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As a result of the plan formulation and screening process presented in Section 3.0 of 
the main report, four alternatives, including the no action, were identified and each 
was assessed for ecosystem restoration benefits using the Wetland Value 
Assessment (WVA) to determine habitat values, The resulting habitat values along 
with preliminary engineering costs were used as inputs for the IWR Planning Suite 
to compare the alternatives in terms of outputs and costs as further described 
below. 
 
Cost effectiveness and incremental cost analyses (CE/ICA) reveal information about 
good financial investments given the dollar costs and non-dollar outputs (“benefits”) 
of alternative investment choices. The analyses are conducted in a series of steps 
that progressively identify alternatives that meet specified criteria and screen-out 
those that do not. US Army Corps of Engineer (USACE) Regulation 1105-2-100 
requires cost effectiveness and incremental cost analyses to support 
recommendations for ecosystem restoration through implementation of the IWR 
Planning Suite (IWR). IWR takes user-defined solutions to planning problems and 
externally-generated estimates of each solution's effects and can formulate all 
possible combinations of those solutions, considering user-defined relationships 
between solutions. IWR will then identify which combinations are the best financial 
investments through cost effectiveness and incremental cost analyses. Each 
combination of solutions is an alternative plan and the use of IWR assists in 
identifying which plans are the best investments. 
 
Cost effectiveness analysis begins with a comparison of the costs and outputs of 
alternative plans to identify the least cost plan for every possible level of output 
considered. The resulting least cost alternative plans are then compared to identify 
those that would produce greater levels of output at the same cost, or at a lesser 
cost, as other alternative plans. Alternative plans identified through this 
comparison are the cost effective alternative plans. Next, the cost effective 
alternative plans are compared to identify the most economically efficient 
alternative plans, that is, the “Best Buy” alternative plans that would produce the 
“biggest bang for the buck.” Finally, the additional costs for the additional amounts 
of output (“incremental cost”) produced by the Best Buy alternative plans are 
calculated. The results of all the calculations and comparisons of costs and outputs 
provide a basis for addressing the decision question “Is it worth it?” i.e., are the 
additional outputs worth the costs incurred to achieve them? 
 
In practice, USACE ecosystem restoration studies typically measure the ecosystem 
benefits of alternative plans in terms of physical dimensions (number of acres of 
wetlands, for example), or population counts (number of wading birds, for example), 
or various habitat-based scores (“habitat units” based on the U.S. Fish & Wildlife 
Service’s Habitat Evaluation Procedures, or “HEP”, or Wetland Value Assessment 
“WVA” for example).  
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The performance measures evaluated and selected by the PDT for this project were 
habitat units (HUs). Habitat units are the metric that best integrate information 
regarding the quality and quantity of improved habitat for various representative 
species and/ or communities within the project benefit area.  
 
Habitat unit (HU) output, or the performance of each of four alternative plans in 
the final array, was evaluated by the U.S. Fish & Wildlife Service based on the 
Wetland Value Assessment (WVA); the WVA methodology and resulting HU 
determinations are described in detail in Section 3.5 of the main report.  The 
WVA is an accepted method used to determine HUs for restoration projects in 
coastal Louisiana. Preliminary detailed total costs were also developed for each of 
the final four alternatives and considered construction costs, engineering and 
design, supervision and administration, and real estate costs. Details for 
preliminary cost development are also presented in Section 3.5 of the main report 
and in Appendix L. Annualized costs were calculated, and a comparison of average 
annual cost to HU output for each of the four alternatives in the final array was 
conducted.  Cost and HU output comparisons are summarized and illustrated in 
Figure K-1 below: 

 
Figure K-1. Benefits and costs of the final array1,2

                                            
1 All costs are in October 2009 prices 
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The cost-effectiveness of the alternatives is presented in table K-1 and figure K-2.  
The analysis indicates that Alternative 4 has lower benefits and higher costs than 
alternative 2 and is not a cost-effective solution.  Therefore Alternative 4 will not be 
considered further.  Alternates 2, 4B, and 6 are all cost-effective and are also best 
buy alternatives and will be considered further through an incremental cost 
analysis.  However, it should be pointed out that Alternative 6 produces significant 
AAHUs at an extreme cost per habitat unit when compared to the other two 
alternatives.  This is explained further in the following paragraphs. 
 
  Alternative 4  Alternative 2           Alternative 4B  Alternative 6  

  South 
Bridge, 3000 
cfs 

Romeville,  
3000 cfs 

South Bridge 
(split flow) 

Dual 
Diversion 

HUs  6124 6421 7103 7114 
Cost 

($1,000s)  $8,135  $5,646  $7,954  $8,455  
Cost-

effective  No Yes Yes No 

Best Buy No Yes Yes Yes 
Table K-1.  Cost-effectiveness analysis of the final array3,4

                                                                                                                                             
2 First costs were annualized using a discount rate of 4-3/8% over a 50-year period 

 

3 All costs are in October 2009 prices 
4 First costs were annualized using a discount rate of 4-3/8% over a 50-year period 



Appendix K (Vol IV)  Benefit/Cost-Incremental Cost Analysis  
 

 
WRDA 2007 Section 7006(e)(3)                 October 2010 

K-5 

 
Figure K-2.  Cost-effectiveness of analysis of the final array 
 
Table K-2 and Figure K-3 below summarize the incremental analysis of the cost-
effective alternative plans. Of the tree alternatives, Alternative 2 provides the 
lowest increase in average annual habitat units when compared to the future 
without-project condition.  By delivering 3000 cfs of freshwater, sediments, and 
nutrients to the Southeast portion of the Maurepas Swamp drainage in the swamp 
would improve, there would be more dry periods to promote seed germination and 
sapling survival, and there would be a decrease in persistent inundation, short 
circuiting drainage patterns, and ponding and stagnation.  Nutrients and sediment 
diverted and pulsed to the swamp will be more widely distributed in the swamp and 
that would result in increased nutrient assimilation and vegetative productivity as 
well as improved water quality in Blind River.  Implementation of Alternative 2 
would reverse the existing trend of swamp deterioration.  The sediment diverted to 
the swamp and the increased productivity will increase accretion (soil building) and 
offset subsidence and sea level rise and reduce the decrease in the ground surface 
elevation in the swamp and reduce persistent inundation.  Because of this strong 
contribution to the planning objectives, the $5,646,000 annual cost for Alternative 2 
to produce 6421 average annual habitat units at a per unit cost of $880 is 
considered justified.  The increment from Plan 2 to Plan 4b produces an additional 
682 average annual habitat units at a cost of $2,309,000 or $3,384 per average 
annual habitat unit and the increment from Plan 4b to Plan 6 produces an 
additional 11 habitat units at a cost of $501,000 or $45,530 per average annual 

Alt. 2 

Alt. 4 

Alt.4B 

Alt. 6 
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habitat unit.  Alternative 2 provides over 90 percent of the benefits for about 67% of 
the cost of Alternative 6, the cost per AAHU is much lower for Alternative 2 that for 
the other two alternatives and the incremental cost per habitat unit in going from 
Alternative 2 to Alternative 4B and/or Alternative 6 is quite high.  Due to the high 
incremental cost per habitat unit for the increments above Alternative 2 these 
increments are not considered to be justified.  Alternative 2 is the alternative that 
reasonably maximizes ecosystem restoration benefits compared to costs and is 
designated as the National Ecosystem Restoration Plan. 
 

  Alt. 2 – Romeville  Alt. 4B 0 South 
Bridge (Split 

flows)  

Alt. 6 – Dual 
Diversion  

AAHUs 6,421 7,103 7,114 
AA Cost ($1,000s) $5,646  $7,954  $8,455  
    Yes 
Δ  AAHU 6,421 682 11 
 Δ  AACost ($1000s) $5,646  $2,309  $501  
Δ AA Cost/AAHUs ($1000s) $0.88  $3.39  $45.53  

Table K-2.  Incremental cost analysis of the final array5,6

 
 

 
Figure K-3.  Incremental cost analysis of the final array7,8

                                            
5 All costs are in October 2009 prices 

 

6 First costs were annualized using a discount rate of 4-3/8% over a 50-year period 

Alt. 4B 
Alt. 2 

Alt. 6 
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It should also be noted that benefits in addition to creating HUs include improved 
recreational value.  The existing recreation benefits within the project area were 
estimated using the Unit Day Value (UDV) method, employed in compliance with 
the USACE Economics Guidance Memorandum, 09-03.   
 
The natural and built resources of the project site were analyzed and assigned 
points based on five criteria: 
 

 Recreation Experience: Based on the number of activities available at the 
site and whether they are unique to the site; 

 Availability of Opportunity: Based on how many other areas for fishing 
and hunting are within 30 minutes, 45 minutes, 1 hour and 2 hours travel 
time of the study site; 

 Carrying Capacity: Based on a rating of the facilities on site: minimum, 
basic, adequate, optimum and ultimate; 

 Accessibility: Based on a rating of the accessibility to the site and within 
the site: limited; fair and good; and 

 Environmental: Based on aesthetic factors such as geology, topography, 
water and vegetation, air pollution, water pollution, poor climate, and 
adjacent views. 

 
This same method was used to determine UDVs for each of the four alternatives.   
 
The following table demonstrates the guidelines for assigning points within the 
UDV method.  

Guidelines for assigning points within the Unit Day Value Method. 

Criteria         Judgment Factors 
Recreation 
experience 
 
Total Points: 30 

Two general 
activities 

Several 
general 
activities 
 

Several 
general 
activities; one 
high quality 
value activity 
 

Several general 
activities; more 
than one high 
quality high 
activity 

Numerous high 
quality value 
activities; some 
general 
activities 

Point Value: 13 0-4 5-10 11-16 17-23 24-30 
Availability of 
opportunity 
 
 
Total Points 18 

Several 
within one 
hour travel 
time; a few 
within 30 
minutes 
travel time 

Several 
within one 
hour travel 
time; none 
within 30 
minutes 
travel time 

One or two 
within one 
hour travel 
time; none 
within 45 
minutes 
travel time 

None within 
one hour travel 
time 
 

None within 2 
hour travel 
time 

                                                                                                                                             
7 All costs are in October 2009 prices 
8 First costs were annualized using a discount rate of 4-3/8% over a 50-year period 
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Point Value: 6 0-3 4-6 7-10 11-14 15-18 
Carrying 
capacity 
 
 
Total Points 14 

Minimum 
facility for 
development 
for public 
health and 
safety 
 

Basic facility 
to conduct 
activity(ies) 

Adequate 
facilities to 
conduct 
without 
deterioration 
of the 
resource of 
activity 
experience 
 

Optimum 
facilities to 
conduct activity 
at site potential 

Ultimate 
facilities to 
achieve intent 
of selected 
alternative 

Point Value: 8 0-2 3-5 6-8 9-11 12-14 
Accessibility 
 
 
Total Points: 18 

Limited 
access by 
any means 
to site or 
within site 

Fair access, 
poor quality 
roads to site; 
limited 
access 
within site 

Fair access, 
fair road to 
site; fair 
access, good 
roads within 
site 
 

Good access to 
good roads to 
site; fair access, 
good roads 
within site 

Good access, 
high standard 
road to site; 
good access 
within site 

Point Value: 11 0-3 4-6 7-10 11-14 15-18 
Environmental 
 
Total Points: 20 

Low 
aesthetic 
factors that 
significantly 
lower quality 

Average 
aesthetic 
quality; 
factors exist 
that lower 
quality to 
minor degree 

Above 
average 
aesthetic 
quality; any 
limiting 
factors can be 
reasonably 
justified 
 

High aesthetic 
quality; no 
factors exist 
that lower 
quality 

Outstanding 
aesthetic 
quality; no 
factors exist 
that lower 
quality 

Point Value: 8 0-2 3-6 7-10 11-15 16-20 
 
 
The dollar values determined for the project area was based on the unit day values 
(UDVs) calculated for each alternative; the UDVs were the same for Alternative 2 
and Alternative 4, both of which were assigned a UDV value of 37.  The dollar 
values calculated for Alternative 6 and Alternative 4B were also the same, with an 
assigned  UDV value of 41.  The associated annual dollar revenues based on UDVs 
were $35,129 for Alternatives 2 and 4A, and $36,406 for Alternatives 6 and 4B.  
While these UDVs can be subjective based on limited available user data, it can be 
said that a positive increase in opportunities for recreation would be provided with 
the primary recreation activities that include fishing, hunting, boating, and bird 
watching.  These are wildlife-dependent recreation activities that would at the very 
least be maintained with either of the alternatives and with respective increase in 
HUs. Without implementation of one of these alternatives, swamp degradation 
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would eventually impact recreational use adversely.  In summary, recreational 
benefits are realized with each of the alternatives; however, the recreational 
benefits were not used to discriminate between alternatives as were HUs.  For 
additional detailed information on recreational use and UDV evaluation, refer to 
Section 5.15 in the main report. 

































































CONVENT/BLIND RIVER DIVERSION PROJECT  
WVA MODEL JUSTIFICATION  
 

1. Starting the SI curves for all variables at 0.1 is problematic because even 
habitat with no ecological value appears to have some ecological value. 

 

The WVA swamp model has only two graphs.  One of them, V2 - Stand Maturity, has a 
zero intercept.  The other, Salinity, does not.  However, McKay and Fischenich (1) did a 
sensitivity analysis on the Barataria Barrier Shoreline WVA.  Their study showed that the 
application of the zero slope intercept instead of 0.1 as in the model did not affect the 
relative rankings of any of the alternatives.  The same is likely to be true for the 
Convent/Blind River diversion project.   
 

3. The number of target years should be increased to improve the predictive 
ability of the models given that changes are often non-linear. 

For the Convent/Blind River diversion project, different alternatives were analyzed using 
target years depending upon various assumptions such as the health of the vegetation 
relative to similar vegetation in the Swamp outside of the project area as reflected in the 
habitat classification map (20-30 years to marsh, 30-50 years to marsh, and >50 years to 
mash).  The target years used for the Convent/Blind River diversion project were TY0, 
TY1, TY20, TY30, and TY 50. 
 
For the WVA Certification additional text has been provided in the Procedural Manual to 
guide users on the selection of target years.  A Table has been added summarizing, by 
project type, the use of specific target years to reflect aspects of project evolution. 
Suggestions have been made for ensuring the justification for the selection of Target 
years is added to the Project Information Sheet. 
 

4. In the spreadsheet for the marsh model, open water and emergent marsh 
AAHUs are incorrectly combined and should be added rather than taking the 
arithmetic mean. 
The marsh models were not used in the Convent/Blind River diversion project. 
 

6. Sea level is an important driver and relative sea level rise and climate change 
should be included in the models. 

For the Convent/Blind River diversion project relative sea level and subsidence were 
accounted for in the land loss rates calculated for each project area.  Data in the literature 
indicated that the rate of accretion will offset sea level rise and subsidence.  The 
hydrologic modeling that was used to evaluate WVA metrics for the Convent/Blind River 
used the intermediate rate of sea level rise.     
 
For WVA Certification, a new section ‘Climate Change’ has been added to the 
Procedural Manual to provide guidance on how to consider sea-level rise and other 
climate change effects in the evaluation.  Suggestions have been made to document in the 
Project Information Sheet how these factors are considered in the evaluation.  
 



10. For some model variables, policy decisions appear to supersede the biology of 
the relationships for developing the Suitability Index (SI) curves. 

This comment referred to a problem that the reviewers had with the marsh models.  The 
marsh models were not used in the Convent/Blind River diversion project. 

 

11. The spreadsheets for the models as created are likely to lead to errors in 
maintenance and use. 

The USFWS Habitat Evaluation Team (HET) member for the Convent/Blind River 
diversion project is experienced in the use of WVA spreadsheets.  To ensure that "% 
cover" and "class", as well as other spreadsheet numbers were entered correctly the 
spreadsheet entries have been and will be reviewed by several members of the HET (e.g., 
agency representatives). 
 
For WVA Certification, the spreadsheets have been corrected as Battelle suggested 
correction of calculation errors, improvement of the spreadsheet user interface, to 
decrease the likelihood of user errors. 

 

12. Several inaccuracies were identified in the model spreadsheets that should be 
corrected. 

As explained above, the USFWS HET member is experienced in the use of WVA 
spreadsheets and the HET reviewed all spreadsheets, According to model developers, the 
spreadsheet works correctly for the Swamp WVA V2.   

 
For WVA Certification, the spreadsheets have been corrected as suggested by Battelle to 
correct calculation and specification errors. 

 

15. The WVA method should be expanded to handle risk and uncertainty in 
areas exposed to episodic events. 

Risk and uncertainty are already incorporated into the WVA model used for the 
Convent/Blind River diversion project.  Risk and uncertainty are also addressed in 
Section 3.10 of the Integrated Feasibility Study and Environmental Impact Statement and 
include hydrologic, environmental, and construction and economic uncertainties.   
 
For WVA Certification, suggestions have been made to add a section to the Project 
Information Sheet to describe how risk and uncertainty are considered in the evaluation. 
i 

16. The WVA method should be updated, taking into account new GIS data, 
LIDAR, and other new data sources as well model formats/presentation 
(visualization tools, HGM). 

The WVA model used for the Convent/Blind River diversion project included use of the 
most recent imagery and land loss data available from the USGS as well as the most 
appropriate historic imagery to determine land loss and habitat conversion.  The habitat 
classification map was developed by scientists with the most knowledge about the 
condition of wetlands in Maurepas Swamp in conjunction with the most recent available 
imagery from the USGS. 



 
For WVA Certification, the Procedural Manual has been updated to reflect current use 
and to provide appropriate guidance on available data sources. 
 

 

18. The use of the geometric mean may be more appropriate than the arithmetic 
mean to derive some HSIs.  Provide scientific basis for the decision. 

The WVA Swamp Model used for the Convent/Blind River diversion project uses a 
geometric mean to derive HSI’s. 
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