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CONCEPTUAL-LEVEL HYDROLOGY STUDY 
Lake Elsinore Advanced Pumped Storage Project 

Riverside County, California 
 
 EXECUTIVE SUMMARY 
 

Introduction 

This report describes the results of a conceptual-level hydrology study for the proposed Lake 
Elsinore Advanced Pumped Storage Project (LEAPS) in Riverside County, California.  This 
hydrology study discusses the baseline data, potential impacts, and potential alternatives associated 
with the construction of the LEAPS project. 

The proposed LEAPS hydroelectric facility will cycle water between the existing Lake Elsinore and 
a proposed man-made reservoir located in the San Juan Creek Watershed approximately 1,650 feet 
above Lake Elsinore, within the Elsinore Mountains of the Cleveland National Forest.  The inflow to 
the upper reservoir will be water pumped up from Lake Elsinore during off-peak periods, and direct 
rainfall into the reservoir.  The proposed configuration of the candidate upper reservoir calls for an 
embankment dam on the downstream side and possibly dikes on other reservoir sides.  The upper 
reservoir has a minimum planned capacity of 5,500 acre-feet with an anticipated surface area of 
approximately 60 to 120 acres.  Other features of the project include a penstock, an underground 
powerhouse located at the base of the Elsinore Mountains, and a tailrace tunnel.  Unlike many 
hydroelectric projects, the upper reservoir does not entail impoundment of the upstream watershed.  
Essentially the same amount of water is cycled back and forth between the upper and lower 
reservoirs. 

In general, the water quality of Lake Elsinore is expected to be greatly improved as a result of the 
project.  The positive impacts to the water quality of Lake Elsinore would be due to: an increase in 
dissolved oxygen of Lake Elsinore by aerating water used by the LEAPS facility; and using revenue 
from the project to obtain and, if necessary, to treat water that would be added to the lake during dry 
periods to stabilize the lake levels.  Nevada Hydro has indicated that the project proponents would 
aerate the water either using the turbines or a stand-alone aerator facility near the tailrace or outfall 
structure.  The addition of aerated water and the stabilization of lake levels would have a significant 
positive impact to the water quality and aquatic health of Lake Elsinore. 

Baseline Data 

To the extent possible, this report presents baseline data regarding water use and quality, as required 
by Section 18 Part 4.41(f)(2) of the U.S. Code of Federal Regulations (CFR).  In accordance with 18 
CFR 4.41(f)(2), this report was prepared in consultation with State and Federal agencies with 
responsibility for management of water quality and quantity in the affected stream or other body of 
water. 
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The 500-square mile San Juan Creek Watershed extends from the Cleveland National Forest in the 
Santa Ana Mountains to the Pacific Ocean in San Juan Capistrano near the Dana Point Harbor.  For 
most of the year, San Juan Creek has average flows between 1.0 and 100 cubic feet per second 
(ft3/s), is frequently dry, but is subject to periodic flooding.  The average annual precipitation in the 
mountainous regions of the San Juan Creek watershed is about 18 inches. 

The proposed candidate Morrell Canyon and Decker Canyon reservoirs are located at the headwaters 
of the watershed (Figures 1-2 and 2-3).  Stream flows in Morrell and Decker Canyons are generally 
intermittent and seasonal.  Decker Canyon is at the top of the watershed while Morrell Canyon 
extends from the confluence with Decker Canyon to the upper end of the San Juan Creek watershed. 
In the upper portions of Morrell Canyon, groundwater discharges to the surface in an area called 
Lion Spring. 

The Basin Plan issued by the San Diego Region of the Regional Water Quality Control Board in 
1994 provides information on beneficial uses; water quality objectives; implementation; plans and 
policies; and surveillance, monitoring, and assessment of the San Diego Basin, which includes the 
San Juan Creek watershed.  The Basin Plan designates the following beneficial uses for the surface 
water of Morrell Canyon, Decker Canyon, and San Juan Creek:  Municipal and Domestic Water 
Supply (currently exempted from this designation); Agricultural Supply; Industrial Process Supply; 
Contact Water Recreation; Non-Contact Water Recreation; Warm Freshwater Habitat; Cold 
Freshwater Habitat; and Wildlife Habitat. 

U.S. Geologic Survey data indicate seasonal variation of water quality constituents, with a strong 
correlation to storm flows.  The data were collected in the lower San Juan Creek Watershed and may 
not be representative of surface-water quality in Morrell and Decker Canyons. 

For the upper San Juan Creek Watershed, a 2002 San Juan Creek Watershed Management Study 
prepared by the U.S. Army Corps of Engineers presents 1987 groundwater-quality data.  These data 
suggest that the groundwater in this area is of good quality. 

Lake Elsinore is the low point of the 782-square-mile San Jacinto watershed.  At the spillway 
elevation of 1,255 feet the lake has a water surface area of 3,606 acres, and a capacity of 
approximately 89,000 acre-feet.  Water-quality data collected from numerous agencies suggest that 
Lake Elsinore water is of relatively poor quality and would probably contrast significantly when 
compared to the surface water and groundwater of the upper San Juan Creek watershed areas. 

Potential Impacts to Surface Water 

Four potential impacts relating to surface water are: (1) surface water quantity and quality impacts 
from the upper reservoir, (2) water quality of Lake Elsinore; (3) water quality of other streams from 
the construction of transmission lines and ancillary features; and (4) potential impacts to the surface 
water from spoil placement and erosion control.  A discussion of these four impacts is presented 
below: 
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 Surface Water Quantity and Quality.  The effect of the upper reservoir on downstream flow 
is a slight reduction in flow volume because rainwater will be captured within the reservoir 
water surface.  Upstream flow or surface water run-on will be diverted around or beneath the 
reservoir, discharged downstream of the reservoir, and therefore will not be lost to the 
existing hydrologic system.  The reduction in the surface area of the watershed would be less 
than one-tenth of one percent.  Consequences of reduced flow volume include changes in 
water quality, sediment transport patterns, debris flow potential, stream bank stability, and 
riparian areas.  Considering the very small basin area reduction and the characteristics of the 
San Juan Creek substrate, these impacts are considered very minor.  A number of 
alternatives are available to supplement streamflow in order to maintain the pre- and post-
construction downstream flows, including: allowing for untreated discharge; allowing for 
treated discharge; allowing for a potable water source; and installing a floating cover.  
Probably the most feasible options to maintain comparable pre- and post-construction 
downstream flows would be either to discharge potable water or treated reservoir water to 
supplement streamflow. 

 Water Quality of Lake Elsinore.  Significant positive impacts to the water quality of Lake 
Elsinore would be realized by an increase in dissolved oxygen and preservation of minimum 
lake levels.  The primary potential negative impact to the water quality of Lake Elsinore is 
related to the stirring up and re-suspension of the existing lakebed sediments as a result of 
construction activities near the shoreline and during operation of the facility.  The re-
suspension of lakebed sediment can have a number of potential effects, including: increased 
turbidity that may affect lake wildlife and decrease visual aesthetics; and, if the lakebed 
sediments are contaminated, increased water-column concentrations and increased 
bioaccumulation of heavy metals and/or pesticides.  Therefore, selection of design criteria 
for the inlet-outlet structure should include consideration of the existing characteristics of the 
sediments, and the potential for re-suspension of sediments during operation of the proposed 
facilities. 

 Water Quality of Streams from Construction of Transmission Lines and Ancillary Features.  
The water quality concern related to construction of the transmission lines and ancillary 
features would be the potential for sediment discharges to existing stream channels as a 
result of construction activities.  Areas susceptible to sedimentation impacts within the 
proposed alignment can be identified during subsequent phases of the FERC permitting 
process for this project.  A sedimentation and erosion control plan for the transmission lines 
and ancillary features, approved by the regulatory agencies, would be completed during final 
design. 

 Potential Impacts to Surface Water from Spoil Placement and Erosion Control.  Potential 
surface water impacts may result from storm water runoff from spoils, stockpiles, and other 
areas exposed during construction of the LEAPS facilities.  To the extent feasible, spoils will 
be used as fill materials for construction of the upper reservoir and dam.  An erosion control 
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and spoil management plan will be prepared with coordination of regulatory agencies during 
the final design phase of the project, to minimize the potential impact from erosion by 
implementing best management practices. 

Potential Impacts to Groundwater 

The construction of the upper reservoir, shafts, and tunnels has the potential to change groundwater 
levels and water quality.  The San Diego Basin Plan prescribes water-quality objectives for the San 
Diego Basin, which includes the San Juan Creek watershed and Morrell and Decker Canyons.  
Based on preliminary review of available water-quality data from Lake Elsinore and knowledge of 
the regional groundwater quality, there appears to be a significant difference in water quality 
between Lake Elsinore and native groundwater within the Morrell and Decker Canyon watersheds.  
Therefore, a liner system for the upper reservoir, shafts, and tunnels will probably be required to 
limit the amount of seepage from the facilities. 

The primary operational component of a reservoir liner system is a relatively impermeable layer 
such as dense-mix asphalt, clay soil, geomembrane, or some combination.  On the side slopes, the 
impermeable layer(s) are typically underlain by a drainage layer (gravel, open-graded asphalt, 
geonet) to prevent damage to the impermeable layer from frequent drawdown of the reservoir.  
Drainage layers may also be installed on the floor depending upon the type of liner system used.  
The drainage layer collects the seepage through the impermeable layer and conveys the seepage 
water away to a collection facility.  The effect of the drainage layer is very significant because any 
seepage collected in such a layer is limited to a low level and is continually drained away from the 
subgrade. 

Typically, tunnel lining consists of reinforced concrete for areas with high overburden, and 
structural steel for areas of low overburden.  During tunneling operations, observed seeps in the 
native bedrock are grouted and sealed prior to installation of the concrete or steel lining.  Seepage 
into and out of the tunnel is monitored during and after construction.  Remedial grouting may be 
required after construction if seepage rates are considered excessive.  Other options for tunnel 
linings include a segmental pre-cast concrete tunnel lining with gaskets, or use of an impermeable 
geomembrane.  The design criteria should include consideration of the effects of tunneling on the 
regional groundwater system and control of tunnel leakage. 

Performance monitoring is a method for evaluation of the actual effects of the reservoir, shafts, and 
tunnels on the local and regional groundwater levels and quality.  A network of groundwater wells 
could be installed around and near the facility.  A monitoring system would in part consist of 
installing perimeter wells around the facility and installing a network of wells down-gradient of the 
perimeter wells to observe groundwater levels and to facilitate collection of water-quality samples.  
The baseline portion of this monitoring system should be installed prior to development of the site. 
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Conclusions 

Based on the evaluation presented in this conceptual-level hydrology study, there do not appear to be 
any hydrologic factors to suggest that construction of the LEAPS project facilities should be 
excluded from consideration at the proposed location.  Potential hydrologic impacts do exist, 
however, and they must be addressed through judicious consideration of design alternatives, 
coordination with regulatory agencies, and implementation of mitigation measures as needed.  
Allowing the facilities to remain unlined is an alternative that may not be viable due to the 
possibility of significant impacts from uncontrolled seepage of water out of the upper reservoir, 
shafts, and tunnels, which probably would not meet the groundwater anti-degradation standards as 
outlined in the San Diego Basin Plan.  Baseline data collected during subsequent phases of the 
FERC permitting process will determine the need to isolate the project facilities from the 
environment. Effective design alternatives and engineering controls can be employed to isolate the 
upper reservoir, shafts, and tunnels from the environment to the extent deemed necessary.  
Performance monitoring can be used to confirm the effectiveness of the system operation.  
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SECTION 1: 
INTRODUCTION 

1.1 GENERAL 

This report by GENTERRA Consultants, Inc. (GENTERRA) presents the results of a conceptual-
level hydrology study for the Lake Elsinore Advanced Pumped Storage Project (LEAPS) in 
Riverside County, California for the Elsinore Valley Municipal Water District (EVMWD) and The 
Nevada Hydro Company (Nevada Hydro).  The purpose of this study is to evaluate the potential 
impacts and issues related to the hydrologic aspects of the proposed LEAPS facilities described in 
the Initial Stage Consultation Document (ISCD) [Nevada Hydro, 2001]. 

1.2 BACKGROUND 

Lake Elsinore has been plagued by large evaporative losses and relatively poor water quality for 
many years, the consequences of which include fish kills, algae blooms, and low water levels.  
Public perception of the lake for recreational uses is also affected.  Concerns about water quality and 
lake-level fluctuations have resulted in the EVMWD performing a number of studies and planning 
efforts for the lake (Black & Veatch, 1994; Black & Veatch, 1995).  These series of studies and 
planning efforts are collectively called the Lake Elsinore Management Plan (LEMP). 

To date, several elements of the LEMP have been implemented to improve the water quality of Lake 
Elsinore.  This includes construction of a levee to separate the main lake area from the Back Basin 
and improvements to the Temescal Wash outlet channel (Montgomery Watson, 1997).  The LEMP 
also calls for supplemental water to replace evaporative losses when the lake elevation is below 
1,240 feet.  Sources of supplemental water include reclaimed water and groundwater.  The plan is 
designed to conserve water in dry years and allow more frequent discharges from the lake during 
heavy storm runoff in order to improve water quality.  The effect of adding reclaimed make-up water 
to Lake Elsinore was studied by Black & Veatch in 1994 and Montgomery Watson in 1997.  They 
showed that upgrades to the wastewater treatment system are necessary to reduce phosphorus 
concentrations to less than 2 mg/L and total inorganic nitrogen concentrations to less than 4.5 mg/L 
in the reclaimed water. 

Despite the efforts of the EVMWD, significant obstacles remain that preclude an immediate solution 
to the water-quality problems for the lake.  The objectives for improving the lake relate to the lack of 
monetary sources to install an aeration system for the lake, and to provide supplemental water that 
meets treatment objectives in order to stabilize lake levels. One of the primary purposes of the 
LEAPS project is to provide a monetary source to fund the treatment of water in order to supplement 
the lake and to supply aerated water for improvement of water quality without raising local water 
rates. 

The Federal Energy Regulatory Commission (FERC) issued preliminary permit No. 11858 on 
February 21, 2001 to proceed with the FERC consultation process in which all interested parties are 
provided substantial information concerning the proposed LEAPS hydropower project.  The ISCD, 
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dated April 2001, was prepared to initiate the consultation process to obtain a federal license to 
construct the 500 megawatt pumped storage project.  This report is prepared in support of the 
application process to obtain a license. 

1.3 PROJECT DESCRIPTION 

The proposed LEAPS project is a pumped storage hydroelectric facility within Riverside County, 
California to be located as shown in Figure 1-1.  Water will cycle between the existing Lake 
Elsinore (lower reservoir) and a candidate man-made reservoir (upper reservoir) located 
approximately 1,650 feet above Lake Elsinore within the Elsinore Mountains of the Cleveland 
National Forest (CNF).  During peak electric demand periods, water will be released from the upper 
reservoir to a powerhouse through a penstock.  During off-peak demand periods, water from the 
lower reservoir will be pumped back to the upper reservoir.  Some of the major project facilities are 
shown in Figure 1-2 and are described below: 

 Upper Reservoir.  Two candidate reservoir sites are proposed, one in Morrell Canyon and 
one in Decker Canyon1 of the Elsinore Mountains (Figure 1-2).  As identified in the ISCD, a 
minimum useable reservoir capacity of approximately 5,500 acre-feet is desired for the upper 
reservoir. The upper reservoir will include a dam, spillway, low-level outlet works structure, 
and earthen dikes in low areas, where necessary.   

 Penstock.  The conceptual design calls for a 15- to 18-foot-diameter shaft and tunnel system 
to connect the upper reservoir to the powerhouse.  The penstock will consist of unlined 
and/or concrete- and steel-lined shafts and tunnels excavated through bedrock. 

 Powerhouse.  The powerhouse will be located near Lake Elsinore and contain two reversible 
250-megawatt turbines. The three candidate sites considered for the powerhouse are 
identified as the Ortega Oaks Site, the Santa Rosa Site, and the Evergreen Site, based on the 
name of the nearest public street (Figure 1-2).  Preliminary information provided in the ISCD 
indicates that the powerhouse cavern will be approximately 80-feet wide, 450-feet-long, and 
160-feet high.  The powerhouses will be approximately 300 feet below ground. 

 Tailrace Tunnel.  A tailrace tunnel will connect the powerhouse to an intake/outlet structure 
at Lake Elsinore (the lower reservoir).  During pumping operations, the tailrace tunnel serves 
as the inlet to the powerhouse.  The tailrace tunnel will be approximately 22 feet in diameter 
and will be concrete-lined. 

 Transmission lines, switchyard, and substations in support of the power generation 
components of the project. 

                                                 
1 Decker Canyon consists of two forks. This study was conducted for the south fork of Decker Canyon. For purposes of 
this report, the south fork of the Decker Canyon watershed is referred to herein as Decker Canyon. 
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A water aeration system would be constructed near the outfall, along the low-head conductor, or at 
the turbines. The purpose of the aeration system is to oxygenate water entering Lake Elsinore for 
water quality improvement purposes. 

Other infrastructure and ancillary facilities may be constructed in support of the project (e.g. support 
roads, utility lines, pump stations, control buildings, security barriers, etc.).  These features are only 
discussed in this report to the extent deemed relevant to the hydrologic aspects of the project. 

1.4 SCOPE OF WORK 

This report was prepared by personnel at GENTERRA Consultants, Inc.  GENTERRA is a 
California corporation, headquartered in Irvine, California, specializing in geotechnical engineering, 
hydrology, and hydraulics for dams, reservoirs, and other water facilities.  GENTERRA has 
provided consulting engineering services on more than 50 dams and reservoirs in the past several 
years, most of them located in southern California.   

The scope of work for this study included the following: 

1. Reconnaissance of the proposed sites, tributary watershed, and downstream areas; 
2. Compilation and review of surface water, groundwater, and water-quality data; 
3. Assessment of stream flow conditions, sediment transport, stability of stream banks, and 

debris flow potential; 
4. Evaluation of potential hydrologic impacts; 
5. Consideration of design alternatives; and 
6. Preparation of this report. 

The key members of the GENTERRA team that authored this report include the following: 

Name and Registrations Position Certification Years of 
Experience  

Joseph J. Kulikowski, PE, GE Principal-In-Charge Civil and Geotechnical 
Engineer 40 

Douglas Harriman, PE, CGWP, 
REA Project Hydrologist Civil Engineer, Certified 

Groundwater Professional  20 

Donald H. Babbitt, PE, GE Technical Review Civil and Geotechnical 
Engineer 40 

Geoffrey L. Smith, PE Project Engineer Civil Engineer 5 

Qualifications regarding GENTERRA and these personnel are presented in Appendix A of this 
report.  

1.5 ORGANIZATION OF THIS REPORT 

This report is divided into six sections.  This section provides introductory information.  Section 2 
presents baseline information about existing hydrologic conditions.  Section 3 describes the potential 
impacts to surface water and alternatives for maintaining downstream flows.  Section 4 describes the 
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potential impacts to groundwater levels and water quality, and discusses reservoir and tunnel liner 
systems.  Section 5 presents study conclusions and limitations.  Section 6 lists the references used in 
the study.  Following the text are a list of abbreviations and acronyms, a table, figures, and 
appendices. 
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SECTION 2: 
HYDROLOGIC BASELINE DATA 
 
2.1 GENERAL 

2.1.1 Introduction 

To the extent possible, this section presents baseline data regarding water use and water quality as 
required by Section 18 Part 4.41(f)(2) of the U.S. Code of Federal Regulations (CFR).  According to 
18 CFR 4.41(f)(2), the report must include the following information (relevant sections of this report 
are shown in italics): 

 Descriptions of existing in-stream flow uses of streams in the project area that would be 
affected by construction and operation; estimated quantities of water discharged from the 
proposed project for power production; and any existing and proposed uses of project waters 
for irrigation, domestic water supply, industrial and other purposes (discussed in Sections 2.2 
and 2.3). 

 Descriptions of the seasonal variation of existing water quality for any stream, lake, or 
reservoir that would be affected by the proposed project, including (as appropriate) 
measurements of: significant ions, chlorophyll a, nutrients, specific conductance, pH, total 
dissolved solids, total alkalinity, total hardness, dissolved oxygen, bacteria, temperature, 
suspended sediments, turbidity and vertical illumination (discussed in Sections 2.4 through 
2.8). 

 Descriptions of any existing lake or reservoir and any of the proposed project reservoirs 
including surface area, volume, maximum depth, mean depth, flushing rate, shoreline length, 
substrate classification, and gradient for streams directly affected by the proposed project 
(discussed in Sections 2.3 and 2.7). 

 Quantification of the anticipated impacts of the proposed construction and operation of 
project facilities on water quality and downstream flows, such as temperature, turbidity and 
nutrients (discussed in Section 3). 

 A description of measures recommended by Federal and State agencies and the applicant for 
the purpose of protecting or improving water quality and stream flows during project 
construction and operation; an explanation of why the applicant has rejected any measures 
recommended by an agency; and a description of the applicant's alternative measures to 
protect or improve water quality stream flow (discussed in Section 2.9). 

 Descriptions of groundwater in the vicinity of the proposed project, including water table 
and artesian conditions, the hydraulic gradient, the degree to which groundwater and surface 
water are hydraulically connected, aquifers and their use as water supply, and the location of 
springs, wells, artesian flows and disappearing streams; a description of anticipated impacts 
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on groundwater and measures proposed by the applicant and others for the mitigation of 
impacts on groundwater (discussed in Section 4). 

The following subsections discuss the aforementioned baseline data required by 18 CFR 4.41(f)(2).  
Detailed discussions regarding the potential impacts on downstream areas and groundwater, 
including mitigation, enhancement, and protective measures are presented in Sections 3 and 4 of this 
report. 

2.1.2 San Juan Creek Watershed Management Plan 

The U.S. Army Corps of Engineers (USACE) completed the San Juan Creek Watershed 
Management Plan (WMP) in September 2002 (USACE, 2002a).  The WMP was prepared to 
promote activities in the watershed that will enhance watershed health.  The USACE has been 
involved with the planning process of the San Juan Creek watershed since 1997 when it began the 
reconnaissance phase of the San Juan Creek Watershed Management Study (WMS) [USACE, 1997]. 
The 1997 reconnaissance phase provided recommendations and the framework for the feasibility 
phase.  The six-step feasibility phase began in 1998 and was completed in August 2002 (USACE, 
2002b).  The feasibility report describes existing (baseline) conditions and expected future 
conditions of the watershed; presents the results of hydraulic studies of the watershed; and develops 
a recommended plan to address concerns and issues identified for the watershed.  For use in this 
report, baseline data in the Feasibility Study [USACE, 2002b] were supplemented with data from 
other sources. 

2.1.3 Agency Consultation 

The proposed LEAPS project is under the jurisdiction of a number of State of California and Federal 
agencies.  In accordance with 18 CFR 4.41(f)(2), discussions presented in this report were prepared 
in consultation with the following State and Federal agencies with responsibility for management of 
water quality and quantity in the affected stream or other body of water: 

 The California State Water Resources Control Board (SWRCB).  Contact:  Mr. Jim Canaday. 
Mr. Douglas Harriman of GENTERRA and Mr. Peter Lewandowski of Nevada Hydro 
contacted Mr. Canaday regarding his comments provided in a SWRCB letter dated August 7, 
2001 (Canaday, 2001).  The comments were based on Mr. Canaday’s review of the ISCD 
(Nevada Hydro, 2001). 

 Regional Water Quality Control Board (Regional Board).  The proposed LEAPS project is 
located within the boundaries of both the Santa Ana and the San Diego Regional Boards.  
Figure 2-1 shows the jurisdictional boundaries of these two Regional Boards within Orange 
County.  GENTERRA contacted the following representatives regarding water quality 
aspects of the proposed LEAPS project: 

- RWQCB - Santa Ana Region.  Contact: Ms. Hope Smythe. 
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- RWQCB - San Diego Region.  Contact: Mr. Eric Becker. 

 The U.S. Forest Service (USFS), Cleveland National Forest.  Contacts: Ms. Lee DiGregorio 
and Ms. Noelle Graham-Wakoski. 

 County of Riverside.  Contact: Mr. Steven Thomas. 

 U.S. Army Corp of Engineers. Contact: Mr. Jim Hutchison. 

 California Department of Fish & Game, Region 6, Division of Environmental Services, 
Habitat Conservation Program. Contact:  Ms. Gabrina (Gabbi) Gatchel. 

2.2 DESCRIPTION OF IN-STREAM FLOW USES IN THE PROJECT AREA 

2.2.1 Introduction 

2.2.1.1 General 

The San Juan Creek and its tributaries provide intermittent streamflow within the project area.  
GENTERRA has evaluated potential impacts to these surface water bodies as a result of the 
proposed construction and operation of the LEAPS project.  The 176-square-mile San Juan Creek 
watershed is the largest watershed of the San Juan Hydrologic Unit2.  The 500-square-mile San Juan 
Hydrologic Unit is shown in Figure 2-2, and it includes Aliso Creek, Las Flores, Salt Creek, San 
Juan Creek, and San Mateo Creek. 

As shown in Figure 2-1, the San Diego Region of the California Regional Water Quality Control 
(RWQCB-SD) has jurisdiction over the San Juan Creek Watershed.  In 1994, The RWQCB-SD 
prepared the Water Quality Control Plan for the San Diego Basin (Basin Plan) [RWQCB-SD, 1994]. 
The Basin Plan provides information on beneficial uses, water quality objectives, implementation, 
plans and policies, and surveillance, monitoring, and assessment of the San Diego Basin, which 
includes the San Juan Creek watershed, promulgated under the Porter-Cologne Water Quality 
Control Act (California Water Code, Division 7, Chapter 2 t13050).  Water quality objectives 
excerpted from the Basin Plan are presented in Appendix B. 

2.2.1.2 Description of the San Juan Creek Watershed  

The San Juan Creek watershed is an area encompassing a wide range of topographic and 
geographical differences.  Figure 2-3 presents a topographic relief map of the San Juan Creek 
watershed.  The mountainous upper headwaters of the San Juan Creek basin are within Riverside 
County and are generally unincorporated, open-space areas.  Much of the watershed is within the 
limits of Orange County, with the western and lower portions of the watershed being highly 
urbanized.  The total watershed area of San Juan Creek is approximately 176 square miles, and 

                                                 
2 The San Juan Hydrologic Unit is also referred to as the Aliso – San Onofre Basin. 
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extends 29 miles from the Cleveland National Forest in the Santa Ana Mountains to the Pacific 
Ocean in San Juan Capistrano near Dana Point Harbor.  The streambed elevations range from 3,240 
feet at the headwater, to sea level at the stream mouth.  The peak elevation of the watershed is 5,700 
feet at Santiago Peak.  Stream gradients range from 19 percent in Holy Jim Canyon to less than 0.4 
percent at the mouth of San Juan Creek (USACE, 2002b).  Ortega Highway (State Highway 74) 
transects the watershed (Figure 2-3), providing a transportation corridor between Orange County and 
the City of Lake Elsinore and areas of Riverside County.  Rancho Mission Viejo Company owns 
property in the Orange County portion of the watershed. 

Flow in the upper portions of San Juan Creek (including Morrell and Decker Canyons) is generally 
intermittent and seasonal.  However, near the mouth of the basin, San Juan Creek is a perennial 
stream, largely as a result of urban runoff and development.  There are numerous springs, fed by 
groundwater within the San Juan Creek basin.  There are no dams or water retention facilities within 
the San Juan Creek basin, although near the mouth of the basin the flows may be influenced by 
Upper Oso Reservoir and Mission Viejo Lake on Oso Creek, a tributary located in the northern part 
of the basin. 

2.2.1.3 Description of Morrell and Decker Canyons  

The proposed candidate Morrell Canyon and Decker Canyon reservoirs are located at the headwaters 
of the San Juan Creek watershed in Morrell and Decker Canyons, respectively (Figures 1-2 and 2-3). 
Decker Canyon is at the top of the watershed and has a total drainage area of approximately 646 
acres (1.0 square mile). Morrell Canyon extends from its confluence with Decker Canyon (River 
Mile 23.3) up to the top of the watershed at River Mile 29, and has a drainage area of approximately 
2,100 acres (3.28 square miles). 

In Morrell Canyon, groundwater discharges to the surface in an area called Lion Spring.  This 
discharge from Lion Spring contributes base flow to the stream through Morrell Canyon, but during 
relatively dry periods, most of this water is absorbed by the downstream alluvium. 

United States Geological Survey (USGS) 7.5-minute quadrangle maps of the area show that the 
Decker and Morrell Canyons contain streams that may be designated under jurisdiction of Section 
404 of the Clean Water Act and Section 1601 of the California Department of Fish and Game 
regulations.  During subsequent phases of the FERC permitting process for this project, these 
designated “blue-line” streams could be evaluated by a qualified biologist in coordination with 
regulatory agencies in order to delineate any existing wetlands and to evaluate existing biological 
resources in the area. 

2.2.1.4 Description of San Mateo Creek Watershed  

The proposed southern transmission lines would lie within the San Mateo Creek watershed which is 
part of the San Diego RWQCB’s San Juan Hydrologic Unit (Figure 2-2).  During the summer 
months in this climate, the frequency of extremely low flows in unregulated streams is particularly 
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high. It is common for the San Mateo Creek to be dry from July through October.  Most of the 
tributaries to the river are also intermittent.  Flows in San Mateo Creek exhibit the wide annual and 
seasonal variation typical of the region.  Except during winter high flows, the streambed upstream of 
Interstate 5 is dry.  Downstream flows have been year-round in recent years.  The channel meanders 
across a flat sandy floodplain near the mouth.  Other sources of flow include groundwater discharge, 
agricultural and urban runoff, and wastewater effluent from an upstream sewage plant.  The 
predicted 2-year, 10-year, and 100-year flows at the mouth of the San Mateo Creek are 3,200 ft3/s, 
19,160 ft3/s, and 47,530 ft3/s, respectively [California Coastal Conservancy (CCC), 2001].  

The San Mateo Creek watershed covers approximately 139 square miles of relatively undeveloped 
terrain.  The majority of the watershed's drainage area lies within western Riverside and 
northwestern San Diego Counties, with approximately 20 percent within the boundary of 
southeastern Orange County.  San Mateo Creek is one of the last un-dammed streams in southern 
California.  The main stem of the San Mateo Creek is over 22 miles long and has four main 
contributing tributaries:  Cristianitos Creek, Talega Creek, Tenaja Creek, and Devil's Canyon. Other 
contributing drainages within the watershed include Gabino Creek, La Paz Creek, and Cold Spring 
Creek (PCR et al., 2001).  The main stem flows in a southwestern direction before reaching the 
Pacific Ocean just south of the City of San Clemente.  The watershed drains portions of the Santa 
Margarita Mountains, Sitton Peak, and the western slopes of the Elsinore Mountains.  Cristianitos 
Creek, the main tributary, joins the main stem approximately three miles inland from the coast and 
accounts for 29 square miles of the total watershed [CCC, 2001]. 

The watershed contains two distinct topographical regions: the upper and the coastal. The upper 
region lies mostly within the San Mateo Canyon Wilderness of the CNF.  Its lower reaches run 
through Camp Pendleton Marine Corps Base and San Onofre State Beach.  The upper mountainous 
drainage area consists mostly of the rugged, steep sloped, Santa Ana Mountains, which are bisected 
by intermittent streams.  In the northern region of the watershed, these ridges and mountain peaks 
rise to an elevation of over 3,576 feet.  The Santa Margarita Mountains form the eastern and 
southern boundary to the upper basin and have elevations of up to 3,189 feet.  The coastal region 
contains a wide alluvial valley formed by San Mateo Creek and its major tributary, Cristianitos 
Creek.  The lower San Mateo Creek Valley is approximately 1 mile wide by 2 ½ miles long, and 
consists of mostly flat alluvial terraces.  The creek consists of a wide, braided channel and flood 
plain that is up to 851 feet wide.  The San Mateo lagoon, a blind estuary protected from the Pacific 
Ocean by a sandbar, is located at the mouth of the San Mateo Creek.  This estuary contains dense 
wetland vegetation and is breached only after heavy storms [CCC, 2001]. 

Land use within the San Mateo Creek watershed is primarily classified as open space.  By the 1920s, 
the lower watershed and the lands between the cities of Oceanside and El Toro were subsumed into 
the Rancho Mission Viejo Company.  In 1942, the U.S. Department of Defense purchased the 
southern half of Rancho Mission Viejo and a large section of the lower drainage basin became part 
of the Camp Pendleton Marine Corps Base.  The Cristianitos Creek sub-watershed in the northern 
part of the lower watershed remained in private ownership, primarily by the Rancho Mission Viejo 
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Development Corporation.  Small islands of private property also remain in the upper San Mateo 
drainage of the Cleveland National Forest and a research facility located within the Talega Canyon 
drainage basin.  One of these inholdings, located on the upper western divide of the drainage area, 
was developed into the Carillo residential community, which contains approximately 50 homes with 
horse facilities [CCC, 2001]. 

The majority of the Upper San Mateo Creek watershed lies in the Cleveland National Forest.  Large 
portions of the lower watershed fall into the Camp Pendleton Marine Corps Base.  However, in the 
1970s, the California Department of Parks and Recreation entered a lease agreement with Camp 
Pendleton.  At present, the beach area, marsh, and lagoon, as well as the land along the creek inland 
and up Cristianitos Creek to the Orange County boundary, are parts of the San Onofre State Park.  
Over 90 percent of the watershed is public land and the remaining area is privately owned [CCC, 
2001]. 

The California Department of Fish and Game (CDFG) surveyed San Mateo Creek and found that the 
creek supports a small remnant population of southern steelhead trout.  The CDFG submitted its 
findings to the National Marine Fisheries Service (NMFS).  The U.S. Fish and Wildlife Service has 
published several monitoring reports related to the Camp Pendleton Marine Corps' fisheries 
(http://www.ccfwo.r1.fws.gov/camppendleton.html). These findings may lead to the NMFS 
extending the critical habitat designation for the southern steelhead trout to include San Mateo 
Creek.  If the creek is designated as critical habitat, groundwater pumping by the Camp Pendleton 
Marine Base may have to be modified to protect the fish [CCC, 2001]. 

Many studies have looked at the feasibility of restoring the San Mateo Creek watershed into a viable 
southern steelhead trout fishery.  Recently, $800,000 was allocated from Proposition 12 funds for 
steelhead trout restoration on San Mateo and San Onofre Creeks.  San Diego Trout, a charter 
member of the Southern California Steelhead Recovery Coalition, has devised a preliminary 
restoration plan and is forming a watershed stakeholder’s group, which includes private citizens, 
conservation organizations, and government agencies.  The goal of the organization is to create a 
viable population of southern steelhead trout within the watershed [CCC, 2001]. 

2.2.2 Beneficial Uses of Morrell and Decker Canyons and Upper San Juan Creek 

Infrastructure within the upper areas of San Juan Creek is considered minimal and consists of a few 
residential dwellings within the CNF, several campgrounds, and Ortega Highway, which crosses San 
Juan Creek at a number of locations.  Information regarding potential future uses of the San Juan 
Creek Watershed is presented in USACE (2002b).  Since most of the upper San Juan Creek area is 
within the CNF where development is strictly limited, no specific changes in its beneficial uses are 
expected. 

The Basin Plan (RWQCB-SD, 1994) designates the following beneficial uses for the surface water 
of Morrell Canyon, Decker Canyon, and San Juan Creek: 

 Municipal and Domestic Water Supply (currently exempted from this designation); 
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 Agricultural Supply; 
 Industrial Process Supply; 
 Contact Water Recreation; 
 Non-contact Water Recreation; 
 Warm Freshwater Habitat; 
 Cold Freshwater Habitat; and 
 Wildlife Habitat. 

According to the Basin Plan (RWQCB-SD, 1994), the beneficial uses listed are considered 
preliminary and are for informational purposes only.  Other beneficial uses may exist that have not 
been formally identified in the Basin Plan.  Beneficial uses not identified, however, are still 
protected.  It is anticipated that the RWQCB-SD will evaluate specific beneficial uses near or below 
the discharge area during development of enforcement orders, and at that time may include some or 
all of the above-listed beneficial uses. 

2.2.3 Stream Flows 

The USGS has been keeping records of stream flow in San Juan Creek since October 1928.  Since 
1986, USGS Gaging Station No. 11046530 has been measuring gage height at the La Novia Avenue 
Bridge in San Juan Capistrano (Figure 2-3).  This is the farthest upstream gage with recent 
streamflow data.  Although this gage is approximately 22 miles downstream of the upper reservoir 
sites, it is a source of baseline data that can be used for comparison with stream-flow conditions in 
the vicinity of the candidate sites in Morrell and Decker Canyons. 

The gage is located 20 feet downstream from the bridge and 1.3 miles upstream of the Trabuco 
Creek confluence.  The drainage area at this gaging station is 109 square miles.  The elevation of the 
gage is 100 feet above sea level.  The maximum discharge measured at the gage was 25,600 cubic 
feet per second (ft3/s) on March 5, 1995.  The average annual runoff measured at the gage is 18,870 
acre-feet and the annual mean discharge is 26.0 ft3/s.  Figure 2-4 shows the average daily flow from 
1985 to 2001.  Table 2-1 shows daily low-flow analyses performed by the USACE for the San Juan 
Creek Watershed Management Study (USACE, 2002b) for San Juan Creek at the La Novia Avenue 
Bridge from 1980-1997.  As shown in Figure 2-4 and Table 2-1, for most of the year San Juan Creek 
has average flows between 1.0 and 100 ft3/s, is frequently dry (no flow), and is subject to periodic 
flooding. 

A comprehensive hydrology study for the San Juan Creek basin was performed by Rivertech in 
1987. The study presents basin areas and calculated 100-yr discharges at various points of 
concentration along the San Juan Creek watershed.  The 100-yr discharges of San Juan Creek at 
various points of interest along the channel include: 

 A peak flow of 59,500 ft3/s at the mouth of the watershed in San Juan Capistrano. 

 A peak flow of 41,900 ft3/s upstream of the confluence of Trabuco Creek (River Mile 2.35). 
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 A peak flow of 7,200 ft3/s upstream of the confluence of Long Canyon (River Mile 23.03). 

 A peak flow of 2,200 ft3/s above the proposed Morrell Canyon reservoir site at River Mile 
26.80. 

The San Juan Creek Watershed Management Study (WMS) [USACE, 2002b] includes hydrologic 
and hydraulic analyses of the watershed performed by the USACE and provides peak discharges for 
the 2-yr, 5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 200-yr, and 500-yr events.  The focus of the study was in 
the area below the confluence of Cold Springs Creek (River Mile 15.6), and therefore does not 
provide data in the vicinity of Morrell and Decker Canyons.  The calculated peak 100-yr discharges 
reported in the USACE (2002b) study are generally consistent with the data reported in the 
Rivertech (1987) study where these data are available at corresponding locations. 

2.2.4 Precipitation 

In general, the project area has a mild climate characterized by warm, dry summers and cool, wet 
winters.  Due to climatic and drainage basin characteristics, little stream flow occurs except during 
and immediately following rains.  The main flood season is from November to April.  The storms 
occurring during these months can last for several days.  Thunderstorms, though less common, can 
occur at any time of the year.  Rainless periods lasting several months during the summer are 
common.  Snow occurs only in the most upstream part of the watershed and is generally not 
considered an important contributing factor to runoff.  The average annual precipitation in the 
project area, which is in the mountainous regions of the San Juan Creek watershed, is about 18 
inches (USACE, 2002b). 

The closest known precipitation station (Station No. 192) is operated by the National Forest Service 
at the El Cariso Guard Station, approximately 1.5 miles northwest of the proposed upper reservoir 
sites.  The station is located at Elevation 2,660 feet and has recorded data since 1965. 

Estimates of the 100-yr design rainfall for mountainous regions of the watershed are available from 
the Orange County Flood Control Division of the Public Facilities and Resources Department 
(Orange County, 1986).  Mountainous regions are defined as areas with elevations above 2,000 feet. 
 These rainfall data are considered to be appropriate for the Decker Canyon and Morrell Canyon 
sites. The design 100-yr events are: 

Peak 100-yr Event Rainfall (inches) 
5-min. 0.78 
30-min 1.34 

1-hr 1.94 
3-hr 3.96 
6-hr 6.19 

24-hr 11.27 

Based on these data from the Orange County Hydrology Manual (1986), a 100-year storm event for 
the project area, with a rainfall duration of 24 hours, would produce an estimated depth of 
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precipitation of 11.27 inches.  This amount of precipitation would produce a volume of 
approximately 84.5 acre-feet of water.  This relatively small rise in water levels would be 
accommodated within the available freeboard of the proposed reservoir. 

2.2.5 Watershed Geology and Topography 

The San Juan Creek watershed consists of 23 canyons: Trampas, Verdugo, Lucas, Bear, Morrell, 
Decker, Long, Lion, Hot Springs, Cold Springs, Dove, Bell, Crow, Gobernadora, Chiquita, Horno, 
Trabuco, Tijeras, Holy Jim, Falls, Hickey, Live Oak, and Oso Canyons.  The upstream tributaries of 
the San Juan Creek watershed are generally steep, narrow canyons.  As one moves downstream, the 
streams widen and coalesce into several alluvial floodplains.  San Mateo Creek watershed bounds 
the watershed to the south.  Aliso Creek and Salt Creek watersheds bound the watershed to the north. 
 The Lake Elsinore watershed, a tributary of the Santa Ana River watershed, bounds the eastern edge 
of the watershed. 

The watershed lies on the western slopes of the Santa Ana Mountains and the Santiago Hills.  These 
mountain ranges are part of the Peninsular Ranges physiographic province which extends from the 
tip of Baja California to the Palos Verdes peninsula and Santa Catalina Island.  Based on a map 
which shows Ecological Subregions in the vicinity of the project area (Eubanks and Meadows, 
2002), the LEAPS project area lies within Ecological Subregion M262B, “Southern California 
Mountains and Valleys Section.”  The ISCD (Nevada Hydro, 2001) and the San Juan Creek WMS 
(USACE, 2002b) provide detailed information about the regional geology of the San Juan Creek 
watershed.  A geotechnical feasibility report under separate cover (GENTERRA, 2003) discusses the 
regional geology, faults and seismicity of the area as they relate to the proposed project. 

In general, the geology of the San Juan Creek watershed is very complex and has been dominated by 
alternating periods of depression and uplift, mass wasting, and sediment transport (USACE, 2002b). 
 The exposed rocks in the mountains are slightly metamorphosed volcanics which have been 
intruded by granites, gabbros, and tonalities of Cretaceous age.  Overlying these rocks are several 
thousand feet of stratigraphic sandstones, siltstones, and conglomerates of Upper Cretaceous Age.  
The reported thickness of the alluvium ranges from over 200 feet at the coast to zero at the upper end 
of the small tributaries (USACE, 2002b). 

2.3 PURPOSE AND DESCRIPTION OF UPPER RESERVOIR 

2.3.1 Purpose 

The purpose of the upper reservoir is to store water as potential energy for power production.  
During peak demand hours (daytime), water from the upper reservoir would be released to the lower 
reservoir (Lake Elsinore) for hydropower generation.  The only inflow to the upper reservoir will be 
from the lower reservoir (Lake Elsinore) during off-peak periods, and direct rainfall onto the 
reservoir.  Run-on (upstream) flows to the upper reservoir will either be diverted around or under the 
reservoir.  No other water uses of the upper reservoir are anticipated (e.g. irrigation or domestic 
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water supply).  However, the design of the upper reservoir may incorporate recreational facilities 
(e.g. picnic areas, hiking trails) near the vicinity of the reservoir.  In addition, treated water from the 
upper reservoir could be discharged to reduce the immediate downstream impact on base flow in the 
stream and to enhance available water for wildlife and habitat resources. 

A security fence would be installed around the perimeter of the upper reservoir to reduce the 
potential for body contact.  Due to the large changes in reservoir water levels (resulting from the 
cyclical flows during regular operation of the proposed facility), no aquatic habitat is to be 
established within the reservoir.  

2.3.2 Description 

General 

The candidate Morrell and Decker Canyon sites are located in the Elsinore Mountains of Riverside 
County, California at approximately Latitude 33o 38′ North and Longitude 117o 23′ West.  The 
proposed configuration of the upper reservoir calls for an embankment dam on the southwest side of 
the reservoir (downstream side) and possibly dikes at other portions of the reservoir.  Characteristics 
of the upper reservoir include:  

 A planned capacity of approximately 5,500 acre-feet (Nevada Hydro, 2001).   

 A desired surface elevation of the candidate Morrell Canyon Reservoir of approximately 
2,880 feet. 

 A desired surface elevation of the candidate Decker Canyon Reservoir of approximately 
2,830 feet.   

 Average discharge (and inflow) on the order of 3,000 to 4,000 ft3/s, based on an 
approximation of the weekly cycle of reservoir usage. 

 An anticipated surface area of approximately 60 to 120 acres. 

 An anticipated shoreline length of approximately 7,000 to 10,000 feet. 

 A maximum depth of approximately 80 to 150 feet, with a mean depth of approximately 55 
to 90 feet. 

 The water surface elevation of the reservoir will vary, depending upon the progress of inflow 
or discharge during the pumping and generation cycles of the facility.  In general, during the 
daytime peak demand hours, the water surface elevation will be decreasing.  During the off-
peak, or night-time hours, the water surface elevation will be rising. 
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The final configuration and type of dam have yet to be determined.  The descriptions listed above 
are conceptual only, and are subject to change during subsequent phases of the FERC-permitting 
process. 

Substrate 

The existing substrate at the candidate reservoir sites consists of a surficial layer of alluvium 
underlain by decomposed granitic rock underlain by crystalline bedrock.  Visual observations 
suggest that the thickness of alluvium and decomposed granitic rock is up to 50 feet deep.  Geologic 
and geotechnical considerations of the site, including descriptions of the site substrate, are presented 
in a separate geotechnical feasibility study by GENTERRA (2003).  In Morrell Canyon, there is a 
relatively thick layer of alluvium downstream of Lion Spring.  Portions of the reservoir will be 
excavated to form the dam, dikes, and reservoir; therefore the composition of the reservoir substrate 
will vary depending upon the depth of excavation.  In some areas, the substrate of the reservoir may 
be engineered fill. 

Evaporation and Evapotranspiration 

Evaporation and evapotranspiration rates are affected by a number of variables including 
temperature, elevation, wind speed, relative humidity, and characteristics of the vegetative cover.  
Estimates of total evaporation can be made using pan evaporation tests.  Mass transport and energy 
budget equations can also be used, such as the Penman (1948) equation which takes into account the 
site-specific daily solar radiation, wind movement, and mean daily dew point temperature. 

The net evapotranspiration rate in the vicinity of the upper reservoir will be decreased as a result of 
the removal of vegetation for construction of the dam and reservoir.  Current evaporation data of 
Lake Elsinore show an annual evaporation rate of 56.2 inches per year (Montgomery Watson, 1997). 
Construction of an upper reservoir in the Elsinore Mountains represents a newly created water 
surface area.  While the lower reservoir decreases in surface area during the withdrawal phase, the 
upper reservoir increases in surface area.  Conversely, during power generation, surface area is lost 
from the upper reservoir, but gained in the lower reservoir.  Because of the lack of comprehensive 
climate data near the proposed upper reservoir sites, an accurate estimate of anticipated evaporation 
changes is presently not possible. 

For conceptual-level purposes, since the mean depth of the upper reservoir and lower reservoir are 
not drastically different, any net changes in evaporative losses from the system are anticipated to be 
small.  There could be less evaporative loss due to the project than what is currently being 
experienced.  It is anticipated that net evaporative losses, if any, will be compensated by supplying 
additional water.  Site-specific evaporation and evapotranspiration data can be obtained during later 
stages of the FERC permit process to evaluate the net effect as a result of the proposed project. 
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Description of Morrell Canyon Site 

Morrell Canyon is a tributary of San Juan Creek and is situated in the upper headwaters of the 
southeastern portion of the watershed (Figure 1-2 and 2-3).  The Morrell Canyon area is completely 
within the boundaries of the Cleveland National Forest and is characterized by the rugged, 
mountainous terrain of the Santa Ana Mountains.  The area of the watershed for Morrell Canyon 
near its confluence with Decker Canyon (River Mile 23.3) is approximately 2,100 acres (3.28 mi2).  
The length of the watercourse is approximately 5.7 miles.  The 100-yr peak flow at the lower end of 
Morrell Canyon was calculated to be approximately 4,100 ft3/s (Rivertech 1987). 

The proposed candidate Morrell Canyon site is bounded by a western ridge in the CNF, an eastern 
ridge partially located in Morrell Ranch, and Killen Trail to the northeast.  Downstream of the 
proposed reservoir, the stream enters the San Mateo Canyon Wilderness area.  In the area of the 
proposed reservoir, the existing channel bottom has a gradient of approximately two percent. 

The stream at the candidate Morrell Canyon site consists of an intermittent (seasonal) natural stream 
and a natural spring known as Lion Spring.  Water produced by Lion Spring is generally absorbed 
by the downstream alluvium or retained in small downstream pools.  Approximately 800 feet 
upstream of the proposed reservoir, a fork in the stream occurs (Figure 1-2).  The distance to the 
drainage divide along the southern fork is approximately 8,000 feet.  The smaller, shorter stream 
extends to the east, with a total length of approximately 2,000 feet.  The drainage area of the 
tributary stream upstream of the dam is approximately 560 acres (0.9 square miles).  Based on 
Rivertech (1987) estimates, the peak 100-yr event would be approximately 2,200 ft3/s upstream of 
the proposed footprint of Morrell Canyon Dam. 

Description of Decker Canyon Site 

Decker Canyon is also a tributary of San Juan Creek, and is situated in the upper headwaters of the 
southeastern portion of the watershed adjacent to the northwestern side of Morrell Canyon (Figure 1-
2).  The Decker Canyon area lies within the boundaries of the Cleveland National Forest and is also 
characterized by the rugged, mountainous terrain of the Santa Ana Mountains.  The drainage area of 
Decker Canyon is approximately 646 acres (1.0 square miles).  The length of the watercourse is 
approximately 4.2 miles. 

The proposed location of Decker Canyon Reservoir is at the upper extreme of the Decker Canyon 
watershed.  The gradient of the existing channel bottom is approximately seven percent.  The 
drainage area is bounded by Morgan Hill on the south, a ridge along the north, and Killen Trail on 
the east.  Since the reservoir would be constructed at the upper end of the canyon, the upstream flow 
above the candidate Decker Canyon site is nill. 
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2.4 DESCRIPTION OF WATER QUALITY OF SAN JUAN CREEK  

From January 18, 1988 through August 25, 1993, the USGS collected water-quality data from USGS 
Gaging Station 11046530, located at the La Novia Avenue Bridge.  Water-quality data before this 
time period were collected at USGS Gaging Stations 11046500 and 11046550 (both now 
abandoned).  The abandoned USGS Stations (11046500 and 11046550) were located 1.9 miles 
upstream and 1.0 mile downstream, respectively. 

The available data include temperature, suspended sediment concentration, and suspended sediment 
load.  The variation of temperature and suspended sediment can be seen in the plots presented in 
Figures 2-5 through 2-7.  The data show seasonal variations in these water-quality parameters, with 
a strong correlation to storm flows.  Although these data were collected in the lower San Juan Creek 
watershed approximately 22 miles downstream of the upper reservoir sites, they do provide baseline 
data that can be used for comparison with the surface-water quality in the vicinity of the candidate 
sites in Morrell and Decker Canyons.  Site-specific water-quality data could be collected during 
subsequent FERC-permitting phases of the LEAPS project to obtain more baseline water-quality 
data. 

2.5 WATER QUALITY OF UPPER RESERVOIR 

The water for the upper reservoir will be obtained almost entirely from Lake Elsinore.  Therefore, 
the water quality characteristics of the upper reservoir will be consistent with those of Lake Elsinore. 
 The water quality of Lake Elsinore is discussed in Section 2.8. 

Transfer of water from Lake Elsinore to the San Juan Creek watershed is considered by the RWQCB 
to be a basin transfer, and therefore is subject to the jurisdiction and anti-degradation policies of the 
RWQCB. 

2.6 GROUNDWATER QUALITY IN THE VICINITY OF THE UPPER RESERVOIR 

There are no known groundwater-quality data within the immediate vicinity of the proposed 
candidate sites.  The closest known public groundwater wells to the site are at the El Cariso 
Campground owned and operated by the US Forest Service, Cleveland National Forest.  The El 
Cariso campgrounds are located near the intersection of Ortega Highway and Killen Trail, 
approximately 1.5 miles northwest of Decker Canyon.   

Ms. Noelle Graham-Wakoski (written commun., 2003) of the U.S. Forest Service provided 
groundwater data for selected wells located in Cleveland National Forest.  The locations of these 
wells are the Upper San Juan Campground, Wildomar Campground, and San Juan Loop Trailhead.  
The data indicate that the groundwater is generally of good quality, suitable as a source for potable 
water.  The water-quality constituents tested include nitrate, fluoride, arsenic, iron, manganese, zinc, 
and organochlorine pesticides.  At the request of the U.S. Forest Service for security purposes, these 
data are not to be released to the public. 
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Private groundwater wells are located at the Morrell Potrero residential area approximately one mile 
southeast of Morrell Canyon.  Other private owners are located downstream, generally to the west 
and southwest of Morrell and Decker Canyons.  These homes use groundwater wells for domestic 
water supply.  Conceivably, water samples could be obtained from these residential wells.  

The San Juan Creek WMS (USACE, 2002b) presents general groundwater-quality data for the upper 
San Juan watershed areas for 1987.  The groundwater-quality data were provided to the USACE 
from the San Juan Basin Authority and the Capistrano Valley Water District.  The data indicate that 
the upper San Juan Creek watershed groundwater has total dissolved solids (TDS) of 0 to 500 mg/L, 
dissolved sulfates of 0 to 250 mg/L, iron of 0 to 0.3 mg/L, and manganese of 0 to 0.05 mg/L.  The 
above data suggest that the groundwater is probably of drinking water quality. 

A complete evaluation of the quality and quantity of existing groundwater within the Morrell and 
Decker Canyons is not possible with the available data.  Visual observations at the Morrell Canyon 
site suggest that there is a perched groundwater source that is feeding the existing spring (Lion 
Spring).  The depth to the top of a regional groundwater table, however, cannot be ascertained from 
visual observations of conditions as they appear at the ground surface. 

2.7 PURPOSE AND DESCRIPTION OF LOWER RESERVOIR (LAKE ELSINORE) 

2.7.1 Purpose 

For operation of the LEAPS project, the purpose of Lake Elsinore is to serve as the lower reservoir.  
All water flowing out of the upper reservoir to generate electricity will be stored in Lake Elsinore.  
The current uses of Lake Elsinore include recreation, wetlands habitat, and flood control. 

2.7.2 Description 

General 

Lake Elsinore is the low point of the 782 square mile San Jacinto watershed which is drained by the 
San Jacinto River (Figure 2-9).  Runoff from the San Jacinto watershed enters Lake Elsinore from 
the northeast (Figure 2-10, Point A).  The bottom elevation of Lake Elsinore is 1,223 feet.  With the 
water surface at the current outlet spillway elevation of 1,255 feet, the surface area of the lake is 
approximately 3,606 acres and the capacity is approximately 89,000 acre-feet.  At Elevation 1,255 
feet, the mean depth is approximately 24.7 feet (Montgomery Watson, 1997).  Shoreline length 
estimates vary considerably, and in part depend on how the wetlands on the east side of lake are 
included in the shoreline length calculation.  For informational purposes, the shoreline length is on 
the order of 13 miles.  It is estimated that a 100-year rainfall event would raise the water surface to a 
projected elevation of 1,263.3 feet, and would result in a total volume of stored water of 
approximately 150,000 acre-feet (EVMWD, 2003).  The average annual precipitation is about 11.6 
inches and the average annual evaporation is about 56.2 inches (Montgomery Watson, 1997). 
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Because the available storage capacity of Lake Elsinore has an important role for flood control 
purposes, the USACE does not allow artificial importation of water into the lake if the water level 
rises above Elevation 1,240 feet (Lake Level Agreement, 1985).  It is GENTERRA’s understanding 
that the USACE is considering an increase in this elevation from the current 1,240 feet to 1,247 feet 
(Thomas, verbal commun., 2003). 

The weekly cycles of the LEAPS facility will result in a fluctuation of the surface elevation of Lake 
Elsinore.  Estimates of this fluctuation range from 12 inches to 18 inches, depending upon the initial 
water level in the lake (Nevada Hydro, 2001).  Where the shoreline slopes between 4 and 8 percent, 
the resulting shoreline fluctuation through each weekly cycle of power generation would be 12 to 38 
feet. 

Reservoir Substrate 

The geologic setting of Lake Elsinore is discussed in the ISCD (Nevada Hydro, 2001).  The valley 
alluvium underlying Lake Elsinore generally has a thickness of 5 to 20 feet.  In areas of the Elsinore 
Trough, however, older alluvium may reach a maximum thickness of 8,000 feet.  The alluvium is 
underlain by varying degrees of weathered granitic bedrock. 

2.8 WATER QUALITY OF LOWER RESERVOIR 

The water quality of Lake Elsinore is considered relatively poor, and is of significantly lower quality 
compared to the surface water and groundwater of the upper San Juan Creek watershed areas.  
Because of the dry climate and large evaporative losses, Lake Elsinore rarely discharges.  Water 
quality has slowly degraded as a result of the infrequency of discharges from the lake, and this has 
contributed to the development of eutrophic conditions.  Lake discharges have occurred in only four 
of the past 80 years (Montgomery Watson, 1997).  Pollutants may accumulate in the water and 
sediments, and periods of oxygen depletion have resulted in a number of fish kills at the lake. 

Water-quality data for Lake Elsinore were obtained from the California Department of Water 
Resources (2003).  The Department of Water Resources (DWR) collected six water samples from 
Lake Elsinore from May 14, 1998 to November 15, 2000.  The results of the water-quality testing 
are provided in Appendix C of this report.  The water-quality tests indicate the following: 

 Total dissolved solids range from 778 to 1,330 mg/L. 
 Water temperatures range from 52 to 82 degrees Fahrenheit.  
 Dissolved oxygen (DO) ranges from 6.6 to 20 mg/L. 
 pH ranges from 8.2 to 8.4. 
 Hardness ranges from 136 to 186 mg/L of CaCO3. 
 Specific Conductance ranges from 1,325 to 2,270 µS/cm. 
 Turbidity ranges from 4 to 28 N.T.U. 

The SWRCB has listed the following pollutant/stressors for Lake Elsinore (SWRCB, 2002): 

 Nutrients; 
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 Organic Enrichment/Low Dissolved Oxygen; 
 Sedimentation/Siltation; and 
 Unknown Toxicity. 

Montgomery Watson (1997) has reported that the dissolved solids content of Lake Elsinore ranges 
from 700 to over 5,000 mg/L.  Data reported by Black & Veatch (1995) indicate that the TDS 
concentrations have, at times, exceeded 10,000 mg/L.  Black & Veatch (1996) reported pH values 
for Lake Elsinore water that ranged from 8.8 to 11.9 for Field Data Stations 2, 5, 7, and 9 of the 
Santa Ana Watershed Project Authority (SAWPA).  Reproduced in Appendix D is a statistical 
summary of selected water-quality parameters, including total phosphorus, nitrogen, biochemical 
oxygen demand (BOD), and TDS.  These data were compiled by Montgomery Watson (1997) 
covering the growing-season months of April through September, as well as annually for the years 
1993, 1995, and 1996.  During subsequent FERC-permitting phases of the LEAPS project and as 
new data become available, further evaluation of seasonal and long-term trends can be performed. 

2.9 PROJECT CONSTRUCTION AND OPERATION 

In accordance with State requirements, dischargers whose projects disturb one or more acres of soil 
are required to obtain coverage under the General Permit for Discharges of Storm Water Associated 
with Construction Activity (Construction General Permit, 99-08-DWQ).  In addition to the General 
Permit, the RWQCB-SD may require a Standard Urban Storm Water Mitigation Plan (SUSMP) 
[Becker, verbal commun., 2003] which will include post-construction Best Management Practice 
(BMP) requirements. 

Construction activities subject to this permit include clearing, grading and disturbances to the ground 
such as stockpiling or excavation; but they do not include regular maintenance activities performed 
to restore the original line, grade, or capacity of the facility.  For the work performed in the San 
Jacinto Watershed (e.g. facilities near Lake Elsinore: powerhouse, low-head conductor), the Santa 
Ana RWQCB has adopted its own permit to cover discharges from construction activity that affects 
more than 5 acres.  For those portions of the project located within San Jacinto Watershed 
boundaries, the owner must apply for the Santa Ana RWQCB permits instead of the statewide 
Construction General Permit. 

The Construction General Permit appears to be the applicable permit for the work to be performed 
outside of the San Jacinto Watershed.  It requires the development and implementation of a Storm 
Water Pollution Prevention Plan (SWPPP).  The SWPPP must list BMPs the discharger will use to 
protect storm water runoff, and must specify the placement of those BMPs.  Additionally, the 
SWPPP must contain a visual monitoring program; a chemical monitoring program for "non-visible" 
pollutants to be implemented if there is a failure of BMPs; and a sediment monitoring plan if the site 
discharges directly to a water body listed on the 303(d) list for sediment.  Target pollutants to apply 
BMPs include sediments, nutrients, heavy metals, toxic chemicals, floatable materials, oxygen-
demanding substances, oil and grease, and bacteria and viruses.  Typical BMPs cover issues such as 
sediment control, general site management, contractor training, and construction materials and waste 



Lake Elsinore Advanced Pumped Storage Project GENTERRA CONSULTANTS, INC. 
FERC No. 11858     21                       222A-EIS-LEAPS-text 

management.  Common BMPs include temporary drains, dust controls, seeding and planting, 
mulching, silt fences, temporary stream crossings, earth dikes, and many other practices.  During the 
final design phases of the project, considerations will be made as to the BMP measures needed to 
protect and improve water quality and stream flows during project construction and operation.  

Since the LEAPS project traverses more than one RWQCB jurisdiction (the Santa Ana and San 
Diego Regions), it is anticipated that a complete Notice of Intent package and Notice of Termination 
(upon completion of each section) will be filed with each RWQCB. 
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SECTION 3: 
POTENTIAL IMPACTS TO SURFACE WATER 

3.1 GENERAL 

GENTERRA identified potential impacts to the existing hydrologic conditions that may occur as a 
result of the development of the proposed LEAPS facilities.  Four potential impacts relating to 
surface water are identified and described below: 

 Surface Water Quantity and Quality.  As discussed in Section 2.1, impacts resulting from the 
development of the LEAPS upper reservoir will be relatively small compared to a typical 
reservoir that collects surface water from an upstream watershed.  The primary impact in the 
downstream flow regime would be reduced flow volume that corresponds to the capture of 
precipitation within the area of the reservoir water surface (i.e., rainfall within the reservoir). 
The consequences of a reduced flow volume include changes in water quality, sediment 
transport patterns, debris flow potential, stream bank stability, and riparian areas.  In addition 
to potential flow volume impacts, if untreated water is released from the upper reservoir, 
water-quality impacts may be realized.   

 Water Quality of Lake Elsinore.  As discussed in Section 1.2, one primary purpose of the 
project is to improve the water quality of Lake Elsinore.  This is accomplished by aerating 
the water used by the LEAPS facility and using revenue from the project to obtain and, if 
necessary, to treat make-up water to stabilize lake levels.  While overall the water quality of 
Lake Elsinore is expected to be greatly improved, one potential negative impact to water 
quality could relate to the stirring up of lakebed sediments during construction of the outfall 
or outlet works and during operation (inflow and outflow from the low-head conductor) of 
the facility. 

 Water Quality of other Streams from Construction of Transmission Lines and Ancillary 
Features.  The water-quality concern with construction of the transmission lines and 
ancillary features would be the potential for sediment discharges to the existing stream 
channels as a result of construction activities.  

 Potential Impacts to the Surface Water from Spoil Placement and Erosion Control.  Potential 
surface water impacts may result from storm water runoff from spoils, stockpiles, and other 
areas exposed from construction of the LEAPS facilities. 

For the purposes of this report, seepage from the reservoir that enters the ground and subsequently 
feeds San Juan Creek is considered as a potential groundwater impact, and is discussed in Section 4. 
Seepage through the dam and dikes is assumed to be collected, and would be pumped back into the 
facility or released downstream.   

The reservoir would have an emergency release outlet conduit that would only be operated to 
prevent dam overtopping.  The outlet would be designed with tandem valves so that the valves could 
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be tested by releasing a small volume of water which would be captured and pumped back into the 
reservoir.  The reservoir would always be operated below its spillway to prevent discharges into San 
Juan Creek. 

3.2 POTENTIAL IMPACTS  

3.2.1 Impacts on San Juan Creek Watershed Area 

Using a conceptual configuration of the reservoir, the anticipated catchment area of the upper 
reservoir facility will be approximately 90 acres (0.14 square miles).  The estimated runoff-volume 
effect due to the reduction in drainage area as a result of the candidate reservoirs is as follows: 

 The 176-square-mile drainage basin of San Juan Creek would be reduced by less than one-
tenth of one percent (approximately 0.08 percent). 

 The watershed of Morrell Canyon would be reduced by approximately 4.3 percent, whereas 
the watershed of Decker Canyon would be reduced by approximately 14 percent. 

The above calculations suggest that the decrease in watershed runoff volumes due to construction of 
the reservoir is relatively small. 

3.2.2 Impacts on San Juan Creek Surface Water Flows 

While San Juan Creek is generally an intermittent, seasonal stream, there is a small base flow 
supplied by the regional groundwater.  The estimated quantity of base flow ranges from an average 
daily discharge of 1 to 100 ft3/s as determined at the USGS gage near the La Novia Avenue Bridge 
approximately five miles from the ocean.  At Morrell Canyon, the base flow appears to be largely a 
result of discharge from Lion Spring.  At Decker Canyon, no base flow was observed during the site 
reconnaissance. 

The potential impact to base flow in Morrell Canyon, Decker Canyon, and downstream within San 
Juan Creek are considered minor due to the following: 

 For the candidate Morrell Canyon reservoir, upstream base and storm flows will be diverted 
around the reservoir or directed beneath the reservoir, and therefore the existing flow 
conditions will be preserved. 

 Assuming the candidate Morrell Canyon reservoir is constructed over Lion Spring, a special 
seep collection system would be installed to collect the seepage and allow for unimpeded 
discharge downstream.  Therefore, no losses in base flow originating from Lion Spring will 
be realized. 
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 A subdrain system would be installed at potential groundwater seeps identified during the 
design phase and during construction.  The subdrain system would discharge downstream to 
maintain pre-development base flow. 

Therefore, assuming an uncovered reservoir, the only effect on downstream flow is the reduction in 
flow volume due to the loss of rainwater that is captured within the reservoir.  It is anticipated that 
the run-on from slopes or other areas will be diverted around the reservoir by perimeter channels and 
subsequently discharged downstream.  Rainfall capture by the reservoir has some significance in the 
channel immediately downstream, but the effect decreases significantly as one moves farther 
downstream.  As discussed in Section 2.2.4, an average annual rainfall of 18 inches is appropriate 
for the area.  This would result in an annual watershed loss of runoff volume of approximately 135 
acre-feet. 

The base flow of San Juan Creek, and therefore the health of riparian areas, is largely independent of 
storm flow volume.  Therefore, the effect of the proposed reservoirs on storm flows is considered a 
moot issue.  Nevertheless, for completeness, the effect of the project on storm flows is analyzed 
below. 

To estimate the effect on downstream peak flows from rainfall capture by the reservoir, 
GENTERRA approximated the amount of peak flow that could be lost.  Based on peak flow 
analyses of the Rivertech (1987) study, it is assumed that within the Morrell Canyon area, the 100-yr 
peak flow is approximately 2.5 to 2.7 ft3/s per acre.  Therefore, using a reservoir area of 90 acres, the 
reduction in the 100-year peak flow is approximately 225 to 243 ft3/s.  Therefore, the effect of the 
reduction in the 100-yr storm event peak flow due to Morrell Canyon reservoir would be as follows: 

 The peak flow at the mouth of San Juan Creek would be reduced by less than one-half of one 
percent (approximately 0.4 percent). 

 The peak flow at the lower end of Morrell Canyon would be reduced by approximately 6 
percent. 

 The peak flow at the lower end of Decker Canyon would be reduced by approximately 16 
percent. 

For Morrell Canyon Reservoir, upstream storm water may temporarily accumulate against the 
upstream dike for large storm flows.  Therefore, a small detention facility may be required upstream 
of the reservoir.  The detention time of the upstream storage would be designed to minimize 
inundation and potential impacts to upstream riparian areas.  

3.2.3 Other Potential Impacts on Downstream Areas 

Other potential impacts include changes in sediment transport, stability of stream banks, and debris 
flow potential.  Impacts to sediment transport, stream bank stability, and debris flow potential 
largely depend on the changes in downstream flow due to either restrictions or supplies of upstream 
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flows.  Discussion regarding the potential impact to sediment transport, stability of stream banks, 
and debris flow are presented below: 

 Sediment Transport.  Sediment loading of the downstream areas will likely be slightly 
reduced since a portion of the watershed will no longer be capable of producing sediment 
(the footprint of the reservoir facility).  The upper reaches of the San Juan Creek watershed 
are generally not alluvial, but consist of boulders and exposed bedrock.  Most of the 
sediment loading is supplied by the lower reaches of the watershed.  Therefore, considering 
the characteristics of the San Juan Creek substrate and the very small basin reduction, the 
impacts to a reduction in sediment transport are considered negligible.   

 Streambed Stability.  The streambed stability is closely related to the sediment loading and 
scour potential of the stream substrate.  Based on the characteristics of the San Juan Creek 
substrate and the very small reduction in sediment loading, the impacts to streambed stability 
are considered negligible.   

 Debris Flow.  Since the peak flows will not be increased, the potential for future debris flows 
will be equal to or less than the existing debris flow potential. 

 Riparian Areas.  Water for the riparian areas in the vicinity of Morrell and Decker Canyon 
reservoirs is largely supplied by groundwater from the regional flow system.  It is anticipated 
that there will be a small reduction in groundwater recharge as a result of the presence of the 
reservoir.  This would tend to affect riparian areas near the downstream side of the reservoir. 
The relative contributions of surface water and the local and regional groundwater system for 
support of riparian vegetation in the project area are presently not well defined.  Additional 
baseline data could be collected during subsequent phases of the FERC-permitting process 
and used to define the relative contributions of these water sources. 

3.2.4 Potential Impacts to Water Quality of Lake Elsinore 

In general, the water quality of Lake Elsinore is expected to be greatly improved as a result of the 
project.  The positive impacts to the water quality of Lake Elsinore would be: an increase in 
dissolved oxygen of Lake Elsinore by aerating water used by the LEAPS facility; and by using 
revenue from the project, obtain (and if necessary treat) water to supplement the lake during dry 
periods.  The project proponents would aerate the water either using the turbines or a stand-alone 
aerator facility near the low-head conductor or outfall structure.  The addition of aerated water and 
the stabilization of lake levels would have a significant positive impact to the water quality and 
aquatic health of Lake Elsinore. 

One potential negative impact to water quality of Lake Elsinore is related to the potential re-
suspension or stirring up of the existing lakebed sediments.  Suspension of lakebed sediments may 
occur from construction activities near the shoreline (e.g. dredging) and from operation of the 
facility (i.e., movement of water into and out of the low-head conductor).  The suspension of lakebed 
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sediment can have a number of potential effects including:  increased turbidity that may harm lake 
wildlife and decrease visual aesthetics; and, if the lakebed sediments are contaminated, increased 
water column concentrations and increased bioaccumulation of heavy metals and/or pesticides.  The 
potential for sediment suspension is a function of the inlet/outlet hydraulic conditions, construction 
methods, and the characteristics of the lakebed sediment.  Numerous alternatives are available to 
limit the degree of sediment suspension, including: 

 Hydraulic design of the low-head conductor inlet/outlet structure to limit entrance and exit 
velocities at the lakebed. 

 Near the inlet/outlet structure, removal and replacement of contaminated sediments, if any.  
The replacement material could be sand, gravel, or other materials that would have higher 
velocity tolerances. 

 Capping (covering) the contaminated sediments, if any. The capping material could be sand, 
gravel, or other materials that would have higher velocity tolerances. 

Additional data could be collected during subsequent phases of the FERC permitting process to 
evaluate the existing characteristics of the lakebed sediments, potential for re-suspension of lakebed 
sediments from construction and operational activities, magnitude and effect of re-suspended 
sediment on fish and other aquatic wildlife, and possible mitigation measures, if needed. 

3.2.5 Potential Impacts to Surface Water from Transmission Lines 

The proposed conceptual alignment of the transmission lines and ancillary features will cross 
portions of the San Mateo Creek watershed of the San Juan Hydrologic Unit (described in Section 
2). The San Mateo Creek watershed is considered a biologically sensitive area.  The installation of 
transmission lines and ancillary features may require use of temporary access roads (at some 
locations, helicopters can be used for access).  The primary potential impact may occur at access 
road stream crossings.  While the project proponent will have some discretion as to the alignment of 
the transmission lines, stream crossings may not be avoidable. 

The water quality concern with construction of the transmission lines and ancillary features would 
be the potential for sediment discharges to the existing stream channels.  Areas susceptible to 
sedimentation impacts within the proposed alignment can be identified during subsequent phases of 
the FERC permitting process.  A sedimentation and erosion control plan for the transmission lines 
and ancillary features, approved by the regulatory agencies, can be prepared during final design (see 
Section 2.9). 
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3.2.6 Potential Impacts to Surface Water from Spoil Placement and Erosion Control 

Unmanaged storm water can cause erosion of spoils, stockpiles, and other exposed earthwork during 
construction.  Spoils will be generated from tunnel and powerhouse excavation.  To the extent 
possible, these spoils will be used as fill materials for the upper reservoir and dam construction. 
Locations for spoil placement depend largely upon the location of the powerhouse and the portals for 
the tunnel and shafts.  These locations have conceptually been identified at three candidate locations: 
Ortega Oaks, Santa Rosa, and Evergreen (shown in Figure 1-2). 

An erosion control and spoil management plan can be prepared with coordination and approval of 
regulatory agencies during the final design phase of the project to minimize the potential impact 
from erosion, and to implement best management practices (BMPs) [see Section 2.9]. 

3.3 ALTERNATIVES FOR MAINTAINING DOWNSTREAM FLOWS 

In general, the potential downstream impacts appear to be very small relative to typical hydroelectric 
projects and other water retention facilities.  Since any upstream flows or surface water run-on will 
be diverted around or beneath the reservoirs, the primary impact to downstream flows is the small 
loss of the rainwater collected within the reservoir water surface.  The reduction in surface area of 
the basin is estimated to be less than 0.1 percent.  Although this impact would be quite small, a 
number of alternatives are available to maintain the pre- and post-construction downstream flows: 

 Allow for untreated discharge.  Water from the reservoir would be released downstream 
without being treated.  This option would have the lowest cost, but would only be viable if 
the water of Lake Elsinore is not considered to have significant impacts on the water quality 
of downstream areas.  Based on the available water quality data and the anti-degradation 
policies of the Basin Plan, this is probably not a viable alternative.   

 Allow for treated discharge.  A water treatment system could be installed at the facility, so 
that when desired, water in the upper reservoir would be treated and released downstream. 
The system would likely require an advanced treatment method, such as reverse osmosis or 
microfiltration, primarily for the removal of dissolved solids constituents present in the Lake 
Elsinore water.  The water would be treated to applicable water quality standards (i.e., equal 
to or better than the existing surface water quality). 

 Allow for a potable water source.  A potable water source could be provided to the site from 
the reasonably available source (e.g. EVMWD).  If warranted, potable water could be de-
chlorinated at the site before being released downstream.  Other benefits of a potable water 
source at the upper reservoir would be fire suppression and recreational usage.  Depending 
upon the infrastructure cost of supplying potable water to the site (pump stations, pipelines, 
etc.), this option may be more cost-effective than treating the discharge. 

 Install a floating cover.  A floating cover can be installed over the reservoir that would 
prevent contact between the rainwater and reservoir water.  Rainwater collected by the 
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floating cover would be discharged downstream, thus maintaining the pre-development 
flows.  A floating cover has the benefit of reducing evaporative losses from the upper 
reservoir, which will assist with conservation of Lake Elsinore water.  A floating cover also 
improves security and would limit damage to the reservoir liner system from potential 
vandalism and from animals.  In effect, the floating cover with its associated drainage 
system would essentially negate the downstream effects of the reservoir.  Disadvantages 
include the possible visual impacts of a cover, and its high capital and maintenance costs.  
Furthermore, if it is covered, the USFS would not be able to use helicopters for scooping out 
water from the reservoir surface for fire suppression. 

During some dry-weather or drought periods, it may be desirable to supplement downstream flow by 
discharging treated water into the canyon from the reservoir.  The supply of fresh water could be 
discharged downstream to enhance and improve wildlife and habitat resources.  The biological 
effects of releasing limited amounts of reservoir water into the stream for this purpose could be 
evaluated during subsequent phases of the FERC permitting process. 

Table 3-1 presents the water quality objectives of the San Diego Basin Plan compared to the water 
quality that could be achieved by implementing the above alternatives.  As shown in Table 3-1, the 
alternatives for releasing treated water, providing for potable water, or installing a floating cover all 
meet the San Diego Basin Plan requirements for water quality. 
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SECTION 4: 
POTENTIAL IMPACTS TO GROUNDWATER 
 
4.1 GENERAL 

The operation of the LEAPS facility may have some impact on groundwater.  Although designed to 
avoid loss of water, the upper reservoir, shafts, and tunnels will not be completely impermeable (i.e., 
waterproof), and leakage may seep into groundwater.  Impacts due to the presence of the facilities 
include: possible changes in groundwater levels and changes in water quality.  In addition, the 
presence of the upper reservoir may decrease recharge to the local groundwater system. 

The Basin Plan (RWQCB-SD, 1994) prescribes water quality objectives for the San Diego Basin, 
which includes the San Juan Creek watershed and Morrell and Decker Canyons.  State Board 
(SWRCB) Resolution No. 68-16, Statement of Policy with Respect to Maintaining High Quality of 
Waters in California requires that Regional Boards and the State Board must have sufficient grounds 
to adopt findings which demonstrate that any water-quality degradation will: 

 Be consistent with the maximum benefit to the people of the State; 

 Not unreasonably affect existing and potential beneficial uses of such water; and 

 Not result in water quality less than described in the Basin Plan. 

Based on preliminary review of available water-quality data from Lake Elsinore and knowledge of 
the regional groundwater quality, there appears to be a significant difference in water quality 
between Lake Elsinore and native groundwater within the Morrell and Decker Canyon watersheds 
(water-quality of Lake Elsinore (data in Appendices C and D) compared to water quality objectives 
of the Basin Plan (data in Appendix B).  The Basin Plan’s anti-degradation standards for a number 
of constituents are lower (more stringent) than the existing water quality of Lake Elsinore.  Allowing 
the facilities to remain unlined is an alternative that is considered to be not viable due to the 
likelihood of significant impacts from uncontrolled seepage of water out of the upper reservoir, 
shafts, and tunnels, which probably would not meet the groundwater anti-degradation standards as 
outlined in the Basin Plan.  Therefore, the upper reservoirs, shafts, and tunnels will probably require 
liner systems to limit seepage. 

This section presents the potential impacts to groundwater from the proposed construction of the 
upper reservoir, shafts, and tunnels based on the assumption that the upper reservoir will have a liner 
system, and that the tunnel and shafts will also be lined. 

4.2 POTENTIAL IMPACTS TO GROUNDWATER LEVELS 

The upper reservoir will be constructed above the existing groundwater table.  It is anticipated that 
there will be a reduction in local groundwater recharge as a result of the presence of the reservoir.  
On the other hand, seepage from the reservoir (if not collected and re-circulated) would tend to raise 
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the surrounding groundwater levels. Conditions in the tunnel may also affect groundwater levels 
such as:  

 When the native ground water pressures exceed tunnel pressures, native groundwater may 
seep into the tunnel and result in a lowered native groundwater level (assuming the existing 
groundwater table is above the tunnel). 

 When the tunnel pressure is greater than the groundwater pressure, water may seep from the 
tunnel to the native groundwater, resulting in a raised groundwater table. 

The existing regional groundwater is largely contained within the cracks, joints, and fissures of the 
native bedrock.  Groundwater flow and seepage through bedrock is controlled by such cracks, joints, 
and fractures in the rock.  It is possible that leakage through the reservoir liner system may percolate 
through the subgrade and enter cracks in the bedrock, and then percolate down to the phreatic 
surface of the groundwater.  While the reservoir liner system may be installed directly over native 
bedrock, weathered bedrock, or fill soil, the rates of seepage into the groundwater will largely be 
controlled by the characteristics of the cracks, joints, and fractures in the rock.  If the reservoir liner 
includes a drainage layer, a very low pressure head is maintained within the drainage layer, and 
therefore percolation forces are very small. 

Changes in groundwater levels could be considered a positive or a negative impact on the 
groundwater system.  Rising groundwater levels could result in the formation of springs, and would 
tend to increase base flow within the watershed, thereby promoting growth of riparian vegetation.  
Falling groundwater levels could result in the drying of springs, decreases in base flow in San Juan 
Creek, and the possible lowering of groundwater levels in wells. 

4.3 POTENTIAL IMPACTS TO GROUNDWATER QUALITY 

There is a significant difference in quality between Lake Elsinore water and the native groundwater 
in the vicinity of the upper reservoir.  Depending upon the transport abilities of the reservoir and 
tunnel substrates, seepage from the reservoir could degrade native groundwater quality. When the 
tunnel pressure is greater than the groundwater pressure, water may seep from the tunnel to the 
native groundwater, resulting in the intermixing of tunnel water and native groundwater, with 
possible degradation of native groundwater. 

Degradation of the groundwater quality has the potential to impact public and private water wells, 
discharges to surface water, and vegetation in riparian areas.  The actual impact will depend on 
characteristics of the reservoir substrate, the fate and transport properties of the constituents, the 
effectiveness of the reservoir liner system, and operational aspects such as re-circulation of seepage 
back into the reservoir. 
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4.4 CONCEPTUAL RESERVOIR LINER SYSTEMS 

In addition to limiting seepage losses from the reservoir for water quality protection, benefits of 
reducing seepage losses include the following: 

 Reduce costs associated with supplying replacement water for Lake Elsinore.   

 Reduce costs associated with water treatment (if seepage were to be collected, treated, and 
discharged downstream). 

 Reduce costs associated with re-circulation pumping (if seepage is collected and pumped 
back into the reservoir). 

A liner may provide other benefits, including the ability to steepen the sideslopes of the reservoir, to 
minimize scour and erosion of the reservoir floor and sideslopes, and increase stability during and 
following reservoir drawdown.  The geotechnical and geological advantages of installing a liner 
system are discussed in the geotechnical feasibility study report under separate cover (GENTERRA, 
2003). 

The primary component of a liner system is a relatively impermeable layer such as dense-mix 
asphalt, clay soil, geomembrane, or some combination.  On the sideslopes, the impermeable layer(s) 
are typically underlain by a drainage layer (gravel, open-graded asphalt, geonet) to prevent damage 
to the impermeable layer from the frequent drawdown of the reservoir.  Drainage layers may also be 
installed on the floor depending upon the type of liner system used.  The drainage layer collects the 
seepage through the impermeable layer (and from possible perched water in the subgrade) and 
conveys the seepage water away to a collection facility.  The effect of the drainage layer is very 
significant because any seepage collected in such a layer is limited to a low level, and is continually 
drained away from the subgrade.  In other words, the percolation into the subgrade is not controlled 
by the full reservoir pressures, but is rather controlled by the small level of seepage water within the 
drainage layer. 

The amount of leakage from the facility can be controlled by appropriately designing the liner 
system.  Options available to line the reservoir should take into account the priorities of the 
stakeholders and regulatory agencies.  For conceptual purposes, alternatives for the liner system are 
presented herein for a variety of reservoir liners.  The conceptual liner systems are presented in 
Figure 4-1.  Some conceptual designs of reservoir liner systems include the following:  

 Clay (earthen) liner.  This option consist of using a low-permeability soil (e.g. clay) for the 
impermeable layer of the floor and possibly the sideslopes of the reservoir.  Since a low-
permeability source of material is probably not available at the site, clay would have to be 
imported from an off-site borrow area.  The closest known clay borrow source is the 
Alberhill clay mine located near Interstate 15, approximately 10 miles from the site.  The 
primary benefit of clay is its long-lasting performance.  Asphalt and geosynthetic materials 
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are considered to have shorter lifespans3 than clay, and require maintenance.  The primary 
disadvantage of using clay is the higher cost, substantially greater thickness of clay 
compared to geosynthetic material, longer construction schedule, environmental impacts 
from construction (dust, additional earthwork equipment, truck traffic), potential for variable 
material properties, and the inability to place on steep sideslopes that will be subjected to 
rapid drawdown conditions. 

 Asphalt concrete liner.  An asphalt liner system is a common type of liner system for water 
reservoir projects and is especially useful for placement on sideslopes.  A dense asphalt 
pavement serves as the waterproofing layer and a wearing surface.  The asphalt can be 
treated at the surface to provide resistance to environmental exposure and decrease its 
hydraulic conductivity.  Asphalt liners have been placed sideslopes as steep as 1.5H:1V.  An 
open-graded mix of asphalt can be installed to serve as a drainage layer.  

 Geomembrane Liner.  Geomembranes are commonly used for waste containment facilities to 
reduce contaminant transport into the vadose and groundwater zones.  Geomembranes, 
however, are becoming popular options for water facilities to reduce seepage losses and 
reduce impacts to groundwater levels and quality.  Including defects and installation damage, 
geomembranes can typically achieve an equivalent hydraulic conductivity of 1 x 10-10 cm/s 
to 1 x 10-12 cm/s or less4.  Geomembrane systems can be placed on steep slopes, are installed 
with minimal construction equipment, and are generally cost effective.  Geomembranes can 
be used as supplemental components of a soil liner system, can be used by themselves as 
exposed liner systems, or can be used as part of a double-liner system (Figure 4-1). 

 A combination of liner systems.  A combination of liner systems is commonly used to 
optimize the design, depending upon availability of materials, required watertightness, 
steepness of sideslopes, and other factors.   

 A double liner system.  A double liner would be selected if the allowable leakage from the 
reservoir would have to meet a de minimis standard.  The liner system would consist of two 
impermeable layers.  The secondary liner would serve as a barrier for any leakage that passes 
through the primary liner.  A drainage layer would be sandwiched between the liners.  A 
subdrain below the lower liner may be required to collect existing seeps from the subgrade.  
If water collected from the drainage layer is treated before being released downstream (or re-
circulated), a double liner would produce some cost savings because seepage from the 
reservoir and seepage from the existing subgrade (e.g. Lion Spring) will be collected by 
separate drainage layers and therefore, the total amount of water to be treated (or re-
circulated) would be reduced. 

                                                 
3 The lifespan of exposed asphalt and geomembranes is generally considered to be on the order of 20 to 50 years. 
4 While geomembranes are considered practically impermeable, they are not perfectly manufactured or installed.  An 
equivalent hydraulic conductivity is presented herein for comparison purposes and would include the geomembrane’s  
water vapor transmission plus potential defects and pinholes.  For reference, the hydraulic conductivity for low-
permeability soils typically ranges from 1 x 10-6 to 1 x 10-9 cm/s.   
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4.5 SHAFT AND TUNNEL LINER SYSTEM 

As discussed previously, the shaft and tunnel system used for the high-head water conductor may 
impact the native groundwater.  For pressure tunnels, tunnel liners are typically installed to improve 
the hydraulic characteristics of the tunnel, reduce the potential for hydrofracture, and reduce the 
potential for small-scale sloughing or scouring of the bedrock.  Tunnel liners are also installed to 
reduce the potential for seepage either into or out of the tunnel.  While tunnel liners are typically 
used, they are not necessarily required.  Depending upon the groundwater and geologic conditions 
and allowable seepage criteria, grouting of seeps may be the minimum requirement.  The cost 
comparison would then be between the cost of a liner versus the additional value of a smoother 
tunnel.  It appears that a significant portion of the tunnel will have to be designed with a steel lining. 
Steel-lined tunnels would be considered practically impermeable. 

The allowable leakage can be addressed as part of the design of the concrete tunnel lining.  While 
there is no practical method to eliminate all seepage in the caverns, shafts, and tunnels, much can be 
done to significantly reduce seepage.  For example, pre-grouting can be performed as the tunnel or 
shaft advances.  After construction and operation, the seepage rates into and out of the tunnel can be 
monitored.  Remedial grouting may be required after construction if seepage rates are considered 
excessive.  Other options for tunnel linings include a segmental pre-cast concrete tunnel lining with 
gaskets, or the use of an impermeable geomembrane (e.g., polyvinyl chloride). 

4.6 PERFORMANCE MONITORING 

Performance monitoring is expected to be a component of the project, and would probably be 
required by regulatory agencies.  It is an effective method for the evaluation of baseline conditions, 
and the actual effects of the reservoir, shafts, and tunnels on the local and regional groundwater 
levels and quality. 

A network of groundwater wells would be installed around and near the facility.  The monitoring 
system would be designed to observe groundwater levels and to facilitate collection of water-quality 
samples.  The purpose of the monitoring program would be to evaluate the effectiveness of the 
reservoir liners and seepage collection systems.  A monitoring system would generally consist of 
installing perimeter wells around the facility and a network of wells down-gradient of the perimeter 
wells.  The baseline portion of this monitoring system should be installed prior to development of 
the site (wells installed for baseline data purposes can subsequently be used as monitoring wells). 

The monitoring system would provide an alert mechanism if abnormal changes in the groundwater 
levels or water quality occurs as a result of any unforeseen problems at the facility.  If pre-assigned 
threshold values are exceeded, mitigation actions would be evaluated and implemented, as needed.
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SECTION 5: 
CONCLUSIONS AND LIMITATIONS 

5.1 CONCLUSIONS 

5.1.1 General 

Based on the evaluation presented in this conceptual-level hydrology study, there do not appear to be 
any hydrologic factors to suggest that construction of the LEAPS project facilities should be 
excluded from consideration at the proposed location. 

Potential hydrologic impacts do exist, however, and they must be addressed through judicious 
consideration of design alternatives, coordination with regulatory agencies, and implementation of 
mitigation measures as needed.  The primary potential hydrologic impacts are related to: (i) surface 
water (quantity and quality); and (ii) groundwater (levels and quality being affected by water losses 
from the system due to leakage out of the upper reservoirs, shafts, and tunnels). 

Effective design alternatives and engineering controls can be employed to isolate the upper 
reservoir, shafts, and tunnels from the environment to the extent deemed necessary.  Performance 
monitoring can be used to confirm the effectiveness of the system operation.   

5.1.2 Surface Water 

Four potential impacts relating to surface water are: (1) surface water quantity and quality, (2) water 
quality of Lake Elsinore; (3) water quality of streams affected by the construction of transmission 
lines and ancillary features; and (4) potential impacts to surface water from spoil placement and 
erosion control. 

The potential impact to flows in Morrell Canyon, Decker Canyon, and downstream within San Juan 
Creek are considered minor in part because upstream flows will be diverted around or directed 
beneath the reservoir, thereby preserving the existing flow conditions.  Therefore, assuming the 
reservoir is left uncovered, the only effect of the reservoir on downstream flow is the reduction in 
flow volume because rainwater will be captured within the reservoir water surface.  The loss of 
stream flow because of the captured rainfall has an effect downstream of the proposed reservoir, but 
this effect decreases significantly as one moves farther downstream.  To accommodate groundwater 
seepage discharging at Lion Spring, a subdrain system can be installed.  If additional seeps are 
identified during design and construction, they can also be accommodated by installation of 
subdrains.  

Potential impacts related to reduced flow volume include changes in sediment transport, stability of 
stream banks, and debris flow potential.  Such impacts are largely dependent on changes in flow due 
either to restriction or augmentation of flows from upstream areas.  Based on the characteristics of 
the stream channels and the small reduction in drainage basin area, these potential impacts are 
considered minor. 
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A significant positive impact to the water quality of Lake Elsinore is an increase in dissolved oxygen 
as a result of facility operations.  The primary potential negative impact to water quality of Lake 
Elsinore is related to the stirring up and re-suspension of the existing lakebed sediment.  Therefore, 
selection of design criteria for the inlet-outlet structure should include consideration of the existing 
characteristics of the sediments, and the potential for re-suspension of sediments during operation of 
the proposed facilities. 

Potentially, surface-water impacts could occur as a result of storm water runoff from spoils, 
stockpiles, and other areas exposed during construction of the LEAPS facilities.  Similarly, the 
water-quality concern related to construction of the transmission lines and ancillary features is the 
potential for sediment discharges to the existing stream channels as a result of construction 
activities. Therefore, a sedimentation and erosion control plan will be prepared for use during 
construction of the LEAPS facilities, the transmission lines, and ancillary features.  Such plans 
generally incorporate best management practices and are prepared by following regulatory agency 
guidance documents.  This plan would be completed during final design and implemented during 
construction. 

A number of alternatives are available to maintain comparable pre- and post-construction 
downstream flows: allow for untreated discharge; allow for treated discharge; allow for potable 
water discharge; and install a floating cover.  The most feasible options to maintain the pre- and 
post-construction downstream flows would probably be either to discharge potable water or treated 
reservoir water. 

5.1.3 Groundwater 

Based on preliminary review of available baseline water-quality data from Lake Elsinore and 
knowledge of the regional groundwater quality, there appears to be a significant difference in water 
quality between Lake Elsinore and native groundwater within the Morrell and Decker Canyon 
watersheds.  Allowing the facilities to remain unlined is an alternative that is considered to be not 
viable due to the likelihood of significant impacts from uncontrolled seepage of water out of the 
upper reservoir, shafts, and tunnels, which probably would not meet the groundwater anti-
degradation standards as outlined in the Basin Plan.  Although designed to minimize loss of water, 
the lined upper reservoir, shafts, and tunnels will not be completely impermeable (i.e., waterproof), 
and leakage may seep into native groundwater.  Therefore, this report presents the potential impacts 
to groundwater from the proposed construction of the upper reservoirs, shafts, and tunnels based on 
the assumption that the upper reservoir will have a liner system, and that the tunnel and shafts will 
also be lined. 

The primary component of a liner system for the upper reservoir is a relatively impermeable layer 
such as dense-mix asphalt, clay soil, geomembrane, or some combination.  On the sideslopes, the 
impermeable layer(s) are typically underlain by a drainage layer (gravel, open-graded asphalt, 
geonet) to prevent damage to the impermeable layer from frequent drawdown of the reservoir.  
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Depending upon the standard employed for the design, a double-liner system could be selected for 
the reservoir. 

Typically, tunnel lining consists of reinforced concrete for areas with high overburden, and 
structural steel for areas of low overburden.  Other options for tunnel linings include a segmental 
pre-cast concrete tunnel lining with gaskets, or use of an impermeable geomembrane. 

Performance monitoring can be used to evaluate the actual effects of the reservoir, shafts, and 
tunnels on the local and regional groundwater levels and quality.  A monitoring system would 
generally consist of perimeter wells around the facility and a network of wells down-gradient of the 
perimeter wells.  The monitoring system would be designed to observe groundwater levels and to 
facilitate collection of water-quality samples.  The purpose of the monitoring program would be to 
evaluate the effectiveness of the reservoir liners and seepage collection systems.   The baseline 
portion of this monitoring system should be installed prior to development of the site.  The 
monitoring system would provide an alert mechanism if abnormal changes in the groundwater levels 
or water quality occurs as a result of any unforeseen problems at the facility.  If pre-assigned 
threshold values are exceeded, mitigation actions would be evaluated and implemented, as needed. 

5.2 LIMITATIONS 

The conclusions and professional opinions presented herein were developed by GENTERRA for the 
EVMWD in accordance with generally accepted engineering principles and practices.  We make no 
other warranty, either express or implied.  The data and conclusions contained herein should be 
considered to relate only to the specific project and location discussed herein.  GENTERRA is not 
responsible for any conclusions or recommendations that may be made by others, unless we have 
been given an opportunity to review such conclusions and recommendations and concur in writing. 

If any changes are made in the project as outlined in this report, the conclusions contained in this 
report shall not be considered valid unless the changes are reviewed and the conclusions of this 
report are modified or approved in writing by GENTERRA. 
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LIST OF ABBREVIATIONS AND ACRONYMS 

Basin Plan – RWQCB-San Diego Water Quality Control Plan for the San Diego Basin 

BMP – Best Management Practices 

CDFG – California Department of Fish and Game 

CEQA – California Environmental Quality Act 

CFR – Code of Federal Regulations 

cm/s – Centimeter per Second 

CNF – Cleveland National Forest 

DO – Dissolved Oxygen 

DWR – California Department of Water Resources 

EPA – Environmental Protection Agency 

EVMWD – Elsinore Valley Municipal Water District 

FERC – Federal Energy Regulatory Commission 

ft3/s – Cubic Feet per Second 

GENTERRA – GENTERRA Consultants, Inc. 

GPM – Gallons per Minute 

ISCD – Initial Stage Consultation Document 

LEAPS – Lake Elsinore Advanced Pumped Storage Project 

LEMP – Lake Elsinore Management Plan 

mg/L – Milligram per Liter 

Nevada Hydro – The Nevada Hydro Company, Inc. 

NMFS – National Marine Fisheries Service 

N.T.U. – Nephelometric Turbidity Units 

RWQCB – Regional Water Quality Control Boards 
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USACE – United States Army Corps of Engineers 
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USGS – United States Geologic Survey 

WMP – San Juan Creek Watershed Management Plan 

WMS – San Juan Creek Watershed Management Study 
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TABLE 3-1 
 

WATER QUALITY OF ALTERNATIVE SOURCES TO MAINTAIN DOWNSTREAM FLOWS 
LAKE ELSINORE ADVANCED PUMPED STORAGE PROJECT 

RIVERSIDE COUNTY, CALIFORNIA 
 

Constituent1
San Diego Basin Plan 

Water Quality 
Objectives 

Untreated 
Discharge2 Treated Discharge EVMWD 

Potable Water3

Precipitation 
Runoff  

(Floating 
Cover)4

Total Dissolved 
Solids 500 700 to 1,300 <500 310 to 800 <500 

Chloride 250 233 to 433 <250 18 to 160 <250 
Sulfate 250 95 to 152 <250 31 to 240 <250 

Percent Sodium 60 - <60 - <60 
Nitrate 45 - <45 ND to 6.95 <45 

Iron      0.3 - <0.3 - <0.3
Manganese      0.05 - <0.05 - <0.05

MBAS      0.5 - <0.5 - <0.5
Boron      0.75 - <0.75 - <0.75
Odor      None None None None None

Turbidity (NTU) 5 4 to 28 <5 0.05 to 1.65 <5 
Color Units 15 “Green/cloudy” <15 <15 <15 

Fluoride 1.0 - <1.0 0.3 to 0.8 <1.0 
1 mg/L except as noted.  
2 See Appendices C and D of this report for details. 
3 Combined ranges of all system sources, 2000 Consumer Confidence Report, prepared by the EVMWD (Vol. 12, 2001). 
4 Water quality of rainwater is variable, but would generally be regarded as well within the water quality objectives of the Basin Plan. 
ND - Not detected. 
MBAS – Methylene Blue Active Substances 
EVMWD – Elsinore Valley Municipal Water District 
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Normal Operations

A. Natural runoff from the San Jacinto River reaches lake-type inlet 
connection

B. Water circulates between lake and wetlands through 48 inch gated 
conduit in levee.

C. Lake or well water supplied to wetlands and riparian habitat for 
habitat maintenance.

D. Below 1,240 feet supplemental water needed to replace 
evaporation losses from lake.

Heavy Storm Flow Conditions

A. Watershed runoff to San Jacinto River flows to inlet connection 
and Lake Elsinore.

E. Outflow channel spills to Temescal Wash when Lake 
Elsinore exceeds 1,255 feet.

F. Overflow weir spills into floodplain when lake exceeds 1,262 feet.

G. In 100 year flood event, maximum elevation is 1,263.3 feet-
combined back basin and lake storage is 150,000 acre-feet.

LAKE ELEVATION 
LEGEND

• 1,283.3 ft.
Project Maximum 
Flood Level at 100-yr  
flood event

• 1,262 ft.
Lake inflows spill 
from overflow weir 
into Back Basin

• 1,255 ft.
Lake discharges into 
Temescal Wash 
through outflow 
channel.

• 1,244 ft.
Current lake level as 
of January 1998.

• 1,240 ft.
Lake Management 
optimized level.

• 1,223 ft.
Lake bottom.







APPENDIX A 
 

DESCRIPTION OF THE FIRM AND RESUMES  
OF THE KEY PROJECT PERSONNEL 

GENTERRA CONSULTANTS, INC. 

GENTERRA is a recognized specialist in dams and reservoirs in southern California. A majority 
of the firm’s workload is related only to dams and reservoirs.  The firm has specialized 
capabilities provided by a team of professionals with high levels of technical and management 
expertise and experience in areas of: 

C Civil engineering C Geotechnical engineering 
C Geology C Engineering geology 
C Hydrogeology C Water resources engineering 
C Environmental engineering C Hydrology 
C Seismology C Earthquake engineering 

 
As presented in Table A-1, GENTERRA has provided consulting engineering services on more 
than 50 dams and reservoirs, most of them located in southern California.  The services included 
siting studies, feasibility studies,  evaluation of stability and overall safety, design and 
development of plans and specifications, construction observation and consultation, design and 
installation of instrumentation, coordination with the State of California Department of Water 
Resources, Division of Safety of Dams (DSOD) and other regulatory agencies, risk assessments 
and other consultation.  GENTERRA fully understands the requirements of current dam design 
practices, FERC, and the DSOD, and integrates those requirements into our projects.  
GENTERRA’s ranges of services include: 
 

C Planning, feasibility and preliminary design studies. 
C Review of alternative sites and site selection. 
C Field and laboratory investigations. 
C Identification and evaluation of site and borrow materials. 
C Seismologic and geologic studies. 
C Static and seismic stability analyses for natural, cut and fill slopes. 
C Design of earth, rockfill, and roller compacted concrete dams. 
C Settlement analyses for dams and appurtenant facilities. 
C Preliminary and final geotechnical design recommendations. 
C Hydrologic and hydraulic studies, water resources, and flood control. 
C Geotechnical quality assurance and quality control during construction. 
C Instrumentation design, installation and monitoring. 
C Static and seismic stability evaluation of existing dams and appurtenant facilities. 
C Risk assessments, dam failure inundation studies, and flood inundation maps. 
C Interaction and coordination with regulatory agencies. 

 
For this project, GENTERRA formed a qualified team of professionals with experience in 
feasibility and siting studies, preliminary design, final design, and construction of water facilities 
in southern California.  Resumes for the key project personnel are included in this Appendix.  
These key personnel were assigned for the duration of the project.   



GENTERRA  CONSULTANTS, INC. 
EE NN GG II NN EE EE RR II NN GG   AA NN DD   EE NN VV II RR OO NN MM EE NN TT AA LL   SS EE RR VV II CC EE SS    

DAMS AND RESERVOIRS EXPERIENCE  
BY FIRM SINCE 1997   

Facility Location Type  Height or 
Capacity Owner 

Arizona Dam Eastern Arizona Earth Fill TBD Confidential 

Arrowhead Springs Arrowhead, CA Earth Fill 20 ft Campus Crusade for Christ 

Ben Haggett Reservoir Torrance, CA Buried, Concrete 18 MG City of Torrance 

Big Dalton Dam Los Angeles Co. Concrete Arch 153 ft Los Angeles County, Dept. Public 
Works 

Big Dalton Debris Dam Los Angeles Co. Earth Fill 59 ft Los Angeles County, Dept. Public 
Works 

Big Tujunga Dam Los Angeles Co. Concrete Arch 208 ft Los Angeles County, Dept. Public 
Works 

Bourne Lake Dam Failure Lake Tahoe Area Earth Fill 30 ft Confidential 

Bull Creek Ret. Basin Dam Los Angeles Co. Earth Fill 42 ft Los Angeles County, Dept. Public 
Works 

Butte Canyon Dam, Site 1 Butte County, CA Earth Fill Est. 100 ft Confidential 

Butte Canyon Dam, Site 2 Butte County, CA Earth Fill Est. 100 ft Confidential 

Cogswell Dam Los Angeles Co. Rockfill 266 ft Los Angeles County, Dept. Public 
Works 

Dam Near Ukiah, CA Ukiah, CA Earth Fill <50 ft Confidential 

Devil's Gate Dam Los Angeles Co. Concrete Arch 103 ft Los Angeles County, Dept. Public 
Works 

Dove Canyon Dam Orange Co., CA Earth Fill 88 ft Dove Canyon Master Assoc. 

Eaton Wash Dam Los Angeles Co. Earth Fill 63 ft Los Angeles County, Dept. Public 
Works 

El Toro Dam and Reservoir Mission Viejo, CA Earth Fill 106 ft El Toro Water District 

Gavilan Hills - Smith Road 
Debris Dam Riverside Co., CA Earth Fill 30 ft Riverside Co. FC & WC District 

Grizzly Ice Pond Dam Portola, CA Concrete Gravity 35 ft Walton Grizzly Lodge 

Laguna Lake Dam Fullerton, CA Earth Fill 20 ft City of Fullerton 

Laguna Regulating Basin 
Dam Los Angeles Co. Earth Fill 43 ft Los Angeles County, Dept. Public 

Works 

Lake Curry Dam Vallejo, CA Earth Fill 107 ft City of Vallejo 

Little Dalton Debris Dam Los Angeles Co. Earth Fill 71 ft Los Angeles County, Dept. Public 
Works 

Live Oak Dam Los Angeles Co. Concrete Arch 76 ft Los Angeles County, Dept. Public 
Works 

Magalia Dam Paradise, CA Hydraulic Fill 103 ft Paradise Irrigation District 

Morris Dam Los Angeles Co. Concrete Gravity 66 ft Los Angeles County, Dept. Public 
Works 

Pacoima Dam Los Angeles Co. Concrete Arch 365 ft Los Angeles County, Dept. Public 
Works 

Palisades Dam and 
Reservoir San Clemente, CA Earth Fill 146 ft South Coast Water District 

Paradise Dam Paradise, CA Earth Fill 175 ft Paradise Irrigation District 

DamExperience  Page 1 of 2  
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DAMS AND RESERVOIRS EXPERIENCE  
BY FIRM SINCE 1997 (Cont.) 

 
Facility Location Type  Height or 

Capacity Owner 

Portola Dam Coto de Caza, CA Earth Fill 53 ft Santa Margarita Water District 

Potrero Dam Westlake Village, CA Concrete 30 ft Westlake Lake Mngmt. Assoc. 

Puddingstone Dam Los Angeles Co. Earth Fill 147 ft Los Angeles County, Dept. Public 
Works 

Puddingstone Diversion 
Dam Los Angeles Co. Earth Fill 34 ft Los Angeles County, Dept. Public 

Works 

Rattlesnake Canyon Dam Orange Co., CA Earth Fill 79 ft Irvine Ranch Water District 

Rossmoor No. 1 Reservoir Laguna Hills, CA Earth Fill 36 ft El Toro Water District 

Sand Canyon Dam Irvine, CA Earth Fill 58 ft Irvine Ranch Water District 

San Joaquin Dam Newport Beach, CA Earth & Rockfill 224 ft Irvine Ranch Water District 

San Dimas Dam Los Angeles Co. Concrete Arch 131 ft Los Angeles County, Dept. Public 
Works 

San Gabriel Dam Los Angeles Co. Earth & Rockfill 320 ft Los Angeles County, Dept. Public 
Works 

Santa Anita Dam Los Angeles Co. Concrete Arch 225 ft Los Angeles County, Dept. Public 
Works 

Santa Anita Debris Dam Los Angeles Co. Earth Fill 56 ft Los Angeles County, Dept. Public 
Works 

Santiago Creek Dam Orange Co., CA Earth Fill 136 ft Serrano Water District 

Sawpit Dam Los Angeles Co. Earth Fill 150 ft Los Angeles County, Dept. Public 
Works 

Sawpit Debris Dam Los Angeles Co. Earth Fill 82 ft Los Angeles County, Dept. Public 
Works 

Schlegel Reservoir San Clemente, CA Buried, Concrete 12 MG South Coast Water District 

Schoolhouse Debris Dam Los Angeles Co. Earth Fill 38 ft Los Angeles County, Dept. Public 
Works 

Sierra Madre Dam Los Angeles Co. Concrete Arch 69 ft Los Angeles County, Dept. Public 
Works 

Thompson Creek Dam Los Angeles Co. Earthfill 66 ft Los Angeles County, Dept. Public 
Works 

Upper Oso Dam Mission Viejo, CA Earth Fill 142 ft Santa Margarita Water District 

Veeh Dam Laguna Hills, CA Earth Fill 37 ft Lake Hills Community Church 

Walteria Reservoir Torrance, CA Buried, Concrete 10 MG City of Torrance 

Wilson Debris Dam Los Angeles Co. Earth Fill 50 ft Los Angeles County, Dept. Public 
Works 
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Joseph J. Kulikowski, PE, GE 
President/Principal Engineer 

 
EDUCATION  
 B. S.  Civil Engineering, University of Connecticut, 1962 
 Graduate Studies, Civil Engineering, California State University at Long Beach, 1968-70 and 

Management, Pepperdine University, 1983-84 
 Management Certificate, UCLA Graduate School of Management, Executive Program, 1985 

 
PROFESSIONAL REGISTRATION  
 Civil Engineer, California, #C17478 
 Geotechnical Engineer, California, #491 
 Civil Engineer, Nevada, #7076 
 Civil Engineer, Arizona, #18763 
 Professional Engineer, Colorado, #19994 
 Professional Engineer, Wyoming, #4076 
 Professional Engineer, Utah, #7306 

 
PROFESSIONAL HISTORY 
 
• GENTERRA Consultants, Inc.; President and Principal Engineer (1995-present); 15375 Barranca 

Pkwy.,  Suite K-102, Irvine, California, 92618 [Phone 949-753-8766]; Sacramento, California 
[Phone 916-920-8707]; Las Vegas, Nevada [Phone 702-222-4050] and Phoenix, Arizona 
[Phone 602-953-7677]  

• Bing Yen & Associates, Inc.; Vice President; Irvine, California (1993-95) 
• Leighton & Associates, Inc.; Senior Vice President/Managing Principal; Corporate Vice 

President of Engineering/Director of Environmental Services; Irvine, California (1988 - 93) 
• The Earth Technology Corporation (EarthTech); Associate and Director of Geotechnical 

Services; Long Beach and Laguna Hills, California and Phoenix, Arizona (1981-87) 
• Wahler Associates; Vice President/Principal Associate; Newport Beach, California (1971-81). 
• New York State Department of Environmental Conservation; Senior Sanitary Engineer; White 

Plains, New York (1970-71) 
• California Department of Water Resources; Division of Safety of Dams; Associate Engineer 

and  Assistant Engineer; Sacramento, Los Angeles and Orange County, California (1964-70); 
Junior Civil Engineer; Division of Resources Planning; Sacramento, California (1962-63) 

•   Aerojet General Corp., Test Engineer-Liquid Propellant Rocket Engines; Nimbus, CA (1963) 
 
REPRESENTATIVE EXPERIENCE 
 
Mr. Kulikowski has over 40 years of progressively responsible engineering and management 
experience in civil, geotechnical and environmental engineering programs and projects. He has 
worked successfully for and with State regulatory agencies, industry and consulting engineering 
firms, and has extensive, specialized experience in public works, water resources, water and 
wastewater facilities, transportation facilities, commercial and industrial sites, residential land 
development, environmental and hazardous waste studies, and solid and hazardous waste 
disposal facilities.  
 
He has project and management expertise related to dams and reservoirs; water and sewage 
treatment plants; mine and mill waste tailings dams and embankments; pipelines; canals; 
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utilities; tunnels; foundations for structures and buildings; hazardous waste site assessment and 
remediation; landfills; land development; roads; transportation facilities; ports and harbors; large 
research facilities; power plants; radioactive waste disposal facilities; landslides and other 
hazards.   
 
Mr. Kulikowski’s responsibilities included regional and office management, consultation, project 
management, project engineering and review for civil, geotechnical, geologic, hydrologic, 
geohydrologic and environmental support for planning, design, site characterization, site 
evaluation, field and office evaluation, design, construction, operations and regulatory review. 
 
Mr. Kulikowski has performed dam safety evaluations, reviews and implementation of dam 
safety monitoring and surveillance programs on more than 300 dams, of which more than 200 
are in California and under the jurisdiction of the DSOD. He was Project Manager for several 
major projects involving the inspection and assessment of numerous dams and reservoirs under 
one contract, including the special inspection and evaluation of 59 Flood Control and Debris 
Dams for the County of Los Angeles Flood Control District, the Dam Safety Survey Program for 24 
dams owned by the Los Angeles County Department of Public Works, 50 waste deposits in the 
eastern U.S, and more than 150 dams in the State of California while a field engineer for the 
State DSOD.  
 
He was also Project Manager/Project Engineer for the geotechnical investigations and 
geotechnical aspects of the planning and design of over 30 major new dam and earthwork 
projects. The projects involved field and laboratory investigations, site appraisals, material 
evaluations, project feasibility studies, conceptual through final design, cost estimates, and 
schedules for new dams, foundations, site development and earthwork.   

 
Mr. Kulikowski has been the Principal-In-Charge and/or Project Manager for all of GENTERRA’s 
projects, including those involving more than 50 dams and reservoirs, third-party review for major 
land development projects, as well as hydrologic and environmental studies and evaluations of 
buildings for damage.  The projects have included geotechnical investigations, engineering 
analyses, reports, design recommendations, preparation of plans and specifications, 
construction consultation, evaluation of existing facilities, performance review and interaction 
with owners, other consultants, and regulatory agencies.  
 
Mr. Kulikowski's other project experience includes transportation, pipeline, tunnel and corridor 
projects; landfills; residential and commercial site development; hazardous waste and 
environmental studies; and many other types of projects on which he was Project Engineer, 
Project Manager, Project Director, and Principal Reviewer.  These projects include the Los 
Angeles Metro Rail project, the Superconducting Super Collider project, the Orange County 
Transportation Corridors; environmental site assessments for many projects; large land 
development projects and other types of facilities.  
 
Mr. Kulikowski has provided input for the geotechnical, hydrologic and hazardous waste aspects 
of planning and environmental impact reports for a variety of projects. He has conducted site 
investigations and preliminary design of covers, liners and drainage systems for waste disposal 
sites, and prepared geotechnical designs for tailings dams, impermeable dikes, walls, liners, 
surface impoundments and both surface and subsurface drainage components for waste 
disposal facilities. He has reviewed plans and reports for several landfills in southern California, 
and was co-author of the permit applicant’s guidance document for the EPA dealing with 
landfills, waste piles and impoundments, which included geotechnical design requirements for 
liners and covers. 
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REPRESENTATIVE DAM AND RESERVOIR PROJECTS 
 
Dams and Reservoirs in California (1970-2003) 
Principal Engineer, Project Manager and Project Engineer for the evaluation, geotechnical 
investigation and stability analyses of more than 300 dams in California, the design and 
construction of more than 20 new or enlarged dams and reservoirs, all under the jurisdiction of 
the California DSOD.  
 
El Toro Dam and Reservoir, Mission Viejo, California. GENTERRA Client:  El Toro Water District (1998 
– 2002) 
Project Manager and Principal Engineer for GENTERRA for the site investigation, design and 
construction of the enlargement of the 100-foot-high El Toro Dam and Reservoir for the El Toro 
Water District in Orange County, CA. The project includes a geotechnical investigation, seismic 
hazards analysis, stability analyses of the dam and reservoir under static and seismic loading 
conditions, analyses of safe reservoir drawdown rates, installation of new piezometers and 
coordination of review with the DSOD. 
 
Geotechnical Investigation and Design Recommendations, Gavilan Hills – Smith Road Channel 
and Debris Basin, Riverside Co., California. GENTERRA Client: Riverside County Flood Control and 
Water Conservation District  (2002) 
Principal-In-Charge for the geotechnical investigation and recommendations for the Gavilan 
Hills – Smith Road Channel and Debris Basin in Riverside County, California. The project included 
construction a debris basin with a 30-foot high embankment and a 3000 ft long concrete 
channel as part of a flood-prevention and water quality improvement project. The embankment 
is protected from erosion using soil-cement on the upstream and downstream faces. 
 
Stability of Upper Oso Dam, Mission Viejo, California. GENTERRA Client: Santa Margarita Water 
District (1998-2000)  
Project Manager for the geotechnical investigation, design and construction consultation for the 
Upper Oso Dam in Orange County, California, with a height of 142 feet and a foundation cutoff 
excavation depth of 135 feet, for the Santa Margarita Water District. The site and laboratory 
investigation for this 4800-acre-feet reclaimed water reservoir included a geologic and site 
exploration, laboratory testing of foundation materials, and location and testing of borrow 
materials. Static and dynamic stability analyses were performed as part of the design of the 
dam, and appropriate plans and specifications were prepared for the dam. 
 
Magalia Skyway Enlargement Project, Magalia Dam.  GENTERRA Client:  Paradise Irrigation 
District (2000 to Present) 
Principal Engineer for the Magalia Dam Skyway enlargement project.  Analyses indicated that 
the dam embankment may be unstable under severe earthquake loading conditions.  By using 
the results of a FLAC analysis to determine potential seismic deformations, and two-dimensional 
static and pseudo-static stability analyses, GENTERRA evaluated preliminary alternatives for 
widening the crest of the dam.  The alternatives included remediation of the dam embankment 
to achieve acceptable seismic deformations.  GENTERRA prepared a Preliminary Geotechnical 
Findings report presenting the results of our analyses, which is currently being reviewed by the 
dam owner and the County of Butte. 
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Stability Analyses, Palisades Dam and Reservoir, San Clemente, California  GENTERRA Client:  
South Coast Water District (1997 t0 2001) 
Project Manager/Principal Engineer for GENTERRA for the geotechnical investigation, seismic 
hazards analysis, stability analyses and dam safety program for Palisades Dam and Reservoir in 
San Clemente, California.  This is an earthfill dam with a height of approximately 146 feet.  
 
Dam Safety Programs for Irvine Ranch Water District Dams; GENTERRA Client: Irvine Ranch Water 
District (1999-present)  
Principal-In-Charge for the dam safety surveillance programs at Rattlesnake Canyon Dam and 
Sand Canyon Dam for the Irvine Ranch Water District, and for the dam safety surveillance 
program at Santiago Creek Dam for the Irvine Ranch Water District and the Serrano Water 
District. The work included coordination with the State DSOD for outlet tower modifications at 
Santiago Creek Dam.  
 
Stability of Right Abutment, Rattlesnake Canyon Dam, Irvine, California. GENTERRA Client: Irvine 
Ranch Water District (1999-present)  
Project Manager and Principal Engineer for GENTERRA during the design and construction of a 
stability berm and drainage improvements at Rattlesnake Canyon Dam for the Irvine Ranch 
Water District in Orange County, California. Work included preparation of design plans, 
specifications, a Work Plan and an Application for Approval with the DSOD. 
 
San Joaquin Reservoir, Newport Beach, California; for Irvine Ranch Water District and Berryman & 
Henigar, Inc. (2000 to present)  
Project Manager for GENTERRA while providing geotechnical services to place existing 2,500 
acre-feet reservoir back into operation.  GENTERRA engineers and geologists performed a 
geotechnical investigation, laboratory testing, and engineering analyses, and assisted in 
preparation of the Preliminary Design Report.  Geotechnical improvements included installation 
of impermeable geomembrane, and the installation of monitoring wells. 
 
Confidential Project, Lake Tahoe, Nevada. GENTERRA Client: Confidential (1999-2002) 
Principal Engineer for the review and evaluation of the geotechnical and hydraulic issues 
related to the design and construction of a dam and spillway in the area of Lake Tahoe, 
Nevada for a legal firm and insurance company representing a contractor. 
 
Engineer with California Division of Safety of Dams (1964 to 1970) 
Review and analysis of plans and specifications for earthfill dams and appurtenant structures, 
the coordination of the compilation of results of special evaluations of over 1,100 dams in 
California, and the inspection, evaluation and monitoring of more than 100 dams and reservoirs, 
while employed by the California Division of Safety of Dams, including the construction, 
enlargement, repair, alteration and maintenance of dams, reservoirs and appurtenant structures  
 
PIPELINES AND TUNNELS 
 
Hollywood Water Quality Improvement Project, Los Angeles, California. GENTERRA Client:  City of 
Los Angeles Department of Water and Power (1998-2000)  
Consultant for peer review of constructibility, design and environmental mitigation for earth and 
water resources issues related to the Hollywood Water Quality Improvement Project in Los 
Angeles, California, as part of the Jacobs Associates and Higman-Doelhe team under contract 
to the City of Los Angeles Department of Water and Power.  The project includes two tunnels up 
to six feet in diameter and up to one mile in length, two large (30 million gallons each) 
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underground water storage tanks, a microfiltration plant and associated pipelines, access roads 
and other facilities.  
 
Diemer Intertie Pipeline Project (1978-79) 
Project Manager for the geotechnical investigation and design studies for the Diemer Intertie 
Pipeline project for the Municipal Water District of Orange County, a 12-mile long, 120-inch 
diameter pipeline that includes structures, river crossings, and tunneling. 
 
Los Angeles Metro Rail Project (1985-87) 
Project Manager for the geotechnical and hazardous materials investigation for a proposed 
segment of the Los Angeles Metro Rail project near Union Station in downtown Los Angeles, 
which included tunnels and pipelines. 
 
Superconducting Super Collider (SSC) Project (1985-87) 
Project Director for the geotechnical and environmental services for preliminary design studies 
and site selection for the Department of Energy's Superconducting Super Collider (SSC) project, 
which included a 52-mile long large-diameter tunnel and associated facilities. 
 
Metro Rail Red Line Project (1993-1995) 
Deputy Project Manager for the environmental engineering services (EnviroRail Joint Venture) 
contract for the Los Angeles Metro Rail Red Line project, Mid-Cities Segment with Western and 
Eastern Extensions for the Rail Construction Corporation (RCC) of the Los Angeles County 
Metropolitan Transportation Agency (MTA). 
 
LANDFILLS, COVERS AND LINERS 
 
Principal-In-Charge for geotechnical field studies and engineering analyses for liner design at 
the Highgrove Landfill in Riverside County, California (1985) 
 
Principal In Charge for identification of suitable cover materials and evaluation of permeability 
of alternative cover designs for the Coyote Canyon Landfill in Orange County, California for the 
County Integrated Waste Management Department (1984-1986) 
 
Principal Reviewer for design of evaporation pond liners at the Ocotillo Power Plant for Arizona 
Public Service as part of a RCRA Permit Application(1984) 
 
Principal In Charge for development of geotechnical design recommendations for the liner at 
waste evaporation ponds for the Palo Verde Nuclear Power Plant in Arizona, and for 
geotechnical observation and laboratory testing services during construction ( 1983-85) 
 
Co-author of permit applicant’s guidance document for the U.S. Environmental Protection 
Agency (EPA) related to landfills, waste piles and impoundments, including geotechnical design 
requirements for liners and covers (1984) 
 
Consultant for geotechnical and hydrologic issues during review and preparation of 
environmental documentation for a proposed solid waste landfill in north San Diego County, CA; 
represented Local Enforcement Agency of the County Department of Environmental Health 
(1995-96) 
 
Consultant for conceptual design and cost estimate for closure of an industrial landfill in San 
Diego County for a confidential client (1995) 
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MINE WASTE AND TAILINGS DAM PROJECTS 
 
Engineering and management of programs and projects for mine waste, hazardous waste, 
sanitary landfills, and special studies for contamination and environmental studies for large sites 
and critical facilities; co-author for guidance documents for the U.S. Bureau of Mines and the 
Environmental Protection Agency (1973-84). 
 
Field evaluation of over 50 coal waste dumps and impoundments in the Appalachian Region of 
the eastern United States, and participation in the development of regulations, standards, 
criteria, and guidelines for mine waste disposal for the U.S. Bureau of Mines (1973). 
 
Project Manager for the investigation and design of three large phosphate tailings dams in Brazil, 
as well as conceptual design of two iron ore tailings dams (1976-78). 
 
Project Manager/Project Engineer for the investigation, final design and construction of a 75-foot 
high starter dam and a 420-foot high copper tailings dam in Bagdad, Arizona, and the 
investigation and conceptual design of a nearby 750-foot high copper tailings dam (1976). 
 
Project Manager/Project Engineer for the site and laboratory investigations, final design and 
preparation of plans and specifications for a large coal sludge impoundment dam and facilities 
at Hazard, Kentucky for River Processing, Inc.  This was the first impoundment dam classified as 
high to be approved by the State and Federal agencies under new regulations (1979-81). 
 
Project Manager for the geotechnical investigation and preliminary design of an earth filled 
dam and evaluation of an existing soda ash tailings impoundment in Granger, Wyoming for 
Texasgulf Chemicals Company (1981-82). 
 
HAZARDOUS WASTE AND ENVIRONMENTAL STUDIES 
 
Project Manager for the geotechnical and hazardous materials investigation for a proposed 
segment of the Los Angeles Metro Rail project at a town gas site near Union Station in downtown 
Los Angeles, including tunnels and pipelines (1985-87). 
 
Principal-In-Charge for the remedial investigation and monitoring at McClellan Air Force Base in 
Sacramento for the U.S. Air Force (1989-90). 
 
Principal-In-Charge for the remediation of soils contaminated with jet fuels at McCarren Airport 
in Las Vegas, Nevada (1989-90). 
 
Project Manager for the environmental assessment and groundwater investigation for a 
Superfund Site in Riverside, California (1989-91). 
 
Principal-In-Charge for hazardous waste site assessments for over 30 projects in Los Angeles, 
Orange and San Diego Counties, California (1989-Present). 
 
Principal-In-Charge for the environmental site assessment for the proposed 28-mile Alameda 
Corridor for the Port of Long Beach (1993). 
 
Principal Reviewer for the Phase II investigation and remediation of several large sites in Los 
Angeles and Orange Counties for sites with contaminated soil and groundwater, including 
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facilities for electronics manufacturers, aerospace industries and municipal clients  (1991 - 2001). 
 
Deputy Project Manager for the environmental engineering services (EnviroRail Joint Venture) 
contract for the Los Angeles Metro Rail Red Line project, Mid-City Segment for the Los Angeles 
County Metropolitan Transportation Agency (MTA) (1993-1995). 
 
Project Manager and Principal-In-Charge for geotechnical observation and testing of backfill in 
a large excavation formed during building demolition and remediation of contaminated soil at 
an aerospace facility in Hawthorne, CA (1995-96) 
 
Principal-In-Charge for environmental site assessment and remediation of a portion of a business 
park with soils contaminated by chlorinated solvents in San Diego, CA (1996) 
 
Principal-In-Charge for environmental site assessment of a medical building in Escondido, CA in 
which patients and staff were experiencing respiratory problems reportedly related to indoor air 
quality (1995-96). 
 
Consultant for geotechnical and hydrologic issues during review and preparation of 
environmental documentation for the  proposed Gregory Canyon solid waste landfill in north 
San Diego County, CA; represented Local Enforcement Agency of the San Diego County 
Department of Environmental Health (1995-96) 
 
Consultant for peer review of constructibility, design and environmental mitigation for earth and 
water resources issues related to the Hollywood Water Quality Improvement Project in Los 
Angeles, California, as part of the Jacobs Associates and Higman-Doelhe team under contract 
to the City of Los Angels Department of Water and Power.  The project includes two tunnels up 
to six feet in diameter and up to one mile in length, two large (30 million gallons each) 
underground water storage tanks, a microfiltration plant and associated pipelines, construction 
access roads and other facilities (1997 to 2001). 
 
Project Director for the geotechnical and environmental services for preliminary design studies 
and site selection for the Department of Energy's Superconducting Super Collider (SSC) project, 
which included a 52-mile long large-diameter tunnel and associated facilities (1985-87). 
 
PROFESSIONAL AFFILIATIONS 

• ASCE-American Society of Civil Engineers (Fellow) 
• CELSOC – Consulting Engineers and Land Surveyors of California 
• ACEC Nevada – American Council of Engineering Companies in Nevada 
• ACEC Arizona -  American Council of Engineering Companies in Arizona 
• USSD-United States Society on Dams (Subcommittee- Dam Construction) 
• ASDSO-Association of State Dam Safety Officials 
• AWWA - American Water Works Association 
• ACWA - Association of California Water Agencies 
• OCWA- Orange County Water Association 
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Douglas A. Harriman, PE, REA, CGWP 
Associate Engineer 

 
EDUCATION 
 M.S., Civil & Environmental Engineering, Rutgers University, 1987 
 M.S., Environmental Science, Rutgers University, 1982 
 B.S., Biological Science, Drexel University, 1974 

 
PROFESSIONAL REGISTRATION 
 Registered Civil Engineer, California, No. 55620 
 Registered Civil Engineer, Arizona, No. 33285 
 Registered Environmental Assessor I, California (REA No. 07039) 
 Certified Groundwater Professional, National Groundwater Association (CGWP No. 247) 
 OSHA Certification: Hazardous Waste Operations, Site Supervisor, and Confined-Space Entry 

 
REPRESENTATIVE EXPERIENCE 
 
Mr. Harriman works on a diverse assortment of projects, including those relating to dams, 
reservoirs, and water and wastewater facilities.  He has more than 20 years of experience as a 
project manager conducting hydrologic and hydraulic studies, investigations of surface water 
and ground water resources, seepage and leachate migration, storm water pollution 
prevention, aquifer pump tests, draw-down analyses, and water quality.  He has completed 
flood inundation studies, environmental site assessments, site characterizations with subsurface 
exploration, and regulatory compliance projects.  He is proficient using major computer software 
programs to solve engineering problems for clients.  This computer knowledge includes dam 
break inundation using DAMBRK, FLDWAV, and BREACH programs developed by the National 
Weather Service, spreadsheet methods, and Army Corps of Engineers HEC-HMS and HEC-RAS. 
 
He has completed projects for governmental agencies (federal, state, and local), water districts, 
utilities, architects, attorneys, civil engineers, commercial developers, manufacturing industries, 
scrap metal facilities, insurance and financial institutions.  He has made extensive use of 
computers for data analysis, hydrologic and hydraulic analyses, delineation of soil and ground 
water contamination, and for modeling of surface and ground water flow.  Mr. Harriman has 
experience in surface water and ground water hydrology, in hydrologic and hydraulic studies for 
dams and reservoirs, and in assessing the feasibility of developing potential ground water 
sources.  He has investigated water quantity and quality issues at numerous sites to determine 
the feasibility of using local water sources for drinking water supplies. 
 
REPRESENTATIVE PROJECTS 
 
Dam Failure Inundation Maps for Reservoir Owners 
Mr. Harriman performed inundation studies and prepared flood inundation maps for a variety of 
dams and reservoirs.  Several analytical methods and computer models were used for these 
studies, which are typically done as part of Emergency Action Plans.  Mr. Harriman performed 
dam-break inundation analyses using the DAMBRK, FLDWAV, and BREACH programs developed 
by the National Weather Service (NWS), as well as spreadsheet methods and HEC-RAS, a 
program developed by the U.S. Army Corps of Engineers.  Downstream flood inundation 
scenarios are typically evaluated using the hydrodynamic models (DAMBRK or FLDWAV), and 
then results are checked for reasonableness and consistency.  The hypothetical dam break 
simulations involve breaching of the dam and incorporation of up-to-date information regarding 
downstream conditions in order to delineate flooded areas. 
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Inundation Study, El Toro Reservoir Improvement Project, Mission Viejo, California 
Mr. Harriman prepared the inundation technical study and mapping for the enlargement of the 
El Toro (R-6) reservoir.  This study was needed to address the increase in potential flood 
inundation area as a result of the additional capacity of the enlarged reservoir.  Mr. Harriman 
used BOSS DAMBRK, an enhanced, proprietary version of the model, to determine the 
characteristics of the flood wave at representative cross sections, and to estimate the limits of 
flooding along the downstream reaches of the stream.  The inundation maps were prepared in 
accordance with guidelines of the State of California Governor’s Office of Emergency Services. 
 
Dam Safety Monitoring and Surveillance Programs 
Mr. Harriman has worked with other GENTERRA personnel providing evaluations of performance 
and developing recommendations for monitoring and surveillance programs of several dams 
and reservoirs.  The work includes acquisition and review of results of instrumentation readings, 
development of periodic reports to the regulatory agencies, recommendations for installation of 
new instrumentation, field inspections, special reviews and other consultation when required. 
 
Initial Study and Evaluation of Groundwater Conditions, El Toro Reservoir, Mission Viejo, California 
Mr. Harriman participated in the preparation of an Expanded Initial Study for enlargement of the 
El Toro (R-6) reservoir.  Pursuant to the California Environmental Quality Act, the Initial Study 
addressed potential environmental impacts caused by the enlargement construction project.  A 
limited number of chemicals are associated with existing operations at the facility.  It was 
determined, however, that no aspect of the project would result in the introduction of hazardous 
wastes onto the project site.  Mr. Harriman also contributed to evaluations of groundwater and 
seepage issues at El Toro Dam and Reservoir.  The work included a review of groundwater 
conditions around the reservoir, studies related to the stability of the reservoir slopes during rapid 
drawdown of the reservoir, recommendations for lowering groundwater levels behind the 
reservoir liner, construction of a groundwater interceptor trench, installation of new piezometers, 
and coordination of review with the DSOD.  Alternatives for increasing the drawdown rate and 
increasing the total reservoir storage capacity were evaluated. 
 
Water-Quality Monitoring and Treatment, El Toro Dam and Reservoir, Mission Viejo, California 
Mr. Harriman developed and implemented a water-quality monitoring plan for collection of field 
data, sampling of water, and laboratory analysis of constituents in the discharge water.  He 
carried out this testing program as a means of checking for compliance with Regional Board 
discharge limits based on the relevant NPDES permit requirements.  Mr. Harriman also prepared 
a preliminary design for a treatment system to remove heavy metals from the groundwater 
emanating from the interceptor trench at this reservoir site. 
 
Groundwater Irrigation Feasibility, Brea, California 
Mr. Harriman evaluated the feasibility of using ground water for irrigation of a proposed park 
and commercial development in the City of Brea, California.  Data were obtained from the City 
of Brea, the Orange County Water District, California Department of Water Resources, U.S. 
Geological Survey, and reports prepared by consultants.  Potential water demands and 
production rates for the proposed well were evaluated.  Tables were compiled which listed 
ground water data and water quality data from nearby wells.  Water quality aspects of the 
study included consideration of TDS, hardness, iron, and potential contaminant migration from 
nearby leaking underground fuel tank sites. 
 
Evaluation of Proposed Alternative Landfill Liner Designs, Bakersfield, California 
Mr. Harriman evaluated the performance of proposed alternative liner designs for the Bakersfield 
Metropolitan Sanitary Landfill (Bena Landfill).  Mr. Harriman modeled liner performance using EPA 
computer codes, including the Hydrologic Evaluation of Landfill Performance (HELP) model and 
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the Multimedia Exposure Assessment (MULTIMED) model.  He wrote up the results of the 
evaluation and presented copies of the report to Kern County and the State Water Resources 
Control Board. 
 
Ground Water Investigation and Modeling, Corona Del Mar, California 
Mr. Harriman performed a ground water study of a shallow aquifer in a landslide formation.  The 
site was being developed as a golf course.  Hydrogeologic data were collected and analyzed 
to determine ground water conditions with respect to the stability of the landslide.  Field work 
included installation of wells, collection of ground water data, ground water sampling, and an 
aquifer test.  Based on analysis of the field data, aquifer characteristics were estimated and 
applied in the model to simulate changes in ground water heads in response to a de-watering 
scheme.  Simulation of aquifer dynamics was accomplished using the Princeton Transport Code, 
a ground water flow and solute transport model.  The model was used to analyze the flow of 
ground water through the aquifer.  The rate and extent of ground water rise due to simulated 
infiltration of precipitation was determined.  The effectiveness of ground water pumping to lower 
potentiometric heads and maintain landslide stability was evaluated. 
 
Hydrogeologic Study, Lucerne Valley, California 
Mr. Harriman investigated ground water quantity, quality, and subsidence issues at a site in 
Lucerne Valley to determine the impact of hydrogeologic constraints on a proposed 
development project.  Existing ground water data and reports were reviewed and evaluated.  
Annual water demands for irrigation were estimated based on data provided by the University 
of California at Riverside and a local water district.  Potential long-term reliability of water 
quantity and quality were assessed, and mitigation opportunities were discussed. 
 
PROFESSIONAL AFFILIATIONS 
 
 American Society of Civil Engineers (ASCE)  
 United States Society on Dams (USSD) 
 Orange County Water Association (OCWA) 
 National Ground Water Association (NGWA) 
 Groundwater Resources Association-Southern California 

 
PUBLICATIONS 
 
Fusillo, T.V., Schornick, J.C., Jr., Koester, H.E., and Harriman, D.A. (1980).  "Investigation of acidity 
and other water-quality characteristics of Upper Oyster Creek, Ocean County, New Jersey," 
USGS Water-Resources Investigations Report 80-10, 80 p. 
 
Harriman, D.A. and Velnich, A.J. (1982).  "Flood data in West Windsor Township, Mercer County, 
New Jersey, through 1981 water year," USGS Open-File Report 82-434, 22p. 
 
Harriman, D.A. and Voronin, L.M. (1984).  "Water-quality data for aquifers in East-Central New 
Jersey, 1981-82," USGS Open-File Report 84-821, 39 p. 
 
Harriman, D.A. and Sargent, B.P. (1985).  "Ground-water quality in East-Central New Jersey, and 
a plan for sampling networks," USGS Water-Resources Investigations Report 85-4243, 114 p. 
 
Harriman, D.A., Pope, D.A., and Gordon, A.D. (1989).  "Water-quality data for the 
Potomac-Raritan-Magothy aquifer system in the northern Coastal Plain of New Jersey, 1923-86," 
New Jersey Geological Survey Report 19, 94 p. 
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Donald H. Babbitt, PE, GE 
Principal Engineer 

 
EDUCATION  
B.S. Civil Engineering, University of California, Berkeley, 1957 
 
PROFESSIONAL REGISTRATION  
 Registered Civil Engineer, California (No. 13028) 
 Registered Geotechnical Engineer, California (No.104) 

 
EXPERIENCE SUMMARY 
 
Don Babbitt, currently a part time employee and Principal Engineer for GENTERRA Consultants, 
Inc., has 40+ years experience in dam design, dam safety, earthquake engineering, and water 
resources engineering. He was employed by the California Department of Water Resources 
(DWR) for 40 years.  He was one of the lead designers of the dams of the California State Water 
Project.  His duties were subsequently expanded to include responsibility for DWR’s canal 
designs, including of the Peripheral Canal for the Sacramento San Joaquin Delta.  He was later 
assigned to the Division of Safety of Dams, where he became the chief of the two major 
branches of the organization. 
 
PROFESSIONAL HISTORY 
 
Principal Engineer, GENTERRA Consultants, Inc. (1999-Present) 
 
Mr. Babbitt provides technical expertise for the design, construction, repair, alteration and 
evaluation of dams, appurtenant structures and other hydraulic structures.  Examples of his 
assignments are:  
 
 Independent Consulting Board for the Sites Reservoir Feasibility Study for the California 

Department of Water Resources 
 Review of plans and specifications to enlarge or rehabilitate dams 
 Inspection, evaluation and recommendation of repairs for an old concrete dam 
 Peer review of reports on evaluation of the performance of dams  
 Review of the cause of failure of an embankment dam 
 Expert witness in legal cases and insurance claims related to dams and reservoirs 

 
Chief, Design Engineering Branch, California Department of Water Resources, Division of Safety of 
Dams (1992-98)  
 
Mr. Babbitt was responsible for review of plans, specifications and reports for construction and 
modification of dams; reevaluation of existing dams for seismic stability, spillway adequacy and 
other safety concerns; and review of structural performance instrumentation data and reports.  
Projects included construction of Eastside Reservoir, Los Vaqueros Dam, and Seven Oaks Dam 
and the rehabilitation of Butt Valley, Lake Almanor, and Devils Gate Dams. 
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Chief, Field Engineering Branch, California Department of Water Resources, Division of Safety of 
Dams (1985-92) 
 
Mr. Babbitt was responsible for maintenance inspections and safety evaluations of more than 
1200 existing dams, as large as 770-foot high (Oroville Dam), and for inspections to confirm safe 
construction and modification of dams.  Major construction projects included New Spicer 
Meadow and McKays Point Diversion Dams, and modification of Gibraltar Dam. 
 
Section Chief in Design Engineering Branch, California Department of Water Resources, Division 
of Safety of Dams (1976-85) 
Mr. Babbitt supervised the review of plans, specifications and reports for construction and 
modification of dams; reevaluation of existing dams for seismic stability, spillway adequacy and 
other safety concerns.  He also reviewed the Bureau of Reclamation’s investigation and repair of 
the San Luis Dam landslide in 1981-82.  He was a member of the review panel for the Lower Quail 
Canal break in 1984. 
 
California Department of Water Resources, Chief, Dams and Canals Design Unit, Division of 
Design and Construction (1960-76) 
Mr. Babbitt was responsible for design of the proposed Peripheral Canal for the Sacramento-San 
Joaquin Delta; completing the design of the embankments of Pyramid and Perris Dams; design 
of the embankments of Thermalito Forebay and Afterbay, Parish Camp and Bidwell Bar Saddle 
Dams (Oroville Reservoir) and Bethany Dams 1, 2, 3 and 4 and design of cross drainage, a 
pipeline reach and remedial construction for the California Aqueduct, including canal failures.  
His last position in that division was Chief of the Dams and Canals Design Unit.   
 
Military Service, U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg, 
Mississippi - Civil Engineering Assistant (1958-60) 
 
Mr. Babbitt performed research and testing of pavement subgrades and strength of culverts. 
 
California Department of Water Resources, Division of Design and Construction, Sacramento, CA 
- Junior Civil Engineer (1957-58) 
 
Mr. Babbitt provided canal, pipeline, drainage and small structure design and reservoir 
operation studies for the State Water Project. 
 
PROFESSIONAL ACTIVITIES 
 American Society of Civil Engineers  

- Chairman, Session on Slopes and Embankments, Earthquake Engineering/Soil Dynamics 
Specialty Conference, 1978 

- President, Sacramento Section,1980 
- Invited Lecturer, Geotechnical Practice in Dam Rehabilitation, 1993. 

 U.S. Society on Dams 
- Board of Directors 1997 – 2003 
- Technical Activities Committee 1979-84  
- Foundations Committee 1987-97 
- Earthquakes Committee 1987- 

 National Research Council- Committee on Safety Criteria for Dams, 1984  
 Federal Emergency Management Agency 

- Workshop on Dam Safety Research, 1985 
- Workshop on Current Developments in Dam Safety Management, 1985 

 Building Seismic Safety Council (for FEMA) - Abatement of Seismic Hazards to Lifelines, 1986 
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AUTHOR OR CO-AUTHOR OF: 
 
 "Dams, Embankments and Reservoirs", Abatement of Seismic Hazards to Lifelines, FEMA, 1987 

 
 “Improving Seismic Safety of Dams in California”, Geotechnical Practice in Dam 

Rehabilitation, ASCE, 1993 
 
 "Foundation Treatment for Embankment Dams on Rock", Journal Soil Mechanics and 

Foundations Division, ASCE, 1972 
 
 "California's Seismic Reevaluations of Embankment Dams", Seismic Design of Embankments 

and Caverns, ASCE, 1983 
 
 Safety of Dams - Flood and Earthquake Criteria,  National Research Council, 1985 

 
 United States General Papers for the International Congress on Large Dams, 1982 and 1985 

 
 Observed Performance of Dams During Earthquakes, USSD, 1992 and 2000 

 
 Guidelines for Earthquake Design and Evaluation of Structures Appurtenant to Dams, 

USCOLD, 1995 
 
 “General Approach to Seismic Stability Analysis of Embankment Dam”, California 

Department of Water Resources for the Association of State Dam Safety Officials, 1996 
 
 Updated Guidelines for Selecting Seismic Parameters for Dam Projects, USCOLD, April 1999 

 
 “Emergency Drawdown Capability”, USCOLD Nineteenth Annual Meeting and Lecture, May 

1999 
 
 Guidelines for Inspection of Dams Following Earthquakes, USSD, 2003 

 
 Guidelines on Design Features of Dams to Effectively Resist Seismic Ground Motion, USSD, 

2003 
 
 Dam Modifications to Improve Performance During Strong Earthquakes, USSD, 2003 
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Geoffrey L. Smith, PE 
Project Engineer 

 
EDUCATION  
 M.S., Civil Engineering, The University of Texas at Austin, 1999 
 B.S., Civil Engineering, Oregon State University, 1997 

 
PROFESSIONAL REGISTRATION  
 Professional Civil Engineer, California No. C62410 
 Certified, OSHA HAZWOPER (29 CFR 1910.120) 
 Certified, 8-hr OSHA Supervisor  
 Certified, 8-hr Nuclear Moisture/Density Gauge Operator 

 
REPRESENTATIVE EXPERIENCE 
Mr. Smith has over 5 years of experience in geotechnical and civil engineering practice.  His 
geotechnical experience includes geotechnical site investigations, foundation studies, lining 
studies for reservoirs, design of geosynthetics, analyses for static and seismic slope stability, 
seismic response and deformation, landfill and waste geotechnics, field soil sampling and 
testing, instrumentation (inclinometers and piezometers), and construction quality assurance.   
 
At GENTERRA, Mr. Smith performs geotechnical engineering analyses and coordinates field and 
laboratory geotechnical investigations for GENTERRA’s projects involving dams and reservoirs, 
structures, and other facilities.  Mr. Smith brings an expertise in the use of geosynthetics for civil 
construction projects with extensive design experience using geomembranes, geocomposites, 
geotextiles, GCLs, and geogrids for a broad range of applications.  In addition, Mr. Smith has 
experience in civil engineering design for landfills such as liner design, waste mass stability, 
surface water system design, concrete design, and leachate collection system design.   
 
REPRESENTATIVE PROJECTS 
 
Seismic Performance Review, Rattlesnake Canyon Dam, Orange County, California. GENTERRA 
Client: Irvine Ranch Water District (2002-2003)   
Project Engineer for the seismic performance review for this 80-ft high homogeneous earth dam 
in Orange County, California.  The dam was constructed on a 40-ft-thick alluvium foundation 
that is considered susceptible to liquefaction.  As a result, the reservoir has been placed under a 
restricted reservoir level by the DSOD.  Mr. Smith performed a seismic review of the dam which 
included reviewing previous field and laboratory data, performing seismic stability analyses 
including deformation analyses, and evaluating conceptual-level alternatives to remedial the 
dam.  The deformation analyses were used to optimize the conceptual-level alternatives which 
included installation of stone columns, removal and replacement, dewatering, and berm 
construction. Mr. Smith prepared cost estimates of the various remedial alternatives. 
 
Grizzly Ice Pond Dam, Plumas County, California. GENTERRA Client: Walton’s Grizzly Lodge   
Project Engineer for the repairs to this 40 ft-high, 130-ft long concrete gravity dam built in 1915.  
The dam is situated at high elevations and subjected to extreme environmental forces.  The dam 
was suffering from extensive freeze/thaw damage, primarily as a result of seepage through the 
dam from major cracks in the upstream face.  Mr. Smith designed the repair remedies which 
included epoxy grouting the major cracks through the dam, patching the spalling concrete on 
the upstream and downstream faces, installing drain holes, and additional reinforcement for the 
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dam.  Mr. Smith prepared the construction documents and was involved with the approval 
process with the State Division of Safety of Dams. 
 
Geotechnical Investigation and Design Recommendations, Gavilan Hills – Smith Road Channel 
and Debris Basin, Riverside Co., California. GENTERRA Client: Riverside County Flood Control and 
Water Conservation District (2002)   
Project Engineer for the geotechnical investigation and recommendations for the construction 
of a debris basin with a 30-foot high embankment and a 3,000-ft-long concrete channel as part 
of a flood-prevention and water quality improvement project.  The embankment is protected 
from erosion using soil-cement on the upstream and downstream faces.  The work included a 
geologic hazards review, field investigation, laboratory testing, and formulation of geotechnical 
recommendations.  Mr. Smith performed the engineering analyses that included evaluation of 
static and seismic stability of the debris basin and embankment slopes, seismic settlement, 
liquefaction, and collapse potential. Geotechnical recommendations included slope 
inclination, soil-cement, corrosion, foundation design parameters, bedrock rippability, and 
erosion control.  An extensive laboratory testing program was implemented to evaluate 
representative soil properties.  Mr. Smith evaluated the laboratory results and assisted in 
preparation of the final geotechnical report. 
 
Annual Surveillance Program, Irvine, California. GENTERRA Client: Irvine Ranch Water District   
Mr. Smith is the geotechnical engineer for the annual surveillance program for the Sand Canyon 
and Rattlesnake Canyon dams.  The work includes monthly evaluation of piezometer and 
seepage data for the dams.  Site visits are performed twice a year to visually evaluate the dam 
safety.  An annual report is prepared that summarizes the evaluation of the data and site visits 
and recommendations regarding future monitoring and safety of the dams. 
 
Annual Surveillance Program, Orange County, California. GENTERRA Client: Santa Margarita 
Water District   
Mr. Smith is the geotechnical engineer for the annual surveillance program for the Upper Osos 
and Portola dams in Mission Viejo and Cota de Caza, respectively.  The work includes weekly 
evaluation of piezometer and seepage data for the dams.  Site visits are performed twice a year 
to visually evaluate the dam safety.  An annual report is prepared that summarizes the 
evaluation of the data and site visits and recommendations regarding future monitoring and 
safety of the dams. 
 
San Joaquin Reservoir, Newport Beach, California. GENTERRA Client: Irvine Ranch Water District 
and Berryman & Henigar, Inc.   
Mr. Smith performed was responsible for engineering analyses and design services related to the 
clay, asphalt, and PVC geomembrane lining, and subdrain system for the reservoir sideslopes.  
Mr. Smith performed stability analyses to evaluate the geosynthetic-lined stability and maximum 
inclination to minimize cost.  Mr. Smith was also responsible for management to balance fill (from 
existing clay stockpiles) and cut quantities (from slope preparation activities) to meet the client’s 
needs for the reservoir lining.  Mr. Smith assisted with preparation of the Preliminary Design Report 
for approval from the Division of Safety of Dams.  He provided engineering support for field and 
laboratory geotechnical investigations and soil testing.  Mr. Smith will prepare the technical 
specifications for asphalt, soil, and geosynthetics installation. 

 
Bakersfield Metropolitan (Bena) Sanitary Landfill, Bakersfield, California. Client:  Kern County 
Waste Management Department.  Mr. Smith was the design engineer responsible for Module 1, 
Phase 2 design tasks that included preparation of a design report, preparation of an alternative 
liner demonstration report, performing design calculations (geosynthetics and civil design), and 
preparation of the design documents (drawings, specifications,and CQA plan).  For the Design 
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Report, Mr. Smith presented the results of an alternative liner analysis, static and seismic slope 
stability analyses, and general design analyses (e.g., surface water calculations).  Mr. Smith 
performed and presented design calculations for the leachate collection system, veneer 
stability of the combined operations/leachate collection layer, anchor trench design, 
geomembrane puncture evaluation, and Hydrologic Evaluation of Landfill Performance (HELP) 
analyses.  The Design Report demonstrated that an encapsulated GCL (e.g., GSE’s GundSeal) 
could be safely used in the high seismic region while utilizing 3H:1V interim and final waste slopes.  
In addition, the Design Report demonstrated that the sideslope operations layer could also be 
used as a combined LCRS drainage layer – resulting in significant cost saving for the client.   
 
Corrective Action Management Unit, Henderson, Nevada. Client:  Basic Remediation Company.  
Mr. Smith performed all aspects of geotechnical and geosynthetic design for the base and final 
cover liner systems for the 26-acre site used to contain contaminated soils.  Design analyses 
conducted by Smith included cut, waste mass, and liner slope stability, veneer stability, 
geosynthetics design, HELP model analysis, leachate collection system design, and design 
details. Mr. Smith performed seismic deformation analyses for the final cover and base liner using 
the Newmark method based on output from one-dimensional seismic (SHAKE91) analyses.  In 
addition, Mr. Smith developed technical specifications and the CQA Plans for the base liner and 
cover liner system.  Mr. Smith prepared two design reports summarizing the results of the base 
liner and cover system calculations. 
 
Olympic View Sanitary Landfill, Port Orchard, Washington. Client:  Waste Management, Inc.  Mr. 
Smith has been involved in all aspects of landfill design and planning for the Olympic View 
Sanitary Landfill (OVSL). Mr. Smith has played a key role in the following projects: 

 5-acre Phase II, Stage B3 lateral expansion; 
 6-acre Phase I, East and West Slopes Cover final closure; and 
 Final Closure and Post-Closure Maintenance plans. 

Mr. Smith completed all tasks associated with the above projects including preparation of 
grading plans, design details, technical specifications, and the construction quality assurance 
plan.  Design calculations included static and seismic slope stability and geosynthetics design as 
well as leachate collection system design and surface water system design. In addition, Mr. 
Smith prepared a GCL equivalency document that won approval from the Washington 
Department of Ecology to use an alternative geosynthetic clay liner for the base liner in lieu of 
the burdensome prescriptive 2-ft low-permeability liner.  For the Final Closure Plan, Mr. Smith 
designed final grades for the landfill that included design of final surface water control features, 
erosion control measures, and design of diversion berms.   
 
PROFESSIONAL AFFILIATIONS 
 Member, American Society of Civil Engineers (ASCE) 
 International Geosynthetics Society (IGS) 
 North American Geosynthetics Society (NAGS) 
 Member, Association of State Dam Safety Officials (ASDSO) 
 Volunteer, Disaster Recovery Program for the California Office of Emergency Services 
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