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Appendix A:  Background Information on Federal and 

State Stormwater Programs 

 
NOTE:  Appendix A can be found at the end of the main TMDL report. 
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Appendix B:  Responses to Comments 

 
NOTE:  Appendix B can be found at the end of the main TMDL report. 
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Appendix C:  Table Statistical Summaries of WBID 
Sample Station Data 

NOTE:  Of the stations with 6 or more samples and containing the most samples, the 
values highlighted in yellow represent values at or above the 75th percentile level for 
stations’ median TN concentrations in that WBID.  Those highlighted in red are above the 
90th percentile level.   
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Appendix C.1.  Station Summary of Total Nitrogen 
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Appendix C.2.  Station Summary of Total Phosphorus 
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Appendix C.3.  Station Summary of BOD5 
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Appendix C.3.  Station Summary of Dissolved Oxygen (Supplement to 
Table 2.7) 
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Appendix D:   Bar Graph Overview of WBID Water 

Quality Ranges 
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Appendix D.1.  Dissolved Oxygen 

Dissolved Oxygen Concentration at Sample Stations in WBID 3236A
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Figure D.1.1: Dissolved Oxygen, Sample Stations of WBID 3236A 

 

Dissolved Oxygen Concentration at Sample Stations in WBID 3240A

0

2

4

6

8

10

12

14

21
FLF

MRIC
HA20

02
18

  n
 = 

1

21
FLF

MRIC
HA20

02
22

  n
 = 

1

21
FLF

MRIC
HA20

02
25

  n
 = 

1

21
FLF

MRIC
HA20

02
30

  n
 = 

1

21
FLF

MRISTR20
01

16
  n

 = 
1

21
FLF

MRISTR20
02

17
  n

 = 
1

21
FLG

W  n
 = 

30
43

6  
n =

 1

21
FLG

W  n
 = 

30
44

5  
n =

 1

21
FLS

CCFMARKER 94
  n

 = 17

21
FLS

FW
MCAL 0

5  
n =

 2

21
FLS

FW
MCAL 0

7  
n =

 2

21
FLS

FW
MCAL 0

9  
n =

 2

21
FLS

FW
MCES05

  n
 = 17

3

21
FLS

FW
MCES06

  n
 = 21

6

21
FLS

FW
MCES07

  n
 = 17

6

21
FLS

FW
MCES08

  n
 = 16

5

21
FLS

FW
MGR13

  n
 = 6

21
FLS

FW
MGR5  

n =
 6

21
FLS

FW
MHB03

  n
 = 

2

21
FLS

FW
MHB04

  n
 = 

2

21
FLS

FW
MHB05

  n
 = 

4

21
FLS

FW
MN6  

n =
 6

Sample Station

C
on

ce
nt

ra
tio

n,
 m

g/
L

Maximum
75 percentile
Median
25 percentile
Minimum

 

Figure D.1.2: Dissolved Oxygen, Sample Stations of WBID 3240A 
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Dissolved Oxygen Concentration at Sample Stations in WBID 3240A
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Figure D.1.3: Dissolved Oxygen, Sample Stations of WBID 3240A 
 

Dissolved Oxygen Concentration at Sample Stations in WBID 3240A
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Figure D.1.4: Dissolved Oxygen, Sample Stations of WBID 3240A 
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Dissolved Oxygen Concentration at Sample Stations in WBID 3240A1
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Figure D.1.5: Dissolved Oxygen, Sample Stations of WBID 3240A1 
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Figure D.1.6: Dissolved Oxygen, Sample Stations of WBID 3240A2 
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Figure D.1.7: Dissolved Oxygen, Sample Stations of WBID 3240A4 
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Figure D.1.8: Dissolved Oxygen, Sample Stations of WBID 3240A4 
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Figure D.1.9: Dissolved Oxygen, Sample Stations of WBID 3240B1 
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Figure D.1.10: Dissolved Oxygen, Sample Stations of WBID 3240C 
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Dissolved Oxygen Concentration at Sample Stations in WBID 3240C1
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Figure D.1.11: Dissolved Oxygen, Sample Stations of WBID 3240A 
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Figure D.1.12: Dissolved Oxygen, Sample Stations of WBID 3240A 
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Dissolved Oxygen Concentration at Sample Stations in WBID 3240F
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Figure D.1.13: Dissolved Oxygen, Sample Stations of WBID 3240F 
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Figure D.1.14: Dissolved Oxygen, Sample Stations of WBID 3240G 
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Dissolved Oxygen Concentration at Sample Stations in WBID 3240H
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Figure D.1.15: Dissolved Oxygen, Sample Stations of WBID 3240H 
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Figure D.1.16: Dissolved Oxygen, Sample Stations of WBID 3240I 
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Dissolved Oxygen Concentration at Sample Stations in WBID 3240J
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Figure D.1.17: Dissolved Oxygen, Sample Stations of WBID 3240J 
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Figure D.1.18: Dissolved Oxygen, Sample Stations of WBID 3240K 
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Dissolved Oxygen Concentration at Sample Stations in WBID 3240L
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Figure D.1.19: Dissolved Oxygen, Sample Stations of WBID 3240L 
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Figure D.1.20: Dissolved Oxygen, Sample Stations of WBID 3240H 
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Dissolved Oxygen Concentration at Sample Stations in WBID 3240N
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Figure D.1.21: Dissolved Oxygen, Sample Stations of WBID 3240N 
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Figure D.1.22: Dissolved Oxygen, Sample Stations of WBID 3240Q 
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Appendix D.2.  Total Nitrogen 
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Figure D.2.1: Total Nitrogen, Sample Stations of WBID 3236A 
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Figure D.2.2: Total Nitrogen, Sample Stations of WBID 3240A 
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Figure D.2.3: Total Nitrogen, Sample Stations of WBID 3240A 
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Figure D.2.4: Total Nitrogen, Sample Stations of WBID 3240A 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

33 

 
Total Nitrogen Concentration at Sample Stations in WBID 3240A1

0

0.5

1

1.5

2

2.5

3

CAPECRD
400 n = 133

CAPECRD
470 n = 130

CAPECRD
315 n = 132

CAPECRD
430 n = 132

CAPECRD
510 n = 132

CAPECRD
540 n = 134

CAPECRD
600 n = 132

Sample Station

C
on

ce
nt

ra
tio

n,
 m

g/
L

Maximum
75 Percentile
Median
25 Percentile
Minimum

 

Figure D.2.5: Total Nitrogen, Sample Stations of WBID 3240A1 
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Figure D.2.6: Total Nitrogen, Sample Stations of WBID 3240A2 
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Figure D.2.7: Total Nitrogen, Sample Stations of WBID 3240A4 
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Figure D.2.8: Total Nitrogen, Sample Stations of WBID 3240B 
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Figure D.2.9: Total Nitrogen, Sample Stations of WBID 3240B1 
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Figure D.2.10: Total Nitrogen, Sample Stations of WBID 3240C 
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Figure D.2.11: Total Nitrogen, Sample Stations of WBID 3240C1 
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Figure D.2.12: Total Nitrogen, Sample Stations of WBID 3240E 
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Figure D.2.13: Total Nitrogen, Sample Stations of WBID 3240F 
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Figure D.2.14: Total Nitrogen, Sample Stations of WBID 3240G 
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Figure D.2.15: Total Nitrogen, Sample Stations of WBID 3240H 
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Figure D.2.16: Total Nitrogen, Sample Stations of WBID 3240I 
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Figure D.2.17: Total Nitrogen, Sample Stations of WBID 3240J 
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Figure D.2.18: Total Nitrogen, Sample Stations of WBID 3240K 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

40 

 

Total Nitrogen Concentration at Sample Stations in WBID 3240L

0

0.5

1

1.5

2

2.5

21FLA   28020036 n = 1 21FLFTM 28020332FTM
n = 1

21FLEECOPOWLGR20 n
= 116

21FLFTM POWLGR20 n
= 11

Sample Station

C
on

ce
nt

ra
tio

n,
 m

g/
L

Maximum
75 Percentile
Median
25 Percentile
Minimum

 

Figure D.2.19: Total Nitrogen, Sample Stations of WBID 3240L 
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Figure D.2.20: Total Nitrogen, Sample Stations of WBID 3240M 
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Figure D.2.21: Total Nitrogen, Sample Stations of WBID 3240N 
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Figure D.2.22: Total Nitrogen, Sample Stations of WBID 3240Q 
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Appendix D.3.  Total Phosphorus 
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Figure D.3.1: Total Phosphorus, Sample Stations of WBID 3236A 
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Figure D.3.2: Total Phosphorus, Sample Stations of WBID 3240A 
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Figure D.3.3: Total Phosphorus, Sample Stations of WBID 3240A 
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Figure D.3.4: Total Phosphorus, Sample Stations of WBID 3240A 
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Figure D.3.5: Total Phosphorus, Sample Stations of WBID 3240E1 
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Figure D.3.6: Total Phosphorus, Sample Stations of WBID 3240A2 
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Figure D.3.7: Total Phosphorus, Sample Stations of WBID 3240A4 
 

Total Phosphorus Concentration at Sample Stations in WBID 3240B

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

21
FLS

FW
MHB01

 n 
= 3

21
FLS

FW
MHB02

 n 
= 3

CHNEPTCR45
1 n

 = 
3

CHNEPTCR46
1 n

 = 
2

CHNEPTCR44
4 n

 = 
3

CHNEPTCR44
7 n

 = 
2

CHNEPTCR45
4 n

 = 
2

CHNEPTCR45
2 n

 = 
4

CHNEPTCR44
2 n

 = 
6

CHNEPTCR45
0 n

 = 
2

CHNEPTCR44
8 n

 = 
3

CHNEPTCR45
3 n

 = 
5

CHNEPTCR44
9 n

 = 
3

CHNEPTCR44
3 n

 = 
5

21
FLS

FW
MCES04

 n 
= 8

7

21
FLE

ECO18
-6G

R n 
= 1

18

Sample Station

C
on

ce
nt

ra
tio

n,
 m

g/
L

Maximum
75 Percentile
Median
25 Percentile
Minimum

 

Figure D.3.8: Total Phosphorus, Sample Stations of WBID 3240B 
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Figure D.3.9: Total Phosphorus, Sample Stations of WBID 3240B1 
 

Total Phosphorus Concentration at Sample Stations in WBID 3240C

0

0.2

0.4

0.6

0.8

1

1.2

21
FLS

FW
MCES02

 n 
= 40

CHNEPTCR47
3 n

 = 3

CHNEPTCR47
2 n

 = 2

CHNEPTCR46
3 n

 = 1

CHNEPTCR46
7 n

 = 2

CHNEPTCR45
6 n

 = 2

CHNEPTCR46
2 n

 = 4

CHNEPTCR46
9 n

 = 2

CHNEPTCR46
8 n

 = 3

CHNEPTCR47
1 n

 = 5

CHNEPTCR45
7 n

 = 5

CHNEPTCR47
0 n

 = 6

21
FLS

FW
MCES03

 n 
= 87

21
FLE

ECO28
-5G

R n 
= 1

00

21
FLE

ECO26
-G

R20
 n 

= 1
15

Sample Station

C
on

ce
nt

ra
tio

n,
 m

g/
L

Maximum
75 Percentile
Median
25 Percentile
Minimum

 

Figure D.3.10: Total Phosphorus, Sample Stations of WBID 3236A 
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Figure D.3.11: Total Phosphorus, Sample Stations of WBID 3236A 
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Figure D.3.12: Total Phosphorus, Sample Stations of WBID 3236A 
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Figure D.3.13: Total Phosphorus, Sample Stations of WBID 3240F 
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Figure D.3.14: Total Phosphorus, Sample Stations of WBID 3236A 
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Figure D.3.15: Total Phosphorus, Sample Stations of WBID 3240H 
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Figure D.3.16: Total Phosphorus, Sample Stations of WBID 3240I 
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Figure D.3.17: Total Phosphorus, Sample Stations of WBID 3240J 
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Figure D.3.18: Total Phosphorus, Sample Stations of WBID 3240K 
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Figure D.3.19: Total Phosphorus, Sample Stations of WBID 3240L 
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Figure D.3.20: Total Phosphorus, Sample Stations of WBID 3240M 
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Figure D.3.21: Total Phosphorus, Sample Stations of WBID 3240K 
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Figure D.3.22: Total Phosphorus, Sample Stations of WBID 3240L 
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Figure D.3.23: Total Phosphorus, Sample Stations of WBID 3240M 
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Figure D.3.24: Total Phosphorus, Sample Stations of WBID 3240N 
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Figure D.3.25: Total Phosphorus, Sample Stations of WBID 3240Q 
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Appendix D.4.  Chlorophyll a Corrected 
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Figure D.4.1: Chlorophyll a, Sample Stations of WBID 3236A 

Chlorophyll-a (Corrected) Concentration at Sample Stations in WBID 3240A
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Figure D.4.2: Chlorophyll a, Sample Stations of WBID 3240A 
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Chlorophyll-a (Corrected) Concentration at Sample Stations in WBID 3240A
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Figure D.4.3: Chlorophyll a, Sample Stations of WBID 3240A 
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Figure D.4.4: Chlorophyll a, Sample Stations of WBID 3240A 
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Figure D.4.5: Chlorophyll a, Sample Stations of WBID 3240E1 
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Figure D.4.6: Chlorophyll a, Sample Stations of WBID 3240A2 
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Figure D.4.7: Chlorophyll a, Sample Stations of WBID 3240A1 
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Figure D.4.8: Chlorophyll a, Sample Stations of WBID 3240A4 
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Figure D.4.9: Chlorophyll a, Sample Stations of WBID 3240B 
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Figure D.4.10: Chlorophyll a, Sample Stations of WBID 3240B1 
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Figure D.4.11: Chlorophyll a, Sample Stations of WBID 3240C 
 

Chlorophyll-a (Corrected) Concentration at Sample Stations in WBID 3240C1

0

20

40

60

80

100

120

140

21FLEECO25-GR20 n = 85

Sample Station 

C
on

ce
nt

ra
tio

n,
 u

g/
L Maximum

75 Percentile
Median
25 Percentile
Minimum

 

Figure D.4.12: Chlorophyll a, Sample Stations of WBID 3240c1 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

61 

 

Chlorophyll-a (Corrected) Concentration at Sample Stations in WBID 3240E

0

5

10

15

20

25

30

35

21
FLE

ECO16
-18

GR n 
= 9

0

21
FLE

ECOYFC-C
I n

 = 91

21
FLF

TM 28
02

00
05

 n 
= 2

21
FLF

TM 28
02

00
35

 n 
= 9

21
FLF

TM 28
02

03
37

FTM n 
= 1

21
FLF

TM 28
02

03
39

FTM n 
= 3

21
FLG

W  3
04

22
 n 

= 1

Sample Station

C
on

ce
nt

ra
tio

n,
 u

g/
L

Maximum
75 Percentile
Median
25 Percentile
Minimum

 

Figure D.4.13: Chlorophyll a, Sample Stations of WBID 3240E 
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Figure D.4.14: Chlorophyll a, Sample Stations of WBID 3240F 
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Figure D.4.15: Chlorophyll a, Sample Stations of WBID 3240G 
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Figure D.4.16: Chlorophyll a, Sample Stations of WBID 3240H 
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Figure D.4.17: Chlorophyll a, Sample Stations of WBID 3240I 
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Figure D.4.18: Chlorophyll a, Sample Stations of WBID 3240J 
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Figure D.4.19: Chlorophyll a, Sample Stations of WBID 3240K 
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Figure D.4.20: Chlorophyll a, Sample Stations of WBID 3240L 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

65 

 

Chlorophyll-a (Corrected) Concentration at Sample Stations in WBID 3240M
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Figure D.4.21: Chlorophyll a, Sample Stations of WBID 3240M 
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Figure D.4.22: Chlorophyll a, Sample Stations of WBID 3240N 
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Chlorophyll-a (Corrected) Concentration at Sample Stations in WBID 3240Q
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Figure D.4.23: Chlorophyll a, Sample Stations of WBID 3240Q 
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Appendix E:  Statistical Summaries of Color and 

Conductivity 

Appendix E.1.  Statistical Summary of Color in Tidal Caloosahatchee Basin 
WBIDs 
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Appendix E.2.  Statistical Summary of Specific Conductance in Tidal 
Caloosahatchee Basin WBIDs 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

72 

 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

73 

 
 
 
 
 
 
 
 
 
 
 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

74 

 

 
 
 
 
 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

75 

 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

76 

 

Appendix F:  Land Uses in Tidal Caloosahatchee 

WBIDs 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

77 

Appendix F.1.  Level 1 and 2 Land Uses, WBIDs 3240A and 3240A2 
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Appendix F.2.  Level 1 and 2 Land Uses, WBIDs 3240A2 and 3240A3  
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Appendix F.3.  Level 1 and 2 Land Uses, WBIDs 3240A4 and 3240B  
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Appendix F.4.  Level 1 and 2 Land Uses, WBIDs 3240B1 and  3240B2  
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Appendix F.5.  Level 1 and 2 Land Uses, WBIDs 3240C and 3240C1  
 

 



FINAL TMDL Report Appendices:  Caloosahatchee Basin, Caloosahatchee Estuary (WBIDS 3240A, 3240B, 
and 3240C), Nutrients, September 2009 

 

 
Florida Department of Environmental Protection 

82 

 
Appendix F.6.  Level 1 and 2 Land Uses, WBIDs 3240E and 3240E1  
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Appendix F.7.  Level 1 and 2 Land Uses, WBIDs 3240F and 3240G  
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Appendix F.8.  Level 1 and 2 Land Uses, WBIDs 3240H and 3240I 
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Appendix F.9.  Level 1 and 2 Land Uses, WBIDs 3240J and 3240K 
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Appendix F.10.  Level 1 and 2 Land Uses, WBIDs 3240L and 3240M 
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Appendix F.11.  Level 1 and 2 Land Uses, WBIDs 3240N and 3240Q 
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Appendix F.12.  Level 1 and 2 Land Uses, WBIDs 3236 and 3236A 
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Appendix G.  Location of Ground Water Withdrawals 
in the Caloosahatchee Basin 
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Appendix H: Comparison of DO from Model 

Simulations 

 
Introduction 
 
As part of the June 2005 adopted Caloosahatchee Basin Verified List, Tidal Caloosahatchee 
segments (WBIDs W240A, 3240B, and 3240C) were identified as impaired for nutrients based 
on chlorophyll a concentrations and dissolved oxygen (DO) based on nutrients.  Since these 
segments were not on the 1998 303(d) for DO or nutrients, a projected year of 2009 was 
identified for TMDL development.  The state legislature subsequently required that the nutrient 
TMDLs for these segments be proposed by the end of 2008.   
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The following sections discuss DO concentrations based on model predictions for two 
scenarios.  The first scenario considers existing conditions (Existing Conditions).  In the second 
scenario, the phosphorus TMDL for Lake Okeechobee (40 µg/L TP) is presumed to be met and 
anthropogenic land uses are set to natural conditions (Baseline-Plus).  Comparisons between 
both scenarios are based on model predictions from a three-year simulation following a three-
year “spin-up” simulation period. 
 
Hourly DO values for cells associated with Station CES04 – CES11 (see figure below) were 
extracted from the Existing Conditions and Baseline-Plus simulations.  These stations are 
located in or proximal to WBIDs 2065H (San Carlos Bay), 3240A (Caloosahatchee Estuary 
Tidal), and 3240B (Caloosahatchee Estuary Tidal), to which the Class III marine DO criterion 
applies.  SYSTAT Version 11 was used to process the hourly values at each station to 
determine a daily minimum and daily average concentration.  Cumulative frequency plots of DO 
were prepared.  Individual layers as well as the depth averaged values for each station were 
compared.   
 
The Class III marine criterion for DO states that is shall not average less than 5.0 mg/L in a 24-
hour period and shall never be less than 4.0 mg/L.  Normal daily and seasonal fluctuations 
above these levels shall be maintained (Subsection 62-302.530[30], F.A.C.).  Both the 
percentage of days that the daily minimum was below 4.0 mg/L and the percentage of days that 
the daily average was below 5.0 mg/L were calculated for each scenario.  
 
Depth Averaged Comparisons 
 
Cumulative frequency plots comparing the minimum daily and daily average DO depth averaged 
concentrations for the Existing Conditions and Baseline-Plus scenarios for each station are 
illustrated in the following figures. 
 
Minimum Daily DO Station Plots 
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The following table summarizes the percent of days over the 1,090-day simulation period in 
which the daily minimum DO was below 4 mg/L for each scenario.  Differences between the 
Existing Conditions and Baseline-Plus scenarios ranged between -0.19 and 2.08 percent. 
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Station Cell 
Number of 

Days 

Existing 
Conditions 
Days below 

4 mg/L 

Existing 
Conditions % 
Days below 

4 mg/L 

Baseline-Plus 
Days below 

4 mg/L 

Baseline-
Plus % 

Days below 
4 mg/L 

CES04 I47J17 1,090 211 19.36% 191 17.52% 
CES05 I39J16 1,090 187 17.16% 185 16.97% 
CES06 I32J17 1,090 118 10.83% 103 9.45% 
CES07 I23J18 1,090 115 10.55% 105 9.63% 
CES08 I19J19 1,090 140 12.84% 142 13.03% 
CES09 I15J16 1,090 33 3.03% 32 2.94% 
CES10 I9J18 1,090 151 13.85% 141 12.94% 
CES11 I8J14 1,090 131 12.02% 133 12.20% 

 
 
Daily Average DO Station Plots 
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The following table summarizes the percent of days over the 1,090-day simulation period in 
which the daily average DO was below 5 mg/L for each scenario.  Differences between the 
Existing Conditions and Baseline-Plus scenarios ranged between 0.10 and 0.83 percent. 
 

Station Cell 
Number of 

Days 

Existing 
Conditions  
Days below 

5 mg/L 

Existing 
Conditions % 
Days below 

5 mg/L 

Baseline-Plus 
Days below 

5 mg/L 

Baseline-
Plus % 

Days below 
5 mg/L 

CES04 I47J17 1,090 365 33.49% 358 32.84% 
CES05 I39J16 1,090 312 28.62% 307 28.17% 
CES06 I32J17 1,090 216 19.82% 215 19.72% 
CES07 I23J18 1,090 291 26.70% 282 25.87% 
CES08 I19J19 1,090 312 28.62% 313 28.72% 
CES09 I15J16 1,090 139 12.75% 148 13.58% 
CES10 I9J18 1,090 239 21.93% 231 21.19% 
CES11 I8J14 1,090 251 23.03% 254 23.30% 

 
 
Vertical Layer Comparisons 
 
Cumulative frequency plots comparing the minimum daily and daily average DO concentrations 
by layer for the Existing Conditions and Baseline-Plus scenarios for each station are illustrated 
in the following figures.  The model partitioned the vertical water column into four layers, with 
Layer 1 representing the bottom later and Layer 4, the surface layer. 
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Daily Minimum DO Model Layer by Station Plots 
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Comparison of Daily Minimum DO Concentrations in Layer 1 (Bottom) 

Station Layer Number of Days 

Existing 
Conditions 

Days below 4 
mg/L 

Existing 
Conditions 

Days below 4 
mg/L 

Baseline-Plus 
Days below 4 

mg/L 

Baseline-
Plus Days 
below 4 

mg/L 
CES04 1 1,090 586 53.76% 560 51.38% 
CES05 1 1,090 502 46.06% 513 47.06% 
CES06 1 1,090 535 49.08% 495 45.41% 
CES07 1 1,090 537 49.27% 525 48.17% 
CES08 1 1,090 573 52.57% 560 51.38% 
CES09 1 1,090 329 30.18% 325 29.82% 
CES10 1 1,090 588 53.94% 569 52.20% 
CES11 1 1,090 478 43.85% 474 43.49% 
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Comparison of Daily Minimum DO Concentrations in Layer 2 

Station Layer 
Number of 

Days 

Existing 
Conditions 
Days below 

4 mg/L 

Existing 
Conditions % 
Days below 4 

mg/L 

Baseline-
Plus Days 
below 4 

mg/L 

Baseline-
Plus % 

Days below 
4 mg/L 

CES04 2 1,090 297 27.25% 274 25.14% 
CES05 2 1,090 332 30.46% 321 29.45% 
CES06 2 1,090 185 16.97% 184 16.88% 
CES07 2 1,090 182 16.70% 183 16.79% 
CES08 2 1,090 342 31.38% 329 30.18% 
CES09 2 1,090 113 10.37% 112 10.28% 
CES10 2 1,090 186 17.06% 182 16.70% 
CES11 2 1,090 227 20.83% 228 20.92% 

 
Comparison of Daily Minimum DO Concentrations in Layer 3 

Station Layer 
Number of 

Days 

Existing 
Conditions 

Days below 4 
mg/L 

Existing 
Conditions % 
Days below 4 

mg/L 

Baseline-
Plus Days 
below 4 

mg/L 

Baseline-
Plus % 

Days below 
4 mg/L 

CES04 3 1,090 134 12.29% 101 9.27% 
CES05 3 1,090 69 6.33% 65 5.96% 
CES06 3 1,090 33 3.03% 30 2.75% 
CES07 3 1,090 78 7.16% 75 6.88% 
CES08 3 1,090 38 3.49% 34 3.12% 
CES09 3 1,090 18 1.65% 21 1.93% 
CES10 3 1,090 45 4.13% 53 4.86% 
CES11 3 1,090 38 3.49% 31 2.84% 

 
Comparison of Daily Minimum DO Concentrations in Layer 4 (Surface) 

Station Layer 
Number of 

Days 

Existing 
Conditions 

Days below 4 
mg/L 

Existing 
Conditions % 
Days below 4 

mg/L 

Baseline-
Plus Days 
below 4 

mg/L 

Baseline-
Plus % 

Days below 
4 mg/L 

CES04 4 1,090 92 8.44% 67 6.15% 
CES05 4 1,090 6 0.55% 6 0.55% 
CES06 4 1,090 5 0.46% 1 0.09% 
CES07 4 1,090 0 0.00% 0 0.00% 
CES08 4 1,090 1 0.09% 0 0.00% 
CES09 4 1,090 0 0.00% 0 0.00% 
CES10 4 1,090 4 0.37% 7 0.64% 
CES11 4 1,090 0 0.00% 0 0.00% 
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Daily Average DO Model Layer by Station Plots 
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Comparison of Daily Average DO Concentrations in Layer 1 (Bottom) 

Station Layer 
Number of 

Days 

Existing 
Conditions 
Days below  

5 mg/L 

Existing 
Conditions % 
Days below 

5 mg/L 

Baseline-
Plus Days 

below 
5 mg/L 

Baseline-
Plus % 

Days below 
5 mg/L 

CES04 1 1,090 647 59.36% 646 59.27% 
CES05 1 1,090 688 63.12% 670 61.47% 
CES06 1 1,090 555 50.92% 529 48.53% 
CES07 1 1,090 650 59.63% 625 57.34% 
CES08 1 1,090 676 62.02% 646 59.27% 
CES09 1 1,090 448 41.10% 437 40.09% 
CES10 1 1,090 603 55.32% 584 53.58% 
CES11 1 1,090 541 49.63% 550 50.46% 
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Comparison of Daily Average DO Concentrations in Layer 2 

Station Layer 
Number of 

Days 

Existing 
Conditions 
Days below 

5 mg/L 

Existing 
Conditions % 
Days below 

5 mg/L 

Baseline-
Plus Days 

below 
5 mg/L 

Baseline-
Plus % 

Days below 
5 mg/L 

CES04 2 1,090 347 31.83% 346 31.74% 
CES05 2 1,090 370 33.94% 362 33.21% 
CES06 2 1,090 183 16.79% 180 16.51% 
CES07 2 1,090 284 26.06% 276 25.32% 
CES08 2 1,090 404 37.06% 393 36.06% 
CES09 2 1,090 169 15.50% 172 15.78% 
CES10 2 1,090 170 15.60% 159 14.59% 
CES11 2 1,090 274 25.14% 275 25.23% 

 
Comparison of Daily Average DO Concentrations in Layer 3 

Station Layer 
Number of 

Days 

Existing 
Conditions 
Days below 

5 mg/L 

Existing 
Conditions % 
Days below 

5 mg/L 

Baseline-
Plus Days 

below 
5 mg/L 

Baseline-
Plus % 

Days below 
5 mg/L 

CES04 3 1,090 200 18.35% 167 15.32% 
CES05 3 1,090 102 9.36% 92 8.44% 
CES06 3 1,090 30 2.75% 30 2.75% 
CES07 3 1,090 98 8.99% 104 9.54% 
CES08 3 1,090 59 5.41% 65 5.96% 
CES09 3 1,090 38 3.49% 45 4.13% 
CES10 3 1,090 37 3.39% 44 4.04% 
CES11 3 1,090 55 5.05% 47 4.31% 

 
Comparison of Daily Average DO Concentrations in Layer 4 (Surface) 

Station Layer 
Number of 

Days 

Existing 
Conditions 
Days below 

5 mg/L 

Existing 
Conditions % 
Days below 

5 mg/L 

Baseline-
Plus Days 

below 
5 mg/L 

Baseline-
Plus % 

Days below 
5 mg/L 

CES04 4 1,090 163 14.95% 124 11.38% 
CES05 4 1,090 22 2.02% 11 1.01% 
CES06 4 1,090 4 0.37% 3 0.28% 
CES07 4 1,090 0 0.00% 0 0.00% 
CES08 4 1,090 0 0.00% 0 0.00% 
CES09 4 1,090 0 0.00% 0 0.00% 
CES10 4 1,090 2 0.18% 0 0.00% 
CES11 4 1,090 0 0.00% 0 0.00% 

 
 
The following table summarizes the percent differences between the existing and baseline+ 
scenarios in the percentile of days with a daily minimum below 4 mg/L or a daily average below 
5 mg/L. 
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Layer ∆  % Days below 5 mg/L ∆  % Days below 4 mg/L 
1 0.09 – 2.75 0.36 – 3.67 
2 0.09 – 1.01 0.09 – 2.11 
3 0.00 – 3.03 0.28 – 3.02 
4 0.00 – 3.57 0.00 – 2.29 

 
 
Comparison of model DO concentrations with observations from a minimally 
impacted area 
 
Continuous DO measurements (recorded at 30-minute intervals) from 3 sites maintained by the 
Rookery Bay National Estuarine Research Reserve System (NERRS) were retrieved and 
processed to obtain daily minimum and daily average concentrations.  Stations included the 
Middle Blackwater River (25o 56’ 3.48 N, 81o 35’ 44.16 W) for the 2001–06 period, Faka Union 
Bay (25o 54’ 1.80 N, 81o 30’ 57.24 W) for the 2002–06 period, and Fakahatchee Bay (25o 53’ 
31.92 N, 81o 28’ 37.20 W) for the 2002–06 period.  The following figure illustrates station 
locations and surrounding land uses based on the SFWMD’s Level 2 2004–05 land use 
coverage. 
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The following graph illustrates the time series of DO recorded at these three stations. 
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Observations from the three sites were processed in the same manner as the model scenarios 
to create daily minimum and daily average DO concentrations.  Cumulative frequency plots and 
summary statistics are presented below for each site. 
 
Fakahatchee Bay 
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CUMULATIVE FREQUENCY PLOT DAILY DO AVE (2002-2006)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.510.
0

DAILY DO AVERAGE (MG/L)

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00

FR
AC

TI
O

N 
O

F 
DA

TA

 
 

STATISTIC DOMINMGL DOMEANMGL 
N of cases 1,538 1,538 

Minimum 0.100 1.673 
Maximum 7.600 8.994 

Mean 3.349 5.364 
Standard Dev 1.490 1.299 

1 % 0.300 2.240 
5 % 1.100 3.222 

10 % 1.500 3.710 
20 % 2.000 4.236 
25 % 2.200 4.454 
30 % 2.400 4.637 
40 % 2.800 4.992 
50 % 3.300 5.366 
60 % 3.700 5.719 
70 % 4.200 6.090 
75 % 4.500 6.283 
80 % 4.700 6.502 
90 % 5.400 7.052 
95 % 5.860 7.482 
99 % 6.500 8.163 
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Faka Union Bay 
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STATISTIC DOMINMGL DOMEANMGL 

N of cases 1,694 1,694 
Minimum 0.800 1.319 

Maximum 7.600 8.502 
Mean 4.310 5.285 

Standard Dev 1.274 1.140 
1 % 1.344 2.569 
5 % 2.500 3.642 

10 % 2.900 4.010 
20 % 3.300 4.367 
25 % 3.400 4.479 
30 % 3.500 4.602 
40 % 3.800 4.848 
50 % 4.100 5.139 
60 % 4.490 5.458 
70 % 5.000 5.861 
75 % 5.300 6.112 
80 % 5.570 6.363 
90 % 6.200 6.900 
95 % 6.500 7.268 
99 % 7.100 7.747 

 
 
Middle Blackwater River 
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CUMULATIVE FREQUENCY PLOT DAILY DO AVE (2001-2006)
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STATISTIC DOMINMGL DOMEANMGL 
N of cases 1,898 1,898 

Minimum 0.100 0.667 
Maximum 7.800 8.335 

Mean 2.957 4.461 
Standard Dev 1.544 1.431 

1 % 0.300 1.475 
5 % 0.700 2.141 

10 % 1.000 2.602 
20 % 1.500 3.144 
25 % 1.700 3.365 
30 % 1.900 3.625 
40 % 2.400 4.050 
50 % 2.900 4.451 
60 % 3.300 4.863 
70 % 3.800 5.244 
75 % 4.000 5.490 
80 % 4.300 5.750 
90 % 5.100 6.310 
95 % 5.760 6.824 
99 % 6.700 7.762 

 
 
According to the continuous monitoring data reported at these 3 sites, DO concentrations were 
below the Class III daily minimum marine criterion of 4 mg/L from 45 percent (Faka Union site) 
to 75 percent (Middle Blackwater River site) of the time.  The Class III daily average marine 
criterion of 5 mg/L was not met between 40 percent (Fakahatchee Bay site) and 65 percent 
(Middle Blackwater River site) of the time. 
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Processes influencing DO incorporated in the EFDC Model 
 
The Environmental Fluids Dynamic Code (EFDC) Model applied in the Caloosahatchee Estuary 
is a coupled hydrodynamic and water quality model.  Three-dimensional advection and vertical 
and horizontal turbulent diffusion are part of the water column transport.  Processes included in 
water quality that influence DO include reaeration, photosynthesis, respiration, nitrification, the 
decomposition of dissolved organic carbon (DOC),  chemical oxygen demand (COD), and 
sediment oxygen demand (SOD). 
 
The following figure illustrates model-predicted SOD rates under the Existing Conditions 
scenario at two stations:  CES04 (I47J17) and CES07 (I23J18). 
 
 

 
 
 
Model-predicted SOD rates for both the Existing Conditions and Baseline-Plus simulations for 
Stations CES04 – CES11 are presented in the following figures.  Note that since SOD 
represents a sink or loss of oxygen from the water column, values are negative.  The larger the 
negative value, the greater the oxygen demand. 
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Statistical summary of SOD rates in the Existing Conditions and Baseline-Plus 
simulations (units are grams per square meter per day [g/m2/day]) 
 

Station 

Existing 
Conditions 
Minimum 

Existing 
Con-

ditions 
25th  

Existing 
Con-

ditions 
Median 

Existing 
Con-

ditions 
75th 

Existing 
Con-

ditions 
Maximum 

Baseline-
Plus 

Minimum 
Baseline-
Plus 25th 

Baseline-
Plus 

Median 
Baseline-
Plus 75th 

Baseline-
Plus 

Maximum 
CES04 -4.26 -2.10 -1.74 -1.40 -0.61 -4.01 -1.91 -1.57 -1.24 -0.60 

CES05 -4.17 -2.09 -1.68 -1.26 -0.46 -3.74 -1.80 -1.55 -1.17 -0.45 

CES06 -4.08 -1.92 -1.69 -1.23 -0.34 -3.41 -1.65 -1.48 -1.07 -0.34 

CES07 -2.36 -1.39 -1.23 -0.92 -0.34 -2.04 -1.26 -1.11 -0.85 -0.33 

CES08 -1.80 -1.13 -1.02 -0.76 -0.25 -1.58 -1.04 -0.94 -0.71 -0.25 

CES09 -1.60 -1.34 -1.15 -0.90 -0.41 -1.54 -1.32 -1.14 -0.89 -0.41 

CES10 -2.07 -1.36 -1.18 -0.93 -0.27 -1.91 -1.29 -1.14 -0.90 -0.27 

CES11 -2.31 -1.57 -1.37 -1.10 -0.36 -2.28 -1.56 -1.37 -1.11 -0.37 

 
 
The SFWMD funded a study, The Characterization and Quantification of Benthic Nutrient Fluxes 
in the Caloosahatchee River and Estuary, that was conducted by the University of 
Massachusetts–Dartmouth School of Marine Science and Technology (SMAST).  Sediment 
cores were collected at 50 stations in February 2008, distributed throughout the three main 
segments of the Caloosahatchee River and Estuary.  Sampling occurred during the dry season, 
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when flux rates were likely to represent the lowest rates over the seasonal cycle.  Cores were 
incubated under both light and dark conditions in temperature-controlled baths maintained at in 
situ conditions.  Contours of SOD fluxes for both the light and dark incubations were presented 
in Figure 9 of the final report from SMAST.  Contour intervals over the light incubation ranged 
between -53.96 millimoles per square meter per day (mmoles/m2/day) (-1.73 g/m2/day) to 8.96 
mmoles/m2/day (0.29 g/m2/day).   
 
As noted in the figure, net oxygen production was measured in shallow areas of the lower 
region of the lower basin.  Contour intervals over the dark incubation ranged between -51.78 
mmoles/m2/day (-1.66 g/m2/day) to -13.67 mmoles/m2/day (-0.44 g/m2/day).  Table 5 of the 
document summarized results for the upper and lower estuary.  The lower estuary represented 
Cores CRE-1 through CRE-25 and covered the area between Little Shell Island and Fourmile 
Island.  The upper estuary was represented by Cores CRE-26 through CRE-50 and covered the 
area between Fourmile Island and just above the Interstate 75 bridge. 
 

Segment 

SOD Flux mmole/m2/day 
(g/m2/day) 

Light Incubation Average 

SOD Flux mmole/m2/day 
(g/m2/day) 

Dark Incubation Average 
Upper Estuary -31.26 (-1.00) -30.76 (-0.98) 
Lower Estuary -16.04 (-0.51) -22.81 (-0.73) 

 
The SFWMD also contracted with the University of Maryland Center for Environmental Sciences 
(UMCES) to conduct in situ chamber incubations at three sites in the Caloosahatchee Estuary 
to compare the two techniques (An Assessment of Processes Controlling Benthic Nutrient 
Fluxes in the Calooahatchee River and Estuary and the St. Lucie Estuary River and Estuary, 
August 2008).  Sampling occurred from February 11 to 14, 2008, and involved both in situ 
chamber measurements and sediment core flux measurements.  Tables 8 and 9 in the report 
summarized the in situ and sediment core flux results, respectively.  Rates in Tables 8 and 9 
were converted from micromoles per square meter per hour (umol/m2/h) to umol/m2/day. 
 

Station Treatment 
O2 Flux umol/m2/day 
(g/m2/day) Chamber 

O2 Flux umol/m2/day 
(g/m2/day) Core 

CRE-46 Light -27,816 (-0.89) -36,384 (-1.16) 
CRE-46 Dark -61,968 (-1.38) -37,272 (-1.119) 

CRE-24 Light -111,480 (-3.58) -21,768 (-0.70) 
CRE-24 Dark -27,096 (-0.87) 42,600 (1.36) 

CRE-36B Light 13,416 (0.42) -21,480 (-0.69) 
CRE-36B Dark -21,408 (-0.68) 11,760 (0.38) 

 
Under the Existing Conditions scenario, the 25th and 75th percentile SOD fluxes for Stations 
CES04 – CES11 in the model ranged between -2.1 and -0.76 g/m2/day.  SOD fluxes from the 
SMAST and UMCES field studies conducted in February 2008 were generally in the -1.5 to -0.5 
g/m2/day range.  Both studies did report sites where there was a net oxygen production.  Model 
SOD fluxes were not inconsistent with the February 2008 field measurements.  
 
Subsequent work on the model will include evaluating the significance of individual processes 
such as reaeration, photosynthesis, respiration, and organic material decomposition on the DO 
mass balance as well as DO response to changes in water quality due to implementation of 
management activities. 
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