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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.



ORPC Hydrokinetic Site Characterization Survey  
 

PROJECT NO 2010-054 

 1-7  DECEMBER 2010 

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



ORPC Hydrokinetic Site Characterization Survey  
 

PROJECT NO 2010-054 

 4-12  DECEMBER 2010 

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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NEAR SURFACE GEOLOGY INTERPRETATION 
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