Chapter 8
WATER STORAGE VALUATION WITH ALTERNATIVE RESERVOIR CONFIGURATIONS IN NORTHERN PALM BEACH COUNTY 


8.1 INTRODUCTION

Two simplified economic approaches to measure the value of surface water reservoirs were presented in Chapter 3.  The ‘benefit based’ measure used information about the economic demand for water storage as the basis for valuation.  The ‘least cost’ approach assumed a specific amount of water storage was needed (regardless of the benefits) and then determined how that amount of storage could be provided for the minimum cost.  Using the least cost approach and the assumptions described in Chapter 3, it was estimated that a 48,000 acre-foot surface reservoir in the L-8 basin would have a net present value of between $2,300 and $2,959 per acre-foot with discount rates of 6 7/8 and 3 percent, respectively.  These value estimates did not consider alternative locations within the L-8 basin or the reservoir capacity necessary to achieve specific water management objectives.  The analysis also did not consider the optimal timing of capacity additions to meet specific objectives.

In this Chapter, we extend the least cost approach to include the reservoir locations and transport options identified in Chapter 7.  In the simulations presented in Chapter 7, alternative reservoir locations and capacities were evaluated to determine the likelihood of meeting specific minimum flows and levels (MFL) at Lainhart Dam, upstream of the Northwest Fork of Loxahatchee River. Two reservoir locations were considered in the simulation: 1) a C-18 reservoir located upstream of the West branch of C-18 canal, and 2) and L-8 alternative Reservoir located on the West side of the L-8 canal near the junction of the canal and the South L-8 tieback canal as shown in Figure 6.6 of Chapter 6.  Reservoir capacities in both locations were modeled on possible footprints of 1,000 or 2,000 acres with maximum water depths of 10 feet to 15 feet.  Only the MFL management objective was considered for this analysis.

For this least cost analysis, we select the ‘minimum reservoir size’ configuration at each location that would meet specific MFL objectives with 100 percent reliability.  These MFL objectives were 35, 65 and 100 cubic feet per second (cfs) at Lainhart Dam.  The minimum size configurations that achieve the target MFLs are shown in Table 8.1 and labeled as A, B. C and D.  For each MFL and configuration, Table 8.1 presents the reservoir location, footprint acreage, maximum water depth, and reservoir depth.  Each reservoir includes a minimum freeboard of five feet; the total depth with freeboard is indicated in parentheses.  Effective capacities, without pumping, are presented to describe the expected yield for each reservoir configuration.  

The results in Table 8.1 show that the target MFLs can be achieved with different reservoir configurations at both of the C-18 or L-8 locations.  With a 35 or 65 cfs MFL, configurations A and B show a single reservoir on the C-18 canal could provide the storage necessary to meet this water management objective.  The 65 cfs MFL would require 2 feet of depth more than the 35 cfs MFL.  Note that a reservoir in this location could not provide storage for M&I water demand elsewhere in the region.  With a 100 cfs MFL, configuration C shows that two reservoirs would be necessary – one on the C-18 and another on the L-8.  The second reservoir is necessary because on the size constraint (1,000 acres) imposed on the C-18 location.  With the L-8 location, storage volume could be made available for M&I demand in the region.  Finally, alternative configuration D would be to have a single reservoir on the L-8 that would have sufficient capacity to meet a 100 cfs MFL.  As noted in Table 8.1, this could be achieved with a 2,000 acre, 12 feet depth reservoir on the L-8.  The remaining sections of this Chapter present estimates of the costs for these alternative reservoir configurations.

Table 8.1 Reservoir Configurations to Achieve Target MFLs at Lainhart Dam

	Configuration
	Target 

MFL
	Facility, Surface Area, Water Depth, (Reservoir Depth)
	Design Capacity

acre-feet
	Effective Capacity

acre-feet

	A
	35
	C-18, 1,000 acres, 10 (15) feet depth
	10,000
	8,980

	B
	65
	C-18, 1,000 acres, 12 (17) feet depth
	12,000
	10,980

	C
	100
	C-18, 1,000 acres, 12 (17) feet depth
	12,000
	10,980

	
	
	L-8, 1,000 acres, 12 (17) feet depth
	12,000
	11,450

	D
	100
	L-8, 2,000 acrs, 12 (17) feet depth
	24,000
	22,900


8.2  
COST ASSUMPTIONS

Two cost estimates for each configuration in Table 8.1 were developed for comparison purposes.  The primary difference between the two estimates is the initial reservoir construction cost.  For the first estimate, denoted CERP-Based Costs, we use the cost analysis and cost functions described in Section 3.6 to estimate initial and O&M costs and the analysis in Section 3.5.3 for the NPV analysis of the lifecycle costs.  For the second estimate, denoted Comparative Costs, we use proprietary reservoir (initial) cost construction data from Hartman and Associates Inc. (Appendix V).  To these cost data, we add pumping facilities and real estate costs to estimate total initial costs.  The O&M costs and the NPV analyses of lifecycle costs are the same in both estimation procedures.  The assumptions used in the NPV analyses are the same as in Chapter and are repeated below for convenience.

1) Each facility has a fifty-year useful life; 

2) Construction begins in 2005; 

3) Construction takes five years and is completed by 2010 with initial costs accruing in equal increments over each of the five years; 

4) O&M costs begin in 2010 and extend the for the remaining 50 years of useful life; and

5) There are two discount rates: the Corps's official rate of 67/8 % and a State of Florida  borrowing rate of 3%.

It is important to note that these cost estimates assume that no additional structures or conveyance facilities would be necessary for the reservoirs to be functional.  To the extent that additional canals and/or conveyance may be required, the cost estimates will understate the final costs.  Also, the land cost assumptions are based on general land values for the region and do not reflect site-specific cost estimates.  If these land costs are lower than actual acquisition costs, the estimates will understate the final costs.  

8.3
CERP-BASED COSTS

To calculate the CERP-based costs, we use the same cost function described in Section 3.6.  For the design capacities (inclusive of freeboard) presented for the four reservoir configurations in Table 8.1, equations (3.14a) and (3.15a) were used to provide estimates of initial costs (including all pumping facilities and real estate costs) and O&M costs.  The NPV for each design was calculated following the methods of Section 3.6.3.  

The total CERP-based costs and the NPV per acre-foot of design and effective capacities for each reservoir configuration are presented in Table 8.2.  The table reveals an important general result.  As the MFL criteria increases, the total costs to provide the required reservoir capacity increase as well, but the cost per acre-foot declines.  For example, with a 6.875% discount rate, a 35 cfs MFL can be met with a total lifecycle cost of $54,105,755 or $4,411 per acre-foot of design capacity.  With a 65 cfs MFL, the total costs increase to $58,378,512, but the per acre-foot of design capacity costs decrease to $4,865.  These results occur because of the scale economies in reservoir construction that were illustrated previously in Section 3, Figure 3.11.  Because the lifecycle costs per-acre foot decrease as the size of the reservoir increases, it is cheaper to construct larger facilities than smaller facilities.  This principle is evident in the comparison between the two alternative configurations to achieve a 100 cfs MFL.  While the total lifecycle costs for two separate 1,000 acre reservoirs was $116,757,023, a single, 2000 acre reservoir near the L-8 would cost $89,205,583.  On a per acre-foot of design capacity basis, these cost savings are demonstrated by costs of $4,865 in comparison to $3,731.
Configuration A has the lowest total NPV of lifecycle costs across cases of $54,105,755 (CERP Costs).  However, when viewed on a per-acre foot basis, configuration D provided the lowest lifecycle costs of $3,895 per acre-foot (CERP Costs per acre-foot of effective capacity at 6.875%).  The results of D are the most comparable with the least cost results for a 48,000 acre-foot facility of Section 3.6, which found costs of $2,300 and $2,959 per acre-foot at 6.875% and 3% discount rates.  While the facility in configuration D is 24,000 acre-feet smaller than the NPBC Rock Pits facility, and so higher per acre-foot costs would be expected. The range of values elicited from CERP Costs or the Comparative Costs for both design and effective capacities remain within a reasonable range of the NPBC estimates and appear quite comparable.  The results also clearly demonstrate the scale economies associated with larger facilities and the location-specific impacts of real estate costs.  

8.4
COMPARATIVE COSTS

Alternative measures of cost for each facility design were calculated using proprietary reservoir cost estimates of Hartman and Associates Inc. (Appendix V).  For each design, the proprietary spreadsheet was employed to find reservoir construction costs consisting of the necessary fill, clay, earthwork, and contingency costs
 based on the design specifications given in Table 8.1.  Given the detail of the spreadsheet analysis, each design was assumed to be square, possess top embankment widths of 20 feet and embankment slopes of 4:1, chosen as representative of SFWMD requirements.  To these amounts, necessary pump capacities were added to the analysis using scaled figures from the L-8 Alternative Project Opinion of Cost (SFWMD, 2002).  According to the document, for a 39,938 acre-feet of design capacity facility the required inflow pump would provide 1,500 cfs, at a cost of $8,000 per cfs.  Further, the specifications also called for a seepage pump of 500 cfs at a cost of $6,000 per cfs.  We followed these specifications and scaled both inflow and seepage pump capacity requirements to the design capacities for each case in Table 8.1.  

Estimates of initial costs were completed for each case through the addition of real estate costs.  For the C-18 reservoir designs, a representative cost of $10,000 per acre was chosen while $5,000 per acre for the L-8 designs was deemed reasonable. O&M costs were found in the same fashion as CERP costs above, and the entire NPV procedure identical to that employed for the CERP costs.  In the same fashion as for CERP Costs, Comparative Cost totals are presented in Table 8.3, alongside the corresponding NPV per acre-foot of design and effective capacities.

Table 8.3 reinforces the results found with CERP Costs.  Again, increasing the MFL criteria increases the required reservoir capacity and associated total costs, but the cost per acre-foot declines.  In the same general fashion, with a 6.875% discount rate, a 35 cfs MFL can be met with a total lifecycle cost of $35,226,675 or $3,523 per acre-foot of design capacity.  With a 65 cfs MFL, the total costs increase to $40,703,553, but the per acre-foot of design capacity costs decrease to $3,392.  The decline in per acre costs continues with a 100 cfs MFL, to a minimum over configurations of $2,471 per acre foot (D).     

These Comparative Cost results again demonstrate the scale economies of reservoir construction, but they also include the impacts of heterogeneity in real estate costs.  Given real estate costs of 
C-18 located facilities twice that of the L-8 location, configuration D possesses 30% lower per acre-foot of effective capacity costs when compared to B.  Under homogeneous real estate costs as maintained with CERP Costs, D offers 26% lower per acre-foot costs.  D also provides lower total costs over C.  The results clearly display the need to allow for both the impacts of scale and location specific economies in the facility design and location process. 

It is important to note that while the cases have dissimilar MFL, which may reduce the significance of the above comparisons, they serve to highlight the importance of scale and location in costs.  Scale economies appear to be present in reservoir design: larger facilities tend to reduce the cost per acre-foot of stored water.  But, these economies may be exacerbated or overwhelmed by location specific real estate cost economies provided by constructing the facility on relatively cheap land, a very important dimension that must be considered in the analysis.  

While the direction of the above effects remain generally consistent when comparing CERP Costs to those of Comparative Costs, the results demonstrate Comparative Costs estimates to be between 30 to 34 % of the CERP estimates.  This is an indication of the highly bundled nature of project costs as presented in the CERP document (U.S. Army Corps of Engineers, 1999).  Great care was taken to focus on reservoir specific costs in Chapter 3, but a degree of aggregation reflected in the CERP Cost estimates is unavoidable.  

8.5 
CONCLUSIONS

The analysis in this chapter was designed to determine the value of storage in the North Palm Beach County region when the primary management objective was to meet alternative MFL targets for the North Fork of the Loxahatchee River.  The analysis shows that increases in the MFL target lead to higher total costs to meet that target, regardless of the basis for the cost estimates.  The per acre-foot costs decline, however, as the MFL target increases due to scale economies in surface reservoir construction contingent on being able to acquire a parcel of sufficient size to construct a single reservoir   In general, the CERP-based costs are higher than the Comparative costs because of the significantly higher costs for smaller reservoirs in the CERP-based costs.  These results demonstrate the importance of matching reservoir capacity with water management objectives in determining the value of water storage.

It is important to note the differences in the results of this Chapter in comparison to Chapter 3.  In Chapter 3, the ‘least cost’ analysis was based on the assumption that a 48,000 acre-foot reservoir was necessary to meet management objectives.  Those objectives also included unmet M&I demands and flood control that are not included in this analysis.
  The analysis in this chapter, based on the simulation analysis in Chapter 7, indicates that management objectives could be met with alternative configurations of reservoirs that are significantly smaller than the reservoir evaluated in Chapter 3.  Thus, it would not be appropriate to extrapolate the per-acre foot costs in Tables 8.2 and 8.3 to determine the value of a 48,000 acre-foot reservoir.  The value of storage must ultimately be determined by the purpose and timing for the storage capacity. 

Table 8.2 Least Cost Loxahatchee MFL Storage Alternatives, CERP Costs

	Configuration and MFL
	Initial Costs
	O&M
	Total NPV Lifecycle Costs
	NPV Lifecycle Costs per Ac-Ft Design Capacity
	NPV Lifecycle Costs per Ac-Ft Effective Capacity

	
	
	
	6.875%
	3%
	6.875%
	3%
	6.875%
	3%

	A – 35 cfs 
	$56,881,640
	$359,415
	$54,105,755
	$67,416,680
	$5,411
	$6,742
	$6,025
	$7,507

	B – 65 cfs 
	$61,181,042
	$407,337
	$58,378,512
	$72,950,332
	$4,865
	$6,079
	$5,317
	$6,644

	C – 100 cfs two sites
	$122,362,085
	$814,674
	$116,757,023
	$145,900,644
	$4,865
	$6,079
	$5,205
	$6,505

	D – 100 cfs one site
	$91,593,361
	$814,674
	$89,205,583
	$113,535,602
	$3,717
	$4,731
	$3,895
	$4,958



Table 8.3 Least Cost Loxahatchee MFL Storage Alternatives, Comparative Costs

	Configuration and MFL
	Initial Costs
	O&M
	Total NPV Lifecycle Costs
	NPV Lifecycle Costs per Ac-Ft Design Capacity
	NPV Lifecycle Costs per Ac-Ft Effective Capacity

	
	
	
	6.875%
	3%
	6.875%
	3%
	6.875%
	3%

	A – 35 cfs
	$35,797,980
	$359,415
	$35,226,675
	$45,239,161
	$3,523
	$4,524
	$3,923
	$5,038

	B – 65 cfs
	$41,442,113
	$407,337
	$40,703,553
	$52,187,311
	$3,392
	$4,349
	$3,707
	$4,753

	C – 100 cfs two sites
	$77,884,226
	$814,674
	$76,929,922
	$99,115,212
	$3,205
	$4,130
	$3,430
	$4,419

	D – 100 cfs one site
	$58,206,835
	$814,674
	$59,310,067
	$78,416,922
	$2,471
	$3,267
	$2,590
	$3,424
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� Contingency costs of 20% includes contingency, inflation to bid date, engineering tech services and plastic liner at $10/LF.


� A relatively simple addition to this analysis to include unmet M&I demand would be to add a constant amount of storage equal to 88.24 million gallons per year.  This is the amount of unmet future demand given previously in Chapter 3 (Table 3.2).  For a 1,000 acre-foot reservoir, this increment to capacity would add less than .5 foot of depth (88.24 million gallons ÷ 325,850 gallons per acre-foot = 270.8 acre-feet).
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