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Volusia County, Florida 
Deep Creek Basin Stormwater Master Plan 
Phase II – Deep Creek and Lake Ashby 
Alternative Water Supply Conceptual 
Design Evaluation (July 2010) 
 

1.0 Background 
Volusia County (the County) has retained CDM to evaluate the feasibility of 
integrating a potential 4,772-acre property (see Figure 1) into an overall water 
resources plan for the County. The 4,772-acre property, also referred to as the “Leffler 
Property”, is located in the upper portion of the Deep Creek watershed, northwest of 
Lake Ashby and directly adjacent to Deep Creek as shown on Figure 1. The 
conceptual feasibility of using the potential property as a surface water storage facility 
site to store water from two alternative supply sources (i.e., Deep Creek and Lake 
Ashby) was evaluated. Other undeveloped properties within the Deep Creek basin 
may be equally or better positioned for use as an alternative water supply storage 
reservoir. However, the Leffler property serves the purpose of evaluating the concept 
feasibility. In support of the County’s proposed alternative water supply plan, 
available surface water supplies from Deep Creek and Lake Ashby were maximized 
in an attempt to meet the projected 2030 potable water demand deficit (i.e., 7.5 mgd).  

Tasks performed in support of this alternative water supply conceptual design 
evaluation included data collection and analysis, field reconnaissance for hydrologic 
and environmental conditions, continuous modeling of flows in Deep Creek and Lake 
Ashby, surface water storage facility site screening analysis, new production well 
siting evaluation [due to the Blue Spring Minimum Flows and Levels (MFLs)], 
preparation of site configuration layouts, conceptual feasibility analysis, and 
preparation of estimates of probable conceptual capital costs. In addition, aquifer 
storage and recovery (ASR) technology was evaluated to determine the extent that 
ASR can be applied as a storage alternative to the proposed surface water reservoir.  

2.0 Data Collection and Analysis 
The data collection effort completed by CDM is described below. Much of the data 
were initially compiled as part of the Deep Creek Basin Stormwater Master Plan (2009 
Study) completed by CDM in 2009 for the County. For this phase of the project, CDM 
updated previously collected datasets or obtained new data, where necessary. 

2.1 Local Hydrology 
The evaluated property is located within the upper portion of the Deep Creek Basin. 
Based on work previously completed for the 2009 Study, stormwater generated on the 
far western portion of the property is conveyed toward Deep Creek, whereas the 
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central and eastern portions discharge toward Lake Ashby. The subcatchments 
delineated by CDM for the 2009 Study are shown on Figure 2. 

A site visit conducted by CDM in December 2009 indicated that there is a stormwater 
management system on-site comprised mainly of ditches and culverts. There is also a 
significant amount of wetland acreage on-site, which is further discussed in Section 3. 
CDM inquired with property representatives and a stormwater management plan 
does not exist for the site (T. Brown, personal communication, January 26, 2010). 

2.2 Rainfall and Evaporation 
The National Oceanic and Atmospheric Administration (NOAA) rainfall station with 
the most complete period of record and located closest to the study area is the 
DeLand 1 SSE station in western DeLand. At the time of this study, daily rainfall 
totals were available from 1909 through 2009. The St. Johns River Water Management 
District (SJRWMD) also monitors rainfall in the Deep Creek Basin at Lake Ashby. The 
Lake Ashby station has been monitored since July 1986. To support the modeling 
evaluations, rainfall data from these two sources were combined, whereby priority 
was given to the available local rainfall data to better represent site-specific 
hydrologic conditions. The historical annual and monthly rainfall data from the 
combined data sources is shown on Figure 3.  
 
Daily pan evaporation data were obtained from NOAA’s National Climatic Data 
Center (NCDC); however, of the available stations, none are located within the Deep 
Creek Basin. The Lisbon station is the closest station that measures pan evaporation 
data and is located approximately 45 miles from the project site in Lake County. The 
monthly and annual summaries for evaporation totals at the Lisbon station for the 
period from January 1960 through December 2008 are provided on Figure 4. CDM 
also obtained radar-based evaporation data from the USGS for the area for the period 
2006 through 2008 to supplement the Lisbon pan evaporation data. 

2.3 Lake Ashby Water Elevations 
CDM obtained water elevation data for Lake Ashby from the Hydrologic Services 
Department of SJRWMD for its period of record from July 1986 through March 2010.  
The time series of Lake Ashby water elevations is shown on Figure 5. The minimum, 
maximum, and average water levels for the lake are 9.65, 19.03, and 11.73 ft NGVD 
respectively. According to Chapter 40C-8, F.A.C. (SJRWMD Minimum Flows and 
Levels), this lake has established minimum frequent low (11.1ft NGVD) and minimum 
frequent high (12.3 ft NGVD) water elevation criteria, which are shown on the water 
level time series on Figure 5. 

2.4 Topography 
CDM reviewed elevation data for the site using the County’s 2006 1-foot topographic 
contour data, which are shown on Figure 6. Surface elevations on the site range from 
19 ft NAVD88 (20.7 ft NGVD) on the southeast corner of the property (near the main 
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canal that discharges into Lake Ashby) to 44 ft NAVD88 (45.7 ft NGVD) [near Leffler 
Landing Road on the northeast side of the property]. In general, the topography is 
relatively flat throughout the site. On the west side of the property, the land surface 
gently slopes from elevation 41 ft NAVD88 (42.7 ft NGVD) toward Deep Creek to 
elevation 31 ft NAVD88 (32.7 ft NGVD). The land surface slopes from elevation 44 ft 
NAVD88 (45.7 ft NGVD) in the central portion of the property to elevation 36 ft 
NAVD88 (37.7 ft NGVD) at the top of the bank of the canal that discharges into Lake 
Ashby. There are also many small depressional areas mostly comprised of wetlands 
that intercept and store water throughout the site. 

2.5 Lake Ashby Bathymetry 
Surveyed bathymetry data were not available for Lake Ashby for inclusion in this 
study. However, the SJRWMD measured the water depth in the lake at 13 locations 
(SJRWMD, 1997) in August 1987. Using the known water surface elevation on that 
date, the lake bottom elevation was estimated at the 13 locations. More recently, a 
depth-area-volume table for Lake Ashby was developed by ReMetrix (2009). In the 
surface water modeling and analysis of Lake Ashby stages performed for this study, 
both datasets were used collectively to develop a depth-area-volume relationship for 
the lake.  

2.6 Streamflow 
The SJRWMD maintains two streamflow gages at Deep Creek (02830228) and the 
Deep Creek Diversion Canal (18613805), which are both located immediately south of 
their respective crossings under Osteen-Maytown Road. Deep Creek has been 
monitored continuously since 1998. Monitoring of the Deep Creek Diversion Canal 
commenced in 2003 and has continued to the present day. Deep Creek was monitored 
originally by USGS (as Station 02234100) from 1964 to 1966, after which it was not 
monitored again until 1981. Following the second monitoring period from 1981 to 
1992, the gage has been continuously monitored since 1996. The SJRWMD has been 
responsible for the operation of this station since October 1998. The Deep Creek 
Diversion Canal (USGS Station 02234180) was originally monitored from 1982 to 1993, 
with the SJRWMD operating the station from October 1992 onward. Monitoring 
resumed in 2003 and has continued to the present day. Flow data for these stations are 
shown on Figures 7 and 8. Both of these stations are located a considerable distance 
downstream of the study area. The Deep Creek Diversion Canal and Deep Creek 
gages located at the crossing of Osteen Maytown Road are approximately 8.5 miles 
and 9.6 miles downstream, respectively, of the proposed property. 

2.7 Near Surface Soils  
The U.S. Department of Agriculture National Resource Conservation Service (NRCS) 
digital soil coverage for Volusia County was obtained from SJRWMD. The NRCS 
assigns one of four Hydrologic Soil Groups (A, B, C, or D) to each near surface soil (to 
a maximum depth of 80 inches). Group A is comprised of soils with very high 
infiltration rates (low runoff potential) and consist of deep, well drained to 
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excessively drained sands or gravels. Group D is comprised of soils such as clays with 
very low infiltration rates (high runoff potential). The other two categories fall 
between the A and D soil groups. Dual class soils (e.g., A/D, B/D) indicate that a hard 
pan or impermeable layer limits vertical infiltration, but the surficial soils are highly 
permeable and could infiltrate as either a Group A or B soil if the confining layer was 
cut with a ditch or swale. Initial review of the data indicated that the majority of soils 
in the Deep Creek Basin are Group B/D. These data were used in the project surface 
water runoff and routing models. 
 
2.8 Land Use 
The most recent existing land use data for the Study area (2004) are shown on Figure 
9. Land use data for the Deep Creek Basin were originally obtained from Volusia 
County and SJRWMD. As shown on the figure, the site is predominately comprised of 
forested land, wetlands, agriculture, and open lands. The 2009 Deep Creek 
Stormwater Master Plan describes how the existing land use coverage was developed 
for the Deep Creek Basin. 
 
2.9 Property Management Plan and Practices 
CDM contacted several sources to obtain information on the management of the 
proposed property. The property has historically been used for hunting, cattle, and 
silviculture (T. Brown, personal communication, January 26, 2010). It has been an 
actively managed silviculture site since approximately the late 1950s. In recent years 
though, the site has not been as aggressively managed as it was in the past due to 
economic conditions. Approximately 800 acres of the site are currently leased out for 
livestock (i.e., grazing) purposes (S. Walling, personal communication, January 27, 
2010). There is also a small private airport on-site (the Leffler Airport) that is 
registered with the Federal Aviation Administration (FAA). 

The stormwater management system on-site is comprised of culverts and open 
ditches to convey surface water. Much of the on-site drainage was originally created 
by the Lake Ashby Drainage District, which ceased to exist once the County adopted 
its home rule charter (Volusia County, personal communication, January 15, 2010). 

CDM also contacted staff in various departments within the County about the existence 
of a forestry management plan for the property. Both the County’s Property Appraiser’s 
office and the Division of Forestry were contacted. Neither office had available 
information regarding the existence of a forestry management plan for the site. 

3.0 Environmental Assessment Methodology 
The following section describe the methodology used to help evaluate the 
environmental constraints that may limit the quantity of excess flows (if any) that may 
potentially be withdrawn from Deep Creek for water supply purposes. 
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3.1 Transect Survey 
A field survey was conducted to determine elevations where ecological community 
type changes occur and to characterize plant communities adjacent to Deep Creek in 
the study area. The purpose of identifying these elevations was to begin to determine 
the levels below which water withdrawals for alternative supply could not occur to 
maintain wetland communities. The creek is relatively straight near the property with 
flow direction approximately from north to south. Two east-west transects were 
established that intersected the creek. Transects were extended to capture the 
wetland-upland ecotone. Locations at which ecological community type changes 
occurred were determined based on transitions in vegetation, soils, hydrology, and 
topography in accordance with standard scientific principles (e.g., USACE 
Environmental Laboratory, 1987). Figure 10 displays the general transect locations 
and approximate locations of community boundaries at the site. 

There are several wetland community types present adjacent to Deep Creek. These 
community types are predominantly forested systems with cypress as a canopy 
dominant or co-dominant. Scrub shrub and shallow marsh wetland communities are 
present in areas of historic disturbance from logging. A description and photographic 
log of wetland community types observed during the transect surveys performed on 
the proposed property is located in Appendix A.  

3.2 Field Reconnaissance 
3.2.1 Upland and Wetland Verification 
The extent of wetlands on the property is extensive, covering over 30% of the 
property based on National Wetlands Inventory (NWI) data as shown on Figure 11. 
Field verification indicated that the majority of these wetland areas meet either state 
or federal wetland jurisdictional requirements. Additionally, field reconnaissance 
indicated there are wetland areas present on the property that are not represented by 
the NWI data. The percentage of wetland coverage between the high tension power 
line and the western property boundary is higher than the rest of the site at 
approximately 40%. The 590-acre agricultural field located in the center of the 
property is primarily upland. Based on NWI data, there are approximately 70 acres of 
wetlands present on the agricultural field. However, field observations of hydric soil 
indicators and topography indicate that the aerial extent of wetlands in this area is 
slightly larger than estimated from NWI data. Upland areas throughout the property 
have been harvested historically, heavily bedded, and planted in slash pine. 
Understory components of these uplands include saw palmetto and gallberry.  
Cypress domes are prevalent throughout the site in addition to depressional wetlands 
that have been historically logged. There are several areas that are planted in slash 
pine that would be considered jurisdictional wetlands. Based on this preliminary 
reconnaissance, the aerial extent of wetlands could range from approximately 5% to 
20% more than the extent of wetlands represented by the NWI coverage. 
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3.2.2 Potential Listed Species Concerns 
There are several federal and state listed species that have the potential to occur on or 
adjacent to the proposed property based on Florida Natural Areas Inventory (FNAI) 
and U.S. Fish and Wildlife Service (USFWS) data. Elemental occurrences from the 
FNAI indicate that the federally listed Florida scrub-jay and red cockaded 
woodpecker in addition to the gopher tortoise, a state-listed Species of Special 
Concern have been observed near the Deep Creek basin. However, no federal or state-
listed species were observed on the property during the field reconnaissance. Based 
on habitat conditions observed in the field, federally listed species such as the wood 
stork, red-cockaded woodpecker, Florida scrub-jay, and eastern indigo snake could 
occur on the property. However, available habitat for these species on the property is 
marginal or poor. Habitat for other state-listed Species of Special Concern such as the 
snowy egret, little blue heron, tricolored heron, and white ibis is present on site. These 
species are common to areas with wetland and open water communities such as 
ditches. While the potential occurrence of federal and state-listed species on the 
property is low, further surveys to identify the presence of federal and state-listed 
species would be necessary once a reservoir site is selected. 

4.0 Surface Water Availability and Reservoir Site 
Screening Analysis  
4.1 Preliminary Water Storage Facility Configuration and Siting  
CDM identified two potential areas on the property as potential water storage facility 
sites totaling 1,052 acres as shown on Figure 12. These proposed sites were selected 
based on CDM staff scientists’ review of the NWI as well as field reconnaissance of 
the site. A potential water storage facility in these two areas would have the least 
amount of impact on both wetlands and the floodplain associated with the primary 
stormwater management system in the Deep Creek Basin.  

4.2 Deep Creek Yield Analysis 
A long-term flow simulation representing conditions from 1988 to 2008 was 
completed using the existing SWMM Version 5 model of the Deep Creek Basin to 
assist in determining firm yield volume from Deep Creek near the property on an 
annual basis and evaluate reliability using a continuous, long-term record. The 
rainfall volumes and simulated average annual flows for this analysis are shown in 
Table 1. The flow duration curve for the continuous dataset is provided on Figure 13. 

As indicated in Table 1, simulated flow from Deep Creek ranges from 8.1 to 211.9 cfs 
with an average flow of 60.5 cfs. A minimum flow and level (MFL) for Deep Creek 
has not been established by the SJRWMD. Therefore, CDM used guidance commonly 
employed by the SJRWMD to estimate potential yields using a percentage of the 
average flow of a surface water body. Typically, the SJRWMD uses an 8% to 12% 
multiplier of the average annual flow as an indicator of potential water supply yield 
(email communication with Jim Gross dated January 22, 2010). Applying this method 
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to the long-term average simulated flows for Deep Creek near the property 
(continuous simulation of flows from SWMM), CDM estimates that approximately 4.8 
to 7.3 cfs [3.1 to 4.7 million gallons per day (mgd)] is potentially available for water 
supply purposes on an annual average basis. A summary of the potential yield for the 
average, low, and high rainfall years is shown in Table 2. As indicated in Table 2, the 
maximum estimated potential yield in Deep Creek near the property is 1.9 mgd 
during an average rainfall year. In addition to estimating potential yield from the 
creek, CDM also analyzed the frequency that this yield would be available based on 
the long-term average flow simulation results (1988 to 2008), as shown in Table 3.  

Table 1 
Rainfall and Simulated Flow Analysis Summary (1988 to 2008) 

 
Year Rainfall Amount (in.) Simulated Average Flow (cfs) 

1988 78.5 211.9 

1989 65.7 49.7 

1990 43.6 14.1 

1991 73.2 50.0 

1992 61.5 23.0 

1993 47.7 13.0 

1994 70.0 28.6 

1995 62.1 56.6 

1996 48.6 42.7 

1997 62.4 140.4 

1998 47.5 95.0 

1999 55.5 86.6 

2000 39.5 42.5 

2001 63.7 92.6 

2002 56.9 58.5 

2003 54.0 25.0 

2004 63.7 79.9 

2005 68.4 55.4 

2006 39.3 8.1 

2007 46.1 18.5 

2008 67.0 78.2 
1988-2008 

Average Annual 
57.8 60.5 

 

The results of this analysis show that the potential water supply yield from Deep 
Creek ranges from 3.1 to 4.7 mgd and is available approximately 22% of the time. 
However, since this system is driven by rainfall and rainfall is not continuous, there 
are days when there is no flow. Therefore, storage of Deep Creek water is essential in 
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producing quantities of water on a consistent basis, thereby increasing the reliability 
of the water source. This preliminary analysis suggests that flows within Deep Creek 
stored at the property may be an appropriate alternative water supply approach. 
 

Table 2 
Potential Yield Analysis Summary for Average, High, and Low Rainfall Years 

Compared to the Long-Term Average1 
 

 Year 
Simulated 
Average 

Flow (cfs) 

Potential Yield Low 
Range (8% 
Multiplier) 

Potential Yield 
High Range (12% 

Multiplier) 

cfs Mgd cfs mgd 

Average Rainfall Year 2003 25.0 2.0 1.3 3.0 1.9 

High Rainfall Year 2005 55.4 4.4 2.9 6.6 4.3 

Low Rainfall Year 2006 8.1 0.65 0.42 0.97 0.62 

Long-Term Average 1988-2008 60.5 4.8 3.1 7.3 4.7 
1
As defined from the combined DeLand and Lake Ashby rainfall stations for the long-term period of record (1909-

2008). 

 
 

Table 3 
Potential Yield Monthly Frequency Summary 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Month 
Frequency of Days Greater Than 
or Equal to Long-Term Average  

January 9.7% 

February 10.1% 

March 17.5% 

April 5.2% 

May 4.9% 

June 29.7% 

July 41.5% 

August 44.6% 

September 40.6% 

October 37.0% 

November 14.6% 

December 8.1% 

Annual Average Total 22% 
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4.3 Lake Ashby Yield Analysis 
According to Chapter 40C-8, F.A.C. (SJRWMD Minimum Flows and Levels), Lake 
Ashby has an adopted minimum level of 11.1 ft NGVD and a maximum level of 12.3 
ft NGVD. Therefore, water supply withdrawals from this lake must not violate these 
water level criteria.   
 
In 2003, CDM developed an HSPF model of Lake Ashby in support of the MFL 
evaluations. Since that time, the SJRWMD re-evaluated the minimum levels for Lake 
Ashby (Epting, 2009) lowering the minimum high from 13.8 to 12.3 ft NGVD and 
additional data has been collected for the lake and basin. This HSPF model was 
updated with new and more accurate data and run again with proposed pumping 
withdrawals to evaluate lake water levels relative to established minimum low and 
minimum high water level criteria.     
 
4.3.1 Description of Existing HSPF Model 
The existing HSPF model developed for Lake Ashby (CDM, 2003) used PERLND and 
IMPLND modules to calculate the inflows to the lake from pervious and impervious 
land areas, respectively. The RCHRES module was used to calculate lake stages 
resulting from the inflows calculated by the PERLND and IMPLND modules, direct 
rainfall over the lake surface, evaporation from the lake surface, and outflow to 
downstream waters. The model used the 1995 land use coverage provided by 
SJRWMD, hydrologic soil group coverage established by the NRCS, rainfall data from 
NOAA Sanford Experimental Station and a local SJRWMD station (at Lake Ashby), 
and pan evaporation data from the NOAA Lisbon station. The lake stage-area-volume 
relationship was developed based on the water depth in the lake at 13 locations 
measured in 1997 by SJRWMD and the 5-ft elevation contours from USGS Quadrangle 
Maps. 

The HSPF model was first calibrated to Lake Ashby stage data for the period of 1993 
to 2002. Lake stages for the 40-year period from 1963 to 2002 were simulated with the 
calibrated model and used to derive minimum frequent high and low levels. It was 
concluded that under existing conditions, the system did not meet the minimum 
frequent high (at the time of the analysis, the adopted minimum frequent high level 
was 13.8 ft NGVD), but did meet the minimum frequent low level (11.1ft NGVD). 

More detailed information on the development, calibration, and use of the 
existing HSPF model is presented in the 2003 CDM report titled “Model 
Development for MFL Evaluation of Lake Ashby, Volusia County.” 
 
4.3.2 Modifications to the Existing HSPF Model 
The Lake Ashby drainage basin used in the 2003 version of the model was re-
delineated using the new 1-foot topographic contour (LiDAR) data and the new basin 
boundary as shown on Figure 14. The total basin contributing area to the lake is about 
16,471 acres and the surface area of the lake at a lake stage of 11 ft NGVD is 872 acres. 
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The 1-foot contour data shown on Figure 14 indicate that the northern portion of the 
basin is generally very flat, although there is a total of 55 ft of topographic relief from 
the highest elevations along the northeast portion of the basin to the lowest elevations 
around the lake.   
 
More recent land use data were used to modify the existing model. Analysis of 2004 
SJRWMD land use coverage indicated that about 68% of the land use was forest and 
wetlands, followed by 30% of agriculture and open land, and less than 1% of low and 
medium density residential (Figure 15). In summary, more than 99% of the basin is 
pervious area. 
 
GIS soil coverage for the project area, as shown on Figure 16, was used to estimate the 
infiltration potential of soils within the basin. Each soil series has been assigned to one 
of four Hydrologic Soil Groups (A, B, C, and D) established by the NRCS. The 
majority of the soils in the Lake Ashby basin are comprised of Group B/D (79%).  
 
Tables 4 and 5 provide a detailed breakdown of the land use and the NRCS soil 
coverage, respectively, for the Lake Ashby Drainage Basin. 
 
 

Table 4 
Land Use Distribution for the Lake Ashby  

Drainage Basin Excluding the Lake 
 

Land Use 
  

Acreage within the Lake Ashby 
Drainage Basin 

(Acres) (%) 

Forest 6,431 39.0 

Wetland 4,794 29.1 

Agriculture 3,832 23.3 

Open Land 1,167 7.1 

Medium Density Residential 17 0.1 

Low Density Residential 89 0.5 

Other 142 0.9 

Total (Lake excluded) 16,471 100 
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The rainfall data used for the modeling simulation period from 1960 to 2008 consisted 
of the daily rainfall data obtained from both the DeLand station and local SJRWMD 
station at Lake Ashby. Priority was given to the local rainfall data, when available to 
better represent local rainfall conditions.  
 
Daily pan evaporation data were available from January 1960 to April 2008 from the 
NOAA Lisbon station in Lake County, which were used to calculate potential 
evapotranspiration (ET) data used in the model. NOAA decommissioned the Lisbon 
station in April 2008; therefore, for the missing data from May to December 2008, the 
daily USGS satellite potential ET data were considered. Further data analysis of the 
pan evaporation data revealed that the annually-cumulative pan evaporation data for 
2006 and 2007 were abnormally high. For example, the 2006 cumulative pan 
evaporation data at the Lisbon station totaled 83.2 inches, which is 43% higher than 
the annual average (58.2 inches). Therefore, the daily USGS satellite potential ET data, 
which appeared to be more representative, were used for 2006 through 2008.    
 
Comparison of the existing lake stage-surface area-volume data with the recently 
estimated data (ReMetrix LLC, 2009) indicated that the existing data matched the 
recently estimated data well; therefore, the existing relationship was maintained in 
the modeling analysis. 
 
4.3.3 Comparison of Modified Model to Observed Data 
The modified model was run from 1960 to 2008 and the simulated Lake Ashby stages 
from 1986 to 2008 were compared to observed lake elevations, where available.  
Figure 17 shows the comparison of the simulated Lake Ashby stages with the 

Table 5 
NRCS Soil Distribution for the Lake Ashby  

Drainage Basin  
 

Hydrologic Soil Group 
 

Acreage within the Lake 

Ashby Drainage Basin 

(Acres) (%) 

A 92 0.6 

B 277 1.7 

B/D 12,982 79 

C 386 2.3 

D 237 1.4 

C/D 2,497 15 

Total (Lake excluded) 16,471 100 
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observed lake stages. When compared to the simulated lake stages for the period 1993 
to 2002 as shown in the prior Lake Ashby modeling evaluation (Figure 3-3; CDM, 
2003b), nearly identical lake stages were simulated with the modified model.  
 
In addition, when compared to the exceedance curves as shown in the prior Lake 
Ashby modeling evaluation (Figure 3-6; CDM, 2003b); nearly identical exceedance 
curves of the simulated lake stage with the modified model were obtained for the 
same time period. 
 
4.3.4 Model Simulations with Proposed Withdrawals 
Various lake withdrawal options were proposed and evaluated with the modified 
model to maximize lake withdrawal without violating the established Lake Ashby 
minimum water levels. Different constant withdrawals and seasonally-varied 
withdrawals were proposed.  

For the constant withdrawal scenarios, two constant rates of 1 and 3 mgd were 
applied to the entire simulation period of 1960 to 2008. For each seasonally-varied 
withdrawal scenario, two different withdrawal rates for the wet season of June to 
October and the dry season of November to May were used in four scenarios. 
Withdrawal rate combinations of 4 and 1 mgd, 4.5 and 0.5 mgd, 5 and 1 mgd, and 5 
and 0.5 mgd for the wet and dry seasons, respectively, were proposed and simulated 
with the modified model. For each proposed withdrawal scenario, the model-
simulated Lake Ashby stages were then used for evaluation of minimum levels as 
reported in the next section.   
 
4.3.5 Evaluation of Minimum Levels with Proposed Lake Ashby 
Withdrawals 
The most recent minimum levels re-evaluation for Lake Ashby by SJRWMD (Epting, 
2009) states that the recommended minimum frequent low (FL) level is a stage 
elevation of 11.1 ft NGVD and a hydroperiod category of semi-permanently flooded, 
while the recommended minimum frequent high (FH) level is a stage elevation of 12.3 
ft NGVD and a hydroperiod category of seasonally flooded. Both the FH and FL were 
analyzed with the simulated long-term lake stages of the HSPF model. Specifically, 
the FH was derived for duration of 60 days and a return period of 2 years, whereas 
the FL was derived for duration of 120 days and a return period of 5 years. 
 
The same methodology and procedure (CDM, 2003b) were used to derive the 
minimum FH and minimum FL elevations based on the model-simulated long-term 
results of 1961 to 2008 (a total of 48 years).  
 
For the proposed constant lake withdrawal of 1 mgd, both the minimum FH and 
minimum FL of the model-simulated lake stages met the levels established by 
SJRWMD. When the proposed constant lake withdrawal increased to 3 mgd, the 
minimum FL derived from the model-simulated lake stages (i.e., 10.8 ft NGVD) failed 
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to meet the established minimum FL by SJRWMD (i.e., 11.1 ft NGVD) although the 
minimum FH still met the established criterion. 
 
For all the proposed seasonally-varied withdrawal scenarios, all the minimum FH 
derived from the model-simulated lake stages met the established criterion by 
SJRWMD, whereas the minimum FL failed to meet when 1 mgd withdrawal was 
proposed for the dry season of November to May. Therefore, without violating the 
established minimum FH and FL of Lake Ashby, the maximum seasonally-varied 
withdrawal of 5 and 0.5 mgd, respectively, for the wet and dry seasons is 
recommended. This translated to an annual average withdrawal rate of 2.375 mgd. 
 
Figures 18 and 19 present the established minimum FH and FL and model-derived 
minimum FH and FL of Lake Ashby, respectively. 

4.4 Systems Model and Evaluation 
4.4.1 Water Budget 
The water resources data collected and evaluated as well as modeling data were used 
to develop a conceptual estimate of an annual water mass balance (also called a water 
budget) for a proposed reservoir located on the property. The analysis conceptually 
quantifies flows for this area, using historical published information and model-
estimated flows. The governing equation for this analysis is as follows: 

  ∑Inflows - ∑Outflows = ∆Storage / Time               Equation 1 
 

The inflow terms for the reservoir control volume consisted of the following:  

 Rainfall; and  

 Pumping from Deep Creek and Lake Ashby. 

The outflow terms for the reservoir control volume consisted of the following:  

 Evaporation;  

 Release from the reservoir for water supply; 

 Spill from the reservoir (emergency overflow conditions); and  

 Groundwater seepage. 

The change in storage over time reflects changing water levels in the reservoir and a 
corresponding increase or decrease in water storage. The water budget analysis was 
performed using a daily time interval for the 21-year period between 1988 and 2008. 
This time period includes 8 high rainfall years, 3 low rainfall years, and 10 near 
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average rainfall years, as defined using the period of record (1909-2008). A dynamic 
systems model was developed using STELLA® (Systems Thinking Experimental 
Learning Laboratory with Animation) software to assist in the water budget analysis 
as well as to conceptually size and evaluate the performance of the proposed reservoir 
configuration. 

4.4.2 Systems Model 
During this initial evaluation phase, the systems model was used to: 

 Integrate climatologic data with results from the SWMM and HSPF models for a 21-
year period of record (1988 to 2008) using daily inputs of simulated Deep Creek 
and Lake Ashby flows, rainfall, and evaporation. An analytical groundwater 
mounding model (Hantush, 1967) was utilized for the project site to determine 
seepage flows as a result of reservoir head. This seepage relationship was entered 
into the systems model in order to represent daily seepage from the reservoir;  

 Develop a site-wide average annual water budget as well as evaluate the full range 
of hydrologic conditions in estimating inflows, outflows, and changes in reservoir 
storage; 

 Help guide sizing of the conceptual reservoir footprint and component elements, 
including water levels (minimum and maximum) and pump capacities; and 

 Predict system-wide performance using metrics of water capture and continuity of 
system hydration (reservoir). 

4.4.2.1 STELLA® Overview 
The commercial software package STELLA® (iSee, 2006) is a graphical simulation tool 
designed to evaluate conceptual design and operations of complex flow systems and 
the factors that influence their performance. While it has been used to address 
numerous water resources planning issues in Florida and throughout the United 
States, it was used specifically during this property evaluation to integrate data from 
NOAA, SJRWMD, and USGS databases to quantify rainfall and evaporation along 
with output from other models, such as runoff and groundwater seepage to evaluate 
the dynamic interactions of the system. 

The internal mechanisms in the STELLA® model focus on the mass balance 
calculation within storage elements and flow sequencing for multiple outflows from 
single storage elements. STELLA® allows the user to sketch a system or a combination 
of systems on a blank worksheet and study its response to dynamic input. The tool 
includes a modeling worksheet in which the interconnected system and all 
influencing factors are “drawn“ schematically and mathematical equations are 
entered to compute mass balance across all system elements. The model can simulate 
time periods of any practical duration with any specified time step, and flows and 
storage levels are computed and recorded for each time step during the simulation. 
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For this analysis, the model was configured to function with a one-day time interval 
for a 21-year period. 

Once a model of a flow system has been built in the STELLA® environment, planners, 
designers, and decision makers can utilize the model to:  

 Screen alternative system configurations for feasibility and effectiveness; 

 Compare and contrast feasible alternatives with respect to design and operating 
parameters; 

 Understand sensitivities in the system, that is, understanding the ranges of 
variables over which performance changes significantly, and over which it changes 
very little; and 

 Fine-tune system performance by adjusting its variables and operating rules to 
improve performance toward specific operational goals. 

4.4.2.2 Model Structure 
The conceptual reservoir is represented in the systems model as a storage basin that 
receives inflows from simulated upstream flows at Deep Creek, Lake Ashby, and 
direct rainfall (Figure 20). The system loses water to free-surface evaporation and 
groundwater seepage. Two additional outflows from the reservoir consist of water 
supply releases and a discharge for emergency overflows back to Deep Creek. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20 –Systems Model Structure 
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Input Parameters  
The model was programmed with four types of daily input time series as described  
below:  
 
 Measured rainfall; 

 Measured evaporation;  

 Simulated basin runoff (Deep Creek); and  

 Simulated Lake Ashby withdrawals. 

Rainfall and Evaporation 
The model stores daily records of measured rainfall from 1988 to 2008, as measured at 
the NOAA DeLand 1SSE rainfall station (Station No. 08-2229) and the SJRWMD Lake 
Ashby rainfall gauge, as discussed previously. The annual average rainfall for the 
period of 1988 to 2008 was 57.85 in/yr. 

Daily records of measured pan evaporation from 1988 to 2008, as measured at the  

NOAA Lisbon station (Station No. 08-5076) and augmented by USGS radar-based ET 
data are represented in the model. The values were converted to free surface 
evaporation for the simulated reservoir by multiplying each daily depth by a pan 
evaporation coefficient of 0.8 (Kohler et al., 1959). The annual average free surface 
evaporation from 1988 to 2008 was estimated to be 48.89 in/yr. 

Simulated Basin Runoff and Lake Withdrawals 
Daily flow at Deep Creek near the property was simulated using the Deep Creek 
Basin SWMM Model (CDM, 2009). The annual average flow for the period from 1988 
to 2008 was 60.5 cfs. To represent Lake Ashby withdrawals that would not violate the 
adopted minimum levels, the seasonally-varied withdrawal of 5 and 0.5 mgd were 
used, respectively, for the wet and dry seasons, as evaluated in the HSPF analysis 
(Section 4.3.5). 

Control Logic 
The systems model currently represents flow to and from the Deep Creek Reservoir as 
follows: 

 Water from Deep Creek, as available, is pumped into the reservoir if the reservoir 
depth is less than the maximum operating depth.  

o The inflow is limited by the minimum of either the specified pump 
capacity or the flow available for withdrawal from Deep Creek, which 
is estimated by calculating the gross flow at a given day by a specified 
withdrawal limit (8% to 30%). In addition, the pumping logic is further 
restricted in order to prevent withdrawals from Deep Creek when the 
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flow is less than the baseflow. Since there is no MFL at Deep Creek and a 
portion of the creek is channelized and contained within berms, additional 
flows may be able to be withdrawn from the creek without causing significant 
environmental impacts.Therefore, a 30% withdrawal limit was evaluated in 
the systems model to determine an upper bound to the available yield from 
Deep Creek.  
 

o Baseflow for Deep Creek near the property was estimated by 
multiplying the upstream contributing area to the site (29,700 ac) by a 
surficial aquifer net recharge rate of 2 in/yr. Approximately 85% of this 
recharge rate is estimated to contribute to baseflow, while the 
remainder is estimated to be “lost” to the system via deep recharge. The 
value estimated for total recharge is consistent with the surficial aquifer 
recharge estimate (0-2 in/yr) for this area used in the SJRWMD’s Volusia 
County Groundwater Flow Model (Williams, 2006). 
 

 Water from Lake Ashby, as available, is pumped into the reservoir if the reservoir 
depth is less than the maximum operating depth. 

 Water is released from the reservoir for water supply purposes at an annual 
average rate (with monthly demand distributions specific to Volusia County) or as 
an emergency overflow if the reservoir depth is greater than the maximum 
operating depth; and 

 No outflows are allowed if water is below the minimum specified level. 

The annual average demand was discretized into monthly values using seasonally 
varying demand fractions specific to the County. Historical Monthly Operating 
Records (MORs) from 2000 to 2004 were previously obtained from the Volusia County 
Health Department during development of the Water Authority of Volusia (WAV) 
Master Water Plan (CDM, 2006). The average demands used in this analysis 
accounted for the following County water treatment facilities: Cassadaga, Deltona 
North, Halifax Plantation, Meadowlea, New Hope Villas, Pine Island, Spruce Creek 
Fly In, and West Volusia Interconnect. Table 6 summarizes the historical monthly 
demands averaged for the County and the resulting monthly contributions that were 
normalized for use as peaking factors in the systems model. 

Reservoir Configuration   
The systems model was used to evaluate and compare a variety of alternatives for the 
conceptual reservoir. During the evaluation, several combinations of water depths, 
pump capacities, and storage footprints were evaluated in an effort to converge on the 
combinations that appeared most likely to effectively and reliably supply the 
available water (Table 7). 



Volusia County 
Deep Creek Basin Stormwater Master Plan Phase II 

Deep Creek and Lake Ashby Alternative Water Supply Conceptual Design Evaluation 

 

A  18 

S:\6122 - Volusia County\74778\Report\Phase II\Text\Ltr_Rpt_072810.docx 

Reservoir Area:  As shown previously on Figure 12, two areas were identified for a 
potential reservoir site. Because these parcels are adjacent to each other, the total 
combined area was used to evaluate the maximum area available for a reservoir 
facility with a layout configuration that minimizes the extent of potential wetland and 
floodplain impacts (Figure 21). To account for setbacks, berms, and seepage 
collection/recirculation facilities, a 10% area reduction was estimated in the proposed 
(net) reservoir dimensions (4,536 ft x 5,994 ft). Hence, 624 acres is the reservoir size 
evaluated for the baseline scenario.  

Pump Capacity:  A flow duration curve for Deep Creek simulated flows (Figure 13) 
was used to size an inflow pump capacity for the reservoir. As indicated in the figure, 
78 percent of the flows in Deep Creek near the property are less than the 21-year 
historical mean (60.5 cfs). An inflow pump capacity of 30 cfs was used in the systems 
analysis in order to balance cost and flow capture constraints. 

Operating Water Levels:  A minimum reservoir water level was set at 4 ft in order to 
prevent sediment build-up and growth of nuisance species (i.e., cattails). A maximum 
water level for the baseline scenario was set at 15 ft in order to provide maximum 
storage while balancing dam safety considerations. 

Table 6 
Summary of Volusia County Monthly Peaking Factors 

 

Month 
Average Flow 
(gal/month)1 

Monthly 
Contribution 

(%) 

Normalized 
Monthly Peaking 

Factors 
January 91,510,424 7.6 0.92 
February 85,755,052 7.2 0.86 

March 102,060,053 8.5 1.02 
April  114,294,181 9.5 1.15 
May 138,519,804 11.6 1.392 

 June 102,276,438 8.5 1.02 
July 95,917,603 8.0 0.96 

August 89,069,251 7.4 0.89 
September 83,747,465 7.0 0.843 

October 101,443,593 8.5 1.02 
November 97,232,609 8.1 0.97 
December 96,003,488 8.0 0.96 

Total 1,197,829,961 100 12 
 
1 The historical monthly MOR data (2000-2004) were averaged for the County from the following 

water treatment facilities:  Cassadaga, Deltona North, Halifax Plantation, Meadowlea, New Hope 

Villas, Pine Island, Spruce Creek Fly In, and West Volusia Interconnect. 
2 Maximum Month Peaking Factor 
3 Minimum Month Peaking Factor 
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Table 7  
Systems Model Variables for the Reservoir 

 

Miscellaneous: As mentioned previously, an MFL for Deep Creek has not been 
established by the SJRWMD. As an initial evaluation, CDM used guidance commonly 
used by the SJRWMD to estimate potential yields using a percentage of the average 
flow of a surface water body. Typically, the SJRWMD uses an 8% to 12% multiplier of 
the average annual flow as an indicator of potential water supply yield (email 
communication with Jim Gross dated January 22, 2010). Because this range of 
withdrawal limits is considered very conservative and since there is no MFL at Deep 
Creek and a portion of the creek is channelized and contained within berms, 
additional flows may be able to be withdrawn from the creek without causing 
significant environmental impacts. Therefore, an additional withdrawal limit of 30% 
was further evaluated in the systems model to determine an upper bound to the 
available yield from Deep Creek. 

4.4.3 Alternatives Evaluation 
A series of system configuration alternatives were evaluated with the combination of 
variables described above. Two alternatives that will be further described herein 
include system configurations that optimized the reservoir area and maximum 
operating depth in order to supply a continuous 7.5 mgd annual average water 
supply (firm yield volume of the reservoir under each respective system 
configuration). To prioritize dam safety considerations (potential for embankment 
failure), a maximum operating depth [side water depth (SWD)] of 15 ft was 
maintained, which resulted in an optimized reservoir area of 1,630 acres. To minimize 
wetland and floodplain impacts, a reservoir footprint of 624 acres was maintained, 
which resulted in an optimized maximum operating depth (SWD) of 27 ft. Both of 
these alternatives were evaluated using a 30 cfs inflow pump capacity and are shown 
conceptually on Figure 21. 
 
4.4.4 Systems Model Results Summary 
Table 8 summarizes the annual average yield results from the systems model along 
with corresponding maximum month and minimum month flows resulting during 
each annual yield simulation. A firm yield volume of 7.5 mgd is available for water 
supply withdrawal from Deep Creek and Lake Ashby combined on an annual 
average basis. On a maximum month and minimum month basis, the flows ranged 

Variable 
 Category Variable 

Baseline 
 Value 

Range for 
Sensitivity 
Analysis 

Geometry 
Reservoir Area (acres) 624 400-1,700 

Max Sidewater Depth (feet) 15 12-30 
Min Sidewater Depth (feet) 4 3-5 

Hydraulic Capacity Inflow Pump Capacity (cfs) 30 20-100 



Volusia County 
Deep Creek Basin Stormwater Master Plan Phase II 

Deep Creek and Lake Ashby Alternative Water Supply Conceptual Design Evaluation 

 

A  20 

S:\6122 - Volusia County\74778\Report\Phase II\Text\Ltr_Rpt_072810.docx 

from 6.3 to 10.4 mgd, respectively. As a result of the storage provided by the 
reservoir, these range of flow volumes are expected to be available on a consistent 
basis. A time series summarizing the reservoir depth during the modeling evaluation 
period (1988-2008) is provided on Figures 22 and 23 for the optimized area and 
maximum depth scenarios. It should be noted that the reduction in reservoir depths 
toward the end of the simulation period correspond to the unusually low rainfall 
totals in 2006 and 2007, which were approximately 15 inches and 8 inches lower, 
respectively, than the historical rainfall average for the period of record (54.12 inches). 
A statistical analysis performed for the rainfall period of record shows that 2006 was 
actually a 1-in-100 year drought event. The reservoir depths begin to rebound in 2008 
once the rainfall patterns return to more average rainfall conditions.  
 
The inflow and outflow water budget terms and performance metrics such as percent 
of flow withdrawn from Deep Creek and Lake Ashby and reservoir residence time are 
included in Table 8. The large residence times are typical of reservoir systems, which 
are designed to maintain constant hydration. The time to fill the reservoir for each 
scenario was further simulated in the Stella® model by setting the release and spill 
flows to zero, while allowing inflows (combined pumping and rainfall) and natural 
outflows (evaporation and seepage) to occur. Under these conditions, the reservoir is 
expected to take approximately 10 to 13 months to fill depending on the scenario 
evaluated. 

Table 8 
Systems Model Results Summary 

 

Systems Model Components 

Optimized Scenarios 

Area  
(1,630 ac/  
15 ft SWD)

Max Depth 
(624 ac/  

27 ft SWD) 

Water Supply 
Yield (mgd) 

Annual Average Flow 7.5 7.5 

Max Month Flow 10.4 10.4 

Min Month Flow 6.3 6.3 

Inflows 
(mgd) 

Rainfall 7.0 2.7 
Combined Pumping 

 (Deep Creek/Lake Ashby) 7.5 (5.3/2.2) 7.7 (5.4/2.3) 

Total Inflows 14.5 10.4 

Outflows 
(mgd) 

Evaporation 5.9 2.3 

Seepage 0.5 0.7 

Water Supply Releases 7.5 7.5 

Emergency Overflow 1.0 0.3 

Total Outflows 14.9 10.8 

Change in Storage (mgd) 0.4 0.4 
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Table 8 Cont. 
Systems Model Results Summary 

 

Systems Model Components 

Optimized Scenarios 

Area  
(1,630 ac/  
15 ft SWD)

Max Depth 
(624 ac/  

27 ft SWD) 
% Flows Withdrawn from Deep Creek 13.4 13.8 

% Flows Withdrawn from Lake Ashby 93.2 95.3 

Reservoir Residence Time (days) 846 489 

Time to Fill Reservoir (days) 388 274 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22 –Reservoir Depth Summary for Optimized Area Scenario (1,630 ac/15 ft SWD) 
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4.5 Property Obstruction Evaluation  
Depending on the height of the potential reservoir, a preliminary review of the 
property indicates that construction on the selected site should not pose an 
obstruction to navigable airspace. A list of airports in the vicinity of the property and 
their approximate distance from the site is listed in Table 9. The approximated 
distances were acquired from Google Earth Pro.  

There is a privately owned, private use 150-ft wide by 3,400-ft long turf runway 
located on the proposed site known as the Leffler Airport. It is assumed that the turf 
runway would become inactive as part of the land purchase and proposed site 
development. Though there is no required FAA obstruction review for privately 
owned private use airports, should the runway remain active, coordination with the 
airport owner should occur to minimize any impact to the existing 20:1 visual 
approaches.   

Figure 23 –Reservoir Depth Summary for Optimized Maximum Depth Scenario (624 ac/27 ft SWD) 
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Table 9 
Airports Within the Vicinity of the Proposed Property 

 

Airport Type 
Distance  

(nautical miles) 

Leffler Airport Private 0.23  

Spruce Creek Private 8.10  

DeLand Municipal Public 10.25  

Massey Ranch Airpark Public 10.76  

New Smyrna Municipal Public 10.93  

Cedar Knoll Flying Ranch Private 11.01  

Orlando Sanford International Public 12.44  

Blue Ridge Flight Park Private 13.27  

Daytona Beach International Public 13.57  

Lafayette Landings Private 16.45  

 

 It should be noted that the FAA only considers obstruction to airports that are:  

1. Available for public use and is listed in the Airport Directory of the current 
Airman’s Information Manual or in either the Alaska or Pacific Airman’s 
Guide and Chart Supplement; or, 

2. A planned or proposed airport or an airport under construction, that is the 
subject of a notice or proposal of file with the FAA, and, except for military 
airports, it is clearly indicated that the airport will be available for public use; 
or, 

3. An airport that is operated by an armed forces of the United States. 

Basically, the only airports above that come into play are the public-use airports. 
Based on FAA guidelines found in Federal Aviation Regulations (FAR) Part 77, 
“Objects Affecting Navigable Airspace”, an existing object, including a mobile object, 
is, and a future object would be, an obstruction if it is of greater height than any of the 
following heights or surfaces: 

1. A height of 500 ft above the ground level at the site of the object. 

2. A height that is 200 ft above ground level or above the established airport 
elevation, whichever is higher, within 3 nautical miles of the established 
reference point of an airport, excluding heliports, with its longest runway 
more than 3,200 ft in actual length, and that height increases in the proportion 
of 100 ft for each additional nautical mile of distance from the airport up to a 
maximum of 500. 
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3. A height within a terminal obstacle clearance area, including an initial 
approach segment, a departure area, and a circling approach area, which 
would result in the vertical distance between any point on the object and an 
established minimum instrument flight altitude within that area or segment to 
be less than the required obstacle clearance. 

4. A height within an en route obstacle clearance area, including turn and 
termination areas, of a Federal airway or approved off-airway route, that 
would increase the minimum obstacle clearance altitude. 

5. The surface of a takeoff and landing area of an airport or any imaginary 
surface established under §§ 77.25, 77.28, or 77.29. 

Based on the distance from the nearest public-use airport (DeLand Municipal), there 
should be no obstruction with regards to numbers 1 through 4 above. 

Item 5 refers to the imaginary surfaces surrounding an airport. These surfaces include 
the horizontal, the primary, the conical, and the approach. The most demanding of the 
above surfaces would be a precision approach, which extends 50,000 ft from a runway 
end with a published precision approach at a slope of 50:1 for the first 10,000 ft and a 
40:1 slope for the remaining 40,000 ft. 

The proposed site is located approximately 64,000 ft from Runway 07 end at New 
Smyrna Municipal Airport. Runway 07 is equipped with a visual approach, which 
extends 5,000 ft beyond the runway. In addition, the proposed site is located 
approximately 60,000 ft from Runway 30 at DeLand Municipal Airport. Runway 30 is 
equipped with a non-precision approach which extends 10,000 ft beyond the runway 
end. Based on the approximate distances from each runway end and depending on 
the site of any proposed structures, the proposed site should not pose an obstruction 
to navigable airspace. 

FAA Form 7460, “Notice of Proposed Construction or Alteration” should be filled out 
and submitted to the FAA 30 days prior to commencement of construction for a 
reservoir at the site. The 7460 form should list DeLand Municipal Airport as the 
nearest airport to the proposed construction. 

A more in-depth and thorough analysis should be completed once the height and 
location of all proposed structures has been established to determine if any actual 
obstructions exist. 

5.0 Desktop ASR Feasibility Evaluation 
If implementation of ASR at the property is feasible, it could be a cost-effective 
alternative to an above-ground reservoir. However, there are numerous factors to 
consider for ASR to be feasible and successful. First, a review of the geology, 
hydrogeology, hydrogeochemistry, and potential storage zone hydraulics will be 
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presented. Then, an assessment of the feasibility of ASR will be discussed for the 
property. 

5.1 Geology 
Volusia County covers an area of approximately 1,200 square miles in east-central 
Florida within the Coastal Lowlands. The general landscape of Volusia County can be 
attributed to level marine terraces of Pleistocene age and Karst (solution) topography. 
Karst topography only occurs in the western Volusia County on the highest terrace 
and paleo beach ridges. The level marine terraces were formed during higher sea level 
stands and consists of four main terraces, listed in order from oldest and highest sea 
level stand (approximately 70 ft above present) to the youngest and lowest sea level 
stand (approximately 5-6 ft above present):  Penholoway, Talbot, Pamlico and Silver 
Bluff (Cooke, 1945). Figure 24 shows the physiographic features in Volusia County. 
Terrace formation accounts for the flatness of much of Volusia County (Phelps, 1990). 
The Crescent City and DeLand Ridges are remnants of the Penholoway Terrace, 
which has been eroded largely by sinkhole activity. The other three terraces in Volusia 
County are relatively unchanged and are, therefore, relatively level. The higher 
topographic areas serve as recharge areas for the aquifers underlying these 
topographic high areas. The Deep Creek basin is located on the Talbot Terrace just east 
of the DeLand Ridge as shown on Figure 24. 

Pleistocene and Holocene (recent) deposits make up the surface and shallow 
sediments in Volusia County. These sediments consist of sand and shell, which 
overlie clay, shell and sand deposits of Pliocene and Miocene age. Eocene limestones 
lie unconformably under the Miocene and Pliocene age deposits.  

The sediments of Pleistocene and Holocene age consist of fine- to medium-grained 
quartz sand, sandy clays, and locally, small amounts of shell. There are areas where 
the sand has been cemented into “hardpan” by deposition of iron oxide at the water 
table. The Pleistocene and Holocene deposits are generally 20 to 50 ft thick, but locally 
they can be as much as 100 ft thick (Wyrick, 1960; Rutledge, 1985; Miller, 1986; 
McGurk et al., 1998). 

The Miocene and Pliocene deposits consist of unconsolidated beds of fine sand, shells, 
and calcareous silty clays. The overall thickness of the Miocene or Pliocene deposits in 
Volusia County is generally 20 to 70 ft (Wyrick, 1960; Rutledge, 1985; Miller, 1986; 
McGurk et al., 1998). The Miocene sediments consist of the Hawthorn Group. The 
Hawthorn Group contains a complex interbedded sequence of phosphatic sand, silt, 
clay, and carbonate beds. The Hawthorn Group is not present in most of Volusia 
County (Wyrick, 1960; Rutledge, 1985; Miller, 1986; McGurk et al., 1998). 

Carbonate rocks of Eocene age make up the thickest sequence of sediments in the 
region and are represented (in ascending order) by the Oldsmar Formation, the Avon 
Park Formation, and the Ocala Limestone. The Oldsmar and Avon Park Formations 
increase in thickness to the southeast across the study area. The Ocala Limestone, 
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however, increases in thickness in a northeastward direction (Wyrick, 1960). The 
Ocala Limestone, of late Eocene age, is composed of cream to white lime-stone 
mottled with gray zones (Rutledge, 1985). The Ocala Limestone is generally only 
slightly dolomitized in Volusia County. Because of extensive erosion, the Ocala 
Limestone formation is thin in most of Volusia County, and absent in much of the 
DeLand Ridge area. The Avon Park Formation of late middle Eocene age, varies in 
color from chalky white to light brown or ashen gray, and consists of layers of dark—
brown dolomite separated by layers of chalky limestone. The dolomite is crystalline 
and contains few fossils, but the limestone is very fossiliferous. The limestone is 
extensively dolomitized. Some of the Avon Park Formation was removed by erosion 
before the overlying Ocala Limestone was deposited. The Oldsmar Formation 
underlies the Avon Park Formation, but there are not any known wells that have 
penetrated into the Oldsmar Formation in Volusia County (Wyrick, 1960; Rutledge, 
1985; Miller, 1986; McGurk et al., 1998). 

5.2 Hydrogeology 
The two aquifers that supply most of the potable water in Volusia County are the 
Floridan aquifer system, a limestone aquifer under artesian conditions in Volusia 
County, and the surficial aquifer, an unconfined sand aquifer. Although both aquifers 
contain good quality water throughout most of Volusia County, brackish water is 
present in the eastern and western fringes of the county in the surficial aquifer and in 
upper zones of the Floridan aquifer system presently tapped by wells (Rutledge, 
1985). In 1987, the U.S. Environmental Protection Agency (USEPA) designated the 
Floridan Aquifer in Volusia County as a Sole Source Aquifer. It was determined that 
the Floridan Aquifer in Volusia County derived its recharge water solely from local 
rainfall infiltrating through the overlying sediments. The clastic and carbonate 
sediments beneath the study area make up the unconfined, non-artesian surficial 
aquifer and the confined Floridan Aquifer.  

The surficial aquifer system consists of Pleistocene to Recent age sand, silt, clayey 
sand, and shell beds. The thickness of surficial aquifer ranges from 10 ft to over 100 ft 
in Volusia County. The water table makes up the top of the surficial aquifer system 
and is generally at or within a few feet of land surface in swampy lowlands and in the 
flatlands of central Volusia County. In the karstic higher ridges, the water table can be 
found several tens of feet below land surface. The surficial aquifer is capable of 
producing small quantities of water and is mainly a source for small diameter private 
wells. 
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Figure 24- Major Physiographic Features of Volusia County (Phelps, 1990) 

 
The surficial aquifer system is recharged from rainfall through the unsaturated zone. 
The greatest amounts of recharge occur where the unsaturated zone is relatively thick 
and consists of permeable sand. The Floridan aquifer system also supplies recharge to 
the surficial aquifer system in lowland areas where the potentiometric surface of the 
Floridan aquifer system is higher than the water table. This may occur in the study 
area in the Deep Creek Basin where the Floridan potentiometric surface is higher than 
the water table and the confinement of the Hawthorn Group sediments are limited or 
missing. Figures 25 and 26 show a comparison between surficial aquifer water table 

Deep Creek Area 
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elevations and the potentiometric surface of the Upper Floridan Aquifer at the end of 
the dry season and wet seasons, respectively. 

  

Figure 25 - Water Levels in Wells Completed in the Upper Permeable Zone of the 
Surficial Aquifer System, February through May 1986, and Potentiometric Surface 
of the Upper Floridan Aquifer, May 1986 (Phelps, 1990). 
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Figure 26 - Water Levels in Wells Completed in the Upper Permeable Zone of the 
Surficial Aquifer System and Potentiometric Surface of the Upper Floridan 
Aquifer, September 1986 (Phelps, 1990). 
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In Volusia County, the Floridan aquifer system is comprised of two aquifer units, 
the Upper and Lower Floridan aquifers. They are separated by a less productive 
unit known as the middle semi-confining unit (Tibbals, 1990). The Upper Floridan 
aquifer provides the majority of groundwater used for municipal supplies, 
agricultural irrigation, industrial, and domestic supply. The thickness of the Upper 
Floridan aquifer is approximately 300 to 350 ft throughout Volusia County, but it 
increases across southeastern Putnam County and Flagler County to over 650 ft in 
northeastern Flagler County (Miller, 1986, Plate 28). The potentiometric surface of 
the Upper Floridan Aquifer is highest in the central portion of the County. 
Groundwater flow direction of the Upper Floridan is regionally to the east-
southeast. In Volusia County, the flow direction is primarily to the east away from 
the potentiometric high. However, flow can be to the west due to excessive 
pumping withdrawal. Figures 25 and 26 show the groundwater elevation contours 
for the Upper Floridan Aquifer at the end of the dry and wet seasons, respectively. 

The top of the Upper Floridan aquifer is near land surface at major springs such as 
Blue Spring, Croaker Hole Spring, and Ponce de Leon Springs, but drops to as 
much as -175 ft NGVD near the coastal border with Flagler County. The Upper 
Floridan aquifer is separated from the Lower Floridan aquifer (lower productive 
unit) by a less permeable, soft, chalky limestone and hard dolomitic limestone 
sequence termed the middle semi-confining unit (Tibbals, 1990). The middle semi-
confining unit typically occurs in the middle one-third of the Avon Park Formation. 
Its thickness ranges from approximately 150 ft in southeastern Putnam County and 
northwestern Flagler County to greater than 500 ft in northeastern Volusia County. 
In western Volusia County, the thickness of the middle semi-confining unit is 
between 200 and 400 ft (Tibbals, 1990, Figure 13). Table 10 illustrates the 
relationship between geologic units and hydrostratigraphic units for Volusia 
County. 

5.3 Native Water Quality 
To determine the most appropriate target storage zone and pre-treatment that may 
be necessary for an ASR system to be feasible at the property, the native water 
quality for this area was characterized for chlorides, total dissolved solids (TDS), 
specific conductance, iron, and sulfate as described in the following sub-sections.  

 
5.3.1 Chlorides 
Considerable effort has been expended toward locating the saline water interface 
and monitoring its position as saline water intrusion is a serious potential threat to 
the freshwater resources of Volusia County and the region. The location of the 
saline water interface (250 mg/L isochlor) has been examined using both well and 
geophysical data. Most recently, the SJRWMD mapped the chloride distribution 
and elevations in east-central Florida using GIS for the 250 mg/L, 1,000 mg/L, and 
5,000 mg/L isochlors within the Floridan aquifer (McGurk et al., 1998 and 2003). 
Each of these values represents the higher range of chloride concentrations for 
freshwater, slightly brackish water, and moderately brackish water, respectively. 
Chlorides greater than 5,000 mg/L indicate very brackish to saline water. Data used 
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The lateral extent of chloride within the Upper Floridan Aquifer in Volusia County is 
presented on Figure B-1 in Appendix B. At the proposed property, chlorides are less 
than 50 mg/L in the Upper Floridan aquifer. The elevations to the 250 mg/L, 1,000 
mg/L, and 5,000 mg/L isochlors are provided on Figures B-2 through B-4, 
respectively. At the proposed property, the 250 mg/L isochlor exists at an elevation of 
600 to 800 ft, while both the 1,000 and 5,000 mg/L isochlors are present from 800 to 
1,000 ft. The rapid increase in chlorides (i.e., 250 to 5,000 mg/L) over a short distance 
(200 to 400 ft) indicates a sharp transition from fresh to saline water exists in this area. 

To further define site-specific distribution of chlorides within the Floridan aquifer in 
the Deep Creek basin, data from the FDEP Background Water Quality Monitoring 
Network was evaluated for 10 monitoring wells in this area (Figure B-5). Although, 
this data was previously collected between September 1996 and February 1997, it can 
be considered representative of current conditions since very little development in 
this area has occurred over the last 14 years. All 10 monitoring wells were drilled in 
the Upper Floridan Aquifer, with total depths ranging from 107 to 255 ft bls. Based on 
contours that were developed to show the distribution of chlorides in this area, 
chlorides within the Upper Floridan Aquifer in the vicinity of the property range from 

in the mapping consisted of a variety of wellhead and drilling samples along with 
time domain electromagnetic mapping (TDEM) at over 700 data locations 
throughout the region.   

 
Table 10 

Geologic and Hydrostratigraphic Units in Volusia County, FL 
 

Age Geologic Unit Lithology Hydrostratigraphic Unit 

Holocene 
(Recent) and 
Pleistocene 

Undifferentiated 
Deposits/Anastasia 

Formation 

Sand, Clayey Sand, Clay, 
and Shell/Sand, Silt, 

Coquina 
Surficial Aquifer System 

Pliocene 
Undifferentiated 

Deposits 

Interbedded and mixed 
Sand, Shell, Clay, Shell 

Beds and Clay Beds 

Miocene Hawthorn Group 
Phosphatic Sand, Silt, 
Clay and Dolostone  

Confining/Semi-confining 
Unit 

Late Eocene Ocala Limestone 
Limestone and Dolomitic 

Limestone 
Upper Floridan Aquifer 

Middle Eocene Avon Park Formation Limestone and Dolostone Middle Semi-confining 
Unit 

Lower Floridan Aquifer 
Early Eocene Oldsmar Formation 

Limestone and 
Dolostone 
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20 to 30 mg/L. This is further corroborated by the Florida Geological Survey (FGS) 
Special Publication No. 34 (Florida’s Ground Water Quality Monitoring Program: 
Background Hydrogeochemistry), which references less than 100 mg/L of chlorides 
within the Upper Floridan Aquifer in this area. All chloride concentrations obtained 
from the multiple references reviewed for the Upper Floridan Aquifer in this area 
resulted in values less than the Secondary Drinking Water Standards (SDWS) 
Maximum Contaminant Limit (MCL) of 250 mg/L for chloride (Chapter 62-550, 
F.A.C.) 

5.3.2 Total Dissolved Solids 
The lateral extent of TDS evaluated by the SJRWMD (McGurk et al., 1998 and 2003) 
within the Upper Floridan Aquifer in Volusia County is shown on Figure B-6. At the 
proposed property, TDS concentrations are less than 500 mg/L. TDS data were not 
available from the FDEP Background Network; however, FGS Special Publication No. 
34 references TDS concentrations ranging from 250-500 mg/L in this area. Both these 
referenced values are below the MCL for TDS of 500 mg/L (Chapter 62-550, F.A.C.) 
 
5.3.3 Specific Conductance 
At the proposed property, specific conductance concentrations from the FDEP 
Background Network ranged from 650 to 800 μS/cm in the Upper Floridan Aquifer 
(Figure B-7). TDS data were not available from the SJRWMD mapping effort; 
however, FGS Special Publication No. 34 references specific conductance 
concentrations within the Upper Floridan Aquifer in this area to be less than 500 
μS/cm. Specific conductance is an indicator of TDS and can be multiplied by an 
approximate factor of 0.7 to estimate TDS concentrations in mg/L. The 
aforementioned specific conductance values are equivalent to TDS concentrations 
ranging from 350 to 560 mg/L in the vicinity of the proposed property, which is 
consistent with the observations from Section 5.3.2. A drinking water MCL does not 
exist for specific conductance. 
 
5.3.4 Iron 
At the proposed property, total iron concentrations from the FDEP Background 
Network ranged from 2,600 to 3,200 μg/L in the Upper Floridan Aquifer (Figure B-8). 
Iron data were not available from the SJRWMD mapping effort; however, FGS Special 
Publication No. 34 references total iron concentrations within the Upper Floridan 
Aquifer in this area to be greater than 1,000 μg/L. Both these publications resulted in 
representative values for the property that are 3 to 10 times greater than the MCL of 
300 µg/L for iron (Chapter 62-550, F.A.C.) Since concentrations of iron in the native 
water greater than the MCL can cause fouling and reduce the effectiveness of the ASR 
system if injected, pre-treatment (filtration) to remove iron is recommended as a result 
of the anticipated concentration exceedances. 
 
5.3.5 Sulfate 
The lateral extent of sulfate evaluated by the SJRWMD (McGurk et al., 1998 and 2003) 
within the Upper Floridan Aquifer in Volusia County is shown on Figure B-9. At the 
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proposed property, sulfate concentrations are less than 100 mg/L. Sulfate data were 
not available from the FDEP Background Network; however, FGS Special Publication 
No. 34 references sulfate concentrations within the Upper Floridan Aquifer in this 
area to be less than 10 mg/L. Both these referenced values are below the MCL for 
sulfate of 250 mg/L (Chapter 62-550, F.A.C.) 
 
5.4 Floridan Aquifer System Hydraulics 
Data on the hydraulic parameters of the Floridan aquifer system have been obtained 
from three main sources: (1) single well pumping/specific capacity tests, (2) multiple 
well aquifer performance tests, and (3) calibration of groundwater flow models.  
Transmissivities calculated from single-well specific capacity data were found to 
generally have little relation to transmissivities derived from either multi-well tests or 
computer modeling, tending to be too low (Bush and Johnston, 1988). Tibbals (1990) 
found that model-derived transmissivities for the Floridan aquifer system in east-
central Florida are generally higher than values obtained from aquifer performance 
tests (APTs), which he attributed to the fact that wells used for aquifer tests generally 
do not tap the full thickness of the aquifer. Tibbals (1990) also noted that the highly 
heterogeneous and anisotropic nature of the Floridan aquifer system makes standard 
methods of aquifer test analysis uncertain and the results questionable. Nevertheless, 
transmissivities calculated from APT data generally are within the range of values 
determined by computer simulations (Tibbals, 1990). Model-derived transmissivities 
may reflect average regional hydraulic conditions, whereas APT data are more 
sensitive to local hydrologic conditions, such as the presence of fractured or 
cavernous zones. 

Model-derived hydraulic parameters for the different hydrogeologic units in south-
central Volusia County (property site vicinity) are provided in Table 11. It should be 
noted that the values in Table 11 for the various hydraulic parameters are estimates 
based on large-scale aquifer modeling results. The model-derived hydraulic 
parameters may not accurately represent local aquifer hydraulic conditions. 

5.5 Fluid-Rock Interaction and Water Mixing Issues 
An important concern for ASR systems is whether fluid-rock interactions or the 
mixing of recharge and native waters will result in chemical reactions that will either 
degrade stored water quality or adversely impact wells or the aquifer. It is assumed in 
this feasibility analysis that the recharge water will be of high water quality, meeting 
all primary and secondary drinking water criteria. For initial testing purposes, the 
water may be treated or raw water obtained from the Upper Floridan aquifer.  
Ultimately, the recharge water is expected to be treated surface water.   
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In general, the potential for fluid-rock interactions that may impact water quality is 
directly related to the degree of difference in recharge and native water chemistry.  
Groundwater-to-groundwater systems using carbonate aquifers (source and storage) 
have the lowest potential for fluid-rock interaction because the recharge water will 
initially be close to chemical equilibrium with the aquifer rock. Where the recharge 
water is undersaturated with respect to calcite and dolomite or has high dissolved 

Table 11 
Model-Derived Hydraulic Properties of Hydrogeologic Units in  

South-Central Volusia County, FL 
 

Hydrogeologic 
Unit 

Property Value Comments 

Tibbals (1990) 
Intermediate 
Confining Unit 

Leakance 1 x 10-5 to 1 x 10-4 day-1 Estimated 

Upper Floridan 
Aquifer 

Transmissivity 10,000 to 35,000 ft2/day  
Storage Coefficient 5 x 10-4 to 1 x 10-3  

Middle Confining 
Unit 

Leakance 5 x 10-5 day-1 Estimated-very 
limited data 

Lower Floridan 
Aquifer 

Transmissivity 60,000 ft2/day Estimated-very 
limited data 

Storage Coefficient 5 x 10-4 to 1 x 10-3 Estimated-very 
limited data 

Sepulveda (2002) 
Intermediate 
Confining Unit 

Leakance 3.1 x 10-4 to 1 x 10-3 day-1   

Upper Floridan 
Aquifer 

Transmissivity 10,000 to 50,000 ft2/day  
Storage Coefficient 1 x 10-3  Assumed 

Middle Confining 
Unit 

Leakance 5.1 x 10-5 to 1 x 10-4 day-1  
Vertical Hydraulic 
Conductivity  

0.1 ft/day  

Transmissivity 10,000 - 50,000 ft2/day < 5,000 mg/L 
chloride zone 

Storage Coefficient 1 x 10-3  Assumed 
Williams (2006) 
Intermediate 
Confining Unit 

Leakance 1 x 10-4 to 2.5 x 10-4 day-1   

Upper Floridan 
Aquifer 

Transmissivity 5,000 to 30,000 ft2/day  
Storage Coefficient 1 x 10-2 day-1 Assumed 

Middle Confining 
Unit 

Leakance 1 x 10-5 to 1 x 10-4 day-1  

Lower Floridan 
Aquifer 

Horizontal Hydraulic 
Cond. 

20 to 200 ft/day  

Transmissivity 1,000 - 10,000 ft2/day < 5,000 mg/L 
chloride zone 

Storage Coefficient 1 x 10-2 day-1 Assumed 
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oxygen (DO) content, the potential exists for fluid-rock interaction to release 
unacceptable concentrations of arsenic and radionuclides. Redox reactions may also 
occur between oxygenated recharge water and reduced aquifer minerals and native 
water. Increased arsenic concentrations were detected in recovered water from two 
ASR sites in southwest Florida, which may be due to the oxidation and dissolution of 
finely disseminated arsenic-bearing pyrite or organic matter (Arthur et al., 2000) or the 
dissolution of the host limestone. Additionally, there has been arsenic leaching from 
the formation at two ASR projects that CDM has been involved in (i.e., Seminole 
County Markham Water Treatment Plant (WTP) ASR and City of Sanford Auxiliary 
WTP ASR). Increased uranium concentrations were also detected in the recovered 
water from the two southwest Florida sites, which is thought to have mobilized from 
the carbonate matrix and/or associated uranium-bearing organic matter (Arthur et al., 
2000). 

In aquifers under reducing conditions, iron is present in the soluble ferrous (Fe+2) 
state. The introduction of oxygenated water into the aquifer can result in the oxidation 
of the ferrous iron into the relatively insoluble ferric state (Fe+3). Iron precipitation can 
clog well screens or the formation resulting in deterioration of well performance.  The 
potential for iron to precipitate is a function of the dissolved iron concentration of the 
native water. As mentioned previously in the native water quality discussion, the iron 
concentration of the Upper Floridan aquifer exceeds the secondary drinking water 
MCL of 0.3 mg/L; therefore, it is probable that the precipitation of dissolved iron 
could occur in the Upper Floridan. The introduction of DO may also oxidize iron 
minerals, such as pyrite, which may also cause formation damage. Iron mineral 
oxidation would be a concern if the aquifer contains abundant iron minerals. 

The potential for adverse fluid-rock and water-mixing interactions is normally 
evaluated in detail using site-specific geological and geochemical data collected 
during the test drilling program. If the potential for significant fluid-rock interaction 
exists, preventative measures can be taken, such as adjusting recharge water 
chemistry. The mixing of treated surface water from an ASR system with 
groundwater-derived potable water may also result in adverse reactions. Meaningful 
evaluation of the potential for mixing reactions can only be performed with actual 
chemical data on the different waters, which are not available at this time. If mixing 
reactions are subsequently identified as a concern, then some adjustment of recovered 
water chemistry may be necessary. Pre-treatment systems are being utilized for 
several ASR pilot projects including the City of DeLand, the City of Sanford, and 
Seminole County. The City of Sanford is slightly ahead of the other east-central 
Florida ASR projects in its schedule and has successfully demonstrated control of 
adverse water chemistry reactions using a dechlorination and degasification pre-
treatment system on the injectate water.   
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5.6 ASR Feasibility and Potential Storage Zones 
The technical feasibility factors for ASR are discussed in detail by CH2M Hill (1997a, 
1997b).  CH2M Hill (1997a, 1997b) developed a system for the SJRWMD for 
quantifying ASR feasibility in which sites are scored based on their rankings for a 
series of feasibility factors. The feasibility factors used in the scoring system are (1) 
confining zone hydraulic conductivity, (2) storage zone transmissivity, (3) aquifer 
hydraulic gradient and direction, (4) recharge water quality, (5) native water quality, 
(6) physical, chemical, and design interaction, and (7) interfering uses and impacts.  
Although the scoring system incorporates all the main elements of ASR feasibility 
evaluation, it under-values the significance of not meeting any one criteria. For 
example, if the storage zone has an inadequate transmissivity to accept the ASR target 
system capacity, then ASR is not feasible at a site regardless of the score for the other 
six parameters.  

Native water quality is an important initial screening criterion for potential ASR 
storage zones. The storage zone should ideally have mildly brackish water, to obtain 
high recovery efficiencies. However, if an ideal brackish storage zone does not exist, 
due to a rapid transition in native water quality from fresh to brackish or unsuitable 
transmissivity in the brackish water zone, freshwater-to-freshwater ASR can be an 
alternative. Given the high iron concentrations anticipated at the property, 
freshwater-to-freshwater ASR feasibility is enhanced because it would allow for an 
ability to track the injected water, which will differ from the native water in terms of 
iron content and possibly sulfide content.   

There are two freshwater-to-freshwater ASR demonstration projects that have 
successfully advanced into cycle testing (injection and recovery) phases of the 
SJRWMD’s ASR Construction and Testing Program. These projects are the City of 
DeLand Airport site and Orange County Utilities (OCU) Eastern Regional Water 
Supply Facility (ERWSF). The City of DeLand ASR storage zone is in the Upper 
Floridan where iron and sulfide content exceed their drinking water MCLs. The OCU 
ASR storage zone is in the upper part of the Lower Floridan where the aquifer is still 
fresh. The advantage of the ASR storage zone in the Lower Floridan is that it is less 
likely to cause interference with potable supply wells in the Upper Floridan due to 
adequate confining geology. 

The exclusion of freshwater-to-freshwater requires that the storage zone have a 
chloride concentration of greater than 250 mg/L. The storage zone chloride 
concentration should ideally be less than 3,000 mg/L. 

The requirements for a chloride concentration in the 250 to 3,000 mg/L range and the 
presence of vertical confinement in the Lower Floridan Aquifer suggest that this unit 
may contain a suitable ASR storage zone. As shown on Figure 27, in the vicinity of the 
property, the top of the lower Floridan aquifer is located at approximately 700 ft bls 
(Tibbals, 1990). Contour maps of the 250 mg/L and 5,000 mg/L isochlor elevations 
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(Figures B-2 and B-4) indicate that the upper part of the Lower Floridan Aquifer (700 
to 1,000 ft bls) locally contains water with chloride concentrations in the 250 to 5,000 
mg/L range. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27 – Hydrogeologic Units and Groundwater Flow in Portions of Sumter, Lake, and Volusia  
Counties (Tibbals, 1990). 
 
The hydraulics of the Lower Floridan Aquifer relative to ASR feasibility are not well 
known and will be site-specific. The estimated Lower Floridan Aquifer 
transmissivities range from 1,000-10,000 ft2/day (Williams, 2006) to 60,000 ft2/day 
(Tibbals, 1990) and would be acceptable for ASR; however, the higher transmissivity 
range would be less favorable. The estimated transmissivity of the Upper Floridan is 
10,000 to 50,000 ft2/day, which is also acceptable for ASR. The critical issue is the 
hydraulic conductivity of the potential storage zone interval rather than the 
transmissivity of the aquifer as a whole. The nature of the hydraulic conductivity of 
the storage zone interval is highly site-specific and is also an important variable in 
ASR feasibility. Channelized flow through fractures or solution cavities can result in 
rapid movement of injected fluids away from ASR wells and thus, poor recovery 

Proposed 
Property 
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efficiencies. It is preferable that the hydraulic conductivity of the storage zone be 
largely from intergranular or intercrystalline (matrix) porosity. Fractured dolomites 
are often preferential flow zones within the Floridan Aquifer System. 
 
Vertical confinement of an ASR storage zone in the Upper Floridan Aquifer would be 
provided by the Intermediate Confining Unit. It is possible for confinement to exist 
within the Upper Floridan, as is the case for the City of Sanford ASR pilot project.  
The City of Sanford’s ASR storage zone was located in the lower portion of the Upper 
Floridan aquifer with a dense site continuous crystalline dolomite layer providing 
upward vertical confinement (CDM, 2009). 

Vertical confinement of an ASR storage zone in the upper part of the Lower Floridan 
Aquifer would be provided by the middle confining zone strata. The middle 
confining zone is approximately 450 ft thick in this portion of Volusia County 
(Tibbals, 1990). The model-derived leakances of the Middle Semi-Confining Unit 
(MSCU) were 1 x 10-5 to 1 x 10-4 day-1 (Tibbals, 1990; Sepulveda, 2002; Williams, 2006), 
which is equivalent to 1.2 x 10-10 to 1.2 x 10-9 sec-1, and would receive the highest 
ranking in the CH2M Hill (1997a) ASR feasibility evaluation scheme used by 
SJRWMD. The amount of water lost to upward leakage will depend on where the 
least conductive beds are located within the MSCU. The degree of vertical 
confinement needed to obtain high recovery efficiency is also dependent on native 
water quality. Where native water quality is good, a greater amount of mixing is 
allowable and, therefore, the confinement requirements are less (CH2M Hill, 1997a). 

In summary, ASR appears in general to be feasible in the Upper Floridan aquifer (due 
to poor water quality from high iron content) and the upper part of the lower Floridan 
aquifer, where it contains mildly brackish water. The site-specific aquifer hydraulics 
will control the degree to which ASR is feasible at a given site. ASR feasibility 
screening of the property was conducted for both the Upper and Lower Floridan 
Aquifers and is listed in Tables 12 and 13, respectively.  Both scores are within the 
“High Confidence” feasibility level (scores ranging from 160-215). 

Table 12 
Upper Floridan ASR Feasibility Screening for the Proposed Property 

 
Criteria 

No. 
Criteria Rank 

Weight 
Factor 

Score 

1 Aquitard hydraulic conductivity 5 10 50 
2 Storage zone transmissivity 2.7 10 27 
3 Aquifer gradient and direction 3 1 3 
4 Recharge water quality 5 2 10 
5 Native water quality 5 10 50 
6 Overall physical, geochemical, and design interaction 2.5 5 11 
7 Interfering uses 5 5 25 

TOTAL 176 
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Table 13 
Lower Floridan ASR Feasibility Screening for the Proposed Property 

 
Criteria 

No. 
Criteria Rank 

Weight 
Factor 

Score 

1 Aquitard hydraulic conductivity 5 10 50 
2 Storage zone transmissivity 2.5 10 25 
3 Aquifer gradient and direction 3 1 3 
4 Recharge water quality 5 2 10 
5 Native water quality 5 10 50 
6 Overall physical, geochemical, and design interaction 3 5 15 
7 Interfering uses 5 5 25 

TOTAL 178 
 

 
5.7 Logistical and Regulatory Feasibility Issues 
An earlier discussion of land use indicated the site is predominately comprised of 
forest, wetlands, agriculture, and open lands. No zoning issues are anticipated that 
would prevent ASR well construction. 
 
Database searches of the FDEP, SJRWMD, and Volusia County Health Department 
well inventories illustrated that there are no small domestic supply wells, 
Consumptive Use Permit (CUP) wells (6-inch or larger diameter wells), or public 
community supply wells that exist within one mile of the proposed ASR wellfield, as 
shown on Figure B-10. Therefore, it is not expected that an ASR system constructed 
on the proposed property will cause interference with other legal users or vice versa. 
 
Regulatory rules require well construction permits be obtained from both the 
SJRWMD and FDEP for ASR projects. A temporary CUP would need to be obtained 
from the SJRWMD for use of water resources for the testing and use of the ASR 
system. Consumptive use permitting of the ASR system with SJRWMD has not been 
an issue for the ASR pilot systems within the District. 
 
The construction and operation of the ASR well must be permitted with the 
Underground Injection Control (UIC) division of the FDEP, per Chapter 62-528, 
F.A.C. The well construction and operational monitoring requirements for ASR (Class 
V, Group 7) wells are relatively modest if the ASR system is to be used to store 
potable water. Subsection 62-528.605(2), F.A.C. states that Class I construction 
standards shall not be required if the injection fluid meets the primary and secondary 
drinking water standards and minimum criteria contained in Rule 62-520.400, F.A.C.  
Due to issues with elevated arsenic levels around the ASR well experienced at various 
ASR systems throughout the State, the FDEP developed a position paper to explain to 
the EPA how ASR sites would be permitted in the future. Compliance with arsenic 
standards will be determined by on-site monitoring. The FDEP generally requires two 
storage zone monitoring wells (one well within 100 ft of the ASR well and one well 
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V = r2h    Equation 2 

Where: 

V = target storage volume (ft3) 
 = 3.1416 
r = radial distance away from the well (ft) 
h = height of the storage zone (ft) 
= effective aquifer porosity (decimal)

To realize a total storage volume of 4.7 billion gallons of storage using 11 wells yields 
a storage capacity of 427 million gallons per well. For this analysis, a target storage 
volume of 427 million gallons (57.1x106 ft3) per well was used. The height of the 
storage zone (length of open-hole section) was assumed to be 100 ft and the effective 
porosity of the aquifer in the storage zone was assumed to be 0.2. From this analysis, 
the radius of influence during injection is 953 ft and the wells must be spaced at least 
1,900 ft apart. A preliminary layout of the 12 ASR wells (11 primary and one backup) 
is shown on Figure 29.  

The Volusia County ASR system design should start with a pilot ASR well and plan 
for future expansion. ASR systems in regionally extensive aquifers (such as the 
Floridan Aquifer System) tend to have virtually unlimited storage capacity, as they 
can be readily expanded by the addition of strategically placed wells.   

5.8.2 ASR Strategy 
The recommended ASR strategy is to install and operationally test a one well ASR 
pilot system for a period of up to two years. The results of pilot testing would provide 
the data necessary for designing an ASR wellfield with multiple wells to meet future 
storage requirements. Groundwater modeling using site-specific data would be 
performed to determine optimal well spacing, configuration of the wellfield, and 
operational procedures. A plan will then be proposed for future ASR well locations 
and a recommended order of well installation as storage requirements increase.  
Additional ASR wells could then be installed in pre-determined locations, as needed.  
The proposed property has sufficient area to accommodate the projected number of 6 
to 12 ASR wells. 

Based on the available hydrogeologic data, an ASR system would be feasible at the 
proposed property. Although the desktop evaluation of the available hydrogeologic 
data suggests that ASR is feasible at this site, ASR feasibility depends upon site-
specific hydrogeologic conditions and cannot be predicted solely from regional data. 
The major unknown variables are the transmissivity and water quality of the 
anticipated storage zone in either the lower part of the Upper Floridan Aquifer or the 
upper part of the Lower Floridan Aquifer. Therefore, it is recommended that a test 
well should be installed at the site. The test well program will provide site-specific 
hydrogeologic data that will be used to further evaluate ASR feasibility and for the 
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design of the pilot ASR system. After testing is completed, the well will be converted 
into an ASR storage zone monitor well. 

Even if the results of the test well program indicate that ASR is not technically 
feasible, the test well program would still have value to the County and the SJRWMD. 
The test well could be converted to a groundwater monitoring well and used for long-
term monitoring of water quality changes in the Floridan Aquifer. Hydrogeologic 
data from the test well could be useful in designing upper Floridan aquifer 
production wells along CR 415. 

There is a gray area in the FDEP regulations as far as installation of test wells. The 
installation of a test well to collect general hydrologic data does not require an FDEP 
permit. However, test wells specifically constructed to collect data as part of an 
injection well program (which includes ASR) should be permitted as a Class V, Group 
7 test well. An FDEP UIC permit for a test well (exploratory well) is not required; 
however, if this well is used in the ASR program as a monitoring well, then a UIC 
permit will be required at that time. Permitting test wells with the FDEP is generally 
not problematic, but takes a minimum of 4-6 months and includes an advertised 
public meeting. A test well should first be installed to confirm the feasibility of ASR at 
a site, using site-specific hydrogeologic data, before committing the time and 
resources to permit and construct the full ASR system. Since the test well will serve as 
a monitoring well for the ASR system, it does not represent a significant additional 
cost (other than permitting).   

A feasibility analysis will be performed upon the completion of the test well program.  
If the results of the test program are favorable, then a recommendation will be made 
to permit the construction of the one well pilot ASR system. Well construction will be 
followed by up to a two-year operational (cycle) testing period using potable water. 

5.8.3 Cycle Testing Strategy 
The FDEP typically allows for a two-year operational testing period for ASR systems 
under Class V construction permits. Operational testing of ASR systems typically 
involves three-phase cycle testing. During the first phase, the recharge period, water 
is recharged into the aquifer until a selected volume is achieved. During the second 
phase, the storage period, the recharge water is stored in the aquifer until it is needed.  
During the final phase, the recovery period, water is withdrawn from the aquifer 
(recovered) until water quality reaches a pre-determined standard or until all of the 
injected volume is recovered. For potable water ASR systems, the 250 mg/L chloride 
SDWS is typically used. 

Depending upon the results of the second cycle test, a decision would be made as to 
whether to conduct a third cycle test, or to start recharging the storage zone without 
withdrawals (unless the potable water demands dictate otherwise). 
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During injection and recovery periods, flow rates, wellhead pressure, and monitor 
well water levels will be continuously monitored. Samples of the recovered water and 
monitor well waters will be analyzed weekly for chloride, TDS, and specific 
conductance. Water samples will be collected at the beginning of each recovery phase 
and tested for arsenic and radionuclides, as these parameters may be introduced into 
the stored water by fluid-rock interactions. Additional testing may be required by the 
FDEP. 

5.9 Conceptual ASR System Design 
5.9.1 Design Overview 
The pilot system will consist of an ASR recharge and recovery well, two storage-zone 
monitoring wells, and a confining-zone monitoring well. The pilot system will have a 
target design capacity of approximately 1-1.5 mgd. The first storage zone monitoring 
well will be installed initially as part of a test well program. The limited available data 
on the deep hydrogeology of Volusia County suggest that the top of the lower 
Floridan aquifer occurs at approximately 800 - 1,000 ft bls, and that the 1,000 mg/L 
isochlor occurs at about the same depth (Tibbals, 1990; Williams, 2006). Based on this 
data, the ASR storage zone is estimated to be located between 400 and 1,000 ft bls. 

Initially, an Upper Floridan Aquifer well may need to be installed in order to supply 
water for drilling and testing purposes. Treated potable water will be needed for cycle 
testing later during the pilot testing.   

5.9.2 ASR Well Construction and Testing 
The casing depths of the surface and injection casings of the ASR well will be 
determined from hydrogeologic data collected during the drilling of the test well, and 
adjusted, if necessary, for borehole-specific conditions.  The injection casing will be set 
just above the top of the ASR storage zone. A typical well construction diagram for an 
ASR well is provided on Figure B-11 (Appendix B). There are no specific FDEP 
construction standards for ASR wells. Subsection 62-528.605(2), F.A.C. dictates that 
Class I injection well construction standards shall not be required if the injection fluid 
meets the primary drinking water standards and minimum criteria contained in Rule 
62-520.400, F.A.C. Nevertheless, for design purposes, injection well velocities will be 
limited to the Class I standard of 10 ft/sec. 

The ASR testing program will consist of drilling a pilot well, continuous core 
collection, geophysical and video logging, whole rock geochemical analysis, thin 
section development, packer testing, water quality sampling and profiling, 
geochemical modeling, and aquifer performance testing.  

5.9.3 Common Facilities 
It is estimated that a new 30-acre surface WTP as shown on Figure 29 will be 
constructed on the property. This WTP has been conceptually sized to accomodate the 
required treatment processes, raw and finished water storage, and stormwater 
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management facilities. Detailed ASR design criteria will be proposed during design of 
the new WTP. A typical ASR wellhead-piping diagram is presented on Figure B-12. 
The layout shown allows the following operations to occur: 

 Flushing of the ASR well at the start of a recovery cycle by conveying water 
initially recovered from the well through the 6-inch flush line to a receiving 
stormwater facility. 

 Routing of recovered water to a sodium hypochlorite feed and tank detention 
system through the 12-inch recovered water line. This would allow recovered 
water to be chlorinated prior to being pumped back into the existing water 
distribution system.   

 Routing of recovered water to a separate transmission line. 

 Recovered water quality permitting, routing of recovered water directly back into 
the existing water distribution system piping. 

5.10 ASR Cost Estimates 
For the purposes of this desktop assessment, ASR at the property is feasible from a 
technical standpoint. Estimates of probable capital cost for each phase are listed in 
Table 14. The costs include engineering, permitting, and construction. All costs for the 
permitting, construction, and testing of the exploratory well through construction and 
testing of the pilot ASR system, including operations and maintenance total 
$5,118,500. These engineer estimates were based on actual costs for the Seminole and 
Sanford ASR projects. The final cost for build-out of a 12 mgd ASR system on the 
property is estimated at $29,118,500. This assumes 12 ASR wells each with a capacity 
of 1 mgd with a pre-treatment system. Should the well capacity be greater, the 
number of ASR wells would be reduced and the cost estimate will be less than $29 
million. Also, if pre-treatment is not required, then the ASR wellfield system would 
be reduced by $6 to $12M.  

Whether the County elects to use pre-treatment for arsenic or pursue an aquifer 
conditioning approach, a request for an Administrative Order from FDEP for 
approval of arsenic leaching will have to be included at the time of submitting the 
UIC permit application. Aquifer conditioning during ASR cycle testing consists of 
following normal operations, which may result in arsenic leaching; however, after 
each subsequent cycle, it is expected that arsenic concentrations in the recovered 
water will be reduced until eventually reaching the MCL of 10 μg/L. At that time, the 
ASR testing program would end and the County would apply for an FDEP UIC 
operating permit. This methodology has been applied to other ASR projects in Florida 
such as the Orange County and Peace River ASR systems. 
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Figure 21 shows the location of the proposed reservoir configuration areas (624 and 
1,630 acres), which are located between Deep Creek and CR 415 in the northeastern 
portion of the Deltona Water Supply Area. The southern portion of the proposed 
optimized reservoir area appears to have more upland areas than the northern 
portion, which has a significant number of wetlands. Both the proposed property and 
reservoir locations are within the 100-year floodplain as shown on Figure 31. This is a 
significant issue, which will complicate the permitting of any facilities on this 
property. Figure 31 includes both the Federal Emergency Management Agency 
(FEMA) Zone A floodplain limits as well as the limits of the floodplain modeled by 
CDM independently as part of the Deep Creek Basin Stormwater Master Plan (2009).  
The fact that the majority of the site is located within the 100-year floodplain would 
also suggest an area in which there are typically poorly drained soils. This is 
important because the construction of the reservoir—the most costly element of the 
water supply facilities—is dependent on a large supply of high quality fill. It should 
be noted that FEMA is currently in the process of upgrading the floodplain maps for 
this area. 

The proposed reservoir location is within the City of Deltona Water Service Area, as 
shown on Figure 32. The Deltona North Service Area is also shown on this figure 
since potable water for this area is supplied by Volusia County. The destination for 
the proposed water supply from a reservoir on the property is the Deltona North 
Service Area. 

The location of the City of Deltona water supply wells and water treatment facilities 
are shown on Figure 33. The location of these facilities is important because one of the 
options for routing the water lines will be along Howland Boulevard, through the 
City, and past several of the water treatment facilities.   

There are several major assumptions, which are the primary drivers in developing the 
various options and the cost estimates. The major assumptions affecting every water 
supply option consisted of the following:  

 There will be two sources of raw water—Deep Creek and Lake Ashby. About 70% 
of the water is expected to come from Deep Creek and about 30% would come 
from Lake Ashby; and 

 Two types of reservoirs are included in the analysis. A surface reservoir with a 
perimeter levee and underground storage reservoirs in the form of ASR wells.  

For the surface reservoir, the major assumptions include: 

 A raw water supply reservoir, consisting of a surface reservoir surrounded by a 
levee, is located within the two areas previously identified as potential water 
storage facility sites. Two different reservoirs were sized with different side water 
depths. The preliminary sizing of both reservoir options (Section 4.4) is so large 
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that it requires use of both identified parcels on the property. One surface 
reservoir option consists of a 1,630 acre reservoir with a 15 ft SWD. Another 
surface reservoir option with a minimal footprint consists of a 624 acre reservoir 
with a 27 ft SWD. Both of the water supply reservoirs are assumed to have  an 
allowance for an additional seven feet of levee height to account for wave run-up 
and freeboard; 

 An intake canal (Figure 34) would convey the water from Deep Creek to the 
reservoir. This distance is about 1 ¾ miles and would be sized for the peak flow at 
a low velocity of about 1 ft/sec; 

 A pump station (PS2 on Figure 34) would be located in the intake canal next to the 
reservoir, which would pump water from Deep Creek over the levee wall into the 
reservoir. The pump station would be sized for the peak design flow to be taken 
from Deep Creek, which was modeled at 21.6 cfs.  This is equivalent to 
approximately 9,700 gallons per minute (gpm) of peak design flow into the 
reservoir. Assuming a Total Dynamic Head (TDH) of 30 ft for the 15 ft SWD 
reservoir and a flow rate of 9,700 gpm, this will result in approximately a variable 
speed, 100 horsepower (HP) centrifugal pump. Assuming a TDH of 45 ft for the 27 
ft SWD reservoir, and a flow rate of 9,700 gpm, this will result in approximately a 
variable speed, 150 HP centrifugal pump. A second backup pump of the same 
capacity and a backup generator would be provided;  

 An intake canal would convey the water from Lake Ashby to the reservoir (Figure 
34). This distance is about 1/4 mile and would be sized for the peak flow at a low 
velocity of about 1 ft/sec; 

 A pump station (PS1 on Figure 34) would be located in the intake canal near Lake 
Ashby, which would pump water from Lake Ashby, across SR 415 to the property 
and over the levee wall into the reservoir. The pump station would be sized for 
the peak design flow to be taken from Lake Ashby, which was modeled at 
approximately 8.4 cfs. This is equivalent to approximately 3,770 gpm of peak 
design flow into the reservoir. Assuming a TDH of 30 ft for the 15 ft SWD 
reservoir, and a flow rate of 3,770 gpm, this will result in approximately a variable 
speed, 40 HP centrifugal pump. Assuming a TDH of 45 ft for the 27 ft SWD 
reservoir, and a flow rate of 3,770 gpm, this will result in approximately a variable 
speed, 60 HP centrifugal pump. A second backup pump of the same capacity and 
a backup generator would be provided;  

 The options for use of the water from an open reservoir include potable water 
supply and reuse augmentation. A water treatment facility will be required for 
each potential end use of the water. This treatment facility would be located next 
to the reservoir and would treat raw water flowing out of the reservoir before 
being pumped to its destination for distribution. The treatment facility for potable 
water would require a detailed analysis of the raw water quality in Deep Creek 
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and in Lake Ashby and would most likely consist of chemical treatment 
(coagulation/flocculation), filtration, disinfection [likely chlorination and possibly 
ultraviolet (UV)]. The treatment facility for reuse augmentation would likely only 
include filtration and disinfection to meet public access irrigation requirements.  
The design capacity would be based on the maximum monthly flow rate out of 
the reservoir, which is expected to be 10.4 mgd. It should be noted that reclaimed 
water augmentation is generally viewed as less desirable/fundable by SJRWMD 
since they do not consider reuse to be an alternative water supply; 

 A treatment facility pump station will be required to pump the treated water from 
the facility to the intersection of CR 472 and Martin Luther King Boulevard. This 
pump station will be sized to pump the maximum monthly flow to this location.  
The pump station would include two pumps, one design and one standby with 
backup power provided; 

 The water will be delivered from the treatment facility pump station to the 
intersection of CR 472 and Martin Luther King Boulevard through a pipeline.  
Two options are shown for the pipeline routing. One option is south along CR 415 
and then through the City of Deltona along Howland Boulevard to the designated 
connection point. This option results in a pipeline length of about 17.5 miles as 
shown on Figure 34. The South route through the City of Deltona has the 
advantage of being near multiple existing treatment plants and connection points.  
It has the disadvantage of being installed in a right-of–way, which will be much 
more crowded with other existing utilities. Another option is north along CR 415 
to SR 44 and then west on SR 44 to Martin Luther King Boulevard. The pipeline 
would be connected to an existing alternative water supply line there or continue 
south on Martin Luther King Boulevard to the intersection with CR 472. The 
North route has the advantage of being located in a right-of-way, which will have 
fewer existing utilities and more construction access. However, this route is longer 
than the South route and is more remote from large areas of water supply 
demand. This route may offer more benefits in terms of long-term planning and 
reliability. This option results in a pipeline length of about 23.5 miles as shown on 
Figure 35. The pipeline for each option will be sized to convey the maximum 
month flow from the Treatment Facility pump station at an approximate velocity 
of 3 to 4 ft/sec.   

For the underground storage reservoirs consisting of ASR wells, the major 
assumptions include: 

 Twelve ASR wells located on the highest topographic area of the property.  The 
wells would be spaced about 1,900 ft apart, as shown on Figure 29. Based on 
current FDEP regulations, ASR wells can only accept water treated to potable 
water standards; therefore, the raw water would be conveyed to a potable WTP 
(approximately 30 acres). Because this water is treated to potable standards, 
demand up to 7.5 mgd would be pumped directly to the ultimate destination. 
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Only water which was treated and needed to be stored above the 7.5 mgd demand 
would be pumped into the ASR wells. This water would be withdrawn as needed 
during dry periods and then pumped to the destination; 

 The layout of the 12 ASR wells is configured so that the wells will act in 4 groups 
of 3 wells each. All wells in a group are piped to receive water from the treatment 
plant to any of the wells in that group. Likewise, when water is being withdrawn, 
it would be from any well within the group. In a given group, all wells will either 
be injecting or discharging at a given time; 

 An intake canal would convey the water from Deep Creek and Lake Ashby to 
dedicated pump stations, which would then pump the raw water to the potable 
WTP. The intake canals and pump stations are identical to the open reservoir 
options;  

 Raw water to be stored in the ASR wells must meet potable water standards; 
therefore, to minimize piping costs, the potable WTP would be located in the 
vicinity of the ASR wells. The treatment facility for potable water would require a 
detailed analysis of the raw water quality in Deep Creek and in Lake Ashby and 
would most likely consist of chemical treatment (coagulation/flocculation), 
filtration, disinfection [likely chlorination and possibly ultraviolet (UV)].  In 
addition, a treatment facility would be provided for water as it is withdrawn from 
the ASR wells to re-chlorinate the water prior to pumping to the final destination.  
The design capacity of the potable WTP (16.7 mgd) would be based on the 
maximum monthly flow rate required for distribution (10.4 mgd) plus an 
additional 6.3 mgd, which was estimated from the ASR operations evaluation and 
corresponds to the largest volume of injectate water to be treated on an annual 
basis; 

 A treatment facility pump station will be required to pump the treated water from 
the facility to the intersection of CR 472 and Martin Luther King Boulevard. This 
pump station will be sized to pump the maximum monthly flow to this location.  
The pump station would include two pumps, one design and one stand-by with 
backup power provided; and 

 The water will be delivered from the treatment facility pump station to the 
intersection of CR 472 and Martin Luther King Boulevard through a pipeline.  
Two options are shown for the pipeline routing. These are the same options as the 
open Reservoir—a North route (Figure 34) and a South route (Figure 35). 

Ten water supply options (Table 15) were developed from the various components 
that comprise each option. Each option includes the following components: 

 Intake canal to convey water from Deep Creek and Lake Ashby to storage; 
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 Intake pump station to pump raw water from the Intake Canal to storage for the 
open reservoirs or to the WTP for the ASR wells; 

 Alternative reservoirs of 624 acres with 27 ft SWD, 1,630 acres with 15 ft SWD, or 
12 ASR wells; 

 An average annual yield of 7.5 mgd of potable or reuse water; 

 A WTP to provide the required level of treatment for either potable water supply 
or reuse augmentation. For the open reservoirs, the treatment for potable water 
can be accomplished either at the reservoir or at an existing WTP, which has been 
upgraded for the treatment of surface water. For the ASR wells, treatment would 
occur prior to injection and the first 7.5 mgd would be bypassed from storage; 

 A treatment facility pump station to pump treated water to the destination; and 

 Pipeline to convey water to the destination. 

Three main variables were used to determine the options: storage type (open reservoir 
or ASR wells), water supply type (potable or reuse augmentation), and the route of 
the pipeline. The intake canal, intake pump station, discharge water treatment plant 
pump station and discharge pipeline size were considered to be the same for every 
option. The remaining components were varied depending on the option being 
evaluated. The treatment facility varied according to the storage type. An open 
reservoir could be used to provide potable water or reuse, whereas ASR wells would 
be used to provide potable water. The treatment facility cost varied depending on the 
level of treatment—potable water supply or reuse. Two routes were considered—a 
North route and a South route. The pipeline length varied depending on the route 
chosen.   

6.2 Cost Estimate for Each Water Supply Option 
Consistent with the SJRWMD’s conceptual planning level costing methodologies 
(Black & Veatch, 2008; Wycoff, 2010; and Water Supply Solutions, 2008 and 2009), the 
cost estimates included in Appendix C have been structured to summarize the 
following: 
 

 Total construction costs; 

 Total capital costs [construction costs + 45% markup (20% contingencies, 20% non-
construction capital costs, and 5% mobilization/demobilization)]; 

 Annualized total capital costs; 

 Annualized total wetland mitigation and compensating storage costs; 

 Total operations and maintenance (O&M) annual costs;  
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 Total equivalent annual costs (sum of annualized capital costs, wetland mitigation 
and compensating storage costs, and O&M costs); and 

 Unit production costs (total equivalent annual costs divided by 7,500 gallons, 
which is the average annual rate of delivery of water). 

 

Table 15 
Description of Water Supply Options and Conceptual Costs 

1All options are proposed to provide an average annual yield of 7.5 mgd for water supply distribution. 
2 Conceptual capital costs include storage facility, treatment, and conveyance.  Total equivalent annual costs include 
annualized capital costs plus annualized on-site wetland mitigation, compensating storage, and operations and 
maintenance (O&M) costs.  Costs do not include estimates for proposed Leffler property acquisition or off-site soil 
import. 
3 Unit production cost is equal to Total Equivalent Annual cost divided by 7,500 gallons (average annual rate of 
delivery of water). 

 
The estimate of probable total capital cost, the probable total equivalent annual cost, 
and the probable unit production cost for each water supply option is summarized in 
Table 15. An estimated cost has been generated for each water supply component, 
which makes up one of the options described above. Estimates of capital cost for a 7.5 
mgd average annual water yield range from $117 million (Option 9) to $168 million 
(Option 2). For inclusion in the 2010 District Water Supply Plan, the cost estimates 
presented in this evaluation along with project schematics summarizing operations 
for the 624 acre reservoir and ASR storage options (Appendix C) was provided to the 
SJRWMD on behalf of the County. Of the potable water options, the ASR well options 
and the 624 acre reservoir options are the most economical. This is primarily due to 
the cost of storage of the water. Costs for the reservoir options are expected to be 
significantly higher if off-site soils are needed to be imported from long distances for 
construction.   

Option 

No.1 

Storage 

Type 

Water 

Supply 

Type 

Route 

Direction 

Total 

Capital 

Cost 2      

Total 

Equivalent 

Annual 

Cost 2 

Unit 

Production 

Cost 3 

($ Millions) ($/1,000 gal)

1 Reservoir 

 (1,630 ac) 
Potable

South $164 $18 $6.41 

2 North $168 $18 $6.57 

3 Reservoir 

 (624 ac) 
Potable

South $139 $14 $5.27 

4 North $147 $15 $5.47 

5 Reservoir 

 (1,630 ac) 
Reuse 

South $157 $17 $6.30 

6 North $163 $18 $6.42 

7 Reservoir 

 (624 ac) 
Reuse 

South $133 $14 $5.15 

8 North $139 $14 $5.29 

9 ASR 

System 
Potable

South $117 $14 $5.24 

10 North $123 $15 $5.61 
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6) Additional studies will need to be performed to determine whether this site and 
the proposed facilities are feasible for this project. 

6.4 Conclusions Regarding Capital and Annual Costs 
When compared with capital costs for conventional water supply, either for potable 
water supply or for reuse water augmentation, the capital costs presented in this 
evaluation for treating the proposed alternative water supply are higher. Several 
conclusions can be made in comparing the conceptual costs for the 10 options. 

1) The water withdrawal and collection capital and O&M costs are similar for each 
option; 

2) The single largest capital cost component of each option in which there is an open 
surface reservoir is the reservoir itself. This cost does not include potentially 
significant expenses for off-site soil import from significant distances that may be 
needed for reservoir and levee construction; 

3) The storage costs for the reservoir options are significantly higher (2 to 2.5 times) 
than the storage costs for the ASR wells; 

4) The ASR treatment plant and pre-treatment costs, including both capital and 
O&M, are significantly higher than the reservoir treatment plant costs; 

5) The distribution pumping costs are similar for all the options;  

6) The pipeline route along the North route is about $4M more in capital cost than 
along the South route since the distance to the delivery point is six miles further; 

7) The open surface reservoir treatment plant capital costs for potable water supply 
are approximately 20% greater than the treatment costs for reuse water supply 
and the ASR treatment plant capital costs for potable water supply are 
approximately double that of the treatment plant capital costs for reuse water 
supply. However, the possibility of cost sharing with the SJRWMD will be higher 
with the potable water supply option under the Florida Water Protection and 
Sustainability Program (WPSP), which allows for a higher level of funding for 
alternative water supply projects than for reuse projects; 

8) A markup of 45% on the construction costs was used to generate the capital costs.  
This is a significant portion of the capital costs.   

9) Costs for wetlands mitigation and compensating storage for the reservoir options 
were much higher than for the ASR wells.  If impacts by the reservoir or the unit 
costs increase significantly, then the reservoir options would be most impacted; 
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10) Generally the O&M costs were a significant portion of the total costs for each 
option (60% of the capital cost for the reservoir options and approximately equal 
to the capital cost for the ASR wells); 

11) Relative to the high reservoir costs, the difference between reuse and potable 
treatment costs is not that significant;  

12) ASR and the 624 acre reservoir are the most economical potable water options.  
However, the 27 ft sidewater depth of the 624 acre reservoir is extreme and may 
not be feasible. Site-specific geotechnical data would be needed to confirm the 
feasibility of a reservoir on this property; and  

13) Another consideration associated with the reservoir options is dam safety. The 
reservoir options would be classified as high hazard impoundments and would 
impose a public safety risk in the event of a potential levee failure. 

The largest capital costs for the ASR options are the potable WTP costs and the cost of 
the 12 wells. The capital costs developed for the surface water reservoir options are 
largely a function of the proposed reservoir component cost. The capital costs 
developed for the ASR wells are driven by the potable WTP costs. These costs are 
high for water supply, especially for alternative water because of the needed storage 
cost. The use of a reservoir for this application does not appear to be cost-effective and 
a reservoir for water supply for this location will require a significant amount of 
additional investigation and study. ASR appears to be a more cost-effective 
alternative to a surface water reservoir, particularly with an on-site surface water 
treatment facility. Some additional ASR pre-treatment would be required to prevent 
arsenic leaching from the Floridan Aquifer matrix during storage of the treated water.  
These conceptual cost estimates do not include costs for Leffler property acquisition 
or importation of clean fill for reservoir construction.  

 
7.0 Blended Water Quality Treatability Evaluation  
In order to evaluate potential water quality impacts associated with blending of 
finished surface water with finished groundwater, it is necessary to perform two 
major tasks. First, it is necessary to establish the expected ranges of concentrations for 
water quality parameters of concern at each point of connection. Second, it is 
necessary to evaluate the particular impacts on the finished water quality and 
treatment processes that arise from the expected concentration ranges for the water 
quality parameters-of-concern. From this evaluation, it is possible to estimate 
potential treatment facility impacts. 

7.1 Water Quality Parameters-of-Concern 
In establishing the water quality parameters-of-concern to be evaluated at each point 
of connection, the current drinking water standards for finished water quality should 
be considered first. Each of the sources of supply (groundwater and surface water) 
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can meet primary and secondary drinking water standards. As such, the Utility is 
assured of meeting these standards despite the blend of water that may exist at a 
particular location. Therefore, an evaluation of all of the parameters is not 
recommended. However, further consideration of several of the parameters is 
advisable due to secondary impacts on corrosion control, Disinfection-By-Product 
(DBP) formation, aesthetics, or disinfection. The selected parameters-of-concern and 
purpose are summarized below: 

 Corrosion Control: Total Alkalinity, Calcium Hardness, TDS and pH; 

 DBP Formation Potential:  Total Organic Carbon; 

 Aesthetics:  Total Hardness and Color; and 

 Disinfection. 

Table 16 summarizes the water quality parameters that are used in the evaluation of 
blended waters at a given location.  

The chosen list of parameters considers the following: 

 The selected parameters have a bearing on corrosion control, DBP formation 
potential, potable water aesthetics, and disinfection. 

 The selected parameters are commonly analyzed at the existing water treatment 
plants and a sufficient database exists for meaningful analysis. 

The purpose and potential impacts of each of the selected parameters-of-concern are  
summarized below: 
 

 Total Alkalinity (Corrosion Control): As alkalinity increases for naturally low 
carbonate alkalinity waters, corrosion potential for lead, copper, and iron 
generally decreases. However, for high carbonate alkalinity waters 
(approximately 100 mg/L as CaCO3), copper solubility decreases when carbonate 
alkalinity decreases. Alkalinity also impacts calcium carbonate stability and is 
used in the calculation of the Langlier Saturation Index (LSI); 
 

 Calcium Hardness (Corrosion Control): As calcium concentrations increase, 
overall corrosion potential generally decreases. Calcium impacts calcium 
carbonate stability and is used in the calculation of LSI; 

 

 Total Dissolved Solids (Corrosion Control): Increasing TDS generally increases 
corrosion potential by increasing the electrical conductivity of the water. TDS is a 
minor factor in the calculation of LSI; 
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 Chlorides (Corrosion Control): Increasing chlorides increases overall corrosion 
potential by increasing the electrical conductivity of the water. However, it is 
generally acknowledged that chlorides do not have significant impact on copper 
and lead solubility and corrosion at naturally occurring levels in groundwater. 
Increased chloride concentration can increase copper corrosion for soft surface 
water supplies. High chloride levels can also contribute to copper tubing pitting 
corrosion in groundwater. Increased chloride concentrations can aggravate pitting 
corrosion of iron or steel pipe; 

 
 
 
 
 
 
 

Table 16 
Selected Water Quality Parameters-of-Concern for Blending of  

Finished Surface Water and Groundwater 
 

Parameter Purpose Primary Impact 

Total Alkalinity Corrosion Control 
Impacts calcium carbonate 

precipitation/dissolution 

Calcium Hardness Corrosion Control 
Impacts calcium carbonate 

precipitation/dissolution 

Total Dissolved Solids Corrosion Control 
Impacts calcium carbonate 

precipitation/dissolution 

Chloride Corrosion Control 

Facilitates corrosion by 
disrupting passive films and 

increasing electrical 
conductivity in water 

Sulfate Corrosion Control 
Facilitates corrosion by 

increasing electrical 
conductivity in water 

Sodium Corrosion Control 
Facilitates corrosion by 

increasing electrical 
conductivity in water 

pH Corrosion Control 
Impacts calcium carbonate 

precipitation/dissolution 

Total Organic Carbon DBP Formation Potential 

Chlorination or ozonation of 
naturally occurring organic 

carbon chemicals like humic 
and fulvic acids form 

disinfection by-products 

Bromide DBP Formation Potential 

Ozonation of bromides 
creates bromate and can 
result in the creation of 
bromated DBP species 

Total Hardness Aesthetics 
Impacts taste and soap 
lathering and can leave 

mineral deposits 

Color Aesthetics 
Prominent aesthetic visual 

quality indicator 

Chlorine Residual Disinfection 
Incompatibility between 

chlorination methods 
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 Sulfate (Corrosion Control): Sulfate is generally determined to have similar 
impacts on corrosion potential as chloride. As with any other ion, increases in 
ionic concentration increases the electrical conductivity of the water;  

 

 Sodium (Corrosion Control): As sodium concentrations increase, often associated 
with chloride concentration increases, general corrosivity increases due to 
increases in electrical conductivity of the water (particularly for iron or steel pipe). 
Corrosion potential impacts from sodium are considered to be less than 
encountered for chloride or sulfate; 

 

 pH (Corrosion Control): As pH increases, overall corrosion potential generally 
decreases. Copper corrosion is very pH-dependent in soft water below a pH of 7.0. 
Galvanized pipe corrosion is also significantly increased by lowering pH in the 
pH range of 6 to 9. The pH is a major factor in the calculation of LSI; 

 

 Total Organic Carbon (TOC) (DBP Formation Potential): TOC, primarily humic 
and fulvic acids in Florida surface waters and groundwater, have a direct and 
significant impact on DBP formation both from free chlorination and ozonation. In 
general, with free chlorination dosages appropriate for primary disinfection, TOC 
values above the 4 mg/L range are considered capable of producing 
trihalomethane and haloacetic acid concentrations that could exceed anticipated 
regulatory standards; 

 

 Bromides (DBP Formation Potential): Upon ozonation, bromides can be converted 
to bromates, a parameter subject to anticipated regulation in the 
Disinfectants/Disinfection By-Product Rule at 0.01 mg/L. While bromate 
formation is source water-specific, ozonation of waters with bromide values above 
0.3 to 1.0 mg/L can result in excessive bromate. The presence of bromides can also 
result in the creation of bromated DBP species, some of which have current and 
possible future regulatory considerations; 

 

 Total Hardness (Aesthetics): Total hardness concentrations above 200 mg/L as 
CaCO3 are generally considered "very hard" while waters below 100 mg/L as 
CaCO3 are considered "soft" to "slightly hard". Consumers accustomed to a certain 
hardness level will notice significant differences in the aesthetics of the water with 
changes in hardness from "soft" to "very hard" and vice versa. These impacts 
include taste, deposits in sinks and tubs, and soap usage. Significant decreases in 
total hardness will also cause significant decreases in calcium concentrations that 
can cause corrosion problems; 

 

 Color (Aesthetics): Color, a primary aesthetics factor for potable water, is 
distinctly discernable at levels greater than 10 color units (CUs). At 5 CUs or less, 
water is generally considered "colorless". Between 5 CUs and 10 CUs, the 
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perception of color is somewhat specific to an individual. In any case, an increase 
in color to 10 CU or beyond is usually viewed negatively by the customer. It 
should be noted that color is typically substantially reduced through chlorination 
of the raw water; and 

 

 Chlorine Residual (Disinfection):  The surface water treatment facility will 
probably use ultraviolet light irradiation followed by peroxide addition (referred 
to as an Advanced Oxidation Process) for primary disinfection to minimize the 
potential for DBP formation and to help with destruction of refractory organics in 
the raw water; however, chorine will have to be added to the finished water 
following primary disinfection to prevent biological growth in the distribution 
lines. The finished groundwater is using free chlorination for disinfection and 
chloramines would be added to the finished surface water. Chloramines exhibit a 
chlorine demand and could reduce the overall required chorine residual in the 
distribution system. Therefore, compatibility of chlorination methods would have 
to be evaluated further as part of preliminary design.     

 
In all of the above cases, the specific impact of a parameter on overall water quality is 
site-specific, particularly for corrosion control. This type of analysis can evaluate the 
general impacts arising from a significant change in the chosen water quality 
parameter from current ambient conditions to a new blended water scenario.  
 

8.0 New Production Well Siting Evaluation  
Based on information from Volusia County Utilities, pumping from production wells 
within the Blue Springs Springshed will have to be reduced to meet the minimum 
flow criteria established in Chapter 40C-8, F.A.C. and presented in Table 17.    

Table 17 
Adopted Minimum Flow Criteria for Blue Springs1 

Time Period 
Minimum Long-Term 

Mean Flow 
(cfs) 

December 3, 2006 through March 31, 2009 133 

April 1, 2009 through March 31, 2014 137 

April 1, 2014 through March 31, 2019 142 

April 1, 2019 through March 31, 2024 148 

After March 31, 2024 157 

1  From Chapter 40C-8, FAC dated January 11, 2010. 

 
The Blue Springs Springshed delineation provided by SJRWMD is shown on Figure 
36. Also shown on this figure are the locations of Volusia County Utility production 
wells and WTPs within the Blue Springs Springshed. As indicated on this figure, there 
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are 15 production wells and 6 water treatment plants located within the Springshed. 
The total groundwater pumping withdrawal from these 15 wells to meet the 
minimum flow criteria listed in Table 16 is being determined by others. However, 
Volusia County Utilities would like to install new production wells outside the 
Springshed to compensate for this reduction in pumping from these 15 wells.   
 
From the groundwater modeling performed for the Water Authority of Volusia Water 
Master Plan (CDM, 2006), there is some groundwater withdrawal potential in the 
central portion of the county. Additionally, if ASR is implemented as a demand 
management/storage tool for treated surface water and the ASR wells are located on 
the proposed property, the production wells would not be located on this site. 
However, locating the wells southeast of the property along the CR 415 right-of-way 
would be an appropriate location outside of the Springshed in the central portion of 
the County. From discussions with County staff, approximately 8 to 10 mgd of 
installed production capacity would be needed. Assuming a yield of 1 to 1.5 mgd per 
well from published data and production capacity of existing wells translates into a 
need for approximately eight new wells. A separation of 1,500 to 2,000 ft between 
wells is recommended so that drawdown from one well does not limit the production 
from adjacent wells. The locations of the eight new wells are shown on Figure 37. It 
must be noted that the purpose of this cursory evaluation was to determine an 
appropriate location for new production wells to compensate for the reduction in 
withdrawals from the 15 existing production wells within the Blue Springs 
Springshed. The actual withdrawals or allocation must be determined through 
groundwater modeling and a CUP modification with SJRWMD. Also, where 
groundwater from these new wells will be sent for treatment and/or transmission 
pipeline considerations associated with these wells are beyond the scope of this work.      
 

9.0 Permitting and Environmental Considerations 
As previously discussed in Section 5, the following permits will need to be obtained in 
support of ASR implementation: 

 FDEP Potable Water System (PWS) permit for construction and operation of the 
water treatment facility and water mains; 

 FDEP UIC permit for the ASR test well and construction and operation of the ASR 
wells; 

 An Environmental Resource Permit (ERP) from FDEP for stormwater 
management and wetland mitigation resulting from construction of the preferred 
storage facility. This will need to be submitted as a joint application to FDEP, who 
will forward  to the Army Corps of Engineers for wetland mitigation review; 

 Well construction permits from the SJRWMD and FDEP for all wells associated 
with the ASR project;  
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 Temporary CUP from the SJRWMD for use of water resources for the testing and 
use of the ASR system;  

 CUP modification for the use of surface water from Deep Creek and Lake Ashby; 
and 

 Volusia County Building Department permits for facility structures and electrical 
service connections.  

 
An ERP from the FDEP will need to be obtained for stormwater management 
associated with construction of facilities and mitigation of wetland impacts due to 
construction of on-site facilities. An FDEP PWS permit will need to be obtained for the 
proposed potable WTP and transmission lines. An update to the County’s current 
CUP will need to be filed with the SJRWMD to reflect pumping from the new 
production wells proposed along the CR415 corridor along with a reduction in 
pumping from the existing production wells within the Blue Springs Springshed. In 
addition, the CUP will need to be modified for the use of surface water from Deep 
Creek and Lake Ashby. 

In siting the potable WTP and storage options (reservoir and ASR wellfield), the 
proposed layouts were recommended in order to minimize wetland and floodplain 
impacts. Compensating storage and wetland mitigation will need to be provided and 
determined based on which storage option the County selects for implementation. 

10.0 Summary  
CDM performed a conceptual feasibility analysis for using a County-proposed 
property as a potential surface water storage facility site. Tasks performed included 
data collection and analysis, field reconnaissance for hydrologic and environmental 
conditions, continuous modeling of flows in Deep Creek and Lake Ashby, surface 
water storage facility site screening analysis, new production well siting evaluation, 
preparation of site configuration layouts, conceptual feasibility analysis, and 
preparation of estimates of probable conceptual capital costs. In addition, ASR 
technology was evaluated to determine the extent that ASR can be applied at the 
proposed property as a storage alternative to the surface water reservoir.  

The following summary and observations are provided in support of the evaluation 
performed: 

 To evaluate flows in the Deep Creek basin including Deep Creek at different 
locations, CDM performed a continuous simulation from 1988 to 2008 using the 
existing SWMM model of the basin (CDM, 2009). From this analysis, simulated 
average flow in Deep Creek near the proposed property ranges from 8.1 to 212 cfs 
with an average of 60.5 cfs for this time period. This average flow occurs 
approximately 22% of the time. Per SJRWMD guidance, a multiplier ranging from 
8% to 12% was used to approximate yields from the creek that would not produce 
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unacceptable environmental impacts. Using this approach produces a range of 
flows between 3.1 and 4.7 mgd potentially available from Deep Creek for water 
supply purposes on an average basis.  

 

 The HSPF model previously developed for Lake Ashby (CDM, 2003) to support 
MFL evaluations by the SJRWMD was updated with new and more accurate data. 
The revised model was run with proposed pumping withdrawals to evaluate lake 
water levels relative to established minimum low and minimum high criteria. The 
seasonally-varied withdrawal of 5 and 0.5 mgd for the wet and dry seasons, 
respectively, is recommended from Lake Ashby in order to meet the adopted 
frequent high and low elevations. This translates to an annual average withdrawal 
rate of 2.375 mgd. 

 

 A systems model using STELLA® software was developed to evaluate inflows, 
outflows, and changes in storage in the proposed reservoir under a variety of 
conditions. Two alternatives were evaluated to include system configurations that 
optimized the reservoir area and maximum operating depth in order to supply a 
continuous 7.5 mgd annual average water supply. To prioritize dam safety 
considerations (potential for embankment failure), a maximum operating depth of 
15 ft was maintained, which resulted in an optimized reservoir area of 1,630 acres. 
To minimize wetland and floodplain impacts, a reservoir footprint of 624 acres 
was maintained, which resulted in an optimized maximum operating depth of 27 
ft. Both of these alternatives were evaluated using a 30 cfs inflow pump capacity 
and inflows consisting of available flow from Deep Creek near the proposed 
property and optimized Lake Ashby seasonally varying withdrawals (5 and 0.5 
mgd). 

 As evaluated in the STELLA® model, a firm yield volume of 7.5 mgd is available 
for water supply on an annual average basis by withdrawing water from Deep 
Creek and Lake Ashby and equalizing seasonally available flows from both 
surface water sources. On a maximum month and minimum month basis, the 
flows ranged from 6.3 to 10.4 mgd, respectively. As a result of the storage 
provided by the reservoir, these range of flow volumes are expected to be 
available on a consistent basis. 

 A desktop ASR feasibility evaluation was performed at the proposed property. 
The results of this evaluation indicate that ASR is feasible in the Upper Floridan 
aquifer (due to poor water quality from high iron content) and the upper part of 
the Lower Floridan aquifer, where it contains mildly brackish water. The 
maximum amount of storage capacity for the ASR wells is estimated to be 9.2 
mgd. This would require approximately 6 to 12 ASR wells with a firm capacity of 
1-2 mgd each. One well is planned for reliability.   

 Conceptual estimates of probable cost were prepared for 10 different alternatives. 
Three main variables were used to determine the options: storage type (surface 
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reservoir or ASR wells), water supply type (potable or reuse augmentation), and 
the route of the pipeline. Estimates of capital cost for a 7.5 mgd average annual 
water yield ranged from $117 million (Option 9) to $168 million (Option 2). Of the 
potable water options, the ASR well options and the 624 acre reservoir options are 
the most economical. This is primarily due to the cost of storage of the water. 
Costs for the reservoir options are expected to be significantly higher if off-site 
soils are needed to be imported from long distances for construction.  

 

 The largest capital costs for the ASR options are the potable WTP costs and the 
cost of the 12 wells. The capital costs developed for the surface water reservoir 
options are largely a function of the proposed reservoir component cost. The 
capital costs developed for the ASR wells are driven by the potable WTP costs. 
These costs are high for water supply, especially for alternative water because of 
the storage cost. It should be noted that installation of the ASR wells (and 
construction costs) can be phased to be account for actual water supply needs. The 
reservoir option does not allow for this flexibility, since the reservoir would need 
to be constructed all at once to store the entire volume associated with the 
projected deficit. Consequently, associated costs to construct the reservoir would 
not be able to be spread over time.  

 

 From this conceptual design evaluation, ASR is the most economical and feasible 
option for equalization storage and will require potable water treatment prior to 
injection into the ASR wells. Also, the water will need chlorination upon recovery 
prior to sending the water to distribution. For this option, the water treatment 
facility is larger than for the surface reservoir option and ASR is used for finished 
potable water storage.  

 Since the reservoir option is land intensive, a greater percentage of the proposed 
property would be used to construct the reservoir and associated buffer zone 
(total of 1,000 to 2,000 acres, or approximately up to 40% of the total site acreage) 
as opposed to an ASR system (approximately 3 acres for 12 wells, or 0.1% of the 
total site acreage). ASR and associated pre-treatment needs are compatible with a 
wide variety of land uses at the proposed site due to its compact footprint.  

 Because of its compact footprint, costs for compensating storage and wetland 
mitigation for the ASR well options are significantly less (10 to 40 times) than for 
the reservoir options. Also, since all of the storage is in the subsurface with ASR, 
there will be no loss of water to evaporation.  

 An important consideration associated with the reservoir options is dam safety. 
The reservoir options would be classified as high hazard impoundments and 
would impose a public safety risk in the event of a potential levee failure. 
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