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Objective of TOC Meeting

To make a recommendation on a "maximum annual 
(inflow) discharge limit" to achieve compliance with 
the consent decree's water quality requirements for 
the Refuge, as directed in the Special Master's 
January 4, 2011 report.



Recipe for Deciding on MADLs
Focus on Marsh, Data, & Future
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2015 + ?
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“Balanced”
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Phosphorus Gradient in Refuge Marsh

Exterior Marsh
~  50  - 10 ppb

Soil

Interior Marsh ~ 7 ppb  
Long-term Levels 

Clean 3: OFW 1978-1979

10 ppb

16  - 9  ppb
Range of  Ecological  Response

Cattails – Invertebrates – Oxygen – Periphyton

LTL Excursion Risk vs
Rim Canal Inflow P Load

Modified from WWW Rebuttal Exhibit  2309 & Figure 4
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4-Part Test for Class III, Refuge Impacted Sites, 2006-2010

Site Yr         Spatial 1 Yr     Spatial 5 Yr
> 15 ppb       > 11 ppb         > 10 ppbSFER, 2011





Marsh P Gradient vs. STA Outflow P 
Geometric Means, WY 2008-2010, SFER 2011

Rim Canal P ~  STA Outflow P :  No Discontinuity in Gradient



Rim Canal P Conc. vs.
STA-1W Outflow P Conc.

LOXA 104 Rim Grabs Paired 
with 30-Day STA-1W Outflow 

FWMs (G251 & G310)

Rim Canal P ~ Inflow P





Replay 1996 Derivation of STA Discharge Permit Limits
76 ppb FWM Limit / 50 ppb Goal  =  WQBEL 18 Limit /  12 ppb Goal

= 15 ppb Marsh Limit / 10 ppb Marsh Criterion = 1.5

76 / 18

50 / 12

76 / 18

50 / 12

EAA Pump Data (64 Station-Yrs)

WCA Outflow Data (170 Station-Yrs)

Log-Normal Frequency Distribution

Extracted from US Exhibit 1272



WQBEL Derivation, FDEP 2010
Annual FWM Limit = 18 ppb

“All estimates of the WQBEL for TP in discharges to the 
EPA derived using multiple methods are very similar 
ranging from 15.1 ppb to 19.2 ppb. Therefore, based on the 
weight of evidence, including the Department’s analysis of 
the existing data for the STAs rescaled based on the 
pooled geometric mean (a more extensive version of 
Walker’s analysis), a TP WQBEL of 18 ppb expressed as a 
maximum annual FWM is recommended for incorporation 
into the permits for all discharges to the EPA to assure that 
the discharges do not cause or contribute to exceedances
of the TP criterion in the downstream marsh receiving 
waters.”





USEPA – Amended Determination – Attachment G – Figure 6

Including data from damaged STA 1W 
& E in the WQBEL calibration would 
inflate the limit and weaken the test 

(make it less protective of the marsh). 
Discharge limits may not be applicable 

in those situations,depending upon 
permit language.

High Variability in STA-6 reflects dry-out, 
expansion, change in water source in 2007-

2010; i.e. unstable operation; 
AD alternatives designed to minimize 

Dry-out and stabilize inflows.  Including the 
>2006 data for STA-6 in the EPA and FDEP 

dataset inflates the annual limit.

ENR inflows were less variable than STA 
inflows, but flow is not the only factor driving 

variability in STA performance. The AD 
design objective is to stabilize flows.
Including ENR in the EPA and FDEP 

derivations is justified.



USEPA – Amended Determination – Attachment G – Figure 6

Variability in the Best-Performing 
STAs (2 & 34) is similar to that of 
the marsh and closest that 
expected for STA discharges in 
compliance with the Criterion.

Variability Calibrated to All STAs 
& ENRP Used in Deriving the
18 ppb WQBEL Limit



The 18 ppb Yearly Limit is
Independent of the log-normal 
distribution assumption; i.e. the 
data points and line intersect at 
the 90th percentile.



Modified from USEPA – Amended Determination – Attachment G – Figure 9

Excursion Frequency vs. Marsh LTGM 
For USEPA 2-Part WQBEL & FDEP 1-Part WQBEL

STA Variance,  Monte-Carlo Simulation,  50,000 years

FDEP & EPA(2)
1 Yr FWM > 18 ppb

USEPA Part 1
> 2 yrs GM > 10 ppb

The FDEP 1-Part  WQBEL 
has high Type II Error 

(i.e. risk of not detecting a 
problem in the marsh). 
Would allow LTGM to 
exceed 10 ppb while 

meeting the annual limit.

USEPA- Both Parts



SFWMD  FWM = 19 ‐ 21 ppb  
Equiv to GM = 16 to 18 ppb

USEPA  FWM = 18 ppb  
Equiv to GM = 15 ppb

Marsh Reference Sites Rescaled to LTGM = 10 ppb
vs. EPA & SFWMD Proposed Annual Limits



At the present time, insufficient information is available to fully predict and evaluate the impact of the continued discharge on the 
water quality of the receiving water body (WCA-1).These impacts will vary depending on season, stage in WCA-1, stage in the 
rim canals, velocity and phosphorus assimilation in the rim canals, water and phosphorus exchange between the rim canals and 
the interior of WCA-1, volumes of discharge from the STAs, and discharges from WCA-1 outlet structures. As a result of the 
inability to fully predict and evaluate the impact of the continued discharge on the water quality of the receiving waterbody, 
insufficient information exists to determine the applicable range of phosphorus loadings that will not cause or contribute to 
violations in the phosphorus water quality standard. Hence, neither the process required by the State of Florida Chapter 62-650 
Water Quality Based Effluent Limitations (WQBEL) for the renewal of an existing operation permit, nor that required by the 
Everglades Forever Act can be completed at this time. In the interim until the appropriate water quality study is completed, a 
preliminary estimate of the range of values for the WQBEL for WCA-1 has been derived. The Florida Department of 
Environmental Protection derived a preliminary estimate of 15.5 ppb as the lower end of the range, and this paper presents two 
independent methods supporting a preliminary estimate of 37 ppb as the upper end of the range. It is proposed that the range 
can be defined by the percentage of STA-1W discharge that actually enters the marsh, as depicted in the figure below. 

EPA Limit
18 ppb





Excursion Frequency vs. Marsh LTGM TP Conc.
SFWMD vs. USEPA Proposed WQBELs

Sensitivity to Assumed Year-to-Year Variability The SFWMD Proposed 
WQBEL is much more 

stringent than the USEPA 
Proposed WQBEL



EPA WQBEL 
Applied to Data from 
Research Transects 
in WCA-1 & WCA-2A

1999-2009

WWW Rebuttal – Oct 2010 - Fig 4

LTGM > 10 ppb

LTGM < 10 ppb

The USEPA WQBEL 
successfully differentiates 

research transect sites with  
LTGMs above & below 10 ppb
based upon 11 years of data



WWW Rebuttal – Oct 2010 - Fig 3

EPA WQBEL Applied to 
Data from Impacted & 

Unimpacted Marsh Sites 
in Class III Network

1999-2009

The USEPA WQBEL successfully 
differentiates Impacted from 

Unimpacted Sites in the Class III 
Network, originally identified based 

upon soil P concentration

Excursions at Unimpacted 
Sites (Type I Error) can be 

explained based upon trends in 
the data & hurricane 

disturbance



Excursions at Un-Impacted Sites (Type I Error) can be explained 
based upon trends in the data & hurricane disturbance



Imbalance in Refuge: Nearhoof, FDEP, 2002

10 ppb



Modified from USEPA – Amended Determination – Attachment G – Figure 9
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Excursion Frequencies for USEPA 2-Part WQBEL
Sensitivity to Variance Estimates

STA Variance

Marsh Variance

90% Chance of Excursion
if  LTGM = 16 ‐ 18 ppb

10% Chance of Excursion
if  LTGM = 9 ‐ 11 ppb

Type II
Error

Type I
Error

9  - 16 ppb
Range of Ecological Response

Periphyton -- DO -- Cattails

The EPA WQBEL is not “Overly-Protective”
- Type II Error >> Type I Error
- Type I Error <1% for the Most  Sensitive   
Ecological Indicators & Variance Typical of 
Marsh



Excursion Risk for Appendix B Long-Term Levels
vs. 2-Month TP Load to Refuge Rim Canal

WWW Rebuttal - Feb 2010 – Figure 4;  Feb 1999 – Oct 2010 Data

Strong correlation is 
consistent with hypothesis 
that excess anthropogenic 

P loads from the STAs 
penetrate to the interior 
marsh and contribute to 

exceedances of LT Levels.



Excursion Risk for Appendix B Long-Term Levels
vs. Monthly TP Load to Refuge Rim Canal 
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Left:    WWW Rebuttal - Feb 2010 – Figure 4

Bottom:  Risk vs. Load Regression Applied to 
DMSTA Monthly Output for EPA-AD Alternatives



Phosphorus Gradient in Refuge Marsh

Exterior Marsh
~  50  - 10 ppb

Soil

Interior Marsh ~ 7 ppb  
Long-term Levels 

Clean 3: OFW 1978-1979

10 ppb

16  - 9  ppb
Range of  Ecological  Response

Cattails – Invertebrates – Oxygen – Periphyton

LTL Excursion Risk vs
Rim Canal Inflow P Load

Modified from WWW Rebuttal Exhibit  2309 & Figure 4
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