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I. Introduction 
 

Canyon Lake and Lake Elsinore, two lakes located on the San Jacinto 
River in Riverside County, California have recently undergone 
extensive monitoring and analysis leading to a proposed restoration 
and enhancement project to improve conditions for game fish, 
recreation, and aesthetics.  Dr. Arlo Fast has effectively identified 
several means of water quality degradation in both water bodies in two 
reports submitted May, 2002.  The lakes have been subject to 
excessive nuisance growth of algae and sediment biota which has 
resulted in high oxygen demand (overall average of approximately 1 
mg/L/d in Elsinore) which is particularly concerning in summer months 
when rates of growth are highest and thermal density stratification is 
present.   

 
A proposed design consisting of axial-flow pumps and compressed-air 
injection has been presented which is intended to reduce short term 
decreases in dissolved oxygen concentration.  The surface aerators, 
previously designed for Lake Elsinore and planned for Canyon Lake, 
will reduce stratification and transport oxygen-deficient lower water 
layers to the surface where oxygen diffusion from the atmosphere is 
present.  As of the date of this report, the installation of the surface 
aerators at Lake Elsinore is essentially complete.  The compressed air 
in the form of diffusers will also act to decrease stratification locally and 
in addition provide direct oxygen transfer to the water column.  
Automated controls of the aeration system will be sought for energy 
conservation.  An analysis of operations cost based on studies done 
on Lake Elsinore by Dr. Michael Anderson and a control strategy 
based on DO and temperature set points will be presented in this 
report. 
 
This report was produced to solicit feedback for the continuation of the 
design phase of this project.   

 
 

II. Aeration System Design 
 
The aeration systems will consist of electric air compressors located on 
the shore which will deliver air, containing 20% oxygen, to diffusers 
located within the lakes for the purpose of water quality enhancement.  
Both lake systems will utilize polyethelene diffuser hoses with coarse-
bubble orifices which act to discharge air along the length of the hose.  
The hoses will be situated along the lake floor.  The integrated 
compressor and hose diffuser design for Lake Elsinore and Canyon 
Lake was provided by Rich Geney of General Environmental Systems 
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(GES), Inc.  The system is a proprietary design which takes into 
consideration hydrostatic pressure, friction loss within the distribution 
piping and diffuser hose, and diffuser orifice headloss.   
 
Lake Elsinore 
At Lake Elsinore two 200 horsepower compressors on each shoreline 
will discharge compressed air at approximately 50 psi (determined as 
the sum of static and dynamic head requirements of the 2” diameter 
diffuser hose system) in individual air receiver tanks for a total of four 
compressors and four air receiver tanks.  The vertical air receivers will 
equalize sharp changes in pressure due to surge or initial charging of 
the air diffusers.  Each air receiver tank will feed a pipe manifold and 
three diffuser hose air lines into the lake for a total of 12 air diffuser 
hoses.  The air compressors will turn on and off based on automatic 
control inputs/outputs from programmable logic controllers (PLCs) on 
each shoreline.  Water quality sensor inputs (see below) and 
equipment start/stop outputs will be dictated by a control sequence of 
operation to be determined in the final design.  Most likely this control 
sequence will incorporate a moving average of the available water 
quality sensors versus time and depth to determine operation of the 
compressors.  A discussion on the controls will follow later in this 
report.  This control sequence will incorporate oxygen and temperature 
measurements from the lake to determine the frequency and duration 
of compressor operation.   
 
An automatic drain valve on the air receiver tank will open and close 
automatically to drain the tank of condensation that accumulates.  The 
air will continue to a manifold with various equipment including flow 
meters, unions and valves.  The valves can be operated to allow air to 
be directed to the buoyancy line (for repair or service or diffuser hose) 
or the aeration line (normal operation).  The valves can be operated 
along with a water pump to allow the flotation or submergence of the 
air lines to the lake surface or lake bottom for maintenance purposed.  
A water pump will be installed to take water from the lake and deliver it 
to the buoyancy line.  Each line has a valve to allow water to be 
pumped to the correct buoyancy line.  As water is pumped into the 
buoyancy line, the air lines will sink to the lake bottom.  As air is 
discharged into the buoyancy line, air lines will be lifted to the lake 
surface. 

 
Canyon Lake 
At Canyon Lake one 100 horsepower compressor and one air receiver 
will operate at approximately the same pressure (50 psi) as Lake 
Elsinore (dynamic headloss through the 1.5” diameter diffuser hose will 
be reduced due to decreased length and lower air flow).  Operation of 
the compressor at Canyon Lake will be entirely manual ON/OFF with a 
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time clock.  The identical axial-flow pump design as Lake Elsinore will 
be incorporated into Canyon Lake for two such mixers as part of the 
overall restoration system.  

 
Water Quality Monitoring (Lake Elsinore Only)  
The water quality sensing design includes two sensor buoys consisting 
of two multiparameter sensors each with auto-cleaning (anti-algae) 
wiper systems (four sensors total).  The two buoys will be located near 
the center of the lake on opposite ends of the two aeration diffuser 
hose networks.  Thus, all sensors will be used in determining 
conditions of the lake and in determining subsequent equipment 
runtimes.  Of the two sensors on each buoy, one sensor will be located 
approximately 3-5 feet below the surface, and the second sensor will 
be located approximately 3-5 feet above the lake bottom.   
 
Based on Dr. Michael Anderson’s temperature profile data (shown in 
Figure 14), the range of delta T is typically 0.5-4.0 degrees C.  As the 
optimal delta T for the control system is anticipated to be 
approximately 0-1.5 degrees, more sensors along the vertical profile is 
not considered necessary.  The sensing frequency is adjustable, but a 
period of ¼ -½ hour is recommend based on anticipated battery life (60 
days) and control input necessary for the system. 
 
The water quality sensing equipment will continuously measure and 
send to the PLCs dissolved oxygen and temperature for the purpose of 
automatically turning compressors on and off.  In addition, the sensors 
will measure additional data including pH, total dissolved solids (TDS), 
and turbidity for recording purposes.  The sensor measurements will 
be transferred to a transmitter located within the buoy.  From the 
transmitter analog outputs will be transferred to a radio which will 
communicate directly to the shoreline radio, and ultimately the PLC 
and SCADA system.   
 
As an alternative to the proposed two sensor top/bottom setup on each 
buoy as described above, a mechanical conveyor for continuously 
raising and lowering a single sensor would be preferable; however, 
such a system is not commercially available.  Remote Underwater 
Sampling Stations (RUSS) were developed in 1997 at the Natural 
Resources Research Institute of the University of Minnesota – Duluth, 
in cooperation with a number of departmental and commercial 
partners.  They were formerly produced and distributed by Apprise 
Technologies, Inc. (218-624-2800)  Apprise stopped production of 
RUSS in 2002 and has stated they will not produce additional units on 
order for Elsinore.  Apprise owns the patent and is actively seeking to 
sell it for a negotiable price of approximately $50,000.  Potentially YSI 
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could be negotiated with to purchase the patent if guaranteed orders 
were presented for this project.    
 
The RUSS unit consists of a floating platform containing solar panels, 
a series of deep-cycle batteries, and an on-board computer and 
communications package.  A data cable connects the computer to a 
combination leveling device and sensor package that floats freely 
below the platform.  A buoyancy compensation unit within the leveler is 
used to move the sensor system up and down the water column; the 
leveler can sample at user-specified intervals to depths of 100 m with a 
precision of 0.2 m of a target depth.  The leveler is designed to 
accommodate standard water quality sensor packages.  The sensors 
transmit data via the communication cable into a memory buffer within 
the on-board computer/transmitter (Betts, 1998, Water Environment 
Federation, 1997).  
 

III. Compressor Building Locations 
 

Lake Elsinore: 
 
The Lake Elsinore aeration equipment will be located in two individual 
compressor housing stations along the north shore and the south 
shore.  The north shore aeration equipment station is to be located 
adjacent to the electric meter pedestal for the Lake Elsinore surface 
aerators, located on the southwest corner of Mohr Street and Lake 
Shore Drive (See Figure 1).  The City of Lake Elsinore is the owner of 
this property.   An above grade equipment room with approximately 20’ 
x 20’ footprint will be required (See Figure 2).  The structure’s 
architecture will need to be designed to minimize the profile of the 
building. 
 
There are two locations currently being considered for the south shore 
aeration station.  One location is known as Perret Park at the end of 
Perret Boulevard.  The parcel is the property of the Riverside County, 
Economic Development Agency (EDA).  Susan Holland with the EDA 
(951) 955-6621 is being consulted to verify that the County will allow 
the construction of the aeration station within the parcel. 
 
The other location is located on Parcel #381091010 located Grand 
Avenue south of Blanche Drive.  This parcel is the property of the 
Riverside County Transportation Department.  This parcel is being 
used by Riverside County as a drainage ditch.  Ken Teich with the 
Riverside County Transportation Department is being consulted to 
determine if they would allow the construction of the compressor 
station at this location.   
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Due to the nature of the two different locations for the south shore 
aeration station, it was initially determined that the final layout of the 
station would be deferred until the final design.  We initially suggested 
that the Perret Park location be a better site because of the other 
parcel’s use as a drainage ditch.  However, this would require 
additional tubing since this location is located 3000’ away from the 
center of the lake.  This would require an additional increase in capital 
cost and installation of larger diameter tubing.  It has since been 
determined that locating the south shore aeration station be 
determined and additional coordination with Riverside County be done.  
In order to be comprehensive, both locations are discussed in this 
report.        
 
Similar to the north shore equipment station, an above grade 
equipment room with approximately 20’ x 20’ footprint will be required 
(See Figure 2) for the south shore aeration station, and the 
architecture will match the existing surroundings.  
 
Canyon Lake: 
 
The Canyon Lake aeration station will be located in the existing filter 
building for the Elsinore Valley Municipal Water District water treatment 
plant.  This was the selected site for the new lake aeration compressor 
(See Figure 4).  Due to the existing infrastructure already in place at 
the EVMWD water treatment plant including space for the aeration 
equipment within the filtration building, power availability, and existing 
stainless steel pipelines, this location is ideal for the placement of the 
new aeration equipment for Canyon Lake.  A footprint of approximately 
15’ x 20’ is required for the proposed aeration equipment. 

 
 

IV. Aeration Compressor & Equipment 
 

Two identical aeration stations will be used for Lake Elsinore.  A 
schematic of one of the proposed aeration systems is shown on Figure 
5.  Figure 6 shows the aeration station schematic for Canyon Lake.  
Specifications for each piece of equipment are shown on the following 
Table 1.  
 
 

 5





Lake Elsinore Canyon Lake
Preliminary Aeration System Report #7830E

August 16, 2004

Equipment Specifications Quantity Comments

Lake Elsinore

Air Compressor "Atlas Copco" Model ZE-4-350-D-200 4

Air cooled, base mounted, oil free rotary screw air 
compressor with aftercooler, separator, 200 HP 

motor/Starter (3/60/230-460V).  All mounted in a silenced 
enclosure.  Unit rated at 1032 cfm at 50 psig each.

Air Receiver 400 gallon 1 Air receiver w/ safety valve and pressure gauge.

Air Flow Meter
2" Air flowmeter per "King Instrument Co." Model 

#0231 12 For flow regulation and monitoring.
Automatic Drain Valve 1/2" Drain Valve per "Deltech" Model #ADV 1811 1 For air receiver.  Need 115 VAC service.

Buoyancy Pump "Purex Triton" Whisperflo 1 Water for buoyancy line.

Water Quality Logger
"YSI Environmental" Model 6600-EDS-O with    451 

6500 Transmitter / Converter 2

Multi parameter water quality logger with extended 
deployment system featuring "wiped" rapid pulse DO 

technology.

DO Probe
"YSI Environmental" 6562 DO Field replaceable 6 

series probe kit 1
DO range 0-50 mg/l, resolution 0.01 mg/l, accuracy +/- 

2% of reading or 0.2 mg/l.

Temperature Probe
"YSI Environemtnal" Model 6560 temperature probe 

kit 1 Standard with water quality logger.

Canyon Lake

Air Compressor "Atlas Copco" Model ZE-3-350-E 1

Air cooled, base mounted, oil free rotary screw air 
compressor with aftercooler, separator, 100 HP 

motor/Starter (3/60/230-460V).  All mounted in a silenced 
enclosure.  Unit rated at 522 cfm at 50 psig.

Air Receiver 200 gallon 1 Air receiver w/ safety valve and pressure gauge.

Air Flow Meter
2" Air flowmeter per "King Instrument Co." Model 

#0231 4 For flow regulation and monitoring.
Automatic Drain Valve 1/2" Drain Valve per "Deltech" Model #ADV 1811 1 For air receiver.  Need 115 VAC service.

Buoyancy Pump "Purex Triton" Whisperflo 1 Water for buoyancy line.

Table 1
Aeration Equipment Specifications

9/22/2004
C:\Documents and Settings\druhl\Local Settings\Temporary Internet Files\OLK159\Table 1 August 16  2004 3
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V. Aeration Lines 

 
The aeration lines are made of high density polyethylene tubing 
meeting ASTM D2239 standard with a minimum rating of 125 psi.   
Table 2 summarizes the length of tubing required for each lake system: 

 
Table 2 

Aeration Tubing Summary 
 

  Length of Tubing 
  Non Perforated Perforated Total 

Lake Elsinore     
North Shore Line 1 1,500 2,500 4,000 
North Shore Line 2 1,500 2,500 4,000 
North Shore Line 3 1,500 2,500 4,000 
North Shore Line 4 1,500 2,500 4,000 
North Shore Line 5 1,500 2,500 4,000 
North Shore Line 6 1,500 2,500 4,000 
South Shore Line 1 1,5002 2,500 4,000 
South Shore Line 2 1,5002 2,500 4,000 
South Shore Line 3 1,5002 2,500 4,000 
South Shore Line 4 1,5002 2,500 4,000 
South Shore Line 5 1,5002 2,500 4,000 
South Shore Line 6 1,5002 2,500 4,000 

Subtotal 18,000 30,000 48,000 
      

Canyon Lake     
Line 1 500 1,500 2,000 
Line 2 500 1,500 2,000 

Line 3A 2,625 200 2,825 
Line 3B n/a 1 1,175 1,175 
Line 4A 2,625 200 2,825 
Line 4B n/a 1 1,175 1,175 
Subtotal 6,250 5,750 12,000 

      
TOTAL 24,250 35,750 60,000 

 
Notes: 
1.  Line 3B and 4B are continuations of line 3A and 4A. 
2.  An additional 3,000’ of diffuser tubing will be necessary (18,000 total) if the parcel at Perret Park is 
chosen as the compressor station on the south shore of Lake Elsinore. 
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The aeration tubing is perforated at specific spacing requirements.  
The spacing will be specified in the next phase of design.  As seen in 
Table 2, the entire length of the tubing is not perforated.  Only a 
section of tubing has perforations to allow air to be distributed at 
designated locations.  For Canyon Lake, two-thirds of the air provided 
in the lake is supplied in the main body of the lake located in the south.  
The remaining one-third is supplied to the north as designed and 
coordinated with Dr. Fast (See Appendix A).   
 
The aeration lines for Lake Elsinore are shown on Figure 7.  Figure 8 
shows the aeration lines in Canyon Lake. 
 
For each aeration diffuser hose, a buoyancy line runs in parallel.  The 
buoyancy line will allow the aeration tubing to be floated to the surface 
for maintenance.  Valves will be operated to allow air into the buoyancy 
line to float the tubing to the surface.  The buoyancy water pump can 
be operated to allow water in the buoyancy tubing to sink the tubing 
back in place for normal diffused air operation. 
 
The aeration tubing will be held in place and weighed down with 
cement blocks.  A polypropylene strap with a 400 pound breaking 
strength at five feet to seven feet on center will be connected to the 
cement block with nylon clamps.  The strap will hold the aeration line 
approximately 6” to 9” from the bottom of the floor (See Figure 9).  The 
blocks move up with the aeration and buoyancy lines when air is 
discharged into the buoyancy line. 

 
VI. Aeration Controls 

 
The Lake Elsinore compressed air injection system alone will require 
automatic controls.  Conversely, it is anticipated that the controls for 
Canyon Lake will be a simple hand-off-auto (HOA) switch.  The hand 
position will turn the compressor on while the off position will turn the 
compressor off.  The auto position places the system on a timer to be 
programmed as required for automatic operation.   
 
Regarding sequence of operation for Lake Elsinore, according to 
discussions with Dr. Fast, his recommendation is to obtain sensing 
information from the lake and automatically implement them into a 
modeling program which will in turn suggest optimal operation 
sequencing.  This is in contrast to a standard set-point sequence which 
would obtain sensing inputs and after timer delays would implement 
direct decision making to activate air compressors.  Dr. Fast has 
recommended that the modeling program be used to base the 
operation on more global and long-term changes in water quality.  The 
decision-making control logic or model would be implemented directly 
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into the PLC ladder logic to turn compressors on and off.  The 
frequency and duration of compressor operation will be determined by 
this sequence.  The SCADA system would continue to be a monitoring 
system only, independent of compressor inputs/outputs.  The final 
design of the operational model is scheduled for development in 
September, 2004 to be a joint effort between Dr. Fast, Dr. Anderson, 
PACE, etc.   

 
The preliminary process and instrumentation diagram (P&ID) for the 
proposed system is enclosed in Appendix C.  The P&ID will show the 
instrumentation and controls necessary for the aeration system at Lake 
Elsinore. 
 
The proposed controls for Lake Elsinore include the following: 
 
1. (2) Programmable Logic Controllers (PLC) [North and South 

shores]. 
2. (3) Ethernet radios. [North and South Shores, Remote Office]. 
3. Supervisory Control and Data Acquisition (SCADA) software and 

PC for Remote Office [2 licenses: 1 permanent PC, 1 laptop]. 
4. (4) Remote Telemetry Units (RTU) and antennae [North and South 

Shores, (2) instrument buoys]. 
 
There will be four RTU’s total, located at each of two aeration station 
locations and one at each sensor buoy location.  These RTU’s, or 
analog radios as indicated in Figure 10, send water quality data signals 
back and forth from the sensor buoys to the aeration station PLC’s.  
This data is then broadcasted through Ethernet radios to a remote 
office location.  The Ethernet radios located in each of the aeration 
stations at the shore of Lake Elsinore can broadcast up to 20 miles to a 
remote office where the SCADA PC is located.  The SCADA PC is the 
central location for the interface with the PLC’s.  Program adjustments 
and data can be viewed through this PC.  The PLC’s control the motor 
control centers to operate the compressors as well as the surface 
mixers (if desirable).  The PLC’s also control the operation of the 
valves as indicated in the sequence of operation.  A laptop can be 
plugged into the field systems through the Ethernet switch of each 
aeration station as required to monitor the data and change setpoints 
from outside of the office.  A PLC located at each of the aeration 
stations provides control even during times of signal loss and/or power 
failure.  The PLC shall run through set programs in all possible 
occurrences independently of the SCADA or the other PLC.
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VII. Cost Estimate 
 

Construction Cost Estimate: 
 

Table 3 
Preliminary Construction Cost Estimate 

 
  Lake Elsinore Canyon Lake Total 
      
Construction     
Diffuser System 2   $640,000 5 $160,000 6 $800,000  
Controls $100,000 N/A $100,000 
Enclosure (Aeration Station)   $150,000 4     $25,000 3 $175,000 
Contingency 20% $170,000   $45,000 $215,000 
Total $1,060,000 $230,000 $1,290,000  
      
Notes     
1.  This is only a preliminary cost estimate.  A more detailed cost estimate will be provided after the preliminary design 
phase. 
2.  Includes diffuser lines (air and buoyancy), anchoring system, compressor and accompanying equipment, silenced 
enclosure, water quality sensor buoys (Elsinore only), in lake portion of installation and startup.  Does not include aeration 
station installation. 
3.  Modifications to existing building. 
4.  Above grade buildings with block walls and roof truss. 
5.  If Perret Park is selected for the South Shore Aeration Station location, additional $130K will be added. 
6. Axial-Flow Pumps are not included in this estimate 

 
 
Power Cost Estimate 
 
The proposed restoration design for Lake Elsinore will consist of a 
combination of vertical mixing with 16 propeller-Type 3 HP mixers and 
coarse-bubble compressed aeration using four 200 HP compressors 
(blowers).  The operation of the mixers will be manual; whereas, the 
compressors will be automated based on oxygen concentration and 
temperature differential between the top and bottom of the lake.  
Canyon Lake aeration equipment will consist of one 100 HP 
compressor and two 3 HP mixers which will be operated manually and 
on a continuous basis during the operation season.   
 
Temperature gradients vertically in the lakes causes density 
stratification during warm months (i.e., months in which the air 
temperature exceeds that of the lake water temperature).  When 
stratification occurs, the middle (thermocline) and bottom (hypolimnion) 
of the lake are isolated from the top layer (epilimnion).  Sediment and 
water oxygen demand causes these lower layers to be depleted of 
oxygen.  Unlike the epilimnion, the oxygen supply from the atmosphere 
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nd 

is not available to replenish the demand in the lower layers, and the 
water becomes critically deficient of oxygen.  Wind currents are one of 
the only natural means of mixing and reintroducing atmospheric 
oxygen to these lower areas.  
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Fig. 11. Water column properties over time: a) 
volume-weighted average temperature, b) water 
column stability and c) area of anoxic sediment. 

Once the air temperatures cool, the 
top of the lake cools, becomes 
more dense and sinks to the 
bottom.  This in effect raises the 
bottom layer of oxygen-deficient 
water to the top where it is re-
aerated from the atmosphere.  
Based on extensive water quality 
data available from the two lake 
systems, the cold weather months 
have resulted in satisfactory 
oxygen and other water quality 
conditions.  Figure 11 from Dr. 
Michael Anderson’s 5th Lake 
Elsinore Water Quality Quarterly 
Summary is presented herein.  
Stability can be defined as the level 
of stratification or the resistance to 
mixing. Anoxic sediment is the soil 
and sludge at the bottom of the 
lake which is low in oxygen.   
 
Mixing from mechanical mixers and 
compressed aeration of the top a
bottom layers will theoretically 
introduce oxygen to the bottom 
lake layers.  In addition, it will bring 
lower oxygen water to the surface 
which will drive more oxygen from 
the atmosphere into the water via 
diffusion due to a higher gradient 
as compared to high oxygen water 
in the epilimnion. 
 
It is feasible to estimate in both lake systems that the operation of the 
mixing and aeration systems will not be necessary in the winter months 
due to natural forces which provide saturated conditions. 
Figure 12 from Dr. Michael Anderson’s 5th Lake Elsinore Water Quality 
Quarterly Summary demonstrates that in the months of December 
through March, the lake systems are essentially self-sufficient from a 
water quality enhancement standpoint.  Dependent on seasonal 
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weather patterns, the months of November and April may or may not 
need augmentation via mixing and aeration.  This period where input of 
power for mixing and aeration is not necessary can be referred to as 
the “winter” period.  The “summer” period for the purposes of this 
report will refer to the months where these treatment systems will need 
to be operated to sustain a minimum level of water quality in the lakes. 
 
In the summer period, the lake 
will undergo daily, weekly, and 
monthly changes based on 
biological growth in the water 
column and sediment.  Warm 
weather and high sunlight hours 
generally produce significant 
aquatic biology.  Algae produces 
oxygen at the top layers of the 
lake during the day, but respire or 
consume oxygen at night.  
Bacteria in general consume 
oxygen at all times, but growth 
rates are dependent on 
temperature and nutrient 
quantities.  These lake systems 
are both high in temperature and 
nutrients, carbon, nitrogen, and 
phosphorus.  Thus, biological 
oxygen demand will be rapid 
starting in April-May and be 
maximized in July-August.  Dr. 
Arlo Fast and Dr. Michael 
Anderson estimate the water 
oxygen demand to be approximately 0.5-1.8 mg/L/d and the sediment 
oxygen demand to be approximately 0.4-1.5 g/m2/d in the maximum 
growth months of July-August.  Dr. Michael Anderson estimates the 
overall average volume-weighted deficiency in oxygen to be nearly 200 
metric tons (200,000 kg O2) in the summer.   
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Fig. 12. Water column properties over time: a) 
volume-weighted average DO concentration, and 
b) total DO deficit. 

 
Although extensive information is available on oxygen demands in the 
lake systems, not as much information is presented on oxygen supply.  
The current system without equipment has minimal oxygen supply or 
re-aeration other than convective (night time temperature cooling) and 
wind effects.  There is anticipated to be a significant oxygen supply 
enhancement in the lakes using the planned forced mixing and 
compressed aeration.  The aeration and mixing systems were 
originally sized to supply adequate oxygen during periods of peak 
oxygen demands. 
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The preliminary plan for Canyon Lake is to operate the single aeration 
blower and 3 diffuser lines 100% of the time during the summer period 
where demand is great.  Table 4 shows the estimated operations cost 
of this lake system using power costs of $0.11/kW. 

 
Table 4 

Canyon Lake - Estimated Monthly and Annual Power Cost 
($0.11/kW) 

# of mixers mixer mixer # of b lowers blower avg. hours blower TOTAL
running HP COST running HP per day ON COST COST

January 0 0 $0 0 0 0 $0 $0
February 0 0 $0 0 0 0 $0 $0
March 2 6 $357 0 0 0 $0 $357
April 2 6 $357 1 100 24 $5,958 $6,315
May 2 6 $357 1 100 24 $5,958 $6,315
June 2 6 $357 1 100 24 $5,958 $6,315
July 2 6 $357 1 100 24 $5,958 $6,315
August 2 6 $357 1 100 24 $5,958 $6,315
September 2 6 $357 1 100 24 $5,958 $6,315
October 2 6 $357 1 100 24 $5,958 $6,315
November 2 6 $357 1 100 24 $5,958 $6,315
December 2 6 $357 0 0 0 $0 $357

$3,575 $47,660 $51,235

HP per mi r 3 HP
HP per b lower 100 HP (Canyon)
COST pe W 0.11 $

xe

r k

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
The mixing and aeration system at Lake Elsinore will incorporate a 
higher quantity of more sophisticated equipment.  Since the mixing-
installed horsepower is approximately 6% of the total compressor-
installed horsepower (48 HP versus 800 HP), it is anticipated that the 
mixers will be operated continuously throughout the summer period in 
Lake Elsinore.  The mixers will be turned on and off using manual 
control similar to the Canyon Lake aeration compressor.   
 
The estimated blower usage is open to interpretation based on the 
effectiveness of the mixing system.  The area of impact of the mixers is 
relatively low as compared to the overall size of Lake Elsinore 
(estimated 3000 ft x 150 ft or 10 acres).  Comparing the axial-flow 
pump zone of influence to standard reaeration calculations for 
turbulent rivers, etc. results in estimated oxygen supply of 
approximately 15-20% of the summer demand.  Theoretically, some 
horizontal diffusion of oxygen will occur in addition to vertical mixing of 
differing density currents.  Assuming the mixing system has minimal 
impact in a worst-case scenario, the aeration equipment will likely need 
to be operated for an average minimum duration of 18 hours per day to 
overcome the stability of the vertical water column.  For approximately 
4-6 hours a day it may be assumed that the regional air temperature in 
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this region will decrease below the water temperature and force natural 
convective mixing (see Figure 13 from a NALMS presentation by Dr. 
Anderson). In addition, from the same figure it shows that for 
approximately 2-4 hours per day that wind forces also raise the system 
oxygen concentration in the lake.  Figure 14 from Dr. Anderson 
displays the daily fluctuation of temperature versus depth which 
confirms the mixing potential due to these forces.  Nevertheless, the 
increases in mixing which temporarily raise dissolved oxygen levels 
may not be adequate to maintain overall desired oxygen levels in the 
lake.  In these periods, such as that shown on the 159th Julian Day in 
Figure 13, the aeration system may need to be operated for 24 hours a 
day. 

 
Figure 13 

Lake Elsinore – Oxygen Concentration versus Time in 2001  
(by Dr. Anderson) 
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Figure 14 
Lake Elsinore – Temperature versus Time in 2001 (by Dr. 

Anderson) 
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Assuming the aeration system is sized properly to supply adequate 
oxygen during peak periods, the system may be “turned down” during 
non-peak periods.  Based on Figures 13 and 14, the summer period 
power costs for Lake Elsinore are presented in Tables 5A and 5B for 
estimated high and low compressor use at power cost of $0.11/kW.  
The difference between high and low estimates is dependent on 
estimated effects of the mixing equipment in the lake and reductions in 
oxygen demand for periods other than the peak months of July and 
August.   
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Table 5A 
Lake Elsinore - Estimated High Monthly and Annual Power Cost 

($0.11/kW) 

# of mixers mixer mixer # of b lowers b lower avg. hours blower TOTAL
running HP COST running HP per day ON COST COST

January 0 0 $0 0 0 0 $0 $0
February 0 0 $0 0 0 0 $0 $0
March 10 30 $1,787 1 200 12 $5,958 $7,745
April 20 60 $3,575 2 400 12 $11,915 $15,490
May 20 60 $3,575 3 600 18 $26,809 $30,384
June 20 60 $3,575 4 800 18 $35,745 $39,320
July 20 60 $3,575 4 800 24 $47,660 $51,235
August 20 60 $3,575 4 800 24 $47,660 $51,235
September 20 60 $3,575 4 800 18 $35,745 $39,320
October 20 60 $3,575 3 600 12 $17,873 $21,447
November 20 60 $3,575 1 200 18 $8,936 $12,511
December 10 30 $1,787 1 200 12 $5,958 $7,745

$32,171 $244,260 $276,431

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 5B 
Lake Elsinore - Estimated Low Monthly and Annual Power Cost 

($0.11/kW) 

# of mixers mixer mixer # of b lowers b lower avg. hours blower TOTAL
running HP COST running HP per day ON COST COST

January 0 0 $0 0 0 0 $0 $0
February 0 0 $0 0 0 0 $0 $0
March 10 30 $1,787 1 200 0 $0 $1,787
April 20 60 $3,575 2 400 12 $11,915 $15,490
May 20 60 $3,575 3 600 12 $17,873 $21,447
June 20 60 $3,575 4 800 12 $23,830 $27,405
July 20 60 $3,575 4 800 12 $23,830 $27,405
August 20 60 $3,575 4 800 24 $47,660 $51,235
September 20 60 $3,575 4 800 12 $23,830 $27,405
October 20 60 $3,575 3 600 12 $17,873 $21,447
November 20 60 $3,575 1 200 12 $5,958 $9,532
December 10 30 $1,787 1 200 0 $0 $1,787

$32,171 $172,769 $204,940

HP per mixer 3 HP
HP per b lower 200 HP (Elsinore)
COST per kW 0.11 $
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TABLE 6:  ANNUAL OPERATIONS COST

Lake Elsinore Canyon Lake
Preventative Maintenance 1 20,000.00$             5,000.00$              
Compressor Overhaul 3 14,000.00$             3,500.00$              
PLC Programming 4 1,000.00$               -$                       
Consulting Services 5 3,500.00$               875.00$                 

SUBTOTAL 38,500.00$             9,375.00$               

Replacement Costs 2 16,000.00$             4,000.00$              

TOTAL 54,500.00$             13,375.00$             

Notes:

1.  Preventative maintenance includes all parts, labor and expenses to care for the unit per the manufacturer's 
maintenance schedule.  Assumes 8,000 hours per year operation (24 hours a day/7days per week operation).  
Maintenance occurs 2 times per year.

2.  Replacement of the compressor screw element which occurs once every 50,000 hours of operation.  At 8,000 hour s 
of operation per year (maximum), replacement occurs every 6 years.

3.  Overhauls include the compressor unit only. Drive Motors, and associated components (motor starters) are not 
included.  Overhauls occur every 100,000 hours of operation.  Assuming 8000 hours per year, overhauls occur once 
every 12 years.
4.  Program adjustments to the PLC for Lake Elsinore only.
5.  Anticipated annual consulting from Dr. Fast, Dr. Anderson and others.
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