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[bookmark: _Toc309823950]Introduction
The City of Nenana is a unique multi-modal transportation hub located on the Parks Highway at the confluence of the Tanana and Nenana Rivers.  Nenana provides rail, highway, air and river transportation facilities.  The river transportation aspect includes providing essential fuel and freight barge services to Yukon River communities from Pilot Station on the Bering Sea coast to Eagle near the Canadian border.  The Port facilities in Nenana include a freight and fuel transfer facility utilizing a bulkhead retaining wall system along the Tanana River and a ways for removing barges, barge repair and storage area along the Nenana River. 
The current bulkhead system located on the Tanana River semi-circular cell-type bulkheads installed that both protect the river bank from erosion and provide a stable loading platform for the barges that use the Port.  The bulkheads have worked well as erosion protection, but the curved surface of the bulkhead damages the sides of the barges when they are moored. A bulkhead design that minimizes damage to barges, improves the existing ways to facilitate easier barge and tug removal from the river, and provides a stable location to moor barges in the summer consisted of the original scope of work for this project.
However, the unprotected Nenana River has undergone recent significant changes in its channel meanders and bank locations.  Historical photographs of this area of the Nenana River show how the river has changed over the course of about 60 years.  Historical attempts at controlling erosion have not succeeded. In order to design a stable bulkhead on the Nenana River, it was necessary to address the potential for continued erosion trends upstream from the proposed bulkhead location.
[bookmark: _Toc309823951]Study Purpose and Objectives   
The original scope of work for the project was limited to the proposed bulkhead retaining wall structure along the Nenana River.  Due to the concerns raised during preliminary permitting meetings with the U.S. Army Corp of Engineers Regulatory Division (USACE), Department of Natural Resources (DNR) and Alaska Department of Fish and Game (ADF&G), the scope of work was expanded to address potential erosion upstream from the proposed bulkhead and barge landing.  
The project has been divided into two phases.  Phase I includes all preliminary field work necessary to produce a preliminary design of the bulkhead and bank protection structures, construction cost estimate, analysis of the feasibility of the alternatives, as well as present a preferred alternative.  Phase II will include permitting, final design, and construction administration of the chosen alternative.  
Phase I of the project is represented by this feasibility study.  Erosion control and stabilization options are identified that include stabilizing the river in the current location or restoring the channel to historically documented locations.  The proposed alternatives to managing upstream erosion in conjunction with new port improvements include (1) “No Build” option, (2) installing bank armoring upstream of the proposed bulkhead improvements along the current bank line, or (3) placing armoring along the historical 1949 bank line to create an emergent wetland mitigation bank.  Downstream alternatives include three options for bulkhead improvements with bank armoring, and in-stream barbs to manage erosion and reduce deposition near the confluence of the Tanana and Nenana Rivers.  
This feasibility report is intended to present options for the enhancement and protection of the river transportation elements of the hub by analyzing sediment transport mechanisms and modeled river behavior resulting from proposed improvements.  The objective is to control erosion and deposition of the Nenana River in conjunction with the installation of a new bulkhead retaining wall.  An analysis of alternative solutions that take into account sediment transport mechanisms, modeled river behavior, and cost are provided in this feasibility study.  This feasibility study addresses the advantages and disadvantages of each alternative and proposes a preferred solution to stabilize the Nenana River and protect the Port of Nenana.
[bookmark: _Toc309823952]Future Work
The current scope of work may possibly be further expanded to include pre-design planning services for the installation of a new bridge upstream from the proposed bulkhead that will span the Nenana River from the 10th Avenue boat landing on the east to the Totchaket Road on the west.  We believe that is vitally important to consider bridge alternatives at this time in order to properly assess river behavior and impacts to the overall river flood elevation and erosion potential both above and below the proposed new bridge site.  An erosion protection/river restoration plan that does not take into account the new bridge approaches and abutments will likely not achieve all of the desired results regarding predicting river behavior and control structures.  It is also counter to established USACE permitting guidelines that discourage project permits for only a portion of the overall project improvements.  Installation of a new bridge and downstream erosion protection and bulkhead improvements will impact that portion of the river as a whole and the USACE will consider this as one project for the purposes of permitting.  If the scope of work is expanded, the existing river model developed for improvements downstream will be modified to include the affect of bridge abutments.  Including the potential location and preliminary design of the bridge abutments into the river model is important in order to anticipate future changes to the channel meanders and bank locations of the Nenana River.  Although the effects of the future bridge abutments will be modeled, the results are not anticipated to change the proposed alternatives significantly.
[bookmark: _Toc309823953]Background Information
The Port of Nenana provides barge service along the middle and upper reaches of the Yukon River and is an important and vital link in the transportation system to Interior Alaska for moving fuel and supplies to the villages along the river system.  The City of Nenana owns the port facilities along the Tanana and Nenana Rivers.  Currently the Tanana side of the port has semi-circular cell-type bulkheads installed that both protect the river bank from erosion and provide a stable loading platform for the barges that use the port.  The bulkheads have worked well as erosion protection, but the curved surface of the bulkhead damages the sides of the barges when they are moored tight against the bulkhead, producing rounded dents.
The Nenana River side of the port has no such similar protection, although in the past there have been several different types of bulkheads installed but they are no longer serviceable.  The Nenana side of the port is used as a barge mooring location and has a marine ways to bring the barges and tugs up out of the water for repairs and for winter storage.  The City of Nenana desires to install approximately 1000 feet of new bulkhead protection to prevent erosion along the bank, provide a stable location to moor barges in the summer and to improve the existing ways to facilitate easier barge and tug removal from the river.  It would also be desirable to install a flat bulkhead system that won’t damage the barges when they are moored against the wall.  Retaining bulkhead walls used for tug and barge access should have energy cushioned systems as part of the design.  These systems are used to minimize damage to both the wall and vessels.  
[bookmark: _Toc309823954][bookmark: _Ref283988647]Nenana River Background
 (
Figure 
1
. Historical photograph in 1949 with 2009 bank locations outlined.
) (
Figure 
2
. Historical photograph in 1959 with 2009 bank locations outlined.
)Historical air photos were used to delineate the past river channel meanders and bank locations. The historical perspective clearly demonstrates that the current location of the Nenana River is much different than when the port facility was first constructed and that the river has eroded much of the bank that previously provided erosion protection. A series of digitized historical air photos from 1949 to 1984 with the current 2009 bank location outlined are presented in Figures 1 - 4. 
The oldest historical photograph on record is from 1916 but due to the quality it could not be digitized.  Comparing the 1916 photograph to the 1949 photograph, there was no appreciable change in the river bank locations during that time.  From 1949 to 1959, erosion of the bank just upstream from the proposed bulkhead is noticeable. From 1959 to 1971, there was a significant change in the bank location and erosion has continued to increase the sinuosity of the Nenana River.   
Increased deposition near the confluence of the Tanana and Nenana Rivers is also evident from the historical photos.  The historical bank locations and river channel has significantly decreased in width with the braided west channel almost completely filling in with sediment.  The main channel near the confluence has migrated to the west along with the east bank location.  In the past 15 years, according to personnel working at the Nenana Port, the river bank has moved about 20 feet toward the west bank of the Nenana River.  In order to provide adequate freeboard in the docking area on the Nenana River, the eastern channel is continually dredged.    
Further upstream beyond the project area, the river channel is further west than historical bank locations.  Although this area was not addressed in this study, it indicates that the overall sinuosity of the Nenana River has increased.  
Changes in the river channel may be partially attributed to flood events.  Two major floods have occurred in recent history.  The first in 1967 and the second in 2005?.    More about floods?. . 
The aerial photos taken in 2009 were converted to orthometric photos and were used as the basis for the digital terrain model (DTM).  A bathymetric survey was completed in 2010 and was incorporated into the DTM.  River bed contours were mapped from the 10th Avenue pit to the confluence of the Nenana and Tanana Rivers.  The bathymetric survey and DTM were used in the hydraulic analysis. 
[bookmark: _Toc309823955]Alternatives
Air photos, digital terrain models and planimetric maps were used in conjunction with river modeling software to evaluate potential alternatives for erosion control structures and bulkhead improvements.  The river model enabled predictions of river levels and velocities as necessary to design bank protection structures. For the purpose of this study, the project area was divided into the “upstream” and “downstream” reach as shown in Figure X. The upstream erosion control structures focus on the stabilizing the meander that has shown significant eastern movement.  The downstream alternatives present three bulkhead alternatives as well as erosion control structures on the west bank.  This analysis does not address the potential need of creating a temporary channel in order to divert flow while erosion control structures are constructed.    
[bookmark: _Toc309823956]1. No Build Option
If the current erosion trend of the Nenana River is allowed to continue, it is possible that the river may erode behind the planned bulkhead endangering the docking facility as well as other developments in that area including the Alaska Railroad main track.  If no erosion protection structures are placed, the meander may continue its eastern movement toward the City of Nenana.    
Expanding the existing port facilities at the City of Nenana will enhance the infrastructure of Alaska.  The existing barge facilities on the Tanana River are crucial to providing supplies to villages but the existing sheet pile wall is damaging to barges.  Something more????     
[bookmark: _Toc309823957]2. Upstream Reach
Two alternatives for erosion control on the upstream portion of the project area, referred to as Alternative 1 and Alternative 2, are presented in this report.  Upstream erosion control structures were designed to work with downstream bulkhead alternatives.  Erosion control structures may be modified during the design phase to accommodate potential bridge abutment structures.
[bookmark: _Toc309823958]2.1. Alternative 1 
Upstream Alternative 1 attempts to restore the upstream portion of the river to the approximate 1949 channel location and create a wetland mitigation bank. Restoring the river to the approximate 1949 eastern bank location would align the channel with the proposed sheet pile wall, increase the flow and velocity of the river and reduce the buildup of sediment along the wall.  An emergent wetland area will be created behind the new armored bank location.  A culvert will be installed to allow migrating fish access to the area.
[bookmark: _Toc309823959]2.2 Alternative 2
The second upstream alternative would attempt to stabilize the bank in its current location with armoring.  Two types of armoring were considered, a continuous riprap revetment and a combination of riprap revetment and stream barbs.   
[bookmark: _Toc309823960]3. Downstream Reach
Three bulkhead designs are presented in this report as the downstream Alternative A, B, and C.  Armoring and in-stream barbs location and quantity vary with each bulkhead design.  Although the cost of the bulkhead is approximately the same in all options, the site development and erosion protection cost varies significantly.  
[bookmark: _Toc309823961]3.1 Alternative A
Downstream Alternative A calls for the installation of a continuous 1200 foot sheet pile retaining wall about 60 feet from the existing right bank.  The bulkhead wall would include an opening about midway for pulling barges out of the river onto the dry dock.  Three in-stream barbs would be placed on the west bank to reduce erosion along the bank.  The barbs will also reduce sediment build-up along the bulkhead wall by increasing river velocity at the base of the wall.
[bookmark: _Toc309823962]3.2 Alternative B
Alternative B is essentially the same as Alternative A but will not have a slip for barge removal. An opening in bulkhead wall will have on-going maintenance issues and may compromise the integrity of the wall if scouring action occurs at the opening.  
[bookmark: _Toc309823963]3.3 Alternative C 
Downstream Alternative C would relocate the right bank about 180 feet to the west and create a 150 foot wide by 600 foot long slip with sheet pile wall on both sides.  Two in-stream barbs would be installed along the existing west bank to reduce erosion potential.  This alternative increases the functionality of the port by creating a large ways that allows barges to be easily removed and stored on the dry dock.   
[bookmark: _Toc309823964]Hydrological Modeling
Hydraulic and hydrological analysis of the Nenana River and the design of erosion protection structures were completed by Don Carlson, PE.  His full report is included as Appendix X.  Developing a hydraulic model of the Nenana River served two purposes, the development of velocity profiles for sizing riprap armoring and other erosion protection structures as well as analyzing the sediment deposition due to the proposed improvements.  The overall design of in-stream and bank structures are meant to be low maintenance and stable at all flows.  
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 from the bathymetric survey data collected in 2010 and the 2009 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. Channel modifications will be adjusted so that there will be no significant change in water surface elevations from the existing condition.   
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 cubic feet per second (cfs).  The 100-year discharge was used as a maximum velocity check only and found that velocities range to just under 10 feet per second (fps).  Design velocity was increased 33% over 100-year discharge in order to conservatively size the riprap.    
[bookmark: _Toc309823965]Recommendations
Based on initial velocity estimates, minimum riprap size is Alaska DOT Class II.  Increasing riprap size to Class III should make the erosion control revetments relatively 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 1949 location and by constructing stream barbs down river 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 reduce erosion along the left bank.
The secondary channel that diverges at the upper limit of the project area and discharges directly to the Tanana River may need to be deepened to provide a temporary bypass during 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 1949 channel realignment alternative.  It is probable that the main channel has eroded vertically since 1949 and the side channel has become a high water channel.  Historical photographs indicate that this secondary channel was likely the main channel prior to sediment build up. 
[bookmark: _Toc309823966]Upstream Alternative 1
Restoration of the right bank to its 1949 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 and provide a temporary bypass during construction.  Restoring the right bank to the 1949 orientation will align the channel with the sheet pile wall increasing the flow and velocity along the wall thereby reducing buildup of sediment and decrease the need for dredging along the wall.
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.  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.
The proposed embankment design is estimated to be 18 feet tall from channel bottom to top of bank with 2:1 side slopes and a 20 foot top with suitable access for maintenance vehicles. The embankment will require approximately 40 cy/lf for about 50,000 cy of fill.  Fill material may be provided from channel excavation required to construct the new conveyance channel.  The embankment will be armored with a continuous 4 foot thick section of Class III riprap and stretch approximately 1500 feet from the 10th Avenue boat ramp to the upper end of the sheet pile wall.  Due to varying channel depth along the upstream reach, approximately 1200 feet will require 7 cy/lf and 300 feet will require about 12 cy/lf for a total of 12,000 cy (21,000 tons) of Class III riprap.
[bookmark: _Toc309823967]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 nor work to reduce sediment buildup along the sheet pile wall.
A continuous 4 foot thick section of Class III riprap along the existing bank line 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 (4) 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 for a total of about 4000 cy (7000 tons) of Class III riprap.  A continuous 4 foot section of riprap will be required from the end of the sheet pile wall to about 300 feet upstream estimated at 12 cy/lf for a total of about 4000 cy (7000 tons) of Class III riprap.  Total Class III riprap is estimated to be about 8000 cy (14,000 tons).  This option was not considered in the cost estimate.
[bookmark: _Toc309823968]Downstream Reach
Three alternatives were developed for this reach.  Alternative A and B installs about 1200 feet of sheet pile retaining wall about 60 feet out from the existing right bank and removes/excavates the sand bar island to the channel bottom elevation.  The only difference is Alternative A has an opening about midway for pulling barges onto the dry dock.  For Alternatives A and B, the sheet pile wall design depth needs to consider 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 C 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 2 - 3 stream barbs along the left bank to reduce erosion and direct flow towards the sheet pile wall to reduce sediment buildup.  Each stream barb will require about 1000 cy of Class III riprap.
[bookmark: _Toc309823969]Downstream Alternative A and B
Neither of these alternatives will significantly change flood elevations because the channel excavation required to remove 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. 
[bookmark: _Toc309823970]Downstream Alternative C
Alternative C 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).
[bookmark: _Toc309823971]Geotechnical
A geotechnical investigation was performed in August, 2010.  The purpose of the geotechnical evaluation was to explore the general subsurface conditions at the site, evaluate the engineering properties of the subsurface materials and to provide recommendations and design parameters for suitable types of retaining wall systems.  The full report by Dr. Xiong Zhang is included in Appendix X.  
Three test holes were bored to depths ranging from 42 feet to 47 feet along the current Nenana River port waterfront.  The location of the boreholes is presented as Figure X. Standard Penetration Tests (SPT) were performed every five feet to evaluate the soil properties. A total of 24 inches penetration was reached in each SPT and the blow counts for every 6 inches of penetration were recorded.  In this site investigation, the number of blows required to advance the sampler the final 18 inches of the 24 inch sample was termed the penetration resistance to measure the relative density of the unfrozen granular soils.  Geotechnical soil samples recovered were visually classified in the field and sealed in airtight containers for further analysis.  Representative samples of the subsurface strata were selected and submitted to Shannon and Wilson in Fairbanks for a grain size analysis.  The borehole logs with penetration resistance values and sieve analysis results are presented in Appendix X. 
The results of the exploratory drillings and soil samples indicated relatively uniform soils at the site. Generally, the soils encountered consisted of 20 to 25 feet of poorly graded gravel (GP) or poorly graded gravel with silts (GP-GM) overlying a layer of poorly graded sand (SP).  Boring 2 was at the highest elevation and reflected several feet of sandy silts (ML) with organics and wood pieces. Figure X shows the approximate stratigraphy of the site. Groundwater was encountered during drilling in all three borings between 0.5 feet (Boring 3) and 4 feet (Boring 2) below grade, and was consistent with the observed Nenana River water level. No frozen soils were encountered in any of the three borings.
The SPT results and calculated soils properties are presented in Table X. The bulk unit weight was assumed to be 120 lb/ft3. The corrected N60 values vary from 11 to 29 blows per foot, indicating that the relative densities of the soils were low. According to Das (2006), the relative density of the soil varies from 30-60%. The frictional angles of the soil were estimated using Peck et al. (1974) and Wolff (1989)’s equation. The obtained values vary from 30° to 35°, with an average value of 32°. For granular materials, the cohesion is generally taken as zero. It is therefore recommended that the following material parameters be used for preliminary design purposes: C = 0 kPa, and ’=30°.
[bookmark: _Toc309823972]Recommendations
The SPT blow counts of the soils at the site were low, which is reflected by the low recommended soil strength parameter. In addition, the site is in an earthquake active zone, liquefaction of soils should be a concern for future design. However, the ground water table is very shallow. As a result, the active earth pressure applied on a retaining structure will be significantly reduced due to the corresponding low effective stress, about half of the active earth pressure will be counterbalanced by the water pressure in the river. For a retaining structure which is no higher than 15 feet and shallow ground water table (depth less than 3 feet), the active earth pressure on the retaining structure is relatively low and horizontal anchors may not be needed.  The minimum recommended depth for sheet piles without tie backs is 44 feet or 52 feet with a factor of safety (FS) equal to 1.5 or 2 respectively.  The minimum required depth with tie backs is 32 feet with FS equal to 2.  Tie backs should be installed every 8 feet at a depth of 2 feet with a 55,000 pound lateral force resistance.  Figures X – X represent typical retaining wall structures with and without tie backs for the subsurface soil conditions in the vicinity of the proposed bulkhead.    
[bookmark: _Toc309823973]Structural Engineering
Dr. J. Leroy Hulsey provided the preliminary retaining wall design that is based on the geotechnical findings and hydraulic conditions observed at the project area (his full report is included in Appendix X).  A hand solution using the free earth method (cantilever analysis) as well as computer models were used to evaluate the sheet pile retaining wall.  The preliminary design assumed a 300 psf of load behind the retaining wall to accommodate current and future development in the project area.  Standard methods for evaluating sheet pile retaining walls are based on hand solution techniques (these are referenced in the Sheet Pile Manual and Piling Handbook). These techniques provide the engineer a methodology to check equilibrium and it provides a factor of safety for this condition.  The hand solution methodology does not give the engineer a deterministic measure of the amount of deformation or rotation of the wall system.  The computer results provide a method for determining shear, moment and wall deformation.   If a dead man is used, the anchor force is provided.  The following computer models were used for structural analysis:
1. Cantilever wall-
a. SHRME01.DA -  Linear analysis (depth of embedment is 20 ft and height is 39 ft)
b. SHRME02.DA – Nonlinear springs (depth of embedment is 20 ft, height is 39 ft)
c. SHRME03.DA – Nonlinear springs (depth of embedment is 30 ft, height is 49 ft)
2. Anchored wall-
a. SHRME04.DA – Nonlinear springs, anchored with a dead man.  The anchor is 3-ft down from the top.  This was assumed to be a rigid anchor. 
Table X shows the expected design moments and wall displacements for the retaining wall.  These values are estimated for the purpose of the preliminary design and feasibility study.  Final design values will need to be calculated for the chosen alternative and may vary from those presented here.  
A wall with a depth of embedment of only 15 feet below the dredge line will satisfy the factor of safety requirement for equilibrium. However, deflections at the top of the wall will be excessive (over 1.5 feet). Thus, it is recommended that a tied back wall be constructed for this application. If a tied back wall is used with a depth of embedment of approximately 24 feet below the dredge line, the deflection at the top of the wall will only be about 0.03 feet (see Figures 1, 2 and 3).
Once the sheet pile wall has been installed, the contractor shall install a metal cap plate with ¾” diameter Nelson studs spaced at 12 inches on center. The concrete strength at 28 days shall be 4,000 psi and the reinforcing shall be Grade 60.  A preliminary design for this cap was prepared and it is included in Figure 9. 
It is recommended that the retaining wall be installed using PZ27 steel sheet piles. The sheet piles should be anchored approximately 3-ft from the top using a dead man. The dead man may be constructed by excavating 4-ft deep and installing a wall using any number of products such as concrete, steel or treated timbers. As an alternative, the dead man may be installed using sheet piles with a 1 3/8” rod and turnbuckle.    
[bookmark: _Toc309823974]Civil Engineering
In conjunction with the new bulkhead retaining wall design and erosion protection structures, other improvements will be made to the Nenana Port area.  The existing ways will be improved. How??? Other civil site work includes reconditioning behind the sheet pile wall and ???? MBS to say more.
[bookmark: _Toc309823975]Material Availability and Suitability 
Several source pits are located near the project site for both riprap as well as unclassified borrow or gravel.  Utilizing the materials available near the site will reduce overall cost even though the pits are not fully developed or have low yield.  It may be possible that additional materials will need to be hauled from Fairbanks or other areas.  Please refer to Figure X for the location of source pits.  
[bookmark: _Toc309823976]Doyon Pit
The Doyon Pit is located less than 5 miles from the project site.  The pit is currently not being mined but has been previously been used for Class I – III riprap. Development costs associated with this pit are included in the construction cost estimate presented in this report.  The quantity of riprap available is assumed to meet or exceed the amount required for the erosion protection structures.    
[bookmark: _Toc309823977]10th Avenue Pit
This pit is located at the upper end of the project area.  Historically it has been a good source for sandy gravels and may be utilized for general civil work.  A gradation analysis is included in Appendix X.
[bookmark: _Toc309823978]Crowley Pit
This pit is located at the lower end of the project area.  Historically materials have been dredged from the river bottom to maintain the channel depth for barge passage and moorage.  This pit has been a good source for sandy gravels and may be utilized for general civil work prior to installation of the sheet pile wall.  Gradation analysis from the dredging operations is provided in Appendix X. 
[bookmark: _Toc309823979]Construction Cost Estimate
A construction cost estimate has been developed based on preliminary design parameters for the alternatives presented in this report.  Construction costs were estimated based on the volume of riprap for erosion control structures, retaining wall structures, renovation of existing ways, and other site work.  Since this is a preliminary design, a contingency of 35% was added to the estimated costs.  The cost for developing a temporary channel to divert flow from the river during construction is not presented in this report.  This cost estimate assumes that materials available near the project site are available in sufficient quantities and quality needed to complete the project.   
Table X.    
[bookmark: _Toc309823980]Preferred Alternative
The preferred alternative combines upstream Alternative 1 with downstream Alternative C.  The design would restore the river to the approximate 1949 river location and create an emergent wetland area.  Hydraulic modeling indicates that the river velocities will increase and reduce sedimentation along the retaining wall, possibly eliminating the need for dredging.  Sediment build up along the sheet pile wall will be further reduced by the installation of in stream barbs on the left bank.  The downstream right bank will be relocated about 180 feet out to the main channel side of the sand bar and armored with riprap.  The port facilities would consist of a 600 foot long by 150 foot wide slip with sheet pile wall along both sides will provide a ways for the removal of barges prior to freeze-up as well as a docking area for loading and unloading.  The preferred is shown in Figure X.    
[bookmark: _Toc309823981]Summary
The City of Nenana’s has a unique position in Interior Alaska as a multi-modal transportation hub, providing rail, highway, air and river transportation facilities.  The unprotected Nenana River has undergone significant changes in its channel meanders and bank locations.  Historical attempts at controlling erosion have not succeeded.  This project is intended to enhance and protect the river transportation elements of the hub by analyzing sediment transport mechanisms, modeled river behavior, and site conditions to control erosion and deposition of the Nenana River in conjunction with the installation of the new bulkhead retaining wall.   
In order to design a stable bulkhead and docking facility, upstream erosion on the Nenana River needs to be addressed.  Erosion control structures upstream from the proposed sheet pile wall are necessary to decrease erosion potential behind the planned bulkhead.  If no erosion protection structures are placed, the meander may continue its eastern movement toward the City of Nenana endangering the docking facility as well as other developments in that area including the Alaska Railroad main track.
Proposed alternatives for upstream erosion structures include stabilizing the river in the current location or restoring the channel to the historical 1949 river location.  Restoring the river channel to the 1949 location would have a side benefit of creating a wetland mitigation area and migrating fish habitat.  Downstream erosion structures will manage erosion on the left bank while decreasing deposition at the base of the bulkhead wall reducing the need for dredging of the channel.
A hydrological analysis of the project area was completed using air photos, digital terrain models and planimetric maps were used in conjunction with river modeling software.  Development of the hydraulic model served two purposes: the development of velocity profiles for sizing riprap armoring and other erosion protection structures; and analyzing sediment transport due to the proposed improvements.  Based on the results of the model, it was determined that Class III riprap will make the erosion control revetments relatively maintenance free and provide lower velocity zones for migrating fish.  Some deepening of the channels will also likely be necessary in order to maintain existing water surface elevations.  
Geotechnical investigation of the area determined that the subsurface soil conditions are relatively homogenous and generally consisted of sandy gravels.  The soil was visually classified and Standard Penetration Test results were logged.  Soil penetration resistance was used to measure the relative density of the unfrozen granular soils and provide recommendations for the retaining wall design.
The preliminary bulkhead design was based on the geotechnical findings and hydraulic conditions.  A hand solution using the free earth method (cantilever analysis) as well as computer models were used to evaluate the sheet pile retaining wall.  The preliminary design determined that the retaining wall should be constructed with PZ27 steel sheet piles that are anchored with a dead man tie back.  The depth of embedment should be approximately 24 feet below the dredge line for minimal deflection at the top of the wall and eliminating the need for a riprap apron.  The retaining wall will be topped with a concrete cap.
There are several material sources near the project area for general fill or borrow and riprap.  There may not be sufficient quantities or quality to complete the project and additional materials from Fairbanks or other areas may need to be hauled.  The construction cost estimate assumes that materials required for construction of the erosion protection structures and general civil work are available near the site.  The estimate also includes a 35% contingency due to the preliminary nature of the design.
The preferred alternative combines upstream Alternative 1 with downstream Alternative C.  Although this is the most expensive option but it also provides the most functionality for the port facility and will likely be the lowest maintenance option.  Upstream erosion protection structures restore the river to historic 1949 location and create an emergent wetland area.  The retaining wall design allows for barges to be easily removed from the river and stored on the dry dock.     
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