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1  Purpose 

The purpose of this LCOE Guidance Document is to provide documentation of LCOE calculations and 

base data for ORPC’s RivGen 1.F Power System, The “Baseline” configuration that was demonstrated 

in the Kvichak River at Igiugig, Alaska in 2015. 

 

DOE-EE Award No.: DE-EE0007348 

Project Title: 
Next Generation MHK River Power System, Optimized for Performance, 
Durability, and Survivability 

Prime Recipient: Igiugig Village Council 

Principal Investigator: Alexanna Salmon 

 

2 LCOE Calculations 

The following equation is used to calculate LCOE:  

 CO    
  CC   FCR   O  

   
 

Where: 

 ICC, installed capital costs, represents all capital expenditures associated with the planning, design, 

manufacturing, deployment, and project management of a project. 

 FCR, fixed charge rate, is the annual return, represented as a fraction of installed capital costs, 

needed to meet investor revenue requirements. 

 O&M, operations and maintenance, includes all routine maintenance, operations, and monitoring 

activity (i.e. non-depreciable). 

 AEP, annual energy production, describes the average annual energy generated (after accounting for 

device or array availability) and delivered to the point of AC grid interconnection (i.e., the 

measurable basis for power purchase contracts).  
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2.1 Operating Parameters 
Table 1 summarizes the operating parameters for baseline project, which consists of 1 35kW RivGen®-

1.F unit.  

Table 1. Operating Parameters for Baseline Project  

Category Baseline  

Device Rating (kW) 22.5 

System Design Life (years) 20 

Max Sustained Flow (m/s) 2.5 

Water Density (kg/m
3
) 1,025 

Capture Radius (m) 0.7 

Total length (m) 8.2 

Cut in Speed (m/s) 0.7 

Ideal Turbine Cp  0.43 

Max Tip Speed Ratio 1.9 

Mechanical Losses 10% 

Generator Efficiency 80%-95% 

Energy Loss 1% 

Transmission Loss 4% 

Power Conversion Efficiency 93% 

Availability 76% 

 

2.2 Capital Costs 
Estimated baseline capital costs (Table 2) were established by ORPC, strictly following the DOE 

guidelines based on the CBS included in Appendix A. 

Table 2. Summary of Baseline Capital Costs 

Component Baseline $ 

Marine Energy Converter $1,165,937 

Balance of System $1,004,831 

Development and Engineering $697,000 

Equipment $161,664 

Assembly & Installation $146,167 

Financial Costs $215,727 

Total Capital Expenditures $2,386,495              
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3.3 Annual Operating Expenses 
The annual operating expenses for demonstration units are highly dependent on the failure frequency of 

primary components and typically require substantially more time to repair.  A consequence of this, 

amplified by the DOE guidelines, is that the O&M for the baseline project is many time larger than what 

would be expected for a commercial installation.  In this particular instance, maintenance costs for the 

demonstration unit installed in Igiugig are representative of full driveline replacement every 4 years,  

100% chance of generator, ballast system, and transmission cable full replacement once in the 20 year 

lifetime of the project, a 50% chance of power electronics and turbine replacement over the 20 year 

project lifetime and a 25% chance of mooring system and pontoon replacement over the 20 year project 

lifetime. Due to the lack of reliable data for failure occurrences, most replacement costs were estimated 

based on infield experience. Costs associated with non-maintenance (i.e., environmental monitoring) 

were scaled based on the Igiugig incurred costs for the deomonstration phase with a learning curve 

model applied over time.  

Results of the O&M analysis are presented in Table 3.     

Table 3. Summary of Baseline Operations & Maintenance 

Category Baseline  

Operations $151,253 

Environmental, Health & Safety Monitoring $84,122 

Annual Leases/Fees/Admin $40,678 

Insurance $26,552 

Maintenance $106,339 

Total O&M $257,592 

 

3.3 Annual Energy Production 
ORPC has gone through many steps to calculate an annual energy production estimate and is detailed 

further in a separate spreadsheet. Based on the DOE LCOE Guidance document ORPC calculated the 

LCOE based on AEP as defined in the Gudiance Document.  The sequence of caculations to determine 

AEP is depicted in FIGURE 1 below. 
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Figure 1. Derivation path for LCOE 

3.3.1 Site Velocity Distribution  
The baseline AEP modeled here utilizes data from the Kvichak River near Igiugig Alaska. The velocity 

distribution of this reference resource is shown in FIGURE 2. This data this is based on is presented in 

Appendix B section A.5.  

 



Igiugig Village Council 
Project Management Plan (PMP) – DOE DE-EE0007348 – Next Generation MHK River Power System, Optimized 
for Performance, Durability, and Survivability 
 

 

Revision 0 – June 24, 2016 ORPC CONFIDENTIAL Page 7 of 39 

 

 

Figure 2. Kvichak River velocity distribution 

 

For a given Tip Speed Ratio (TSR) the Coefficient of Performance (Cp) was plotted based on data 

collected in 2015 and analyzed by researchers at the University of Washington (Figure 3).  

Using the Cp, cut in speed, and power limited operation; the power curve for the baseline generator can 

be created, and is represented in Figure 4.  
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Figure 3. Coefficient of performance vs. tip speed ratio 

 
Figure 4. Baseline power curve 

The Cp, coupled with the parameters in Table 1, and the resource probability for Kvichak River yield 

the calculated AEP in Table 4. The following inputs and assumptions are used to calculate the AEP: 

 Power limited operation (max output of 50 kW) 

 Coefficient of Performance at optimum TSR of  .431 – derived from field operation measurements 

and loss estimates 

 Mechanical losses – estimated as %10. Drivetrain with roller bearings and a moderately compliant 

design.Due to evidence of water penetration in the bearings, the estimate is slightly better than the 
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original TidGen® estimates of 13-15% , that used Vesconite sleeve bearings and a stiffer overall 

design more sensitive to static and dynamic misalignments 

 Generator efficiency based on manufacturers generator performance curve (Appendix B, FIGURE 7) 

 Power transmission and conversion efficiency of 89% 

 Annual availability of 76.3% with the following assumptions: 

o 42 days of planned down time per year per unit 

o 38 days of un-planned down time per year per unit 

o 5 days of grid outages 

o 2% additional downtime for remainder of faults   

 

Table 4. Summary of baseline annual energy production 

Category Baseline  

Availability (%) 76.3 % 

TAEP (MWh/unit) 276.6 

Net AEP (MWh/unit) 188.8 

Number of Units in array 1 

Total AEP (MWh/project) 188.8 

 

The following are reporting requirements for AEP calculations per the LCOE guidance, and can be 

found in Appendix C: 

 Device CP Curve 

 Device Power Curve 

 Itemized Losses between Device Mechanical Power and Power Capture Matrices, preferably in 

“curve” form 

 Description of  Device Losses Estimation (i.e. field test data or modeled performance) 

 Array Loss Factor 

 Description and Justification of Array Calculations 

 Availability Losses 

 Description and Justification of Availability Loss Calculations 

 TAEP 

 AEC and AEP at device and array scales 

 (Optional) Additional Resource Location and Deployment Depth 

 (Optional) Additional Resource Velocity Distribution 
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 (Optional) Additional Resource Array Scale 

 (Optional) Additional Resource Description and Justification 

 

1.1 Baseline LCOE Estimate 

A summary of the baseline LCOE as calculated using the DOE reference documentation and fixed 

charge rate is provided in Table 5, below. 

Table 5. LCOE Estimate for Baseline Project 

Category Baseline 

Net Annual Energy Production (MWh/yr) 188 

Capital Cost ($) $2,386,495 

Annual Operating Expenses ($/yr) $257,591 

Fixed Charge Rate (%) 0.108 

Baseline LCOE ($/kWh) $2.73 

 
The high cost reported here is a reflection of the increased cost and decreased energy production 

associated with demonstration projects, which was the basis of this LCOE estimate.  
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Appendix A – CBS 
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Appendix B – AEP Required information for RivGen 1.F 

 
Below is a table of contents for the reporting requirements for AEP calculations per the DOE, 

Standardized Cost and Performance Reporting for Marine and Hydrokinetic Technologies, September 3, 

2014, referred to as LCOE guidance throughout this document: 

 

Guidance Requirement Section 

1. Device CP Curve 
A.1 

2. Device Power Curve 

3. Itemized Losses between Device Mechanical Power and Power Capture Matrices 
A.2 

4. Description of  Device Losses Estimation 

5. Array Loss Factor NA- no array 
proposed  6. Description and Justification of Array Calculations 

7. Availability Losses 
A.3 

8. Description and Justification of Availability Loss Calculations 

9. TAEP 
A.4 

10. AEC and AEP at device and array scales 

11. (Optional) Additional Resource Location and Deployment Depth N/A 

12. (Optional) Additional Resource Velocity Distribution A.5 

13. (Optional) Additional Resource Array Scale N/A 

14. (Optional) Additional Resource Description and Justification N/A 
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A.1   Device CP and Power Curves 
Historical data is used to derive the following curves.  

Power Curve Overview 
The power curve was generated by using the peak efficiency established from stable operation of the 

Rivgen 1.F Power System in the Kvichak River in July 2015. The power curve represents power output 

at the point of grid interconnection and includes all onboard efficiency losses, from turbine CP, 

mechanical losses in the driveline, generator efficiency, control system energy loss, and power 

transmission and conversion energy losses. 

These losses have been backed out and itemized in the below sections, manufacturer information used to 

derive generator, power conversion and transmission losses and mechanical loss estimated based on best 

available data.  

 

CP vs. TSR 
 
The following curve represents a measured curve of CP vs. TSR as derived by resesarchers from The 

University of Washington following RivGen 1.F deomonstration in Igiugig, Alaska in 2015, it is 

compared to data from RivGen 1.0 demonstration in Igiugig, Alaska in 2014.  This is from “2015 

Preliminary Results from UW DO  Controls Project (email dated Sep. 30th 2015 from Dom Furbush).” 

  
Figure 5. RivGen 1.f (black, 2015) and rivgen 1.0 (dotted blue, 2014) cp curves as caluclated from field 

data by UW researchers 
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Based on this data the following Power curve was developed (FIGURE 6) : 

 
Figure 6. RIVGen 1.F Power curve 

Table 6. Data for RivGen 1.f power curve 

POWER CURVE 

Hydrokinetic Energy 
Power Curve Calculations ( power limited 

operation) 

Vel. Bin 
Power in 

Water [kW] 
no limit power  

[kW] 

cut-in limited 
power 
[kW] 

 power 
limited 
[kW] 

0.1 0.01 0.0 0.0 0.0 

0.2 0.05 0.0 0.0 0.0 

0.3 0.16 0.0 0.0 0.0 

0.4 0.38 0.0 0.0 0.0 

0.5 0.74 0.1 0.0 0.0 

0.6 1.27 0.3 0.0 0.0 

0.7 2.02 0.5 0.5 0.5 

0.8 3.01 0.8 0.8 0.8 

0.9 4.29 1.2 1.2 1.2 

1.0 5.88 1.6 1.6 1.6 

1.1 7.83 2.3 2.3 2.3 

1.2 10.17 3.1 3.1 3.1 

1.3 12.93 4.0 4.0 4.0 

1.4 16.14 5.2 5.2 5.2 

1.5 19.86 6.6 6.6 6.6 
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1.6 24.10 8.3 8.3 8.3 

1.7 28.91 10.2 10.2 10.2 

1.8 34.31 12.5 12.5 12.5 

1.9 40.35 14.8 14.8 14.8 

2.0 47.07 17.2 17.2 17.2 

2.1 54.49 19.8 19.8 19.8 

2.2 62.65 22.6 22.6 22.6 

2.3 71.58 25.6 25.6 25.6 

2.4 81.33 28.9 28.9 28.9 

2.5 91.93 32.6 32.6 32.6 

2.6 103.41 36.6 36.6 36.6 

2.7 115.80 41.0 41.0 41.0 

2.8 129.15 45.8 45.8 45.8 

2.9 143.49 50.9 50.9 50.0 

3.0 158.85 56.3 56.3 50.0 

3.1 175.28 62.1 62.1 50.0 

3.2 192.79 68.3 68.3 50.0 

3.3 211.44 74.9 74.9 50.0 

3.4 231.25 82.0 82.0 50.0 

3.5 252.26 89.4 89.4 50.0 

3.6 274.50 97.3 97.3 50.0 

3.7 298.02 105.6 105.6 50.0 

3.8 322.84 114.4 114.4 50.0 

3.9 349.00 123.7 123.7 50.0 

4.0 376.54 133.4 133.4 50.0 

 

A.2. Itemized Losses & Device Losses Description 

Control System Losses 
 
Based on work conducted by UW under ORPC’s DOE Advanced Controls Project, estimated 
controls system losses are less than 1%, estaimated at 99% efficiency 
 

Electrical Losses 
The Electrical losses include losses due to generator efficiency, transmission efficiency, and 
power conversion efficiency.  These are detailed below. 
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Generator 
The generator efficiency is based on a linear fit of test data from the generator manufacturer, 
CPI. 
 

 
Figure 7. RivGen generator efficiency 

 

Power Transmission and conversion efficiency 
 

Table 7. Transmission and power conversion losses 

Transmission Eff. %   96.0% 

Inverter Eff. %     97.5% 

VFD Eff. % 
  

98.0% 

Transformer and parasitic losses Eff % 97.5% 

Total Converter Efficiency %   93.2% 

Mechanical Losses 
Mechanical losses occur to inefficiencies in the driveline system, primarily from bearing 
assemblies but also from mechanical couplings, especially where flexure in the supporting 
chassis and foundation are not efficiently handled by these components. 
Testing on bearing sleeve material was performed as part of a prior funded project by the DOE 
project, DE-EE0003631, Abrasion Testing of Critical Components of Hydrokinetic Devices -- 
Final Technical Report, December 6, 2014. Results determined in flume testing indicated a 
maximum coefficient of friction, f = 0.16. This value corresponded to separate tribological 
testing funded by ORPC, from CSM Instruments report, T‐ 11‐ 252 – Tribological Analysis of 
Bulk Polymer, October 19, 2011, which found a maximum coefficient of friction, f = 0.14. 
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However, these values are used as a lower estimate, and do not correlate with some CFD 
modeling and the streamtube analysis used in other loss estimates.  
Mechanical losses can be derived from the used of streamtube modeling in the estimation of 
energy loss %. The scale factor, mu, can be interpreted as an overall estimation of drag as an 
effective mechanical driveline loss coefficient. Given the historical accuracy of the streamtube 
model in predicting CP and the lack of other accurate measures of driveline losses at this time, 
this value is used as an estimate of overall mechanical losses, with mu = 0.345. Comparing 
fitted peak CP,max to the idealized peak CP,max provided a mechanical loss of 25.9%. 
 

A.3 – Availability Losses and Justification 
Availability was calculated from historical operational data at Cobscook Bay, with additional 
assumptions as outlined below: 
 

             
             

                       
 

 
Where, 

                                     
 

1. Service Life, for the purposes of calculation is normalized to one year, with Availability calculations 
taking into account maintenance assumptions as described below. For this estimate of RivGen® 
Availability, these assumptions were constructed so as not to change by year. Therefore, for 
estimating baseline AEP over multiple years, Availability scales linearly by year up to a maximum of 
20 years. 
 

2. Down Time, was based on estimated downtime due to planned maintenance, unplanned 
maintenance, delays due to retrieval system failures and downtime dut to grid outages 
 

a. Planned maintenance is 42 days annually, this is based on the fact that the RivGen 1.F was 
assumed to be out of the water for 6 weeks to avoid lake ice out and smolt outmigration 
from May 1 – June 15 each year. 

b. Unplanned maintenance, based on experience operating the 1.F system is was estimated 
that 3 unplanned maintenance events per year would consume 8 days a piece for a total of 
24 days of unplanned downtime 

c. Retrieval system failures based on experience with the 1.F system was estimated at 14 days 
d. Grid outages are estimated as a cumulative total of 5 days 
e. Given the magnitude of unplanned downtime above, the assumption is that over the full 

service life all major repairs can be covered each year without needing to add time for 
further maintenance. 

f. Down Time = Planned downtime  +  Unplanned downtime  +  Retrieval system failures +Grid 
outages 

= 42 + 24 + 14 + 5 days 
= 85 days 
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3. Operable Time, is demonstrated availability during full production without interruptions, which 
was 98% during operation in 2015. 

 Operable Time = (365 – Down Time) * 98% = 274 days 
 

4. Availability is calculated then: 

             
   

   
     

A.4 – TAEP, AEC and AEP 
Table A.5-1 shows the calculated values for the reference resource site. TAEP is calculated 
from applying the Power Curve to the Site Velocity Distributions, AEC modifies TAEP by 
Availability, and AEP modifies AEC by applying all transmission and conversion losses. 

Table A.5-1. TAEP, AEC and AEP Calculations for Reference Resource Sites 

  

Kvichak River 

Transmission Eff. % 96.0% 

Inverter Eff. % 97.5% 
VFD Eff. % 
Transformer, parasitc loss % 97.5% 

Total Conversion % 93.2% 

# RivGens 1 

  TAEP [MWh] 276.6 

AEC [MWh] 211.1 

AEP [MWh] 188.8 

Availability was calculated at 76% for the above. 
 

A.5 Additional Resource Velocity Distribution 
 
The resource data used for the LCOE calculations are based on data from the Kvichak River at Igiugig, 

Alaska.  This data came from two sources  
1. Data collected by Terrasond Ltd in 2011

1
. 

2. USGS data from a streamgague maintained at the site from 1967-1986 (USGS 15300500 Kivicahk R at 

Igiugig AK).     

The data from Terrasond included 4 expeditions to the project site.  Initial expeditions established 

geodetic control references as well as correlation of these references and river stages with a historical 

streamgauge maintained by the USGS from 1967-1986 (USGS 15300500 Kivicahk R at Igiugig AK).  

                                            
1
 Kvichak River Risec Project Resource Reconnaissance and Physical Characterization 2011 
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Subsequent expedititions included ADCP transects that were correlated to specific discharge levels.  

ORPC utilized the transect that was most closely associated with the RivGen deployment location 

(Error! Reference source not found.) to establish the river velocity experienced by the RivGen turbine at 

that discharge level (548 m^3/s).  Daily Mean discharge levels averaged over 11 years (10/1/1975 to 

9/30 1986) were calculated based on historical USGS data (FIGURE 9). Using an approximate linear fit 

relating discharge to velocity ORPC estimated the daily average water volicty at the resource at the site 

over the course of the year (FIGURE 10).  This data was then binned into .1 m/s intervals to establish a 

velocity distribution at the project site (FIGURE 11).  

 
Figure 8. Data from terrasond expedition 4 taekn  october 11-14 2016 at site 10 transect 3, closest to the 

RivGen 1.f deployment site.  note discharge was at 548 m^3/s when transect was taken 
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Figure 9 USGS data from Kvichak River site, daily mean averge discharge from 10/1/1975 to 9/30 1986 

Velocity&

Interpol. Discharge

Water&

Depth&(m)

2.5 548 5

Day of

month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

487.3 436.3 385.3 356.9 325.8 365.4 492.9 654.4 770.5 756.4 682.7 583.6

484.4 436.3 385.3 354.1 325.8 368.3 504.2 662.9 764.9 764.9 671.4 572.2

484.4 433.4 385.3 356.9 325.8 371.1 507.1 665.7 762.0 753.5 671.4 572.2

475.9 430.6 388.1 354.1 322.9 373.9 509.9 674.2 762.0 753.5 668.6 569.4

475.9 430.6 388.1 351.3 325.8 376.8 512.7 679.9 764.9 745.0 668.6 563.7

473.1 427.8 388.1 351.3 325.8 385.3 518.4 682.7 762.0 750.7 665.7 566.6

473.1 427.8 382.4 348.4 322.9 388.1 524.1 688.4 764.9 747.9 665.7 560.9

470.3 424.9 382.4 348.4 325.8 393.8 526.9 691.2 759.2 745.0 660.1 575.1

467.4 422.1 382.4 345.6 325.8 393.8 532.6 699.7 762.0 742.2 665.7 560.9

467.4 422.1 385.3 345.6 325.8 396.6 541.1 702.5 762.0 745.0 660.1 552.4

461.8 416.4 382.4 345.6 325.8 402.3 549.6 711.0 762.0 742.2 654.4 546.7

458.9 413.6 382.4 345.6 328.6 402.3 555.2 719.5 773.4 739.4 643.1 541.1

458.9 413.6 379.6 342.8 328.6 410.8 558.1 722.4 767.7 742.2 634.6 538.2

458.9 410.8 379.6 342.8 325.8 413.6 566.6 728.0 762.0 750.7 631.7 535.4

461.8 410.8 379.6 339.9 331.4 419.3 572.2 728.0 764.9 745.0 623.2 535.4

458.9 405.1 373.9 339.9 331.4 427.8 575.1 736.5 767.7 750.7 617.6 532.6

456.1 402.3 373.9 339.9 334.3 427.8 575.1 747.9 779.0 733.7 614.7 535.4

456.1 399.4 373.9 337.1 331.4 430.6 580.7 747.9 781.9 725.2 617.6 532.6

456.1 399.4 373.9 339.9 331.4 433.4 592.1 756.4 767.7 722.4 614.7 524.1

456.1 396.6 371.1 334.3 334.3 436.3 594.9 759.2 776.2 728.0 611.9 521.2

453.3 390.9 371.1 334.3 337.1 444.8 606.2 759.2 779.0 739.4 611.9 518.4

453.3 390.9 371.1 331.4 337.1 447.6 609.1 762.0 787.5 728.0 597.7 515.6

450.4 390.9 371.1 331.4 345.6 450.4 614.7 767.7 781.9 725.2 592.1 509.9

450.4 390.9 371.1 331.4 342.8 456.1 614.7 776.2 779.0 711.0 589.2 509.9

450.4 390.9 368.3 331.4 342.8 456.1 617.6 776.2 784.7 711.0 583.6 512.7

447.6 388.1 365.4 331.4 345.6 464.6 626.1 770.5 790.4 702.5 592.1 512.7

444.8 388.1 365.4 331.4 348.4 473.1 631.7 773.4 779.0 696.9 586.4 504.2

441.9 390.9 362.6 331.4 354.1 475.9 637.4 770.5 770.5 691.2 589.2 507.1

441.9 368.3 359.8 328.6 356.9 484.4 643.1 773.4 776.2 694.1 589.2 504.2

441.9 0.0 356.9 325.8 359.8 487.3 651.6 773.4 762.0 694.1 589.2 498.6

439.1 0.0 359.8 0.0 359.8 0.0 651.6 773.4 0.0 696.9 0.0 495.8

00060, Discharge, cubic meterst per second,

Mean of daily mean values for each day for 8 - 9 years of record in, cfs   (Calculation Period 2000-10-01 -> 2010-09-30)

Period-of-record for statistical calculation restricted by user 
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operation dates: 8-Jun 1-May

Discharge data (USGS), represents the mean of daily mean values from May-Sept.,(Calculation period 1999-10-01 ->2010-09-30).

Date Discharge (m^3/s)

Velocity at project 

site(m/s) Power/m2(kW/m2)

1/1 487 2.4235 7.1173

1/2 484 2.4210 7.0948

1/3 484 2.4210 7.0948

1/4 476 2.4133 7.0278

1/5 476 2.4133 7.0278

1/6 473 2.4108 7.0055

1/7 473 2.4108 7.0055

1/8 470 2.4082 6.9833

1/9 467 2.4057 6.9612

1/10 467 2.4057 6.9612

1/11 462 2.4006 6.9170

1/12 459 2.3980 6.8950

1/13 459 2.3980 6.8950

1/14 459 2.3980 6.8950

1/15 462 2.4006 6.9170

1/16 459 2.3980 6.8950

1/17 456 2.3955 6.8730

1/18 456 2.3955 6.8730

1/19 456 2.3955 6.8730

1/20 456 2.3955 6.8730

1/21 453 2.3929 6.8511

1/22 453 2.3929 6.8511

1/23 450 2.3904 6.8292

1/24 450 2.3904 6.8292

1/25 450 2.3904 6.8292

1/26 448 2.3878 6.8074

1/27 445 2.3853 6.7856

1/28 442 2.3827 6.7639

1/29 442 2.3827 6.7639

1/30 442 2.3827 6.7639

1/31 439 2.3802 6.7422

2/1 436 2.3776 6.7206

2/2 436 2.3776 6.7206

2/3 433 2.3751 6.6990

2/4 431 2.3725 6.6774

2/5 431 2.3725 6.6774

2/6 428 2.3700 6.6559

2/7 428 2.3700 6.6559

2/8 425 2.3674 6.6344

2/9 422 2.3649 6.6130

2/10 422 2.3649 6.6130

2/11 416 2.3598 6.5704

2/12 414 2.3572 6.5491

2/13 414 2.3572 6.5491

2/14 411 2.3547 6.5279

2/15 411 2.3547 6.5279

2/16 405 2.3496 6.4855

2/17 402 2.3470 6.4644

2/18 399 2.3445 6.4434

2/19 399 2.3445 6.4434

2/20 397 2.3419 6.4224
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2/21 391 2.3368 6.3805

2/22 391 2.3368 6.3805

2/23 391 2.3368 6.3805

2/24 391 2.3368 6.3805

2/25 391 2.3368 6.3805

2/26 388 2.3343 6.3597

2/27 388 2.3343 6.3597

2/28 391 2.3368 6.3805

3/1 385 2.3317 6.3389

3/2 385 2.3317 6.3389

3/3 385 2.3317 6.3389

3/4 388 2.3343 6.3597

3/5 388 2.3343 6.3597

3/6 388 2.3343 6.3597

3/7 382 2.3292 6.3181

3/8 382 2.3292 6.3181

3/9 382 2.3292 6.3181

3/10 385 2.3317 6.3389

3/11 382 2.3292 6.3181

3/12 382 2.3292 6.3181

3/13 380 2.3266 6.2974

3/14 380 2.3266 6.2974

3/15 380 2.3266 6.2974

3/16 374 2.3215 6.2561

3/17 374 2.3215 6.2561

3/18 374 2.3215 6.2561

3/19 374 2.3215 6.2561

3/20 371 2.3190 6.2355

3/21 371 2.3190 6.2355

3/22 371 2.3190 6.2355

3/23 371 2.3190 6.2355

3/24 371 2.3190 6.2355

3/25 368 2.3164 6.2149

3/26 365 2.3139 6.1944

3/27 365 2.3139 6.1944

3/28 363 2.3113 6.1740

3/29 360 2.3088 6.1536

3/30 357 2.3062 6.1332

3/31 360 2.3088 6.1536

4/1 357 2.3062 6.1332

4/2 354 2.3037 6.1129

4/3 357 2.3062 6.1332

4/4 354 2.3037 6.1129

4/5 351 2.3011 6.0926

4/6 351 2.3011 6.0926

4/7 348 2.2986 6.0724

4/8 348 2.2986 6.0724

4/9 346 2.2960 6.0522

4/10 346 2.2960 6.0522

4/11 346 2.2960 6.0522

4/12 346 2.2960 6.0522

4/13 343 2.2935 6.0321

4/14 343 2.2935 6.0321

4/15 340 2.2909 6.0120

4/16 340 2.2909 6.0120

4/17 340 2.2909 6.0120

4/18 337 2.2884 5.9919

4/19 340 2.2909 6.0120
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4/20 334 2.2858 5.9719

4/21 334 2.2858 5.9719

4/22 331 2.2833 5.9519

4/23 331 2.2833 5.9519

4/24 331 2.2833 5.9519

4/25 331 2.2833 5.9519

4/26 331 2.2833 5.9519

4/27 331 2.2833 5.9519

4/28 331 2.2833 5.9519

4/29 329 2.2808 5.9320

4/30 326 2.2782 5.9122

5/1 326 2.2782 5.9122

5/2 326 2.2782 5.9122

5/3 326 2.2782 5.9122

5/4 323 2.2757 5.8923

5/5 326 2.2782 5.9122

5/6 326 2.2782 5.9122

5/7 323 2.2757 5.8923

5/8 326 2.2782 5.9122

5/9 326 2.2782 5.9122

5/10 326 2.2782 5.9122

5/11 326 2.2782 5.9122

5/12 329 2.2808 5.9320

5/13 329 2.2808 5.9320

5/14 326 2.2782 5.9122

5/15 331 2.2833 5.9519

5/16 331 2.2833 5.9519

5/17 334 2.2858 5.9719

5/18 331 2.2833 5.9519

5/19 331 2.2833 5.9519

5/20 334 2.2858 5.9719

5/21 337 2.2884 5.9919

5/22 337 2.2884 5.9919

5/23 346 2.2960 6.0522

5/24 343 2.2935 6.0321

5/25 343 2.2935 6.0321

5/26 346 2.2960 6.0522

5/27 348 2.2986 6.0724

5/28 354 2.3037 6.1129

5/29 357 2.3062 6.1332

5/30 360 2.3088 6.1536

5/31 360 2.3088 6.1536

6/1 365 2.3139 6.1944

6/2 368 2.3164 6.2149

6/3 371 2.3190 6.2355

6/4 374 2.3215 6.2561

6/5 377 2.3241 6.2767

6/6 385 2.3317 6.3389

6/7 388 2.3343 6.3597

6/8 394 2.3394 6.4015

6/9 394 2.3394 6.4015

6/10 397 2.3419 6.4224

6/11 402 2.3470 6.4644

6/12 402 2.3470 6.4644

6/13 411 2.3547 6.5279

6/14 414 2.3572 6.5491

6/15 419 2.3623 6.5917

6/16 428 2.3700 6.6559
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6/17 428 2.3700 6.6559

6/18 431 2.3725 6.6774

6/19 433 2.3751 6.6990

6/20 436 2.3776 6.7206

6/21 445 2.3853 6.7856

6/22 448 2.3878 6.8074

6/23 450 2.3904 6.8292

6/24 456 2.3955 6.8730

6/25 456 2.3955 6.8730

6/26 465 2.4031 6.9391

6/27 473 2.4108 7.0055

6/28 476 2.4133 7.0278

6/29 484 2.4210 7.0948

6/30 487 2.4235 7.1173

7/1 493 2.4286 7.1623

7/2 504 2.4388 7.2529

7/3 507 2.4414 7.2757

7/4 510 2.4439 7.2985

7/5 513 2.4465 7.3214

7/6 518 2.4516 7.3672

7/7 524 2.4567 7.4133

7/8 527 2.4592 7.4364

7/9 533 2.4643 7.4828

7/10 541 2.4720 7.5526

7/11 550 2.4796 7.6230

7/12 555 2.4847 7.6701

7/13 558 2.4873 7.6937

7/14 567 2.4949 7.7649

7/15 572 2.5000 7.8126

7/16 575 2.5026 7.8366

7/17 575 2.5026 7.8366

7/18 581 2.5077 7.8846

7/19 592 2.5179 7.9811

7/20 595 2.5204 8.0054

7/21 606 2.5306 8.1030

7/22 609 2.5332 8.1275

7/23 615 2.5383 8.1767

7/24 615 2.5383 8.1767

7/25 618 2.5408 8.2013

7/26 626 2.5485 8.2756

7/27 632 2.5536 8.3254

7/28 637 2.5587 8.3754

7/29 643 2.5638 8.4256

7/30 652 2.5714 8.5012

7/31 652 2.5714 8.5012

8/1 654 2.5740 8.5265

8/2 663 2.5816 8.6027

8/3 666 2.5842 8.6283

8/4 674 2.5918 8.7051

8/5 680 2.5969 8.7566

8/6 683 2.5994 8.7824

8/7 688 2.6045 8.8342

8/8 691 2.6071 8.8602

8/9 700 2.6147 8.9384

8/10 703 2.6173 8.9645

8/11 711 2.6249 9.0434

8/12 720 2.6326 9.1226

8/13 722 2.6351 9.1492
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8/14 728 2.6402 9.2024

8/15 728 2.6402 9.2024

8/16 737 2.6479 9.2826

8/17 748 2.6581 9.3903

8/18 748 2.6581 9.3903

8/19 756 2.6657 9.4716

8/20 759 2.6683 9.4988

8/21 759 2.6683 9.4988

8/22 762 2.6708 9.5260

8/23 768 2.6759 9.5807

8/24 776 2.6836 9.6631

8/25 776 2.6836 9.6631

8/26 771 2.6785 9.6081

8/27 773 2.6810 9.6356

8/28 771 2.6785 9.6081

8/29 773 2.6810 9.6356

8/30 773 2.6810 9.6356

8/31 773 2.6810 9.6356

9/1 771 2.6785 9.6081

9/2 765 2.6734 9.5533

9/3 762 2.6708 9.5260

9/4 762 2.6708 9.5260

9/5 765 2.6734 9.5533

9/6 762 2.6708 9.5260

9/7 765 2.6734 9.5533

9/8 759 2.6683 9.4988

9/9 762 2.6708 9.5260

9/10 762 2.6708 9.5260

9/11 762 2.6708 9.5260

9/12 773 2.6810 9.6356

9/13 768 2.6759 9.5807

9/14 762 2.6708 9.5260

9/15 765 2.6734 9.5533

9/16 768 2.6759 9.5807

9/17 779 2.6861 9.6906

9/18 782 2.6887 9.7183

9/19 768 2.6759 9.5807

9/20 776 2.6836 9.6631

9/21 779 2.6861 9.6906

9/22 788 2.6938 9.7737

9/23 782 2.6887 9.7183

9/24 779 2.6861 9.6906

9/25 785 2.6912 9.7459

9/26 790 2.6963 9.8014

9/27 779 2.6861 9.6906

9/28 771 2.6785 9.6081

9/29 776 2.6836 9.6631

9/30 762 2.6708 9.5260

10/1 756 2.6657 9.4716

10/2 765 2.6734 9.5533

10/3 754 2.6632 9.4444

10/4 754 2.6632 9.4444

10/5 745 2.6555 9.3633

10/6 751 2.6606 9.4173

10/7 748 2.6581 9.3903

10/8 745 2.6555 9.3633

10/9 742 2.6530 9.3363

10/10 745 2.6555 9.3633
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10/11 742 2.6530 9.3363

10/12 739 2.6504 9.3094

10/13 742 2.6530 9.3363

10/14 751 2.6606 9.4173

10/15 745 2.6555 9.3633

10/16 751 2.6606 9.4173

10/17 734 2.6453 9.2558

10/18 725 2.6377 9.1758

10/19 722 2.6351 9.1492

10/20 728 2.6402 9.2024

10/21 739 2.6504 9.3094

10/22 728 2.6402 9.2024

10/23 725 2.6377 9.1758

10/24 711 2.6249 9.0434

10/25 711 2.6249 9.0434

10/26 703 2.6173 8.9645

10/27 697 2.6122 8.9122

10/28 691 2.6071 8.8602

10/29 694 2.6096 8.8862

10/30 694 2.6096 8.8862

10/31 697 2.6122 8.9122

11/1 683 2.5994 8.7824

11/2 671 2.5892 8.6794

11/3 671 2.5892 8.6794

11/4 669 2.5867 8.6538

11/5 669 2.5867 8.6538

11/6 666 2.5842 8.6283

11/7 666 2.5842 8.6283

11/8 660 2.5791 8.5773

11/9 666 2.5842 8.6283

11/10 660 2.5791 8.5773

11/11 654 2.5740 8.5265

11/12 643 2.5638 8.4256

11/13 635 2.5561 8.3504

11/14 632 2.5536 8.3254

11/15 623 2.5459 8.2508

11/16 618 2.5408 8.2013

11/17 615 2.5383 8.1767

11/18 618 2.5408 8.2013

11/19 615 2.5383 8.1767

11/20 612 2.5357 8.1521

11/21 612 2.5357 8.1521

11/22 598 2.5230 8.0297

11/23 592 2.5179 7.9811

11/24 589 2.5153 7.9569

11/25 584 2.5102 7.9086

11/26 592 2.5179 7.9811

11/27 586 2.5128 7.9328

11/28 589 2.5153 7.9569

11/29 589 2.5153 7.9569

11/30 589 2.5153 7.9569

12/1 584 2.5102 7.9086

12/2 572 2.5000 7.8126

12/3 572 2.5000 7.8126

12/4 569 2.4975 7.7888

12/5 564 2.4924 7.7411

12/6 567 2.4949 7.7649

12/7 561 2.4898 7.7174
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Figure 10. Derivation of velocity from discharge and available power from velocity 

  

12/8 575 2.5026 7.8366

12/9 561 2.4898 7.7174

12/10 552 2.4822 7.6465

12/11 547 2.4771 7.5995

12/12 541 2.4720 7.5526

12/13 538 2.4694 7.5293

12/14 535 2.4669 7.5060

12/15 535 2.4669 7.5060

12/16 533 2.4643 7.4828

12/17 535 2.4669 7.5060

12/18 533 2.4643 7.4828

12/19 524 2.4567 7.4133

12/20 521 2.4541 7.3902

12/21 518 2.4516 7.3672

12/22 516 2.4490 7.3443

12/23 510 2.4439 7.2985

12/24 510 2.4439 7.2985

12/25 513 2.4465 7.3214

12/26 513 2.4465 7.3214

12/27 504 2.4388 7.2529

12/28 507 2.4414 7.2757

12/29 504 2.4388 7.2529

12/30 499 2.4337 7.2075

12/31 496 2.4312 7.1849
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Kvichak River site selected for AEP calculations 

Vel. Bin Power in Water [kW] Igiugig 

0.1 0.01 0.00% 

0.2 0.05 0.00% 

0.3 0.16 0.00% 

0.4 0.38 0.00% 

0.5 0.74 0.00% 

0.6 1.27 0.00% 

0.7 2.02 0.00% 

0.8 3.01 0.00% 

0.9 4.29 0.00% 

1 5.88 0.00% 

1.1 7.83 0.00% 

1.2 10.17 0.00% 

1.3 12.93 0.00% 

1.4 16.14 0.00% 

1.5 19.86 0.00% 

1.6 24.10 0.00% 

1.7 28.91 0.00% 

1.8 34.31 0.00% 

1.9 40.35 0.00% 

2 47.07 0.00% 

2.1 54.49 0.00% 

2.2 62.65 0.00% 

2.3 71.58 32.10% 

2.4 81.33 21.60% 

2.5 91.93 15.89% 

2.6 103.41 13.40% 

2.7 115.80 17.00% 

2.8 129.15 0.00% 

2.9 143.49 0.00% 

3 158.85 0.00% 

3.1 175.28 0.00% 

3.2 192.79 0.00% 

3.3 211.44 0.00% 

3.4 231.25 0.00% 

3.5 252.26 0.00% 

3.6 274.50 0.00% 

3.7 298.02 0.00% 

3.8 322.84 0.00% 

3.9 349.00 0.00% 

4 376.54 0.00% 
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4.1 405.50 0.00% 

4.2 435.90 0.00% 

4.3 467.78 0.00% 

4.4 501.18 0.00% 

4.5 536.13 0.00% 

4.6 572.68 0.00% 

4.7 610.84 0.00% 

4.8 650.67 0.00% 

4.9 692.19 0.00% 

5 735.44 0.00% 

5.1 780.45 0.00% 

ANNUALIZED AVAILABLE POWER: 88.70 

average 
velocity    2.46135 

 
Figure 11. Binned velocity distribution at Kvichak River site 
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