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ATTACHMENTS 
 

3. El Dorado County Small Hydroelectric Development Project 
 

The following attachments are provided in PDF form as supplemental materials to this proposal: 

 In the online package these documents are grouped into two PDF uploaded as part of 
Attachment 7 entitled  

o Att7_IG2_TechJust_3ElDorRefs1_5of12.pdf and  
o Att7_IG2_TechJust_3ElDorRefs2_6of12.xls  

 In the hard copy package these documents are provided as separated PDFs in the folder 
entitled “3 - El Dorado Project.” 
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Executive Summary 
 
The El Dorado Irrigation District has commissioned this study to re-examine the Tank 7 
Hydroelectric Project.  The study has examined an updated and expanded dataset, 
overall station design, power generation estimates, value-engineered cost estimates 
and revenue projections for three options and arrived at numerous conclusions and 
recommendations for District consideration.   
 
New pressure and flow data for three full years at one hour intervals was analyzed.  The 
interface and control between PRS5 and Tank 7 was examined, and the overall design 
and operation of the new hydroelectric station was determined.  The result is two 
different operational control strategies (flow control or pressure control) that will work in 
concert with Tank 7. The District can implement either option with confidence that it will 
operate reliably.  We recommend either Option 2 (flow control) or Option 3 (pressure 
control). 
 
The District’s Tank 7 Small Hydro Project is part of the El Dorado County Water 
Agency’s Hydroelectric Development Program that is included in the Cosumnes 
American Bear Yuba (CABY) Group’s Integrated Regional Water Management Plan 
(IRWMP).  Funding for this Tank 7 Hydroelectric Project has been deemed “Application 
Ready” and “Implementation Ready”, and has been submitted for funding consideration 
as part of the 2013 IRWMP Implementation Grant.   The total grant request is 
$1,320,000 for construction related costs.  Although the grant greatly reduces the out-
of-pocket expense of the project, the overall 30-year gross savings is substantial 
regardless of the grant contribution. 
 
Table ES-1: Financial Summary 
 

Option 1 2 3 

Description Updated  
Three-Turbine Design 

Value Engineered  
Three-Turbine Design 

Value Engineered  
Two-Turbine Design 

Total Cost $1,775,000 $1,580,000 $1,295,000 
Annual Cost $7,000 to $19,650 $7,000 to $19,116 $5,000 to $17,763 
Revenue Generation $170,000 to $190,000 $170,000 to $190,000 $130,000 to $150,000 
20 Yr NPV $268,000 to $753,000 $457,000 to $935,000 $213,000 to $704,000 
20 Yr Gross Savings $567,000 to $1,292,000 $822,000 to $1,537,000 $435,000 to $1,170,000 
30 Yr Gross Savings $1,762,000 to $2,933,000 $2,025,000 to $3,178,000 $1,290,000 to $2,487,000 
Payback Period Year 13 to 16 Year 11 to 14 Year 12 to 16 

 Financials including Grant Financials including Grant Financials including Grant 

Grant Amount $1,320,000 $1,214,000 $937,000 
20 Yr NPV $1,538,000 to $2,022,000 $1,624,000 to $2,102,000 $1,114,000 to $1,605,000 
20 Yr Gross Savings $1,887,000 to $2,612,000 $2,036,000 to $2,751,000 $1,372,000 to $2,107,000 
30 Yr Gross Savings $3,082,000 to $4,253,000 $3,239,000 to $4,392,000 $2,227,000 to $3,415,000 
Payback Period Year 6 to 7 Year 5 to 6 Year 5 to 7 
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Recommendations 
 

 We recommend the District request a 2-year extension for the existing Conduit 
Exemption from FERC.  Furthermore, the District should consult with FERC 
regarding the need for an amendment to the existing conduit exemption. 
 

 We recommend the District calibrate the existing flow and pressure meters and 
verify the accuracy of data provided for this analysis. 

 
 We recommend the District consider a long-term view of project revenue 

generation over the life of the turbines (30-year life).  Without the grant 
contribution, Option 2 represents the greatest gross savings of up to $3,178,000 
and up to $2,478,000 for Option 3. 

 
 We recommend the District move forward with final design on either Option 2 or 

Option 3 depending on the preference of the operation personnel to utilize either 
flow control or pressure control.  A surge control analysis is also recommended. 

 
 We recommend the District complete the final design then await the mid-2013 

determination of grant award.  Regardless of the award of the grant the District 
should move forward with the project based on overall gross savings.  

 
 We recommend the District consider entering a program participation form when 

Re-MAT tariff becomes available in the Fall 2012.   Each utility will make the Re-
MAT prices publicly available on its website at the beginning of each two month 
period.  EID can either accept or reject the initial published price.  If EID accepts 
the price, it enters into a Re-MAT contract with prices fixed for the term of 
contract.  If the District declines a contract at that price, it maintains its position in 
the queue until the next two-month period. 

 
 District staff should present a summary of this report to the Board of Directors for 

the purpose of determining whether, and under what circumstances, to pursue 
the project further.    
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1.0 Introduction and Purpose 
 
El Dorado Irrigation District (EID) commissioned a study to re-examine the Tank 7 
Hydroelectric Project.  This work is being sponsored by El Dorado County Water 
Agency through their consultant vendor pool contracting vehicle.  The teams 
responsible for this study include EN2 Resources, Inc. (EN2), Domenichelli & 
Associates (D&A) and NLine Energy, Inc. (NLine Energy).  EN2 and D&A were the 
original team that developed the environmental and civil/mechanical/electrical designs 
and cost estimates in 2009.   
 
EN2, D&A and NLine Energy worked as a collaborative team to identify value 
engineering opportunities, financing options and alternative turbine configurations that 
may reduce cost, increase revenue and result in an acceptable payback period.  The 
ultimate goal and purpose of the study is to develop project options in sufficient detail 
for the District to make informed decisions and move forward if it is determined to be in 
the District’s best interest. 
 
2.0 Background  
 
In 2007, EN2 and D&A partnered with a number of local experts and produced a 
hydroelectric options study1 that included potential sites within the service areas of 
Georgetown Divide Public Utilities District (GDPUD), South Lake Tahoe Public Utilities 
District (STPUD) and the El Dorado Irrigation District (EID), as well as areas outside 
these districts.  The EID Tank 7 project was identified as one of the most promising 
sites for in-conduit hydroelectric generation out of the 100 potential sites studied.  In 
2009, EID hired D&A to advance the Tank 7 project through the 30 percent design level 
in order to refine the analysis.  D&A prepared a 10 Percent Design Report2, and a 
subsequent set of 30 percent design plans and an updated cost estimate.3   
As the design developed, a number of alternative technologies, locations and 
configurations were studied.  Revenue generation compared to projected capital costs 
showed a simple payback of approximately 11 years.  However, based on the District’s 
finance interest rate of six percent and the estimated operations and maintenance costs 
of approximately $20,000 per year, the payback period extended to 16 years.  Since the 
District required a 10-year payback threshold, the project did not meet the fiscal 
requirements desired by the District and the project was put indefinitely on hold. 
The District submitted an application for a Conduit Exemption to the Federal Energy 
Regulatory Commission (FERC) on April 19, 20104, and the Conduit Exemption was 
granted on December 9, 2010 (Attachment A).  The Conduit Exemption could be 

                                                           
 

 

1 Final El Dorado County Hydroelectric Development Options Study, July 24, 2007 
2 Draft Tank 7 In-conduit Hydroelectric Project Pre-Design Report, October 2009 
3 30 Percent Design Plans (no date) 
4 Supplemental Information provided to FERC August 10, 2010 and November 3, 2010 
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revoked if the District does not start construction within two years of the date of the 
exemption (December 9, 2012) or the project is not completed within four years of the 
exemption date (December 9, 2014). 
 
Since the original design, certain aspects and assumptions may have changed that 
affect the financial analysis.  This study will update the existing project reflecting 
updated information, examine value engineering suggestions, possible alternative 
design configurations and analyze the payback period.   
 
3.0 Summary of Existing Design  
 
Water flow and pressure entering the Tank 7 facility5 is controlled by Pressure Reducing 
Station Five (PRS5).  PRS5 controls flow and pressure from the Pleasant Oak Main 
(POM) and Reservoir “C” which is upstream of Tank 7.   Flow entering Tank 7 is 
carefully orchestrated by the operations staff utilizing demand data recorded the 
previous day.  The 2008 and 2009 data was used for the existing design.  Total flow in 
the POM varies between 3 cfs and 32 cfs.   Actual flow processed through PRS5 into 
Tank 7 varies from 3 cfs and 25 cfs6.  Upstream pressures vary between 90 psi and 150 
psi.  PRS5 reduces pressure to approximately 13 psi and controls flow based on input 
from District operations staff through the SCADA system.  The downstream pressure 
head into Tank 7 does not vary because of the top-feed configuration of the inlets to 
Tanks 7A and 7B.  However, upstream pressure varies with flow changes in the POM.  
Because the Oak Hill Lateral bypasses Tank 7, the flow changes in the POM upstream 
of PRS5 are not recorded by the Tank 7 flow meters.  Therefore, even though flow may 
be constant entering Tank 7, pressure variations will be seen at PRS5 due to flow 
variation in the Oak Hill Lateral that impacts the overall flow in the POM.   
 
The existing design proposes a multi-turbine hydroelectric station in parallel with PRS5 
to produce electricity.   Instead of reducing the pressure through heat and noise, the 
hydroelectric station utilizes the pressure and flow to produce mechanical energy that 
turns an electric generator.    Flow would be diverted ahead of PRS5 and processed 
through the hydroelectric station, then re-enter the piping system downstream of PRS5.  
During the original design process, two different turbine technologies were examined: 1) 
Zeropex (variable-speed, rotary lobe pump in reverse) and 2) constant speed Pump-as-
Turbine (PaT).  The Zeropex technology was ultimately not recommended due to cost of 
the unit, lower efficiencies than the PaT and a number of other constraints (The details 
of which are beyond the scope of this report).  The existing design contemplates a three 
pump-turbine configuration as shown in Figures 1 and 2.  The three- turbine array 
captures a majority of the variable pressure and flow available at this site.  

                                                           
 

 

5 The terms “Tank 7” or “Tank 7 facility”  refers to a single site with two tanks designated as Tank 7A (2.8 MG) and 
Tank 7B (3.9 MG) 
6 The Oak Hill Lateral, which bypasses Tank 7, varies between 0 cfs and 10 cfs. 
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Figure 1: Existing Design Site Plan  
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Figure 2: Existing Design Mechanical Layout  
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The existing design calls for three Pump-as-Turbines (PaT) housed in a 960 square-foot 
masonry block building.  Heating, ventilating, and air conditioning (HVAC) 
environmental controls is included in the current design due to the possibility for adding 
variable speed drives (VFDs).  The turbines would operate both individually and in 
parallel depending on the flow and pressure available.  PLC controls would monitor the 
pressure and flow supply levels and match the turbine combinations to operate when 
the conditions are compatible with the turbine operating curves.    Magnetic flow meters 
are included on the inlet side of each turbine.   Flow in excess of the capacity of the 
turbine(s) would bypass through PRS5.  Flow and/or differential pressure less than the 
required turbine operating characteristics would result in the hydroelectric station 
shutting down and bypassing flow through PRS5.  The operation of the hydroelectric 
station in combination with PRS5 would be identical to the operation as it exists today.  
The objective of the design is for the station to operate independently without significant 
human attention. 
 
The power generation was estimated at approximately 1,585 megawatt hours (MWh) 
and total revenue of between $170,000 and $190,0007 per year.  The capital costs in 
2009 were estimated at $1,609,000 with a payback of approximately 16 years based on 
six percent financing costs as required by the District.  The 2009 project cost estimate is 
shown in Table 1.   

                                                           
 

 

7 Updated D&A analysis based on 2012 FiT rates 
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POM-PRS5 (Tank 7) with Canyon Budget Quote
Hydroelectric Project

Engineer's Preliminary Estimate of Probable Costs

Element Description
Estimated 
Quantity Units

 Unit Price 
(installed)  Estimated Amount 

Mobilization & Site work
Mobilization, Bonds, Insurance 1 LS 20,000$          20,000$                         
Traffic Control 1 LS 1,200$            1,200$                           
Site Grading & Paving & Access 1 LS 10,000$          10,000$                         
Remove and Replace Fencing 1 LS -$                    -$                                   

 Subtotal = 31,200$                         
Pipe, Valves and Fittings
De-water & tie -in of pipe 1 LS 8,000$            8,000$                           
24" DIP 170 LF 200$               34,000$                         
24" Fittings 11 EA 1,200$            13,200$                         
16" DIP 35 LF 175$               6,125$                           
16" Fittings 2 EA 850$               1,700$                           
12" DIP 55 LF 150$               8,250$                           
12" Fittings 4 EA 700$               2,800$                           
24" isolation valve 3 EA 8,000$            24,000$                         
16" isolation valve 2 EA 4,000$            8,000$                           
12" isolation valve 4 EA 3,000$            12,000$                         
12" flow meter 2 EA 7,000$            14,000$                         
16" flow meter 1 EA 9,000$            9,000$                           
Misc adaptors, gauges, minor piping 1 LS 15,000$          15,000$                         
Relocate 24" pipe 60 FT 200$               12,000$                         

 Subtotal = 168,075$                       
Turbine/Generator Units
300 KW Turbine/Generator/switch gear  & Valve Delivered plus taxes 1 EA 167,541$        167,541$                       
180KW Turbine/Generator/switchgear  & Valve Units Delivered  "    " 1 EA 111,056$        111,056$                       
110 KW Turbine/Generator/ switchgear & Valve Units Delivered    "      " 1 EA 97,152$          97,152$                         
Installation Costs & training 1 LS 85,000$          85,000$                         

 Subtotal = 460,749$                       
Electrical Equipment & Tie-in to Grid
Electrical Controls & SCADA 1 LS 145,000$        145,000$                       
 Site electrical, Security, PG&E Tie in 1 LS 120,000$        120,000$                       

Subtotal = 265,000$                       
Building and Misc Structural
 Masonry building 1,200 SF 100$               120,000$                       
Foundation structure (concrete) 20 CY 750$               15,000$                         
HVAC 1 LS 2,500$            2,500$                           
Roofing, doors & Misc supports 1 LS 45,000$          45,000$                         

 Subtotal = 182,500$                       

Materials/Installation Subtotal = 1,107,524$                 
110,752$                     

1,218,000$                 
Non -Construction Costs
Admin/Planning/Design/Environmental Docs LS 185,000$                       
Environmental Mitigation ( % of construction costs) LS -$                                   
Right of Way Costs AC 30,000$          -$                                   
Construction Administration (estimated) LS 145,000$                       
Financing costs 60,900$                         

Subtotal = 391,000$                       

TOTAL ESTIMATED COST = 1,609,000$                 

Annual Costs
Administration and Insurance ($0.0033/kWh) 1,609,000$                 $0.0033 5,310$                             
Operation & Maintenance (Labor) 7,058$                             
Repair and Replacement (Parts and Material), (0.3% of total construction cost) 0.30% 3,654$                             
Subtotal 16,021$                           
Contingency (20%) 20% 3,204$                             
Total O&M 19,226$                           

Annual salary (assumed) = 60,000$           
Overhead 2.5

150,000$         First Year Annual O&M Costs 7,058$                             
First Year Annual A&I Costs 5,310$                             

Hrs of time/wk 1 First Yr Annual Repair & Replace Costs 3,654$                             
Hours/yr 52 First Year Annual Contingency Costs 3,204$                             
Additional hrs/yr (assume 16hrs, twice a year) 32
total hours per year 84
% of time 4%

Cost/year of labor 6,058$             
Additional specialty labor cost 1,000$             
total = 7,058$             

10% Construction Contingency Costs=

TOTAL CONSTRUCTION COST:

Table 1: 2009 Cost Estimate (D&A) 
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3.1 Interconnection Study Update 
 
In July 2010 PG&E completed a “System Impact Study - Generator Interconnection” for 
the EID Tank 7 Project (Attachment B).  The PG&E study, which was completed after 
the District obtained the FERC Categorical Exemption, outlines certain requirements 
and estimates costs to implement the interconnection.  We have reviewed PG&E’s 
study for impacts to the project and analyzed whether the conclusions and requirements 
in the report are applicable or have been superseded.    Summarized below are the 
findings of the PG&E study and the impacts to implementing the Tank 7 Project. 
 

 Environmental/Permitting – PG&E offers some standard boilerplate language 
that does not specifically apply to the Tank 7 project because the CEQA analysis 
and the FERC Conduit Exemption processes have already been completed.  
Minor deviations from the existing Project Description will not adversely affect 
the CEQA or FERC Conduit Exemptions.   

 Equipment and Costs – PG&E outlines the equipment and system modifications 
required for the interconnection and reports a cost of $160,000 for this work (+/- 
50 percent).  This cost is in excess of the original project estimate of $120,000.   

 Submittals required for final review – One line diagram, three line diagram, DC 
Elementary Drawing.  These outstanding submittals will need to be prepared and 
submitted to PG&E if the District decides to move forward with the project. 

 
3.2 Environmental and Regulatory Update 
 
According to the FERC Conduit Exemption, if construction is not started by December 
9, 2012 the District runs the risk of having to prepare new CEQA and FERC documents.   
However, we contacted FERC and inquired whether an extension could be granted.  
According to FERC staff, the District can submit a letter requesting more time and 
explaining the reasons for the extension.  If there is reasonable justification, a first 
request for extension is typically granted.  Staff advised that such a request include a 
slightly longer period than needed to cover contingencies.  Assuming that District 
Project approvals are made by mid-2013, we recommend that a 2-year extension to the 
Conduit Exemption be requested from FERC not later than October 2012.  
 
Furthermore, according to FERC guidance8 modifications to the project, i.e. changes to 
the project works, project boundaries, or capacity may require an amendment and 
authorization from FERC.  The District will need to consult with FERC during the design 
process to determine if an amendment will be required.  
 
The CEQA Categorical Exemption for the Project was filed on January 6, 2010 and has 
no expiration date.  However, if the Project changes substantially, if new impact issues 
                                                           
 

 

8
 FERC Introductory letter to EID December 13, 2010, see Attachment “D” 
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are identified, or if the environmental setting changes such that the previous 
environmental evaluation needs to be revisited, then a new District CEQA review should 
be performed.  Because neither the Project nor the environmental setting have changed 
substantially, and unless the District has a policy regarding time limitations, the 
previously filed Categorical Exemption will be sufficient to comply with CEQA 
requirements even with the longer Project development schedule. 
 
 
3.3 Existing Design Capital Cost Update 
 
The existing design cost estimate is now three years old.  Updated cost quotes from 
Canyon Hydro have been acquired and incorporated into an updated estimate.  In July 
2010 PG&E completed its System Impact Study for the Tank 7 project and produced 
costs for the interconnection.  These costs have also been incorporated.   The 2012 
updated cost estimate for the existing design is $1.775M as shown in Attachment C 
(Option 1).  Furthermore this analysis has determined that in order to work in concert 
with PRS5, the existing design will require flow control valves ahead of each turbine to 
limit flow and maintain tank levels at set targets that will mimic existing operation.  The 
cost of these valves is reflected in the updated cost estimate. 
 
3.4 Revenue Update 
 
Utilizing the newly acquired 2009, 2010, and 2011 data, the analysis of kW and revenue 
generation for the existing design concept was prepared based on updated tariff pricing.  
The expected annual revenue generation is estimated to be between $170,000 and 
$190,000.  
 
The District’s Tank 7 Small Hydro Project is part of the El Dorado County Water 
Agency’s Hydroelectric Development Program that is included in the Cosumnes 
American Bear Yuba (CABY) Group’s Integrated Regional Water Management Plan 
(IRWMP).  Funding for this Project has been deemed “Application Ready” and 
“Implementation Ready”, and has been submitted for funding consideration as part of 
the 2013 IRWMP Implementation Grant.  A determination as to whether the project will 
be added to the State application is scheduled for Fall 2012.   The implementation grant 
should be awarded mid-2013.   The amount of the grant request is $1.32M for 
construction implementation costs.  
 
4.0 Value Engineering 
This section examines ways to improve on the existing design, simplify operation, 
increase revenue, reduce project costs, and make the overall project more efficient.  
The existing design reflects solid engineering practices characteristic of a 30 percent 
level of effort.  With the benefit of hindsight and additional information, value 
engineering improvements have been developed and are discussed below. 
 
4.1 Data Integrity 
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The data utilized in the existing design was limited to 12 months of 1-hour interval 
pressure and flow information in 2008 and 2009.  For this update the District provided 
full year data for 2009, 2010, and 2011.  Utilizing multiple years of data is important to 
capture the variation from one year to the next and developing a true picture of the 
potential for revenue generation over time.  Limiting the analysis to only one year of 
data may overstate or understate the overall outcome. 
 
During our initial data gathering and assessment, concern regarding the data fidelity 
was revealed.  According to the District staff, the meters that have recorded the flow 
and pressure data have never been calibrated.   If the District decides to move forward 
with this project, it is highly recommended the meters be calibrated and the adjusted 
data should be compared to the historic analysis. 
 
4.2 Data Summary 
 
The data provided by the District was analyzed for null or blank information and 
“scrubbed” to produce datasets that closely reflect the actual field conditions.  The 
pressure/flow data was plotted and is shown in Figures 3, 4, and 5.  Figure 6 reflects an 
average of the three years of data9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

                                                           
 

 

9 Note the line labeled “DURA” is a flow duration curve.  Flow is on the left Y-axis and percent of the year interpolated 
(0% to 100%, left to right) on the X-axis. 
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Figure 3: 2009 Pressure/Flow Records 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CABY Headwaters Resilience and Adaptability Program - March 2013 
Attachment 7 - El Dorado Project References

Page 16



 

Draft Hydroelectric Analysis for  November 9, 2012 
El Dorado Irrigation District’s Pleasant Oak Main Tank 7 Page 11 

 
Figure 4: 2010 Pressure/Flow Records 
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Figure 5: 2011 Pressure/Flow Records 
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Figure 6: 2009 through 2011 Average of Pressure/Flow Records 
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4.3 Station Operation 
 
The operating concept of the existing design is to allow the turbines to operate when 
system pressure and flow are available as indicated by the PRS5 data.  However, the 
most important parameter that affects pressure and flow is the Tank 7 operating levels.  
PRS5 controls flow to meet pre-determined Tank 7 operating target levels.  If the tank 
level is dropping, PRS5 increases flow to compensate.  If tank levels are increasing, 
PRS5 decreased flow.  This type of control will be required by the hydroelectric station 
as well.  This is because as tank levels rise and PRS5 decreases flow, the hydroelectric 
station will see an increase in pressure and will allow flow to increase resulting in 
continued increase in tank levels.  This is the opposite of the desired result.  Flow 
controllers on each turbine-generator are required in order to deliver the desired Tank 7 
operating level results.  A description of this design and operation is outlined in Table 2. 
 
4.4 Surge Control 
 
If grid power is lost during operation, the turbine-generators will increase in speed and 
decrease flow over approximately a three second interval.  The reduction in flow will 
cause a pressure surge that must be analyzed to determine if a pressure relief valve or 
other surge control strategy is needed.  For the Tank 7 design the flow reduction will be 
on the order of eight to ten cubic feet per second under a worst case scenario.  During 
final design a surge analysis is recommended.  A surge control valve has been 
anticipated in the cost estimates. 
 
Table 2: Tank 7 Hydroelectric Station Operation 
 

Tank 7 
Operation 

POM 
Operation 

Hydroelectric 
Operation 

PRS5 
Operation Comments 

Tank Level 
Constant 

Flow/Pressure 
Stable 

Turbine 1, 2, 
and/or 3 
operating 

off 
Generally occurs during winter 
months.  Turbine 1 (smallest 
machine) will only be operating 

Tank Level 
dropping 

Flow 
increasing/pres
sure dropping 

Turbines will 
process less 
flow as 
pressure drops 

PRS 5 will 
increase flow 
to stabilize 
Tank 7 level 

If pressure continues to drop 
(PRS5 is continuing to increase 
flow) the number of turbines 
operating will decrease 

Tank Level 
increasing 

Flow dropping, 
pressure 
increasing 

Turbines will 
process more 
flow with 
increasing 
pressure 

PRS 5 will 
decrease flow 
to stabilize 
tank levels 

If POM pressure continues to 
increase (PRS5 is continuing to 
decrease flow), the number of 
turbines operating will increase.  
Flow controllers will limit turbine 
operation 

 
 
 
 
 
 

CABY Headwaters Resilience and Adaptability Program - March 2013 
Attachment 7 - El Dorado Project References

Page 20



 

Draft Hydroelectric Analysis for  November 9, 2012 
El Dorado Irrigation District’s Pleasant Oak Main Tank 7 Page 15 

4.5 Turbine Selection 
 
The three-turbine array operates over the entire year with the smallest turbine operating 
in the winter and two or three turbines operating in the summer months.   In the 
shoulder months (October and April) two turbines operate as flow and pressure are 
available.    The three turbines were selected to capture the entire range of flow and 
head over the year without controlled upstream pressure.   An examination of the data 
during peak months shows that pressure and flow can vary significantly on an hourly 
basis as PRS5 seeks to maintain Tank 7 operating levels.  Figure 7 shows an example 
of this phenomenon.  When this situation occurs during the peak flow periods and all 
three turbines are running, one or more of the turbines will shut off and come back on 
line once pressure, flow and Tank 7 levels stabilize10.   
 
The operating target levels for Tank 7 dictate the flow variations by PRS5.  The resulting 
POM flow and pressure variations can be significant depending on downstream demand 
changes and Tank 7 operating levels.  The District may want to consider allowing a 
wider fluctuation in Tank 7 operating levels in order to dampen the POM flow and 
resulting pressure fluctuations.   Reducing these fluctuations could be of significance to 
the District including: 
 

 Greater Pleasant Oak Main life due to smoother operation.  A reduction in 
pressure cycling will reduce pipe stresses and long term fatigue  

 Less O&M costs for the hydroelectric station due to reduce on-off cycling 
 Greater certainty of revenue generation from reduced on-off cycling and 

increased run-time of the hydroelectric station  
 
  

                                                           
 

 

10 Once the turbine shuts off, the turbine remains off for a four-hour period in the existing three turbine design 
concept. 
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Figure 7: Example of Pressure/Flow Fluctuation 
 

 
 
An alternative concept to the three-turbine design utilizing flow control is to create an 
environment for the hydroelectric station to operate on a more consistent basis and not 
be subjected to rapid changes in flow and pressure.  This is accomplished by reducing 
the pressure ahead of the station to a steady-state that is slightly less than the lowest 
pressure experienced by PRS5 over a given period.  In addition, a turbine chosen with a 
flow capacity at the steady-state pressure that is slightly less than the daily low flow 
reading will allow the turbine to process a base flow consistently throughout the day.  
This combination of lower flow and pressure seen by the turbines results in lower kW 
capacity, however, the turbine(s) operate longer with less cycling on-off, and the overall 
generation of kWh per turbine is higher.   With this concept, most of the flow can be 
captured with a two turbine configuration, which results in lower capital costs, greater 
runtime per turbine and greatly reduced on-off cycling.  Figure 8 illustrates how the 
hydraulic grade could be set to stabilize operation.   
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Figure 8: Example of Controlled HGL Environment 
 

 
 
4.6 Mag Meters 
 
Magnetic flow meters are shown on all three turbines in the current design.  The 
metering of each turbine is not necessary for operation of the station.  The purpose of 
metering is to monitor the operation of each turbine and therefore calculate the turbine 
efficiency and other operational parameters.  Less expensive Doppler style meters will 
also monitor flow and can accomplish the same purpose for about a quarter of the 
comparative cost.  Also, Cla-Val now offers flow metering integral to their flow control 
valves for much less cost than magnetic flow meters.  Depending on the size of the 
meter, the cost savings can be between $5,000 and $7000 per meter. 
 
4.7 Piping Configuration/Building Size 
 
The current design features all above ground piping which results in a staggered turbine 
layout.  The District may want to consider an under-slab header arrangement that would 
result in the turbines being in a line rather than staggered.  This configuration would 
reduce the building footprint by eight feet in length and four feet in width.  Depending on 
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the option the savings in building cost due to smaller footprint can be between $85,000 
and $120,000.   
 
4.8 Building Materials and Appurtenances 
 
The current design calls for masonry block construction with a steel roll-up door. 
Masonry block is a good material for sound attenuation and longevity.  The steel roll-up 
door adds convenience, however double swing conventional doors will serve the same 
purpose and are much less expensive.  An insulated metal building may be less 
expensive depending on the roof span and material requirements.  The District may 
want to entertain alternative bid prices for final construction to reduce costs. 
 
4.9 Building Location 
 
Consider alternative building location just West of PRS5 as shown in Figure 9.   
According to the El Dorado County Planning Department the building setback (APN 
098-170-01) requirement is 50 feet from the centerline of Pleasant Valley Road.  This 
alternative location reduces the length of new 24-inch pipe penstock by 50 feet and 
eliminates the need to relocate the existing 24-inch pipe resulting is a savings of 
$22,000. 
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Figure 9: Alternate Building Location 
 

 

Alternative Hydroelectric 
Building Location  
near PRS5 
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4.10 Existing PLC/Chlorine Feed Building 
 
The existing block building that houses the existing PLC controls and abandoned 
chlorine feed equipment has sufficient unused space to house the electrical and PLC 
controls for the new hydroelectric station.   Utilizing this existing space reduces the 
hydroelectric building footprint to reduce cost and consolidate PLC controls into one 
location.  There is probably no net reduction in cost for this strategy due to additional 
conduit runs and wire.  
 
4.11 HVAC  
 
The current design includes heating and ventilating.  The District could consider 
ventilation only.  
 
5.0 Revenue Generation and Options 
 
Revenue generation was updated for the existing three-turbine design and re-analyzed 
for an alternative turbine arrangement using pressure control in an effort to maximize 
efficiency and minimize overall payback period.  Table 3 shows a summary of average 
generation over the three year study period.   This table compares the kW production of 
the existing three-turbine design and the two-turbine design.   
 
Based on these results, the best two-turbine design is a 10TR2 paired with a second 
5TR4 or 5TR2, producing an average of 1,500,000 kWh per year.  This compares to the 
existing three turbine design that produces an average of 1,850,00011kWh per year.    
The revenue generated varies depending on the demand year.  The revenue from the 
three-turbine design can be expected between $170,000 and $190,000 per year.  The 
revenue from the two-turbine design is expected to be between $130,000 and $150,000 
per year. There are advantages and disadvantages to the two different design 
approaches including: 
 

 In the three-turbine flow controlled design, the third turbine captures flow and 
pressure primarily during the shoulder months for a short period when the value 
power is low and frequently fluctuates on and off when PRS5 is varying flow. 

 In general, the three-turbine design results in overall lower runtime and lower 
revenue per turbine than the two-turbine pressure controlled design. 

 The two-turbine design results in less on-off cycling, overall greater runtime and 
results in greater revenue production per turbine.  This more consistent 
operation during the high value months of summer results in more efficient 
revenue production capture per turbine. 

 
                                                           
 

 

11.  Three turbine analysis by D&A to update the existing design 
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Table 3: Power Generation Options 
 

Turbine Design Turbine Model Total on-off cycles 
per year 

Annual  
Runtime 

Estimated 
 Average Annual 

Production  

Estimated 
Average Annual 

Revenue  

Three-Turbine 
Design 

10TR2 19 30% 

1,850,000 kWh $170,000 to 
$190,000 

6TR4 74 27% 

5TR2 120 40% 

Total 213   

Two-Turbine  
Design 

10TR2 25 30% 
1,500,000 kWh $130,000 to 

$150,000 5TR4 118 88% 
Total 143   

 
6.0 Estimates of Capital and Annual Costs 
 
Estimates of capital costs have been generated for three options.  All of the estimates 
are based on updated (July 2012) costs from the turbine supplier (Canyon Hydro), Cla-
Valve and the 2010 PG&E Interconnection Study.  The updated capital cost estimates 
are summarized in Table 4.  The detailed cost estimates are contained in Attachment C.  
 
Option 1 is an updated cost estimate of the existing three-turbine design utilizing flow 
control.  Option 2 is an estimate for the three-turbine design reflecting value engineering 
options and flow control.  Option 3 is the two-turbine design reflecting all the value 
engineering options plus a new powerhouse location closer to PRS5 utilizing pressure 
control. 
 
The annual costs developed for the original design report included administration and 
insurance, O&M labor, repair and replacement, and contingency.  We believe these are 
very conservative estimates and the annual costs should approximately mirror that of a 
typical water booster pumping station.  With simplification of the station operation (the 
two-turbine option) using the pressure control concepts that limit the on-off cycling, the 
resulting smooth operation translates into less O&M cost and longer turbine life.  Annual 
costs for a hydroelectric station of this size should be approximately $6,000 to $7,000 
per year.  To illustrate the sensitivity of the impact of annual costs on the overall 
payback period we have included the range of annual costs in the overall financial 
analysis.  After a few years of operating history the District should re-evaluate the 
estimates of annual cost.    
 
For instance typically a pump turbine will need bearing replacement at about 100,000 
hours of operation.  This cost is approximately $20,000.  Routine maintenance such as 
greasing the bearings is the only other periodic maintenance required.  The turbine 
supplier recommends an annual budget of $3,000 per turbine as a conservative 
estimate for O&M.    
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Table 4: Summary of Capital and Annual Costs12 
 

Option Description Total Cost Annual Cost 

1 Updated Three-Turbine 
Design  $1,775,000 $19,653 

2 Value Engineered 
Three-Turbine Design $1,580,000 $19,116 

3 Value Engineered Two-
Turbine Design $1,295,000 $17,763 

 
7.0 Overall Financial Analysis 
 
Based on the foregoing turbine selection, analysis of revenue generation, capital costs 
and annual costs, an overall financial analysis was performed and a payback period 
estimated.  According to the District’s Finance Department an interest rate of three 
percent is reasonable given the market today.  Table 5 summarizes the results of the 
analysis based on the estimated revenue ranges shown in Table 3.  Table 5 shows the 
payback period based on the mid-range of revenue expectation and the higher annual 
cost projection.  This approach is considered a reasonably conservative payback 
calculation.  All the Options that do not include the grant show a payback of greater than 
10 years.  When the grant is applied all the Options result a payback period at less than 
10 years.   
 
Revenue generation estimates are based on the 2012 PG&E Feed-in-Tariff.  
 
The three project Options were modeled with the following financial lower to higher 
range of values for each of the financial measures (Table 5): 
 

 The upper limit model financials is based on our high estimate of revenue and 
low estimate of annual costs.  This estimate provided for the best-case scenario 
in each range. 

 The lower limit model financials is based on our low estimate of revenue and high 
estimate of annual costs.  This estimate provided for the worst-case scenario in 
each range. 

 Finally each of the upper/lower financial range models was replicated including 
the potential grant money for each option. 

 

                                                           
 

 

12 Reduced annual costs are shown in the financial analysis to illustrate their impact to the payback period 
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The low and high range was assumed for each of the above options because the 
annual cost and annual revenue attributes have very different and significant impacts on 
the financial results over the long-run horizon.  An inflation rate of 3% was utilized to 
escalate annual costs per year and a Turbine Degradation Factor of 0.25 percent was 
utilized to represent a reduction in kWh produced per year.  Given that the Feed-in-
Tariff is a fixed price over 20 years these two factors will have a significant impact to the 
net revenue over time.  For example, if we look at Option 2, net revenue after 
maintenance in year 1 is $183,000 versus $160,000 in year 30.  This result reflects a 
conservative assumption that the equipment is expected to produce less kWh over time 
and maintenance costs will increase with inflation.  Ultimately we assumed that the high 
end of the range for each of the financial measures is most accurate but wanted to 
include the low range in an effort to be conservative. 
 
Overall, the long-term view on the project is that Option 2 and Option 3 are financially 
beneficial for the District.   Although Option 2 has the shortest payback period and 
overall best financials, Option 3 may be considered for other qualitative operations 
reasons.  The expected payback period for Option 2 is between 11 and 14 years without 
the grant and between 5 and 6 years with the grant.  In addition it will produce between 
$3,120,000 and $4,280,000 in revenue over a 30-year time period. 
 
From time to time, new financial opportunities emerge that the District can take 
advantage of to reduce the payback period.  Recently the California Energy 
Commission (CEC) announced a 1 percent loan program for renewable projects.  This 
low interest rate results in less than 10 year payback for Option 2.  When grants or 
loans come available there is usually a timeframe or deadline requirement for project 
information to be submitted that requires about a 50 percent design level of detail.  
 
There are also a number of other financing possibilities than could be investigated such 
as a Power Purchase Agreement (PPA) or lease whereby the District would not own or 
fund the project.  The advantage to this approach is that the District can conserve its 
cash yet still receive annual revenue from the project.   
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Table 5: Financial Analysis Summary 
 

Option 1 213 3 

Description Updated  
Three-Turbine Design 

Value Engineered 
Three-Turbine Design 

Value Engineered  
Two-Turbine Design 

Total Cost $1,775,000 $1,580,000 $1,295,000 
Annual Cost $7,000 to $19,650 $7,000 to $19,116 $5,000 to $17,763 
Revenue 
Generation $170,000 to $190,000 $170,000 to $190,000 $130,000 to $150,000 

20 Yr NPV $268,000 to $753,000 $457,000 to $935,000 $213,000 to $704,000 
20 Yr Gross Savings $567,000 to $1,292,000 $822,000 to $1,537,000 $435,000 to $1,170,000 
30 Yr Gross Savings $1,762,000 to $2,933,000 $2,025,000 to $3,178,000 $1,290,000 to $2,487,000 
Payback Period Year 13 to 16 Year 11 to 14 Year 12 to 16 

 
Financials including 

Grant 
Financials including 

Grant 
Financials including 

Grant 
Grant Amount $1,320,000 $1,214,000 $937,000 
20 Yr NPV $1,538,000 to $2,022,000 $1,624,000 to $2,102,000 $1,114,000 to $1,605,000 
20 Yr Gross Savings $1,887,000 to $2,612,000 $2,036,000 to $2,751,000 $1,372,000 to $2,107,000 
30 Yr Gross Savings $3,082,000 to $4,253,000 $3,239,000 to $4,392,000 $2,227,000 to $3,415,000 
Payback Period Year 6 to 7 Year 5 to 6 Year 5 to 7 
 
5.1 Renewable Market Adjusting Tariff 
 
The California Public Utilities Commission (CPUC) issued an order on May 24, 2012 
that revises the Feed-in Tariff program into a new pricing mechanism referred to as the 
“Renewable Market Adjusting Tariff” or “Re-MAT.”  Re-MAT has two principle 
components:  First, the starting price will be based on the weighted average contract 
price of the Investor Owned Utilities (IOUs) highest priced executed contract resulting 
from the Renewable Auction Mechanism14 auction held in November 2011.  This 
starting price for Re-MAT will apply to three produce types – “base-load,” “peaking, as-
available” and “non-peaking, as available”.  Second, a two-month price adjustment 
mechanism may increase or decrease the price for each product type every two months 
based on market response.  Additionally, the project size for Re-MAT projects is 
increased to three MW.  Finally, a separate Feed-in Tariff MW allotment for water and 
wastewater agencies has been consolidated into a statewide cap of 750 MW for all 
technologies, across all IOUs. 
                                                           
 

 

13
 The recent announcement of 1 percent financing for renewable projects through the CEC results in a payback 

period for Option 2 of less than 10 years. 
14 Renewable Auction Mechanism or “RAM” is a semi-annual auction held by the IOUs that offers pricing options for 
eligible renewable energy distributed generation projects ranging from 3 to 20 MWs in size. 
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Since the price of the offering will change every two months, there is uncertainty as to 
the anticipated contract price, but the CPUC order states $89.23/MWh as a potential 
starting point based on the results of the November 2011 RAM auction.  Additionally, 
there is uncertainty if the price will adjust up or down every two months based on 
market interest in a particular product type, but given the intense interest in the Feed-in 
Tariff in the PG&E area; we expect the Re-MAT price to be steadily decreasing after it is 
initiated.  
 
Hydro projects are currently defined as non-peaking, as-available, although a case can 
be made that the Tank 7 Hydroelectric Station be eligible as a peaking, as-available 
resource based on the generation profile slanted towards day and summer production.    
CPUC Rulemaking 11-05-005 clarifies that the current Feed-in Tariff program will 
continue to remain open until the Re-MAT program takes effect in Fall 2012.  EID may 
elect the existing FIT tariff before Re-MAT becomes effective and lock in the current 
prices.  If the FiT is elected, it will take three to four months of contract negotiations and 
cost $50,000-150,000 for the interconnection, metering analysis and equipment 
purchases.  Additionally, if the FiT contract vehicle is chosen, the Tank 7 hydroelectric 
station will be required to be on-line within 15 months. 
 
The District should consider entering a program participation form when the Re-MAT 
tariff becomes available in the Fall 2012.   Each utility will make the Re-MAT prices 
publicly available on its website at the beginning of each two month period.  EID can 
either accept or reject the initial published price.  If EID accepts the price, it enters into a 
Re-MAT contract with prices fixed for the term of the contract.  If EID declines a contract 
at that price, it maintains its position in the queue until the next two-month period.  
 
8.0 Conclusions and Recommendations 
 
The El Dorado Irrigation District’s Tank 7 site is a viable location for a hydroelectric 
station.  Value engineering of the existing design has identified cost savings, efficiency 
upgrades, and operational simplifications that make the project a reliable long-term 
asset for the District with a relatively short payback period.  The Option 3 configuration 
with two pump-turbines offers a number of operational advantages over the other 
Options however revenue generation is lower than Option 1 or Option 2: 

 Greatest annual average revenue generation per turbine-generator. 
 O&M efficiencies offered by simplified operation. 
 High capacity factor (long run-time). 
 Reduced on-off cycling. 

 
Value Engineering has identified potential options the District might consider in order to 
save cost including: 

 Utilize an existing building for electrical and PLC controls to save on cost of new 
building space. 

 Replace the proposed mag meters with less expensive equipment. 
 Consider less expensive building materials during final design. 
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 Design the hydroelectric station closer to PRS5 to reduce piping costs (Option 3 
only). 

 Design an under-slab header to reduce the building footprint and save on the 
cost of building space. 

 
Based on the findings in this report we recommend either Option 2 or Option 3 for 
design and construction.  These options meet the following goals set by the District: 

 Reliable design and understandable operation. 
 Economical payback relative to the useful life of the turbine-generators. 
 Do not require re-operation.  

 
Option 3 offers some operational advantages over Option 2 that may be desirable to the 
District including: 

 Less number of turbines and reduced O&M. 
 More constant operation with less on-off cycling of the turbines. 
 Works in parallel with existing PRS5 and would not modulate flow (flow control 

would be accomplished by PRS5), whereas Option 2 would act as flow control for 
Tank 7. 

 Retains the existing operating scheme. 
 
The PG&E Interconnection study quoted costs should be examined with PG&E during 
final design of the project.  The costs quoted by PG&E seem excessive given 
experience with other major electric utilities.  The cost for this interconnection should be 
less than $100,000. 
 
If the District decides to move forward with the project a letter needs to be submitted to 
FERC requesting a time extension for the Conduit Exemption.  The FERC is likely to 
grant the extension because the District can show activity and progress towards 
implementation.  Also, the District needs to sign a Feed-in-Tariff contract with PG&E 
before January 2013 because the price is likely to be reduced.  There are no penalties 
under the current rules for canceling the FiT contract if the District decides later not to 
pursue the project.  However after 2012 there may be penalties for not following through 
on the contract.  
 
8.1 Project Implementation 
 
The District has the option of either moving forward now with final design, or wait and 
see whether the grant will materialize.  The grant is for construction costs only.  The 
District will need to fund the design costs.  Based on the gross savings over the life of 
the project the financial advantage to the District is substantial regardless of whether the 
grant materializes.   Moving forward with design now has advantages the District may 
want to consider: 

 Taking the project to 100% design will refine the construction costs and the 
estimate for the grant. 

 The expenditure of “up-front” design costs may influence the success of 
acquiring the grant because the District has demonstrated proactivity. 
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 If the grant does not materialize, the District will not have to wait for the design 
to be completed and can go directly to advertising for construction bids.  This 
time savings will allow the District to realize revenue three to six months earlier. 

 
8.2 Recommendations 
 
The Tank 7 Hydroelectric Project shows good potential for significant revenue 
generation and operational reliability.  The foregoing analysis shows that the District has 
several options to consider going forward: 

 We recommend the District request a 2-year extension on the existing Conduit 
Exemption from FERC. 

 We recommend the District calibrate the existing flow and pressure meters and 
verify the accuracy of data provided for this analysis. 

 We recommend the District consider a long-term view of project revenue 
generation over the life of the turbines (30-year life).  Without the grant 
contribution, Option 2 represents the greatest gross savings of up to $3,178,000 
and up to $2,478,000 for Option 3. 

 We recommend the District move forward with final design on either Option 2 or 
Option 3 depending on the preference of the operation personnel to utilize either 
flow control or pressure control.  A surge control analysis is also recommended. 

 We recommend the District complete the final design then await the mid-2013 
determination of grant award.  Regardless of the award of the grant the District 
should move forward with the project based on overall gross savings.  

 We recommend the District consider entering a program participation form when 
Re-MAT tariff becomes available in the Fall 2012.   Each utility will make the Re-
MAT prices publicly available on its website at the beginning of each two month 
period.  EID can either accept or reject the initial published price.  If EID accepts 
the price, it enters into a Re-MAT contract with prices fixed for the term of 
contract.  If District declines a contract at that price, it maintains its position in the 
queue until the next two-month period.  

 District staff should present a summary of this report to the Board of Directors for 
the purpose of determining whether, and under what circumstances, to pursue 
the project further.    
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