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1. Final Progress Report 

A. Total Project Funding 
 
 Denali Commission $830,325 
 ORPC Alaska  $1,174,385 
 

B. Updated Schedule and Milestone Information as Identified in the 
Project Work Plan 

B.1. Project Deliverables  
• Alaska Hydrokinetic Energy Research Center (AHERC) foundation and debris diversion 

literature surveys, data collection and final reports:  

Foundation Study Deliverables  
AHERC did not perform a foundation study for the project, as key staff elected not to 
participate in the project. ORPC Alaska, LLC (ORPC) did not perform a literature survey 
but instead utilized third-party engineering resources with expertise in marine 
construction to complete the design. 
 
Debris Study Deliverables 
The final report on the debris literature survey was submitted to ORPC on April 14, 
2011. It is included as Attachment A. 

 
• Prototype bottom support frame and debris detection system fabricated, deployed, tested, and 

retrieved at Nenana site. 
 
The mechanical debris detection device (MDDD) tests were completed at Nenana.  
After much consideration of the environmental and physical aspects of the Nenana site, 
ORPC determined that other sites would be better suited for testing the bottom support 
frame. Accordingly, the hydrostatic test was completed in Wasilla, Alaska, and all other 
tests were successfully conducted in Nikiski, Alaska. Please see Section C - Narrative 
Summary for details. 

 
• RivGen™ turbine generator unit (TGU) built and tested at Eastport, Maine test site: 

Construction of the RivGen™ TGU was completed in Maine. ORPC’s Nenana project 
manager relocated to Maine from Alaska to facilitate construction. Details follow. 

 
• Final report on Nenana site characterization work, foundation system, and MDDD performance:  
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TerraSond completed a report on the site characterization work it is included as 
Attachment D. AHERC completed a report on the report on the MDDD calibration and 
field tests and delivered it to ORPC on February 16, 2012. It is included as Attachment B. 
The foundation system work report is included in the Narrative Summary. 

 
• Final performance report on RivGen™ TGU test in Maine submitted to Alaska Center for Energy 

and Power (ACEP):  

The RivGen™ TGU was tested at the Eastport test site in Maine.  Due to the late start of 
testing after the close of the project performance period, the full final performance 
report could not be included here. 

B.2. Timeline 
• AHERC foundation and debris diversion literature surveys, data collection and final reports 

completed December 31, 2010 (now anticipated December 31, 2011): 

Foundation Study Timeline 
November 2010 - December 2011 The foundation study has been removed from the  
     AHERC scope of work due to the loss of key  
     faculty performing the work. It was not performed as  

part of this project. 
 
Debris Study Timeline 
November 2010 - December 2010   Reviewed literature and existing debris mitigation  
     technology and engineering. 
 
December 2010 - January 2011  Provided ORPC with results from literature review of  

existing debris mitigation methods to help their 
design of a preliminary mitigation system. Provide 
preliminary concept designs for debris detection 
system. 

 
November 2010 - April 2011    Designed methods and equipment to measure debris  
     statistics in conjunction with the foundation design  
     study. 
 
January 2011 - September 2011   Consulted with ORPC on debris detection system  
     during construction and installation. 
 
September 2011  Calibrated debris detection system, and perform 

initial deployment to verify the system’s design 
  

 
Oct. 2011 – Feb. 2012   Analyzed data from the debris detection system 

calibration, and provide report on results. 
      
• Prototype bottom support frame and debris detection system fabricated, deployed, tested and 

retrieved at project site, July – September 2011: 
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March 1, 2011     PND Engineers, Inc. selected to design bottom 
  support frame. 
   

May 1, 2011     Conceptual design selected. 
 
June 7, 2011     Design drawings completed for review. 
 
June 13, 2011  Permits to test the bottom support frame were    

submitted to Alaska Department of Natural 
Resources (ADNR), U.S. Army Corps of Engineers 
(USACE), and Alaska Department of Fish & Game 
(ADF&G). 

 
August 12, 2011 Completed anchor system shipped to Nenana,  
 Alaska. 
 
August 16, 2011 Bottom support frame assembly completed. 
August 25, 2011 Debris Detection System fabrication and assembly  
 completed. 
 
September 13 – 22, 2011  Anchor and Debris Detection System deployed,  
  tested, and retrieved. 
 
October 17, 2011 Bottom support frame quality check performed to 

ensure its fabrication was to spec. Location for 
bottom support frame system testing selected. 

 
October 30 – Nov. 9, 2011   Bottom support frame tested in Nikiski, Alaska. 
   

• Fish Study: 

March 31, 2011     Meeting with agencies to scope project’s Fish Study.  
 
June 7, 2011      Fish Study plan finalized between ORPC and UAF. 
 
August 15 – Sept 1, 2011    Fish Study performed. 
 
Winter 2011-12     Fish Study report completed as master’s thesis and  
       submitted to peer review journal (to be determined  
       and not part of this funding). Summary report  
       submitted to ORPC February 18, 2012; included  
       as Attachment C. 
 

• TGU fabricated and tested at Eastport, Maine test site: 

March 21, 2012    TGU fabrication and assembly completed. 
  

• RivGen™ TGU built and tested at Eastport Maine test site:  
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March 31, 2012    Eastport testing initiated. 
 
• Final Report on Nenana site characterization work, bottom support frame and anchoring 

system, and debris detection system performance submitted to ACEP: 

April 16, 2012    Final report submitted. 
 
• Final performance report on RivGen™ TGU test in Maine submitted to ACEP: 

April 16, 2012    Final report submitted.  
 

C. Narrative Summary 
The Nenana, Alaska Hydrokinetic RivGen™ Power System Project (UAF 11-0017) was completed by 
ORPC Alaska, LLC, a wholly-owned subsidiary of Ocean Renewable Power Company, LLC, 
(collectively, ORPC). ORPC develops breakthrough technology and eco-conscious projects that 
harness the power of the world’s oceans and rivers to generate clean, predictable, affordable 
energy.  
 
The goal of the Nenana, Alaska, Hydrokinetic RivGen™ Power System Project (Project) was to assess 
and demonstrate the potential of a hydrokinetic power system in Alaska (Figure 1). The Project 
proposed to finalize site and technology concerns in preparation for deployment of ORPC’s 
RivGen™ turbine generator unit (TGU) at Nenana, Alaska (originally proposed for 2012, but now 
scheduled for 2013 at a “clear” river site, and for 2014 at Nenana). The Project included the design 
and building of a bottom support frame and debris diversion system as well as pre-deployment fish 
studies, which were completed by University of Alaska Fairbanks School of Fisheries under 
AHERC’s work at the Nenana site in August 2011. 

 
 

Figure 1. The RivGen™ device. 
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The Project successfully designed, built, deployed and tested ORPC’s proprietary RivGen™ TGU, 
which uses advanced design cross flow (ADCF) turbines to power an underwater permanent 
magnet generator mounted at the TGU’s center on a single driveshaft. The ADCF turbines are built 
from composite materials that will not corrode. The TGU has a gearless, direct-drive design that 
requires no lubricants and so does not contaminate the surrounding water. The TGU was tested at 
ORPC’s Eastport, Maine test site. 

C.1. Site Characterization Work 
ORPC contracted TerraSond Ltd. to complete a site characterization geophysical study of the Project 
area in the Tanana River at Nenana, Alaska, over two expeditions, the first beginning August 7, 2010 
and the second beginning October 5, 2010 (Figure 2). The contract specified the recording, 
processing, analysis, and presentation of remotely sensed data for the purpose of interpreting the 
physical character of the Project environment. The survey area included 291,200 m² of the Tanana 
River. This study was designed to complement previous measurements accomplished for AHERC at 
the upstream portion of the Nenana site. TerraSond’s Study is included as Attachment D. 
 
 

 

C.2. Report on Literature Survey of Debris Diversion Techniques 
AHERC delivered a report on the state-of-the-art debris diversion techniques and technology to 
ORPC in April 2011. This report found that while various methods for protecting man-made 
structures from river debris have been practiced for decades, there have been few techniques 
developed to mitigate the impact of debris while limiting the effects on flow velocity. The industries 
with the most practice in debris mitigation are conventional hydro power and bridge construction. 

Figure 2. Deployment area for anchors and bottom support frame in red box. Nenana 
railroad bridge is evident. Colors indicate water depth and riverbed surface features. 
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Both industries traditionally utilize passive techniques for protecting structures from debris. While 
best practices in these industries are not directly applicable to protecting hydrokinetic devices, 
primarily because of their detrimental effect on flow velocity, the report found that lessons learned 
using these devices may be directly applied to the design of a hydrokinetic debris device. 
Additionally, some of the less common techniques used for protecting bridge abutments, including 
vortex shedding devices and roller diverters, may have uses for hydrokinetic devices where current 
flows are greater.  
 
Although very few examples of debris mitigation for hydrokinetic devices exist, the report found 
that the biggest issues with attempted practices were their effects on the flow and their inability to 
self-clear debris in order to prevent accumulation. Reportedly, the most successful technique for 
combating debris for small hydrokinetic devices was to place the devices in areas out of the main 
debris path. Unfortunately, that often means selecting locations outside of the greatest flow areas.  
The full report on literature survey of debris diversion techniques is found in Attachment A. 

C.3. AHERC Fish Study  
ORPC contracted the University of Alaska Fairbanks, School of Fisheries to collect pre-deployment 
data on spatial and temporal distribution of fish at the Project site on the Tanana River, Alaska. This 
effort included experimenting and refining mid-river sampling methods in river channels at depths 
where ORPC’s RivGen™ TGU will be operated, and utilizing established shore side sampling 
methods to provide valuable information about species composition, run timing and spatial 
distribution of the juvenile fish. Shore side sampling was completed near ORPC’s site and at 
AHERC’s upstream site from late May through August 2011. However, due to delays in getting 
fishing equipment adapted to the site and verified at AHERC’s upstream site, the mid-channel 
sampling at ORPC’s site did not begin until August 18, 2011 and was concluded before the month’s 
end. A full report of the fish study effort is included as Attachment C. 

C.4. Mechanical Debris Detection Device:  Design, Fabrication and Testing 
To better understand submarine debris at the proposed depth of 
the ORPC’s RivGen™ TGU, data was needed on the types of debris 
that might be encountered, the frequency of occurrence, the 
force of impact, and the location in the water column of this 
debris. AHERC and ORPC collaborated, utilizing the technical 
expertise of Jon Holmgren at Jon’s Machine Shop in Fairbanks, 
Alaska, to conceptualize the design of a debris detection system 
later named the Mechanical Debris Detection Device (MDDD). 
AHERC and John Holmgren then completed a final design of the 
MDDD, and ORPC contracted Jon’s Machine Shop to complete the 
fabrication of a prototype MDDD “spline” and a second MDDD 
spline following successful prototyping (Figure 3). 
 
Following fabrication, the MDDD was calibrated at Jon’s Machine 
Shop to ensure function and accurate data from the load cells on 
the splines. One of the anchors designed and fabricated to hold 
the bottom support frame was fitted with a frame to 
accommodate the MDDD for an in-river deployment. The MDDD 
was then transported to Nenana and was fitted to the anchor in 
preparation for deployment. This project provided the 

Figure 3. Jon Holmgren working 
on the prototype MDDD spline 
at Jon’s Machine Shop. 
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opportunity to test and calibrate not only the MDDD, but also ORPC’s prototype anchor, adapted 
with the assistance of PND Engineers and Marsh Creek from the design utilized by Alaska Power & 
Telephone (AP&T) for the hydrokinetic project in the Yukon River at Eagle, Alaska.  
 
On September 13, 2011, the anchor fitted with the MDDD was deployed near the Crowley Dock on 
the Tanana River at Nenana (Figure 4). The deployment was successful, and the following morning 
pull tests were performed on the anchor to test its holding power. The anchor exceeded its design 
specification for holding power. Additionally, settling into the Tanana River bottom was observed, 
as the spline had initially protruded about 2.5 ft above the river surface and had sunk more than 2 ft 
overnight. 

 
Figure 4. Anchor with MDDD deployed at the Crowley dock in the Tanana River at Nenana. 

 
Following anchor testing, AHERC began the systematic testing and calibration of the MDDD using 
artificial debris comprised of weighted nets and ballasted polyethylene drums. Unfortunately, due 
to a computing error, data from September 16 through September 20 was lost. While the lost data 
included all of the data using artificial debris, the data from the previous days was successfully 
recovered, and proved useful in verifying performance of the MDDD. A detailed report of the test 
and calibration results is included as Attachment B. 

C.5. Bottom Support Frame Design, Fabrication and Testing 

C.5.1. Design 
Initially, it had been the intention of ORPC and AHERC to collaborate on a literature survey of 
existing river foundation concepts, and then on the conceptual and final designs of a suitable 
foundation for the RivGen™ Power System at the Nenana site. However, a critical staff member at 
AHERC excused himself from the project in March 2011, and timing required that ORPC subcontract 
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the design work out to private engineering firms in order to complete the design on schedule. ORPC 
began working with R.M. Beaumont Corp. (RBC) and PND Engineers in March 2011 to begin 
conceptual design of the RivGen™ foundation. Soon afterward, Marsh Creek joined the project as the 
fabrication and deployment contractor for the foundation, and participated in design reviews to 
ensure that efficient fabrication and ease of deployment were factored into design considerations. 
Several foundation designs were considered, ranging from pile-based systems to non-penetrating 
frame and anchor systems. Ultimately, a bottom support frame coupled with an upstream anchor 
system was chosen for its potential advantages in deployment and retrieval operations—chiefly the 
possibility of not requiring cranes for these operations, and adaptability to a wide range of river 
bed conditions. The anchors themselves were adapted from a design shared with ORPC by Ben 
Beste from AP&T, which he utilized for the hydrokinetic project at Eagle, Alaska. The final design of 
the bottom support frame and anchor system was completed in early June 2011, and Marsh Creek 
produced shop drawings from the PND design drawings by the month’s end (Figure 5). 

 
 Figure 5. Bottom support frame and anchor system design. 

C.5.2. Fabrication 
Marsh Creek chose Van Weld North to fabricate the bottom support frame and anchors. Surplus 
steel from the Trans Alaska Pipeline was utilized in order to significantly reduce material costs for 
the bottom support frame. Fabrication of the bottom support frame and anchors was completed on 
schedule, and the bottom support frame was ready for testing by August 2011.  
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C.5.3. Hydrostatic Quality Control Test, 10/17/11 
The goal of the hydrostatic test was to verify for quality control purposes that the bottom support 
frame was fabricated to specifications. Specifically, the test verified that the main pontoons of the 
bottom support frame were water-tight and that the riser tubes and air system worked to expel 
water from the main chambers. The one-day test at the Van Weld yard on October 17, 2011 
confirmed that the bottom support fame passed quality control requirements and was ready for in- 
water testing. 

C.5.4. Transport of Bottom Support Frame to Nikiski Test Site, 10/31-11/1/2011 
The Arctic Slope Regional Corporation’s (ASRC) facility at Nikiski, Alaska was chosen as the test site 
for the in-water tests of the bottom support frame (Figure 6). The successful delivery of the bottom 
support frame to the ASRC facility showed that the bottom support frame could be transported 
without incident and could be loaded and unloaded relatively easily with the proper equipment. 

However, a few concerns arose. The 
height of the bottom support frame was 
more than the legal highway height limit 
due to the bow in the low-boy trailer. 
While this was not an issue for 
transporting the bottom support frame 
within the state of Alaska, it could 
present an issue if transporting it across 
state lines. Although the loading was 
done successfully without incident, the 
demonstration showed that 
loading/unloading might be difficult 
without appropriately sized equipment.  
 
 
 
 
 

The bottom support frame was shipped on two trucks instead of one—a decision based on the 
following factors:  
 

• The cost of two trucks versus one is nearly the same. 
• Two trucks eliminated the need for an oversized load permit. 
• Using two trucks eliminated the requirement that the load be “irreducible,” which would 

necessitate that the two main sections of the bottom support frame be welded together. 
• Using two trucks eliminated the need for additional cribbing. 

 
While future transport may require that the bottom support frame be shipped on one truck due to 
cost or space, one-truck shipping was not tested during this transit. 
  

Figure 6. Layout of the Nikiski site. 
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Figure 8. Lifting the second main 
bottom support frame section into 
place. 
 

C.5.5. Bottom Support Frame Assembly at Test Site, 11/1-2/2011 
The assembly itself was completed quickly. Once the pieces of the bottom support frame were lifted 
into place, it took about 10 minutes to bolt them together (Figure 7 and 8).  ORPC would have 
preferred to perform the operation without a crane, allowing practice for remote assembly where 
cranes may not be available.  After discussing this with Marsh Creek’s field crew, ASRC felt 

confident that the operation could be 
performed without a crane, but would take 
significantly longer.  Ultimately, ASRC 
chose to perform the assembly with a 
crane.  It was later pointed out that part of 
the hesitancy to perform the assembly 
utilizing a loader and excavator instead of a 
crane might have been due to concerns of 
potential damage to the pipes mating 
surfaces.  While superficial damage to the 
mating surfaces would not likely have 
risked the functionality of the bottom 
support frame, ASRC commonly operates in 
the oil industry, where damage to any pipe 
could have much broader implications 
including potential oil spills, and hence they 
are rightly cautious as a rule when 
manipulating pipe fittings.  Before going to 

a remote site, however, it will be necessary to attempt to assemble the bottom support frame using 
equipment similar to what is going to be available at that site. This may require convincing 
operators to step outside of their normal operating practices in order to use smaller equipment 
even when bigger machines might be available. 

 

C.5.6. Land-Based Systems Test, 11/2-3/2011 
The objective of the land-based systems test was to 
validate that the air and water systems could successfully 
pump water into and out of the bottom support frame and 
that it was possible to control the flows in and out of 
individual chambers (Figure 9). The land-based systems 
tests also would determine the time needed to perform the 
operation. All of the major issues that were encountered 
during the land-based test centered around the water 
system—pumping system, water hoses, and water 
gauges/flow meters. It was clear that the pumping system 
needs to be refined. The original pumps may work in the 
field, since the actual suction head is unlikely to be more 
than the height of a barge/boat deck. These pumps, 
however, must be vetted before they are used in a remote 
application. While the low-pressure of the screw-sucker 
pump was beneficial for a first test because it greatly  
  

Figure 7. Unloading the bottom support frame 
sections using the ASRC crane. 
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reduced the risks associated with higher pressure, operating at such a low pressure may not be 
recommended in the field.  

The water hoses themselves constituted the next major issue. The 2-inch vinyl discharge hoses 
were chosen for this test because of their flexibility, availability, and relatively low cost. However, it 
quickly became apparent that this hose’s flexibility was more of a detriment than a benefit. Because 
any pinch in the hose resulted in reduced flow, it took immense effort to ensure that water was able 
to flow continuously. 
 
Because the water was not able to flow through each hose at the same rate, having a reliable way to 
measure the amount of water in each chamber became even more important. Unfortunately, the 
water gauges/flow meters purchased for this purpose were found to be unreliable. This test made 
clear that a more reliable system needs to be established to measure the amount of water in each 
chamber. This is true not only for when the water is entering the bottom support frame but also 
when it is discharged. 
 
Despite the issues with the water system, the overall test was generally successful. The water was 
able to completely fill the bottom support frame in an acceptable amount of time, and it was able to 
be pumped out of the chambers with even more efficiency. Additionally, the system was shown to 
operate better at pressures up to 100 psi. While there are greater risks associated with higher 
pressures, higher pressure does result in faster discharge of the water, and reduces the issues 
associated with kinked hoses. 

C.5.7. Water-Based Systems Test, 11/3-4/2011 
The objective was to test the entire bottom support frame system in still water. This included 
picking the bottom support frame with a crane and lowering it to the intertidal zone to “launch” it, 
securing the bottom support frame to the ASRC Rig Tenders Dock, confirming flotation when the 

Figure 9. Fully Assembled bottom support frame with trained air and water hoses. 
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tide came in, performing a sink test by filling the bottom support frame with water, performing a 
float test by purging the water and refloating the bottom support frame, and removing the bottom 
support frame from the inlet with a second pick by crane. 

C.5.7.1. Description of Task Sequence:  Initial Crane Pick 
Following the completion of the land-based test, the water hoses were removed from the bottom 
support frame and the air hoses were secured. Peak Oilfield Services arrived onsite at 
approximately 5:30 pm in order to conduct the first lift during low tide (Figure 10).  

 
Once the rigging was completed, the bottom support 
frame was lifted by Peak’s 100-ton crane and rotated over 
the water-based testing area. It was then lowered into 
place. During the pick, the total weight of the bottom 
support frame was measured at 27,500 lbs. This was 500 
lbs over the estimated weight, but well within the crane’s 
capacity. Once lowered, the bottom support frame was 
adjusted over the landing area, in order to get the bottom 
support frame as far from the dock as possible the crane 
extended until it reached the full 75% capacity—the 
maximum allowed by the lifting plan. The bottom support 
frame was grounded approximately 7 ft from the dock. At 
which time the Peak rigger detached the rigging and 
moved their crane to a storage location in the middle of 
the ASRC dock (Figures 11 and 12).  
 
Prior to the lift there was some concern that the pick 
points, which were mounted vertically on the main 
bottom support frame pontoons, would be bent during the 
lift. This proved not to be an issue. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Preparing for the first crane 
pick. 

 Figure 12. Completing crane work for the day. Figure 11. Moving the bottom support frame 
into position. 
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C.5.7.2. Description of Task Sequence: Securing the Bottom Support Frame 
ASRC had developed a plan for securing the bottom support frame that included driving two pipes 
into the gravel of the inter-tidal zone (Figure 13). These pipes would be used to pull the bottom 

support frame away from the dock. This would 
allow the bottom support frame to be secured 
from each of its four ends, two from the dock and 
two from the pipes. In preparation for this, ASRC 
cut two 5-inch pipes on November 2nd and 
welded 1-inch holes into the top of them. ORPC 
provided shackles to go through these holes on 
which ropes could be secured.  
 
While the posts were intended to prevent the 
bottom support frame from contacting the dock, 
tires were tied to the outside of both main 
pontoons of the bottom support frame to act as 
fenders and to protect the bottom support frame 
should it hit the dock.  

 
 

Once the second post was driven into place, the bottom support frame was secured to the posts 
using ¾-inch nylon rope. Because the posts would be below the water line for much of the time that 
the bottom support frame was floating, the ropes were secured to the angled pick-points (between 
the main pontoon and the diagonal braces) on the bottom support frame. These ropes were tied 
nearly tight at a length of 10 ft from the post. The length was chosen so that the bottom support 
frame would be pulled away from the dock as the water level rose, but would be long enough so 
there would be some slack even at high tide.  
 

The bottom support frame was 
fixed to the dock using 1-inch 
polyrope (Figure 14). These lines 
were fixed to the bottom support 
frame at the diagonal pick-points 
via 1-inch shackles. They were then 
sent up to the dock to cleats on the 
dock, where they could be adjusted 
as the water rose. An additional ¾-
inch nylon rope was tied from the 
vertical pick-point on the near side 
of the cross sectional pipe. This too 
was secured to a cleat on the dock 
face.  

 

Figure 13. Driving the posts for securing the 
bottom support frame. 
 

Figure 14. Securing the bottom support frame. 
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After the air hoses were checked, the bottom support frame was deemed ready for the tide to come 
in. The entire securing process took approximately 30 minutes.  

 
Because the dockside ropes would need adjusting as the tide came in, and because this would 
represent the first time the bottom support frame floated, it was determined that at least one 
person needed to be present the entire time the bottom support frame was in the water. A Marsh 
Creek crew member started his shift at 3:00 p.m. and stayed on site until 1:00 a.m., at which point 
ORPC took over the watch. An additional light source was rented from ASRC to illuminate the 
bottom support frame. 
 
Approximately 3 hours after the 
bottom support frame was first 
secured, the water reached a level that 
allowed it to fully float. Although the 
area was generally protected from 
waves, the surf was great enough to 
put tension on the bottom support 
frame’s lines as it floated. By high tide, 
the ¾ inch rope which ran from the 
pad eye on the cross-sectional pipe had 
broken. This break was due to the 
abrasion at the pad eye where a 
shackle was not used. In addition, the 
two 1-inch polyrope lines were 
abraded by the ends of the tie-down 
rail, and one of the polyrope lines had 
broken two of its three strands (Figure 
15). To prevent the line from breaking 
entirely and to keep the other polyrope 
line from further abrasion, additional 
slack was kept in both of the main 
lines, allowing the two ¾-inch lines to 
take on most of the load.  

 
To secure the bottom support frame, two additional lines of ¾-inch rope were looped from the pier 
around the two access ports on the dockside pontoon. These lines were kept loose as safety lines in 
the event that the lines holding the bottom support frame were also abraded through. A line was 
also slid down the unbroken 1-inch polyrope. The free end of this line could be pulled from the dock 
in order to keep the polyrope line from abrading on the tie-down rail. 
 
At 6:30 a.m. the Marsh Creek crew and ORPC returned to the bottom support frame. The polyrope 
lines were attached to the pick-points at the top of the bottom support frame’s pontoons to avoid 
rubbing against the tie-down rail. The ¾-inch line that was attached to the dock-side pick-point on 
the center section was replaced by instead looping the rope around the entire center pipe, which 
eliminated the edges of the pick point. The lines connecting the bottom support frame to the pipes 
were inspected, with no issues found. The 1-inch polyrope lines were replaced and attached to the 
upper pick-points on the main pontoon rather than the side points. By attaching to the upper 
points, the hand-rail abrasion issue was avoided. 

Figure 15. The bottom support frame near high tide 
including two broken lines. 
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C.5.7.3. Description of Task Sequence: Initial Water Test 
During the first low tide, at 6:30 a.m. on November 4, in addition to refining the securing method 
(as detailed above), the Marsh Creek and ORPC crews attached the water hoses to the bottom 
support frame and carefully trained them to the surface, in order to help avoid the problem of 
constrictions developing in the flexible hose.  
 
By 8:00 a.m. the hoses were successfully trained 
and the bottom support frame was secured, at 
which point the tide began to rise; by 10:30 a.m. 
the bottom support frame was again floating 
(Figure 16).  
 
Although it was calculated that the bottom 
support frame could sink without filling the cross-
sectional chamber, it was determined that the 
chamber should be filled to ensure that the 
bottom support frame would sink. At 10:50 a.m. 
the center chamber began to fill. This section was 
completely filled by 11:16 a.m., at which point its 
meter read 1186 gallons, which was nearly the 
capacity of the chamber. The center member was 
completely filled before filling the remaining four 
chambers to help ensure stability and prevent 
sloshing that could be associated with a partially 
filled cross-member. 
 
 
 
 
 
 
 

  

Figure 16. Attaching and training the water 
hoses to the bottom support frame. 
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Figure 17. Bottom support frame as filling began with chamber numbering system. 

 
At 11:16 a.m. the remaining four chambers began to be filled, at which point only two of the 
remaining water meters appeared to be registering flows. After 12 minutes of pumping, the 
“upstream” side of the bottom support frame was noticeably lower than the “downstream” side; as 
a result the lines to chambers 3 and 4 were partially closed (Figure 17). Over the next 30 minutes, 
the flows were consistently adjusted to maintain the orientation of the bottom support frame as 
much as possible.  

 
Figure 18. Bottom support frame sinking sequence, Part 1. 

At 12:05 p.m., 46 minutes after the four main chambers began to be filled, the “downstream” end of 
the bottom support frame submerged and engaged the bottom. Once submerged, the lines to 
chambers 1 and 2 were closed so that chambers 3 and 4 could better fill. After 12 minutes of 
pumping, at 12:17 p.m. the entire bottom support frame was submerged (Figures 18 and 19). At 
12:18 p.m. all of the hoses were re-opened in order to completely fill the remaining chambers. 
Chambers were determined to be full once water was pushed out of the air hoses. At 12:21 p.m. 
chamber 3 was completely full although its gauge read 0 gallons. At 12:32 p.m. chamber 4 was full; 
its gauge read 1711 gallons. At 12:38 p.m. chamber 1 was full; its gauge read 1423 gallons. The final 

 
 1 2 

3 
4 

5 

“Downstream” 

“Upstream” 
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chamber was full at 12:40 p.m. with a gauge reading 0 gallons. The calculated capacity of each of the 
main chambers was 1697 gallons. 
 

Figure 19. Bottom support frame sinking sequence, Part 2. 
 

Once the bottom support frame was completely filled, the air hoses were attached to the air 
manifold and the water hoses were trained so that they would pump the water back into the inlet. 
The pipes with the flow meters were left on during this test in order to see if the gauges could work. 
Otherwise, there is little way of gauging the amount of water that is being forced out of each 
chamber.  
 

 
 

Figure 20. Water system outlet during bottom support frame retrieval. 
 
At 1:07 p.m., the air compressor was turned on and all of the hoses were opened. As Figure 20 
shows, high flows were achieved out of each of the five chambers. Although the flow meters were 
not reliable during the filling of the bottom support frame, throughout the evacuation, each of the 
five flow meters indicated rates of up to 100 gal/min flowing out of each chamber. At 1:14 pm, after 
7 minutes of pumping, the “upstream” chambers 3 and 4 surfaced. Three minutes later, the entire 
bottom support frame was floating. At 1:26 p.m. chamber 5 was empty, and at 1:29 p.m., 22 minutes 
after evacuation began, all five chambers were emptied. Throughout the test, the pressure in each 
line was maintained between 50 and 80 psi. 
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Figure 21. Bottom support frame retrieval sequence. 

Throughout the raising and lowering of the bottom support frame, the polyrope lines attaching the 
bottom support frame to the dock were loosened and tightened as needed without incident (Figure 
21). 

 

C.5.7.4. Description of Task Sequence: Second Crane Pick  
At about 6:00 p.m. enough water had receded for Marsh Creek and ORPC to begin detaching the 
bottom support frame rigging, air hoses, water hoses, and to pump out the remaining water from 
each of the five chambers. This was completed by 6:30 p.m., at which time Peak was ready to begin 
the lift. As with the initial lift, Peak used its lift plan and was able to remove the bottom support 
frame without incident (Figure 22). Once over the dock, the bottom support frame was blocked as 
carefully as possible in order to facilitate the disassembly. By 7:00 p.m. the bottom support frame 
crane pick was complete and the rigging removed (Figure 23).  

C.5.8.  Bottom Support Frame Disassembly and Storage, 11/5-8/2011 
The objective of this stage was to prepare the bottom support frame for winter storage, including 
flushing out the bottom support frame chambers in order to dilute the salt concentration. Ideally, 
the bottom support frame would remain assembled throughout the winter to facilitate future 
testing operations. Unfortunately, size restrictions at ASRC’s storage facility would not allow this, so 
the bottom support frame had to be disassembled. 

Figure 22. Second crane pick. Figure 23. Bottom support frame blocking. 
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C.5.8.1  Description of Tasks Sequence: Disassembly and Storage 
At 7:00 a.m. the Marsh Creek crew began to disassemble the bottom support frame (Figure 24). The 
crew began by removing most of the bolts from the two main flanges. Once the ASRC 120 loader 
arrived, the center section was secured to it and the loader pulled tension on the center section. 
Once secured to the loader, the remaining bolts were removed and the center section was pulled 
away from the rest of the bottom support frame. The disassembly took about 30 minutes, although 
additional time was spent waiting for the loader. 
 
Following the disassembly, the Marsh Creek and ORPC crews had a formal debrief about the entire 
test period, the conclusions of which have been included in Section E: Lessons Learned. 

 
Figure 24. Disassembly of the bottom support frame. 

On November 7 the majority of the components were prepared for storage. This chiefly consisted of 
flushing all of the hose ends, bolts, manifolds, and other metallic parts with fresh water. In addition, 
the bolts for the main bottom support frame flanges were dried and sprayed with oil to prevent 
corrosion. These bolts were then sealed in 5-gallon containers. The rest of the components were 
dried, boxed, and placed in fish totes for winter storage (Figure 25).  
 

 
 

Figure 25. Bottom support frame testing equipment and rigging storage. 
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Because of difficulties getting the ASRC water truck running, the water truck was filled over the 
night of November 8, under the supervision of ORPC. On November 8, this truck was moved to the 
bottom support frame in order to use its water to flush out the bottom support frame (Figure 26).  

Figure 26. Flushing the bottom support frame. 
 
The fresh water from the water truck was pumped into each of the four main chambers. Fresh 
water was also used to rinse the entire outside of the bottom support frame and the entire cross-
sectional member, inside and out. Using both of the trash pumps, it took approximately 7 hours to 
completely flush out the entire bottom support frame.  
 
On November 21, ASRC moved the bottom support frame up to its upper yard. This was the first 
time ASRC’s 45-ton crane was available. The three sections were moved to the storage facility in 
less than two hours.  

C.6. RivGen™ TGU 
The components of the RivGen™ TGU were designed and fabricated in 2011 and early 2012. These 
components were aligned and assembled in late February and early March 2012, and were 
delivered to ORPC’s testing facility in Eastport, Maine, on March 27, 2012. Once in Eastport, the TGU 
was attached to ORPC’s testing barge, the Energy Tide 2. The Energy Tide 2 was then towed to the 
mooring at ORPC’s Shackford Head testing location. Full TGU testing began on April 6, 2012 and is 
scheduled to last until mid-May 2012.  
 
C.6.1  TGU Component Fabrication 
The major TGU components were designed in 2011 and fabricated in 2011 and early 2012. The TGU 
is comprised mostly of the following components: 
 

• Generator (including power electronics) 
• Turbines 
• Chassis/frame 
• Driveline (seals, couplings, bearings, and shaft ends) 
• SCADA system 
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C.6.1.1 Generator 
The RivGen™ generator is a direct-drive permanent magnet generator that was designed and built 
by Comprehensive Power Incorporated (CPI) using components of CPI’s existing TeraTorq® 
technology and its experience designing generators for the wind industry. The generator was 
designed in early 2011 by CPI based on requirements from ORPC (Figure 27). Included as part of 
the generator are power electronics that allow DC voltage to be sent to shore and allow integration 
with ORPC’s SCADA system and power optimization algorithm. These power electronics are 
contained within the generator’s electronic control box (EC). The EC is attached to the generator.  
 
Full fabrication began in summer 2011. CPI experienced a number of delays during the initial 
fabrication of the generator. The first major delay occurred when it was discovered that the 
clearance between the rotor and the stator may not have been adequate. As a result, the rotor had 
to be sent out to be re-machined. By mid-January, both the rotor and the stator were complete.  
While the rotor and the stator were successfully assembled without issue, both the cover and the 
base plate of the EC were found to have been inadequately machined, and they had to be sent out 
for re-machining. By early February 2012, the EC returned from machining and the entire generator 
was assembled (the EC lid was later removed for testing). 
 

 
 

Figure 27. The generator in its test stand at CPI. 
 

Once assembled, the generator was moved to CPI’s test stand. During the testing process, CPI 
experienced a number of delays related to its firmware and software. While these delays were 
eventually resolved, they resulted in ORPC reducing the length of its customer validation tests in 
order to expedite the generator’s shipping. Despite the delays, CPI was able to successfully test the 
generator through its entire load line and was able to verify that the generator’s efficiency matched 
specifications. Once testing was completed and the EC was fully assembled and leak tested, the 
generator was shipped to Alexander’s Welding and Machine (AWM) in Greenfield, Maine for final 
assembly to the rest of the TGU on March 19, 2012. Because of delays in shipping the generator, 
AWM was not able to apply the full coating specified in ORPC’s Cathodic Protection Plan for the 
RivGen™ Power System. While the current coating, in combination with the protective anodes, will 
be sufficient for protecting the generator during initial testing, a new coating will likely have to be 
applied before any long-term deployment. 
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C.6.1.2   Turbines 
The RivGen™ ADCF turbines consist of four twisted composite foils, which are supported along a 
central shaft by two mid-disks and two end disks. The turbines were fabricated and assembled by 
Hall Spars and Rigging (Hall) of Newport, Rhode Island. In addition to fabricating the turbines, Hall 
contributed significantly to the design of the overall turbine assembly using its experience with 
composites to reduce the cost and time associated with the fabrication.  
 
ORPC submitted the final foil profile and geometry to Hall in mid-November. After Hall performed 
an analysis of the foils and provided recommendations for material, fabrication of the foil molds 
began in mid-December 2011. The foil molds were completed on January 6, 2012. Once the molds 
were completed, foil fabrication began. On February 1 the first RivGen™ foil was fabricated, and by 
February 16 all of the foils were completed and ready for the foam core to be added (Figure 28). 

  

 
Figure 28. Completed RivGen™ foils. 

 
The final designs for the disks, shaft, and alignment system were analyzed and accepted in early 
January. The steel turbine shaft fabrication and machining were completed on February 15, and the 
shaft returned from coating the following week. Disk lamination began in mid-February, and by 
February 24, all of the turbine components were completed. Assembly of the turbines was 
completed and inspected by early March, and the turbines were shipped from Hall to AWM on 
March 5, 2012 (Figure 29). 

 

 
Figure 29. Shipment of completed turbines. 
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C.6.1.3 Chassis/Frame 
The steel frame for the RivGen™ Power System was designed by the R.M. Beaumont Corp. (RBC), 
and fabricated by AWM. Both RBC and AWM were heavily involved in the design and fabrication of 
ORPC’s Beta TGU, and their familiarity with the successes and shortcomings of the Beta frame 
helped determine the design of the frame for RivGen™ Power System. 
 
The initial design concept was approved in early December 2011, and by the end of December, 
fabrication drawings for the major components had been rendered and material was purchased. 
The fabrication of the frame began in mid-January and was coated and ready for assembly by late 
February 2012 (Figure 30).  

 

 
Figure 30. RivGen™ frame before coating. 

 
Because of generator delays, the original plan to assemble and align the generator before coating 
the generator and frame had to be altered. To stay on schedule, the frame was coated before the 
generator arrived at AWM. The result of this is that in certain areas the frame coating was removed 
while aligning the generator and while these areas were re-coated, this could not be done to the full 
requirements specified in ORPC’s Cathodic Protection Plan for the RivGen™ Power System.  

C.6.1.4   Driveline 
Other than the turbine and generator shafts, the driveline consists primarily of four components: 
seals, couplings, bearings, and shaft ends.  

C.6.1.4.1  Seals 
The RivGen™ mechanical seals are designed to prevent water from entering the generator while the 
TGU is submerged and the generator shaft is spinning. The seals were made by the A.W. Chesterton 
Company (Chesterton). Chesterton manufactured the seals for ORPC’s Beta TGU, and using its 
experience with the Beta project in consultation with ORPC, Chesterton further altered the design 
of their seals for the Project. Additionally, at ORPC’s request, Chesterton varied the material choices 



ORPC Alaska 
UAF 11-0017 Nenana, Alaska Hydrokinetic RivGen™ Power System 
Final Report, April 16, 2012 
 

                                                                                                    Page 24 of 49 
 

for certain key features of the RivGen™ seals in order to prevent corrosion on those elements 
(Figure 31).  

 
Figure 31. Chesterton seal installed on the RivGen™ TGU. 

C.6.1.4.2 Couplings 
Couplings are used to connect the generator shaft to the turbine shaft. Inspection of the Rexnord 
couplings used in ORPC’s Beta TGU showed that they were in good condition. In an effort to save on 
cost, these couplings were refurbished for the RivGen™ TGU. The couplings are flex couplings, 
which consist of two splined ends and a middle section. Each of the sections is separated by a disk 
pack that allows the coupling to have a degree of flex under various loadings.  

 

 
Figure 32. Coupling disk pack (left), assembled coupling (right). 

 
Because the spline pattern on the RivGen™ generator shaft was not the same as the pattern on the 
Beta TGU, one of the three sections had to be rebuilt with a new spline pattern. In addition, the disk 
packs were taken apart and rebuilt. This was all completed by early March 2012 (Figure 32). 

C.6.1.4.3 Bearings 
The RivGen™ bearings, which allow the turbines to spin while being structurally supported by the 
frame, are Vesconite bearings. The RivGen™ bearings are flanged bushings that do not use any 
lubrication. They are, however, the main wear item in the turbine. Both turbines have bearings on 
either side of them in order to support forces on the turbines from both sides. Vesconite bearings 
were used in the ORPC’s Beta project, and ORPC used lessons learned from that project to design 
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the RivGen™ bearings in consultation with Vesconite. The bearing materials were ordered in mid- 
February and the bearings were machined for assembly in early March.  

 

C.6.1.4.4  Shaft Ends 
The RivGen™ shaft ends rotate on the bearing surfaces.  As with the bearings, there are two shaft 
ends per turbine. There are two inner shaft ends and two outer shaft ends. In addition to providing 
a bearing surface, the inner shaft ends provide the interface between the turbine shaft and the 
couplings.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 33. Outboard (left) and inboard (right) shaft ends after initial machining. 
 
The shaft ends were designed and fabrication began in January 2012. Following the completion of 
the initial machining, which was done on February 22, the inside shaft ends were sent to have the 
spline pattern placed in them, while the bearing surface of the outside shaft ends were sent to be 
face-hardened, which was determined necessary to help prolong both the life of the shaft end and 
the bearings. While the outside shaft ends were hardened and polished without issue, the inside 
ends experienced delays. The inside shaft ends were first delayed when the spline shop did not 
have the tooling necessary to complete the job, making a two day job take ten days. Following 
splining, the inboard ends were also sent to be hard-faced. While this was immediately 
accomplished, the final face conditioning was delayed when the hardening company experienced an 
influx in parts. Despite these delays, the shaft ends were ready in time for final assembly on March 
17 (Figure 33).   

C.6.1.5 Supervisory Control and Data Acquisition (SCADA) 
The SCADA system for the RivGen™ Power System was developed by ORPC in order to gather 
important information about the TGU’s performance through its initial testing program. Included in 
the instrumentation program are the following: 
 

• Current sensors: Located below the generator and on the Energy Tide 2 deployment arm in 
order to get information on the flow direction and magnitude 
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• Accelerometers: Located on each bearing supports in order to determine any relative motion 
between the bearings; may also be used to gain acoustic data on the TGU’s operations 

• Leak detectors: Located on the generator, instrumentation bottle, and each seal, these act as 
an early warning of any leaks. 

• Compass/tilt/roll sensor: Located in the instrumentation bottle, which is mounted on the 
frame, this gives the orientation of the TGU. 

• Load cell: Located on the mooring line, this allows for TGU drag load information. 
• Temperature sensors: Located throughout the generator and EC, these allow early warning 

about any electrical issues.  
• Humidity sensors: Located in the generator and EC as a redundant way to determine any 

leaks 
• Video cameras: Located on the frame facing the turbines. These allow for visuals of the 

turbines while the TGU is deployed.  
• Weather station: Located aboard the Energy Tide 2 testing vessel 
• Global positioning system (GPS): Located aboard the Energy Tide 2 testing vessel 

 
Software routines developed by ORPC, in conjunction with this instrumentation and information 
acquired from the generator’s EC, allow for the utilization of ORPC’s power optimization algorithms 
for maximum power point tracking.  
 
The equipment for the full SCADA system was acquired throughout the second half of 2011 and 
early 2012. The instrumentation was mounted during the assembly process, and the programming 
was completed in March, 2012. 

C.6.2  TGU Assembly and Alignment 
Once the TGU components were fabricated, these components were aligned and assembled by 
AWM. Because the entire assembly’s alignment depends on the generator, the generator was the 
first piece that was aligned on the frame. The generator was aligned by March 21 following the 
delivery of the generator from CPI. Once the generator was aligned, the generator supports were 
welded into place, and the generator was removed and coated for the initial testing. The generator 
was also flipped from its normal orientation for the initial testing, where the entire frame is 
suspended upside-down from the Energy Tide 2 (Figure 34). 
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Figure 34. Generator alignment at AWM. 

 
Once the generator was in potion, the bearing blocks were placed on each of the frame’s bearing 
supports. These were then aligned using a laser alignment system. Once aligned, the bearing blocks 
were welded into place. Once the bearing blocks were set, the turbines, with the shaft ends in place 
and the bearings installed, were set into the bearing blocks. Once in place, the turbines were spun 
by hand to ensure that they could rotate freely.  
 

 
Figure 35. Installation of turbines. 

 
With the turbines in place, the seals and couplings were installed (Figure 35). The instrumentation 
bottle, the accelerometers, the current sensor mount, and the conduit were also installed while at 
AWM. The entire assembly was completed on March 26 and was shipped on a flatbed truck to 
ORPC’s testing facility in Eastport, Maine on March 27 (Figure 36). 
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Figure 36. Assembled TGU at AWM. 

 

 C.6.3  Attaching the TGU to the Energy Tide 2 
Once the TGU arrived in Eastport, Maine, at Perry Marine and Construction’s (PMC) Deep Cove 
facility, it was prepared for attachment to ORPC’s testing vessel, the Energy Tide 2. On March 29, a 
full inspection of the assembled TGU was performed by ORPC. Non-conformance issues were noted, 
but the TGU was generally accepted. The foils were one area that needed attention. The leading 
edge of the foils had not been properly prepared before the foils left Hall; Hall rectified this 
situation by sending a technician to Eastport on March 30 to fix the foils.  
 
On March 29, the Energy Tide 2 was brought from its mooring to the boat ramp at the PMC facility. 
Unfortunately, because the tides were near neap levels, the Energy Tide 2 was not able to get far 
enough up the ramp for a crane to reach it with the TGU. As a result, the Energy Tide 2 was re-
ballasted, and while being pulled by a crane and pushed by a PMC barge during the next high tide, it 
was able to get high enough up the boat ramp for the TGU to be attached.  
 
On March 30 the TGU was picked straight up by two cranes, one on either side of the TGU. A flatbed 
truck was then backed under the TGU, which was set onto the truck by the cranes (Figure 37). The 
TGU was then driven from the staging area to the boat ramp. During this pick, the total weight of 
the TGU was confirmed to be 21,800 lbs.  
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Figure 37. Initial loading pick. 

 
Once at the boat ramp, the two cranes lifted the TGU off of the flatbed and moved the TGU to the 
pad built at the top of the ramp. A single crane was then attached to the TGU. In order to attach the 
TGU to the Energy Tide 2’s deployment arms, the TGU needed to be rotated approximately 90 
degrees. In order to accomplish the rotation without damaging the turbines, the two slings were 
placed around the main frame pipe farthest away from the crane. A chain fall was then attached to 
the generator. The crane then picked the TGU straight up. Once above the ground, the chain fall was 
slowly let out, allowing the TGU to be rotated in a controlled manner (Figure 38).  
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 38. Rotating the TGU. 

 
Once rotated, the crane then turned towards the water in order to line the TGU up with the 
deployment arms of the Energy Tide 2. When the crane was with the Energy Tide 2, the hydraulic 
deployment arms of the Energy Tide 2 were adjusted so that the alignment pins on the bottom of 
the TGU frame lined up with the alignment holes on the deployment arms. The TGU was then pulled 
into the Energy Tide 2 deployment arms by ratchet straps. Connection bolts were then wrenched 
into place to secure the connection.  
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Figure 39. Lining up the alignment pins. 

 
At mid-day on March 30, the crane was detached from the TGU after it was fully attached to the 
Energy Tide 2.  Following the attachment, the two power cables, control power cable, and data cable 
were routed from the generator to the Energy Tide 2 control room. Video cameras were mounted 
onto the TGU. The cables were fully trained by April 1 (Figure 39). 

C.6.4  Mooring Installation at Test Site 
Due to delays in obtaining the U.S. Army Corps of Engineers permit needed to install the mooring 
system off of Shackford Head, installation was not able to start until March 20. After experiencing 
weather delays, the mooring installation began in earnest on March 25. The mooring was fully 
installed on April 5. 

C.6.5  Land-Based SCADA System Testing 
Once all of the cables were connected, implementation of the SCADA system and initial 
instrumentation testing began. ORPC and RBC worked through the some initial tests of the SCADA 
system. Because the mooring was not ready for the Energy Tide 2 on April 1, further refinements to 
the SCADA system’s programming were made in the first week of April. Most of these 
communication plans were intended to be incorporated at CPI during the generator testing; 
however, due to the generator delays, these were not completed until the TGU was attached to the 
Energy Tide 2 (Figure 40).  
 



ORPC Alaska 
UAF 11-0017 Nenana, Alaska Hydrokinetic RivGen™ Power System 
Final Report, April 16, 2012 
 

                                                                                                    Page 31 of 49 
 

 
Figure 40. Implementation of the SCADA System inside the Energy Tide 2’s control house.  

C.6.6  Moving the Energy Tide 2 to Shackford Head 
On April 6, the Energy Tide 2 was moved from the boat ramp to the Shackford Head mooring during 
the morning’s high tide. The Energy Tide 2 was successfully attached to the mooring and 
preparations were made for the first tests of the RivGen™ TGU (Figure 41).  

 

 
Figure 41. The Energy Tide 2 at the Shackford Head mooring 

C.6.7  Initial Test of the RivGen™ TGU 
At mid-day on April 6, the TGU was lowered into the current for the first time to begin testing 
(Figure 42). The initial test was planned to be a free-wheel and instrumentation test.  
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Figure 42. The TGU entering the water for the first time. 

During the initial test, no leaks were discovered, and communications with the instrumentation 
were successfully verified. Despite these initial successes, as the current increased up to 4 knots, 
the turbines did not start spinning.  
 
Although the turbines were engineered to self-start, the foil profile and geometry were primarily 
chosen to optimize their performance while rotating. Because of that choice, and the difficulty in 
analyzing the start-up torque that a turbine will provide, it was thought that the turbines might 
need an initial boost to get them started. ORPC, in consultation with RBC and CPI, were able to 
design a DC “kick-start” assist using an existing DC power supply. The materials for the DC assist 
were pulled together and installed over the remainder of day on April 6.  
 
Once installed and while the TGU was in the air, the DC power supply was tested to attempt to 
rotate the turbines.  Although the available power supply was not enough to fully rotate the 
turbines, it was able to break static friction, slightly move the turbines.  
 
C.6.8  Tests of the DC Assist 
On April 7, the TGU was lowered into the current for the second time. As the flow increased to 4 
knots, DC current was sent to the generator to start the rotation. As was the case above water, the 
DC power was able to move the turbines, but it was still not enough to get them rotating fully.  
 
While the DC assist was successful in its ability to start the turbine’s rotation, the foils were still not 
able to generate enough lift to begin the rotation of the turbines. To gain a better understanding of 
the problem, the TGU was raised back to the surface. In addition to the question about the foil 
profile and geometry, the most likely issues preventing the turbines from rotating were thought to 
be either a lack of clearance between the bearings and the turbine shaft, which would increase the 
bearing friction, or misalignment of the driveline.  
 
During the next slack tide, the port side coupling was removed. By decoupling the turbine and 
generator shafts, any misalignment between those parts would be eliminated. Pull tests on the 
single turbine showed that the turbine was still more difficult to turn than it was on the shore. 
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While misalignment may have still been an issue, especially between bearing blocks, it appeared 
that bearing clearance may have been a larger problem. The clearances between the bearing and 
the shaft were kept intentionally small, as recommended by the bearing vendor, Vesconite, in order 
to reduce the strain on the coupling and prevent damage to the seals. While it was anticipated that 
these clearances would be altered as a result of thermal contraction and swelling in the cold testing 
waters, the magnitude of these effects may have been underappreciated. Additionally, there was a 
relatively large run-out in the turbine shafts. This run-out, in combination with a tightened 
clearance, could have greatly contributed to the difficulty in rotating the turbines. 
 
After performing another round of tests with only one turbine attached to the generator during the 
next tidal exchange, it was decided that the Energy Tide 2 would be brought back to shore in order 
to fully diagnose and repair the problem. 
 

  C.6.9  Diagnosing the Additional Friction 
The Energy Tide 2 was brought to shore on April 9, 2012. Through detailed diagnostics, two issues 
were discovered and resolved. The first issue was the bearing clearance, which was less than 
expected. This was likely a result of changing temperatures and turbine shaft run-out. This problem 
was easily addressed by increasing the inside dimension of the bearings. While replacing the 
bearings improved the performance, it was discovered that the main impediment to rotation had 
little to do with the TGU itself. The deployment system of the ET2 is comprised of two hydraulic 
arms which articulate to raise and lower the TGU. The RivGen™’s frame was designed to mitigate 
deflection caused by the forces of a river current, however the much larger forces imparted by the 
deployment arms are able to deflect the frame. This imposed deflection altered the alignment of the 
driveline, which caused the shaft to bind on the bearings. Careful alignment of the deployment arms 
dramatically improved the turbine’s ability to spin.  

C.6.10 RivGen™ TGU Testing 

On April 12, the Energy Tide 2 was moved back to Shackford Head. Once attached to the mooring, 
the TGU was lowered, the deployment arms were aligned, and testing resumed. As the current 
increased, the DC assist was used to begin rotating the turbines, and when the current reached 1.7 
knots (0.85m/s), the turbines began free-wheeling under their own power.  As the current 
increased, system tests were conducted, and electricity produced by the RivGen™ was fully rectified 
and sent to the Energy Tide‘s 2 AC load bank for the first time (Figure 43). 
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Figure 43. Starboard Camera Displaying the Turbines in Motion. 

 
Following the successful April 12th deployment, testing has continued and progress has been 
steady.  Because the Energy Tide 2 had to be brought to shore to investigate and fix the initial 
problems with the deployment arms and bearing clearances, nearly a week was lost in testing time. 
Unfortunately, the time lost occurred during April’s peak tides. As a result, many of the preliminary 
results are only partial and are limited by the reduced tidal currents during the testing. Despite the 
smaller tides and lower flow rates, a number of important initial milestones were met during first 
tests. Some of the testing accomplishments include the following: 
 

• Partial Characterization of Freewheel RPM – The turbines were allowed to freewheel 
through a tidal cycle, and the rotational speed of the turbines was recorded at 
various flow speeds, allowing for the partial characterization of the turbine 
performance when no power is being drawn (Figure 44).  

 
Figure 44. Partial characterization of free-stream RPM at various flow speeds. 
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Further analysis of the results should yield valuable information about the 
frictional forces of the driveline. Additionally, since the turbines spin fastest while 
there is no power drawn from the generator (freewheeling) this characterization 
will prove useful when considering the turbine’s affects on marine life. As the tides 
increase and faster currents are available, a full characterization over a larger 
range of flow velocities will be possible. 

• Initial DC Load Bank Verification and Control – A DC load bank is incorporated into 
the RivGen™’s power system. This resistive load bank was designed to slow the 
turbines and to keep the generator voltage from increasing in the event that the 
grid is lost. This component was seen as particularly necessary for integration in 
rural communities where fluctuations in the grid are likely. Before operating the 
inverter and sending the power to the AC load bank, the DC load banks were 
tested as the generator’s first load. By altering the load that the bank drew, the 
turbines could be slowed and voltage output from the generator could be reduced.  
As testing continues, further refinement in the system, will be pursued.  

• Inverter/AC Load Bank Integration – Once it was verified that the generator 
voltage remained in an acceptable range while sending power to a load bank, the 
Energy Tide 2’s SatCon inverter and the AC load bank were included into the 
system. These were initially incorporated only while the generator was passively 
rectifying the voltage to help ensure that the inverter would accept the power 
from the generator. While operating in this mode, DC power was successfully sent 
from the generator to the inverter, where it was converted to a controlled AC 
output, which was accepted by the AC load bank. While refinement of the system’s 
controls and optimization of the power signals continues, the initial tests show 
that the RivGen™ Power System can successfully transfer the moving current into 
rectified AC power.    

• Inverter Trip Recovery – A major concern for the Power System during operations 
is that fluctuations in a grid’s load could cause a voltage increase in the generator’s 
output, which could trip the inverter. This is especially true in micro-grids where 
load fluctuations can be frequent. Because the Energy Tide 2 acts similar to a 
micro-grid, it provides an opportune testing environment for trip recovery. During 
initial testing of the inverter and AC load bank integration, the load that the AC 
load bank accepted was altered, which would create a change in the voltage sent 
to the inverter. By changing the AC load enough, the inverter could be tripped. 
Once tripped, the turbines begin freewheeling and result in higher voltages. By 
enabling the DC load bank following an initial trip, the turbines were not sent into 
a freewheel condition and the voltages were controlled, allowing the inverter to 
recover and again start taking power. Having proved that the concept works, 
further refinement including automated control loops are being developed.  

• Initial Boost Rectification Operation – Part of the generator electronic control 
includes boost rectification, which increases and stabilizes the generator’s output 
voltage. Operating in the boost rectification mode also allows the SCADA system to 
enact greater control over the generator’s output. During the early stages of 
testing, the boost rectification mode was engaged, and boost rectified power was 
successfully sent from the generator through the inverter to the AC load banks.  
ORPC has been working with CPI to further improve operations while operating 
the boost rectifiers.   
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• Initial Integration of the Power Optimization (Maximum Power Point Tracking) 
Algorithm – A major driver of the RivGen™ Power System’s power electronics and 
SCADA system is the power optimization or maximum power point tracking 
(MPPT) algorithm that alters the generator production based on flow speed in 
order to operate at the highest efficiencies. Validation and refinement of the MPPT 
algorithm are significant goals of the Energy Tide 2 tests (Figure 45).  
 

 
Figure 45. Example interface of the ORPC SCADA system during initial test of the 

MPPT. 
 
During the early stages of operation, the optimization algorithm was applied and 
power was successfully generated under its control. While early results show that 
the MPPT does a qualitatively better job of preventing stalls while producing 
electricity, the theoretical model will need further refinement as more is learned 
about the actual operating conditions of the TGU.  

• Preliminary Power Curve – One of the goals of the TGU testing was to validate the 
performance of the TGU, and establishing a power curve is a major component in 
that validation. During the initial days of operation, a preliminary power curve 
was developed.  
 

• Preliminary CP vs TSR Curve – One of the goals of the TGU testing was to validate 
the performance of the TGU, and establishing a coefficient of performance (CP) tip 
speed ratio (TSR) plot is helpful in this validation. During the initial days of 
operation, an initial plot was determined (Figure 46).  
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Figure 46. Preliminary coefficient of performance vs. tip speed (without 

optimization).  
 
• As with all early testing results, changes are expected as improvements in the 

control system are made and testing velocities improve during larger tidal 
exchanges. These early tests do indicate that the average TSR fluctuates 
between 1.5 and 2, which fits with the anticipated TSR of 1.8.  

•  
 

Although delays have resulted in only preliminary testing results, which do not include a full range 
of current velocities, the early days of testing saw many accomplishments and were generally 
successful. As the testing continues and further refinements to the control systems are made in 
order to optimize performance, the benchmark performance results found during the first days of 
testing are likely to be altered. 

D. Before and After Pictures  
 
See illustrations in Section C: Narrative Summary. 
 
E. Lessons Learned  

E.1. Project as a Whole 
This challenging project was has been instructive to ORPC, AHERC, and the larger hydrokinetic 
industry. Lessons learned include those related to the hydrokinetic technology itself and the river 
environment to which this technology must be adapted in order to operate reliably and 
economically.  
 
The Nenana test site on the Tanana River was initially chosen for the field tests in this project 
because of the excellent logistical access (highway, railroad and airport) and vicinity to a nearby 
research institute, the University of Alaska Fairbanks. The river resource at Nenana was also 
deemed to have all of the “typical” challenges of an Alaskan river, indicating that a successful 
project there would have wide replicability around the state. As ORPC and AHERC enhanced their 
understanding of the Tanana River through this project, it became clear that a stepwise approach to 
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handling the challenges presented in the Tanana would be necessary to mitigate risk and increase 
the chance of project success. The project partners approached this challenge in two ways: 1) 
further enhancing the understanding of the Tanana river by collecting more information on its 
characteristics, including debris loads, suspended sediment loads, and river bed composition 
(substrate composition, sediment depth and sub surface geology), current velocities and aquatic 
life; and 2) to utilize “virtual river” hydrokinetic sites for early stage testing that simulated some 
but not all of the challenges associated with the Tanana River site.  
 
As the project partners performed site investigations at the Nenana site, not only was valuable data 
collected, but valuable lessons on in-river operations were learned using the deployment data 
collection equipment. For instance, testing of the debris detection system offered valuable 
information on the deployment of full-scale anchors, including the amount of settling into the 
riverbed and anchor holding power and retrieval loads, in addition to data about the debris 
detection system itself.  Similarly, mid-river fish sampling efforts not only refined the difficult 
technique of sampling fish at mid-river depth s, but taught valuable lessons in anchoring mid-river 
work platforms. 
 
In order to test the components of the RivGen™ Power System in a prudent manner, the use of 
“virtual river” test sites provided lessons in how to test equipment with some of the challenges that 
an eventual Tanana River deployment will have, but not all at once. The RivGen™ bottom support 
frame was tested at Nikiski in the marine intertidal environment where current velocity, debris, 
and bottom composition could all be managed more effectively, leading to the establishment of this 
“virtual river” test site for future testing of the RivGen™ device. Similarly, the RivGen™ TGU was 
tested at the Eastport, Maine, test site where suspended sediment did not complicate the first 
performance testing and current velocity could again be managed by timing operations to coincide 
with either peak or slack tide events. This approach could prove useful to other hydrokinetic 
technology developers as well, as they begin to adapt their own technology to challenging river 
conditions.  

E.2. Permitting and Site Preparation Process 
 
E.2.1 Permitting 
ORPC and AHERC worked with USACE, ADNR, and ADF&G to secure permits for the testing of the 
bottom support frame, fish sampling and anchor deployment in the Tanana River. The experience of 
working with the agencies was very positive; the agency personnel were responsive, prompt, 
realistic, and stringent in performing their duties and ensuring the resources under their watch 
were not at risk from the Project. This is likely due in large part to ORPC’s early and frequent 
interaction with these agencies to ensure they had all of the information they needed in a timely 
manner to make decisions, to provide public notice as required, and execute permitting documents 
in advance of planned field operations. As the larger hydrokinetic industry continues to develop in 
Alaska, it is essential to continue to maintain the confidence of the agencies tasked with 
safeguarding Alaska’s resources through regular contact and transparent information-sharing with 
agency personnel.  
 
ORPC also maintains a Federal Energy Regulatory (FERC) preliminary permit at the Nenana site.  It 
was ORPC’s original intent to file for a FERC pilot project license in order to allow for the sales of 
power from the project to Golden Valley Electric Association (GVEA). However, as the Nenana site 
has always been intended as a seasonal demonstration site and not a commercial project site, the 
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financial burden of licensing the project through FERC caused ORPC to reconsider this approach.  
While the FERC licensing process contains no direct fees or charges, it is an elaborate process that 
in the end is both time-consuming and expensive. In order to allow for the project to be tested 
without receiving a license from FERC, ORPC is therefore investigating installing the project under 
the same exemption given to Verdant Power, LLC for a project on the East River in New York 
(Verdant Power LLC, 112 FERC ¶ 61,024). This exemption would allow for the project to be 
installed and interconnected to the GVEA grid as long as there was no economic impact on the 
utility; the power from the project would accordingly be given to the utility free of charge. In 
analyzing the economics it is likely that the cost of licensing the project under the FERC process 
would exceed the revenues from power sales for this short-term project; thus, seeking an 
exemption and donating the power free of charge is the likely path forward for the project. This 
circumstance has introduced the idea that the FERC licensing process may not be appropriate for 
small-scale hydrokinetic projects in remote Alaskan communities. Not only could the process be 
prohibitively expensive, but many communities may not have the capacity to manage the intricate 
permitting process effectively. Even without the overarching FERC process to grapple with, Alaska’s 
own state agencies, including ADNR and ADF&G, and federal agencies including the USACE, 
National Marine Fisheries Service, and U.S. Fish and Wildlife Service, will still have jurisdiction on in 
river hydrokinetic projects. ORPC thus recommends that the State of Alaska consider working with 
FERC to either adapt their own process to be of appropriate scale and workable for remote Alaska 
communities considering hydrokinetic projects, or that the State of Alaska develop capacity and be 
given jurisdiction by FERC to oversee the permitting of these small (less than 1 MW), hydrokinetic 
projects that provide power to isolated community electrical grids in Alaska. 
 
E.2.2 Site Preparation 
ORPC worked with researchers at AHERC and subcontractors including TerraSond Ltd to perform 
site characterization work, collect baseline data, and enhance understanding of the Tanana River 
environment. ORPC also engaged directly with stakeholders in the community and landowners 
including the City of Nenana and the Nenana Native Council, and with the Golden Valley Electric 
Association (GVEA), to develop the Project in general. These development activities provided 
valuable lessons in both working in the riverine environment and in interfacing with the 
community and its representative organizations to identify unforeseen roadblocks and logistical 
challenges early in the development process.  
 
The site characterization work performed by TerraSond highlighted the importance of hiring 
skilled contractors familiar with the Alaskan environment to perform the challenging surveys 
associated with hydrokinetics. While TerraSond encountered several challenges during its field 
expeditions for both ORPC and AHERC, it was able to either resolve them in the field, or return at its 
own expense to complete the data collection as specified. TerraSond’s ability to fulfill its duties as 
promised was invaluable to the success of the site characterization work.  The UAF School of 
Fisheries, working through AHERC, was also able to adapt to the challenging river environment to 
perform first of a kind fish sampling in the mid channel of the Tanana. While the fish sampling was 
not performed for as long as originally anticipated, the success of safely demonstrating the novel 
fishing techniques required persistence, patience, and creativity, and in the end the larger goal of 
verifying a fish sampling technique was achieved. 
 
In working with the community and GVEA to identify potential interconnection locations and shore 
base infrastructure locations, ORPC again realized the importance of early and frequent 
communication about project development issues. ORPC found the community, the City of Nenana, 
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The Nenana Native Council, and the local commercial operators to be receptive, adaptive, and 
cooperative as ORPC presented plans for developing the test site at Nenana. ORPC worked through 
several iterations of deployment locations, both for the in-water and on-shore portions of the 
proposed project, and was able to find acceptable compromises that worked for all parties. If this 
discussion had been delayed until late in the project development process, it may have been 
difficult to achieve a workable compromise under time pressure to do so.  As ORPC and other 
hydrokinetic developers seek to develop projects in Alaska, it is important to engage the local 
community, community organizations, utilities, and commercial operators early on. 

E.3. Debris and Foundations Specific to the RivGen™ Technology and Hydrokinetic 
 Technology in General 
 
E.3.1. Debris Mitigation 
AHERC’s work on investigating the state of the art in debris mitigation technology and techniques 
through a literature survey and in measuring debris loads in the Tanana River has been instructive 
as to both the dearth of information on this subject and the challenges in systematically collecting 
data on in-river debris. The literature survey highlighted some existing debris mitigation 
technology and concepts and while most are not directly applicable to the hydrokinetic industry, 
some of the concepts in the report may be adaptable to suit this new application. As ORPC’s 
technology is designed to be completely submersed once deployed, the main focus of the debris 
study in this project was on submerged debris. In attempting to gather data on in-water debris in 
the Tanana River to inform debris mitigation design parameters, ORPC and AHERC were again in 
uncharted territory as there was little information on previous efforts to understand submerged 
debris in a turbid river environment. 
 
The development of the MDDD sought to begin answering questions on submarine debris in the 
Tanana river. The MDDD appears to be an effective design for long-term deployment and will 
gather data on frequency of debris strikes, impact energy and cumulative debris loading.  However, 
due to the relatively small cross section sampled by the two tines in the system (approximately 
1.5m x .75m), it is recommended that a future debris collection effort include hydroacoustic 
equipment to attempt to image debris over a larger cross section of the river. This hydroacoustic 
data could then be correlated with actual impact and loading data from the MDDD, to better 
understand the distribution and nature of the submerged debris. This effort may also validate 
either method to produce more meaningful data when operated on their own in future 
deployments.  
 
E.3.2. Foundation 
There were two aspects of riverine hydrokinetic foundations explored through this project, as the 
foundation design that was chosen included both a bottom support frame and an anchor system to 
secure the bottom support frame in the river currents. While the bottom support frame and anchor 
system were not tested together during this project, tests of each component on its own provided 
valuable information on the potential efficacy of each. Furthermore, the planning associated with 
each of the tests highlighted some of the logistical challenges encountered when deploying large 
scale anchors and foundation systems in riverine environments, and will likely prove instructive in 
appropriately designing and scaling these systems for widespread remote deployments. 
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E.3.2.1. Anchor System 
The anchor system designed, fabricated, and tested during this project was adapted from a design 
developed by Ben Beste of Alaska Power and Telephone (AP&T) for its own hydrokinetic project at 
Eagle, Alaska. As the main design considerations for this design were cost, transportability, and 
deployability with minimal equipment, and the design met these requirements in the Eagle 
deployment, ORPC chose to leverage it for the design of the RivGen™ anchor system. The most 
significant modification ORPC made to the AP&T anchor design was to make the anchors smaller 
(11,000 lbs instead of 27,000 lbs) in order to make them more appropriately sized for remote 
deployments. While AP&T had good success deploying the larger anchors during the Eagle Project 
with a minimum of equipment (float bags and a river skiff), ORPC experienced reluctance from 
barge operators to deploy the smaller RivGen™ anchors in the Tanana River. Concerns were mainly 
raised in regards to potential damage to the barge vessels during deployment and controlling the 
descent of the anchors. While ORPC believes that further work with these anchors will address 
concerns and lead to safe and reliable means for their deployment, this logistical exercise 
highlighted yet again that the hydrokinetic industry continues to address new challenges and to 
necessitate innovation not just in technology but in the deployment of equipment in the riverine 
environment.   
 
Based on the concerns of vessel operators with the anchor deployment, ORPC chose to do initial 
testing near shore so that a land-based crane could be utilized for anchor deployment and retrieval 
and lessons could be learned on anchor handling by both ORPC and its marine contractors from 
shore, to better inform future mid-river deployments. It seems this strategy of beginning testing in 
more benign and logistically friendly areas of the river is an effective stepwise approach to 
technology verification, be it anchors or the hydrokinetic turbines themselves. Not only does this 
allow the technology to be gradually tested in increasingly difficult conditions, but it gives marine 
operators opportunities to become more familiar with manipulation of it in the river environment 
before working in more exposed, high energy reaches of the river. 
 
E.3.2.2. Bottom Support Frame 
Similar to the anchor system, the bottom support frame offered valuable lessons in all aspects of the 
project from the design through to the testing. Perhaps most valuable of all were lessons learned in 
the transportation, assembly, disassembly, and deployment of the bottom support frame, as this 
offered insight into the challenges that will be experienced in remote deployment where adequate 
equipment may be harder to find. From the start ORPC and the project partners designed the 
bottom support frame with transportability and ease of deployment in mind. Even so, once working 
with the full-scale device, difficulties were encountered that required larger equipment than 
anticipated to safely manipulate the bottom support frame. In the case of testing the bottom 
support frame in the Tanana River, where still unknown sediment loads complicated “worst case” 
loading scenarios, the size and thus cost of the crane needed to allow retrieval with an adequate 
safety margin were irreconcilable with the budgetary constraints; thus, initial testing had to be 
done in a more well-understood environment.   
 
As ORPC went through the transportation, assembly, and deployment at the alternate Nikiski 
virtual river test site, larger equipment was required than would likely be available in most remote 
locations. ORPC and Marsh Creek worked together to figure out how to complete similar operations 
without access to cranes and other large heavy equipment, and came up with workable solutions to 
manipulate the bottom support frame with more readily available heavy equipment. This exercise 
highlighted that even with a design that focused on a device that could be deployed remotely, the 
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reality of manipulating equipment on land and in the marine and riverine environment held 
unforeseen challenges that were not readily revealed in the design phase of the project. As ORPC 
and other hydrokinetic technology developers seek to deploy technology in remote locations 
designing for transportability and deployment with local resources must be held first and foremost 
in the design phase of the project. 

Once the bottom support frame was assembled and deployed, the initial water test proved the 
concept for raising and lowering the bottom support frame and generally increased ORPC’s 
confidence in using this method for deployment and retrieval of the device. Throughout both filling 
and evacuating the bottom support frame, the water and air manifolds provided a good level of 
control, and for most of the test, the bottom support frame was able to maintain its orientation as 
desired. The notable exception was when one half of the bottom support frame overcame its 
buoyancy. At this point, the “downstream” end of the bottom support frame sank until it 
encountered the bottom. While this was not intended during the initial testing, it is likely to be the 
desired manner for sinking the bottom support frame. By sinking one half of the bottom support 
frame at a time, there remains an element of the bottom support frame which is surface-piercing, 
thus allowing overall stability to be maintained. In addition, once the submerged side of the bottom 
support frame engages with the bottom, a pivot point is created that adds to the stability of the 
bottom support frame as it sinks. In order to enhance this effect, it may be necessary to add 
extension pieces to the downstream end of the bottom support frame so that it can engage with the 
bottom more easily, especially when the upstream end is attached to anchors or when the water 
depth increases. 
 
The major issue that surfaced during the initial water test, which needs to be addressed, is the 
system for pumping water into the bottom support frame. Although the water hoses were carefully 
trained, some of the hoses still had constrictions, which slowed the flow to their chambers. The 
result was that throughout the filling, some of the hoses had to be shut off in order to allow for 
other chambers to fill. One possible solution to this problem is to use stiffer hose and to hard-plumb 
the hose on the bottom support frame, since that is the area where the hoses will encounter 
bending and kinking. In addition, the flow meters proved to be ineffective, possibly because the 
flow through each pipe was not enough to completely fill the cross-sectional area, or perhaps 
because flow was not fully developed when it reached the flow meter. It may also be that the flow 
meters were simply faulty. Regardless of the cause, it is clear that a solution needs to be found in 
order to accurately gauge how much water has entered each chamber. During this test, the amount 
of water in each chamber was monitored by visually judging the orientation of the bottom support 
frame as it filled. While this was not precise, it was effective, and showed that even without the best 
information the bottom support frame could safely be submerged. Additionally, the rate at which 
the bottom support frame filled and submerged met expectations. 
 
During evacuation, many of the issues regarding the slowing flow through hose constrictions were 
not noticed. All of the chambers were evacuated at roughly the same rate. It is suspected that the 
increased pressure of the system during evacuation allowed the water to more easily push through 
any constrictions. This situation points to a possible solution in filling the bottom support frame, 
which is to use higher pressure pumps. While the screw-sucker pump was effective in overcoming 
the suction head and in moving large volumes of water, it did so at a very low pressure. This was 
initially seen as positive from a safety standpoint; however, during evacuation increasing the 
pressure had clear benefits to effectively moving the water. The rate at which the bottom support 
frame was evacuated and returned to the surface greatly exceeded expectations; this was very 
positive, as it will potentially allow for much faster removal of the device. 
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In addition to refining the hose and flow monitoring systems, the next rounds of testing should be 
conducted using the same pumps and compressor(s) that will be in the field. In both cases, the 
pump and compressor used in the first round of testing were likely larger versions of what will be 
available in remote locations. In order to overcome the suction head issue that small pumps 
encounter, it may be necessary to conduct the next tests from a boat, which will also help to better 
replicate the environment that will be encountered in the field. 

E.4. The TGU Testing Phase 
 
Although RivGen™ TGU testing has only started, there have been a number of valuable lessons 
learned. As expected, the first days of testing were spent trying to match theoretical predictions to 
real world results and attempting to determine reasons for discrepancies. During that effort, 
important information has been gleaned about the initial operation of the TGU and about how it 
will likely perform once its performance is optimized.  
 
Following the initial deployment of the TGU, it was learned that the TGU was far more sensitive to 
the Energy Tide 2’s deployment system than the Beta TGU. The reason for this increase sensitivity is 
because the Beta’s frame and turbines were not designed for stiffness; as a result, they were able to 
easily deflect with any misalignment of the deployment arms. While that was initially seen as an 
advantage, it was determined that the RivGen™ assembly needed to have increased stiffness in 
order to prolong the life of the driveline and the generator. The RivGen™ frame is much stiffer than 
then Beta, because it was designed for river forces. Under the far greater forces imparted by the 
deployment arms, deflection is still possible if the arms are not carefully aligned. With the RivGen™ 
TGU’s tighter tolerances this artificially imposed deflection had the result of binding the turbines in 
the bearings and preventing them from rotating. While this was a critical lesson to learn for the 
testing period, it is not likely to be a large issue for normal operation because the forces of the flow 
are far less than those of the deployment arms. In addition, once the TGU was fully deployed and in 
the flow, tests showed that the sensitivity to misalignment is reduced.  
 
Once testing commenced, the need for a DC assist to get the turbines rotating at low flow speeds 
was found. While this was not an original component of the power electronics, it has proven to be 
an easy addition to the control system and has had the additional benefit of actually lowering the 
cut-in speed to flows less than 1 m/s. 
 
While producing power, the effects of altering the loading on the generator were often tested. As 
predicted, large changes in loading can result in either a stall or in an increase in rotational velocity 
and voltage. This has been a particular concern for deployments in rural communities, which 
operate on small, isolated, grids. During initial tests, the integration of a small DC load bank into the 
power system has proven to be an important element in controlling the voltages of the generator as 
the load demand fluctuates. The successful recovery from inverter trips and grid loss has greatly 
increased confidence in the RivGen™ Power System’s ability to operate on isolated grids.  
 
Along with the successful incorporation of the load banks and the “shore” inverter, operating in an 
automated, power optimization or maximum power point tracking (MPPT) mode was a big success. 
It is clear from early tests however, that the optimization algorithm needs to be adjusted based on 
information about how the TGU operates under real conditions. As testing continues, refinement of 
the algorithms will be an important next step.  
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One of the factors that most hindered early testing was the small tides tidal exchanges which 
greatly limited flow velocities. Because the flow rates were significantly less than the 2 to 3 m/s 
currents for which the TGU was designed, many of the early results are significantly biased towards 
the TGU’s least optimal performance areas. Additionally, with little power in the flow, slight 
adjustments in loading and operational conditions have a large effect on the TGU’s performance, 
making the optimization process more difficult to fine-tune.  
 
Although the results obtained in the first days of testing have been limited by the low flow velocity 
and feedback from early results continues to lead to refinements in the system’s control structure, 
the initial tests have been successful. In only the first day of operation, the TGU was able to send 
rectified power to an AC load bank. Since then, boost rectification has been enabled, power 
optimization algorithms have been applied, and the system for inverter recovery from various 
loading conditions has been validated. Even after meeting these initial milestones, each day of 
testing leads to additional lessons, which further improve the TGU’s performance. As the testing 
continues and the free stream velocity increases, a more complete picture of the TGU’s performance 
will be possible.   

E.5. Anticipated Scope of Work Changes 
 
Now that the Project has been completed, there are no more changes anticipated to the scope of 
work. However, due to the low current speeds found during the initial TGU testing period, an 
addendum to this report will be submitted in late May 2012 once larger tides return.  

E.6. Recommendations for ORPC Technology Deployment during Phase 2 
 
ORPC will pursue additional private and public funding to support the continued development of 
the RivGen™ Power System. ORPC has scoped the next phases of the technology development to 
include: 1) testing of the RivGen™ device inclusive of the TGU and bottom support frame; 2) testing 
and demonstration of the full RivGen™ Power System, including integration into a real or simulated 
diesel electric grid at a “clear” river site; and 3) testing and demonstration of the full RivGen™ 
Power System at a “turbid” river site. 
 
ORPC has selected the “virtual river” test site at Nikiski, Alaska as the optimal place for RivGen™ 
device testing. This site features tidal currents that are strong enough to replicate real world river 
currents with the advantage of slack tide periods that offer a convenient working environment to 
deal with unexpected technical issues. At the conclusion of device testing, ORPC will have verified 
that the anchoring and bottom support frame function as designed and that the RivGen™ device can 
be safely and effectively deployed and retrieved in a high-current environment. 
 
RivGen™ Power System testing and demonstration will begin with power system demonstration at 
a “clear” river site, one that is free from significant suspended sediment and debris that would 
complicate an initial demonstration. ORPC is investigating options for this testing, among them the 
Kvichak River at Igiugig. The Kvichak at Igiugig is the outflow of Lake Iliamna, with water that is 
clear of both sediment and significant woody debris. The river is also ice-free except for a period in 
May and June when the lake ice breaks up and flows out the river. RivGen™ Power System 
demonstration at Igiugig would offer a chance to verify the RivGen™ Power System for commercial 
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applications in a clear river environment, including verifying the ability to interface effectively with 
isolated diesel powered micro-grids. 
 
Following demonstration in a clear river, the RivGen™ will be tested in a “turbid” river site, one that 
has either suspended sediment, debris, or both. This testing will verify the RivGen™ Power System’s 
applicability to many typical glacially-influenced Alaskan rivers. ORPC has selected the Nenana test 
site on the Tanana River, where ORPC maintains a FERC preliminary permit, as the primary 
location to test the RivGen™ Power System in a turbid river environment. In partnership with 
AHERC and with partial funding from EETG, ORPC has collected significant data on the environment 
in the Tanana River at Nenana and gained significant experience working in this environment. 
ORPC and AHERC will continue to gather data on debris and sediment in the Tanana River through 
the summers of 2012 and 2013 in preparation for demonstration of the RivGen™ Power System, 
complete with debris mitigation plans, in the summer of 2014. After this demonstration the 
RivGen™ Power System will have been validated for commercial applications in turbid river 
environments and will be ready for widespread deployment in remote Alaskan communities and 
beyond. 

 

2. Final Report on Nenana Site Characterization Work and 
Foundation System and Debris Diversion System Performance 
TerraSond Ltd. was contracted by ORPC to perform to expeditions to the Nenana site to perform 
site characterization work during two expeditions, one beginning August 7, 2010 and the other 
beginning October 5, 2010. The August 7 expedition targeted a period of historically high discharge 
levels to perform a multi-beam bathymetry and perform Acoustic Doppler Current Profiler (ADCP) 
transects measuring current velocities. The October 5 expedition targeted a period of historically 
low discharge levels to perform ADCP transects measuring current velocities, and to collect sub- 
bottom data in the area of interest identified in the August 7 expedition. This information 
accomplished the goal of assisting ORPC in selecting a candidate hydrokinetic site that had: 1) 
sufficient current velocities at both low and high flow rates for robust energy production; 2) 
adequate depth even at historically low river levels for safe deployment below minimum navigation 
requirements; and 3) a bottom that was conducive to a bottom-mounted deployment, minimizing 
risk from extreme sedimentation or challenging river bed morphology. The full report on this effort 
was submitted to ORPC on January 6, 2011 and is included as Attachment D. 
 
Debris Diversion System Performance is included as Attachment B. 
 

3. Final Debris Mitigation Devices Literature Survey [as an 
independent document] 
 
The Final Debris Mitigation Devices Literature Survey is included as an independent document 
(Attachment A). 
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4. Final Performance Report on RivGen™ Test in Maine 
 
The Final Performance Report on the RivGen™ Test in Maine will be included in an addendum at the 
conclusion of the testing period in late May. 

5. Any Preliminary Comments, Feedback, or Other Relevant 
Information Received from Site Permitting Entities 
ORPC has communicated with many state and federal agencies about the RivGen™ Power System 
and its deployment in Alaskan rivers through the course of this Project. Chief concerns on potential 
effects from the RivGen™ Power System have been: 1) The potential effect on downstream 
migrating juvenile fish; 2) the potential effect on adult upstream migrating or resident fish; 3) the 
potential effect on sediment transport processes, including scour and deposition associated with 
the device itself or its anchoring system; and 4) potential effects on existing uses of the river. In 
discussing these concerns with agency representatives, ORPC has been able to better clarify 
concerns and adapt either the project studies to answer questions, or the project design to 
proactively address concerns.   
 
In regards to downstream migrating juvenile fish, ORPC partnered with the UAF School of Fisheries 
to design a first-of-a-kind study and seek approval for the study plan from ADF&G to begin 
gathering data on juvenile fish occurrence and spatial and temporal distribution. This study plan 
was well received by and also benefited from significant input from ADF&G. All parties agreed that 
the Tanana River was a difficult area in which to collect data on these juvenile fish, but worked well 
together to come up with a plan for collecting data to satisfy concerns. Through future seasons, the 
fish data collection techniques verified during this Project should provide resource agencies with a 
good tool for analyzing potential and realized effects of the RivGen™ Power System operation on 
these juvenile fish. As ORPC investigated potential deployment of the RivGen™ Power System at 
Igiguig, where the water is clear, the potential for documenting interactions between the RivGen™ 
device and juvenile fish was greatly enhanced. Thus, ORPC hopes to collect data on juvenile fish 
interaction with the RivGen™ device in a clear river in order to have a better understanding of 
potential effects prior to studying this in the Tanana River’s more challenging environment. 
 
As for adult fish concerns, resource agencies felt these were secondary to juvenile fish concerns, 
since adult fish moving upriver were less likely to use fast river currents where the RivGen™ Power 
System would be located. ORPC has discussed approaches to gathering data on adult fishes with 
agency personal and has investigated hydroacoustic techniques to collect data on adult fish in the 
project areas. ORPC intends to refine these study plan approaches in collaboration with the UAF 
School of Fisheries and private consultants, and through consultations with agency personnel, and 
to experiment with these data collection techniques prior to RivGen™ Power System deployment.  
After the RivGen™ Power System has been deployed at a site, ORPC will adhere to monitoring plans 
established during these consultations to gather the requisite data on adult fish interactions with 
the RivGen™ Power System. 
 
ORPC also recognized the concerns of ADF&G that concrete slab type anchors left in the riverbed 
could create scour problems and ultimately displace fish habitat on the riverbed. ORPC has thus 
designed its anchors to be both embedding and recoverable so that they do not pose a long-term 
threat to fish habitat in Alaskan rivers. 
 



ORPC Alaska 
UAF 11-0017 Nenana, Alaska Hydrokinetic RivGen™ Power System 
Final Report, April 16, 2012 
 

                                                                                                    Page 47 of 49 
 

In regards to existing users, ORPC has consulted and worked with the local barge companies, and 
local subsistence fishermen to ensure the project installation and operation do not interfere with 
the ability of these companies and individuals to continue to use the river for their respective 
purposes. In regards to commercial barge operations, sites will be selected for RivGen™ Power 
System deployment that either ensure the device remains below minimum navigation depths even 
during periods of extreme low water or are deployed in location that is easily avoided by barge 
operators. ORPC has also consulted with commercial barge companies and fish wheel operators to 
ensure that during construction operations, when surface based vessels are at the site, there are no 
impacts on local uses. This will be accomplished on a site-specific basis but will likely involve 
adapting both location and timing of these operations to mitigate any effect on existing uses. 
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Abstract 

Perhaps the greatest obstacle that confronts the implementation of commercial-scale hydrokinetic 

devices in rivers is debris. Until recently, this problem has been largely avoided by installing devices in 

areas where debris is not a factor. This practice significantly limits the possible locations for deployment, 

however, so new techniques must be developed. Although there is little precedent for large 

hydrokinetic devices and the issue of debris, there are examples of efforts to protect other engineered 

riverine structures. In addition to presenting these examples, we discuss the mechanisms for how debris 

enters the flow and is transported downstream, as this information can provide important insight in the 

development of debris mitigation strategies.  
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1. Introduction 

Anytime an engineered structure is placed in a river environment, the possibility exists that it will 

encounter debris. The impact of this debris on a structure is an important aspect of the design. Both the 

force of the initial impact and the possibility of debris accumulation must be considered in determining 

the effect of debris on a structure. Historically, debris accumulation on bridge piers and hydroelectric 

dams has been among the chief concerns associated with river debris. As the amount of debris builds on 

an object, the force it exerts on the object can result in catastrophic failure and reduce the flow, 

resulting in the buildup of a backwater and greatly reducing the efficiency of energy conversion. 

Additionally, as floating debris accumulates on a structure, it will begin to push downwards, forcing the 

flow to the riverbed, greatly increasing scour (Saunders & Oppenheimer, 1993). In hydrokinetic devices, 

the effects of debris accumulation are even more profound, since a reduction in flow speed reduces the 

kinetic energy of the flow by the cube of the velocity reduction. The forces associated with debris 

accumulation can rapidly lead to catastrophic or near-catastrophic failure in hydrokinetic devices.  

In the summer of 2010, a surface-mounted 5 kW Encurrent Turbine from New Energy became nearly 

submerged in the Yukon River (Ruby, Alaska) after only a few days of debris accumulation (Figure 1). 

Although the device recovered from that particular debris incident, the Yukon River Inter-tribal 

Watershed Council, which is responsible for the device, recently discontinued the testing of the turbine 

partially due to continual debris issues and the danger to workers of associated uncontrolled debris. 

 

Figure 1: Debris accumulation on the 5 kW Encurrent Turbine barge in Ruby, Alaska (Johnson & Pride, 2010) 

Further up the Yukon River, during summer 2010, Alaska Power and Telephone (AP&T) installed a 

second Encurrent Turbine in Eagle, Alaska. During initial deployment, the 25 kW device was consistently 

challenged by debris. While the device avoided catastrophic events, the turbine blades suffered from 

debris impact, the efficiency was hindered because of accumulation, and the power connection to the 

shore was continually compromised by submerged debris snares. As they prepare for their second water 

season, AP&T has identified the issue of debris as the most important problem that confronts their 

turbine (Beste, 2011). 

On the Mackenzie River in Fort Simpson, Northwest Territories, another barge-mounted Encurrent 

Turbine was installed in June 2010 by the Northwest Territories Power Corporation. As with the two 



2 
 

turbines in Alaska, debris on the Mackenzie proved to be a formidable challenge. The turbine was 

protected by a debris boom, which was generally successful in deflecting surface debris. Despite the 

protection from surface debris, the turbine was struck by a log in late June (Thompson, 2010). The 

damage suffered during the collision resulted in nearly two months of repairs and redesigns (Thompson, 

2010). As the Northwest Territories Power Corporation contemplates the future of the project, debris 

will continue to be one of the main considerations (Thompson, 2010). 

Many studies have been made on impact mitigation of debris on traditional structures, such as bridge 

abutments and hydroelectric dams, although quantifiable assessment of the efficacy of the studies has 

not been thoroughly documented. In hydrokinetic applications, attempts to solve the debris problem 

are mostly theoretical. Mitigation strategies currently practiced primarily exist in use with small 

hydrokinetic devices, typically in remote areas.  

In order to develop approaches for larger commercial-scale hydrokinetic devices, it is important to 

understand what type of debris a device is likely to encounter, the way the debris flows down a river, 

and the current debris-mitigation strategies in place both for small hydrokinetic applications and for 

traditional structures, such as bridge piers and hydroelectric dams.  

2. River Debris Characterization 

2.1 Causes and Types of Debris 

Debris transport, including the type of debris, the mechanisms by which the debris enters the flow, and 

the manner in which it moves with the flow, all depend greatly on the characteristics of the river and the 

environment through which it flows. Although debris type exists in a continuum, it is often helpful to 

consider three main classifications for woody debris (Bradley et al., 2005). The first is small debris, which 

includes small branches, leaves, and refuse. Because of its small size, this debris can be transported into 

the flow by a variety of ways. In addition to the mechanics by which larger debris enters the flow, small 

debris can enter through wind events and seasonal changes, resulting in loss of foliage (Bradley et al., 

2005). Medium debris consists mostly of larger branches and can enter the flow through a smaller 

tributary or runoff stream, because of bank erosion or the breakdown of larger debris, and through 

flood events (Bradley et al., 2005). Large debris, consisting of very large branches and entire trees, can 

enter the flow in many of the same ways as medium debris, but with a few restrictions. Smaller 

tributaries often do not have the flow rate or the width to transport large debris, so the debris does not 

often enter the main flow via runoff. Large debris most commonly enters the flow either during a flood 

event or because of bank erosion (Figure 2) (Bradley et al., 2005). Not surprisingly, the magnitude of a 

flood event and the concentration of debris within the floodplain also greatly affect the amount of 

debris that enters the flow. Any time there are long periods between flood events, debris problems can 

be anticipated, and the first major flood event of the year typically carries the greatest amount of debris 

into a river (Chang & Shen, 1979). A suggested flowchart for assessing debris-production potential 

(Lagasse et al., 2010) is shown in Appendix E. 
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Figure 2: Large debris entering the flow due to bank erosion (photo courtesy of Jack Schmid, Alaska 
Center for Energy and Power, 2010) 

2.2 Debris Transport 

Although the manner in which debris is transported in a river greatly depends on the flow characteristics 

and type of debris, some generalizations can be made. While medium and large debris can become 

entangled, it has been observed that floating debris rarely travels in large masses; this may be a result of 

river turbulence breaking apart the tangled debris (Chang & Shen, 1979). Despite this trend, entangled 

debris is possible especially during high water in areas with heavy debris loads. Debris events containing 

large amounts of entangled debris can have significant consequences to engineered structures (Figure 

3). Chang and Shen (1979) observed that in straight sections of the river, floating debris tends to follow 

the thalweg at the rising stage of a flood event, but tends to gravitate outward toward the banks while 

the water level is falling (Chang & Shen, 1979). When the water is neither falling nor rising due to a flood 

event, secondary flow currents tend to converge at the surface, resulting in the majority of floating 

debris concentrating along one path, which typically relates closely to the thalweg (Lagasse et al., 2010). 

Large debris is further restricted in how it is transported based on the size and flow of the river. As the 

length of the debris approaches the width of the river, the likelihood that it will be transported 

downstream greatly diminishes (Bradley et al., 2005). In addition, as the sinuosity of the river increases 

and the radius of the curves decreases, the likelihood that debris transport will occur diminishes 

(Lagasse et al., 2010). The exception occurs in rivers that have high sinuosity and migrating banks, as 

those conditions often result in an increased amount of debris entering the flow as the banks erode 

(Lagasse et al., 2010). A suggested flowchart for assessing the potential for debris transport (Lagasse et 

al., 2010) is shown in Appendix E. 
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Figure 3: Large entangled debris event impacting (upper left) and carrying off (upper right and lower left) a fish wheel on the 
Tanana River near Nenana, Alaska, and depositing it against a bridge pier (lower right) (courtesy of Stephen Lord) 

In addition to the vast majority of debris, which floats on the surface, it is possible to have debris exist 

throughout the water column (Figure 4). Although submerged debris has not been extensively studied, it 

has been observed that the potential for subsurface debris greatly increases in areas where bank 

erosion is a major cause of debris entering the flow (Chang & Shen, 1979). When bank erosion 

contributes to debris load in the river, it is likely that large woody debris will include an intact root ball, 

which can pull the debris below the surface (Chang & Shen, 1979). This effect can be seen in Error! 

Reference source not found., which shows a tree floating vertically with its root ball scraping along the 

riverbed.  
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Figure 4: Submerged debris in the Red River, Manitoba Canada, as seen from a Didson camera (Red River woody debris and 

predator avoidance. Red River, Manitoba, 2007) 

     
Figure 5: Vertically floating tree with its root ball scraping along the bed of the Yukon River. The effect can be seen by the 

different freeboard projections of the upper portion of the tree (photo Courtesy of Jack Schmid, Alaska Center for Energy and 
Power, 2010) 

2.3 Impact Forces of Debris on Engineered Structures 

Difficulties in predicting the presence of debris in a river are further compounded when attempting to 

anticipate the impact force with which the debris will strike an engineered structure. The orientation of 

debris is a direct result of the collision geometry and the forces involved with an impact. In their study of 

impact forces of woody debris on floodplain structures, Haehnel and Daly found that maximum impact 

force results when the log is oriented parallel to the flow and strikes the device with its end (Haehnel & 

Daly, 2002). Oblique impacts with small impact angles carry the least force, and force increases gradually 

as the angle increases, with a jump in impact force when the log becomes perpendicular to the structure 

(Haehnel & Daly, 2002). In their laboratory-scale tests, Haehnel and Daly found that even when logs 

were lined up with a structure downstream, they missed the structure entirely 40% of the time, and 

fewer than 15% of the impacts resulted in maximum force. Haehnel and Daly’s study resulted in the 

formation of expressions for estimating the maximum impact force of collisions between large woody 

debris and engineered structures. Appendix A includes a more detailed overview of their findings 
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2.4 Debris Accumulation 

Although the potential for debris accumulation is most closely related to the amount of debris in the 

flow, there are some design considerations for mitigating debris accumulation. In instances where there 

are multiple structures, such as bridge piers or possibly an array of hydrokinetic turbines, in the flow, the 

distance between structures plays an important role. If gaps between piers are less than the maximum 

debris length, then span accumulation is likely to occur (Figure 4). If accumulation on individual 

structures occurs, then span accumulation may even be possible if the gaps between structures are 

greater than the maximum debris length (Lagasse et al., 2010). Debris accumulation on an individual 

structure depends greatly on the geometry of the structure. Apertures in the structure greatly increase 

the likelihood for debris accumulation (Lagasse et al., 2010). In addition, the alignment of the structure 

in the flow can affect the probability of accumulation; those structures with skewed alignment 

compared with the flow, have a greater likelihood of collecting debris (Lagasse et al., 2010).  

 

 

Figure 4: Debris accumulation on bridge piers and the resulting failure (Lagasse et al., 2010)  

3. Existing Debris Mitigation Techniques 

Efforts to reduce the effects of debris on engineered structures have resulted in a variety of techniques. 

Although few techniques for debris protection have been developed specifically for hydrokinetic devices 

in river environments, many of the strategies could have consequences for hydrokinetic devices. These 

techniques often include either diverting or capturing debris well upstream of the device or attempting 

to trap debris at the device.  

3.1 Upstream Debris Diversion Techniques 

In areas that experience heavy debris loads, it is often necessary to protect engineered structures by 

diverting, trapping, or otherwise influencing the flow of debris upstream of the device.  
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3.1.1 Treibholzfange debris detention / debris basins 

The first method for preventing debris from impacting a device is to incorporate a debris-detention 

system upstream of the device. The Treibholzfange debris-detention device consists of circular posts 

driven into the riverbed upstream of the device. The geometry of the posts, along with the distance 

between the posts, determines the size of debris that can be captured, as well as the manner in which it 

is detained. In physical model tests at the Hydraulics Laboratory at the Technical University of Munich, 

LainBach and Arzbach determined that the best configuration for retaining debris while allowing 

sediment and water to flow through is to have the posts set a distance apart that is equal to (or less 

than) the minimum length of the debris intended for capture, and to orient the posts in a downstream 

pointing “V” (Wallerstein & Thorne, 1995). Alternatively, when the posts were placed in a straight line 

across the flow, it was found that the debris was often pushed over the barrier. Because debris was 

trapped across the entire width of the flow (rather than being funneled into one area), the backwater 

effects were considerably greater than with the downstream “V” configuration (Wallerstein & Thorne, 

1995). When the posts were placed in a straight line angled across the width of the river (Lainbach and 

Arzbach oriented the posts in a 30° angle to the bank), or when the posts were placed in an upstream 

pointing “V,” it was determined that the backwater effects were still greater than the downstream “V” 

(Wallerstein & Thorne, 1995). Note that while the upstream “V” or the angled posts may not be better 

than the downstream “V” from a hydrodynamic standpoint, they have the significant advantage of 

directing debris toward the banks, which should make the ultimate removal of debris far easier than 

with the downstream “V.” 

3.1.2 Debris booms 

Unlike Treibholzfange debris-detention devices, which involve the permanent implantation of posts into 

the riverbed in order to capture, or deflect, debris throughout the river’s water column, debris booms 

generally consist of a floating deflector designed to direct surface debris. Generally made of timbers, 

these devices require the inclusion of guides or anchors to hold them in place (Bradley et al., 2005). 

Once in place, debris booms have proven successful in deflecting surface debris, and they have the 

significant advantage of not requiring the installation of permanent structures into the riverbed (aside 

from possibly the anchoring system). Debris booms, however, do not offer a solution for debris traveling 

below the surface, which can be a problem in areas that experience large woody debris, especially if the 

root balls remain intact. Additionally, debris booms are subject to accumulation, particularly if they are 

held in place with anchor lines. Despite these potential problems, debris booms have had many 

applications in traditional hydroelectric generation, and they have been used to protect some surface-

mounted hydrokinetic devices.  

3.1.3 Debris fins 

While debris booms and debris-detention devices are designed to prevent debris from traveling 

downstream or to direct debris away from an engineered structure, debris fins (Figure 5) allow debris to 

continue traveling in the flow in a directed manner. Debris fins have been used extensively in bridge 

construction; they consist of fins extruding upstream from a bridge abutment. When a piece of debris 

hits the fin, it is oriented parallel to the flow, which allows it to more easily flow past the support 
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without getting caught (Bradley et al., 2005). Alternatively, single posts imbedded in the riverbed 

upstream of a structure occasionally replace the fin (Bradley et al., 2005). In addition to greatly reducing 

the likelihood of both impact and entanglement, aligning the debris with the flow reduces the force of 

the impact involved with any collision. As discussed in their study, Haehnel and Daly found that though 

maximum impact force occurs when the debris impact is end-on, even when lined up with a structure, 

maximum impact rarely occurs, while minimum impact force, which occurs in an oblique collision, is far 

more likely (Haehnel & Daly, 2002). 

 

Figure 5: Concrete debris fin extending upstream from bridge pier (left) and debris deflecting posts (right)  
(Lagasse et al., 2010) 

3.1.4 River training structures 

While most debris-mitigation strategies involve reducing the impact of debris without affecting the flow, 

attempts to capture debris by altering the river’s flow have been made. River training structures are 

similar to a weir or jetty. They extend from the bank to create an artificial eddy, which catches debris in 

its vortex (Bradley et al., 2005). Often these weirs are placed in areas where debris tends to travel near 

the river’s edge, for example, along the outer bank of a river bend.  

3.2 Near-Field Deflectors and Sweepers 

3.2.1 Debris sweepers 

Rather than attempting to control debris upstream of the structure, sweepers and deflectors are 

intended to buffer the structure itself from impact and to steer debris around the structure. Sweepers, 

created by Debris Free Inc. (US Patent #6406221), are vertically aligned polyurethane cylinders that are 

attached to the upstream side of a structure and which rise and fall with the water’s surface (Bradley et 

al., 2005). Sweepers, shown in Figure 6, are free to rotate on their vertical axis. Because sweepers rotate 

freely, they shed debris, greatly reducing the likelihood of accumulation.  



9 
 

  

Figure 6: Debris sweepers attached directly to a bridge pier (left) and pole mounted (right) (Lagasse et al., 2010) 

Debris sweepers have been installed in a number of locations, but their efficacy varies widely. In their 

2007 spring conference, state representatives to the American Association of State Highway and 

Transportation Officials expressed disparate opinions on the merits of debris sweepers (AASHTO, 2007). 

Although one representative (Mike Fazio from Utah) reported that the devices have proved effective, 

others voiced a number of concerns about the devices (AASHTO, 2007). Included in their observations 

were device failures due to clogging, being crushed by large debris, and being dislodged from their 

mounts (AASHTO, 2007). Also expressed were concerns about how debris sweepers would handle icy 

conditions (AASHTO, 2007). A possible factor that may contribute to clogging failure of the sweeper 

devices is current speed; it has been observed that sweepers are not generally effective when flow 

speeds are low (Lyn et al., 2007)..  

3.2.2 Debris deflectors 

Debris deflectors (Figure 7) are similar to a localized version of the Treibholzfange posts. Deflectors are 

placed immediately upstream of the structure in order to direct debris around the structure. Deflector 

designs and material vary greatly; however, they usually consist of either wood or metal oriented in a 

pair of vertical grids that come together in a “V” shape, with the apex pointing upstream (Bradley et al., 

2005). Unlike sweepers and booms, these devices have the advantage of being able to protect the 

structure from debris throughout the water column, and they do not require a river-wide structure as 

with the Treibholzfange posts. Deflectors do have the potential to catch debris, so while most debris is 

deflected, accumulation can be a problem.  
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Figure 7: Debris deflector placed upstream of culvert opening (Lagasse et al., 2010) 

Because of the potential for debris to accumulate on traditional deflectors, the use of lunate-shaped 

hydrofoil deflectors has been proposed (Lagasse et al., 2010). Hydrofoil deflectors would be tethered or 

pole mounted to the riverbed upstream of the structure and would reside at a given depth below the 

surface (Saunders & Oppenheimer, 1993). Vortices form on the leading edge, and because the hydrofoil 

is inclined at a downward angle, when debris is shed, it travels upwards (Saunders & Oppenheimer, 

1993). Because of the hydrofoil’s design, the vortices rotate such that the water closest to the surface 

pushes outwards (Saunders & Oppenheimer, 1993). These vortices would propagate to the surface in 

front of the abutment, deflecting debris around it (Lagasse et al., 2010). In their laboratory tests, 

Saunders and Oppenheimer (1993) showed that their hydrofoil successfully prevented debris from 

accumulating on the pier; they hypothesized that if they had designed their device so that it could 

oscillate the varying vortices would greatly increase the device’s ability to dislodge debris (Saunders & 

Oppenheimer, 1993). Because the hydrofoil is both submerged and solid, it is far less likely to 

accumulate debris than traditional debris deflectors are. However, despite successful trials in a 

laboratory setting, hydrofoil deflectors remain untested in the field. Figure 8 shows a schematic of 

Saunders and Oppenheimer’s original hydrofoil design (US Patent #5839853). 
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Figure 8: Schematic of debris-deflecting hydrofoil from Saunders and Oppenheimer's original patent (Oppenheimer & 
Saunders, 1995) 

3.3 Trash Racks 

The most common technique for dealing with debris in traditional hydroelectric facilities is to use a trash 

rack to keep debris from entering the penstock. In some cases, these racks are similar in design to the 

debris deflectors used to protect bridge abutments. In these cases, the racks are designed to deflect 

debris from the penstock intake. This type of debris diversion is used in many run-of-the-river 

hydroelectric facilities.  

Traditional trash racks, designed to protect hydroelectric dams, consist of slightly inclined vertical bars 

that stretch nearly the entire height of the dam, typically from the bottom of the intake to above the 

water surface (Bradley et al., 2005). These vertical bars are spaced according to the minimum debris size 

that needs to be kept from entering the penstock, and they are generally made of either mild carbon 

steel, although wrought iron, alloy steel, and stainless steel are also used in some areas (Bradley et al., 

2005). The bars are often attached to the dam via horizontal supports, which can be manufactured such 

that removal for maintenance is possible. Trash racks are faced with the two major challenges of 

accumulating debris and head loss due to the accumulation of debris and to the racks themselves. In 

addition, structural fatigue of the racks is a serious design consideration.  
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Unlike debris deflectors, which are designed to shed debris, trash racks for traditional hydroelectric 

dams (Figure 9) span the width of the flow, so debris accumulation is a constant issue. Debris 

accumulation is initially dealt with by the slope of the rack’s incline. Ranging from 15°
 to 45° for low-

pressure systems, the slope of the rack pushes debris toward the surface and away from intake 

structures (Bradley et al., 2005). Regardless of the slope, debris accumulates on the rack affecting its 

efficacy and challenging its structural integrity. Because of this, debris-removal systems are critical for 

trash racks. Debris is usually removed from a rack by raking, which can be done by hand or with 

mechanized rakes. Mechanical rakes have become the standard for large hydroelectric facilities; they 

operate by lowering the rake into the water and pulling it up the rack face. Once at the top of the rack, 

debris is deposited into a collection receptacle (Bradley et al., 2005). The rakes can be guided or 

unguided. As the name suggests, guided rakes operate on guides attached directly to the dam. Guided 

rakes have the advantage of operating effectively both on dams where the rack does not stretch the 

entire height of the dam and in areas where strong transverse currents exist (Bradley et al., 2005). 

Guided rakes tend to be more expensive, however, and there is risk that the guides will clog with debris 

(Bradley et al., 2005). Unguided rakes have wheels that allow them to travel along the rack face; they 

rely on water pressure and the inclination of the rack to stay against the rack face (Bradley et al., 2005). 

Unlike guided rakes, unguided rakes have the ability to travel over debris without getting stuck, so they 

are often preferred in areas where large debris accumulation is anticipated. Unguided rakes, though, are 

not well suited to areas subject to large transverse currents or to areas where the racks do not extend 

the height of the dam (Bradley et al., 2005).  

 

Figure 9: Trash rack and mechanical debris rake (Hydro Component Systems, 2007) 

While debris accumulation reduces flow through the rack and thus reduces the head, the problem of 

head reduction is present even when debris is not. Because of this, debris racks are often designed to 

balance the size of the debris they are meant to capture with the amount of head loss that is acceptable 

for their application. Along with the spacing between the bars, the geometry of the bars has a large 
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impact on the head loss associated with the rack. Despite this, most hydroelectric dams avoid streamline 

bars because of their higher cost, relying instead on rectangular bars. One representation of the 

predicted head loss through a trash rack, based on bar geometry and spacing, is found in Appendix B.  

The largest cause for trash rack failure has come not from the force of a collision, but rather from 

material fatigue due to the vibrations associated with vortex shedding (Bradley et al., 2005). Because of 

this, rack designs must balance the ability to capture debris while minimizing head loss, with reduction 

in vibrations. Vibrational forces are a result of resonance between the natural frequency of the rack and 

the forcing frequency due to vortex shedding (Lewin, 1995). An approach for determining the natural 

and forcing frequencies is given in Appendix C. Because the force of these vibrations increases with the 

speed of the flow, vibrations are likely to be a greater concern for hydrokinetic applications than they 

are for hydroelectric dams. In dam applications, vibrational concerns have been mitigated by including 

lateral stabilizers made of butyl rubber in rack designs (Bradley et al., 2005). In one study, the addition 

of rubber stabilizers reduced the magnitude of vibrational force from 2.15 g to 0.1 g (Bradley et al., 

2005). In addition, the geometry of the bars affects the potential for vibrations. In order to minimize 

vibrational effects, the bars should be as close to square as possible; square bars, however, result in 

significant head loss, so this too must be balanced (Bradley et al., 2005). Examples of trash rack 

geometries and their failures are found in Appendix D.  

3.4 Techniques Currently Used with Hydrokinetic Devices 

While the impact of debris on traditional hydroelectric dams and engineered structures such as bridges 

has been documented and studied, the impact of debris on hydrokinetic devices has been largely 

ignored or is at best anecdotal. The majority of commercial-scale devices that are operational have been 

placed in areas where debris is not a major issue. Worldwide, the majority of commercial-scale 

hydrokinetic turbines have been placed in tidal estuaries to capture the kinetic energy in tidal, rather 

than river, currents. While debris is a potential issue in these areas, it is far less of a concern than in 

rivers. In rivers, the first FERC-licensed and commercially operational hydrokinetic power plant in the 

U.S., Hydro Green Energy’s turbine in Hastings, Minnesota, was placed at the outflow of an existing 

hydroelectric dam, partially to avoid any worries about debris (Hydro Green Energy, LLC, 2010). In those 

sites where debris is a hazard, such as the two pilot-scale projects in Alaska using New Energy 

hydrokinetic turbines, the problem remains unresolved, as discussed in the introduction to this report 

(Johnson & Pride, 2010). Because of this, information regarding existing debris countermeasures for 

hydrokinetic devices is scarce and virtually non-existent at the commercial scale. However, there are a 

number of small-scale hydrokinetic projects, mostly existing in rural areas of the developing world, that 

have taken measures to reduce the impact of debris on their operations.  

3.4.1 Device placement 

The first method, employed to mitigate the effects of debris, is in the placement of the device. The first 

aspect of device placement is depth. Because the majority of debris floats on the surface, it is important 

to estimate the depth under which the little debris flows. Placement of devices at a deep enough level 

was found to be the greatest common factor sited by manufacturers in how their devices avoid debris. 
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Even manufacturers that utilize surface-mounted turbines, such as New Energy and Thropton Energy, 

both of which develop small-scale turbines for use in remote areas of the developing world, refer to 

placing their turbines far enough below the surface mount to minimize collisions between the turbine 

and debris (Sexon, 2010).  

In addition to placing turbines deep enough to avoid surface debris, the location of the turbine within a 

river section can have a profound effect on the debris the device will encounter. As discussed, the 

majority of debris travels in the thalweg, so this may be a location to avoid. Unfortunately, this tactic 

usually has the deleterious effect of avoiding the area of the river that contains peak currents. A similar 

tactic, used by Thropton Energy, is to place devices downstream of the inner edge of a river curve. 

Because debris tends to flow toward the outer bank as it rounds a curve, it is often possible to find a 

location downstream of the inner edge where much of the water’s velocity has recovered; however, the 

majority of debris is still located closer to the outer bank (Sexon, 2010). Thropton Energy credits the 

placement of their devices as the biggest reason why they are able to avoid major debris issues, 

although they acknowledge that their devices are often not placed in the optimal flow location (Sexon, 

2010). 

3.4.2 Furling 

In locations that encounter varying water levels and the potential for high debris loads, furling is 

occasionally used as way to avoid major debris events (Anyi & Kirke, 2010). Furling allows the device to 

be lifted out of the water in the event that debris is present in the flow (Hands On: The Earth Report, 

2004) (Figure 12). This is an extremely effective tactic, but at present, it is only used in areas where the 

devices are small enough to be removed easily from the water and where there is a human operator 

present to detect debris. It may be possible to automate this process for larger devices, perhaps placing 

the device on a track with a detector so that it can move side-to-side as debris is detected, although no 

such technique is currently being pursued (Daly, 2010). 

 

Figure 10: Furling of micro-hydrokinetic battery-charging device (Hands On: The Earth Report, 2004) 

3.4.3 Debris booms 

While furling is effective, it can result in the device routinely exiting the flow in order to avoid debris, 

and it requires constant human supervision. Rather than removing the turbine from the path of debris, 
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debris booms and trash racks are used to prevent debris from reaching the device. Debris booms are 

often comprised of floating wood logs in an upstream pointing “V” and are located upstream of the 

device; and they are often held in place by a mooring line (Yukon River Inter-Tribal Watershed Council , 

2008). Similar to debris deflectors used in bridges, debris booms are designed to deflect surface debris 

around a device (Figure 11). These devices have been used with some success for surface-mounted 

turbines; however, like their bridge counterparts, they suffer from the potential for debris accumulation, 

especially on the mooring line (Figure 1).  

 

Figure 11: Debris boom on 5 kW Encurrent Turbine in Ruby, Alaska (Yukon River Inter-Tribal Watershed Council , 2008) 

In preparation for the second deployment season of their 25 kW Encurrent Turbine, AP&T sees 

refinement of the debris boom as one of the best ways to combat debris (Beste, 2011). The company is 

planning to build a more robust boom, which extends into the water to help protect the turbine from 

debris traveling just below the surface (Beste, 2011).  

3.4.4 Trash racks 

In order to prevent debris throughout the water column from impacting the device, upstream trash 

racks may be used. While trash racks for hydrokinetic devices share many similarities with those used in 

dams, there are important distinctions that make their use in hydrokinetics more difficult. The first 

major issue is debris accumulation. When debris accumulates on the trash rack of a hydroelectric dam, it 

is removed by a trash rake, which requires a large amount of power and infrastructure to operate. 

Smaller hydrokinetic devices do not have that luxury. As debris accumulates, it greatly reduces the flow, 

which is the second major issue with the implementation of trash racks for hydrokinetic devices. The 

placement of a trash rack occurs far enough upstream that flow can recover its velocity before reaching 

the turbine. If a trash rack is placed too far upstream, however, debris will also recover in the turbine’s 

path. These effects were encountered in the University of South Australia’s attempts to implement a 

turbine in Borneo. During this implementation, debris was found to be a major issue in the jungle 

environment (Anyi & Kirke, 2010). Attempts to block debris with upstream screens have resulted in 

significant clogging and blocking of flow (Kirke, 2010). Continued difficulties with clogging have resulted 

in abandonment of the trash rack as a viable option for debris mitigation (Kirke, 2010). 



16 
 

3.4.5 Blade design  

Because of the difficulties associated with blocking or deflecting debris upstream of a device, many 

manufacturers hope that the design of their blades will effectively shed debris (Anyi et al., 2010). 

Although quantitative evidence does not exist for the effectiveness of swept blades in their ability to 

shed debris, companies such as Verdant Power credit their blade designs as being one of the major 

reasons the company has been able to avoid catastrophic debris problems (Taylor, 2010). Taking swept 

blades a step further, folding blades are being considered as a way to reduce the impact of debris on a 

turbine’s blades. One such system is currently being designed by the University of South Australia for 

implementation in Borneo (Kirke, 2010). The effectiveness of folding blades has not yet been tested.  

3.4.6 Manual debris removal 

While seemingly obvious, one of the most effective and often overlooked techniques for handling debris 

is direct human observation and removal. In each of their turbines, Thropton Energy enlists the use of a 

local individual to monitor the device for debris and remove debris as it begins to accumulate (Sexon, 

2010). While the company credits a number of debris mitigation techniques, the continued success of 

their turbines ultimately depends on the monitor’s ability to keep it free of debris (Sexon, 2010). Debris 

removal by individuals may lend itself more to small turbines, such as those installed by Thropton 

Energy; however, this technique is also being pursued by those responsible for larger turbines. During 

the first summer of their device’s deployment, AP&T often had to remove debris by hand. Despite the 

size of the barge on which their turbine was mounted, this removal often required the use of an 

additional vessel (Beste, 2011). The coordination of a second boat in order to extract debris from the 

anchored turbine was difficult due to water speed and turbulence in the area, often required additional 

personnel, and significantly increased the risk to those removing the debris (Beste, 2011). Because of 

this, AP&T is making improvements to their barge so that the two local employees assigned to the 

project will be able to remove debris safely without the use of additional boats or personnel (Beste, 

2011). 

4. Conclusions and Recommendations 

It is clear that debris in the flow can have a significant deleterious impact on engineered structures. 

Debris accumulation on bridge piers can lead to increased scour, backwater buildup, and increased 

structural stress, which has caused bridge failures. In conventional hydroelectric facilities, debris buildup 

has led to substantial head loss, leading to drastic reductions in efficiency. For hydrokinetic turbines, the 

effects are potentially more profound. During the summer of 2010, three of the first commercial-scale 

hydrokinetic devices to enter the rivers of North America experienced periods of discontinuous power 

production, and had to be entirely removed from the flow because of debris.  

Because of the potentially catastrophic consequences of both debris accumulation and debris impact, 

the development of successful mitigation strategies is critical to the success of hydrokinetic devices. 

Unfortunately, no methods are in place that both protect the device and prevent head loss due to debris 

accumulation. It is no coincidence that most of the earliest implementations of commercial-scale 
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hydrokinetic devices have occurred in rivers or tidal zones where debris is not a major factor. When 

small-scale devices have been placed in rivers where debris is present, they have often been placed in 

an area of the flow where debris is less likely to be transported. Despite these best efforts, determining 

where debris will flow is at best based on probabilities, and while generalizations about flow patterns 

are often made, exceptions are numerous. In addition, by placing devices in regions that may not 

contain as much debris, small-scale devices encounter reduced flow conditions. While a reduction in 

power-generation capability due to device placement in slower currents may be tolerated in small-scale 

applications, it is unlikely to be acceptable in commercial-scale projects. In the few instances where 

devices have been installed in debris-heavy flows, countermeasures have been limited in their success. 

Because of the lack of preceding examples in hydrokinetic devices, it will be important to draw from 

lessons learned in trying to protect bridge piers and hydroelectric dams.  

In both dams and bridge supports, debris racks and debris deflectors have been used to effectively 

prevent debris from entering penstocks and colliding with piers. The most glaring issue associated with 

these devices is debris accumulation. In conventional hydroelectric facilities, amassing debris is most 

commonly managed by removing it with mechanical debris rakes. It seems unlikely that this technique 

could be easily transferred to smaller hydrokinetic devices that may be submerged in the middle of a 

river. In addition to the challenge of building and maintaining a raking system for a hydrokinetic device, 

many mechanical rakes have been shown to have difficulty operating when there are transverse or 

turbulent conditions. Despite decades of attempts to prevent the buildup of debris on bridge piers, 

solutions to the debris problems are still evolving. Some of most recent developments, such as debris 

sweepers, have shown promise, even while results are mixed. Despite the varied levels of satisfaction 

with debris sweepers, the inclusion of sweeper-like devices may help increase the chances that debris is 

shed.  

It seems likely that, regardless of the device, some amount of debris will accumulate. What small-scale 

hydroelectric turbines have relied on for years, and what AP&T discovered in 2010, is the human 

element that is necessary to dealing with accumulating debris. Even hydroelectric dams that keep their 

debris racks clean using mechanical debris rakes often use divers to inspect the racks to be sure they are 

clear of debris (Wallerstein & Thorne, 1995). The ability for a debris device to be inspected and 

potentially cleaned of debris by hand is likely to be an important aspect of a design.  

Even without the accumulation of debris, a protective device upstream of a turbine can have a 

substantial effect on flow rate through the turbine. The head loss through a deflector or other 

protective device is an important design consideration. Because the efficiency of hydrokinetic devices is 

more susceptible to small changes in flow speed than hydroelectric dams, it will be more important to 

consider head loss when deciding on bar geometry and bar spacing for a deflector. Because a more 

streamlined bar geometry is likely to be necessary, the vibrational effects caused by vortex shedding will 

also be an important factor.  

The need to develop effective strategies for combating river debris has been well realized and may be 

the most important obstacle that faces commercial-scale hydrokinetic turbines. What is not understood 

is how best to prevent debris impact and accumulation, without losing flow velocity. Even in fields 
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where debris deflection and containment have been practiced for decades, no solution has been found. 

While lessons can be learned from those areas, the development of successful debris-mitigation 

strategies for hydrokinetic devices is only going to occur through the design, implementation, and 

refinement of those approaches.  
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5. Appendices  

Appendix A: Maximum impact forces of large woody debris on engineered structures 

In their study of impact forces of large woody debris on engineered structures, Haehnel and Daly (2002) 

investigated three strategies for estimating the impact force. Although they concluded that the three 

methods were theoretically equivalent, practically, they are not the same. Below is an account of some 

of their findings.  

A.1  Contact Stiffness Approach 

This approach used an expression for the maximum impact force adopted from the equation for impact 

force of vessels on a pier: 

  (    )       √    

where DWT is the dead-weight tonnage (long tons) of the vessel. 

This approach to estimating maximum force uses the effective contact stiffness of the collision of an 

object at a given speed. Haehnel and Daly found that  

            √  

where   is the log velocity and   is the fluid added mass of the log. This approach provides closely 

coordinated estimates for the maximum force; however, it tends to over-predict impact forces under 

10 kN.  

A.2 Impulse Momentum Approach 

This approach equates the impulse acting on the debris with the change in momentum of the debris, 

and it is governed by the equation: 

  ∫ ( )      ̅  ∫ (    ) 

where I is the total change in the momentum of debris during the impact, F is the force acting on the 

debris, and  ̅  is the time-averaged force. By using the assumption that the impact force goes to zero 

through the period of the collision, the time-averaged force becomes: 

 ̅  
    
  

 
    
   

 

where w is the weight of the debris and    is the impact duration, which FEMA and the U.S. Army Corps 

of Engineers suggests a value of 1 s. Through their study, the equation of for the maximum force was 

found to be: 
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This equation was found to be limited to logs with masses in the range of 200–330 kg. As a result of 

assuming a constant impact time, this equation was found to under-predict the forces for the reduced-

scale logs used in the tests.  

A.3 Work Energy Approach 

By assuming that the velocity of the debris goes to zero during collision, this approach equates the work 

done on the structure with the kinetic energy of the debris element.  

  ∫ ( )   ∫ (
 

 
   ) 

The force of the impact is a function of the distance, x, over which the collision occurs. Taking S, the 

stopping distance, to be the distance traveled by the debris as its velocity goes to zero throughout the 

collision, the maximum force becomes: 

       
   

 

 
 
   

 

  
 
 

 
   

Using this equation as a basis, the maximum impact force was found to be approximated by: 

            
       

This equation only applies to debris with kinetic energy greater than 50 J, and it was found to over-

predict the impact forces as a result of assuming a constant stopping distance for various debris 

velocities and weights.  

A.4 Comparison of the Approaches 

In the comparison of each approach with their scaled-laboratory tests, Haehnel and Daly found the 

contact stiffness approach to be the most accurate over the entire domain. This was primarily a result of 

the difficulties in measuring the impact time and impact distance needed in the impulse momentum and 

work energy approaches.  
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Appendix B: Estimation of the head loss through a trash rack of bars with various geometry 

 

B.1 Equation for the Head Loss Through a Trash Rack  

The following equation was developed by Kirschmer, discussed by Zowski (1960), and appeared in 

Wallerstein and Thorne’s (1995) discussion of debris mitigation for hydroelectric dams in Europe.  

    (
 

 
)
     

 

  
    ( ) 

where       loss of head through racks, ft 

     thickness of bars, in.  

      velocity of approach, ft per sec  

     acceleration due to gravity ft per sec squared 

  α   angle of bar inclination to horizontal, degrees 

   factor depending on bar shape (estimated values shown below) 
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B.2 K-factor Values Developed by Zowski 

 

 
 

 

Comparison between the theoretical head loss using Kirschmer and Zowski’s development and 

laboratory tests have found that for a clean rack, the theory underestimated the head loss by a factor of 

1.75 to 2 (Bradley et al., 2005). This factor, which is greatly increased when the rack begins to become 

clogged with debris, was found to be as high as 4 with 50% clogging (Bradley et al., 2005). 
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Appendix C: Determination of the natural and forcing frequencies associated with trash racks 

(from Lewin, 1995). 

 
C.1 The Natural Frequency 

   
 

  
√

   

(    ) 
 
 

 where        natural frequency 

       Young’s modulus 

       moment of inertia of screen bar 

       mass of screen bar 

        added mass of water; this is the mass of water vibrating with the bar  

       length of bar between supports 

       gravitational constant 

     a coefficient depending on how the bars are fixed to the supports. 

Typically, bars are welded to the supporting structure, resulting in   

values between 16 and 20 for bars between 60 and 70 mm deep with 

thickness to depth ratios of 5:1. 

   can be approximated by: 

   
 

 
 
 

 
 

 

where      the effective spacing between bars 

     the thickness of the bar 

 

It has been suggested that the value of   be limited to 0.55 times the bar depth for a bar with a 

depth to thickness ratio of 10, and 1.0 times bar depth for a depth to thickness ratio of 5.  

C.2 The Forcing Frequency Due to Vortex Shedding 

   
  

 
 

where       forcing frequency 

 

   Strouhal number. This depends on spacing between the bars and the 

shape of the bars. The limit to the Strouhal number is usually taken to 
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occur when the bar-spacing-to-bar-thickness ratio is 5 or greater. For a 

fully rounded bar, this limit leads to        , while a bar with square 

corners will have a limit of        . 

 

     approach velocity 

     thickness of screen bar 
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Appendix D: Details of trash racks that failed during operation (from Syamalarao, 1989) 
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Appendix E:  Assessment of potential for debris production and transportation (from Lagasse 

et al., 2010) 

 

E.1 Flowchart for Evaluating Debris Production Potential 
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E.2 Flowchart for Evaluating Debris Transport Potential 
 

  

Estimate Size of the Largest Debris (Key Log Length) Potentially Delivered to Site 

Is it likely that 
debris will be 
delivered to the 
bridge site during 
subsequent 
floods? 

Indirect evidence  

of potential for debris 

transport and delivery 

 Highly sinuous 
reach upstream 

 Obstructed 
transport path 

to bridge site 

 Upstream channel 
geometry too small to 
transport debris 

 Debris is absent after 
floods in typical debris 
accumulation sites 
other than bridges 

 Negligible debris 
delivered to a site 
following major events 

 Debris in the channel 
remains in place 
following floods 
because of low flow 
velocities 

 Documented 
chronic or frequent 
accumulations at 
one or more bridge 
sites along this 
channel or upstream 
tributaries 

 Abundant debris 
stored in channel 
and/or along banks 

 Ongoing or prior 
need for debris 
removal from 
channel 

 Long straight or 
slightly sinuous 
reach upstream  

 Direct or 
unobstructed 
transport path 
to bridge site 

Direct evidence 

of potential for debris 

transport and delivery 

EVALUATE POTENTIAL FOR DEBRIS  

TRANSPORT AND DELIVERY 

YES 

NO 

HIGH Potential for Debris Transport & Delivery LOW Potential for Debris Transport & Delivery 
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 Introduction 
One of the challenges of generating electrical energy with a hydrokinetic turbine in Alaska rivers 
is the detrimental effect of woody debris in the water column. In order to mitigate this problem 
the questions of describing what types of debris might be encountered, the frequency of 
occurrence, the force of impact, and location in the water column need to be answered. The 
University of Alaska Fairbanks (UAF) Alaska Hydrokinetic Energy Research Center (AHERC) 
designed, constructed, and tested a mechanical debris detection device (MDDD) for Ocean 
Renewable Power Company (ORPC). The MDDD was intended to be deployed in the Tanana 
River at Nenana, Alaska, to assess the debris conditions at the location and depth at which ORPC 
was planning to deploy a hydrokinetic turbine demonstration project. The MDD was mounted on 
ORPC’s anchoring system that was designed to hold their turbine support structure in place 
during turbine operations. Due to difficulties in trying to deploy the anchoring system the 
MDDD was not deployed during the project period. This report summarizes the design, testing 
and operating instructions for the MDDD. Technical specifications and information are 
contained in the appendices. 
 
1 MDDD overview 
The design, construction and deployment of the MDDD were a preliminary effort to monitor 
debris in the water column. The system consisted of two vertical steel spines deployed under 
water that would register impacts, yield to excessive force, be self-clearing and automatically 
return to a normal configuration after self-cleaning. The spines were instrumented with strain 
gages, to evaluate forces, and inclinometers to monitor the position of the spines. 
 
1.1 MDDD (design and mechanical apparatus) 
The system design evolved from discussions in the AHERC group and Jon Holmgren and with 
ORPC engineers about the nature of debris in rivers. How debris might be detected and how to 
quantify the effects of debris impacts with the limited available funding. Some of the major 
criteria for a system were: 

• Ability to survive large debris impacts 
• Have some self-cleaning capability 
• Record time and magnitude of impacts 
• Maximize resolution in determining location of a debris impact on a detection device 
 

Preliminary and finalized designs were socialized 
with ORPC personnel for feedback. The final plan 
was to construct a pair of devices to be mounted on 
ORPC’s anchoring system designed to secure the 
ORPC RivGen bottom support frame. This anchor 
was modified to accommodate the pair of debris 
detection assemblies (figures 1 and 2) 
 
The MDDD consisted of a pair of vertical steel 
spines approximately 2 meters long with a square 
cross section of 2.5 cm x 2.5 cm. Each spine was 
equipped with two strain gages along its length, a 
single axis inclinometer and a release device at the 

Figure 1 Anchor with MDDD mount prior to 
mounting spines 
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base to allow the spine to hinge down if the force applied to it exceeded a given amount (Figure 
3). The spine and release devices were mounted on a steel platform affixed to an anchor base 
resulting in the spine bases being approximately 2 meters above the river bottom when the 
assembly was placed in the river channel (Figures 1 and 2).  

 
At the base of each spine was a cam and pivot shaft that rotated in 
pillow block bearings allowing the spine to rotate about a single 
axis. A cam follower comprised of a spring loaded shaft with a 
roller at the cam end applied a righting force on the cam that 
increased as the angle between the spine and the base plate 
decreased, approaching a horizontal position. This righting force 
was a function of having an increasing radius on the cam. This 
righting force was intended to bring the spine into an upright 
position after self-cleaning. The end of the cam had a detent 
where the cam follower would nest when the spine was in the 
upright position (Figure 4). This produced the  large force 
required to initiate cam movement and a lesser force required to 
continue to force the spine towards a horizontal position. As the 
spine approached the horizontal position the probability of the 

water current sweeping the spine clear increases. The force required to initiate cam movement 
was designed to be less than a force that might deform the spine. The scenarios envisioned that 
would result in spine movement were a strike by a large piece of debris or an accumulation of 
smaller debris.  
 
2 Data Acquisition System and Sensors 
The data acquisition system for the MDDD was a Campbell CR3000 Micrologger used to record 
the analog signals from the strain gages and inclinometers. The logger operated on power 
supplied by a 12 V battery. The logger supplied a 5 VDC bias for the strain gages; a pair of 12 V 
batteries in series provided 24 VDC excitation for the inclinometers. Each of the 12 V batteries 
was an Exide 100 amp hour lead acid marine battery. The data logging system current draw on 
the batteries was low enough that the data logger could operate for the planned period of 
monitoring of the deployment season without recharging the batteries. 
 
Programming for the CR3000 used Campbell Scientific PC200W 4.1 PC support software to 
communicate with a PC laptop and the programs were created with the Campbell ShortCut 
program. The logger was programmed to sample at 1 Hz and to record at various intervals, 
typically 15 or 30 seconds. Programming instructions could specify recording the sample value 
at the end of the interval, the average of the samples in the interval, a maximum or minimum 
sample value in the interval and a time of maximum or minimum in the interval. Various 
programming regimes were used during the calibration and initial set up.  
 
 
 
 
 
 

Figure 2 MDDD spines on anchor 
mounting platform 
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2.1 Strain Gages 

Strain gages were supplied by Kyowa Electronic 
Instruments.  Kyowa was the only vendor found 
that could commit to supplying weldable strain 
gages and cable assemblies for long term 
underwater use. Unfortunately, Kyowa suppliers 
were affected by the March 11, 2011 Tohuku 
earthquake and tsunami in Japan. This resulted in 
an indeterminate lead time before the vendor 
could deliver strain gages. When the vendor 
indicated that they could supply their product, 
the order was placed in mid-June and the gages 
arrived in Fairbanks mid August. The strain gage 
installation consisted of affixing two strain gages 
to each spine (Figure 3). The gages were spot 
welded to the down current side of the spine 

with one gage centered 10 cm above the spine support cam and the other centered 76 cm above 
the spine support cam. A special spot welding machine was provided on loan by Kyowa 
Electronic Instruments. The gage elements were encapsulated quarter bridge 3 wire systems with 
a bridge adapter installed in the signal cable approximately 2 meters from the gage. A 150 meter 
cable ran from each strain gauge to the data logger. The use of a strain gage bridge adapter was 
necessary because signal cable length was excessive for use with a quarter bridge gage. The 
adapter completed the bridge circuitry to make a 4-wire full bridge configuration. The gage, 
bridge and cable assembly were fabricated by Kyowa for use in an underwater application. Strain 
gage bridge 5 VDC excitation was provided by the Campbell CR3000 micrologger. The strain 
gage output was an analog voltage read by the CR3000.  
 
Locating two strain gages on each detection spine provided coarse information about where on a 
spine a debris impact occurred.  
 
2.2 Inclinometer 

The inclinometers (Figure 4) were supplied by 
ASM Automation. The devices and the supplied 
150 meter cable were rated for underwater 
operation. The inclinometer output was a 4-20 ma 
signal and the sensor required a minimum 
excitation of 18 VDC. Excitation was provided by 
a pair of 12 V batteries in series. The purpose of 
the inclinometers was to indicate the attitude of a 
detection spine to make the strain information 
more meaningful. The output 4-20 ma signal was 
converted to a voltage signal at the CR3000 logger 
by means of precision 100 ohm shunt resistors 
supplied by Campbell Scientific. The 
inclinometers had a range of +/- 60 degrees on 

Figure 3  Strain gages mounted on steel spine 

Figure 4 MDDD spine with inclinometer sensor on side 
of cam 
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either side of the midpoint of travel yielding a total range of 120 degrees. As deployed, the angle 
of a tripped spine in the horizontal position is reported as 0 degrees and the upright spine 
reported as 90 degrees. If the attitude of the spine tilts upstream the reported angle is greater than 
90 degrees. 

 
 
 
 

 
 
2.3 Signal cabling and shore side enclosure 
The strain gages, inclinometers and their associated 
150 meter long data cables were designed for 
extended underwater deployment. To transition the 
signal cables from the deployed MDDD to an on 
shore signal data logger for processing, the cables 
were bundled and fastened to a 3/8” chain for ballast 
and then the cable/chain assembly was fed through 
multiple 50-foot lengths of fire hose that provided 
abrasion resistance (Figure 5). The chain provided 
strain relief for the signal cable bundle and kept it on 
the river bottom. The signal cabling terminated on 
the river bank in a 2’x2’x4’ steel job box housing the 
batteries and datalogger.   
 
 
 
3 Strain Gage and Inclinometer Calibration 
In order to render the MDDD strain gage data 
meaningful, a calibration process was performed 
immediately after the spine assembly fabrication 
was completed on August 23, 2011 at Jon’s  
Machine Shop. Both spine assemblies were affixed 
to a table with the spines in a horizontal position. 
The spines were marked in 10 cm increments and 
a known weight was suspended from each mark 
for approximately 60 seconds while the datalogger 
was recording the output of the strain gages 
(Figure 6). The downward force of the weight plus 
the force due to the weight of the steel spine was 
reported as a moment of force about the strain gage. 
A plot of the moments vs. the output of the strain 
gage as recorded by the datalogger was used to 
generate a relationship between the forces applied and the reported strain gage output. 
 
The inclinometers were calibrated using a two-step process. A relationship between the angle of 
the spines with respect to the horizontal and the output current was established by measuring the 
output current with the spines set at four angles between approximately 15 degrees to 105 
degrees. This established the values to be input in the data logger program to result in the data 
being reported in degrees. 

Figure 5 MDDD with signal cable shrouded in fire 
hose coiled on pallet 

Figure 6 MMMD  spines with calibration weights 
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4  Test Deployment and Analysis 
In order to make the best use of the short time 
remaining in the field season, the detection spines 
were transported to Nenana on August 24, 2011, the 
day after the calibration to begin assembly of the 
spines to the anchor in the Crowley yard. Assembly 
took place on August 24, 25 and 26 in Nenana. The 
schedule was expedited so the MDDD would be 
ready whenever the deployment plan was finalized 
and Crowley equipment and crews would be ready to 
deploy the anchor and MDDD. When it became 
apparent that a full mid-channel deployment would 
not be possible it was decided to do a dockside 
deployment instead to test both the anchor pull 
resistance and MDDD performance (Figure 7).  
 
The MDDD was deployed in the Tanana River at Nenana from September 13 to September 20, 
2011. The system was deployed off of the Crowley dock using the Crowley Manatowoc crane. 
Limited time and equipment precluded a mid-channel deployment. The location was 
approximately 3 meters from seawall in about 4 meters of water.   
 
 
During the dockside deployment, handlers experienced difficulty keeping the anchor/MDDD 
assembly oriented with the current.  This appeared to be the result of differences in the lifting 
center and the center of the drag forces on the system. The lifting bridle was secured on the four 
corners of the anchor and was centered over the middle of the anchor. The center of drag of the 
anchor and system was upstream of the center of lift and the anchor tended to spin about its 
center of lift. 
 
 
MDDD in water deployment timeline 

*Water velocity measured with Marsh McBirney velocity meter with the sensor mounted on a 
100 lb lead sounding weight suspended from the test boat. 
 

9/13/11 1600 Deploy MDDD off Crowley dock 
9/13/11 2030 Initiate datalogger program  
9/14/11 1040 Anchor Pull test 
9/14/11 1150 -1300 Download data and load new logger program 
9/16/11 1130 Download data and load new logger program 
9/16/11 1300 -1600 Artificial debris impact tests. Water velocity at spines – 

approximately 1.2 m/sec one meter below surface* 
9/20/11 1100 Retrieve MDDD – no logger data downloaded 

Figure 7 MDDD being lowered into water 
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After deployment (Figure 8) the data logger system was set up 
on the dock. A bug was discovered in the program that caused 
erroneous data to be reported in a real time monitoring 
function of the logger. When program instructions called for 
monitoring the time and magnitude of maximum values 
within each recording period, the bug produced an unrealistic 
time stamp and improbable strain gage readings. Attempts 
were made to configure a program to resolve the erroneous 
data problem. As a result of spending time dockside working 
with the logger, it was possible to observe the slow settling of 
the anchor into the silt as evidenced by the reduction in the 
portions of the spines above the water surface. By the next 
morning the anchor had settled approximately 40 cm (change 
in river stage over night was less than 5 cm). The logger was 
left running through the night and a conversation about the 
bug was initiated with Campbell Scientific on 9/14/11.  
 
On the morning of 9/14/11 a pull test was performed on the anchor causing it to shift position as 
the pull set the anchor. The shift in attitude of the system was detected by the inclinometers on 
the debris detection spines. After the pull test, data was down loaded from the logger and the 
program was reset. When looking at the downloaded data on 9/15/11, the day after the pull test, 
it was determined that the program bug resulting in erroneous real time monitoring data did not 
affect the recorded data. Campbell Scientific had no solution for the problem of the real time 
monitoring function and since it did not affect recorded data, efforts to find a solution were 
suspended. 
 
 
The behavior of the MDDD with objects intentionally placed in the water column, as debris 
surrogates, was tested on 9/16/11. Two scenarios were simulated. To simulate an accumulation 
of smaller debris a net was suspended from a 10’ section of 4” ABS pipe acting as a float. The 
net used had a small mesh on the order of 1”, and was approximately 4’ x 24’. The net was 
folded over 3 times to yield a three layer net about 8’ long. A 15’ length of 3/8” steel chain was 
secured to the bottom of the net to provide weight. In 
essence this was a floating net curtain that hung down 
about 4’ from the surface (Figure 9). The intention 
was to keep the net system above the level of the cam 
and follower to minimize the probability of fouling. 
The second type of simulated debris used two 15 
gallon poly drums filled with water and a few links of 
steel chain making them a little less than neutral 
buoyancy. The poly drums were suspended from 
another 10’ x 4” ABS pipe float.  
 
The surrogate debris was placed in the river current 
10’s of meters upstream in order to have time 
position to the ABS pipe float perpendicular to the 

Figure 8  MDDD spines protruding above 
water surface after deployment 

Figure 9  Surrogate debris with net float and chain 
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current flow and have the float centered on the pair of spines. If the float impacted the spines and 
was centered, the probability was high that the float and net would remain on the spines and act 
like an accumulation of debris. The larger mass debris 
surrogate, the filled 15 gallon poly drums, was more 
difficult to have impact the spine. A number of attempts 
were required to have the poly drums impact the spines 
directly. When the net assembly was resting on the two 
spines, it was employed to catch the poly drums. A 
combination of the net and two poly drums was able to 
trip one of the spines (Figure 10). Multiple trials were 
performed until the net fouled on the dockside spine and 
could not be removed. The system was left with the net 
and float fouled until the removal from the water. In this 
configuration one spine remained vertical and the other was 
tripped enough so that there was no surface expression of 
the spine, float or net.  
 
The tips of the MDDD spines were just a few centimeters above the water surface. Being able to 
see the spines was helpful when directing the surrogate debris into the system. Having the system 
within a couple meters of the dock created difficulty maneuvering the surrogate debris in place 
because the boat could only operate on the channel side of the floating debris. 
 
The difficulty of introducing surrogate debris onto the MDDD spines would increase greatly if 
the system was installed in mid-channel in faster, deeper water. The challenge would be twofold 
without being able to directly observe the debris; there would be the challenge of directing the 
surrogate debris so that the probability of direct impact is high and then having to make an 
assumption about the nature of the impact to be related to the data from strain gages. 
 
The MDDD was removed from the water by the crane on 9/20/11. When the system come out of 
the water it appeared that the surrogate debris net had fouled on a hex head of a bolt securing the 
spine to the cam. There appeared to be no fouling in the cam or cam follower roller.  
 
4.1 Strain Gage and Inclinometer Data 
There are strain gage and inclinometer data sets for the periods 9/13 to 9/14/2011 and 9/14 to 
9/16/2011. The period of these data sets was prior to the introduction of surrogate debris onto the 
detection system as an attempt at calibrations.  
 
When the system was being set up for storage, the data acquisition system was taken apart for 
storage; the data logger was removed and transported to Fairbanks without downloading the data. 
During attempts to download the data for 9-16 to 9-20-11, the data were erased before 
successfully downloading it off of the Campbell data logger.  This was the period when surrogate 
debris was used with the detection system. Data taken while the anchor was settling were saved 
and some of the strain gage and tilt sensor data are presented in the following plots with 
observations about the presented data. 
 

Figure 10  Surrogate debris on MDDD spines 
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Figure 11 displays the change in 
attitude of the MDDD after 
deployment. The offset between the 
reported angles of the two spines may 
be attributed to slight differences in 
mounting angle and this could be 
corrected in the future in adjusting 
the data logger program. The 
operation of the inclinometers was 
not checked after the system was 
assembled in Nenana prior to 
deployment and the angles reported 
are assumed to be within a few 
degrees. The close correlation of the 
data from both sensors suggests the 
reporting change in angle to be 
accurate to within a small fraction of 

a degree. The change in angle is attributed to the settling of the anchor after deployment on 
9/13/11. An increasing angle represents a greater settling of the upstream or fluke end of the 
anchor. During the pull test on 9/14/11 visual observations of the exposed spine tips indicated 
that the anchor shifted many centimeters. A shift in attitude of less than a degree is indicated by 
the tilt sensors at the time of the pull test.  
 
Figure 12 indicates that after the pull test the attitude of the anchor remained stable. 
 

 
                               Figure 12  Inclinometer 9/14 to 9/16/2011 

  

Figure 11  Inclinometer 9/13 to 9/14/2011 
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Figures 13 and 14 indicate the response of the strain gages to the forces on the spine between 
9/13 and 9/14/2011. Figure 13 presents the maximum force recorded in each 30 second sampling 
interval of 30 one second samples and Figure 14 presents the average for the 30 samples in each 
interval. The forces on the spine changed a small amount at the time of the pull test at 
approximately 10:29. About ½ hour prior to the pull test, an event occurred that registered on the 
all of strain gages. The change indicated by the S2 top gage seemed to be anomalous because of 
the large change and that it did not go back to its original condition as did the others. An 
additional force that remained on the upper part of the spine should have been registered by both 
the top and bottom gages and this does not seem to be evident.  
 

 
               Figure 13  Strain gage maximum samples 9/13 to 9/14/2011 

 

 
               Figure 14  Strain gage sample averages 9/13 to 9/14/2011 
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Figures 15 and 16 present the data from 9/14 to 9/16/2011. During this period the data logger 
was programmed to record at 15 second intervals and with minimum resolution. The signal 
resolution set in the program was relatively low and resulted in a resolution of approximately 10 
N-m. Even so, the data for the two day period indicated the MDDD operated well. The values 
reported during this period were higher than in the previous period. A physical change in the 
surroundings occurred between Tuesday, 9/13 and Friday, 9/16. A tug and barge was moored 
less than 100 meters upstream from the deployed MDDD on Tuesday and by Friday afternoon it 
had moved to a downriver location. The time of this move was not noted and the evidence of this 
is in photographs of the Crowley dock taken on Tuesday and Friday.  The system recorded what 
appears to be an impact event on the afternoon of 9/14/2011.  
 

 
                     Figure 15 Strain gage maximum 9/14 to 9/16/2011 

 
 

 
                  Figure 16  Strain gage sample averages 9/14 to 9/16/2011 
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Figures 17 and 18 report the data for a one hour and fifteen minute period during which and 
apparent impact event occurred. The impact was noted on the three strain gages, S2 bottom and 
top and S1 bottom.  

 
                Figure 17  Strain gage maximum, impact event 9/14/2011 

 
            Figure 18  Stain gage sample averages, impact event 9/14/2011 

5 Conclusions 
The MDDD system demonstrated the possibility of recording the force of debris impacts and the 
time of occurrence. The self-cleaning capability appeared to be work when surrogate debris was 
introduced. The protrusions on the spines responsible for fouling the surrogate debris net can be 
remedied. Additional calibration and experience with the system is necessary to improve the 
quality of the information derived from the system. With respect to future deployments, in water 
calibrations with the DDS completely submerged will pose a much greater challenge than 
experienced in this deployment. Maneuvering a large piece of surrogate debris to hit a small 
target with no visual reference will be a difficult task. 
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Executive Summary 
 
ORPC Alaska, LLC is developing a site in the Tanana River near Nenana, Alaska for testing 
their RivGen™ Power System.  As part of the permitting requirements, it is necessary to conduct 
baseline fish distribution studies to assess potential interactions between the fishes and the 
turbine which may result if down-migrating juvenile fishes move through the deployment site at 
the bottom of the middle of the river channel.  To understand the spatial distribution of fishes in 
the river channel, fish monitoring at the RivGen™ deployment site and in nearby river margins 
was attempted from July through late August 2011.  River margin sampling was effective for 
describing the fish community in this habitat, which was dominated by whitefishes, longnose 
suckers, chum salmon and lake chubs.  Sampling fishes at the bottom of the middle of the river 
channel where the RivGen™ will be deployed was delayed because of logistical issues and 
limited to only a few days at the end of the study.  Sampling in this environment was extremely 
challenging.  Although comprehensive data describing the fish community at the bottom of the 
middle of the river channel were not obtained, a successful method for sampling fishes in this 
location was developed.  This method of sampling in the middle of the river channel may be used 
in the future to provide valuable information about species composition, run timing and spatial 
distribution of the juvenile fishes in river channels, and hence potential interactions between 
fishes and the RivGen™ turbine. 
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Introduction: 
 
Background 

Feasibility and development projects for hydrokinetic devices, which utilize kinetic energy from 
water to turn a turbine to generate electricity, are being conducted for some rural communities in 
Alaska to reduce some of the energy demand on diesel generators (Seitz et al. 2011).  One of 
these projects proposed by ORPC Alaska, LLC is located in Nenana, AK on the Tanana River 
where a bottom-mounted turbine called the RivGen™ will be positioned in the deepest, fastest 
section of the river (Seitz et al. 2011). 
 
Interactions between hydrokinetic turbines and fishes are poorly understood, especially in large, 
glacially-influenced systems like the Tanana River (Seitz et al. 2011).  To assess the potential 
interactions between riverine fishes and the turbines, baseline information about the fish 
community and its potential overlap with hydrokinetic devices must be examined.  To 
accomplish this, it is necessary to understand the species composition of the fish community and 
their spatial and temporal patterns of distribution in the river channel.   
 
In this document, we describe a study conducted during July and August 2011 that attempted to 
examine the spatial and temporal distribution of down-migrating juvenile fishes in the Tanana 
River. 
 
Tanana River fishes 
 
Pacific salmon – Seventeen fish species have been described in the Tanana River, of which three 
are Pacific salmon species including Chinook salmon (Oncorhynchus tshawytscha), coho salmon 
(O. kisutch) and two distinct runs of chum salmon (O. keta) (Seitz et al. 2011).  These three 
species of Pacific salmon are very important to commercial and subsistence fisheries (Seitz et al. 
2011).  While many studies focus on the ecology of adult salmon, much less effort has been 
dedicated to understanding the ecology of juvenile salmon.   
 
In the Tanana River drainage, a majority of juvenile Chinook salmon reside in freshwater for one 
year, sometimes up to two years, before migrating to the ocean (Evenson 2002).  Incline plane 
traps and screw traps operated in the Chena River, a tributary of the Tanana River, in the mid-
1990’s documented the timing of smolt outmigration to be in early-May to mid-June (Lambert 
1998; Peterson 1997).  Sampling on the river margins of the Tanana River mainstem has resulted 
in minimal catches of Chinook salmon smolts, which suggests they may be using the mid-
channel for down-migration (Seitz et al. 2011).  
 
Like juvenile Chinook salmon, most juvenile coho salmon often reside in freshwater for at least 
one year before migrating to the ocean (Morrow 1980).  In the Tanana River drainage, a majority 
of coho salmon reside in freshwater for two years (Pearse 1974), but freshwater residency can 
range from one to three years (Parker 1991; Raymond 1986).  Peak outmigration for coho 
salmon smolts from the Delta Clearwater River occurs in late-April through early-May (Parker 
1991) while sampling in the margins of the Tanana River mainstem documented peak 
outmigration of juvenile coho salmon in mid-May (Hemming and Morris 1999).  
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In contrast to coho salmon and Chinook salmon, chum salmon migrate almost immediately to the 
ocean as age-0 smolts after emergence from the gravel without spending rearing time in 
freshwater (Bradford et al. 2008).  Chum salmon were documented down-migrating from the 
Delta River, a major tributary and spawning location for fall chum salmon in the Tanana River 
drainage, beginning in early-April (Buklis and Barton 1984).  Peaks in outmigration have been 
documented throughout the Tanana River drainage, typically occurring in May and June 
(Hemming and Morris 1999; Durst 2001; Francisco 1977), but varies between years based on 
timing of peak flows (Buklis and Barton 1984).   
 
Other fishes – Six other species of salmonids have been documented in the Tanana River.  Five 
of these salmonids are whitefishes including inconnu (Stenodus leucichthys), round whitefish 
(Prosopium cylindraceum), humpback whitefish (Coregonus pidschian), least cisco (C. 
sardinella), and broad whitefish (C. nasus) (Brown et al. 2007; Seitz et al. 2011).  It is thought 
that juvenile whitefishes hatch in the spring and migrate to down-river feeding and rearing 
locations where they remain until reaching sexual maturity (Seitz et al. 2011), but timing of this 
down-migration has not been documented in the Tanana River.  Another salmonid, Arctic 
grayling, also occurs throughout the tributaries of the Tanana Rivers and juveniles tend to inhabit 
lower ends of clearwater tributaries (Seitz et al. 2011), but migration timing and habitat 
utilization of the Tanana River mainstem has not been documented. 
 
In addition to salmonids, a variety of freshwater resident species occur in the Tanana River.  
Burbot (Lota lota) are a benthic, piscivorous fish whose distribution ranges widely across 
Alaska, where they occur in a variety of lakes and rivers in the Tanana River drainage (McPhail 
and Paragamian 2000).  It is thought that in large, glacial rivers, burbot migrate and spawn in the 
main river channel during winter and are mainly sedentary during the remainder of the year 
(Breeser et al. 1988).  Northern pike (Esox lucius) are a top level predator and are typically found 
in slow moving clear water with aquatic vegetation (Muhlfeld et al. 2008).  However, northern 
pike may overwinter in the Tanana River mainstem (Burkholder and Bernard 1994).  Migration 
timing and habitat utilization of the Tanana River mainstem by juvenile burbot and northern pike 
has not been documented.   
 
Lake chub (Cousius plumbeus), longnose sucker (Catostomus catostomus), and slimy sculpin 
(Cottus cognatus) are widely abundant resident species in the Tanana River and are important 
forage species for other fishes, as well as birds and mammals (Seitz et al. 2011). River margin 
sampling studies using minnow traps, seines, and electroshocking in the Tanana River have 
consistently found these three species to be the most common fishes (Mecum 1984; Ott et al. 
1998).   
 
Lampreys (Lampetra spp.) are a group of jawless fishes that exhibit both anadromous and 
freshwater life-history forms in Alaska (Mansfield 2004).  Lampreys typically spawn in the 
spring in stream headwaters after which the eggs hatch into a larval form called ammocoetes 
which burrow in soft substrates and filter feed for three to seven years (Mansfield 2004).  After 
the ammocoete stage, they metamorphose into adults and the anadromous form migrates to the 
ocean to feed for up to two years (Mansfield 2004).  Migration timing and habitat utilization of 
the Tanana River mainstem by lamprey ammocoetes has not been documented. 
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Objectives 
 
Although previous studies have described the juvenile fish community in the river margins in a 
few locations along the Tanana River (Mecum 1984; Ott et al 1998; Hemming and Morris 1999), 
there have not been any studies conducted that sampled juvenile fishes in the middle of the river 
channel, nor has there been a comprehensive study conducted in the Tanana River at Nenana 
describing the temporal and spatial patterns in down-migration of juvenile fishes.  Because 
down-migrating juvenile fishes are small and relatively weak swimmers, they may use the 
highest velocity area of the river channel to conserve energy during down-migration.  This is 
exactly the location where hydrokinetic devices are typically deployed; therefore, it is imperative 
to study river channel and habitat use by these fishes.  The spatial overlap of a hydrokinetic 
device and fishes will be relatively small if down-migrating juvenile fishes primarily use river 
margins rather than the middle of the channel.  Conversely, spatial overlap between a turbine and 
juvenile fishes will be greater if juvenile fishes utilize the middle of the river as a down-
migration corridor and they may pass through the turbine.  Therefore, the goal of this study was 
to provide baseline information about habitat utilization by fishes in the mainstem of the Tanana 
River before deployment of a hydrokinetic turbine.  To achieve this goal, two objectives were 
identified: 
 

1. Characterize the juvenile fish community, including species composition, relative 
abundance and age, in the mainstem of the Tanana River near Nenana, AK 
 

2. Characterize the spatial and temporal patterns of downstream juvenile fish migration and 
determine environmental correlates to migration 
  

To attempt to accomplish these objectives, we aimed to sample juvenile fishes in the mid-
channel and river margins of the Tanana River near Nenana, AK, during the majority of the ice-
free season of 2011.  In addition to fish sampling, a suite of environmental variables was 
collected throughout the sampling season.   
 
Methods: 
 
Study area – The Tanana River is the largest tributary to the Yukon River, with the drainage 
covering approximately 115,250 km2.  It flows 1,000 km from its headwaters to the confluence 
of the Yukon River (Borba 2007) and Nenana, AK, is located approximately 260 km upstream of 
this confluence (Seitz et al. 2011).  The Tanana River is glacially influenced and has high glacial 
sediment load during the summer months (Durst 2001).  
 
Fish sampling – Fish sampling was conducted in the vicinity of the planned RivGen™ 
deployment site near Nenana, AK, in two distinct river habitats: at the turbine deployment site at 
the bottom of the mid-channel and adjacent the deployment site along the river margins.  River 
margin sampling was conducted in conjunction with another fish study that began earlier in the 
season (see Appendix 1) and was accomplished using fyke nets with 4’x4’ frames and dual 30’ 
wings (Figure 1) at one location on each river bank (Figure 2).  To modify our gear to fish in the 
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strong current of the Tanana River without allowing fish to bypass the net, 15’ of heavy duty 
chain was attached to the lead line of each wing to keep the lead line on the river bottom.  
Additionally, buoys were attached to the float line on the offshore wing to keep the float line 
near the river surface.  These modifications reduced the chance of fish swimming above or below 
the wings of the fyke net.  The near-shore wing was attached to a piece of iron rebar that was 
driven into the riverbed, and the far wing was attached to a 30 lb. anchor placed on the riverbed.  
At the downstream end of the fyke net was a live box that provided the captured fish refuge from 
the strong currents of the river.  Fyke net sampling began on 12 May and continued through 28 
August 2011, the target duration was 30 minutes per set and the target number of sets per day 
was six.   
 

Figure 1. Fyke net set on river margin of Tanana River at Nenana, AK. 
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Figure 2.  River margin sampling sites (1 and 2) and mid-channel sampling sites (3 and 4) in the 
Tanana River at Nenana, AK.  Site 3 was sampled using an inclined plane trap for a concurrent 
project (see appendix I).  Site 4 is the planned RivGen™ deployment site. 
 
Mid-channel sampling was attempted using a modified frame trawl which was deployed off of a 
pontoon barge moored in the mid-channel (Figure 3) at sampling site 4 (Figure 2).  This method 
is a modified version of a similar configuration that was used in the Hanford Reach of the 
Columbia River (Figure 4; Dauble et al. 1989). The frame trawl was outfitted with a steel “live-
box” cod-end equipped with a Parker Protection Cone (PPC) designed to deflect the strong water 
current from entering the live box and to reduce hydrodynamic force on the net.  The cod-end 
was removable to facilitate fish sorting on the pontoon barge.   
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Figure 3 . Pontoon barge with frame trawl used for sampling the entire water column in the mid-
channel of the Tanana River at Nenana, AK.  
 

 

Figure 4.  Modified frame trawl net deployed from a mid-channel sampling platform (figure 
from Dauble et al. 1989). 
 
For deploying the frame trawl, we utilized a 300 lb. I-beam anchor (spreader anchor; Figure 4) 
positioned directly underneath the pontoon barge.  In the center of the I-beam anchor was a 
swivel pulley through which a 200 ft. section of rope was fixed.  For each frame trawl 
deployment, we attached one end of the rope to the frame trawl and the other end to a capstan 
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winch on the pontoon barge.  By pulling this rope with the capstan winch, the frame trawl was 
pulled down towards the pulley on the I-beam spreader anchor.  Concurrently, two 8,000 lb. 
winch cables that were attached directly to the frame trawl for retrieval purposes were paid ou 
(Figure 5).  With this configuration of cables, ropes and winches, this system was capable of 
sampling the entire water column from the surface of the river to the bottom substrate (Figure 6).  
It was determined that the sampling net was on the river bottom when both winch lines were 
slack and all tension was on the rope fixed through the spreader anchor pulley.  For retrieval, the 
two winches pulled in the frame trawl while the rope was slowly released from the capstan winch 
through the pulley on the spreader anchor.  Because of several logistical delays and the 
complexity of contrasting this fish sampling device, sampling with the frame trawl began 18 
August and continued through 24 August 2011.  The target duration was ten minutes per set and 
target number of sets per day was three.  After each set, the rope was detached from the frame 
trawl and capstan winch, each end of the rope fixed with a buoy, and both buoys were released 
into the river. When not in use, the pontoon barge was pulled to the river margins to prevent 
damage from river debris.     
 
Margin sampling was conducted six days per week and starting times were randomly stratified 
over a 24 hr period.  Fyke nets sets at both river margin locations immediately followed one 
another.  Due to logistical difficulties and a steep learning curve, frame trawl sampling was 
sporadic and opportunistic, therefore did not follow a regular pattern.  Sampling was not 
conducted on Mondays, during which time supplies were obtained and maintenance was 
conducted. 
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Figure 5. Frame trawl pre-deployment behind the pontoon barge in the mid-channel of the 
Tanana River at Nenana, AK.   
 

Winch cable 

Winch cable 

Rope attached to capstan winch, fed 
through the spreader anchor pulley, and 
attached to the frame trawl. 
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Figure 6. Frame trawl deployed from the pontoon barge sampling the bottom of the water 
column in the mid-channel of the Tanana River at Nenana, AK.   
 
All captured fish were identified to the lowest taxonomic level, measured for fork length and 
released alive, except for two voucher specimens of a few species that were retained.  Because of 
difficulty in identifying different species of juvenile whitefishes and distinguishing between 
Chinook and coho salmon smolts, all were grouped into a general whitefishes or a Chinook/coho 
salmon category.  All catch data was converted into catch-per-unit-effort (CPUE), expressed as 
the number of fish captured per m3 of water filtered by the sampling devices.  For graphical 
purposes, CPUE was square root transformed to down-weight large CPUE values which may 
mask smaller, but potentially significant peaks in CPUE.  Additionally, when overall mean 
CPUE was calculated for each species, it was multiplied by 1,000 to reduce excessive decimal 
places as values were extremely small.   
 
Environmental variables – During each sampling event, we measured water temperature and 
determined the Parker Index, which was a visual count of the number of individual Surface 
Hydrokinetic Interference Debris (SHID) floating by in a five minute period.  SHID was 
classified in one of three categories based on size: Type 1 – debris that is small enough to pick 
up; Type 2 – debris that is too large to pick up, but too small to ride as a raft; and Type 3 – debris 
that is large enough for one person to ride down the river.  All SHID captured in the sampling 
gear was placed on a 1-m2 white board and photographed.  Additionally for each fyke net set, 
water velocity at the net opening, depth of net and distance of net and wings from shore were 

Rope attached to capstan winch, fed 
through the spreader anchor pulley, 
and attached to the frame trawl. 

Winch line Winch line 
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measured.  For each incline plane trap and frame trawl set, water velocity 0.64 m beneath the 
surface was measured in front of the sampling device. Turbidity was measured daily in the 
middle of the river channel using a Secchi disk and river discharge data were obtained from the 
US Geological Survey gauging station in Nenana 
(http://waterdata.usgs.gov/ak/nwis/uv?site_no=15515500).     
 
Results 

River margin sampling 
 
Only two river margin locations were feasible for conducting fyke net sampling due to the vast 
abundance of steep river banks and dangerous quicksand-like mud in the margins of the Tanana 
River.  Of these two locations, one was adjacent to the planned RivGen™ deployment location 
and the other was located approximately 800 m upstream.  Because these were the only available 
river margin sampling locations, the RivGen™ project fyke net sampling events were combined 
with another fish study that began earlier in the season to provide a more complete time series of 
juvenile fish catches in the river margins.  After combining results from these two fish studies, a 
total of 384 fyke net sets was made from 12 May to 28 August 2011 (4.2/day ± 1.7 [mean ± 1 
SD], range 1–7).  The duration of each fyke net set (30 ± 3 minutes, range 24–60 min) was fairly 
consistent.   
 
A total of 4,136 fishes was captured in the river margins which included 22 Chinook/coho 
salmon, 775 chum salmon, 1,589 whitefishes, 31 Arctic grayling, 1,000 longnose suckers, 4 
slimy sculpin, 131 Arctic lamprey, 2 Alaskan brook lamprey, 559 lake chub, 22 burbot and 1 
northern pike (Table 1). Detailed results describing down-migration timing and trends in size in 
fishes captured in the river margin are available in Appendix I.   
 
Table 1. Total catch, mean length (mm) ± 1 SD (range) and mean CPUE ± 1 SD (#fish/m3 x 
1000) for each fish species captured in the river margins of the Tanana River at Nenana, AK.  
 

 
 
 

Fish species Total  Mean length (mm) ± 1 SD (range)  Mean CPUE ± 1SD  
Chinook/Coho salmon 22 68.3 ± 11.3 (35–81)  0.03 ± 0.20  
Chum salmon 775 36.2 ± 2.5 (27–48)  1.07 ± 3.01  
Whitefishes 1589 40.6 ± 29.5 (21–510)  4.15 ± 14.12  
Arctic grayling 31 70.8 ± 37.6 (37–201)  0.06 ± 0.24  
Longnose sucker 1000 65.6 ± 52.0 (22–460)  1.49 ± 3.85  
Slimy sculpin 4 55.5 ± 15.6 (40–81)  0.006 ± 0.06  
Arctic lamprey 131 117.6 ± 33.4 (42–350)  0.18 ± 0.54  
Alaskan brook lamprey 2 132.5 ± 7.5 (125–140)  0.002 ± 0.04  
Lake chub 559 53.0 ± 17.6 (24–152)  1.04 ± 2.35  
Burbot 22 301.9 ± 99.9 (60–450)  0.07 ± 0.41  
Northern pike 1 600    0.001 ± 0.03  
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Frame trawl sampling 
 
A total of six frame trawl sets was made from 18 August to 24 August 2011.   The duration of 
each frame trawl set averaged 11 ± 2 minutes (1 SD) and ranged from 10 to 15 minutes at 
location 4 (Figure 2).  Sets were either made in the top or bottom of the water column (Table 2) 
and were short in duration because of the large amounts of small debris that clogged the throat of 
the frame trawl net (Figure 7).   
 
 Table 2. Number of frame trawl sets per depth of water column. 
 
Water column depth  Top  Middle  Bottom 
Number of sets    2       0       4 
 
 

 
Figure 7.  Small debris captured in the frame trawl net during a 10 minute set at the bottom of the 
water column in the Tanana River at Nenana, AK.  
 
Environmental Variables 
 
Like river margin fish catches, results from environmental sampling conducted during the 
RivGen™ project were combined with those conducted during the other project that began 
earlier in the season.  Turbidity was relativity high when measurements began on 12 May 2011.  
Turbidity immediately began decreasing until late-May, at which time it quickly increased and 
remained relativity turbid throughout the remainder of the sampling period (Figure 8).  Mean 
daily water temperatures ranged from 5.2 to 16.8°C with a mean of 13.7°C ± 1.7 (1 SD).  Water 
temperature showed an increasing trend until late-May, fluctuated between 13°C and 16°C until 
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late-July, then began decreasing (Figure 8).  Discharge of the Tanana River exhibited an 
increasing trend until it peaked in early-July, then a slight decreasing trend through the end of the 
sampling period (Figure 8).  The daily mean of the Parker Index exhibited distinct peaks 
throughout the summer (Figure 8).  Occasionally during heavy debris events, it became too 
difficult to count all SHID so a maximum value of 100 was given for the index.  Type 1 SHID 
accounted for 98% of the Parker Index while type 2 and 3 SHID accounted for 1.7% and 0.3% of 
the Parker Index.   
 

 
 
Figure 8. Secchi depth (cm), daily average of water temperature (°C), discharge (cfs) and Parker 
Index of the Tanana River at Nenana, AK. 
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Discussion 
 
We effectively sampled the river margins with fyke nets, thus describing one aspect of the 
juvenile fish community and characterizing temporal migration patterns of juvenile fishes in the 
margins of the Tanana River at Nenana, AK.  Additionally, we developed a method for sampling 
the bottom of the water column in large glacially influenced rivers in Alaska.  
 
Species composition and abundance of juvenile fishes in the river margins  
 
In the current study, catches were dominated by whitefishes, longnose suckers, chum salmon and 
lake chubs in the river margins. Because chum salmon do not rear and feed in freshwater, but 
rather migrate straight to the ocean after emergence, all of the chum salmon we captured were 
age-0 smolts migrating to the ocean.  These juvenile chum salmon had a peak abundance in late-
May through mid-June.  In addition to juveniles, two spawned-out adult female chum salmon 
were captured in the fyke nets in August.  
 
Catches of whitefishes were rare during the first three weeks of sampling, at which time the 
weekly mean length was relatively large.  These were likely sub-adult and adult whitefishes 
moving to summer feeding areas.  Beginning in early-June, catches began increasing and peaked 
in mid/late-June.  At this time, the weekly mean length decreased as smaller whitefishes began 
appearing in our catches.  These relatively small fish were likely age-0, hatched earlier the same 
year, most moving to feeding and rearing locations (Seitz et al. 2011).    
 
Based on a previous general age classification of juvenile fishes in the Tanana River drainage 
(Mecum 1984), it is likely that a large portion of both lake chubs and longnose suckers were age-
1 fishes.  However, based on the fact that there no statistically significant trends in size during 
the sampling season for either species (Appendix I), it is likely we captured a variety of age 
classes in the Tanana River margins throughout the open water season.  Catch rates of lake chubs 
exhibited one large peak in mid-May while longnose suckers showed one large peak in early-
June.  The peak of longnose suckers in early-June also corresponded to the first peak in river 
discharge, but the peak of lake chubs in mid-May does not appear to visually correspond with 
environmental variables.  Aside from the peaks, catches of both species were relatively 
consistent throughout the sampling season, similar to previous studies that have found that these 
two species to be the most common in the Tanana River drainage (Mecum 1984; Ott et al. 1998).   
 
In addition to lake chubs and longnose suckers, the remaining species captured in the river 
margins, including Arctic grayling, Arctic lamprey, slimy sculpin and burbot, did not show any 
peaks in down-migration or significant trends in length during the sampling season.  This is 
likely because our sample size was too small to detect any relationships.   
 
Methodology developments 
 
In addition to describing juvenile fish down-migration patterns in this study, we modified an 
existing method for sampling the bottom of the water column in large rivers, previously used 
only once in the Columbia River, for use in large, glacially influenced rivers (Dauble et al. 
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1989).  However, sampling with this new method was limited to a few days in August because 
delayed shipping of the pontoon barge, which required extensive modifications upon arrival, and 
delayed anchor installation. Once sampling with the frame trawl commenced in August, it was 
short-lived due to the spreader anchor pulley becoming seized, most likely due to being clogged 
by heavy silt and substantial mulch-like debris on the bottom of the river.  Additionally, the 
Tanana River has a moving bedload, which could have easily buried our entire spreader anchor 
and pulley.  Without a working pulley on the bottom of the river, we were not able to pull the 
frame trawl to the bottom of the river.  Even though sampling was minimal, we gained valuable 
information about improving this sampling methodology.  One potential future improvement is 
not utilizing a pulley, thus removing our dependence on a mechanical device in the harsh 
environment of the river bottom.  Rather, by utilizing a fixed line attached to an anchor, we will 
be able to drop the sampling net to the river bottom and sample this habitat. 
 
Data gaps   
 
Although we were able to describe the juvenile fish community in the river margins in this study 
and the surface of the middle of the river channel in another study (Appendix I), some notable 
data gaps exist that will need to be filled to improve our understanding of entire fish community 
at and adjacent to the planned RivGen™ deployment site.  These data gaps are: 
 

1. Description of the juvenile fish community at the bottom of the middle of the river 
channel, including abundance, and spatial and temporal distribution 

2. Description of the adult fish community, including species composition, abundance, and 
spatial and temporal distribution, particularly in relation to river characteristics such as 
velocity, kinetic energy and turbulence  

 
Conclusions 
 
This study provided valuable baseline data for beginning to understand the potential interactions 
among riverine fishes and the RivGen™ turbine, which will be placed on the bottom of the 
Tanana River in the middle of the channel.  River margin sampling was effective for describing 
the fish community in this habitat, which was dominated by whitefishes, longnose suckers, chum 
salmon and lake chubs.  To develop a comparative index of river habitat use (margins vs. mid-
channel) by juvenile fishes, which is important for understanding the spatial and temporal 
overlap between juvenile fishes and a turbine in the river channel, future sampling efforts should 
be dedicated to sampling the river bottom in the middle of the channel.  In addition to sampling 
juvenile fishes, studies describing the adult fish community should be conducted to provide 
comprehensive baseline information about the entire fish community in the Tanana River, thus 
enabling assessment of the potential interactions between all fishes and the RivGen™ turbine.       
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PROJECT SUMMARY 

On August 7 and, again, on October 5, 2010 TerraSond Ltd. (TerraSond) mobilized under 
contract to Ocean Renewable Power Company (ORPC) with the goal of accomplishing a Site 
Characterization Geophysical Study of the Hydrokinetic Power Production Project area in the 
Tanana River at Nenana, AK. The contract specified the recording, processing, analysis, and 
presentation of remotely sensed data for the purpose of interpreting the physical character of 
the ORPC Nenana Hydrokinetic Power Project environment. The survey area included 291,200 
m2 of the Tanana River. This study was designed to complement previous measurements 
accomplished for Alaska Center for Energy (a collaborative research organization) adjacent to 
the Nenana Hydrokinetic Energy Research Site. 

The acquisition goals of this project were separated into two field expeditions. The initial 
measurements were scheduled for the high discharge event predicted to occur during the 
beginning of August and the low discharge predicted to occur in October (based upon historical 
trends as recorded by USGS). TerraSond accomplished a high density Multibeam Echosounder 
(MBES) bathymetric survey, a Discharge Measurement, a data directed Geologic Riverbed 
Sampling program, and a series of Roving ADCP Current Vector Transect Measurements 
during the August expedition. These data were primarily used to identify candidate sites for the 
future installation of a RivGen Turbine. The October survey was a more focused study which 
concentrated on the area including and just upriver of the single span railroad bridge. The 
October Expedition area of interest started about 100 meters up river of the bridge and 
terminated approximately 200m down river of the bridge. The candidate site was selected based 
upon the results of the August interpretation and was specifically designed to identify minimal 
discharge conditions in order to best analysis seasonal differences between peak and low 
discharge. TerraSond accomplished a Sub-bottom profile survey along with a series of 
coincident Roving ADCP Current Vector Transect Measurements during the October 
Expedition. 

The cumulative concept for the work accomplished during the 2010 field season was to 
measure physical characteristics of the Tanana River during high discharge conditions and to 
select general areas of interest for the more focused geologic investigation accomplished in 
October. By measuring the vector of the river current flow during high discharge in August, 
TerraSond was able to supply ORPC engineers with peak flow measurements in order to 
facilitate turbine design, power production forecasting, and sustained anchor strain. Measuring 
the current vector in October at finer line spacing and during a low discharge demonstrates the 
specific positions within the riverine flow system which will prolong the power production 
season. 

The vessel used during the August operations was the custom built 24 ft aluminum survey 
vessel MV Irish Eyes. The geophysical instrumentation deployed during this project included a 
pole mounted R2Sonic 2024 MBES, a pole mounted 1200 kHz Workhorse Monitor Acoustic 
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Doppler Current Profiler (ADCP), a riverbed sampler, and various global positioning system 
(GPS) kits. 

This project required an acquisition strategy which could be incorporated into a larger study with 
comparable data sets. TerraSond relied upon a local geodetic network previously established 
for persistent scientific measurements along the Tanana River which was calibrated to 
governmental monitoring programs. TerraSond recovered existing monuments (NRT-1 2008, 
RM-7, TR-02 2009, and TR-03 2009) in order to allow correlation with previous work 
accomplished by collaborating organizations and governmental agencies. The geodetic space 
used for this survey was founded on a fully constrained network adjustment which held 
Continuously Operating Reference Stations (CORS: FAI1 – Fairbanks WAAS, FAIR – Gilmore 
Creek Observatory, & CENA - CENTRAL ALASKA CORS ARP).  

All 2010 terrestrial, hydrographic, and hydrokinetic acquisition was referenced to a primary GPS 
base station TR-2 2009 by receiving the distribution of GPS RTK corrections at the roving GPS 
receiver. All data was collected while referencing the fully processed TR-2 2009 position in the 
local geodetic network. This data requires no migration in order to place it on horizontal datum 
or to place the products on the local USGS vertical datum. 

The final calculated position for TR-2 2009 is: 
LAT:    64° 33 32.50195 N 
LONG:  149° 04 10.67873 W 
ELEVATION:  118.951 m (NAVD88) [4.613 m (local USGS)] 

If a deeper understanding is desired for the evolution of the local Nenana geodetic network then 
what is described in the first section of this report, please reference TerraSond Report ID 2009-
053 Nenana Hydrokinetic Energy Research Site, Physical Characterization Survey and 
TerraSond Report ID 2008-074 Late Fall Current Reconnaissance Survey for Hydroelectric 
Turbine Sites for a complete history of the terrestrial geodetic network installed. This report has 
attempted to relay this evolution. 

The high density MBES survey was designed to establish the foundation for all charting 
products. The bathymetric acquisition plan was designed to inform ORPC about the 
geomorphology of the river, facilitate project planning, and to enable future modeling efforts. 
The MBES product was intended to be used as a baseline measurement of the riverbed and 
needed to be of precise quality in order to be useable for future comparison surveys. Geologic 
interpretation and object detection were primary analysis goals for this project. The river bed 
bathymetric measurements where designed to produce a surface approximating 0.06 m vertical 
precision and a mean horizontal resolution of 0.5 m. The vast majority of the MBES product 
represents a fully ensonified riverbed to one meter below the MBES transducer face.  
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The physical and digital deliverables from this field season include: 
• This Comprehensive Report (Version 1.x December, 2010) 
• 3D Fledermaus Interactive Digital Presentation (Version 1.x December, 2010) 
• Bathymetric Surface (Acquired August , 2010)  
• Riverbed Geologic Samples (Acquired August, 2010) 
• Interpreted Current Magnitude Transects (Acquired August and October, 2010) 
• Interpreted Sub-Bottom Profile Transects (Acquired October, 2010) 
• Isopach of Unconsolidated Sediments 
• River Gradient Measurement 

This report represents the complete product for the effort accomplished during the Field Season 
of 2010. It contains descriptions of the sensor acquisition methodology, processing procedure, 
and quality assurance techniques as exercised by TerraSond. It will also generalize specific 
information regarding data analysis, interpretation, and product dependencies for each dataset 
during the finalized product development. 

The final products have been generated to maximize the usefulness with information published 
by United States Geological Survey (USGS) and other governmental agencies that reference a 
similar datum. All final products are relative to UTM zone 6 (m), as positioned in reference to the 
North American Datum (NAD83). The vertical datum was established in agreement with USGS 
River Gage Station 15515500 per reported values for RM-7 (in terms of meters). The distance 
between WGS84 ellipsoid and the local USGS Stream Gage datum is 114.338 m. 

TerraSond interprets very little topographic change beyond the general geomorphology of the 
thalweg for this stretch of river. The deepest point (N64° 34 02.834, W149° 04 44.749) 
measured 9.27 m below the local datum, 105.11 m above the ellipsoid, and 11.69 m below the 
water surface (valid only for equivalent river stage as experienced during the August survey). 
Large areas of peak flow remain compliant with many turbine design requirements, however, 
only the areas in the vicinity of the thalweg present with appropriate depths for a RivGen turbine 
installation. 

The riverbed samples acquired during the August Expedition support previous acoustic imagery 
of the riverbed. The materials are compositionally homogenous with some variance in clast 
particle size and perhaps consolidation. The source material for the flour, sand, gravel, and 
cobble is mostly sourced from glacier source rock and the Birch Creek Schist which borders the 
northern boundary of the river. Significant quantities of glacial flour was not recovered from the 
riverbed samples, however, that is believed to be a condition of the sampling method and not an 
indication that fines are not present in the riverbed. 

TerraSond visualizes a riverbed of similar geologic composition and is largely acoustically 
homogeneous. The acoustic record demonstrated significant acoustic transference into the 
substructure with a high percentage of area classified as highly reflective to Sub-bottom signals. 
The riverbed geology of the prospect is mostly composed of highly worked glacial sediments. 
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The thalweg is believed to be composed of highly resilient sediments indicative of high energy 
zones, however, the majority of the river demonstrates the characteristics of intermittently well 
sorted lenses in the form of glacial till muds as a matrix with significant quantities of other 
unconsolidated fines (mostly sand size inclusions). Onsite interpretation identified sediments as 
well sorted with erratic irregular size clast inclusions. Multiple obstructions were also identified in 
this record that indicate saturated tree or tree material as imbedded in the river bed sediments. 
These obstructions were not present in within the recommended RivGen zone however and 
have not been noted as Hazards for Construction at this phase in the project. TerraSond does 
want to express our belief that significant evidence was found in this record to indicate that the 
riverbed within this project area is not free of obstructions. Both dangers to navigation (Danger 
to Navigation, DtoN) and hazards for construction (Hazard for Construction, HforC) are probable 
within the project area. The obstructions do appear to be mobile and transitory, so frequent 
surveys may help to eliminate damage to personnel and equipment. 

TerraSond predicts that very few, if any, unique zones on the river bed contain significant 
natural accretions of large (boulder size) clasts, however several were interpreted for areas 
outside of the bridge area.  

Four transect measurements were acquired on August 10, 2010. The Tanana river discharge 
was measured to be 1,866.48 m3/s (65,914.11 ft3/s) and USGS reports the mean daily 
discharge to be 63,200 ft3/s (1,789.63 m3/s) for that day. The USGS reported the mean daily 
discharge for October 09, 2010 to be 22,000 ft3/s (623.0 m3/s). No discharge was measured 
during the October Expedition, the USGS reports having accomplished a discharge 
measurement on October 4th, 2010 which validated the measurement reported by the USGS. 

TerraSond imaged the flow distribution as transect profiles for eleven locations across the 
Tanana River during the high discharge event in August. TerraSond again imaged the flow 
distribution with 13 tightly spaced transects specifically focused upon identifying the flow pattern 
within the candidate RivGen zone.  

These images communicate the distribution of current by magnitude. The imagery was 
organized to help describe the character of the current flow through the prospect and help to 
identify candidate turbine site opportunities. The maximum current distribution varied per 
transect and TerraSond interprets the potential for significant meandering of the peak flow 
regime along the length of most of the prospect , however, the zone recommended for RivGen 
development presents with a highly stable peak flow regime. The current flow within the project 
area was found to be advantageous for hydrokinetic power conversion development. 

The bathymetric information reveals a dynamic riverbed with mass sediment transport on both 
ends of the survey area. The zone recommended for the RivGen development presents with a 
stable and predictable bathymetric change through the season monitored. Our interpretation of 
our acoustic data perceives the sediment migration through this zone to be a significant topic for 
consideration regarding all subsurface infrastructure and development.  
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Although TerraSond does interpret warning zones and cautionary aspects for the site character 
for the ORPC Nenana Hydrokinetic Power Production Project, the zone recommended is mostly 
free of issues characteristic for the Tanana River at Nenana. TerraSond does recommend 
further development of the site for the purpose of Hydrokinetic Power Production. 

TerraSond finds no significant man-made infrastructure, geographic, or geologic obstruction 
which would preclude this site from future development for hydrokinetic power conversion 
activity. Although obstructions and warning zones exist within the project boundaries, it is the 
opinion of TerraSond that no obstacles were identified that cannot be avoided, remediated, or 
otherwise overcome through skillful engineering. 
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1.0 GEODESY & NAVIGATION 

 
Graphic A - Local Geodetic Network for Nenana Hydrokinetic Power Project 

TerraSond established all acquisition positioning for this project upon a preexisting geodetic 
network established for Alaska Center for Energy and Power (ACEP) in 2008-2009. This effort 
was originally accomplished to ensure spatial consistency for long term repeated measurements 
in the vicinity of the project site. TerraSond used this fully constrained solution which included 
seven (7) monuments during the 2010 field operations. Three (3) distant CORS stations were 
fully constrained and four (4) local monuments were adjusted to best fit the measurements 
recorded during the computation of the network. 

TerraSond recovered existing monuments (NRT-1 2008, RM-7, TR-2 2009, and TR-3 2009) and 
established the RTK base station upon TR-2 2009 and checked the delta position for NRT-1 
2008. Measurements were within specifications and TR-2 2009 was used for all base station 
RTK distributions for the entire project (including both expeditions). 

The local geodetic network used by TerraSond and communicated in this report is founded 
upon CORS positions in WGS84 ellipsoid (meters). TerraSond did not reference local NGS 
published values when establishing this network. This network includes the measurement to the 
reference mark RM-7 which TerraSond treated as a monument for this network. RM-7 is a 
primary measure down reference for the USGS River Gage Station 15515500. The information 
referenced in this section of the report recounts the work accomplished in 2009 when 
developing the network. 
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1.1 Geodetic Network established in 2009 

1.1.1 Monument NRT-1 2008  

The primary monument for the local network was NRT-1 2008. This monument was established 
by TerraSond in 2008 during a previous expedition (please reference TerraSond Project ID 
2008-074 Late Fall Current Reconnaissance Survey for Hydroelectric Turbine Sites).  

   
Graphic B - Monument NRT-1 2008 

 
 

 
Graphic C - Base station Established over Monument NRT-01 2008 
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Table One Monument NRT-1 2008 

1.1.2 Reference information for River Gage Station 15515500 

RM-7 is a Reference Mark in the vicinity of USGS River Gage Station 15515500. RP3 is a 
vertical Reference Point used by the USGS to control river stage instrumentation measurements 
for USGS River Gage Station 15515500.  

 
Graphic D - Relationship between RM-7 and RP3 

 
DESCRIPTION: 
Tanana River Gage Station 15515500 
Latitude 64°33'55",   Longitude 149°05'30"   NAD27 
Yukon-Koyukuk Division, Alaska, Hydrologic Unit 19040507 
Drainage area: 25,600 square miles 
Datum of gage: 338.50 feet above sea level NGVD29 
 

WGS84 USGS 
Latitude Longitude Northing (m) Easting (m) Ellipsoid (m) Local (m)

64° 33 32.26538 149° 03 57.00281 7160915.353 400992.454 119.370 5.032
Description:

Horizontal
TerraSond Survey Monument NRT‐1 2008

Geodetic UTM Zone 6 (NAD83)
Vertical

3" Aluminum domed cap at grade. This monument is ~ 6.5 m west of left river 
bank.
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Graphic E - Location of USGS RM-7 

TerraSond established a GPS receiver at RM-7 and measured the position of RP3 relative to it 
in order to identify both locations relative to WGS84 datum. The OPUS average position for RM-
7 was included in the final geodetic network solution to ensure minimal migration of the spatial 
orientation as a best fit network was computed.  

  
Graphic F - USGS Reference Point RP3 

TerraSond received the values used to tie the local USGS vertical datum to the processed 
network space (CORS space). RP3 is located 5.519 m and RM-7 is located 4.593 m above the 
vertical USGS river datum. USGS confirmed the measured relationship between RM-7 and RP3 
via email correspondence. 

 
Table Two USGS Reference Mark RM-7 

WGS84 USGS 
Latitude Longitude Northing (m) Easting (m) Ellipsoid (m) Local (m)

64° 33 53.81398 149° 05 38.35252 7161626.366 399665.595 118.931 4.593
Description:

USGS RIVER MARK RM‐7
Horizontal Vertical

Geodetic UTM Zone 6 (NAD83)

Please reference USGS documentation.
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1.1.3 Monument TR-2 2009 

TerraSond established the geodetic monument TR-2 2009 at the northern portion of the survey 
area. This monument was included in the geodetic network solution. 

   
Graphic G -  Location of Monument TR-2 2009 

TR-2 2009 was used as the source for all positional RTK corrections distributed by the base 
station GPS receiver during both expeditions to the project site during the field season 2010. 

 
Table Three Monument TR-2 2009 

1.1.4 Monument TR-3 2009 

TerraSond established the geodetic monument TR-3 2009 at the southern portion of the survey 
area. This monument was included in the geodetic network solution. 

   
Graphic H -  Location of Monument TR-3 20092.0 

WGS84 USGS 
Latitude Longitude Northing (m) Easting (m) Ellipsoid (m) Local (m)

64° 33 50.50195 149° 04 10.67873 7161485.585 400828.854 118.951 4.613
Description:

TerraSond Survey Monument TR‐2 2009
Horizontal Vertical

Geodetic UTM Zone 6 (NAD83)

3" Aluminum domed cap at grade. This monument is located ~8 m west of left 
river bank.
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Table Four Monument TR-3 2009 

Each monument or location was simultaneously measured with no less than one additional 
monument recording.  

On September 1, 2009 the raw data geodetic information was received by the TerraSond 
Survey Department for processing. The data was processed for a short term result, and then 
again after precise ephemeris was accessible, the data was finalized and the each monument 
position was established. 
 
Geodetic positions were processed by using the following CORS stations as fixed: 

• CENTRAL ALASKA CORS ARP (CENA) 
• FAIRBANKS WAAS CORS ARP (FAI1) 
• GILMORE CREEK OBS CORS ARP (FAIR) 

Averaged OPUS solutions for each of the local monuments were used to represent the 
measurements acquired for each monument and processed with Trimble Geomatics Office Ver. 
1.63. 

1.2 Navigation 

In August, all vessel gyro and motion was processed and distributed by a Coda F-180 Inertial 
Navigation System. The F-180 references GPS position, heading, and orientation. The 
distribution is a processed vessel trajectory. The vessel navigation and orientation was recorded 
in Hysweep during acquisition operations. During the August expedition, TerraSond used a 
Leica GX1230+ GNSS GPS receiver corrected by the RTK radio signal for navigation 
information. The gyro and motion were the only information received by the Hypack/Hysweep 
acquisition system from the F-180. During the October expedition, an Ixsea Hydrins Inertial 
Navigation System was used for operations under the single span railroad bridge where the 
computed vessel trajectory was used for all navigation. 

RTK corrections were received by vessel navigation systems and RTK corrected navigation was 
recorded as the positioning for all sensors utilized during this survey. This can be a more 
precise system of measurement than uncorrected GPS and is expected to significantly increase 

WGS84 USGS 
Latitude Longitude Northing (m) Easting (m) Ellipsoid (m) Local (m)

64° 33 19.66650 149° 03 39.21495 7160517.800 401216.528 119.346 5.008
Description:

TerraSond Survey Monument TR‐3 2009
Horizontal Vertical

Geodetic UTM Zone 6 (NAD83)

3" Aluminum flat cap at grade. This monument is located near the center of the outcrop 
revetment. It is located ~20 m west of left river bank and ~17 m south of the left river bank.
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accuracy. This system utilizes the additional information of the carrier signal, and, when properly 
processed, will include the Carrier-Phase Enhancement in the final position. 

RTK uses the GPS satellite's carrier as its signal, not the messages contained within. The 
improvement possible using this signal is over a thousand times as fast as a typical GPS 
receiver. This corresponds to a 1% accuracy of 19 cm using the L1 signal, and 24 cm using the 
lower frequency L2 signal. When the two signals are correctly aligned, the generally accepted 
error estimation is 20 cm. RTK corrections were transmitted to the vessel navigation and 
recorded by the acquisition software during all survey activity.  

TerraSond used the post processed position for TR-2 2009 base station during the broadcasting 
of the RTK correctors. The horizontal reference was the local geodetic network, and the vertical 
referenced used during acquisition was the local USGS datum. The data collected during the 
field season 2010 requires no horizontal or vertical migration. 

1.3 Vertical conversion values: WGS84, primary network monument, & Local USGS 
datum 

Vertical Constituents (+Z is up): 

Assumed BASE to post-processed location = -0.347 m 

Ellipsoid to NRT-1 2008 = 119.37 m 

NRT-1 2008 to River Gage Datum = -5.032 m 

Ellipsoid to River Gage Datum = 114.38 m 

River Gage Datum to Waterline at the beginning of the MBES Survey: 2.69 m 

 
Table Five Migration values for the position of data sets 

  
TerraSond recommends that future surveys reference one of the TerraSond 
monuments when acquiring future measurements to ensure compatibility and 
agreement. If the published position in this report is used define the space of each 
measurement, all the future studies will be in agreement.  

WGS84 USGS 
Northing (m) Easting (m) Ellipsoid (m) Local (m)

Assumed Position 7160916.234 400989.212 122.677 -
Post-Processed 7160915.353 400992.454 119.370 -
Delta Shift (∆) -0.881 3.242 -3.307 5.032

Assumed Position -> Post Processed Migration
Horizontal Vertical

UTM Zone 6 (NAD83)
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2.0  HYDROGRAPHY 
 

 
Graphic I - Image of bathymetric depth scaled surface acquired August, 2010 with MBES 

TerraSond was tasked with acquiring, processing, and presenting remotely sensed geophysical 
measurements of the ORPC Nenana Hydrokinetic Power Project at Nenana, AK. The survey 
area included 291,200 m2 of the Tanana River. TerraSond measured ~580 m east and 450 m 
west of the single span railroad bridge. This data was gathered to better describe the physical 
character of the Tanana River for the purpose of evaluating RivGen Hydrokinetic Power 
Conversion siting.  

The vessel used during the August hydrographic and hydrokinetic operations was the custom 
built 24 ft aluminum survey vessel MV Irish Eyes. The geophysical instrumentation deployed 
during this first expedition to the project included a pole mounted R2Sonic 2024 multibeam 
echosounder (MBES) and a pole mounted 1200 kHz ADCP. All navigation was processed with 
RTK corrected positioning using a Leica GX1230+ GNSS GPS receiver. The motion and gyro 
computations were supplied with a Coda F-180 Inertial Navigation System. The mobilization 
crew consisted of the project Lead Hydrographer and one Survey Technician. The vessel 
mobilization took place at TerraSond’s shop and was completed prior to expedition departure for 
Nenana, Alaska. 
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Graphic J - MV Irish Eyes during MBES acquisition 

 
TerraSond acquired a precise high density bathymetric data set that could be used as a base 
DEM surface for multiple products. The project goals for the MBES data set were to determine 
the geomorphology of the riverbed, a reference baseline surface acquired prior to development, 
and for a surface for numerical modeling purposes. Object detection and geologic interpretation 
were additional expectations from the cumulative activity accomplished during the 2010 field 
season. The MBES data set is informative for both object detection and geologic interpretation, 
and has been referenced along with Sub Bottom Profiles in order to identify geologic extent. 
 
TerraSond reacquired a bathymetric surface recorded a mostly homogenous riverbed surface. It 
is important to recognize that the surfaces recorded in the Tanana River are often not stable but 
involved in a migration of varying velocities. There is motion within the lens of the river bottom 
where sediment transport is occurring. This lens changes with discharge, sediment load, and 
other environmental factors.   
 
The survey accomplished during the 2010 expedition to the Tanana river at Nenana produced a 
stable and predictable riverbed using a R2Sonic 2024 MBES sensor using consistent tuning and 
acquisition settings. Rapid changes in the depth of the measured riverbed were perceived at 
three locations in the survey area, these areas are interpreted to occur from significant migration 
of sediment between survey acquisitions. Some areas measured as the riverbed are confirmed 
to be part of a high velocity transition phase of sediment migration along isolated and distinct 
areas of the river. This portion of the Tanana is known to have significant sediment transport, 
and several features have been measured to be consistent even as the riverbed migrates at 
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different bathymetry around these features. It is the definitive opinion of TerraSond that a high 
quality bathymetric survey was accomplished of a changing Tanana Riverbed during the 
summer of 2010 at Nenana.  
 
The geologic features observed in the MBES data include sand waves migrating down river at 
consistent rates of travel, stable sand wave trains migrating through isolated stretches of the 
river, suspended sediment of significant concentration presenting as consistent and measurable 
riverbed reflections in high velocity zones of the river. Although the sediment load of the Tanana 
River is high at all depths of the river, the riverbed along the central channel (east of the 
thalweg) is interpreted to be a gradient particulate lense of migrating sediment. The vast 
majority of the measured depths were consistently within that lense. Occasionally, the acoustics 
would penetrate that gradient and catch a more textured subsurface layer which is believed to 
be a more persistent and consolidated substrate. The surface distributed with this product is a 
consistent surface where rapid changes in bathymetry, although valid measurements due to 
changes in the riverbed over the duration of the survey, have been edited, cleaned, and several 
areas have used interpolation techniques in order to provide a consistent river bed for modeling 
efforts.  
 
The bathymetric surface distributed with this report is an interpolated product where 
interpolation was used to infill three gaps in the data all located in the most southwest corner of 
the project. Not in the area selected as the turbine candidate zone. This choice was elected to 
produce a more aesthetically pleasing surface as well as a surface useful for future modeling 
efforts. 
 

2.1 Acquisition of Hydrographic data 

 
Graphic K - R2Sonic 2024 Multibeam Echosounder Sonar 

2.1.1 Acquisition of Multibeam data  
The Multibeam Echosounder (MBES) calibration and acquisition of main scheme MBES data 
occurred on August 14-15, 2010. TerraSond acquired bathymetric point data with R2Sonic 2024 
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Multibeam Echosounder sonar, and recorded that information using Hypack/Hysweep 
Integrated Acquisition Software. An AML acoustic velocimeter was used to measure the near 
field speed of sound at the sonar face. An additional Odom Digibar Pro acoustic velocimeter 
was used to measure the speed of sound throughout the water column by manual casts 
performed intermittently throughout the survey effort. During both surveys the water column was 
measured to be well mixed and of homogenous temperature and eventually the surface 
temperature from the AML was used as the sound velocity for the entire river profile. 
TerraSond acquired a MBES Calibration (commonly called a patch test) prior to acquisition of 
the survey. The MBES Calibration accounts and corrects for electronic timing errors, roll, pitch, 
and yaw bias. TerraSond accomplished the MBES calibration acquisition according to the 
industry standards. This calibration was performed using radio corrections broadcast from the 
TR-2 2008 RTK base station over a river bed feature in the northeast portion of the river. 
 

Multibeam Echosounder 
S   P  E  C  I  F  I  C  A  T  I  O  N  S 
Sonar Type R2Sonic 2024 
Sonar Operation Frequency 400 kHz 
Beam Width, Across Track 0.5° 
Beam Width, Along Track 1.0° 
Number of Beams 255 
Swath Coverage 10° - 160° 
Max Ping Rate 20 pings per second 

Table Six Technical information for the R2Sonic 2024  MBES 

The 400 kHz acoustic data was acquired along the topography of the thalweg lines throughout 
the main scheme survey area with regular line spacing resulting in 81 main scheme survey 
lines. This bathymetric project resulted in a full ensonification of the river bed. Significant swath 
overlap endured for a confident interpretation of the riverbed. Non-systematic line acquisition 
was exercised in the shallow portions of the river in an attempt to achieve maximum coverage 
and reduce holidays as the swath area geometry decreased.  

All vessel position was acquired with a Leica GX1230+ GNSS GPS receiver and all attitude 
information was calculated with a Coda Octopus F-180. The Leica GX1230+ GNSS GPS 
receiver consists of one GPS Antenna (L1/L2). The Coda Octopus F-180 consists of two GPS 
antenna and an inertial motion unit (IMU). The F-180 GPS antennas have a primary (L1) 
antenna and an additional secondary antenna (L1) co-located no less than 1 m apart creating a 
fine baseline. The F-180 IMU was located on the M/V Irish Eyes near to the Central Reference 
Point (CRP) of the vessel. 

The RTK corrected GPS navigation was recorded and displayed in Hypack/Hysweep during 
vessel operations. Offsets and lever arms associated with the primary GPS phase center and 
the IMU were computed within Hypack and referenced to the CRP of M/V Irish Eyes. Offsets 
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from CRP to Sonar Acoustic Center of the MBES were computed in Hypack and a real-time 
acoustic coverage was computed and displayed for the survey crew. 

 

 
Graphic L - MV Irish Eyes during hydrographic acquisition operations on the Tanana River at Nenana, AK 

2.2 Hydrographic Processing 

TerraSond exercises a systematic methodology regarding data transfer from the field, 
processing, editing, and the development of hydrographic products. This rigorous protocol 
ensures product integrity throughout the processing path.  

Prior to processing, the entire field project was uploaded to our server system and included in 
the regular twice/day backup and daily replication scheme. The data was distributed and 
organized by the Processing Department prior to further development. 

2.2.1 Application of Control Information 

On August, 17 2010, the TerraSond Survey Department in Palmer, AK received the raw 
Terrestrial Survey data. The Base station established on TR-2 2009 utilized a fixed post 
processed position during the broadcast of GPS corrections. All raw data acquired under RTK 
conditions was accurate as recorded by the acquisition software and already rests in the final 
product space. 
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2.2.2 Multibeam Echosounder Processing 

The MBES calibration (commonly called a “Patch Test”) acquired from August 14, 2010 was 
processed for the identification of temporal latency and MBES orientation errors. This effort was 
accomplished using the Caris HIPS and SIPS calibration tool and the correction values were 
entered into vessel configuration file for CARIS Hydrographic Information Processing System 
(HIPS) version 7.0.2. 

On August 17, 2010 the TerraSond Processing Department in Palmer, AK received the raw 
MBES data and associated acquisition records for final processing. HIPS version 7.0.2 was 
used for all data processing and adjustments necessary to produce final bathymetric products. 
The Caris HIPS workflow is designed to ensure that all edits and corrections made to the raw 
data, and all computations performed with the data followed a specific order and were saved 
separately from the raw data to maintain the integrity of the raw acquisition data. TerraSond 
uses well defined procedures during HIPS processing; all actions are tracked to ensure that no 
steps are omitted or performed out of sequence.  

2.2.3 Vessel Editor 

The first component of the HIPS processing workflow requires establishment of a framework in 
which recorded navigation, vessel motion, raw (unprocessed) depths and vessel draft are 
referenced to a common position. The HIPS Vessel Editor is an application used for viewing and 
editing the position and calibration of sensors installed on the vessel. This information is stored 
in the HIPS Vessel File (HVF). The HVF is divided into a number of distinct sections, each 
describing one type of sensor. The sections are time-tagged and multiple entries can be defined 
for different time periods. The HVF is based on a three-dimensional coordinate system which 
locates equipment within an X-Y-Z axis using a reference point on the vessel as the point of 
origin. The reference point for this survey is co-located with the motion sensor which is installed 
at the vessel’s approximate center of gravity; the point at which the least amount of motion is 
experienced. The position of the multibeam echosounder transducer as well as the static draft 
(waterline) of the vessel is recorded in the HVF with respect to the reference point.  Static draft 
values were measured on a daily basis for entry in the HVF to track changes in vessel draft 
caused by loading and fuel consumption. During data acquisition, RTK GPS positioning was 
referenced from the X-Y-Z coordinate of the GPS antenna phase center to the motion sensor 
within the vessel coordinate system. All recorded navigation data is referenced to the RP. 
Therefore, the X-Y-Z coordinates of the GPS antenna phase center need not be entered in the 
HVF. 

2.2.4 Raw Data Conversion 

CARIS HIPS was used to create a folder structure organized by the project, vessel, and Julian 
day to store data. Raw MBES data was converted from its native Hypack format, *.hsx files, into 
CARIS HIPS using the CARIS conversion wizard module. The wizard was used to create a 
directory for each line separating the *.hsx files into sub-files which contain individual sensor 
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information. All data entries were referenced using the time associated with the *.hsx file to 
relate the navigation, azimuth, heave, pitch, roll, and slant range sensor files. 

2.2.5 Navigation Editor 

Navigation data was reviewed using the CARIS Navigation Editor. The review consists of a 
visual inspection of plotted fixes noting any navigation gaps in the data. Additionally, vessel 
speed, distance between navigation fixes and course made good are examined for anomalies. If 
any anomalies are detected, the processor may choose to reject or interpolate the affected 
areas.  The data in this project displayed no anomalies with respect to navigation. 

During the MBES acquisition, TerraSond encountered significant issues with GPS 
measurements while under the single span railroad bridge. This area was edited heavily during 
this portion of the processing effort in order to produce an accurate riverbed surface. TerraSond 
is pleased with the precision achieved through this effort, however, some artifact is apparent in 
the surface distribution for this project. The image below demonstrates the extent of the linear 
artifacts as they present in the bathymetry. 

 
Graphic M -  

Graphic N - Navigation editing for areas under the bridge mostly resulted in a riverbed surface that was within the 
acceptable specifications for the project, however, observable striation artifacts are apparent in the imagery. 
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This issue prompted a reassessment of the navigational equipment needed for the SBP 
acquisition and ultimately led to the request for additional funds in order to operate in October 
with an Ixsea Inertial Navigation system. 

2.2.6 Attitude Editor 

Attitude data was reviewed using the HIPS Attitude Editor. The review consists of a visual 
inspection of the heave, pitch, roll and GPS (ellipsoidal) height which are displayed 
simultaneously in a graphical representation using a common x-axis scaled by time. The 
Attitude Editor, like the Navigation Editor, is used to identify anomalies and has the ability to 
interpolate or reject the affected areas. The data in this project displayed no anomalies with 
respect to attitude. 

2.2.7 Sound Velocity Editor 

Each sound velocity profile, or cast, was examined using the HIPS Sound Velocity Editor for 
potential outliers prior to its application in HIPS. Erroneous sound velocity changes will cause a 
concave or convex distribution of soundings. This artifact is caused by the sound velocity 
correction required for the outer beam forming computation. The data in this project displayed 
no anomalies with respect to sound velocity. 

The sound speed adjustment in HIPS uses slant range data, applies motion correctors to 
determine launch angles, and adjusts for range and ray-bending resulting in a sound speed-
corrected observed-depths file. It is recommended that sound velocity correction be executed 
before cleaning the data. 

2.2.8 GPS Tide Computation and Merge  

Upon review of navigation, attitude, and sound velocity, the vessel positioning was converted 
from of local datum heights to water level and subsequently to the final CORS space datum. In 
our case, the tide and GPS tide was the variation of the vessel vertical motion from the position 
of the base station offset. These processes are referred to as the computation of GPS Tide and 
Merge. The full formula for GPS Tide is shown below. 

GPS Tide = GPS (ellipsoidal) Height - Datum Height - Heave - Waterline Offset 

Where: 

• GPS height = RTK ellipsoidal heights referenced to the vessel RP 
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• Heave = time-tagged measurements of the vessel’s vertical motion recorded by the motion 
sensor and referenced to the vessel RP 

• Waterline offset = time-tagged waterline levels referenced to the vessel RP and measured daily 
by the Hydrographer 

• Datum Height: The distance from the ellipsoid to project datum (USGS Stream Gage Datum). 

Finally, the HIPS Merge process was conducted on the dataset. Merge is the process of 
calculating final positions and depths for soundings, based on all relevant inputs such as 
observed depths, navigation information, vessel dynamics such as gyro, heave, pitch and roll, 
and tide. 

2.2.9 Subset Editor 

Following final processing and quality assurance of draft and GPS tide applications, several 
area-based editing processes in CARIS HIPS Subset Editor were performed during the office 
review of survey soundings. During subset editing, the processor was presented with two and 
three-dimensional views of the soundings and a moveable bounding box to restrict the number 
of soundings being reviewed. Using the two-dimensional window, soundings were viewed from 
the south (looking north), from the west (looking east) and in plan view (looking down). These 
perspectives, as well as controlling the size and position of the bounding box, allowed the 
operator to compare lines, view features from different angles, measure features, query 
soundings and change sounding status flags. Soundings were also examined in the three-
dimensional window that could be rotated on any plane. Vertical exaggeration was increased as 
required to amplify trends or features. While HIPS does not allow for the deletion of any 
sounding, spurious soundings (noise) were flagged as rejected during subset editing. Soundings 
flagged as rejected are excluded from any final bathymetric product. 

2.2.10 Caris BASE Surfaces 

The CARIS HIPS Bathymetry Associated with Statistical Error (BASE) Surface is a 3D, 
georeferenced image of a multi-attributed, digital terrain model. To build a BASE surface, HIPS 
assigns a set of gridded nodes at user-defined spacing and bounding coordinates. Each grid 
node is assigned a depth value based on nearby sounding values. All BASE Surfaces use 
range weighting to determine how a sounding is applied to a node. Range weighting is based on 
distance; soundings close to a node are given greater weight than soundings further away. 
Additionally, all BASE surfaces created for this project use a weighting scheme based on a 
beam’s intersection with the river bed; soundings formed by the outer beams are weighted less 
in the algorithm than more reliable nadir beams. BASE surfaces can be used to identify areas 
requiring further cleaning as well as comprise the final bathymetric product.  

Once the sounding dataset was cleaned and all corrections were applied, a 0.5 meter resolution 
BASE surface was created for use in development of bathymetric products. Where possible, 
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points identified to be the shoal point of an object above the ambient river bed interpreted to be 
rocks or other anomalous features were designated, exported, and appended to the gridded 
DEM surface in order to minimize the height attenuation of obstructions common to surface 
generation. 

2.2.11 Bathymetric DEM gridded dataset and imagery 

The regular gridded Digital Elevation Model surface is a critical product. This surface is the 
foundation for all charting and positioning. It is the reference surface for the obstruction list. This 
surface was considered in each interpretation and during the generation of all location positions. 

The sole origin for this digital DEM is the Multibeam Echosounder point file. The high density 
data from the MBES is often too large to manage by most software suites. TerraSond reduces 
the data through the process of surface generation in Caris HIPS software. 

The number of points in the original post processed and post edited surface that was used to 
generate the DEM was 210,164,517 points. The number of points in the final DEM product is 
662,025 points (produced as a regular grid with 0.5 m resolution). There is a small loss of detail 
that develops as we reduce the data that makes up the surface of the DEM product. This loss is 
directly related to the node spacing established in the final surface. The exact location of loss is 
not known nor controlled. During regular gridding, TerraSond will not have control of the data 
that is reduced. We will not be able to confirm that the most shoal depth of an obstruction is the 
exported grid point nor if it is properly represented in the DEM. For this reason all values for 
shoal height are conservative and were exported as a shoal biased grid. For the reasons stated 
above, we cannot verify more vertical precision in the DEM obstructions depths finer than sub 
meter precision. The horizontal precision is accurate to 0.5 m and obstruction identification 
resolution is 1 m3. 

This 2010 bathymetric data set was comprehensive and qualifies as a full ensonification of the 
riverbed, however, the surface was interpolated due to three data gaps in the west portion of the 
survey area.  The first area included a holiday generated by narrowing beams as the project 
approached the shore and the other two were caused by an irresolvable riverbed discrepancy 
between two valid measurements as the sediment passed over a the two locations. 
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Graphic O - Areas requiring interpolation. One holiday and the other is caused by a poorly computed surface 

generated by sand migration. 

 
Graphic P - Profile of riverbed as imaged at 2010-08-12 21:11:59.062 and then again at 2010-08-13 02:25:51.17 (UTC). 

These areas were interpolated in order to maintain the high level of detail necessary for 
interpretation and potential modeling surfaces. TerraSond filled the holidays present in the 0.5 
m surface grid with information by applying an interpolation function contained in the Caris 
processing software which allowed for the generation a 5x5 area utilizing 6 nearest neighbors. 

The geodetics for the output file are UTM zone 6 projected as NAD83 and the units are meters 
for the horizontal dimension. The vertical dimension (positive axis up) is also in units of meters 
and is based upon the datum of USGS Stream Gage (Station ID 15515500 at the monument 
position of RM-7).  

This surface was included in the Fledermaus Digital Product bundle and distributed on both the 
TerraSond FTP site and included in the DVD data distribution which accompanies this report. 
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Two images with different color scales have been generated from this DEM. Both are the same 
except for the inclusion of the color purple in the spectrum. All images which do not include the 
purple in the color scale spectrum are suitable for visualization with common 3D glasses for an 
enhanced visualization and interpretation by the viewer. The files that included purple in the 
color scale spectrum are intended for finer differentiation of depth and digital distributions, but 
do not visualize well through 3D glasses. 

Graphic Q - Image of 2010 Bathymetric Surface (scaled by depth) 

2.3 Important note 

TerraSond understands that the information gathered for this project is intended to facilitate the 
planning of river construction projects and that our data may contribute to safe river operations. 
This data is not to be used for navigational purposes. This data should not be used to replace 
any publication distributed by NOAA or the Department of Transportation nor does TerraSond 
assume any responsibility for safe navigation or safe riverine operations. The distributions of 
any obstruction data recorded during August, 2010 may or may not contain valuable information 
regarding vessel navigation. 

For that reason, TerraSond recommends avoiding contact locations where navigation may be at 
risk, but does not guarantee that additional unobserved or uninterpreted hazards are within the 
boundaries of this project. TerraSond does not guarantee that interpreted obstructions are 
persistent or that potential obstructions will be present at a future date. Natural/manmade 
hazards in this project area are dynamic and are known to be spatially transitory. 

The use of products provided by TerraSond is only valid for the moment of acquisition and all 
forecasts, assumptions, or logical conclusions are wholly the responsibility of the user. The use 
of such products in conjunction with the products of agencies which are responsible for safe 
navigation (i.e. NOAA, DOT, USACE, USCG, etc.) is highly recommended. 
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3.0 HYDROKINETICS 

 
Graphic R - ADCP Transect lines acquired during high discharge conditions, August 10, 2010. 

TerraSond was tasked with acquiring, processing, and presenting remotely sensed hydrokinetic 
measurements of the ORPC Hydrokinetic Power Production Site. TerraSond measured the 
current magnitude and direction during two expeditions to the ORPC Hydrokinetic Power 
Production Project site. TerraSond acquired current vector information during a high discharge 
event in August and during a low discharge event in October, 2010. The purpose for this 
information was to provide ORPC and collaborating groups with information related to power 
production potential, engineering variables, river characteristics, production seasonal period, 
and to more specifically target RivGen installation sites. 

The vessel used for the August Expedition was the custom built 24 ft aluminum survey vessel 
MV Irish Eyes. The geophysical instrumentation deployed during this project included a pole 
mounted Teledyne RDI 1200kHz Sentinel Workhorse Acoustic Doppler Current Profiler (ADCP). 
All navigation was measured with RTK corrections using a Leica GX1230+ GNSS GPS 
receiver, Yaw was computed and distributed using a Coda Octopus F-180 Inertial Navigation 
System, and instrument attitude was measured by the internal ADCP hardware. The acquisition 
crew consisted of the project Lead Hydrographer and one Survey Technician. The vessel 
mobilization took place on the river bank in Nenana, AK. 

During the high discharge period in August, TerraSond measured 11 planned ADCP lines which 
crossed perpendicular to the flow of the current acquiring measurements at approximate 80 - 
100 m lines spacing. This information verified that the necessary river current power was 
available within the project area and provided a baseline for the discharge/power density 
relationship within the structure of the river.  

TerraSond acquired and computed a discharge measurement on August 10, 2010 in order to 
identify if the USGS river gage station 15515500 was recording discharge values that could be 
used reliably referenced for periods where TerraSond would not be present and could not verify 
the reported discharge. 
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During the low discharge period in October, TerraSond measured 13 planned ADCP lines 
coincident with Sub-Bottom Profile lines. These measurements were used to identify persistent  
flow zones. This information is useful for understanding the across river power density structure 
and for targeting RivGen candidate sites. The current magnitude imagery has been incorporated 
into the post processed sub-bottom imagery for comparison and as a reference tool for the 
turbine installation and anchor design team in Appendix C. 

The vessel used for the October Expedition was the custom built 16 ft aluminum survey skiff. 
The geophysical instrumentation deployed during this project included a pole mounted Teledyne 
RDI 1200kHz Sentinel Workhorse Acoustic Doppler Current Profiler (ADCP). All navigation and 
yaw was computed and distributed using a Ixsea Hydrins Inertial Navigation System, and 
instrument attitude was measured by the internal ADCP hardware. The acquisition crew 
consisted of the project Lead Hydrographer and one Survey Technician. The vessel mobilization 
took place on the river bank in Nenana, AK. 

 
Graphic S - Coincident ADCP Transect lines acquired during different river discharge conditions (please note 

differences in scale). 
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Graphic T - Coincident ADCP Transect lines acquired during different river discharge conditions (please note 

differences in scale). 

3.1 Acquisition and computation for River Gradient 

TerraSond acquired (4) four measurements of the river height in order to provide a river gradient 
value for future modeling efforts. Each measurement was acquired with using a Leica GX1230+ 
GNSS GPS receiver using RTK corrections from the TR-2 2009 base station. The 
measurements were acquired on the riverbank at the water/shore interface. 

TerraSond measures a 52 cm vertical gradient between the upriver and downriver location. The 
upriver positions measured a difference between the right and left bank of 13 cm and the 
downriver positions had a difference of 4 cm.  

3.2 Acquisition and processing of Discharge Measurement 

On August 10, 2010, TerraSond acquired four transect measurements in compliance with 
USGS methodology for discharge measurements using ADCP sensors. All measurements were 
within acceptable tolerance of 1.96% ∆Q. The software used to acquire and compute the 
discharge measurement was WinRiver II version 2.07. TerraSond acquired QAQC files 
calibrating the orientation of beam 3 with the navigation system and confirmed the presence of a 
moving bed at this discharge stage. The Beam 3 misalignment was included in the discharge 
measurement computation.  

The Tanana river discharge was measured to be 1,866.48 m3/s (65,914.11 ft3/s) on August 10, 
2010 and the daily average reported at USGS Gage Station ID 15515500 reported the mean 
daily discharge to be 63,200 ft3/s (1,789.63 m3/s) for that day. 
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Graphic U - Field Discharge Report, August 10, 2010 

 

 
Graphic V - USGS published river discharge values for August Expedition period showing above daily mean 

statistics. 

 
Graphic W - USGS published river discharge values for October Expedition period showing discharge measurement 

accomplished by USGS within acceptable time period to not require redundant verification from TerraSond. 
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TerraSond did not acquire a discharge measurement during the October Expedition. The 
measurement of the river during the August period (along with other historical discharge 
measurements) has demonstrated that the USGS Gage 15515500 is well maintained and that 
the values reported were acceptable for most quantifiable activities. USGS reports having made 
a discharge measurement just prior to our expedition which increases the likelihood of precision 
for the reported mean daily average value of 22,000 ft3/s (623.0 m3/s). 

 
3.3 Acquisition and processing of Current Magnitude Imagery 
 
TerraSond acquired a minimum of a single transect across the river at each planned line 
location at intervals ranging from 10 - 130 m. This data was intended to display the flow 
distribution and help characterize the flow behavior. The data was processed while in the field 
and evaluated to target peak flow regimes within the river. 
 
The current measurements were acquired while under vessel power and our velocity standards 
maintained vessel course over ground (COG) < 50% of the peak current velocity (most 
acquisition was accomplished below one knot COG). Heading and position were distributed by 
the various GPS and inertial systems (respective to the expedition setup during acquisition)   
while corrected by RTK radio signal. Bottom tracking was acquired to help correlate with 
bathymetry and allow for alternative navigation comparisons. 
 
The extent of each transect was limited by the river bank slope. The south (left) bank had a very 
gentle slope and limited the length of each measurement as we approached the shore. Debris 
was occasionally present embedded in the mudflats which posed an additional danger to 
navigation. Each transect measured the current velocity across as much of the alveus as 
possible. Each measurement captured the entire thalweg or was rejected as an incomplete 
transect. 
 
The processing of the ADCP transect information was initially filtered in WinRiver II software. 
The current magnitude presentation was processed with MATLab numerical processing 
software. The products presented with this report have a horizontal three cell moving average 
applied to the data. 

3.4 Current Magnitude Interpretation 
 
TerraSond interprets the peak current flow to be very stable along this portion of the Tanana 
River. The high discharge and the low discharge events both place the peak flow in relatively 
similar locations within or adjacent to the thalweg. The peak flow during the August magnitudes 
measured with maximum current velocity of 2.8 m/s, and the October magnitudes measured 
with maximum current velocities of 1.8 m/s. 
 
This site displays favorable characteristics for Hydrokinetic power conversion. 
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4.0 NEAR SURFACE GEOLOGY 

 
Graphic X - USGS geologic map demonstrating the principle geologic components for consideration at the project 

site (Geologic Map of the Fairbanks Quadrangle, Alaska, I-455). 

The near surface geology at the Nenana Hydrokinetic Power Project site is a dynamic 
environment. The Tanana River flows through an expansive basin with little geomorphological 
constraint, these results in a large meander potential with significant change over relatively short 
periods of time. The area at the town of Nenana, on the north bank, specifically at the project 
site, is the exception to this fact. The project area investigated during this survey is more 
constrained by an adjacent persistent geologic body (bc, Birch Creek Schist) on the north side 
of the Nenana at the right bank of the river.  

Other areas of the river have demonstrated significant migration and meandering over the last 
50 years (please reference the Conclusions and Recommendations portion of TerraSond 
Report ID 2009-053 Nenana Hydrokinetic Energy Research Site, Physical Characterization 
Survey for a discussion of the oxbow migration which flanks the east side of Nenana. Although 
the zone discussed in this report is more constrained and therefore less likely to change 
significantly, it is important to consider that changes elsewhere in this river can affect the power 
production potential, the infrastructure maintenance requirements, and general characteristics of 
this site. The Tanana is a wild river with little manmade infrastructure confining its behavior.  

The topics covered in this report are focused upon defining the constituents which make up the 
character of the river, riverbed geology, and the flow regime. This portion of the report will define 
the surficial geology and discuss the riverbed variation observed during the summer to fall 
epoch 2010. 

Geologic literature for this portion of the Tanana River defines the pertinent local geology in two 
categories: Quaternary Flood-plain Alluvium (Qxx) and Metamorphic Rocks (bc).  
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The Alluvium can be identified as unconsolidated deposition along the riverbed, riverbanks, and 
much of the sediments observed to the south of the right riverbank within the project area. This 
alluvium is diverse in depositional conditions (Qa – Flood Plain Alluvium, Qs - swamp, Ql - 
landslide, etc), however, very similar in constituent mineral make up which are dominantly 
sourced from adjacent uplands and glacial source waters.  

The Birch Creek Schist (bc) presents only as a cliff face boundary terminating the river migration 
northward along the most west arm of the Oxbow and redirecting the river westward along the 
most southern expression of the Birch Creek Schist. There is no observable contact with the 
Birch Creek Schist formation and the river. The talus debris field at the foot of the formation 
makes up a significant portion of the right bank along the river at the project site. For the 
purposes of this report, when TerraSond discusses the bc Schist, we are including to the talus 
debris field which actually makes direct contact with the flow of the river. It was beyond the 
scope of this project to identify the positional boundary between the consolidated metamorphic 
rock and the talus field. One positional location may reveal an expression of an outcrop from the 
August multibeam data, however it was outside of the focused area which directed the activities 
in October when the sub-bottom profiles were acquired and TerraSond did not explore that 
region of the project which was outside of the scope of work during the October Expedition. It is 
noted here only to provide a record of possible areas to investigate if future project goals include 
the identification of this bedrock boundary. 

 
Graphic Y - MBES observed a possible submarine outcrop outside of the area determined to be of interest during 

the Sub-bottom profile survey in October, 2010.  

4.1 Riverbed Samples 

Terrasond collected eight (8) riverbed samples from the Tanana River during the August 
Expedition.  
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The samples were based upon the MBES data and several zones of the riverbed were 
investigated during this effort. This information was used to further our understanding of the 
analysis of the SBP data. 

 

4.2 Sub Bottom Profiles and Analysis 

The sub bottom Profile data acquired during the second expedition to Nenana was generally 
high quality data. The record clearly defined two surficial layers which TerraSond interprets to 
be unconsolidated glacial till with high sand content. Both layers are believed to be loose, 
unconsolidated, and with limited compaction indicating that they are highly susceptible to 
erosion.  

For the purposes of this report, TerraSond will discuss sediments that appear to be acoustically 
unique in two categories (layers and boundaries), however, we acknowledge that all 
unconsolidated sediments within the river (with the exception of the schist talus field sourced 
from the Birch Creek Schist) are components of the Alluvium, and, specifically, Qa sediments.  

TerraSond interprets two acoustically unique sediments which make up the unconsolidated 
riverbed. These have been labeled Acoustic Layer A and B (A and B have no connection or 
reference to any designation which may appear on the USGS geologic map). Acoustic Layers A 
& B are both Qa sediments and are expected to present with only minor physical differences for 
the engineering aspects of the project. The fact that they present with acoustically unique 
signatures and that the flow regime matches very well with the geologic interpretation 
accomplished during the Sub-Bottom Profile analysis reinforces the character differentiation of 
the two sediment types.  

 
Graphic Z - MBES observed a possible submarine outcrop outside of the area determined to be of interest during 

the Sub-bottom profile survey in October, 2010.  

Sample ID Attempts Result General Description
LAT LONG Easting Northing LAT LONG Easting Northing

GeoSamp1 64° 34.0406' N 149° 04.3975' W 400665.6 7161860.6 64° 34.0406' N 149° 04.3975' W 400665.6 7161860.6 recovered Fine sand Well sorted, High Energy (well worked) Sand from diverse source rock
GeoSamp2 64° 34.0570' N 149° 04.4477' W 400626.6 7161892.4 64° 34.0570' N 149° 04.4477' W 400626.6 7161892.4 recovered Gravel w sand Poorly sorted high energy (mostly smooth) gravel (3‐8cm) from diverse source rocks, Well sorted high energy (we
GeoSamp3a 64° 34.0467' N 149° 04.7502' W 400384.4 7161881.3 64° 34.04967' N 149° 04.76272' W 400374.66 7161886.99 recovered Bedrock scrapings Five chips of metamorphic bedrock were recovered from the riverbed. Edges appear to be fresh, with fine fracturi

64° 34.05144' N 149° 04.73954' W 400393.27 7161889.67
GeoSamp4 64° 34.0658' N 149° 04.2058' W 400820.2 7161902.5 64° 34.0658' N 149° 04.2058' W 400820.2 7161902.5 recovered Fine sand Well sorted, High Energy (well worked) Sand from diverse source rock
GeoSamp5 64 34.028875 N 149 5.122038 W 400086.55 7161857.78  64 34.028875 N 149 5.122038 W 40086.55 7161857.78 recovered Sand w gravel Well sorted high energy (well worked) sand from diverse source rocks, Poorly sorted high energy (mostly smooth)
GeoSamp6b 64 34.043175 N 149 4.857445 W 400298.64 7161877.39 64° 34.04982' N 149° 04.83649' W 400315.77 7161889.19 recovered Cobble Two very different rocks were recovered from this dredge. One flat cobble (30x18x2cm)from the metamophic lith

 64° 34.04111' N 149° 04.87487' W 400284.6 7161874.02
GeoSamp7 64 33.98694 N 149 5.182521 W 400035.7 7161781.52 64° 33.9880' N 149° 05.1819' W 400036.3 7161783.6 recovered Fine sand Well sorted, High Energy (well worked) Sand from diverse source rock
GeoSamp8 64° 34.01314' N 149° 04.78902' W 400351.43 7161819.85 64° 34.01314' N 149° 04.78902' W 400351.43 7161819.85 recovered Fine sand Well sorted, High Energy (well worked) Sand from diverse source rock

SBP CorrelationPlanned Position
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TerraSond interprets the primary difference between Acoustic Layer A and Acoustic Layer B to 
be compaction and the inclusion of glacial flour. TerraSond believes that the Acoustic Layer A is 
defined by a hydraulic boundary within the structure of the river just passed the zone where the 
quickly moving current makes direct contact with the sediment at the riverbed. This zone is 
imagined to be non-stable and is expecting the Layer A and B boundary to spatially fluctuate. 

During the interpretation process, TerraSond made interpretations separately and without 
consideration of other geophysical data acquired during the same trip. In the images presented 
below, the sub-bottom profiles and the river flow were interpreted separately and without 
comparison. Many of the transect flow patterns and the geologic interfaces observed between 
Layers A and B correlate very well. TerraSond believes that this correlation is accurate and that 
the flow regime does directly determine the boundary between Acoustics A & B.  

 
Graphic AA - Demonstration of hydrokinetic influence upon Acoustic Layer A and B interface. 

On the north side of the river and along the right river bank redirecting the Tanana River to the 
west is an eroding cliff of metamorphosed sedimentary rock (bc). This structure bounds the 
geology on the north side of the thalweg and is believed to be the exclusive contributing source 
for Acoustic Boundary C, and a significant contributor of clastic material for Acoustic Boundary 
D. This geologic material appears on the bank of the river above the waterline as a talus deposit 
of flat slate-like fragments along planar cleavage fractures composed exclusively of the Birch 
Creek Schist formation. This talus deposition is continued below waterline and into the thalweg. 
The transition between that talus deposition and the consolidated Birch Creek Schist structure 
was not definitively perceived in the acoustic record and no information about the position or 
depth of where this transition occurs was available from this record. For this reason the 
boundary presented in the geologic interpretation imagery is presented as a polygon to include 
the metamorphic geology known to exist somewhere beyond the boundary of C. 
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One consolidated or compacted sediment is interpretable from the acoustic record to be under 
the loose sediments which make up the isopach contour. This geology is believed to consist of 
compacted (or perhaps consolidated) sediment consisting of cobble sized or larger clasts 
material with significant contribution from the adjacent talus field. The acoustic record has not 
identified a clear boundary between the acoustic boundaries of C and D. This boundary is 
instead determined from a dominant formation point of reference. TerraSond has defined the 
two separately not because we observe an acoustic difference between the two materials, but 
because the observed form of Acoustic Boundary C is define more by gravity then by hydrologic 
action. The Acoustic Boundary observed in the record which has been designated by TerraSond 
as Acoustic Boundary D is interpreted to have been consolidated or compacted by hydrologic 
action and TerraSond has chosen that boundary upon the observations which appear as 
inflection points in the form of this boundary.  Although no acoustic variation is present, 
TerraSond interprets a more significant variance between boundaries C & D then between the 
acoustically observable differences of Layers A & B. 

Boundary C can be expected to be significantly more compact and settled as cobble plates of 
schist layered horizontally as a slate-like tile with intermittent inclusions of distant source 
material from upriver. Infrastructure penetrations into this material will require different strategies 
then that of the Boundary D material which can be expected to be unconsolidated and subject to 
slide behavior. The exact position of the change from boundary C to boundary D is not well 
known and can be expected to require further investigation. 

Acoustic Layer A – Acoustic Layer A is interpreted to consist mostly of glacial till with sand. 
The sediment presents with a recognizable signature of significant reflectivity uniformly 
distributed throughout the entire layer. This sediment presents with erratic intermittent parabolic 
signatures (indicating larger clastic inclusions), however, the majority of the sediment 
demonstrates a uniform acoustic attenuation. This sediment is believed to be more persistent 
then Acoustic Layer B and believed to contain a higher concentration of fines. This layer 
correlates with Riverbed Samples (1, 4, 7, & 8) and this area is noted in the SBP record with the 
color pink. 

Acoustic Layer B – Acoustic Layer B is interpreted to consist of sands and gravels. This 
sediment presents with a recognizable signature where a significant energy is reflected at the 
layer boundary. Transmission of the acoustic energy is muted below this initial reflection and 
this is demonstrated consistently in various gravel reflector layers and in the Acoustic Boundary 
D intensity. This layer correlates with Riverbed Samples (2 & 5) and this area is noted in the 
SBP record with the color blue. 

Acoustic Boundary C – Acoustic Boundary C is interpreted to be a composite of a large rock 
structure which confines the river migration on the north bank toward the west and the talus 
debris flow off of this structure into the thalweg. The transition between that talus deposition and 
the consolidated rock structure is not perceived in the acoustic record and little information 
about the position or depth of any lithic vs. sedimentary boundary is available from the acoustic 
record. This boundary correlates with Riverbed Sample (3a) and this area is noted in the SBP 
record with the color purple. 
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Graphic BB - Riverbed Sample 3A recovered five representatives. This sample chipped away the fragments from a 

stable and unmoving rock composed of Birch Creek Schist. 

Acoustic Boundary D - This presents at an acoustic boundary and very little of the acoustic 
energy is recovered from within this sediment. Isolated incidents where information is recovered 
for interpretation demonstrates indicators of compacted sediments consisting of large clast 
inclusions. The geomorphology of this boundary is consistent with river environment deposition 
and well defines the thalweg in its present state. This boundary correlates with Riverbed Sample 
6b and is noted on the SBP records with the color yellow. 

 
Graphic CC - Riverbed Sample 6b recovered two representatives. This portion of the river is well worked and 

composed of cobble and gravel sized clasts. 

The general distinguishing characteristics between Acoustic Layers A and B are less apparent 
in the profiles under the bridge as the profile approaches onto the left bank. These records 
appear to have multiple laminar reflectors which indicate significant stratification with signs of 
disturbance. The laminar patterns are interpreted to directly correlate with sediment clast sizes. 
The fact that these horizons show indications of truncation and termination at various angles 
indicates that this area is periodically depositing well sorted sediments layers under a continuum 
of energy levels, and then having them intermittently eroded away during high energy events. 
Gravel and cobble layers are probable constituent materials within the layers. These areas 
should be considered to be more problematic for cable or perhaps anchor planning.  
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Few if any boulders are present within the record. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 
TerraSond was contracted to provide interpretations and conclusions from geophysical 
measurements in order to provide insight defining the physical character for the ORPC Nenana 
Hydrokinetic Power Project. The recommended area of interest starts under the single span 
railroad bridge (ADCP Line 10) and extends down river for approximately 150 m (Line D and 
Line 2 from the August and October Expeditions respectively) to the west of the bridge.  

TerraSond interpret no specific Dangers to Navigation (DtoN) or Hazards for Construction 
(HforC) within this zone aside from the geomorphology of the alveolus itself. TerraSond does 
interpret significant changes in the bathymetry for this area, however, we have not excluded 
zones with demonstrate bathymetric change until conversations with the engineering team detail 
the limits or the impact of sediment buildup over a seasonal period. 

TerraSond determines very low horizontal migration from the thalweg for the peak current flow 
as the discharge changes from August to October for this area. This is a significant change from 
other areas observed in the near vicinity of Nenana. TerraSond has responded to this 
observation with an optimistic interpretation of the zone recommended for the RivGen 
installation.  

This portion of the river has displayed acceptable bathymetry, predictable sediment transport 
patterns, and stable power density as isolated cells in the water column. TerraSond does 
acknowledge that the information available to us from 2010 only constitutes two surveys and is 
limited, however, without additional or continuous information regarding this site, TerraSond 
interprets that the area along and adjacent to the thalweg within the 150 m stretch of the 
Tanana River has desired characteristics for RivGen Turbines. 
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Graphic DD - Recommended RivGen siting area. 

 

TerraSond does note variations for each of the physical criteria listed above, (i.e. ADCP Line 10 
measured significant and condensed power density at a desirable depth in the water column). 
Lines D and 2 demonstrate a large discrepancy in the sediment deposition between August and 
October flow regimes (i.e. riverbed profile changes significantly between high and low 
discharge). Additionally changes in bathymetry are apparent in the SBP and the MBES datasets 
over much of the thalweg between August and October Expeditions. This is best illustrated in 
the Acoustic Layer B sediments which appear to recede or be absent altogether from the 
thalweg during the high discharge events but are well defined in the late season low discharge 
datasets.  

Although variations in power density, sediment transport, and bathymetry are apparent and no 
two sites within the proposed area are equivalent, TerraSond does not interpret any location 
within the proposed area to be restricted from siting consideration. TerraSond recommends 
referencing engineering requirements, local public/private opinions, and 
development/installation concerns prior to final site determination. TerraSond will remain 
available for reference and discussion as ORPC approaches the final determination for turbine 
siting. 
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TerraSond did note several changes that can be expected to occur each season and does 
recommend more frequent or continuous measurements prior to development of the site for 
power conversion. Of particular note, TerraSond recommends identifying the seasonal sediment 
transport pattern though this area. TerraSond observes areas just to the east and upriver which 
are interpreted to transport very large quantities of sediment over very short periods of time. 
TerraSond did not observe this behavior within the recommended site area, however, we 
recognize that the implication for our area of interest are likely impacted by this mass transport 
in some way during some periods of the season. We recommend identifying the sediment 
behavior along this portion of the Tanana. Wither the sediment remains suspended or it 
migrates along the riverbed as a dense lens should be identified prior to installation of sensitive 
equipment. A large train of sand waves are seen at the eastern portion of the project area well 
outside of the recommended zone for installation. This sediment is observed to migrate with 
considerable rates of movement within the sand wave area, what happens to that sand outside 
that zone was not well observed within the data from 2010 MBES data. TerraSond does not 
foresee encroachment of the train of sand waves into the recommended project area, the only 
measurements that TerraSond does believe are important for the future development of this 
area are specific to the site itself. The suspended sediment and bathymetry monitoring that we 
recommend in this report is specific to this power production site. 

TerraSond believes that a comprehensive and perhaps continuous current vector measurement 
will be desired at the site finally chosen for development as a hydrokinetic power conversion 
site. Historic work in the Tanana River and in the vicinity of this project area demonstrated 
significant hazards for equipment within the river, however, for a comprehensive power hindcast 
with reference to discharge, and for future power production forecasts TerraSond recommends 
a river bottom deployment of an ADCP or similar device. Specific modifications are 
recommended for the mooring configuration in order to ensure data and instrument recovery. 
TerraSond will remain available for consultation, design, and fabrication if our services are 
desired for this effort. 

TerraSond is unclear if a more detailed geotechnical investigation is required for the engineering 
effort associated with the anchoring, suspension, or the cable system. TerraSond has imaged 
and measured the geology well, however, if more technical geo-engineering information is 
needed, then TerraSond believes that our data is very useful for targeting specific goals that 
may remain about specific sediment types and the geotechnical properties associated with the 
requirements for the RivGen turbine. If required TerraSond is prepared to plan and facilitate 
these operations to ensure that the work effort successfully accomplishes the goals of the 
engineers. 
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