Chapter 5

Selection of NED/Recommended Plan
5.0. SELECTION OF NED/RECOMMENDED PLAN

5.1  COMPARISON OF ALTERNATIVE  PLANS 
Referring back to Table 4-9, the five alternatives selected for detailed evaluation are summarized below:

· Alternative A - No Action (Dredge Disposal Sites Approved in 1974)
· Alternative B – Navigation Channel Maintenance Only (New Dredge Disposal Sites Including In-Stream Disposal)
· Alternative C - Navigation Channel Maintenance and Operations Only Flow Management

· Alternative D - Navigation Channel Maintenance, Operations Only Flow Management, and 11-Foot Navigation Channel

· Alternative E - Navigation Channel Maintenance, Operations Only Flow Management, and 12-Foot Navigation Channel

5.1.1.  Alternative A – No Action 
Alternative A is based on measures that are currently in place and available for implementation with minimal additional administrative action.  This alternative assumes that the existing 9-ft channel would be maintained throughout the period of analysis using dredging techniques and disposal areas described in the 1974 O&M plan for which an EIS was prepared and a ROD signed.  
Subsequent to, and in accordance with the 1974 O&M plan, in‑river disposal of dredge materials has been used in Arkansas with the exception of the White River Entrance Channel, where terrestrial sites are utilized.  Terrestrial disposal sites have also been acquired for use as needed in Oklahoma.  These designated sites are sufficient to contain the dredge material projected to be required through the 50-year period of analysis used in 1974.  However, projections indicate that the currently used terrestrial sites in Oklahoma would not be adequate to meet disposal area needs through the 50-year period of analysis for the present study, i.e., 2010 through 2060.  Additional currently unused disposal areas in Oklahoma that were approved in the 1974 O&M plan, would be needed to meet the projected dredge material disposal needs to maintain a 9-ft channel through 2060.  Natural succession of habitats in these unused disposal sites has occurred for approximately three decades.  These areas are now covered by substantial tracts of mature floodplain forests that are essential components to the region’s complex mosaic of riparian, wetland, and floodplain habitats.  Use of the sites would require additional NEPA documentation and additional coordination with Federal and state fish and wildlife management agencies because of the significant changes in the habitats of the dredge material disposal sites.  Given the increased emphasis on the importance of high quality floodplain habitats since 1974, it is reasonable to assume that substantial mitigation would be necessary.  In addition, under provisions of the Clean Water Act, the Oklahoma portion of the MKARNS has been designated an impaired stream.  As a designated impaired stream, in-river dredge material disposal in the Oklahoma reach has been closely regulated by the State of Oklahoma, and rarely, if ever, allowed to occur.  Alternative A assumes that the impaired stream designation is not likely to be changed in the immediate future, and also assumes that in-river dredge material disposal in the Oklahoma reach of the MKARNS would not be allowed by the State of Oklahoma.  This alternative also assumes that disposal of dredge material on the Arkansas portion of the MKARNS would continue in accordance with the 1974 O&M plan.
An initial evaluation of the long term conditions indicate that operation and maintenance costs would increase over time as existing dredge disposal areas are filled.   Without in-stream disposal, large quantities of dredge material would have to be pumped more than one mile away from the dredge sites and placed on terrestrial areas, most of which currently provide valuable ecosystem habitat.  The costs of transporting the dredge material the additional distance, the construction of the additional disposal sites, and mitigation for loss of terrestrial habitat, are estimated to be between $14 to $28 million more than what is require if in-stream disposal becomes a part of the system’s long term maintenance plan.  With this alternative, 275 to 500 acres of terrestrial and wetland habitat would be disturbed.  Mitigation for this loss could require anywhere from 2 to 4 times the number of acres per disturbed acre depending on the units of habitat those areas provide.  

Alternative A presents a projection of future conditions that accounts for and considers uncertainties about future changes in operation and maintenance of the navigation system, without the measures considered in the “with action alternatives” (Alternatives C, D and E).  This scenario, although conservative, provides a reasonable perspective that accentuates the significance of adverse effects to the natural environment.  Since no significant changes to the current approved 1974 O&M plan are proposed, Alternative A is titled and considered the “no action alternative.”  Key features and assumptions of Alternative A are:

· Maintenance of the 9-ft channel by dredging would continue throughout the MKARNS.

· There would be no change in reservoir releases or channel deepening.

· Dredge materials would be disposed in existing designated dredge material disposal sites. 

· Upland dredge material disposal sites in Oklahoma and in‑river sites in Arkansas would be extended in accordance with the approved 1974 O&M plan, and supplementing the Operations and Maintenance EIS. 

· Modifications incidental to dredging operations of existing wing dikes, revetments, etc., would continue.

· Only measures within current authority and established practices would be considered.

In following the NEPA process, this No Action Alternative is considered in the plan formulation process.  However, this alternative, from an economic standpoint, is not representative of the without project condition.  

5.1.2. Alternative B - Navigation Channel Maintenance Only  
Alternative B includes consideration of all the measures included in Alternative A, except that it assumes that in‑river disposal of dredge materials would be allowed in Oklahoma.  Unused upland dredge material disposal sites, approved in the 1974 O&M plan, would not be utilized and the need to mitigate adverse effects to these now valuable sites would be avoided.  Alternative B assumes that essentially all future disposal in Oklahoma would be in-river, in currently used terrestrial sites, or in newly identified terrestrial sites of low habitat value.  Future disposal in Arkansas would continue to be in-stream except on the White River Entrance Channel where terrestrial sites are, and would continue to be utilized.  The Little Rock and Tulsa Districts of the Corps both currently believe that in‑river disposal in both states is a realistic possibility, but until the necessary concurrence from the State of Oklahoma is received by the Corps, it is possible that this alternative may be only slightly more likely to occur than Alternative A.  However, because of Alternative B's slightly greater likelihood of occurrence when compared to Alternative A, Alternative B is the plan against which Alternatives C, D, and E, are compared economically.  Key features and assumptions of Alternative B are:

· Maintenance of the 9 ft channel by dredging would continue throughout the system.

· There would be no change in reservoir releases or channel deepening.

· Dredge materials would be disposed in existing designated dredge material disposal sites to the extent practicable, consistent with current statutes, regulations, and policies.

· Upland dredge material disposal sites in Oklahoma and Arkansas would be extended or added by amending the approved 1974 O&M plan, and supplementing the Operation and Maintenance EIS. 

· Modifications incidental to dredging operations of existing wing dikes, revetments, etc. would continue.

· Measures within current authority and established practices would be considered, and in‑river disposal of dredge materials would be allowed in both Oklahoma and Arkansas.
5.1.3. Alternative C - Navigation Channel Maintenance and Operations Only Flow Management  
Alternative C consists of adding new dredged material disposal sites in Oklahoma to supplement disposal site capacity, which is expected to reach capacity at some locations along the MKARNS in the near future and replacing the existing flow management plan with the Operations Only Flow Management Plan.  The existing depth of the navigation channel would remain unchanged.  The following characterizes what would occur for each study feature/component under Alternative C:

· Navigation Channel Maintenance:  Existing dredging and disposal to maintain the navigation channel would continue under this alternative.  After currently utilized dredged material disposal sites reach their holding capacity, dredged material would be disposed of in new disposal sites designated in the 2003 long term DMDP.  Under this alternative, areas with high quality habitat such as forest, wetlands, and high quality grassland would be avoided wherever practical.  

· Flow Management:  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 when the system storage is between 3% and 10% in the spring and 9% and 18% the rest of the year.  

· Navigation Channel Depth:  No change from the current 9 foot navigation channel.

Table 5-1 shows annual incremental net benefits of $8.8 million with Alternative C compared to Alternative B.  Much of the positive incremental net economic benefits would be associated with navigation and hydropower.  Incremental net annual navigation economic benefits would approximate $8.4 million, comprising 95% of the annual incremental net economic benefits under this alternative.  The remaining incremental net annual positive economic benefits would be associated with hydropower ($0.5 million).  

Minor negative incremental net annual economic impacts would be associated with non-agricultural and agricultural properties, while there would be no change in incremental net annual economic impacts for real estate and no change in tourism/recreation impacts compared to Alternative B.  Annual average non-agricultural and agricultural property incremental net damages would be an additional $36,000 as compared to Alternative B.
	Table 5-1. Summary of Incremental Net Benefits and Costs

	Alternative C

	Average Annual Equivalent Values (July 2004 $)

	5.375% Discount Rate, 50-year Period of Analysis

	
	Flow Management  Operations

	Period of Analysis (years)
	50

	Construction Period (years)
	1

	Interest Rate (percent)
	5.375%

	 
	 

	Project First Costs1
	0

	Interest During Construction
	0

	Total Project Cost
	$0 

	 
	 

	Annual Costs:
	 

	Interest
	0

	Amortization
	0

	Operations & Maintenance
	0

	Total Annual Costs
	$0 

	 
	 

	Annual Benefits2:
	 

	Navigation benefits
	8,372,100

	Recreation
	0

	Hydropower
	466,000

	Non-Ag. Property Damage
	 

	Oklahoma
	0

	Arkansas
	-17,100

	Recreation Facilities OK
	-5,500

	Recreation Facilities AR
	4,000

	Ag. Property Damages
	 

	Oklahoma
	0

	Arkansas
	-18,800

	Total Annual Benefits
	$8,800,700 

	 
	 

	Incremental Net Benefits for Flow Management Component
	$8,800,700 

	Incremental Net Benefits for Alternative C
	$8,800,700

	
	

	Benefit-to-Cost Ratio for  Flow Management Component
	incalculable

	Benefit-to-Cost Ratio for Alternative C
	incalculable

	 
	 

	1 Incremental Costs - costs in addition to those existing under Alternative B.
2Incremental Benefits - benefits in addition to those existing under Alternative B.

	Source:  USACE, Tulsa and Little Rock Districts, Hydropower Analysis Center, Parsons.


5.1.4. Alternative D - Navigation Channel Maintenance, Operations Only Flow Management, and 11-Foot Navigation Channel
Alternative D consists of 1) adding new dredged material disposal sites in Oklahoma to supplement disposal site capacity which is expected to reach capacity at some locations along the MKARNS in the near future, 2) replacing the existing flow management plan with the Operations Only Flow Management Plan, and 3) increasing the depth of the navigation channel throughout the MKARNS from 9 feet to 11 feet.  The following characterizes what would occur for each study feature/component under Alternative D:

· Navigation Channel Maintenance:  Existing dredging and disposal to maintain the navigation channel would continue under this alternative.  After currently utilized dredged material disposal sites reach their holding capacity, dredged material would be disposed of in new disposal sites designated in the 2003 long term DMDP.  Under this alternative, areas with high quality habitat such as forest, wetlands, and high quality grassland would be avoided wherever practical.  

· Flow Management:  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 when the system storage is between 3% and 10% in the spring and 9% and 18% the rest of the year.   
· Navigation Channel Depth:  The current 9 foot navigation channel would be deepened to an 11 foot navigation channel throughout the entire length of the MKARNS.

For Alternative D, annual benefits are $19 million.  Annual incremental net benefits are $8.8 million with the implementation of this alternative as compared to Alternative B.  The major economic benefit would come from navigation savings.  The remaining economic benefits would come from hydropower ($0.5 million).  

For Alternative D, and referring back to Table 4-5, major costs are associated with the construction of new dikes and jetties ($28.1 million), dredging and rock removal ($24.1 million), construction of dredge disposal areas ($27.1 million), and environmental mitigation ($23.7 million).  Increased O&M Costs for Alternative D are $2.2 million.  Annual incremental costs for Alternative D are $10.2 million, providing a benefit-to-cost ratio of 1.9.  
	Table 5-2. Summary of Incremental Net Benefits and Costs

	Alternative D

	Average Annual Equivalent Values (July 2004 $)

	5.375% Discount Rate, 50-year Period of Analysis

	 
	Flow Management Operations
	Channel Deepening 11′
	Alternative D

	Period of Analysis (years)
	50
	50
	 

	Construction Period (years)
	1
	4
	 

	Interest Rate (percent)
	5.375%
	5.375%
	 

	 
	 
	 
	 

	Project First Costs1
	0
	$123,356,100
	$123,356,100

	Interest During Construction
	0
	13,568,500
	$13,568,500

	Associated Non-Federal Requirements:
	 
	 
	

	Local Facilities
	0
	530,000
	$530,000

	Local Facilities IDC
	0
	58,300
	$58,300

	Total Project Cost
	$0
	$137,512,900
	$137,512,900

	 
	 
	 
	 

	Annual Costs:
	 
	 
	 

	Interest
	0
	$7,391,300
	$7,391,300

	Amortization
	0
	581,800
	$581,800

	Operations & Maintenance
	0
	2,234,100
	$2,234,100

	Total Annual Costs
	$0
	$10,207,200
	$10,207,200

	 
	 
	 
	 

	Annual Benefits2:
	 
	 
	 

	Navigation
	8,372,100
	10,173,500
	$18,545,600

	Recreation
	0
	0
	$0

	Hydropower
	466,000
	0
	$466,000

	Non-Ag. Property Damage
	 
	 
	 

	Oklahoma
	0
	0
	$0

	Arkansas
	(17,100)
	0
	($17,100)

	Recreation Facilities OK
	(5,500)
	0
	($5,500)

	Recreation Facilities AR
	4,000
	0
	$4,000

	Ag. Property Damages
	
	 
	 

	Oklahoma
	0
	0
	$0

	Arkansas
	(18,800)
	0
	($18,800)

	Total Annual Benefits
	$8,800,700
	$10,173,500
	$18,974,200

	
	
	 
	 

	Incremental Net Benefits for Components 
	$8,800,700
	($33,700)
	 

	Incremental Net Benefits for Alt. D
	
	 
	$8,767,000

	
	
	 
	 

	Benefit-to-Cost Ratio for Components
	incalculable
	0.99
	

	Benefit-to-Cost Ratio for Alt. D
	
	 
	1.9

	1 Incremental Costs - costs in addition to those existing under Alternative B. 

	2 Incremental Benefits - benefits in addition to those existing under Alternative B.

	Source:  USACE, Tulsa and Little Rock Districts, Hydropower Analysis Center, Parsons.


5.1.5. Alternative E - Navigation Channel Maintenance, Operations Only Flow Management, and 12-Foot Navigation Channel  
Alternative E consists of 1) adding new dredged material disposal sites in Oklahoma to supplement disposal site capacity which is expected to reach capacity at some locations along the MKARNS in the near future, 2) replacing the existing flow management plan with the Operations Only component, and 3) increasing the depth of the navigation channel throughout the MKARNS from 9 foot to 12 foot.  The following characterizes what would occur for each study feature/component under Alternative E:

· Navigation Channel Maintenance:  Existing dredging and disposal to maintain the navigation channel would continue under this alternative.  After currently utilized dredged material disposal sites reach their holding capacity, dredged material would be disposed of in new disposal sites designated in the 2003 long term DMDP.  Under this alternative, areas with high quality habitat such as forest, wetlands, and high quality grassland would be avoided wherever practical.  

· Flow Management:  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 when the system storage is between 3% and 10% in the spring and 9% and 18% the rest of the year

· Navigation Channel Depth:  The current 9 foot navigation channel would be deepened to a 12 foot navigation channel throughout the entire length of the MKARNS.

For Alternative E, annual benefits equal $22.3 million.  Annual incremental net benefits are $9.8 million with the implementation of this alternative as compared to Alternative B.  The major economic benefit would come from navigation savings.  The remaining economic benefits would come from hydropower ($0.5 million).  

For Alternative E, and referring back to Table 4-5, major costs are associated with the construction of new dikes and jetties ($38.9 million), dredging and rock removal ($30.7 million), construction of dredge disposal areas ($31.6 million), and environmental mitigation ($23.7 million).  Increased O&M Costs for Alternative E equal $2.8 million.  Average annual incremental costs for Alternative E equal $12.5 million, providing a benefit-to-cost ratio of 1.8.  Table 5-3 summarizes this information.
	Table 5-3. Summary of Incremental Net Benefits and Costs

	Alternative E

	Average Annual Equivalent Values (July 2004 $)

	5.375% Discount Rate, 50-year Period of Analysis

	 
	Flow Management Operations
	Channel Deepening 12′
	Alternative E

	Period of Analysis (years)
	50
	50
	 

	Construction Period (years)
	1
	4
	 

	Interest Rate (percent)
	5.375%
	5.375%
	 

	 
	
	 
	 

	Project First Costs1
	0
	$148,966,200
	$148,966,200

	Interest During Construction
	0
	16,385,400
	$16,385,400

	Associated Non-Federal Requirements:
	
	 
	 

	   Local Facilities
	0
	961,200
	$961,200

	   Local Facilities IDC
	0
	105,700
	$105,700

	Total Project Cost
	$0
	$166,418,500
	$166,418,500

	 
	 
	 
	 

	Annual Costs:
	 
	 
	 

	Interest
	0
	$8,945,000
	$8,945,000

	Amortization
	0
	704,100
	$704,100

	Operations & Maintenance
	0
	2,823,700
	$2,823,700

	Total Annual Costs
	$0
	$12,472,800
	$12,472,800

	 
	 
	 
	 

	Annual Benefits2:
	 
	 
	 

	Navigation
	8,372,100
	$13,482,600
	$21,854,700

	Recreation
	0
	0
	$0

	Hydropower
	466,000
	0
	$466,000

	Non-Ag. Property Damage
	 
	 
	 

	Oklahoma
	0
	0
	$0

	Arkansas
	(17,100)
	0
	($17,100)

	Recreation Facilities OK
	(5,500)
	0
	($5,500)

	Recreation Facilities AR
	4,000
	0
	$4,000

	Ag. Property Damages
	 
	 
	 

	Oklahoma
	0
	0
	$0

	Arkansas
	(18,800)
	0
	($18,800)

	Total Annual Benefits
	$8,800,700 
	$13,482,600
	$22,283,300

	
	
	 
	 

	Incremental Net Benefits for Components 
	$8,800,700 
	$1,009,800
	 

	Incremental Net Benefits for Alt. E
	
	 
	$9,810,500

	
	
	 
	 

	Benefit-to-Cost Ratio for Components
	incalculable
	1.08
	 

	Benefit-to-Cost Ratio for Alt. E
	 
	 
	1.8

	1 Incremental Costs - costs in addition to those existing under Alternative B. 

	2 Incremental Benefits - benefits in addition to those existing under Alternative B. 

	Source:  USACE, Tulsa and Little Rock Districts, Hydropower Analysis Center, Parsons.


5.2. NED/Recommended Plan 
The plan that reasonably maximizes net national economic development benefits, consistent with the Federal objective, is identified as the NED plan.  Alternative E produces annual net benefits of approximately $9.8 million.  Alternative D produces annual net benefits of approximately $8.8 million; Alternative C produces annual net benefits of approximately $8.8 million.  Therefore, the plan that maximizes net NED benefits is Alternative E.  In keeping with the NED objective of water resources planning, the plan that has the greatest excess benefits over cost, the NED plan, will be selected for implementation unless there are compelling reasons not to do so.  Therefore, the NED plan, Alternative E, is also the recommended plan.  

Alternative E consists of 1) adding new dredged material disposal sites in Oklahoma to supplement disposal site capacity which is expected to reach capacity at some locations along the MKARNS in the near future, 2) replacing the existing flow management plan with the Operations Only component, and 3) increasing the depth of the navigation channel throughout the MKARNS from 9 foot to 12 foot.  Total project costs of Alternative E are $166,400,000 with a benefit-to-cost ratio of 1.8 to 1.0.

5.3. Mitigation Summary  
5.3.1. Biological Resources

Mitigation would be conducted for adverse impacts associated with implementing the proposed action.  Mitigation for terrestrial and aquatic impacts would consist of a combination of avoidance, minimization, and compensation.  The mitigation has been developed in coordination with the USFWS, the Arkansas Game and Fish Commission (AGFC), and the Oklahoma Department of Wildlife and Conservation (ODWC).  Mitigation would be associated with:

· Terrestrial habitat loss associated with the disposal of dredged material;

· Aquatic habitat loss associated with dredging and dredged material disposal;

· Aquatic habitat loss associated with raising and extending dikes and revetments;

· Impacts to mussel beds from dredging and disposal; and

· Federal threatened and endangered species.

It was determined through the terrestrial Habitat Evaluation Procedures (HEP) analysis that 302 acres of forested habitat and 390 acres of grassland habitat, would be lost with the use of all potential dredged material disposal sites in Oklahoma over the 50-year project life.  Based on the information in Table 5-4, this loss would be mitigated with the creation of wetlands along portions of the MKARNS and would result in the addition of 130 acres of higher quality bottomland forest habitat and 248 acres of higher quality marsh habitat.

The Corps and the Oklahoma resource agencies developed a list of ten potential mitigation sites.  These sites were evaluated to determine the amount and type of habitat that could be created to mitigate for habitat lost from dredged material disposal on terrestrial sites.   All of the potential mitigation sites are currently agricultural land.  Two sites were selected that satisfied all agencies involved and fulfilled the acreage and habitat quality requirement needed to mitigate for the projected habitat loss.  These sites were preferred because they are adjacent to Oklahoma Department of Wildlife Conservation (ODWC) currently managed lands.  These sites would form a contiguous wildlife corridor with ODWC property, and allow ODWC to easily maintain and operate the mitigation sites.  Figure C.5-2 in Appendix C in the Feasibility Report shows a map of the mitigation sites selected.  Table 5-4 summarizes the impact acres/habitat units and mitigation acres/habitat units.

	Table 5-4. Summary of acres, Average Annual Habitat Units (AAHUs), and Annual Habitat Suitability Index (HIS),
lost on dredged material disposal sites and gained on mitigation sites.

	   Mitigation Sites Selected: OK408.9L-M, OK405.0 L-M 

	Cover Type Mitigated For
	Sum of Acres Lost
	Sum of AAHUs Lost
	Average Annual HSI of Acres Lost
	Total Acres of Proposed Mitigation Sites Combined
	Net Gain in AAHUs from Mitigation Plans
	Net HSI Gain
	# Acres
Needed to
Fully Mitigate
	Surplus or Shortage of Acres
	

	FOREST

(BLHFOREST, UPFOREST)
	-302
	-83.7
	0.28
	130

(NEWBLHFOR)
	91.0
	0.70
	120
	10
	

	  

	GRASSLAND

(OLDFIELD, OPENFIELD)
	-390
	-194.0
	0.50
	248

(NEWMARSH)
	187.0
	0.75
	258
	-10
	

	Total Surplus or Shortage of Acres: 
	0
	

	   Source: ERDC-EL, 2004b


The primary impacts to aquatic habitat as a result of dredging and deepening the channel were determined to be the following:

· The loss of dike field/slack water habitat resulting from open water dredge disposal;

· The loss of dike field/slack water habitat resulting from raising dikes and revetments, which accelerates fill rates;

· Removal or alteration of gravel bars through dredging; and

· Impacts to aquatic organisms and habitat through dredging.
Due to the lack of available baseline data on the MKARNS, the scope of the proposed action, and uncertainty of success of some mitigation measures, long term monitoring and adaptive management will be required to insure all impacts are identified and mitigated.  The proposed long term monitoring and adaptive management plan are summarized in Chapter 8 and  Appendix C of the EIS.

The engineering and HEP analysis for dike field impacts concluded that Pool 2 (NM 19-50) contained the most proposed dredge disposal areas, but due to anticipated higher filling rates, Pools 12 (NM 257-292) and 10 had the greatest aquatic impacts for the Alternative D (66.1 AAHU impacted) and Alternative E (112.6 AAHU impacted) alternatives, respectively.  Pool 2 also provided for the most benefits of any one pool with 135.3 AAHU gained with mitigation Alternative D and 104.3 AAHU gained for Alternative E.  Pool 14 (NM 319-336) and the Post Canal (NM 19 to White River) contained only proposed mitigation and did not contribute to the overall project impacts.  For the entire project (Arkansas and Oklahoma combined), Alternative D would result in a loss of 391 AAHU.  However, mitigation for Alternative D would result in a gain of 494 AAHU.   Impacts from Alternative E would result in a loss of 664 AAHU while approved mitigation projects equaled 772 AAHU for a net yield of 108 AAHU.
Additional impacts for the Verdigris River were identified.  These additional impacts when compared to the mitigation resulted in a net gain of 403 (494-91) and 17 (108-91) AAHU for Alternatives D and E, respectively.  Incremental and cost effectiveness analysis was performed to facilitate selection of the most productive output measures of the more then 180 identified mitigation features.  Two measures were eliminated due to cost effectiveness and an additional five were retained above the mitigation requirement in accordance with the USACE environmental sustainability initiative.  This resulted in an overall net gain of 8 AAHU as shown in Table 5-5.  The Aquatic Evaluation Report and Incremental Cost Analysis are summarized in Chapter 8 and Appendix C of the EIS. 

	Table 5-5.  Summary of Final Dredging and Disposal Impacts and Mitigation 

	 Location
	Total Existing AAHUs
	AAHUs Impacted by Alt D
	Total AAHUs, Alt D, with Mitigation
	Change in AAHUs Relative to Baseline, Alt D with Mitigation
	AAHUs Impacted by Alt E
	Total AAHUs, Alt E, with Mitigation
	Change in AAHUs Relative to Baseline, Alt E with Mitigation

	Arkansas
	3326
	-337
	3,737
	411
	-598
	3,364
	38

	Oklahoma
	546
	-145
	538
	-8
	-157
	525
	-21

	TOTAL
	3,872
	-482
	4,275
	403
	-755
	3,889
	17

	Adjusted for Incremental Cost Analysis

	TOTAL
	3,872
	-482
	4,275
	403
	-755
	3,880
	8

	


The mitigation for dike field/slackwater impacts includes approximately 200 dike/revetment notches, maintaining or dredging the openings to 30 backwaters or side channels, modifying or moving 75 disposal areas, and constructing islands in 30 locations.  Specific examples of aquatic mitigation are shown in Table 5-6.

	Table 5-6.  Specific Examples of Aquatic Mitigation 

	Type of Mitigation
	Number of Sites
	Example of Projects

	Avoid
	25
	1) Navigation mile 45.4-46.0.  Avoid disposal in aquatic areas of AR45.3L-D; dispose on land or preferably on right bank.

2) Navigation mile 46.8-49.2L.  Utilize land within cells for disposal at AR48.0L-D and avoid aquatic areas.

3) Navigation mile 124.8.  Avoid disposal in AR124.8L-D and utilize in-channel disposal.

	Minimize
	63
	4) Navigation mile 24.0-25.0L.  Notch modified revetment (2) and modified dike (1).

5) Navigation mile 169.4-169.7.  Notch raised dikes (4).

6) San Bois Creek NM 0.4.  Create marsh 6” to 2-foot depth with disposal material, protect mussels 

7) Use of silt curtains for open water disposal in Arkansas and Oklahoma.

	Avoid & Minimize
	22
	8) Recommend constructing island downstream at 90.5-91.0L behind underwater revetment.  If proposed location must be utilized, place disposal off bank and create island(s) and notch backside of existing dikes.

9) Navigation mile 180.4-181.3R.  Extend disposal area upstream to raised dike at 181.5R and dispose along bank downstream of dike.  Notch dikes (2).

10) San Bois Creek NM 6.9.  Expand island, design to avoid mussels, height of disposal will be 1-2 feet below water surface.

	Avoid & Compensate
	6
	11) Navigation mile 32.2R.  Maintain entrance to backwater channel by avoiding disposal and periodically dredging

	Avoid & Minimize & Compensate
	4
	12) Navigation mile 94.3-96.3L.  Avoid aquatic disposal in uppermost cells of AR95.5L-D, extend disposal area downstream to create a series of islands for a braided system and terns, notch existing dikes (5) to enhance backwater areas

	Compensate & Minimize
	6
	13) Navigation mile 243.7-244.2L.  Notch modified revetment and existing dike at upstream end of Hartman Lake to flow-through and fish passage

	Compensate
	61
	14) Navigation mile 22.8R.  Dredge entrance to Coal Pile Lake.

15) Navigation mile 44.6L.  Dredge a 0.5-mile entrance to Little Bayou Meto and 0.5-mile entrance at the upstream end of the Bayou.

16) Navigation mile 408.9L.  Dredge mouth of Billy Creek Cutoff.

17) Navigation mile 442.L.  Dredge lower end of oxbow.

	Source:  ERDC, 2005


Gravel bar surveys in proposed dredging locations indicated that a total of approximately 165 acres of gravel would be impacted in pools 5, 7, 9, 10 and 15.   The specific locations of gravel in these pools are shown in Table 8-8 in Chapter 8 and also in Appendix C of the EIS.  The goal of mitigation would be no net loss of gravel substrate/habitat.  This would be accomplished through strategic redeposition of gravel from within the navigation channel to locations adjacent to the channel and side channel locations, which would be determined by the involved agencies.  The Tulsa District USACE has completed some preliminary modeling to determine the optimum locations to relocate gravel near dredge sites.  Gravel deposition sites would then be monitored in subsequent years to determine what, if any, movement has occurred, or the level of sediment deposition on the re-deposited gravel substrates.

Mussel (unionid) surveys concluded that the largest impacts to beds would be in the Arkansas Post Canal.  Surveys estimated that there are approximately 2 million individuals in the Canal and the majority of these mussels would be destroyed through dredging.  Mitigation for these impacts includes:  relocating approximately 30,000 individuals to Piney Bay in Lake Dardanelle where populations have been depleted by commercial harvesters, relocating approximately 60,000 individuals to backwater areas in Pool 2 and then using these individuals to recolonize the Canal, and perform monitoring to determine survival rates and health of the population.  Throughout the remainder of the system, only scattered beds and patches of mussels were noted.  The final mussel report is located in Appendix C of the EIS and Table 8-9 in Chapter 8 summarizes the  location of the beds and patches that are located near construction areas and the mitigation measures that will be used to protect these animals.  Mitigation will primarily consist of avoiding specific areas, utilizing silt curtains, performing additional surveys, and monitoring and relocating bed or patches as needed, particularly in areas such as San Bois and Sallisaw Creeks that have been identified as sensitive.  

5.3.2. Long Term Monitoring and Adaptive Management
The MKARNS riparian, wetland, and aquatic ecosystems are complex and dynamic.  Understanding these ecosystems and the ability to predict how the river will respond to management actions is limited.  This limited knowledge results in uncertainty over how best to implement mitigation measures to achieve the desired outcome.  Despite these uncertainties, the USACE must make decisions and implement plans.  The purpose of long term monitoring and adaptive management is to develop a process framework for monitoring and managing the biological mitigation measures.  The MKARNS Adaptive Management Plan will serve as a template for task requirements to achieve defined goals and measurable objectives to accomplish mitigation results.  It is the ultimate goal of the Corps to achieve a functioning, self-sustainable ecosystem by mitigating for impacts as a result of the navigation deepening and flow modification project.  Tables 8-10 and 8-11 in Chapter 8 provide summaries of long term monitoring and adaptive management, respectively.

5.3.3. Threatened and Endangered Species
Based upon the best available information, the Corps has evaluated the impacts of its continued operation of its existing projects, operation of proposed projects, studies, and cumulative impacts on the 17 Federally listed species that have the potential to occur or do occur within the study area, and concluded there would be no effect on the following Federally-listed species: American alligator, gray bat, Indiana bat, Ozark big-eared bat, whooping crane, scaleshell mussel, piping plover, ivory-billed woodpecker, Arkansas River shiner, Geocarpon, western prairie fringed orchid, and harperella.  This is due to the fact that the range of many of these species does not extend to the project area, the species is no longer found in the area, suitable habitat is not present on project lands, or the impacts were considered to be inconsequential.

The ivory-billed woodpecker was thought to be extinct until recently found in Monroe County, Arkansas within the Cache River National Wildlife Refuge and adjacent areas.  Therefore, this Federally endangered species was not included in the Biological Assessment.  However, the USFWS determined in their Biological Opinion that the proposed action is not likely to adversely affect this species.  

The evaluation also concludes that continued operation of existing projects, proposed projects, studies, and cumulative impacts may have an affect on the following Federally listed species and/or their habitats:  interior least tern, pallid sturgeon, bald eagle, and American burying beetle.  The USFWS concluded that there is currently not enough available information to issue an opinion on the pallid sturgeon, and they are awaiting sediment-testing results before issuing an opinion on the bald eagle.  Therefore, this opinion only addresses the least tern and the American burying beetle

Section 7(a)(2) of the Act requires federal agencies to ensure that any action authorized, funded, or carried out by such agency is not likely to:  1) jeopardize the continued existence of any endangered or threatened species, or 2) result in the destruction or adverse modification of critical habitat.  The term "jeopardize the continued existence of" means to reduce appreciably the likelihood of both the survival and recovery of listed species in the wild by reducing the species' reproduction, numbers, or distribution.  Jeopardy biological opinions must present reasonable evidence that the project would jeopardize the continued existence of the listed species or result in destruction or adverse modification of critical habitat.

After reviewing the current status of the American burying beetle and least tern, the environmental baseline, the effects of the proposed action, and the cumulative effects, it is the USFWS’ Biological Opinion (BO) that the action, as proposed, is not likely to jeopardize the continued existence of either species and is not likely to destroy or adversely modify designated critical habitat.  No critical habitat has been designated for these species, and therefore, none would be affected.  However, the proposed action would likely result in incidental take of American burying beetles and least terns.

The threatened and endangered species mitigation focuses on the least tern and American burying beetle.  Per the USFWS’ BO, mitigation measures for the least tern include a series of in-channel islands to be created through dredged material disposal within each river pool.  For the burying beetle, the emphasis would be on avoidance and minimization of impacts.  

5.3.4. Cultural Resources
Because the Corps has determined that Feasibility Study-related activities may have an effect upon properties potentially eligible for inclusion in the National Register of Historic Places (NRHP), and has consulted with the Arkansas State Historic Preservation Officer (SHPO), the Oklahoma SHPO, and the Oklahoma Archaeological Survey (OAS) pursuant to Section 800.14(b) of the regulations (36 CFR Part 800) implementing Section 106 of the National Historic Preservation Act (NHPA)(16U.S.C. 470f); [and Section 110(f) of the same Act (16 U.S.C. 470h‑2(f))], the USACE and the Arkansas SHPO agreed that subsequent to completion of the NEPA documentation, a Programmatic Agreement (PA) shall be implemented to satisfy the Corps’ Section 106 responsibility for all individual aspects of the Feasibility Study.  The Corp’s, Oklahoma SHPO, and the OAS agreed that a PA was not necessary for the Corps to satisfy Section 106 and 110 responsibilities for activities proposed as part of this project.  In Oklahoma, the Corps would follow normal Section 106 procedures (as detailed in 36 CFR 800) for all undertakings that may have an effect on historic properties.  If necessary, mitigation of historic properties that may be adversely affected by a project activity would be determined on a case-by-case basis in consultation with the Oklahoma SHPO and the OAS.

A PA will be prepared and implemented by the Little Rock Corps for the identification, evaluation and treatment of cultural resources adversely affected by the Proposed Action on the MKARNS in Arkansas.  This PA is reproduced in Appendix D of this EIS.

Implementation of the Section 106 provisions and consultation with the Oklahoma SHPO and the OAS on a case-by-case basis will serve as mitigation and as such will reduce the level of potential impact to cultural resources to below the significance threshold.

The assumed (and preferred) mitigation is avoidance.  Avoidance preserves the integrity of archaeological sites and protects their research potential (i.e., their NRHP eligibility).  Avoidance of architectural resources may be accomplished through project redesign or construction of flood-control dikes or coffer dams around architectural resources. 

Historically, Phase III data recovery of archaeological sites through professional techniques such as surface collection, mapping, photography, subsurface excavation, technical report preparation and dissemination, has been the standard mitigation measure.  However, data recovery is labor intensive (i.e., costly) but may be necessary if NRHP-eligible sites cannot be avoided.

Mitigation measures may include, but not be limited to, Phase I survey, Phase II evaluation studies, Phase III data recovery, if required, monitoring the condition of archaeological sites on a yearly basis, and stabilizing archaeological sites.  

Because intact prehistoric and historical archaeological resources that may contain sufficient information to be NRHP-eligible may occur, a Phase I archaeological survey is recommended prior to dredging, construction and/or modification of dikes and revetments, and creation of new disposal locations.  The Phase I survey for terrestrial resources may consist of surface surveys in areas with good visibility or a series of shovel probes and/or backhoe trenches in heavily vegetated areas, to identify archaeological sites and to determine their extent and integrity.  

Because submerged resources may be present that may contain sufficient information to be NRHP-eligible, a modified Phase I survey is recommended prior to dredging, construction and/or modification of dikes and revetments and use of new disposal locations.  This modified Phase I survey would consist of intensive archival research to determine the potential for submerged resources in the study area; preparation of a predictive model to determine low, moderate or high probability areas; and implementation of a Phase I remote sensing survey based on a sampling strategy for low, moderate and high probability areas.

5.3.5. Features

The following mitigation features have been identified for reducing the amount of mitigation needed, providing compensation for known impacts, and providing a method for assessing future impacts and implementing adaptive management:

· Purchasing and developing in-kind terrestrial mitigation sites

· Relocating aquatic and terrestrial disposal sites

· Notching dikes and revetments

· Relocating gravel to other in-stream locations

· Reconnecting and/or improving backwater or side channel connections

· Creating islands with dredged material

· Creating marsh habitat with dredged material

· Mitigating for impacts to mussels

· Long-term monitoring and adaptive management
5.3.6. Costs  
The total estimated current cost for mitigation is $23,700,000 and consists of the features listed above.  Approximately $6,700,000 of the total has been allocated for long term monitoring and adaptive management. Costs details are presented in the MCACES cost estimate, dated July 18, 2005, and included in Appendix C.  
5.4. Risk and Uncertainty
Uncertainty and variability are inherent in water resources planning. Risk and uncertainty arise from measurement errors and from the underlying variability of complex natural, social, and economic situations.  Some future economic, hydrologic, and meteorological events are essentially unpredictable because they are subject to random influences.  If there is a historical database that is applicable to the future, distributions can be described or approximated by objective techniques.  If there is no such historical database, the probability of random future events can be described subjectively, based upon the best available insight and judgment.  The following paragraphs attempt to identify the uncertainty inherent in important hydrologic, design, economic, and environmental variables.

5.4.1. Economic Analysis
The uncertainty and variability of economic variables are discussed in various sections in the Economic Appendix, Appendix B.   The assumptions of traffic projections are discussed in Addendum E2, E3, E5, and E7.  The rate assumptions are discussed in Section B.6.5.1.2 and B.6.5.2.2.  The vessel fleet composition, modal shifts, induced traffic, and alternate rate assumptions are also located in Section B.6.  Benefit calculations based on high, medium, and low commodity forecasts are presented in Addendum E9.
5.4.2. Hydrologic and Hydraulic Analysis 
The risk-based analysis was performed on the graphical discharge frequency curves using the method defined in the ETL 1110-2-537, “Uncertainty Estimates for Nonanalytic Frequency Curves” dated October 31, 1997.  The economic program HEC-FDA used this method to compute uncertainty for each of the graphical discharge frequency curves based upon the probability ordinates and equivalent record length of 61 years.

Hydrology and hydraulic investigations were performed to assess the impacts of a deeper navigation channel for the MKARNS.  Possible impacts to the existing locks and to the channel stability were investigated.  However in order to accommodate the funding and schedule limits of this study, the hydrology and hydraulics (H&H) study approach was scaled back from the typical feasibility level of detail.  The H&H study focuses on conceptual structure designs, a sediment impact assessment and identifying the needed detailed studies to be done during the PED Phase.  The conceptual design approach was accomplished using the available original design information, past experience, and engineering judgment.  In addition, a 2-D numerical sediment transport model was developed for the upper 10 miles of Pool 2.  For additional areas requiring channel deepening, the approach of the study was to extrapolate and correlate the findings from the 2-D modeling for the remainder of the study area.  The 2-D modeling results were correlated to results from HEC-RAS models to size the necessary hydraulic structures for providing a maintenance-free navigation channel.  Due to this conceptual design approach, lack of design criteria, and the uncertainty in designing alluvial river systems, it will be necessary to verify the estimated structures (size, location, and impacts) with proposed 2-D numerical or physical modeling in the PED phase of the study.  More-detailed surveys will be required in order to build these models.  Also, the deeper drafting barges have unknown impacts to the present lock designs.  Prototype testing at Lock 2 lead to the following findings: for barges that draft 11.5´:  (1) There will be a negligible chance of the barges striking the downstream lock sill when the minimum expected tailwater depth of 14´ 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´ and 30´, 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.  Also, 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.

5.4.3. Environmental Mitigation 
The Corps is continuing to coordinate with the USFWS and state resource agencies to ensure compliance with the NEPA, Fish and Wildlife Coordination Act (FWCAR), Endangered Species Act, Clean Water Act, National Historic Preservation Act, and Clean Air Act.  The USFWS provided a FWCAR on June 24, 2005, which outlines their concerns, recommendations, and position.  The USFWS will submit a supplemental letter to the FWCAR after review of the final EIS.  
USFWS’s general concerns center around the expedited schedule for the EIS and the constraints it places upon collecting sufficient data to adequately assess impacts and make decisions regarding a final mitigation plan.  They are also concerned about funds being properly allocated for long term monitoring and an adaptive management plan and requested that the Corps seek additional authorization from Congress for an Environmental Management Program (EMP).  In an August 25, 2004 letter, the USFWS Regional Administrator stated that the expedited schedule would preclude an adequate assessment of the proposed project’s environmental impacts, and adverse impacts would either be unanticipated or underestimated in the decision document.  Their specific concerns include adverse impacts to aquatic communities and wildlife resources resulting from open water and terrestrial dredge disposal, increased sedimentation rates in side channel/slack water areas due to dredging and raising river training structures, dredging of in-stream gravel areas that serve as spawning and feeding habitat for riverine fishes, and adverse impacts to freshwater mussels and the Federally Endangered Least Tern.
In response to their concerns, the Corps agrees that given the current schedule there is not time to adequately assess all potential impacts and answer all questions, therefore, a long term monitoring and adaptive management plan have been included as part of the mitigation. The Corps contracted with the Engineer Research and Development Center (ERDC), who put together a team of experts to gather as much baseline information as possible and perform the best possible terrestrial, aquatic and geomorphologic study and impact analyses in the time frame allotted.  Additionally, the Corps contracted with Parsons Engineering to assist with the evaluation and produce the EIS and Ecological Specialists Incorporated to perform an intensive freshwater mussel survey.  
In addition to the resource agency concerns, the Arkansas Wildlife Federation (AWF), Bass Anglers Sportsman Society (BASS) and several individuals have written letters requesting that the Corps address those same environmental concerns.  The AWF has expressed concerns about following the correct NEPA procedures and the alleged influence they feel the navigation industry is having on the schedule as well as the entire project.   The AWF did request that the Corps consider combining the Phase I and II projects into one phase and after careful evaluation the Corps agreed that the public would be better served by one report and EIS.  However, they now contend that scope of the project has been revised to the extent that the NEPA process should have started over when the Corps combined the phases.

The final mitigation plan was developed utilizing ERDC’s terrestrial and aquatic Habitat                                                  Evaluation Procedures (HEP) analyses which assesses impacts both, quantitatively and qualitatively.  An interagency team consisting of the Corps, USFWS, Oklahoma Department of Wildlife Conservation, and the Arkansas Game and Fish Commission was formed to assist with the HEP and perform the standard mitigation sequencing process of avoid, minimize, and compensate.   Since very little baseline information exists on the biota of the Arkansas River following the construction of the MKARNS, a modified HEP analysis was developed by ERDC utilizing the experience of the team.  Several of the HEP parameters (habitat suitability, depth of backwaters, etc.) were obtained using the Delphi approach which was based on the experience of the interagency team.  Parameters such as dike field filling rates were extrapolated from a combination of numbers including historical dredging records, remaining capacity of dike field, and active disposal.  Percent of effectiveness of dike notches was assumed and agreed upon by the team.   All of these things combined, present some degree of uncertainty in the final analyses of impacts and mitigation.  Therefore the only solution to insure adequate mitigation is through long term monitoring and adaptive management.

5.4.4. Cost Estimates

The total costs of implementing the navigation channel deepening alternatives include construction costs, lands, easements, rights-of-way, mitigation features, and supervision and administration.  Petroleum prices impact the cost of production of materials such as rock riprap.  The cost of petroleum is unstable; with recent prices of oil peaking over $60 a barrel and the price dependent on worldwide events, the cost estimate is sensitive to fluctuation.  As described in section B.10.3, due to the conceptual design approach and the uncertainty in designing alluvial river systems, it will be necessary to verify the estimated structures (size, location, and impacts) with proposed 2-D numerical or physical modeling in the next phase of the project study, PED.  

5.5. Assumptions

5.5.1. Hydrology & Hydraulics

1.  Hydrology model was based on a 61-year period of record.

2.  Hydraulic models (HEC-RAS) were estimated that the standard deviation of the stage uncertainty to be 0.5´ with the 10-yr profile being the stage at which this becomes constant.

3.  The 2-D sediment transport model was calibrated to a 70,000 cfs profile that was measured by the USGS.  The model was only run for flows up to the channel forming design flow and was verified against the calibrated HEC-RAS model.

4.  The sediment transport simulations were run in a quasi-steady mode, but should be representative for evaluating the change between base and plan conditions.

5.  For the sediment transport model, inflowing suspended sediment concentrations and bedload rate were estimated for the simulations due to lack of data, but the estimated concentrations were similar to three measurements obtained in January and March 2004.

6.  Channel forming and design discharge used was estimated to be the 2-yr event.

7.  Channel scouring was assumed to be the same for all the reaches based on the results in the 

2-D sediment transport model.  The 2-D model channel bed shear values were compared to those determined in HEC-RAS models.  It was assumed that similar percent change in bed shear correlated to similar scour depths. 

8.  Sediment transport capacity and deposition was assumed to be similar for all reaches based on the results of the 2-D sediment transport model of having similar percent change in transport capacity potential as determined in the HD module of the HEC-RAS models.  Assumed that sediment transport capacity will not change, but it is predicted that there will be minor changes in the location of sediment deposits in the proposed project areas. Sediments will be moved downstream a short distance with most deposits occurring in the dike fields.

9.  The comparisons of water surface elevations between the existing conditions and the plan conditions indicated negligible differences in elevations and was assumed to have no impact to flood heights for the range of flows from the 2-yr to the 100-yr. 

10.  No detailed surveys were obtained for the structures that are to be modified.

11.  More detailed surveys and 2-D modeling will be done during PED. 

12.  Under existing conditions, the 1995 -2002 average maintenance dredging was expected to continue at the same rate for the next 50 years.

13.  The reduced average maintenance dredging for the period 1995-2002 is due to a reduced sediment load as the system approaches equilibrium.

14.  Original design of the structures (dikes and revetments and lock & Dams) was to provide a minimum of a 12-ft deep channel below the navigation pool.

15.  Under existing conditions, the dike field (to top of dike) will be filled at the same rate as estimated to have occurred during the last 20 years.

16.  The sediment deposition rates in Pool 7 are, although not calibrated, are representative of the actual amounts and that the relative amounts between existing and plan are indicative of expected impacts.

17.  Sediment transport deposition is increased in the modified reaches by 50%.

18.  The prototype testing on lock 2 is applicable to all locks as stated in the following results:


(1) 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.


(2) Hawser forces in the lock should not increase, except for the additional forces due to the increase in barge mass (+11.5 draft/8.5 draft or +35%), under current lock filling and emptying operations at all locks except Ozark and Weber Falls, where additional tests should be done due to lifts of 34 and 30 ft, respectively.


(3) Hawser forces on the downstream moored barges showed a significant increase in force.  However, there is minimal guidance on the allowable forces and the forces could be reduced by slowing the emptying time if required at site-specific projects.


(4) The effects of out drafts, draw, pinning are unknown and further investigation (physical model) is warranted for the project(s) with the highest potential for approach problems.

5.5.2. Channel Maintenance Dredging, Operations 
1. All of the areas will be dredged initially to the specified 12-foot channel depth.

2.  Corps of Engineers Marine Terminals will clam the downstream lock approaches to maintain required depth until the maintenance dredge arrives.  This work will require three additional dump barges to expedite excavation and disposal time. 

3.  A modification to the existing contract or another contract may be necessary to remove large shoals that could form during a fast recession in the MKARNS. 

4.  If the new structures do not adequately scour the channel then additional dredging will be required.

5.  Structures may move sediment from one place in the navigation channel to another downstream. 

6.  Montgomery Point Lock and Dam will significantly decrease dredging in the White River Entrance Channel.

7.  The amount of dredging required may be significant during the first 5 years, decreasing to remain constant for the life of the project.

8.  Dredging program will be adequately funded.
9.  No initial modifications will be made to the tow haulage system.  
5.5.3. Design 
1.  It is assumed that there will be no electrical changes to the miter gates or tainter gates.

2.  The existing tow haulage systems will continue to be used and O&M costs have increased in the cost estimate to account for the increase in maintenance costs. 

3.  An investigation of underwater telephone river crossings in the dredged areas was performed using the MKARNS navigation charts initially and then contacting each of the telephone companies individually by phone or email.  The only transmission lines that need to be removed are located at River Mile 61.

4.  Disposal area pumping station is located on the right bank just upstream of Lock 2.  It is assumed that there will be 4 - 50 horsepower pumps.  There is an existing overhead 3-phase power line within close proximity to the proposed location for the new station that will provide sufficient power for these pumps.

5.  Maintenance and/or replacement of existing gate hydraulic machinery and piping due to aging is not a part of this study.

6.  All real estate needed for disposal areas will be available for use.

7.  Assumed no modifications will be needed to earthen embankments/levees at lock locations.

5.6. Sensitivity 

In Appendix B, the Economic Appendix, several forecast scenarios were evaluated and are presented in Appendix B, Section B.12, Tables 12-2 through 12-11.  Navigation benefits were calculated based on “the most probable” with project and without project conditions.  It is possible, however for economic variables to greatly exceed or fail to meet “probable” values.  In calculating net benefits for a project, it is important to recognize that the true value of net benefits exists within a range of possible values.  To have a better understanding of the range of possible values for this study, several variables were tested.  Table 5-7 summarizes the results of the sensitivity analysis.
	Table 5-7.  Summary of Sensitivity Analysis

	
	Alternative C
	Alternative D
	Alternative E

	Summary of Economic Analysis
	 
	 
	 

	Incremental Net Benefits
	$8,800,700 
	$8,767,000
	$9,810,500

	Benefit to Cost Ratio
	incalculable
	1.9
	1.8

	 
	 
	 
	 

	Low Tonnage Forecast Scenario 
	 
	 
	 

	Incremental Net Benefits
	$8,800,700 
	$6,348,600
	$6,649,300

	Benefit to Cost Ratio
	incalculable
	1.6
	1.5

	 
	 
	 
	 

	High Tonnage Forecast Scenario 
	 
	 
	 

	Incremental Net Benefits
	$8,800,700 
	$6,751,600
	$17,361,000

	Benefit to Cost Ratio
	incalculable
	1.7
	2.4

	 
	 
	 
	 

	High Cost Tow Haulage O&M Scenario
	 
	 
	 

	Incremental Net Benefits
	$8,800,700 
	$8,612,200
	$9,571,700

	Benefit to Cost Ratio
	incalculable
	1.8
	1.8

	 
	 
	 
	 

	Interest Rate 7%
	 
	 
	 

	Incremental Net Benefits
	$6,791,000 
	*
	$2,405,200 

	Benefit to Cost Ratio
	incalculable
	*
	1.16

	*Note: Sum of present value of navigation benefit for 11' channel less than for 12' channel.  Therefore, Incremental Net Benefits and Benefit-to-Cost Ratio for Alternative D is less than for Alternative E.


The first test of sensitivity was for tonnage forecasting.  In Appendix B, Section B.6., three forecast scenarios were produced.  While the net benefit calculations presented in the previous section were based on the middle forecast scenario, results could be presented for the range of benefits possible under the high and low forecast scenarios.  As seen in Appendix B, Section B.12, Table 12-2, none of the navigation channel deepening components are economically justified with low-growth (no growth) forecasts.  Without an economically justified navigation channel deepening component, the NED/Recommended plan would switch from Alternative E to Alternative C.  As seen in Appendix B, Section B.12, Table 12-5, only the 12 foot channel is economically justified with high-growth forecasts.  With growth similar to other high-traffic rivers, Alternative E performs better under the mid-range forecast.  Alternative E would remain as the NED/Recommended plan.

The second test of sensitivity was for O&M costs for the tow haulage equipment in SWL.  As discussed in Appendix B, Section B.5., and shown in Appendix B, Table 5-2, estimates of incremental O&M costs for tow haulage for the 12 foot channel depth range from $100,000 to $200,000 per year.  As seen in Appendix B, Table 12-9 and 12-10, the 11 foot and 12 foot channels are economically justified with high forecast of tow haulage O&M costs.  Alternative E would remain as the NED/Recommended plan.

The third test of sensitivity is for a higher Federal discount rate.  Testing an interest rate of 7%, as presented in Appendix B, Section B.12, Table 12-11, the 12-foot channel remains economically justified.  However, Alternative C provides greater incremental net benefits and would be the NED plan.

5.7. Additional Engineering Studies Needed in PED Phase 

· Sediment Transport Model Studies - Additional 2-D numerical sediment transport modeling in the PED Phase will need to be performed to verify or finalize the proposed conceptual structure designs and their impacts to the river and to navigation.  Ten river reaches on the system have been identified that will need to be modeled for detailed design and impacts.  In Arkansas the reaches are; NM 33-49, NM 94-104, NM 139-151, NM 163-174, NM 180-192 and NM 270-290; and in Oklahoma the reaches are; NM 308-319, NM 351-361, NM 391-401 and NM 440-445.  It is estimated that each of these models will take approximately six months to complete (three years total modeling time). Although the sediment assessment indicated that there is no expected significant impact to the system’s sediment transport capacity, it is recommended that a sediment analysis be performed for all pools using the Sediment Impact Assessment Model (SIAM) in order to quantify sedimentation amounts and to estimate the annual maintenance dredging.  In addition it is proposed to develop one HEC-6 model for one pool to verify/correlate the SIAM results.  In the case that significant impacts are estimated for some of the pools by the SIAM models, then additional HEC-6 models will be built.   Time and cost have been estimated for four additional HEC-6 models. ERDC recommends using the numerical models LOCKSIM and HAWSER to determine the impacts to emptying and filling at the Ozark and Webbers Falls projects. ERDC also recommends the use of a physical model to evaluate the effects on navigation conditions in the upper lock approaches.  It is proposed to examine the navigation impacts due to outdraft at Hardin Lock and Dam (#3) and due to draw at Newt Graham Lock and Dam (#18).  

· Dredged Material Volume Studies - The MKARNS is considered to be a reasonably stable river; there are no proposed significant changes to the hydrology; the proposed structures and dredging impact only about 10% of the river; and the 2-D modeling in Pool 2 indicates no significant sedimentation issues; however, it is recommended that during PED, SIAM analyses be conducted for all the pools.  Also, a minimum of one HEC-6 model is proposed to verify the SIAM results in estimating the project’s long-term effects and maintenance dredging.

· Surveys and Drainage Studies – Surveys and drainage studies will be performed during PED 
on all dredge disposal areas.

·  Barge Impact Studies – The existing barge impact study will be expanded to include information on impacts to all lock components (miter gates, guide walls, etc.) and will include risk and uncertainty analysis.
The estimated time and cost of the modeling during PED are shown in Table 5.8.

	Table 5-8.  Arkansas River Navigation Study

Numerical and Physical Modeling during PED

	TASK
	SCHEDULE
	FY05
	FY06
	FY07
	FY08
	TOTALS

	VERIFY STRUCTURE DESIGN & IMPACTS
	 
	 
	 
	 
	 
	 

	2-D Numerical Model NM 33-49 Pool2         
	6 months:          7-1-05/12-31-05*
	$75,000
	$78,750
	 
	 
	$153,750

	2-D Numerical Model NM 139-151 Pool 7     
	6 months:          7-1-05/12-31-05
	$75,000
	$78,750
	 
	 
	$153,750

	2-D Numerical Model NM 391-401 Pool 16 
	6 months:          1-1-06/6-30-06
	 
	$157,500
	 
	 
	$157,500

	2-D Numerical Model NM 94-104 Pool 5      
	6 months:          1-1-06/6-30-06
	 
	$157,500
	 
	 
	$157,500

	2-D Numerical Model NM 163-174 Pool 8    
	6 months:          7-1-06/12-31-06
	 
	$78,750
	$82,750
	 
	$161,500

	2-D Numerical Model NM 180-192 Pool 9    
	6 months:          7-1-06/12-31-06
	 
	$78,750
	$82,750
	 
	$161,500

	2-D Numerical Model NM 270-290 Pool 12 
	6 months:          1-1-07/6-30-07
	 
	 
	$165,500
	 
	$165,500

	2-D Numerical Model NM 308-319 Pool 13 
	6 months:          1-1-07/6-30-07
	 
	 
	$165,500
	 
	$165,500

	2-D Numerical Model NM 351-361 Pool 14 
	6 months:          7-1-07/12-31-07
	 
	 
	$82,750
	$87,000
	$169,750

	2-D Numerical Model NM 440-445 Pool 15 
	6 months:          7-1-07/12-31-07
	 
	 
	$82,750
	$87,000
	$169,750

	ASSESS IMPACTS TO SEDIMENT REGIME
	 
	 
	 
	 
	 
	 

	SIAM models 
	6 months:          7-1-05/12-31-05
	$75,000
	$50,000
	 
	 
	$125,000

	HEC-6 -

Verify SIAM model                  
	3 months:        10-1-05/12-31-05
	$30,000
	$45,000
	 
	 
	$75,000

	HEC-6

Additional HEC-6 models may be required.  Assume 4 additional models.
	3 months/model 1-1-06/6-30-06**
	 
	$225,000
	 
	 
	$225,000

	OPERATIONAL PROCEDURES
	 
	 
	 
	 
	 
	 

	HAWSER/LOCKSIM (Determine Filling & Emptying times to minimize hawser forces)
	6 months:          7-1-05/12-31-05
	$84,000
	$80,000
	 
	 
	$164,000

	NAVIGATION CONDITIONS
	 
	 
	 
	 
	 
	 

	Physical Model -   Upstream approach for outdraft (Lock 3) & draw (Lock 18)
	12 months:        7-1-05/6-30-06
	$250,000
	$750,000
	 
	 
	$1,000,000

	LOCK STRUCTURE BARGE COLLISION 
	 
	 
	 
	 
	 
	 

	Barge Impacts-Lock Component and Risk & Uncertainty Anal.
	6 months:          7-1-05/12-31-05
	$50,000
	$76,000
	 
	 
	$126,000

	Totals
	 
	$639,000
	$1,856,000
	$662,000
	$174,000
	$3,331,000


*Two 2-D Numerical models assumed to be developed concurrently.
**In-house capabilities used concurrently with contract to reduce costs.
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