callsarelogged for permanent record on form SPL-188 "Record of Calls'
and are kept on file by the Reservoir Regulation Unit. Examples of thesereport formsare showninfigures5-01
through 5-05.

Thetelemetry system also storesits datain a computer data base file. Paper punch tapesand strip charts
retrieved from recording instruments at Brea Dam are stored by the Water Control Data Unit at the District's
base yard office.

The USGS publishes daily mean streamflow recorded at the Brea Creek gauge #11088500 in the yearly
publication Water Resources Datafor California, Volume 1. The paper punch tapesfor thisgaugearearchived
by the USGS. The strip chart of precipitation at Brea Dam is sent to the National Climatic Center in Asheville,
N.C. for publication in the NOAA monthly report Hourly Precipitation Data.

The State of California, Department of Water Resources, publishes datafrom the ALERT telemetry gauge
network on amonthly basis. The Orange County Environmental Management Agency, the adjacent Ventura
County Flood Control District and the L os Angel es County Department of Public Worksarchivetheir recording
and non-recording data and furnish these data to other agencies upon request.

5-05. Voice Communication Network.  The LAD maintains a voice radio communication network
connecting all of itsoperations. ThisFM radio system usesrepeaterson M ount Disappointment or, alternately,
Pleasants Peak to communicate between the District Office and Brea Dam.

Power at the District Office, as well at each dam, is backed up by an emergency generator system. If all
systems fail at the District Office, thereisacomplete radio system eleven miles east at the District'sBase Yard
in El Monte.

5-06. Communication with Project.

a.  Requlating Office With Project Office.  During the flood season (15 November through 15 April), a
routine radio call is made at |east once each weekday from the Reservoir Regulation Unit to each dam tender,
including BreaDam. Thisreservoir operation report (*morning report") isusually made at 0800 hours, Monday
through Friday (seefig. 5-05). During flood events the reporting interval is usually reduced to one hour, with
the Reservoir Regulation Unit originating the call. Other routine or non-routine radio or telephone calls are
made as needed.
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In the event that all communications with the District Office, including the Base Yard, should be
interrupted, aset of " Standing I nstructionsto the Project Operator for Water Control™ have been compiled for
each dam. A copy for Brea Dam isincluded in Exhibit A of this manual.

b. Between Project Office and Others. No routine communication exists between Brea Dam and other
agencies.

c. BetweenRegulating Officeand Others. Beforeand duringtheearliest stage of any reservoir rel eases,
the Reservoir Regulation Unit notifies officials of Orange County and the City of Fullerton. A list of agencies
to be notified, with applicable office and home telephone numbers, is published annually in the LAD's
Instructions for Reservoir Operations Center Personnel (the "Orange Book™). The 1989 notification list is
provided in table 5-01.

Table 5-01.

Brea Dam Notification List

Organization Office Phone No.
Orange County Communications Center (24 hrs.) 714-834-7167
Fullerton Police Department 714-738-6800
Cdlifornia Office of Emergency Services 916-791-4305
City of Fullerton 714-738-6306
Orange County Environmental Management Agency 714-567-6300
Orange County Sheriff 714-647-7000
Maureen Peek Stables 714-441-1370
Corps of Engineers (El Monte) 626-401-4008
Corps of Engineers Emergency Management Branch 213-452-3424

507. Project Reporting Instructions. During periods of dam operation, communications between the
Reservoir Regulation Unit and each affected dam tender are made on a frequent basis, normally once each
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hour". If agate changeisrequired, the Reservoir Regulation Unit (radio call sign WUK 4ROC) broadcaststhe
gate change instructionsto thedam tender. When the gate changeiscompl eted, the dam tender callsback with
the information of the change. Other special instructionsto the dam tendersare conducted in asimilar manner.
This network of radio communicationsisalso used by thedam tender to report any mechanical failuresor other
problems at the dam.

508. Warnings. The responsibility for issuing all weather watches and warnings and all flood and
flash flood watches and warning rests with National Weather Service. 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. TheU.S. Army Corpsof Engineersisresponsiblefor providing these officials
with current information and when possible, forecasts of water surface elevations and releases at Brea Dam.
If an uncontrolled spillway flow or dam break were imminent, the Reservoir Regulation Unit should notify the
OCEMA Communication Center so they could initiate evacuations, in addition to the other notificationin the
"Orange Book".
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VI - HYDROLOGIC FORECASTS

6-01. General

The U. S. Army Corps of Engineers does not make any formal hydrologic forecasts for Brea Dam. Brea
Creek water quality isalso not predicted by the Corps of Engineers or any other agency.

a. Roeof Corpsof Engineers. Despitethelack of formal hydrologicforecasts, the Corpsof Engineers
carefully monitors thereservoir water surface elevation in Breaand the adjacent Fullerton and Carbon Canyon
Reservoirs,and doesnotify other agenciesof any significant changesor anticipated changes (seesec. 5-06.c.).

The Corps of Engineers, Los Angeles District Meteorologist prepares special quantitative precipitation
forecasts (QPF's) for Brea Creek drai nages and other watersheds. These are used in determining the potential
for significant runoff into Breaand other reservoirs. These QPF'sare used only for operation of the project and
are not distributed to other agencies. The responsibility of weather forecast dissemination to other agencies
belongs to the National Weather Service.

b. Roleof Other Agencies. No other agency currently prepares forecasts of water surface elevations

in BreaReservoir or for dischargeson Brea Creek, either upstream or downstream of BreaDam. The closest that
any forecast or warning would come to this might be a Flash Flood Watch or Flash Flood Warning issued by
the National Weather Service.

The U.S. Army Corps of Engineers, Los Angeles District does receive real-time weather reports and
forecasts, aswell ashistorical weather data, from the National Weather Service. Thisisaccomplished by means
of weather facsimile pictures and tel etype dataand forecasts transmitted by the National Weather Service and
also by means of direct telephone communication with the National Weather Service Forecast Office, Los
Angeles, by the District Meteorologist.

Historical precipitation data are available from Orange County Environmental Management Agency.
Historical streamflow dataare also available from this agency and from the USGS. These data, while not of use
in real-time operations, are important to studies of historical storms and floods which aid in the development
and refinement of computerized rainfall-runoff forecast models.

6-02. Flood Condition Forecasts

Forecasts of flood hydrographs are not currently made. However, routine evaluation of inflow, observed
precipitation, and forecast precipitation providesfor val uable subjective predictions of flood situations. Using
such information, the Reservoir Operation Center can evaluate if floodflows will increase or decrease over the
next 24 hours. Plate 5-02 and plate 4-01 show the location of precipitation and stream gaugesin and near the
Brea basin and the key control pointsdownstream of BreaDam. A unit hydrograph for thewatershed upstream
of BreaDam islisted on plate 4-13 and shown on plate 4-14. Forty-two hour upstream excess rainfall, and the
corresponding total runoff volume, peak inflow to the reservoir, peak outflow and water surface elevation of
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the reservoir, and peak discharges at downstream concentration (control) points are given on plate 6-01 for
rainfall return periods of 500-, 200-, 100-, 50-, 25-, and 10-years, and for the Standard Project Flood (SPF) event.

6-03. Long-Range Forecasts

Becausethewatershed above BreaDamisrelatively small, (22 sg. mi.) with no major upstream flood-control
facilities, and because water isimpounded behind Brea Dam for as short atime as possible, thereislittle direct
need for long-range forecasts in the operation of Brea Dam.

Only in the event of major impoundment at Brea Reservoir, aswell as simultaneously at other reservoirs
affecting Coyote Creek (see sec. 4-11), would aforecast of more than one day be of immediate significance to
the regulation of BreaDam. In such acase, the forecast of another impending major storm or lack of such storm
might influence the rel ease rate of water from Brea Dam in consideration of the release rates from other dams
in order to prevent or minimize downstream damages.
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Table 6-01.
Excess Rainfall, Runoff, Peak Inflow, Outflow at Dam and Peak

Discharges at D/S Control Points for Various Return Periods

42-Hour

Excess  Runoff Peak
Return Rainfal Volume Inflow
Period (Inch)  (ac-ft)  (cfs)

500-Yer 835 9800 11,758
200-Year 659 7,700 9,169

100-Year 527 6,200 7,302
50-Year 406 4,700 5,539

25-Year 291 3400 3,940
10-Year 162 1900 2,145

(cfs) Control
Points Without

Peak Discharge
Max.
Peak W.S.
Outflow  Elev.

(cf9) (ft. NGVD)

5,644
1,500
1,486
1,500
1,500
1351

2835
2779

2689
2571.7

245.07
2305

6-3

Dam Release
CP2 CP3 CP4

1,126
903

741
589

448
29

2,026
1625
1,336
1,062
812
536

3,089
2415
1,986
1581
1210

801

Peak Discharge

(cfs) Control

Points With

Dam Release
ChP2 CP3
6,594 7,223
1881 2452
1784 2178
1861 2,19
1818 2127
1638 1876

CP-4

7,967
3,209
2,798
2,636
2,529
2133



VIl - WATER CONTROL PLAN

7-01. General Objectives

The objective of Brea Dam operationsis flood control, specifically, minimization of flood damages along
Brea Creek downstream from Brea Dam. For this purpose, water istemporarily stored behind BreaDam during
periods of high inflows and is released slowly through the downstream channel of Brea Creek.

The reduction of inundation damages to the improved reservoir lands by reservoir regulation is not
considered. All usage of reservoir land is intended to have apurpose secondary toitsrole asthe bottom of the
flood control reservoir. All costs associated with reservoir inundation are intended to be routine maintenance
costs associated with a clear understanding of risk and subsequent willingness to locate within the flood
control reservair.

7-02. Major Constraints

Because flood control isthe sole purpose of BreaDam, there are no conflicts between purposes. Thereare
two ungated outlets at elevation 251.0 feet and the spillway crest is at elevation 279.0 feet; flows through the
ungated outlet and overtopping the spillway cannot be controlled by gate operation.

Local runoff contributes a significant flow into Brea Creek between Brea Dam and its confluence with
CoyoteCreek during astorm event. Thereservoir rel ease should takeinto account thisuncontrolled local runoff
together with the channel capacity. The downstream Brea channel capacity varies along the length of the
channel, as described in section 4-09. Considering the local runoff and channel capacity along Brea Creek,
maximum reservoir releaseis limited to 1,500 cfs when spillway flow does not occur.

Thetrashrack occasionally becomesclogged from excesstrash and debrisaccumul ation. Photo 3-01 shows
8feet of debriswasbuilt up during February 1986 and is atypical example of debrisaccumulation that requires
periodic maintenance.

Minor constraints include the following: (i) Heavy vegetation grows inside the earthen channel near
Hillcrest Park, which causes a reduction of the channel capacity (see Photo 4-02). (ii) A channel grade break at
Basque Avenue, which causesabackwater effect upstream, has caused debrisand sedimentation accumulation
at thislocation (see Photo 3-02). (iii) The unlined reach (near Hillcrest Park, between Dale Street and Stanton
Avenue, and downstream fromWestern Avenue to the confluence with Coyote Creek) is highly susceptible
to bank erosion. These sites should be monitored by channel patrols during major flows.

7-03. Overal Plan for Water Control

Brea Dam is operated for flood control only. Plate 2-12, which depicts the storage allocations for Brea
Reservoir, shows that the entire space of the reservoir below the elevation 279.0 feet (the spillway crest) is
devoted to flood control. Between 279.0 and 292.2 feet (the level of Probable Maximum Flood impoundment),
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the space isallocated to spillway surcharge, with flood control no longer the primary objectivein deferenceto
controlling the reservoir to assure the safety of the dam. The space between elevation 292.12 and 298 feet (the
top of the parapet wall) is reserved for freeboard.

7-04. Standing I nstructions to the Project Operator

A set of Standing I nstructionsto the Project Operator for Water Control have been compiled for BreaDam.
A copy of theseinstructions for Brea Dam are included in Exhibit A. This exhibit includesinstructionsto the
Project Operator for normal conditions, during communication outages and unforeseen emergency events
requiring deviation from the water control plan.

7-05.  Elood Control

a. General. The plan for controlling floods on Brea Creek below Brea Dam is presented in this section.

The objective of the water control plan is to maximize flood control benefits. Project releases will be
regulated to protect downstream communities and to avoid spillway flow.

There are two ungated outlets located at elevation 251.0 feet and an emergency spillway with crest
elevation at 279.0 feet. Flow through the two ungated outlets is unregulated, although the total downstream
release can be regulated by adjusting the gated outlets. Once the spillway overflows occur, the gated outlets
are completely closed and the flow cannot be controlled; flood control is no longer the primary objective in
reservoir regulation.

b. Current Water Control Plan.  Under the current water control plan, real-time precipitation data is
utilized to determine gate settings. The project isregulated based on the reservoir water surface elevation and
thetotal precipitation during the past 30 minutes at the dam. This schedul e takesinto account the downstream
channel capacity and the downstream uncontrolled local runoff. Therepresentativerainfall in the basin can be
computed using observed measurements of rainfall utilizing either the glass tube rain gauge or the tipping
bucket, which areboth |ocated inside the control house at BreaDam, or the Friez dual transverse automaticrain
gauges. located at the dam. The reservoir regulation schedule is shown in Exhibit A, Chart A-1. Initially, both
gates are open 3.5 feet to pass the flow as rapidly as possible until the outflow reaches approximately 310 cfs
at water surface elevation 213.0 feet. Then the gates will be operated to control the outflow according to the
reservoir water surface elevation and the rainfall accumulated during the past 30 minutes.

This reservoir regulation schedule specifies the maximum release from Brea Dam that will not exceed the
downstream channel capacities along Brea Creek for design inflows to the reservoir of 100-year frequency or
less. It takes into account real-time precipitation during the past 30 minutes so that releases from the dam,
combined withlocal inflow from downstream drainage areas, should remainwithinthe channel. For floodslarger
than 100-year design flow, downstream channel capacitiesmay be exceeded for arelatively short period of time.
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7-06.  Recreation

Asmentioned previously, the sole purpose of Brea Dam is flood control. No water isimpounded behind
thedam for the purposeof recreation, however several facilitiesdo exist, asdescribed i n section 2-06 and shown
on plate 2-10 and in table 2-01.

The channel of Brea Creek downstream of Brea Dam is strictly a flood control channel and provides no
water-oriented recreational use. Thus, no releases are made for recreational purposes.

7-07.  Water Quality

Because Brea Dam is a single purpose flood control dam, it does not impound water for any significant
length of time. Therefore, BreaDam is not operated for water quality objectives. Because Brea Dam has two
ungated outlets at elevation 251 feet, it cannot be operated to contain contaminant spillsabovethiselevation.

7-08.  Fish and Wildlife

Brea Dam is a single purpose flood control dam. There is no storage allocation for fish and wildlife
purposes, nor isthere any incidental storage that could be used for fish and wildlife purposes. Therefore, no
Brea Dam water control objectives exist for fish and wildlife, either within the reservoir, or within the channel

of Brea Creek downstream.

7-09. Channel Maintenance

Maintenance and construction on the downstream channel of Brea Creek normally occur during the dry
season of late spring and summer. During such periods, thetwo BreaDam gated outlets may be closed in order
to reduce releases in support of such downstream activities.

There isaproposal by OCEMA to linethe Brea Creek Channel with concrete between Dale Street and the
confluence with Coyote Creek. The capacity of the lined channel will be 7,250 cfs between Dale Street and
Western Avenue, and 7,600 cfs between Western Avenue and the confleuncewith Coyote Creek. Thecurrent
channel capacitiesare 3,500-4,900 cfsbetween Dal e Street and Western Avenue, and 4,000 cfsbetween Western
Avenue and the Coyote Creek confluence.

7-10. Rate of Release Change

Thegatesaredesigned to open or closeat onefoot per minute under normal operating conditions. Unlined
earthen channels may be subjected to bank erosion or sloughing. Channel observers may identify problems
and would notify Reservoir Operations Center (ROC) as hecessary. During emergencies, or when downstream
inflow has filled the channel of Brea Creek, a gradual increase in gate opening at Brea Dam, based upon
downstream reports, may be desired.
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7-11. Deviation from Normal Regulation

The normal regulation plan for BreaDam is prescribed as discussed in sections 7-01 through 7-10 above.
Attimes, however, it may be necessary to deviatefrom normal regul ation. Thesedeviationsshould beapproved
(except during emergencies) by management before implementation. The magnitude, duration, and impacts of
thedeviation should be used to determinethelevel of management approval required. Following isadiscussion
of the potential deviations that could be allowed.

a. Emergencies. Inthe event of apotential drowning, toxic spill, or other accident in which high flowson
Brea Creek downstream of Brea Dam could prevent rescue or could cause further injury, the two gated outlets
at Brea Dam could be temporarily, partially or totally closed. Such emergency action should be taken
immediately, unless such action would likely result in worse conditions such as overtopping the dam.
Notificationsto all concerned agencies should be made as soon as possible.

b. Unplanned Minor Deviations. There are unplanned instancesthat create atemporary need for minor
deviations from the normal regulation of thedam, although they are not considered emergencies. Construction
accounts for the major portion of the incidents and includes utility stream crossings, bridge work, and major
construction contracts. Changesinrel easesare sometimesnecessary for mai ntenanceandinspection. Requests
for changes of release rates are generally for afew hoursto afew days. Each request is analyzed on its own
merits. Consideration is given to upstream watershed conditions, potential flood threat, conditions of the
reservoir, and possible alternative measures. In theinterest of maintaining good public relations, the requests
are complied with, provided there are no adverse effects on the overall regulation of the project for the
authorized purpose.

c. Planned Deviations. Each condition should be analyzed on its own merits. Sufficient dataon flood
potential, reservoir and watershed conditions, possible alternative measures, benefits to be expected, and
probabl e effects on other authorized and useful purposes will be presented along with recommendations for
review and approval.

7-12. Drought Contingency Plan

Brea Dam and Reservoir does not contain any storage allocation for water supply or water conservation.
BreaCreek downstream from the dam ismostly concrete lined and does not contain any ground water recharge
facilities.However, inthe event of adrought, the possibility of impounding water for water conservation would
beconsidered. Any such planwould be evaluated to ensurethat the flood control purpose of the project would
not be compromised.
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VIII - EFFECT OF WATER CONTROL PLAN

8-01. General

The sole purpose of Brea Dam isflood control, and by far the greatest effect and benefit of thedamisthe
protection of life and property downstream of the facility. The major aspects of flood control at Brea Dam for
both thereservoir and spillway designfloods, aswell asseveral major historical floods, are discussed in section
8-02.

8-02.  Flood Control
a Spillway Design Flood.  The spillway of thedam isdesigned to pass, without danger to the dam or

threat of overtopping the dam, the greatest rate of discharge that could be expected from the most severe
combination of rainfall and runoff conditions that could reasonably occur.

(2) Original Criteria. The spillway at Brea Dam was designed in 1939 for a peak outflow of 14,500 cfs,
having a surcharge of 8.7 feet above the ogee spillway (with crest elev. at 279 feet). An additional 7 feet of
freeboard set the top of the dam at elevation 295 feet.

This spillway design resulted from ahypothetical 24-hour storm that produced 10. 14 inchesof rain during
the 24 hours, as averaged over the drainage area above Brea Dam. Such a storm would result in apeak inflow
of 16,800 cfs and amaximum impoundment level of 287.7 feet.

(2) Revised Criteria. In asubsequent 1969 study, the adequacy of the BreaDam spillway wasreviewed
under revised criteria. Estimates of Probable Maximum Precipitation (PMP) for the basins in the Los Angeles
areawerefurnished by theHydrometeorol ogical Sectionof theU.S. Weather Bureauin October 1968. Thereport
indicated that the highest rate of discharge from the drainage areafor the Brea Dam would result from a 6-hour
convective-type storm.

The 1/2-, 1-, 3-, and 6-hour precipitation during the Probable Maximum Storm resulted in 3.1, 4.5, 6.4 and
7.5 inches, respectively. A minimum loss rate of 0.10 inch per hour was assumed to prevail throughout the
probable maximum storm. Inthe devel opment of the Probable Maximum Flood (PMF), 40 percent of theareawas
considered impervious. Inthisarea, baseflow would be only anominal additionto aflood of probable maximum
magnitude. The PMF peak inflow for Brea Dam is 37,000 cfs, and the hydrograph is shown on plate 8-01.

The PMF wasrouted through the spillway assuming the outlet gateswere closed and inoperative and the

pool level was at spillway crest at the start of the routing. The peak outflow was 27,000 cfs and the maximum
pool elevation would be 292.16 feet.

b. Standard Project Flood. The Standard Project Flood (SPF) represents the runoff event that would
result from the most severe combination of rainfall and watershed conditions that are considered reasonably
characteristic for the region in question. The Corps of Engineers has replaced the Standard Project Flood in
favor of the National Economic Development (NED) Criteriafor formulating water control plans. Neverthel ess,
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the Standard Project Flood was examined inthe devel opment of the BreaDam Water Control Plan. Theresultant
level of flood protection was equal to that which would have been developed under NED Criteria.

For the rainfall to be used in the determination of the SPF at a given site, a Standard Project Storm is
sel ected asthe most severereasonably characteristic storm of record within aclimatically homogeneousregion
surrounding the site, and is then transposed to the drainage area upstream of the target site.

The storm of 30 December 1933-1 January 1934, which was centered over the LaCresentaareanorth of Los
Angeles was transposed over the Brea Dam drainage area. The isopercentual lines (expressing precipitation
depthsin percent of mean seasonal precipitation) were superimposed over theareain such away asto produce
the greatest project storm rainfall amounts that would be consistent with reasonabl e assumptions concerning
the causative meteorological situation. The maximum |-, 6-, 24- And 42-hour (total storm) average precipitation
over the areawas 0.86, 3.65, 10.00, and 10.95 inches respectively. A variable loss rate with an average of 0.20
inch per hour and a minimum of 0.10 inch per hour was assumed for Tonner and Brea Canyons. An average
constant rate of 0.20 inch per hour was considered applicable for the valley areas. In the development of the
SPF, 40 percent of the valley areas was considered all impervious. Runoff was computed by a synthetic unit
hydrograph determined by the use of the lag curve, using average n-values ranging from 0.02 to 0.03 and the
average Fullerton and San Jose S-graph, both of which were derived from data developed in studies of
comparable drainage areasin southern California. The SPF peak inflow computed for BreaDam is 8,000 cfs; the
hydrograph is shown on plate 8-02.

c. n-Year Flood. The n-year flood isaflood that has a 1/n probability of being equal ed or exceeded
in any one given year. The discharge frequency relationship for inflow to Brea Dam was determined by
statistical analyses (log Pearson Type Il distribution) of historical inflows to the Brea Reservoir. Plate 8-03
shows the inflow frequency curvesfor O- (i.e., instantaneous), |-, 3-, 6-, 12-, 24-, and 48-hour durations.

Balanced hydrographs for 500-, 200-, 100-, 50-, 25-, and 10-year floods were derived b using the Standard
Project Storm pattern and, by trial and error, matching the n-year peak of the Brea Dam inflow discharge
frequency curve for various durations. A constant loss rate of 0.20 in/hr was adopted. The discharge values
for O-, I-, 3-, 6-, 12-, 24-, and 48-hour duration of each frequency of flood are tabulated in table 8-01.

8-2



Table8-01

Inflow Frequency Valuesfor Various Durations

Return

Period
(Year) 500 200 100 50 2 10 5 2
O-hr 13500 10400 8210 6230 4480 2540 410 380
1-hr 11400 8890 7080 5370 3820 2080 1080 237
3-hr 9080 7090 5660 4300 3070 1680 830 196
6-hr 7510 5870 4680 3560 2540 1390 726 161
12-hr 5610 4390 3520 2680 1920 1060 555 125
24-hr 3910 3060 2440 1860 1330 732 334 86
48-hr 2470 1950 1560 1200 860 479 254 59

Note: 1. All valuesarein cfs.
2. Values are determined by statistical analyses of historical inflows to the Brea Dam.
3. Vaues are plotted on plate 8-03.

The500-, 200-, 100-, 50-, 25-, and 10-year floods are routed through thereservoir using previous(table 7-01)
and current operation plans. Inflow and outflow hydrographs at the dam for both plans are shown on plates
8-04 through 809, and the peak outflows and maximum pool elevations are tabulated in table 802. Plates 8-04
through 8-09 also show results of routing using the backup plan. The outflow and water surface elevation
frequency curves computed for the current regul ation schedul e are shown on plate 8-10 and 8- 11, respectively.

Table 8-02.

Outflow and Elevation Frequency Values

Return Period Y ear 500 200 100 50 25 10
Outflow (cfs) 5644 1500 1486 1500 1500 1351
Maximum Elevation 2835 2779 2689 257.7 24507 2305
(ft., NGVD)

Note: These values were obtained from the reservoir routing using the current operation plan and they are
plotted on plates 8-10 and 8-11.
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d. Historical Stormsand Floods. Most of the mgjor inflow and impoundment events in the history of
Brea Dam have been the result of general winter storms, but several local thunderstorms have produced
significant peak inflows.

Priorto the construction of the dam, therewere anumber of major stormsand floods on southern California
streams, including those of January 1862, February and March 1884, February 1891, January and February 1914,
January 1916, December 1921, April 1926, February 1927, December 1933-January 1934, October 1934, February
1937, and February-March 1938. Therewasal so asignificant late summer tropical stormin September 1939; and
shortly before Brea Dam was placed in operation, a heavy local thunderstorm struck the watershed in March
1941

Since the dam was completed, there have been several major storms and inflows, including those of
January 1943, January and March 1952, January 1956, January and February 1969, December 1974, February
1978, February-March 1978, January 1979, January-February 1979, January and February 1980, and
February-March 1983.

Several of the more significant storms and floods are discussed below:

(1) Storms of January 1916.  Two major series of general winter storms hit southern Californiaduring
January 1916, asintense cold fronts dropped down the coast from the north, thenturnedinland. Thefirst series
occurred 14-20 January and dropped about 6-7 inches over Fullerton and vicinity. Y orbaLindameasured 6.38
inches for the storm period, including 3.52 inches on 17 January. The second storm series occurred 24-30
January and was generally somewhat less heavy; but ground conditions, saturated from the first storm, were
more favorable for runoff. About 4 inches fell in the vicinity of Fullerton. Y orba Linda measured 3.98 inches,
including 3.01 inches on 27 January. No discharge values or dates are available for Brea Creek.

(2) Storm and Flood of 30 December 1933- 1 January 1934. A slow-moving low latitude North Pacific
storm moved directly into southern California at the end of 1933 and dropped record-setting 24- to 48-hour
precipitation from L os Angeles northward through the San Gabriel Mountains. The center of the storm wasin
LaCrescentaand vicinity (seesection8-02.h.). Heavy precipitationalsofell in Orange County, withtotal rainfall
in thevicinity of Fullerton generally between 5and 6inches. Y orbaLindameasured 5.44 inches. Morethan hal f
of thisrainfell within 24 hours between approximately noon of 31 December and noon of 1 January. Very heavy
rain fell near midnight at the turn of the year. The peak runoff of the 1933-34 season on Brea Creek occurred on
1 January.

(3) Stormand Flood of 27 February - 3March 1938. Thegeneral winter storm of 27 January - 3March
1938 resulted when high pressure over California and Nevada pushed northward and allowed a series of
low-latitude Pecific stormsto moveinto southern Californiafrom the west-southwest. These storms produced
an average of about 10 inches of rainfall over the watershed above Brea Dam, with roughly 4.5 inches falling
on 2 March, the day of the most intense cold front of the storm series. This2 March rain, falling on saturated
ground, caused severeflooding on most of thelarger streamsin southern California. On BreaCreek, apeak flow
of about 2,000 cfs was measured at the USGS gauge downstream of the site of the reservair.
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(4) Storm and Flood of 14 March 1941.  Onthe af ternoon of 14 March 1941, as part of amoderately
heavy general winter storm, an intense local thunderstorm occurred in the vicinity of the City of Fullerton,
producing more than two inches of rainfall inlessthan one hour. With ground saturated from months of heavy
rain, the peak discharge from Brea Creek was 3,700 cfs at the USGS gauge downstream of the reservoir site.

(5) Storm and Flood of 16-18 January 1952. As the climax of along series of winter storms that
dropped southeastward from out of the Gulf of Alaska, a deep low and strong cold front moved slowly across
southern California during mid January. Stationsin the Fullerton-Y orba Lindaarea all measured totals around
6 inchesfor the three days. The heaviest rainfall came in bursts of about 1 inch in 2 hours early 16 January,
about 0.6 inch in 1 hour mid-afternoon 17 January, and during the 8-hour period ending at 0600 hours 18
January, when 2.42 inchesfell at Brea Dam and 1.98 inches at Fullerton Dam. By 18 January, most ground was
highly saturated, and the maximum inflow to Brea Reservoir for that storm occurred on 18 January about 0300
hours, with a peak value of approximately 1,000 cfs.

(6) Storms and Floods of 19-27 January 1969. In January 1969 a storm track developed from the
equatorial zone southeast of Hawaii all the way to southern California. Asthe result, four intense storms and
several minor rain bands passed through southern California during a 9-day period. Although storm total s of
40- 50 inches in the San Gabriel Mountains resulted in severe flooding in many watersheds, only about 4.5
inches of rain fell on the Breawatershed, including 1.32 inches between 0600 and 1400 hours 25 January. Plate
8-12 depictsthe hyetographsof hourly rainfall at BreaDam and theinflow, outflow, and water surfaceelevation
hydrographsfor BreaReservoir during the 24-26 January 1969 storm period. With ground saturated from aweek
of antecedent storminess, the 25 January rain generated a peak inflow to thereservoir of about 1,350 cfs (peak
hourly 1,192 cfs) just before 1500 hours and a maximum water surface elevation of 245.3 feet at 2000 hours.

(7) Storms and Floods of 3-4 December 1974. A strong, slow-moving cold front passed through
southern California during the night of 3-4 December 1974. Rain was especially heavy in the coastal sections
of Orange County. A total of 2.75inchesof rainfell at BreaDam between 1900 hours 3 December and 1200 hours
4 December, including 1.02inchesin 1 hour 0400-0500 4 December. Fullerton Dam and Orange County Reservoir
recorded 0.90 and 0.78 inch respectively during the samehour. Relatively dry antecedent conditionslimited the
peak inflow to Brea Reservoir to approximately 2,150 cfs at 0645 hours 4 December.

(8) Storms and Floods of 28 February - 6 March 1978.  In apattern very similar to that of exactly 40
years earlier, a series of low-latitude Pacific storms moved into southern California at the end of February and
beginning of March 1978. There were several major peaks of rainfall and inflow during the storm period (pl.
8-13), including 1 March (most rapid rise of inflow and water surface of the storm period), 4 March (greatest
volume of rainfall and runoff), and 5 March (greatest short-term rainfall intensity). A total of about 8.5 inches
of rainfell at Brea Dam during these storms, with an estimated 11 inches averaged over the watershed. Of this,
2.05inchesfell on 1 March, with 2.34 inches on 4 March. These rains, on ground saturated by a wet winter,
produced peak inflow to the reservoir of approximately 2,200 cfs (peak hourly 1,727 cfs) on 4 March about 1900
hours, and a maximum water surface elevation of 231.4 feet on 4 March about 2030 hours.
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(9) Storm and Flood of 5 January 1979. On 5 January 1979 a cold storm dropped rapidly southward
fromthe Gulf of Alaska, spreading general moderate rain over most of southern California. Most of therain had
ended by mid-evening, but anintense post-frontal thunderstorm hit the Full erton areajust beforemidnight. Brea
Damrecorded 1.30inches between 2200 and 2400 hours, and Fullerton Dam recorded 1.35 inches between 2100
and 2300 hours. The storm totalsending early 6 January were 3.28 and 3.02 inches at the respective dams. This
thunderstorm resulted in avery rapid risein theinflow rate to Brea Reservoir, with a peak of about 2,300 cfsat
0015 hours 6 January and a maximum water surface elevation of 231.5 feet on 6 January at 0200 hours.

(20) Storm and Flood of 30 January - 2 February 1979.  Near the end of January 1979 a cold cut-off
low pressure center dropped southward off the coast of Californiaand picked up moisture over thewater west
of southern California. Locally heavy rain developed during the afternoon of 30 January and became heavy
during the early evening. Brea Dam measured 1.70 inches between 1900 and 2200 hours, while Fullerton Dam
measured 1.61 inches between 1800 and 2100 hours. Brief heavy showers continued on 31 January, with light
showers through 2 February. With the ground moderately saturated frompreceding rains, the peak inflow to
Brea Reservoir that occurred on 30 January at 2145 hours was approximately 1,600 cfs, and the peak water
surface elevation of 31 January at 0100 hours-was 232.9 feet.

(11) Storm and Flood of 13-18 February 1980.  From 13 through 21 February 1980 a series of intense,
warm Pacific storms moved into southern Californiafrom out of the west-southwest, dropping atotal of 10-13
inches of rain during the 6 days 13-18 February. The Y orba Linda station measured 11.69 inchesfor the period,
including 2.50, 1.65, and 2.05 inches in the 24-hour periods ending at 1800 hours on 14, 16, and 18 February
respectively. Although datafrom several northern Orange County recording rain gaugeswere not reported for
February 1980, therainfall intensitiesfrom stations afew milesaway indicate up to 0.6 inchin 1 hour and up to
1.4inchesin 3 hourslate 13 February and relatively high rates during other portions of the storm aswell. Plate
8-14 shows four periods of rainfall and four corresponding major risesin inflow and water surface elevation at
BreaReservoir during theperiod. Althoughthe 13 February rainfall wasthe heaviest, the progressive saturation
of the ground led to higher runoff values during the latter two rainfall periods. The peak inflow to Brea
Reservoir occurred about 1900 hours 16 February, with approximately 2,500 cfs (peak hourly 2,240 cfs), while
the maximum water surface elevation of 246.0 feet occurred 18 February from 0800 to 0900 hours.

(12) Storm and Flood of 27 February - 3 March 1983. A low-latitude Pacific storm reminiscent of
those of 5 and 45 years earlier moved into southern California at the end of February and first of March 1983,
with 5-8 inches of rain over portions of Orange County. This storm was the climax of a pattern of such storms
that had prevailed since mid-January. The heaviest rainfall of the season occurred with the passage of astrong
occluded cold front during the late morning of 1 March, with peak intensitieswell in excess of 1inch per hour.
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Theinflow to Brea Reservoir consisted of three broad periods from 27 February to 3 March (pl. 8-15), with the
middle period of 1 March by far the most intense. The saturation of the ground by abundant antecedent
precipitation helped push the maximum 15-minute peak inflow to 3,610 cfs (peak hourly 2,625 cfs) at 1315 hours
1March and themaximum water surfaceelevation of thereservoir to 252.0 feet from 1630 to 1700 hoursthat day.
These values represent the greatest inflow and water surface elevation ever recorded at Brea Dam. For
comparison, the 3,700 cfs of 14 March 1941 was measured by the USGS gauge some distance downstream of
the reservoir site.

e. Comparisonof Floods.  The current operation plan was used to route the following historical
floods: January 1969, December 1974, March 1978, January 1979, and February 1980. Inflow hydrographs,
outflows, and reservoir elevationsresulting from theseroutingsare shown on plates8-16 through 8 - Plate 8-21
is acomparison of thesefivehistorical floods, the SPF, the PMF, and the 100-year flood; all of thesefloodswere
routed using the current operation plan. Plate 8-22 isalisting of flood magnitudesfor thefloods shown on plate
8-21. the four diagrams on plate 8-21 depict the maximum values of water surface elevation, reservoir contents,
the mean hourly inflows and outflows for the five historical floods, the SPF, the 100-year flood, and the PMF.

803.  Recreation

None of therecreational facilitiesin Brea Reservoir depend upon runoff water impounded behind the dam.
Thus, therearenodirect recreational benefitsthat result fromthe dam or itsoperation. Therecreational facilities
were constructed because the land within the reservoir could not be used for other purposes. Thus, thereis
an indirect benefit of the project upon recreation.

Theeffectsof thedam and itsoperation upontherecreational facilitieswithinthereservoir areby necessity
al negative, that is, some of these facilities are occasionally flooded by the impoundment of water behind the
dam for flood control. These recreational facilities were constructed and are operated with thisunderstanding.

804.  Water Quality

There are no benefits of Brea Dam to the water quality of Brea Creek. On the other hand, Brea Creek and
its operation should not in any way contribute to the degradation of the water quality of theriver. An oil spill
has historically occurred; a contingency plan should be prepared jointly by the oil well owner and the U.S.
Army Corps of Engineersto reduce the effects of such aspill in the case of its future occurrence.

8-05.  Fishand Wildlife

Thereservoir lands that constitute the Brea Flood Control Basin provide open space and some natural
riparian habitat in the middle of an extensive urban area, thereby providing very important wildlife habitat.
About 30 speciesof birdshavebeenidentified inthearea. Five of those speciesbeing purely migratory, remain
for only short periods.
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Flooding within the reservoir basin is relatively uncommon (especially May-October) and is usually not
prolonged, and therefore does not normally cause serious adverse impact upon biological resources within
the basin, although some impacts are inevitable. Wildlife taking refuge in borrows, or slow-moving species
might be trapped and killed by flooding.

Flooding within the reservoir basin also has a beneficial impact upon some wildlife. Large numbers of
migratory waterfowl utilize low-lying flooded areas within the basin for wintering.

8-06. Freguencies

a. Peak Inflow and Outflow Probabilities. Plates 8-03 and 8-10 are graphs of the inflow and outflow
frequencies at BreaDam. The0-, |-, 3-, 6-, 12-, 24-, and 48hour peak inflow frequency curveswere plotted based
on statistical analysis (log Pearson Type I11 distribution) of historical data.

The outflow curve of plate 8-10, reflects the Brea Dam Water Control Plan. The plate shows the current
control plan conditions. A sharp break in the slope of the outflow frequency curvereflectsthefact that outflow
rate increases rapidly for any additional rise in the reservoir water surface elevation over the spillway crest
elevation at 279 feet. A maximum reservoir release of 1,500 cfs is made for floods between the 10-year and
200-year frequencies, whilethereleaseis 5,644 cfsfor the 500-year flood. Table 8-02 liststhe outflow frequency
values plotted on plate 8-10.

b. Pool Elevation Freguency. Plate 8-11 shows the reservoir elevation frequency curves for Brea
Reservoir based on current water control plan conditions. Thevaluesof thecurveat specific return periodsare
listed in table 8-02.

807.  Other Studies

a Flood Control Regulation. The "Interim Report on Hydrology and Hydraulic Review of Design
Features of Existing Dams for Prado, Brea, Fullerton, and Salinas Dams", dated November 1969, presents the
derivation of the Probable Maximum and Standard Project Floods used in this manual. The report entitled
"Coyote Creek Tributaries Santa Ana River Basin, Orange County, California, Interim 3, Hydrology
Documentation”, dated May 1984 was used as the basis for the hydrologic parameters used in this manual.

b. Channel and Floodway Improvements. The downstream channel from Brea Dam is maintained by
the Orange County Environmental Management Agency (OCEMA). No floodplain management studies
addressing the downstream channel have been conducted by the U.S. Army Corps of Engineers. A Flood
Insurance Study has been completed by the Federal Emergency Management Agency (FEMA).
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IX - WATER CONTROL MANAGEMENT

9-01.
Responsibilities and Organization

a Corpsof Engineers. BreaDamisowned by the Federal Government and isoperated and maintained
by the U.S. Army Corps of Engineers, Los Angeles District, which has complete regulatory responsibility for
the dam and the reservoir lands.

Reservoir operations at Brea Dam and other Corps of Engineersfacilities are conducted by the Reservoir
Regulation Unit of the Reservoir Regulation Section of Los Angeles District. Table 1-01 is an organizational
chart depicting the chain of command for the Reservoir Regulation Decisions.

Gate regulation instructions to the Dam Tender are i ssued by the Reservoir Operations Center (ROC) (see
secs. 5-05 and 5-06). In the event that communication between the ROC and Brea Dam areinterrupted, a set of
Standing Instructionsto the Project Operator for Water Control areincluded inthismanual asExhibit A. Project
Operators are part of the Operations Branch under the Constructions-Operations Division of the Corps of
Engineers, Los Angeles District.

b. Other Federal Agencies. The U.S. Army Corps of Engineers has complete responsibility for the
operation of BreaDam. Although the Corps of Engineersreceives dataand information from other Federal and
local agencies and informs these agencies of major decisions affecting Brea Dam, no other agency has any
responsibility in the operation of Brea Dam. The USGS operates stream gauges within the Orange County
drainage area.

c. Stateand County Agencies. The Orange County Environmental Management Agency (OCEMA)
has maintenance responsibility for Brea Creek Channel downstream of Brea Dam.

d. Cityof Fullerton. A large portion of the BreaReservoir landsowned by the Federal Government and
operated by the Corps of Engineers, isleased to the City of Fullerton for recreational purposes. The Corps of
Engineersretains all rightsto inundate this land.

e. Private Organizations. Thereisno involvement of private organizations in the regulations of Brea
Dam.

9-02. Interagency Coordination

TheU.S. Army Corps of Engineers coordinateswith other Federal, State, County, local organizations, and
the press, concerning the water control for Brea Reservoir.

a.  Local Pressand Corps of EngineersBulletins, The Public Affairs Office of the Corpsof Engineers,
Los Angeles District, is responsible for interfacing with the press regarding operations at Brea Dam and flow
on Brea Creek downstream of the dam. This is accomplished through both interviews and the occasional
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issuance of pressreleases. The Corpsof Engineersdoes not publicly issueflood watches or warnings or other
status reports or forecasts. These are the responsibility of the National Weather Service.

b. National Weather Service.  The Corps of Engineers utilizes National Weather Service data and
forecasts in the operation of Brea Dam, including the real-time telemetry data from gauges installed in the
watershed and by other County Flood Control Districtsin cooperation with the National Weather Service. The
Corps shares datawith the National Weather Service and other agencies both on arealtime basis and after the
fact.

c. U.S Geological Survey. The Corps of Engineers receives streamflow data in southern California
from the USGS, primarily on ahistorical basis. The Corps coordinates with the USGS in many different ways
and shares its data with the Geological Survey.

d. Other Federal, State, or Local Agencies. The Corps of Engineers and Orange County Department
of Public Works closely coordinate the operation of their reservoir projectsand the maintenance and patrolling
of their channels. The Corps keeps the City of Fullerton informed of any anticipated and actual reservoir
impoundments. Other interested agencies, such asthe CaliforniaDepartment of Transportation (CALTRANS),
areinformed by the Corps of Engineers whenever amgjor inundation or release at Brea Dam is anticipated.

9-03. Interagency Agreements

The Corps of Engineers has a mai ntenance agreement with Orange County Department of Public Works

for the improved channel of Brea Creek. The Orange County Environmental Management Agency maintains
the Brea Creek Channel downstream from Brea Dam.

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

BreaDam is not involved in any commissions, compacts, or other such formal multiagency agreements.

9-05. Reports

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

Each month 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.

Fivespecificformsareal so preparedin conjunctionwiththeDistrict'sreservoir operations. A copy of each
of these formsisincluded in figures 5-01 through 5-05. These include: Rainfall Record (from manual readings
of glasstube rain gauges), Record of Calls (both radio and telephone), Flood Control Basin Operation Report
(prepared by each dam tender), Reservoir Computations and Reservoir Operation Report.

The Corps of Engineers also collects and files charts from recording instruments at Brea Dam (and other
dams) including precipitation, reservoir water surface elevation, and gate height. Daily precipitation totalsand,
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as needed, other data (such asunusually highintensities) are manually extracted from the precipitation charts,
and the charts are sent to the National Climatic Data Center of NOAA. The other charts are maintained on file
at the Corps of Engineers, Los Angeles District.
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STATION
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OATE
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GAGE
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STORM
TOTAL
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(SNOW. TEMP,, ETC.)
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Related Manuals and Reports
Title
Hydrology in the Brea Creek Drainage Area
Analysis of Design, Brea Dam, Brea Creek Improvement

Master Plan for Administration and Development Project
Land and Water Areas, Brea Flood Control Reservoir

Restudy of Brea Dam for Safety and Adequacy of Dams

Brea Dam and Reservoir Periodic Inspection and
Continuing Evaluation, Report No. 1

Interim Report on Hydrology and Hydraulic Review of
Design Features of Existing Dams for Prado, Brea,
Fullerton, and Salinas Dams

Reservoir Regulation Manual for Brea Fiood-Control Reservoir
Operation and Maintenance Manual for Brea Dam

Brea Dam and Reservoir Periodic Inspection and
Continuing Evaluation, Report No. 2

Brea Dam and Reservoir Periodic Inspection and'
Continuing Evaluation, Report No. 3

Brea Dam Outlet Gate Operation Schedule

Brea Dam and Reservoir Periodic Inspection and
Continuing Evaluation, Report No. 4

Coyote Creek Tributaries, Santa Ana River Basin, Orange County,
California, Interim 3, Hydrology Documentation

Brea Dam and Reservoir Periodic Inspection and
Continuing Evaluation, Report No. 5

Date
November 1939
February 1940

June 1959
September 1968

May 1969

November 1969

June 1970
October 1971

February 1974

April 1979
July 1982

February 1984

May 1984

March 1989

Los Angeles County Drainage Area (LACDA) Review, Los Angeles County,

Part |, Hydrology Report Base Conditions

March 1989

BREA DAM
SAN GABRIEL RIVER BASIN
CALIFORNIA

RELATED MANUALS
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LOS ANGELES DISTRICT
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GATE OPENING IN FEET TOP OF DAM
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Spillway Discharge vs. Klevation, Brea Dam

Elevation
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Area and Gross Capacity ~ Brea Reservoir, Orange County, Fullerton, California

Eleva- Capac- Eleva-—- Capac— Eleva- Capac-

tion icy Area tion ity Area tion ity Area
Peet Acre— Feet Acre- Feet Acre-

{NGVD) Feet Acres {NGVD) Feet Actes {NGVD) Faet Acres
208 0.0 0.0 240 443 .4 40.5 272 2,982.8 131.3
209 0.1 0.15 241 484.,9 42 .4 273 3,116.2 135.5
210 0.3 0.25 242 528.2 44.3 274 3,253.8 139.7
211 0.6 0.4 243 573.4 46,1 215 3,395.5 144,0
212 1.1 0.5 244 620.4 47.9 276 3,541.7 148.6
213 1.6 0.55 245 669.2 49.8 277 3,692.6 153.3
214 2.2 0.65 246 720.0 51.9 278 3,848.2 158.0
215 2,9 0.9 247 773.0 S4.0 279 4,008.5 162.7
216 4.0 1.5 248 B828.0 56.1 280 4,173.6 167 .8
217 5.8 2.1 249 885.2 58.3 281 4,344 .0 173.3
218 8,2 2.8 250 944 .5 60.5 282 4,520.0 179.2
219 11.3 3.5 251 1,006.2 63.0 283 4,702.4 185.1
220 15.1 4.4 252 1,070.6 65.7 284 4,890.4 161.0
221 20.1 5.9 253 1,137.6 68.3 285 5,084.3 1947.2
222 26.9 7.7 254 1,207.2 71.0 286 5,284.7 204.0
223 35.5 9.5 255 1,279.5 73.7 287 5,492,2 211.0
224 45.9 11.3 256 1,354.5 76.5 288 5,706,7 218.1
225 58.0 13.0 257 1,432.5 79.5 289 5,928.4 225.3
226 71.8 14.6 258 1,513.4 82.3 290 6,157.2 232.6
227 B87.1 16.1 259 1,597.2 85.3 291 6,393.6 240.5
228 103.9 17.5 260 1,684.0° 88.3 292 6,638.1 248.6
229 122.1 19.0 261 1,773.7 91.3 293 6,890.7 256.6
230 141 .8 20.6 262 1,866.5 94.3 294 7,151.4 264 .8
231 163.2 22.4 263 1,962.3 97.3 295 7,420,2 272.8
232 186.5 24,2 264 2,061,1 100.3
233 211.6 26.1 265 2,162,9 103.5
234 267 .4 27.9 266 2,268.1 107.3
235 298.3 20.8 267 2,377.4 111.2
236 331.3 ¢ jz2.0 268 2,490.5 15,1

237 311.5 34,1 269 2,607.6 119.1

238 366.5 36.3 270 2,728.6 123.0

239 403.9 38.5 271 2,853.6 127.1

Note: Areas and capacities are based on survey of June, 1964.

Values tecomputed from original survey data in September, 1975.

‘BAEA DAM
SAN QABRIEL RIVER BASIN
CALIFORNIA

AREA & GROSS CAPACITY - BREA RESERVOIR,

ORANGE COUNTY, FULLEATON, CA
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10R8A LIKDA, CA

Summary of Climatological Data

at Yorba Linda

PERICD: 1951-80

CLIMATOLOGICAL SUHKARY ELEVATION:
1EMPERATURE _LF 1 . PRECIPITATION TQIALS_{INCHES]

MEANS EXTREHES HEBP BUI;IEER DEGREE DAYS * L] SNOH ME AN B ?{(IEER

n 2 » Mt L] = t&-! la_-.i
51-5] 7180 o oyloz|oz|oal 25| 25 Bl B~ 55l B Elag
22 n2 ) 7|88 el lBRlg|a|EElE8 E8 g3 £, |5 | B SE|E 528 5| 2 iz|E| 8 B3¢
2z 13z Ziwel ¥le|lwajri®|lalloglab|oa 2w 3¢ L wil>| wE{~|© L 23(>| of ol "«
x T £ [T1 a 2 r o m Im O o &x e L £ -1 @ a
| 7.3 a2.4] 5a.9) 91+] 7617 23 jeo| 2| o| o] 2| of 320 7 | 3.s8] 12.58/69] 5.20[86]26] .o .0 sl 2
reo | 69.3] 23| s6.2| e2.| 77| 15| 274[s6|17] o o 1] of 253 7| 2.78f 11.e9l80] 2.01je9{24| 0| " .0 a 2t
wan | 70.a] a3.6] 57.0f 93+ sa{i2| 29 [s1] 2} o] o] 1| o 2% al 2.30] e.98]76] 2.90{e0l0a] ol .0 a a1
cen | 73,7 46.0] s59.9] 99| eel1s| a2+]s6| 2| 1| o o} o} 79 261 1.15] s.211s8| 1.eels8l0r] of .o sl il o
war | 76.7| s0.9| e3.el1cae 7913} sesfec] si 21 ol o] o o4 a7 | .27] 2.42{77] 1.38{77}08] .0 .0 i ool o
sun | 81.8] 5.5\ es.2{111+| 7320 a1+]s3f 3 5| o] o o 26| 122 .os| .si|7e} .si|7ef10]l o] .o o o o
o | ea.el ss.2| 73.5| 110+ 57| 4] s6e|s3| 2f 13| of o o ol 204l .02 .29|s8] .22les|l27] .o .0 ol of o
ave | 89.2| s9.0l 74.1t108+] sef23) a6 {5t} 7| 14| o] o] o o] 2021 18| 2.6vf77] z.a{77{17| o] .0 ol of o
cep | 87.4| S6.7] 72.00 11a+| 58| 3| a3+|saizif 11 ] o} o] o ol 218) 290 2.37{76] 1.40|76|10] .0} .0 | of o
ocr | @1.4] 52.0] e6.7|109+| 56|16} 30+|71|29) & | o] o] o ss | 1oe| .23 1.98/s7 .9a|79l20l .of .o ) I
wov | 7420 ac.1| e0.1)1004} 76| al 29¢[79|20] 1| o] e} ol 72 o5 1 1.870 7.33)es| 2.40le7l19] ol .0 2l 1]
oec | 6a.9| 42.3| s5.6f 99+ s8] 3| 22+le8l21] o} o ] of 299 7| 2.071 eo.91ee| 3.15{s3{29] o .o al |

seEP DEC JAN JAN -

EAR | o ol ag.6l e3.sl1ta ] ssf o] 22 leeloif s3]l ol s of 1eaa] 1118 !1a.46] 12.58l69] 5.20]5e|26] ol ol ["24l 8l 5

*FRCH 1951-80 HNORMALS

5 ESTIMATED VALUE BASED ON
DATA FROHM SURROUNDING STATIONS

.BEGREE DAYS 10 SELECTED BASE TEMPERATURES (F1

8ASE HEATING DEGREE DAYS

BELOW | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC  ANN
65 320 253 256 179 84 26 0 0 0 55 172 299 1644
%0 107 138 132 BB 19 0 0 0 C 12 BO 168 B22
57 126 88 79 a6 6 a v} 0 0 0 41 110 49%
55 92 6O 51 27 0 0 0 o 0 0 223 78 3N
50 30 16 1 6 0 0 o o a o o 22 g5

BASE COOLING DEGREE DAYS

ABOVE | JAN FEB HAR APR MAY- JUN UL AUG SEP 0CT NOV DEC  ANN
553 49 894 112 174 273 3% 574 592 510 1363 176 %6 3450
57 [T} LB 79 133 216 336 5312 S30 450 30S 134 LG 2808
) 29 N 39 B3 137 250 419 437 360 220 8 AN 2119
b5 7 7 8 26 47 122 264 282 215 108 25 7 11°9
70 0 0 1) & 7 4y 118 145 93 3% 5 0 asi

QERIVED FROM THE

1951-80 MONTHLY NORMALS

JAM

+ ALSO ON EARLIER DATES,

PROBABILITY THAT THE MONTHLY PRECIPITATION WILL BE
. . EQUAL T0 OR LESS THAN THE INODICATED PRECIPITATION AMOUNIT

HONTHLY PRECIPITATION t[NCHES)

EER  MAR APR. MAY N i AuG. SFP_NCT  NOY DFC

05| .00 00 .00 .00 .06 .00 == .00 .00 .00 .00 .00

“ .10 .22 .04 00 .00 .00 00 =% .06 .00 .00 .02 .00
@ 20| .77 .29 .49 .06 .00 .00 s 00 .00 .00 .S 7
w30 1. .62 .88 .25 . .00 £x .00 .00 .00 .34 .47
_ .40{ 1.9 1.06 1.28 .46 .05 .00 =x= .00 .00 .00 .53 .82
~ 50| 2.59 1.61 1.73 .72 .10 .00 x= .00 .00 .03 .90 1.27
— g0l 3.41 2,32 2,25 1.02 .18 .01 2 .00 .0 .12 1.30 1,80
@ 70| 4.42 3.26 2.89 1.42 .29 .03 = 00 .12 .24 1,83 2.%51
® gol| 5.83 464 3.75 1.97 .46 .07 x3 .01 .38 .42 2.62 3.5
C 99| 8.20 7,08 5.19 2.96 .78 .16 =2 .35 .98 .72 4,02 S.2%
‘g5|10.53 9.8 6.60 .84 1.11 .25 ax 86 1.67 1.03 5.45 6,93

THESE VALUES WERE DETERMINED FROM THE

K

STATISTICS NOT COMPUTED BECAUSE LESS THAN 51X
TEARS OuT OF THIRTY HAD MEASURCABLE PRECIPITATION

INCOMPLETE GAMMA OISTRIBUTION,

BREA DAM
SAN GABRIEL RIVER BASIN

CALIFORNIA

SUMMARY OF CLIMA_TOL(E}_GICAL

DATA AT YORBA LINDA

U.5. ARMY CORPS OF ENGINEERS
LOB8 ANGELES DISTRICT
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CALIFORNIA
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U.S.ARMY ENGINEER DISTRIGT

CORPS OF ENGINEERS
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U.8. ARMY CORPS OF ENGINEERS
LOB ANGELES DISTRICT
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U.5. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

Total Basin Drainage Area: 22 mi?
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U.S.ARMY ENQINEER DISTRICT CORPS OF ENGINEERS
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LOS ANGELES DISTRICT
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U.8.,ARMY ENGINEER DISTRICT

CORPS8 OF ENGINEERS

RUNNING AVERAGE ANNUAL PEAK INFLOW TO BREA DAM (cfs)
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LO8 ANGELES DISTRICT
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Historical Monthly and Annual Rainfall at Brea Dam Station
\all values in inch)

__ Year T NOov DEC JAN FEB MAR APR MAY JUNE JULY AUG SEP ANNUAL
1948-49 0 0 2.81 1.94 2.24 1.08 O 240 Q- 0 0 0 8.31
194950 0 .83 2.58 2.55 2.33 .85 .79 .09 0 0 0 0 10,02
1950-51 0 2.63 0 2.36 .84 .35 1.59 .09 0 0 11 .12 8.09
1951-52 Ry .91 1.95 8.53 .14 6.35 1.80 0 0 0 0 .13 20.22
1952-53 0 3.64 2.62 1.30 .76 .81 1.07 0 0 0 0 0 10.20
1953-54 0 1.19 .24 5.67 2.29 4,16 .10 0 0 0 0 0 13.65
1954-55 0 1.26 .73 4.32 .99 .21 1.42 .70 0 0 0 0 3.63
1955.56 0 1.49 .55 8.1 .39 0 2.25 .69 0 0 0 0 13.48
1956-57 .25 0 .28 3.20 1.01 .54 .97 .79 .18 0 0 0 7.22
1957 -58 1.77 .97 3.18 1.90 6.57 4.36 4,11 0 .03 0 .37 .53 23.73
1958-59 .02 .28 0 1.59 3.01 0 .68 0 0 0 0 0 5.5
1959-60 0 .09 1.46 2.76 1.95 1.35 .96 .08 0 0 0 0 8.65
1960-61 .63 1.87 .09 1.05 0 .58 .04 0 0 0 .02 0 4,28
1961-62 0 .50 .55 1.87 8.70 .89 0 .23 0 0 0 0 12,74
1962-63 .09 .02 0 0 .89 2.00 1.43 0 .09 0 .09 2.04 10.65
1963-64 .59 3.36 0 1.04 .09 1.64 .30 .09 16 0 0 0 7.27
1964-65 .25 1.37 1.24 .55 .15 2.20 3.96 .0b 0 .02 0 1.06 10.84
1965-66 0 6.73 3.24 .95 1.27 .34 0 0 0 0 0 .05 12,58
1966-67 .02 2.11 4,74 3.69 0 1.60 2.84 .01 .06 0 0 .60 15.67
1967-68 0 3.91 1.47 1.14% - .54 2.92 .57 .04 0 .30 0 0 10.89
1968-69 .16 .28 1.57 11.05 8.75 1.17 .61 .05 0 .10 0 0 23.74
1969-70 0 2.03 .10 1.99 2.22 1.52 .U5 0 ¥ 0 ) 0 T.91
1970-71 0 3.95 3.89 .60 .72 .40 .45 .13 0 0 0 0 10.14
1971-72 .30 .20 5.41 0 0 0 .30 .10 27 0 .30 11 6.93
1972-73 .59 3.55 1.58 2.98 5.20 3.25 Q 0 0 1] 0 0 17.1
1973-74 0 1.71 .55 6.83 .25 3.33 .20 .08 0 0 0 0 12.95
1974-75 .68 0 3.72 .13 2.42 3.66 1.55 0 0 0 0 0 12.16
1975-76 .39 .30 AT 0 3.43 1.42 1.42 0 .32 0 0 2.58 10.0:
1976-77 0 .50 . .80 2,44 .60 .91 0 2.07 0 0 2,24 0 9.5
1977-78 0 0 5.32 7.67 8.84 7.79 1.54 0 0 0 0 1.10 2.26
1978-79 0 .60 2.58 10.07 2.77 4,11 0 0 0 0 0 0 0.13
1979-80 .61 .25 .36 8.59 10.55 3.93 .34 .13 0 0 0 0 24.76
1980-81 0 0 .79 2.55 1.55 3.24 LAl .06 0 0 0 .01 8.61
1981-82 .83 3.60 .58 2.68 b 4.85 1.02 .07 0 0 0 .19 14.26
1982-83 22 3.40 1.72 3.87 5.39 8.37 3.25 .16 0 0 .35 1.26 27.99
1983-84 2.62 3.39 1.84 0.26 0 .20 .65 0 0 0 .02 .25 9.23
1984-85 07 2,21 5.41 1.23 1.63 1,20 .02 12 0 0 0 .32 12.21
1585-86 .23 4.07 .28 2.20 4.96 3.51 .61 0 0 21 0 1.73 17.80
1986-87 .30 .90 .24 3.57 .93 1.12 .19 .01 02 .01 .09 .09 7.47
1987-88 1.84 .55 2.04 2.31 1.19 .10 2.36 .01 1] 0 01 .08 10.49
Mean 0.32 1.62 1.67 3.14 2.50 2.16 1.00 0.15 0.03 0.02 .09 0.31 12.99

‘BREA DAM

SAN GABRIEL RIVER BASIN

CALIFORNIA

HISTORICAL MONTHLY & ANNUAL

RAINFALL AT BREA DAM STATION

U.8. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT
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U.8. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT
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Unit Hydrograph Ordinates for Watershed Above Brea Dam

15-Minute Discharge 15-Minute Discharge
Time Period (efs) Time Period (cfs)
1 0 23 55
2 288 24 50
3 1,079 25 39
4 1,552 26 17
5 1,728 27 10
6 1,623 28 9
7 1,646 29 9
B 1,715 30 g
g 1,032 N 9
10 660 32 9
1 514 33 9
12 4oy 34 g
13 326 35 9
14 271 36 9
15 228 37 9
16 179 38 9
17 146 39 9
18 130 40 g
19 111 41 8
20 96 Y- 4
21 g2 43 1
22 70 4y Q

Note: Unit hydrograph derived on the basis of 1 inch/hour for
each 15 minute period of 1 hour, Unit hydrographs for
three sub-drainape areas upstream of Brea Dam were com-
bined to obtain the above unit hydrograph.

BREA DAM _
SAN GABRIEL RIVER BASIN
CALIFORNIA

UNIT HYDROGRAPH OHRDINATES FOR

WATERSHED ABOVE BREA DAM

US ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT
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NOTE: IS - MINUTE PERIOD UNIT HYDROGRAPH IS
DERIVED ON THE BASIS OF | INCH/HOUR BREA DAM
RAINFALL EXCESS FOR EACH I5- MINUTE SAN GABRIEL RIVER BASIN

CALIFORNIA
PERIOD BY COMBINING UNIT HYDROGRAPHS
FOR THREE SUBDRAINAGE AREAS UPSTREAM
OF BREA DAM. VALUES PLOTTED HERE ARE UNIT HYDROGRAPH
LISTED IN TABLE 4~ 07 DRAINAGE BASIN ABOVE
B8REA DAM

U.5. ARMY CORPS OF ENGINEERS
LO8S ANGELEE DISTRICT
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U.S. ARMY ENGINEERING DISTRICT

CORPS OF ENGINEERS
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U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT
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Hydrologic Instrumentation at Brea Dam

Automatic Report Stored Record
Parameters Gauge Type Recorders Mode (Period Available) Comments
Water Surface Staff Boards None Visual Flood Control Basin Operation
Elevation Report SPL 19 (1942-present).
Upper Float Well Stevens A-35 Visual Paper strip charts (194l-present). The lower well paper strip
Lower Float Well Stevens A-71 Visual chart is operated at 9.6"/day
during the rainy season for
better definition and 2.4"/day
in other periods. The upper
well is operated 2.4"/day all
the time.
Upper and Lower Digital recorder Telemetry Punch tape (1974-present).
Float Well with quartz clock Telemetry data file.
Downstream Slant Manometer Digital recorder Visual Flood Control Basin Operation

Gauge Height

Telemetry

Report SPL 19 (1942-present).
Punch tape (1974-present).
Telemetry data file.

U.S.G.S. operates the gauge,
publishes the daily record and
stores the paper punch tape

for U.S.G.S. station ID #11088500.

Outlet Gate Gate Opening Stevens type F Visual Flood Control Basin Operation
Opening Indicator Report SPL 19 (1942-present).
Paper strip charts (1941- present).
Precipitation Tipping Bucket Digital recorder Telemetry Punch tape (194l-present).
Telemetry data file.

Belfort Recording Gauge None Paper chart (1941-present). Data on the paper charts are
evaluated for daily rainfall
amounts and the charts are
than sent to the NWS for
publication.

Glass Raintube None Visual Rainfall Record SPL 31 (1941-present).

Reservoir Operation Report
SPL 424 (1941-present).

‘BREA DAM
SAN GABRIEL RIVER BASIN
CALIFORNIA

HYDROLOGIC INSTRUMENTATION

AT BREA DAM

US ARMY CORPS OF ENGINEERS

LOS ANGELES DISTRICT

PLATE 5-01
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Precipitation, Reservoir, and Stream Gauges In and Near the Brea Dam Watershed

Station Station Name Latitude Longitude Elevation Type of

Identification (M (W) (ft) Gauge(s)*
(deg-min-sec) (deg-min-sec)

BREA Brea Dam 33-53-26 117-55-26 340 RR, CR, RW, CW

BCKB Brea Creek blw Brea Dam 33-53-16 117-55-32 208 RS, CS

CCYN Carbon Canyon Dam 33-54-55 117-50-24 500 RR, CR, RW, CW

CCKC Carbon Creek blw Carbon Canyon Dam 33-54-40 117-50-29 403 RS, CS

CCYG Carbon Canyon Gilman 33-55-26 117-46-34 1624 RR

CCYW Carbon Canyon Workman 33-57-29 117-46-42 1180 RR

DBAR Diamond Bar 34-00-06 117-48-48 920 RR, CR

FLTN Fullerton Dam 33-53-50 117-53-08 310 RR, CR, RW, CW

FCKF Fullerton Creek blw Fullerton Dam 33-53-45 117-53-07 261 RS, CS

OCEMA #265 City of Brea 33-54-53 117-54-04 110 AR

OCEMA #241 Miller Basin 33-51-54 117-51-10 219 AR

OCEMA #144 Orange County Reservoir 33-56-07 117-52-58 660 AR

OCEMA #163 Yorba Linda 33-52-19 117-48-37 299 RR, *%

*Legend: Rain Reservoir Water Streamflow Water Outlet

(Precipitation)

Non-Standard, Non-Recording (Staff)
Standard, Non-Recording

Recording (at site)

Corps Event Reporting Telemetry
Alert Event Reporting Telemetry

**% Will be replaced with AR in the near future.

For location of these gauges, see Plate 5-01.

NR
SR
RR
CR
AR

Surface Elevation

NW

RW
Ccw
AW

Surface Elevation

NS

RS
cS
AS

Gate Height

NG

RG
CG

‘BREA DAM
SAN GABRIEL RIVER BASIN
CALIFORNIA

PRECIPITATION, RESERVOIR, &
STREAM GAUGES IN & NEAR
THE BREA DAM WATERSHED

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT
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ting Table for Brea Cree ow Brea Dam (BCKB

Gauge Height Charmel Flow Gauge Height Charmmel Flow
(ft) (cfs) (ft) (cfs)
1.0 0.2 5.2 1110
1.2 2.0 5.4 1180
1.4 18.6 5.6 1240
1.6 59.6 5.8 1310
1.8 110 6.0 1380
2.0 160 6.2 1450
2.2 208 6.4 1530
2.4 261 6.6 1600
2.6 315 6.8 1680
2.8 371 7.0 1750
3.0 427 7.2 1830
3.2 484 7.4 1900
3.4 541 7.6 1980
3.6 600 7.8 2060
3.8 660 8.0 2140
4.0 721 8.2 2220
4.2 784 8.4 2290
4.4 848 8.6 2370
4.6 912 8.8 2450
4.8 976 9.0 2530
5.0 1040 9.2 2630

BREA DAM
SAN GABRIEL RIVER BASIN

CALIFORNIA

RATING TABLE FOR BREA CREEK
BELOW BREA DAM (BCKB)

U.8. ARMY CORPS OF ENQGINEERS
LOS ANGELES DISTRICT
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Gauge Height
(ft)

PERERPLWWWWWRNNNONNOMNEHEFEEFEFROOOOO
ENOOOAELENOOARPNOOAANENOONENNO

Rating Table for Brea Creek at Darlington (BCKD)

Channel Flow
(cfs)

0.
1.
6.
18.
35.
58.
85.
118
155
189
245
295
348
404
463
525
590
657
728
803
880
958
1038

QOON®HO

VOMMMM~N~NNNNOOOTOOL LUK S
OCOWALNOCARLPNOOIALNOOANAFLFLNO®OM

Gauge Height
(fv)

Channel Flow
(cfs)

1118
1198
1280
1363
1447
1533
1621
1710
1800
1890
1980
2070
2160
2258
2356
2454
2552
2650
2748
2846
2944
3042
3140

BREA DAM
SAN GABRIEL RIVER BASIN

CALIFORNIA

RATING TABLE FOR BREA CREEK

AT DARLINGTON (BCKD)

U.8. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT
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U.8. ARMY ENGINEER DISTRICT ‘CORPS OF ENGINEERS

GAUQE HEIGHT IN FEET

12

DISCHARGE IN HUNDRED C.F.8.

(1) U.8.G.8. GAUGING STATION

"~ BREA DAM
(2) O.C.E.M.A. QAUGING STATION SAN GABRIEL RIVER BASIN
CALIFORNIA

BREA CREEK
STREAM GAUGE

.RATING CURVES

U.8. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT
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Excess Rainfall, Runoff, Peak Inflow, Outflow at Dam and Peak
Discharges at D/S Control Points for Different Return Periods

i Peak Discharge Peak Discharge
42_-Hour Max. (cfs) 8 Control (cfs) € Control
Excess Runoff Peak Peak W.S. Points Without Points With
Return Rainfall Volume Inflow Outflow Elev. Dam Release Dam Release
Period (Inch) (ac-ft) (cfs) (efs) (ft. NGVD) CP-2 cpP-3 CP-4 CpP-2 Ccp-3 CcP-4
SPF 7.04 8,260 8,000 5,060 283.23 N/A  N/A N/A 5,632 6,068 6,520
500-Year 8.35 9,800 11,758 5,644 283.5 1,126 2,026 3,009 6,594 7,233 7,967
200-Year 6.59 7,700 9,169 1,500 277.9 903 1,625 2,415 1,881 2,452 3,209
100-Year 5.27 6,200 7,302 1,486 268.9 TH1 1,336 1,986 1,784 2,178 2,798
50-Year 4,06 4,700 5,539 1,500 25T7.7 589 1,062 1,581 1,861 2,199 2,636
25-Year 2.91 3,400 3,940 1,500 2U5.07 448 812 1,210 1,818 2,127 2,529
10-Year 1.62 1,900 2,145 1, 351 230.5 294 536 801 1,638 1,876 2,133
Locations
CP-2 at Harbor Boulevard
CP-3 at Bastanchury Road
CP-4 at Union Pacific Railroad
‘BREA DAM
SAN QABRIEL RIVER BASIN
CALIFORNIA

EXCESS RAINFALL, RUNOFF, PEAK INFLOW,

OUTFLOW, AT DAM & PEAK DISCHARGES
AT D/S CONTROL POINTS FOR

DIFFERENT RETURN PERIODS

U.8. ARMY CORPS OF ENGINEERS
LO8 ANGELES DISTRICT

PLATE 6-01




Previous Gate Operation'Schedule foﬁmﬁ}ééuﬁgn
Fullerton, California®

When reservoir

Step No. water surface Gate setting for Computed Discharge
is between gates as indicated
elevations No. 1 No. 2
Feet of Feet of Cubic feet
Feet, NGVD opening opening per second
Teees 208.0 - 212.0 1.0 1.0 0 - 120
Lecee 212.0 - 216.0 2.0 2.0 185 - 325
30--0 216.0 d 222.0 3-5 305 u75 - 730
4,... 222.0 - 232.0 5.0 5.0 970 - 1,410
5.-0. 232.0 - 236.0 uos )4.5 1,280 - 1,“00
6. 236.0 - 240.0 4.1 4,1 1,285 - 1,390
Teaos 240.,0 - 244.0 3.8 3.8 1,290 - 1,380
8.... 2“”.0 - 2“8.0 306 3-6 1,310 - 1’390
9000. 2)48.0 - 251.0 30“ 3.’4 1’330 - 1,375
10.... 251.0 - 254.,0 3.1 3.1 1,260 - 1,400
11.0.0 25)4.0 - 256.0 2n8 2-8 1,280 - 1,”10
12.... 256.0 - 258.0 2-6 206 1’330 - 1,“30
13ccee 258.0 - 261.0 2.3 2.3 1,290 - 1,390
U.e.se 261.0 -266.0 2.0 2.0 1,265 - 1,400
15¢0es 266.0 - 270.0 1.8 1.8 1,310 - 1,400
16.... 270.0 - 277'0 1.5 1.5 1,260 hand 1,385
TTeeee 277.0 - 279.2 1.25 1.25 1,260 - 1,385
18.... 279.2 - 279.5 1.0 1.0 1,260 - 1,410
19.... 279.5 - 279.8 .75 .75 1,270 - 1,410
20..0. 27908 - 280.0 050 050 1’275 - 1,365
2leeee 280.0 - 280.2 .50 0 1,210 - 1,405
2200 Above 280.2 0 0 Spillway flow only

#Schedule applicable for rising or falling stages

Notes: Ungated sill elevation 251.0 BREA DAM'“’

Spillway crest elevation 279.0 SAN GABRIEL RIVER BASIN
CALIFORNIA

PREVIOUS GATE OPERATION
SCHEDULE FOR BREA DAM

U.S8. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

PLATE 7-01



PRECIPITATION IN INCHES PER HOUR '

U.S.ARMY ENGINEERING DISTRICT CORPS OF ENQLINEERS
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U.S. ARMY ENGINEERING DISTRICT CORPS OF ENGINEERS
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CORPS OF ENGINEERS
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U.S. ARMY ENGINEERING DISTRICT

CORPS OF ENGINEERS

DISCHARGE  (cfs)
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U.S. ARMY ENGINEERING DISTRICT ' CORPS OF ENGINEERS
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U.S. ARMY ENGINEERING DISTRICT CORPS OF ENGINEERS
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_U.S. ARMY ENGINEERING DISTRICT : _ CORPS OF ENGINEERS
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CORPS OF ENQINEERS

U.8. ARMY ENGINEERINQ DISTRICT
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CORPS OF ENQGINEERS
U8, ARMY ENQIREERING DISTRICT
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TABLE

Comparison of Historical and Design Floods
{(Peak wvalues for all quantities)

INFLOWS
(CFs)

Prob. Max. Flood 37,000
Standard Proj. Flood 8,000
100~year Flood 7,302
25 January 1969 1,192
4 December 1974 1,451
4 March 1978 1,727
6 January 1979 1,585
16 February 1980 2,240
1 March 1983 2,625

OFERATION RECORDS

QUTFLOW
(CFS)

N/A
N/A
N/A
256
567
1,007
872
1,061
1, 440

W.S.E. CONTENTS  OUTFLOW W.S.E. CONTENTS
(FEET, NGVD) (AC-FT) (CFS) (FEET, NGVD) (AC-FT)
N/A N/A 27,000 292.16 6,678
N/A N/A 5,060 283.23 4,561
N/A N/A 1,486 268,93 2,599
245.30 684 1,038 223.18 37
229.12 124 1, 102 224,64 53
231,40 172 1,224 227.40 94
231.50 175 1,157 225,80 69
246,00 720 1,473 233.80 233
252.00 1,073 1,400 237.89 467

# Maximum mean hourly values for histeriecal floods.

Note: See Plate 8-50 for graphical comparison of the values listed here.

current operation plan.
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1. BACKGROUND AND RESPONSIBILITIES

1.01 @Gepneral Information.

(1) This exhibit is prepared in accordance with instructions contained
in EM 1110-2-3600, paragraph 9-2, (Standing Instructions to Project Operators
for Water Control), and EP 1110-2-240 and pertains to duties and responsibilities
of the Project Operator in connection with the operation of Brea 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,
The 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, charts required for normal and emergency flood control
operation of Brea Dam are included. They are designated as Charts A-1 and A-3.

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 Orange Book - "Instructions for Reservoir
Operations Center Persommel®; and the "Operation and Maintenance Manual for Brea
Dam". Any deviation from the standing instructions will require the approval
of the District Commander.

(2) The purpose of Brea Dam and Brea Reservoir is for flood control.
Other uses and benefits of the dam and reservoir, such as recreation, are
secondary. Brea Dam regulates flows on Brea Creek, and is designed to provide
protection from floods for the City of Fullerton and the adjacent, highly
developed, coastal plain area.

(3) Reservoir operations at Brea Dam and other Corps of Engineers -
facilities are conducted by the Reservoir Regulation Unit of the Reservoir
Regulation Section of the Los Angeles District. Table 1-0l is an organizaticnal
chart depicting the chain of command for the reserveir operation decisions.

(4) Brea Dam is located across Brea Creek, about 6 miles above the
confluence of Brea Creek and Coyote Creek. The dam, which lies within the city
limits of Fullerton, is about 1/2 mile north of the intersection of Harbor
Boulevard and Brea Boulevard, and about 20 miles southeast of the civie center
of Los Angeles. The local project area is shown on plate 2-01.

Brea Dam consists of an earth filled embankment, with a reinforced
concrete spillway and controlled outlet works. The general plan and elevation
of the Dam is shown on plates 2-07 and 2-08.

(5) The physical constraints of Brea Dam are two ungated outlets at
elevation 251.0 feet and the spillway crest which is at elevation 279.0 feet;
flows through the ungated outlet and overtopping the spillway cannot be
controlled by gate operations, The table and curves of discharge versus
elevation for gated and ungated outlets are shown on plates 2-04 and 2-05. The
spillway general plan and profile is shown on plate 2-06. The spillway's rating
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table and curve are shown on plates 2-07 and 2-08.

The reservoir capacity below the spillway crest is 4008.5 acre-ft,
which is used totally for flood control. The area and gross capacity of Brea
Dam 1s shown on plate 2-13,

Local runoff contributes a significant flow into Brea Creek between
Brea Dam and its confluence with Coyote Creek during a storm event. The
reservoir releases should take into account these uncontrolled local runoff flows
together with the channel capacity. The downstream Brea channel capacity varies
along the length of the channel, as shown on plate 4-0l. Considering the local
runoff and channel capacity along Brea Creek, maximum reservoir releases are
limited to 1500 cfs when spiliway flow does not occur.

The trash rack occasionally becomes clogged from excess trash and
debris accumulation. During the February 1986 storm, 8 feet of debris was built
up, as shown in Photo 3-01. Periodic maintenance of the trash rack is required,
especially after major inflows in the reservoir.

The minor constraints in the downstream chamnel include the fellowing:
(i) Heavy vegetation grows inside the earthen channel near Hillcrest Park, which
causes a reduction in the channel capacity (see Photo 4-2); (ii) A Channel grade
break at Basque Avenue, which causes backwater effect upstream, has caused debris
and sedimentation accumulation at this location (see Photo 3-02); (iii) The
uniined channel. reach (near Hillcrest Park, between Dale Street and Stanton
Avenue, and downstream from Western Avenue to the confluence with Coyote Creek)
iz highly susceptible to bank erosion. These sites should be monitored by
channel patrols during majer flows.

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

1.02 Role of the Project Operator,

(1) Norma onditions (dependent on day-to-day instruction).

The Project Operator (dam tender) will be instructed 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 insure
that all the equipment is in good operating condition, and that the gates and
electrical facilities in the control house are periodically inspected and tested
according to the preestablished schedule.

(2) Emerrgenc ditions (flood or drought}.

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

The Project Operator responsibilities are:
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(L

(2)

(3)

(4)
(3}

Be present at the Dam when rainfall or runoff occurs, as
instructed by the Operations Branch.

Operate the gates in accordance with instructions from the
ROC.

Notify the ROC when a gate change will be required according
to Chart A-1, Brea Dam Outlet Gate Operation Schedule,.

Notify the ROC if unable to set the gates as instructed.
Follow the Water Control Diagram provided in Charts A-1

and A-2 in this exhibit during periods of communication
disruption.
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2, DATA COLLECTION AND REPORTING,

2.01 Normal Conditions.

During normal operations, from 15 November and 15 April, measurements
are made daily by the Project Operator to determine the water surface elevation
(staff and "tape" reading), downstream stage, incremental precipitation since
last report, total accumulated precipitation, the setting of each outlet gate
and the times of these measurements. For normal conditions, between 15 April
and 15 November, measurements are made once a week (every Monday morning).

The Project Operator maintains the record of measurements and logs all
radio and telephone communication on the following forms: Rainfall Record, SPL
31 (from manual glass readings of glass tube rain gauges), (see fig. 5-01);
Record of Calls, SPL 188 (both radic and telephone, (see fig. 5-02); Flood
Control Basin Operation Report, SPL 19 (prepared by each Project Operator), (See
fig. 5-03); and the Record of Data from Digital Recorder, SPL 648, (see fig.
A-01).

2,02 Emergency Conditions.

During flood operations or emergency operations, the Project Operator
should follow instructions, as issued by the ROC. These measurements may require
the staff, gauge, and instruments readings at a specified interval.

When reporting to the ROC, the Project Operator should clearly describe
the silt and debris situation at the trash racks, gates and downstream gauges.
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. Care should be taken to avoid issuing misleading reports due
to siltation at the reservoir staff boards. When debris or silt causes the flow
to be deceptively perched above the invert, or cause a loss of contact with the
staff board, the Project Operator should report a descriptive message identifying
the limitations, and quantifying the estimated reservoir depth.

If the radio systems fail, the Project Operator should try to
reestablish communication via telephone.

2.03 Regional Hydrometeorological Conditionms.

The Project Operator will be informed by the ROC of regional
hydrometeorological conditions that may impact the project.
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3. WATER GONTROL ACTION AND REPORTING.

3.01 Normal 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 cannot implement a gate change regardless if the
change will have no effect on the reservoir operation. Gate setting changes may
be requested by the Project Operator for maintenance, etc., but they will have
to be approved by the ROC.

3.02 Emergency Conditions.

During the 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 according to Chart A-1 and
will be required to notify 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.

3.03 Inquiries.

All significant inquires received by the Project Operator -from
citizens, constituents or interested groups regarding water control procedures
or actions must be referred directly to the ROC.

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 contrel equipment failures, accidents, or
other emergencies requiring immediate action. Under these situations, the
Project Operator should contact the ROC via radic 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

A3-1



as soon as possible. All other mon-emergency deviations from normal procedure
should be approved in advance by the ROC. The District Engineer, Los Angeles
District, U.S. Army Corps of Engineers, may make temporary modifications to the
water control regulations. Permanent changes are subject to approval by the
Division Engineer, South Pacific Division, U.S. Army Corps of Engineers.

The Project Operator should immediately alert the ROC via radio channel
WUK 4ROC, whenever the requested gate change cannot be fully implemented due to
mechanical or physical problems. For example, debris occasionally prevents total
gate closure. The ROC will evaluate the problem and provide further instructions
to the Project Operator.

3.05 Communication Outape.

The ROC maintains a close contact with the Project Operator at Brea
Dam, During flood periods, communication between the Project Operator and ROC
may be broken. The Project Operator should try to reestablish communication
through the Los Angeles County Flood Control District (WUK 4470).

During the rising stages of the flood, the Project Operator should
allow a period of one hour to reestablish communication with the ROC, If after
one hour of attempting to reestablish communication, the Project Operator should
operate the dam according to observed precipitation and reservoir water surface
elevation, utilizing Chart A-1. A summary of the Project Operator imstruction
is shown on Chart A-2.

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 uncontrolled spillway flow
(water surface elevation above 279.0 feet), the Project Operator should make the
necessary notifications. The emergency evacuation notification list is shown
in table 5-01.

The notifications should include: (a) description of the type and
extent of existing or impending emergency; (b) advisement for evacuation from
the flood plain; (c) information on the time of initial release of hazardous
amounts of water; (d) the depth of water behind the dam; and (e) the Preject
Operator’s name and telephone number.

Upon completing the above notifications, attempt to reestablish
communications with the ROC. Document all notifications made, and refer to the
Orange Book (Instructions for Reservoir Operations Center Personnel) for more
information on additional emergency notifications. The Project Operator should
not leave the dam unless his safety is in jeopardy.
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Chart A-1. Brea Dam Regervoir Regulation Schedule.

Precipitation at Brea Dam Station (Inches) During Preceding 30-Minute Period

Brea 0-0.2 0.2=-0,24 0.24-0,29 0.29-0,34 0.34-0.40 0.40-0,50 0.50+
Reservoir Gate* Gate* Gate* Gate* Gate* Gate¥* Gate*
W.5. Elevation Opening Release Opening Release Opening  Release Opening Release Opening Release Opening Release Opening Release
{ft. , NGVD) (feet) (cfs) (feet) {cfs) (feet) (cfs) (feet) (cfs) (feet) {cfs) (feet) (cfs) (feet) (cfs)
208 3.5 0 3.5 0 3.5 0 3.5 0 3.5 G 3.5 o 3.5 0
213 4.0 310 4.0 310 4.0 310 4,0 310 4.0 310 4.0 310 4.0 310
213- 4.0 310 4.0 310 4.0 310 4,0 310 4.0 310 4.0 310 4,0 310
215 6.3 500 6.3 500 6.3 500 6.3 500 6.3 500 6.3 500 6.3 500
215- 6.3 500 6.3 500 6.3 500 6.3 500 6.3 500 6.3 500 6.3 500
235 5.0 1,500 5.0 1,500 4.6 1,400 4.6 1,400 4.6 1,400 4,6 1,400 4.6 1,400
235- 4.8 1,450 4.6 1,400 4.6 1,400 4.3 1,300 4.3 1,300 4.3 1,300 3.9 1,200 .
240 4,3 1,450 4.2 1,400 4,2 1,400 3.8 1,300 3.8 1,300 3.8 1,300 3.5 1,200
240- 4.2 1,400 3.8 1,300 3.8 1,300 3.4 1,150 2,9 1,000 2.9 1,000 2.5 900
245 3.8 1,400 3.5 1,300 3.5 1,300 3.1 1,150 2,6 1,000 2.6 1,000 2.3 900
245~ 3.8 1 400 3.5 1,300 2.9 1,100 2.9 1,100 2.6 1,000 2,5 950 2.3 900
251 3.5 1,400 3.2 1,300 2,7 1,100 2.7 1,100 2.4 1,000 2.3 950 2,1 300
251=- 3.5 1,400 2.9 1,200 2.7 1,100 2.1 900 2.1 900 2,0 850 1.9 BOC
257 2.4 1,400 1.9 1,200 1.6 1,100 1.2 900 1.2 900 1.1 850 8.9 800
257- 2.4 1,400 1.9 1,200 1.5 1,050 0.9 800 0.9 800 0.9 800 0.g9 800
265 2.0 -1 ,400 1.6 1,200 1.3 1,050 0.8 800 0.8 gco 0.8 800 0.8 goc
265- 1.8 1,300 1.6 1,200 1.0 900 0.5 800 ¢.8 800 0.8 800 0.8 800
279 1.3 1,300 1.1 1,200 0.5 900 0.4 800 0.4 800 0.4 800 0.4 800
279+ 0 578+ o 578+ Q 578+ 0 578+ 0 578+ 0 578+ 0 578+

Note: Above schedule is based on rainfall loss rate of 0.2 in./hr. For a different loss rate, adjust the observed precipitation during preceding 30-minute period from the
relation:

* Both Gates P, =P, + 0.70 - Loss Rate (in./hr.) / 2 (minimum value of P_ = 0)

and use the above table utilizing P, instead of P, (Pa = adjusted precipitation during preceding 30-minute period; P, = observed precipitation during preceding
30-minute period)
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Chart A-2. Project Operator Instructions.
1. ommunication wjth the District Qffice is Avaj e.

a. Notify the Reservoir Operations Center when a gate change will be
required according to the schedule.

b. Notify the Reservoir Operations Center if unable to set the gates as
instructed,

2. Communication with the District 0ffice is mot Available.

a. Try to reestablish communication through the Los Angeles County Flood
Control District (WUK 4470).

b. (i) Rising Stages. Allow a period of one hour to pass to
reestablish communication with the District Office. If after
one hour communication is not reestablished fellow Chart A-1,
utilizing observed precipitation and reservoir elevation.

(ii) Falling Stages. Maintain current downstream gauge height until
communication is reestablished.

¢. If one or more of the gates cannot be operated, adjust the remaining
gates gradually and uniformly until the downstream gauge height agrees
with scheduled values. Keep a close check on gauge height and change
the gate opening as often as required. If the downstream gauge height
is not obtainable, adjust the gates that are functioning so that the
sum of the gate openings will equal the sum of the openings shown in
the schedule

OUTLETS
(Looking Downstream)

Ungated D D Elev, 251.0"

3rx 2.5

1 2
Gated Elev. 208’
5t x 8
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EXHIBIT B

Pertinent Data for Other Reservoirs in the \ficinity of Brea Dam



CARBON CANYON DAM AND RESERVOIR

CARBON CANYON CREEK, ORANGE COUNTY, CALIFORNIA

PERTINENT DATA

MAY 1989
Completion date............ciiiiiuiennecancncasnnncncesans
SCream SYSELOM.......ccoocvvoeenrorsontssscscsnossssasssanocs
Drainage area..........cccieeiincncccsorssssccssacnnscs nii
Reservoir:
Elevation
Streambed at dam.........c.000vtvr0c0ccccnncnns ft, NGVD
Debris pool.......cociieriicnncnnnronnrennnns .ft, NGVD
Flood control pool (spillway crest)........... £ft, NGVD
Original Spillway design surcharge level...... fr, NGVD
Revised Spillway design surcharge level (PMF).ft, NGVD
Top of dam.......covveieiinoencnccanscsncnsnes ft, NGVD
Area (based on original survey++)
Debris Pool......ccvivereeenncnrnoscncsaseesensuasanns ac
Spillway Crest........cciitrecenccnccnconraosesnnnns ac
Spillway design surcharge level..................... ac
Top of dam.....ccovierversesanscnsacasnssconsonssnns ac
Capacity, gross (based on original surveyi¥)
Debris pool......coiiiiiiiieiiinerinniennnncnnnns ac-ft
Spillway crest..........iciettnranrensenioanocnns ac-ft
Spillway design surcharge level.................. ac-ft
Top of dam......oovvvinnnnsoveneocoscossnscnsnnne ac-ft
Allowance for sediment (50-year)................. ac-ft
Area (based on 1969 survey#¥*)
Debris pool.......ciiiiiiiiiiiininnnesecsesnsscnnnans ac
Splllway Crest........civcierenrancncsccsansnscnnnns ac
Spillway design surcharge level..............cc0uuu ac
Top of dam. .. ... iiviinireeronroervessescessonasanns ac
Capacity (based on 1969 surveyrik)
Debris Pool.....c.iviveireracncentoccnsacssananns ac-ft
Splllway Crest........c.cvoviverncnscnnencsonnnens ac-ft
Spillway design surcharge level...........cc00e.. ac-ft
Top of dam. .. ...cicvvnensvasrensssoascesvsnsncns ac-ft
Dam:

.t iiiiieentteeaseeaatasasaseaetraseanantansenananes
Height above original streambed....................... ft
Top length.....cooiiiitiiiiiiiicinnnronenaceanscnnnnns fe
Top width. . ... ittt ittt ittt ttenecnenns ft
Freeboard.......cciciirinereereesencnansesasscnnancnsse ft

Spillvay:
3 - L
Crest width........iiiniiiiiiiiinnineeirenecncoenennes ft
Design discharge at surcharge elevation (693.7)....£t3/s
PMF discharge at surcharge elevation (491.9)....... £t3/s
Outlets:
, GateS - TYPE.......cciiiteettoncrscsacsteccsastairancsans
‘Number and size.........ccceicuerecuncrcencnannnananes
Entrance invert slevation.......... creesaveans £r, NGVD
Conduits - type........ccoc00vvvnvee eseseecsvssreaesanns
" Rumber and siZe..........ciiiiircvennnnan N
Length (including transition section).......  eeananee fc
Entrance invert elevation........ccceevevennvne ft, NGVD
Discharge at spillway crest elevation.............. ft’/s
Discharge at top of dam elevation.................. fta/l
Reservoir design flood:
Total inflow volume.(2-d&Y).....ccuvcvvrvnneneccsans ac-ft
INELOW POAK. . ..eeernnenesacnnnnncnenesscasnnnnnnns £e3/s
Spillway design flood:
Design total inflow volume (l-day)................. ac-ft
Design inflow peak........cccvvevnnnennercccncccsnen ft3/s
PMF total inflow volume (15-hour)..............cc.e ac-ft
PMF AnfloW PEAK. . o.uoorrerennnnreccrcennnansnsnenss £c3/s
Historic maximums:
Maximum Trelease........ccvtiereerecrcnrscrcrisoscas ft3/s
DAL, . .ccucieccnososssossscacessssssvosssontscssssssacs
Maximum water surface elevation................. ft, NGVD
4 < Y
Maximum storage ( 2-26-69 ).....cccevcveanearvones ac-ft
Maxisum peak inflow (l-hour)............ccocvvunnen fr/s

* i{nches of runoff

May 1961
Carbon Canyon Creek
19.3

400
419
475
493.7
491.9
499

40.5
223.5
308.5
343.0

298 (0.29%)
7033 (6.83%)
12,063 (11.72%)
13,781 (13.39%)
1500 (1.46%)

33.8
222.0
287.2
305.6

228 (0.23%)
6615 (6.43%)
11,324 (11.0%)
12,899 (12.53%)

Earthfill

Ungated broad-
crested weir
125

36,800

31,200

Hydraulic slide
2 - 5'Wx 6.5'H
403

Rectangular
1-4.75W x 7'H
549

403

1270

1480

8030 (7.80%)
9300

10,600 (10.30%)
56,000
11,800 (11.46%)
52,000

446
2-26-69
430.9
3-1-83
891.7
1702

** based on surveys of October 1937, August 1941, August 1949, and bottom

resurvey of March 1961.
**k based on resurvey of September 1969.
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FULLERTON DAM AND RESERVOIR
ORANGE COUNTY, CALIFORNIA

PERTINENT DATA
MARCH 1989

Construction Completed......cocveeccncecee cecscsrssesacnss May 1941
Stream System........ Weesesecsssesscssasesesssaseresananes Fullerton Creek
Drainage Area......ccceeececcscccscnscscscsss 8Q. miles... 5.0
Reservoir:

Elevation .
Streambed at dal....cccosevsaveevssaaft., NGVD... 260
Spillway Crest.....ceecescssesssse---ft., NGVD... 290
Spillway design surcharge level......ft., NGVD... 298.4
TOp Of Q@B.c.cesocsceccnoseceeasneassft,, NGVD.., 307

Area
SpillwWay Crest..coceecncsssceccsnccecsss aCres.., 62
Spillway design surcharge level..........acres... 92
TOp Of 08M.ccceconnvssssvesenssccssenscs dCres, .. 130

Capacity, gross
Spillway Crest.....oecccessaossssaa..acre-feet... 764 (2.84%)
Spillway design surcharge level......acre-feet... 1394 (5.18%)
TOp Of daB.uceenncnssscnsssasncacces .acre-feet... 2306 (8.56%)
Original allowance for sediment......acre-feet... 230
Dam: ~ TypPe..cecoceossnnes cecccacsone cesecssessnccscsnanan Earthfill
Height above original streambed.....oc0e0eceeseccfto.. 46
Top length.......................................ft... 575
Top Widtheeeeseeeeeoococnoocecoonsasscencanes ceesft... 15
Freeboard (PMF)...ceceenne ceesesarsesescssenanne IS ¢ TN 8.5
Spillway: - Type...covevccane cessessssassssseccstrossasane : Ungated ogee
Crest 1ength.....................................f:... 40
Crest elevation....ccececcecerocconcces sesene vessfte.. 290
Design surcharge (modified Rational Method)......ft... 8.4
Design discharge (modified Rational Method)......ft... 3380
Qutlets:

Uncontrolled .
Number and SizZ@...cccceeeecsscvessccsacsaccancons 1-3'Wx 2°'H
Entrance !nvert elevation............ft., NGVD... 275
Controlled
Gate type.c.co... ceeesnene cecessans cecsrsssnascnes Vertizal 1lift
SiZ@.vvceececacansonsvsoccssssesasoscnsns PR § TN 2 - 3'Wx5°H
Entrance invert elevation............ft., NGVD... 261
Conduits )
Number and SizZ@...ccvicescsccsucncnscssscaccscnss 1 -U'Wx 6'H
Length.ceceeceens R & T 346
Maxizum capacity at spillway crest..... vesnsessaCls... 590

Regulated capacity at spillway crest...cceeeeseClS... 500
Standard project flood:
Duration (inflow)...cieseesceccsssasscassssaasc8ays... 1.75

Total VOlUDE....eceesncascasscsansonnssssssaCre-feet... 17350 (6.50%)
INL1OW PEAK. .ecvvceracasosanccaassasscasssacsssClSoun 2100
Outflow peak....................................efs... 1250

Maximum water surface elevation
1969 reservoir regulation schedule.........:ft... 293.75
Current reservoir regulation schedule.......ft... 292.50
Probable maximum flood -
Duration (IRFlOW)eeeecccascacccescaccosscsscessddys... 0.2%
TOta)l VOLUME...ceceeocaannccsscescecssssssalre-feet... 1820 (6.76%)
INLLOW PEAK.covecccosscssancsasscsssascssssssassCiBaus 16000
OULLIOW PEBK.coecrscosaseocscssccssasnnscsssesssClSus. 5650
Spillway OULL1OW PERK.eccvccorscncsccasanncsecesaCfS... 5650

Maximum water surface elevatioD......cccocesecseafio.e 301.44
Historic maximums:
Maximum INflOW.eecoccsccscosccssvessaccnsscsssesCfSuss 3800
DAL @ cceocosocavosssssesscacassnsnnsscasacsssensse 3-14-11
MaXimum OULL1OW.eeccccosvcosassaonsesassssansseaeCiSuus hyy
DAL .. eeccssooanacacsssssvoncasssassssnsanannnnes 3-1-83
Maximum water surface elevation...........ft., NGVD... 285.6
MaXiBUD SLOraBe...ccccsssesoacssasaasssss acre-feet... 522.5 (68% full)
DAL o cveocescnvascssssosscsenssassossscsssancncs 1-31-79

#Inches of runoff



EXHIBIT C

Finding of No Significant Impact (FONSI)



DEFARTMENT OF THE ARMY
1OS ANGELES DISTRICT CORPS OF ENGINEERS
FINDING OF NO SIGNIFICANT IMPACT
BREA DAM WATER CONTROL
ORANGE COUNTY, CALIFORNIA

I have reviewed the attached Environmental Assessment for
the Brea Dam Water Control plan (ie. modification to operaticnal
schedule). The proposed operational schedule would accommodate
expected incoming flows into the reservoir while not exceeding
the capacity of the downstream channel. No significant
biological resources, cultural resources, water quality, or land
use would be potentially affected by the proposed plan. The
environmental assessment covers the proposed operational schedule
which would go into ‘effect upon approval of the South Pacific
Division office of the U. S. Army Corps of Engineers, expected
January 1%89.

I have considered possible impacts on environmentally
significant resources as discussed in the EA and f£find that there
are no significant impacts resulting from the progect.

Therefore, an Environmental Impact Statement need not be prepared
for the modification to the operational schedule.

27 (GJ& ¢ \_/M%ﬁa (Qova

DATE TADAHIKO ONO
Colonel, Corps of Engineers
District Engineer




EXHIBIT D

Chain of Correspondence For Approval of Water Control Manual




CESPD-ED-W (CESPL-ED-HR/29 Jan 90) (1110-2-240b) 1st End Krhoun/ch
705-1433 S
SUBJECT: Brea Dam Water Control Manual

pA, South Pacific Division, Corps of Engineers, 630 Sansome Street, Room
720, San Francisco, Calif 94111-2206 25 APR 1580

FOR Commander, Los Angeles District, ATIN: CESPL-ED-HR

1. Subject manual is approved subject to the following paragraph.

-

2. On Chart A-2, Project Operator instructions, ‘subparagraph 2bi,
modify instructions to follow the backup plan as the project does mnot
have a backup plan. Suggest the project operator operate the dam
according to observed precipitation and resexvolr water surface
elevation utilizing Chart A-1. This would be consistent with paragraph
3.05 on page A3-2.

3. Please furnish this office four copies of the final. printing of the
manual .

FOR THE COMMANDER:

7
wd all encls ' JAY K. SOPER
- Director of Engineering



DEPARTMENT OF THE ARMY
LOS ANGELES DISTAICT, CORPS OF ENGINEERS
#.0, 80X 2111
LOS ARGELES. CALIFORNA 90033-2325
k

REMYTO '
ATHLNTION OF

CESPL-ED-HR (1110-2-240b) 29 Jaruary 19%0

MEMORANDUM FOR Commander, South Pacific Division, Attn: CESPD-ED-W (Krhoun)

SUBJECT: Brea Dam Water Control Manual

1. Stated hereln are your comments received informally and our responses as
discussed between our offices by telephone: '

a, "Page 5-02, Paragraph 5-04- The District should reevaluate the need
for maintaining as many hard copies of the hydrologic and hydraulic data
indicated in this paragraph. It appears much of this data is also stored in
the water control data system which would appear to be the preferred approach.
This comment would refer to recording hydrologic data for other District
projects as wall.”

We have reevaluated this comment according to EM 1110-2-3600 (Management
of Water Contrel Systems), Chapter 3, Section 5-2e. We feel that, for the
present, retention and maintenance of hard copies of hydrologic and hydraulic
data is necessary, if the computer system were to crash and data were lost.

b. "Page 6-1, paragraph 6-Ola- Delete the second paragraph as it
describes future operations for the project. The manual should only contain
{nformation on procedures currently in place. In the third paragraph
specifically indicate that the forecasts are used only for operating the
project and are not distributed to other agencies since weather forecasting 1s
the function of the NWS. Delete the last sentence of the third paragraph as
this shows future operation procedures.”

Concur. The sections cited for deletion have been deleted. The requested
statement, regarding limitations on the use of weather forecasts, has been
inserted.

c. "Page 7-02, Paragraph 7-05 b&c- Delete descriptions to original and
previous water control plans. This manual should be restricted to only
describing the current water control plan.” o

ur. These descriptions have been deleted and incorporated into Chapter 3
(History of Project).

d. "Page 7-03, Paragraph 7-05d- The current water control plan presented
in the manual contains a primary plan and an alternative plan, should
real-time precipitation not be available. In the primary plan the dam
releases are based on precipitation and reservoir levels while in the
alternative plan the releases are only based on reservoir levels., Since there
are two rain gauges at the control house the dam tender could manually read
the precipitation at half hour



e. “Page 7-6, Table 7-Ol- Delete compariéBhs to the previous operating
plan. Any information comparing the plan in the manual with the previous
plan should also be deleted.” Table 7-01 has been deleted.

f. "Page 8-2, paragraph 8-02b- delete the last paragraph in this section
(see comment 5)." The last paragraph has been deleted.

g. "Page 8-7, paragraph 8-02Ze- Delete this paragraph in its entirety (See
comment 5)." The sections of this paragraph that dealt with comparison of
the current and previous operating plan have been deleted.

3. Three copies of the Water Control Manual, as revised are enclosed for your

review.

A

4. If you have any questions, please contact Robert Stuart of the Reservoir
Regulation Section at (213) 894-3001 (FIS 798-3001),

ROBERT E. KOPLIN, PE
Acting Chief, Engineering Division



CESPD-ED-W (CESPL-ED-HR/20 Oct 89) (1110-2-240b) 1st End

Krhoun/6~-2033
SUBJECT: - Brea Danm Water Control Manual

DA, South Pacific Division, Corps of Engineers, 630 Sanscme
Street, Room 720, San Francisco CA 94111-2206 g AN 1960

FOR Commander, Los Angeles District, ATTN: CESPL-ED-HR

1. Subject final draft manual has been reviewed and comments
are enclosed. These comments are furnished to assist the
District in finalizing the manual. Approval will be given after
review by this office of the final manual. e

2. Dpistrict is requested to furnish its compliance with the
comments along with the submission of the final manual.

FOR THE COMMANDER:

h‘ﬁ. =

2 Encl ¥ K. SOPER
wd encl 1 jief, Engineering Division
aAdded 1 encl /Lf

2. Comments
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CESPD-ED-W h | : 21 Nov 1989

SOUTH PACIFIC DIVISION
COMMENTS ON .
DRAFT WATER CONTROL MANUAL
FOR
BREA DAM

1. Page 5-02,Paragraph 5-04- The District should reevaluate
the need for maintaining as many hard copies of the hydrologic
and hydraulic data jndicated in this paragraph. It appears much
of this data is also stored in the water control data system
which would appear to be the preferred approach. This comment
would refer to recording hydrologic data for other District
projects as well.

2. Page 6-1, paragraph 6-0la- Delete the second paragraph as
it describes future operations for the project: The manual
should only contain information on procedures currently in
place. In the third paragraph specifically indicate that the
forecasts are used only for operating the project and are not
‘distributed to other agencies since weather forecasting is the
function of the NWS. Delete the last sentence of the third
paragraph as this shows future operation procedures.

3. Page 7-02, Paragraph 7-05 bsc- Delete descriptions to the
original and previous water control plans. This manual should
be restricted to only describing the current water control plan.

4., Page 7-03, Paragraph 7-05d- The current water control plan
presented in the manual contains a primary plan and an
alternative plan should real-time precipitation not be
available. In the primary plan the dam releases are based on:
precipitation and reservoir levels while in the alternative plan
the releases are only based on reservoir levels. Since there
are two rain gauges at the control house the dam tender could
manually read the precipitation at half hour intervals. This
would preclude the need for the alternative plan. If this is
not appropriate suggest-the alternative plan be one of the
release schedules shown in the primary plan. The release
schedule in the alternative plan only differs slightly from
several in the primary plan.

5. Page 7-6, Table 7-01- Delete comparisons to the previous
operating plan. Any information comparing the-plan in the
manual with the previous plan should also be deleted.

6. Page 8-2, Paragraph 8-62h- Delete the last paragraph in

this section (see comment 5). 5

7. Pagé g-7, Paragraph 8-02e- Delete this paragraph in its
entirety (see comment 5).



-

(. (-

8. Suggest a statement be added in the Introduction
referencing the current Environmental Docqpentation.
pDam this would be the October 1988 EA and FONSI.

J

Section
For Brea



" DEPARTMENT OF THE ARMY

LOS ANGELES DISTRICT. CORPE OF ENGINEERS

October 20, 1989 "

-

AEPLY 10
ATTENTION OF

CESPL-ED-HR (1110-2-240B)

MEMORANDUM FOR Commander, South Pacific Division, Attn: CESPL-ED-W

SUBJECT: Brea Dam Water Control Manual

1. Enclosed are three copies of the Brea Dam Water Control Manual prepared in
accordance with ETL 1110-2-251. ;

2. Also enclosed are three copies of the October 1988 Finding of No
Significant (FONSI) and Environmental Assessment package for your review.

3. 1If there are any questions, please contact Robert Stuart of the Reservoir
Regulation Unit at (213) 894-3001.

FOR THE COMMANDER:

e

Acting Chief, Engineering Division

Enclosure



