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Project Summary 

This project will design the modification and subsequent test of a Baker Hughes electric submersible pump (EPS) 

system that has been re-configured to function in reverse as a turbine for hydrokinetic power production at either 

river or tidal locations. The ESP is a particularly attractive device for hydrokinetic power production in Alaska 

waterways because it is extremely reliable in harsh environments such as those with high particulate (e.g. silt, 

sand) loading. The relatively small inlet diameter of the ESP, which allows for high speed operation, will 

additionally have a lower impact on fish due to the small frontal exposure area. This slender design will also 

reduce the chance of ice/debris interaction and potential damage during operation. An innovative hood design 

with inter-stage flow redistribution allows for greater hydrokinetic power extraction than would otherwise 

intersect with the frontal area of the ESP.  Additionally, a fish and debris screen may also be designed and built 

such that the device will have reduced impact on fish, while also diverting floating debris away from the device.  

The proposed project will progress through three stages of development. Stage 1: Laboratory testing at the 

University of Alaska Fairbanks (UAF) Mechanical Engineering Department of single-stage and multi-stage 

turbine units for characterization of both the mechanical and electrical power production capability using a range 

of water flow regimes. Stage 2: Design, construction and testing of a larger, complete pilot unit, subsequently 

installed on a barge and towed at a range of controlled speeds via tug. Stage 3: Design, construction and testing of 

an even larger, complete prototype turbine unit, and longer term (~2 week) summer field testing at the AHERC 

Nenana test facility to quantify mechanical performance, power production and quality, and performance of a 

custom-built fish/debris diversion screen. 

Eligibility and Innovation 

The Baker Hughes ESP is a rugged, robust and highly optimized multi-phase pump that has reliably served the oil 

field industry for decades. This equipment is capable of handling three phase (e.g. oil, sand, gas) crude 

hydrocarbon extraction, and can likely withstand the abnormally harsh environments of Alaska rivers and tidal 

regions that often contain high sand and silt loads, break-up and frazil ice, and other floating debris. A 3D 

rendering of a complete multi-stage unit installed on permanent pedestal is shown below. The final production 

mooring system depends on more detailed and site-specific anchor studies that are not part of this proposed 

project. 

The Baker Hughes ESP has already proven capable of extended period electric power production operating as a 

turbine at The Geysers geothermal power plant in California
1
 (TRL 3). Here, a standard ESP was installed in an 

injection re-supply well at the power facility, and the 

turbine/generator system produced up to 250 kW of 

sustained power during this proof-of-concept project.  

Although the injection well pilot project at The Geysers 

was a successful deployment and corresponds to TRL 3, 

the Baker Hughes ESP must be modified and optimized 

for deployment in the larger but slower flowing water of 

Alaska rivers and tidal areas. Baker Hughes’ regional 

offices currently adapt standard configurations to meet 

specific customer demands, and will do the same for the 

turbine modifications. Quality Marine brings the 

expertise in building equipment for fishing and boating 

industries to the application of a flow hood and potential 

fish and debris screen.  This 3-stage project will bring 

the technology through TRL 4-7. 

1
 Enedy and Badger (2009) Downhole generator for a geothermal injection well, GRC Transactions, 33 125-9. 
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Prioritization 

Baker Hughes is a global oilfield services company with a major corporate presence in Alaska. The company 

already provides several products and services to many of the major petroleum development companies operating 

in the state (e.g. BP, ExxonMobil). In this project, Baker Hughes is matching its existing ESP technology in a 

partnership with the UAF Mechanical Engineering department to further develop this robust technology, which 

will be particularly applicable in the harsh river and tidal regions of Alaska. All three stages of testing will occur 

in three different locations within the state. Additionally, it is a priority of the project partners to recruit the 

graduate student researcher from UAF's Alaska Native Science and Engineering Program (ANSEP). 

Technology Validation & Methodology 

The objective of the first development stage will be calibration, measurement and assessment of mechanical and 

electrical power production and 

conversion performance for a 

single stage ESP in the laboratory 

(TRL 4-5). At this stage, water will 

be forced through the unit by a 

pump (in place of actual river 

flow) in a range of controlled 

velocities and volume flow rates. 

The test loop will be constructed at 

UAF Engineering department and 

comprise a water storage tank, 

high volume pump, water brake 

dynamometer, and other automated 

measurement and control hardware 

and software. Based on flow loop test result, UAF and Baker Hughes will contract Quality Marine to build a flow 

hood followed by a fish/debris screen for use in a prototype unit. UAF will also build a preliminary computational 

fluid dynamics (CFD) model based on the anticipated flow regime through the hood. This CFD model will be 

validated in stage 2, and then used to help design and optimize future hood arrangements (stage 3 and beyond). 

The second development stage will be deployment of a multistage power producing unit deployed from a barge in 

the Cook Inlet (TRL 6).  The barge will pull the test unit at varying speeds to test the output.  A multistage turbine 

and generator system will be assembled based on the laboratory testing data from stage 1 and desired power 

production for the prototype device. There are a few different sizes of Baker Hughes ESP's ranging from 40 kW to 

2000 kW, and this stage will focus on a 50 kW unit. The hydrokinetic device will be suspended below pontoon 

boat at the desired depth using a custom made frame assembly designed by Quality Marine of Seward, AK.  

Power developed will be measured from a load bank positioned on the test vessel. Intertek will provide electrical 

safety testing and inspection before deployment. 

The third development stage will be deployment of a multistage power producing unit at the hydrokinetic test site 

at the Tanana River in Nenana, AK (TRL 7). This test site has been characterized and is being further developed 

by UAF AHERC for the purpose of performance testing of hydrokinetic devices intended for installation in 

Alaska. A larger prototype multistage turbine and generator system will be assembled and built by Baker Hughes 

at their manufacturing facility and shipped to the test site. The final design will be based on the barge testing 

performance data from stage 2, CFD modeling simulations, the river flow characteristics at the deployment 

location, and desired power production for this prototype device. This stage will aim for a device in the 50 kW 

range, although the test results may alter the final size. The hydrokinetic device will be suspended below an 

anchored pontoon boat at the desired depth using a custom made frame assembly designed by Quality Marine of 

Seward, AK. 
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Site and Facilities 

Laboratory testing in stage 1 will occur at UAF Mechanical Engineering department. The test loop will be 

constructed and housed in an enclosed and heated test facility during year 1. This facility has access to standard 

and 3-phase power, wired and wireless networking, and access to tools and equipment.   

Stage 2 testing in Cook Inlet was chosen for proximity to test equipment staging and the large number of test 

vessels available within the project schedule given the large test area.   

The hydrokinetic test site on the Tanana River in Nenana has been characterized in terms of flow dynamics, and is 

being further developed by AHERC for performance testing of hydrokinetic devices intended for installation in 

Alaska. Several mooring systems are currently under investigation for use here including bollards and bottom 

anchors. The most current technology developed for the site at the time will be used for this project in stage 3. 

Permitting - No permits are required in stage 1 for the lab testing. Barge and tug testing in stage 2 will require 

permits from AK Fish & Game (Habitat and Fish Resource) and the Department of Natural Resources. Permit 

requests will be submitted after lab testing in stage 1 establishes the size of the prototype unit to be tested. The 

exact barge and tug testing location will be determined in conjunction with the contractor before application.  

Barge testing in Nenana in stage 3 will occur at the AHERC hydrokinetic test facility which currently has permits 

for a floating barge test as proposed here. No FERC permit is required at either site as the power produced will be 

“burned off” in a load bank after measurement, and not used or integrated into an existing power grid. 

Schedule and Budget Summary 

The proposed 24-month project will take place in three sequential stages. Duration and start/finish dates are 

approximate, but the schedule is based around the seasons such that in-water testing occurs during the summers of 

years 1 and 2. 

Stage Task Name Duration Start Finish 

1 UAF Lab Turbine Test  12 weeks 9/1/2012 12/31/2012 

 UAF Test Data Evaluation 12 weeks 1/1/2013 3/31/2012 

2 Prototype Design 4 weeks 4/1/2012 4/30/2012 

 Order Turbine Components, Flow 

and Frame Assembly 

8 weeks 5/1/2013 6/30/2013 

 Schedule Barge Equipment 2 weeks 7/1/2013 7/14/2013 

 3rd Party Inspector 1 week 7/15/2013 7/20/2013 

 Barge Test 5 weeks 7/21/2013 8/30/2013 

 Evaluate Barge Data 16 weeks 9/1/2013 12/31/2013 

3 Prototype Design 4 weeks 1/1/2014 1/31/2014 

 Build Turbine Components, build 

Flow and Frame Assembly 

12 weeks 2/1/2014 4/30/2013 

 3rd Party Inspector 1 week 5/1/2013 5/7/2013 

 Nenana Test (prep & deployment) 4 weeks 5/8/3013 6/7/2013 

 Evaluate Pilot Project Data 12 weeks 6/8/2013 8/30/2014 

Budget 

The project will be sequentially funded through the three stages. Total salary and benefits requested is $96,616 for 

Dr. R. Peterson (UAF) and one graduate student research assistant. Travel funds requested total $4,088 for travel 

to field sites. Contractual services expenses total $100,070, including funds of $25,000 to cover the cost of 
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