Summary Hydraulic and Hydrology Report
Nenana Port Barge Landing Improvements

Introduction

This report discusses the hydrologic and hydraulic aspects of the proposed Nenana River channel changes.
Project Location and Description

The proposed project is located within the City of Nenana along the right bank of the Nenana River from the confluence with the Tanana River upstream approximately 3300 feet to the 10th Avenue boat landing.  The project is comprised of two parts, the downstream part includes construction of dock facilities consisting of sheet pile bulkheads and the upstream part, starting near a point 1500 feet upstream of the mouth, will be a riprap revetment to halt advancing bank erosion.  Various alternatives will be evaluated for each part.
Standards

The standards which govern the hydraulic design of the proposed revetments were selected in accordance with the criteria and procedures given within the Alaska Highway Drainage Manual, January 1995, State of Alaska, Department of Transportation and Public Facilities.

Hydraulic History

The 100-year flood was computed by the USGS to be 69,000 cfs at the mouth of the Nenana River (USGS SIR 2006-5023).  The report also estimated the August 1967 flood discharge at 30,800 cfs and measured a low flow in August 1998 at 11,800 cfs.  Ordinary High Water boundary is not clearly defined by survey at this time but is delineated by the vegetation line on the point bars along the inside of river bends.
A channel cut-off about a mile upstream of the project has increased the energy of the downstream river reach and has caused erosion problems along a portion of the Alaska Railroad just downstream of the channel change and may also be responsible for the increased erosion in the upstream portion of this project.
Hydraulics

The hydraulic analysis consisted of modeling the flow characteristics using the U.S. Army Corps of Engineers Hydrologic Engineering Center water surface profiling computer program HEC-RAS version 4.1 for the existing and proposed conditions.  Cross sections were developed by Kalen and Associates Surveys from river channel/bathymetric survey data they collected and an existing aerial digital terrain model of the floodplain.  Channel and overbank roughness coefficients, 0.026 and 0.045 respectively, used in the modeling are from the aforementioned USGS report.  Modeling was used to develop velocity profiles for sizing riprap and for checking water surface elevations before and after proposed improvements.
Initial modeling indicates that the 100-year flood discharge will fully inundate the floodplain by many feet.  The various alternatives were analyzed using an approximate bank-full discharge of 40,000 cfs.  The 100-year discharge was used as a maximum velocity check only and found that velocities range just under 10 fps.  Design velocity for calculation of riprap size should be about 33 percent greater which is about 13-14 fps.  The proposed design velocity is near the top of the class II riprap capability, so using class III riprap will meet the City of Nenana's robust criteria.
Channel modifications will be adjusted so that there will be no significant change in water surface elevations from the existing condition.
Design Considerations
The City of Nenana has requested that the designs be robust and low maintenance.  Two specific issues were identified as important to meeting the City’s needs, reduction of sediment buildup adjacent to the sheet pile dock and erosion control structures must be stable at all flows. 

Based on initial velocity estimates, minimum riprap size is Alaska DOT Class II.  Increasing riprap size to Class III will ensure that the erosion control revetments will be maintenance free.  Class III revetments are also rougher providing lower velocity zones for migrating fish.
Reduction of sediment buildup may be achieved by restoring the right bank of the main channel, directly upstream of the sheet pile section, to the 1950 location and by constructing stream barbs on the left bank that will tend to direct the flow towards the sheet pile zone.  The effect of those two options will direct more flow along the sheet pile thereby reducing the tendency for sediment to build up.  The effectiveness of the proposed modifications will be dampened somewhat by backwater from the Tanana River, but should reduce the frequency of dredging needed to keep the barge landing/dock facilities viable.  Secondary benefits of the stream barbs will provide fish migration habitat and also reduce erosion along the left bank.

A secondary channel that diverges at the upper limit of the project, and discharges directly to the Tanana River, may have to be deepened to provide a temporary bypass for construction.  The deepened channel may also be necessary to keep water surface elevations within existing conditions and to reduce erosion potential along the left bank for the 1950 channel realignment alternative.  It is probable that the main channel has eroded vertically since 1950 and that side channel has become a high water channel.
Downstream Reach
Three alternatives were developed for this reach.  Alternative 1 and 2 installs about 1200 feet of sheet pile retaining wall about 60 feet out from the existing right bank and removes/excavates the majority of the sand bar down to the channel bottom elevation.  The only difference is Alternative 2 has an opening about midway for pulling barges up onto the dry dock.  For alternatives 1 and 2, the sheet pile wall will have to be deep enough to handle expected scour or the scour can be reduced by installing a riprap apron along the wall.  Should dredging be required the riprap apron could be damaged over time.  Alternative 3 relocates the right bank about 180 feet out to the main channel side of a sand bar and is armored with riprap.  A 600 foot long by 150 foot wide slip with sheet pile along both sides is constructed about 30 feet landward of the relocated right bank.
All three alternatives include 3-4 stream barbs along the left bank to reduce erosion and direct flow towards the sheet pile dock to reduce sediment buildup.  Each stream barb will require about 1000 cy (2000 tons) of class III riprap.
Downstream Alternative 1 and 2
Neither of these alternatives will significantly change flood elevations because the channel excavation required to remove most of the sand bar would be designed to meet or exceed the existing bank full conveyance.
Minor amounts of riprap may be required at some of the transitions.  If a scour apron is considered necessary, a 20 foot wide 4 foot thick apron of class II riprap should be installed the full length of the sheet pile wall plus 50 feet for transitions.  The apron will require approximately 1350 feet at 3 cy/lf for a total of about 4000 cy (7000 tons) of class II riprap. 
Downstream Alternative 3
Alternative 3 may increase bank full elevations unless some of the flow is taken up by the high water channel that starts near the 10th Avenue landing.  That would require some deepening of the channel for most of its length.
A continuous 4 foot thick section of class III riprap from the end of the upstream erosion control revetment to the end of the slip will be required along the right bank.  That will require about 1300 feet at 9 cy/lf for a total of 12,000 cy (21,000 tons).
Upstream Reach
Two alternatives were developed for this reach.  Alternative 1 restores the right bank to its 1950 location and armors it to keep it in place.  Alternative 2 armors the existing right bank to halt any further erosion.
Upstream Alternative 1
Restoration of the right bank to its 1950 location will require construction of an embankment and excavation of the channel to maintain an equivalent conveyance cross section.  The bank will be armored continuously with a 4 foot thick section of class III riprap.  Deepening of the high water channel that starts near the 10th Avenue landing may be required to keep bank full elevations close to existing conditions.  Restoring the right bank to the 1950 orientation will line up the channel with the sheet pile wall increasing the flow and velocity along the wall thereby reducing buildup of sediment.
A side benefit to this alternative is conversion of the abandoned channel area behind the new right bank into an emergent wetland and possible upwelling pond (redd).  Surface water access would be through a 4-5 foot diameter depressed invert fish passage culvert near the downstream end of the channel change embankment.
Right bank embankment construction was estimated using a 20 foot top, 2:1 side slopes, 18 feet from channel bottom to top of bank which equates to 40 cy/lf for a total of about 50,000 cy of fill that will probably come from channel excavation required to construct the new conveyance channel.  A continuous 4 foot thick section of class III riprap from the 10th Avenue boat ramp to the upper end of the sheet pile dock will require about 1200 feet at 7 cy/lf and 300 feet at 12 cy/lf for a total of 12,000 cy (21,000 tons).
Upstream Alternative 2
Two types of armoring of the existing bank were considered, a continuous riprap revetment and a combination of riprap revetment and stream barbs.  Bank full flood elevations will not be significantly changed by either of these armoring alternatives.  These armoring alternatives will not work to reduce sediment buildup along the sheet pile wall.

A continuous 4 foot thick section of class III riprap from the 10th Avenue boat ramp to the upper end of the sheet pile dock would be the most robust alternative.  Based on existing bathymetric data approximately 1200 feet will require 7 cy/lf and 500 feet will require 12 cy/lf for a total of about 15,000 cy (26,000 tons) of class III riprap.
A lower cost alternative would be to construct four 150 foot stream barbs along the right bank spaced about 300 feet apart with some bank riprap at each end.  Each barb will require about 1000 cy (2000 tons) for a total of about 4000 cy (7000 tons) of class III riprap.  Continuous riprap will be required from the end of the sheet pile wall upstream about 300 feet at 12 cy/lf for a total of about 4000 cy (7000 tons) of class III riprap.  Total class III riprap will be about 8000 cy (14,000 tons).
Conclusions

Hazards to adjacent properties.  There will be no increase in hazard to properties adjacent to the proposed structures.
Floodplain.  The proposed structures will not cause an increase in the base flood elevation.

The risks associated with the implementation of the proposed improvements are minimal.  

The anticipated backwater of the proposed structures will not exceed the existing backwater.

There are no practical alternatives to the proposed encroachment that will serve to reduce the hydraulic impacts presented.
Certification

Consequently, I certify that the proposed structures described above will not result in any increase in flood levels [along this reach of the] [in the designated floodway of the] Nenana River during the occurrence of the design discharge.

Donald E. Carlson, P.E.
DEC Engineering, Inc.
