Appendix E

Plan Formulation Process

Species Included in Benefit and Variable Designations

Table E-8.

V1 White shrimp

V7 Largemouth bass

V2 Brown shrimp

V8 American alligator

V3 Oyster V9 Muskrat
V4 Gulf menhaden V10 Mink
V5 Spotted seatrout V11 Otter

V6 Atlantic croaker

V12 Dabbling ducks

The HSI values were averaged across all cells, for each habitat type, for each species,
being used to determine habitat quality for that zone. Each species was weighted based on its
relative importance in determining habitat quality for a specific habitat type. For instance, in the
fresh/intermediate model, brown shrimp, oyster, and spotted seatrout are not used (or weighed
with a zero) because they are not important in determining habitat quality in that zone.

Benefits Protocol B6--Selected Stakeholder Interests--includes features that reflect
aspects of ecosystem change which are of specific interest to stakeholders or resource agencies.
The features included here will likely change as the decision-making process proceeds and issues
arise for which information regarding alternative performance is required.

6.0 SELECT A FINAL ARRAY OF COASTWIDE
FRAMEWORKS THAT BEST MEETS PLANNING
OBJECTIVES (TO BE ACCOMPLISHED AFTER
PUBLIC COORDINATION) (PHASE V)

The PDT created the coastwide frameworks that were composed from each province and
evaluated them using the Institute for Water Resources (IWR)-Plan computer program (Version
3.3, USACE). The automated program grouped the 32 subprovince frameworks into thousands
of different combinations. The program then performed a cost effectiveness and incremental
cost analysis (CE/ICA) using outputs/benefits and the estimated costs, that had been previously
developed in the initial plan formulation phases, summed for the combined groups restoration
features.

The benefits of the project alternatives are defined in ecological habitat units.
Consequently, the analytical approach selected produced a comparison of costs expressed in
dollars to benefits stated in habitat units. A CE/ICA was performed using this data.

In the cost-effectiveness analysis, the frameworks were assessed according to their ability
to produce total ecological outputs for a given cost level. Frameworks that maximize output per
dollar spent were retained, while all other frameworks were eliminated. The result is a listing of
frameworks that achieve each output level at the lowest cost, or an efficient frontier. The cost-
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effectiveness assessment was followed by incremental cost analysis, which calculated cost
changes as the level of output increased. Incremental cost is the additional cost of each change
in the level of output. The array of frameworks show the additional cost per unit (or marginal
cost) rising as output rises. Increases in incremental costs, combined with other selection
criteria, facilitated framework selection in the absence of a deterministic rule.

The development of multiple ecological metrics allowed the PDT greater flexibility in the
evaluation of the ecological trade-offs and efficiencies between alternative combinations. The
PDT also employed a tiered incremental analysis of the alternative frameworks using the IWR-
Plan. The tiered analysis addressed the optimization of alternative frameworks first in each
subprovince of the coastal zone. Then, utilizing the optimal frameworks for each subprovince,
the optimal framework combinations for the entire Louisiana coastal zone were developed. This
methodology allowed both incremental and spatial optimization to occur in framework selection
across the coast.

The cost and benefit input, though based on features that for the purpose of this study
effort are surrogates for the ultimate projects that will be detailed in future documents, is critical
to the task of identifying the most effective and appropriate system restoration framework to
work from. With this analysis, the PDT was able to identify a final array of coastwide system
frameworks that were most cost effective (i.e. those frameworks that held potential to produce
the greatest amount of benefits in comparison to its cost). Frameworks that could maximize
output per dollar spent were retained, while all other frameworks were eliminated.

6.1 Cost Effectiveness and Incremental Cost Analysis

The benefits of this project were defined in habitat units. Consequently, a CE/ICA was
performed since this allowed the comparison of benefits measured in habitat units and costs
measured in dollars.

A number of restoration features were developed for various portions of the coastal area.
These features were combined to form frameworks. Many of the proposed features cannot be
combined, while others do not function effectively alone (without other features in place). Also,
many features produce more or less benefit--or have higher or lower costs--when combined.
These interactions were accounted for when calculating the benefits and costs of each
framework.

In the cost-effectiveness analysis, the frameworks were assessed according to their ability
to produce output for a given cost level. Frameworks that maximized output per dollar spent
were retained, while all other frameworks were eliminated. The result was a listing of
frameworks that achieved each output level at the lowest cost, or an efficient frontier.

The cost-effectiveness assessment was followed by incremental cost analysis.
Incremental cost is the additional cost of each change in the level of output. Changes in
incremental costs, combined with other selection criteria discussed below, facilitated framework
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selection in the absence of a deterministic rule (such as maximizing net benefits, as is done in
National Economic Development analysis).

Potential economic impacts of the frameworks were grossly estimated and taken into
consideration in project selection as follows. After the CE/ICA was completed, economic
impacts of frameworks in the final array were estimated on a gross basis to inform the PDT of
the magnitude of these effects. The effects were then used as tiebreakers to select a
recommended framework from the list of cost-effective frameworks.

The costs and benefits of the frameworks were amortized over a 50-year period of
analysis at the current Federal discount rate of 5.875 percent. Costs were estimated at the
October 2003 price level.

6.2 Combinability of (Alternatives) Frameworks

An initial function performed by the IWR-Plan software was the generation of all
possible framework configurations. Utilizing the costs and benefit outputs developed for the
various subprovince frameworks and criteria established for their combinability, the program
assembled all the possible coastwide framework combinations. The primary determining factor
for the combinability of various subprovince alternative frameworks into coastwide alternatives
was the availability of Mississippi River system resources in the form of freshwater. The
Districts Hydraulics and Hydrologic Engineering Branch personnel estimated the amount of
available Mississippi River flow for diversion. The combinability criteria identified that
combination of subprovince frameworks that would exceed available resources to implement
them. Future studies will be preformed early in the next phase to verify the total amount of river
flow that can be diverted without adversely impacting the system.

6.3 Hydraulic Combinability Criteria

Monthly median flows for each diversion were developed for use by the Numerical
Modeling Team. These flows were used for the water budget and estimates of induced shoaling
on the Mississippi River. Monthly median flows for existing diversions at Davis Pond,
Caernarvon, Naomi Siphon, and West Pointe a la Hache were also computed. Monthly median
flows for the approved West Bay Sediment Diversion, a first year CWPPRA project, were also
included in the analysis; it was assumed that the diversion was full size, or 50,000 cfs diversion
at the 50 percent exceedence stage.

The monthly median Mississippi River flow at Tarbert Landing was developed from
calendar year computed flow records for 1993-2002. The flows were adjusted, where necessary,
to ensure representation of present operation of the Old River Control Complex at 70-30 latitude
flow. These flows represented the amount of water in the Mississippi River available for
diversion.
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The flows for each diversion were organized by Mississippi River mile, from upstream to
downstream for each alternative. For each subprovince framework, the monthly median flow
through a diversion was subtracted from the Mississippi River monthly median flow present
upstream of the diversion to produce the Mississippi River monthly median flow downstream of
the diversion. This process was continued from the most upstream diversion for each alternative
downstream to Venice, mile 10.7 AHP.

The frameworks for Subprovinces 1 and 2 represent the full extent of proposed diversions
from the Mississippi River. As a result, for a Mississippi River water budget, it is necessary to
combine flows from one alternative from Subprovince 1 with flows from one alternative from
Subprovince 2, which produces 81 possible combinations of alternatives. The flows for each
alternative were then added to produce all of the possible combined diversion flows to subtract
from the monthly median flow at Tarbert Landing, resulting in a flow at Venice for the
alternative combination.

A fixed percent diverted was computed for the West Bay Sediment Diversion based on
the monthly median flow and the flow available upstream of this diversion. This percentage was
applied to the flow at Venice for each framework combination to achieve the flow remaining in
the Mississippi River. The ratio of the monthly median flow diverted to the monthly median
flow at Tarbert Landing for June was developed for the alternative framework combinations.

The April 1990 report Louisiana Coastal Area, Louisiana, Feasibility Study on Land Loss
and Marsh Creation, Volume 2, appendix B, contains annual shoaling estimates for the
Mississippi River navigation channel for large-scale and small-scale diversions ranging from 594
cfs to 100,000 cfs at the 50 percent exceedence stage. These shoaling estimates were plotted
with the percent diversion flow, and a power curve fit through the points. The resulting
equation,

Y =1.087E" *X*¥

where Y = annual shoaling estimate (cubic yards) and X = percent Tarbert flow diverted at the
50 percent exceedence stage (cfs) has an R of 0.98. This equation was applied to the framework
combination percentages to compute the shoaling estimate for each framework combination.

An upper bound trendline was developed for the shoaling estimate data from the April
1990 report. The resulting equation,

Y =15E"*X +1.94E"°

was also applied to the framework combination percentages to compute the shoaling estimate for
each alternative combination to produce a potential shoaling range. An additional maintenance
cost for each framework combination was developed based on these shoaling estimates and was
entered into IWR-Plan as an additive cost to be applied to the specific framework combinations.

The CE/ICA was done using implementation costs (construction and real estate
acquisition) traded against ecological benefit output units. The comparison of the coastwide
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frameworks was based on the summation of subprovince framework ecological benefits versus
cost as provided by the IWR-Plan analysis. The CE/ICA was used to filter the coastwide
frameworks down to an array of the ten most cost-effective. These frameworks were presented
in four public meetings held across coastal Louisiana in August 2003.

A description of the economic values to be lost in the future without-project condition
was also developed. A database from a previous USACE report was used to determine the
potential economic impact of erosion. This database contains stage-damage data that were
aggregated on the basis of water resource units (WRUSs), delineations of the region where areas
are grouped by economic and hydrologic characteristics. The stage-damage data for each WRU
were developed in 1980 under contract with CH2M Hill Inc., as part of the Mississippi River and
Tributaries (MR&T) Flood Damage Estimation System. The structural damage categories for
each WRU include: residential, commercial, industrial, public, and farm buildings. After
receiving an existing and future condition stage associated with each WRU provided by
Hydrology and Hydraulics (H&H) Branch, the damages for the structural damage categories
adjusted to current price levels by using price indexes from the Engineering News Record
(ENR). For the agricultural portions of the study area, the database includes the cleared acreage
flooded along with the crop distribution per cleared acre for each WRU. Updated damage rates
per acre will then be obtained from previous studies to determine to the total agricultural damage
for a given elevation or stage. The agricultural damages will be added to the structural damage
at a given stage to estimate the total potential economic impact of coastal erosion.

To the extent possible, potential economic impacts of the frameworks were grossly
estimated and taken into consideration in the selection. After the CE/ICA was completed, both
positive and negative economic impacts in this final array were estimated on a gross basis to
inform decision makers of the magnitude of any economic effects of the final frameworks.

For the development of the final array, cost-effectiveness criteria were also applied. The
combined weighted ecological outputs provided by the models and benefit protocols were
documented for each coastwide framework. The combined weighted outputs and costs for each
framework was also displayed and ordered by cost. The decision factors provided the basis for
the premises that describe the various changes that occur across the coast and the programmatic
issues that were of importance to the framework selection process. The primary factors of
interest were ecological benefit versus cost, and an assessment of economic effects. Six benefit
groups analyzed these factors from the perspective of their expertise. The groups looked at: 1)
Ecosystem Quality; 2) Composite Benefits; 3) Land (acres) Created or Preserved; 4) Weighted
Fish and Wildlife Benefits; 5) Nitrogen (N) Removal; and 6) Values Determined by Decision
Makers.

6.4 Framework Effectiveness

6.4.1 Introduction

The PDT utilized the data developed through the analyses to assess the effectiveness of
the various frameworks. The model and benefit analyses focused on the individual framework
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combinations developed in each of the four subprovinces. Outputs from these tools provided
specific assessments of the relative effectiveness of the frameworks at meeting the study
objectives at the subprovince level.

6.4.2 Comparison of Frameworks

6.4.2.1 Framework outputs by subprovince

Given the programmatic nature of the LCA Plan, it was understood that the results of the
modeling effort would serve primarily to differentiate among alternatives with respect to their
relative effects on important resources. The LCA PDT acknowledges that the model-based
projections for fish and wildlife outputs may not accurately forecast change. It was further
understood that accurate estimates of the effects of particular restoration features could only be
developed at the project level, when critical information such as the location, size, and operation
of such features would be available. It is, however, believed that the model outputs are usable in
the plan formulation process because they are derived from a consistent set of assumptions and
protocols. Thus, the model outputs presented in this section do allow for measure of the
incremental differences between alternatives.

The outputs for each of the 32 frameworks in the four subprovinces are represented
below in several forms. These outputs provide the basis for determining the various benefit
values described by the benefit protocols in the Plan Formulation Rationale section of this report.
The bar graphs presented (figures E-4 to E-22) for the frameworks in each subprovince
represent the components of environmental output that make up the benefit value described by
the B2 benefit protocol. The B2 value was utilized to supply the benefit component of the cost
effectiveness analysis, which is documented in the next section of this report. These desktop
model outputs also provided a means of comparison of the relative effects of each framework.

A comparison of the year 50 habitat composition for the frameworks in each subprovince
as compared to the No Action alternative at year 50 is presented in tables E-9, E-12, E-15, and
E-18. Immediately following the habitat composition table in each subprovince is a table
displaying the total production-vegetation graph for the frameworks in the respective
subprovinces (tables E-10, E-13, E-16, and E-19). This table displays the total anticipated
productivity of vegetation in square kilometer production units as it is projected to change over
10-year increments for the 50-year planning period. Additionally, a table is provided, for each
subprovince, of expected suitability for 12 individual species for each alternative within that
subprovince, based on the conditions produced by each particular alternative framework (tables
E-11, E-14, E-17, and E-20).
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Figure E-4. Nitrogen Removal at Year 50 for Subprovince 1 Alternatives.
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Figure E-5. Land Building at Year 50 for Subprovince 1 Alternatives.
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Figure E-6. Habitat Suitability for Lower Salinity Species at Year 50 for Subprovince 1.
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Figure E-7. Habitat Suitability for Moderate Salinity Species at Year 50 for Subprovince 1.
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Figure E-8. Habitat Suitability for Higher Salinity Species at Year 50 for Subprovince 1.
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Table E-9.
Percent Habitat Composition at Year 50 for Subprovince 1 Alternatives.
Fresh Marsh Inte;\;ln;resdhlate B'(/?ggﬁh Saline Marsh|  Swamp Upland Water
No Action 5.7 2.7 3.9 1.5 9.0 14.0 63.2
Reduce 1 6.3 3.5 3.4 1.8 9.2 14.0 61.9
Reduce 2 6.8 3.4 4.3 15 9.1 14.0 60.9
Reduce 3 11.0 3.4 1.7 1.4 8.8 14.0 59.7
Maintain 1 6.3 4.0 5.0 1.4 8.8 14.0 60.5
Maintain 2 7.2 6.2 1.7 1.5 9.1 14.0 60.4
Maintain 3 19.4 3.4 1.3 0.0 8.3 14.0 53.6
Increase 1 6.6 3.2 2.6 3.0 9.2 14.0 61.1
Increase 2 14.6 4.3 1.4 0.6 8.7 14.0 56.5
Increase 3 17.0 3.4 1.3 0.6 8.2 14.0 55.5
Supplemental 8.3 7.4 1.7 1.4 8.7 14.0 58.6
Table E-10.
Total Production of Vegetation With the Subprovince 1
Alternatives (km? production units).
Year 00 Year 10 Year 20 Year 30 Year 40 Year 50
No Action 706.2 765.4 757.2 748.7 740.8 732.3
Reduce 1 706.2 789.4 788.6 787.1 783.9 781.4
Reduce 2 706.2 814.5 829.2 841.2 851.3 859.5
Reduce 3 706.2 867.4 905.2 941.1 973.8 1,006.0
Maintain 1 706.2 829.8 838.5 846.0 852.2 858.0
Maintain 2 706.2 833.5 860.3 884.2 905.4 923.7
Maintain 3 706.2 1,000.6 1,120.2 1,236.4 1,340.2 1,457.3
Increase 1 706.2 805.6 810.5 812.1 813.1 814.1
Increase 2 706.2 1,001.1 1,084.8 1,152.5 1,211.2 1,267.6
Increase 3 706.2 965.5 1,056.2 1,143.0 1,219.1 1,304.5
Supplemental 706.2 858.0 905.5 048.9 989.4 1,028.3
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Table E-11.
Cumulative Habitat Suitability of Subprovince 1 Alternatives at Year 50.

No Action | Reduce 01 | Reduce 02 | Reduce 03 | Maintain 01 | Maintain 02 | Maintain 03 | Increase 01 | Increase 02 | Increase 03 |Supplemental
bass 19,875.1 19,284.2 18,9885 24,3753 19,227.2 24,1425 30,279.9 22,037.2 29,680.6 31,5155 24,5375
croaker 44,691.8 44,659.4 44,809.1 43,297.2 44,851.0 43,585.3 43,044.0 45173.8 42,971.6 43591.2 43,272.4
trout 35,048.8 33,509.1 30,602.1 26,110.4 31,885.5 26,180.5 19,897.9 29,874.3 19,897.9 19,897.9 26,1753
menhaden 44,570.6 44502.4 44,762.4 41,010.9 44,933.6 42,230.6 39,458.4 45,303.7 37,6417 39,868.5 42,237.8
brown shrimp 27,822.6 27,092.2 26,896.9 24,044.1 26,769.0 25,256.4 23,700.5 26,484.5 22,6419 24,056.9 25,599.0
white shrimp 33,582.4 33,576.9 33,4213 31,745.9 33,627.5 33,074.5 33,412.2 33,974.9 31,990.8 34,216.8 33,593.2
oyster 31,703.0 31,154.2 30,126.4 23,900.8 204777 24,062.1 20,692.4 28,006.8 19,414.6 20,692.4 24.060.8
mink 6,652.9 6,220.9 6,393.5 6,640.9 6,595.5 6,424.5 7,391.0 6,518.5 7,239.8 7,514.5 6,592.9
otter 6,509.0 6,187.4 6,338.3 6,629.3 6,571.0 6,563.6 7,376.5 6,416.9 7,001.9 7,459.2 6,774.5
muskrat 11,6416 11,6584 12,1838 12,0355 12,697.0 11,4755 14,353.0 12,072.3 13,350.3 13,9732 12,1955
alligator 5,696.9 5,917.6 5,875.3 6,197.4 6,334.7 6,624.0 8,848.5 5,601.4 7,281.9 8,885.3 7,619.4
duck 6,696.2 6,662.3 6,564.6 7,775.8 7,013.8 6,709.4 12,1739 6,730.1 10,239.3 12,035.1 7,550.0
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Figure E-9. Nitrogen Removal at Year 50 for Subprovince 2 Alternatives.
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Figure E-10. Land Building at Year 50 for Subprovince 2 Alternatives.
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Figure E-11. Habitat Suitability for Lower Salinity Species at Year 50 for Subprovince 2.
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Figure E-12. Habitat Suitability for Moderate Salinity Species at Year 50 for Subprovince 2.
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Figure E-13. Habitat Suitability for Higher Salinity Species at Year 50 for Subprovince 2.
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Table E-12.

Percent Habitat Composition at Year 50 for Subprovince 2 Alternatives.

Brackish Fresh |Intermediate| Saline Swamp Upland Water
Marsh Marsh Marsh Marsh
No Action 0.0 14.2 2.9 0.0 15.9 18.1 48.9
Reduce 1 0.0 19.6 35 0.0 15.1 18.1 43.7
Reduce 2 0.0 23.7 3.3 0.0 14.4 18.1 40.4
Reduce 3 0.0 23.7 0.0 0.0 15.0 18.1 43.3
Maintain 1 0.0 22.1 3.8 0.0 14.8 18.1 41.1
Maintain 2 0.0 28.4 3.1 0.0 13.7 18.1 36.6
Maintain 3 0.0 28.6 1.1 0.0 13.9 18.1 38.3
Increase 1 1.1 24.2 0.0 0.0 14.6 18.1 42.0
Increase 2 0.0 34.1 0.0 0.0 13.2 18.1 34.6
Increase 3 0.0 27.2 3.8 0.0 12.9 18.1 37.9
Supplemental 0.0 16.1 6.8 0.0 15.3 18.1 43.6
Table E-13.
Total Production of Vegetation with the Subprovince 2
Alternatives (km? production units).
Year 00 Year 10 Year 20 Year 30 Year 40 Year 50
No Action 720.4 721.5 660.7 610.2 569.9 537.5
Reduce 1 720.4 819.8 788.9 755.6 731.2 709.0
Reduce 2 720.4 769.7 781.3 801.4 820.5 838.2
Reduce 3 720.4 856.7 827.0 803.8 785.0 7715
Maintain 1 720.4 849.2 841.3 824.5 792.8 785.4
Maintain 2 720.4 863.0 879.1 905.3 934.1 965.7
Maintain 3 720.4 869.0 873.2 885.4 899.5 921.5
Increase 1 720.4 869.9 880.0 852.6 838.0 823.1
Increase 2 720.4 935.2 978.5 1,031.5 1,072.0 1,074.0
Increase 3 720.4 827.3 876.2 908.1 840.5 969.5
Supplemental 720.4 806.2 788.0 752.9 719.1 683.8
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Table E-14.
Cumulative Habitat Suitability of Subprovince 2 Alternatives at Year 50.

No Action | Reduce01 | Reduce02 | Reduce 03 | MaintainO1 | Maintain 02 | Maintain 03 | Increase 01 | Increase 02 | Increase 03 | Supplemental
bass 2042031 25%3 228317 23621.8] 26654 245780 244646 230561 256794 247231 215930
croaker 18,430.1] 15,9%7.8 15,857.0 13,786.5 15,6814 15,006.1] 14,227.3 14,808.8 13,755.1 13825.1 17,630.3
trout 33353 2,762.0 2,758.5 558.2 2,762.0 558.2 558.2 26104 558.2 558.2 47137
menhaden 182001 152753 152526 86117 150029 137540 128365 104532 11,7755 120349 17,8022
brown shrinp 14,168.0 125458 12,724.6 7,2010 12,6214 12,672.6 9,073.6 9,566.7 10874.1 9,295 13564.8
white shrinp 202267 204602 208070 120952 200397 19850.7| 197924 14,0969 = 186443 156788 19,9087
oyster 32134 1,206.8 12251 513.7 1,206.8 513.7 513.7 1,304.6 513.7 513.7 1,1938
mink 6,039.4 6,447.6 6,487.7 6,531.9 6,630.3 6,864.7, 6,785.2 6,700.3 7,155.8 7,314.2 6,373.9
otter 5,858.3 6,336.8 6,362.3 6,209.6 6,520.6 6,742.7 6,533.8 6,365.7 6,758.7 7,050.8 6,376.7
muskrat 7,740.1 8,771.1 9,320.9 9,002.8 9,268.5 10,293.0 10,121.2 9,806.5 11,009.2 9,8%6.9 8,690.3
alligator 4,19.2 51230 54013 4,238.6 5,388.5 6,135.3 5416.9 4,579.2 5,888.2 5,267.1 5324.3
duck 5,924.8 7,126.8 7,958.8 7,678.5 7,468.3 9,448.3 9,500.2 8,007.9 11,4419 9,271.7 6,544.9
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Figure E-14. Nitrogen Removal at Year 50 for Subprovince 3 Alternatives.
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Figure E-15. Land Building at Year 50 for Subprovince 3 Alternatives.
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Figure E-16. Habitat Suitability for Lower Salinity Species at Year 50 for Subprovince 3.
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Figure E-17. Habitat Suitability for Moderate Salinity Species at Year 50 for Subprovince 3.
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Figure E-18. Habitat Suitability for Higher Salinity Species at Year 50 for Subprovince 3.
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Table E-15.
Percent Habitat Composition at Year 50 for Subprovince 3 Frameworks.
Brackish Fresh |Intermediate| Saline

Marsh Marsh Marsh Marsh Swamp Upland Water
No Action 1.5 1.2 22.8 0.2 124 10.0 51.9
Reduce 1 1.2 6.5 22.3 0.6 12.0 10.0 474
Reduce 2 7.3 6.2 22.3 0.0 115 10.0 42.7
Reduce 3 1.2 6.5 22.0 0.6 12.0 10.0 47.8
Maintain 1 7.3 8.9 19.6 0.0 11.8 10.0 42.5
Supplemental 1.2 6.5 22.3 0.6 12.0 10.0 47.4

Table E-16.

Total Production of Vegetation with the Subprovince 3
Frameworks (km? production units).

Year 00 Year 10 Year 20 Year 30 Year 40 Year 50
No Action 1,570.9 1,512.5 1,414.1 1,306.1 1,202.2 1,106.2
Reduce 1 1,570.9 1517.1 1,458.0 1,417.0 1,374.3 1,338.0
Reduce 2 1,570.9 1,635.6 1,643.0 1,649.1 1,666.4 1,693.0
Reduce 3 1,570.9 1,516.2 1,463.2 1,408.2 1,361.1 1,320.4
Maintain 1 1,570.9 1,686.9 1,694.5 1,701.9 1,717.3 1,746.3
Supplemental 1,570.9 1,517.1 1,468.0 1,417.0 1,374.3 1,338.0
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Table E-17.
Cumulative Habitat Suitability of Subprovince 3
Alternatives at Year 50.

No Action | Reduce 01 | Reduce 02 | Reduce 03 | Maintain 01 |Supplemental
bass 32,637.6 31,970.4 31,955.1 31,866.1 31,982.4 31,9704
croaker 31,255.1 30,562.8 31,356.3 30,527.9 30,185.8 30,562.8
trout 17,684.0 15,468.3 15,596.3 15,473.4 15,617.5 15,468.3
menhaden 36,848.0 35,699.2 38,880.6 35,587.1 36,717.4 35,699.2
brown shrimp 27,767.3 26,890.0 28,010.5 26,831.1 26,666.5 26,890.0
white shrimp 37,917.5 37,221.0 39,239.3 37,088.7 38,396.9 37,221.0
oyster 10,837.4 10,733.5 6,449.5 10,733.5 6,447.9 10,733.5
mink 8,761.2 9,983.5 9,075.7 8,386.8 9,207.8 9,983.5
otter 9,638.0 11,107.0 9,853.1 9,182.6 9,799.6 11,107.0
muskrat 14,609.9 17,672.3 18,076.3 15,537.3 18,344.8 17,672.3
alligator 14,933.3 15,811.3 16,242.1 14,554.9 15,479.3 15,811.3
duck 10,224.6 12,540.2 12,672.3 10,992.1 13,231.3 12,540.2
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Figure E-19. Land Building at Year 50 for Subprovince 4 Alternatives.
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Figure E-20. Habitat Suitability for Lower Salinity Species at Year 50 for Subprovince 4.
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Figure E-21. Habitat Suitability for Moderate Salinity Species at Year 50 for Subprovince 4.
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Figure E-22. Habitat suitability for Higher Salinity Species at Year 50 for Subprovince 4.
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Percent Habitat Composition at Year 50 for Subprovince 4 Alternatives.

Table E-18.

Brackish Fresh |Intermediate| Saline Swamp Upland Water
Marsh Marsh Marsh Marsh

No Action 14.8 22.9 17.4 0.0 0.2 11.5 33.2

Maintain 1 14.9 20.3 22.3 0.0 0.2 11.5 30.9

Maintain 2 15.2 20.4 22.4 0.0 0.2 11.5 30.3

Maintain 3 15.3 20.4 22.4 0.0 0.2 11.5 30.3

Increase 1 14.9 20.3 22.3 0.0 0.2 11.5 30.9

Increase 2 11.4 23.9 22.7 0.0 0.2 11.5 30.4

Increase 3 15.3 20.4 22.4 0.0 0.2 11.5 30.3

Supplemental 11.4 23.9 22.7 0.0 0.2 115 30.4

Table E-19.
Total Production of Vegetation with the Subprovince 4
Alternatives (km? production units).

Year 00 Year 10 Year 20 Year 30 Year 40 Year 50

No Action 1,507.2 1,558.4 1,552.1 1,521.0 1,494.8 1,470.8

Maintain 1 1,507.2 1,522.8 1,514.4 1,483.9 1,457.3 1,433.5

Maintain 2 1,507.2 1,516.8 1,510.3 1,480.3 1,453.8 1,430.0

Maintain 3 1,507.2 1,517.1 1,510.6 1,481.6 1,454.1 1,430.3

Increase 1 1,507.2 1,533.8 1,514.4 1,483.9 1,457.3 1,433.5

Increase 2 1,507.2 1,531.7 1,527.8 1,497.7 1,471.7 1,448.4

Increase 3 1,507.2 1,517.1 1,510.6 1,480.6 1,454.1 1,430.3

Supplemental 1,507.2 1,531.7 1,527.8 1,497.7 1,471.7 1,448.4
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Table E-20.
Cumulative Habitat Suitability of Subprovince 4 Alternatives at Year 50.
No Action | Maintain 01 | Maintain 02 | Maintain 03 | Increase 01 | Increase 02 | Increase 03 | Supplemental
bass 13,787.9 11,446.0 11,446.0 11,446.0 11,446.0 13,663.3 11,446.0 13,663.3
croaker 13,791.7 13,350.9 13,212.7 13,2135 13,350.9 13,212.7 13,2135 13,212.7
trout 10,337.0 12,173.1 11,986.5 11,986.5 12,173.1 9,491.4 11,986.5 9,491.4
menhaden 15,631.9 15,357.1 15,175.5 15,180.6 15,357.1 14,726.7 15,180.6 14,726.7
brown shrimp 12,866.3 12,049.6 11,929.9 11,940.7 12,049.6 11,990.1 11,940.7 11,990.1
white shrimp 17,794.6 17,547.7 17,321.7 17,321.7 17,547.7 16,893.0 17,321.7 16,893.0
oyster 2,422.5 1,801.7 2,222.4 2,227.1 1,801.7 2,168.8 2,227.1 2,168.8
mink 6,492.3 6,259.2 6,214.5 6,214.0 6,259.2 6,322.8 6,214.0 6,322.8
otter 7,111.4 6,943.0 6,899.5 6,895.7 6,943.0 7,116.9 6,895.7 7,116.9
muskrat 13,583.0 13,397.5 13,405.1 13,417.7 13,397.5 12,871.5 13,417.7 12,871.5
alligator 8,435.9 8,266.2 8,150.2 8,147.4 8,266.2 8,326.1 8,147.4 8,326.1
duck 7,444.1 6,917.8 6,845.6 6,845.4 6,917.8 7,073.8 6,845.4 7,073.8
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6.5 Cost Effectiveness/Incremental Analysis
6.5.1 Overview

This study evaluated several frameworks designed to preserve coastal habitat and
functions now recognized as a vital national resource. The intent is to save these important
resources in a manner that also sustains or increases other economic resources that are the
traditional focus of the Federal water resource program. The benefits of the various frameworks
are defined in non-monetary units, as previously described. Benefits for most of the study area
are evaluated using a qualitative and quantitative metric that assesses each alternative's
contribution to the stock of natural resources. In the Chenier Plain portion of the study area,
benefits are measured more simply in acres of land preserved or restored. Since these features
are not readily translatable to dollar terms, traditional benefit-cost analysis is not possible.
Consequently, a method that allows the comparison of benefits measured in these metrics
mentioned above and costs measured in dollars was performed and is referred to herein as
CE/ICA.

6.5.2 Methodology

A number of restoration frameworks were developed for various portions of the coastal
area. Individual sets of frameworks were evaluated on their own and as possible combinations.
In forming these combinations, three types of interactions were taken into account: exclusions,
dependencies, and synergistic effects.

In several instances, many of the proposed frameworks could not be combined (i.e., they
are mutually exclusive). In some cases, the exclusion exists because the alternatives occupy the
same space. For example, more than one flow regime may be evaluated at the same location. In
other cases, some alternatives cannot function without other frameworks in place, i.e., they are
dependent on other frameworks. Likewise, synergistic features may produce more or less benefit
when combined with other frameworks. Each type of interaction was addressed during the
evaluation of alternatives.

The costs and benefits of the frameworks were amortized over a 50-year period of
analysis at the current Federal discount rate of 5.875 percent. Costs were estimated at the
October 2003 price level. Engineering and design, and supervision and administration costs
were not available when the cost-effectiveness analysis was completed. However, since these
charges are a fixed percentage of construction costs for all alternatives and the projects have
similar construction schedules, their inclusion would be unlikely to influence project selection,
i.e., the relative ranking of projects should be unaffected by the omission. The only
consequential effect is a fairly uniform understatement of the cost of all alternatives.

6.5.3 Cost Effectiveness Assessment

In the cost-effectiveness analysis, the coastwide frameworks were assessed according to
their ability to produce output for a given cost level. The frameworks that maximized output per
dollar spent were retained, while those alternatives that did not were eliminated. The result was
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a listing of frameworks that would achieve each output level at the lowest cost, or an “efficient
frontier.” Restated, alternative frameworks screened in this manner met these two tests: (1) no
other solution produces the same output for less cost, and (2) no other solution provides more
output for the same or less cost.

The cost-effectiveness assessment was followed by an incremental cost analysis.
Incremental cost is the additional cost for each increase in the level of output. Changes in
incremental costs, combined with other selection criteria discussed below, facilitated a process of
evaluating the desirability of implementing the remaining frameworks in the absence of a strict
guideline for determining the best outcome (such as maximizing net benefits, as is done in
national economic development analysis). Potential economic impacts of the plans were roughly
estimated and taken into consideration in project selection as follows: after CE/ICA, both
positive and negative economic impacts of in the final array were estimated on a gross basis to
inform decision makers of the magnitude of these effects.

6.5.4 Ecosystem Benefits (B2) Assessment

To generate benefit values for input to the cost-effectiveness analysis, one benefit number
has been developed, termed “B2.” This benefit number will indicate how well a particular
alternative meets Ecosystem Objectives, and will indicate the alternative’s effectiveness in
creating or preserving land. This benefit protocol incorporates measurements of the quality and
quantity of land created or preserved, as well as the capacity of each framework to remove
nitrogen from river water before it reaches the gulf (see the Ecological Modeling Appendix, C,
for further details).

6.5.5 Methodological Uncertainties

Readers should be aware of several important limitations to the data and methodology
used herein. These limitations impacted the outcome of the analysis, and were considered when
using the results for planning purposes. These limitations concern the benefits calculations,
implementation costs, and NED impacts of the alternatives.

6.5.5.1 Benefits projections

This benefit protocol incorporates measurements of three variables: the quality of habitat
produced, the quantity of land created or preserved, and the capacity of each framework to
remove nitrogen from river water before it reaches the gulf. The outputs produced for each of
these scaled benefit types were quantified for each alternative, and weights were assigned to
establish the relative value of each of these three outputs. A consensus of professional judgment
was used to determine the weighting of these benefit types, and an estimate of the composite
factor B2 was produced for each feature. The weights are critical to the outcome of the analysis,
i.e., the results could change greatly if the weighting factors were different.

As a procedural matter, since the weighting of scaled benefits was incorporated into the
calculation of the B2 variable itself, B2 units were put directly into the computer program that
was used to develop cost-effective frameworks. An alternate method would have been to put
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features of the benefit types directly into the program and place weighting factors on each of
these outputs. The two methods would yield similar results.

The benefits model produced fairly small differentials in output for many alternative
frameworks, and these small differentials may be beyond the capability of the modelers to
predict with great certainty. Yet, the model differentiates between alternative frameworks with
small benefit differences. For example, Alternative framework 7000 is predicted to produce
1,945 average annual benefit units per year. The next cost-effective alternative framework,
5010, would produce 1,987 units per year, a change of 42 units, or about 2 percent. Given the
highly experimental nature of the benefits model, these frameworks may well be considered
equal. Moreover, displaying the figures in this manner risks creating a false sense of precision in
the process.

In addition, the reader should be aware that there also limitations noted regarding the
calculation of the input values of quality of habitat, quantity of land, and nitrogen removal; each
of these required inputs to the B2 protocol. Overall, these limitations mean that alternatives that
contain large diversion features may have more uncertain estimates of land building, may
underestimate nitrogen removal, and may overstate impacts to higher salinity habitats. The
limitations to measurement of these three variables are outline below.

Quality of Habitat. Assessment of habitat quality includes estimates of habitat
suitability for selected fish and wildlife species that use the estuary. Appendix C
“Ecological Modeling: Louisiana Coastal Area Ecosystem Model” note that the
box models used to estimate salinity changes across subprovinces mask salinity
gradients within a box. Some of the species (birds, mammals, reptiles) respond
more to the vegetated community type, while others (fish, shrimp, oysters)
respond to changes in salinity along the estuarine gradient. This means that some
species are more sensitive to abrupt changes in the salinity gradient due to model
limitations. Habitat for species, which use higher salinity areas of the estuary, is
thus likely underestimated, while moderate salinity habitat is probably over
estimated. The assessment of habitat quality included in B2 includes categories
for habitats in low, moderate, and higher salinity environments. To some extent
the uncertainties in habitat suitability predictions may counteract one another, but
it is likely that B2 values for framework including very large diversions are more
uncertain than for others.

Quantity of Land. The features encompassed by the alternatives include very large
diversions and small diversions, as well as mechanical marsh creation. As noted
in the Ecological Modeling appendix, there are limitations to the land building
and nourishment desktop models that will affect all sizes of diversions. In
addition, they note that estimates of land building by mechanical means, such as
using dredging or sediment conveyance by pipeline, are likely to be more
accurate. However, it is unclear that these limitations should prejudice any broad
scale consideration of the land building estimates for the subprovince alternatives.
These limitations do, however, mean that relatively small differences in land
building among frameworks are likely less important than overall trends.
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Nitrogen Removal. The uncertainties in modeling identified by Appendix C
“Hydrodynamic and Ecological Modeling: Louisiana Coastal Area Ecosystem
Model” suggest that the nutrient reduction potential of very large river diversions
is likely underestimated in the analyses presented here. They also note that there
may be some, but much smaller in absolute magnitude, overestimates for smaller
diversions.

6.5.5.2 Cost estimates

Cost estimates produced an accuracy level somewhat below that of a normal feasibility
study. To the degree that these costs are misstated, the accuracy of the analysis is compromised.

6.5.6 Framework Analysis Results

The results of the CE/ICA analysis are presented below. Results for the Deltaic Plain are
discussed together while the Chenier Plan was analyzed separately. A predominant selection
criterion was the availability of river resources. Due to differences among habitat types and
physical constraints, the study area was divided into two main areas for this assessment. The
first area is an assembly of the Deltaic Plain, a series of alluvial plains. These areas were
originally produced by the Mississippi River and its tributaries as these water bodies changed
course over time. The preservation of these plains will depend on the same river system. Hence,
achievement of any of these goals is constrained by the amount of water available in the river
and tributary system. The Chenier Plain, in contrast, is not created by river water, and the
creation and preservation of habitat in this area is not constrained by available river resources.
Thus potential solutions for the Deltaic Plain are interdependent and should be considered
together, while the Chenier Plain may be evaluated independently.

6.5.7 Initial Deltaic Plain Results

The first cost-effectiveness analysis examined combinations of alternatives that were
developed for Deltaic Plain. These primarily consisted of river diversions of various sizes.
Since most of these alternatives use significant amounts of river water, the optimization of the
alternatives was done using a constraint on the total amount of water drawn from the river. The
constraint was that the total amount of water drawn from the river was limited to 45 percent of
the river's average flow based on diversion percentage data developed for each framework for
conditions in the month of June.
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Figure E-23 below provides an overview of the CE/ICA process used to evaluate the
frameworks for the Deltaic Plain.

(5,670 alternatives) Deltaic Plain Frameworks
1 Exclusion, dependency, synergistic effects
criteria
(139 alternatives) Alternative Frameworks
1 Cost-effective analysis
(14 alternatives) Cost-effective Alternative Frameworks

New exclusion criteria and addition
of “near” cost-effective frameworks for
completeness of restoration features

Tentative Final Array of Frameworks

Addition of 2 supplemental alternative
frameworks for optimization of

(6 alternatives)

completeness

Tentative Final Array of Frameworks, Including
Supplemental Alternatives

1 Cost-effectiveness analysis

Final Array of Alternative Frameworks

(8 alternatives)

(7 alternatives)

Figure E-23. Cost-Effectiveness and Incremental Cost Analysis Process, Deltaic Plain.

The analysis initially produced 5,670 combinations of alternatives, of which 139 were
possibilities after considering exclusions, dependencies, and the water constraints. Of these
alternatives, 14 were determined to be cost-effective. The graph below shows the results of the
cost-effectiveness analysis (figure E-24). All alternative frameworks are shown on the graph,
with the cost-effective alternatives (the efficient frontier) highlighted. The small numbers next to
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each point are framework identifiers used throughout this report. The same identifiers are also
used in the accompanying tables.
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Figure E-24.  Average Annual Costs and Average Annual Benefits for Each of the
Alternative Frameworks Generated by IWR-Plan for the Deltaic Plain.

The identifiers indicate the alternative associated with Subprovinces 1-3 (table E-21).
The first digit of the identifier identifies the alternative for Subprovince 1. The second digit
identifies the alternative for Subprovince 2. The third digit identifies the alternative for
Subprovince 3. Finally, the fourth digit identifies the alternative choice for the Third Delta
Project. For example: Framework 7620 would translate to Subprovince 1, E1; Subprovince 2,
M3; Subprovince 3, R3; and no Third Delta alternative. Descriptions of each Subprovince
alternatives and its corresponding features can be found in Attachment 1. The incremental cost
analysis results for the 14 cost-effective alternative frameworks for Subprovinces 1-3 are
illustrated in table E-21.

Table E-21.

Key to Alternative Framework ldentifiers.
Identifier 0 1 2 3 4 5 6 71819 110
Subprovincel | N R1 R2 R3| M1 | M2 |M3|El|E2|E3|N1
(First Digit) A
Subprovince2 | N R1 R2 R3|M1|M2|M3|ELl|E2|N1
(Second Digit) | A
Subprovince3 | N R1 R3 N1
(Third Digit) A
Third Delta N | SP2,E3 | SP2, E3
(Fourth Digit) A and and

SP3,R2 | SP 3, M1
Where: SP = Subprovince, NA = No Action, R= Reduce, M= Maintain, E= Increase, N = Supplemental
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Table E-22.
Costs and Benefits for the Cost-Effective Alternative
Frameworks for the Deltaic Plain.

Average Annual| Average Annual Incremental
Framework Benefits Costs ($) Cost per Unit ($) Cost

0 0 0 0 0
1000 219 22,910,914 104,616 104,616
2000 1,074 24,350,598 22,673 1,684
5000 1,873 32,838,902 17,533 10,624
7000 1,945 55,021,432 28,289 308,091
5010 2,330 70,438,353 30,231 40,044
7010 2,402 92,620,883 38,560 308,091
5100 3,000 122,043,563 40,681 49,202
7100 3,072 144,226,093 46,949 308,091
5110 3,457 159,643,014 46,180 40,044
7110 3,529 181,825,544 51,523 308,091
7410 3,540 207,599,025 58,644 2,343,044
7001 3,548 445,780,195 125,643 29,772,646
7002 3,591 542,511,742 151,075 2,249,571

*  Benefits measured using the B2 Protocol, as explained in the text. Shaded lines indicate
frameworks that were carried forward to the analysis step — the development of a tentative final
array of alternatives.

6.5.8 Development of the Tentative Final Array for the Deltaic Plain

Following an initial CE/ICA analysis, the alternative framework process continued by
applying four additional criteria to cost-effective coastwide alternative frameworks. The four
criteria are as follows:

1. Alternative frameworks that cost approximately $60 million per year to implement
were eliminated from further consideration because the existing CWPPRA was already available
for implementing such alternatives. The intent of the LCA effort is to focus on larger-scaled
projects that are beyond the current scope of CWPPRA.

2. Alternative frameworks were limited to those that reduced land loss by at least one half
of the current rate (based on 1990-2000 landloss data of =24 mi®/yr to-10 mi?/yr [-62 km?/yr to —
26 km?/yr]).

3. Alternative frameworks were evaluated for their potential to provide storm surge
protection across the coast (i.e., in all Subprovinces), as well as for their potential to impact the
navigation industry.
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4. Alternative frameworks were assessed for their potential to add environmentally
significant features, such as barrier islands or a Third Delta feature, in subsequent
implementation phases.

During this stage of the alternative framework selection process, the PDT evaluated the
alternative frameworks that formed the cost-effective frontier and eliminated several of the
frameworks from further consideration. Some cost-effective alternative frameworks were
eliminated because they did not provide potential coastwide restoration or economic damage
reduction. Other cost-effective alternative frameworks that met these criteria occurred at
approximately the point in the cost-effective curve at which the cost per unit benefit begins to
rise rapidly. These frameworks were 5110, 7110, and 7410. Framework 7002 represented the
terminal point of the cost-effective frontier. Based on the criteria of cost-effectiveness,
exceeding minimum program and output values, and providing maximum potential damage
reduction, framework 5110 (made up of SIM2, S2R1, and S3R1) would be a rational framework
selection. However, upon review of these frameworks, the PDT identified several
environmentally significant features that were not included in or addressed by this or any of the
cost-effective frameworks.

It was determined that additional alternative frameworks near the cost-effective curve,
particularly near the point of rapidly increasing unit cost, could fall within the limits of
confidence. In addition, these alternative frameworks would provide more completeness to a
final array of restoration solutions. Beginning at the previously identified location on the cost-
effective curve, the PDT used the IWR-Plan software and began investigating additional
alternative frameworks adjacent to the cost-effective frontier that included significant features
not in the cost-effective alternative framework combinations. A number of additional
frameworks were identified that addressed the identified significant features such as the barrier
islands in Subprovince 3. These included frameworks 5610, 5410, 7610, 5120, 5620, 5710, and
7120. These frameworks were grouped with the remaining 3 cost-effective frameworks to form
a tentative final array (table E-23). In addition, one cost-effective framework, framework
number 7110, appeared to be redundant in its composition but more costly and was not
considered by the PDT in the tentative final array.
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Table E-23.
Benefits and Costs for Tentative Final Array of Frameworks
for the Deltaic Plain.

Average
Annual Average Annual | Cost per Unit
Framework | Benefits Costs ($) %)

5620 3349 234,801,138 70,111
5120 3354 222,964,398 66,477
5710 3361 255,291,778 75,957
7120 3426 319,243,162 93,182
5610 3452 171,479,754 49,675
5110 3457 159,643,014 46,180
5410 3468 185,416,495 53,465
7610 3524 193,662,284 54,955
7410 3540 209,000,000 59,040
7002 3591 542,511,742 151,075

* Benefits measured using the B2 Protocol, as explained in the text. Shaded
lines indicate cost-effective frameworks that were included the tentative

final array.

The following graphs (figures E-25 and E-26) illustrate the relationships among the
cost-effective frameworks and the additional alternatives in the tentative final array. Figure E-
28 is cropped to depict only the cost-effective and additional alternative frameworks included in
the tentative final array. Note that several of the additional frameworks are fairly close to the
efficient frontier, and, given the limitations of the benefit data, are within the reasonable limits of
confidence for the efficient frontier.

Other frameworks appear to depart from the curve significantly in both cost and benefit.
The most notable exception is Framework 7120, which is well above the efficient frontier.
While there are also limits in the confidence of the cost data, these limits are not as significant as
they are for the benefit data. As a result, these frameworks were determined to be significantly
more costly per habitat unit produced in comparison to the other alternatives available that
provided the same restoration benefit. Thus, frameworks 5120, 5620, 5710, and 7120 were
dropped from further consideration.
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Figure E-25. Costs and Benefits for the Cost-Effective and Tentative Final Array of

Frameworks for the Deltaic Plain.
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Figure E-26. Costs and Benefits for the Tentative Final Array of Frameworks of Interest

for the Deltaic Plain (expanded view).
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6.5.9 Development of Supplemental Frameworks to Address Completeness of Final Array

The executive team, vertical team, and individual members of the framework
development team, reviewed the cost-effectiveness analysis and the PDT effort in developing the
tentative final array. Following this review, the executive team directed the PDT to develop two
supplemental frameworks to attempt to further address the criteria of environmentally significant
features. These frameworks were also intended to address the completeness of the final array
since the tentative frameworks identified by the initial analysis omitted a number of larger-scale
features that were viewed as potentially critical to long-range success. The output from the
ecological modeling and the experience gained from that effort provided valuable insight
regarding framework effectiveness. The results of that effort were reviewed to determine what
specific restoration features might be introduced to create a more complete and effective
alternative framework.

The PDT reviewed the features, model outputs, and framework components for each
subprovince. At the conclusion of this effort, the PDT had assembled the two supplemental
alternative frameworks, which were loosely based on the alternative framework 5610. These
two supplemental alternative frameworks were identical, except that one of the frameworks
contained the Third Delta feature. Once the features of the supplemental alternative frameworks
were identified, costs and benefits were developed for the supplemental alternatives in a manner
consistent with the previously analyzed alternative frameworks (table E-24). These data were
incorporated into the IWR-Plan database. A second iteration of the CE/ICA was run to
determine the position of the two supplemental alternative frameworks relative to the cost-
effective frontier.

Table E-24.
Benefits and Costs for Tentative Final Array with Supplemental Frameworks
for the Deltaic Plain.

Average
Annual |Average Annual| Cost per Unit
Framework | Benefits Costs ($) $)
5610 3,452 171,479,754 49,675
5110 3,457 159,643,014 46,180
5410 3,468 185,416,495 53,465
7610 3,524 193,662,284 54,955
7410 3,540 209,000,000 59,040
7002 3,591 542,511,742 151,075
Al 2,797 196,257,904 70,167
A2 3,321 405,580,519 122,126

* Benefits measured using the B2 Protocol, as explained in the text. Shaded
lines indicate cost-effective frameworks that were included the tentative

final array.
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This analysis revealed that the basic supplemental framework was significantly above
and to the left of the efficient frontier. The second supplemental framework was developed by
simply combining the Third Delta feature with the basic supplemental framework. Neither
framework plotted within the optimal range of the existing final array of alternative frameworks
(figure E-27). A review of the features included in the second supplemental framework revealed
that several of the diversion features could be redundant and potentially unimplementable with
the inclusion of the Third Delta. Framework 7002 included several of the features identified for
detailed investigation in the basic supplemental and include it as the supplemental framework
along with framework 7002 in the final array.
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Figure E-27. Comparison of Supplemental Alternative Frameworks for the Deltaic Plain.

To further determine whether the combinable components of the supplemental
framework had any specific strengths or weaknesses, another iteration of cost-effectiveness was
executed for each subprovince. This analysis identified the strength (high B2 benefit value) of
the supplemental framework in Subprovince 1 and its weakness (low B2 benefit value) in
Subprovince 2. The supplemental alternative framework features were similar to existing
components in Subprovinces 3 and 4. The results for Subprovince 4 are presented later in this
section. Presented below is the relative efficiency of the supplemental framework components
for each of Subprovinces 1, 2, and 3 (figures E-28, E-29 and E-30). The supplemental
alternative framework features are labeled as N1 in each plot.
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Figure E-28. Cost Effectiveness Graph of the Subprovince 1 Alternative Frameworks with
Supplemental Framework (A-1).

$200,000,000
$180,000,000 1 ¢
$160,000,000
$140,000,000 | E2

$120,000,000 - R3

M1 M2

*o
$100,000,000 N1 > r': M3

$80,000,000 R1

Average Annual Cost

$40,000,000

%

0 200 400 600 800 1,000 1,200 1,400
Annual Average B2 Outputs

Figure E-29. Cost Effectiveness Graph of the Subprovince 2 Alternative Frameworks with
Supplemental Framework (A-1).
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Figure E-30. Cost Effectiveness Graph of the Subprovince 3 Alternative Frameworks with
Supplemental Framework (A-1).

The study executive team reviewed this information and was able to identify an existing
alternative in Subprovince 2 that in combination with the other supplemental framework
components in Subprovinces 1 and 3 could produce a modified supplemental framework that
would enhance completeness and be cost-effective. The data for the modified supplemental
framework, which was labeled 10130 (based on the IWR-Plan system of numbering solution
scales), was added to the IWR-Plan database. An additional iteration of the cost-effectiveness
analysis revealed the supplemental framework to be on the cost-effective curve and consistent
with the position and criteria for the final array. The output for the final iteration of the CE/ICA
is discussed below.

6.5.10 Final lteration Results for the Deltaic Plain

All iterations of the analysis were performed in a manner consistent with the description
of the initial cost-effectiveness analysis. Once again, the benefit units used for the analysis are
described by the B2 protocol.

The analysis initially produced 25,920 combinations of frameworks, 152 of which were
possible after considering exclusions, dependencies, and the total diversion constraint. It can be
observed by comparing the initial and final analyses that the addition of even a small number of
solutions or scales has an exponential effect on the number of possible combinations. Of these
frameworks, 15 were determined to be cost-effective. The graph below (figure E-31) shows the
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results of the cost-effectiveness analysis. All 152 possible frameworks are shown on the graph,

with the cost-effective frameworks (the efficient frontier) highlighted.
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Figure E-31. Average Annual Costs and Average Annual Benefits for all Frameworks in

the Cost-Effectiveness Analysis.

The incremental cost analysis results for the Deltaic Plain are illustrated in table E-25 in
ascending order of benefit performance. Only the cost effective frameworks are included in the
table. The numbers in the first column of the table are codes for each framework that were
generated by the program that was used to conduct the analysis. These identifiers are used
throughout the report, and are placed next to the points used to represent each framework in the
subsequent graphs. The second column shows a shorthand description of each framework. The
number appearing after each "S" is the subprovince