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SECTION 6 
COMPARING ENVIRONMENTAL BENEFITS AND PROJECT 

COSTS OF ALTERNATIVE PLANS 
 
6.1 ALTERNATIVE PLAN COMPARISON 
 
The final array of plans (Alternative A – no action; Alternative B – 1,660-acre impoundment at 
six feet deep; and Alternative C – 1,660-acre impoundment at eight feet deep) were evaluated 
using the hydrologic and ecologic performance measures selected by the PDT.  The alternative 
plans were evaluated and compared based on the following criteria: 
 

• Achievement of Objectives; 
• Effects on the Environment; 
• Efficiency, Effectiveness, Acceptability, and Completeness; 
• Comparison of NER Benefits; 
• Cost Effectiveness; and 
• Risk and Uncertainty. 

 
6.1.1 Alternative Plans’ Achievement of Objectives  
 
Alternative A, the No-Action alternative, would not meet the majority of the planning objectives 
for the proposed Site 1 Impoundment.  No additional water would be made available for the 
natural system, nor would additional water be made available for the Greater Everglades system.  
Damaging fresh water discharges to the AIWW and Hillsboro Canal would continue, likely 
leading to further decline in the ecological health of these estuarine systems.  Additionally, 
Alternative A would not lead to an increase in the spatial extent and quality of natural areas in 
the LNWR, nor would it improve hydroperiods and hydropatterns in the LNWR.  However, 
Alternative A would best meet the project objectives of increasing the spatial extent and quality 
of fish and wildlife habitat and improving hydroperiods and hydropatterns in WCA-2A with no 
changes to existing regulation schedules in areas such as the LNWR. 
 
Alternatives B and C would both increase the amount of water available in the natural system; 
however, Alternative C would provide for the maximum amount of water.  Also, compared to 
Alternative B, Alternative C would allow for a greater amount of water to be made available to 
the greater Everglades system.  Alternative C would also provide for the maximum performance 
in increasing the spatial extent and quality of fish and wildlife habitat in the LNWR.  
Alternative C also would provide the greatest improvement in hydroperiods and hydropatterns in 
the LNWR.  Neither Alternative B nor Alternative C would improve hydropatterns and 
hydroperiods in WCA-2A.  Additionally, neither Alternative B nor Alternative C would increase 
the spatial extent and quality of fish and wildlife habitat in WCA-2A.  Although Alternatives B 
and C do not currently meet the two specific objectives for WCA-2A, it is anticipated that 
changes to current regulation schedules as a result of the implementation of additional CERP 
projects would increase the performance of these two alternatives within WCA-2A.  It is likely 
that Alternative C would also allow for the greatest performance in WCA-2A, as Alternative C 
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provides for maximum storage to reduce water demands from the natural system, particularly 
during dry periods.  Both Alternative B and C would meet the objective of improving recreation 
at the site and within the project footprint. 
 
6.1.2 Alternative Plan Effect on the Environment 
 
The No-Action alternative would result in the construction of single-family residences within 
1,660 acres of the 1,800 acre site.  Earthwork would entail filling of the site and the construction 
of homes.  The existing buffer between development and the natural system to the west would be 
eliminated, providing for further human encroachment along the remainder of the Everglades.  
Native vegetation would likely be replaced with ornamental species, therefore reducing existing 
habitat.  Additionally, the use of fertilizers for landscaping would increase nutrient loading 
within the Hillsboro Canal.  No additional water would be made available for the natural system 
and detrimental withdrawals from LNWR and WCA-2A would continue to occur.  Damaging 
freshwater discharges would continue, leading to further decreases in salinity levels and nutrient 
loading in the estuarine systems of the Hillsboro Canal and AIWW.  Slight improvements to the 
ecological health in the wet season may occur in WCA-2A as high water stages are reduced; 
however, potential for drydowns leading to soil erosion, decreased preferable conditions for 
native flora, and possibility of resuspension of metals and nutrients could offset any benefit.  In 
addition, these slight improvements during the wet season would be offset by a decrease in the 
health of the LNWR when compared to Alternatives B and C.  As such, the No-Action 
alternative would lead to detrimental effects on the environment.   
 
Alternatives B and C would both include the construction of a 1,660-acre impoundment.  As the 
existing wetlands and uplands onsite have been degraded through human activities, the 
construction of the impoundment should not result in any adverse impacts to the environment 
onsite.  The impoundment would serve as lacustrine habitat capable of replacing some to all of 
the aquatic functions that might be lost onsite.  Additionally, the ecological benefits within the 
LNWR and WCA-2A would completely offset any effects that the project may have on the 
onsite environment.  Also, the remaining Everglades system would benefit from the construction 
of the impoundment, serving as a buffer to human encroachment. 
 
In comparing the effects on the environment for Alternatives B and C, Alternative C would 
provide for the most beneficial ecological effects.  Alternative C would be capable of 
contributing the most water to the natural system during periods of drought.  Alternative C would 
also provide the greatest reduction in freshwater discharges and nutrient loading into the AIWW.  
Additionally, Alternative C would provide for the greatest ecological benefits in the LNWR and 
WCA-2A.  With the implementation of other CERP projects and subsequent changes in 
Regulation schedules in areas such as Lake Okeechobee and the LNWR, it is anticipated that the 
performance of Alternative C would increase greatly, providing for the restoration of the 
Everglades to the maximum extent possible. 
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6.1.3 Alternative Plan Comparison Appraisal 
 
Alternative C would produce the most substantial improvements in the quantity, quality, timing, 
and distribution of water within the LNWR, WCA-2A, and affected estuarine habitat.  As 
previously discussed in this document and shown in Table 6.1-1, Alternative A would not be 
effective in achieving the project goals and objectives.  Although Alternative B would meet the 
project goals and objectives, this alternative would not be as effective as Alternative C in 
improving hydrologic function within the natural system.  Alternative C would also be the most 
efficient alternative, producing the greatest ecological benefits.  
 

TABLE 6.1-1:  PLAN COMPARISONS 
 

Alternative Efficiency Effectiveness Acceptability Completeness 
“No-Action” 
(Future 
Without) 

Cost-
Effective. 

Ineffective; 
would not meet 
the majority of 
the goals and 
objectives of the 
proposed Site 1 
Impoundment. 

Feasible in regards to 
technical, economic, 
financial, 
environmental, and 
social factors, etc. 

Incomplete. 

1,660 acre 
impoundment 
at six-feet 
(Alternative B) 

Cost-
Effective. 

Effective; would 
meet the majority 
of the goals and 
objectives. 

Feasible in regards to 
technical, economic, 
financial, 
environmental, and 
social factors, etc. 

Complete; but 
would not 
maximize use of the 
proposed project 
site in order to 
attain the greatest 
possible NER 
Benefits. 

1,660 acre 
impoundment 
at eight-feet 
(Alternative C) 

Cost 
Effective 
and Best 
Buy. 

Most effective; 
would best meet 
the majority of 
the goals and 
objectives. 

Feasible in regards to 
technical, economic, 
financial, 
environmental, and 
social factors, etc. 

Most complete; 
would maximum 
use of the proposed 
project site in order 
to attain the greatest 
possible NER 
Benefits. 

 
6.1.4 NER Benefits 
 
For this project, both a hydrologic function analysis as well as an ecological function analysis 
was performed to independently look at the results to determine the NER benefits.  Sections 
6.1.4.1 and 6.1.4.2 summarize the hydrologic function and the habitat unit analyses.  The habitat 
unit analysis validated the hydrologic function analysis as a means for evaluating and comparing 
plans. 
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6.1.4.1 Hydrologic Function Analysis 
 
The CEM defines hydrology as a driver for ecological change in the natural system.  An analysis 
of water stored and water made available from the impoundment as well as water retained in the 
natural system can be derived from the SFWMM.  These functions measure both the effective 
storage of the impoundment (water storage function) as well as the water retained in the natural 
system, resulting from the Site 1 Impoundment.  These two commensurate functions can be 
combined to depict NER benefits since hydrologic changes in the adjacent natural areas in 
response to project implementation are expected to result in desirable ecosystem conditions.   
 
Structural flows, as measured from the SFWMM version 3.5, were used to calculate both of 
these metrics.  Table 6.1-2 represents the annual average flows from various inflow and outflow 
points in the SFWMM that were used to calculate these two functions.  Descriptions, calibrations 
and verifications of the SFWMM may be found at: 

http://www.sfwmd.gov/org/pld/hsm/models/sfwmm/index.html 
 
The Water Storage Function is described as the amount of water the impoundment physically 
held plus the water that is released from the impoundment over the 31-year period of record 
(POR), as represented in the following formula: 
 
Water Storage Function = Water Storage + Water Released for Water Supply and Flood Control 
 
This combination will represent the amount of storage the impoundment is capable of providing.  
The Water Storage Function is calculated by summing all flows into and out of the Site 1 
Impoundment.  The variables used to calculate the Water Storage are HLRSIN (inflow to Site 1 
Impoundment from excess flows in the Hillsboro Canal between S-39 and G-56), S1ATHL 
(ASR water supply deliveries to the Hillsboro Canal), S1AC14 (ASR water supply deliveries to 
C-14 Canal) S1AC13 (ASR water supply deliveries to C-13 Canal) and S1ANNNR (ASR water 
supply deliveries to the North New River Canal).  This can be represented by the following 
formula: 
 
Water Storage = HLRSIN+S1ATHL+S1AC14+S1AC13+S1ANNNR 
 
The variables used to calculate the Water Released for Water Supply and Flood Control are 
WSC1 (outflow from Site 1 for water supply to the Hillsboro Canal), SIT1RO (Site 1 
Impoundment emergency flood control releases), ST1TAS (injection of water from proposed 
Site 1 to proposed ASR wells), S1ATHL (recovery from proposed ASR wells to the Hillsboro 
Canal) S1AC14 (ASR water supply deliveries to the C-14 Canal), S1AC13 (ASR water supply 
deliveries to the C-13 Canal), S1ANNNR (ASR water supply deliveries to the North New River 
Canal).  Since ASR will not be built until 2025, most of these variables are not applicable in the 
2010 model runs.  This is represented by the following formula: 
 
Water Released for Water Supply and Flood Control = 

 WSC1+S1T1RO+ST1TAS+S1ATHL+S1AC14+S1AC13+S1ANNNR 
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The Water Retained in the Natural System Function, is the combination of the improvement 
of water supply deliveries from LNWR through G-94A, B, and C and S-39 minus the future 
without the project plus the deliveries from LNWR to WCA-2A through the S-10s minus the 
future without the project plus the improvement of Discharges to Tide as measured through G-56 
(HLSBEQ) minus the future without project.  This is represented by the following formula: 
 
Water Retained in the Natural System Function = (Δ Water Supply Deliveries from LNWR) + 
 (Δ Water Supply Deliveries from LNWR to WCA-2A) + (Δ Discharges to Tide) 
 
Where: 
 

Δ Water Supply Deliveries from LNWR = (With Project Condition – Base Condition) 
and 
Water Supply Deliveries from LNWR = (S-39)+(G-94A, B and C) 
 
Δ Water Supply Deliveries from LNWR to WCA-2A = (With Project Condition – Base 
Condition)  
and 
Water Supply Deliveries from LNWR to WCA-2A = (S-10 total outflow from L40 
borrow canal) + (S10E) 
 
Δ Discharges to Tide = (With Project Condition – Base Condition) 
And 
Discharges to Tide = HLSBEQ 

 
Water not released from LNWR is retained in LNWR for the benefit of the natural system and is 
shown as a positive benefit to the system.  Therefore, Water Supply Deliveries from LNWR that 
are less than the FWO would be better.  Water released from LNWR to WCA-2A through the S-
10 gravity flow structures is water that will remain in the natural system.  Therefore, Water 
released from LNWR to WCA-2A that is greater than the FWO would be better.  The reduction 
of water released to tide means there is more water available for water supply or to reduce 
saltwater intrusion and is shown as a positive number if less than the future without the project.  
Therefore, the value of the Discharges to Tide would be better if less than the FWO.   
 
A summary of the variables used for the hydrologic function analysis with the final array of 
plans are displayed in Table 6.1-3.  The table compares results for Alternative B, Alternative C, 
and the FWO.  For each alternative, results are presented for two points in time, the 2010 
condition and the 2050 condition.  The 2010 variable applies to both the system formulation (SF)  
and the next added increment (NAI).  The 2050 variable only applies to the SF.  SF  is necessary 
to determine the benefits of Site 1 Impoundment that can be achieved with all of the CERP 
projects as identified in the CERP or the system benefit.  The NAI is necessary to determine the 
benefits of Site 1 Impoundment that can be achieved in absence of unauthorized or unapproved 
CERP projects. 
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TABLE 6.1-2:  SFWMM WATER BUDGET 

 

 2010 Base 2010 
Condition

2010 
Condition 2050 Base 2050 

Condition
2050 
Condition

Alt B Alt C Alt B Alt C

HLRSIN inflow into Site 1 impoundment 
from excess flow from Hillsboro Canal 
between S-39 and G-56 n/a 14.7 19.6 n/a 74 55.5
 S1ATHL ASR WS deliveries (recovery 
water) to Hillsboro Canal n/a n/a n/a n/a 11.2 8.4
S1AC14  ASR WS deliveries to C-14 
canal n/a n/a n/a n/a 7.3 5.5
S1AC13 ASR WS deliveries to C-13 
canal n/a n/a n/a n/a 24.6 18.5

S1ANNNR  ASR WS deliveries to NNR n/a n/a n/a n/a 4.6 3.5

TOTAL n/a 14.7 19.6 n/a 121.7 91.4

WSC1 outflow from proposed Site1 
impoundment to Hillsboro canal 0 8.6 11.5 0 1.9 1.4
SIT1RO Site 1 emergency flood control 
releases n/a 0.1 0.1 n/a 0 0.0
 ST1TAS   injection of water from 
proposed Site1 impoundment to 
proposed ASR wells n/a n/a n/a n/a 71.9 53.9
 S1ATHL ASR WS deliveries (recovery 
water) to Hillsboro Canal n/a n/a n/a n/a 11.2 8.4
S1AC14  ASR WS deliveries to C-14 
canal n/a n/a n/a n/a 7.3 5.5
S1AC13 ASR WS deliveries to C-13 
canal n/a n/a n/a n/a 24.6 18.5

S1ANNR  ASR WS deliveries to NNR n/a n/a n/a n/a 4.6 3.5

TOTAL n/a 8.7 11.6 0.0 121.5 91.1

 S39 flow from L-40 canal in WCA-1 to 
Hillsboro canal 29.7 19.4 15.9 28.9 11.2 15.6

 LWDD  water supply releases from 
WCA-1 into LWDD via G-94A & G-94B 39.4 40.1 40.3 33.7 7.5 14.1

TOTAL 69.1 59.5 56.2 62.6 18.7 29.7

 S10 total outflow from L40 borrow 
canal in WCA-1 to WCA-2A nodes 135.8 141.3 143.1 124.8 149.9 143.6
 S10E  flow from L40 borrow canal in 

WCA-1 to node in WCA-2A thru S-10E 82.2 87.2 88.9 73.8 104.7 97

TOTAL 218 228.5 232 198.6 254.6 240.6

HLSBEQ tidal outflow from Hillsboro via 
G-56 and estuary downstream 181.8 173.5 170.7 181.8 102.3 122.2

TOTAL 181.8 173.5 170.7 181.8 102.3 122.2

Water Supply Deliveries from LNWR to WCA-2A

Discharges to Tide

SFWMM 3.5 Water Budget (1000 acre-feet)

Water Storage 

Water Released for Water Supply and Flood Control

Water Supply Deliveries from LNWR
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TABLE 6.1-3:  SITE 1 IMPOUNDMENT HYDROLOGIC FUNCTION RESULTS 
 

Hydrologic Function Results 
(1,000 acre-feet, 31-year POR) 

Hydrologic Function FWO Alt B (6’) Alt C (8’) 
 2010  2050  20101 20502 20101 20502

Water Storage Function 
1.  Impoundment Water 
Released for WS 0 0 8.7 91.1 11.6 121.5

2.  Impoundment 
Storage 0 0 14.7 91.4 19.6 121.7

Water Retained in the Natural System Function 
3.  Water Supply 
Deliveries from LNWR 
(< FWO is better) 

69.1 62.6 59.5 29.7 56.2 18.7

4.  Improvement from 
FWO 0 0 9.6 32.9 12.9 43.9

4.  Deliveries from 
LNWR to WCA-2A 
(>FWO is better) 

218.0 198.6 228.5 240.6 232 254.6

6.  Improvement from 
FWO 0 0 10.5 42 14 56

5.  Discharges to Tide 
(<FWO is better) 181.8 181.8 173.5 122.2 170.7 102.3

8.  Improvement from 
FWO 0 0 8.3 59.6 11.1 79.5

 

1 The variable for 2010 applies to both the NAI and SF  analyses. 
2 The variable for 2050 applies to the SF only. 

 
 

The variables for the hydrologic function analysis were combined as follows: 
 

• Water Storage Function = Line 1 + Line 2. 
• Water Retained in the Natural System Function = [Line 4] + [Line 6] + [Line 8].  

 
The hydrologic function is depicted by the water storage function combined with the water 
retained in the natural system function as shown in Table 6.1-4 for the years 2010 and 2050. 
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TABLE 6.1-4:  SITE 1 IMPOUNDMENT HYDROLOGIC FUNCTION ANALYSIS 
 

Alternative B Alternative C 
NAI SF NAI SF 

2010 2050 2010 2050 2010 2050 2010 2050 

 

Annual Acre-Ft 

Water Storage Function 23.4 23.4 23.4 182.5 31.2 31.2 31.2 243.2

Water Retained in the Natural 
System Function 28.4 28.4 28.4 134.5 38.0 38.0 38.0 179.4

Benefit Units 51.8 51.8 51.8 317.0 69.2 69.2 69.2 422.6

 
6.1.4.1.1 Calculation of Average Annual Values 
 
However, since these are values in the static years of 2010 and 2050, an average annual 
calculation of the storage function values over the 41-year period of analysis (2010 to 2050) is 
necessary to determine the actual effect that Site 1 Impoundment produces.  This average annual 
calculation is necessary for both the SF and the NAI.  Since the base year is 2010, both the NAI 
and SF analyses would begin accruing benefits in 2010 and continue to 2050.  
  
For the SF the two points calculated through the SFWMM were used for the 2010 and 2050 
conditions (Table 6.1-3).  The PDT defined the points in between these dates.  If Alternative B 
for Site 1 Impoundment were constructed at the end of fiscal year 2009, the SF analysis would 
show the same benefits (23.4) through 2025 when ASR would come online, as identified in the 
Master Implementation Sequencing Plan (MISP).  From 2025 to 2050, Site 1 Impoundment 
would increase to 182.5 benefit units.  Figure 6.1-1 depicts the curves associated with the 
alternatives for the storage function for the SF.  The FWO would be zero, since the impoundment 
would not exist.  The average annual benefit unit is measured by the area under the curve 
between the alternative and the future without project condition.  For Site 1 Impoundment 
measured from 2010 to 2050 storage function, approximately 124.3 average annual benefit units 
for Alternative B and 165.6 average annual benefit units for Alternative C are calculated and 
shown in Table 6.1-5.   
 
Consequently, in the NAI analysis, Alternative B for Site 1 Impoundment would be constructed 
at the end of fiscal year 2009, and the same benefits, 23.4, would occur from 2010 to 2050, since 
there are no other authorized or approved CERP projects.  Figure 6.1-2 depicts the curves 
associated with these alternatives for the storage function for the NAI.  The average annual 
benefit for Alternative B for the NAI analysis would be 23.4 as shown in Table 6.1-5.  
Alternative C would be 31.2 benefit units.   
 
The combined hydrologic function results are displayed in Table 6.1-5.  The NER Benefit Unit 
for the Site 1 Impoundment is calculated by summing the Water Storage Function and the 
Water Retained in the Natural System Function into one benefit unit for both alternatives.    
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FIGURE 6.1-1:  WATER STORAGE FUNCTION, SF 
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FIGURE 6.1-2:  WATER STORAGE FUNCTION, NAI 
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TABLE 6.1-5:  SITE 1 IMPOUNDMENT COMBINED HYDROLOGIC FUNCTION 
RESULTS (NER BENEFITS) 

 
 Alt B Alt C  
 NAI 

Average 
Annual 

SF 
Average 
Annual 

NAI 
Average 
Annual 

SF 
Average 
Annual 

Water Storage Function 23.4 124.3 31.2 165.6 
Water Retained in the Natural 
System Function 34.9 89.4 44.5 119.7 

   
    

Water Supply Deliveries 
from LNWR    6.4 23.8 9.7 31.7 

 Deliveries from LNWR to 
WCA-2A 20.2 27.3 23.7 36.9 

 Discharges to Tide 8.3 38.3 11.1 51.1 
Benefit Units 58.3 213.7 75.7 285.3 

 
As shown in Table 6.1-5, Alternative B would produce an average annual 58.3 Benefit Units for 
the NAI and with the rest of CERP (Last Added Increment), Alternative B would produce an 
average annual 213.7 Benefit Units.  As expected, Alternative C would produce even greater 
NER benefits (Benefit Units) due to the larger capacity of the impoundment.  Alternative C 
would produce an annual average 75.7 benefit units in the NAI and an average annual 285.3 
benefit units for the SF.  For the NAI, Alternative C would produce 26.5 percent of the benefits 
of the SF 
 
The Water Retained in the Natural System Function is calculated differently since the rest of 
the CERP projects will affect the water retained in the system.  Benefits would start accruing in 
2010 and increase or decrease until all projects are completed in 2040 as estimated by the MISP.  
It is estimated that full potential of this function will not be possible without adaptive 
management from 2040 to 2050 and therefore the benefits for 2040 were reduced five percent 
from the 2050 condition.  As shown in Table 6.1-5, the Water Retained in the Natural System 
Function is derived by summing the absolute difference of the Water Supply Deliveries from 
LNWR, Water Deliveries from LNWR to WCA 2A, and the Discharges to tide.  Figure 6.1-3 
depicts the curves associated with Water Supply Deliveries from LNWR for the SF.  The 
positive benefit here is to reduce the amount of flow from LNWR and this is evident in 
Figure 6.1-3.  The average annual benefits for the SF would be 23.8 for Alternative B and 31.7 
for Alternative C.  Figure 6.1-4 depicts the curves associated with the Water Supply Deliveries 
from LNWR for the NAI.  In Figure 6.1-4, the benefits attained would remain constant from 
2010 to 2050, but would be reduced from the FWO.  The average annual benefits for the NAI 
would be 6.4 for Alternative B and 9.7 for Alternative C. 
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FIGURE 6.1-3:  WATER SUPPLY DELIVERIES FROM LNWR, SF 
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It is noted that both alternatives reduce the amount of water supply deliveries from LNWR over 
time. 
 

FIGURE 6.1-4:  WATER SUPPLY DELIVERIES FROM LNWR, NAI  
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Figure 6.1-5 depicts the curve associated with Water Deliveries from LNWR to WCA-2A for 
the SF and Figure 6.1-6 depicts the curve associated with Water Deliveries from LNWR to 
WCA-2A for the NAI.   
 
 

FIGURE 6.1-5:  WATER DELIVERIES FROM LNWR TO WCA-2A, SF 
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FIGURE 6.1-6:  WATER DELIVERIES FROM LNWR TO WCA-2A, NAI 
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Benefits would start accruing in 2010 and increase until all projects are completed in 2040 as 
estimated by the MISP.  It is estimated that full potential of this function will not be possible 
without adaptive management from 2040 to 2050 and therefore the benefits for 2040 were 
reduced five percent from the 2050 condition.  As expected with more water being retained in 
the natural system, there is a slight increase in water flowing from LNWR to WCA-2A.  
However, this is not true in Figure 6.1-6, the flow of water from LNWR to WCA-2A remains 
constant from 2010 to 2050, but is a benefit over the FWO.  The SF average annual benefit for 
Water Deliveries from LNWR to WCA-2A would be 27.3 for Alternative B and 36.9 for 
Alternative C.  The NAI average annual benefit would be 20.2 for Alternative B and 23.7 for 
Alternative C. 
 
Figure 6.1-7 depicts the curve associated with Discharges to Tide as measure through G-56 for 
the SF and Figure 6.1-8 depicts the curve associated with Discharges to Tide as measure through 
G-56 for the NAI.   
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FIGURE 6.1-7:  DISCHARGES TO TIDE, SF 
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Benefits would start accruing in 2010 and decrease until all projects are completed in 2040 as 
estimated by the MISP.  It is estimated that full potential of this function will not be possible 
without adaptive management from 2040 to 2050 and therefore the benefits for 2040 were 
reduced five percent from the 2050 condition.  Both alternatives reduce the quantity of water 
flowing out the G-56 structure from the future without project condition.  The SF average annual 
benefit for Discharges to Tide would be 38.3 for Alternative B and 51.1 for Alternative C. 
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FIGURE 6.1-8:  DISCHARGES TO TIDE, NAI 
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Conversely, the NAI analysis benefits would remain constant over the 41-year period of analysis.  
The NAI annual benefit would be 8.3 for Alternative B and 11.1 for Alternative C.  
 
The average annual benefit unit is measured by summing the area under the curve between the 
alternative and the future without project condition for each variable and dividing by the 41-year 
period of analysis.  Figure 6.1-9 shows the Water Retained in the Natural System Function, SF 
which is the result of combining the area under the curve between the alternative and future 
without project condition for the Water Supply Deliveries from LNWR, Deliveries from LNWR 
to WCA-2A and Discharges to Tide.  For the SF analysis, Site 1 Impoundment measured from 
2010 to 2050, the average annual benefit for water retained in the natural system is 89.4 for 
Alternative B and 119.7 for Alternative C and is previously shown in Table 6.1-5.  For the NAI 
analysis, the average annual benefit for water retained in the natural system is 34.9 for 
Alternative B and 44.5 for Alternative C.  Figure 6.1-10 shows the Water Retained in the 
Natural System Function, NAI. 



Section 6 Comparing Environmental Benefits and Project Costs of Alternative Plans 
 

Final Site 1 Impoundment PIR and EA  April 2006 
6-16 

FIGURE 6.1-9:  WATER RETAINED IN THE NATURAL SYSTEM FUNCTION, SF 
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FIGURE 6.1-10:  WATER RETAINED IN THE NATURAL SYSTEM FUNCTION, NAI 
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6.1.4.2 Ecological Analysis (SF) 
 
The CERP Everglades Ridge and Slough CEM and the CERP Lake Worth Lagoon CEM were 
the basis for determining the environmental effects of the project on the LNWR and the WCA-
2A.  The scientific team charged with benefit quantification identified key ecological attributes 
that were quantifiable and best represented the ecological change that would occur.  To develop 
HSIs, the team then determined which Evaluation Criteria were most applicable to the ecological 
response for each attribute.  For example, the two evaluation criteria utilized for snail kites were 
“Snail Kite – Foraging Habitat Vegetation Structure” and “Apple Snail Reproduction.”  For the 
snail kite attribute, both evaluation criteria were weighted evenly.  As such, post-processed data 
was then utilized to calculate project performance values for each of the evaluation criteria.  The 
value was then averaged to develop a HSI between zero and one.  The HSI number was then 
multiplied by the spatial extent for each attribute, in this instance snail kites, to establish separate 
Habitat Units.  A more thorough discussion of the methodology utilized to develop Habitat Units 
is located in Appendix C.  The results of the Habitat Units projections in 2010 (existing), 2050 
(future without), and 2050 (with construction of the eight foot impoundment) for Alternative C 
are shown in Table 6.1-6.  These are points in time projections, and subsequent extrapolation of 
the data points using ecological response times are provided in Figures 6.1.11 through 6.1.16.  
Since post-processing data was not available for Alternative B, the team used a bracketed 
approach for the calculation of Habitat Units based on the relationship of Alternative B (six-feet) 
to Alternative C (eight-feet).  Since there is no simple relationship between volume of water 
stored in the impoundment versus depth and duration within the WCAs, the team bracketed the 
net Habitat Units for Alternative B by a 10, 25, and 50 percent reduction.  The Habitat Units for 
Alternative B are not listed in Table 6.1-6 since they are a simple reduction from the Habitat 
Units for Alternative C; however, Average Annual Habitat Units for Alternative B are displayed 
later in Table 6.1-8. 
 
The following analysis was conducted for utilization in the plan selection process and therefore 
is based on a SF approach in which the Site 1 project benefits would coincide with the rest of 
CERP being constructed.  An additional analysis was conducted to determine the difference 
between the average annual habitat unit lift for the SF and the NAI, to justify the stand-alone 
benefits of the project.  The results of that analysis are located in Section 6.1.4.3. 
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TABLE 6.1-6:  HABITAT UNIT CALCULATIONS, SF 
 

Attribute 
2010 Base 
(Existing) 

Habitat Units 

2050 Base 
(Future Without) 

Habitat Units 

1,660-acre 
impoundment at 8-feet 

(2050) 
Habitat Units 

Cattail Expansion Rate 
Reduction (LNWR) 7,444 6,528 10,078 

Tree Islands (LNWR) 16,977 16,316 19,402 

Snail Kites (LNWR) 1 65,866 58,430 76,490 

Periphyton (LNWR) 69,167 56,896 98,173 

Cattail Expansion Rate 
Reduction (WCA-2A) 13,646 13,792 13,188 

Tree Islands (WCA-2A) 3,660 3,775 3,486 

Snail Kites (WCA-2A)1 15,280 14,923 15,094 

Periphyton (WCA-2A) 16,944 16,682 16,441 

Estuarine Habitat 2 0 40 177 
 
1. The snail kites attribute was dropped from the system quantification since snail kite 

habitat is a redundant indicator for the increase in spatial extent and quality of fish and 
wildlife habitat in LNWR and WCA-2A and even if the habitat were improved, the 
nomadic characteristics of the snail kite may not populate the area. 

2. Estuarine habitat was also dropped due to uncertainties of the results of the SFWMM in 
boundary condition and its effect on the habitat quantification.  However, the project 
could still attain benefits to the estuaries through the adaptive management principles 
by controlling releases to tide which would benefit the estuary. 

 
Although the data indicates greater Habitat Units in most attributes for WCA-2A in the future 
without scenario versus Alternatives B and C, this does not indicate that there would be adverse 
impacts to WCA-2A.  The higher number of Habitat Units for the future without project scenario 
merely indicates that the future without project scenario would better meet the targets established 
by the sub-team for WCA-2A.  The HSIs that were produced to determine the project benefits 
were formulated to determine measures at which alternatives would start to see desired 
improvements in the natural system, not to determine if adverse impacts would occur.  The HSIs 
were produced for the sole purpose of quantifying project benefits.  In addition, the modeling 
data did not include project operations optimization, which in fact, would control water 
deliveries and prevent high stages in WCA-2A, and thus, anticipated high stages in WCA-2A are 
an artifact of the model, but drive the data.  For a full impacts analysis, see Section 5 of this 
document.   
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The team agreed that of the five  key attributes shown in Table 6.1-6, three key attributes would 
best show the ecological response within the ridge and slough habitat and better represent the 
total system response in the Greater Everglades.  The attributes that were selected were cattail 
expansion rate reduction, tree islands, and periphyton abundance and diversity.  The snail kites 
attribute was dropped from the system quantification since snail kite habitat is a redundant 
indicator for the increase in spatial extent and quality of fish and wildlife habitat in LNWR and 
WCA-2A and even if the habitat were improved, the nomadic characteristics of the snail kite 
may not populate the area.  Estuarine habitat was also dropped due to uncertainties of the results 
of the SFWMM in boundary condition and its effect on the habitat quantification.  However, the 
project could still attain benefits to the estuaries through the adaptive management principles by 
controlling releases to tide which would benefit the estuary.  Therefore, to assess the ecological 
benefit of the project, the attributes selected to represent the spatial extent and quality of fish and 
wildlife habitat within LNWR and WCA-2A were cattail expansion rate reduction, tree islands, 
and periphyton abundance and diversity and these were used to calculate the average annual 
benefits. 
 
The team discussed ecological response times for each attribute.  For the LNWR, periphyton 
typically responds rapidly to improved hydroperiods and lower nutrient loading.  Therefore, 
improvements in Periphyton abundance and diversity would occur within five years of project 
implementation as shown in Figure 6.1-11. 
 

FIGURE 6.1-11:  LNWR PERIPHYTON HABITAT UNITS, SF 
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Tree Island ecotones should respond quickly with plant colonization in areas that were 
previously inundated too often.  There would then be a gradual improvement over the next years 
as soil accretion would occur due to improved hydroperiods and hydropatterns.  After the system 
has adjusted to the new flows and other CERP projects are implemented, the tree islands should 
continue to improve leading up to the year 2050 and probably beyond.  Figure 6.1-12 depicts 
changes in tree islands.   
 

FIGURE 6.1-12: LNWR TREE ISLANDS HABITAT UNITS, SF 
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As nutrient loading is reduced and hydroperiods improve, the reduced rate of cattail expansion 
would occur, preserving more sawgrass than the without project condition as shown in Figure 
6.1-13. 
 
 

FIGURE 6.1-13:  LNWR CATTAILS HABITAT UNITS, SF 
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For periphyton abundance and diversity in WCA-2A, the Future Without Project condition 
would better meet the established targets than with project implementation.  The system response 
over the period of analysis is depicted in Figure 6.1-14. 
 
 

FIGURE 6.1-14: WCA-2A PERIPHYTON HABITAT UNITS, SF 
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For tree islands and cattail expansion reduction rate, the Future Without Project condition would 
better meet the established targets than with project implementation.  Figures 6.1-15 and 6.1-16 
depict the system response over the period of analysis.   
 

FIGURE 6.1-15:  WCA-2A TREE ISLANDS HABITAT UNITS, SF 
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FIGURE 6.1-16:  WCA-2A CATTAILS HABITAT UNITS,SF 
Graph Number 6:  WCA-2A Cattails Habitat Units
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To assess the ecological benefit of the project, the attributes selected to represent the spatial 
extent and quality of fish and wildlife habitat within LNWR and WCA-2A were cattail 
expansion rate reduction, tree islands, and periphyton abundance and diversity.  The team 
determined that these attributes could be added, without double counting benefits, to determine 
the average annual habitat unit for both LNWR and WCA-2A.  The results of the following 
analysis demonstrate that the proposed impoundment would produce an average annual lift in the 
LNWR for the SF analysis of 38,671 Habitat Units.  Although attributes in WCA-2A would 
incur losses of Habitat Units, the proposed project still has a large cumulative net lift in the 
natural system.  Values for WCA-2A were subtracted from the values of the LNWR for each 
attribute to arrive at three projections (these figures represent the three attributes net impacts).  
The three projections are then summed to determine the average annual habitat unit benefit for 
the effected natural system.  Table 6.1-7 displays the Average Annual Benefits for 
Alternative C. 
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TABLE 6.1-7:  AVERAGE ANNUAL BENEFITS FOR ALTERNATIVE C, SF 
 

Region 

 LNWR  
Average Annual 

Habitat Units 

WCA-2A 
Average Annual 

Habitat Units 

Total Net 
Average Annual 

Habitat Units 

Periphyton  34,690.61 -146.06 34,545 
Cattail Expansion 
Reduction Rate  2,171.97 -394.62 1,777 

Tree Islands  1,807.59 -172.20 1,635 
Combined Average 
Annual Habitat 
Units 

38,671 -713 37,957 

 
As mentioned before, post-processing data was not available for Alternative B.  Therefore, the 
team used a bracketed approach for the calculation of Average Annual Habitat Units based on 
the relationship of Alternative B (six-feet) to Alternative C (eight-feet).  Since there is no simple 
relationship between volume of water stored in the impoundment versus depth and duration 
within the WCAs, the team bracketed the net Average Annual Habitat Units for Alternative B by 
a 10, 25, and 50 percent reduction.  Average Annual Habitat Units are shown in Table 6.1-8.  
The main intent of the proposed project is to make more water available to the natural system by 
providing an alternate source of water for urban utilities.  The utilities currently withdraw water 
from the natural system thereby damaging the hydrological conditions within the remaining 
Everglades.  Any reduction in the size of the proposed eight-foot impoundment would make less 
water available to meet targets within the natural system. 
 

TABLE 6.1-8: AVERAGE ANNUAL HABITAT UNITS FOR ALL PLANS, SF 
 

Alternative Average Annual 
Habitat Units 

No-action 0 
Alterative B  
    10% Reduction 34,162 
    25% Reduction 28,468 
    50% Reduction 18,979 
Alternative C 37,957 

 
6.1.4.3 Ecological Analysis (NAI) 
 
The previous section was conducted to determine the input for the cost effective/incremental cost 
analysis and assist in the selection of the recommended plan.  An additional analysis was also 
conducted to use in justifying and describing the benefits of the Site 1 Impoundment as a stand-
alone project without the system wide benefits attributed to other CERP project, otherwise 
known as the NAI analysis.  The difference between the average annual habitat unit lift for the 
SF and the NAI was calculated to demonstrate the reduction in benefits if the rest of CERP is not 
constructed.   
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The results of the NAI Habitat Unit projections in 2010 (existing), 2050 (future without), and 
2050 (with construction of the 8 foot impoundment) are shown in Table 6.1-9.  These are point 
in time projections, and subsequent extrapolation of the data points using ecological response 
times are provided in Figures 6.1.17 through 6.1.22. 

 
TABLE 6.1-9: HABITAT UNIT CALCULATIONS, NAI 

 

Attribute 
2010 Base 
(Existing) 

Habitat Units 

2050 Base 
(Future Without) 

Habitat Units 

1,660-acre 
impoundment at 8-ft 

(2050) 
Habitat Units 

Cattail Expansion Rate 
Reduction (LNWR) 7,444 6,528 8,131 

Tree Islands (LNWR) 16,977 16,316 17,418 

Snail Kites (LNWR) 1 65,866 58,430 69,053 

Periphyton (LNWR) 69,167 56,896 76,976 
Cattail Expansion Rate 
Reduction (WCA-2A) 13,646 13,792 13,480 

Tree Islands (WCA-2A) 3,660 3,775 3,614 

Snail Kites (WCA-2A) 1 15,280 14,923 14,412 

Periphyton (WCA-2A) 16,944 16,682 16,900 

Estuarine Habitat 2 0 40 27 

 
1. The snail kites attribute was dropped from the system quantification since snail kite 

habitat is a redundant indicator for the increase in spatial extent and quality of fish 
and wildlife habitat in LNWR and WCA-2A and even if the habitat were improved, 
the nomadic characteristics of the snail kite may not populate the area. 

2. Estuarine habitat was also dropped due to uncertainties of the results of the SFWMM 
in boundary condition and its effect on the habitat quantification.  However, the 
project could still attain benefits to the estuaries through the adaptive management 
principles by controlling releases to tide which would benefit the estuary. 

 
Following the logic of the SF analysis, the team agreed that of the five key attributes shown in 
Table 6.1-9, three key attributes would best show the ecological response within the ridge and 
slough habitat and better represent the total system response in the Greater Everglades.  The 
attributes that were selected were cattail expansion rate reduction, tree islands, and periphyton 
abundance and diversity.  The snail kites attribute was dropped from the system quantification 
since snail kite habitat is a redundant indicator for the increase in spatial extent and quality of 
fish and wildlife habitat in LNWR and WCA-2A and even if the habitat were improved, the 
nomadic characteristics of the snail kite may not populate the area.  Estuarine habitat was also 
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dropped due to uncertainties of the results of the SFWMM in boundary condition and its effect 
on the habitat quantification.  However, the project could still attain benefits to the estuaries 
through the adaptive management principles by controlling releases to tide which would benefit 
the estuary. Therefore, to assess the ecological benefit of the project, the attributes selected to 
represent the spatial extent and quality of fish and wildlife habitat within LNWR and WCA-2A 
were cattail expansion rate reduction, tree islands, and periphyton abundance and diversity and 
these were used to calculate the average annual benefits. 
 
For the LNWR, periphyton typically responds rapidly to improved hydroperiods and lower 
nutrient loading.  Therefore, improvements in Periphyton abundance and diversity would occur 
within five years of project implementation as shown in Figure 6.1-17. 
 

FIGURE 6.1-17:  LNWR PERIPHYTON HABITAT UNITS, NAI 
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Tree Island ecotones should respond quickly with plant colonization in areas that were 
previously inundated too often.  There would then be a gradual improvement over the next years 
as soil accretion would occur due to improved hydroperiods and hydropatterns.  After the system 
has adjusted to the new flows and other CERP projects are implemented, the tree islands should 
continue to improve leading up to the year 2050 and probably beyond.  Figure 6.1-18 depicts 
changes in tree islands.   

 
FIGURE 6.1-18:  LNWR TREE ISLANDS HABITAT UNITS, NAI 
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As nutrient loading is reduced and hydroperiods improve, the reduced rate of cattail expansion 
would occur, preserving more sawgrass than the without plan condition as shown in 
Figure 6.1-19. 
 
 

FIGURE 6.1-19:  LNWR CATTAIL EXPANSION RATE REDUCTION HABITAT 
UNITS, NAI 
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For WCA-2A, periphyton abundance and diversity in the FWO would better meet the targets 
than with project implementation.  The system response over the period of analysis is depicted in 
Figure 6.1-20. 
 
 

FIGURE 6.1-20:  WCA-2A PERIPHYTON HABITAT UNITS, NAI 
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For tree islands and cattail expansion reduction rate in WCA-2A, the Future Without Project 
condition would better meet the established targets than with project implementation.  Figures 
6.1-21 and 6.1-22 depict the system response over the period of analysis.   
 

FIGURE 6.1-21:  WCA-2A TREE ISLANDS HABITAT UNITS, NAI 
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FIGURE 6.1-22:  WCA-2A CATTAIL EXPANSION RATE REDUCTION 
HABITAT UNITS, NAI 
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To assess the ecological benefit of the project, the attributes selected to represent the spatial 
extent and quality of fish and wildlife habitat within LNWR and WCA-2A were cattail 
expansion rate reduction, tree islands, and periphyton abundance and diversity.  The team 
determined that these attributes could be added, without double counting benefits, to determine 
the average annual habitat unit for both LNWR and WCA-2A.  The result of the following 
analysis demonstrates that the proposed impoundment would produce a significant amount of 
habitat units in the LNWR, even without the implementation of the remaining CERP projects.  
The average annual lift in the LNWR for the NAI analysis would be 14,831 Habitat Units.  
Although attributes in WCA-2A would incur losses of Habitat Units for tree islands and cattail 
expansion rate reduction attributes, the proposed project still has a large cumulative net lift in the 
natural system.  Values for WCA-2A were subtracted from the values of the LNWR for each 
attribute to arrive at three projections, which represent the three attributes’ net impacts.  The 
three projections are then summed to determine the average annual habitat unit benefit for the 
affected natural system.  Table 6.1-10 displays the Average Annual Benefits for Alternative C. 
 

TABLE 6.1-10:  AVERAGE ANNUAL BENEFITS FOR ALTERNATIVE C, NAI 
 

Region 

 LNWR 
Average Annual 

Habitat Units 

WCA-2A 
Average Annual 

Habitat Units 

Total Net 
Average Annual 

Habitat Units 

Periphyton  13,559 111 13,671 
Cattail Expansion 
Reduction Rate  830 -161 668 

Tree Islands  575 -83 492 
Combined  14,964 -133 14,831 

 
Similar to the approach taken for the SF analysis, the team used a bracketed approach for the 
calculation of Average Annual Habitat Units based on the relationship of Alternative B (six-feet) 
to Alternative C (eight-feet).  Since there is no simple relationship between volume of water 
stored in the impoundment versus depth and duration within the WCAs, the team bracketed the 
net Average Annual Habitat Units for Alternative B by a 10, 25, and 50 percent reduction.  
Average Annual Habitat Units for the NAI analysis and a comparison of the NAI analysis to the 
SF analysis are shown in Table 6.1-11.   
 

TABLE 6.1-11:  AVERAGE ANNUAL HABITAT UNIT COMPARISON FOR ALL 
PLANS, SF AND NAI 

Alternative 
Average Annual 

Habitat Units 
(SF) 

Average Annual 
Habitat Units 

(NAI) 

Habitat Unit 
Difference 

NAI as Percent 
of SF  

Alterative B     
  10% Reduction 34,162 13,348 20,814 
  25% Reduction 28,468 11,123 17,345 
  50% Reduction 18,979 7,416 11,563 
Alternative C 37,957 14,831 23,126 

39% 
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As can be noted from the above table, both the NAI and the SF approach to habitat unit 
calculations demonstrate significant ecological benefits from the Site 1 Impoundment.  The 
analysis that depicts the benefits attributed to the Site 1 Impoundment when combined with the 
rest of CERP provides substantially more benefits than does the impoundment as a stand-alone 
project.  A 39 percent increase in benefits would be realized if Site 1 functions as a stand-alone 
project.    
 
6.1.5 NED Benefits 
 
NED benefits were analyzed for the Site 1 Impoundment Project.  Several benefit categories: 
M&I water supply, flood damage reduction, commercial navigation, and recreation were 
analyzed to determine their benefit to the project. 
 
6.1.5.1 M&I Water Supply   
 
Using data provided by the SFWMD, potential economic effects of the plans on M&I water 
supply could be evaluated.  In the Site 1 PIR, the key tool for evaluating the performance of the 
base and the alternatives continues to be the SFWMM.  From the SFWMM output, the Economic 
Post Processor results also continue to be available and represent the best means of estimating 
losses due to water supply shortages.  Detailed information is contained in Appendix G of this 
report.  
 
An examination of the SFWMM and the Seepage Mitigation Analysis for the Site 1 (Annex C) 
impoundment shows no additional water would be made available for the wellfields in the 
vicinity of the study area during times of shortages or restrictions.  The models use a series of 
triggers relating to storage levels in Lake Okeechobee and groundwater levels along the coast 
that determine when water is in such short supply as to warrant restrictions being imposed.  Both 
models compared these triggers to with and without project conditions and found no measurable 
changes in these indicators of water shortage problems.  It is likely that the extra water made 
available from the Site 1 Impoundment is utilized more immediately to improve environmental 
conditions and is not added to storage in quantities sufficient to shorten or eliminate the necessity 
of restrictions.  Since restrictions are not reduced, the extra supply of water is not estimated as 
providing economic benefits to M&I water.  The SFWMM did show some incidental economic 
benefits to agricultural water supply in Alternatives B and C.  Average annual benefits for the 
agricultural water supply for Alternative C were $29,700 (October 2004 Price Levels [P.L.]) and 
were considered to be incidental for this project. 
 
The Site 1 Impoundment acts as an alternate source of water for M&I consumption, reducing the 
demand on the natural system, and affording users no less supply than they were receiving prior 
to the implementation of the Site 1 Impoundment.  Users will still be afforded the amount of 
water they previously demanded before being switched to an alternate source of water.  The 
water supplied by the Site 1 Impoundment that would otherwise have been lost to tide, instead 
will be made available to users to eliminate or reduce harmful withdraws on the natural system.   



Section 6 Comparing Environmental Benefits and Project Costs of Alternative Plans 
 

Final Site 1 Impoundment PIR and EA  April 2006 
6-34 

6.1.5.2 Flood Damage Reduction 
 
A key design criterion and goal throughout the development of the Site 1 components has been 
that Flood Damage Reduction of developed areas will remain the same or be improved with plan 
implementation.  No flooding of residential or commercial properties will be caused by 
implementation of the plan.  Therefore, neither alternative would have flood damage reduction 
benefits.  Refer to the Project Assurances Section (Section 7.3) and Annex C for further analysis 
of flood protection.   
 
6.1.5.3 Commercial Navigation 
 
Commercial navigation in the study area is nonexistent due to the canals limited size, limited 
length, and inaccessibility to other bodies of water.  Navigation will not be impacted by the 
implementation of the Site 1 Impoundment.     
 
6.1.5.4 Recreation 
 
Appendix H contains a plan of recreational features proposed for the Site 1 Impoundment 
Project.  Since this plan is the same for both Alternatives B and C, this recreation plan will not 
influence the plan selection process.  The recreational plan was included and designed by the 
sponsor, SFWMD, and a Microcomputer Aided Cost Estimating System (MCACES) cost 
estimate has been included as part of Appendix B. 
 
The recreation plan identifies two areas that will contain an elevated boardwalk, viewing 
platform, picnic shelters, canoe launch, and information kiosks within the Site 1 Project 
footprint.  No additional land would be needed for recreation.  The total cost of the recreation 
feature is $363,000 (October 2004 P.L.), well below the USACE regulation limitation of ten 
percent of construction costs. 
 
A conservative approach was taken to estimate benefits.  The adjacent LNWR currently 
experiences over 300,000 visitors per year.  The NED benefit evaluation procedures contained in 
ER 1105-2-100 (22 Apr 00), Appendix E, Section VII, include three methods of evaluating the 
beneficial and adverse NED effects of project recreation:  travel cost method (TCM), contingent 
valuation method (CVM), and UDV method. 
 
The UDV method was selected for estimating recreation benefits associated with the creation of 
the Site 1 Impoundment.  When the UDV method is used for economic evaluations, planners will 
select a specific value from the range of values provided annually.  Application of the selected 
value to estimate annual use over the project life, in the context of the with- and without-project 
framework of analysis, provides the estimate of recreation benefits.   
 
The without project condition in this analysis has no recreation value since the Site 1 
Impoundment would not exist and the land would not be open to the public.  It is presumed that 
the impoundment must be opened to the public in order to realize the recreation benefits being 
claimed.  The with-project condition will be the expected value of the recreational activity based 
on the UDV method.  The value of a day of general recreation was computed at $5.78.  The 
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FDEP Division of Recreation and Parks coordinated and developed the Florida SCORP for 2000.  
Using guidelines developed by SCORP, the daily use was calculated at 75 users with the annual 
use determined to be 27,375.  Average annual benefits of recreation are calculated to be 
$158,227.  Using an interest rate of 5 3/8 percent for October 2004 P.L., an economic period of 
analysis of 41 years and current prices were used to evaluate the economic feasibility.  A 
summary of the economic feasibility is shown in Table 6.1-12.  Since the recreation plan can be 
adapted to Alternative B or C, recreation was not used to justify the selected alternative plan.  
Average annual costs including operation, maintenance, repair, replacement, and rehabilitation 
(OMRR&R) are $29,600.  A benefit to cost ratio of 5.35 and net annual benefits equaling 
$128,627 was calculated based on the recreation plan.  The recreation will not diminish the 
ecosystem restoration purpose of the project. 
 

TABLE 6.1-12:  RECREATION COSTS AND BENEFITS 
OCTOBER 2004 PRICE LEVELS 

 
Annual Costs 
Total Recreation Costs $363,000
Interest During Planning, Engineering and 
Design (PED) and Construction 

$40,800

Total Investment Cost $403,800
Total Average Annual Cost $29,600
     Interest $24,600
     OMRR&R $5,000
 
Annual Benefits 
     UDV $5.78
     Daily Use 75 users
     Annual Use 27,375 (75x365)
Average Annual Benefit $158,227
Benefit to Cost 5.35
Net Annual Benefits $128,627

 
6.1.6 Costs of Alternative Plans  
 
The cost estimate in October 2004 P.L. for construction (including 20 percent contingency) and 
real estate for Alternative B (1,660-acre impoundment, 6 ft. deep) is $48,931,200 with a total 
annual equivalent cost of $4,401,300.  The cost estimate for Alternative C (1,660-acre 
impoundment, eight feet deep) is $49,683,000 with a total annual equivalent cost of $4,452,200.  
Table 6.1-13 shows these costs as well as the average annual costs for these two alternatives. 
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TABLE 6.1-13:  ALTERNATIVE PLANS COSTS, NER, CONSTRUCTION AND REAL 
ESTATE (OCTOBER 2004 PRICE LEVELS) 

 
 Alternative B 

(Six-foot Impoundment) 
Alternative C 

(Eight-foot Impoundment) 
Construction $40,567,200 $41,319,000
Real Estate $8,364,000 $8,364,000
Initial Cost $48,931,200 $49,683,000
Average Annual Cost 
     Interest and Amortization $3,313,000 $3,363,900
     OMRR&R $755,500 $755,500
     Monitoring $332,800 $332,800
Total Annual Equivalent Cost $4,401,300 $4,452,200

 
The total cost for each alternative including construction, real estate and recreation is shown in 
Table 6.1-14.  The total cost in October 2004 P.L. for Alternative B is $49,294,000 and 
Alternative C is $50,046,000. 

 
TABLE 6.1-14:  TOTAL COST OF ALTERNATIVE PLANS 

(OCTOBER 2004 PRICE LEVELS) 
 Alternative B 

(6-foot Impoundment) 
Alternative C 

(8-foot Impoundment) 
NER    
     Construction $40,567,200 $41,319,000
     Real Estate $8,364,000 $8,364,000
Total NER Costs $48,931,200 $49,683,000
 
NED 
     Recreation $363,000 $363,000
Total NED Costs $363,000 $363,000
 
Total Project Costs $49,294,000 $50,046,000

 
6.2 COST EFFECTIVENESS AND INCREMENTAL COST ANALYSIS 
 
Cost effectiveness and incremental cost analysis of the system-wide effects of the final array of 
plans was performed using IWR Plan software for the two remaining alternative plans, 
Alternative B (1,660-acre impoundment 6 feet deep) and Alternative C (1,660-acre 
impoundment eight feet deep).  This analysis was performed using average annual costs and 
average annual benefits.  This analysis was performed for both hydrologic function analyses and 
the ecological analyses on the SF. 
 
6.2.1 Hydrologic Function Analysis 
 
The output for this analysis was the increase in annual average volume in acre-feet of water 
retained in the natural system plus the volume of water stored by the impoundment compared to 



Section 6 Comparing Environmental Benefits and Project Costs of Alternative Plans 
 

Final Site 1 Impoundment PIR and EA  April 2006 
6-37 

the future without project condition (Table 6.1-4).  The water retention and water storage 
functions of the project are surrogate metrics for the other environmental outputs affecting the 
adjacent natural areas (LNWR, WCA-2A, and the estuarine area of the Hillsboro Canal and 
Intracoastal Waterway).  
 
In this analysis, both alternative plans are cost effective; Alternative C is a “best buy” plan 
because it produces more output at less average cost than Alternative B.  The average annual cost 
per unit of output for Alternative B is $ 20,600.  The average annual cost per unit of output for 
Alternative C is $ 15,600.  Therefore, for the hydrologic function analysis, Alternative C would 
be the selected alternative plan.  Results of this analysis are depicted in Table 6.2-1 and Figures 
6.2-1, 6.2-2, and 6.2-3. 

 
TABLE 6.2-1:  HYDROLOGIC INCREMENTAL COST ANALYSES 

(OCTOBER 2004 PRICE LEVELS) 
 

Alternative 

Average 
Annual 

Cost 
($ 1,000) 

Average 
Annual 
Benefit 
Units 

 

Average Cost 
($1,000) 

 

No Action  0 0 0 
Alternative B  4401.3 213.7 20.6 
Alternative C  4452.2 285.3 15.6 

 
 

FIGURE 6.2-1:  HYDROLOGIC FUNCTION COST-EFFECTIVE PLANS 
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FIGURE 6.2-2:  HYDROLOGIC FUNCTION BEST BUY ANALYSIS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 6.2-3:  HYDROLOGIC F UNCTION SELECTED ALTERNATIVE 
PLAN OUTPUTS PER UNIT OF COST 
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