Chapter 3

Plan Formulation -  

Initial Assessment
3.0.  PLAN FORMULATION AND INITIAL ASSESSMENT

3.1.  Existing Conditions

3.1.1. River Flow Management

The existing MKARNS operating plan consists of the following: 

· Taper operation of 40,000 cfs to 20,000 cfs.  When the flood storage remaining in the 11 controlling reservoirs reaches from 3% in the spring to 11% in the summer, the target flow at Van Buren is gradually reduced from 40,000 cfs to 20,000 cfs.  This allows navigation to continue until dredging operation can remove the sediment deposited in the channel during high flow. 

· A 75,000 cfs bench (a range, 10%-18%, where the flow is held at or below 75,000 cfs).   Storage is also adjusted seasonally to maximize benefits to farming and minimize flood impacts during the portion of the year that is more susceptible to floods.  

3.1.2. Navigation Channel Depth and Width 

Channel Depth:  Currently, the Corps is authorized to maintain the MKARNS at a 9-foot channel depth.  Due to ongoing maintenance dredging of the existing navigation channel and natural stream scour, approximately 80-90% of the system is already at least 12 feet deep.  Reaches that are currently less than 12-foot deep are scattered along the length of the MKARNS and shown on the maps in Appendix E.    

The MKARNS is approved for 3 feet of overdepth as documented in WES TR H-78-5.  Although this authorization is old and maintenance dredging volumes have decreased over the years due to river stability and reduced sediment concentrations, overdepth dredging is still required since areas that shoal continue to refill over time.  

Channel Width:  Current MKARNS channel widths are 300 feet on the White River Entrance Channel (WREC), Arkansas Post Canal, and Lake Langhofer; 250 feet on the Arkansas River; 150 feet on the Verdigris River; and 225 feet on San Bois Creek.  For most of the MKARNS, channel width is sufficient to allow tows to pass each other at any location, but the passing on the Verdigris River is restricted to only certain wider locations.  

3.1.3. Navigation Channel Maintenance (for existing 9-foot channel)
Arkansas:  Channel maintenance is performed using a contract maintenance dredge or Corps owned floating plant.   The dredge works between Navigation Mile (NM) 0 and 444.8 on the MKARNS; between NM 10 and 255 on the White River; and in harbors at Rosedale and Greenville, Mississippi, on the Mississippi River.  The work is done by station, which is equivalent to 100 feet of advance by the dredge in a cut that averages 150 feet in width at the base of the cut and averages 3 feet of depth.  Corps owned floating plants are located at marine terminals in Pine Bluff and Russellville, Arkansas and Sallisaw, Oklahoma.  Barge mounted cranes rigged with clamshell buckets periodically clam sediment areas in downstream lock approaches that are too small for the dredge. 

Dredge material is placed in designated disposal areas along the Arkansas portion of the MKARNS.  Approximately 40 overboard disposal areas and 2 upland disposal areas are used. 

Overboard disposal areas are used by dredges with floating pipeline only or by mechanical dredges with dump barges.  These areas are usually dike fields or other areas along the shoreline.  

In Arkansas, there are 138 pre-approved dredge material disposal sites encompassing 12,709 acres.  All of these sites fall within existing dike fields.
Upland disposal areas require dredges with floating and shore pipelines to pump material over land into the disposal area.  Containment dikes are initially built to hold the pumped material until the sediment settles out and the water is returned to the river through a flume box. 

Oklahoma:  The Oklahoma portion includes approximately 150 navigation miles of channel.  SWT maintains five locks and dams and 6 navigation pools.   These are: Pool 13 from the Arkansas/Oklahoma border to W. D. Mayo L&D 14, W. D. Mayo L&D 14, Pool 14, Robert S. Kerr L&D 15, Pool 15, Webbers Falls L&D 16, Pool 16, Chouteau L&D 17, Pool 17, Newt Graham L&D 18 and Pool 18 to the Port of Catoosa. 
The Oklahoma dredge disposal plan has 21 existing maintenance dredge disposal sites.    

The following paragraphs provide a description of recommended procedures to maintain the 9-foot channel on the Oklahoma portion of the system.  The sites correspond to the sites shown on the maps in Appendix E.
· River Mile 444 to 445 (Site 18A & 18B) After determining that shoaling is impeding navigation, immediately request a deviation in pool elevation from SWD.  Initiate dredging after surveys confirm the channel has narrowed to 125 feet or less and 9 feet deep along a substantial portion of the navigation channel and port approach.

· River Mile 421.8 to 422 (Site 18C):  Clamming/dredging operations in this area will be initiated as needed for dock access, or when shoaling impedes double lockages.  Clammed or dredged material is deposited on the left descending bank.  A dozer on the bank moves the material into dikes and piles.  

· River Mile 421 to 421.5 (Site 17A):  The dredge should be mobilized when the design channel is reduced to 125 feet wide or 9 feet deep.  In the interim period of dredge mobilization, the buoy line can be moved toward the center of the channel to allow navigation to continue, however this will cause tows to be misaligned for entering or leaving the lock and should not be continued for long periods of time.

· River Mile 401.5 to 403.5 (Site 17B):  After confirming that shoaling has developed and is impeding navigation, immediately request a deviation from SWD to raise pool.  Mobilize the dredge after determining that the channel is less than 125 feet wide or 9 feet deep.

· River Mile 400 to 401.5 (Site 16A):  Immediately request a deviation in pool elevation from SWD after determining that shoaling is impeding navigation.  Initiate dredging when the channel is reduced to 125 feet wide or 9 feet deep.
· River Mile 393 to 395 Three Forks Area (Site 16B/15C/16D/16E & 16G):  Standard operating procedures include holding sufficient water in Oologah Lake to maintain a flow of 15,000 cfs for 3 days down the Verdigris River, immediately following high flows on the Arkansas, to flush deposited sediments through the reach.  If navigation is impeded, and flushing doesn’t work or is not available, ask for a pool elevation deviation from SWD.  When the channel is reduced to 150 feet wide or 9 feet deep in the approach area to the Verdigris River, initiate dredging procedures.

· River Mile 392 to 393 Hwy 62 Bridge (Site 16F & 16G):  Request a pool elevation deviation from SWD when it is determined that shoaling is impeding navigation.  Initiate dredging procedures when the channel is reduced to 150 feet wide or 9 feet deep.

· River Mile 348-349.5 Sandtown Bottoms/Tamaha (Sites 15B & 15B-1):  Request a pool elevation deviation from SWD when it is determined that shoaling is impeding navigation.  Initiate dredging procedures when the channel is reduced to 150 feet wide or 9 feet deep.

· River Mile 353 to 356 Confluence of Canadian River (Sites 15A & 15A-1):  Request a pool deviation from SWD when it is determined that shoaling is impeding navigation.  Initiate dredging procedures when the channel is reduced to 150 feet wide or 9 feet deep.

· Sans Bois Creek, Mile 6.5 to 7.5 (Sites 15C & 15C-1):  Request a pool elevation deviation from SWD when it is determined that shoaling is impeding navigation.  Initiate dredging procedures when the channel is reduced to 125 feet wide or 9 feet deep.

·  Sans Bois Creek, Mile 8.0 to 11.0 (Sites 15D/15E & 15F): Request a pool elevation deviation from SWD when it is determined that shoaling is impeding navigation.  Initiate dredging procedures when the channel is reduced to 125 feet wide or 9 feet deep.

· River Mile 311 to 319.6 Camp Creek, Peno Point Area to Lock 14 (Sites 13A/13B & 13C):  Survey this area immediately following high flows to determine if shoaling has occurred and restricted the channel.  If shoaling has occurred, monitor the area for 30 days to determine if shoaling is being reduced by power flows.  If shoaling is not reduced after 30 days of power flows and the channel is reduced to 150 feet wide or 9 feet deep, initiate dredging procedures.   

· Poteau River Mile 0 to 2.0 & Turning Basin (Sites 13D & 13E):  Initiate dredging procedures when the channel width is reduced to 125 feet wide or 9 feet deep and/or the turning basin becomes unusable. 
Historic review of SWT’s maintenance dredging records indicates that nearly 10 million cubic yards of material have been dredged since 1971 at an average cost of $2.05 per cubic yard.

3.1.4. Other Considerations

3.1.4.1. Bank Stabilization

Oklahoma:  Bank stabilization is essential to prevent the river from meandering.  Wave action and directed river flows can cause bank sloughing, especially along areas where a new channel has been constructed.   Riprapping and the installation of gabions and other actions have been implemented to decrease erosion and stabilize banks.  Some areas, most notably in Pool 15 have had recurring bank stabilization problems.   

Arkansas:  Currently, an Indefinite Delivery/Indefinite Quantity contract is issued with a base year plus two option years to make bank stabilization structure repairs and channel improvements in the Arkansas reach of the MKARNS.  The repairs utilize various sizes of stone either hauled in by barge or truck depending on available access.

3.1.4.2. Existing Dikes and Revetments 

Oklahoma: The Corps constructed dikes, revetments and cutoff channels to rectify and control the alignment of the river.  These structures reduce both initial and maintenance dredging sediment by decreasing the sediment supply and increasing the sediment carrying capacity of the river. Contraction dikes and other bank stabilization structures were constructed along the channel.  Table E-3 in Appendix E, displays the estimated number of structures by navigation river mile in Oklahoma within the existing channel.
Arkansas:  There are more than 1,000 existing bank stabilization structures in Arkansas consisting of the following: stone-fill revetments and dikes; trench-fill revetments and wood pile revetments; and dikes filled with stone.  These river training structures help scour the channel and maintain channel alignment.  A list of these structures is shown on Table E-4 in Appendix E.

3.1.4.3. Existing Environmental Features 

The existing natural, cultural, manmade, and socioeconomic features within the MKARNS study area have been documented in detail in the EIS.  These features served to establish baseline conditions in order to evaluate impacts from the implementation of the proposed action.  The specific resource categories described in this section include the following:

· Air Quality 

· Noise

· Geology and Soils

· Surface Waters

· Land Use

· Infrastructure

· Biological Resources

· Recreation and Aesthetic Values

· Cultural Resources

· Sociological Environment

· Economic Environment

3.1.4.4. Existing Levees

Most of the current levees along the MKARNS were built in the late 1940s and early 1950s, replacing the original levees, which were built in the early 1900s and destroyed by the flood of 1927.  The focus of the levee system is protection of towns and agricultural lands from periodic flooding by the Arkansas River and its major tributaries.  The levees along the MKARNS, consequently, control the area of influence of the MKARNS to those lands within the levees.  The existing levees in the study area are shown in Table E-11, of Appendix E.

3.1.4.5. Real Estate

SWT acquired land on the MKARNS required for flooding and flowage from the confluence of the Arkansas, Canadian, and Verdigris Rivers downstream to the dam at the Robert S. Kerr Lock and Dam and Reservoir Project (RSK).  Below RSK, the SWT relied entirely on navigation servitude to provide land for the project, except for the footprint of locks and other structural improvements.  Other than that deemed navigation servitude, no land was acquired for flooding or flowage for the MKARNS between RSK and the civil works boundary with SWL.  

The reliance on navigation servitude, a right reserved in the Commerce Clause of the U.S. Constitution, is significant as it forms the legal basis for the Federal Government’s use of the Arkansas River channel for navigation purposes.  The lateral extent of this right is the ordinary high water mark (OHWM) elevation of a non-tidal river.  Current application of the original navigation servitude determination is problematic as no record is available regarding either the location or elevation of the OHWM below RSK within SWT.  Consequently, the location of the OHWM is a critical prerequisite to initiating a real estate determination.  It should be noted that there is a significant difference between the OHWM elevation used by SWT and SWL.  This anomaly has resulted in the acquisition by SWL of land on the MKARNS approximately two river miles west of the district boundary; an area SWT did not acquire as it considered it subject to navigation servitude.

The location of the OHWM was administratively determined at an Arkansas River Navigation Study Issue Resolution Conference (IRC), held at SWD on 22 January 2003.  The administrative finding of that IRC was that the OHWM of the Arkansas River from Robert S. Kerr Project to the civil works boundary with SWL is the one-year flood frequency high water mark based upon the currently existing operation of the system with all upstream flood control and navigation improvements in place.  This elevation establishes the beginning point for the determination of real estate requirements for the Arkansas River Navigation Study alternatives, but does not resolve the OHWM elevation differences between the two Districts.  At this time, there is no plan to resolve this issue.  Study results are not dependent upon resolution of the OHWM differences.

3.2. Future Without Project Conditions

The no action, or future without project condition, defines what the likely conditions will be for the MKARNS in the absence of any Federal action.  The without project conditions serves as a baseline against the alternatives evaluated.  The future demand for waterway transportation is a key factor in defining the without-project condition and determining the need for future navigation improvements.  The no action plan was evaluated as the first component for flow management (Section 3.6.1.1.), channel deepening (Section 4.2.2.1.), and maintenance dredging and disposal (Section 3.6.3.1.1.).

3.3. Specific Problems and Opportunities

3.3.1. River Flow Management

Impacts to navigation result from the number of days of high flows caused by flood events in which towboats cannot safely or economically operate on the system. Navigation traffic is severely restricted when river flows reach 100,000 cfs at Van Buren, Arkansas.  Optimum flows for commercial navigation are less then 61,000 cfs at Van Buren.  For shippers and vessel operators, three specific problems exist.  First, the closure of the river to navigation during and after storm events reduces reliability of shipping on the system.  Second, the extended higher flow conditions require vessel operators to utilize higher horsepower towboats and smaller tow size.  Third, shipping charged during high flows, such as barge demurrage and “hot water” charges for special services, make the land mode of transport the least cost mode.  Specific details of these three problems are as follows:

· The limitations on commercial navigation during and after storm events that cause high flow rates reduces reliability of shipping on the MKARNS.  Shippers and vessel operators are in the position of absorbing costs associated with the unreliability of the navigation system.  For shippers these costs include the risk of plant shut down due to inventory depletion or, conversely, high inventory cost of carrying excess inventories to avoid the stock out condition.  For vessel operators, the costs associated with “parking” tows and towboats during high flows are not offset by revenues.  Prices for towing services are established weeks before vessel departure, and vessel “parking” is not included.

· Extended higher flow conditions require vessel operators to utilize higher horsepower towboats and smaller tow size.  In anticipation of probable storm events, vessel operators on the MKARNS utilize above average horsepower towboats and smaller than average tow sizes for similar tributary river situations.  With these higher operating costs tow operators have high mil towing rates, requiring barge operators to aggressively market the Arkansas River to effect the most efficient two-way loaded hauling and avoid empty barge movement.  On an annual basis, up bound loaded covered hopper barges exceed down bound loaded covered hopper barges, resulting in new barge operators being reluctant to bring equipment on to the river.

· Shipping charges during high flows, such as barge demurrage and “hot water” charges for special services, are assessed to the shipper.  For shippers and terminal operators on the MKARNS, the high flow storm events place uncertainty on shipping charges and costs.  Specifically, when barges are “parked” and free time expires, demurrage charges are incurred.  In addition, upon arrival barges become bunched at the terminals, exposing either the terminal or shipper to demurrage charges.  Special charges, commonly referred to as “hot water” charges, can be incurred by shippers if they elect to have their barges moved to destinations in a one or two barge tow service.  

3.3.2. Navigation Channel Depth and Width

Channel Depth:  Commercial navigation is not at optimum productivity within the MKARNS since its 9-foot deep navigation channel limits towboat loads compared to the Lower Mississippi River’s authorized 12-foot draft channel.  Changing the channel depth to 12-foot would allow tow drafts on the MKARNS to be more compatible with navigation on the Mississippi River.  Though only 9-foot navigation is maintained on the Mississippi River during the low flow season, tows drafting 12-feet can navigate the reach up to Memphis most of the time because of the higher flows and corresponding depths characteristic of the Mississippi River.  Typically, water depth a minimum of three feet deeper than the tow draft is available though tows have been known to navigate with as little as one-half to one foot of clearance between the bottom of the tow and the river bed in isolated, short reaches.  The disparity between the navigation channel depths in the two river systems results in less efficient barge operations than could be achieved with a consistent 12-foot navigation channel throughout the MKARNS and lower Mississippi River commercial navigation systems.
In addition, a number of private and public ports on the system can currently only accommodate tow and barges capable of operating in a 9-foot channel.  In order to realize the benefits of the deeper channel, these ports would have to modify their facilities to accommodate barges with deeper drafts.  Although this will not be a federal cost it is included in the total project cost.  

Another problem to be addressed during this phase is disposal of the dredged material from construction and maintenance of the deepened channel.  Dredged material can be placed in existing or newly built disposal areas, unconfined directly on the bank, and in-stream.  Portions of the Arkansas River navigation system in Oklahoma are listed as impaired (303(d)-listed) waters by the State of Oklahoma.  This impairment is largely associated with high turbidity that is related to both naturally occurring and human induced conditions. Under impaired water categorization, any action, such as dredge disposal, would be closely evaluated for adverse impacts on water quality. Disposal in any unconfined area, including those on the banks or in open water is considered in-stream disposal in Oklahoma. With the initiation of the study, the Oklahoma Department of Environmental Quality (ODEQ), along with other state and federal agencies, has been incorporated into the project delivery team.  As part of the study efforts, the ODEQ and SWT initially met to discuss options and to work together to determine the most cost effective means of operating and developing the navigation system while addressing water quality concerns.  This discussion included options for disposal of dredge materials, including the potential for in-stream disposal of materials in limited areas.  The study will develop an adaptive and best management practices strategy to minimize dredge disposal impacts on water quality in all areas of the river and especially those portions of the system designated as impaired.  The ODEQ has agreed to consider these options provided that the most feasible measures are employed for turbidity control.  Dredge disposal techniques such as submerged silt screens and other innovative technologies will be explored during detailed pre-construction planning to insure that water quality impacts are minimized. The Corps will monitor water quality parameters during dredge disposal activity to insure that minimizing impacts is being achieved. If needed, additional measures will be implemented to meet the overall goal of minimizing impacts.   Such evaluations will consider the most cost effective means to accomplish protecting water quality in the system.  By doing so, both in-stream and upland disposal techniques will potentially be part of the dredge disposal strategy.  This study will also address opportunities for beneficial uses of the dredged material such as least tern islands to improve tern habitat.

Channel Width:  Currently, the 150-foot wide Verdigris portion of the waterway can only accommodate one-way barge traffic with the exception of areas designed with passing lanes.  The study will evaluate widening the Verdigris portion of the system to a 300-foot wide channel to handle two-way traffic.  Increasing the width of the Verdigris River to 300 feet would ease congestion by allowing tows to pass at almost any location on that portion of the system.

3.3.3. Navigation Channel Maintenance (for the existing 9 foot channel):  Current commercial navigation operations on the MKARNS require the maintenance of a minimum 9-foot channel throughout the system from the Port of Catoosa to the Mississippi River.  The maintenance of the 9-foot channel is accomplished by a series of “river training structures” and channel maintenance dredging at locations where sediment accumulates within the navigation channel to a point where the channel would be less than 9 feet in depth without dredging.  The removal or excavation, transport, and placement of dredged sediments are the primary components of the “dredging process”.  After the sediment has been excavated, it is transported from the dredging site to the designated disposal area. This transport operation is accomplished by the dredge itself or by using additional equipment such as barges or pipelines with booster pumps.  

In Arkansas, dredge material will be disposed of in existing designated disposal sites.  No additional sites are required for maintenance of the 9-foot channel.  The estimated maintenance dredging requirements for existing conditions is assumed to continue at the same rate as experienced over the last eight years as shown in Table A-15 in Appendix A.  Under existing conditions, the remaining storage capacity (in years) for in-stream disposal sites (dike fields) in Arkansas were estimated for Pools 12,10, 9, 8, 7, 5, 4, 3, and 2 and were determined to be 34 years, 64 years, 66 years, 43 years, 40 years, 58 years, 27 years, 53 years, and 47 years, respectively.  
In Oklahoma, the specific problem areas are listed as follows and correspond to the sites shown on the maps in Appendix E, which display the historic and future needs for dredge disposal.   Unexpected high flows may dictate when actual dredging is required for any given site.  Sediment load varies and bed load displacement may actually require dredging sooner than anticipated.  Detailed discussions of the existing and future dredging needs are discussed in Sections 16 and 17 in Appendix A.

· River Mile 444 to 445 (Site 18A and 18B):  Deposits from the Verdigris River and Bird Creek cause shoaling and narrowing of the navigation channel and at the mouth of and into the Port of Catoosa maintained area.    The channel becomes partially blocked after heavy flows from one or both of Bird Creek or Verdigris River.  Port traffic is heavy in this area, which creates a serious situation when the tows start reporting they are bumping. 

· River Mile 421.8 to 422 (Site 18C):  This area is located on the left descending bank immediately upstream of L&D 18 and includes the government wharf area.  Large debris and trees deposit in the wharf area restricting government fleet activities.  On occasion, the shoaling also impedes navigation by impairing the ability for tow passage during double lockages.  

· River Mile 421 to 421.5 (Site 17A):  This area is located immediately downstream of L&D 18 extending approximately 2000 feet downstream.  Shoaling occurs on the left descending bank and interferes with proper alignment of tows entering and leaving the lock.

· River Mile 401.5 and 403.5 (Site 17B): This area extends from L&D 17 to upstream about 1-½ miles.  Shoaling in this area creates a hazard to tows entering and leaving the lock approach channel due to outdraft generated by tainter gates.

· River Mile 400 to 401.5 (Site 16A):  This area is located immediately downstream of L&D 17 to approximate river mile 400.  Sediments, which are carried through the tainter gates on the outlet channel during high flows, deposit in this area, causing shoaling.

· River Mile 393 to 395 Three Forks Area (Site 16B/16C/16D/16E & 16G):  This area is located in the Three Forks area.  Shoaling occurs as a result of sustained high flows on the Arkansas River, which deposits sediments throughout the reach, normally on the right descending bank and mouth of the Verdigris River confluence.

· River Mile 392 to 393 Hwy 62 Bridge (Sites 16F & 16 G):  This area is located upstream of the Hwy 62 Bridge. Shoaling usually occurs after sustained high flows down the Arkansas River or Grand River. Shoaling usually develops on the right descending side of the Navigation Channel.
· River Mile 353 to 356 Confluence of Canadian River (Site 15A & 15A-1):  Maintenance dredging has not been required in this area, since operations commenced in 1970. The Canadian River deposits continue to extend the delta further into the reach. This continued delta growth could result in future dredging being required.
· River Miles 348-349.5 Sandtown Bottoms/Tamaha (Site 15B & 15 B-1):  Maintenance dredging has not been required in this reach of the channel. Deposits from high flows on the Canadian and Arkansas Rivers have continued to grow in the area. Continued shoaling may result in future dredging of the area.
· Sans Bois Creek Mile 6.5 to 7.5 (Sites 15C & 15 C-1):  Maintenance dredging is currently needed in this area. Surface runoff, prop wash and high flows down the Sans Bois Creek have result in a very slow build-up of deposits in the channel. 
· Sans Bois Creek Mile 8.0 to 11.0 (Sites 15D/15E & 15F):  Maintenance dredging has not been required in this area. Surface runoff, prop wash and high flows down the Sans Bois Creek result in a very slow build-up of deposits in the channel. Continued shoaling in the area may result in future dredging being required.
· River Mile 311 to 319.6  (Site 13A - Lock 14, Site 13B – Peno Point, Site 13C - Camp Creek):  This area shoals after sustained high flows of 75,000 cfs or more – after high flows subside, power flows usually clear the channel.

· Poteau River Mile 0 to 2.0 & Turning Basin (Sites 13D & 13E):  The Port of Fort Smith and other smaller facilities use this reach.

Table 3-1 displays the estimated maintenance dredging needs by reach in Oklahoma for the long term (50-years).  These estimates were based on past history and experience of the MKARNS and assigning a frequency of refilling of the initially dredged areas.  As the system dynamics change in the long term, it is difficult to assess the requirements beyond 50 years.  SWT typically reviews the dredge disposal plan every 5 years and revises the plan every 20 years to reflect actual changes in the river characteristics and sediment patterns. The remaining capacity of the existing disposal sites in Oklahoma has a relatively short remaining life, less than 10 years. Portions of the Arkansas River navigation system in Oklahoma are listed as impaired (303(d)-listed) waters by the State of Oklahoma.  This impairment is largely associated with high turbidity that is related to both naturally occurring and human induced conditions. Under impaired water categorization, any action, such as dredge disposal, would be closely evaluated for adverse impacts on water quality.  Disposal in any unconfined area, including those on the banks or in open water is considered in-stream disposal in Oklahoma.  The availability of economical and environmental favorable upland disposal sites is very limited in the Oklahoma reaches of the system, requiring closer evaluation of in-stream disposal as a method to meet future needs.

	Table 3-1

Future Maintenance Dredging Requirements, Existing 9-foot Channel

Oklahoma Portion of the Arkansas River Navigation System

	Verdigris River

	Navigation Mile
	Quantities (cubic yard)

	444.6 - 445.0
	600,000

	444.0 - 445.0
	

	421.6 - 422.2
	100,000

	420.8 - 421.6
	500,000

	401.6 - 402.6
	300,000

	400.5 - 401.0
	400,000

	395.0 - 395.5
	900,000

	Arkansas River

	Navigation Mile
	Quantities (cubic yard)

	393.0 - 395.0
	1,300,000

	392.8 - 393.3
	   500,000

	353.0 - 356.0
	   100,000

	348.0 - 349.5
	   100,000

	6.9 - 7.4 San Bois Creek (SBC)
	   200,000

	8.0 - 11.0 SBC
	   300,000

	318.3 - 319.1
	   200,000

	315.0 - 317.2
	   500,000

	311.8 - 313.9
	   500,000

	308.6 - 312.0
	   300,000

	0.0 - 2.0 Poteau River
	   200,000


3.4. Planning Constraints

Planning constraints include the following:

· Maintain all existing project purposes – flood control, navigation, fish & wildlife, hydropower, recreation, and water supply
· Allow all existing locks to remain in operation
· No change in channel capacity downstream of reservoirs
· No reallocation of reservoir pools
· Minimize/mitigate residential and agricultural flood damages
· Reduce incidents of streambank erosion
· No large scale acquisition of land
3.5. Summary of Detailed Studies Performed 

3.5.1. Sediment Transport Model Studies.   The ERDC developed a 2-D numerical sediment transport model in the upper end of Pool 2.  This river reach was modeled because this reach has traditionally been a highly dredged reach, and since 1995 has accounted for about 40% of all of the dredging needs in the Little Rock District on the Arkansas River portion of the system.  The sediment transport model chosen for use in this study, CCHE2D, was developed by the National Center for Computational Hydroscience and Engineering at the University of Mississippi.  This model verified that proposed structures would produce sufficient scour to maintain a 12-foot deep by 250-foot wide channel for the river reach from NM 43 to 45 in Pool 2 while having negligible impacts on water surface elevations and sediment transport.  Details of the study are presented in Appendix A, Hydrology & Hydraulics.  For all the river reaches, 1-D HEC-RAS models were used to assess the impacts of the conceptually designed proposed structures.  The 2-D modeling results were used to validate the results of the 1-D modeling.  A correlation of the observed bed shear to the channel scour and the sediment transport capacity change shown to occur in the 2-D model was used.  Proposed structures were input as typical for a reach in the 1-D models to determine the increase in bed shear for that reach.  Once the bed shear change was similar to the bed shear change in the 2-D model, the design was considered good.  Then the HEC-RAS channel sections were modified based on the amount of scour as shown in the 2-D modeling.  These 1-D models were used to determine the impacts of the proposed hydraulic structures.  Detailed sedimentation studies were not performed, as it was believed that the proposed project would have only local effects on the sediment transport capacity.  The 2-D model results confirmed this belief as sediment was seen to scour in the channel in both depth and width in the areas of the proposed structures, while the navigation channel downstream of the proposed changes remained relatively stable with indications that additional deposition would occur mostly in the dike fields.  Again, for the other modified reaches the hydraulic design module of the HEC-RAS program was used to indicate the sediment transport potential due to the proposed plan.  This sediment transport potential change was compared to the 2-D model results to assess if there would be an expected aggradations or degradation problem due to the change in the river reaches’ sediment transport capacity.  ERDC performed an analysis of Pool 7 using the numerical model SIAM.  The results of the analysis showed that the proposed 12-foot channel in Pool 7 would have a negligible effect on the existing conditions.  The results of this study are located in the EIS.
3.5.2. Dredged Material Volume Studies.  Dredging records for the MKARNS were available from 1995 through 2002.  Also, Arkansas River dredging history from 1969 through 1994 was documented in a 1995 paper written by Tasso Schmidgall of SWD.  This paper was titled “Twenty-Six Years of Dredging on the Arkansas River”.  From these sources, dredging volumes averaged 3.5 million cubic yards (MCY) for 1971-1978, 1.3 MCY for 1979-1986, 1.2 MCY for 1987-1994, and 0.3 MCY for 1995-2002.  The average flow volumes at Little Rock for these periods were 33.5, 33.0, 40.3, and 35.2 million acre-feet, respectively.  These numbers reflect a continued decrease in the amount of sediment that is being transported and deposited in the navigation channel.  The reduction in dredging volumes is attributed to the system adjusting to the original placement of the river training structures and the continued bank stabilization measures thus decreasing the amount of sediment that is being transported and deposited in the navigation channel.  The Corps has not collected Arkansas River suspended sediment samples since 1981.  Three samples were collected and analyzed by the USGS for this study with all showing a decrease in the concentration of suspended sediments.  The average sediment load for 1972-1981 was estimated at 7.8 million tons per year (MT/Y).  Estimates of sediment load computed in the Arkansas-White River Cutoff Project Feasibility Study done in 1999 were from 4.6 MT/Y to 13.3 MT/Y.  The estimated sediment load based on the three samples and the assumed suspended sediment concentration used in the 2-D modeling was 2.9 MT/Y.  Only an assessment of sedimentation impacts was performed for this study, as it was believed that this proposed project would have only local effects on the change in sediment transport capacity.  The 2-D modeling results in Pool 2 support this belief as sediment was seen to scour in the channel in both depth and width in the areas of the modified structures, while the navigation channel downstream of the proposed changes remained relatively stable with the additional deposition occurring mostly in the dike fields.  Based on the previous history of dredge volumes on the MKARNS, it is estimated that maintenance dredging will be necessary two times a year at the lock approaches and every other year at the reaches dredged but no structures.  The future maintenance dredge volumes were based on the original dredge volumes computed from the 2003 hydrographic survey needed to obtain the 12-foot channel (plus 3 feet overdepth dredge) and were assumed to be 200% (100% twice per year) for the lock approaches, 50% at areas that no structures were modified and 10% at the areas that had modified structures.  The estimated increase in maintenance dredging for supporting a 12-foot navigation channel for the MKARNS is about 0.58 MCY per year in the Little Rock reach and 0.24 MCY per year in the Tulsa reach for an annual total of 0.82 MCY.  See Table A-17 in the H&H Appendix (Phase II) for the annual maintenance dredging increases per reach for the 10, 11, and 12-foot.
3.5.3. Disposal of Dredged Material Studies.  Dredged material disposal areas for placement of material during initial construction and follow-on maintenance dredging were identified.  Dredged material can be placed in existing newly built disposal areas, unconfined directly on the bank, and in-stream. 
3.5.4. Impacts on Existing Locks/Lock Sill Depth Test:  The potential impacts of deeper drafting barges include: lock sill clearance, excessive turbulence during lock operation (filling and emptying), out draft currents, barge impacts on approach walls, and damage to the tow haulage.  To reduce the costs of modifying existing locks, the study addressed possible solutions such as changes in towboat operation during lockage and changes to lock operation (filling and emptying procedures).  
Clearance of the lock sill is important because of the safety and maintenance problems if the tow strikes the sill while entering or exiting the lock.  Also, inadequate sill clearances constrain the entry and exit times of the tow.  Reduced entrance/exit speeds may or may not be sufficient to prevent damage to the barge and sill.  Fifteen of the locks on the MKARNS have a minimum of fourteen feet of clearance on the lower sills.

The proposed barge drafts do not meet the current design guidance for the clearance over the concrete sill.  Design guidance, EP 1110-2-14 states, “Ideally, 95 percent of the time, the depth over the sill of twice the tow design draft should be available (ex. 18-ft depth over the sill for a 9-ft channel).  A minimum clearance of 1.7 times the draft should be available 100% of the time.”  While EM 1110-2-1604 states, “A sill depth less than 1.5 times the tow draft (1.5d) …. should not be considered due to safety reasons.  A normal entrance speed of approximately 3 mph requires a sill depth of 2d to avoid excessive squat and loss of vessel speed control.”  The depth at the downstream sills at 15 of the 18 locks on the MKARNS is 14 feet, thus reducing the proposed barge’s sill clearance to 2.5 feet. The publication ERDC/CHL TR-00-13 presents results and guidance derived from the tests and states, “Based on these model and prototype experiences, clearance beneath the design vessel should be 0.61-0.91 m (2-3 ft) to prevent the tow from striking the sill”.  Most of the tests/observations were with barges drafting 9-feet with some tests conducted for barges drafting up to 10 feet.  It is unlikely that barges drafting 11.5-ft on the MKARNS will strike any downstream lock sill provided some operational procedures are followed.  Therefore, no modifications to the downstream sill will be required and only the minor change of reducing tow entering and exiting speeds will be required for 11.5-ft drafts.  ERDC has done some modeling and prototype testing in this area.  
The proposed barge drafts (11.5 feet) do not meet the current design guidance for the clearance above the filling and emptying ports of the locks.  It is unlikely that barges drafting 11.5-ft on the MKARNS will strike any downstream lock sill provided some operational procedures are followed.  Conclusion is that no modifications to the downstream sill will be required and only the minor change of reducing tow entering and exiting speeds will be required for 11.5-ft drafts.  The sidewall port design at 16 (including MPLD) of the locks was based on model tests as documented in WES TR No. 2-743.  Results of these tests recommended the design of sidewall port systems for 110- by 600-ft locks on the MKARNS to have; (1) Port-to-culvert area ratio of about 0.95, (2) Ports spaced on 28 foot, (3) Port manifold cover at least 50% of chamber length, (4) Port manifold be approximately centered in the lock chamber, (5) Triangular recesses/deflectors be installed in front of the upstream one-third of the ports, (6) Ports with throat areas in the 9- to 10-sq-ft range be used in low-lift projects with minimum submergences of about 15 feet.  The Dardanelle and Kerr projects have bottom lateral filling systems, which are designed to produce very uniformly distributed flows during lock filling and emptying.  No increases in hawser forces from hydraulic flow conditions are anticipated at these two projects.  The proposed 11.5-foot draft reduces the minimum design clearance from 5 to 2 feet at most of the locks, and would most likely cause the hawser forces to exceed the current design guidance of a 5-ton stress limit.  
Accordingly, the deeper draft barge tows (11.5 feet) will use the existing tow haulage equipment in Arkansas resulting in an increase in maintenance costs from potential damage to the equipment since the tows are heavier than the equipment is designed for.  The increased operation and maintenance costs are included in the cost estimates.  For this report, two measures have been taken to estimate the barge impact issue.  First, included in the cost estimate are costs for pinning guide walls at specific locks as well as increased operation and maintenance costs.  Second, the navigation model includes additional lockage time for entry and exit from each lock (20 minutes for single lockage, 36 minutes for double lockage).  Benefits were calculated both ways and are presented in the Economic Appendix: when tow-haulage systems are operable and these are in Section B.6.8.2.1.; and when tow-haulage systems are not operable and double lockages are required for barge tows deeper than 8.5 feet and these are in Section B.6.8.2.2.
For this study, some of the preceding issues were addressed using results of prototype tests conducted at Lock 2 located in the Arkansas Post Canal at NM 13.3 on the MKARNS.  Barges that draft 11.5 feet and 9 feet were used in testing.  Fifteen barges drafting 11.5 feet and nine barges drafting 9 feet, in two separate tows, were navigated downstream from River Mountain Quarry, located in Lake Dardanelle.  A special operation of raising the navigation pools was necessary to assist in navigating the barges downstream.  The first tow experienced groundings at NM’s 176.5 and 96.5 and the second tow at NM’s 146.5 and 96.5.  The existing tow haulage equipment was used at all of the eight locks traversed with no reported problems.  Lock 2 was chosen as the site of the prototype tests due to surging that occurs as a result of lock discharge.  This surging temporarily lowers water level over the sill and can add to the potential for sill strike.  Lock 2 was also the best location at which to obtain a reliable minimum tailwater.  Existing depth over the lower sill at Lock 2 is about 15 feet with 1 foot provided by a removable addition to the original weir at the next downstream dam (Lock 1).  Removing the weir addition allowed testing at a 14-foot depth over the downstream sill at Lock 2.  The field test had two objectives;  (1) evaluate potential for sill strike where lower sill depths can be as low as 14 feet without surging, and (2) evaluate potential for sill strike at Lock 2 where lower sill depth is 14.8 feet and surging is present.  The preliminary results from the Lock Sill Clearance, Lock Filling and Emptying and Lower Approach Field Tests at Lock 2 on the MKARNS were furnished to SWL.  Some comments and observations that are stated in the report are:  1) According to the data and the computed values, it appears that deeper draft vessels on the waterway could potentially experience more difficult navigation conditions and possibly safety concerns at some of the lock projects on the waterway.  2) All 15 projects on the river system would fail to meet the upstream approach clearance requirements of 4 to 6 feet above the guard wall ports as set forth in EM 1110-2-1604.  3) Since some or all of the projects on the MKARNS could potentially experience some negative impacts to the current navigation conditions at each of the projects, further investigations are warranted.  (4) Some operational changes at Lock 2 will be required in order to reduce the chance of a barge striking the upstream miter gate.  (5) The current filling and emptying operations will be satisfactory for all the side port system locks, except the Ozark and Webbers Falls projects due to the greater lifts of 34 and 30 feet, respectively.  ERDC recommends using the numerical models HAWSER and LOCKSIM to determine the impacts to hawser forces and lock filling and emptying times for these projects.  (6) The results of the tests on the barges moored downstream of the lock discharge showed significant increases in the hawser forces.  Further test details, observations, recommendations and conclusions are presented in Appendix A, Hydrology & Hydraulics.  

Finally, increasing the draft of the barges will adversely affect the maneuverability of the tow as it traverses upstream. The ports in the upper guard wall, designed to reduce crosscurrents, will not have the recommended clearance of 4 to 6 feet as per EM 1110-2-1611.  The change to an 11.5- foot draft could alter the out draft and draw, and thus, increase the chance that entering barges could strike the upper guard wall.  Exiting tows could get pinned against the guard wall due to these forces.  The increase in draft to 11.5 feet will increase the barge mass by about 35% (11.5/8.5) and this translates to higher impact forces to the semi-gravity approach walls.  

ERDC conducted an evaluation of all the upstream lock approaches.  This evaluation was based on guidance in EM 1110-2-1611 and the results of recently completed Lock Approach Guidance research, ERDC/CHL TR-04-4.  Based on this review, ERDC recommends that the projects having the highest potential for approach problems be evaluated with the use of a physical model.  This evaluation may require only a single model study, but possibly as many as four model studies may be needed to answer the effects of the deeper draft vessels on navigation conditions in the upper lock approaches.

In summary, the testing at Lock 2 lead to the following findings for barges that draft 11.5 feet:  (1) There will be a negligible chance of the barges striking the downstream lock sill when the minimum expected tailwater depth of 14 feet occurs at the MKARNS projects; (2) It is highly unlikely that the barges will strike the downstream lock sill at Lock #2 due to surging in the canal; (3) Some operational changes at Lock #2 will be required in order to reduce the chance of a barge striking the upstream miter gate; (4) The current filling and emptying operations will be satisfactory for all the side port system locks, except the Ozark and Webbers Falls projects due to the greater lifts of 34 feet and 30 feet, respectively.  ERDC recommends using the numerical models HAWSER and LOCKSIM to determine the impacts to hawser forces and lock filling and emptying times for these projects.  This modeling will be performed in the PED phase of the project.  Locks on the Arkansas part of the MKARNS have tow haulage systems.  This equipment was not designed to pull the deeper draft barges.  Additional costs were included in the cost estimates to account for the expected increase in operations and maintenance expenses.
3.5.5.  Impacts on Existing Dikes and Revetments.  The dike and revetment structures will either be raised and/or extended or new structures added to induce scour where needed to obtain the necessary navigation depth. For the identified reaches requiring channel deepening to obtain the 12-foot deep navigation channel, the proposed river training structures were designed based on the original analytical channel studies and physical model studies that were completed in the late 1950’s through the early 1970’s.  In addition, engineering judgment and experience were used in determining the designs for the needed structures.  This need was based on hydrographic surveys obtained in April 2003 and on meetings with Maintenance Engineering and Project Office personnel.  The design criteria determined for this study was to raise existing structures so as to contain the 70,000 cfs profile and/or contract or restrict the channel trace width.  The dike and revetment modifications were estimated so as to produce a bed shear, as determined by the results of the 2-D model in Pool 2, capable of scouring the needed depth.  This bed shear to scour assumption was based on the fact that the gradations of the materials from the bed sediment samples taken in September, October, and November 2003 were similar.  In fact, this was found to be true for Pools 2 through 7.  However, this is not the case for the remaining pools and therefore additional investigations are necessary to determine the proper designs.  But again, the designs of the proposed structures were consistent with the existing structures in each pool. 
Modeling of all the proposed structures with HEC-RAS, modeling a reach in Pool 2 with CCHE2D, and modeling Pool 7 with SIAM indicates that there would be negligible impacts to water surface elevations, sediment transport capacities and main channel and tributary head-cutting. 
3.6. Description of Features and Components Evaluated
The proposed action for achieving the study objectives consists of three features that influence navigation on the MKARNS.  These three features are:

· River Flow Management

· Navigation Channel Deepening and Widening
· Navigation Channel Maintenance (for existing 9 foot channel).

The formulation of alternatives began by identifying features and components that meet the planning objective of providing a safe, reliable, efficient, and sustainable MKARNS navigation channel.  Both components and alternatives underwent detailed analysis.  The alternative development and analysis for this study include:

· Features.  Features are broad actions   

· Components.  Components are one or more specific actions within a feature 

· Alternatives.  Alternatives are combinations of components among one or more features   
The following sections provide a description of the plan formulation process for the evaluation of features and components of alternatives for selection of a recommend plan.
3.6.1.  River Flow Management Feature:   This portion of the study evaluated 23 components from the river flow management feature that were developed with input from local, State and Federal agencies, as well as the public.  These 23 components were compared using the USACE SUPER (Southwestern Division Modeling System for the Simulation of the Regulation of a Multipurpose Reservoir System) Model.  The SUPER Model program was run for each of the initial components.  Key information derived by the model to screen each river flow management component included:

· River flow and duration, 

· Reservoir stages and duration, and 

· Operational damages within the system

River flows influence commercial navigation and other uses on the MKARNS.  River flows of approximately 60,000 cfs or less are considered optimum conditions for commercial navigation on the MKARNS.  The 100,000 cfs level is considered critical because any flow above 100,000 cfs renders the navigation system non-navigable for commercial barge traffic.  A flow of 137,000 cfs represents bank full conditions at Van Buren.

A description of the 23 components and the screening results of each component are presented in Table 3-2.  From these 23 components, four operational components were evaluated in detail.  These four components included the No Action Component as well as three components consisting of changes to the current operating plan.   These components will control flows at Van Buren, Arkansas, and Sallisaw, Oklahoma, during flood events.   Detailed information associated with the SUPER Model screening runs can be found in Appendix A, Hydrology and Hydraulics.

	Table 3-2.  Summary of the Initial Components of the Flow Management Feature

	Component #
	Potential Study Components
	Super Model Screening Results
	Component Evaluation/Comments**
	Component Selected for Detailed Analysis

	
	
	Difference in Days above 60,000 cfs
	Difference in Days above 100,000 cfs
	Difference in Days above 137,000 cfs
	Agricultural/Structural
Damages (%)
	Navigation Damages (%)
	Pool Damages (%)
	Recreation Damages (%)
	Hydropower (Reservoirs) Damages (%)
	Hydropower (River)
Damages (%)
	Reservoir Flood Pool
Duration (%)*
	
	

	
	A01X16

Existing Operations Plan
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	Current Plan and Conditions (No Action Component)
	Yes

	1
	A02X01

Existing Plan with a 60,00 cfs Bench
	-18
	+1
	0
	-0.5%
	-0.3%
	+2.8%
	+3.6%
	+0.6%
	-1.1%
	In
	Increase in number of days with flows above 100,000 cfs.  (-)

Moderate increases in damages to pools and recreation.  (-)
	No

	2
	A02X03

Modified A02X01 with a 60,000 cfs Bench at 3% Lower System Storage
	-13
	+2
	0
	-0.3%
	+0.4%
	-0.2%
	-1.2%
	+0.1%
	+0.2%
	De
	Increase in number of days with flows above 100,000 cfs.  (-)
	No

	3
	A02X04

Modified A02X01 with a 60,000 cfs Bench at 3% Higher System Storage
	-22
	-1
	0
	+0.1%
	-0.9%
	+0.5%
	+9.6%
	+0.7%
	-2.5%
	In
	No meaningful decrease in number of days with flows above 100,000 cfs.  (0)

Notable increases in damages to recreation.  (-)

Decrease in the number of days with flow above 60,000.  (+)
	No

	4
	A02X13

Operation Plan Only

Modified Existing Plan

Bench 60,000 cfs and Filling Behind Flood
	-15
	+1
	0
	+0.4%
	-0.3%
	+0.2%
	+1.1%
	+0.7%
	-0.7%
	In
	No meaningful changes in number of days with flows above 100,000 cfs.  (0)

No meaningful changes in damages within the system.  (0)

Decrease in the number of days with flows above 60,000 cfs.  (+)

Similar to Component 7 except Agricultural/Structural Damages are higher  (-)
	No

	5
	A02X05

Existing Plan with 75,000 cfs Bench at 18%
	+4
	-3
	0
	+0.5%
	-0.4%
	+2.9%
	+4.2%
	+0.6%
	-0.9%
	In
	No meaningful decrease in number of days with flows above 100,000 cfs.  (0)

Increase in number of days with flows above 60,000 cfs.  (-)

Moderate increases in damages to pools and recreation.  (-)
	No

	6
	A02X06

Existing Plan with Hulah and Copan Reservoirs Removed from Water Control Operations
	0
	0
	0
	-0.1%
	+0.3%
	-0.3%
	-0.7%
	0
	+0.1%
	De
	No change in number of days with flows above 60,000 cfs.  (0)

No change in number of days with flows above 100,000 cfs.  (0)
	No

	7
	A02X10

Modified A02X01 with 60,000 cfs Bench beginning at 3% lower system storage except during June 15-October 1
	-14
	+2
	0
	-0.5%
	-0.1%
	+0.5%
	+1.8%
	-0.1%
	-0.3%
	In
	No meaningful changes in number of days with flows above 100,000 cfs.  (0) 

No meaningful changes in damages within the system.  (0)

Decrease in the number of days with flows above 60,000 cfs.  (+)

Similar to Component 4 except Agricultural/Structural Damages are lower  (+)
	Yes

	8
	A02X07

Existing Operating Plan with 60,000 cfs – 20,000 cfs Taper
	-18
	+2
	+1
	-0.2%
	-0.1%
	+3.9%
	+6.4%
	+0.9%
	-2.1%
	In
	Increase in number of days with flows above 100,000 cfs.  (-)

Increases in Pool and Recreational damage within the system.  (-)

Decrease in the number of days with flows above 60,000 cfs.  (+)
	No

	9
	A02X08

Existing Operating Plan with 60,000 cfs – 20,000 cfs Taper lowered 3%
	-11
	+2
	0
	-0.4%
	-0.4%
	+1.1%
	+1.6%
	+0.2%
	-1.0%
	In
	Increase in number of days with flows above 100,000 cfs.  (-)

Increases in Pool and Recreational damage within the system.  (-)

Decrease in the number of days with flows above 60,000 cfs.  (+)
	No

	10
	A02X09

Existing Operating Plan with 75,000 - 60,000 cfs and 60.000 - 20,000 cfs Taper
	-10
	+1
	0
	-0.4%
	-0.9%
	+2.6%
	+3.4%
	+0.4%
	-1.6%
	In
	No meaningful change in number of days with flows above 100,000 cfs.  (0)

Increases in Pool and Recreational damage within the system.  (-)

Decrease in the number of days with flows above 60,000 cfs.  (+)
	No

	11
	Van Buren 99,000 cfs above 75,000 cfs Bench
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	No meaningful change in number of days with flows above 100,000 cfs. (0)

No meaningful change in number of days with flows above 60,000 cfs. (0)
	No

	12
	A01X24

Van Buren 300,000 cfs

Sallisaw 300,000 cfs
	+3
	-19
	-7
	+23.9%
	-0.5%
	-5.1%
	+0.2%
	+1.4%
	-2.3%
	De
	Decrease in number of days with flows above 100,000 cfs  (+)

Increase in number of days with flows above 60,000 cfs.  (-)

Notable increase in Agricultural/Structural damages.  (-) 
	No

	13
	A01X25

Van Buren at 60,000 cfs target
	-57
	-32
	-18
	-28.8%
	-6.1%
	NA
	+196.3%
	-12.8%
	-35.6%
	In
	Maximum reservoir storage component

Decrease in number of days with flows above 100,000 cfs  (+)

Decrease in number of days with flows above 60,000 cfs.  (+)

Large increase in Recreational damages.  (-)
	No

	14
	A01X21

Van Buren 225,000 cfs

Sallisaw 150,000 cfs
	+5
	-14
	-2
	+2.3%
	-0.3%
	+3.1%
	+8.3%
	+0.2%
	-2.1%
	In
	Decrease in number of days with flows above 100,000 cfs  (+)

Increase in number of days with flows above 60,000 cfs.  (-)

Increase in Pool and Recreational damages.  (-)
	No

	15
	A01X22

Van Buren 225,000 cfs

Sallisaw 225,000 cfs
	+3
	-17
	-5
	+9.7%
	-0.5%
	-0.6%
	+3.4%
	+0.9%
	-2.2%
	De
	Decrease in number of days with flows above 100,000 cfs  (+)

Increase in number of days with flows above 60,000 cfs.  (-)

Increase in Agricultural/Structural and Recreational damages.  (-)
	No

	16
	A01X17

Van Buren 200,000 cfs

Above 30%
	+5
	-13
	-3
	+2.0%
	-0.3%
	+3.2%
	+8.1%
	+0.2%
	-2.1%
	In
	Decrease in number of days with flows above 100,000 cfs  (+)

Increase in number of days with flows above 60,000 cfs.  (-)

Increase in Agricultural/Structural, Pool, and Recreational damages. (-)
	No


	17
	A01X18

Van Buren 200,000 cfs

Sallisaw 200,000 cfs
	+3
	-16
	-5
	+6.7%
	-0.5%
	+0.6%
	+3.8%
	-0.9%
	-2.2%
	In
	Decrease in number of days with flows above 100,000 cfs.  (+)

Increase in number of days with flows above 60,000 cfs.  (-)

Increase in Agricultural/Structural and Recreational damages.  (-)
	No

	18
	A02X12

Van Buren 200,000 cfs

Sallisaw 200,000 cfs

Bench 60,000 cfs lowered 3% except June15-October 1
	-9
	-17
	-5
	+7.0%
	-0.6%
	+1.1%
	+5.6%
	+0.8%
	-2.8%
	In
	Decrease in number of days with flows above 100,000 cfs.  (+)

Decrease in number of days with flows above 60,000 cfs.  (+)

Increase in Agricultural/Structural and Recreational damages.  (-)
	Yes

	19
	A01X19

Van Buren 200,000 cfs

Sallisaw 175,000 cfs
	+4
	-16
	-4
	+4.8%
	-0.6%
	+1.0%
	+5.3%
	+0.7%
	-2.1%
	In
	Decrease in number of days with flows above 100,000 cfs.  (+)

Increase in number of days with flows above 60,000 cfs.  (-)

Increase in Agricultural/Structural and Recreational damages.  (-)
	No

	20
	A01X23

Van Buren 175,000 cfs

Sallisaw 175,000 cfs
	+4
	-16
	-4
	+3.1%
	-0.6%
	+1.8%
	+6.0%
	-0.6%
	-2.1%
	In
	Decrease in number of days with flows above 100,000 cfs.  (+)

Increase in number of days with flows above 60,000 cfs.  (-)

Increase in Agricultural/Structural and Recreational damages.  (-)
	No

	21
	A02X02

Modified A01X23 with a 60,000 cfs Bench
	-13
	-15
	-3
	+3.2%
	-1.0%
	+4.1%
	+9.4%
	+1.1%
	-3.2%
	In
	Decrease in number of days with flows above 100,000 cfs.  (+)

Decrease in number of days with flows above 60,000 cfs.  (+)

Increase in Agricultural/Structural, Pool, and Recreational damages. (-)
	No

	22
	A02X11

Van Buren 175,000 cfs

Sallisaw 175,000 cfs

Bench 60,000 cfs lowered 3% except June15-October 1
	-9
	-15
	-4
	+3.1%
	-0.8%
	+2.8%
	+7.8%
	+0.6%
	-2.6%
	In
	Decrease in number of days with flows above 100,000 cfs.  (+)

Decrease in number of days with flows above 60,000 cfs.  (+)

Increase in Agricultural/Structural and Recreational damages.  (-)
	Yes

	23
	A01X20

Van Buren 175,000 cfs

Sallisaw 150,000 cfs
	+5
	-13
	-2
	+1.3%
	-0.2%
	+3.4%
	+8.3%
	+0.1%
	-2.1%
	In
	Decrease in number of days with flows above 100,000 cfs.  (+)

Increase in number of days with flows above 60,000 cfs.  (-)

Increase in Agricultural/Structural, Pool, and Recreational damages. (-)
	No

	* In = Increase in the amount of time reservoir elevations are within the designated flood pool.    De = Decrease in the amount of time reservoir elevations are within the designated flood pool.

** (-) = Negative influence on project element,    (+) = positive influence on project element,    (0) = neutral influence on project element

Rows highlighted in yellow were selected for further, more detailed analysis.


Based upon the components review process detailed in the preceding pages, four components were selected for detailed analysis.  These components are highlighted in yellow in Table 3-2 and are summarized as follows:

· Component 1:
No Action Component 

· Component 2
175,000 cfs Component 

· Component 3
200,000 cfs Component 

· Component 4
Operations Only Component 

3.6.1.1. No-Action Component
The No Action component consists of maintaining the current MKARNS Operation System.  No changes in existing river or reservoir operations would be made.  Key features of this plan include a taper operation of 40,000 cfs to 20,000 cfs.  When the flood storage remaining in the 11 controlling reservoirs reaches from 3% in the spring to 11% in the summer, the target flow at Van Buren is gradually reduced from 40,000 cfs to 20,000 cfs.  This allows navigation to continue until dredging operation can remove the sediment deposited in the channel during high flows.  This plan also has a 75,000 bench (a range where the flow is held at or below 75,000 cfs).  This feature is also adjusted seasonally to maximize benefits to farming and minimize flood impacts during that portion of the year that are more susceptible to floods.  

3.6.1.2. 175,000 cfs Component
The 175,000 cfs component is described as:  Van Buren at 175,000 cfs and Sallisaw at 175,000 cfs with a 60,000 cfs bench replacing the 75,000 cfs bench lowered 3% except from June 15 – October 1.  Under this component there is a 175,000 cfs increase in the target flow at Van Buren and Sallisaw along with a modified 60,000 cfs bench replacing the 75,000 cfs bench.  

The SUPER Model analysis of this component indicates that there will be a decrease in the number of days above 60,000 cfs by 9 days per year (a 13% improvement compared to the existing operation plan).  The analysis also indicates a decrease in the number of days above 100,000 cfs by 16 days (a 46% improvement) and a decrease by 4 days in flows above 137,000 cfs (a 20% improvement).  Agricultural and structural damages were found to increase approximately 3%.  Navigation damages decreased less than 1%.  Pool damages and recreation damages increased by 3% and 8% respectively.  Hydropower production was slightly lower at the storage projects (less than 1%) and increased by 3% at the hydropower lock and dams.

3.6.1.3. 200,000 cfs Component
The 200,000 cfs component is described as:  Van Buren at 200,000 cfs and Sallisaw at 200,000 cfs with a 60,000 cfs bench replacing the 75,000 cfs bench lowered 3% except from June 15 – October 1.  Under alternative incorporates a combination of 200,000 cfs increase in target at Van Buren and Sallisaw and a modified 60,000 cfs bench replacing the 75,000 cfs bench.  

The results of the SUPER Model analysis indicate that there will be a decrease in the number of days above 60,000 cfs by 9 days per year (a 13 % improvement).   It also decreases the number of days above 100,000 cfs by 17 days (a 48% improvement and it decreases by 5 days the flow above 137,000 cfs (a 26% improvement) Agricultural and structural damages were found to increase approximately 7%.  Navigation damages decreased slightly.   Pool damages and recreation damages increased by 1% and 6% respectively.   Hydropower production was 1% lower at the storage projects and increased by 3% at the hydropower lock and dams.

3.6.1.4. Operations Only Component
The Operations Only component is defined as the existing plan with a modified 60,000 cfs bench in place of the 75,000 cfs bench beginning at 3% lower system storage except during June 15 through October 1.  

SUPER Model analysis indicates an approximately 14-day reduction in flows above 60,000 cfs at Van Buren.  The analysis also produced a 2-day increase in flows above 100,000 cfs at Van Buren compared to the existing operation plan.  It also showed essentially no change at 137,000 cfs (channel capacity).  Based on the SUPER Model results, this component, compared to the existing regulation plan, would result in a 0.5% decrease in overall damages to crops and structures.  The modeling results also indicated little change in navigation damages, pool damages, recreation losses or power production when compared to the existing plan.

The analysis indicated less than 1% reduction in overall damages to crops and structures and navigation damages as well as a less than 1% increase in hydropower and pool damages compared to existing conditions.  

Lowering the 60,000 cfs bench by 3% (except from June-October), with all other parameters remaining equal, eliminates most of the current operating plans impact on the duration of floodwater under the existing 75,000 cfs bench.

There were three primary differences between the existing conditions plan and the operations only plan (based upon the SUPER Model analysis).  These three differences addressed the proposed action in a positive manner: 1) the reduction of 14 days below 60,000 cfs (a key level for farming interest in Arkansas), 2) an increase in days between 40,000 cfs and 60,000 cfs (key to scouring flows in the navigation system) and 3) accelerated evacuation of the storage projects when the system percent storage exceeds 75%.
3.6.1.5. Results of March 2004 “Test” 

A temporary deviation was approved in March 2004 from the currently approved water control plan to test the proposed 60,000 cfs bench to determine the scour effects of the reduced flow and to generate input from the towing industry.  

The results of the trial evacuation run with the 60,000 cfs bench were positive from a channel maintenance perspective.  Shoaling was encroaching into the channel in the typical areas at the end of the 60,000 bench, but the amount of the material was roughly half of what would occur at the end of the 75,000 bench.  The towing industry’s comments included the following:  more tolerable, especially at Van Buren where it is more narrow and has higher velocities; very beneficial, can keep all four barges together; applaud the effort, 60,000 cfs and below is pretty much business as usual for them.

3.6.2. Navigation Channel Deepening and Modification Feature  
This evaluation process considered four actions:

· Navigation Channel Deepening via Dredging,  

· Navigation Channel Deepening via Pool Raising, 

· Navigation Channel Deepening via a combination of Dredging and Pool Raising, and 

· Verdigris River Navigation Channel Widening.  

A description of each preliminary component is presented in the following paragraphs.

3.6.2.1. Navigation Channel Deepening Via Dredging Component
Under this component, additional dredging and river training structures such as dikes would be employed to deepen the navigation channel on the MKARNS and thereby improve navigation.  The MKARNS would be dredged at necessary locations to achieve channel depths of 10, 11, or 12 feet along part or the entire navigation channel.  Additional river training structures would be constructed as necessary to facilitate the maintenance of the deeper navigation channel.

3.6.2.2. Navigation Channel Deepening Via Pool Raising Component
Under this component, the locks and dams along the MKARNS would be modified to hold more water causing the pool levels to rise between 1 and 3 additional feet.  This would cause additional flooding in surrounding land upstream of each of the dams.  

Current operations insures, at a minimum, a 9-foot channel allowing 8.5 draft barges to operate through the terminus of navigation in Oklahoma.  Operational changes to the navigation system could provide each segment of the navigation system in Oklahoma with a deeper pool that could allow for the navigation of 9.5-foot 10.5-foot or 11.5-foot draft barges.  Through a combination of controlled releases from upstream reservoirs and holding more water at each of the dams along the system, the channel could be deepened without dredging or with a reduced amount of dredging of the channel.  Raising the pools has a number of advantages and disadvantages including engineering, economic, environmental, and socio-economic considerations.    

The most significant engineering advantage of a pool raise is it would reduce or eliminate the need to dredge the channel.  It would also reduce or eliminate the need to design, construct and maintain dredge disposal areas at either upland or in-stream sites.    However raising the pool one foot may require modification to structures.   An initial structural analysis indicates that a pool raise of greater than one foot would require major replacement of locks and modifications to dam structures.  In simple terms, the structures are not designed to withstand the forces that would be caused by a two or three foot pool rise.  The costs of such modifications to any one of the structures on the system would be in the hundreds of millions of dollars.  Such modifications

would cause disruption to existing navigation traffic for at least one year, which would directly affect businesses relying on the system for transportation of goods.  This may be a significant economic impact, which would cause certain industries to seek other modes of transportation of goods. Consequently, the component of raising the pool above 1-foot is not evaluated further and consider not practical or economically justified.  Only a 1-foot rise is evaluated.

Even a one-foot pool rise would require structural modification to the locks on the system.  Each of the four pools in the Oklahoma portion of the system was evaluated on the basis of a one-foot rise. Table 3-3 describes each structure on the Oklahoma portion of the navigation system.
 

	Table 3-3
Description of Locks and Dams on Oklahoma Portion of Navigation System

	Structure
	Pool

Number
	Number of

Gates
	Sill Clearance

Upstream
	Sill

Clearance

Downstream

	WD Mayo (River Mile 319.5)
	Pool 14
	12
	4.5
	2.5

	RS Kerr (RM 336.2)
	Pool 15
	18
	4.5
	2.5

	Webbers Falls (RM 366.3)
	Pool 16
	12
	4.5
	2.5

	Chouteau Lock  (RM 399.4)
	Pool 17
	3
	3.5
	2.5

	Newt Graham Lock and Dam
	Pool 18
	3
	3.0
	3.0

	


Project Design Memorandum, # 5-2, "Navigation Channel and Appurtenance: Bridge Clearance" specifies that, on the Arkansas River Navigation System, utilities and bridges intersecting the waterway must maintain a minimum 52 foot vertical clearance relative to the 2% flow line.  The criteria was developed on the basis of economic and safety factors.  Applying that criterion to the present study, raising the pool one foot would require two bridges to be elevated.  The Highway 59 Bridge has a vertical clearance at 52 feet at the 2% flow line. The Interstate Highway 40 (I-40) Bridge is currently in deviation from the Project Design Memorandum Number 5-2, which has a current vertical clearance at 50.9 feet at the 2 percent flow line.  With a one-foot or greater pool rise, both of the bridges would have to be replaced at a substantial cost.  Based on a recent repair to the I-40 Bridge, replacement of the I-40 bridge would be in excess of $50 million and result in major disruption to vehicular traffic.   For screening analysis, it is assumed that no bridge modifications would be required for a 1-foot pool rise.   However, more analysis of clearance would be needed if the 1-foot rise shows to be a viable option based on economic, environmental and socially acceptable criteria. 

As noted, raising the pools would require modification to existing dam structures including spillway gates.  The gates are designed to handle high pool levels during flooding conditions.  However, addition of one- to three- feet to normal pool would exceed design limits. As shown in Table 3-4, the lower pools in Oklahoma have between 12 to 18 gates that might have to be modified to accommodate higher pool levels.   Based on recent modification to similar type structure in the SWT, the study uses a $100,000 per gate figure to calculate the cost of gate modification for a 1-foot pool rise.   Detailed analysis might well prove to have higher costs.  Table 3-4 displays the preliminary cost of gate modification for each of the dams on the Oklahoma portion of the waterway.  

	Table 3-4
Cost of Structural Modifications by Pool

With 1-Foot Pool Rise

	Structure
	Pool

Number
	Number of

Gates
	Cost of Retro-Fit

1-Foot Rise



	WD Mayo (River Mile 319.5)
	Pool 14
	12
	$1,200,000

	RS Kerr (RM 336.2)
	Pool 15
	18
	$1,800,000

	Webbers Falls (RM 366.3)
	Pool 16
	12
	$1,200,000

	Chouteau Lock  (RM 399.4)
	Pool 17
	3
	$300,000

	Newt Graham Lock and Dam
	Pool 18
	3
	$300,000

	   Totals
	
	48
	$4,800,000

	


A pool rise would result in additional lands being inundated.  Based on backwater models of the pool rise, Table 3-5 shows the difference between the existing pool level at each of the navigation channel pools and the 1-foot rise in pool elevation when the flow on the river is at 150,000 cubic feet at Van Buren gage.  For purposes of preliminary screening, gross estimates of real estate costs of purchasing flowage easements are based on broad land use types by acre.  The estimated costs approximate the real estate requirements for raising the pools 1-foot.

	Table 3-5
Costs of Additional Acres Inundated by Pool

With and Without Pool Rise

	Pool #
	Current

Acres
	With Pool Rise

Acres
	Difference

In Acreage
	Estimated

Cost 

	Pool 14
	7,630
	10,600
	2,970
	$3,500,000

	Pool 15
	40,002
	40,982
	980
	$2,200,000

	Pool 16
	11,189
	11,741
	552
	$1,300,000

	Pool 17
	4,724
	5,017
	293
	$369,000

	Pool 18
	2,808
	2,977
	169
	$224,000

	Totals
	66,353
	71,317
	4,964
	7,593,000

	


Based on the preliminary cost information, two methods of achieving a 12-foot (11.5-foot draft) channel are compared in Table 3-6.  Dredging 2-feet below existing channel, in combination of raising the pool by 1 foot, is consistently more costly than dredging alone.  Not included in this preliminary cost are the environmental consequences of each of the alternatives.  Preliminary analysis indicates that fewer than 1,200 acres would be impacted by constructing dredge disposal areas, as compared to over 5,000 acres that would be impacted by a pool rise.   The difference in impacts would be reflected in the difference in amount of private land ownerships that would be impacted.   It should be also noted that landowners along the waterway have continually expressed concerns about impact on their properties.  Congressional representatives have expressed their strong reservations about pool rises on the system as well.

	Table 3-6
Cost Comparison by Pool 
Pool Rise versus Dredging Only



	Pool #
	Dredging 

2-feet
	Raise Pool 

1-foot
	Total 

Dredging + Pool Rise
	Dredge Only

3-feet

	Pool 14
	$200,000
	$4,700,000
	$4,900,000
	$300,000

	Pool 15
	$3,200,000
	$4,000,000
	$7,200,000
	$5,200,000

	Pool 16
	$2,800,000
	$2,500,000
	$5,300,000
	$4,400,000

	Pool 17
	$790,000
	$669,000
	$1,459,000
	$1,100,000

	Pool 18
	$800,000
	$524,000
	$1,324,000
	$1,100,000

	Totals
	$7,790,000
	$12,393,000
	$20,183,000
	$11,000,000


Cost and quantities of the above are based on screening level estimates. Dredge cost were estimated at $2.00 per cubic yard. Pool rise estimates are based on estimated acres from hydrologic backwater model footprints for pool rise.  Estimates do not include mitigation or disposal costs, contingencies, or non-construction costs.

A pool raise is more expensive at each pool as compared to dredging alone. The environmental consequences, based on additional land acquisition and subsequent environmental impacts, and the economic impacts of a pool rise are substantially higher than what is expected with dredging.    

Changing the operation of Robert S. Kerr and Webber Falls projects could accommodate deeper draft navigation vessels by raising the lower elevations of the power pools at both projects.  If the lower operating limits of each project were raised, then the amount of material excavated to achieve a 12-foot channel could be reduced.  Before evaluating this potential alternative, preliminary screening considerations were given to redirecting use of the power pool for navigation.  Currently the two pools are operated under the following conditions.

Webbers Falls Lock and Dam:
· Webbers Falls power pool – 487 to 490

· Approximately 96% of the time the pool is at or above elevation 489.

· The channel depths in the Webbers Fall pool, presented in the feasibility report, were based on pool elevation 487.

· Operating the pool above elevation 490 causes excess trash in the miter gate gears, which could damage the gears.

· Although Southwestern Power seldom draws the pool to 487, the flexibility during power emergencies is extremely valuable (during summer and drought when power is in it highest demand).

Robert S. Kerr Lock and Dam: 

· Robert S. Kerr power pool – 458 to 460

· Approximately 99% of the time the pool is at or above elevation 459.

· The channel depths in the Robert S. Kerr pool, presented in the feasibility report, were based on pool elevation 458.

· Operating the pool above elevation 460 causes excess trash in the miter gate gears, which could damage the gears.

· Although Southwestern Power seldom draws the pool to 458, the flexibility during power high demand conditions is extremely valuable.

· Currently, some minor navigation problems begin when the Robert S. Kerr pool is 459 or lower.

Both pools give some flexibility during high flow (flood) conditions.  The hydropower portions of the pool can be used to help regulate flows down stream when there is up-stream flooding.   The pools act as temporary storage for flood waters, giving flexibility to the regulations of flows.  

If either or both reservoirs are operated in such a way that there is a permanent rise, essentially taking away potential power storage, there would be an economic loss.  The rise would also diminish the flexibility of operations during flood events.  Raising these pools would not diminish the need to dredge for construction or long term maintenance.  A cursory review of the volumes of materials that would have to be removed with re-directing the power pool for navigation as compared to the volumes of materials under the existing operation conditions indicate that there would be fewer than 150 thousand cubic yards gained by permanent use of the power pool.   The savings would most likely be less than a million dollars in initial construction costs.   Though detailed analyses of the economic losses associated with hydropower and flood control were not conducted with a permanent pool rise, the losses most likely would exceed any gains by the rise.  During engineering and design for the implementation of the project, additional hydrologic/hydraulic modeling will be conducted of the system to evaluate sedimentation and refine the approaches to dredging during construction.  Those studies could give more detailed information on the ways to minimize dredging in the area, taking advantage of the power pools for accommodating deeper draft vessels.  Such studies may refine the estimates developed in the feasibility level analysis, reducing the cost of construction and operations and maintenance.  However, redirecting the use of the power pool at RS Kerr and Webbers Falls were not carried forward as an alternative for further analysis in the feasibility study.   

3.6.2.3. Navigation Channel Deepening Via a Combination of Dredging and Raising the Pool Level Component
Under this component, a combination of additional dredging, adding river training structures such as dikes, and modifying the locks and dams along the system to hold more water would be employed to deepen the navigation channel on the MKARNS.  A combination of these measures would deepen the MKARNS navigation channel between 1 and 3 additional feet.  A variety of combinations of dredging and pool raining were considered including:

· 1 Foot Additional Navigation Channel Depth (10 ft navigation channel) – ½ foot dredging and ½ foot pool raise,

· 2 Foot Additional Navigation Channel Depth (11 ft navigation channel) – 1 foot dredging and 1 foot pool raise,

· 3 Foot Additional Navigation Channel Depth (12 ft navigation channel) – 2 foot dredging and 1 foot pool raise,

· 3 Foot Additional Navigation Channel Depth (12 ft navigation channel) – 1 foot dredging and 2 foot pool raise, and

· 3 Foot Additional Navigation Channel Depth (12 ft navigation channel) – 1 ½ foot dredging and 1 ½ foot pool raise.

Like the pool raising component described previously, this would result in additional flooding in surrounding land upstream of each of the dams.  Modifying the existing infrastructure and purchasing flooding easements along the river would be cost prohibitive.  At this time, a combined pool raising/dredging plan is not justified and this component will not be evaluated any further.

3.6.2.4. Widening The Verdigris River Component
The Verdigris River portion of the MKARNS lies in Oklahoma and includes a portion of Pool 16 and all of Pools 17 and 18 including the Chouteau and Newt Graham Locks and Dams. This portion of the MKARNS is approximately 50 miles long. This portion of the MKARNS provides a 150-foot wide navigation channel rather than the 250-foot wide navigation channel on the Arkansas River, and the 300-foot wide channel on the White River, Lake Langhofer, and Arkansas Post Canal.  Tows cannot pass in the navigation channel with this width, so passing zones were included along the navigation channel. This narrower navigation channel causes time of travel delays for the tows.

As part of this study, a preliminary evaluation of the possibility of widening the navigation channel to eliminate these delays was conducted. A preliminary analysis was completed utilizing the following factors:

a. Excavation. One side of the navigation channel would be widened 100 feet and the excavated material placed along the bank for the entire length of the navigation channel. Approximately 30 million cubic yards of material would be moved.

b. Lands. Along the navigation channel additional easement would be required for widening and material disposal totaling 1,200 acres.

c. Mitigating. Assuming one-quarter of the total acres needed for construction are prime habitat (i.e. trees and a four to one habitat ratio), an additional 1,200 acres of farm land will be required for planting trees for habitat replacement. About 240,000 trees would be planted.

d. A contingency of 25% would have been utilized.

e. Engineering and Design and Supervision and Inspection were estimated at 15% of the construction cost.

The preliminary cost for widening of the Verdigris River was estimated at $100,000,000 based on the above factors and does not include contingencies and full compensation of land owners.  
The economic benefits of widening would involve reducing delays, which have been determined to be minimal under existing and near future conditions.   Also, a wider navigation channel offers a reduced risk of accidents on the waterway as a result of tows going in the opposite direction meeting on the navigation channel.  From interviews with towboat operators, Corps operations personnel indicate that delays on the Verdigris due to two-way congestion are fewer than two a week. The tows are in constant communication with one another and safety issues associated with two-way traffic on the waterway have been minimal.  A given delay due to two way traffic is never more than 5 hours in length, amounting to less than a half-day a month.  The preliminary examination of the current and projected traffic on the waterway indicates that the existing passing lanes can fully accommodate two-way traffic with minimum delays.  Consequently, the environmental and economic costs greatly exceed any benefits that would be realized.  At this time, widening is not justified and this component will not be evaluated any further.  Navigation stakeholders were made aware of these findings.
3.6.2.5. Channel Deepening by Reaches Component
Based upon the components review process detailed in the preceding pages, a no-action component as well as several navigation channel dredging components involving multiple navigation channel depths and river segments were selected for detailed analysis.  These components consist of evaluating the existing channel depth (9 feet), to deepening the channel to 10, 11, or 12 feet at up to six separate segments of the MKARNS.  These components are further described in detail in Section 4.2, Table 4-2.
3.6.3. Navigation Channel Maintenance (for existing 9-foot channel depth)
As noted, the current commercial navigation operation on the MKARNS requires the maintenance of a minimum 9-foot navigation channel throughout the system from the Port of Catoosa to the Mississippi River.  Periodic dredging is required and some authorized maintenance dredged material disposal sites in Oklahoma have reached capacity and new disposal sites are required to accommodate continued navigation channel maintenance activities.  There are a number of components to address disposal needs long term. Any of the components implemented will be reevaluated over time to accommodate changes in the system due to river dynamics.  A table summarizing the Long Term Dredge Material Disposal Plan (DMDP) is included in Appendix F. This plan is a long term plan intended for the life of the project.  Although this plan includes a 50-year planning horizon, it should be thoroughly reviewed within at least 20 years to reflect actual changes in river characteristics and sediment patterns, as part of a long term adaptive management strategy.
3.6.3.1. Components Considered

This evaluation process considered the following actions:

· Use of Active Disposal Sites 
· Maintenance Dredge Material Disposal at Approved Sites in Original 1974 O&M Plan (No Action), and 

· Maintenance Dredge Material Disposal at New Disposal Sites.  

A description of each component is presented in the following paragraphs.

3.6.3.1.1. Use of Active Disposal Sites Component 
This component includes the disposing of dredge material in only active disposal sites until these sites have reached capacity.  No new dredged disposal sites would be developed.  Maintenance of the channel would use existing Corps lands and would most likely involve the use of environmental sensitive lands including bottom land hardwoods and wetland areas.   
3.6.3.1.2. Maintenance Dredge Material Disposal via Approved sites In Original 1974 O&M Plan Component (No Action)
Under this component, dredging and disposal to maintain a 9-foot navigation channel will continue at the existing sites.  After existing disposal sites reach their capacity, dredge material will be disposed of at sites within lands approved in the original 1974 O&M Plan and EIS.  Existing disposal areas most likely will not meet long term dredging requirements as the disposal areas will exhaust the capacity. New areas within the lands approved in the 1974 plan would have to be used. Over the years the lands have become been heavily vegetated which has create a variety of habitats, including hard woods and wetlands.   Disposal on these lands would also entail substantial transportation costs, because of the relative location to the channel that will require dredging.  Because of the conservative approach to the evaluation, this alternative serves as the basis of the bench mark from which environmental impacts and operation and maintenance costs are evaluated. The economic costs associated with transporting the dredge material by barge or truck from one location along the river to another location would be considerable. With the loss of habitat associated with use of environmental sensitive areas, disposal on such lands would incur high mitigation costs as well.  The economic and environmental costs of this component would be high but uncertain. Thus, those costs are not calculated for the purposes of plan formulation.  The operations and maintenance costs under this component reflects exiting disposal practices.  Under this component, the system is assumed to support the same amount of navigation traffic and benefits under existing and future without project conditions.  

For the purposes of evaluation, the study assumes the operations and maintenance and environmental costs associated with the 1974 O&M plan as a bench mark.  The component is considered part of the no-action conditions because it is the most likely to occur in the future without project conditions. Assuming the costs and impacts associated with this component as being those under existing practices provides a conservative basis of evaluation. A high cost of the operations and maintenance and environmental cost of this component might under play the relative impacts of other action alternatives.  Minimizing the future without project conditions costs provides more robust criteria from which action plans are evaluated.    

3.6.3.1.3. Maintenance Dredge Material Disposal via New Disposal Sites Component
Existing dredging and disposal to maintain a 9-foot navigation channel will continue under this component.  After existing dredge disposal sites reach their capacity, dredge material will be disposed of in new designated disposal sites.  However, areas with high quality habitat such as forest, wetlands, and high quality grassland will be avoided wherever practical.
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