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3.2.7 Navy Canal Diversion Project Component 
The Navy Canal Diversion project component includes various channel and culvert 
improvements, a diversion weir just west of Clyde Morris Boulevard, and more than 
100-acres of additional surface water storage south of the Daytona Beach International 
Airport (DBIA). The concept is to store water within this topographic high-spot for 
the area and reduce the flow volume and rate that is discharged into the Nova Canal 
system. Previous evaluations in the mid-1990s indicated that the re-direction of this 
canal could have a 0.5 foot decrease in flood stages for the 25 year event at the 
confluence of the Navy and Nova Canal systems.  

The diversion weir is intended to divert a portion of the flow away from the study 
area to the proposed storage areas. Existing flows and stages west to the Tomoka 
River and south to the B-19 Canal will be maintained (no increases). The proposed 
locations for the storage areas include approximately 100 acres of uplands and 20 
acres of widened channel area. These elements are intended to complement upcoming 
proposed improvements by the City of Daytona in and adjacent to the DBIA. The 
parameters for this component are summarized in Table 3-1. The layout for this 
component is shown in Figure 3-8. 

3.2.8 Bottleneck Removal in the Primary System 
The Bottleneck removal project component included identification and evaluation of 
the potential flood reduction benefits from the removal of various culverts, bridge, 
and channel bottlenecks in the three canal systems (LPGA, Reed, and Halifax) as well 
as the primary tributary canals such as Nova Canal. Initially, the existing system 
model was evaluated to identify potential bottlenecks within the system. These 
conduits included canal segments, culverts, and bridges as determined by the JPA 
Partners in consultation with CDM/QLH. Typical parameters used to identify 
bottlenecks included 0.5 feet of head loss across culverts and 0.5 feet of head loss per 
100 linear feet across channels. Analysis of canal sections revealed no opportunities to 
efficiently improve conveyance, as locations where expansion would be beneficial 
were space-limited with respect to available right-of-way. 

Once identified, field confirmation of the bottleneck element was performed to verify 
the actual configuration (e.g., pipe diameter) of the bottleneck. Of the 10 structural 
bottlenecks initially identified, 8 were eliminated based on field verification of actual 
specification and the model was updated accordingly. For the remaining 2 bottlenecks 
that were confirmed, their removal was analyzed using larger conduits to determine 
the potential flood control benefits and impacts. However in both cases reviewed, 
removal of bottlenecks resulted in increased flooding conditions (impacts) 
downstream. Since reducing localized flooding in some areas at the expense of other 
areas is not acceptable nor permittable, no bottlenecks were ultimately identified that 
could be recommended for removal. Greater study may be warranted regarding the 
feasibility of bottleneck removal in project-specific locations. Additional supporting 
information for the bottleneck evaluation is provided in Appendix E. 
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3.2.9 Buschman Pond Project Component 
The Buschman Pond site was chosen for the alternative Halifax Canal Pump Station. 
This project component includes a 300-cfs pump station, a 4,800-foot force main (8-
foot diameter) along Commonwealth Boulevard to the Halifax River, the existing 3.2-
acre Buschman Pond and additional storage in the basin. The parameters for this 
component are summarized in Table 3-1. The layout for this component is shown in 
Figure 3-9. 

3.3 Alternatives Descriptions and Development 
In order to determine the incremental and comprehensive benefits of the potential 
project components discussed above, seven alternatives were developed that consider 
the project components in various combinations. The alternatives are described 
below. 

3.3.1 Alternative 1 
Alternative 1 includes the base improvements that were originally evaluated in the 
Phase 1 Study (see Section 2). This alternative includes pump stations (pump only 
configuration), ponds, and tide gates at each of the three existing outfall canals (LPGA 
Canal at Centennial Park, Reed Canal, and Halifax Canal) in their original 
configurations.  

3.3.2 Alternative 2 
Alternative 2 considers the existing system with removal of the culvert, bridge, and 
canal bottlenecks from the three canal systems (LPGA, Reed, and Halifax) as well as 
the Nova Canal. Since bottleneck removal was not found to be feasible, this 
alternative is not further considered. 

3.3.3 Alternative 3 
Alternative 3 considers the existing system with the Navy Canal Diversion. 

3.3.4 Alternative 4 
Alternative 4 includes four new pump station outfalls to the Halifax River to be 
located in the Laurel Creek area, the North Street Pond, the Samuel Butts Pond, and 
the Buschman Pond (serving the Halifax Canal). 

3.3.5 Alternative 5 
Alternative 5 combines Alternatives 3 and 4. This alternative includes the Navy Canal 
Diversion as well as four new pump stations outfalls to the Halifax River (at Laurel 
Creek, North Street Pond, Samuel Butts Pond and Buschman Pond). 
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3.3.6 Alternative 6 
Alternative 6 combines Alternatives 1, 2, 3, and 4 and includes all project components. 
The pump stations at the LPGA Canal (Centennial Park), Reed Canal, and Halifax 
Canal are considered in their original configurations as “pump only” systems. 

3.3.7 Alternative 7 
Alternative 7 combines the modified configuration of Alternative 1 with Alternatives 
2, 3, and 4 and includes all project components (except the original pump station at 
the Halifax Canal). The modified Alternative 1 configurations includes pump stations 
with force mains located on the LPGA (Sica Hall site) and Reed Canals. 

3.4 Alternatives Evaluation 
3.4.1  Model Extension  
In order to provide an expanded stormwater analysis of the study area for existing 
and alternative conditions, the Phase 1 SWMM5 was extended to the Laurel, 
Thompson, and Strickland Creek systems to the north (as previously modeled for the 
City of Ormond Beach). The updated model was also extended south to include the 
primary system from the Halifax Canal outlet to the railroad crossing downstream of 
Nova Road. Runoff from the tributary area that contributes to this area south of the 
Halifax Canal outfall (generally areas south of Nova Road and Dunlawton Avenue) is 
accounted for in the updated SWMM5 by using time-flow hydrographs as previously 
modeled in ICPR by QLH.  

Model parameters used in the analysis of existing and alternative conditions related 
to design rainfall depths, duration and distribution, and downstream tidal boundary 
conditions are identical to those developed in Phase 1 and are further described in 
Section 2. 

3.4.2  Model Results 
Model results under existing and alternatives conditions for the 25- and 100-year, 24-
hour design storms and the May 2009 storm event are presented in Appendix F. 
Using modeled flood stages and LiDAR topographic information, colorized flood 
inundation maps were developed for the May 2009 storm, 100-year 24-hour storm, 
and 25-year 24-hour storm for the existing stormwater infrastructure and with the 
proposed infrastructure improvements for each alternative. These maps are presented 
in Appendix G. 

3.4.3  Alternatives Cost Estimates 
Conceptual designs and cost estimates were developed for all of the alternatives 
except Alternative 2 (removal of bottlenecks in the LPGA, Reed, Halifax, and Nova 
Canals) since no bottleneck removals were identified to be beneficial. A summary of 
preliminary opinions of conceptual project costs (construction and enginering) for the 
alternatives are presented in Table 3-2. Detailed conceptual project costs for each of 
the project components are included in Appendix H. 
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Table 3-2: Preliminary Opinion of Conceptual Cost of Project Alternatives 
 Facility  Conceptual Cost 
Alternative 1  
 LPGA Canal at Centennial Park (Pump Only) $10,649,000 
 Reed Canal (Pump Only) $12,966,000 
 Halifax Canal-Summitt $5,694,000 
Total Alternative 1 $29,309,000 
  
Alternative 2  
 Bottleneck Removal Only N/A 
  
Alternative 3  
 Navy Canal Diversion $10,112,000 
  
Alternative 4  
 Ormond Beach Laurel Creek $14,980,000 
 Daytona Beach North Street Park $31,951,000 
 Daytona Beach Samuel Butts Park $30,008,000 
 Port Orange Buschman Park $21,383,000 
Total Alternative 4 $98,322,000 
  
Alternative 5  
 Bottleneck Removal N/A 
 Ormond Beach Laurel Creek $14,980,000 
 Daytona Beach North Street Park $31,951,000 
 Daytona Beach Samuel Butts Park $30,008,000 
 Port Orange Buschman Park $21,383,000 
 Navy Canal Diversion $10,112,000 
Total Alternative 5 $108,434,000 
  
Alternative 6  
 Alternative 1 $29,309,000 
 Bottleneck Removal N/A 
 Ormond Beach Laurel Creek $14,980,000 
 Daytona Beach North Street Park $31,951,000 
 Daytona Beach Samuel Butts Park $30,008,000 
 Port Orange Buschman Park $21,383,000 
 Navy Canal Diversion $10,112,000 
Total Alternative 6 $137, 743,000 
  
Alternative 7  
 LPGA Canal Pump Station with Force Main (at Sica Hall) $11,193,000 
 Reed Canal Pump Station with Force Main $11,448,000 
 Bottleneck Removal N/A 
 Ormond Beach Laurel Creek $14,980,000 
 Daytona Beach North Street Park $31,951,000 
 Daytona Beach Samuel Butts Park $30,008,000 
 Port Orange Buschman Park $21,383,000 
 Navy Canal Diversion $10,112,000 
Total Alternative 7 $131,075,000 
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3.4.4  Flood Damages and Flood Control Benefits 
Assessment of costs and benefits is necessary to determine which alternative provides 
the best flood mitigation investment for the JPA Partners and to demonstrate benefit 
versus cost for potential Federal and/or State funding support. For purposes of 
assessing flood control benefits of the alternatives, the project team and JPA Technical 
Advisory Group agreed that empirical evidence and damage assessments from the 
May 2009 event suggests that flood inundation in excess of one foot above ground 
surface on improved parcels is a good indicator of when significant structural damage 
begins to accrue.  

Volusia County Property Appraiser data on improved property within the watershed 
were used to eliminate undeveloped properties from the inundated acreage for 
purposes of estimating flood damage reduction benefits for each alternative and for 
allocation of flood control benefits among the JPA Partners.  Alternative cost 
estimates, flood inundation mapping, and predicted flood damage reduction benefits 
for each alternative were presented to the JPA Technical Advisory Group on May 10, 
2010 and May 21, 2010. Estimated flood inundation and damages under existing and 
alternatives conditions for the design storms as well as the May 2009 event are 
presented in Appendix I.  

3.4.5  Increased System Storage 
Recognizing that the May 2009 storm was greater than a 300-year event and using this 
storm as a basis for design establishes the need for a very large and costly 
infrastructure upgrade, the JPA Technical Advisory Group suggested that a 
combination of property purchases for construction of increased system storage, in 
combination with smaller pump stations and conveyance facilities might yield greater 
overall benefits for less costs. While not incorporated into any alternative, additional 
work was performed by CDM/QLH to identify logically contiguous flooded areas 
within each JPA Partner’s jurisdiction and the peak storage that would be necessary to 
fully capture the flood volumes from the 100-year 24-hour storm. These volumes 
should be viewed as guidance for the upper limit of beneficial storage needed to 
prevent ponding of water within the delineated areas during the 100-year 24-hour 
storm. The actual storage volumes needed to prevent structural damage within the 
delineated areas would be expected to be less than those reported, given the empirical 
evidence suggesting that widespread damage does not begin to accrue until flood 
stages exceed one foot above ground surface. 

 Figures provided in Appendix J show the estimated 100-year 24-hour flood volumes 
based upon the modeling performed for each of JPA Partner jurisdictions. If politically 
and financially feasible, purchase of low-lying properties within these areas for 
construction of additional storage facilities could significantly improve the benefit-cost 
relationship by removing the structure from the floodplain and reducing the size and 
cost of the pumping and conveyance facilities to discharge flows into the Halifax River. 
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3.5 Conclusions 
Flooding within the watershed from the May 2009 storm (310 year event) is not fully 
eliminated by any of the seven alternatives evaluated. As discussed earlier and in the 
JPA presentations, the Nova Canal watershed contains significant portions of historic 
wetland floodplain that have been developed since the original US Department of the 
Interior reclamation project in the 1920s. Many buildings were constructed on very 
low ground and the pump stations required would not be constructable within the 
limits of available rights-of-way for the major canals without significant property 
acquisition and associated storage. However, significant flood control benefits can be 
provided by several of the proposed alternatives as indicated by the model results.  

The pump stations, ponds, and weir-gates also offer opportunities for water quality 
benefits and alternative water supply use. To various degrees, the five proposed 
pump, pond, and weir-gate alternatives offer the following benefits: 

1. Reduced peak stages; 

2. Reduced inundated areas 

3. Shortened flood durations; 

4. Capability to pump down the system in advance of an approaching storm; 

5. Prevention of tidal back surge for more extreme tidal conditions (e.g., Hurricane 
Dora or King); and 

6. Capture of stormwater before release to tide to allow future design modifications to 
pump flow west for water supply and/or additional water quality benefits. 

Based on review of model results, estimated flood damage reduction benefits and 
construction cost estimates, Alternative 4 was selected by the project team and the 
JPA Technical Advisory Group as the alternative with the best benefit-cost ratio for 
presentation to the JPA Board. Alternative 4 components are presented on Figure 3-10 
and the estimated construction costs are provided in Table 3-2. Flood inundation 
maps associated with the May 2009 storm for the existing stormwater management 
infrastructure and after implementation of Alternative 4 are presented in Appendix G. 

Table 3-3 shows the computation of the Alternative 4 flood damage reduction 
benefits for the May 2009 storm. In summary, Alternative 4 is estimated to cost $98 
million (plus land) and reduce flood damages from $52 million to $26 million for the 
May 2009 storm alone. Overall project life flood damage reduction includes other 
potential events (e.g., mean annual 5, 10, 25, and 100-year) and is estimated to be 
approximately  $111 million as shown in Table 3-4, which considers the probability of 
storm event damages over the 50 year design life for the proposed facilities (flood 
damage reduction for multiple storms in 50 years). 
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Table 3-3: May 2009 Flooding Extents by Component Area for Alternative 4 

Location 
Area Flooded >1 ft (ac) Potential Flood Damage (>1ft 

Flooding) ($) 
Potential Flood Damage 

Reduction ($) 

Existing Alternative 4 Reduction 
(%) Existing Alternative 4 Existing Alternative 4 

Laurel Creek 
Pump 51.7 29.7 43% $2,200,000 $1,200,000   --   $1,000,000 

North Street 
Pump 102.5 40.7 60% $4,300,000 $1,700,000   --   $2,600,000 

Samuel Butts 
Pump 245.6 66.0 73% $10,300,000 $2,800,000   --   $7,500,000 

Buschman 
Pump 80.2 50.8 37% $3,400,000 $2,100,000   --   $1,300,000 

Component 
Total 480.0 187.2 61% $20,200,000 $7,800,000  $ --   $12,400,000 

Overall 
Study Area 
Total 

1,231.0  623.4  49% $51,700,000 $26,200,000 $ -- $25,500,000 

 
Basis for Estimate:   
1. Homes per acre 2 
2. Flood Damage per home $21,000 
3. Flood Damage per acre $42,000 
4. Developed area (structures) 100% 

 
 

Table 3-4: Alternative 4 – Laurel Creek, North Street, Samuel Butts, & Buschman Pumps 
      Potential Annualized   Project Life Rectangle  

Event Rainfall Event Flood Damage Flood Damage Design Flood Damage Representing  
(Yr) (inches) (Probability) Reduction ($) Reduction ($) Life Reduction ($) Approximation 

310 20-27 0.003 $25,500,000  $136,000  50 $6,800,000  1  

100 13.0 0.010 $14,700,000  $347,000  50 $17,350,000  2  

25 9.5 0.040 $8,400,000  $438,000  50 $21,900,000  3  

10 8.0 0.100 $6,200,000  $525,000  50 $26,250,000  4  

5 6.5 0.200 $4,300,000  $768,000  50 $38,400,000  5  

2.33 5.2 0.429 $2,400,000   **  50  **   **  

**Area accounted for in midpoint approximation of rectangle 5 Total $110,700,000  

 
Use of the May 2009 storm as a level of service objective establishes a need for very 
large and costly pumping and conveyance systems. These facilities will also provide 
flood control benefits for all smaller flood-producing storms. These additional 
benefits could be further estimated and refined to strengthen eligibility for federal 
funding. Typically, the cumulative benefit-cost ratio must exceed 1.0 to qualify for 
federal funding. Alternative 4 satisfies this requirement, and Table 3-4 and          
Figure 3-11 show the estimated flood control benefits that should accrue from 
implementation of Alternative 4. It is important to note that these estimates of 
cumulative project benefits do not yet include potential alternative water supply 
benefits, water quality benefits, or ecosystem restoration benefits that may result from 
these improvements. Therefore the benefit-cost ratio would likely be higher with 
water supply and water quality benefits considered. 
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Figure 3-11 – Alternative 4 – Potential Flood Damage Reduction 
 
Constructing additional storage within low-lying properties in the study area is also 
an effective means of reducing flood stages as well as removing flood-prone 
properties from the floodplain. When used in combination, creating additional 
storage also provides an opportunity to downsize the pumping and conveyance 
facilities required to provide substantial flood control. 
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Section 4 
Recommendations 
 
Based on the results indicated within this report, CDM/QLH recommend that the JPA 
Partners move forward with Alternative 4 under a prioritized implementation 
schedule as funding becomes available as follows: 

1. Obtain finished floor elevations and map locations for all structures that 
incurred damage within the study area. This is important for verification of the 
actual and projected flood damages and flood damage reduction for the project 
components; 

2. Continue to coordinate with FEMA as a group on the Flood Insurance Study 
(FIS) and Digital Flood Insurance Rate Map (DFIRM) updates; 

3. Continue to pursue grant and loan funding individually and as a group to 
facilitate project implementation; 

4. Confirm and update stormwater design standards consistently across the 
watershed as noted below; 

5. Purchase land for Alternative 4 components and supplemental storage and 
treatment, where feasible, to optimize the storage and pumping relationships 
such that the maximum benefit-cost ratio can be achieved for cost-effective 
implementation and to position for federal and other funding; 

6. Construct supplemental storage on acquired properties;  

7. Implement pump stations at: 

i. Ormond Beach Laurel Creek 

ii. Daytona Beach North Street 

iii. Daytona Beach Samuel Butts Park 

iv. Port Orange Buschman Park 

8. Consider implementing the Navy Canal Diversion Project (Alternative 5) in a 
subsequent phase for alternative water supply as well as flood control for 
smaller storm events (e.g., significant benefits for the 25-year storm); and 

9. Consider implementing the tide weir-gates at the LPGA, Reed, and Halifax 
Canal outfalls as funding becomes available. These provide benefits beyond this 
flood reduction project for potential extreme high-tide backflow control, 
alternative water supply coordination with the cities, and potential treatment 
credits with SJRWMD. Also, consider the potential need for implementation of 
other backflow prevention devices for connected systems that may be pumped 
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down (in advance of storms and/or for alternative water supply-reuse 
harvesting). 

Other upstream improvements of new and existing stormwater infrastructure would 
improve overall system capacity and connectivity. Improvements such as localized 
storage facilities and flood control structures would capture and attenuate peak flows 
and provide water quality and groundwater recharge benefits. In general, the 
localized project objectives should be to increase storage and treatment, decrease 
flood stages and flows for flood-prone areas, increase conveyance to storage and 
reuse areas where possible (without offsite stage increases), and increase recharge. 
Ultimately the overall system should be linked to the water supply and stormwater 
harvesting-reuse options being considered by the JPA Partners.  

Specific near-term recommendations for each JPA Partner are provided below. The 
sequence of implementation listed in this report is the recommended necessary 
sequence for improvements (pre-requisite to others). 

All Stakeholders 

 Consider the implementation of additional storage for low lying parcels as shown 
in Appendix J as funding becomes available; and 

 Confirm existing or implement updated stormwater management standards that 
regulate: 

o Floodplain storage – no net loss for 100-year storage (based on FEMA 
and/or current Nova-Halifax Canal Watershed model results, whichever is 
greater); 

o Volume controls – development or redevelopment should maintain the rate 
and volume of discharge equal to pre-development conditions for the  25- 
and 100-year, 24-hour storms  for discharges to the Nova-Halifax Canal 
watershed system; and 

o Recharge – development or re-development on NRCS Hydrologic Soil 
Group (HSG) A soils should retain and infiltrate the first 1 inch of rainfall, 
and the first 0.5 inches of rainfall for HSG B soils. 

Volusia County 

 Proceed with Rio Way Subdivision acquisition and pond construction; 

 Complete the Daytona Beach International Airport Stormwater Master Plan to 
evaluate options for Navy Canal and B-19 flow diversion and storage;  
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 Continue to coordinate with FDOT, Daytona Beach, South Daytona, and Port 
Orange on the Navy Canal Diversion project;  

 Consider implementing the tide weir-gates at the LPGA, Reed, and Halifax Canal 
outfalls as funding becomes available. These provide benefits beyond this flood 
reduction project for potential extreme high-tide backflow control, alternative 
water supply coordination with the cities, and potential treatment credits with 
SJRWMD; and 

 Seek additional public assistance funding through FEMA and other agencies (e.g., 
HUD, USACE) for the County and on behalf of the JPA Stakeholders. 

Ormond Beach 

 Explore treatment credits with the SJRWMD for existing borrow pit ponds in the 
Laurel Creek area (may need to purchase land for treatment depending on this 
credit);  

 Continue to seek funding for the Central Park Flood Mitigation Project, Laurel 
Creek pump station, and force main outfall for the City and in coordination with 
the JPA Stakeholders; 

 Implement the Central Park Flood Mitigation Project; and 

 Acquire or regulate additional undeveloped properties around Central Park to 
prevent future development impacts (no increase in runoff volume or loss of 
existing floodplain storage). 

Holly Hill 

 Construct additional storage (approximately 11  acres) at the Holly Hill Middle 
School property (when it is phased out) and connect the storage with the Railroad 
and LPGA Canals as practicable; 

 Consider implementing the tide weir-gate at the LPGA Canal outfall in 
coordination with Volusia County as funding becomes available. This weir-gate 
would provide benefits beyond this flood reduction project for potential extreme 
high-tide backflow control, alternative water supply coordination, and potential 
treatment credits with SJRWMD; and 

 Continue to seek funding in coordination with the JPA Stakeholders. 

Daytona Beach 

 Continue to seek funding for the Samuel Butts Park and North Street Pond Projects 
for the City and in coordination with the JPA Stakeholders; 
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 Continue with development of Samuel Butts Park and North Street Pond projects 
as described in this report; 

 Continue to work with FDOT to incorporate the two Nova Road connections and 
outfalls through these facilities (after all storage is implemented); and  

 Continue to coordinate with Volusia County, FDOT, South Daytona, and Port 
Orange on the Navy Canal Diversion project. 

South Daytona 

 Continue to seek funding for project in coordination with the JPA Stakeholders;  

 Purchase CEMEX property in South Daytona and construct an offline storage and 
treatment pond in this location;  

 Coordinate with Volusia County, Daytona Beach, Port Orange, and FDOT on the 
Navy Canal Diversion Project; and  

 Consider implementing the tide weir-gate at the Reed Canal outfall (US-1) in 
coordination with Volusia County and FDOT as funding becomes available. This 
weir-gate would provide benefits beyond this flood reduction project for potential 
extreme high-tide backflow control, alternative water supply coordination, and 
potential treatment credits with SJRWMD (in conjunction with the storage at the 
CEMEX site). If this is implemented, consider piping the Stevens Canal force main 
outfall to east of US-1. 

Port Orange 

 Continue to seek funding for project in coordination with the JPA Stakeholders; 

 Proceed with Buschman Pond, pump station, and force main outfall project; 

 Proceed with expansion of in-system storage projects through acquisition of low-
lying properties that are amenable to construction of new storage ponds;  

 Consider implementing the tide weir-gate and culvert flex valves at the Halifax 
Canal outfall (Nova Road crossing) in coordination with Volusia County and FDOT 
as funding becomes available. This weir-gate and flex valves would provide 
benefits beyond this flood reduction project for potential extreme high-tide 
backflow control, alternative water supply, and potential treatment credits with 
SJRWMD; and 

 Continue to coordinate with Volusia County, FDOT, South Daytona, and Daytona 
Beach on the Navy Canal Diversion project. 
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FDOT 

 Consider addition of storage and treatment for all FDOT projects in the watershed 
including landscape and intersection improvements; 

 Coordinate with and assist Daytona Beach on the Samuel Butts and North Street 
facility connections; 

 Coordinate with and assist Volusia County, South Daytona, and Port Orange on the 
potential implementation of the Reed Canal (US-1) and Halifax Canal (Nova Road) 
tide weir-gates and flex valves as funding becomes available. These weir-gates and 
flex valves would provide benefits beyond this flood reduction project for potential 
extreme high-tide backflow control, alternative water supply, and potential 
treatment credits with SJRWMD; 

 Coordinate with and assist Volusia County, Daytona Beach, Port Orange, and 
South Daytona on the potential Navy Canal Diversion project; and 

 Continue to pursue and support grant funding opportunities with the JPA 
Stakeholders. 

As soon as decisions are made regarding property acquisition and supplemental 
storage, model refinements should be made and designs should proceed to at least a 
30 percent stage to further refine cost estimates and identify utility coordination needs 
and permitting requirements.  More advanced designs should be completed, where 
practical, so that projects are as close to “shovel-ready” as possible when funding 
opportunities arise. 
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Tidal Measurements, Predictions, and Interpolations 
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Figure A-2 Measured, Predicted, and Interpolated Tidal Values
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Figure A-4 Measured vs Predicted Tidal Values - Reed Canal
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Phase 1 
Peak Stage Summary 
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Phase 1 
Peak Flow Summary 
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