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1. INTRODUCTION 
 
The Orange County Water District (OCWD or District) was formed by a special act of 
the California Legislature in 1933 for the purpose of managing and protecting the 
Orange County Groundwater Basin.  Since its formation, the District has developed a 
sustainable recharge program. Aquifer recharge activities conducted by OCWD fall into 
two categories: 1) Surface Recharge and 3) Injection Recharge.  
 
This manual is a working document aimed at providing the reader with a good 
understanding of OCWD’s Surface Recharge System (SRS), and its basic operational 
procedures.  The District’s SRS is dynamic with multitudes of operational scenarios.  
The intent of this manual is to present basic operational procedures commonly used by 
the SRS operators (SRSOs) as a guide towards responsible system operation. 
 
This document is intended to be updated by qualified staff as new pieces of equipment 
are added to the system and as better modes of operation are discovered.  The 
District’s acting SRS supervisor is responsible for making necessary updates to this 
document in a time effective manner. 
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1. Figure 1-1 Overview flow schematic of OCWD’s Surface Recharge System 
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2. OVERVIEW OF OCWD FOREBAY RECHARGE SYSTEM 

 
The Orange County Groundwater Basin (Basin) underlies the northern half of Orange 
County and covers approximately 350 square miles (Figure 2-1).  The aquifers 
comprising the basin extend over 2,000 feet deep and form a complex series of 
interconnected sand and gravel deposits.  It is estimated that the Basin contains up to 
60 million-acre-feet of fresh groundwater.    
 
In coastal and central portions of the basin, these deposits tend to be separated by 
extensive lower-permeability clay and silt deposits, known as aquatards (Pressure 
area).  In the inland area of the basin, generally northeast of Interstate 5, the clay and 
silt deposits become thinner and more discontinuous, allowing groundwater to flow 
more easily between ground surface, shallow and deeper aquifers (Forebay). 
 
Shortly after the District was formed in 1933, the District, along with the Orange County 
Flood Control District (OCFCD), began experimenting with ways to increase the 
percolation capacity of the Santa Ana River (SAR) channel.  These experiments 
included removing vegetation and re-sculpting the riverbank and river bottom.  Based 
on the success of these experiments, the District began purchasing portions of the SAR 
channel as they became available.  In 1936 the District made its first purchase of 26 
acres of the SAR channel for $722.  The District eventually acquired six miles of the 
SAR channel extending from Imperial Highway (SR90) to Ball Road (Figure 2-2).   
 

 
Figure 2-1 Map of OCWD boundary and surrounding region.  The Pressure and Forebay areas are 
shown. 
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Currently the District owns over 1,625 acres of land within the Forebay containing over 
two dozen recharge facilities that span nearly 1,100 wetted acres (see Figure 2-2).  In 
addition, the District utilizes several flood control basins owned by the OCFCD for 
recharge.  Along with land purchases, the District invested in infrastructure to maximize 
the ability of the facilities to recharge water, including four rubber dams, over six miles 
of pipelines, ten pump stations, and a fleet of earthmoving equipment.  Figure 2-2 
shows the District’s Surface Recharge Facilities. 

 

The main source of inflow to the recharge system is the Santa Ana River (SAR). When 
SAR flow reaches the Imperial Rubber Dam located just downstream of the Imperial 
Highway, the flows are divided into two streams. The first stream is diverted from the 
SAR to the Upper Off-River System. The second stream is by-passed around the 
Imperial Rubber Dam and placed back into the SAR. The maximum flow that be 
diverted to the Upper Off- River System is 350 cubic feet per second (cfs) and up to 900 
cfs can also bypass the dam and flow down the SAR channel.  

Flow diverted by the Imperial Rubber Dam passes, by gravity, through the Upper Off-
River System, a series of desilting ponds before being placed in managed recharge 
basins for percolation into the Basin.   

Flow bypassed around the Imperial Rubber Dam remains in the SAR channel for 
percolation through the riverbed sediments or managed recharge basins further 
downstream.  

The District’s surface recharge system is designed to receive flows from 3 different 
sources: the SAR, recycled water, and imported water. The recharge system has 
roughly 25,000 acre-feet of storage above ground.  

Storm flows and base flows combine to make the largest contribution to the District’s 
recharge portfolio.  The SRSO works directly with the United States Army Corps of 
Engineers (USACE) to recharge water captured behind the Prado Dam.  The USACE 
located at: https://resreg.spl.usace.army.mil/cgi-bin/slLatestBasin.cgi?sar+elev provides 
inflow, outflow and level data for the Prado Dam in 15-minute intervals 24/7. 

Recycled water through the District’s Groundwater Replenishment System (GWRS) 
contributes up to approximately 100,000 acre-feet annually to the Districts overall 
recharge portfolio. This is a sustainable source.  Currently, the GWRS treatment plant is 
being expanded. 

The District often-times enters into import water purchase agreements with the 
Metropolitan Water District of Southern California (MWD).  Currently the District is in an 
agreement with MWD to recharge up to 65,000 acre-feet annually.   
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Over the past 10 years the District has recharged between 172,500 acre-feet and 
268,000acre-feet of water annually.  While the Basin is estimated to contain 60 million 
acre-feet of fresh groundwater, the District also establishes the maximum desirable 
accumulated overdraft of 500,000 acre-feet.   

A well-managed surface recharge program is critical to achieving the proper balance 
within the Basin that ensures high levels of water quality, reliability and sustainability for 
the residents and businesses it serves.  

This manual divides the District’s Surface Recharge System into six groups: 

 River (SAR) System 
 Upper Off-River System 
 Warner System 
 Upper Recharge System 
 Lower Off-River system 
 GWRS System 

Figure 2-3 shows the locations of these six recharge systems. 

To Assist the SRSO, a comprehensive water atlas has showing the locations and 
details of all valves, flow meters and critical supporting appurtenances.  It is 
recommended that the reader refer to this water atlas should additional focus be 
needed on certain aspects the recharge system.  The water atlas is located in section 9 
of this manual. 
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3. RIVER RECHARGE SYSTEM OPERATION: 
 
The entrance into the Surface Recharge system is the Imperial Head Gates.  
The Imperial Head Gates are located approximately 1 mile west (down-
stream) of Imperial Highway.  The facility contains an inflatable rubber dam, 
dam house, trash rack system, diversion structure, bypass structure and 
back-up diesel generator.  
 

 

Figure 3-1 Imperial Head Gates looking East (upstream): Imperial Rubber Dam (A), Trash rack 

system (B), Diversion gates (C), Bypass gates, (D), Dam (control) house (E), generator building 
(F). 

A. Imperial Rubber Dam 
 

The primary function for the Imperial Head Gates is to divert water from the SAR for 
groundwater recharge.  

The Imperial Rubber Dam (Figure 3-2) is the main diversion-site located on the Santa 
Ana River about 0.6 miles west and downstream of Imperial Highway.  The dam is a 7 
ft. tall, 300 ft. wide, 1-inch thick, inflatable rubber diversion structure. The dam can be 



 
 

  Surface Recharge System Operations Manual     
 6 | P a g e  

 

inflated or deflated within 20 minutes on-site, inside the control house, or remotely by 
the Supervisory Control and Data Acquisition (SCADA).   

Water impounded behind the Imperial Rubber Dam (Pool) can be diverted to the Upper 
Off-River System or bypassed around the dam and then back into the SAR. Controls for 
the diversion and bypass gates can be operated locally, by pushing buttons on the valve 
actuator motors inside the control house, or remotely by SCADA.  SCADA can be 
accessed through a District provided laptop computer or from a desktop computer in the 
SCADA room inside the FHQ administrative building.  The diversion controls are located 
at the east side of the control house.  There are preset levels for the Imperial Rubber 
Dam to deflate automatically during storm flows or high flow release periods.  One is set 
from a level transducer and another is set mechanically.  For instructions on how to 
operate the Imperial Rubber Dam see Appendix A-1.    

 
Figure 3-2 Imperial Rubber Dam Inflated with pool visible. 
 

Flow can go over the dam either partially or fully inflated (Figure 3-3).  Maximum flow 
over the dam is approximately 600 cfs before the dam deflates automatically   
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Figure 3-3 Flow over the Imperial Rubber Dam with bypass gate valves and trash rack monorail visible 

in the upper left-hand corner of image. 

a. Trash Rack 
 

The Imperial diversion and bypass intakes at are kept clear using a clamshell bucket 
trash rack system (Figure 3-4).  The trash rack system is a 14-pickup station clamshell 
bucket suspended by cable from a curved monorail that picks up debris in the river 
blocking the intake structure.  The trash rack system can be controlled either remotely 
by SCADA, locally at the local panel inside the control house, or by hand-held remote 
control.  For trash rack control operation details see Appendix A-2.   

Figure 3-4 Imperial trash rack system.  The grabber claw is visible at the bend in the monorail.  The 

dump station and debris pile are visible at the upstream end of the monorail.  The bypass intake structure 
is visible in the lower right-hand corner of the image.  The debris piles are periodically removed by the 
Heavy Equipment Operators.    
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There are three ways flow can be directed at the Imperial Dam when inflated:  Over the 
dam, by-passed around the dam or diverted out of the SAR Channel.  

b. Imperial Diversion 
 

Flow diverted enters the Off-River System through three 5 ft. by 5 ft. concrete box 
culverts (Figure 3-5) equipped with slide gates and actuators.   The slide gates can be 
controlled either locally onsite or remotely using SCADA.  For operational details on 
slide gate vale operations see Appendix A-3.  The diversion gate actuators are directly 
above the valves located inside the dam control building.  A maximum flowrate up to 
500 cfs is okay for short periods of time.  A diverted flowrate of 350 cfs can be sustained 
long-term.  Diverted flow is measured at a 15 ft. Parshall Flume located approximately 
200 ft. downstream of the box culverts at the beginning of the Off-River System. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-5 Imperial Diversion Boxes.  Trash rack monorail visible above dam house. 
 

c. Imperial Bypass 
 
Bypass flow reenters the SAR through two 5 ft. by 8 ft. concrete box culverts (Figure 3-
6) equipped with slide gates and actuators. The slide gates can be controlled either 
locally onsite or remotely using SCADA.  Appendix A-3 provides instructional detail 
regarding the operation of motor operated valve (MOV) actuator operation.  Flow is 
measured using a Sontek Acoustic Doppler meter in each box and viewed on SCADA.   
The Bypass slide gates are adjusted to create a full pipe condition as required for flow 
meter application (pre-programmed area).  A maximum flowrate of 450 is okay, flows 
exceeding 450 cfs are subject to entrained air (air bubbles) and may cause a loss of 
accuracy.   
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The maximum total SAR flow before deflating the dam is between 1,600 to 1,850 cfs 
(350 cfs diverted, 900 cfs bypassed and up to 600 cfs over the top of the Imperial 
Rubber Dam).  

Flow through the bypass structure directs back into the SAR.  Flow over the Imperial 
Rubber Dam remains in the SAR.  Flow through diversion enters the Upper Off-River 
System (Weir Ponds 1, 2, 3 and then 4). The Upper Off-River System is described in 
Section 4 of this manual.  

 

Figure 3-6 Imperial Bypass Gates 

 

B. Upper SAR (between Imperial Dam and 5 Covers Dam)  
 

Flow bypassed around the Imperial Rubber Dam passes over this section of the SAR 
(Figure 3-7).  During periods of high flow this section has bank to bank coverage and 
maximum percolation occurs. During periods of low flow runner dikes are built of 
riverbed sand to minimize the flow path which increases velocities.  This mechanical 
control is used to mitigate midge fly population growth during warm weather.  The 
percolation range in this upper section of the SAR is 15 cfs to 50 cfs depending on the 
configuration and condition of the river bottom.  Flow that does not percolate in this 
upper section is either captured at the Five Coves Dam (if inflated) or percolates in the 
Lower SAR.   

In this upper portion of the river there are two locations flow can be diverted from the 
SAR in to the Upper Off-River System (Figure 3-7).  In both cases a sand dikes needs 
to be built from the center levee downstream of the respective gate valve diagonally 
upstream across the river 200 ft. (Figure 3-8).  The sand dike impounds and 
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channelizes water and the flow is controlled by the gate opening.  The gates are opened 
manually using a hand crank or with the hydraulic operator.  For operational detail of the 
portable hydraulic valve operator see Appendix A-4.   There is no flow measuring device 
at these two diversion-sites. 

 
 
Figure 3-7 Aerial image showing locations of two connection points (temporary diversions) 
 between the Upper-Off-River and the Santa Ana River. 
 
 

a. Upper SAR Temporary Diversion 1: Four Pipes/Gates SAR to Weir 
Pond 4 

 
West of Lakeview Avenue there are four 48-inch canal gate valves and pipes (Figure 3-
8) capable of diverting up to 50 cfs of SAR flow into Weir Pond 4. A sand dike needs to 
be built using river sand from the center levee downstream of the gates diagonally 
upstream across the river 200 ft so that an elevation head creates gravity flow from the 
Upper SAR into Weir Pond 4.  The sand dike impounds and channelizes water and the 
flow into Weir Pond 4 is controlled by the gate valve operation.  These four gate valves 
are controlled manually using a hand crank or with the portable hydraulic operator 
(Appendix A-4). There is no flow measuring device at this diversion-site.  
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Figure 3-8 Four Pipes/Gates SAR to Weir Pond 4 Lakeview Avenue in the background.  Yellow line 
indicates location of temporary sand dike. 
 

b. Upper SAR Temporary Diversion 2: Four Pipes/Gates SAR to Upper Off-River 
 
West of the Tustin Avenue train bridge there are four 48-inch canal gates and pipes 
(Figure 3-9) capable of diverting up to 30 cfs of SAR flow into the Upper Off-River 
System.  A sand dike needs to be built from the center levee downstream of the gates 
diagonally upstream across the river 200 feet.  The sand dike impounds water and 
directs the flow.  Flow is controlled by operating the gate valves.  The gate valves are 
opened manually using a hand crank or with the portable hydraulic operator (Appendix 
A-4). There is no flow measuring device at this temporary diversion-site. 

 

 
Figure 3-9 Four Pipes/Gates SAR to Off-River Tustin Ave. Train Bridge in the background.  Yellow line 
indicates location of temporary sand dike. 

  



 
 

  Surface Recharge System Operations Manual     
 12 | P a g e  

 

C. Five Coves Site 
 

a. Rubber Dam  
 

The purpose of the Five Coves Rubber Dam (Figure 3-10) is to regulate flow to the 
Lower SAR by diverting excess flow to the Lower Off-River System.  The Five Coves 
Rubber Dam is located about 3.4 miles downstream of the Imperial Rubber Dam 
approximately a quarter mile southwest of Glassell Avenue.  The Dam is a 7ft. tall,    
300 ft. wide, ¾-inch thick rubber diversion structure.  The dam can be inflated or 
deflated within 20 minutes either on-site, inside the dam control house or remotely by 
SCADA.  For operational details of the Five Coves Rubber Dam see Appendix A-5.  

 

Figure 3-10 Five Coves Dam site looking Northeast (upstream): Upper SAR Five Coves Rubber Dam 

(A), trash rack system covering diversion and bypass intake gates (B), dam (control) house (C), generator 
building (D), bypass gates into SAR (E), diversion gates into Upper Five Coves Basin (F), SAR to Upper 
Five Coves gate valves with sand berm in place (G), Carbon Diversion Channel (H), Lower Off-River 
System (dry) (I), Upper Five Coves Basin (J), Glassell Avenue (K). 

 

Water impounded (pool) at the Five Coves Rubber Dam can be diverted from the SAR 
or bypassed around the Five Coves Rubber Dam and back into the SAR.  Controls for 
the diversion and bypass gates can be operated locally inside the dam control building 
at the valve actuators or remotely by SCADA (FHQ or laptop).  The diversion gate 
actuator controls are located at the east end of Upper Five Coves Basin and the bypass 
gate actuator controls are located west of the dam on the right bank of the SAR.  The 
dam has a mechanical deflate valve that will open when the pool level reaches 1 foot of 
flow over the dam.  When the mechanical deflate is activated it will need to be reset in 
the field before the dam can be re inflated.  Approximately 500 cfs of flow can go over 
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the dam (1 ft. of water) before the mechanical deflate is triggered.  Flow over the dam 
remains in the SAR.   

Figure 3-11 Flow over the Five Coves Rubber Dam 

b. Trash Rack 
 

The Five Coves diversion and bypass intakes are cleared using an automated trash rack 
system (Figure 3-12).  The trash rack system can be operated manually (controls on the 
south wall inside or outside the Dam Control Building) or remotely using SCADA.  For 
operational details of the Five Coves Trash Rack System see Appendix A-6.   

 

 
Figure 3-12 Five Coves Trash Rack System.   
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c. Diversion 
 

Flow diverted by the Five Coves Rubber Dam enters Upper Five Coves Basin 
through two 8 ft. by 5 ft. concrete box culverts (Figure 3-13) equipped with slide 
gates and actuators.  The slide gates may be controlled locally (Appendix A-3) 
onsite or remotely using SCADA.  The maximum combined diverted flowrate is 500 
cfs.  A sustainable diverted flowrate depends on how much flow is entering Upper 
Five Coves Basin from the Upper Off-River System and the available storage in 
Burris Basin.  The maximum transfer rate from Five Coves to Lincoln to Burris 
Basins is 500 cfs.  Each of the two diversion boxes at the Five Coves site measures 
flow using a 4-path Rittmeyer flow meter that communicate with SCADA.  The 
diversion gate actuators are above the valves located at the east end of Upper Five 
Coves Basin (Figure 3-13).  

 

 
Figure 3-13 Five Coves two 8-foot by 5-foot concrete diversion boxes daylighting into Upper Five 
Coves Basin.  The Five Coves trash rack and control building can be seen in the background.  

 

d. Bypass 
 

Flow can go around the dam and remain in the SAR through two 6 ft. by 3 ft. bypass 
box culverts (Figure 3-14) equipped with slide gates.  The gate valves can be 
controlled locally or remotely by SCADA.  A maximum flowrate of 400 cfs is okay, 
flow exceeding 200 cfs per box are subject to entrained air (air bubbles) and may 
cause loss of accuracy.  Flow is measured using a 2 Path Rittmeyer flowmeter in 
each box that communicate with SCADA.  The bypass gate actuators are located 
above the valves west of the dam at the right bank of the SAR.   
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Figure 3-14 Two Five Coves 6-foot by 3-foot bypass box culverts with gate valves that discharge 

into the Santa Ana River.  The Five Coves Rubber Dam is deflated in this image.    

 

D. Lower SAR (between Five Coves Dam and Chapman Ave) 
 

Flow bypassed around the Five Coves Rubber Dam flows over the lower section of the 
SAR.  During periods of high flow the Lower SAR has bank to bank coverage and 
maximum percolation occurs.  During periods of low flow, runner dikes are built using 
SAR sand to minimize the flow path which increases velocities.  This mechanical control 
is used to mitigate midge fly population growth during warm weather..  Percolation in the 
Lower SAR ranges from 40 cfs - 60 cfs depending on the configuration and condition of 
the river bottom.  Bypassed flow is regulated to ensure flow does not pass beyond 
Orangewood Avenue.  
 
In this lower portion of the SAR there are two locations flow can be temporarily diverted 
from the SAR into Upper Five Coves and Lincoln basins.  To accomplish this a 200 ft. 
diagonal sand dike needs to be built at each location.  
 
There are three main tributaries to this section of the river, Carbon Diversion Channel, 
Chantilly Drain and Katella Drain.  There is no flow measuring device for tributaries 
contributing to the Lower SAR.   
  

a. Carbon Diversion Channel 
 
Carbon Diversion (Figure 3-10(H)) flow is derived from Carbon Canyon Dam flows and 
the many street drains which feed the channel north of the SAR.  The Carbon Diversion 
Channel enters the SAR from the north, immediately west of the Five Coves Dam.  Flows 
from the diversion that enter the SAR have been estimated to be as high as 500 cfs.  
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b. Lower SAR Temporary Diversion: Two pipes/gates to Upper Five Coves 
Basin 

 
West of the Carbon Diversion Channel and Five Coves Dam there are two 60-inch canal 
gates (Figure 3-10) capable of diverting up to approximately 50 cfs of SAR flow to Upper 
Five Coves Basin.  A sand dike needs to be built from the center levee downstream of 
the gate valves diagonally upstream across the river 200 ft.  The sand dike impounds 
water in the Lower SAR and channelizes the flow into Upper Five Coves Basin.  Flow is 
controlled by the gate openings.  The gates are opened manually using a hand crank or 
with the portable hydraulic operator (Appendix A-4). There is no flow measuring device 
at this temporary diversion site. 
 

c. Lower SAR Temporary Diversion: Two pipes/gates SAR to Lincoln Basin 
 

West of Lincoln Avenue there are two 36-inch canal gates (Figure 3-15) and pipes are 
able of diverting up to 25 cfs of SAR flow into Lincoln Basin.  Lincoln Basin must be empty 
when these gates are used. A sand dike needs to be built from the center levee 
downstream of the gates diagonally upstream across the river 200 ft.. The sand dike 
impounds water and the flow into Upper Lincoln Basin is controlled by the gate opening.  
The gates are opened manually using a hand crank or with the hydraulic operator 
(Appendix A-4). There is no flow measuring device at this diversion-site. 
 
 

 
Figure 3-15 Aerial view of the Lower SAR temporary diversion structure: two pipes/gates SAR to 
Lincoln Basin with sand berm built.  Also visible in the lower SAR channel is a concrete structure built by 
the USACE to stabilize the hydraulic conditions during high flow events. 
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d. Ball Road Gaging Station 
 
The Ball Road Gaging Station relies on a sand dike configuration (Figure 3-16) designed 
to channelize the SAR flow over a “bubbler” level sensor near the center levee.  The level 
is monitored on SCADA by recharge operators. There is a lookup table available to 
estimate flow when the sand dikes are intact or completely removed (and flow is of 
reasonably uniform thickness).  See Appendix A-7for look up tables.  It is common during 
high flows that the sand dikes get damaged, in this case flow is unmeasurable.   
 

 

 
Figure 3-16 Ball Road Gaging Station with sand dikes configured.  The bubbler gas line conduit is 
visible running down the western bank of SAR.  The Ball Road gauge house is out of view (left-hand side 
of image).  
 

e. Ball Road to Chapman Ave. 
 

“T & L” levees are built in this section of the SAR to slow the flow and to maintain bank to 
bank coverage to maximize percolation.  Daily field observations of water coverage and 
flow are made by recharge operators in this section of the SAR.  Using the Ball Rd. 
SCADA information and observations, SRSOs regulate dam bypass flows (either Imperial 
Dam, or Five Coves Dam if inflated). The flows are adjusted to maximize percolation in 
the SAR as far downstream as the 57 Freeway.  If the river is wetted and flowing past the 
freeway, bypass flows are reduced. If the SAR is dry above the 57 Freeway, bypass flows 
are increased.  The section of SAR from the 57 Freeway and Chapman Avenue is used 
as a buffer and indicator for necessary flow adjustments.  Water past Chapman Avenue 
is considered lost to the ocean.  This flow is detected at the United States Geological 
Survey (USGS) 5th Street Gaging Site in Santa Ana.  Data for this gauging station can be 
found at: https://waterdata.usgs.gov/usa/nwis/uv?site_no=11078000 
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4. UPPER OFF-RIVER SYSTEM (Imperial Flume to Carbon Diversion) 
 

Flow diverted by the Imperial Rubber Dam passes through the Imperial Flume to enter 
the Upper Off-River System.  The Upper Off-River system is a series of Weir Ponds. 

 

Figure 4-1 Aerial view of the beginning of the Upper Off-River System showing diverted flow entering 

the Imperial Flume (A) and upper Weir Pond 1 (B).  Other important features visible in this image include:  
Imperial Rubber Dam (C), Imperial Control House with removable roof panels above the Imperial 
Diversion Gate Valves (D), diversion flow boxes (E). 

 

a. Imperial Flume  
 

Flow passes through the Imperial Flume shortly after being diverted off of the main SAR 
channel.  This is a 15 ft. Parshall Flume for manually measuring diverted flow.  A look-
up table for this flume is in Appendix A-8.  A level transducer and a down-looking 
electronic level sensor are both located at the Imperial Flume and feed data into the 
SCADA system.  Measurement accuracy of the Imperial Flume requires unobstructed 
flow upstream and downstream of the flume.  Common obstructions include sediment 
accumulation and vegetation growth.  
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Figure 4-2 Imperial Flume showing locations of down-looking flow sensor (left image) and 

transducer/stilling well (right image).  The catwalk bridge is used for manual flow measurements and 
removal of physical obstructions.  A staff gauge is mounted on the North wall of the flume and is not visible 
in this figure. 

b. Weir Ponds 1, 2 and 3 
 

The primary function of the Weir Ponds is to reduce the amount of silt in the diverted 
flow stream.  Silt deposition is the primary cause of recharge basin clogging.  The 
combined wetted area of Weir Ponds 1, 2 and 3 is 33 acres with a maximum of 252 
acre-feet of water storage.  

Flow diverted at the Imperial Dam travels through the upper off-river system going 
through Weir Ponds 1, 2, 3 and 4 by gravity surface transfer.   

Weir Pond 1 

Flow is measured entering Weir Pond 1 using the Imperial Flume.  Flow leaves Weir 
Pond 1 and enters Weir Pond 2 over a non-measuring concrete structure.  Weir Pond 1 
contains one 36-inch drain tube with a manually controlled slide gate valve that 
discharges into Weir Pond 2.   Flow into all Weir Ponds is controlled by throttling the 
diversion gate valves at the Imperial Rubber Dam.  

 

 

Weir Pond 2 
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Weir Pond 2 contains one 36-inch drain tube with a manually controlled slide gate valve 
that discharges into Weir Pond 3.   Flow Leaves Weir Pond 2 over a 99-foot sharp 
crested weir with end contractions (Figure 4-3).  A look-up table for this weir is provided 
in Appendix A-8.    Flow leaving Weir Pond 2 is also measured using a level transducer 
that provides real-time feed into the SCADA system.    

 

Figure 4-3 Flow over the 99-foot sharp crested weir between Weir Ponds 2 and 3.  Note obstructions, as shown 

in figure can create inaccuracies in flow measurement and should be removed quickly so wildlife habitat does not 
develop. 

Weir Pond 3 

Flow Leaving Weir Pond 3 is manually measured using a combination of two sharp 
crested weir offset in elevation for higher accuracy.  Both weirs are equipped with end 
contractions.  Look-up tables for these weirs are provided in Appendix A-8.    Flow 
leaving Weir Pond 3 is also measured using a level transducer that provides real-time 
feed into the SCADA system.  

Flow over Pond 3 travels through a concrete transfer box under Lakeview Avenue and 
into Weir Pond 4.  Weir Pond 3 has a 48-inch drain tube and manually operated slide 
gate valve that discharges into Weir Pond 4. The portable hydraulic valve actuator can 
be mobilized to speed the draining operation.   

During storms local inflow can enter the SAR between the diversion flume and Weir 3, it 
is suggested that no more than 350 cfs maximum goes through the Lakeview transfer 
box for a sustained period of time per OCWD Engineering Department following 
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completion of a relining project. The structure was originally designed to transfer 500 
cfs.  Now, when flowing more than 350 cfs through the Lakeview transfer box it is critical 
to closely monitor the water surface for vortexes on both sides of the Lakeview Avenue.  
Erosion of the bank is of primary concern. 

 

Figure 4-4 Aerial image of Weir Pond 3 looking west (downstream).  Visible features include: 

measuring weir (A), transfer box under Lakeview Avenue (B), 48-inch drain tube operator(C).  Also visible 
in this image is Weir Pond 4 (D), Foster Huckleberry Basin (E) and the SAR (F).  The dry “Passive 
System” (G) can be seen directly downstream (below) Weir Pond 4 in the Upper Off-River system. 

 

 

 

 

 

 

c. Weir Pond 4  
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The primary function of Weir Pond 4 is to direct flow diverted off the SAR. Weir Pond 4 
is the main diversion point into the Warner System (Figure 2-3).   
 

 
Figure 4-5 Aerial Image of Weir Pond 4 showing: transfer box under Lakeview Avenue (A), two 60-inch 

pipes with slide gate valves gravity feeding water into the Warner System (B), 60-inch slide gave valve 
into the Warner Bypass Pipeline (C), Measuring Weirs (D), 48-inch drain canal gate valve (E), four 36-
inch pipes and gates to SAR (F), Weir Pond 3 48-inch drain discharge (G). 
 
Flow can enter Weir Pond 4 from three places: 
 

 Flow can come from Weir Pond 3 over a sharp crested weir then through a 7 
ft. by 7 ft. surface transfer box (Figure 4-5(A)).  The box was originally 
designed for 500 cfs but later relined due to wear. The engineer involved 
suggested no more than 350 cfs due to possibility of vortexes developing on 
both sides of the box that may cause erosion issues with Lakeview Avenue.  

 Flow can come from Weir Pond 3 via one 48-inch drain canal gate.  This 
valve is not available on the SCADA system and has an estimated maximum 
flow of 125 cfs. 

 Flow can come from the SAR through four 36-inch canal gates (Figure 4-5 
(F)). These four valves are not available on the SCADA system and require 
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local operation using the portable gasoline-powered hydraulic valve operator 
(Appendix A-4).  Sand diversion dikes can be built using bulldozers to force 
water from the SAR into Weir Pond 4 through these four 36-inch tubes with 
slide gates.  Estimated maximum flow is about 100 cfs for all four 36-inch 
tubes (Figure 4-6). 

 
Figure 4-6 Four 36-inch pipes with gate valves connecting SAR and Weir Pond 4.  The portable 

hydraulic valve operator connects to the valve nut visible at the end of the valve stem. 

 
Flow can leave Weir Pond four different ways: 
 

 Flow can be sent to Foster-Huckleberry (beginning of the Warner System, 
see Section 5 and Figure 4-7) using two 60-inch pipes with slide gates 
designed for 300 cfs but under normal operation no more than 200 cfs.  
Sending water in this direction mostly depends on storage and elevation 
differences of downstream basins. These gates can either be controlled 
locally at the actuator or using SCADA. Flow measured into this system is the 
byproduct of Weir Pond 3 flow minus flow over Weir 4 or through the Weir 
Pond 4 drain (Warner bypass on occasion).  
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Figure 4-7 Gate valves intakes for two 60-inch pipes that gravity feed into Foster-Huckleberry Basin 

 Flow can be sent into the Warner Bypass Pipeline using a 60-inch slide gate 
(Figure 4-8).  The slide gate valve is located at the northwest corner of Weir 
Pond 4. This gate valve is not connected to SCADA, local control only by 
pushing buttons on the valve actuator motor.  Maximum flow through the 
Warner Bypass Pipeline is approximately 150 cfs (no flow meter).  
 

 

Figure 4-8 Intake Gate valve for 60-inch Warner Bypass Pipeline 

 Flow can continue down the Upper Off-River system by flowing over one or 
two weirs along the west side of Weir Pond 4 or through a 48-inch canal gate 
drain.  Weir 4 has two sharp crested weirs with end contractions.  A 20-ft. weir 
and a 30-ft. weir with offset elevations are used for more accurate flow 
measurement (See Figure 4-9).  
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Figure 4-9 20 and 30-foot weirs at Weir Pond 4.  Note: physical obstructions like the debris show, 
can cause inaccuracies in flow measurements. 

 Weir Pond 4 drain (48-inch canal gate opens using portable hydraulic 
operator or hand crank on-site). This valve is mostly used to drain Weir 
Ponds.  This drain has no flowmeter, flow is spot measured with the Flow 
Tracker field device (Figure 4-10).  This drain discharges downstream of Weir 
Pond 4 into the Upper Off-River.  
 
 

   
Figure 4-10 Weir Pond 4, 48-inch canal gate drain. 
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Level in Weir Pond 4 is monitored using a shaft encoder/position analog transmitter 
(shaft encoder) that communicates with the SCADA system. 

As flow continues down the Upper Off-River System, the channel bottom serves both as 
a conveyance and recharge function.  This section of the Off-River is prone to becoming 
wildlife habitat.  Careful landscape management is required.   

Flow can enter this lower segment of the Upper Off-River System from 4 sources: 

 Over the two sharp crested weirs at Weir Pond 4 (Figure 4-9) 350 cfs maximum.  
Flow is measured using a level sensor (SCADA) and rating curve (Appendix A-
8). 

 Weir Pond 4, 48-inch canal gate drain (Figure 4-10).  This drain is used mostly to 
drain the Weir Ponds.  This drain has no flowmeter, flow is spot measured with 
the Flow Tracker field device. 

 Warner Bypass Pipeline 60-inch slide gate valve above the 91 Freeway (Figure 
4-11).  This flow comes from Weir Pond 4 generally no more than 30 cfs. There 
is no flowmeter for this discharge point.  Flow is approximated from manually 
spot checking over the years with the flow tracker measuring device.         

 

 

 

 

 

                                                                                     

 

Figure 4-11 Warner Bypass Pipeline 60-inch slide gate valve to Upper Off-River, 91 Freeway Bridge in 

background. 

 
 SAR below the train bridge and above Five Coves Dam four 36-inch canal gates 

(Figures 3-7, 3-9).  Building a sand dike below canal gates and extending it 
upstream creates depth at these gates and allows flow control.  Approximately 
150-200 cfs maximum.   

Flow can leave the Upper Off-River System from four 48-inch canal gate valves at the 
downstream end of Upper Off-River System just west of Glassell Avenue.  These valves 
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are controlled locally using valve actuator controls or remotely from SCADA. (Figure 4-
12). 

 

Figure 4-12 Aerial image of Four 48-inch canal gates into Upper Five Coves Basin and ten flap gates 

into Carbon Diversion Channel.  Two sharp crested measuring weirs off-set in elevation can be seen in 
front of the four gate valves.  Upper Five Coves Basin is visible below the Carbon Diversion Channel. 

The Upper Off-River System will spill into Carbon Diversion through ten 48-inch by 84-
inch box culverts with 12-inch by 84-inch metal flap gates above the canal gates.  If the 
four 48-inch canal gates are closed or throttled, clogged or flow exceeds capacity, flow 
will spill trough the flap gates into the Carbon Diversion Channel.  The flap gates are 
designed for 500 cfs. 

At this structure water flows over a two-part measuring weir with off-set elevations for 
accuracy.  Flow is also measured electronically using a down looking level sensor and 
can be viewed on SCADA.  
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d. Passive System 
 

Immediately downstream of Weir Pond 4 lies the passive system (Figure 4-4(G)).  The 
passive system is an ongoing research project that collects water just beneath the 
ground surface and transfers the flow into Olive Basin (Figure 4-13) for percolation.  
This project is operated by the Districts Field Research Laboratory and the Recharge 
Planner.  The SRSOs are not responsible for the operation of the passive system.  A 
document explaining the project is provided as Appendix B. 

Olive Basin is the only recharge basin that is part of the Upper Off-River System.  This 
basin receives flow from the passive system and surface flow from the Upper Off-River 
System.  Olive Basin is approximately 10 wetted acres and is equipped with a 
submersible pump for dewatering.  This pump can be controlled locally or remotely 
using the SCADA system. For Olive Basin Pump Operation details see Appendix A-9. 

 

Figure 4-13 Aerial image of Olive Basin showing the dewatering pump control building (A), sump pump 

intake structure (B), and basin inlet portal (C). 
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5. WARNER SYSTEM  
 

Flow leaving Weir Pond 4 can flow through the Warner System.  The Warner System 
includes Foster-Huckleberry, Conrock, Warner and Little Warner Basins for a combined 
wetted area of approximately 127 acres with a maximum of 4,310 acre-feet of water 
storage (Figure 5-1).   

 

Figure 5-1 Aerial view of Foster-Huckleberry Basins (A), Conrock Basin (B), Warner Basin (C) and Little Warner 
Basin (D).  Other important features visible include: Foster-Huckleberry 36-inch drain (E), four 48-inch transfer pipes 
from Foster-Huckleberry Basin into Conrock Basin (F), City storm drain portal (G).  Note: below the road between 
Conrock and Warner Basin lies a large diameter MWD water transmission pipeline.   

 

Although the Warner System is capable of recharge, it primary function acts as a 
sacrificial desilting system for the Upper Recharge System. It also serves as a 
concession for fishing which can sometimes be a conflict when planning recharge 
operations.  Without the fishing concession, the Warner System could be cleaned more 
frequently and increase the overall capacity of OCWD’s Recharge System.  Care should 
be taken when filling the Warner system from an empty state.  To prevent erosion, no 
more than 15 feet of head differential between all three basins should be maintained 
during filling.  MWD has a large diameter transmission pipeline that runs beneath the 
road separating Conrock and Warner Basins.  
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a. Foster-Huckleberry Basin 
 

Flow enters Foster-Huckleberry Basins from Weir Pond 4 through two 60-inch pipes 
with slide gates (Figures 4-5(B), 4-7).  The slide gates are designed for a maximum 
inflow of 300 cfs but when the Warner System is full, the maximum inflow is no more 
than 200 cfs.  Flows and levels through the Warner System are controlled by adjusting 
these valves.  These valves have no SCADA functionality and operate locally using 
motor actuators.  See Appendix A-3 for motor actuator valve operational instructions.  
Levels at various basins within the Warner System can be viewed on SCADA.   

Flow exits Foster-Huckleberry Basin at southwest corner through four 48-inch pipes at 
about elevation 245-feet above msl (Figure 5-2). These transfer pipes are flow-through 
and do not have valves. Flow can also leave basin through one 36-inch drain valve 
used only for draining of basin (Figure 5-1(E)). This valve is controlled locally with the 
portable hydraulic operator. This drain discharges to Conrock Basin. There is no 
flowmeter to determine the discharge flow rate. Level is measured using a pressure 
transducer and a Waterlog 3551 bubbler located at the Weir Pond 4 communication hub 
(house), An orifice line runs into southeast corner of Foster/ Huckleberry Basin (the high 
end of basin) and the basin level is available on SCADA.   

 

 

 

 

 

Figure 5-2 Four 48-inch transfer tubes leaving Foster/Huckleberry Basin 

b. Conrock Basin 
 

Flow enters Conrock Basin from the four 48-inch subsurface transfer pipes leaving 
Foster-Huckleberry Basin (Figure 5-2).  Flow exits Conrock Basin at southwest corner 
through four 48-inch subsurface pipes with slide gates at about elevation 240 ft. msl 
(Figure 5-3(D)).  These valves are not on SCADA and are operated locally with the 
portable hydraulic operator or hand crank. Flow can also leave through an 18-inch and 
36-inch drain valve, both valves are pneumatically operated locally.  For operational 
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instructions on pneumatic valve operation see Appendix A-10.  These are only used to 
drain Conrock Basin and to fill Warner Basin. There is an Accusonic flowmeter and 
down looking level sensor (at level 230 msl) that can be seen on SCADA when surface 
transferring.  These drains have no meters. 

c. Warner and Little Warner Basins 
 

Flow from Conrock Basin enters Warner Basin through four 48-inch surface transfer 
pipes located in the south east corner of Warner Basin at about elevation 240 ft. msl 
during normal operation.  This flow is measured with a 4 path Accusonic flowmeter 
exiting Conrock Basin (Figure 5-3). 

 

Figure 5-3 Aerial Image showing Conrock Basin (A), Conrock Channel (B), gauging station (C) and 4 transfer 

pipes into Warner Basin (D).  FHQ Buildings are visible in the background.  Note a large diameter MWD water 
transmission pipeline lies under the road separating Conrock and Warner Basin.   

 

When Warner Basin is being filled from empty or a very low level, flow can also come 
into Warner Basin through an 18-inch and a 36-inch drain valve.  These drain valves are 
pneumatically operated locally.  For the pneumatic valve operation instructions see 
Appendix A-10.  The drains are located at mid-point of both Conrock and Foster- 
Huckleberry Basins.   
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d. Warner Bypass Pipeline 
 

The primary function of this pipeline is to bypass flow around the Warner System.  The 
Warner Bypass Pipeline can also be used to backfill through the Warner Outflow 
Channel into Little Warner Basin and into Warner Basin at an estimated maximum flow 
rate of 25 cfs.   

The bypass is located at the northwest corner of Weir Pond 4 and is operated locally 
with push buttons on the valve actuator. This bypass was designed to send water 
around the Foster-Huckleberry, Conrock and Warner Basins during dewatering and 
cleaning events. There is no flowmeter for the Warner Bypass Pipeline. 

The flow enters the Warner Bypass Pipeline through a 60-inch slide gate at the 
northwest corner of Weir Pond 4 (Figures 4-5(C) 4-8).  

The Warner Bypass Pipeline can be used to fill Warner Basin at a maximum flow rate of 
25 cfs.  Flow enters the Warner Outflow Channel from the bypass pipeline into Little 
Warner Basin then transfers to Warner Basin. This can be done simultaneously while 
filling Warner Basin using the Conrock drains. 

The Warner Bypass Pipeline delivers water to two places: 

 Flow can be sent to the Upper Off-River through a 60-inch pipe/slide gate just 
upstream of pipe terminus. (Figure 4-11). This valve has no SCADA connection, 
local operation with portable hydraulic operation (Appendix A-4) or hand crank. 
Maximum flow through this discharge point is no more than 30 cfs. 
 

 Flow can be sent to the Warner Outflow Channel through a 60-inch slide gate 
valve located at the termination of the Warner Bypass Pipeline (Figure 5-4).  This 
valve has no SCADA connection, local operation with hydraulic operator or hand 
crank only.  In general maximum flow is no more than 150 cfs. 

 

e. Warner Outflow Channel 
 

The Warner Outflow channel is used to transfer flow out of the Warner System (Figure 
5-4). 

 



 
 

  Surface Recharge System Operations Manual     
 33 | P a g e  

 

 

Figure 5-4 Warner Outflow Channel.  Visible in this image is: Little Warner Basin (A) the Warner By-pass Pipeline 

terminus (B), the Warner Basin Outflow Slide Gate (beginning of 66-inch Warner-Anaheim Pipeline) (C).   

 

The Little Warner Channel Rubber Dam is near the inlet side of the Warner Outflow 
Channel and is used during the dewatering of Warner and Little Warner Basins. When 
dam is inflated flow can be pumped out of Warner Basin using 1 or 2 submersible 
pumps.  Water flows by gravity from the Warner Outflow Channel into the Warner-
Anaheim Pipeline.  See Appendix A-11 for Warner Outflow Channel Rubber Dam 
operation instructions.  See Appendix A-9 for Warner Basin dewatering pump operation. 

Flow can enter the Warner Outflow Channel from three places: 

 Flow can enter from the Warner Bypass Pipeline through a 60-inch slide gate at 
terminus of pipe (Figure 5-4(B)). 

 Flow can enter using pumps at bottom of Warner Basin usually when the Little 
Warner Channel Rubber Dam is inflated. 

 Flow can surface transfer from the Little Warner Basin when the Little Warner 
Channel Rubber Dam is deflated above elevation 229 ft. msl. 
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Flow can be directed out of the Warner Outflow Channel to three places: 

 Flow can be sent to the Upper Off-River through the 60-inch Warner Bypass 
Pipeline (as previously mentioned) (Figure 4-11). 

 Flow can be sent into Little Warner Basin if the water surface elevation is greater 
in channel (if dam is not inflated while pumping or flow is coming from Warner 
Bypass). 

 Flow can be sent out through the Warner Basin outflow slide gate to the 66-inch 
Warner-Anaheim Pipeline that connects to the Miraloma Transfer Box using 
SCADA or controls on valve actuator (Figure 5-5).  Care must be taken when 
going from an empty pipe to full pipe flow of 180 cfs.  The Warner Basin elevation 
needs to be 238 feet msl to achieve this flow rate.  During this condition, the 
valve should be opened at small intervals and watched until about 130 cfs, at this 
point the pipe should be full and void of air pockets.  Flow is measured with an 
Accusonic 4 path system available on SCADA. 

 

 
Figure 5-5 A full Warner Outflow Channel showing the 66-inch gate valve into the Warner-Anaheim Pipeline.  

Gravity fed flow into the Warner-Anaheim Pipeline is measured by a 4 Path Accusonic flow meter that linked to 
SCADA.  
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6. UPPER RECHARGE SYSTEM  
 

The Upper Recharge System contains the following recharge basins: Anaheim Lake, 
Mini Anaheim Lake, Miller Basin, Kraemer Basin, La Jolla Basin, Placentia Basin and 
Raymond Basin (Figure 6-1).  In addition to basins, the Upper Recharge System 
utilizes: the Miraloma Transfer Box, Phase I and Phase II Pipelines, imported water 
connection OC-28 (Tubs), Attwood Channel and Carbon Creek. 

 

Figure 6-1:  Aerial Image of the Upper Recharge Systems including: Miraloma Transfer Box (A)  

Anaheim Lake (B), Mini Anaheim Lake (C), OC-28 (Tubs) (D), Carbon Creek (E), Miller Basin (F), 
Kraemer Basin (G), La Jolla Basin (H), Placentia Basin (I), Raymond Basin (J).   

 

a. Miraloma Transfer Box  
 

The primary function of this site is to direct water from Warner Basin into Anaheim Lake 
or the Phase I 72-inch pipeline. The Miraloma Transfer Box is a buried concreted 
diversion structure at the terminus of the Warner-Anaheim Pipeline. The Mira Loma 
Transfer Box is designed for flows up to 180 cfs.   

The Miraloma Transfer Box is located about a ¼ mile southwest of the Tustin/Rose 
Avenue intersection and diverts flow into Anaheim Lake or the Phase I Pipeline (Figure 
6-2). 
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Figure 6-2 Aerial view looking west showing the Miraloma Transfer Box (A), control house (B), and 

terminus of 66-inch pipeline from the Miraloma Transfer Box into Anaheim Lake (C). 

 

The Miraloma Transfer Box is located about a ¼ mile southwest of the Tustin/Rose 
Avenue intersection and diverts flow into Anaheim Lake or the Phase I Pipeline (Figure 
6-2). 

Flow can enter the Miraloma Transfer Box from two places:  

 Flow can enter from the Warner Outflow Channel by gravity through the 66-inch 
Warner-Anaheim Pipeline.   

 Flow can enter from the Phase I 72-inch pipeline (pumped around Anaheim Lake 
into the Phase I Pipeline or by gravity from Mini Anaheim inflow/outflow line). 
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Flow can be directed from the Miraloma Transfer Box two places: 

 Flow can be sent into Anaheim Lake through a 66-inch motor operated butterfly 
valve either locally with buttons on valve actuator or with SCADA.  Flow is 
metered by a Sontek Doppler sonic meter seen on SCADA.  There is an 
independent level transmitter used to monitor level inside the Miraloma Transfer 
Box.  Level is viewed on SCADA.  To avoid surfacing water onto Miraloma 
Avenue, level should not exceed15 feet. Maximum flow 180 cfs. 

 Flow can be sent into the 72-inch Phase I Pipeline using a motor operated slide 
gate (on the Phase I Pipeline just north of the Miraloma Transfer Box with 
SCADA or local control (Figure 6-2).  This is possible when the Anaheim Lake 
66-inch butterfly valve is either closed or partially closed (throttled, restricting flow 
causing it to back up into the Phase I Pipeline).   
 

b. Phase I Pipeline 
 

Flow in the Phase I Pipeline travels north from the Miraloma Transfer Box to the 
northeast corner of Anaheim Lake by gravity.  The path splits between Anaheim Lake to 
the west and Mini Anaheim Lake to the east and into two 48-inch pipes that go under 
the OC-28 (Anaheim Tubs Spillway).    

Flow can enter the Phase I Pipeline from four places: 

 Flow can enter from the Miraloma Transfer Box (Figure 6-1, 6-2). 
 Flow can enter from the Mini Anaheim 36-inch gate valve while Mini Anaheim 

Lake is draining (figure 6-3). 
 Flow can enter from the Phase II Pipeline through two 48-inch butterfly valves. 

Flow can be directed from the Phase I Pipeline to four places: 

 Flow can be sent to the Miraloma Transfer Box and into Anaheim Lake through 
the 66-inch butterfly valve.  (Generally, when dewatering Mini Anaheim by 
gravity). 

 Flow can be sent to Atwood Channel through two 48-inch butterfly valves.  These 
two 48-inch butterfly valves are local control only, no SCADA.   The valves are 
currently non-operational and targeted to be replaced in the future.  

 Flow can be sent into the 72-inch Phase II Pipeline through two 48-inch butterfly 
valves that can be controlled locally or remotely by SCADA.  

 Flow can be sent to Mini Anaheim Lake through a 36-inch Magmeter and 
actuated valve that can be controlled remotely by the SCADA system. 
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c. Mini Anaheim Lake 
 

Mini Anaheim Lake is located just southwest of the intersection of Tustin and 
Orangethorpe Avenue (Figure 6-3). The wetted area is 5 acres with a maximum of 13-
acre-feet of water storage.  

 

Figure 6-3 Mini Anaheim Lake featuring: 36-inch slide gate connected to the 72-inch Phase I pipeline 

(A), 30-inch slide gate connected to OC-28 (B).  A portion of OC-28 (Tubs) is also visible in lower left. 

 

Flow can enter Mini Anaheim Lake from two places: 

 Flow can come from the 72-inch Phase I Pipeline through a 36-inch slide gate 
valve at west end of Mini Anaheim Lake (Figure 6-3(A)).  This valve can be 
controlled by SCADA or locally at actuator. Flow is measured with a Magmeter 
seen on SCADA. Maximum flow through the valve is 30 cfs.  

 Flow can come from the imported water connection OC-28 (Tubs) through a 30-
inch slide gate valve at north end of basin (Figure 6-3(B)).  This flow is measured 
with a Magmeter and viewed on SCADA.  A maximum flow rate of 30 cfs can be 
sustained.   
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Mini Anaheim Lake does not have a dewatering pump.  It can be drained by gravity into 
the Phase I Pipeline back down to the Miraloma Transfer Box and into Anaheim Lake 
through the 66-inch butterfly valve.  Normally this basin is left to recharge water until it is 
dry.  This basin is not used when Anaheim Lake is being drained because of seepage 
and possible subsurface piping on the east bank of Anaheim Lake.   Level at Mini 
Anaheim Lake is measured with a pressure transducer located between the two 
connections and displayed on SCADA. 

 

d. Imported Water Connection OC-28 Anaheim Tubs  
 

Imported flow from the Colorado River Aqueduct contains Quagga Mussel; while flow 
from the State Water Project does not contain Quagga Mussel. Water with Quagga 
Mussel is restricted to percolate only in the Upper Recharge System basins which can 
be desiccated per the Quagga Mussel Plan (See Appendix C).   

The imported water connection OC-28 is located at the northeast side of Anaheim Lake.  
This structure receives and distributes imported flow from MWD.  This structure is often 
referred to as the “Tubs”.  The Tubs (Figure 6-4) are located at the terminus of MWD 
OC-28 pipeline.  The OC-28 pipeline originates at the MWD Diemer Treatment Plant 
located in Yorba Linda, CA.  The Diemer Treatment Plant receives flow from the 
Colorado River Aqueduct and/or the State Water Project.   Level at the Tubs is 
measured using a shaft encoder and visible on SCADA.  
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Figure 6-4 Import water connection OC-28 (tubs), spillway into Anaheim Lake (A), Attwood Channel 

(B), Mini Anaheim Lake (C), location of actuator for 30-inch valve to Mini Anaheim Lake (D), three 48-inch 
gate valves into Anaheim Lake (E), location of actuator for 72-inch valve into Phase II Pipeline (F), 
Atwood Channel Side Spill (G), Inlet from MWD pipeline (H). 

 

Imported flow from the Colorado River Aqueduct contains Quagga muscle and is 
restricted to percolate only in recharge basins that can be quickly evacuated (i.e. 
pumped) and include Anaheim Lake, Kraemer, and Miller Basins. Other basins, the Off-
River (Upper and Lower), and the Santa Ana River are restricted from receiving water 
containing Quagga muscles. 

Flow can be directed out of OC-28 (Tubs) to four places:   

 Flow can be sent to Mini Anaheim Lake using a 30-inch gate valve at the south 
end (Figure 6-4(E)).  This valve can be controlled locally or remotely by SCADA.  
Flow is measured using a Magmeter that communicates with SCADA.   A 
maximum flow of 30 cfs can be sustained. 

 Flow can be sent into Anaheim Lake over a 29 ft. weir with end contractions then 
through three 48-inch gate valves at the southwest side of OC-28 (Tubs)            
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(Figure 6-4(E)) by SCADA. This gate valve can be controlled locally or remotely 
by SCADA.  Flow is measured using a Magmeter that communicates with 
SCADA.   Maximum flow is generally less than 200 cfs. See Appendix A-11 for 
OC-28 (Tubs) Weir rating table. 

 Flow can be sent to the 72-inch Phase II Pipeline using a 72-inch butterfly valve 
located at northwest side of the OC-28 area (Figure 6-4(F)).  This 72-inch 
butterfly valve can be operated locally or remotely by SCADA.  Flow is measured 
using an Accusonic flowmeter that communicates with SCADA.  A maximum flow 
of 200 cfs can be sustained. 

 Flow can be side spilled into Atwood Channel (not preferred) (Figure 6-4(G)). 
Side spilling was one of the methods used prior to the installation of the Phase ll 
Pipeline. This need no longer exists as additional silts are transported to basins 
receiving side spilled flows. 

e. Atwood Channel 
 

Flow can enter the Atwood Channel from three places:  

 Phase I Pipeline, two 48-inch butterfly valves located at northeast corner of 
Anaheim basin, valves are controlled locally.    

 Flow can come from the OC-28 (Tubs) side spill. To calculate flow (from side 
spill) subtract from the MWD flow the OC-28 flow and/or the 72-inch North Shore 
Accusonic. 

 Flow can come from the Anaheim Lake spillway 42-inch butterfly valve located at 
northwest corner of Anaheim Lake.  This valve can only be controlled locally. 

Flow from the Atwood Channel goes to Carbon Diversion.  Four canal gates control flow 
that go from the Atwood Channel/Carbon Diversion into Carbon Creek.  Carbon Creek 
is owned by OCFCD.  The four canal gates are also owned by OCFCD.   These four 
gates are non-operational and remain in the closed position.  Recharge flows enter 
Carbon Creek from the Phase II Pipeline. 

f. Anaheim Lake  
 

Anaheim Lake is located northwest of the Tustin Avenue and Miraloma Avenue 
intersection (Figure 6-5).   The primary function of Anaheim Lake is recharge.  Anaheim 
Lake has a wetted area of 72 acres with a maximum 2,260 acre-feet of water storage. 
Percolation rates in Anaheim Lake range from 20-70 cfs. 
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Figure 6-5 Aerial image of Anaheim Lake including: submersible dewatering pump sump (A), 

submersible pump control panels (B), vertical turbine pump intake structure (C), vertical turbine control 
panel (D), concrete spill structure (E), (superimposed) Phase II Pipeline (F), spillway from OC-28 (G), 
entry point from Miraloma Transfer Box (H), Anaheim Lake return line 42-inch butterfly valve (I).  Miller 
street is visible in the lower right corner of the image. 

 

Flow can enter Anaheim Lake three ways: 

 66-inch pipe and butterfly valve off the Miraloma Transfer Box (Section 6a). This 
valve can be controlled locally or remotely by SCADA.  Flow is measured by a 
Sontek flowmeter. 

 Flow can enter from OC-28 (Section 6d). Flow is measured by the weir and shaft 
encoder and seen on SCADA. 

 Flow from the Phase II Pipeline can enter the Anaheim Lake return line. Flow is 
measured using an in-line propeller flowmeter and viewed on SCADA. 

Flow can exit Anaheim Lake two ways: 

 Four submersible pumps and a vertical turbine pump are used to dewater 
Anaheim Lake.  Pump discharge flows through the 42-inch discharge line 
(SCADA and local control at actuator).  Each pump discharge line has its own 
motor operated valve (MOV).  Flow is measured with propeller flowmeters and 
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viewed on SCADA. These submersible pumps move between 25-40+ cfs of 
discharge each, depending on basin level. The vertical turbine pump moves 
between 40-55 cfs of discharge depending on the head conditions in Anaheim 
Lake. 

 Flow spills from Anaheim Lake at elevation 224 ft. msl (Figure 6-5(E)). There is a 
concrete spill structure at elevation 224 feet msl, this is now an option for 
emergency overflow and is not used to convey water to other basins. 

Anaheim Lake Dewatering Pumps  

The pump station is located near the northwest corner of Anaheim Lake (Orangethorpe 
Ave and Miller St).  The structure has a wood shake roof with the panels visible from the 
outside. 

Basins are dewatered in the spring in preparation of imported deliveries and in the fall in 
preparation of receiving storm water. Basins are drained using dewatering pumps and 
cleaned using heavy equipment. Pump preventative maintenance and repairs are 
performed during these down times. 

Appendix A-9 contains operational instruction for the Anaheim Lake dewatering pumps.   

g. Phase II Pipeline  
 

The Phase II Pipeline runs just north of Anaheim, Kraemer and Miller Basins (Figure 6-
5,(F)).  An Accusonic flowmeter is located midway above the north shore of Anaheim 
Lake, seen on SCADA.  Although designed for close to 250 cfs flow through this 
pipeline, generally flow would not exceed 200 cfs due to limitations of downstream sites 
and head concerns at OC-28.  The current practice is to construct a temporary wall 
along the OC-28 spillway into Atwood Channel to create enough head to force more 
flow into the Phase II pipe.  

Flow can enter the Phase II Pipeline from four places: 

 Flow can come from OC-28 (the Tubs) through a 72-inch butterfly valve located 
at the west end of the structure (Section 6d). This 72-inch butterfly valve can be 
controlled locally or remotely by SCADA. 

 Flow can come from the Phase I Pipeline through two 48-inch butterfly valves 
west of the OC-28 concrete structure.   These two 48-inch butterfly valves can be 
controlled locally or remotely by SCADA. 

 Flow can come from pumping Anaheim Lake, Miller Basin, Kraemer Basin or 
Miraloma Basin into the Phase II Pipeline. 
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 Flow can come from the GWRS Pipeline into Phase II Pipeline.  Note: Flow into 
the Phase II Pipeline from Miraloma Basin is not standard operating practice.   

Flow from the Phase II Pipeline can be sent to following places:  

 Flow can be sent to the Phase I Pipeline when Anaheim Lake, Miller Basin, and 
Kraemer Basin are pumped.  Sending pump discharge from these basins into the 
Phase I Pipeline is not done often.     

 Flow can be sent to Anaheim Lake through the Anaheim Lake return line 42-inch 
butterfly valve located near northwest side of Anaheim Lake (Figure 6-5,(I)).   
This 42-inch butterfly valve can be controlled locally or remotely by SCADA.  
Flow is measured using a propeller flowmeter and can be seen on SCADA.  

 Flow can be sent to Carbon Diversion (Miller Forebay) through a 72-inch butterfly 
valve located southwest of the Orangethorpe and Miller intersection.  This 72-
inch butterfly valve can only be controlled locally using the controller on the 
actuator motor.  Flow is measured by taking spot stream flow measurements 
using the Flow-Tracker or River Surveyor (higher flows).     

 Flow can be sent to Miller Basin through the 42-inch (Miller 2) slide gate valve 
(Section 6j). This valve can be operated using SCADA or local control.  A 
maximum flow rate of 50 cfs. 

 Flow can be sent to Carbon Creek through the Carbon Creek Turnout 42-inch 
butterfly valve (Section 6h). 

 Flow can be sent to Kraemer Basin through the 48-inch butterfly valve at north 
end of Kraemer Basin (Section 6i).  This 48-inch butterfly valve can be operated 
locally or remotely by SCADA.  Flow is measured using a Magmeter with SCADA 
functionality.  A maximum flow rate of 100 cfs can be achieved.             

 Flow can be sent to Miller Basin through the Miller return line 42-inch butterfly 
valve at southwest corner of Miller Basin near pump sump (Section 6j).   This 42-
inch butterfly valve can be operated locally or remotely by SCADA.  Flow is 
measured using a propeller meter with SCADA functionality.  A maximum flow 
rate of approximately 60 cfs can be achieved.             

 Flow can be sent to Kraemer Basin through the Kraemer return line 42-inch 
butterfly valve at east side of basin near pump sump (Section 6i).  This 42-inch 
butterfly valve can be operated locally or remotely by SCADA.  Flow is measured 
using a Propeller meter and can be seen on SCADA.  A maximum flow rate 
between 50 and 60 cfs can be sustained.             

 Flow can be sent to Miraloma Basin through the Miraloma inflow 42-inch butterfly 
valve northeast of Kraemer Basin (Section 8).  The valve can be operated locally 
or remotely by SCADA.  
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 Flow can be sent to Carbon Diversion through a 42-inch butterfly valve east of 
Kraemer Basin (Section 6i).  This 42-inch butterfly valve can be operated locally 
or remotely by SCADA.  Flow is measured using a propeller meter with SCADA 
functionality.  A maximum flow rate of approximately 60 cfs can be achieved. 

 Flow can be sent to Miraloma Basin and the GWRS Pipeline (Section 8). 
 

h. Carbon Creek 
 

Carbon Creek serves as a conveyance channel to distribute recharge water into 
multiple recharge basins.  The channel bottom is permeable.   

Flow into Carbon Creek comes from the Phase II Pipeline via a 42-inch butterfly valve 
located at the Kraemer 2 Site - southwest of the Orangethorpe Avenue and Miller 
Avenue intersection (Figure 6-6(A)).  This valve can be operated locally or by SCADA. 
Carbon Creek flow is measured at the La Jolla dam and/or at the La Jolla inflow meter 
(Section 6k).  

 

 
Figure 6-6 Kraemer 2 Site featuring: Carbon Creek Turnout 42” Butterfly Valve Actuator (A), 

Kraemer 48” Butterfly Valve Actuator (B), and MOV-13 Phase II Isolation Valve (C). 
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Flow from Carbon Creek can be sent to La Jolla Basin, Placentia Basin or Raymond 
Basin.  

i. Kraemer Basin 
 

Kraemer Basin is located northeast of the Kraemer Boulevard and Miraloma Avenue 
intersection (Figure 6-1(G)) (Figure 6-7). The primary function of Kraemer Basin is 
recharge and contains 31 acres of wetted area with a maximum storage capacity of 
1,170 acre-feet. Percolation rates in Kraemer Basin generally range between 30-70 cfs.  

 

Figure 6-7 Aerial view of Kraemer Basin featuring: dewatering pump sump area (A), GWRS pipeline 

terminus with air gap structure (B) and GWRS entry point into the basin (C). Kraemer 2 Site (D) 42-inch 
inflow valve into the pump sump area (E), Kraemer 48-inch inflow structure (F). 
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Flow can enter Kraemer Basin from three places: 

 From the Phase II Pipeline through a 48-inch inflow butterfly valve at north end of 
Kraemer Basin (Figure 6-6(B)). This valve can be operated locally or remotely by 
SCADA.  Flow is measured using a Magmeter and can be viewed on SCADA.  A 
maximum flow rate of 100 cfs can be conveyed.  Figure 6-7(A) shows where flow 
enters Kraemer Basin. 
 

 From 42-inch inflow valve into the sump pump (Figure 6-8). This valve can be 
operated locally or remotely by SCADA.  Flow is measured using a propeller 
flowmeter and viewed on SCADA.  A maximum flow rate of approximately 60 cfs 
can be achieved (Figure 6-8). 

 

 

 

 

 

 

 

 

 

 

Figure 6-8 Kraemer 42-inch Inflow Valve Actuator (A).   

 GWRS Pipeline from 48-inch pipeline and butterfly valve at northeast end of 
basin (Figure 6-9).  This valve is operated by operators in Fountain Valley per 
instruction from FHQ operators via telephone.  Flow is measured using a clamp-
on flowmeter with SCADA functionality.  A maximum flow of approximately 125 
cfs can be achieved.  Downstream of the flowmeter flow breaks to atmosphere in 
a concrete air-gap structure, then enters Kraemer Basin via gravity into the sump 
pump area. 

A 
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Figure 6-9 Terminus GWRS Pipeline at Kraemer Basin featuring: 48-inch butterfly valve (A), clamp on 

flow meter (B) and concrete air-gap structure into Kraemer Basin (C). 

Flow can exit Kraemer Basin two ways:  

 Through three dewatering pumps (see appendix A-9).  These pumps can be 
operated using local control or SCADA.  There are no flowmeters to measure 
pump discharge.   Usually flow is measured at the location receiving the 
discharge flow.  Pumping rates up to 20-35 cfs (each pump) can be achieved 
based on basin level. 

 Flow can exit Kraemer Basin through the overflow structure located in the 
northeast corner of Kraemer Basin (Figure 6-10).  This structure’s elevation is 
221 feet msl and discharges into Carbon Diversion.  

 

 

 

 

Figure 6-10 Kraemer Basin overflow structure at elevation 221 ft msl discharges into the Carbon Creek 

Diversion Channel 
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j. Miller Basin  
 

Miller Basin is located northwest of Miraloma Avenue and Miller Street intersection 
(Figure 6-11).   The primary function of Miller Basin is flood control. This basin is owned 
by OCFCD. The secondary function is recharge and contains 25-acres of wetted area 
with a maximum of 300 acre-feet of water storage. Percolation in Miller Basin generally 
ranges between 25-40 cfs.  

 

Figure 6-11 Aerial image of Miller Basin featuring: terminus of GWRS pipeline with concrete air-gap 

structure (A), dewatering pump sump/ flow entry structure (B), 42-inch Miller Basin inflow line from the 
Phase II pipeline (C), sump pump discharge lines (D), GWRS delivery line (E) Carbon Diversion (F).  

 

OCWD is required to operate Miller Basin in accordance with an agreement with 
OCFCD. The agreement dictates basin operations levels.  The agreement is presented 
as Appendix D of this manual.  

Flow can enter Miller Basin four ways: 

 From the Carbon Diversion Channel Overflow to Miller Basin.  During high flows, 
Carbon Diversion flow can enter Miller Basin (Figure 6-12). 
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Figure 6-12 Carbon Diversion Channel overflow into Miller Basin. 

 From the Phase II Pipeline through the 42-inch Miller 2 slide gate valve (Figure 6-
13).  

 

 

 

 

 

 

                   

Figure 6-13 Miller 2 Inflow Structure into Miller Basin from the Phase II Pipeline (A). 

 From the 42-inch inflow butterfly valve (Figure 6-11(C)). Flow is metered using a 
propeller meter and seen on SCADA. 

 From the GWRS Pipeline (Figure 6-11(E)).  The Miller Basin GWRS 48-inch 
butterfly valve is controlled by GWRS Operators in Fountain Valley per 
instructions from SRSOs at FHQ via telephone.   Flow is measured using a 
clamp-on flowmeter that communicates with SCADA.  A maximum flow of 125 cfs 
can be achieved. 
 

A 
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Figure 6-14 Terminus of GWRS pipeline at Miller Basin featuring: 48-inch butterfly valve (A), clamp-on 

flow meter (B) and concrete air-gap structure into Miller Basin (C). 

 

Flow can exit Miller Basin three ways: 

 Through two submersible dewatering pumps at the southwest corner of Miller 
Basin (Figure 6-11(B) (D)).  These pumps can be operated locally or remotely by 
SCADA.   Pumping rates up to 20-35 cfs (per pump) can be achieved depending 
the basin level.  For Miller Basin dewatering pump operation instructions see 
Appendix A-9.      

 The 18-inch gate valve which connects into the Carbon Diversion Channel 
(Figure 6-11(H)). 

 Over the spill structure at west end of Miller Basin (Figure 6-11(I)). This spillway 
acts as an overflow for Miller Basin and spills at elevation 226.3 ft mls. 

k. La Jolla Basin 
 

La Jolla Basin located in the city of Anaheim on East La Jolla Street between Red Gum 
and Hundley Street east of McFadden Park (Figure 6-1(H)) (Figure 6-15). The primary 
function of La Jolla Basin is recharge and has a wetted area of 6.5 acres and a 
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maximum 18 acre-feet of water storage.  Percolation ranges between 5 and 20 cfs in La 
Jolla Basin.  

 

Figure 6-15 Aerial view of La Jolla Basin featuring: Carbon Creek (A), La Jolla Basin diversion 

structure (including rubber dam) (B), Control house (C), dewatering sump area (D).  District staff is shown 
cleaning La Jolla Basin with heavy equipment in this image. 

La Jolla Basin primarily percolates storm flow capture in winter months and imported 
water during summer months. This basin can also be used to accommodate the basin 
cleaning schedule.  

Influent flow requires inflation of the rubber dam in Carbon Creek (Figure 6-15(B)) to 
divert flow into La Jolla Basin. See Appendix A-13 for La Jolla Basin Rubber Dam and 
trash rack operations. 

La Jolla basin can be dewatered by gravity or by pumping.  See Appendix A-9 for La 
Jolla Basin dewatering pump operation instructions. 
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l. Placentia Basin  
 

The primary function of Placentia Basin is flood control, the secondary function is 
recharge. (Figure 6-16)  This basin is owned by OCFCD.  Placentia Basin has a 
maximum percolation rate of 10 cfs. 

 

Figure 6-16  Aerial view of Placentia Basin featuring: spillway into Placentia Basin (A), gauge house 

(B),  groundwater clean-up equipment (C), and 36-inch pneumatic valve (D), spillway into Carbon Creek.  

Placentia Basin is not equipped with a dewater pump therefore, water entering this 
basin must not contain quagga muscles. This basin is currently receiving treated water 
from OCWD’s north basin groundwater cleanup project. Communication with the OCWD 
Geology Department is necessary to change cleanup project flow into this basin.  

Flow can enter Placentia Basin two ways: 

 Through the spillway on northeast side of basin (during heavy rainfall). 
 Through a drain grate at bottom of channel eastside of basin with 36-inch 

pneumatic valve. This 36-inch pneumatic valve can only be controlled locally by 
opening the nitrogen cylinder and turning the pneumatic valve dial to the “open” 
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position, located in the gauge house.  See Appendix A-14 for operational details 
regarding the Placentia Basin influent valve. 

Flow can exit Placentia Basin by spilling through a 36-inch canal gate located in the 
northwest corner of the basin. This canal gate is operated manually only.  

 

m. Raymond Basin  
  

The primary function of Raymond Basin is flood control. This basin is owned by 
OCFCD.  The secondary function is recharge (Figure 6-18).   Maximum percolation rate 
achieved at Raymond Basin is approximately 10 cfs.   

 

Figure 6-17 Aerial image of Raymond Basin featuring: Carbon Creek (A), concrete spillways (B), 

general location of 36-inch canal gates from Carbon Creek (C).  

Flow can enter Raymond Basin two ways: 

 Flow can enter either the North and/or the South side or Raymond Basin.  Each 
side has one 36-inch canal gate from Carbon Creek (concrete lined channel) 
boards are placed in iron tracks on channel wall just downstream of the canal 
gates to create head to force water into basins (Appendix A-15). Generally, a 
maximum rate of 10 cfs to each side can be sustained.  There are no flow meters 
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at Raymond Basin.  There are two flow through transfer tubes connecting the 
basins at approximately 4-feet above the invert of the basins.   

 Flow can enter both North and South sides of Raymond Basin via spillways in 
channel at east ends. This occurs only during heavy rains and is used by 
OCFCD to ease channel capacity. 

Flow can exit Raymond Basin through a 36-inch gate valve drain that discharges to 
Carbon Creek.  These valves are located at the northeast end of basins.  Portable 
dewatering pumps are used if total dewatering of Raymond Basin is required. 
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7. LOWER OFF-RIVER SYSTEM 
 

The Lower Off-River System extends from Upper Five Coves Basin downstream and 
includes the Upper and Lower Five Coves, Lincoln Basin, Burris Basin, Fletcher Basin, 
Riverview Basin, Upper Santiago Creek, and Santiago Basins (Figure 7-1).  

 

Figure 7-1   Aerial image of SAR, Carbon Diversion channel and the Lower-Off-River System.  Visible 

features of the Lower-Off-River System include: Upper Five Coves Basin (A), and Lower Five Coves 
Basin (B).  Other important visible components of the Lower Off-River System include: two 8-foot by 5-
foot Five Coves diversion canal gates into Upper Five Coves Basin (C), four 48-inch discharge pipes into 
Upper Five Coves Basin from the Upper Off-River System (D), concrete spillway from Upper to Lower 
Five Coves Basins (E), two 66-inch canal gates connecting Upper Five Coves to the SAR (F), general 
location of 36-inch canal gate drain from Upper Five Coves Basin into Lower Five Coves Basin (G).    

 

a. Upper Five Coves Basin 
 

The primary function of Upper and Lower Five Coves Basins is to desilt recharge water 
before it enters Burris Basin and then Santiago Basin. Recharge in Upper and Lower 
Five Coves Basin does occur after cleaning but is short lived due to the high 
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concentration of suspended solids in the flow coming directly from the SAR.  Percolation 
in Upper and Lower Five Coves Basins are not monitored or recorded. 

Flow can enter Upper Five Coves Basin from three places: 

 Flow can enter from the Off-River through four 48-inch canal gates (Figure 7-
1(D)).  These four canal gates can be operated locally or remotely using SCADA. 
Flow can be measured using a weir system at the end of the Upper Off-River just 
upstream of these four 48-inch canal gates.  A rating table is currently being 
developed for this weir system. This structure is designed for a maximum flow of 
250 cfs (Figure 4-12). 

 Flow can enter from the Five Coves Rubber Dam from two 8 ft. by 5 ft. diversion 
slide gates (SCADA and local control at actuator) (Figure 7-1(C)) (Figure 3-3).  
The two slide gates can be operated locally or remotely by SCADA.   Flow is 
measured using Rittmeyer flow meter that communicate with SCADA.   A 
maximum flow rate of 500 cfs can be sustained through the diversion boxes. 

 Flow can enter from the SAR through two 66-inch canal gates located just below 
where the SAR and Carbon Diversion meet on the north side (Figure 7-1(F)).  A 
sand dike can be built in the SAR channel to divert flow into Upper Five Coves 
Basin through the two 66-inch canal gates (Figure 7-2).  These valves can be 
operated manually only by hand crank or hydraulic actuator.   Flow at this 
location is measured manually by stream gauging.   No more than 150 cfs can be 
diverted due to hydraulic head constraints. 

 

  

Figure 7-2 Two 66-inch transfer tubes from SAR into Upper Five Coves Basin with diversion sand dike 
in place.  USACE concrete stabilization structure in the SAR channel. 



 
 

  Surface Recharge System Operations Manual     
 58 | P a g e  

 

b. Lower Five Coves Basin  
 

Flow enters Lower Five Coves Basin from Upper Five Coves Basin either by surface 
transfer over a concrete structure or 36-inch drain operated locally or remotely using 
SCADA (see Figure 7-3).  

 

Figure 7-3 Aerial image looking southwest (downstream) of concrete spillway between Upper and 

Lower Five Coves Basin (left) and 36-inch canal gate drain from Upper Five Coves Basin into Lower Five 
Coves Basin (right).  This drain can be controlled remotely using SCADA.    

 

c. Lincoln Basin  
 

The primary function of Lincoln Basin is to desilt the recharge water (Figure 7-4). 
Percolation rates at Lincoln Basin are not monitored or recorded. 
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Figure 7-4 Aerial image looking southwest (downstream) showing Lower Five Coves Basin, Lincoln 

Avenue and Lincoln Basin.  Four 48-inch transfer tubes (left) and one 36-inch canal drain (right) convey 
flow beneath Lincoln Avenue. The canal gate can be operated remotely using SCADA. 

 

Flow can enter Lincoln Basin from three places: 

 The 36-inch drain valve from Lower Five Coves. This drain can be operated 
locally or remotely using SCADA (Figure 7-4). 

 Four 48-inch transfer pipes (Figure 7-4). Maximum combined flow rate through all 
four 48-inch transfer tubes is 500 cfs. 

 Flow can come from the SAR through two 36-inch canal gates.  These two gate 
valves are controlled locally using the portable hydraulic operator or hand crank.  
A sand dike can be built in the SAR to divert flow into Lincoln Basin through 
these two 36-inch canal gates (Figure 7-5). 
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Figure 7-5 Aerial Image looking northeast (upstream) of Lincoln Basin (left) and the SAR channel 

(right).  Two 36-inch canal gates connecting the SAR and Lincoln Basin can be seen with associated 
sand dike to divert SAR flow into Lincoln Basin.  

 

All flow from Lincoln Basin can only be sent to Burris Basin.  Flow can be surfaced 
transferred from Lincoln Basin to Burris Basin through a 15-foot Parshall Flume or 
drained through a 36-inch canal gate valve (Figure 7-6).  

Level from the flume is converted to flow using a bubbler and can be viewed on 
SCADA. 

This Lincoln Basin drain gate valve can only be controlled using the wheel crank.  There 
is no flowmeter for the drain. 
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Figure 7-6 Aerial view looking downstream of lower Lincoln Basin.  The 15-foot Parshall Flume (left) 

and 36-inch canal drain (right) are used to transfer flow beneath a service access road into Burris Basin. 

 

d. Burris Basin 
 

Burris Basin is located northwest of Ball Road and the Santa Ana River (Figure 7-7).  
Burris Basin is the last gravity-only fed basin of the Lower Off-River System.  

The primary purpose for Burris Basin is to desilt and store water for distribution. This 
basin is equipped with four 1,750 hp vertical turbine pumps capable of pumping up to 
200 cfs (combined) into the Santiago Basins.  For instructions on the operation of the 
Burris Pump Station see Appendix A-9. 

There is a golf concessionaire that has needs relating to level that can be problematic at 
times. There is a bird island that needs attention during nesting season (March 15 - 
September 15), level should be high enough so that predators cannot reach nests.  Low 
levels in Burris Basin can also deplete dissolved oxygen in the water and initiate a fish 
kill.  SRSOs work closely with District Wildlife Biologist when changing levels in Burris 
Basin during critical time periods.  
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Figure 7-7 Aerial image of Burris Basin looking southwest (downstream).  Water surface elevations is 

155 ft. msl.  The Burris Pump Station is visible at the lower end of Burris Basin (A).   

 

Flow can enter Burris Basin from four places: 
 

 Flow can come from Lincoln Basin through a 15-foot Parshall Flume (Figure 7-7).  
Flow through the flume is measured with a pressure transducer converting level 
to flow and can be viewed on SCADA.  Look up tables for this flume are included 
in Appendix A-8    

 Flow can come from manually operated and unmetered Lincoln Basin drain canal 
gate (Figure 7-7).   

 Flow can come from the Burris/Santiago Pipeline while pumping Bond Basin 
through a 42-inch butterfly return line valve.  This valve can be operated 
manually or remotely by SCADA. 

 The GWRS pipeline through a 12-inch pipe spur and butterfly valve.   This valve 
is operated locally only using T-handle.   This connection is unmetered and rarely 
used. 
 



 
 

  Surface Recharge System Operations Manual     
 63 | P a g e  

 

Flow can be sent from of Burris Basin to two places: 

 Flow can be pumped to the 66-inch Burris-Santiago Pipeline using the Burris 
Pump Station (Figure 7-8). The Burris-Santiago Pipeline can deliver flow to 
Riverview Basin, Fletcher Basin, Bond basins and Santiago Creek for recharge. 
For Burris Pump Station operations see Appendix A-9.  

 Flow can be sent to Ball Road Basin by surface spilling through an engineered 
spillway from Burris Basin when the level is above 172.4 feet msl (not 
preferred).  Flow entering Ball Road Basin from Burris Basin spills into SAR 
through an engineered concrete structure. OCWD does not own Ball Road 
Basin, however, and agreement with the new owner allows spillage from Burris 
Basin when necessary. This option is used for emergency purposes only. 
 

 

Figure 7-8 Inside the Burris Pump Station. The four 1,750 hp electric motors that power vertical turbine 

pumps used to pressurize the Burris-Santiago Pipeline.   Motors for Pumps #1 through #4 are visible from 
right to left.  

e. Riverview Basin 
 

Riverview Basin is located northeast of the SAR and Ball Road (Figure 7-9). The 
primary function of Riverview Basin is recharge. Riverview basin has a maximum 
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storage of 8 acre-feet.  The maximum percolation rate through Riverview Basin is 10 
cfs.  

 

Figure 7-9 Riverview Basin looking south.  The inlet structure and drain are in the upper (north) end of 
Riverview Basin.   

 

Flow enters Riverview Basin from a 24-inch pipeline spur off the Burris-Santiago 
Pipeline that serves Riverview Basin and Fletcher Basin.  Flow through the 24-inch spur 
is controlled using a 24-inch butterfly valve located south of Riverview Basin (Figure 7-
10). This 24-inch butterfly valve communicates with SCADA.     
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Figure 7-10 Riverview Basin 24-inch inflow butterfly valve and Auma actuator with local controls at 

valve.  This valve communicates with SCADA. 

The flow control valve is operated by imputing a flow set-point value in SCADA.   Flow is 
measured with a Magmeter and can be viewed on SCADA.   A maximum flow of 
approximately of 10 cfs can be sustained; although, normally flow is 3-5 cfs.  

There are additional valves along the 24-inch pipeline spur that are used for 
maintenance purposes and are operated manually.  These valves are described in the 
Water Atlas found in Section 9 of this manual.  

Level in Riverview Basin is by transducer and viewed on SCADA.  
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Figure 7-11 Riverview Basin inlet (left) and drain valve/actuator (local control only) with catwalk.  

Mounted to the catwalk railing are the level transducer controls. 

Riverview Basin can be drained by manually opening a 36-inch canal gate which sends 
flow to Fletcher Channel and into the SAR (Figure 7-11).  

 

f. Fletcher Basin 
 

Fletcher Basin is located southeast of the Fletcher Street and Batavia Avenue 
intersection (Figure 7-9). The primary function of Fletcher is flood control, secondary 
function is recharge. Use for recharge is mostly during spring to fall or non-storm 
season. Maximum percolation rate is 3 cfs. 
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Figure 7-12, Aerial Image of Fletcher Basin showing box culvert inlet structure from Fletcher Channel 
(A), Inlet from Fletcher 12-inch Inflow Pipeline) (B), outlet to Fletcher Channel at elevation 188 msl (C), 
dewatering pump intake (D).  Just out of view is the location of the Fletcher Basin dewatering pump 
controls (E). 

 

Flow can enter Fletcher Basin two ways: 

 From Fletcher channel during rainfall or a local flow event. 
 Flow can enter Fletcher Basin from a 12-inch automated globe valve using 

SCADA and lateral pipeline off the Burris-Santiago Pipeline.  This flow control 
valve is operated by imputing a flow set-point value in SCADA. Flow is measured 
with a Magmeter and can be viewed on SCADA.  A maximum flow approximately 
of 3 cfs can be sustained. 

Additionally, there is a 24-inch isolation valve located between the tee at the Burris-
Santiago Pipeline and the flow control valve. The isolation valve is used for 
maintenance only and operated manually only by using a T-handle.  For location see 
the Water Atlas in Section 9 of this manual.  
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Level is monitored in Fletcher Basin using a bubbler system and available on SCADA 
(Figure 7-13). 

 

Figure 7-13 Fletcher Basin pump sump inlet structure and valve are at the bottom of the stairs.  The 

Waterlog bubbler level sensor control box is seen at the top of the stairs.  

Flow can exit Fletcher Basin two ways: 

 Flow exits the basin from the downstream side when maximum elevation is 
approximately 190 ft. above msl. 

 Flow can be pumped out of Fletcher Basin into Fletcher Channel and the SAR 
(Appendix A-9). 

 

g. Santiago Basin 
(Santiago Basins = Bond Basin + Blue Diamond Basin + Smith Basin)  

Santiago Basins are located northeast of Collins Avenue and Bond Street intersection in 
the City of Orange, approximately 3.5 miles east of the Santa Ana River (Figure 7-14). 
These basins are used primarily for recharge. This is OCWD largest surface water 
storage reservoir, over 13,000 acre feet.  Percolation rates in Santiago Basins range 
from 5-110 cfs.  When full, these basins serve as a flow through feature of Santiago 
Creek.  Blue Diamond Basin and Bond Basin join at approximately elevation 220 feet 
msl. Smith Basin joins Bond and Blue Diamond at elevation 260 feet msl. 



 
 

  Surface Recharge System Operations Manual     
 69 | P a g e  

 

 

Figure 7-14 Aerial image of Santiago Basins from the South-east corner of Bond Basin. Water surface 
elevation is at 210 feet msl.  Visible features include: Bond Basin (A), Blue Diamond Basin (B), general 
location of Smith Basin (C), floating pump station barge (D), floating pump discharge pipeline (E). 

 

Flow can enter Santiago Basin from the following three places: 

 From the Upper Santiago Creek into Smith Basin 
 Flow can enter Bond Basin from Burris Basin while pumping Burris Basin and 

discharging into the 66-inch Burris-Santiago Pipeline through 66-inch butterfly 
valve located east of Collins Street and north of Bond Street.  Flow entering Bond 
Basin is controlled using this 66-inch butterfly valve.  The 66-inch butterfly valve 
can be controlled locally or remotely by SCADA.  Pumped flow entering Bond 
Basin is measured using an Accusonic flow meter and viewed on SCADA. 

 Numerous storm drain discharge into Santiago Basin. Storm drain flow is 
unmetered. 

 

Flow leaves Santiago Basin two ways: 
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 Surface spilling from Blue Diamond Basin when the elevation is above 285.3 feet 
msl. This occurs when Santiago Basin is full.  

 Flow can be pumped out of Bond Basin into the Burris-Santiago 66-inch Pipeline. 
To achieve pumping to the following four locations the 66-inch butterfly valve on 
the Burris-Santiago Pipeline needs to be throttled or closed. This valve can be 
operated locally or remotely via SCADA. 

Flow can be sent into: 

 Burris Basin through a 42-inch butterfly valve.   
 Riverview Basin through 24-inch ball valve.  
 Fletcher Basin through 24-inch globe valve (pressure reducing globe valve) 

controlled using SCADA.   
 Lower Santiago Creek through 42-inch butterfly valve.  

Note: Water Atlas in Section 9 of this manual shows a distribution diagram 

Santiago Floating Pump Station operation procedures are presented in Appendix A-9. 

 

h. Lower Santiago Creek 
 

The primary purpose of Lower Santiago Creek is flood control, recharge is secondary. 
This channel is managed by the OCFCD. The Lower Santiago Creek channel extending 
to just above Hart Park.  Percolation rates up to 20 cfs have been observed at Lower 
Santiago Creek. Pumped flow into Lower Santiago Creek is measured at the 42-inch 
discharge via Accusonic meter and viewed on SCADA.  Pumped flow must be managed 
so that water does not flow onto the Hart Park parking lot pavement.  Flow onto the Hart 
Park parking lot pavement can place the District in a compromising position politically. 

 

Flow can enter Lower Santiago Creek from two places: 

 Flow can enter Lower Santiago Creek by surface spilling Santiago Basins 
through Blue Diamond when level is above 285.3 feet msl. 

 Flow can come from Burris-Santiago 66-inch pipeline when either Bond or Burris 
is being pumped through 42-inch butterfly valve. This 42-inch butterfly valve can 
be controlled locally or remotely by SCADA.  
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8. GROUND WATER REPLENISHMENT SYSTEM RECHARGE SYSTEM    
 

a. The GWRS Pipeline  
 

The GWRS pipeline starts at the GWRS treatment plant in Fountain Valley. This 
pipeline is a 13.5-mile cement mortar lined mild steel pipeline that follows the west bank 
for the SAR then the west bank of the Carbon Diversion Channel and terminates near 
Kraemer and Miller Basins.  This Pipeline ranges in diameter from 78-inches at its origin 
to 60-inches before reducing to feed recharge basins dedicated or partially-dedicated to 
receiving recycled water from the GWRS treatment plant.  The GWRS Pipeline has 
three butterfly valves that separate the Pipeline into three units.  Valve positions and 
flow are controlled by treatment plant operators at the GWRS control room in Fountain 
Valley.  Routine monitoring and maintenance of the GWRS Pipeline is performed by 
Injection Recharge System Operators from Fountain Valley.         

Flows in this pipeline can reach up to 125 cfs.  Flow can fluctuate based on GWRS 
treatment plant inflows from the Orange County Sanitation District (OCSD) and coastal 
groundwater levels.  The first priority of GWRS flow is to supply the Talbert Seawater 
Intrusion Barrier. 

All GWRS flow changes are made by GWRS operators in Fountain Valley. Surface 
Recharge System Operators need to be in communication with the GWRS System 
Operators continually.  GWRS operations staff provides planning/scheduling e-mails to 
all recharge operators.  The GWRS control room can be reached by telephone at 
extension 3240 or (714) 378-3240.  

 

b. The GWRS Basins  
 

Various basins are dedicated or partially dedicated to recharge GWRS water under 
permit.    

The GWRS Pipeline can deliver flow to four recharge basins: 

 Flow can go to La Palma Basin through a 48-inch diameter pipe and 48-inch 
butterfly and 48-inch ball valve.  These valves are operated by GWRS operators in 
Fountain Valley per instructions from SRSOs at Forebay (FHQ).  Flow is measured 
using a Magmeter, this flowmeter can be seen on SCADA.  A maximum flow of 100 
cfs can be delivered. 
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 Flow can go to Miraloma Basin through a 36-inch pipe and 36-inch butterfly valve.  
This valve is controlled by GWRS Operators in Fountain Valley per instruction from 
SRSOs at Forebay (FHQ) via telephone.  Flow is measured using a Magmeter.  This 
flowmeter is seen on SCADA.  A maximum flow of 70 cfs can be delivered. 

 Flow can go to Miller basin through a 48-inch pipe and 48-inch butterfly valve. This 
valve is controlled by GWRS Operators in Fountain Valley per instruction from 
SRSOs at Forebay (FHQ) via telephone.  Flow is measured using a clamp-on flow 
meter and viewed on SCADA.  A maximum flow of 125 cfs can be delivered. 

 Flow can go to Kraemer Basin through a 48-inch pipe and 48-inch butterfly valve.   
This valve is operated by GWRS operators in Fountain Valley per instruction from 
SRSOs at Forebay.  Flow is measured using a Clamp-on flowmeter.    This 
flowmeter is seen on SCADA.  A maximum flow of 125 cfs can be delivered. 

 

c. La Palma Basin 
 

La Palma Basin is dedicated to receiving 100% GWRS (recycled) water.   The primary 
function of La Palma Basin is recharge. On-line in January 2018, La Palma Basin is 
OCWD’s most recent recharge basin. This is a shallow basin capable of storing up to 
97 acre feet total.  A maximum percolation rate of 90 cfs has been observed in La 
Palma Basin.  La Palma Basin is located along the eastern bank of the Carbon 
Diversion Channel at the intersection of Coronado Street (Figure 8-1). 

Flow enters this basin through a 48-inch pipe, 48-inch butterfly valve and 48-inch ball 
valve, operated by GWRS operators in Fountain Valley per instructions from SRSO’s at 
FHQ. Flow is measured using a Magmeter.  Flow can be viewed on SCADA. 

La Palma Basin is divided by a berm into two sub-basins (north and south) each 
equipped with their own submersible dewatering pump.  At the base of the concrete 
air-gap “waterfall” into La Palma Basin lies a concrete distribution channel capable of 
delivering the GWRS flow into the North Sub Basin or the South Sub Basin, buy a 36-
inch slide gate valve controlled by GWRS operators in Fountain Valley and viewed on 
SCADA (Figure 8-2).  This sub-basin design provides the option to clean one sub-basin 
while recharging the other sub-basin.  

Flow exits La Palma Basin by percolation or by use of using a dewatering pump.  The 
pump can be controlled manually or remotely by SCADA.  See Appendix A-9 for La 
Palma Basin dewatering pump operation instructions. 
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Figure 8-1 Aerial image of La Palma Basin looking north with water surface elevation 214 msl.  

Miraloma Basin (dry) is visible higher up along the Carbon Diversion Channel.  Important features of La 
Palma Basin visible in this image include: 48-inch pipe from the GWRS Pipeline (A), La Palma Basin 
control building (B), La Palma Basin entry structure “waterfall” (C), partition berm (D), La Palma North Sub 
Basin (E), La Palma South Sub Basin (F), portal into La Palma South Sub Basin (G).  

Level is measured in La Palma Basin using a down looking level sensor and viewed on 
SCADA. 
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Figure 8-2 Aerial image showing the La Palma Basin control building (A), concrete air gap delivery 

structure “waterfall” within plexiglass panels (B), concrete distribution channel and gate valve into the La 
Palma South Sub Basin (C).   

 

d. Miraloma Basin  
 

Miraloma Basin is plumbed to receive GWRS water, imported water from MWD, and 
flow from the SAR. The primary function of Miraloma Basin is recharge.  Mira Loma 
Basin is located along the eastern bank of the Carbon Canyon Diversion channel at 
Miller Basin and offers 62 acre feet of storage (Figure 8-3).   

GWRS flow enters this basin through a 36-inch pipe and 36-inch butterfly valve and 
concrete drop structure.  This valve is operated by GWRS operators in Fountain Valley 
per instruction from SRSOs at FHQ.  Flow is measured using a Magmeter.  Flow can be 
viewed on SCADA. 

Flow exits Miraloma Basin by percolation or by using dewatering pump(s).  These 
pumps can be controlled manually or remotely by SCADA.   
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Figure 8-3 Aerial image of Miraloma Basin (A) looking downstream (South) along the Carbon Diversion 

Channel.  Kraemer Basin is visible on the other side of the Carbon Creek Diversion Channel.  A small 
portion of Miller Basin is barely visible along the lower right margin of this frame.  A County of Orange 
heavy equipment and rock piles lie between the three OCWD basins.  Important features about Mira 
Loma Basin visible include: the concrete air gap and inlet structure (B), Mira Loma Basin control building 
(D), over excavated area in the southern portion for recreational tenant. 

 

Currently this basin is being leased for recreation. Recreations operations has not 
commenced at the time of this writing.  OCWD Property Management Department can 
provide a copy of the lease explaining the operational conditions for this basin. Over 
100 metal anchors have been placed into the basin bottom in the southern portion of 
Miraloma basin and needs to be considered when developing cleaning plan. 

Miraloma Basin is equipped with a submersible dewatering pump. Pump operations are 
explained in Appendix A-9.  

Level in Miraloma Basin is measured by a down looking levels sensor and viewed on 
SCADA. 
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e. Kraemer Basin 
 

Kraemer Basin receives GWRS flow when Miraloma and La Palma basins are 
unavailable.  

Flow enters this basin through an air-gap structure at the end of the 48-inch GWRS 
pipeline (See Section 6i).   The 48-inch pipeline butterfly valve is controlled by GWRS 
operators in Fountain Valley per instructions from SRSOs at FHQ.  

Flow is measured using a clamp-on flowmeter with SCADA functionality.  A maximum 
flow of approximately 125 cfs can be achieved.  Downstream of the flowmeter, flow 
breaks to atmosphere in a concrete air-gap structure, then enters Kraemer Basin via 
gravity. 

Flow exits Kraemer Basin using dewatering pump(s).  These pumps can be controlled 
manually or remotely by SCADA (Appendix A-9).    

 

f. Miller Basin  
 

Miller Basin receives GWRS flow when Miraloma and La Palma basins are unavailable.  

Flow enters this basin through an air-gap structure at the end of the 48-inch GWRS 
pipeline (See Section 6j).  The 48-inch pipeline butterfly valve is controlled by GWRS 
operators in Fountain Valley per instructions from Recharge Operators at FHQ.  

Flow is measured using a clamp-on flowmeter with SCADA functionality.  A maximum 
flow of approximately 125 cfs can be achieved.  Downstream of the flowmeter, flow 
breaks to atmosphere in a concrete air-gap structure, then enters Miller Basin via 
gravity. 

Flow exits Miller Basin using dewatering pump(s).  These pumps can be controlled 
manually or remotely by SCADA (Appendix A-9).   
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9. Conclusion 
 

The Orange County Water District Surface Recharge System is very dynamic 
presenting the SRSO with many options to effectively and efficiently recharge base flow, 
storm flow, recycled water and imported water. 

 

To assist the SRSO a comprehensive water atlas is presented as Plates 1 through 7.  
This water atlas provides locations and details for all valves, flowmeters, level sensors, 
and supporting appurtenances for the entire recharge system. 

 

Additionally, to assist the SRSO, Plates 8 through 11 present drafted flow schematics 
for the recharge system. 
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ACRONYMS 
 

Acronyms Meaning 

AF acre-feet (325,850 gallons) 

Basin Orange County Groundwater Basin 

cfs cubic feet per second 

FHQ Field Headquarters 

GWRS Groundwater Replenishment System 

MOV motor operated valve 

MWD Metropolitan Water District 

OCFCD Orange County Flood Control District 

SAR Santa Ana River 

SCADA Supervisory control and data acquisition 

SRS Surface Recharge System 

SRSO Surface Recharge System Operator 

USACE United States Army Corps of Engineers 

USGS United States Geological Survey 
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Recharge Manual Appendix List 
 

A-1  Imperial Rubber Dam Operation 

A-2  Imperial Trash Rack Operation 

A-3  Motor Operated Valve Actuator Operation 

A-4  Portable Hydraulic Valve Operator Operation 

A-5  Five Coves Rubber Dam Operation 

A-6  Five Coves Trash Rack Operation 

A-7  Ball Road Gauging Station Look Up Table 

A-8  Look Up Tables for Off-River System 

A-9  Dewatering Pump Operations 

A-10 Conrock Basin Pneumatic Valve operation 

A-11 Warner Outflow Channel Rubber Dam Operation 

A-12  OC-28 (Tubs) Weir Rating Table 

A-13 La Jolla Basin Rubber Dam and trash Rack Operations 

A-14 Placentia Basin Influent Valve Operation  

A-15 Raymond Basin Weir Board Placement Procedures 

A-16 How to Read a Staff Gauge 

A-17 How to Calculate a Percolation Rate 

B  Passive Recharge System Background 

C  Quagga Mussel Background 

D  Miller Basin OCWD- OCFCD Operating Agreement 
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