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January 17, 2007 AQ-1 AIR QUALITY 

Technical Area: Air Quality 
CEC Authors: Joe Loyer 
 
BACKGROUND: NATURAL GAS SULFUR CONTENT 
The AFC indicates that the facility will use natural gas with a maximum sulfur content 
of 0.25 grains per 100 standard cubic feet (gr/100scf). Staff has seen in previous 
siting cases that the delivered natural gas can contain as much as 1gr sulfur/100scf. 
If higher sulfur content natural gas fuel is used at the facility, SOx and PM emissions 
may be underestimated. 

DATA REQUEST 
AQ-1. Please identify any unmonitored natural gas injection points for gas supplied to 

AES Highgrove. 

Response: Per May Lew of Sempra Utilities (So Cal Gas), the only gas that would be 
going to the AES Highgrove plant is border gas; and border gas is monitored for 
sulfur at all border receipt points. 
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January 17, 2007 CR-1 CULTURAL RESOURCES 

Technical Area: Cultural Resources 
CEC Author: Dorothy Torres and Beverly Bastian 
 
BACKGROUND 
Highgrove Hydroelectric Plant (CA-RIV-9525), built in approximately 1887 as the first 
commercial hydroelectric plant in California and destroyed by fire in 1915, is 
identified in the Cultural Resources Section of the AFC as a California Point of 
Historic Interest, but the AFC provided no further discussion of this resource. Staff 
drove the proposed gas line route in September 2006, and observed that the stone 
masonry foundations of the old hydro plant are still intact a few feet from the gas line 
route, and the hydro plant’s penstock still extends under Iowa Avenue. This 
resource, located adjacent to the proposed gas pipeline, is potentially an important 
historic archaeological deposit. The Department of Parks and Recreation form 523 
(DPR 523) or other documentation for this site was not included with the California 
Historical Resources Information System (CHRIS) information provided to the 
Energy Commission by the applicant. 

DATA REQUESTS 
CR-1 Please provide a copy of the DPR 523 or other documentation that was 

submitted to the Office of Historic Preservation to qualify the Highgrove 
Hydroelectric Plant as a California Point of Historic Interest.  

Response: The initial DRP form for the Highgrove Hydroelectric Plant is provided 
as Figure 1, of Attachment CR2-1. 

CR-2 Please provide a copy of an updated DPR form that records and discusses 
the present condition of the site and makes a recommendation regarding the 
eligibility of the resource to the California Register of Historical Resources, 
and submit a copy of this form to the appropriate CHRIS center. 

Response: Response: A DRP form for the Highgrove Hydroelectric Plant is 
provided as Attachment CR2-1. 

CR-3 Please provide a discussion of the location of the proposed gas line route in 
relation to any features of the old hydroelectric plant that may remain.  

Response: The site of the former Highgrove Hydroelectric plant is located on the 
west side of Iowa Avenue, south of Spring Street. The only signs visible from the 
road way are a point-of-interest obelisk on the west side, and the intake for the Canal 
pipe under Iowa Street on the east. From the right-of-way looking west, the 
remnants of the iron penstock can be seen in an eroded gully. The penstock is below 
and to the south of the current piping conducting the canal under Iowa Avenue. 
Using the canal on the east side and the exposed pipes on the west engineers should 
be able to calculate the path of the pipes under Iowa Avenue. The penstock and 
canal pipes are perpendicular to the proposed gas line. On the east side of Iowa 
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Avenue they are just below grade. On the west side of Iowa Avenue the current 
canal pipe is about 5 feet below grade and the historic penstock is about 10 feet 
below grade. The location of the gas line in the street will not be determined until 
final design. However, construction will occur in such a manner as to avoid any 
damage to the historic penstock. 

 

Photograph 1. Canal pipe (left) and 
historic penstock (right) emerging from 
under Iowa Avenue. Road surface 
visible at upper left. Camera facing 
east. 

 

Photograph 2. Historic penstock exposed from road 
embankment, camera facing west. 

  

 



ATTACHMENT CR2-1 
 
 
 
 
 
 
 
 
Page 1  of  9     *Resource Name or #  (Assigned by recorder) Highgrove Hydroelectric Plant 

*P11.  Report Citation:  (Cite survey report and other sources, or enter “none.”) None 
*Attachments: � None  � Location Map � Sketch Map  ⌧ Continuation Sheet  ⌧ Building, Structure, and Object Record � Archaeological Record  
� District Record  � Linear Feature Record  � Milling Station Record  � Rock Art Record  � Artifact Record  � Photograph Record 

� Other (list)  __________________  
DPR 523A (1/95)                                                                                               *Required Information 

State of California – The Resources Agency    Primary # _____________________________________ 
DEPARTMENT OF PARKS AND RECREATION    HRI # ________________________________________ 
PRIMARY RECORD       Trinomial _____________________________________ 
        NRHP Status Code  5                  
    Other Listings _______________________________________________________________ 
    Review Code __________   Reviewer ____________________________  Date ___________ 

 
P1.  Other Identifier: Highgrove Hydroelectric Plant 
*P2.  Location: �  Not for Publication ⌧ Unrestricted   *a.  County Riverside 
and (P2b and P2c or P2d.  Attach a Location Map as necessary.) 

*b. USGS 7.5’ Quad San Bernardino, South  Date 1980 T___;  R ___; ___ ¼ of Sec ___;  _____ B.M. 

c.  Address South west of Iowa Avenue and Spring Street City Riverside  Zip 92313 

d.  UTM:  (give more than one for large and/or linear resources)  Zone _____;      ______________mE/ _____________mN 
e. Other Locational Data:  (e.g., parcel #, directions to resource, elevation, etc., as appropriate) 
APN 247-083-003 
*P3a.  Description: (Describe resource and its major elements.  Include design, materials, condition, alterations, size, setting, and boundaries) 
 
The current site contains three foundation walls built into an embankment.  The foundations are about 12 feet deep and 30 
feet along each wall.  A series of piers continues to the west.  The foundations and piers are constructed of random course 
rubble rock masonry.  Traces of brick remain on top.  The water line once used for providing motive power to the plant exits 
through the east foundation wall, where it hits a dragon’s tooth to deflect and weaken the flow.  The original penstock 
opening has been covered with concrete block along with an opening in the north wall.  Near the top of the north and south 
walls niches for the structural beams are visible.  East of the foundations water has exposed the original cast iron penstock 
along with the current canal pipe.   
*P3b.  Resource Attributes: (List attributes and codes)  HP9 Public Utility Building 
*P4.   Resources Present: ⌧ Building � Structure � Object � Site � District � Element of District � Other (Isolates, etc.) 
P5b. Description of Photo: (View, date,  

accession #) Photograph 1. Camera facing 
east, November 14, 2006. 
 
*P6.  Date Constructed/Age and Sources: 
⌧ Historic  � Prehistoric  � Both 
1887 
 
*P7.  Owner and Address: 
City of Riverside 
3900 Main St. 
Riverside, CA 92522 
 
*P8.  Recorded by:  (Name, affiliation, address) 
Cheryl Brookshear/ Rand Herbert 
JRP Historical Consulting, LLC 
1490 Drew Ave, Suite 110,  
Davis, CA  95618 
 
*P9.  Date Recorded: November 14, 2006 
 
*P10.  Survey Type: (Describe) 
   Single Site 
 

P5a. Photo or Drawing (Photo required for buildings, structures, and objects.) 



 
 
 
 
Page 2  of  9        *NRHP Status Code  5                  

*Resource Name or #  (Assigned by recorder) Highgrove Hydroelectric Plant 

DPR 523B (1/95)                                                                                              *Required Information 

State of California – The Resources Agency    Primary # _____________________________________ 
DEPARTMENT OF PARKS AND RECREATION    HRI # ________________________________________ 
BUILDING, STRUCTURE, AND OBJECT RECORD        

 
B1.  Historic Name: Highgrove Hydroelectric Plant 
B2.  Common Name: Highgrove Hydroelectric Plant 
B3.  Original Use:   Power plant    B4.  Present Use:  n/a 

*B5.  Architectural Style:  n/a 

*B6.  Construction History: (Construction date, alteration, and date of alterations) 1887, 1892 penstock improvements, 1900 change to 
alternating current system; building and equipment destroyed by fire in 1915. 
 
*B7.  Moved?  ⌧ No �  Yes  �  Unknown    Date:     Original Location:     
*B8.  Related Features:  penstock; canal 
 
B9.  Architect:  Gustavus O. Newman  b.  Builder:  unknown 

*B10.  Significance:  Theme   n/a   Area  n/a  
    Period of Significance     n/a    Property Type    n/a     Applicable Criteria     n/a  
(Discuss importance in terms of historical or architectural context as defined by theme, period, and geographic scope.  Also address integrity.) 
 
The Highgrove Hydroelectric Plant was previously recorded and accepted as a point of historical interest in 1968; the 
documentation for this designation, a one page sheet, it shown on a continuation sheet to this form.  However, Highgrove 
Hydroelectric Plant site does not appear to be a historic resource for the purposes of CEQA.  The power-plant’s buildings 
and equipment burned to the ground in 1915.  If the power-plant still existed as built, it would have been strongly associated 
with events that have made a significant contribution to the history of the local area, region or state (Criterion A and 1).  The 
plant did embody characteristics of a type, period, region or method of construction, and could be considered to have high 
engineering value (Criterion C and 3).  However, because the building burned in 1915, enough does not remain and does not 
have integrity to be a historical resource for the purposes of CEQA.  The property does not appear to have been associated 
with a person who made significant contributions to local, state or national history (Criterion B and 2).  Rarely buildings can 
provide information about historical methods of construction (Criterion D and 4), however, information on this building, 
including its original structure, is recorded elsewhere and it does not appear to be a primary source in this regard.  (See 
Continuation Sheet) 
 
B11.  Additional Resource Attributes:  (List attributes and codes)    
  
*B12.  References:  See footnotes. 
 
 
 
 
 
B13.  Remarks:   
 
 
 
*B14.  Evaluator: Cheryl Brookshear 
 
*Date of Evaluation:  November 2006  
 
                 (This space reserved for official comments.) 

(Sketch Map with north arrow required.) 

 



 
 
 
 
Page 3  of  9     *Resource Name or #  (Assigned by recorder) Highgrove Hydroelectric Plant 
*Recorded by Cheryl Brookshear   *Date  November 15, 2006  ⌧  Continuation   � Update 

DPR 523L (1/95)                                                                                                         *Required Information 

State of California – The Resources Agency    Primary # _____________________________________ 
DEPARTMENT OF PARKS AND RECREATION    HRI # ________________________________________ 
CONTINUATION SHEET       Trinomial ____________________________________________

 
B10.  Significance (continued): 
 
This property has been evaluated in accordance with Section 15064.5(a)(2)-(3) of the CEQA Guidelines, using the criteria 
outlined in Section 5024.1 of the California Public Resources Code, and does not appear to be a historical resource for the 
purposes of CEQA.  
 
Historical Context 
 
The development of the electric industry in California was an evolutionary process that dates as far back as 1879, the year in 
which California Electric Light Company began operation.  This San Francisco-based company generated electricity, and 
distributed it to local subscribers from a central station.1  This system was soon followed by electrical central stations in Los 
Angeles (1882), Visalia (1886) and Santa Barbara (1887).  Most of these central stations were powered by steam converted 
from water through the burning of coal or wood, both costly commodities in California at the time.  The cost was so high 
that the Visalia station and company quickly found itself in financial difficulties.2 
 
While energy created from burning fuels was quite costly, hydropower – power created from the flow of water – was 
comparatively inexpensive and abundant.  The Sierra Nevada provided an annual snow pack that melted throughout the 
spring and early summer, which in turn created numerous creeks, streams, and rivers that dropped rapidly from the 
mountains to the lower elevations.  In the East, factories and electric plants used high volumes of water flow with low heads 
and benefited from year-round flow.  California was geographically distinct and could use high heads and low volumes of 
flow usually along a watershed in the Sierra Nevada or Transverse Range.  Reservoirs were also required to store water in 
the dry summer and fall seasons.3  
 
The gold mining industry in many ways was the pioneering force in developing methods to tap high-head waterpower for a 
variety of purposes.  As early as the 1850s, gold miners throughout the Sierra Nevada had devised complex water delivery 
systems consisting of wooden and iron pipes, ditches, damns, and flumes.  One of the earliest uses of extensive water 
delivery and storage systems in the mines was for hydraulic mining, which used a high-pressure hose to wash away the 
surface layer of a hillside and expose the gold beneath.  The hydraulic water cannon, invented in 1852, was later adapted by 
the hydroelectric industry as a way of turning tangential waterwheels.  The ability to control the rate of water flow through a 
nozzle was also a hydraulic mining development that was later used in hydroelectric plants.    
 
In 1879, the Excelsior Water and Mining Company became the first mining company to use electricity.  The company used a 
water-driven Brush dynamo to supply power to three arc lights, thus doubling its production capacity because the mine could 
be worked throughout the night.  This was a private enterprise though, and did not provide light to paying customers.  In 
order for a company to provide power to customers, electricity was going to have to either be transmitted long distances or 
use low head and low flow sources found closer into the populated regions. Several people had experimented with 
hydroelectricity in these areas.  George Chaffee built a small private hydroelectric plant on an irrigation canal near Etiwanda 
Colony in 1882.  Peter Kehl also experimented with hydroelectricity placing a generator in his grist mill in the mid 1880s.4  
The first commercial hydroelectricity in California was not generated until 1887, to serve the Riverside area.   
 
The Riverside Water Company provided Riverside and its environs with irrigation water.  One of their canals, the Warm 
Water Canal, dropped 40 feet where the canal crossed Iowa Avenue just south of Spring Street.  Charles R. Lloyd, who came 

                                                 
1 William A. Myers, Iron Men and Copper Wires:  A Centennial History of the Southern California Edison Company (Glendale, 
California:  Trans-Anglo Books, 1983), 11. 
2 Myers, Iron Men and Copper Wires: A Centennial History of the Southern California Edison Company, 11-18. 
3 Caltrans and JRP Historical Consulting, Water Conveyance Systems in California. (Sacramento: Caltrans, 2000). 54-55. 
4 Highgrove: Southern California’s Pioneer Hydroelectric Power Plant (Southern California Edison) 2. 



 
 
 
 
Page 4  of  9     *Resource Name or #  (Assigned by recorder) Highgrove Hydroelectric Plant 
*Recorded by Cheryl Brookshear   *Date  November 15, 2006  ⌧  Continuation   � Update 

DPR 523L (1/95)                                                                                                         *Required Information 

State of California – The Resources Agency    Primary # _____________________________________ 
DEPARTMENT OF PARKS AND RECREATION    HRI # ________________________________________ 
CONTINUATION SHEET       Trinomial ____________________________________________

from San Francisco, the home of California Electric Light, had the idea of using that drop to generate electricity.  Lloyd’s 
partner, described as “a man named Sinclair,” negotiated a lease of the water power from Riverside Water Company for 
$250 per month.5  Next, Sinclair appeared before the Riverside City Council in December of 1886 and, with the help of local 
banker O.T. Dyer secured a franchise to provide Riverside with street lighting.6  Lloyd, Sinclair, Dyer and Frank Miller 
formed the San Bernardino Electric Light Company in January 1887.  They hired Gustavus O. Newman, a Swedish-trained 
engineer to design the system.7   
 
Newman designed a redwood flume to carry water to the chosen site.  The water was then channeled into a cast iron 
penstock where it dropped to the bottom of the plant and turned three “simple” turbines.  Each turbine shaft extended up into 
ground floor where gears and belts transferred the energy to three generators.  After designing the plant, Newman stayed on 
to become the plant engineer and plant a grove of eucalyptus trees around the plant.  By the spring of 1888, the direct current 
(DC) generators produced about 75 kW of electricity to light the streets of Riverside and Colton.  A total of 30 arc lamps 
were lit from the system; 15 in Riverside and 15 in Colton.  The system was expensive: Riverside paid $27.50 for its street 
lighting each month.  In addition, the service was limited.  Street lighting was provided from dusk until nine or midnight and 
no lighting was provided on nights with a full moon.  Highgrove’s operators also discovered that its turbine produced a loud 
whistle and the Warm Water Canal provided an intermittent water supply. Despite these problems, Highgrove and the 
company continued to develop.  The San Bernardino Electric Light Company went on to build a second hydroelectric plant 
in San Bernardino in 1888, but quickly added a steam engine to power the generators.8 
 
Financial difficulties forced Lloyd to reorganize the company in 1892 as the San Bernardino Electric Company.  At that time 
Highgrove’s wooden flume was replaced with an iron pipe, and other small improvements were made.  Despite the 
improvements, the City of Riverside decided to build its own municipal power plant in 1895.  Highgrove was able to 
continue operations providing power to surrounding areas.  In 1898, it was also able to provide power to the new Riverside 
electric trolley. The company was again reorganized in 1900, and Highgrove was thoroughly modernized with new 
alternating current generators.  Lloyd sold the company in 1903 to Henry E. Huntington’s Pacific Light and Power 
Company.  As a result, Highgrove became a part of the Riverside and San Bernardino trolley system.  While its electrical 
output was low, it was an important switching point.9 
 
On Sunday, March 28, 1915, a transformer overheated and exploded.  The Highgrove power-plant burned to the ground, 
along with all its equipment and records.  In 1917, Southern California Edison purchased Pacific Light and Power and used 
the Highgrove site as an electric switching station.  The site was not fully abandoned until 1920.10  Southern California 
Edison continued to pay the $250 for water power rights until 1952.11 
 
Evaluation 
 
The site of the Highgrove Hydroelectric Plant does not appear to be a historic resource for the purposes of CEQA.  The 
power-plant, the first commercial hydroelectric plant in California, was associated with events that have made a significant 
contribution to the history of the local area, region or state (Criterion A and 1).  While the owners of the building were of 
local importance, this site is not the most representative of their productive lives, as the Highgrove Hydroelectric Plant was 
one of several enterprises undertaken by them (Criterion B and 2).  The building did embody significant type, period and 

                                                 
5 Meyers, Iron Men and Copper Wires: A Centennial History of the Southern California Edison Company, 19. 
6 Highgrove: Southern California’s Pioneer Hydroelectric Power Plant, 3;John Brown Jr., History of San Bernardino and Riverside 
Counties Volume 3 (Western Historical Association, 1922) 4. 
7 Highgrove: Southern California’s Pioneer Hydroelectric Power Plant, 3. 
8 Meyers, Iron Men and Copper Wires: A Centennial History of the Southern California Edison Company, 20-21; Highgrove: Southern 
California’s Pioneer Hydroelectric Power Plant, 4-5. 
9 Highgrove: Southern California’s Pioneer Hydroelectric Power Plant, 6-7. 
10 Highgrove: Southern California’s Pioneer Hydroelectric Power Plant, 7-8. 
11 Meyers, Iron Men and Copper Wires: A Centennial History of the Southern California Edison Company, 20-21. 
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method of construction as an engineering work.  (Criterion C and 3).  Because of the 1915, fire not enough remains to yield 
important information (Criterion D and 4).  The fire also severely damaged the integrity of the building in relation to design, 
workmanship, materials, feeling and association.  The integrity has been so altered that even though the building was 
significant, its lack of integrity renders the building ineligible.  The foundation remains do not convey sufficient significance 
because of this fact.  Moreover, Southern California Edison has prepared a booklet memorializing the plant, which contains 
historic photographs and engineering drawings.  The available information renders the remaining foundations less significant 
under Criterion D, as a source of information related to the history of early hydroelectric power engineering at this location.  
However, the site does qualify as a point of historical interest.  
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Photographs (cont): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph 2.  Foundations, camera facing northwest. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph 3. Foundations, camera facing west. 
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Photographs (cont): 
 

 
Photograph 4. Penstock, camera facing west from above. 

 

 
 

Photograph 5. Historic image of Highgrove Hydroelectric plant, facing east.  Highgrove: Southern California’s Pioneer Hydroelectric 
Power Plant. 
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Photographs (cont): 

 
 

Photograph 6. Historic image of Highgrove Hydroelectric plant, facing west.  Highgrove: Southern California’s Pioneer Hydroelectric 
Power Plant. 

 

 
 

Photograph 7.  Diagram of  Highgrove Hydroelectric Plant. Highgrove: Southern California’s Pioneer Hydroelectric Power Plant.  

 
 
 
 
 
 
 
 



 
 
 
 
Page 9  of  9     *Resource Name or #  (Assigned by recorder) Highgrove Hydroelectric Plant 
*Recorded by Cheryl Brookshear   *Date  November 15, 2006  ⌧  Continuation   � Update 

DPR 523L (1/95)                                                                                                         *Required Information 

State of California – The Resources Agency    Primary # _____________________________________ 
DEPARTMENT OF PARKS AND RECREATION    HRI # ________________________________________ 
CONTINUATION SHEET       Trinomial ____________________________________________

 
Photographs (cont): 
 

 
Photograph 8. G.O. Newman, plant engineer.  Highgrove: Southern California’s Pioneer Hydroelectric Power Plant. 

 

Figure 1.  Existing Documentation on Highgrove Hydroelectric Plant. 
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Technical Area: Soil and Water Resources 
Author: Michael Stephens 
 

DATA REQUESTS 
S&W-1 Please provide an alternative approach to the plant's water supply and 

wastewater disposal that does not rely solely on use of groundwater for the 
water supply and that minimizes truck transport of wastewater. 

Response: At the Data Response Workshop, representatives of AES, CEC Staff, 
Riverside Canal Water Company, the City of Grand Terrace, and the San 
Bernardino County Water Master representative participated in a round table 
discussion to evaluate water supply sources with the potential to reduce or 
eliminate the use of onsite well water for cooling. The potential sources identified 
at the workshop included the Spring Street nitrate impacted well water, the 
Riverside Canal water, and the Gage Canal water. It was well understood that 
modification to the water supply source likely affects the quality of the 
wastewater generated and therefore the volume and quality of water discharge. 
Based on the ideas discussed at the workshop, AES has proceeded to conduct 
engineering analyses of each potential alternative water source to further evaluate 
the alternative sources identified. The objectives of the evaluation were: 

• Reduce to the extent feasible the use of onsite well water for cooling 

• Maximize to the extent feasible the use of an impaired or degraded water 
source  

• Reduce to the extent feasible the concept of trucking wastewater offsite for 
disposal 

As discussed below, we believe that a combination of the Spring Street nitrate-
impacted well water and the on-site well water is the alternative that best meets 
all of the objectives.  

Evaluation Methodology/Background 
As discussed in the workshop, AES obtained water quality analyses for both the 
Spring Street wells, located approximately 1.5 miles from the site, and the 
Riverside Canal, located next to the proposed plant’s western boundary.  

The Spring Street wells are considered an impaired water source due to nitrate 
contamination, which makes the wells unsuitable for potable use. As discussed at 
the workshop, pumping water from these wells will offer a benefit to the region 
by cleaning up the aquifer such that it may be available as a source of potable 
water in the future. Water quality from the Spring St wells is characterized as high 
in nitrates, total dissolved solids (TDS), hardness, and conductivity. Other 
considerations associated with this option include the need to construct a pipeline 
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approximately 1.5 miles in length to convey water from the Spring Street well 
pipeline to the site. However, the full length of the pipeline can be constructed in 
the public right-of-way.  

The Riverside Canal, which is owned and operated by the City of Riverside, is 
used to supply water for agricultural use to downstream users. The water is 
classified as nonpotable since it is carried in an open canal. According to the City 
of Riverside, the source of water for the Canal is from upstream wells. Many of 
the wells are unacceptable for potable use because they were not constructed to 
potable standards; and/or they are located near the Santa Ana River and, 
therefore, potentially under the influence of surface water. The water quality 
analysis used in the evaluation was provided by the City as representative of the 
various sources, which pump into the Canal. The water quality can be 
characterized as generally low in TDS (about half that of TDS levels in the Spring 
Street wells), but high in certain metals (manganese and iron), which tend to 
create scaling problems in cooling towers. Additional considerations in the 
evaluation were to minimize impacts to downstream users of the Riverside Canal. 
The downstream users rely on the Riverside Canal nonpotable water to be 
delivered to them for agricultural use. Our understanding is that any withdrawal 
from the Riverside Canal would require adding another source of water back to 
the Canal to ensure that the downstream users are not impacted. 

AES was also requested to consider use of Gage Canal as a nonpotable water 
source. The Gage Canal is located approximately 0.5 to 1 mile north of the project 
site. Riverside has indicated that use of Gage Canal water is not preferable, as 
they intend to convert total Gage production to domestic water in the future. 
Therefore, use of the Gage Canal as a potential water source has not been further 
considered. 

In Data Response Nos. 19c and 58, AES addressed the infeasibility of an onsite 
zero-liquid discharge system for this project and construction of a new pipeline to 
the Santa Ana Regional Interceptor (SARI) line. Additionally, AES conducted an 
extensive evaluation of reclaimed water sources in the Alternatives Section 
(Section 9) of the AFC. 

Evaporative Cooling Process/Cycles of Concentration 
Increasing the cycles of concentration is highly desirable because it reduces 
consumptive water use while also reducing the volume of the waste stream. The 
quality of source water is an important consideration in plant design since it can 
affect the metallurgy chosen for plant cooling components, the degree to which 
the water can be recycled or “concentrated” in the cooling tower to conserve use, 
and the quantity and quality of the wastewater discharge. The water quality 
analyses used for the Spring Street wells and Riverside Canal is presented in 
Attachment S&W-1A. 
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Water is typically recirculated in a cooling tower to the maximum extent possible. 
During every cycle through the tower, a portion of water is evaporated to achieve 
cooling; thereby, concentrating the constituents in the water that remains. 
Increasing the “cycles of concentration” increases the concentration of 
contaminates in the cooling water, raising scaling and fouling potential inside the 
cooling tower and levels of the constituents in the disposal or “blowdown” 
stream. Maximizing the cycles of concentration (COC) within these constraints is 
desirable to reduce cooling tower blowdown (and therefore the quantity of 
wastewater that must be disposed), thus minimizing water consumption.  

In the evaluation of various water sources, the WaterCycle RxTM software 
program was employed to calculate the water quality and maximize cycles of 
concentration for the disposal options under consideration. Based on the desire to 
avoid trucking of wastewater to the SARI wastewater line, the analysis focused on 
the following two disposal options:  

(1) discharging process wastewater into the Riverside Canal; and  

(2) discharging wastewater to the existing sewer main, which is located in 
Taylor Street adjacent to the plant.  

Following is a discussion of the discharge options reviewed and the impact of 
each option on the analysis. 

Discharge to Riverside Canal. A consideration for discharging water to the 
Riverside Canal is the potential impact to downstream users. The water in the 
Canal is used downstream for crop irrigation; therefore, the level of TDS in the 
discharge (or salts) is a primary limitation. For the purpose of the analysis, it was 
assumed that the TDS level of the effluent to the canal cannot exceed 2 to 3 times 
the canal TDS, which on average is 249 mg/L. This assumption limits the 
wastewater discharge to a TDS of 750 ppm, which is approximately equal to the 
TDS in the Spring Street well water (~720 mg/L).  

Colton Waste Water Treat Plant (CWWTP). The City of Grand Terrace has a Joint 
Powers Agreement with the City of Colton to treat waste from Grand Terrace. 
AES has preliminarily confirmed that CWWTP has adequate capacity to treat 
process waste from the plant. The plant discharge would be required to meet TDS 
limits of 1100 ppm and conductivity of 1700 micromhos (μmhos).  

Analysis of Riverside Canal Options  
As mentioned earlier, water from Riverside Canal contains high manganese and 
potential iron contamination that cause scaling problems in cooling towers. Thus, 
to use water from the Canal, extensive pre-treatment systems would be required 
such as coagulation and filtration, lime softening, and cation exchange. This type 
of pretreatment system requires a significant capital expenditure for the small 
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volume of water being treated and also requires a significant amount of space on 
the site.  

Although space on the site is extremely limited and the cost of installing the 
pretreatment system for manganese and iron is high, AES evaluated the following 
options associated with the use of water from the Riverside Canal: 

• “Once-through” type cooling, where water would be not be recirculated 
in the towers to avoid concentrating TDS levels and impacting 
downstream agricultural users; 

• Using Riverside Canal water to meet 100 percent of the plant’s needs; and 

• Blending Riverside Canal water with onsite well water to reduce 
wastewater discharge volumes.  

Once-Through Cooling. With a once-through cooling option, TDS levels would 
not be increased and the all the water would be returned to the canal to avoid 
impacting downstream users. The water would be returned to the canal at a 
higher temperature. (Because permits for the former plant did not limit discharge 
temperature since there is no aquatic life in the Canal, it was assumed at this 
point that discharge temperature was not a major factor in the analysis.) Because 
the gas turbine intercooler requires a cooling water flow of 7,000 gpm (for each of 
the three gas turbines), the total volume of water from the Canal required for this 
option would be approximately 21,000 gpm. It is questionable whether the 
Riverside Canal could reliably provide this large flow during peak operating 
times. Since such a large amount of water is needed for this option, it is infeasible 
to construct adequate onsite storage for this case. Therefore, if canal flow was 
disrupted, the project would have to shut down.  

100 Percent Riverside Canal Water. Use of 100 percent Riverside Canal water 
would result in total water consumption for plant cooling systems of 1,022 gpm. 
Compared to the original proposal to use onsite wells, this option represents an 
increase in total plant cooling water needs of 137 percent water (or an increase 
from 431 gpm to 1,022 gpm). Water consumption increases since, even with pre-
treatment of Riverside Canal water (in the form of coagulation and filtration, 
lime softening, and/or cation exchange systems), the maximum cycles of 
concentration that can be achieved is 1.65 cycles. Conductivity and TDS are the 
limiting factors affecting the cycles of concentration. Because this option would 
increase TDS levels to 1,048 ppm, it was assumed that the water could not be 
discharged to the Riverside Canal. Thus, discharge limits are established based 
on CWWTP limits. Additionally, the water used from the canal would need to be 
replaced to avoid impacts to downstream users. Therefore, total plant water 
consumption associated with both uses and replacement would increase. 

50/50 Ratio of Riverside Canal/Onsite Well. A case was evaluated to examine if 
blending Riverside Canal water with onsite well water would result in a better 
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optimization of plant water consumption and discharge water volumes and 
quality. With this option, pretreatment of Riverside Canal water is still required. 
Blending Riverside Canal water with onsite well water in a 50/50 blend only 
allows an increase in COC to 2.0 with a corresponding reduction in water 
consumption from 1,283 gpm to 1,125 gpm. For this blended case, conductivity 
and sulfate are the limiting constituents. Since this option increases use of onsite 
well water for cooling relative to AES’ original proposal, from 431 gpm to 
563 gpm (or 50 percent of 1,125 gpm), this option was rejected from further 
analysis. Analysis of further blending options will increase onsite well use and 
yield only minimal increases in cycles of concentration. Additionally, the water 
used from the canal would need to be replaced to avoid impacts to downstream 
users. 

Conclusions for Use of Riverside Canal Water Options. Once-through cooling 
was rejected because the volume of water necessary to support peak operations 
would place too high a risk on the project from canal disruptions or guaranteed 
water flows, especially given that size of the site is inadequate to support the 
large volume of backup storage that would be needed.  

The other options evaluated were also rejected because all cases result in the use 
of more onsite well water than in the original proposal for using onsite wells. In 
all cases, water from an additional sources would be needed to replace water 
used from the canal to avoid impacts to downstream agricultural users. 
Additionally, due to the quality of the water in the Riverside Canal, the water 
would need to be treated prior to use even if blended with the better quality 
onsite well water. The site is inadequately sized to support installation of the 
pretreatment equipment. It also imposes a significant and uneconomical cost 
burden to this peaking project. 
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TABLE S&W1-1. 
Riverside Canal Water Options 

Current
AFC

100% Site 
Well

100% Canal Water,   
Once-Through

50% Canal Water     
50% Site Well

100% Canal 
Water

Discharge SARI Sewer Sewer Sewer
Cycles of Concentration 6.5 0 2 1.6

Onsite Well Use
gpm 737 0 563 -
acre-ft/yr 357 0 272 -

Riverside Canal Water Use
gpm - 0 563 1328
acre-ft/yr - 0 272 643

Cooling Tower Makeup
gpm 431 0 819 1022
acre-ft/yr 209 0 396 495

Total Plant Makeup
gpm 737 0 1125 1328
acre-ft/yr 357 0 544 643

Water make-up from Alternate Source
gpm - 0 563 1328
acre-ft/yr - 0 272 643

Discharge
gpm 86 0 476 679
acre-ft/yr 42 0 230 329

% Increase or Decrease in Onsite Well Use Base -100% -24% -100%
% Increase or Decrease in Discharge Volume Base -100% 453% 690%
Notes:

2.  Based on maximum annual capacity factor of 30% 
1. At Annual Average conditions (80°F, 60% RH)

 
 

Analysis of Spring Street Well Water Options 
As described previously in Data Response No. 48 (Set 1A), the water from the 
Spring Street wells is considered impaired due to nitrate levels in excess of 
drinking water standards. Elevated nitrate levels in groundwater result from 
activities such as crop fertilization and septic systems, which were prevalent in 
the region at one time. Methods used to make nitrate-impaired water from 
aquifers suitable for potable water supply include blending with higher water 
quality supplies, removing and using the water in nonpotable systems such as 
irrigation, and installing water treatment equipment that remove nitrates. Water 
treatment systems that remove nitrates include reverse osmosis and ion 
exchange systems, which are generally considered to be costly remediation 
options. In addition, these water treatment processes create a concentrated brine 
that requires disposal. As discussed at the workshop, removal of the Spring 
Street water for use by the proposed project would provide a regional benefit 
since other methods of cleanup are less economical. 
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The Spring Street wells are high in nitrates, TDS, hardness, and conductivity. 
TDS levels in the combined stream from wells #21 and #22 are approximately 
twice as high (720 mg/L) as that in the onsite wells and the Riverside Canal. 
Therefore, using Spring Street water in a once-through system and discharging it 
into the Riverside Canal or the sewer is not feasible. If the cooling tower 
blowdown is to be discharged to the sewer, the Spring Street well water only 
becomes usable if blended with onsite well water, with a minimum of 25 percent 
onsite well water. Further, for every 25 percent of onsite well water used, the 
wastewater volume to the sewer is reduced by approximately 500 gpm. 

AES, therefore, focused on options where water from the Spring Street wells is 
blended with onsite well water in different proportions. The following cases 
were assessed:  

• Blend of 25 percent Spring Street water and 75 percent onsite well water 
• Blend of 50 percent Spring Street water and 50 percent onsite well water 
• Blend of 75 percent Spring Street water and 25 percent onsite well water 

As shown in Table S&W1-2, because cycles of concentration are limited, the only 
option that reduces use of onsite well water compared to the current AFC case of 
100 percent onsite well water, is the option consisting of a blend of 75 percent 
Spring Street water and 25 percent onsite well water. While this option reduces 
onsite well use by 25 percent, water discharge volume increases significantly, 
from 86 gpm to 1,582 gpm.  
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TABLE S&W1-2 
Spring Street Well Options 

Current
AFC

100% Site 
Well

25% Spring St  
75% Site Well

50% Spring St   
50% Site Well

75% Spring St  
25% Site Well

Discharge SARI Sewer Sewer Sewer
Cycles of Concentration 6.5 2 1.5 1.3

Onsite Well Use
gpm 737 844 800 558
acre-ft/yr 357 408 387 270

Spring Street Well Use
gpm - 281 800 1673
acre-ft/yr - 136 387 810

Cooling Tower Makeup
gpm 431 819 1293 1925
acre-ft/yr 209 396 626 932

Total Plant Makeup
gpm 737 1125 1599 2231
acre-ft/yr 357 544 774 1080

Discharge
gpm 86 476 948 1582
acre-ft/yr 42 230 459 766

% Increase or Decrease in Onsite Well Use Base 14% 8% -24%
% Increase or Decrease in Discharge Volume Base 453% 1002% 1740%
Notes:

2.  Based on maximum annual capacity factor of 30% 
1. At Annual Average conditions (80°F, 60% RH)

 
 
Additional Wastewater Treatment System 
Because discharge volume increases significantly for these cases, AES 
investigated options to reduce cooling tower blowdown. The addition of a 
wastewater treatment system allows the cycles of concentration to be increased 
in the cooling tower and, thus, reduces both discharge volumes as well as cooling 
tower makeup and, hence, total plant water consumption. The addition of this 
system (which consists of a ”saltwater” RO treatment system, a multi-media 
filter, a caustic injection system and lime softener) reduces discharge volume to 
the sewer from 948 to 95 gpm and reduces onsite well consumption by 
50 percent. The drawback of this alternate is that a small stream of RO reject 
(22 gpm) is generated by the wastewater treatment system. The RO reject, which 
has significantly higher TDS and conductivity, must be stored onsite and then 
trucked offsite to the SARI line. However, the number of trucks required during 
a “worst case” operating day would be approximately three. This represents a 
significant decrease in trucking from the case originally proposed in the AFC. 

The effects of the wastewater treatment system on water consumption and 
discharge are illustrated in Table S&W1-3.  
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TABLE S&W1-3 
Wastewater Treatment System Effects on Water Consumption and Discharge 

C u rren t
AF C

100% S ite  
W ell

50%  S p rin g  S t   
50%  S ite  W ell

50%  S p rin g  S t   
50%  S ite  W ell

D isch arg e S AR I N o  T reatm en t

W ith  Ad d itio n  
o f W astew ater 

T reatm en t 
S ystem

C ycles o f C o n cen tratio n 6.5 1.5 5.5

O n site  W ell U se
gpm 737 800 378
acre-f t/y r 357 387 183

S p rin g  S treet W ell U se
gpm - 800 378
acre-f t/y r - 387 183

C o o lin g  T o w er M akeu p
gpm 431 1293 450
acre-f t/y r 209 626 218

T o ta l P lan t M akeu p
gpm 737 1599 756
acre-f t/y r 357 774 366

D isch arg e to  S ew er
gpm 86 948 95
acre-f t/y r 42 459 46

D isch arg e to  S AR I L in e
gpm 88 - 22
N o. trucks per day  (6700/ga l/truck)7 12 - 3

% In crease o r D ecrease in  O n site  W ell U se B ase 8% -49%
% In crease o r D ecrease in  D isch arg e V o lu m e B ase 1002% 11%
N otes:

2 .  B ased on m ax im um  annua l capac ity  fac tor o f  30%  
3.  A t "worst-case" 15-hour opera ting  day  

1 . A t A nnua l A v erage cond itions (80°F , 60%  R H )

 
 

The effects of adding a wastewater treatment system to a water source consisting 
of a blend of 75 percent Spring Street water and 25 percent onsite well water was 
also investigated, but rejected. Due to the poorer water quality, the RO reject for 
this option increases and therefore increases the number of trucks required to 
truck wastewater to the SARI line from three to four. 

Summary  

Based on this review we have determined that a 50/50 blend of Spring Street and 
onsite wells in conjunction with a wastewater treatment system and combination 
of sewer discharge and minimized wastewater trucking will most economically: 

• Reduce onsite well water use for plant cooling by 49 percent 
• Provide a regional benefit by using impaired water for plant cooling 
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• Reduce the average number of wastewater trucks per day by 75 percent1  

With this option, a total of 450 gpm would be required for plant cooling systems 
(make-up for cooling tower water evaporation and blowdown). Approximately 84 
percent of plant cooling needs (378 gpm/450 gpm) would be provided by the 
Spring Street wells. The remaining onsite well water will be used for 
demineralized water for NOx injection, gas turbine evaporative cooling, and other 
plant uses. 

S&W-2 Please identify the location of the all water crossings and permits required. 

Response: As shown in Figure S&W2-1, there are five crossings where the gas line 
would cross surface water features. Where trenchless construction is used (e.g., 
horizontal directional drilling, or jack and bore) only a Streambed Alteration 
Agreement with the California Department of Fish and Game would be required. 
Where trenching is used, 401 and 404 permits are required along with the 
Streambed Alteration Agreement. 

 

                                                 
1 Three trucks per day compared to 12 trucks per day based on 15 hours per day at the annual average operating 
temperature of 80 °F. 
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ATTACHMENT S&W-1A 

Water Composition and Discharge Limits 

Constituent Units 
Spring St 
Well #21a 

Riverside Canal 
(Blended)b 

Colton WWTP 
Industrial User 

Discharge 
Limitc 

Date Reported   7/6/2006 2000- present   

Arsenic, Total mg/L 0 0.113 0.12 

Barium, Total mg/L 0.11   43 

Boron, Total mg/L     7.4 

Cadmium, Total mg/L 0   0.05 

Cobalt, Total mg/L     9.5 

Copper, Total mg/L 0   2.1 

Cyanide mg/L 0   3.1 

Fluoride, Total mg/L 0   6 

Hardness, Total (as CaCO3) mg/L 410 142 600 

Iron, Total mg/L 0 <100 20 

Lead, Total mg/L 0   0.37 

Manganese, Total mg/L 0 0.076 2 

Nickel, Total mg/L 0   0.6 

Nitrogen, Total Inorganic mg/L 20 1 27 

BOD mg/L 11   230 

Selenium, Total mg/L     0.1 

Silver, Total mg/L 0   0.9 

TSS mg/L 0   220 

TDS mg/L 790 249 1100 

Zinc, Total mg/L 0 0.05 3.9 

Hexavalent Chromium mg/L 0   0.4 

Sodium mg/L 110 35 306 

Chloride mg/L 94 20 258 

Cyanide mg/L 0   3.1 

Sulfate mg/L 93 51 300 

Specific Conductance µmhos/cm 1200 420 1700 

Sources: 
a Test America water analysis, dated 7/10/2006 
b Information from City of Riverside, dated 11/3/2006 
c Information provided by G. Ethridge, 12/1/2006 
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Technical Area: Waste Management 
Author: Ellie Townsend-Hough 

BACKGROUND 
The California Environmental Protection Agency, Department of Toxic Substances 
Control (DTSC) is working with the Southern California Edison Company (SCE) on 
the investigation and remediation of the toxic contaminants that may remain in the 
soil of the detention basins at the former SCE Highgrove Generating Station. Energy 
Commission staff discussed the HP and the site’s remediation status with Jose Kou, 
P.E., Chief, Southern California Permitting and Corrective Action Branch of the 
Department of Toxic Substances Control (DTSC). Currently SCE is working under a 
Stipulation Order to remediate the site. DTSC has been approached by the AES 
Company to oversee the corrective action at the parcels of the facility where the 
existing power plant is located and the location of the future power plant. DTSC has 
started drafting a corrective action consent agreement that will be negotiated with 
AES for the oversight activities on the HP site.  

Also, a Closure Demonstration Report certifying clean closure of several hazardous 
waste management areas at the former Highgrove Generating Station is being 
prepared by SCE, for submittal to DTSC.  

DATA REQUEST 
WM-2 Please provide the CEC with a copy of the signed consent agreement. 

Response: The Consent Agreement is provided as Attachment WM-2A.  

WM-3 Please provide a copy of the Work Plan once it is approved by DTSC. 

Response: Since the workshop, meetings and an additional site visit have been held 
with DTSC to develop a Work Plan that both parties can agree to. A copy of the 
Work Plan will be provided once it is finalized.  

WM-4 Please provide a status on the Work Plan and the investigation work in AES' 
monthly status report. 

Response: The status of the Work Plan will be provided in AES’ monthly status 
report. 
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