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D.0 DRAFT PROJECT OPERATING MANUAL AND MONITORING PLAN 

D.1 PROJECT OPERATING MANUAL 

The main purpose of a draft project operating manual is to describe day-to-day 
water management operations for essentially all foreseeable conditions affecting 
the Caloosahatchee River (C-43) West Basin Storage Reservoir project as 
developed for the Project Implementation Report/Environmental Impact 
Statement (PIR/EIS) Phase.  Modifications to this project operating manual may 
occur during the remaining project phases (Construction, Operational Testing 
and Monitoring, and Long-Term Operations and Maintenance).  Operating 
manual preparation is pursuant to Engineering Regulation 1110-2-240 and is in 
accordance with guidance contained in Engineering Manual 1110-2-3600, 
Engineering Regulation 1110-2-8156, and CERP Programmatic Guidance 
Memorandum #5, “Operating Manuals.”   
 
The Fill Phase for the reservoir will follow the Initial Reservoir Fill Plan, which 
will be developed during design and construction.   
 
All elevations referenced in this draft POM are based on the North American 
Vertical Datum of 1988 (NAVD 1988) unless otherwise noted. 
   
D.1.1 GENERAL PROJECT PURPOSES, GOALS, OBJECTIVES, AND 

BENEFITS 

The purpose of the Caloosahatchee River (C-43) West Basin Storage Reservoir 
project is to address the declining health of the Caloosahatchee River and 
estuarine ecosystem by improving water delivery to the estuary.  The project will 
increase the availability of water for the estuarine system during the dry season 
while reducing excessive high flows during the wet season.  This will result in 
providing a downstream salinity range suitable for a healthy ecosystem that 
promotes estuarine habitat, increased fish and wildlife populations, and 
biological diversity.  
 
D.1.2 PROJECT FEATURES  

D.1.2.1 Existing Features  

(See Figure A-1 of the Engineering Appendix for a map of proposed project 
features) 
 
1. Structure 77 (S-77). This structure is a reinforced concrete, gated spillway 
with discharge controlled by four cable-operated vertical lift gates.   Operation of 
the gates is manually controlled.  The structure is located on Lake Okeechobee 
and is the outlet to the Caloosahatchee River (C-43 Canal).  The purpose of S-77 
is to provide control of regulatory discharge from Lake Okeechobee to the 
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Caloosahatchee River.  In addition, S-77 restricts discharge during floods to 
levels which will not cause damaging velocities downstream, and passes 
sufficient discharge during low-flow periods to maintain stages and to satisfy 
irrigation demands downstream.   
 
Approximately 530 ft west of S-77 is the Moore Haven Lock.  The lock serves to 
facilitate navigation. In addition, the upper gates of the lock also serve as 
hurricane gates; the structure is designated as Hurricane Gate No. 1 of the Lake 
Okeechobee levee system.    
 
2. Structure 78 (S-78). This structure is a reinforced concrete, gated spillway 
with discharge controlled by two cable-operated vertical lift gates and two 
tainter gates.  The structure is located in Glades County, near Ortona, Florida.  
S-78 is in the existing by-pass channel adjacent to the Ortona Lock.  The Ortona 
Lock is also part of the Lake Okeechobee Waterway. The purpose of S-78 is to 
maintain optimum upstream water stages in the Caloosahatchee River (C-43 
Canal).  S-78 also controls discharges during 30 percent standard project flood 
events without exceeding desirable stages, and passes lake regulatory releases 
without exceeding desirable stages or velocities. 
 
3. Structure 79 (S-79). This structure is a reinforced concrete, gated spillway     
with discharge controlled by eight chain-operated vertical lift gates and a 
reinforced concrete lock with two sets of sector gates. The lock, W.P. Franklin 
Lock, is located south and adjacent to S-79.  The lock is also part of the Lake 
Okeechobee Waterway.   Operation of one of the spillway gates is automatically 
controlled to ensure the gate is operated in accordance with operational criteria.  
S-79 is located on the Caloosahatchee River (C-43 Canal) about 30 miles west of 
S-78 and about 7 miles upstream of the Caloosahatchee Estuary.  The purpose of 
S-79 is to maintain optimum upstream water stages between 2.8 and 3.2 
National Geodetic Vertical Datum of 1929 (NGVD) in the Caloosahatchee River 
(C-43 Canal).  
 
4. Townsend Canal.  The canal will serve as an intake and discharge canal to 
the reservoir.   The Townsend canal borders the western side of reservoir cell 1.  
Currently, the canal has a flap gate weir structure to provide flood conveyance 
for the citrus operations south of the reservoir.  In 2003, SR 80 bridges were 
replaced which allowed for increased flow in the Townsend Canal.  Two 
additional flap gates will be installed on the flap gate weir structure to provide 
capacity for pumping rates of 1500 cfs at C43PS-1.  In addition, the canal 
provides irrigation water during the dry season for citrus production on the 
following properties: Berry Groves, Griffin, and the MG Paul & Duda Property 
(all in ownership of SFWMD—South Florida Water Management District).  
Upon completion of construction, proposed pump station, C43-4 will provide 
water supply to adjacent landowners.  
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D.1.2.2 Proposed Features 

(See Figure A-1 of the Engineering Appendix for a map of proposed project 
features)  
 
1. Caloosahatchee River (C-43) West Basin Storage Reservoir. This will be a 

two-celled reservoir designed to contain approximately 170,000 acre-feet of 
storage.  Cell 1 will be located in the western portion of the reservoir; Cell 2 is 
the eastern portion.  The purpose of the reservoir is to improve water 
deliveries to the estuary, provide for dry season flow, reduce magnitude of 
wet season high volume flows, restore downstream salinity levels and ensure 
the availability of water for the natural system needs of the Caloosahatchee 
Estuary. 

 
2. Pump Station 1(C43PS-1). This will be a 1500 cfs (cubic feet per second) 

capacity pump station that will provide inflow to Cell 1of the reservoir. 
C43PS-1 will consist of two 250 cfs pumps and two 500 cfs pumps. C43PS-1 
will pump water from the Townsend Canal (intake canal) to the reservoir. All 
pumps are diesel powered.  C43PS-1 will be located in the northwest corner 
of the reservoir. 

 
3. Perimeter Canal.  This canal is adjacent to the reservoir on the south, east, 

and north sides.  The Townsend Canal serves as the "Perimeter Canal" on the 
west side.  The Perimeter Canal will provide the following: 

● Route drainage around both the reservoir and the Roberts Canal
●  Provide water to the Paul property, Banana Branch, and the Fort 

 Simmons Branch  
●  Minimize water table impacts to land surrounding the reservoir

 ● Collect any seepage from the reservoir
 
4. Pump Station 4 (C43PS-4). This will be a 195 cfs capacity pump station that 

will maintain the stage in the Perimeter Canal for seepage control and to 
maintain pre-project water supply to the neighboring landowners.  The 
purpose of the C43S-4 is for water supply to the neighboring landowners and 
to maintain the stage in the Perimeter Canal for seepage control.  The 
C43PS-4 site will be adjacent to the southwest corner of the reservoir at the 
southern limit of SFWMD property.  The C43PS-4 discharge will be conveyed 
to the Perimeter Canal through a conveyance canal paralleling the toe slope 
of the reservoir embankment.  

 
The following are assumed for the design of C43PS-4: 

 
• Normal Dry Season Stage;   0.0 ft  
• Design Low Water Stage:    -3.0 ft  
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• Design High Water Stage:  +3.0 ft  
• Design Upper Pool  Stage:  +23.5 ft  

5. Perimeter Canal.  This canal is adjacent to the reservoir on the south, east, 
and north sides.  The Townsend Canal serves as the "Perimeter Canal" on the 
west side.  The Perimeter Canal will provide the following: 
• Route drainage around both the reservoir and the Roberts Canal.  The 

Roberts Canal/Banana Branch Canal traverses through the Berry Grove 
and discharges downstream into the Caloosahatchee River.  The reservoir 
bisects the Roberts/Banana Branch Canal; therefore, flow from the 
Roberts Canal will be re-routed through the perimeter Canal and 
discharged to the Banana Branch Canal through C43S-7. 

• Provide water to the Bob Paul property to the east, Banana Branch, and 
the Fort Simmons Branch   

• Minimize water table impacts to land surrounding the reservoir 
• Collect any seepage from the reservoir 

 
6. Discharge Structure 1 (C43S-1).  This structure is the main outflow structure 

for Cell 1.  This structure will be located in the northwest corner of the 
reservoir in Cell 1.  C43S-1 will discharge into the northern segment of the 
Perimeter Canal   

 
7. Discharge Structure 8 (C43S-8).  This structure is the main outflow structure 

for Cell 2.  This structure is located in the northwest corner of the reservoir in 
Cell 2.  C43S-8 will discharge into the north Perimeter Canal   

 
8. Uncontrolled Crest Spillway 1 (C43CS-1).  This structure is located on the 

west side of Cell 1 and discharges into the Townsend Canal The purpose of 
C43CS-1 is to discharge Cell 1 water when Cell 1 water level exceeds 42.0 ft. 

 
9. Uncontrolled Crest Spillway 2 (C43CS-2). This structure is located in the 

northwest corner of Cell 2, just east of C43S-8.  Like C43CS-1, the purpose of 
C43CS-2 is to discharge Cell 2 water when Cell 2 water level exceeds 42.0 ft. 

 
10. Culvert 12 (C43S-12).  This structure is located in the interior berm between 

Cells 1 and 2 of the reservoir.  C43S-12 will convey half the C43PS-1 pump 
capacity of 1500 cfs.    C43S-12 will consist of three 6ft x 10 ft barrels.  If one 
barrel of the structure is out of service the other barrels will convey 750 cfs 
between the cells .The primary function of the structure is to convey water 
between the cells and allow the cells to operate independently if necessary.  If 
one of the cells needs to be dewatered for maintenance, C43S-12 may be 
closed to isolate the cells  

  
11. Culvert 3 (C43S-3).  This structure is located in the southeast portion of the 

Perimeter Canal.  C43S-3 will consist of a double-barrel 10 ft x 10 ft box 
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culvert.  One barrel will have an independent intake structure consisting of a 
10 ft x 10 ft sluice gate and the other barrel will have a 10 ft x 10 ft weir gate 
with allowance for a 5 ft high weir opening.  The purpose of the weir gate is 
to maintain a constant water surface elevation of 23.5 ft upstream of C43S-3 
and pass the base flow of 28 cfs.  The weir gate is capable of passing the peak 
design flow of 195 cfs which is the flow pumped via C43S-4, plus base flow 
(seepage) of 28 cfs should the sluice gate be removed for maintenance.  This is 
also true should the weir gate be removed from service.  Redundancy was 
incorporated into the C43S-3 design to allow the peak design flow to pass 
even if one of the gates is removed from service for maintenance. 

 
12. Spillway 10 (C43S-10).  This structure is located on the northern segment of 

the Perimeter Canal.  C43S-10 will be a concrete spillway with one 14 ft x 
10ft vertical roller gate and two 10ft x 10ft weir gates to control flow within 
the Perimeter Canal.    Note the design flow received by the Perimeter Canal 
from the Roberts Canal will be conveyed and discharged into the Banana 
Branch Canal reaching to C43S-10.   

 
The Perimeter Canal between C43S-3 and C43S-10 has a varying channel 
bottom elevation.  Tailwater elevation during normal water levels (NWL) at 
C43S-3 and C43S-10 is 19 ft.  During HWL the tailwater at both of these 
structures is 15.5 ft.    
 
The vertical roller gate alone, or in combination with the weir gates, is 
capable of handling the flows required to achieve drawdown.  The vertical 
gate can fully manage the required drawdown discharge with a gate opening 
of 3.1 ft during NWL conditions.  In the event of high water conditions, the 
gate opening would be approximately 3.6 ft, since the gate is operating under 
submerged controlled flow conditions. 

 
13. Spillway 11 (C43S-11). This structure is the largest of the Perimeter Canal 

structures.  C43S-11 consists of a reinforced concrete spillway with two 14 ft 
W x 8 ft H vertical roller gates and two 10 ft x 8 ft weir gates to control flow 
through the Perimeter Canal, ultimately to the Townsend Canal.  Unlike 
C43S-3, and C43S-10, and C43S-11, has limited redundancy.  Should a 
vertical roller gate be removed from service, the weir gates provide a 
discharge capacity that is less than normal daily operations. 

 
The two proposed weir gates, in addition to the vertical roller gates, will be 
capable of discharging up to the normal daily discharge flow of 500 cfs should 
a vertical roller gate be removed for service.  The weir gates will be set to 
maintain a water elevation of 15 ft upstream of C43S-11.   
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14. Culvert 7 (C43S-7).  This structure is double barreled with a weir set for 
normal operations and a gate for larger releases during storm events.  This 
culvert will be constructed to prevent flooding and to maintain historic flows 
in the Fort Simmons Branch Canal (located north of reservoir) that are 
necessary to maintain existing environmental conditions. 

 
C43S-7 is located at the intersection of the upstream end of Banana Branch 
Canal and the Perimeter Canal.  It consists of a double 10 ft x 10 ft box 
culvert with one sluice gate and one weir gate.  The headwater elevation for 
NWL is 19.25 ft and 20 ft for HWL.  Tailwater elevation for NWL is 15.1 ft 
and 18.5 ft for HWL.  With an invert elevation of 12 ft, the HWL conditions 
are contained within the box culvert height.   

 
15. Culvert 9 (C43S-9). This structure is a double-barreled 6ft W x 6ft H box 

culvert that conveys flow from the Perimeter Canal to the Fort Simmons 
Branch Canal which discharges into the Caloosahatchee River.  Inlet control 
used for C43S-9 is a sluice gate and a weir gate.  The weir gate is used to 
allow base flow to pass.  The sluice gate is used to pass design flows greater 
than the base flow.  C43S-9 has no redundancy; therefore, maintenance of the 
sluice gate would require special consideration and must be done during low 
flow periods.  Therefore, both gates must be operational to convey flows 
greater than base flow. 

 
16. Culvert 14 (C43S-14):  This structure is a 10ft W x 6ft H single barrel box 

culvert with a sluice gate which conveys water from the LPDD Header Canal 
to the Perimeter Canal to serve the Bryan Paul Property.  

 
The tailwater elevation for this structure is the tailwater elevation for C43S-
10 which is 19 ft for NWL and 20 ft for HWL.  HWL flow from the header 
canal will be contained within the box culvert.  The flow regime for discharge 
from C43S-14 is between Submerged Controlled Flow and Free 
Controlled Flow as tailwater, which is roughly 0.5 ft above the gate sill, and 
has a limited effect upstream of C43S-14. 

 
17. Culvert 15 (C43S-15):  The Roberts Canal/Banana Branch Canal traverses 

through the Berry Grove and discharges into the Caloosahatchee River.  The 
reservoir bisects the Roberts/Banana Branch Canal; therefore, flow from the 
Roberts Canal will be re-routed through the Perimeter Canal and discharged 
to the Banana Canal through C43S-7.  The Roberts Canal discharges into the 
Perimeter Canal downstream of C43S-3.  Flow from the Roberts Canal is 
conveyed through C43S-15 which consists of a double 10 ft x 8 ft box culvert 
with an independently operated sluice gate and weir gate. 
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D.1.2.3 Removed Features 

There are many small structures within the reservoir footprint that will be 
removed or demolished.  Most of these are small pump stations.  Several larger 
pump stations along the Labelle Private Drainage District (LPDD) Header 
Canal will also be removed.   This includes the 340 cfs Berry Groves No. 1 and 
No. 2 pump stations that lift water from the Townsend Canal to the Header 
Canal (the Header Canal bisects, from east to west, the reservoir).  However, the 
Berry Groves No. 1 and No. 2 pump stations in the Header Canal cannot be 
removed until C43S-4 and the Perimeter Canal are constructed and operational.  
This is to ensure that a continuous supply of irrigation water can be provided to 
the Bob Paul Properties. 
 
D.1.3 PROJECT RELATIONSHIPS 

Project operations will be dependent upon the stage in the Caloosahatchee River 
upstream of S-79, Lake Okeechobee, the conditions at S-77, S-78, S-79, and the 
estuary.  All of these locations are affected primarily by seasonal and short-term 
hydrologic and climatic conditions. 
 
S-77, S-78, and S-79 are operated by the U. S. Army Corps of Engineers 
(USACE) based on the current Water Control Plan for Lake Okeechobee and 
Everglades Agricultural Area (USACE, July 2000).  The water control plan 
contains the Lake Okeechobee regulation schedule referred to as WSE (Water 
Supply and Environmental), and was developed to provide increased operational 
flexibility, and to optimize environmental benefits with minimal or no impact to 
competing Lake Okeechobee uses.  WSE incorporates tributary hydrologic 
conditions and climate forecasts into operational guidelines.  The WSE 
regulation schedule is used in conjunction with the Operational Guidelines 
Decision Tree.  Refer to Figure D-1 and Figure D-2 for details. 
 
The WSE schedule has multiple operational Zones (A through E) which 
correspond to Lake Okeechobee stages throughout the calendar year.  (Refer to 
Figure D-3 for details.)  The WSE schedule uses a decision tree that indicates 
whether or not regulatory releases are required.  Discharges at higher lake 
stages (Zones D and above) are determined based on meteorological forecasts, 
the effects of climate outlooks on the ecosystems, and review of regional 
hydrologic conditions.  Technical information is provided by an interdisciplinary 
group of scientists, engineers, and resource managers, while release decisions 
are made by USACE in accordance with WSE guidelines (USACE 1999).  
However, the current schedule has required the USACE to deviate on occasion 
from the WSE.  Therefore, in an effort to improve the regulation schedule, an 
effort to improve the regulation schedule (the Lake Okeechobee Regulation 
Schedule Study (LORSS)) is currently well underway.  A draft Water Control 
Plan and Environmental Impact Statement was released for public and agency 
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review in October 2006.  A revised draft was released to the public and agency 
review in July 2007.    

 

 
FIGURE D-1:  WSE OPERATIONAL GUIDELINES 
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FIGURE D-2:  WSE OPERATIONAL GUIDELINES FOR DISCHARGE TO THE 

CALOOSAHATCHEE ESTUARY 
 
Within the WSE is an Operational Guidelines Decision Tree for discharge to the 
Caloosahatchee Estuary (Figure D-2).  The range of water released to the 
Caloosahatchee estuary in the decision tree is from “up to maximum discharge” 
in the case where the lake is in Zone A of the regulation schedule, and "no 
discharge to tidewater" when the lake is in Zone D and the tributary conditions 
are dry.  The operational flexibility of the WSE schedule allows for adjustments 
to be made in the timing and magnitude of Lake Okeechobee regulatory 
discharges based on conditions in the lake and in the tributary basins, and on 
extended meteorological and climate outlooks.  For example, if the outlook 
suggests that drought conditions are likely, water might be held in the lake; if 
the outlook suggests higher than average rainfall, water might be released.  The 
decision criteria in Figure D-1 and Figure D-2 are the starting points from 
which operational decisions are made. (USACE, 2000). 
 
SFWMD has further defined a process, termed Adaptive Protocols for Lake 
Okeechobee Operations, for implementing opportunities for operational 
flexibility that exist in the WSE schedule that address non-regulatory releases of 
water for  fish and wildlife protection and salt water management.  The key 
feature of decisions made under the Adaptive Protocols is balancing water 
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supply, flood protection, and environmental protection, within the constraints of 
the approved WSE schedule and Water Control Plan for Lake Okeechobee.  The 
overall purpose of the Adaptive Protocols is to provide information to system 
operators for greater protection of Lake Okeechobee and downstream ecosystems 
including the Caloosahatchee Estuary, while continuing to provide a reliable 
supply of water for agricultural and urban areas that depend on the lake.  
Adaptive Protocols are proposed to be implemented where the WSE schedule 
indicates that water must be released from the lake, but does not indicate the 
exact amount.  Adaptive Protocols are also proposed when the Lake Okeechobee 
Water Control Plan authorizes releases of water from Lake Okeechobee for 
water supply, fish and wildlife protection, and salt water management (USACE, 
2000). 
 

FIGURE D-3:  WSE REGULATION SCHEDULE 
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D.1.4 MAJOR CONSTRAINTS   

1.  S-77, S-78, and S-79 Operations.  Releases are made in accordance with the 
Lake Okeechobee operation schedule.  In addition, releases are made as required 
to maintain the optimum tailwater elevation of 11.1 ft.  S-78 maintains the 
upstream stages in the Caloosahatchee River (C-43 Canal).  The optimum stage 
for S-78 is between 10.6 ft and 11.5 ft.  If the optimum stages at these structures 
are exceeded, releases from the reservoir may be reduced until stages are within 
the optimum range. 
 
2.  Caloosahatchee Estuary minimum flows and levels (MFL).  The minimum 
flow is defined as the “limit at which further withdrawal would be significantly 
harmful to the water resources or ecology of the area. . .”  MFL criteria for the 
Caloosahatchee River are based on maintaining freshwater base flows to the 
upper reaches of the Caloosahatchee Estuary.  This will prevent excessive 
salinity levels in the estuary from causing significant harm to submerged 
aquatic vegetation and fish and invertebrate communities.  Compliance with the 
MFL may limit, at times, the amount of water that can be pumped into the 
reservoir.   
  
D.1.5 STANDING INSTRUCTION TO PROJECT OPERATORS 

Once the operational testing and monitoring phase of the Caloosahatchee River   
(C-43) West Basin Storage Reservoir project is complete, SFWMD will be 
responsible for the day-to-day water management operations of the newly 
constructed project features.  During normal conditions, the project structures 
shall be operated in accordance with the approved operating manual (draft and 
project).  Elevations in the plan shall be followed.  Deviation from the normal 
operations will be permitted as stated in Section D.1.12.1.  More complete details 
will be provided in future revisions to the Draft Project Operating Manual in a 
separate exhibit as stated in CERP Programmatic Guidance Memorandum 5 
(“Operating Manuals”). 
 
D.1.6 OPERATIONAL STRATEGY TO MEET PROJECT OBJECTIVES 

D.1.6.1 Achieving Natural System Goals, Objectives, and Benefits 

The Caloosahatchee River is the primary source of water to the Caloosahatchee 
Estuary.  The conceptual intent of the project is for the reservoir to be operated 
to store excess runoff and discharges from Lake Okeechobee and to deliver water 
to the Caloosahatchee River (C-43 Canal) based on maintaining desirable 
salinity levels in the Caloosahatchee Estuary System as measured by flows at   
S-79.   
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Early Dry Season (November through January):   
• When the flow measured at S-79 is less than 450 cfs and the reservoir 

water elevation is between 29.0 and 42.0,   C43S-8 will be partially opened 
to allow releases from the reservoir.  C43PS-1 will be off. 

• When the flow measured at S-79 is less than 450 cfs, and the reservoir 
water elevation is between 19.2 and 29.0, C43S-8will be opened to allow 
releases.  C43PS-1 will be off.  

• When the flow measured at S-79 is greater than 450.0 cfs, and the 
reservoir water elevation is between 29.0 and 42.0, C43S-1 will be closed, 
C43PS-1 will begin pumping to the reservoir. 

Late Dry Season (February through May): 
• When the flow measured at S-79 is less than 450 cfs and the reservoir 

water elevation is between 29.0 and 42.0.   C43S-1 will be opened to allow 
releases from the reservoir.  C43PS-1 will be off. 

• When the flow measured at S-79 is greater than 450.0 cfs, and the 
reservoir water elevation is between 19.2 and 29.0,  C43S-1 will be closed, 
C43PS-1 will begin pumping to the reservoir. 

 
Early Wet Season (June through July):   
• When the flow measured at S-79 is less than 450 cfs and the reservoir 

water elevation is between 29.0 and 42.0,   C43S-1 will be opened to allow 
releases from the reservoir.  C43PS-1 will be off. 

• When the flow measured at S-79 is greater than 450.0 cfs, and the 
reservoir water elevation is between 19.2 and 29.0,  C43S-1 will be closed, 
C43PS-1 will begin pumping to the reservoir. 

Late Wet Season (August through October): 
• When the flow measured at S-79 is less than 450 cfs and the reservoir 

water elevation is between 29.0 and 42.0,   C43S-1 will be opened to allow 
releases from the reservoir.  C43PS-1 will be off. 

• When the flow measured at S-79 is greater than 450.0 cfs, and the 
reservoir water elevation is between 19.2 and 29.0, C43S-1 will be closed, 
C43PS-1 will begin pumping to the reservoir. 

 
Water management operations outlined above are associated with the 
traditional/normal understanding of dry and wet season patterns.  However, 
there will be dry and wet periods outside of the traditional seasons in which the 
water resource will be managed as stated above.   
 
Please note that more detailed operations will be developed for this POM upon 
following further analyses. 
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D.1.6.2 Flood Damage Reduction 

D.1.6.2.1 Normal and Emergency Operations 

Flow in the Perimeter Canal and releases to the Townsend Canal, Fort Simmons 
Canal, and the Banana Branch Canal are managed using multiple gate and weir 
structures.  These structures are described in Section D.3.2. 
 
The main goal of the Caloosahatchee River (C-43) West Basin Storage Reservoir 
project is not flood protection. As an incidental benefit, project operations may 
possibly include reduced flows and stages in the SR 29 Canal during large storm 
events. 
 
D.1.6.2.2 Hurricane or Tropical Storm Operations 

The hurricane season is from 1 June through 30 November.  When there are 
tropical depressions, tropical storms, and/or hurricanes in the 
Atlantic/Caribbean Basin or Gulf Coast of Florida, the National Hurricane 
Center (NHC) issues tropical cyclone public advisories, forecast advisories, 
forecast discussions, and strike probability forecasts. Water Management 
operations within the Caloosahatchee River (C-43) West Basin Storage Reservoir 
project area for hurricanes or tropical storms should follow Water Management 
SFWMD Emergency Preparedness Manual – Suggested Hurricane Operating 
Procedures, April 2004.  The USACE Jacksonville District Emergency 
Operations Standard Operating Procedures document (CESAJ SOP 500-1-1) 
should also be consulted for emergency preparedness and actions. 
 
D.1.6.2.3 Storage Area Weir Discharge 

The Perimeter Canal structures are C43S-3, C43S-10, and C43S-11.  These 
structures are designed to pass flows along the Perimeter Canal.  C43S-3 is a 
culvert structure and contains both a weir gate and a slide gate.  C43S-10 and 
C43S-11 are gated spillway structures.  Both structures have weir gates and 
roller gate(s).  The weir gates for all three structures can be adjusted at each of 
the structures to provide proper headwater elevations in the Perimeter Canal.  
The weir gates can be adjusted to at least 5 ft.  Although the weir elevations 
have been established by modeling analyses and will be set at these elevations 
initially, it is anticipated that adjustments will be required to meet the “field” 
conditions that will likely change over time, i.e., the adjacent property may be 
developed as opposed to farmed.  For normal day-to-day operations, the weirs 
will remain at a constant elevation and will pass rainfall events up to the 25-
year storms without opening the slide or roller gates.  The slide or roller gates 
will be adjusted by telemetry to allow for discharges that vary based on demands 
at S-79 and flows during storm events. 
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D.1.6.2.4 Uncontrolled Discharge 

Each cell of the reservoir has an ungated service spillway with a crest elevation 
42 ft.  C43CS1 is located on the west side of Cell 1 and discharges to the 
Townsend Canal.  C43CS-2 is located just east of C43S-8 in the northwest corner 
of Cell 2 and discharges to the Perimeter Canal.  Both of these spillways consist 
of a single 50 ft. long weir structure.  Any inflows to the reservoir that raise the 
water level above 42 ft. will discharge from the structure without the use of 
outlet gates. 
 
D.1.6.3 Water Quality 

To minimize the potential for inadvertently causing a water quality problem 
within the reservoir or downstream, it is important that the operations plan 
include mechanisms to prevent or minimize potential water quality problems 
within the reservoir such as thermal stratification, low dissolved oxygen, and 
algae blooms.  Fortunately, some measures to enhance water quality in the 
reservoir and in the discharge water can be incorporated into future operations 
with little cost to the project given the reservoir’s design.  Below is an example 
list of water quality problems and measures that might be considered to reduce 
their impact to water quality both within the reservoir and downstream. 
 

1. Measures to Control Thermal Stratification: 
a. Periodic pulse inflows to Cell 1 to disrupt thermal setup in this cell. 
b. Periodic pulse discharges from lower discharge ports to induce 
 mixing of upper and lower water column water.  (Combine with 
 upper discharge port discharges to meet DO standards.) 
c. Operation of Cell 1 and Cell 2 semi-independently to transfer water 
 between cells and disrupt thermal setup. 

2. Measures to Increase Dissolved Oxygen in Discharge Water: 
a. Discharge from upper port to allow greatest turbulence and re-
 aeration potential. 
b. Discharge from upper and lower ports to blend high DO water with 
 low DO water. 
c. Install re-aeration mixers to increase DO in reservoir prior to 
 discharge. 

3. Measures to Reduce the Impact of Reservoir Algal Production: 
a. Induce mixing of upper photic zone water with lower water to 
 reduce phytoplankton production. 
b. Reduce discharges when reservoir Chl-a exceeds receiving water 
 Chl-a concentration or 11 ug/L. 
c. Installation of aeration devices to reduce algal production 
d. Careful application of algaecides. 
e. Introduction of phytophageous fish or other biological controls to 
 limit phytoplankton. 
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Some of these example water quality measures may not be necessary, desirable, 
or perhaps effective.  To assist in the development of operational water quality 
measures, the project includes a water quality monitoring plan for sample 
collection at the reservoir outfall and downstream in the estuary.  Water quality 
data will be matched with operational information and analyzed to determine 
which operations schemes provide the best water quality conditions.  Once 
sufficient water quality data is collected, these operational schemes might then 
be optimized using a reservoir water quality model specifically adapted to this 
project. 
 
In the event that during operations, the discharge water does not meet water 
quality standards, the DEP will be notified and the reservoir operations will be 
modified in an attempt to meet standards.  If the operational modifications do 
not eliminate the standards violation(s), discharges will cease (if this can be 
done with no threat to human life) and the DEP will be further consulted. 
 
D.1.6.4 Water Supply Operations 

The reservoir is within the LaBelle Private Drainage District (LPDD) service 
area.  The LPDD has historically served both the Berry Groves property and the 
Bob Paul property by pumping water from the Townsend Canal to the Header 
Canal.  Project implementation will transfer an existing legal source of water 
available to the Bob Paul property from the existing Header Canal to the 
project’s Perimeter Canal.  With the project in place, a portion of the Header 
Canal will become part of the project footprint.  To continue to provide an 
irrigation source to the Bob Paul property, which currently pumps irrigation 
water from the Header canal and the Crawford canal, C43PS-4 was included in 
the reservoir perimeter canal to pump water from the reservoir to the east to the 
remaining Header canal segment, assuring that the same volume of water will 
still be available.  The Crawford Canal will still be available to the Bob Paul 
property and is not affected by the project.  The existing Berry Groves No. 1 and 
No. 2 pump stations will remain in operation until C43PS-4 and the Perimeter 
Canal are constructed and operational.   
 
D.1.6.5 Recreation 

There are some recreational facilities in or adjacent to the C43BSR.  SFWMD 
intends to allow certain types of recreational use in the impoundments, these 
plans are currently being prepared (see Appendix H – Recreation Plan).  
However, there will be no specific operations to provide for recreation. 
 

Final Caloosahatchee River (C-43) West Basin Storage Reservoir PIR and Final EIS September 2007 
D-15 



Annex D Draft Project Operating Manual and Monitoring Plan 

D.1.6.6 Fish and Wildlife 

The reservoir does not have specific water management operations to enhance 
fish and wildlife resources within project features.  Areas of the project that will 
remain hydrated, even during periods of low water, include the Perimeter Canal 
and existing drainage/irrigation canals that will remain intact during 
construction.  In addition, features that will enhance fish and wildlife resources 
are the littoral areas that will be constructed within the Perimeter Canal.  
However, no special operations will be required for the hydration of these areas.  
Pre-project flows will be maintained for the Roberts Canal and Banana Branch 
Canal. 
 
The West Indian manatee is a federally endangered species.  Therefore, special 
considerations will be implemented during design and construction of the 
project.  All pump stations and outfalls will be designed to prevent manatees 
from entering the system.  Because manatees are known to inhabit the 
Caloosahatchee River (C-43 Canal) and Townsend Canals, special construction 
precautions will be used to safeguard these animals.  Once construction is 
complete, no special operations will be necessary to protect the manatees. 
 
Construction precautions will be implemented to protect various federally 
protected species such as the Florida panther, Eastern indigo snake, wood stork, 
and Audubon's crested caracara.  Although no special operations will be 
necessary for any of these species, operators will be required to follow a set of 
operational guidelines designed to protect nesting wading birds against severe 
water rising or lowering which could affect the integrity of the nests. 
  
D.1.6.7 Navigation 

The Okeechobee Waterway traverses the state from the Gulf of Mexico to Lake 
Okeechobee via the Caloosahatchee River (C-43 Canal) and from Lake 
Okeechobee to the Atlantic coast via the St. Lucie (C-44) Canal.  Project 
operations should not adversely affect maximum or minimum navigational 
depths in the Caloosahatchee River (C-43 Canal).  C43PS-1 will not be operated 
to deliver water from the Caloosahatchee River (C-43 Canal) to the reservoir 
when the Caloosahatchee River (C-43 Canal) upstream of S-79 is below 2.8 ft. 
NGVD.  Therefore, operation of the project will not adversely affect navigational 
on the Okeechobee Waterway.   
 
D.1.7 PRE-STORM/STORM OPERATIONS 

If a heavy rainfall is forecast for the Caloosahatchee River (C-43) Basin, the 
main pump station (C43PS-1) will be placed on standby.  If a storm occurs and 
there is capacity in the reservoir, normal operating conditions will be in effect. 
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D.1.8 CONSISTENCY WITH THE IDENTIFICATION OF WATER AND 
RESERVATIONS OR ALLOCATIONS OF WATER FOR THE NATURAL 
SYSTEM 

The operating criteria within this Draft POM are consistent with the operating 
criteria used to identify the water reservations or allocations for the natural 
system to be made by the State of Florida in accordance with WRDA 2000.   
Refer to Annex C for details regarding the assumptions utilized in the technical 
procedures for identifying water to be reserved or allocated by the State.  The 
project will be operated consistent with the assumptions set forth in Section 
C.2.1.2 and with the identification of water as set forth in Table C-3 of Annex C.   
 
D.1.9 CONSISTENCY WITH SAVINGS CLAUSE AND STATE ASSURANCES 

PROVISIONS 

The project has been designed to be operated so that there will be no adverse 
impacts on sources of water at the project (basin) level.  Project implementation 
will transfer an existing legal source of water available to the Bob Paul property 
from the existing Header Canal to the project’s Perimeter Canal.  With the 
project in place, a portion of the Header Canal will become part of the project 
footprint.  To continue to provide an irrigation source to the Bob Paul property, 
which currently pumps irrigation water from the Header canal and the Crawford 
canal, C43PS-4 was included in the reservoir perimeter canal to pump water 
from the reservoir to the east to the remaining Header canal segment, assuring 
that the same volume of water will still be available.  The Crawford Canal will 
still be available to the Bob Paul property and is not affected by the project.  The 
existing Berry Groves No. 1 and No. 2 pump stations will remain in operation 
until C43PS-4 and the Perimeter Canal are constructed and operational.  The 
savings clause analysis will be updated to ensure continued compliance with the 
Savings Clause once the project becomes operational.   
  
D.1.10 DROUGHT CONTINGENCY PLAN (DCP) 

During a drought in the Caloosahatchee River (C-43) Basin or project area, 
operations will be modified in accordance with SFWMD Rules, Chapter 40E-21 
F.A.C., Water Shortage Plan. 
 
D.1.11 FLOOD EMERGENCY ACTION PLAN 

The Flood Emergency Action Plan will be completed for the C43BSR Project 
prior to construction completion.  The purpose of the Flood Emergency Action 
Plan is to describe the procedures to be followed in the event of a reservoir 
failure.  The Flood Emergency Action Plan to be developed should be consulted 
for related emergency preparation and action.  Local emergency management 
offices will be provided copies of the Flood Emergency Action Plan as necessary.  
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This plan may be used to supplement Hurricane or Tropical Storm Regulations.  
As outlined in Engineering Regulation 1130-2-530, the Flood Emergency Action 
Plan shall include: 
 

• A written Emergency Notification Procedure for serious abnormal 
conditions to provide for the safety of people near the storage area and 
trigger immediate response for remedial assistance to the levee/water 
control structure 

• A description or list of conditions leading to emergency situations and 
ways of dealing with them should they occur 

• Storage area dewatering procedures 
• Levee/water control structure failure inundation maps 
• Listing of location, types, and quantity of emergency repair materials and 

equipment 
• Details outlining responsibilities for inspection and execution of 

emergency repairs 
• List of contractors available within a reasonable distance of the project 

area 
 
D.1.12 DEVIATION FROM NORMAL REGULATION 

The USACE, Jacksonville District Engineer is occasionally requested to deviate 
from the normal regulation of the project.  Prior approval for a deviation is to be 
obtained from the Jacksonville District Office (SAJ) except as noted below.  In 
turn, SAJ will obtain the necessary approvals from the South Atlantic Division 
(SAD) except as noted below.  Deviation requests usually fall into the following 
categories. 
 
D.1.12.1 Emergencies 

Some expected emergencies include drowning and other accidents, failure of 
project facilities, and flushing of pollutants.  Antecedent conditions as well as 
forecasted storm events may result in SFWMD declaring an Emergency 
Authorization Order, which would result in an Emergency Deviation.  Necessary 
action under emergency conditions is taken immediately unless such action 
would create an equal or worse condition.  SAJ should be informed as soon as 
practicable.  Written confirmation should be furnished after the incident.  SAJ 
will report these deviations to SAD. 
 
D.1.12.2 Unplanned Minor Deviations 

There are unplanned instances where there is a temporary need for a minor 
deviation from normal regulation, albeit these instances are not considered 
emergencies.  A change in releases is sometimes necessary for construction, 
maintenance, or inspection.  These requested deviations are usually for the 
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duration of a few hours to a few days.  Each request is analyzed on its own 
merit.  Consideration is given to upstream watershed conditions, potential flood 
threat, conditions of lakes, and possible alternative measures.  In the interest of 
maintaining good public relations the request is typically recognized, providing 
there are no adverse effects on the overall project regulation for authorized 
project purposes.  Approval for minor deviations will normally be obtained from 
the Jacksonville District by telephone.  A written confirmation will be furnished 
after the deviation is completed.  SAJ will report these deviations to SAD. 
 
D.1.12.3 Planned Deviations 

Each circumstance should be analyzed on its own merits.  Sufficient data on 
flood potential, lake and watershed conditions, possible alternative measures, 
benefits to be expected, and probable effects on other authorized and useful 
purposes, coupled with the USACE district recommendation, will be presented 
by memorandum, facsimile, or electronic mail to the USACE-SAD for review and 
approval.  In addition, the non-Federal sponsor, the State of Florida (FDEP and 
SFWMD), and the Department of the Interior should be consulted as part of the 
process of receiving approval from SAD for the deviation. 
 
D.1.13 RATE OF RELEASE CHANGE 

Control structures should be opened and closed gradually.  This technique 
provides an even transition to the new flow regime and minimizes hydraulic 
effects downstream.  Special attention should be given to the maximum gate-
opening curve for each structure to ensure the tailwater has a chance to build up 
before large-scale openings are made. 
 
D.1.14 SEEPAGE CONTROL 

The perimeter embankment is designed to include a soil-bentonite wall that is 
vertically tied into the clay layer that underlies the project site.  An internal 
drain is also designed to gather seepage that passes through the soil-bentonite  
wall/or through the foundation soils.  The internal drain has intermittent  
discharge pipes that drain to the Perimeter Canal. 
 
Offsite seepage will be monitored using piezometers that are already installed 
around the perimeter of the reservoir footprint.  Groundwater level data is being 
acquired on a monthly basis and used to establish baseline groundwater 
elevation conditions.  These piezometers will be used during and following 
construction of, and filling of the reservoir to evaluate the impacts (if any) of the 
reservoir on the offsite groundwater table conditions.  Should the piezometers 
indicate groundwater mounding occurring offsite, the surface water levels in the 
Perimeter Canal will be adjusted (lowered).  Effects on offsite conditions due to 
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the lowering of the water table will be monitored and further adjustments will 
be made on an as-needed basis.  
 
D.1.15 INITIAL RESERVOIR/STORAGE/TREATMENT AREA FILLING PLAN 

The Initial Storage Area Filling Plan (ISAFP) is defined as the deliberate 
impoundment of water to meet project purposes. It is a continuing process as 
successively higher water levels are attained.  The initial reservoir filling is the 
first test of containing levees and water control structures to perform the 
function for which they were designed.  In order to monitor this performance, the 
rate of filling will be controlled to the extent feasible to allow as much time as 
needed for a predetermined monitoring program including the observation and 
analysis of instrumentation data.  Information furnished in the ISAFP will 
generally be concerned with action that can be taken without a significant 
impact to project purposes, provided no unsafe conditions are observed.  An 
ISAFP will be developed during design and construction.  This plan will include, 
but is not limited to, the following: 
 

• Preferred filling rate and the available options to control the rate of filling 
as well as the consequences of operation with the prime objective of 
controlling the rate of reservoir rise 

• The most likely type of problem(s) that may develop during initial filling 
and the monitoring necessary to detect those problems 

• A description of the proposed hydrologic data collection and transmission 
system and a plan for reading the instruments and evaluating the data 
with regard to the filling plan 

• A plan for inspecting the dam and downstream areas prior to and during 
filling, including the relationship between frequency of inspection and rate 
of pool rise 

• Instructions for observers on conditions that require immediate attention 
of personnel authorized to make emergency decisions.  Clearly identify 
who is responsible for decisions and how they can be contacted.  
Alternative decision makers should be identified 

• An emergency plan listing responsibilities, name and/or positions, 
telephone numbers, page numbers, and radio frequencies to be used 

• Water quality requirements, if any, for the initial filling 
 
D.1.16 NON-TYPICAL OPERATIONS FOR RESERVOIR/STORAGE/ 

TREATMENT AREA PERFORMANCE 

Non-typical operations would apply during periods of extreme drought or 
rainfall.  During drought conditions, it may be necessary to pump water more 
often at lower rates or to release water more slowly from the reservoir. 
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D.1.17 AQUIFER STORAGE AND RECOVERY SYSTEM PLAN 

Not applicable. 
 
D.1.18 WATER CONTROL DATA ACQUISITION SYSTEM PLAN (WCDASP) 

The remote automation components installed at the pump station and other 
structures are the Remote Terminal Unit (RTU) and communication channel to 
SFWMD control center.  Access for the RTU to the control center is via field 
interface units (FIU).  The automation components of all pump stations and 
structures that will eventually be operated and maintained by SFWMD will 
conform to SFWMD standards.  Equipment used in data acquisition essential to 
the water control management function will be included in the WCDASP, which 
will initially be developed during the project design phase.  This will include all 
hardware and software to be used for acquisition, transmission, processing, 
display, and dissemination of hydrologic meteorology, water quality, and project 
data for the purposes of supporting the water control goal.  This includes, but is 
not limited to, uninterruptible power supplies, field data collection platforms, 
and data communication devices and circuits.  The WCDASP will also identify 
the site location of all hardware included in the plan.  Hardware referencing and 
gage reference datum will be determined through coordination with appropriate 
agencies such as the U.S. Geological Survey (USGS) and SFWMD.  The 
WCDASP will be completed during the plans and specifications phase and will 
be a subset of the Water Control Data System that is specific to the 
Caloosahatchee River (C-43) West Basin Storage Reservoir project. 
 
D.1.19 CONSISTENCY WITH THE ADAPTIVE MANAGEMENT PROGRAM 

AND PERIODIC CERP UPDATES 

After long-term operations and maintenance of the CALOOSAHATCHEE 
RIVER (C-43) WEST BASIN STORAGE RESERVOIR Project has been initiated, 
the project operating manual may be further modified based on operating 
criteria approved by the USACE and SFWMD resulting from CERP updates and 
recommendations from the adaptive management of the CALOOSAHATCHEE 
RIVER (C-43) WEST BASIN STORAGE RESERVOIR Project.   
 
D.1.20 INTERIM OPERATIONS DURING CONSTRUCTION 

Interim operations will be developed in conjunction with the detailed 
construction schedule.  The interim operations will preserve existing Central 
and Southern Florida (C&SF) Project authorized purposes and/or achieve the 
Comprehensive Everglades Restoration Plan (CERP) authorized purposes as 
identified in the PIR.  All interim operations will be conducted to meet the 
Assurances of Project benefits as set forth in WRDA 2000 and as discussed in the 
Programmatic Regulations and the Guidance Memoranda. 

Final Caloosahatchee River (C-43) West Basin Storage Reservoir PIR and Final EIS September 2007 
D-21 



Annex D Draft Project Operating Manual and Monitoring Plan 

 
D.1.20.1 Preliminary Operations During Operational Testing and Monitoring Phase 

(OTMP) 

Preliminary operations for the OTMP will be developed in conjunction with the 
plan for the OTMP.  Operations will be conducted to meet the Assurances of 
Project benefits as set forth in WRDA 2000 and as discussed in the 
Programmatic Regulations and the Guidance Memoranda.  
   
D.1.20.2 Conceptual Description for Transition from the Initial Operating Regime to 

the Next-Added Increment 

Analysis of project benefits performed for plan formulation, selection, and 
justification indicates that there will be no significant difference between next-
added incremental operations and the Initial Operating Regime.  For this 
project, water management operations as described for the Initial Operating 
Regime would be expected to remain in effect if no other CERP projects affecting 
the regional water management system were to become operational.   
 
D.2 HYDROLOGIC AND METEOROLOGICAL MONITORING AT THE 

CALOOSAHATCHEE RIVER (C-43) WEST BASIN STORAGE 
RESERVOIR 

D.2.1 Introduction 

The purpose of this document is to provide a summary of the approach to be used 
for monitoring and control of the CALOOSAHATCHEE RIVER (C-43) WEST 
BASIN STORAGE RESERVOIR and associated gated structures; spillways and 
culverts.  This document will address measure points and methods, as well as 
telemetry to transfer measured data to pump station One (C43PS-1) and 
ultimately to the South Florida Water Management District (SFWMD) SCADA 
System at Gun Club Road. 
 
The parameters to be monitored include the following: 
 

• Reservoir level 
• Perimeter and branch canal levels 
• Water flows discharging from the reservoir cells and within the perimeter 

and branch canals 
• Gate positioning and control 
• Embankment monitoring 
• Ambient conditions 

 
Two data collection systems will be used: 
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• Motorola MOSCAD and MOSCAD-L RTU 
• Campbell Scientific CR-1000 datalogger 

 
Each data collection system will utilize independent radio telemetry networks.  
Details related to the communication type, licensed versus spread spectrum 
radios, are yet to be determined.  All Motorola applications will be powered from 
a 120-volt ac power source.  Campbell Scientific applications will utilize solar 
cells and battery power storage because of their remote locations. 
 
All data collected will be transmitted to the C43PS-1 site microwave tower.  The 
Motorola data will be stored on the telvent SCADA server located in the C43PS-
1 control room.  The Campbell Scientific data will be stored in the LoggerNet® 
Server in the microwave shelter.  All data will be available to the C43PS-1 
SCADA system and to the district SCADA system via the district microwave 
network. 
 
D.2.2 Stage Monitoring 

The reservoir water level will be measured using submersible pressure 
transducer type devices.  This will allow level measurements in addition to the 
district’s standard Balluff rod-type linear transducer.  Reservoir level 
measurements not associated with gated structures will input into a Campbell 
Scientific datalogger due to standalone type of measurement.  Reservoir level 
measurements associated with gated structures will be input into the site 
Motorola MOSCAD RTU with other site parameters.  Upstream and 
downstream levels will be measured at all gated structures. 
 
Canal water level will be measured using district standard Balluff rod-type 
linear transducers.  The level measurements will be associated with gated 
structures and thus input into the site Motorola MOSCAD RTU with other site 
parameters.  Upstream and downstream levels will be measured at all gated 
structures.  
 
Stage measurements will be taken every 15 minutes by electronic equipment. 
For redundancy, a staff gage will be read. 
 
D.2.3 Flow Monitoring 

Water flow discharge from each of the reservoir cells will be measured 
independently.  Flow measurement is expected to utilize level measurements 
within the intake structure and the gate well, and calculated based on the 
known fixed area of the flooded channel between to two level measurement 
locations.  The exact method of flow measurement still needs to be determined.  
Flow measurement within the Perimeter Canal and branch canals will be 
calculated using level measurements and gate positioning. 
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D.2.4 Groundwater Monitoring 

During the preliminary stages of exploration work (i.e. 2004), fifteen clusters of 
piezometers were installed along the proposed perimeter embankment 
alignment in order to provide information related to groundwater levels for 
design purposes.  Each of these clusters consists of three 2-inch diameter 
Schedule 40 PVC well screens that are flush joint coupled to a riser pipe of 
similar composition.  The well screens were set at depths corresponding to above, 
within and below the clay layer, and are designated A, B, and C, respectively.  
Each piezometer installation includes a sand pack surrounding the screened 
interval, and the borehole annulus was grout sealed above the sand pack to 
ground level. 
 
In 2006, an additional 22 clusters of piezometers were installed in areas outside 
of the proposed reservoir footprint, adjacent to its north, south, and east sides.  
These piezometers were installed to enable monitoring of background 
groundwater levels before, during and after construction and filling of the 
reservoir, and to assess the hydrologic impacts of filling of the C43BSR on 
regional hydrogeology.  Each of these additional clusters includes two 
piezometers similar to those described above, with one screened above the clay 
layer and one below it.  In addition, there are two USGS piezometers, and one 
Lee County piezometer that are located west of the proposed reservoir footprint.   
 
D.2.5 Weather 

One or more weather stations measuring rain amount, wind speed and direction, 
barometric pressure, temperature and relative humidity will be placed around 
the reservoir area.  The data will be collected using a Campbell Scientific CR-
1000 data logger at each weather station location.  Logged data will be 
transmitted as indicated above. 
 
D.2.6 Structure Monitoring 

Motorola MOSCAD RTU.  Each sample at each selected gated structure will be 
deposited in a separate bottle.  Samples will be manually collected weekly and 
lab tested for phosphorus content. 
 
Gated structure roller gates, sluice gates, slide gates, and weir gates will be 
monitored for position using external potentiometer devices, where applicable 
and input into the area Motorola MOSCAD, MOSCAD-L RTUs.  Fully open and 
fully closed gate position signals received from either the gate positioning 
electric actuator or gate assembly installed limit switch will also be input into 
RTU.  Remote manual control of gate positioning will be available from the 
C43PS-1 and locally at the gated structure building.  Gated structures with one 
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provide short term and long term operation recommendations based on 
the monitoring information collected in the seagrass region. 
Provide salinity information useful for the oyster monito5. ring plan to 

6. llect salinity information throughout the estuary that 

7. e null hypothesis stated below that is intended to asses the 

 
.3.1.3 Null Hypothesis 

The general null hypothesis - As a result of the operation of the Caloosahatchee 

.3.1.4 Monitoring Measures and Targets 

1. 

Target: 

 

 

 

 

 

determine if the salinity target for supporting oysters near Shell Point is 
being achieved. Provided short term and long term operation 
recommendations based on the monitoring information collected in the 
oyster region. 
Adequately co
enables the construction of salinity and computation hydrodynamic 
models, which allows the: (a) estimation of daily salinity throughout the 
estuary for understanding impacts to key species during non-sampling 
days of biotic indicators; (b) the determination of internal cause of salinity 
variation not related to project influence or discharges from S-79 (e.g., 
influence of freshwater from Gator Slough on salinity in the Matlacha 
Pass and San Carlos Bay); and (c) salinity model comparison of pre-project 
spatial and temporal patterns with new model output during project 
operation. 
Address th
success of the project. 

D

River (C-43) West Basin Storage Reservoir, there are no beneficial changes in 
freshwater inflows from S-79, nor improvement in the resulting downstream 
salinity, related to (a) the historic longitudinal salinity gradient and valued 
ecosystem habitat locations; (b) historic season salinity patterns; and (c) 
variation in salinity within distinct estuarine zones of the estuary. 
 
D

Monitoring Measure:  Freshwater discharge through S-79, S-77 and from 
Caloosahatchee River (C-43) West Basin Storage Reservoir. 
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TABLE D-1:  TARGET FLOW RANGE 
 

 

 

 

 

ve Management Trigger:  (1) Long term - If operation of the 

2. Salinity along a downstream gradient of the estuary and correlated 

 
arget:  Sufficient temporal and spatial salinity information to assess positive 

daptive Management Trigger:  (1) Long term - If operation of the 

.3.1.5 Monitoring Approach 

Daily freshwater discharge from S-79 and the Lake Okeechobee structure at 

required. 

Discharge Range (cfs) fr rom S-79  

0 to 450 
0 

 

0% 
% 

om S-79 Percent Distribution Of Flows F

450 to 50
500 to 800 
800 to1500 
1500 to 2800
2800 to 4500 
>4500 

42.8
31.7% 
19.2% 
5.6% 
0.7% 
0% 

Adapti
Caloosahatchee River (C-43) West Basin Storage Reservoir does not result in a 
significant increase toward achieving the above flow targets, thus satisfying the 
null hypothesis; and (2) Short Term (real time) - When there is a significant 
decrease in estuarine health or threat of adverse impacts related to flow from 
the Caloosahatchee River (C-43) West Basin Storage Reservoir (e.g., algae 
blooms in the upper estuary or insufficient delivery of water to achieve the 
MFL). 
 

freshwater inflow.  

T
change regarding reduction in salinity variability and achieving the salinity 
targets as required for submerged aquatic vegetation, oyster, and fish (as 
specified in their respective monitoring plans).  
 
A
Caloosahatchee River (C-43) West Basin Storage Reservoir and it’s related flow 
alterations does not result in: (a) significant decrease in salinity variability; and 
(b) stabilization in desirable salinity ranges along the estuary’s downstream 
gradient and within valued ecosystem habitats, thus satisfying the null 
hypothesis; and (2) Short Term (real time) – (a) impending violation of the MFL 
rule and associated salinity criteria; and (b) adverse immediate impacts to 
estuarine biota as a result of the operation of the Caloosahatchee River (C-43) 
West Basin Storage Reservoir 
  
D

Moore Haven are measured by the Corp of Engineers and posted electronically 
on COE and South Florida Water Management District (SFWMD) web sites. 
This information is part of normal operation and therefore no additional 
Caloosahatchee River (C-43) West Basin Storage Reservoir project cost is 
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A network of continuous salinity sensors is required to meet the above 
monitoring objectives. The data from the sensors should be collected at the 

 (soon to be 1-7) collect salinity every 15 minutes at 20% and 
0% of the water depth. These are considered permanent sensors, most of which 

D, MONITORING 
OBJECTIVES (FROM MONITORING OBJECTIVES SECTION), AND THE 

M  

Monitori
Parameters  

sor 

frequency and location necessary to support future modeling with minimum 
uncertainty and provide the salinity information necessary for other species and 
VEC monitoring efforts. Table D-2 identifies each sensor site (as indicated in 
Figure D-4), its monitoring objective (from above 6), and the expected funding 
sponsor of the site.  
 
The existing sensors
8
have long term data sets beginning in 1992 (source of pre-project data). These 
sensors have been critical in the development of salinity models and should be 
maintained at their current operation capacity to provide data for future 
modeling efforts related to assessing project change. The information from most 
of these sensors are used as part of the daily operation of the Corp of Engineers 
and SFWMD and available to provide short term and long term project feed 
back. The cost to maintain these sensors should be minimal to the 
Caloosahatchee River (C-43) West Basin Storage Reservoir project. The locations 
of S-sites are also identified in Figure D-4. These sensors should be similar in 
operation as the existing 7.  The cost for supporting the S-site sensors is being 
considered by the Sanibel-Captiva Conservation Foundation. 
 

TABLE D-2:  MONITORING SITES, PARAMETERS SAMPLE

FUNDING SOURCE SPONSORING THE SITE INSTALLATION AND 
AINTENANCE. CORPS OF ENGINEERS (COE), SOUTH FLORIDA WATER

MANAGEMENT DISTRICT (SFWMD), AND SANIBEL-CAPTIVA 
CONSERVATION FOUNDATION (SCCF) 

ng Site and Objective(s) Addressed Funding Spon

S-77 (Moore Haven) 
&  
S-79 (Franklin Dam) 

1a -Compare flow from S-79 to project 
target  

asin or lake. 
1b - Determine if any change in S-79 flow 
due to b

COE & SFWMD 

1 - Salinity, 
temperature & water 

SFWMD 

level 

Null Hypothesis -Provide/Protect 
oligohaline zone. 

2 - Salinity & 
temperature 

sis -Provide/Protect 
oligohaline zone.  

SFWMD Null Hypothe

3- Salinity & 
temperature 

3 - Determine if low flow salinity criteria 
achieved to protect tape grass (monthly 

ment needs. 

average <10ppt). 
-Support short term operation and long 
term adaptive manage
6a - Estimation of salinity during non-

SFWMD 
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sampling days for key biota (VECs) 
4- Salinity & 
temperature nthly 

m operation and long 

SFWMD 3 - Determine if low flow salinity criteria 
achieved to protect tape grass (mo
average <10ppt).  
-Critical MFL measurement station. 
-Support short ter
term adaptive management needs 

5 - Salinity & 
temperature 

SFWMD 4 -Support seagrass monitoring, and meets 
target salinity for area (>15 ppt) 

6 - Salinity, 
temperature & water 

 5ppt) 

s. 

) 

level 

4 -Support seagrass monitoring, and meets 
target salinity for area. 
5 - Support oyster monitoring, and meets 
target salinity for area (>
-Support short term operation and long 
term adaptive management need
6a - Estimation of salinity during non-
sampling days for key biota (VECs

SFWMD 

7 - Salinity & 
temperature 

. 

). 

SFWMD 4 -Support seagrass monitoring, and meets 
target salinity for area (>25ppt). 
-Support short term operation and long 
term adaptive management needs
6a - Estimation of salinity during non-
sampling days for key biota (VECs

S1- Salinity & 
temperature 

SCCF 4 - Support seagrass monitoring 

S2 - Salinity & 
temperature 

4 - Support seagrass monitoring 
-Support short term operation and long 

. term adaptive management needs

SCCF 

S3 - Salinity & 
temperature 

SCCF 4 - Support seagrass monitoring  

A1 - Salinity & 
temperature 

4 -Support seagrass monitoring, and meets 
target salinity for area (>20 ppt). 

 

) 

SAHATCHEE 
RIVER (C-43) WEST 

-Support short term operation and long 
term adaptive management needs.
6a - Estimation of salinity during non-
sampling days for key biota (VECs

CALOO

BASIN STORAGE 
RESERVOIR  
 

A2 - Salinity & 
temperature non-

s). 

ALOOSAHATCHEE 
RIVER (C-43) WEST 

4 -Support seagrass monitoring  
6a - Estimation of salinity during 
sampling days for key biota (VEC
6b - Salinity variation due to non-project 
sources. 

C

BASIN STORAGE 
RESERVOIR  

All Sensors 
hange along the downstream 

2 - Detect desired seasonal, annual, and 
spatial c
gradient. 
6c -Salinity model to compare w/ pre-op. 
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The locations of addi D-4, along with their 
uggested priority ranking. These A-site sensors should be similar in operation 

 provide real time data, with live access available to restricted 
FWMD staff. These sites, the S-sites, and the proposed A-sites should also 

 s outine quality control samples are collected in accordance 
with the Florida Department of Environmental Protection (Department) Quality 

 concerns related 
to downstream estuary impacts and benefits related to changes in freshwater 

or of influence as to the degree which an estuary 
may successfully sustain the diverse biological communities and habitats within 

tional sites are proposed in Figure 
s
as the existing 7. The majority of the cost for these additional sensors will 
probably be funded by the Caloosahatchee River (C-43) West Basin Storage 
Reservoir project, with possible support from other CERP sources and 
RECOVER. 
 
Sensors 1 -7
S
provide similar real time data. The information from all sites should be required 
to have broader access for scientist conducting research and analysis. 
 
D.3.1.6 Data Quality 

Routine amples and r

Assurance Rule, 62-160.200 and 62-160.320, F.A.C. and the District Field 
Sampling Quality Manual (FSQM). Applicable sections of the FSQM include 
auto-sampler collection methods; field test methods; and quality control 
procedures. Corrective actions for data not meeting the quality objectives may be 
taken as outlined in the Quality Assurance Systems Requirement (QASR).  
 
D.3.2 Project Monitoring and Assessment Plan:  Water Quality 

This water quality monitoring plan is intended to help address

inflow and associated water quality due to project implementation. 
  
D.3.2.1 Background  

Quality of water is a major fact

its boundaries.  Estuaries provide an area of dynamic chemistry where 
substances are naturally deposited.  Freshwater, in the process of flowing from 
the land to the sea, transports a wide range of materials, that when coupled with 
internal estuarine dynamics of circulation, nutrient flux, sediment type, and 
resuspension, results in each estuary being unique in its appearance and ability 
to support biological activity and the nature of that activity.  Therefore, among 
aquatic ecosystems, estuaries are uniquely complex systems, since they act as 
sinks for substances delivered in freshwater flows, possess mixing and flow 
patterns controlled by the ebb and flow of tide and tidal-influence, and exhibit 
interrelated chemistries connecting atmosphere, water and sediment.  Key water 
quality characteristics of concern for the Caloosahatchee considered by this 
Monitoring Plan are nitrogen and phosphorus nutrients, algal bloom dynamics, 
dissolved oxygen regime, water color, suspended solids, and water clarity; 
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however, these characteristics are inter-related and cannot be adequately or 
properly evaluated except within the context of their interdependencies in 
delineating acceptable from unacceptable water quality conditions.  This 
monitoring plan is accordingly constrained to consider water quality from the 
perspective of sustainable and desirable estuarine ecological response; that is 
water quality requirements of valued ecosystem components and habitats 
addressed in the other Caloosahatchee River (C-43) West Basin Storage 
Reservoir Project Monitoring Plans for submerged aquatic vegetation (SAV), 
fisheries, oysters, and the soft-bottom benthos.  With that said, the purpose of 
this Monitoring Plan is to define Caloosahatchee River (C-43) West Basin 
Storage Reservoir project expectations regarding water quality improvements 
brought about by implementation of CERP and this Project, and to provide a tool 
with which to evaluate and assess those improvements.  Other state and local 
efforts, e.g. the State’s Total Maximum Daily Load (TMDL) program, are 
expected to compliment and supplement this Project and the larger CERP effort, 
thus affording additional improvements in water quality; however, 
implementation of these efforts, including effective agricultural and urban Best 
Management Practices (BMPs) are outside the purview of this project and CERP 
and are not addressed by this monitoring plan.  
 
Extensive development of the Caloosahatchee watershed has changed the source 
nd character of water entering the estuaries, from a historical drainage pattern a

dominated by wetland and forested land uses to that of urban and agricultural 
stormwater runoff.  The modifications inherent in the original Central and 
Southern Florida (C&SF) Project resulted in increases in quantity and rate of 
water entering the estuaries.  These modifications also served to extend the 
expanse of the estuaries’ drainage basins to include Lake Okeechobee.  The 
combined effect of changes in land use, expansions in acreage drained, and the 
manner in which water is delivered to the estuaries has resulted in varying 
degrees of degradation of water quality. 
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FIGURE D-5:  MAP OF CALOOSAHATCHEE ESTUARY AREA AND LOCATION 

OF PROPOSED WATER QUALITY MONITORING SENSORS; STAGED ON 
EXISTING SALINITY SENSORS PLATFORMS AND AT PROPOSED NEW SITES 

  
Efforts currently underway to retain, re-direct, treat, or otherwise better control 
water deliveries holds the promise of ameliorating excess nutrient loading, 
reducing sediment and turbidity causing conditions, improving water clarity, 
and decreasing intensity and frequency of algal blooms. Otherwise, judiciously 
managing water will result in improved estuarine water quality.  For example, 
freshwater inflow through S-79 is directly related to the amount of total nitrogen 
entering the estuary (Figure D-6). This relation also holds for other primary 
constituents, including phosphorus and water color. The loading and flow 
together thereby effects parameter concentration in the estuary, distance 
downstream of influence, and the amount of change in related parameters like 
chlorophyll (algae), water clarity and dissolved oxygen (D.O.). 
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FIGURE D-6:  MONTHLY LOAD OF TOTAL NITROGEN FROM S-79 
COMPARED TO MONTHLY AVERAGE FLOW FROM THE STRUCTURE 

 
Figure D-6 serves to indicate not only that parameter loading of constituents is 
strongly related to flow volume, but also the concentration of the constituents 
upstream - in the water being discharged to the estuary.  However, for many 
constituents, loading and subsequent water quality downstream will greatly 
improve if the S-79 inflow targets are achieved (Table D-3).  For example, if 75% 
of the flows are within the 450-800 cfs range, and almost all flows are less than 
2,800 cfs, than the load to the estuary will be restricted to the very low end of 
Figure D-6.  
 
Provisional analysis indicates that flows in the range of 450-800 cfs per month 
will equate to ~ a average 2000 kg/day (2 metric tons/day = 60 metric tons 
month), flows of 2,800 cfs will produce an average TN load of 10,000 kg/day (10 
metric tons/day, 300 mt/month), and 4,500 cfs per month correlates to about 
14,000 kg/day (14 mt/day, 420 mt/30days). 
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TABLE D-3:  TARGET FREQUENCY DISTRIBUTION OF MEAN MONTHLY 
FLOWS FROM S-79 (CALOOSAHATCHEE RIVER (C-43) WEST BASIN 

STORAGE RESERVOIR - CALOOSAHATCHEE ESTUARY HYDROLOGIC 
EVALUATION PERFORMANCE MEASURES, 2005). 

Discharge Range (cfs) 
From S-79 

Percent Distribution Of 
Flows From S-79 

0 to 450 
450 to 500 
500 to 800 
800 to1500 
1500 to 2800 
2800 to 4500 
>4500 

0% 
42.8% 
31.7% 
19.2% 
5.6% 
0.7% 
0% 

 
Based on Figure D-6, discharges at S-79 contain 70 to 80 percent of the nutrient 
load delivered to the Caloosahatchee Estuary. Waste load allocation studies 
conducted over twenty years ago in the Caloosahatchee Estuary by the Florida 
Department of Environmental Regulation (DeGrove 1981) concluded that the 
estuary had reached its nutrient loading limit as indicated by elevated 
chlorophyll α and depressed dissolved oxygen levels.  Janicki (2003) determined 
that nitrogen loads were more responsible for degraded water quality in the 
estuary than phosphorus, and calculated that achieving an annual average 
chlorophyll-a concentration of 11 ug/l would require reducing the nitrogen load 
at S-79 to less than 190 metric tons/month (average of 6.3 mt/day) during the dry 
season, 350 tons/month during the wet season (average 11.7mt/day), and an 
annual cumulative load less than 3000 U.S. tons per year (2721 mt/year, average 
7.45 mt/day).  Recent estimates of average load (Crean and Irican 2005) indicate 
that on average (1993-2003) 2,905 and 233 U.S. tons of total nitrogen and total 
phosphorus, respectively, enter the estuary annually, with nitrogen loads in 
excess of 3000 U.S. tons occurring 30 to 40% of the time.   
 
The Janicki recommendation for nitrogen loading to maintain a chl-a of 11ug/l is 
for the entire estuary, which would serve to keep the estuary from violating the 
state impaired water rule (also 11 ug/l).  However, the estuary chl-a 
concentration varies between segments of the estuary. Doering and Chamberlain 
(2005) found current median chl-a in 4 section of the estuary (upper, mid, lower 
estuary above Shell Pt, and in San Carlos Bay) were 10.7ug/l, 12.7ug/l, 5.3ug/l, 
and 4.2ug/l, which were usually below the goal used by Janicki.  Doering and 
Chamberlain (2005) determined that the seagrass targets listed in the SAV 
Monitoring Plan were associated with chl-a concentrations of below 4.6 in the 
lower estuary, and 4.0 in San Carlos Bay, which also is close to the Charlotte 
Harbor National Estuarine Program’s chl-a target to promote seagrass growth to 
2 meters in San Carlos Bay. Doering and Chamberlain (2005) further correlated 
a nitrogen load of 186-192 mt/month (2230-2310 mt/year) at S-79 with the chl-a 
goals for seagrass downstream.  Therefore, Janicki’s estimate for the dry season 
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should be promoted all year.  Doering and Chamberlain (2005) ended their 
analysis by indicating that a chlorophyll a concentration of 5 ug/l in San Carlos 
Bay corresponds to an Estuary-wide average of 8.3 ug/l. Given the variability, 
this compares well with the standards/rule based value of 11 ug/l.   
  
The Florida Impaired Waters Rule (IWR) states that an estuary is impaired if 
the annual mean chlorophyll concentration is greater than 11 µg/L.  Even 
though the current median values identified in the previous paragraph exceed 
11ug/l only in the mid-estuary, the average chl-a is greater than 11ug/l 
throughout the upper, middle, and into the lower estuary.  Therefore, 
maintaining current nutrient dynamics of loading, concentrations, and bloom 
frequency that allows monthly chl-a values to fluctuate at their current highly 
variable concentrations will result in the denigration of the estuary and its 
continued designation as an impaired water body.  
 
Since the IWR is calculated on an annual average basis, then one approach to 
determine a target for allowable bloom frequencies is to ascertain the number of 
months that average chl-a values above 11 µg/L can occur and not cause the 
estuary to be designated as an impaired water body. This approach is 
summarized in Table D-4. This premise assumes that the average chl-a value 
during the non-bloom months is < 8 µg/L, which is the expected median value for 
the area upstream of Shell Pt. when nitrogen loading is reduced to the suggested 
target of 190 mt/month discussed above. 
 

TABLE D-4:  SUGGESTED LIMITS FOR THE RANGE OF CHL-A 
CONCENTRATION VALUES IN A BLOOM, THE NUMBER OF MONTHS A 
SPECIFIC RANGE CAN OCCUR, AND THE CORRESPONDING ANNUAL 
FREQUENCY. NON-BLOOM MONTHS ARE ASSUMED TO BE < 8 µG/L. 

 
Range of Chl-a (µg/L) 

 
Allowable # of Months 

Annual bloom frequency 
(Allowable Months/12)100 

>50  0 0% 

30-50 1 9% 

23-29 2 17% 

18-22 3 25% 

17-18 4 33% 

11-16 5 42% 

< 5: Upper and Mid-Estuary Minimum =  4 months Minimum = 33% 

< 5: Lower estuary  Minimum = 7 months Minimum = 60% 

 
A review of the data found that the maximum frequency of months that exceeded 
20 µg/L has been about 20 percent, which is within the table values.  However, 
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the current maximum frequency of monthly values above 11 µg/L has only been 
about 40 percent.  Therefore, to suggest that 100% is allowable to avoid an IWR 
designation may actually result in a decline of water quality conditions. In this 
same spirit, the existing frequency of chl-a values of < 5 µg/L in the upper and 
middle estuary is about 35%, which should be promoted as a good chl-a target. In 
the lower estuary, the minimum desirable frequency of 5 µg/L jumps to 60%. 
Including these minimum frequency targets in Table D-4 will help preserve 
existing condition important for seagrass. 
 
As discussed above, keeping the upper and mid-estuary from being designated 
impaired water bodies will further promote chl-a values of < 5 µg/L in the 
seagrass areas (lower estuary and San Carlos Bay).  Also as indicated above 
target flows between 450 and 800 cfs account for 75% of the total distribution 
When flows are < 800 cfs, chl-a has historically been < 5 µg/L (Figure D-7). 
Therefore, achieving the hydrologic targets should help meet the chlorophyll 
goals as well as the nutrient loading target.  Although, it should be noted that 
chl-a values in San Carlos Bay that exceed 5 µg/L may be unconnected with 
nutrient loading or chlorophyll values upstream, in part  because of the 
occasional impacts of “red tide” on this area.  Red tide originates in Gulf waters 
and may move inshore when oceanographic conditions are favorable. 
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30-day Average Flow from S-79 vs Chl-a in San Carlos Bay (Area 6)
                               (Kitchel Key Station *S6)

Chl-a (ug/L) in Area 6: San Carlos Bay 
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FIGURE D-7:  CHL-A IN SAN CARLOS BAY COMPARED WITH 30-DAY 
AVERAGE FLOW FROM S-79 (FRANKLIN LOCK AND DAM)  

 
High concentrations of chlorophyll a in surface waters can be associated with low 
concentrations of dissolved oxygen in bottom waters (0.5 m above bottom) in the 
Caloosahatchee on short time scales of weeks (Doering and Chamberlain (2005). 
Such an instance is depicted in Figure D-8.  The crash of a chlorophyll a bloom 
coincided with a rapid decline in oxygen in bottom waters during the month of 
June 2000.  On longer time scales, the high concentrations of chlorophyll a may 
be associated with lower oxygen concentrations one or two months in the future. 
Establishing a maximum chl-a bloom target of 50 µg/L in the upper and middle 
estuary will help protect against sub standard D.O. as depicted in Figure D-8. 
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FIGURE D-8: TIME SERIES OF CHLOROPHYLL A AND DISSOLVED OXYGEN 

IN BOTTOM WATER IN THE UPPER CALOOSAHATCHEE ESTUARY NEAR 
BEAUTIFUL ISLAND.  

 
In general, the D.O. goal is to improve or maintain suitable conditions for 
establishment and maintenance of healthy, well-balanced biological 
communities. Bottom dissolved oxygen regime is most meaningful as regards to 
biological response and success. Jordan et al. (1992) developed dissolved oxygen 
targets for the Chesapeake Bay for the protection of desirable species of fish, 
mollusks and crustaceans.  These targets recommended that dissolved oxygen is 
greater than or equal to 1.0 mg/l at all times everywhere in the water column; 
dissolved oxygen never falls within 1.0-3.0 mg/l for longer than 12 hours every 
48 hours; monthly mean dissolved oxygen is greater than 5.0 mg/l at all times 
above the pycnocline (above the wedge of saltier water that typically exists as a 
function of tides); and dissolved oxygen is always greater than 5.0 mg/l in 
spawning and nursery areas.  
 
The targets recommended by Jordan are supported by the conclusions of other 
researchers that report low dissolved oxygen (DO) concentrations even in the 
water column can increase mortality, reduce growth rates and alter the 
distribution and behavior of aquatic organisms (Diaz and Rosenberg 1995, 
Breitburg 2002, U.S. EPA 2002, 2003).  Mortality can occur rapidly from short-
term exposure (less than 6 to 12 hours) to low oxygen concentrations (Breitburg 
2002).  Continuous exposures to even moderate reductions in DO can 
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substantially reduce growth rates of both fishes and invertebrates (for review see 
U.S. EPA 2000); best evidence of this is from aquaculture studies – for example, 
Davis (1990) reports that DO is the most critical aspect of water quality for red 
drum, Sciaenops ocellatus, and that growth reduction is apparent when DO 
levels drop below 4 mg/L.  However, many species exhibit behavioral responses 
(e.g., blue-crab migrations, Bailey and Jones 1989, as cited by Tomasko 1997, 
etc.) that allows them to avoid not only lethal oxygen concentrations but also 
those that would require greatly increased ventilation and reduce growth. 
Emigration leading to reduced densities of fishes can begin at oxygen 
concentrations approaching 3 to 4 mg/l (Diaz and Rosenberg 1995, Breitburg 
2002, U.S. EPA 2003).  Consequently, habitat loss due to depressed DO can be 
far greater than if based on concentrations thought to be lethal.  Although the 
breakpoint for hypoxia and community change in the benthos was considered to 
be 2 mg DO/l, a study by Ritter and Montagna (1999) suggest it may occur at 3 
mg DO/l. Impacts from hypoxia induced community change can lead to altered 
sedimentary processes (e.g., bioturbation, etc.) and, as a consequence, altered 
geochemistry (Diaz and Rosenberg 1995). Habitat squeeze from low DO can 
interrupt seasonal migrations for spawning or of organisms seeking optimal 
temperatures.  Because they are limited in their behavioral avoidance, eggs and 
larvae can be more vulnerable to low DO (Breitburg 2002).  Moreover, in many 
species, eggs and larvae have higher DO requirements than adults (Breitburg 
2002; for tolerances of red drum larvae, see Miller et al. 2002, for newly set (3-4 
days) eastern oysters Crassostera virginica, see Osman and Abbe, 1994; as cited 
in U.S. EPA, 2000).  
 
U.S. EPA (2003) adopted a number of dissolved oxygen criteria (for various 
designated uses and temporal applications) including, but not limited to, the 
following: 1) a criterion minimum concentration (CMC = 1-day mean 
concentration) of  2.3 mg/l to protect juvenile and adult survival in open-water, 
2) a criterion continuous concentration (CCC = 30-day mean) of 5 mg/l to protect 
against adverse effects on growth of larval, juvenile and adult fish and shellfish 
in tidal habitats (>0.5 ppt salinity) and, 3) an instantaneous minimum 
concentration of 1.7 mg/l to protect the survival of eggs and larvae in deep water. 
The most rigorous criteria adopted was a 7-day mean concentration of 6 mg/l for 
the protection of survival and growth of larval and juvenile fish in tidal-
freshwater habitats (< 0.5 ppt), which was based on information contained in 
U.S. EPA (1998). 
 
In summary, if achieved, the current State water quality standard appears to a 
good general target for the Caloosahatchee, which would be protective for Class 
II or III marine waters.  This standard includes a 24-hour average ≥ 5.0 mg/L; 
instantaneous minimum [as indicated by pre-dawn concentrations] ≥  4.0 mg/l (≈ 
FAC 62-302.530 (31). 
The need to establish suitable Chl-a targets in the estuary related to SAV is due 
to the impact that increased phytoplankton can have on water clarity. Other 
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water quality constituents also influence water clarity, including water color and 
total suspended solids.  These parameters are either directly related to 
freshwater inflow (i.e., color) or indirectly (Chlorophyll and TSS).  However, 
limiting flow to the targets in Table D-3 will promote SAV as depicted in 
Figure D-10 and in the SAV Monitoring Plan.  Therefore, the establishment of 
additional water clarity targets will be best served by identifying the actual light 
requirements of SAV species and monitoring to determine if requirements are 
achieved. Current median values of secchi disk depth are 1.0m near Vallisneria 
americana (tape grass) beds in the upper estuary, 1.1 – 1.3m adjacent to the 
Halodule wrightii (shoal grass) beds in the lower estuary, and 1.4m in San 
Carlos Bay.  Improvement in freshwater inflows should also improve these 
secchi measurements, such that variability in measurement decreases and the 
current median values trend toward the 25 percentile, instead of the median.   
 
In addition to secchi depth measurements, direct monitoring of light using 
photosynthetic radiation (PAR) sensors should become standard practice. 
Traditionally, these this type of sensor has been used deployed through the 
water column during site sampling to determine light attenuation.  However, 
researchers have estimated the amount of light required by specific SAV species 
to survive, including tape grass and shoal grass.  The minimum average daily 
bottom light (ADBL) measured in the PAR spectrum of 400-700 nanometers is 
about 20 microEinsteins (uE = micromoles/m2/sec). ADBL is based on daily light 
reaching the bottom during the entire 24 hour day (not just daylight or peak 
light periods).  During high salinity conditions (>9.5 ppt) when the plant is 
stressed, about 100 uE represents plant saturation.  When salinity is < 9.5 ppt, 
100 uE represents about 60-70% saturation, which doesn’t occur until ADBL 
reaches about 390 uE. ADBL exists for shoal grass can also be divided into 
stressed environments like in Iona Cove, and more desirable areas as in San 
Carlos Bay.  Minimum ADBL in Iona Cove area is about 50-60 uE, with 50 and 
100% saturation equal to about 140 and 220-275 uE , respectively.  In San 
Carlos Bay, the minimum, 50% and 100% levels of ADBL equates to about, 75-
100uE, 150-175, and 325 uE, respectively. 
 
D.3.2.2 Monitoring Objectives 

The Caloosahatchee River (C-43) West Basin Storage Reservoir project is 
authorized as one of the initial projects for implementation under Section 601(b) 
(2) (C) of the Water Resources Development Act (WRDA) 2000.  To clarify the 
intent of WRDA 2000, projects in the category of this Caloosahatchee River (C-
43) West Basin Storage Reservoir project must not attain their primary quantity 
performance objectives by degrading water quality.  Therefore, it is not the goal 
of this project to improve water quality in the estuary, but the project also can’t 
degrade water quality.  The targets discussed earlier act as benchmarks for 
desirable water quality trends if change is detected.  As discussed earlier, 
improvement in water quality is expected from controlling water quantity.  
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Other state and local efforts, for example the State’s Total Maximum Daily Load 
program (TMDL), are expected to compliment and supplement this Project and 
the larger CERP effort, thus affording additional improvements in water quality; 
however, implementation of these efforts, including effective agricultural and 
urban Best Management Practices (BMPs) are outside the purview of this 
Project and CERP in this region and are not addressed by this Monitoring Plan 
Determining if the “no degradation” of water quality requirement is achieved 
depends on monitoring and evaluating estuarine water quality commensurate 
with the project operation, with the following objectives: 
 

1. Compare water quality during project operation with the historic data 
sets described by Doering and Chamberlain (2005) and new monitoring 
information prior to operation to determine if there is a change in nutrient 
loading. To assist this effort, compare project related water quality and 
nutrient loading with similar seasonal conditions when freshwater inflows 
would have been equal to non project flow.  

2. Compare historic chl-a data as explained in Doering and Chamberlain 
(2005) with new monitoring data collected during project operation, to 
determine if there is a change in chl-a concentration and blooms within 
the same regions. 

3. Compare D.O. as described above for other parameters. 
4. Monitor water clarity by secchi disk reading and PAR measurements at 

SAV habitats. Compare variability in these parameters as discussed above 
for the other parameters. 

5. Using the same monitoring approaches as discussed above, compare 
concentrations of TN, inorganic nitrogen, TP, inorganic P and color. If 
change is detected, determine if it is it toward decreasing concentrations. 

6. Addresses the null hypothesis stated below that is intended to assess the 
success of the project. 

  
D.3.2.3 Null Hypothesis 

The general null hypothesis - As a result of the operation of the Caloosahatchee 
River (C-43) West Basin Storage Reservoir, there will be a statistically 
significant degradation in current water quality condition, compared to – (a) 
historic water quality samples along the estuary’s longitudinal gradient and at 
valued ecosystem habitat locations; (b) historic seasonal water quality patterns; 
and (c) variation in water quality within distinct estuarine zones of the estuary. 
 
D.3.2.4 Monitoring Measures and Targets 

1. Monitoring Measure:  Mean monthly flows from S-77, the Caloosahatchee 
River (C-43) West Basin Storage Reservoir, as well as flows and loading 
from S-79. 
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Target: Reduction in current mean monthly flows from S-79 toward achieving 
the Project target flows (Table D-3) should also equate to a reduction in 
nutrient loading. The target nutrient loading from S-79 is 190 mt/month. Review 
of historical data indicates that flows < 2000 cfs will achieve this loading target. 
Therefore, as flows trend toward that of project target, reduction in loading 
variability should occur, and eventually 95% of monthly loading will be < 190 
mt.  
 
Adaptive Management Trigger:  Significant increase in average monthly and 
annual loading as a result of project operation. 
 

2. Monitoring Measure:  Phytoplankton production as estimated by 
chlorophyll-a. 

 
Target:  As a result of the reduction in loading and freshwater inflows, 
phytoplankton production will decrease as measured by chl-a concentrations and 
variability.  Ultimately, upon Project build-out with other CERP components in 
place, chl-a values are expected to average below 5 ug/l in the Iona Cove area 
and < 4 ug/l in San Carlos Bay.  The target average chl-a in the remainder of the 
upstream areas of the estuary is 8 ug/l.  As project completion precedes, 
reduction in chl-a variability should occur as monthly chl-a values approach the 
targets.  Phytoplankton bloom frequency should diminish with a target to be less 
than the frequencies listed in Table D-4.  
 
Adaptive Management Trigger: Increase in chl-a, especially upstream associated 
achieving minimum flow targets.  Increase in bloom frequencies and chl-a 
concentrations that negative impacts the estuary’s IWR standing. 
 

3. Monitoring Measure:  Dissolved Oxygen. 
 
Target: D.O. should be the same as state standards, such that 24-hour average 
D.O. is ≥ 5.0 mg/L and instantaneous minimum [as indicated by pre-dawn 
concentrations] is ≥  4.0 mg/l (≈ FAC 62-302.530 (31).  
 
Adaptive Management Trigger: Increase in the violation occurrence of Florida’s 
D.O. standards. 
 

4. Monitoring Measure:  Turbidity (Secchi). 
 
Target:  Variability in secchi readings should not decline below the current 
median values of 1.0 m in the tape grass area, 1.2 m in Iona Cove, and 1.4 in San 
Carlos Bay.  It should tend toward the 25 percentile as project operation 
approaches the target flows.  In addition, ADBL in the tape grass area should be 
> 20 UE and average > 100 uE at 1.0 meters (MLLW). ADBL in Iona Cove 
should exceed 70 uE and average 150 uE at 1.0 m. In San Carlos Bay, the 
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minimum ADBL should exceed 80 uE and average at least 150 uE at 1.5 m 
(MLLW).  
 
Adaptive Management Target: Project operation that causes: (a) secchi 
measurements and variability to decline below the above stated current median 
values; and (b) a decline in PAR below current median values.  
 

5. Nutrients (inorganic nitrogen, total phosphorous, inorganic phosphorous) 
and Color. 

 
Target: Concentrations of TN, inorganic nitrogen, TP, inorganic P, and color 
should detect a decrease in concentrations compared to the data sets described 
and evaluated by Doering and Chamberlain (2005) and any new data collected 
as outlined in this monitoring plan prior to project operation.   
 
Adaptive Management Trigger: Increase in concentrations of TN, inorganic 
nitrogen, TP, inorganic P, and color compared to the data sets described and 
evaluated by Doering and Chamberlain (2005) and any new data collected as 
outlined in this monitoring plan prior to project operation.   
 
D.3.2.5 Monitoring Approach 

Daily freshwater discharge from Lake Okeechobee and S-79 are measured by the 
Corp of Engineers and posted electronically on COE and SFWMD web sites.  
This information is part of normal operation and therefore no additional 
Caloosahatchee River (C-43) West Basin Storage Reservoir project cost is 
required.  Salinity information will be provided by the network of continuous 
sensors described in the Salinity Monitoring Plan and additional information 
collected concurrent to SAV monitoring.  
 
Standard method of water quality sampling (grab samples) are too expensive 
and have such a high variability, that the results would probably be unable to 
detect change until many years of sampling are completed.  This type of 
monitoring also is inappropriate for sampling on the sub-daily basis required to 
address the above objectives.  
 
Currently, RECOVER is testing in situ instruments (Microlab) capable of 
automatically sampling nitrogen, phosphorous, and other parameters at a pre-
set frequencies.  These instruments, coupled with other in-situ instruments to 
monitor D.O. and PAR and reflectance (measure of Chl-a) are necessary.  
 
 
Figure D-5 identifies locations where instruments should be located.  To meet 
Objective 1 and Target 1, a Microlab will be required to sample nitrogen at 20% 
and 80% of the water depth twice daily. Microlab instruments will also be 
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required at sites 2, 3, 4, 5, and 8 to sample nitrogen, TP, inorganic P, estimate 
chl-a and color (if possible) twice daily to meet Objective 2 and 5.  Dissolved 
oxygen sensors and data logger will be required at 205 and 80% of the depth at 
stations 2, 3, 4, and 5, in order to electronically record D.O. at 30 minute 
intervals to address Objective 3 and 5.  Finally, a submerged PAR sensor should 
be located at 1.0 m at station 2, 3, and 5, as well as at 1. 5 m at station 8 and 9; 
recording PAR every 30 minutes to meet Objective 4 and address Target 4.  An 
additional instrument should be established at the Ft. Myers Service Center to 
record natural variation in air PAR as a reference to observed changes in the 
submerged sensors.  In addition to the instrument measurements, a secchi disk 
depth measurement (Objective 4) should be taken at each station when 
instruments are cleaned and calibrated. 
 

TABLE D-5:  MONITORING SITES, PARAMETERS SAMPLED, MONITORING 
OBJECTIVES (FROM MONITORING OBJECTIVES SECTION), AND THE 

FUNDING SOURCE SPONSORING THE SITE INSTALLATION AND 
MAINTENANCE.  CORPS OF ENGINEERS (COE), SOUTH FLORIDA WATER 
MANAGEMENT DISTRICT (SFWMD), SANIBEL-CAPTIVA CONSERVATION 

FOUNDATION (SCCF) AND C-43 WEST BASIN STORAGE RESERVOIR 
PROJECT (PROJECT) 

Monitoring Site and 
Parameters  

Objective(s) Addressed Funding 
Sponsor 

S-79 (Franklin Dam) Compare flow from S-79 to project target  
 

COE  

1 – Total Nitrogen (TN 
      upstream side of S-79) 
        

1- Determine daily loading (TN concentration X  flow) New platform & 
sensors – SCCF or 
Project  

2 – TN, inorg N, TP,inorg P,  
      Chl-a, color, turbidity,  
      D.O. 

2 - Compare Chl-a conc., trends, and blooms freq. 
3 - Compare D.O conc and diurnal fluctuation 
4 - Compare PAR levels and tape grass requirements 
5 - Compare N, P, color, and turbidity &  trends  

-Existing SFWMD 
  Platform 
-Sensors: SCCF   
  or Project 

3 - TN, inorg N, TP,inorg P,  
      Chl-a, color, turbidity,  
      D.O., PAR 

2 - Compare Chl-a conc., trends, and blooms freq. 
3 - Compare D.O. conc and diurnal fluctuation 
4 - Compare PAR levels and tape grass requirements 
5 - Compare N, P, color, and turbidity &  trends 

-Existing SFWMD 
  Platform 
-Sensors: SCCF   
  or Project  

4- TN, inorg N, TP,inorg P,  
      Chl-a, color, turbidity,  
      D.O 

2 - Compare Chl-a conc., trends, and blooms freq. 
3 - Compare D.O. conc and diurnal fluctuation 
5 - Compare N, P, color, and turbidity &  trends 

-Existing SFWMD 
  Platform 
-Sensors: SCCF   
  or Project 

5 - TN, inorg N, TP,inorg P,  
      Chl-a, color, turbidity,  
      D.O., PAR 

2 - Compare Chl-a conc., trends, and blooms freq. 
3 - Compare D.O. conc , diurnal fluctuation, and  
      oyster requirement 
4 - Compare PAR levels and seagrass requirements 
5 - Compare N, P, color, and turbidity &  trends 

-Existing Platform   
(?Salinity M Plan) 

-Sensors: Project 

6 – D.O. 3 - Compare D.O. conc , diurnal fluctuation, and 
      oyster requirements 
 

-Existing SFWMD 
Platform   

-Sensor: Project 
7 - TN, inorg N, TP,inorg P,  
      Chl-a, color, turbidity,  
 

2 - Compare Chl-a conc., trends, and blooms freq. 
5 - Compare N, P, color, and turbidity &  trends 

-Existing SFWMD 
  Platform 
-Sensors: SCCF   
  or Project 

8 - TN, inorg N, TP,inorg P,  
      Chl-a, color, turbidity 

2 - Compare Chl-a conc., trends, and blooms freq. 
5 - Compare N, P, color, and turbidity &  trends 

SCCF 

9 - TN, inorg N, TP,inorg P,  2 - Compare Chl-a conc., trends, and blooms freq. -Existing Platform   
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      Chl-a, color, turbidity,     
      D.O., PAR 

3 - Compare D.O. conc and diurnal fluctuation 
4 - Compare PAR levels and seagrass requirements 
5 - Compare N, P, color, and turbidity &  trends 

(?Salinity M Plan) 
-Sensors: Project 

10 - TN, inorg N, TP,inorg P,  
      Chl-a, color, turbidity,  
       D.O., PAR 

2 - Compare Chl-a conc., trends, and blooms freq. 
3 - Compare D.O. conc and diurnal fluctuation 
4 - Compare PAR levels and seagrass requirements 
5 - Compare N, P, color, and turbidity &  trends 

SCCF 

11 - TN, inorg N, TP,inorg P,  
      Chl-a, color, turbidity,   
       D.O.,PAR 

2 - Compare Chl-a conc., trends, and blooms freq. 
3 - Compare D.O. conc and diurnal fluctuation 
4 - Compare PAR levels and seagrass requirements 
5 - Compare N, P, color, and turbidity &  trends 

SCCF 
 

 
D.3.2.6 Data Quality 

Routine samples and routine quality control samples are collected in accordance 
with the Florida Department of Environmental Protection (Department) Quality 
Assurance Rule, 62-160.200 and 62-160.320, F.A.C. and the District Field 
Sampling Quality Manual (FSQM).  Applicable sections of the FSQM include 
auto-sampler collection methods; field test methods; and quality control 
procedures.  Corrective actions for data not meeting the quality objectives may 
be taken as outlined in the Quality Assurance Systems Requirement (QASR).  
 
D.3.3 Project Monitoring and Assessment Plan:  Oysters 

This oyster monitoring plan is intended to help address concerns related to 
downstream estuary impacts and benefits related to changes in freshwater 
inflow and salinity due to project implementation.  
 
D.3.3.1 Background  

The eastern oyster is a bivalve in the family Ostreidae.  It is important both 
commercially and recreationally in fisheries along the Atlantic and Gulf of 
Mexico coasts of North America.  It requires a proper substrate and suitable 
salinity conditions for existence.  Due to its sedentary nature, the eastern oyster 
is susceptible to undesirable natural and artificial environmental changes, as 
well as pollution within its habitat.  Environmental disruptions are responsible 
for reducing oyster populations and their traditional habitats (Cake 1983).  
 
In the Caloosahatchee Estuary, oysters have been identified as a Valued 
Ecosystem Component (VEC). Oysters are natural components of southern 
estuaries and were documented to be abundant in the system. The eastern 
oyster is important for providing reef habitat that serves as areas of 
concentration (Wells 1961. Bahr and Lanier 1981) and as food for numerous 
estuarine species including gastropod mollusks, polychaete worms, decapod 
crustaceans, various boring sponges, fish, and birds, including the endangered 
oyster catcher.  The eastern oyster is the dominant species in the oyster reef 
community.  There may be over 40 species of macrofauna living in oyster beds 
with the total number of species exceeding 300 (Wells, 1961; Ingle & Smith, 
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1956; Woodburn, 1965; McDonald, 1982; Peters, 1981; Meyer, 1994; Tolley, 
2006).  
 
Implementation of the C43 West Basin Reservoir Project expects to restore 
hydrology in the Caloosahatchee Estuary by reducing the number of low and 
high flow water delivery events. It is anticipated that if flows are restored to 
more natural conditions then there should be an improvement of recruitment 
and survivorship of the eastern oyster (Crassostrea virginica). 
 
There is an existing RECOVER monitoring program for the eastern oyster 
(Crassostrea virginica) in the Caloosahatchee Estuary. This program began 
collecting data in January 2004. 
 
D.3.3.2 Monitoring Objectives  

1. Continue long term monitoring of oysters (Crassostrea virginica) in the 
Caloosahatchee Estuary.  

2. Determine if the restoration of beneficial patterns of freshwater inflow, 
salinity and water quality to the Caloosahatchee Estuary will achieve the 
expected distribution, community structure and viability of oysters. 

3. Examine the effects of variation in salinity on oyster condition and health.  
4. Identify areas suitable for the development and therefore potential 

restoration of oyster reefs. 
5. Create additional monitoring stations at newly assembled reefs, as they 

are constructed, in order to track  
6. Addresses the null hypothesis stated below that is intended to assess the 

success of the project. 
 
D.3.3.3 Null Hypothesis 

The general null hypothesis - As a result of the operation of the 
CALOOSAHATCHEE RIVER (C-43) WEST BASIN STORAGE RESERVOIR, 
there are either detrimental impacts to the oyster community, or no changes in 
the estuarine oyster population, related to – (a) the base line conditions 
established from years of sampling prior to reservoir operation in a variety of 
habitats and salinity zones along the downstream gradient of the estuary.  
 
Determining if the null hypothesis is true depends on monitoring oysters and at 
least salinity commensurate with the project operation, by:  
 

1. Comparing populations and health with historic data sets;  
2. Assessing trends in oyster populations and health during project 

operation to determine the direction of change 
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3. Comparing current project related flows and oyster populations and 
health with similar seasonal conditions when freshwater inflows would 
have been equal to non-project flow.  

 
D.3.3.4 Monitoring Measures and Targets 

1. Monitoring Measure (monthly):  Perkinsus marinus prevalence. Perkinsus 
infection is measured on a scale of 0 to 5 with five being the highest 
infestation of the parasite.  

 
Target:  Perkinsus marinus prevalence is less than 1.  
 
Adaptive Management Trigger:  When prevalence becomes a 3 or higher, 
additional freshwater should be released to lower salinity in the lower estuary. 
 

2. Monitoring Measure (monthly):  Spat Recruitment (May- October). 
 
Target:  5 spat per shell per month 
 
Adaptive Management Trigger:  When there is less than 5 spat per shell for two 
or more consecutive months flows should be decreased to reduce the number of 
larvae being flushed from the system. 
 

3. Monitoring Measure:  Density of Live Oysters. 
 
Target:  Greater than 200 living oysters per m2 at identified sample locations. 
Adaptive Management Trigger:  When there are less than 100 live oysters per 
m2 water flow should be adjusted to provide optimum salinities in the lower 
estuary.   
 

4. Monitoring Measure:  Condition Index of Oysters (CI). CI measures the 
general health of the oyster and generally ranges from 0 to 8 with 8 being 
the best.  

 
Target:  CI changes seasonally but should not be less than 2.5. 
Adaptive Management Trigger:  A CI less than one indicates poor oyster health 
usually resulting in lack of food. If the CI falls below 2 flows should be adjusted 
to increase primary and secondary productivity in the estuary. 
 
D.3.3.5 Monitoring Approach 

A long term oyster monitoring program based on previous studies and existing 
monitoring will be carried out in the Caloosahatchee Estuary.  The program will 
utilize existing methodologies and sampling locations for consistency and will 
incorporate existing data as baseline for a comparison to project condition. 
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Continued post construction monitoring will allow tends to be identified once the 
project becomes functional.  Additional sampling locations will be established as 
new reefs are constructed. 
 
Twice a year (summer, winter) one 100 m transects (parallel to shore) will be 
established at seven stations (Figure D-9).  Each transect will be subdivided 
into seven (7) 20 m long portions (0-20, 20-40, 40-60, 60 – 80, 80 – 100)  On each 
sampling date, 5 – 1 m2 quadrats will be placed randomly along each transect 
(n=5 quadrats per transect, 1 quadrat with each 20 m portion, n = 10 quadrats 
per site,).  For each quadrat, the following measurements will be determined. 
 

• Percent Adults Live versus Dead:  Count and record the number of live 
adult oysters and the number of dead adult oysters within the 1 m2 
quadrat. 

• Adult sizes (Live versus Dead):  Measure and record the maximum length 
of all adult oysters (both dead and alive) within the 1 m2 quadrat. Be sure 
to distinguish between the two. 

• Water Depth:  Measured to the nearest centimeter at the center of each of 
the 1 m2 quadrats; measured from water surface; report in meters (m). 

• Spat Recruitment:  Oyster spat recruitment will be conducted at each 
oyster monitoring station using old adult oyster shells strung together 
with a weighted galvanized wire. Three shell strings will be deployed at 
the site each month. A shell string will consist of 12 oyster shells, each 
5.7-7.5 cm long with a hole drilled in the center and oriented inner surface 
down, when suspended off the bottom. Oyster spat settlement will be 
monitored monthly (March – October) by counting the number of spat 
settled on the underside of strung shells.  

• Juvenile Oyster Growth and Survival:  Four hundred hatchery raised 
juvenile oysters (10 mm-20 mm) will be deployed at all sampling locations 
in 0.5 mm wire-mesh bags. Fifty randomly selected oysters will be 
measured to the nearest 0.1 mm every month from each location for 24 
months. Beginning year 3, 250 more juvenile oysters in wire mesh bags 
will be deployed at each site to examine the effects of high freshwater 
releases and resulting low salinities on juvenile oysters. Similar to year 1 
and 2, growth of juvenile oysters will be measured monthly. The effect of 
predation on oyster survival will be determined by placing juvenile oysters 
in open vs. closed cages. 

• Oyster disease prevalence and intensity: 15-20 oysters / sampling location 
will be monitored monthly for disease prevalence and intensity of the 
oyster pathogen Perkinsus marinus. 
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FIGURE D-9:  OYSTER SAMPLE LOCATIONS (IC: IONA COVE, CD: CATTLE 

DOCK, BI; BIRD ISLAND, KK: KITCHEL KEY, TB: TARPON BAY, FL: FUTURE 
LOCATION) 

 
Concurrent with sampling schedule, the Contractor shall obtain vertical profiles 
of dissolved oxygen, salinity, temperature, pH, and conductivity using standard 
electronic sensors calibrated to manufacturer’s specifications.  Contractor must 
meet and follow the minimum requirements in the FDEP field Sampling SOPs 
for field testing (FT), field documentation (FD), and field quality control (FQ). 
Depth intervals shall be surface and bottom if the depth is greater than 1 m.  A 
log of pre-calibration and post-calibration checks along with records of yearly 
maintenance of the instruments cables and sensors should be kept.  Copies of 
these logs must be submitted with each data submission.  Water depth, weather 
conditions (i.e. cloudy, windy etc.), time of day and tidal stage will be recorded 
(low, high, ebbing, flooding).  
 
D.3.3.6 Data Quality 

Routine samples are collected in accordance with RECOVER guidelines and 
published standards regarding monitoring oysters.  
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D.3.4 Project Monitoring and Assessment Plan:  Submerged Aquatic Vegetation 

This submerged aquatic vegetation monitoring plan is intended to help address 
concerns related to downstream estuary impacts and benefits related to changes 
in freshwater inflow and salinity due to project implementation.  
 
D.3.4.1 Background 

Submerged aquatic vegetation (SAV) is important economically and ecologically, 
serving as major structural elements in estuarine and coastal waters.  They 
provide food, habitat, and refuge to invertebrates, birds, marine turtles, 
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mammals, and many marine recreationally and commercially targeted fishes 
during some stage of their life cycle. In addition to being important constituents 
of coastal food webs, SAV also stabilize sediments, inhibit their re-suspension, 
sequester atmospheric carbon, and export carbon to other systems, improve 
water transparency, trap and cycle nutrients, and protect shorelines through 
wave energy attenuation (Duarte 2002).  Because of these extensive ecosystem 
services, SAV ecosystems are among the most significant on the planet.  
 
By definition, SAV includes both marine and freshwater aquatic angiosperms as 
well as macroalgal species.  Native macroalgal species (attached and drift) are 
desirable constituents of estuaries, though an overabundance of these taxa may 
be detrimental to angiosperms (Onuf 1996).  
 
In the Caloosahatchee estuarine system, five seagrass species are found, 
including the uncommon presence of Halophila decipiens (paddle grass) and 
Halophila engelmannii (star-grass) in San Carlos Bay area. Halodule wrightii 
(shoal grass) and Thalassia testudinum (turtle grass) are the dominant two 
species in San Carlos Bay (3), with Syringodium filiforme (manatee grass) also 
contributing to the lush beds in lower Pine Island Sound (Figure D-10).  Their 
density, coverage, and depth increases with distance from the river, while 
population variability decreases.  Only shoal grass is found upstream of Shell 
Point.  The dominant freshwater species of concern is Vallisneria americana 
(American wild celery - tape grass).  One brackish water species Ruppia 
maritima (widgeon grass) is also found in the upper and middle section of the 
estuary upstream of Shell Point, but is uncommon and usually ephemeral. 
 
Although there are species-specific variations, generally speaking SAV 
distributions are limited by four environmental factors: light, salinity, 
temperature, and nutrients (Dennison et al. 1993; Kemp et al. 2004). In the 
Caloosahatchee, studies have documented that SAV distribution and 
subsequently its functionality, is strongly related to limits on their physiological 
response to salinity and light. Except at the distribution margins, plant location 
in the estuary generally depends on salinity, while growth characteristics 
controlling plant height and depth strongly relates to light attenuation within 
salinity tolerant zones.  
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FIGURE D-10:  MAP OF CALOOSAHATCHEE ESTUARY AREA AND LOCATION 

OF DOMINANT SAV DURING IDEAL CONDITIONS. DEPICTED ARE THE 
PROPOSED SAV SAMPLING SITES, USING: (1) THE TRADITIONAL MANUAL 

METHOD DEPLOYING DIVERS TO MEASURE PLANTS ALONG FIXED 
TRANSECTS; AND (2) HYDROACOUSTIC METHODOLOGY. 
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Superimposed upon this physiologically based template are a variety of factors, 
such as impacts via grazing (Lewis 1986).  The relationship between SAV and 
herbivores is not well understood.  The West Indian Manatee (Trichechus 
manatus) is among the few vertebrate grazers utilizing SAV as the main source 
of their diet although grass carp (Ctenopharyngodon idella) too have been 
documented as having an affect on freshwater SAV species (Hestand and Carter, 
1978).  Large herbivores such as manatees may graze destructively (Lefebvre et 
al. 2000) and thus inhibit the recovery of the SAV by disturbing their 
rhizospheric components when removing the photosynthetic leaves (Thayer et. 
al., 1984).  The gaps created by grazing within the SAV habitat may alter the 
functionality and subsequently the value of the SAV habitat by increasing 
landscape heterogeneity and thus influencing both floral (may initiate 
succession) and faunal relationships.  
 
Tape grass disappeared from the upper estuary sampling area following the 
2000-2001 draught when salinity exceeded the plants tolerance limits.  Despite 
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the return of the plant to the area and favorable salinity conditions, plant 
recovery to the pre-drought density (Figure D-11) and canopy height have not 
been sustained, possibly in part because the diminished plants have not been 
able to compete with the rate of grazing.  

Vallisneria at Sites 1 & 2
     Jan. 1998 - Mar. 2006
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FIGURE D-11:  TAPE GRASS (VALLISNERIA AMERICANA) SHOOT DENSITY 
IN THE UPPER CALOOSAHATCHEE ESTUARY. RECENT DATA ARE FROM 
THE STATIONS MONITORED BY THE SANIBEL-CAPTIVA CONSERVATION 

FOUNDATION (STATIONS 1 AND 2 IN FIGURE 7, USING MANUAL METHODS). 
 
Pursuant to the requirements of “Florida Water Resources Act,” the South 
Florida Water Management District established minimum flows and levels 
(MFLs) for freshwater inflow entering the Caloosahatchee Estuary via the 
Franklin Lock and Dam (structure S-79).  The minimum flow is defined as” the 
limit at which further withdrawals would be significantly harmful to the water 
resources or ecology of the area” (section 373.042(1), F.S.).  For purposes of 
establishing minimum flows, significant harm is defined as a loss of water 
resource functions that takes more than two years to recover.  The minimum 
flow criterion is linked to the concept of protecting valued ecosystem components 
from significant harm.  An MFL rule, has been established in the 
Caloosahatchee Estuary (SFWMD 2003 and 2005), whereby an exceedance 
occurs during a 365 day period, when: (a) A 30-day average salinity 
concentration exceeds 10 parts per thousand at the Ft. Myers salinity station 
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(measured at 20% of the total river depth from the water surface at a location of 
latitude 263907.260, longitude 815209.296; or (b) A single, daily average salinity 
exceeds a concentration of 20 parts per thousand at the Ft. Myers salinity 
station.  Exceedance of either (a) or (b), for two consecutive years is a violation of 
the MFL.  The intent of the rule is to maintain Vallisneria habitat that will 
support both estuarine and juvenile marine organisms.  Currently, the Rule 
identifies a minimum mean monthly flow of 300 cfs is required to be delivered to 
the estuary between the months of November – March (dry season) in order to 
not reach the salinity exceedance limits.  More recent modeling and field studies 
indicate that a flow of 450 cfs is more appropriate to avoid exceedance during 
periods of low rainfall and freshwater inflows.  This low flow limit is reflected in 
the target S-79 flow distribution identified within Caloosahatchee River (C-43) 
West Basin Storage Reservoir - Caloosahatchee Estuary Hydrologic Evaluation 
Performance Measures (2005 – Table D-6). 

 
TABLE D-6:  TARGET FREQUENCY DISTRIBUTION OF MEAN MONTHLY 

FLOWS FROM S-79 (CALOOSAHATCHEE RIVER (C-43) WEST BASIN 
STORAGE RESERVOIR - CALOOSAHATCHEE ESTUARY HYDROLOGIC 

EVALUATION PERFORMANCE MEASURES, 2005). 
Discharge Range (cfs) 

From S-79 

Percent Distribution Of 
Flows From S-79  

0 to 450 

450 to 500 

500 to 800 

800 to1500 

1500 to 2800 

2800 to 4500 

>4500 

0% 

42.8% 

31.7% 

19.2% 

5.6% 

0.7% 

0% 

 
The variability, timing, frequency, and volume of freshwater inflows effect 
salinity fluctuations, which in turn, can restrain SAV distribution and growth 
rates.  For example, Montague and Ley (1993) found that SAV biomass was 
directly proportional to salinity, with biomass decreasing as salinity variation 
increased.  As discussed above, in the upper estuary, naturally occurring tape 
grass will not survive prolonged periods of elevated salinity.  The seagrass 
Halodule wrightii can persist in areas with higher variation in salinity than 
other seagrass, thus this species maintains a minimum presence upriver of Shell 
Point.  Thalassia testudinum and Syringodium filiforme will not tolerate 
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prolonged periods of reduced salinity as a result of manipulated water release, 
and are located only in areas with relatively low variation in salinity.  
Regardless of the seagrass species, the frequent release of large volumes of 
freshwater from S-79 commonly results in freshening of the river to a point that 
downstream euryhaline SAV species are negatively impacted (Figure D-12). 
Achieving the target flow distribution (Table D-6) will reduce the occurrence of 
excessive discharges and maintain salinity variability in a range more 
supportive of SAV throughout the longitudinal gradient of the estuary.  
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FIGURE D-12:  SEAGRASS COVERAGE AT TWO LOCATIONS DOWNSTREAM 
OF THE CALOOSAHATCHEE RIVER (A. SITE 7; AND B. SITE 8-IN FIGURE 7) 
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                  San Carlos Bay
Average Seagrass % Cover vs. Depth
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FIGURE D-13:  AVERAGE SEAGRASS COVERAGE ASSOCIATED WITH DEPTH 

DURING A WIDE RANGE OF FRESHWATER INFLOW CONDITIONS USING 
HYDROACOUSTIC SAMPLING METHODOLOGY AT THE NORTHERN SAN 
CARLOS BAY STATION ADJACENT TO MERWIN KEY (SITE 7, FIGURE 7). 

              San Carlos Bay
Flow vs. Seagrass % Cover at 1.5 m
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FIGURE D-14:  PERCENT SEAGRASS COVERAGE AT 1.5 METER IN SAN 
CARLOS BAY (SITE 7. FIGURE 7) DURING A WIDE RANGE OF 30-DAY 

AVERAGE INFLOW CONDITIONS FROM S-79. 
 
An exponential decay regression line is fitted to the subset of flows (bold points). 
Drop lines are provided from the existing 8.5% average coverage and the 
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expected improved coverage of 20% and 30% when flows approach the dominant 
target range of 450-800 cfs (Table D-6). 
 
Seagrass are distributed along a depth gradient and when conditions of salinity 
and light are good, seagrass can extend to over 2 meters depth in San Carlos Bay 
(Figure D-13). Both salinity and light are influenced by freshwater inflow and 
impact the percent cover of seagrass along its depth range (Figure D-9).  For 
example, when flows are within the target flow range (Table D-6), seagrass 
percent cover at 1.5 meter can be > 30% (Figure D-14). 
 
D.3.4.2 Monitoring Objectives 

1. Quantify SAV throughout the expected impacted area, so to: (a) Compare 
the discharge distribution from S-79 to the target SAV goals identified 
below; (b) Determine if the source of the variation is due to basin rainfall 
runoff or Lake Okeechobee Releases; (c) assess if SAV changes are 
consistent with expected values compared to salinity and water quality; 
and (d) where possible, relate changes in SAV to operation of project 
reservoir. 

2. Determine tape grass coverage as it relates to (a) the 30-day moving 
average salinity < 10 ppt during the dry season at the Ft. Myer’s 
continuous salinity sensor (at 20% of water depth), such that salinity in 
the Beautiful Island area remains <10 ppt, in order to maintain a 
continuous population of tape grass in the area between the Ft. Myers U.S 
41 northbound bridge and Beautiful Island (Sites 1 and 2, Figure 1), with 
a minimum bottom coverage of 20% to 1 meter (MLLW) and blade length 
> 10 cm; and (b) take remedial action to address over grazing by 
herbivores that may prevent attaining this goal. 

3. Determine shoal grass coverage upstream of Shell Pt. as it relates to the 
occurrence of average monthly salinity <15 ppt at the Cape Coral Bridge 
sensor.  Salinity >20 ppt is promoted downstream of Peppertree Pt., in 
order to maintain: (a) continuous shoal grass coverage in the area 
immediate downstream of  Peppertree Pt. (Site 4, Figure 1);  and (b) 
continuous shoal grass coverage > 30% in Iona Cove (Site 5) to 1 meter 
water depth (MLLW) with an average blade length > 10 cm. 

4. Determine changes in aerial seagrass coverage as it relates to the 
maintenance of  average monthly salinity > 30 ppt at the Sanibel 
Causeway (measured by the near surface continuous sensor), with a goal 
of increasing restoring seagrass coverage by 38% in the San Carlos Bay 
area circa Harris et al. 1983 aerial survey.  

5. Determine average seagrass coverage per water depth, with a goal of 
maintaining a coverage of > 30% at 1.5 m in mid-San Carlos Bay (Site 6 
and 7), and > 20% at > 1.75 meters, with blade length > 10 cm. 

6. Determine average seagrass coverage per water depth in lower Pine 
Island Sound, with a goal of maintaining a coverage of > 65% at 1.5 m.  
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7. Determine seagrass species composition, with a goal of maintaining 
annual shoal grass and turtle grass percent composition in San Carlos 
Bay and Pine Island Sound (Sites 6, 7, 8, and 9) at levels normally 
associated with S-79 monthly average flows of <1,000 cfs, as measured 
between 0.5 –1.0 meters depth.  

8. Compare historical SAV coverage, density, and blade length data at all 
sites with similar data collected during project operation, with a goal of 
detecting an increase in the average amount of each of these metrics, as 
well as a reduction in their variability (annual, between seasons, and 
within seasons).  

9. Addresses the null hypothesis stated below that is intended to assess the 
success of the project. 

 
D.3.4.3 Null Hypothesis 

The general null hypothesis - As a result of the operation of the C-43 West Basin 
Storage Reservoir (BSR), there will be no beneficial changes in freshwater 
inflows from S-79, nor improvement in estuarine SAV populations, related to – 
(a) recent area wide population data (positive trend of increasing area coverage); 
(b) historic seasonal SAV patterns; and (c) variation in SAV within distinct 
estuarine zones of the estuary. 
 
Determining if the null hypothesis is true depends on monitoring SAV and 
related water quality commensurate with the project operation. To meet these 
demands the following SAV monitoring measures and targets are identified. 
 
D.3.4.4 Monitoring Measures and Targets 

1. Monitoring Measure: Average Seagrass Coverage 
 
Targets:  Maintain average seagrass coverage of > 30% at 1.5 m in mid-San 
Carlos Bay (Site 6 and 7), and > 20% at > 1.75 meters, with blade length > 10 
cm. 
 
Maintain average seagrass coverage of > 65% at 1.5 m in lower Pine Island 
Sound.  
 
Maintain annual shoal grass and turtle grass percent composition in San Carlos 
Bay and Pine Island Sound (Sites 6, 7, 8, and 9) at levels normally associated 
with S-79 monthly average flows of <1,000 cfs, as measured between 0.5 –1.0 
meters depth.  
 
Improvement seagrass coverage, density, and blade length at all sites as 
indicated by an increase in the average amount of each of these metrics, as well 
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as a reduction in their variability (annual, between seasons, and within 
seasons).  
 
Adaptive Management Trigger: (1) Long term - When there is no significant 
increase toward achieving the above monitoring measures within any of the 
geographic reference locations, thus satisfying the null hypothesis as per the 
condition described above; and (2) Short Term (real time) - When there is a 
significant decrease (or threat of adverse impacts) in the current monitoring 
measures as a result of project operation compared to no action (reservoir 
operation) or not implementing an improved operation scenario (considering 
other resources). 
 

2. Monitoring Measure:  SAV recovery and protection linked to meeting 30 
Day Moving Average Salinity goals. 

 
Targets:  Achieve the MFL salinity criteria by augmenting freshwater releases 
to maintain a 30-day moving average salinity < 10 ppt during the dry season at 
the Ft. Myer’s continuous salinity sensor (at 20% of water depth), such that 
salinity in the Beautiful Island area remains <10 ppt, in order to maintain a 
continuous population of tape grass in the area between the Ft. Myers U.S 41 
northbound bridge and Beautiful Island (Sites 1 and 2, Figure D-15), with a 
minimum bottom coverage of 20% to 1 meter (MLLW) and blade length > 10 cm. 
Limit the occurrence of average monthly salinity <15 ppt at the Cape Coral 
Bridge sensor, so salinity >20 ppt is promoted downstream of Peppertree Pt., in 
order to maintain: (a) continuous shoal grass coverage in the area immediate 
downstream of Peppertree Pt. (Site 4, Figure D-15); and (b) continuous shoal 
grass coverage > 30% in Iona Cove (Site 5) to 1 meter water depth (MLLW) with 
an average blade length > 10 cm.  
 
Maintain an average monthly salinity > 30 ppt, as measured at the Sanibel 
Causeway near surface continuous sensor, in order to regain historical seagrass 
coverage lost in the San Carlos Bay area, with a goal of increasing coverage by 
38% to circa Harris et al. 1983 aerial survey.  
 
Adaptive Management Trigger: (1) Long term - When there is no significant 
increase toward achieving the above recovery goals within any of the geographic 
reference locations, thus satisfying the null hypothesis as per the condition 
described above; and (2) Short Term (real time) - When there is a significant 
decrease, threat of adverse impacts, or loss in recovery gains for tape grass, 
shoal grass upstream of Shell Pt, or the area wide coverage in San Carlos Bay as 
a result of project operation compared to no action (reservoir operation) or not 
implementing an improved operation scenario (considering other resources). 
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D.3.4.5 Monitoring Approach 

Daily freshwater discharge from Lake Okeechobee and S-79 are measured by the 
Corp of Engineers and posted electronically on COE and SFWMD web sites.  
This information is part of normal operation and therefore no additional 
Caloosahatchee River (C-43) West Basin Storage Reservoir project cost is 
required.  Salinity information will be provided by the network of continuous 
sensors described in the Salinity Monitoring Plan and additional information 
collected concurrent to SAV monitoring.  Water quality data also will be 
provided by additional sensors (see Water Quality Monitoring Plan) and 
concurrent measurements of important parameters. 
 
If low tape grass coverage, density, or blade length is attributed to over grazing, 
then determine the species responsible and take remedial action, especially if 
grazing is by introduced species, like grass carp.  The District is planning to 
investigate grazing problems and potential remedial actions, depending on the 
extent of the problem, the species responsible, their pervasiveness, their 
dependency on tape grass, and their sensitivity to water quality conditions. 
 
Monitoring SAV to determine if the above objectives and targets are achieved 
requires three methodologies are employed.  Each approach provides 
progressively more detail, but also increasingly sacrifices total area covered. 
Each method has inherited limitations, but when coupled together in this 
monitoring plan, will provided: accurate (low uncertainty) long term information 
for addressing the above targets and monitoring objectives; as well as provide 
short term feed back for changing project component operation.  
 
Continuation of aerial photography will be required to determine if seagrass 
coverage is trending upward, toward achieving objective 4.  Overflights are the 
only tested method that provides a system wide approach.  A minimum of 3 
flights will be required to detect a change and probably more than 5.  Currently, 
flights are made every 2 years.  Flights should be flown as late in the year 
(April-June) as possible to view plants within the growing season.  Delays past 
June run the risk of missing the flight window because of wet season cloud cover 
and poor water clarity from runoff.  Species distinction is not possible with this 
method, percent coverage is qualitative, and the viewing depth is limited based 
on water clarity.  Also, very low coverage and plant density can not be detected. 
 
Figure D-15 indicates the current location of in-water manual sampling. This is 
a traditional approach that requires divers to hand measure/collect plants 
contained in quadrants randomly placed along permanent transects.  Each 
station consists of two 100 meter transects parallel to shore and two 
perpendicular transects that do not necessary reach the edge of the bed at each 
station.  Five, 1.0 m2 quadrants, are measured per transect each month.  This 
method provides precise quantitative estimates of species density in each 
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quadrant, regardless of the plant size and coverage.  Sampling and information 
collected should at a minimum follow the guidelines being developed by 
RECOVER for manual SAV monitoring. Limitations to this method are sample 
size for the amount of staff time required (5 quads/4 transects and a  sample 
size, n = 4 per visit monthly?). Therefore, the ability to detect change is limited 
by sample variability and each estimate represents only a small area. Thus 
patchiness (areas of increased or depressed coverage) can bias the results.  
 
Hydroacoustic methodology has been used since 1996 (baseline) in the 
Caloosahatchee Estuary to detect seasonal and annual change in seagrass 
coverage and plant height (Figure D-15).  This method provides an approach 
that fits between the total area coverage provided by remote aerial photography 
and the manual, site specific approach.  Hydroacoustic sampling is conducted at 
the locations indicated in Figure D-15 and is generally in close proximity to the 
manual method stations.  Thus, water quality impacts to SAV can be considered 
the same for both methods.  Hydroacoustic sampling design consists of 10 
transects, usually hundreds of meters long, with some extending well beyond the 
plant depth at each station.  Like the manual method, this approach is not 
restricted by the time of year, water and weather conditions, or number of 
sampling events.  However, currently, sampling is conducted three times per 
year during the growing season between March and September.  While the 
sample boat transverses the transect at about 2.5 knots, a digitized sample and 
GPS position is recorded with total plant coverage, canopy height, and bottom 
depth every 0.5 second, which is equivalent to every 0.5-1.0 meter.  This 
translates to an extremely large quantitative sample size with large area 
coverage during a short on-site time commitment (1-2 hours).  Therefore, the 
ability to detect change is greater then the manual method and more 
quantifiable than remote photography, at least for the area covered.  Limitations 
include the inability to: distinguish species; detect plants in very low density; or 
when plants are shorter than 5-7 cm.  
 
Each method is uniquely suited to address at least one objective and assist on 
others.  Table D-7 identifies each sampling method, the monitoring objective(s) 
of the eight identified above that the method will address, and the expected 
funding sponsor for each method.  As indicated above, only remote aerial 
photography can adequately address Objective 4, and it can also contribute to 
confirming Objectives 3a and 8.  Manual sampling is the only method able to 
address Objective 7, but it can contribute to objectives 2, 3, and 8.  The manual 
method will also be critical for comparison to hydroacoustic results, especially 
when morphometrics decline toward the limits of hydroacoustic detection.  The 
hydroacoustic is best suited for addressing Objectives 2, 3b, 5, 6 and also is 
important for evaluating Objective 8.  
 
The results of all three SAV methods should be compared to: the salinity and 
water quality measured during time of collection; and the salinity and water 
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quality collected as specified by their respective monitoring plans.  This 
comparison should delineate their influence on SAV related to the operation of 
the reservoir and help explain SAV changes if detected.  If and when water 
quality targets discussed in the Water Quality Monitoring Plans are approached, 
then is there the expected positive SAV responses. 
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Florida (East) State Plane (ft)
Datum: NAD83
Depth in Meters Relative to NGVD-29 Contour interval 0.25 m

Reach 2B, March 1996 Reach 2B, September 1996

Reach 3B, September 1996Reach 3B, March 1996

 

 

FIGURE D-15:  EXAMPLE OF HYDROACOUSTIC MAPPING COVERAGE AT 
REACH 2B IN IONA COVE (SITE 5) AND REACH 3B IN NORTHERN SAN 

CARLOS BAY (SITE 7) SHOWING THE 10 TRANSECTS SAMPLED DURING 
MARCH AND DECEMBER 1996 AND THE RESULTING PLANT COVERAGE 

AND DEPTH CONTOURS. 
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TABLE D-7:  SAV MONITORING METHODS, PARAMETERS SAMPLED, 
MONITORING OBJECTIVES (FROM MONITORING OBJECTIVES SECTION), 
AND THE FUNDING SOURCE SPONSORING THE MONITORING. CORPS OF 

ENGINEERS (COE), SOUTH FLORIDA WATER MANAGEMENT DISTRICT 
(SFWMD), SANIBEL-CAPTIVA CONSERVATION FOUNDATION (SCCF) AND 

CALOOSAHATCHEE RIVER (C-43) WEST BASIN STORAGE RESERVOIR 
PROJECT (PROJECT). 

Monitoring Method 
and Information 
Source  

Objective(s) Addressed Funding 
Sponsor 

Flow from S-77 :Moore 
Haven & S-79: Franklin 
Dam 

1a -Compare flow from S-79 to project 
target  
1b - Determine if change in S-79 flow due 
to basin or Lake. 
1c and d- Is detected changes due to altered 
flow from basin or Lake Okeechobee? 

COE & 
SFWMD 

Salinity and Water 
Quality 
(from respective 
Monitoring Plans) 

1 - Influence of project on water quality and 
salinity and their influence on SAV. Are 
SAV and water condition targets valid or 
need to be changed? 

SFWMD, SCCF 
and Project  

1 – Aerial Photography  4 – Increase San Carlos bay Coverage and 
regain lost 38%.  

SFWMD or 
Project 

2 – Hydroacoustic 
Method  
(General SAV % cover, 
depth of occurrence, and 
canopy height)  

1c and d- Detect SAV changes related to 
salinity and water quality and Project. 
2 – Detect change in tape grass: meeting 
targets? 
3 – Ground truth aerial photography and 
verify related trends. 
4 – Detect change in Iona Cove Halodule: 
meeting targets? 
5 – Detect change in San Carlos Bay SAV: 
targets? 
8 – Improve SAV throughout estuary at 
historical locations and reduce variability. 

SFWMD 

3- In Water, manual 
method 

1 - Ground truth/ verify Hydroacoustic 
sampling results & and measure plant too 
low in density & height trends. Use method 
to sample months not using Hydroacoustic 
method. 
2 – Detect change in tape grass: meeting 
targets? 
3 – Ground truth aerial photography and 
verify related trends. 
4 – Detect change in Iona Cove Halodule: 
meeting targets? 
7 – Maintain SAV species composition in 
San Carlos Bay. 

SCCF, funded 
by 
SFWMD/Project
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D.3.4.6 Data Quality 

Routine samples are collected in accordance with RECOVER guidelines and 
published standards regarding monitoring SAV.  
 
D.3.5 Project Monitoring and Assessment Plan:  Fish 

This fish monitoring plan is intended to help address concerns related to 
downstream estuary impacts and benefits related to changes in freshwater 
inflow and salinity due to project implementation.  
 
D.3.5.1 Background 

Estuaries are among the richest environments in the world.  They provide a 
range of habitats for a diverse population of aquatic life; acting as a nursery for 
some species; and providing important physical and water quality conditions for 
permanent residents and temporary users, including over 75% of the 
commercially harvested marine fish and shellfish in Florida.  An estuary is not 
an estuary without freshwater inflow, which provides: (1) input of nutrients and 
organic matter as the building block for an adequate food supply to higher 
trophic levels, including fish; (2) protection from predation by more mature life 
stages that can’t tolerate lower salinity or can’t find prey in naturally turbid 
estuarine waters; (3) a range of salinity conditions available for a variety of 
organisms with different requirements for growth and development; and (4) the 
regulation of larval transportation and retention.  Within healthy estuaries are a 
variety of habitats, including submerged aquatic vegetation, oysters, mangroves, 
and a range of salinity zones that overlay these habitats which fulfill the various 
life stage requirements of a diverse population of fish. 
 
Therefore, freshwater inflow and salinity in an estuary exerts a profound 
influence on the survival and distribution of fish, especially early life history 
stages.  However, excessive variation in salinity can maintain estuarine biota in 
a constant state of flux between those favoring high salinity and those lower 
salinity.  At the extreme, appropriate salinity conditions do not last long enough 
for some fish species to complete their life cycle and the estuary can become 
devoid of some self-sustaining populations.  Therefore, changes to the salinity 
envelope in the Caloosahatchee will have the least detrimental effect if salinity 
shifts are more gradual and extreme rapid changes are avoided. 
 
Estuarine populations of stenohaline fishes are most sensitive to atypical 
salinity regimes as either larvae (spotted seatrout), juveniles (tropical reef fish: 
yellowtail, lane and mutton snapper) or adults (spawning spotted seatrout and 
common snook).  Therefore the timing and severity of salinity fluctuations 
becomes an important factor in reproduction and growth.  Euryhaline fish 
populations that often associate with oligohaline habitats show a positive 
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association with increased freshwater flows relative to food availability (ex. 
feeding adult common snook).  
 
Soft sediment (mud) fish communities have a positive association with healthy 
fine sediments, mud and their benthic animal communities as a food source 
(primarily gerreids, mugilids and engraulids) and habitat source (gobioid fishes).  
Benthic soft sediment invertebrate communities support one of the largest 
biomass components of indigenous Caloosahatchee fish communities.  On the 
contrary, abiotic fine sediments (“muck”) do not support this same soft sediment 
(mud) fish community and can create a bottom devoid of life often accompanied 
by anoxic conditions. 
 
Healthy oyster bed habitat is essential for the survival of oyster dwelling fish. 
For example, population dynamics in Gobiosoma bosc (Gobiidae) is influenced 
by: (1) oyster reef structure; (2) live vs. dead oyster reef structure; (3) age and 
degradation/deterioration of oyster reef systems. Gobiosoma bosc plays a major 
trophic role in northern estuaries due to: its high production of ichthyoplankton; 
and its major role as an important vertebrate species directly associated with 
oyster reefs as critical habitat for feeding and spawning sites. Gobiosoma bosc is 
a major prey item for planktivorous fishes, chaetognaths, ctenophora, and as an 
adult it is prey for juvenile gray snapper Lutjanus griseus.  
 
Estuarine seagrass and nearshore hard bottom dependent populations of 
juvenile tropical reef fish (lutjanids, serranids, scorpeanids, gobiids, blenniids 
and labrisomids) show a positive relationship with salinity, ex. higher densities 
at higher salinities. Spawning populations of seagrass and reef associated 
marine/mesohaline/polyhaline fish species are most affected by atypical 
(aseasonal) reduced salinities during their spawning period.  
 
The Florida Fish and Wildlife Conservation Commission, Fish and Wildlife 
Research Institute’s Fisheries-Independent Monitoring (FIM) program is a long-
term program designed to monitor the relative abundance of fishery resources in 
Florida’s major estuarine, coastal, and reef systems.  The monitoring approach 
has been employed in the Caloosahatchee Area since 2004.  FIM program was 
developed to: 1) address the critical need for effective assessment techniques for 
an array of species and sizes of fishes, turtles, and selected invertebrates; 2) 
provide timely information for use in management plans; and 3) monitor trends 
in the relative abundance of fishes and select invertebrates in a variety of 
estuarine and marine systems throughout Florida.  In addition to the primary 
goals of describing long-term trends in fishery abundance and size distribution 
related to fishery management, FIM data have been useful for preparing species 
inventories for major estuaries throughout Florida, documenting habitat and 
dietary needs for a variety of estuarine fishes and invertebrates, displaying 
geographic information on fish distribution and primary nursery areas, and 
assessing the implications of water resource management to estuarine fish 
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communities.  The data generated from this type of program provides resource 
managers with high-quality information on fish communities that may be useful 
when gauging the effects of natural and anthropogenic disturbances and changes 
in water quality and quantity (Coull 1985; Wolfe et al., 1987), related to 
programs like the Caloosahatchee River (C-43) West Basin Storage Reservoir.  
 
In Fiscal year 2008, the SFWMD is planning to fund evaluation of the first 3 
years of monitoring (2004-2007) to assess its ability to detect change related to 
freshwater inflow. Based on the evaluation, the program’s sampling design may 
be refocused. For example, future monitoring may concentrate more effort in 
upstream areas and valued ecosystem habitat (such as submerged aquatic 
vegetation), where the greatest impacts and ability to detect change is expected. 
This may require the addition of fixed station for sampling vegetated and non 
vegetated areas, similar to efforts used by Mote Marine Laboratory (Brad 
Robbins, MML: 2nd contract’s Final Report, expected 4th quarter 2007). 
 
D.3.5.2 Monitoring Objectives  

1. Continue long term monitoring of fish populations in the Caloosahatchee 
Estuary. 

2. Quantify fishery in a variety of habitats and salinity zones throughout the 
expected impacted area of the estuary. 

3. Determine changes related to the operation of the Caloosahatchee River 
(C-43) West Basin Storage Reservoir.  

4. Provide long term and short term feed back for adaptive management and 
future project requirements.  

5. Address the null hypothesis stated below that is intended to assess the 
success of the project. 

 
D.3.5.3 Null Hypothesis 

The general null hypothesis - As a result of the operation of the Caloosahatchee 
River (C-43) West Basin Storage Reservoir, there are either detrimental impacts 
to the fish community, or no changes in the estuarine fish population, related to 
– (a) the base line conditions established from years of sampling prior to 
reservoir operation in a variety of habitats and salinity zones along the 
downstream gradient of the estuary.  
 
Determining if the null hypothesis is true depends on monitoring fish and at 
least salinity commensurate with the project operation, by:  

1. Comparing populations with historic data sets;  
2. Assessing trends in fish populations during project operation to determine 

the direction of change; and  
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3. Comparing current project related flows and fish populations with similar 
seasonal conditions when freshwater inflows would have been equal to 
non-project flow.  

 
D.3.5.4 Monitoring Measures and Targets 

1. Monitoring Measure:  Statistical significant change (compared to 
preoperational data) in fish species composition, abundance per species, 
size of individuals, or other population morphometrics (e.g., diversity). 

 
Target: No Change or a statistically significant increasing trend in desirable fish 
monitoring measures at fixed or random sampling sites along the estuary’s 
downstream salinity gradient and at existing SAV and oyster sampling 
locations. 
 
Adaptive Management Trigger: When there is an unnatural (undesirable) 
significant decrease in monitoring measures within any salinity zone or habitat 
because of project operation, thus satisfying the null hypothesis as per condition 
3 described above. 
 
D.3.5.5 Monitoring Approach 

Daily freshwater discharge from S-79 and the Lake Okeechobee structure at 
Moore Haven are measured by the Corp of Engineers and posted electronically 
on COE and South Florida Water Management District (SFWMD) web sites. 
This information is part of normal operation and therefore no additional 
Caloosahatchee River (C-43) West Basin Storage Reservoir project cost is 
required. It will be available to compare fishery catches with daily freshwater 
inflow form these two structures. The information from the network of 
continuous salinity sensors (and water quality sensors if desired) is available 
(see Salinity and Water Quality Monitoring Plans) to meet the above monitoring 
objectives and make the required comparisons to determine the cause of any 
detected population changes.  
 
The FIM program uses a stratified-random sampling design. The study area is 
divided into six bay zones (A-E and G) and three riverine zones (H, M, and P; 
Figure D-16).  Funding to date by RECOVER allowed the expansion of 
sampling into Zones E, G, and H since 2004. Zones E and G encompass the 
southern portion of Charlotte Harbor, including parts of Matlacha Pass, Pine 
Island Sound, and San Carlos Bay.  Zone H extends from the mouth of the 
Caloosahatchee River upstream approximately 23 nm to the Franklin Lock.  The 
zones are divided into 1-nm2 grids that are randomly selected for sampling each 
month.  Sampling grids are stratified by habitat and depth, thereby identifying 
the gear types that could be used in those areas.  A total of 71 samples are 
collected each month as part of the FIM expansion into lower Charlotte Harbor 
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and the Caloosahatchee Estuary (twenty-three 21.3-m Caloosahatchee River 
seines, seven Caloosahatchee River trawls, twenty 21.3-m bay seines, ten 183-m 
haul seines, and eleven bay trawls; see below for gear descriptions).  
 
A multi-gear approach is used to collect data on fishes and select invertebrates 
from a wide range of habitats and life history stages.  A 21.3-m center bag seine 
with a mesh size of 3.2 mm is used to collect young-of-the-year and juvenile 
fishes in shallow areas (≤1.8 m); a 6.1-m otter trawl with a 3.2 mm mesh liner is 
used to collect young-of-the-year, juvenile, and adult fish in deep water (1.0-7.6 
m); and a 183-m haul seine with a mesh size of 38.1 mm is used to collect sub-
adult and adult fish in shallow water (≤2.5 m) along shorelines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Final Caloosahatchee River (C-43) West Basin Storage Reservoir PIR and Final EIS September 2007 
D-73 



Annex D Draft Project Operating Manual and Monitoring Plan 

 
FIGURE D-16:  MAP OF CHARLOTTE HARBOR SAMPLING AREA. ZONES ARE 

LABELED A-E, G-H, M AND P  
 
Several different techniques are used, depending on habitat, to stratify the 
samples collected with the various gears. The 21.3-m center bag seine is 
deployed in one of two ways.  The bay seine technique is used to sample shallow 
areas of the estuary and is pre-stratified by the presence or absence of bottom 
vegetation, or the presence of a shoreline.  The river seine technique is used to 
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sample the shorelines of the rivers. Samples collected with 183-m haul seines 
are pre-stratified by the presence or absence of overhanging shoreline 
vegetation. Further sampling details are described in the FIM program’s 
Procedure Manual.  
 
Environmental data consisting of water chemistry, habitat characteristics, and 
physical parameters such as tidal conditions are recorded for each sample. The 
sample work-up technique was similar for all collected samples, regardless of 
gear type or sampling regime. All fishes and select invertebrates captured in net 
collections are identified to the lowest practical taxonomic level, counted, and 
measured (standard length for teleosts, precaudal length for sharks, disc width 
for rays, carapace width for crabs, and post-orbital head length for shrimp). 
Animals are then released except for representative samples of each taxon (for 
laboratory confirmation of field identifications) and samples required for specific 
research projects.  
 
D.3.5.6 Data Quality 

A detailed explanation of the standard sample work-up for data collection and 
program quality assurances are described in the FIM program’s Procedure 
Manual. The taxonomic nomenclature in this report follows the American 
Fisheries Society’s Common and Scientific Names of Fishes (Nelson et al., 2004).  
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D.4 WATER QUALITY MONITORING PLAN 
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 WATER QUALITY MONITORING PLAN 
 
1.0  INTRODUCTION AND BACKGROUND 
 
This document serves as a reference for monitoring of various matrices (water 
sediment and fish) for the C-43 West Storage Reservoir (C43) Project.  The C43 
includes an above ground reservoir with a total storage capacity of approximately 
170,000 acre-feet located in the C-43 Basin of Hendry County.   
 
The purpose of this feature is to capture C-43 Basin runoff and releases from Lake 
Okeechobee which will reduce peak flows to the Caloosahatchee Estuary, provide 
flood attenuation and increase regional water supply benefits.  
 
The C-43 West Storage Reservoir is intended to improve the timing of 
environmental deliveries to the Caloosahatchee Estuary, including reducing the 
damaging flood releases from Lake Okeechobee.  Though water quality 
improvement is not a project purpose, there is the potential for the reservoir to 
provide benefits from long-term nutrient removal.  The long-term downstream 
average of various nutrients (i.e.: phosphorus and nitrogen) could be decreased as a 
result of the storage reservoir and other Comprehensive Everglades Resoration 
Program (CERP) projects affecting the basin.  
 
The guidance contained in this document will assist in maintaining consistency in 
sampling locations, parameter lists and frequencies as well as provide 
documentation of the project scope and an ongoing historical perspective.   

 
 1.1  Active Mandates and Permits 
 
The C-43 Project is authorized as one of the initial projects for implementation 
under Section 601(b) (2) (C) of the Water Resources Development Act (WRDA) 2000.  
This water quality monitoring plan meets the requirements outlined in the CERP 
Guidance Memorandum (CGM) 023.01: Water Quality Considerations for the 
Project Implementation Report (PIR) Phase (CGM 023, dated March 1, 2004), CGM 
42.00: Toxic Substances Screening Process – Mercury and Pesticides (CGM 42.00, 
dated September 17, 2005) and CGM 040.00: Project Level Water Quality and 
Hydrometeorologic Monitoring and Assessment (CGM 040, dated May 25, 2004).  
These guidance memoranda address water quality considerations necessary for the 
formulation, evaluation, and design of project alternatives during the PIR 
development. This monitoring plan (Plan) will also be modified, if necessary, to be 
compliant with any future water quality certification conditions. 
 
To clarify the intent of WRDA 2000 with respect to attaining Everglades water 
quality restoration objectives, CGM 023 establishes three categories of CERP 
projects (Category A, B or C).  For a Category C project, design development does 
not include water quality improvement features or specifically reference water 
quality improvements as a criterion to be addressed during design.  Category C 
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components will not have performance measures for water quality improvement and 
are not required to have evaluation criteria for comparing the water quality 
improvement of alternatives.  The C-43 meets the CGM definition of a Category C 
project. 
 
 1.2  Project Objectives 
 
The monitoring stations described in this document were established to satisfy 
requirements of the CERP PIR.  This Plan will provide an outline for quantifying 
water quality, measure constituents of interest (i.e.: phosphorous and nitrogen) in 
surface water entering and leaving the project area and measure, and 
evaluate pollutant sources.   As a Category C component, this project does not 
include water quality improvement features; however, it is anticipated the project 
will reduce pollutant loading into downstream receiving water bodies through the 
attenuation of surface flows and reduction of associated pollutant loads prior to 
discharge.   
 
 1.3 Duration 
 
 1.3.1 Initiation Conditions 
 
This Plan was initiated by the Water Quality Monitoring Division and technical 
review provided by staff of the Environmental Resource Assessment Department of 
the South Florida Water Management District (SFWMD).  Development of this Plan 
is required by the Project Management Plan (PMP) and for the development of the 
PIR document, due in August 2007.  The PIR development phase has requirements 
for sections detailing the water quality monitoring and adaptive assessment 
methods for the recommended alternative.  This Plan is to be implemented at the 
project start date and will be adhered to for the length of time the project is 
operational.  Changes to the plan may occur in the future as the project nears 
completion as outlined in the following Section.    
 
 1.3.2 Modification or Termination Conditions 
 
Modification of the Plan will be determined by the needs of the project as it nears 
the estimated completion date of 2011.  This Plan may be changed to reflect any 
future design changes, permit requirements and/or may be terminated according to 
permit expiration dates or changes to the project objectives.  The Plan will be 
reviewed and/or modified annually or more frequently if necessary, to reflect new 
requirements. 
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2.0 GEOGRAPHIC LOCATION 
 
 2.1 Regional Area 
 
The Caloosahatchee River forms the major basin to the west of Lake Okeechobee.  
The Caloosahatchee River watershed includes an area of approximately 550,900 
acres in parts of Lee, Glades, Charlotte and Hendry counties.   Existing agriculture 
in the C43 Basin is dominated by citrus production with a smaller production of 
vegetables, rice and sod.  
 
Physiographically, the site lies in the Sandy Flatlands region of South Florida which 
is characterized by surficial marine sand (consisting of predominantly 
unconsolidated sand and sandy marl containing abundant marine mollusks) with 
deposits of organic soils accumulated in fresh-water environments.   
 
The C-43 Project is located just south of the Caloosahatchee River midway between 
Lake Okeechobee to the east and Fort Myers to the west.  In general it will be 
surrounded predominately by agricultural interests, though as the value of 
agricultural land increases, urban development adjacent to the reservoir is likely in 
the future.  A site map showing the site of the C-43 West Storage Reservoir Project, 
its setting within South Florida and the location of other CERP/ACCELER8 
features in the region is shown in Figure 1. 
 
The Townsend Canal, located west of the project outline (see Figure 2) provides an 
open channel connection to the Caloosahatchee River.  Drainage across the property 
discharges to the Caloosahatchee River via Fort Simmons Branch, Bedman Flowing 
Creek and Roberts Canal via Banana Branch Canal.    
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FIGURE 1: PROJECT LOCATION MAP 
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 2.2 Sampling Locations  
 
Monitoring will be designed to provide compliance with applicable state and federal 
surface water criteria.  Project features are shown in Figure 2. 
 
Sampling stations will be registered in the SFWMD Laboratory Information 
Management System (LIMS).  Table 1 provides information on each proposed 
monitoring location.  The locations of the monitoring stations (in addition to 
structures that will not be monitored for water quality) are depicted on the map in 
Figure 2, with the exception of interior stations.  These stations (possibility of 
multiple interior stations within each cell-TBD) will be used for surface water 
monitoring.     
 
Since the project is in the early stages of development, monitoring locations may 
change depending on the final construction plans and permits.   

 
FIGURE 2: PROJECT FEATURES 
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TABLE 1: SURFACE WATER QUALITY MONITORING STATIONS 
 

Site Name 
 

Latitude Longitude 
 

Description 
 

C43PS1  TBD TBD Cell 1 Inflow Pump Station 

C43S1  TBD TBD Gated spillway; outflow from 
cell 1 to Perimeter Canal 

C43S8  TBD TBD Gated spillway; outflow from 
cell 2 to Perimeter Canal 

 
 2.3  Access and Authority 
 
The Project will be accessed from Route 80 which runs parallel along the 
Caloosahatchee River.   Monitoring stations within the project will be accessed along 
the system of levees that surround the reservoir.  
 
3.0 FIELD ACTIVITIES 
 
 3.1  Parameter and Frequency Rationale 
 
  3.1.1 Baseline Monitoring  
 
SFWMD has been conducting water quality monitoring in the Caloosahatchee River 
and in the Caloosahatchee River estuary for a number of years.  These surface water 
samples have been analyzed for multiple constituents and at various frequencies.  
Caloosahatchee River data are compiled in the SFWMD’s DBHYDRO database 
under project codes X, CR and PEST.     Data collected in the Caloosahatchee River 
estuary are compiled in the SFWMD’s DBHYDRO database under project codes 
CESWQ. There are other agencies that also collect surface water quality data in this 
region (i.e. Lee County and Charlotte Harbor National Estuary Program) that may 
be relevant to the project as baseline data.  These agencies would have to be 
contacted for access to their databases.   
 
Surface water, groundwater and sediment samples also are being collected as part 
of the C43 Test Cell Project by Wetland Solutions, Inc.  Sampling stations are 
located within the test cells and the Header canal that provides water to the test 
cells, as well as stations located in the Townsend Canal and Roberts Canal.  The 
data collection for the C43 Test Cell Project are expected to continue until May 2007 
and all data associated with this project will be accessible in the DBHYDRO 
database under project code C43RES.  Refer to Table 2 for a complete listing of 
project names, stations, parameters and frequency of collection of projects that are 
relevant as baseline data for this project.   
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  TABLE 2: C43 BASELINE PROJECTS IN SOUTH FLORIDA WATER 
MANAGEMENT DISTRICT DATABASE (DBHYDRO) 

 
Project 
Name Stations Parameters Collected Frequency of 

Collection 

CR S78, S79, CR-00.2T, CR-
04.8T 

ALK, MG, SIO2, CA, NA, 
SO4, CL, NH4, TEMP, 
COLOR, NO2, TKN, COND, 
NOX, TPO4, DO, OPO4, TSS, 
K, PH, TURB 

Bi-monthly 

X S77 ALK, CL, NH4, TEMP, 
COLOR, NO2, TKN, COND, 
NOX, TPO4, DO, OPO4, TSS, 
PH 
 
MG, SIO2, CA, NA, SO4, TDS, 
TOTFE, K 

Bi-weekly/Monthly 
 
 
 

Quarterly 
 

CESWQ  CES02, CES03, CES04, 
CES05, CES06, CES07, 
CES08, CES09, CES10, 

CES11 
 

CES01 
 

CES01, CES03, CES04,  
CES06 

CHLA  
 
 
 

TPO4, TN, CHLA 
 

CHLA, CHLA2, COLOR, NO2, 
NO3, NOX, NH4, TKN, TN, 

TOC, TPO4, OPO4, 
SILICATE, TSS, TURBIDITY 

Release 
 
 

Release 
 

Monthly 
 

C43RES Surface Water - C43TC1, 
C43TC2, C43RC1, C43RC2 
 
 
 
 
 
 
 
 

Groundwater – PZ01A, 
PZ13A, PZ14A, PZ15A, 
PZ16A, PZ17A, PZ18A, 
PZ19A, PZ20A, PZ21A 

 
Soil–C43TC1-Z1,C43TC1-
Z2, C43TC1-Z3, C43TC2-
Z1, C43TC2-Z2, C43TC2-Z3 

ALKA, CHLA, CL, COLOR, 
NH4, NOX, OPO4, SO4, 
TDPO4, TKN, TOTAL, 

TOTAS, TOTCA, TOTCU,  
TOTZN, TPO4, TSS, TURB, 

VSS,  
 

Ametryn, Atrazine, Bromacil, 
Norflurazon, Simazine 

 
TDS, CA, SO4, CL, TP, 

TDPO4, OPO4, TKN, NH4, 
NOX, TOTAL, TOTAS, 

TOTCU, TOTFE, TOTZN 
 

BULK DENSITY, CALCIUM, 
TOTFE, TOTAL, TKN, TOC, 

TP, TS, ORGANIC P 
FRACTION, Ametryn, 

Atrazine, Bromacil, 
Norflurazon, Simazine 

 

Monthly (except 
RC1 & RC2) 

 
 
 
 
3X’s during test cell 

operation 
 

Quarterly 
 
 
 
 
2X’s during test cell 

operation 
 

PEST S79, CR33.5T, S78, S235 Chlorinated acids, 
Organochlorine compounds, 

Organophoshporus and 
Nitrogen compounds, Urea 

and Other pesticides 

Quarterly for 
Surface Water, Bi-

annually for 
Sediment 
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  3.1.2 Routine Operational Monitoring  
 
Monitoring objectives and requirements for the operational phase of the C43 will 
depend largely on permit requirements and the final design and operational plan 
for the project area, and will include the following: 
 
Flow proportional auto-samplers will be installed at one inflow and two outflow 
stations.   Auto-samplers will be visited once per week regardless of flow in order to 
maintain data integrity. Grab sampling at the inflow and outflow stations of both 
cells will occur bi-weekly during flow events or monthly if no flow, for nutrients and 
other parameters listed.    Autosampler and grab surface water samples will be 
collected as detailed in Table 3. 
 

TABLE 3: ROUTINE OPERATIONAL MONITORING – AUTO-SAMPLER, 
GRAB SAMPLE AND INSITU COLLECTION 

 
 3.2 Project Specific Guidelines 
 
In general, grab samples are collected at a depth of 0.5 m in canals. When collecting 
a sample at a structure, samples are generally collected on the upstream side.   
 
 3.3 Sampling Procedures 
 
Sample collection for this project shall follow the procedures and requirements 
found in the Field Sample Collection Procedures Section of the District’s Field 
Sampling Quality Manual (FSQM).   

 
 3.4 Field Testing Procedures 
 
Field testing procedures shall follow the procedures and requirements found in the 
Field Testing Section of the District’s FSQM.  Table 4 below describes the field 
parameters collected for this project. The table shows only the most commonly used 
parameters.  
 

 

Location Collection Method Matrix Frequency Parameter 
C43PS1, C43S1, 

C43S8 Autosampler Water Weekly TPO4, TKN, NOX 

C43PS1, C43S1, 
C43S8 Grab Water 

Biweekly if 
flowing or 
monthly 

NOX, TKN, NH4, TPO4, 
OPO4, TURB, Sulfate, 

Alkalinity, Chl-a 
 

C43PS1, C43S1, 
C43S8 In situ Water 

Biweekly if 
flowing or 
monthly  

Temperature, PH, 
Conductivity, Dissolved 

Oxygen 
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TABLE 4:  FIELD ANALYTICAL PARAMETERS COLLECTION  
 

Parameter Resolution Accuracy 
DO 0.01 mg/L 0-20 mg/L, +/- 0.2 

mg/L  
Conductivity 0.001 mS/cm  +/- 0.5% of reading 

+0.001 mS/cm 
Temp 0.01o C +/- 0.15oC 
pH 0.01 unit +/- 0.2 unit 

 
 3.5 Field Quality Control Requirements 
 
Field quality control requirements shall follow the procedures found in the Quality 
Control Section of the District’s FSQM.   
 

3.6 Autosampler Collection  
 

TP04, TKN and NOX samples will be collected by autosamplers at the stations 
identified in Table 3. Flow-proportional autosamplers (ACF) will be located at all 
stations and are programmed to collect discrete aliquots at a frequency based on 
flow.  That frequency is determined by a “trigger volume” established through the 
protocols created by Abtew and Powell (2004).  The discrete bottles will be pre-
acidified and composited on a weekly basis and analyzed for the above parameters.  
Refer to Table 5 for setup detail on the autosamplers to be installed at the 
inflow/outflow stations.      
 
Due to the unique configuration of the discharge structures, C43S1 and C43S8, the 
autosamplers will be located in the stilling wells which operate the final gate 
controls for discharge from each structure. The height of the gate-wells are too great 
for an autosampler to lift samples, so submersible pumps will be installed in each 
gate-well. The submersible pumps will pump a continuous flow of water to the top of 
the levee where an autosampler will draw aliquots when triggered. The submersible 
pumps will operate only when flow is occurring within each discharge culvert. 

 
TABLE 5: C43 WEST STORAGE RESERVOIR AUTOSAMPLER 

COLLECTION  STATIONS 
Station Flow  Aliquot 

Volume 
(mL)* 

Refrigerated 
Yes or No 

# of 
Bottles 

Intake Type 
fixed or float 

Intake 
Elev  
(if fixed) 

C43PS1 Yes TBD No TBD Fixed TBD 

C43S1 Yes TBD No TBD Fixed N/A 

C43S8 Yes TBD No TBD Fixed N/A 

*aliquot volume may be increased for seasonal sampling to ensure adequate volume 
for sample analysis. 
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 3.7 Sample Submission  
 
Following completion of sample collection for each sampling trip, the samples are 
transported in coolers with wet ice at 4o Celsius to the laboratory for analysis.  
Samples are submitted to the laboratory on the same day as collection or via courier 
for delivery the following day.  Samples are submitted according to the 
requirements outlined in the District’s FSQM.  If samples are submitted to other 
than the District’s in house laboratory, the laboratory must be currently under 
contract with the District.  If services can not be provided by a contract laboratory, 
an alternate laboratory can be used but the alternate laboratory must receive 
written approval from ERA’s Quality Assurance Administrator prior to sample 
submittal.   
 
  
4.0 DATA QUALITY OBJECTIVES 
 
 4.1 Data Uses 
 
The data will be used to fulfill project purposes and to comply with monitoring 
requirements of an operational permit. 
 
 4.2 Data Quality 
 
Surface water samples, including in-situ testing and field quality control samples 
are collected in accordance with the Florida Department of Environmental 
Protection (FDEP) Quality Assurance Rule, 62-160.200 & 62-160.320, Florida 
Administrative Code (F.A.C.) and the District FSQM.  Applicable sections of the 
FSQM include, but are not limited to field sample collection procedures, 
decontamination procedures, field testing and quality control requirements.  Data 
are qualified in accordance with the District Chemistry Laboratory Quality Manual.  
Data not meeting the quality objectives are qualified using standard FDEP qualifier 
codes (F.A.C. 62-160), in accordance with the FSQM data validation and reporting 
section.  
 
 4.3 Analytical Parameters  
 
Tables 3 in Section 3.1.2 and Tables 2 and 3 in Appendix 1, identify all parameters 
in the project.  All analytical work is to be conducted by a NELAC-certified 
laboratory following NELAC and EPA Standard Methods for which the laboratory is 
approved.  For field analytical methods (pH, specific conductance, temperature and 
dissolved oxygen) refer to Section 6 of the District’s FSQM. 
.     
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 4.4 Completeness Targets 
 
For each project, monitoring parameters and frequencies will be registered in LIMS 
and DBHYDRO.  This process aids in the creation of header sheet templates, quality 
assurance and determining completeness.  Completeness targets, meaning the 
number of samples successfully collected and analyzed, are set at 95% annually for 
this project. 
 
5.0 DATA AND RECORDS MANAGEMENT 
 
After the data validation process, all data are maintained so that end users can 
retrieve and review all information relative to a sampling event.  Field notes are 
maintained on an internal server either by scanning actual field note pages or by 
uploading narratives from field computers path to server.  All analytical data and 
field conditions are sent to a database (DBHYDRO) for long-term storage and 
retrieval.   
 
The collecting agency shall maintain records of field notes and copies of all records 
relative to the chain of custody and analytical data.  It is the responsibility of the 
collection agency to maintain both current and historical method and operating 
procedures so that at any given time the conditions that were applied to a sampling 
event can be evaluated.  Upon completion of the project, the collecting agency shall 
provide all original field notes to the District’s Water Quality Management District 
(WQMD) for permanent archival. 
 
Records shall be maintained for the life of the project and five years thereafter, in a 
manner that will protect the physical condition and integrity of the records.  Storage 
shall follow the District’s records storage procedure.  Access to archived methods 
shall be through designated records custodian.  Corrections of data or records shall 
follow the District SOP’s. 
   
 5.1 Data Deliverables 
 
The laboratory data shall be submitted to the District in a DBHYDRO compatible 
format.  The laboratory shall evaluate the data in accordance with the data quality 
objectives stated in the FSQM.  All data submittals shall conform to existing 
District guidelines or other format as requested by the District. 
 

 5.2 Data Storage  
 
After the data validation process, all data are maintained so that end users can 
retrieve and review all information relative to a sampling event.  Field notes are 
maintained on an internal server either by scanning actual field note pages or by 
uploading narratives from field computers \\ha2-fs1\kb_wqm\fieldnotes\.  All 
analytical data and metadata are sent to a database (DBHYDRO) for long-term 
storage and retrieval.   
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6.0 REVISIONS AND MODIFICATIONS 
[This section is left for future changes as they are made and should be referenced 
throughout the document as revisions occur.  Sections should be added 
chronologically.  As revisions are made a note should be made in the corresponding 
section of the plan.] 
 

Date Section Page 
Number(s) 

Change 
From 

Change 
To Reason 

      

 
7.0 MONITORING COSTS 
 

The monitoring costs (including analytical and data management) associated 
with this Monitoring Plan have been estimated at costs of $610,952 for the initial 
year and $603,198 for each subsequent operational year. These costs are based 
upon Fiscal Year 2007 estimates with a 3% annual inflation factor applied. 

 
8.0 REFERENCES 
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APPENDIX 1 
 

Mercury /Toxics Monitoring Program for the C43 West Storage Reservoir Project 
 

Introduction: 

Appendix 1 follows the guidelines of CGM-42, which includes the flexibility to adapt the 
guidelines to a reservoir (vs. an STA). However, the language in CGM-42 is specific to the 
phases of startup and operation of an STA. The C43 Reservoir differs from an STA in that 
there is no flow-through type of operation. The Reservoir will be filled during the wet season 
when there is an excess of water in the Caloosahatchee basin and emptied when there is less 
than 450 cfs discharge at S79.  Water depths in the Reservoir when full will average about 20 
ft with a maximum depth of 25 ft.   

Part of the monitoring regime includes sediment sampling, which at full depths is not 
reasonable or productive. Therefore, sediment sampling will be conducted prior to filling the 
reservoir and again following seasonal discharge assuming that pool levels are low enough to 
collect sediment cores.  

Sediment sampling will also take into account the variability in site conditions which will be 
experienced following construction. The removal of surface soils during construction of the 
reservoir will be necessary in some areas to use as borrow material to construct the levee 
surrounding the reservoir. Exposed parent soils will be left after removal of the borrow 
material. Organic soils may be stockpiled or spread. In addition, the former land-use of the 
site was primarily citrus, therefore tree removal operations may leave disturbed soil profiles 
across much of the storage area, but volunteer growth of grasses and brush may fill in during 
the construction period. It is necessary that sediment sampling locations characterize the 
sampling site conditions for accurate data interpretation. 

Regarding the pesticide parameters required for analysis in fish, sediment and water as 
outlined in this monitoring plan, the list was reduced from what is historically analyzed in 
those matrices (usually all of the compounds in an analytical group - i.e. chlorinated 
(phenoxy acid) herbicides (3 parameters), urea herbicides and imidacloprid (3 parameters), 
ogranophosphorus and nitrogen pesticides (32 parameters) and organochlorine pesticides (40 
parameters)).  The Florida Department of Environmental Protection is now able to analyze 
distinct analytes within an analytical group which assists in reducing the data management 
aspect of monitoring. 
 
The current recommended pesticide analytical list (chlordane – gamma, chlordane – alpha, 
endrin and ethion – as well as arenic, copper and  zinc) is based on historical data as well as 
the site assessment performed for this location. 
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Sampling of the soil, fish, and water matrices follow a schedule that is attuned to the 
reservoir operations. The following diagram illustrates the intent of the planned schedule. 

Reservoir Monitoring Schedule
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Start-up Stabilization

 

A1. Initial Start-up Monitoring Prior to Discharge 
 
The District shall initiate start-up monitoring prior to discharge as follows: 

A1.1 Mosquitofish 
 
i) When construction of the reservoir is complete, the District shall notify the Department 

and, within one month of the initial filling of reservoir, collect mosquitofish from four 
locations within each cell of the reservoir to total at least 100 fish per cell.  Physically 
composite them into one (spatially-averaged) sample per cell of the reservoir for THg 
analysis (note, a single aliquot should be analyzed per composite).  Additionally, 
mosquitofish (to total at least 100 fish) will be collected from a single site located in the 
receiving water downstream from the project and analyzed for THg (site to be located in 
Townsend Canal between C43PS1 and the Caloosahatchee River.  Refer to Figure 2 for 
site location).  This downstream site is located in a canal with flow velocities that will 
allow for a resident population.  The data for the downstream site will serve as a baseline 
for any future evaluations of potential impacts to the receiving waters.  Sampling described 



 Water Quality Monitoring Plan 

C-43 West Storage Reservoir June 2007 
18 

above will continue quarterly after the initial collection during the period water is being 
pumped into the reservoir (usually during the wet season from July to November).   

ii) The District shall provide the Department with the results of the first collection of 
mosquitofish as well as the appropriate action levels for comparison (90% upper 
confidence level of the basin-wide average or the 75th percentile concentration for the 
period of record for all basins).  If tissue-concentrations from each cell of the reservoir are 
below the 90% upper confidence level of the basin-wide average or below the 75th 
percentile concentration for the period of record for all basins (if basin-specific data are 
lacking); after concurrence from the Department, the District may initiate discharge from 
the reservoir and routine monitoring for that cell of the reservoir (for details on routine 
monitoring, see below). 

However, if Hg concentration in any of the mosquitofish composites from within the 
reservoir exceed one of the above referenced action levels, the District shall immediately 
(within 14 days of receiving quality assured data from the laboratory) collect a sample(s) to 
confirm the exceedance(s).  In addition, the District shall consult with the Department to 
determine the most appropriate course of action and obtain authorization to initiate discharge 
from the reservoir.    At a minimum, the course of action will include implementation of Tier 
2 Expanded Monitoring and Risk Assessment by the District during initial reservoir 
discharge (e.g. collection of monthly mosquitofish within each cell of the reservoir and at the 
downstream location at a minimum).  Additional details on expanded monitoring are 
provided below and in “A Protocol for Monitoring Mercury and Other Toxicants” dated 
January, 2006 and subsequent revisions (hereafter referred to in this document as the 
“Protocol”).  The recommended course of action may also include additional measures as 
determined to be appropriate.  When results of expanded monitoring demonstrate 
concentrations in each cell of the reservoir has decreased to acceptable levels (below action 
levels referenced above) and the concentrations at the downstream site are not significantly 
elevated above baseline levels, the District shall notify the Department and request that the 
monitoring revert back to Tier 1 routine monitoring. 

Additionally, these tissue samples will be analyzed and assessed for bio-accumulative 
toxicants other than mercury identified in Table 1.   

A1.2 Sediment  
 
To expand on baseline data detailed in Section 3.1.1, monitoring of sediment within the reservoir 
prior to flooding will be conducted.  Each cell will be divided into four quadrants, and a 
sediment sample will be collected in the centroid of each quadrant and one sample collected 
in the middle of the cell (5 samples collected per cell).  In addition, sediment cores will be 
collected at one downstream site in the receiving water (site to be located in Townsend Canal 
between C43PS1 and the Caloosahatchee River).  Sediment samples will be analyzed for 
THg, MeHg, moisture content, total organic carbon (TOC), total sulfur (TS), total iron (TFe), 
chlordane-alpha, chlordane-gamma, endrin, ethion, arsenic, copper and zinc (parameters of  
concern as outlined in the environmental site assessments).  The results from this sampling 
will provide a baseline for future data collection to be compared against. 
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Upon the initial discharge from reservoir at lowest stage (after the initial filling), sediment 
cores will be collected from five representative locations within each cell of the reservoir 
(providing water levels are low enough to allow normal sediment core collection without use 
of specialized equipment).  Each cell will be divided into four quadrants, and a sample will 
be collected in the middle of each quadrant and one sample collected in the middle of the 
cell.  In addition, sediment cores will be collected at one downstream site in the receiving 
water (site to be located in Townsend Canal between C43PS1 and the Caloosahatchee River).   
 
At each location or site, a minimum of three cores (number of cores in excess of three will be 
determined by amount of sediment required for analysis) from the 0-to-4 cm horizon are to 
be collected and composited as a single sediment sample. 
 
To serve as baseline for future comparison, if future conditions warrant follow-up sampling 
of sediments (i.e., if Tier 2 were triggered), sediment samples will be analyzed for THg, 
MeHg, moisture content, total organic carbon (TOC), total sulfur (TS), and total iron (TFe).  
To allow for possible future analysis, remaining material from each sediment sample will be 
archived separately for the maximum hold time allowable for the specified parameter list. 

Additionally, these sediment samples will be analyzed and assessed for the following 
toxicants other than mercury identified in Table 1.  

A1.3 Water 
 
Although bio-accumulative toxicants, in particular mercury, will be monitored and assessed 
prior to discharge based on tissue concentrations, because of the concern for potential acute 
toxicity, water will be collected from immediately upstream of inflows (station C43PS1) and 
outflows (stations C43S1, C43S8) of the project and analyzed for toxicants other than 
mercury as discussed below. 
 
Selection of Toxicants Other Than Mercury 
 
The following information sources have been reviewed for data regarding this project: 
Environmental Site Assessment Phase I or II or III for various properties located in the 
project area.  Based on this review, the parameters identified in Table 1 will be analyzed in 
each of the specified matrices. 
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Table A1.  Parameter list of toxicants other than mercury that will be analyzed in 
specified matrix. 

Analyte Surface Water Sediment Fish tissues 

Chlordane - alpha  
  

 
 

 
 

Chlordane - gamma    

Endrin    

Ethion    

Arsenic    

Copper    

Zinc    

 

The District shall provide the Department with the results of these analyses as well as the 
appropriate action levels for comparison.  If the following criteria are met for a given flow 
way or cell, the District may initiate reservoir discharge and routine monitoring for that flow 
way or cell (for details on routine monitoring, see below). 

• If ambient mosquitofish do not demonstrate excessive bioaccumulation that exceeds a 
critical tissue benchmark used to establish SQAGs or in site-specific risk 
assessments; 

• If concentrations in sediments do not exceed an effects-based, numerical sediment 
quality assessment guideline (SQAGs for sediment dwelling organisms, MacDonald 
Environmental Sciences Ltd.and USGS, 2003); 

• If concentrations in sediments do not exceed an established bio-accumulative based 
SQAG, if available (MacDonald Environmental Sciences Ltd. and USGS, 2003), a 
action level reported in the ESA or a level that was determined to be critical in a site-
specific risk assessment; 

• If water-column concentrations do not exceeded a WQS in Chapter 62-302, F.A.C. 
 

However, if one of the above referenced action levels are exceeded, the District shall 
immediately (within 14 days of receiving quality assured data from the laboratory) collect a 
sample(s) to confirm the exceedance(s).  In addition, the District shall consult with the 
Department to determine the most appropriate course of action and obtain authorization to 
initiate reservoir discharge from that cell or flow way.  At a minimum, the course of action 
will include implementation of Tier 2 Expanded Monitoring and Risk Assessment by the 
District during initial flow-through operations.  The recommended course of action may also 
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include additional measures as determined to be appropriate.  When results of expanded 
monitoring demonstrate concentrations in each flow way has decreased to acceptable levels 
(below action levels referenced above), and the concentrations at the downstream site are not 
significantly elevated above baseline levels, the District shall notify the Department and 
request that the monitoring revert back to Tier 1 routine monitoring. 

Refer to Table A2 for a summary of initial start up monitoring described above.   
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Table A2.  Summary of Initial Start Up Monitoring Prior to Discharge 

Matrice Frequency Location Parameters 

Mosquitofish 
 

 

 

 

 

 

Initial filling of reservoir 
than quarterly (when water 

is pumped into reservoir 
during wet season: July to 

November).  The same 
sampling regime will be 
followed when discharge 

occurs from reservoir 
(usually during dry season: 

January to May).    

4 locations (along 
perimeter of levee) within 

each cell and one 
downstream location 

 

 

 

 

 
THg, chlordane-alpha, 

chlordane-gamma, endrin, 
ethion, arsenic, copper, 

zinc 
 
 

Sediment 

 

Post construction, prior to 
filling 

 

5 locations within each cell 
of the reservoir and one 

downstream location 

 

THg, MeHg, moisture 
content, total organic 

carbon (TOC), total sulfur 
(TS), and total iron (TFe), 

chlordane-alpha, 
chlordane-gamma, endrin, 

ethion, arsenic, copper, 
zinc 

Sediment After initial discharge at 
lowest stage 

 

5 locations within each cell 
of the reservoir and one 

downstream location 

 

Same as above 

Water 

 

 

 

 

Initial filling of reservoir 
than quarterly (when water 

is pumped into reservoir 
during wet season: July to 

November).  The same 
sampling regime will be 
followed when discharge 

occurs from reservoir 
(usually during dry season: 

January to May). 

C43PS1, C43S1, C43S8 

 

 

 

 

Chlordane – alpha, 
chlordane – gamma, 

endrin, ethion, arsenic, 
copper, zinc  
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A2. Monitoring During Stabilization Period 

The District shall initiate monitoring after initial discharge and during the stabilization period 
as follows: 

A2.1 Tier 1:  Routine Monitoring During Stabilization Period  
 
A2.1.1. Water 
 
On a quarterly basis, an unfiltered surface water sample (n = 1) shall be collected in 
accordance with Chapter 62-160, F.A.C., at the inflow (station C43PS1) and immediately 
upstream of the outflows (stations C43S1, C43S8) from the project (see map of project 
shown in Figure 2). These samples will be analyzed for THg, MeHg, and sulfate (the latter 
not to be duplicative if listed as a parameter under routine monitoring described elsewhere in 
the general monitoring plan).  
 
Based on the discussion above regarding toxicants other than mercury, a surface water 
sample will be collected quarterly at the inflow (station C43PS1) and immediately upstream 
of the outflows (stations C43S1, C43S8) and analyzed for the parameters listed in Table 1 
under surface water. 
 
In addition, flow will be monitored at the inflow and outflow to allow for load estimation to 
and from the project (it should be recognized that quarterly sampling would allow for only 
rough estimation of loads). 
 
This data set will be assessed to determine if outflow concentrations exceed WQS, and 
whether annual outflow loads of analytes are significantly greater than inflow loads, 
including atmospheric loading; load estimates will include confidence intervals that describe 
uncertainty in measures of flow and concentration (e.g., field and analytical precision) and 
resulting from interpolation (note: assessment protocol to be negotiated with permitting 
authority).  Failure to satisfy these assessment measures would trigger Tier 2 Expanded 
Monitoring and Risk Assessment (see below). 
 
Because of differences in the anticipated time frames under which sedimentary release are 
thought to occur (i.e., relative to MeHg that may have time lag associated with changes in 
biogeochemistry and microbial methylation driven by water quality, especially in sandy 
soils), monitoring for other toxicants would cease after one year if action levels are not 
exceeded within that time. 
 
A2.1.2. Fish Tissues 
 
Samples of fish from multiple trophic levels will be collected from cell of the reservoir and 
from a single downstream site in the receiving water of the project (Figure 2).  Specifically, 
mosquitofish collections will be made in a similar fashion and continue on a quarterly basis 
from all sites that were sampled prior to discharge (see above; for rationale for the selection 
of this and other species listed below, see the Protocol).  On an annual basis, bluegill (n 
should be greater than or equal to 5) should be collected and individually analyzed as whole-
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fish.  Because this site contains habitat that is expected to support largemouth bass and 
because recreational harvesting is likely in the future, bass will also be collected (n should be 
greater than or equal to 5) and a fillet from each individual analyzed.  For the reasons 
discussed in the Protocol, collections should target bluegill ranging in size from 102 to 178 
mm (i.e., 4 to 7 inches) and largemouth bass ranging in size from 280 to 330 mm (i.e., 11 to 
13 inches); however, other lepomids (first priority being given to spotted sunfish) or sizes are 
to be collected if efforts fail to locate targeted fish.  These samples will be analyzed for THg 
and other toxicants listed in Table 1 under tissues. 
 
Assessment  
 
To detect and minimize any adverse effects as early as possible (and to provide a basis for 
identifying adaptive management options, if deemed necessary), the results of this 
monitoring will be assessed based on the criteria and time table described under Phase 2- 
Tier 1 in the Protocol (specifically, A Protocol for Monitoring Mercury and Other Toxicants 
and appendices, as approved at the time of the assessment).  Monitoring results will be 
provided to the Department in accordance with the reporting requirements identified in 
Section 4. 
 
Refer to Table A3 for a summary of routine monitoring during stabilization described above. 
 
Table A3.  Summary of Routine Monitoring During Stabilization 

Matrice Frequency Location Parameters 

Water Quarterly C43PS1, C43S1, C43S8 THg, MeHg, sulfate, 
Chlordane – alpha, 

chlordane – gamma, 
endrin, ethion, arsenic, 

copper, zinc 
 

Mosquitofish Quarterly 4 locations (along 
perimeter of levee) within 

each cell and one 
downstream location 

 
THg, chlordane-alpha, 

chlordane-gamma, endrin, 
ethion, arsenic, copper, 

zinc 
Bluegill, largemouth 

bass (n=5) 
Annually 4 locations (along 

perimeter of levee) within 
each cell and one 

downstream location 

THg, organochlorine 
chlordane-alpha, 

chlordane-gamma, endrin, 
ethion, arsenic, copper, 

zinc 
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A2.2 Tier 2: Expanded Monitoring and Risk Assessment During Stabilization Period 
 
In accordance with the Protocol, if Tier 1 data exceed the action levels identified under Phase 
2 – Tier 2 Expanded Monitoring and Risk Assessment, the District shall notify the 
Department and after obtaining the Department’s concurrence, shall expand monitoring and 
undertake all necessary steps consistent with the Protocol. 
 
A3. Operational Monitoring Following the Stabilization Period 
 
The monitoring plan and associated data will be re-evaluated on a regular basis beginning 
after year-1 for other toxicants and after year-3 for mercury species to determine if criteria 
specified in the Protocol are being satisfied. Based on that assessment, and with the 
concurrency of the Department, monitoring and assessment efforts may be reduced (as 
identified in Phase 3-Tier 1 Operational monitoring of the Protocol) or eliminated all together 
at the project level to be subsumed by regional monitoring (as identified in Phase 3-Tier 3 
Operational monitoring).  However, if monitoring reveals anomalous conditions as described 
under Phase 3-Tier 2, the District shall expand monitoring and undertake all necessary steps 
under Phase 3 – Tier 2 Expanded Monitoring and Risk Assessment.  
 
A4. Reporting Requirements 
 
The permittee shall notify the Department immediately if monitoring data indicate that any of 
the action levels are exceeded.  In addition, the permittee shall submit to the Department, as 
part of the annual South Florida Environmental Report, the results of the monitoring as 
defined above, including the following: 
 

i. Comparison of inflow and discharge concentrations with state water quality 
criteria; 

ii. Comparison of inflow and outflow loads and concentrations for total mercury, 
methylmercury, and other toxicants; and 

iii. Comparison of data with appropriate action levels. 
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