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PREFACE 

The California Energy Commission’s (CEC) Energy Research and Development Division 

supports energy research and development programs to spur innovation in energy efficiency, 

renewable energy and advanced clean generation, energy-related environmental protection, 

energy transmission and distribution and transportation.  

In 2012, the Electric Program Investment Charge (EPIC) was established by the California 

Public Utilities Commission to fund public investments in research to create and advance new 

energy solutions, foster regional innovation and bring ideas from the lab to the marketplace. 

The CEC and the state’s three largest investor-owned utilities—Pacific Gas and Electric 

Company, San Diego Gas & Electric Company and Southern California Edison Company—were 

selected to administer the EPIC funds and advance novel technologies, tools, and strategies 

that provide benefits to their electric ratepayers. 

The CEC is committed to ensuring public participation in its research and development 

programs that promote greater reliability, lower costs, and increase safety for the California 

electric ratepayer and include: 

• Providing societal benefits. 

• Reducing greenhouse gas emission in the electricity sector at the lowest possible cost. 

• Supporting California’s loading order to meet energy needs first with energy efficiency 

and demand response, next with renewable energy (distributed generation and utility 

scale), and finally with clean, conventional electricity supply. 

• Supporting low-emission vehicles and transportation. 

• Providing economic development. 

• Using ratepayer funds efficiently. 

San Gabriel Valley Water Company “Plug-and-Play” In-Conduit Hydropower Development 
Project is the final report for Contract Number EPC-16-024 conducted by San Gabriel Valley 

Water Company. The information from this project contributes to the Energy Research and 

Development Division’s EPIC Program. 

For more information about the Energy Research and Development Division, please visit the 

CEC’s research website (www.energy.ca.gov/research/) or contact the CEC at 

ERDD@energy.ca.gov. 

http://www.energy.ca.gov/research/


 

 

iii 

ABSTRACT 

California has many small, in-conduit hydroelectric stations with generation potential less than 

100 kilowatts. Many of these stations have similar pressure and flow characteristics as well as 

design layouts, lending them to modularization and standardization. Recent technological 

advances in off-the-shelf, low-cost turbine technologies for these types of stations have 

reduced costs, but a significant barrier remains to broader development of existing conduits 

that would enable the extraction of power. This includes the high cost associated with the civil, 

mechanical, and electrical design, interconnection, and construction. Thus, further 

advancements in modularizing and standardizing in-conduit hydroelectric technology is needed 

to reduce costs and accelerate implementation. 

The San Gabriel Valley Water Company “Plug-and-Play” In-Conduit Hydropower Development 

Project designed, developed, and demonstrated a modular in-conduit hydropower water-to-

wire package that offers a standard design and equipment that can be installed in hundreds of 

in-conduit sites throughout California with generation potential of less than 100 kilowatts. This 

plug-and-play design template will advance the modularization of critical electrical and civil 

components common to small, in-conduit hydropower stations to take advantage of recent 

advances in modularization of the mechanical turbine technologies. The new design will 

maximize the cost-effective generation of the under-used sub-100 kilowatt hydroelectric sector 

throughout California — leading to increased generation of in-conduit hydropower in the 

statewide energy mix and contributing to the state’s goal to provide 100 percent of its 

electricity from renewable and zero-carbon sources by 2045. 

Keywords: in-conduit hydropower; small hydropower; energy recovery; energy efficiency; 

renewable energy 

Please use the following citation for this report: 

DiPrimio, Robert, Oscar Ramos, Matthew Swindle, Gene Goodenough, and Andrew Benjamin. 

2021. San Gabriel Valley Water Company “Plug-and-Play” In-Conduit Hydropower 

Development Project. Publication Number: CEC-500-2021-032 
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EXECUTIVE SUMMARY 

Introduction 
California intends to provide 100 percent of its electricity with renewable and zero-carbon 

energy sources by 2045. A number of renewable energy sources contribute to this goal, with 

solar power providing the largest share. However, solar power poses several challenges given 

its intermittent nature. Therefore, California also must look to other clean alternatives, such as 

battery storage, and other baseload renewable energy sources, such as hydroelectric, to meet 

the goals of Senate Bill 100 (De León, Chapter 312, Statutes of 2018) goals, including for 50 

percent and 60 percent of California’s electricity to be powered by renewable resources by 

2025 and 2030, respectively.  

California has been a leader in developing large hydroelectric resources over the years, but the 

hundreds of small, in-conduit hydroelectric stations with generation potential of less than 100 

kilowatts (kW) are often overlooked due to the installation and equipment costs relative to the 

volume of energy generated. Many of these small stations have similar pressure, flow 

characteristics, and design layouts — lending them to modularization and standardization.  

There is a need to develop and demonstrate a “plug-and-play” package to expand use of 

small, in-conduit hydropower stations throughout California to meet the state’s energy goals, 

expanding the statewide mix of generation resources and reducing costs. 

Project Purpose 
The San Gabriel Valley Water Company “Plug-and-Play” In-Conduit Hydropower Development 

Project (San Gabriel Project) advanced the research and pre-commercial development of an 

innovative, plug-and-play packaged hydroelectric station and associated guidance 

documentation to improve the economic competitiveness of the sub-100-kW market by 

reducing the overall installation cost. The initial grant application outlined six goals:   

1. Design a plug-and-play low-cost, in-conduit hydroelectric guidance package that 
addresses the sub-100-kW market.  

2. Demonstrate improved efficiency and performance to maximize the capture of 

wasted energy in water supply networks. 

3. Demonstrate the long-term operational capacity of an in-conduit turbine/generator 

system to provide renewable energy for the state energy mix. 

4. Demonstrate benefits to California investor-owned utility electric ratepayers, including 

reduction of energy costs and greenhouse gas emissions and efficient use of 
ratepayer money.  

5. Validate the method, tools, and technology implementation to expand the use of 

hydropower in California for the sub-100-kW market, help achieve the state’s 
renewable energy initiatives, and improve the understanding of the grid benefits.  

6. Develop a plan to share information gained and project results to the public and key 
decision-makers. 
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Project Approach 
The project applicant, San Gabriel Valley Water Company, is an investor-owned, public utility 

water company headquartered in El Monte in the San Gabriel Valley. The company provides 

water utility service to a population of more than 481,000 residents of the Los Angeles County 

and Fontana Water division service areas.  

NLine Energy, the project subcontractor based in El Dorado Hills, California, is a full-service 

developer of in-conduit hydroelectric projects. NLine Energy is currently responsible for more 

than 91 percent of all hydroelectric development of less than 5 megawatts in California and 30 

percent nationally.  

Tesco Controls, headquartered in Sacramento, California, served as the system integrator, 

focused on supervisory control and data acquisition, communications, and control needs 

working from its state-of-the-art UL manufacturing facility.  

The San Gabriel Valley Water Company, NLine Energy, Tesco Controls team worked together 

previously on the successful implementation of the San Gabriel Sandhill in-conduit 

hydroelectric project, one of the first in-conduit hydroelectric projects to be implemented in 

Southern California Edison territory in more than 20 years. This project was one of the first 

“net-neutral” energy sites, whereby the generation from the in-conduit hydroelectric unit 

completely offset the electricity requirements of the water treatment plant on an annual basis. 

The site is only the third in the state to receive a Self-Generation Incentive Program grant, 

classified as a Pressure-Reducing Turbine. 

Project Objectives 
To achieve the project goals, the project team set the following objectives and targets: 

1. Design a standardized civil, mechanical, and electric powerhouse, coupled with a 
plug-and-play, water-to-wire equipment package that can reduce implementation 

costs by at least 20 percent for future projects. 

2. Implement a 73-kW water-to-wire, in-conduit hydroelectric station. 

3. Generate 11,039,000 kilowatt-hours (kWh) of renewable energy while reducing 
greenhouse gas emissions by 8,040 metric tons carbon dioxide equivalent over a 30-

year asset life. 

4. Provide long-term monitoring, measurement, and verification of the mitigation 
measures and strategies, as well as in-conduit hydroelectric station performance. 

5. Provide education and outreach to local and regional California water agencies, 
hydropower asset owners and state policymakers. 

Project Implementation 
The team’s first task was to analyze sub-100-kW project sites in an effort to identify 

commonalities amenable to a plug-and-play design, including the types of hydroelectric 

projects, their likely locations, and cost challenges associated with hydroelectric development 

for these projects. The team made a concerted effort to minimize project costs on both non-

construction and construction elements by standardizing the designs, shortening construction 

time frames, streamlining interconnection processes, and working with vendors to use more 
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prefabricated and off-the-shelf equipment. Toward that end, the team identified, researched, 

and implemented the following:  

• Civil/mechanical engineering plans and specifications  

• Multiple turbine technologies   

• Potable water standards   

• Seismic standards  

• Building selection  

• Electrical engineering plans and specifications. 

A modular powerhouse design was implemented using a pre-engineered fiberglass building, 

within which was housed the turbine, generator, pressure relief assembly and controls. The 

project team selected and arranged components so as to maximize standardization while 

allowing a certain degree of customization to accommodate a range of site-specific 

requirements. The power assembly consisted of an off-the-shelf pump-as-turbine which was 

installed vertically to minimize its footprint. The load distribution characteristics of the 

fiberglass building allowed for use of a turned-down mat slab style foundation with continuous 

footing which could be achieved with only one concrete pour. 

Modifications were made to San Gabriel Valley Water Company’s B24 pumping station to 

accommodate the modular powerhouse assembly, which together with the balance-of-plant 

comprised the B24 hydroelectric station. Start-up, commissioning, and performance testing the 

B24 hydroelectric station was conducted on August 14, 2019. The team collected six weeks of 

flow, pressure, and power data to better assess the performance. In a comparison of 

theoretical to actual power generation, the generator produced power above anticipated levels 

at all flow rates tested through the turbine.  

Project Results 
The San Gabriel Project successfully met its outlined goals and objectives.  

• The team successfully developed a standardized low-cost civil, mechanical, and 

electrical hydroelectric design package that can be used in future sub-100-kW projects. 

It is estimated that the standardization of the engineering design will result in a 50 

percent reduction in these specific design/engineering project costs on future projects. 

The design and specifications for this project are included in the appendix.  

• The team implemented a 73-kW pilot project employing the modular powerhouse 

design that is fully operational at San Gabriel Valley Water Company B24 Pumping 

Station. Based on monitoring the limited operations of the project to date, it is 

estimated that the project will meet the annual generation of 403,000 kWhs annually 

and 11,662,000 kWhs over its 30-year useful asset life.  

• The B24 hydroelectric pilot project cost approximately $1,462,000 to implement, and it 

is estimated that future projects of similar size can be developed at a cost ranging 

between $900,000 and $1,100,000. At this specific cost range, projects of similar size 

and generation profiles will be economically viable under current California electric rate 

tariffs.  
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• The project provided direct benefits to investor-owned utility ratepayers in San Gabriel’s 

service territory, reducing energy costs, greenhouse gas emissions, and other harmful 

air emissions. 

• Successful implementation of this sub-100-kilowatt project enabled the team to identify 

similar sub-100-kilowatt hydroelectric projects in California, Oregon, and Maryland and 

therefore use the research and development from this project to develop additional 

sub-100-kilowatt hydroelectric projects.  

• The project team developed an information-sharing plan and has made numerous 

presentations to interested stakeholders and the public introducing the replicable 

nature, details, and results of the project.  

Technology/Knowledge Transfer/Market Adoption  
The project team conducted a series of presentations to highlight the attributes of the project 

so that the research effort could be replicated by the United States target market for in-

conduit hydroelectric technologies, namely municipal water systems such as water districts, 

irrigation districts, cities, counties, and other public and private water companies.  

Results of this project were shared with more than 450 municipal water agencies, known as 

the Association of California Water Agencies, during several statewide, semi-annual 

conferences in 2017 and 2018. Additionally, a case study was shared at several presentations 

for the National Hydropower Association and the international hydropower conference, 

Hydrovision, from 2017 to 2019. Lastly, knowledge of this project was shared with other 

California Energy Commission Electric Program Investment Charge awardees through an 

informal information sharing workshop at the request of California Energy Commission staff. 

Benefits to California 
Overall, the San Gabriel Project was a substantial success for residents in the San Gabriel 

Valley as measured by results of the 73-kW B24 Pumping Station pilot project, and for 

California ratepayers as measured by forecasted economic and environmental benefits.  

The B24 Pumping Station pilot project was implemented at a total project cost of around 

$1,462,000 and is expected to generate 403,000 kWhs annually, resulting in energy cost 

savings of $56,000 per year. The project will provide direct benefits for investor-owned utility 

electricity ratepayers in the San Gabriel Valley Water Company service area, including 

greenhouse gas reductions, air emission reductions, and energy cost reductions. The project 

will produce 11,662,000 kWhs of renewable energy and reduce 8,550 metric tons of 

greenhouse gas emissions over its 30-year life. In addition, the project will demonstrate the 

ability to develop cost-effective projects in the sub-100-kW market, which will help expand the 

deployment of these small in-conduit hydropower systems throughout California.  

For California, the San Gabriel Project provides a basis for expanding in-conduit hydropower 

throughout the state, particularly in under-used small-hydro sites. This project will open the 

sub-100-kW market, resulting in development of projects previously viewed as not financially 

viable. The researchers estimate success of this project will lead to additional deployments of 

at least 9,000 kW of annual renewable energy or 48,360,000 kWh of annual renewable 

generation, resulting in an annual reduction of 34,198 metric tons of carbon dioxide. 
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CHAPTER 1:  
Introduction 

In September 2018, former Governor Edmund G. Brown, Jr. signed Senate Bill 100 (de León, 

Chapter 312, Statutes of 2018) into law, establishing an ambitious goal to supply 100 percent 

of the state’s electricity from renewable and zero-carbon energy sources by 2045. This law 

requires that 60 percent of power purchased by California utilities come from renewable 

sources by 2030. The additional 40 percent of power delivered by California utilities to 

residents and businesses must be from zero-carbon resources by 2045. Renewable energy as 

defined by California includes a multitude of energy sources such as biogas, wind, solar, 

hydro, and wave. Today a significant portion of California’s renewable energy is generated 

from solar and wind assets. Solar and wind pose particular issues to the energy grid as they 

are intermittent. For example, solar energy production peaks mid-day and this causes net (of 

solar) electricity demand for other sources to drop off. Then later in the evening, as solar 

drops off and consumer demand increases, other generation sources are required by the grid. 

Researchers in California have labeled this relationship between solar generation and demand 

the “duck curve.” The overarching issue is that one or two intermittent renewable energy 

sources such as solar or wind cannot sufficiently supply California’s energy grid without other 

complementary resources. Therefore, California must identify alternative solutions such as 

energy storage or baseline renewables. At the moment, energy storage, whether it be small-

scale lithium batteries or large-scale pump storage projects, is not yet financially viable. 

Baseline renewable energy sources such as hydro are a natural solution until energy storage 

becomes more cost effective.  

Hydropower was one of the first forms of renewable energy developed and is still widely used 

throughout the United States. Hydroelectric power is electricity derived from turbines that 

convert the potential energy of falling or fast-flowing water into mechanical energy. Most 

people are familiar with large-scale hydropower dams like the Hoover Dam, but California 

defines renewable energy hydropower as small-scale hydroelectric sites of 30 megawatts 

(MW) or less. A number of rules established in the California’s In-Conduit Hydropower 

Implementation Guidebook define what qualifies as a hydropower renewable energy source in 

the state, but the majority of the opportunities generating less than 30 MW reside with in-

conduit hydro projects. In-conduit hydropower is defined as the hydroelectric generation 

potential in engineered conduits such as tunnels, canals, pipelines, aqueducts, flumes, ditches, 

or similar man-made water conveyances that are operated for the distribution of water for 

agricultural, municipal, and industrial consumption. California has done well to develop sub-30 

MW in-conduit hydroelectric projects; however, as projects get smaller, they become less 

economically viable. Historically, hydroelectric projects sized at 100 kilowatts (kW) or less were 

not developed as it was extremely difficult, without significant grant funding, to get the 

projects to pencil out. The lack of development of these small-scale hydroelectric sites has 

created an interesting market opportunity that aligns with California’s renewable energy 

needs, resources, and goals.  

This under-developed market of sub-100-kW hydroelectric sites is due to many barriers that 

include high civil, mechanical, and electrical costs; the high-cost of turbine-generator and 



 

 

6 

associated equipment; the high-cost of custom-designed control and switchgear equipment; 

the high cost and schedule delays associated with compliance with the California Public Utility 

Commission’s Rule 21 interconnection process; and other engineering design and project 

development costs. 

Given the economies of scale of these projects, the sub-100-kW, in-conduit hydroelectric 

market remains challenged largely based on economic benefit relative to project costs. In 

2012, an Oak Ridge National Laboratory report had two main recommendations for cost-

cutting for sub-100-kW micro-hydropower sites:(1)standardize the turbines for lower costs, as 

projects of this size are more sensitive to cost than efficiency, and(2)standardize pre-

fabricated and pre-assembled civil configurations for the powerhouse. Since the report was 

published, little progress has been made to advance the sub-100-kW in-conduit hydropower 

market in California. Since 2013, more than 22 projects totaling 12 MW of Federal Energy 

Regulatory Commission (FERC) qualifying conduit facilities-designated hydropower sites have 

been approved through FERC. Only one of these sites, sized less than 100 kW, is located in 

California and has not yet been constructed. 

Project sites with flows ranging from 3 to 20 cubic feet per second (cfs) and available head 

pressure ranging from 80 to 400 feet are common hydraulic characteristics witnessed 

throughout existing pressure-reducing valve (PRV) stations in California. While there are 

multiple hydroelectric turbine technologies that can address these hydraulic conditions, only a 

subset of technologies are efficient and small; provide downstream pressure (for example, 

reaction-style turbines); are simple to operate; and can meet potable water standards. 

Additionally, these turbines require coupling to a generator that is both efficient and cost-

effective — and can also meet California’s interconnection requirements. 

Typically, the 100-kW or less sites are located in either below-grade vaults or open-air above-

ground structures that are not suited for the addition of a complete in-conduit hydroelectric 

system that includes a turbine, generator, valves, hydraulic power unit, control panel, 

switchgear panel, batteries, and other equipment that comprise the entire water-to-wire 

package. To accommodate a water-to-wire system at these sites, considerable resources are 

spent designing a custom powerhouse to include civil, mechanical, and electrical equipment 

and systems. These projects may also be located at remote locations (for example, a PRV 

vault) and are required to interconnect to the local investor-owned utility (IOU) distribution 

electrical circuit. Since hydroelectric generators are reactive-power based (noninverter), they 

require additional scrutiny, cost, and time as part of the Rule 21 Interconnection process.  

These common characteristics of sub-100-kW sites present an opportunity to integrate a 

standard civil, mechanical, electrical powerhouse design (above or below grade), with an 

integrated water-to-wire system constituting a plug-and-play in-conduit hydroelectric packaged 

system. 
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CHAPTER 2: 
Project Approach 

This chapter describes the approach and analysis conducted for the San Gabriel Valley Water 

Company “Plug-and-Play” Hydropower Development Project (San Gabriel Project) to advance 

the research and pre-commercial development of an innovative, plug-and-play packaged 

hydroelectric station. The intent was to improve the economic competitiveness by reducing the 

overall installation cost for sub-100-kW projects. 

Market Analysis / Data Gathering 
Prior to developing the plug-and-play design project goals and objectives, the team needed to 

identify the market whereby by commonality among project sites could be standardized with a 

common plug-and-play design and components. NLine Energy is currently responsible for more 

than 91 percent of all hydroelectric development of less than 5 MW in the state and 30 percent 

nationally. NLine Energy has walked or received data on more than 200 potential hydroelectric 

project sites in California. NLine developed a database with all of this project site data, which 

was then the basis for the California’s In-Conduit Hydropower Implementation Guidebook, 

recently developed for the California Energy Commission (CEC). During NLine Energy’s 

evaluation of potential hydroelectric sites in California the company consistently encountered 

sub-100-kW sites similar to the B24 project site. Unfortunately, NLine typically did not qualify 

these sub-100-kW sites and did not gather data from the sites as it was believed the sites’ 

development was not feasible. As energy prices increased, technology improved, and NLine 

gained experience, it was determined that many of the project sites in the sub-100-kW market 

had similar design characteristics and costs could be reduced enough to make these projects 

viable.  

NLine Energy examined its database and found that the majority of potential sub-100 kilowatt 

sites had flows ranging from 0 to 13 cubic feet per second and pressure ranging from 100 to 

450 feet of net head. Therefore, all aspects of the project, including turbine technology, 

standardize design, and facilities, would have to meet these pressure and flow requirements. 

One additional benefit realized from this project is that based on the pressure and flow ranges 

described, larger hydroelectric sites can use the standardized plug-and-play package to reduce 

project costs. Hydroelectric projects with name plate ratings as large as 500 kW could use 

plug-and-play standardized design as described in this paper to reduce costs as long as the 

proper pressure and flow characteristics are met. The project team identified, researched, and 

developed the following items in an effort to reduce project costs. 

Civil / Mechanical / Electrical Engineering Plans and Specifications 
This section describes the operation of the hydroelectric project and standardized civil and 

mechanical design plans. 

Project Site Overview 

Plant B24 is a water storage facility and pumping station located at 14632 Nelson Ave E, La 

Puente, California 91744 (34° 2'9.69" N; 117°58'15.61" W) owned and operated by San 
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Gabriel Valley Water Company. The site receives potable water from the Reservoir 5 / 6 site, 

through a water distribution pipeline and breaks pressure using a CLA-Val pressure-reducing 

valve (PRV) before filling either the B24 or B24A storage tanks rated at 1.5 million gallons, 30-

feet (ft) tall each. Potable water is pumped from the storage tanks, via six 150-horsepower 

(hp) booster pumps to LAD service areas based on demand. 

Figure 1 provides an overview of the site; the yellow box represents the proposed location for 

the hydroelectric project. Figure 2 illustrates the location of the current pipe and PRV entering 

the B24 site that was used in the hydroelectric project. 

The team determined the most feasible position for the hydroelectric facility would be 

northwest of the existing B24A tank, which consists of an open gravel area approximately 20 ft 

by 20 ft. An existing 17-inch supply pipeline and Southern California Edison (SCE) electrical 

conduit reside in this area and were re-routed. Figure 3 shows an aerial view of the project 

site.  

Design considerations were made to optimize the size of the powerhouse, pipe tie in locations, 

site access, and tie in to existing electrical infrastructure. Figure 4 is a plan view of the site. 
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Figure 1: Project Vicinity Map 

 
Source: Google Maps
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Figure 2: Site Map 

 
Source: San Gabriel Valley Water Company 
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Figure 3: B24 Plant 

 
Source: Google Maps 
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Figure 4: Detailed Site Plan 

 
Source: NLine Energy
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The hydroelectric station design re-routes high-pressure flows from the B24 tank to the 

turbine and returns low-pressure water to the system downstream of the existing pressure 

reducing bypass valve (Cla-Val).  

Originally, a horizontally oriented turbine layout was designed but limited site access near the 

tank. A horizontal spacing of 6 feet between the tank and powerhouse was desired to allow for 

small vehicle access. Positioning the turbine in a vertical orientation reduced the horizontal 

dimension of the powerhouse enough to provide 6 feet of clearance from the tank.  

The pipeline layout and valving were designed with the goal of maintaining the existing visual 

and site access features of the site while minimizing effects to existing infrastructure. The 

existing underground 17-inch supply line would be re-routed to allow for ease of access for 

maintenance and avoid the powerhouse foundation zone of influence. A new 18-ft stretch of 

above-ground pipeline was situated adjacent to the existing above-ground pipe segment for 

positioning of the flow meter and turbine control valve. The flow meter was allotted 5 and 2 

pipe diameters in length upstream and downstream, respectively, for laminar flow. Positioning 

the new segment of pipeline adjacent to the existing above-ground pipelines provides easier 

site access and workability.  

Underground pipeline depths were selected to maintain minimum cover, avoid interference of 

zones of influence for nearby infrastructure, minimize sheeting and shoring, and allow for site 

workability. 

Pipes Valves 

At the B24 site, San Gabriel Valley Water Company (SGVWC) uses cement-lined and coated 

steel pipe for underground applications. Above-ground applications consist of cement-lined 

and coated steel pipe. All new aboveground and underground pipeline was fitted to match this 

specification. At a maximum flow rate of 12 cubic feet per second (cfs), velocity in a 12-inch 

pipeline would be approximately 15 feet per second (ft/s). 

The existing 12-inch Cla-Val pressure reducing valve is model number 90-01. These valves 

specialize in regulating downstream pressure. This valve is currently configured in an open 

position and not used for flow or pressure control. The existing Cla-Val was retrofitted to 

perform the function of a primary pressure-reducing bypass for the hydroelectric station. Cla-

Val representatives were contacted in April 2018 to assure that a retrofit could be made to the 

existing valve to perform the desired function. The Cla-Val will require anti-cavitation trim and 

new pilot tubing. Cla-Val provided budgetary estimates and lead times. A new Cla-Val, model 

131-01 was positioned upstream of the turbine to regulate pressure and flow.  

The existing butterfly valve with an AUMA Actuators, Inc. operator was swapped positions with 

the existing Cla-Val. The valve will allow bypass flows to enter the existing Cla-Val. This will 

also reduce wear on the existing butterfly valve.  

SGVWC staff uses and has familiarity with Pratt butterfly valves and Water Specialties flow 

meters. Valving and meters from the aforementioned manufacturers have been included in the 

specification. 
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Pipe supports were included for all above-ground piping segments. Weight of the fluid, valves, 

pipeline, and couplings was taken into consideration. Restrained flexible couplings and 

Victaulic couplings were used to adjoin piping segments that could not be welded.  

Combination air release/vacuum valves from Dezurik/APCO have been included at high points 

and isolation points in the system to allow for laminar flow and to prevent pipe vacuum effects 

during a dewatering event. A 1-inch saddle for a potable water supply connected to a hose bib 

outside the building has been included. The hose bib is equipped with a Wilkins 975 XL2 

backflow and pressure regulation assembly to comply with potable water standards. 

Foundation Design 

The foundation design is dictated by several factors including seismic code 

requirements/geotechnical report recommendations, ease of installation for the general 

contractor, anchor depth of the steel vertical turbine support structure, and the building 

submittal. 

Powerhouse 

The hydroelectric station is located northwest of the existing B24A tank. Flow from the existing 

17-inch pipeline main inlet pipe will divert from an above-ground tee into a 12-inch pipeline, 

through the hydroelectric station and discharge into an underground pipeline that ties in 

upstream of the B24A tank. The powerhouse building is a pre-engineered metal building, 

approximately 13 ft by 16 ft. The siding thickness is six inches. The dimensions inside the 

powerhouse are approximately 12 ft by 15 ft. The powerhouse features a metal roof with a 4-

ft by 4-ft roof hatch, meant to allow hoisting of the turbine/generator system for maintenance, 

if needed. The side wall height of the building is 10 feet and features a sloping 3 to 1 gable. 

The Cornell 6TR1 is vertically fit inside the building with an 8 ft side wall height. However, this 

design was meant to accommodate the array of turbines discussed earlier in the report. 

Therefore, a side wall height of 10 feet was selected.  

The building features gutters and downspouts large enough to contain and channel expected 

water flows. The gutters are 6 inches deep and include 3-inch by 4-inch downspouts. The side 

wall and roof feature insulation thicknesses of R-13 and R-30 respectively for environmental 

control and noise mitigation.  

The gable nearest the generator features a Greenheck exhaust fan, opposite the side of the 

louvers. This design allows for air crossflow through the powerhouse for proper ventilation. 

The powerhouse features a 32-inch man door, nearest the panels to allow for entry to the 

building. A manually operated, 4-ft by 8-ft rollup door was positioned on the opposite side of 

the building to allow for ease of access during construction, maintenance, and equipment 

hauling.  

To create a smaller powerhouse as part of the modular design, the control valve, flow meter, 

air relief valve, and panels are positioned outside. The turbine, generator, and pressure relief 

assembly are positioned inside the powerhouse. A two-tier nickel cadmium battery rack was 

positioned inside the powerhouse to provide backup power for the programmable logic 

controller (PLC) in a load-shedding event. The battery system is rated at 24V, 140Ah and is 

sized to accommodate most sub-100-kW turbine arrangements, while maintaining a more 

compact size compared to lead acid. The main generator disconnect switch was encased in a 
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National Electric Manufacturers Association 3R enclosure attached to the outside of the 

powerhouse. The electrical conduits were positioned as such to allow for replicability on future 

designs. The orientation of equipment inside the powerhouse can be rotated on a site-to-site 

basis to accommodate different pipe inlet and outlet locations. 

Standardized Civil / Mechanical Plans 

The final design specifications are included in the appendix of this report. Due to the 

commonality in projects of this size, these final design specifications will require minimal 

changes resulting in minimal engineering costs for future projects. Common design 

components of this project include the design and arrangement of equipment inside the 

powerhouse. Most existing pressure-reducing stations include existing metering, pressure 

transmitters, and a pressure-reducing valve, which are unique in location to each site. The 

team agreed that each site will require a certain level of customization based on the pipeline 

tie-in location and presence of existing piping, valving, and utilities. Therefore, the 

components included in the powerhouse were arranged and selected so that each site would 

comply with the package that is provided in the powerhouse. Items custom to each site 

include the pipeline tie-in location, routing of pipeline to the hydroelectric station, valving 

outside the powerhouse, and excavation. 

Turbine Technologies 

NLine Energy analyzed several different off-the-shelf turbine technologies that would fit the 

expected pressure and flow ranges for these types of sites. Based on the pressure ranges of 

100 to 450 feet of net head and flow ranges of 0 to 13 cfs, NLine identified two specific 

technologies that would best fit this project. The design enables all of these technologies to fit 

within the same powerhouse footprint and consist of an identical arrangement inside the 

powerhouse, with the exception of the exact turbine selected. The technologies selected and 

analyzed in further detail for this site were the Cornell’s pump-as-turbine and Canyon Hydro’s 

in-line turbine. 

Pump-as Turbines 

Pump-as-turbine, or PaT, is essentially what the name implies, a pump operating as a 

hydroelectric turbine. PaTs are considered reaction turbines, which discharge under positive 

head. Reaction turbines are driven by the flow of water through the runner blades. A PaT 

operates best at a single flow and head and generally does not operate well below 

approximately 50 percent of rated flow. Generally, pressure reducing valves are positioned 

upstream of a PaT to cut head based on the incoming flow rate. When there are variations in 

flow, these pressure reducing valves adjust the pressure to operate the PaT at its peak point 

of efficiency. PaTs have much higher efficiencies than other turbines when running within their 

optimum flow and pressure range. PaTs are low-cost options for sites that operate with flows 

from 1 to 30 cfs and with pressure head typically ranging between 100 to 400 feet. A number 

of different manufacturers provide PaTs, but our analysis focused on the Cornell PaT due to 

Cornell’s wide range of products, manufacturing location, and low cost.Figure 5 shows a 

vertically mounted Cornell PaT configuration used at the B24 site. This PaT vertical 

configuration is the standard design that all models of the PaT would use.  
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For the B24 project a Cornell 6TR1 PaT was selected for implementation. The 6TR1 operates with 

flows ranging from approximately 4.5 to 8.5 cfs and net head ranging from 65 to 165 feet. 

Figure 6 displays the efficiency curve for the Cornell PaT model 6TR1. 

Figure 5: Cornell Pump-as Turbine-Generator in Vertical Configuration at B24 

 
Source: San Gabriel Valley Water Company 
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Figure 6: Cornell Pump-as-Turbine Model 6TR1 

 
Source: Cornell Pump Company Turbine Catalog 

In-Line Turbine 

The vertically mounted in-line turbine is manufactured by Canyon Hydro out of Deming, 

Washington. The design is similar to a PaT but uses internal wicket gates to control flow, which 

makes the in-line turbine a variable geometry unit similar to a traditional Francis turbine. The 

efficiency remains more constant across a wider range of flows and therefore can produce 

more power at sites with variable flows than the fixed geometry PaT.Figure 7 displays a typical 

in-line turbine installation. 
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Figure 7: In-Line Turbine 

 
Source: Canyon Hydro 

Once again, this vertical-mounted installation is standard for the plug-and-play design as it 

enables a small footprint for the powerhouse, thus reducing overall project costs. For the B24 

project, a Canyon Hydro model ILT08 was considered for implementation. The in-line turbine 

would generate more electricity annually than the pump-as-turbine but was considerably more 

expensive than the pump-as-turbine. In addition, the in-line turbine was a relatively new 

technology with few installations at the time of design for this project. Therefore, it was 

determined that the least risky option was to select the pump-as-turbine, although future 

projects may elect the in-line turbine technology. 

Seismic Standards 

According to the California Building Code (2016), the B24 project is situated in a Seismic 

Zone 4, a densely populated region in a seismically active area. Seismic Zone 4 regions are 

considered to have the highest possibility of earthquake danger. The hydroelectric station 

would classify as a Risk Category 3 structure due to its power production capability. Based on 

the soil type, seismic zone, risk category, and spectral response acceleration, the hydroelectric 

station was designed to seismic design Class D criteria. The seismic design classes range from 

A through F, with Class A requiring the least structural design strength, and Class F requiring 

the most structural design strength. All structural equipment associated with building, 

including the foundation, slabs, battery rack, and turbine vertical support structure, will need 

to be designed in accordance with seismic code. For future designs throughout the country, 

unless the building is to be situated near a fault line, the structural components selected may 

be replicated without additional consideration for seismic events. 
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Building Selection 

The team performed an extensive search to find a cost effective yet structurally sound building 

that met sound attenuation requirements. The team considered prefabricated metal, 

fiberglass, concrete masonry unit (CMU), and custom wood structure. With recent increases in 

steel tariff prices, the metal building cost about twice as much as previously anticipated and 

did not come with pre-built configurations such as lighting, receptacles, exhaust fan, louvers, 

doors, and roof hatch. Additionally, a metal building distributes most weight to the columns of 

the building, requiring a bulky and separate concrete column pour, followed by a foundation 

footing pour. The team wanted to use a turned-down mat slab style foundation with 

continuous footing, thus requiring only one concrete pour. Similarly, a CMU building added 

additional concrete and design costs. The prefabricated fiberglass building included pre-built 

configurations and distributes its weight evenly along the outer portions of the building, thus 

not requiring separate bulky column footings. When considering the cost of multiple concrete 

pours, additional concrete, custom design, steel costs, and pre-built configurations, the 

fiberglass building and construction cost about half the price of the other building types 

examined. 

 



 

 

20 

CHAPTER 3: 
Project Results 

Overall the San Gabriel Valley Water Company “Plug-and-Play” In-Conduit Hydroelectric 

Project was a success. The team successfully designed a standardized plug and play, low cost 

mechanical and electrical hydroelectric design package that can be used in future sub-100-kW 

projects. In addition, the team implemented a 73-kW hydroelectric project that will benefit the 

San Gabriel Valley Water Company and the surrounding community. This section describes in 

detail the project results as they relate to the following: 

• Design standardization and project cost reduction 

• Estimation of future project costs  

• B24 project implementation and financials 

Design Standardization and Project Cost Reduction 
The plug and play design described in Chapter 2 details the innovative low cost, standardized 

mechanical and electrical hydroelectric package that will be implemented in all future projects. 

It is estimated that the new design will result in cost savings related to engineering and design 

of approximately 20 percent. Table 1 compares the current non-construction project costs 

associated with the project as well as the forecasted costs assuming the same project would 

be developed now with the new standardized plug and play design package.  

Table 1: San Gabriel Valley Water Company B24 Project Cost Comparison 

  
Current 

Project Costs 
Estimated 

Future Costs 

Preliminary Design $80,000 $40,000 

50% Design $91,000 $45,500 

Final Design & Specifications $84,338 $42,169 

Electrical Design $67,994 $33,997 

Interconnection & Tariff Analysis  $55,000 $40,000 

Engineering During Construction - Submittal Review $48,000 $48,000 

Startup and Commissioning  $30,643 $30,643 

FERC, Permits $18,000 $18,000 

Environmental $4,700 $4,700 

CEC EPIC Grant - Administrative Activities $25,000 $0 

CEC EPIC Grant - Knowledge Transfer $25,000 $0 

CEC EPIC Grant - Project Benefit Analysis $25,000 $0 

TESCO - R&D Electrical Package Design $35,000 $0 

Total Non-Construction Costs $589,675 $303,009 

Total Construction and Equipment $785,636 $748,636 

Total Project Cost $1,375,311 $1,051,645 

Source: San Gabriel Valley Water Company 
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The table represents the project cost as it relates to actual cash payments by SGVWC. In 

addition to these project costs, SGVWC incurred significant in-kind labor costs. In-kind labor 

contribution is not considered in this analysis as each company has varying labor 

requirements, wages, overhead, and accounting methodology that make any comparison from 

agency to agency impossible. In addition, the preliminary design costs of $80,000 were not 

included in the CEC initial estimates as they were incurred prior to approval of the project by 

the CEC. Regardless, these preliminary design costs are necessary for design of the project 

and included in analysis for future projects.  

Overall, it is estimated that non-construction costs would decrease by approximately $287,000 

or 49 percent. This estimated cost reduction is driven by two elements, the elimination of 

certain tasks specific to the grant or research and development (R&D) associated with the 

project and the reduction of design costs related to the ability to reuse the standardized 

design. The team evaluated the project and estimated future costs, given the standardized 

plug-and-play package and the cost of any required customized design components. The 

estimation per line item is provided in the table above. A review of each of these line items 

follows. 

• Preliminary Design – The preliminary design or feasibility assessment evaluates the 

project to ensure that it is viable from an environmental, technical, regulatory, and 

economic perspective. The analysis requires that the team model the pressure and flow 

of the site, perform a preliminary design, select potential turbine technology, and 

provide a high-level financial analysis. It is estimated that this cost would be 

significantly reduced based on the limiting of turbine technologies to evaluate as well as 

the standardized design. In other words, the team would not need to model or 

potentially design turbine technologies other than the three described earlier in this 

report. In addition, the standardized vertical turbine positioning, electrical design, and 

powerhouse size limits additional research, engineering, and design work.  

• 50 Percent Design — The 50 percent design phase of the project takes the preliminary 

design to the next stage of the project. In this phase the specific turbine technology is 

selected and applied to the design of the project. Similar to the preliminary design, it is 

estimated that the standardized documentation will require limited customization for a 

new site. Therefore, estimated design costs have been significantly reduced for this line 

item.  

• Final Design and Specification — The final design and specifications conclude the design 

of the project. The final design and specifications for the B24 hydroelectric project are 

included in the appendix. It is estimated that the specifications and drawings will 

require minimal customization based on the standardized plug-and-play design.  

• Interconnection and Tariff Analysis — This line item represents the work required to 

model and select the specific tariff for the project site as well as work through the Rule 

21 interconnection process. The cost associated with analyzing potential tariffs to use for 

a particular site is project specific and varies based on where the project is located and 

what tariffs are available. Therefore, no cost reduction is estimated for this task. The 

interconnection component of this line item consists of working through the Rule 21 

interconnection process to get permission to connect the hydroelectric project. This 

process requires a single-line electrical design that will need only slight customization 
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for future sites. In addition, much of the electrical design as it relates to the 

interconnection process can be reused for future projects of this size. Therefore, a 

slight decrease in cost is related to this line item for future projects.  

• Engineering Services During Construction — This task consists of all engineering-related 

tasks required during the construction of the projects. Items such as submittal reviews 

or change orders to the project are included in this line item. Unfortunately, each 

project is different, and much of this cost component is driven by the construction 

contractor. Therefore, it is impossible to estimate any cost reductions by the 

engineering/design for the project. The hope is that the simplified, standardized plug-

and-play package will result in fewer change orders or submittal reviews, which would 

reduce the cost of this line item. But in an effort to be conservative, this line item was 

not reduced.  

• Startup and Commissioning — This line item consists of the effort by the entire team to 

start up and commission the project. The bulk of the cost associated with this task is 

related to bringing all team members on site for the week or weeks required to test, 

start up, and commission the project. Ultimately the goal is to receive the permission-

to-operate from the electric utility. Note that some minor cost reductions are expected 

by the standardization of documentation related to this task, such as the operations 

manual and final commission report, although the effort and cost reduction would be 

minor. Consequently, no reduction in the future costs for this line item is included in 

this estimation.  

• FERC and Other Permits — This line item is related to all costs associated to securing 

the appropriate permits necessary for the projects. Certain permits such as FERC are 

required for all projects, while other permits such as Western Renewable Energy 

Generation Information System (WREGIS) are optional. Therefore, each potential 

project is different, and it is estimated that there will be no reduction in effort or costs 

for this line item.  

• Environmental — This line item is related to the environmental analysis required of the 

project such as the National Environmental Policy Act (NEPA) or the California 

Environmental Quality Act (CEQA). This cost is specific to the project site, and no cost 

reduction is estimated for this line item. 

• CEC Tasks (Administration, Knowledge Transfer, Benefits Analysis) — This line item is 

related to the specific tasks required by the CEC for the EPIC grant. The CEC required 

several administrative tasks such as monthly progress reports, meetings, and 

reimbursement documents. In addition, the CEC required the team to transfer 

knowledge of the project via webinars and conferences and evaluate the benefits of the 

project via items such as this final report. These tasks will not be required in future 

projects, so the cost is estimated at $0 for all three-line items. 

• R&D Electrical Panel Design — Tesco researched and designed an electrical control 

panel to comply with the utility standard IEEE 1547 and UL 1741 requirements. Tesco 

created a 480V main switchgear and 120V human machine interface PLC control, 

housed inside a National Electrical Manufacturers Association 3R-rated metal enclosed 

structure. The panel is comprised of standardized and certified components meant to 

accommodate a wide range of generator types up to 500 kW. This research and 
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development is a one-time cost associated with the project. The cost reductions to the 

electrical components of the project are reflected in the construction costs and 

equipment. For future projects, this task is unnecessary, so the cost is estimated at $0.  

The CEC tasks and R&D represent $110,000 of the cost reduction, while the standardization of 

the plug-and-play package represents approximately $177,000. The cost reduction in 

engineering tasks only is approximately 20 percent.  

The overall construction would not have significant cost reductions in future projects as the 

cost reductions are already incorporated into this project. The research and development prior 

to the design of the project enabled the team to implement several innovative components, 

which resulted in lower project costs, as detailed in Chapter 2, Project Approach. This cost 

reduction is already included in the overall project cost for the current project and reflected in 

the future estimated project cost.  

The B24 hydroelectric project had a total of three change orders during the project that 

accounted for approximately $111,000 in cost increase. The majority of the items associated 

with the change orders were normal requirements such as additional piping or tie-ins for the 

project, which were not considered initially. The project team would expect these additional 

costs to be reflected in similar projects or would be necessary if this project was built in the 

future. The first change order included an approximate $37,000 cost increase due to the hydro 

unit being part of a potable water system. Hydroelectric projects that are part of potable water 

systems need specific certifications verifying the system is safe for drinking water. San Gabriel 

Valley Water Company had the option to go through a lengthy process of having the selected 

pump-as-turbine certified for this project or purchasing equipment that was pre-certified. In 

the interest of time, because the EPIC grant had time limitations, SGVWC elected to pay the 

additional $37,000 and use the pre-certified equipment. Therefore, the team can eliminate this 

additional equipment cost in future projects. 

Future Project Costs 
The standardized plug-and-play package used for the B24 project is already being used by 

NLine Energy to develop projects. During the development of the B24 project, two 

opportunities arose and were evaluated with the plug-and-play design, providing real time 

project cost estimates to use as benchmarks for similar-sized projects.  

The following section provides the detailed project cost estimates for both of the projects 

based on the preliminary design performed by NLine Energy. These costs are estimates only 

and are subject to change based on further design, but provide a point of comparison for 

future similar-sized project costs that use the plug-and-play design. In addition, the Oregon 

projects have different permitting requirements, interconnection costs, and labor costs. 

Nevertheless, they are good reference points for comparison. 

Both projects are located in Oregon. To keep the projects and site information confidential, the 

project team will refer to the sites as Project 1 and Project 2. The comparable sizes of each 

project are Project 1, 37 kW, and Project 2, 75 kW. Both projects are pressure reducing 

stations (vales), less than 100 kW, and will use single-mounted vertical turbines. 
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Project 1 Pressure Reducing Station – 37 Kilowatts 

In the preliminary design for the Project 1 hydroelectric station, NLine Energy selected a 

Canyon Hydro in-line turbine with a name plate rating of 32 kW for the technology. As shown 

in Figure 8, the cost estimate includes $310,000 in non-construction costs and $516,000 for 

construction/equipment cost for a total estimated project cost of $826,000. This project is 

expected to cost significantly less that the San Gabriel Valley Water Company B24 hydro 

project. The best apples-to-apples comparison to evaluate the expected benefits of the 

standardized plug-and-play design is to compare the estimated future cost of the B24 project 

to the estimated costs for Project 1. The overall project cost of Project 1 is approximately 

$225,000 less than the project cost of the B24 project. In addition, the non-construction cost 

of $310,000 is only slightly higher than the estimated non-construction project cost of the B24 

project. The primary driver for the difference on overall project cost is the construction/ 

equipment costs. Project 1 uses a less costly and smaller turbine. In addition, Project 1 can be 

sited in an existing building so a new powerhouse is not necessary. Project 1 cost is below the 

target cost range of $900,000 to $1,100,000, which was a goal of the EPIC research project. 

More importantly, the non-construction costs have reduced significantly and are realizing the 

benefits of the plug-and-play design package.  
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Figure 8: Cost Estimate for 37-Kilowatt Pressure Reducing Station 
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Source: San Gabriel Valley Water District 

Project 2 – Pressure Reducing Station – 75 Kilowatts 

In the preliminary design for the Project 2 hydroelectric site, NLine Energy selected a Cornell 

Model 4TR3 pump-as-turbine with a name plate rating of 75 kW for the technology. As shown 

in Figure 9, the cost estimate includes $350,000 in non-construction costs and $584,000 for 

construction/equipment cost for a total estimated project cost of $934,000. This project is 

expected to cost significantly less that the San Gabriel Valley Water Company B24 hydro 

project. The best apples-to-apples comparison to evaluate the expected benefits of the 

standardized plug-and-play design is to compare the estimated future cost of the B24 project 

to the estimated costs for Project 2. The overall project cost of Project 2 is approximately 

$120,000 less than the project cost of the B24 project. In addition, the non-construction cost 

of $350,000 is higher than the estimated non-construction project cost of the B24 project 

because of some unique elements to consider. Project 2 will require more customized design, 

land acquisition, and a more complicated environmental process, all driving the cost of non-

construction higher when compared to the estimated B24 non-construction cost estimate, 

although, Project 2 non-construction costs are still estimated to be significantly less than the 

original B24 project. The primary driver for the difference in overall project cost is the 

construction/equipment cost. Project 2 uses a slightly less costly turbine, and less foundation 

and piping is required for the project, resulting in lower costs. Project 2 cost is in the target 

cost range of $900,000 to $1,100,000, which was a goal of the EPIC research project. Due to 

the similar size and technology of the project, it is a good validation for the success of the 

plug-and-play package. 
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Figure 9: Cost Estimate for 75-Kilowatt Pressure Reducing Station 
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Source: San Gabriel Valley Water District 

B24 Hydro Project Results 
The implementation and commissioning of the B24, 73-kW hydroelectric project was a 

successful milestone for the San Gabriel Project. This successful commissioning proved that a 

low cost, innovative, plug-and-play package could be implemented. Southern California Edison 

granted permission to operate on August 14, 2019, as shown in Figure 10. 
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Figure 10: B24 Hydro Project Permission to Operate 
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Start-up, commissioning, and performance testing of San Gabriel Valley Water Company’s B24 

hydroelectric station was conducted on August 14, 2019. Start-up and commissioning tests 

show that the hydroelectric station meets the design objectives for power systems, controls, 

outfall function, and power generation. These systems are all operational and within 

anticipated performance expectations. The emergency stop (e-stop) test results showed that 

the actual magnitude and duration of e-stop-generated transient pressure is below the 

allowable surge pressures.  

Performance testing was conducted by collecting flow, pressure, and electrical power 

production data while operating the turbine/generator unit through a variety of flow ranges. 

The team collected six weeks of flow, pressure, and power data to better assess the 

performance. In a comparison of theoretical to actual power generation, the generator 

produced power above anticipated levels at all flow rates tested through the turbine.  

However, the turbine is producing, on average, less power than anticipated because the 

pressures and flows that the turbine is processing are less than previously modeled in 2015 

and 2016 data. The data shows the turbine control valve (TCV) reduces the pressure by about 

10 pounds per square inch (psi) on average. A reduction in 10 psi of available pressure also 

reduces the flow that the turbine will capture by about 315 gallons per minute (gpm), which 

equates to about 10 kW (14 percent) of lost power generation. The TCV can be adjusted to 

make up for the lost power. Making this adjustment will allow the hydroelectric station to 

exceed the expected annual power generation.  

Tesco Controls provided six weeks of post commissioning data from August 26 through 

October 15, 2019. The data included 15-minute interval recordings of the bypass valve 
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position, turbine control valve position, turbine power output (kW), turbine outlet 

pressure/tank levels (ft), turbine flow meter (gpm), plant flow meter (gpm) turbine inlet 

pressure (psi), and plant inlet pressure (psi).  

Figure 11 shows the actual turbine data compared to theoretical performance. The grey and blue 

curves show the manufacturer operating curve and actual head and flow values respectively. 

The actual performance indicates that the turbine is able to capture flows and pressures less 

than the advertised operating curve. Additionally, the blue curve appears shifted left from the 

manufacturer curve by about 150 gpm. The project team believes this to be a discrepancy in 

the flow meter accuracy. The orange and yellow curves show the actual versus manufacturer 

operating curve for flow versus power production respectively. This curve indicates that the 

turbine is primarily operating between 2,000 and 3,000 gpm, and exceeding power production 

at the pressures and flows that the turbine is witnessing. Additionally, the turbine is able to 

process flows less than the manufacturer minimum of 2,300 gpm, effectively expanding its 

operating range. Table 2 shows three distinct flow and pressure scenarios and the 

corresponding actual performance data compared to the Canyon Hydro performance 

guarantee metrics for the generator.  

Figure 11: Turbine Performance Test Results 

 

Source: NLine Energy 
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Table 2: Canyon Generator Performance 
SGVWC- B24 Hydro Performance Test Results 

Results Scenario 1 Scenario 2 Scenario 3 

Contract Requirements    

Flow (gpm) 3606.4 3561.6 3427.2 

Net Pressure (psi) 69.3 67.5 62.8 

Net Pressure Head (ft) 160 156 145 

Energy (kW) 79 77 69 

Efficiency (%) 0.72 0.73 0.73 

Recorded Data    

Flow (gpm) 3330 3317 3191 

Pressure (psi) 68.31 67.53 62.77 

Pressure Head (ft) 157.8 156 145 

Energy (kW) 71.4 70.6 62.7 

Efficiency (%) 0.72 0.72 0.72 

Results    

Efficiency Pass Pass Pass 

Flow  N/A 3561>3317 3427>3191 

Source: NLine Energy 

The results indicate that the turbine/generator efficiency meets the performance requirements 

of the contract. However, at given net head values, less flow is being delivered to the turbine 

than anticipated. This is likely a result of the bypass Cla-Val processing a minimal amount of 

flow to keep a pressure differential across the valve. It is anticipated that venting the turbine 

control valve to the atmosphere will aid by sending more pressure and flow to the turbine. The 

generator performance guarantee is met.  

Overall, the commissioning and testing of the installed B24 hydro project has met or exceeded 

the expectations of the team, with the exception of the 10-psi loss due to the TCV. The team 

has implemented plans post project commissioning to mitigate the loss of pressure from the 

TCV. Therefore, the project is expected to meet or exceed the annual generation estimate 

based on historical pressure and flow. The specific financial and environmental benefits to 

California ratepayers are detailed in Chapter 6. 
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CHAPTER 4: 
Technology/Knowledge/Market Transfer 
Activities 

Technology/Knowledge/Market Transfer Activities 
The project team conducted a series of presentations at several key conferences starting in 

2017 to highlight the attributes of the project so that the research effort could be replicated by 

the United States target market for in-conduit hydroelectric technologies, namely municipal 

water systems such as water districts, irrigation districts, cities, counties, and other public and 

private water companies.   

Results of this project were shared with more than 450 municipal water agencies, known as 

the Association of California Water Agencies (ACWA) during several statewide, semi-annual 

conferences in 2017 and 2018. Additionally, a case study was shared at several presentations 

for the National Hydropower Association and the international hydropower conference, 

Hydrovision, from 2017 to 2019, and the Northwest Hydroelectric Association’s National 

Conference in 2019. The project case study details the roadmap by which a municipal agency 

can take a step-wise approach to permitting and inform on policy changes at the water agency 

level to encourage in-conduit hydroelectric development. 

Commissioning of the project was shared via social media targeting state and local officials, 

state regulatory agencies, existing hydropower owners, and California water infrastructure 

owners. Lastly, knowledge of this project was shared with other CEC EPIC awardees as part of 

Technical Advisory Committee or informal information sharing at the request of CEC staff. 
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CHAPTER 5: 
Conclusions/Recommendations 

The San Gabriel Valley Water Company “Plug-and-Play” In-Conduit Hydropower Development 

Project successfully developed a standardized modular package for in-conduit hydroelectric 

power stations generating less than 100 kW and demonstrated the package’s potential to 

advance this untapped market, thus adding to the state’s energy mix, helping to meet SB 100 

goals, and saving significant costs in the process. 

The team developed a standardized low-cost civil, mechanical, and electrical hydroelectric 

design package that can be used in future sub-100-kW projects. The modularized plug-and-

play concept will reduce the levelof customization previously pursued at individual sites and 

require minimal changes to future projects similar in size, pressure, and flow. The design uses 

standard off-the-shelf turbine technology able to fit a number of pressure and flow ranges and 

considers the largest of 15 turbine technologies so any of the other 14 technologies could fit 

within the same powerhouse footprint. The package panels comply with IEEE and UL 

standards. The equipment designated for the project meets or exceeds ANSI-61 potable water 

drinking standards, and the civil design accommodates for locations of Seismic Design Category 

D, a standard that accommodates most locations in the country. Finally, the project team chose 

a pre-fabricated fiberglass building that requires minimal concrete pours; is pre-equipped with 

lighting, receptacles, exhaust fan, roof hatch, and louver; meets seismic standards; and is less 

than half the cost of a metal or pre-cast concrete building.  

The team installed the package in a fully operational 73-kW pilot project at San Gabriel Water 

Valley Company’s B24 Pumping Station to demonstrate improved efficiency and 
performance to maximize the capture of wasted energy in water supply networks. The pilot 

project will demonstrate the long-term operational capacity of an in-conduit 
turbine/generator system to provide renewable energy for the state energy mix and has 

already demonstrated qualitative and quantitative benefits to San Gabriel Valley’s investor-
owned utility electric ratepayers, including reduction of energy costs and greenhouse gas 
emissions and efficient use of ratepayer money.  

Based on monitoring the limited operations of the project to date, it is estimated that the 

project will meet the annual generation of 403,000 kilowatt-hours (kWh) annually and 

11,662,000 kWh over its 30-year useful asset life.  

It is estimated that the standardization of the engineering design will result in a 50 percent 

reduction in these specific design/engineering project costs on future projects. The design and 

specifications for this project are included in the appendix.  

The B24 hydroelectric pilot project cost approximately $1,462,000 to implement, and it is 

estimated that future projects of similar size can be developed at a cost ranging between 

$900,000 and $1,100,000. At this specific cost range, projects of similar size and generation 

profiles will be economically viable under current California electric rate tariffs.  
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The project provided direct benefits to investor-owned utility ratepayers in San Gabriel’s 

service territory, reducing energy costs, greenhouse gas emissions, and other harmful air 

emissions. 

The success of this project suggests that a sub-100-kW in-conduit hydroelectric project is 

achievable for less than $1 million. Water infrastructure owners can conduct evaluations of 

their system to identify areas of excess pressure differential where conduit hydroelectric power 

production may be possible, leveraging the data from this project to inform development 

opportunities and design options. 
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CHAPTER 6: 
Benefits to Ratepayers 

Ratepayers in the San Gabriel Valley will immediately benefit from the San Gabriel Valley Water 

Company (SGVWC) “Plug-and-Play” In-Conduit Hydroelectric project, and all of California as 

well as the rest of the United States will benefit from the project’s replicable results. The B24 

hydroelectric pilot project in San Gabriel Valley has been operational since August 2019 and is 

producing clean, reliable baseload power for the community. In addition, because electricity 

costs are one the largest expenses for SGVWC, the cost savings realized by SGVWC from the 

B24 project will help the water company keep water rates low for its consumers. The plug and 

play package developed for this project will enable other California water agencies to develop 

similar-sized hydroelectric projects, opening up the development of sub-100-kW projects in 

California.  

Local Benefits of the B24 Pilot Project 
The cost of the B24 hydroelectric pilot project was approximately $1,462,000, which also 

included all research and development for the plug-and-play package. The project received 

multiple grants, including $500,000 from the CEC EPIC Program. The SGVWC B24 project will 

also qualify for the U.S. Department of Treasury investment tax credit. It is conservatively 

estimated that SGVWC will receive approximately $450,000 in tax credits for the hydroelectric 

project.  

The B24 hydroelectric project is estimated to generate 403,000 kWh annually, resulting in 

energy cost savings of $56,000 per year. Energy rates are expected to increase over time, so 

annual cost savings are expected to increase by at least 2 percent per year. The asset life of 

the turbine ranges between 30 and 50 years. Therefore, the project is estimated to generate 

between 12,090,000 and 20,150,000 kWh, or $1,680,000 to 2,800,000 kWh, over the life of 

the asset. Overall, given the substantial grant funding and projected annual savings, this 

project should provide a positive return for local rate-payers and continue to benefit them over 

the next 30 to 50 years. 

The B24 hydroelectric project will also provide substantial environmental benefits to the 

community. Based on an annual generation of 403,000 kWh, the project will offset 285 metric 

tons of carbon in the first year. Over its life, the project should offset between 8,549 and 

14,249 metric tons of carbon. Assuming a 50-year asset life, the clean power generated from 

this project is the energy equivalent to the following: 

• 3,025 passenger vehicles driven for one year 

• 2,485 homes’ electricity costs for one year 

• 32,990 barrels of oil consumed 

• 15,577,478 pounds of coal burned 
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California Market Implications 
The San Gabriel Project provides a basis for expanding in-conduit hydropower throughout 

California, particularly in under-used small hydro sites. Based on the assumptions that follow, 

the project will lead to at least 9,000 kW of annual renewable energy, or 48,360,000 kWh of 

annual renewable generation.  

Since 2011, NLine Energy has evaluated more than 180 in-conduit hydroelectric sites across 

100 different California water agencies. NLine Energy’s initial data shows that 24 sites fit the 

sub-100-kW range that could be developed with a 20 percent total project cost reduction in 

engineering and design cost as previously seen in Table 1. More than 500 water agencies in 

California are of sufficient size to meet the minimum flow and available head requirements 

discussed in this report. Assuming that 13 percent (24 sub-100-kW sites / 180 sites evaluated) 

across 100 water agencies is a representative sample of the rest of California’s water agencies, 

there are 120 potential sub-100-kW sites in California. Using the metrics of the San Gabriel 

B24 site to predict the total sub-100-kW market and using the quantitative metrics just 

presented regarding the B24 pilot project, the total addressable market is 9,000 kW 

(approximate calculation is 75 kW times 120 potential sites). These assumptions do not 

include the market potential of non-water utilities such as bottled water facilities, wineries, 

food and beverage processing, rock / sand / gravel, mining, refineries, oil and gas extraction / 

processing, chemical, pharmaceutical, ski resorts, or military bases in the total market. Given 

these additional inputs, the current 9,000 kW estimate for water utilities is attainable by 2030. 

Expansion of the sub-100-kW market would have significant environmental benefits for 

California ratepayers. It is estimated that adding these small hydro units to the market would 

generate 48,360,000 kilowatt-hours per year or the equivalent of 34,198 metric tons of carbon 

dioxide annually. Assuming a 50-year asset life, the clean power generated from these 

projects could generate 2,418,000,000 kilowatt-hours over the life of the project, which is 

equivalent to the following: 

• 1,709,891 metric tons of carbon dioxide 

• 363,034 passenger vehicles driven for one year 

• 298,182 homes’ electricity costs for one year 

• 3,958,759 barrels of oil consumed 

• 1,869,297,310 pounds of coal burned 

This project has demonstrated the significant opportunity for in-conduit hydropower to deliver 

financial and environmental benefits for California ratepayers. 
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GLOSSARY AND ACRONYMS 

Term/Acronym  Definition 

ACWA Association of California Water Agencies 

annual power 

generation 

Power generated by a hydropower system in one year, usually 

expressed in kilowatt-hours 

ANSI 61 

A set of national standards that relates to water treatment and 

establishes stringent requirements for the control of equipment that 

comes in contact with either potable water or products that support the 

production of potable water 

CLA-Val 

A type of valve designed to serve multiple purposes, the most common 

being in a water supply system. When pumping water, the valve will not 
open until the pressure behind it reaches a predetermined amount of 
pressure. 

CEQA California Environmental Quality Act 

cfs cubic feet per second 

CSWD Crystal Springs Water District 

FERC Federal Energy Regulatory Commission 

ft feet 

generator 
In electricity generation, a device that converts mechanical power into 

electrical power for use in an external circuit 

GHG greenhouse gas 

gpm gallons per minute 

gross head Overall head 

head 
The change in water levels between the hydropower system intake and 

discharge point 

hydropower Electricity generated from capturing potential energy of flowing water  

IOU investor-owned utility 

in-conduit 

hydropower 

Hydroelectric generation potential in man-made conduits such as 

tunnels, canals, pipelines, aqueducts, flumes, ditches, or similar man-

made water conveyances that are operated for the distribution of water 

for agricultural, municipal, and industrial consumption 

ILT in-line turbine 

kW kilowatt 

kWh kilowatt-hour 

MW megawatt 
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Term/Acronym  Definition 

NEPA National Environmental Policy Act 

net head Gross head (overall head) minus the sum of all friction losses 

O&M operation and maintenance 

PAT pump-as-turbine 

PLC programmable logic controller 

powerhouse Hydropower system 

psi pounds per square inch 

PTO permission to operate 

PRV 
pressure-reducing valve: a pressure relief valve to control or limit the 

pressure in a system 

SCADA supervisory control and data acquisition  

SCE Southern California Edison 

SGVWC San Gabriel Valley Water Company 

Turbine 
A rotary machine that converts potential and kinetic energy of water 

into mechanical work 

WREGIS Western Renewable Energy Generation Information System 
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APPENDIX A: 
Design Specifications 
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