Chapter 9
CONCLUSIONS AND RECOMMENDATION FOR SURFACE RESERVOIRS IN NORTHERN PALM BEACH COUNTY 


9.1 
INTRODUCTION
The purpose of this report is to provide methods for estimating the value of surface water storage facilities.  This report provides specific examples for the North Palm Beach County (NBPC) region of Florida including discussion on the location, value, and operation of storage facilities.  Storage facilities increase the water supply capacity for agriculture, environment, industrial, urban, and salt water prevention.  To illustrate the methodologies and provide order-of-magnitude cost a demonstration model (using a one year period of record) was developed and implemented to evaluate the reservoir sizes required to provide supplemental water sufficient to meet various target flows over Lainhart Dam (35, 65, and 100 cfs).  The developed methodologies were applied to the modeling results.  In addition, the risk associated with not meeting consumptive use demands and in protecting the Loxahatchee environment using these facilities was assessed in this work.
9.2 
CONCLUSIONS AND RECOMMENDATIONS
9.2.1 
Effective Capacity

When used for storage surface reservoirs lose water to evaporation, transpiration, and un captured seepage.  During periods of low rainfall these loses can be significant.  Thus, the term effective capacity is used to define the minimum volume supplied by a surface reservoir including rainfall evaporation, transpiration, and uncaptured seepage over the period for which the reservoir is designed to supply water.   Design storage periods can range from hours to years as described below.

· Attenuation of Individual Storm Events.  Storage used to attenuate storm water discharge (generally for flood damage reduction projects) store water for days to a  week to attenuate flows between storm events.

· Dry Season Storage.  Storage for rainfall excess from the usual five month rainy season (June through October) to provide supply during the usual seven month dry season (November through May).  

· Long Term Storage.  Storage volume to hold water from wet years to dry years.
These functions are compatible and cumulative.  The larger the effective storage volume (combined effect of the reservoir storage capacity, water availability, and inflow capacity) the more of these design periods that can be achieved.  It should be noted that reservoirs or portions of reservoir dedicated to flood damage reduction are generally unavailable for long term storage as the flood damage reduction storage must be recovered in a relatively short period of time (e.g. 14 days). 
This reports provides examples for a storage period of one year for eleven surface reservoir designs in Florida and one planned for in the Rock Pits.  The effectiveness of each reservoir was calculated as the ratio of the effective capacity (water actually supplied) to the total capacity of the reservoir expressed as a percentage.  The effectiveness ranged from a low of about 76% for a 4 foot deep 10,000 acre reservoir to a high of about 98% for a 50 foot deep 930 acre reservoir.  The Rock Pits are projected to have an effectiveness of about 97%.  The Rock Pits may have value as a cooling water source with some reduction in the storage efficiency due to the additional evaporation resulting from the additional thermal load.  If used for cooling water, the effectiveness of the Rock Pits is reduced by 7% from 97% to about 90% based on an assumed cooling flow rate of 75 cfs.  Specifically, the water lost to evaporation would increase by approximately 3,000 acre-feet due to the increase thermal load during this hypothetical one year period.  When calculating the value of stored water, it is recommended that the effective capacity for each reservoir be used as an evaluation tool (normalizing parameter).
If the Rock Pits are used as a source of cooling water, it is recommended that the effective capacity be calculated based on the conditions of the temperature of the return water and cooling water use rate. 
Water Quality
Seventeen water quality parameters were available for analysis of waters in the Rock Pits, adjacent L-8 and M-Canals, and the Loxahatchee River.  These data were compared to State surface water use Standard Criteria.  
The Rock Pits water quality data were compared to the standards, and four of the measured water quality parameters did not meet the standards for a drinking water source, or Class I water.  These conclusions apply only to the pits tested under the operational conditions of active mining (adjacent pit filled with either process water or dewater effluent or both).  The information is provided to assist in the evaluation of the reservoir including how best to design and operate the reservoir to increase the ability to supply all potential users including the environmental areas.  As demonstrated by the water quality observed in Pits A and B the water quality of these pits can be impacted by mining operation in adjacent pits (e.g. seepage for the process water pit or seepage from pits filled with dewatering effluent).  The use of these pits for water supply (especially for environmental demands) will need to consider the potential impacts of mining should it exists.

The actual water quality is expected to be considerably better for long term operation of the full size reservoir (e.g. 600 acres for the North Storage Area and 300 acres for the South Storage Area) due to the following factors:

· The seepage rate is expected to be considerably less as a percent of the storage volume when all the pits are combined and operated as reservoir.  Specifically, the pits where the water quality data was collected will be interconnected and operated as a single 600 acre reservoir.  

· The mining of adjacent pits will not occur after 2008.  Dewatering waters containing chlorides where stored in the pits not being actively mined or used for the pilot program.  During the draw down phase of the pilot program it was impossible to prevent seepage from these pits into the pits being tested.  This will not occur in the full scale operation as all the pits (storage cells) will be filled with surface water from the L-8 Canal.  

· The process pit will not be operational once mining is complete.  This pit is located on the South side of the pits used during the testing of the pits.  Unfortunately, the northern levee of the process pit is quite narrow.

The following water quality enhancing features should be considered:

· The outflow pump station should be designed to provide aeration during discharge.

· The final pump station should have sufficient capacity to turn over the water if necessary to reduce any temporary chlorides rises associated with the initial operation of the Reservoir.  Specifically, the inflow and outflow locations should be located to allow circulation (e.g. the intake structure at the North end and the outflow pump station at the South end); water can inflow while water is being discharged if desired. 

· Consider structural improvements and operational protocol that allow the pits to be filled with the highest water quality possible.  For example maximize the water stored from J.W. Corbett WMA water and ITID.

· At least during the first five years of operation consider operation rules to proactively turn of water in the pits using water from the J.W. Corbett WMA water and ITID.

· The reservoir system should be designed to maintain velocities below 1 foot per second at the maximum flow rates to enhance settling and thereby increase water quality improvement including turbidity reduction.

· Any use of the pit for cooling by a power plant should prohibit the discharge of concentrate into the pits (closed loop cooling with no exchange of water with the pits).

Based on the water quality data available for this review, it is recommended that without any treatment, the water in the Rock Pits can safely supply water to lakes and canals used for recreation and wildlife habitat (Class III), agriculture use (Class IV) and industrial processes (Class V).
9.2.2 System Modeling

To size a reservoir that can accommodate the capacity needs of the various consumptive users, provide for flood control, and for environmental preservation, it is necessary to provide an operating system of rules that is based on the meteorological and ground cover conditions of the NPBC area.  Because of the limited availability of data, a hydrologic water budget model using 2 square mile cells and the SCS curve number was used for runoff estimation.  The runoff output was input to a hydraulic model for flow rate and surface reservoir storage estimates.  The hydraulic flow model includes the modules for storage (reservoir model) and canal flow (river model) from WASH123D.  All the modules are coupled together to permit time related operation of gravity driven structures, pump stations, and all other NPBC transport physical structures.  

Recommended is the use of the WASH123D model for the time related analysis of the water storage and reservoir releases in the NPBC area.  The model should be used for water storage and transmission system performance given the current status of available data.  WASH123D also has the capability of including hourly data and thus will provide additional insight into the system operating rules and may be helpful for real time on-line decision making.  It can also incorporate the interaction of ground water inputs.
9.2.3 Application of the Model to NPBC
The adopted WASH123D model was applied to NPBC to estimate the physical possibilities and risk of delivering waters that meet current and predicted future consumptive uses, flood control, and environmental preservation and protection. The study area includes the L-8 and the C-18 basins.  The model physical abstraction included four project canals in the L-8 basin, two in the C-18 basin and the operation of 5 storage reservoirs, namely three existing storage areas, the Indian Trail Improvement District (ITID), the Grassy Waters Preserve (GWP), and the Southern L-8 Rock Pits.  Two other reservoir locations are examined, one near the C-18 canal, and the other near the L-8 canal and designated as the L-8 Alternative Reservoir.  The C-18 and the L-8 reservoir locations are assumed to have two different areas, 1,000 and 2,000 acres, with a maximum water depth of 15 feet.  There are actually four alternatives surface reservoir sizes that can operation at each site.  They were considered to supply minimum flows to the NWFLR.
The environmental constraint on the NWFLR was to maintain at no risk a Minimum Flow Level (MFL).  The MFL of 35 cfs was evaluated along with two target flow (65 and 100 cfs). Thus, with a series of rainfall and evaporation, plus releases from the reservoir and flood inputs, a size (area and depth) of reservoir was simulated to determine if these target flow could be met 100% of the time using the assumed reservoir size and the yearly meteorological data.  Using USGS flow data for a ten year period of time, and thus without planned augmented flows from reservoirs, the target level of 65 cfs was met only 57% of the time, or the risk of not meeting the 65 cfs minimum flow level was 43%.  It is recognized that in this period of time, there were missing data.   
Also, the 1995 year with near complete actual flow and meteorological data were used to establish a base line against which reservoir simulations can be compared.  This was the year for which the most data were available.  For this one year of data, and for the current operational policies and physical system, the risk of not meeting the three MFLs were 30%, 40%, and 46% respectively.  Thus, it is concluded that managed releases from surface storage reservoirs will reduce the risk of not meeting a MFL.

Reservoirs at the alternate locations were assumed of certain size and the operating rule simulated to meet a MFL in the Loxahatchee River.  The MFL can be met one hundred percent of the time for the year of simulation using one of the four alternative reservoir configurations.  This conclusion is important because it establishes the cost of meeting the no risk alternative, and as important, the opportunity cost for the purchase of other surface reservoir sites (like the Rock Pits) in the NPBC area.  
The operational effective capacity of each reservoir was simulated.  The operational effective capacity is the net sum of all meteorological effects (precipitation and evaporation) and input and output data for each reservoir size.  It is a measure of the minimum volume of the reservoir in an operational mode.  The operational effectiveness is defined as the minimum storage divided by the maximum storage and expressed a percentage.  For a particular simulated reservoir size, the reservoir may go dry, or it has an operational effectiveness of zero.  Thus, a reservoir with a zero percent operational effectiveness could not be a viable option to supply minimum flow levels in the Loxahatchee.   

9.2.4 Water Storage Valuation

We first considered the cost and benefit approach for estimating value without regard for operational effectiveness.  Next, the opportunity cost associated with alternative reservoir locations in an operating mode to meet an environmental MFL was estimated.  

Two economic models, labeled ‘benefit based’ and ‘least cost’ were used to estimate the value of the Rock Pits storage water without regard to the operation rules.  The least cost method is recommended as the one to use for estimating the cost of storage in NPBC.  The expected benefits base was also used, but the data reported on the measurable benefits are relatively small compared to the cost of adding storage.  The measurable benefits were accrued to flood control, consumptive use, and environmental health, and the comparisons using the benefit based approach were reported.  Information on water demands and the cost of storage were obtained from the Comprehensive Everglades Restoration Plan (CERP).  
A 48,000 acre foot reservoir size was assumed to be located in the area of the Rock Pits.  This volume and associated land cover is that proposed as one of the final sizes of the Rock Pits after they are completely mined.  The cost was estimated for this reservoir size and was based on similar cost for eleven other reservoirs in Florida.  The benefit value was based on unmet capacity and flood protection.  Due to the long time frame for present value calculations, discount rates of 67/8, and 3 percent were used for Net Present Value (NPV) calculations.  The NPV estimates are $110.4 to $142.0 million or $2,300 to $2,959 per acre-foot.  Using the benefit based method; the value of the reservoir was estimated to be $47 to $113 per acre-foot.  These estimates did not consider the potential environmental benefits associated with the restoration of the NWFLR, the Loxahatchee Slough, the GWP, and the Lake Worth Lagoon.   An order-of-magnitude value of $2,959 per acre-feet of storage was estimated for the Rock Pits assuming that the stored water can be used for other consumptive uses, and for environmental protection.
Next, the opportunity cost associated with alternative reservoir sites and the operation of the reservoirs to meet environmental MFL constraints of the Loxahatchee was calculated.  CERP based costs and comparative costs were used and the resulting choices of reservoirs were the same.  The results demonstrate the importance of matching reservoir capacity with water management objectives in specifying the value of water storage.  Also, it was obvious that there exist economies of scale in the construction of the reservoirs.  It is recommended that a surface reservoir or other water supply alternative source be used to supply a MFL to the Loxahatchee.   
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