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INTRODUCTION

A preliminary study of soil salinity was conducted along the Northwest Fork of

the Loxahatchee River in January 2002 at four sites that represent different surface water

(river) salinity conditions.  This sampling effort was initiated to better understand the

correlation between plant community composition and soil salinity levels, and to serve as

a reconnaissance effort to gain information useful for the design of future sampling

projects.  The results of this study will be used to document a soil salinity gradient along

the River corridor and determine if, and how, soil salinity levels vary with increasing

distance from the Jupiter Inlet and soil depth.
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Soil Salinity Sampling
Four soil sampling transects were established along the NW Fork of the

Loxahatchee River at locations that represent varying degrees of exposure to elevated

salinity from tidal influx (Figure G-1).  All transects crossed the river floodplain,

extending from the shoreline to the floodplain/upland ecotone.  Transect 1 lies in an area

of the NW Fork that has not been influenced by tidal salinity and crosses a freshwater

floodplain swamp community dominated by swamp hardwoods (e.g. laurel oak, red bay,

red maple, swamp hickory) and bald cypress.  Transect 4 is located south of the Jonathan

Dickinson State Park’s concessions/parking area (near river mile 7.0) along a segment of

the River that has been highly impacted by tidal inflows.  Freshwater seeps originating

from upland groundwater sources support remnant swamp hardwoods (e.g. pop ash, pond

apple) and bald cypress at the floodplain/upland ecotone.  Elsewhere within the

floodplain, white and red mangrove dominate.  Transects 2 is located just north of the

Trapper Nelson homestead (near river mile 10.5) and crosses a freshwater floodplain

swamp community that has been only occasionally impacted by elevated salinity.

Transect 3 was located near river mile 9.9, where much of the local freshwater floodplain

swamp is intact but some red mangrove (a saltwater species) is found (see Appendix C,

Vegetation Survey Data).  The selection of these sites was intended to 1) coincide with

earlier vegetation transect surveys conducted by staff at Jonathan Dickinson State Park;

2) represent a gradient of sites that span from wholly freshwater to mostly saltwater

conditions; and 3) represent a gradient of vegetation communities spanning from pristine

freshwater swamp forest to mangrove-dominated swamp.
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Figure G-1.  Location of Soil Sampling Transects along the NW Fork of the

Loxahatchee River, as Indicated by Black Lines
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Soil sampling plot information is shown in Table G-1.  Our original sampling design

included the installation of temporary PVC wells to collect pore water samples from three

depths (10 cm, 20 cm and 50 cm below the soil surface) within each plot and to analyze

the samples for conductivity, chloride and sodium.  In the field, we discovered that the

soil conditions would not allow collection of enough pore water for the laboratory

analyses.  Instead, grab samples from the upper one-foot of soil were collected from all of

the plots in Transects 1, 2, and 3.  At transect 1, an additional sample from the flowing

channel of the river was collected.  At transect 3, only three plots were able to be

collected due to the large amount of non-native Old World Climbing Fern (Ligodium

microphyllum) that covered the more upland side of the transect.  At transect 4, which is

the most saltwater impacted site, additional samples were collected with a soil corer to

include depths of 1-2’ and 2-3’ increments.  Sufficient amounts of soil were collected

from all of the plots to provide enough water for conductivity and chloride analysis.

Table G-1.  Location of Soil Sampling Plots within Transects along the NW Fork of

the Loxahatchee River

Collection Date Transect Plot (distance from
River channel)

01-22-02 1 River bed
01-23-02 1 River bottom
01-23-02 2 0-3 meters
01-23-02 2 3-13 meters
01-23-02 2 33-43 meters
01-23-02 2 63-73 meters
01-23-02 2 93-103 meters
01-24-02 3 0-10 meters
01-24-02 3 30-40 meters
01-24-02 3 64-74 meters
01-24-02 4 0-10 meters
01-24-02 4 45-55 meters
01-24-02 4 95-105 meters
01-24-02 4 155-165 meters
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Soil samples were transported to the Loxahatchee River Environmental Control

District’s laboratory.  Pore water was vacuum-filtered from the soil samples using

Whatman 541 filter paper in a Buchner funnel.  The extracted water samples were

analyzed for conductivity according to the Standard Methods section 2510B (Franson

1998) using a YSI Model 33 conductivity meter.  Salinity was determined from

conductivity through a conversion table.  Pore water samples were also analyzed for

chlorides by argentometric titration method, as described in Standard Methods section

4500B (Franson 1998).  Results were entered into a spreadsheet and analyzed for trends

associated with vegetation and estimated long-term (30-year) salinity conditions at each

site.

Soil Samping Results and Discussion
Results from the soil salinity analysis are shown in Table G-2.  Two methods of

determining salinity were used in the laboratory, one by measuring conductivity and the

other by chloride analysis.  Both analyses yielded similar results and trends from these

soils (Table G-2).  Chloride proved to be a more sensitive measure of differences

between sites and salinity determined by chloride analysis were slightly lower than

salinity determined by conductivity.

The lowest surface soil (0-1 ft. depth) chloride concentrations were found at

transect 1 (20–29 mg/L), the site least impacted by tidal salinity intrusion (Figure G–2).

Progressively higher chloride concentrations were detected in surface soils from transect

2 (49–95 mg/L), transect 3 (67–130 mg/L), and transect 4 (2000–3000 mg/L).  At

transect 4, chloride concentrations also varied within the vertical soil profile near the

floodplain/upland ecotone and the river bank (Figure G–3).

Soil salinity concentrations did not reveal a well-defined gradient along the River,

as was found with the chloride data.  Although the plant community at transect 3

contained both freshwater and saltwater-tolerant species, soil salinity concentrations were

comparable to those at unimpacted sites (transects 1 and 2).  However, chloride

concentrations at transect 3 (67-130 ml/L), where some red mangrove were present, were

higher than in areas inhabited by strictly freshwater vegetation.
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These data indicate that soil chloride concentration, rather than salinity, may be a

better parameter to use to characterize the salinity gradient along upstream portions of the

NW Fork.  A distinct chloride gradient was detected, associated with proximity to the

Jupiter Inlet.  However, elevated salinity levels were found only at transect 4 sampling

sites, an area that has been strongly impacted by elevated salinity for many decades.

Results from this study indicate that “background” salinity levels are very low

(0.1-0.2 ppt) in unimpacted areas.  This study also suggests that salinity is not retained in

the soils for long periods of time.  At transect 3, an area that is affected by elevated

salinity conditions during droughts (e.g. 1999-2001), salinity was comparable to the

pristine transects 1 and 2.

It is important to understand that the scope of this sampling effort was narrow and

interpretation or application the results are limited.  This preliminary study does not

address potential changes in soil salinity attributed to seasonal hydrological patterns (dry

season vs. wet season), droughts, duration of exposure to a salinity concentration, soil

salinity memory (ability to retain sodium or chloride), spatial distribution along the River

corridor, and vertical distribution within the soil profile (which affects shallow or deeply

rooted plants differently).  The findings from this study can be also be useful in designing

a long-term soil salinity sampling effort.
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Table G-2.  Soil Salinity from Transects, Calculated from Conductivity (Cond.,
ppt*) and  Chloride (Cl, ppt) Analysis

Collection
Date

Transect Plot Conductivity
(Mho/cm)

Temp.
 (°C)

Salinity
(Cond., ppt)

Chloride
(mg/L)

Salinity
(Cl, ppt)

1/22/02 1 River bed (grab) 29 0.05

1/23/02 1 River bottom 20 0.03

1/23/02 2 0-3 m 730 24 0.2 95 0.2

1/23/02 2 3-13 m 630 23 0.2 49 0.1

1/23/02 2 33-43 m 680 23 0.2 69 0.1

1/24/02 3 0-10 m 710 24 0.2 110 0.2

1/24/02 3 30-40 m 870 23 0.5 130 0.2

1/24/02 3 64-74 m 67 0.1

1/24/02 3 floodplain/upland
ecotone

680 23 0.2 81 0.1

1/24/02 4 0-10 m (0’-1’) 9900 24 5.5 3000 4.9

1/24/02 4 0-10 m (1’-2’) 7900 25 4 2500 4.2

1/24/02 4 0-10 m (2’-3’) 6000 23 4.5 2000 3.3

1/24/02 4 45-55 m (0’-1’) 6600 23 4.5 2000 3.4

1/24/02 4 45-55 m (1’-2’) 6600 23 4.5 2100 3.5

1/24/02 4 45-55 m (2’-3’) 5500 23 3.0 1900 3.2

1/24/02 4 95-105 m (0’-1’) 8100 23 6.5 3000 4.9

1/24/02 4 95-105 m (1’-2’) 7700 23 4.2 2400 4.0

1/24/02 4 95-105 m (2’-3’) 9300 23 5.2 2700 4.5

1/24/02 4 155-165 m (0’-1’) 10400 23 5.9 2800 4.7

1/24/02 4 155-165 m (1’-2’) 8200 23 6.5 3000 4.9

1/24/02 4 155-165 m (2’-3’) 9900 23 7.7 3500 5.7

*ppt = parts per thousand
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Figure G–2.  Range of Chloride Concentrations measured in Soils along the NW Fork of

the Loxahatchee River

Figure G–3.  Chloride Concentrations in the Vertical Soil Profile at Transect 4.

0 500 1000 1500 2000 2500 3000

Chloride Concentration (mg/L)

Transect 1

Transect 2

Transect 3

Transect 4

Range of Chloride Concentrations at Soil Sampling 
Sites along the NW Fork of the Loxahatchee River

Soil Chloride Concentrations- Transect 4

0

500

1000

1500

2000

2500

3000

3500

4000

Plot 1 Plot 2 Plot 3 Plot 4

C
h

lo
ri

d
e 

(m
g

/L
)

0-1 Ft Depth
1-2 Ft Depth
2-3 Ft Depth



MFLs for theNorthwest Fork of the Loxahatchee River Appendix G

FINAL DRAFT G-9 11/18/02

CONCLUSIONS

The results from our soil survey, which are of limited scope, suggest soil salinity

is not a good predictor of long-term salinity conditions and was not useful in defining

salinity conditions that lead to a decline in freshwater vegetation associated with salinity

exposure.  Chloride concentration, however, was more closely associated with distance

from the Jupiter Inlet.  More frequent and more extensive long-term soil salinity

monitoring may provide data needed to determine spatial and temporal changes, and the

extent of salinity concentrations that may affect the ecological community at a site.
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INTRODUCTION

Floodplain vegetation along downstream segments of the Northwest Fork of the

Loxahatchee River has changed over the past century from freshwater swamp dominated

by bald cypress and wetland hardwoods to salt-tolerant red mangrove swamp.  In order to

identify salinity conditions that may lead to changes in freshwater floodplain vegetation,

District staff compiled historical flow and measured salinity data from the River, and

conducted vegetation surveys in order to relate salinity to vegetation community

characteristics.  Since long-term salinity sampling data were not available from all sites

where vegetation survey data is available, a hydrodynamic/salinity model was used to

simulate salinity conditions at several upstream river sites for a 30-year period of record.

The details of the hydrodynamic/salinity model, including its development and

verification, can be found in Appendix E of this report.

The simulated long-term mean daily salinity for each of seven sites along the NW

Fork were statistically analyzed to examine trends relative to proximity to the Jupiter

Inlet, the primary source of salinity to the River.  In addition to descriptive statistics, the
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simulated salinity was categorized into salinity events to make it more appropriately

relatable to vegetation response.  The following report presents the simulated salinity

time series, describes the methods used to analyze the time series, and the results of the

analysis.
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METHODS

Analysis of Historical Daily Average Salinity
Long-term, continuous salinity records (e.g., multi-decade) do not exist for the

Loxahatchee River or estuary.  Because changes in floodplain community structure have

occurred gradually over the past 50 years (see Appendix B), a method to generate an

estimated time series of historical salinity was developed as a means to compare long-

term salinity conditions at a site with vegetation community changes through time.  A

long-term (30 year) daily salinity data set was estimated using current (1994-2000)

flow/salinity relationships developed for the NW Fork (see Appendix D) and long-term

(30 year) historical flows from Lainhart Dam using the RMA-2/RMA-4 hydrodyamic

salinity model (USACE 1996).  The model was developed specifically for the

Loxahatchee River using methods described in Appendix E.  A 30-year period of record

(POR) of mean daily salinity, which extended from April 1971 through January 2001,

was simulated for each of eight sites (Table H–1, also see Figure C-1 for a map of the

location of these sites along the NW Fork).  From these data SFWMD staff plotted

individual time series, and calculated descriptive statistics (mean, standard deviation,

median, mode and maximum daily salinity concentrations) for each site.  Other analysis

included calculation of the percent of time that salinity was equal to or above a particular

threshold value (e.g., 1 ppt, 2 ppt, 3 ppt, etc.), and the determination of the mean salinity

event duration and the mean time between salinity events (i.e. salinity event analysis).

The salinity event analysis grouped the simulated salinity data from a site into

salinity events that equaled or exceeded a particular salinity threshold.  For example, at a

threshold of 2 ppt or greater, a salinity event was defined as the number of continuous

days that the simulated salinity time series was at or above this value.  The mean number

of days (duration) of each salinity event (Ds) and the mean number of days between

events (Db) at each site (Table H-1) were derived for the POR.  Salinity conditions at a

site were expressed in terms of Ds and Db for a minimum threshold value in order to

relate it to vegetation community characteristics.  In terms of potential effects of salinity

exposure (or any toxic substance) on freshwater vegetation, the magnitude
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(concentration) and duration of exposure to elevated salinity levels is related to the extent

of damage to the freshwater community caused by that exposure (see Pezeshki et al.

1986, 1987, 1990, 1995; Conner & Askew 1992; Allen 1994; Allen et al. 1994, 1997).

The time between salinity events is also important to allow sufficient recovery from the

last damaging salinity event.

A ratio of the salinity event duration and time between events (Ds/Db) was

calculated to provide a single numeric value to express the salinity characteristics at a

specific site and to reduce the number of factors in the analysis.  Event duration and time

between events can be expressed in any time scale (days, weeks, months), however in our

application we have used days as the standard unit of measure for this ratio.  A Ds/Db

ratio of 1 indicates that half of the time average daily salinity at a site is at or above the

selected threshold.  Ds/Db ratio values that are increasingly larger than 1 indicate more

predominantly saltwater conditions at a site.   This ratio decreases consistently as one

travels upstream from the Jupiter Inlet and becomes zero as constant freshwater

conditions are observed.  For this reason, the Ds/Db ratio was useful as a general index of

salinity at a given location along the River.

Table H-1.  Sites along the Northwest Fork of the Loxahatchee River where Long-

Term Mean Daily Salinity Time Series were Simulated

Site Name Site Location

Vegetation Site 7-C,

Water Quality Monitoring Site #64

River Mile 7.8

Vegetation Site 8-B River Mile 8.4

Vegetation Site V-6,

Water Quality Monitoring Site #65

River Mile 8.6

Vegetation Site 8-D (8-st) River Mile 8.9

Vegetation Site 9-B River Mile 9.2

Water Quality Monitoring Site #66 River Mile 9.4

Vegetation Site 9-C River Mile 9.7

Vegetation Site 10-B River Mile 10.2
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RESULTS AND DISCUSSION

Estimation of a Historical Mean Daily Salinity Time Series
Using the hydrodynamic salinity model developed for the Loxahatchee River and

Estuary (see Appendix E) and historical flow data for Lainhart Dam and other tributaries

which drain into the NW Fork, we estimated the mean daily salinity concentrations at

seven sites (Table H-1) along the NW Fork.  The summary statistics from the result of

this model run are shown in Table H-2.

Table H-2.  Summary Statistics of the Estimated Mean Daily Salinity

Concentrations for the 30 Year Period of Record

Daily Salinity
Site Name River Mile

Mean + St. Deviation Median Mode Maximum

7-C

(WQ Sta. #64)

7.8 6 + 5 5 0 21

8-B 8.4 4 + 4 2 0 18

WQ Sta. #65 8.6 3 + 3 1 0 16

8-D 8.9 2 + 3 1 0 14

9-B 9.2 1 + 2 0 0 9

9-C 9.7 0 + 1 0 0 6

10-B 10.2 0 + 0 0 0 3

In order to express long-term salinity conditions at a site in terms of effects on the

vegetation community, we organized the data into “salinity events”.  In this analysis, it

was assumed that a “threshold” of salinity exists above which an impact occurs to a plant

species.  Along upstream segments of the NW Fork, a salinity event at or above a specific

threshold occurs for a number of days at a site, which is followed by a period of time

where freshwater conditions return and recovery from the salinity impact occurs.  To

capture this salinity impact-recovery cycle and the net effect it may have on the

freshwater plant community, the long-term salinity data was examined in terms of

salinity event duration (Ds) and elapsed time between events (Db) for a particular
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threshold.  Table H-3 shows the duration of salinity concentrations at or above several

selected threshold values for the modeled period of record.  Table H-4 shows the mean

duration of salinity events and the mean time between salinity events at or above the

selected threshold values for the modeled period of record.  Salinity event ratios Ds/Db

along the NW Fork show a negative correlation with distance from the Jupiter Inlet.  As

one moves upstream, the Ds/Db ratio approaches zero as fewer salinity events occur.  In

contrast, the Ds/Db ratio exceeds one and rapidly increases downstream as the magnitude

and duration of each salinity event increases, and the time between salinity events

decreases.  An example of the Ds/Db relationship is shown in Figure H-1 for a salinity

threshold of > 2 ppt.

Table H-3.  Duration of Estimated Mean Daily Salinity Concentrations from the 30

Year Period of Record for Several Selected Threshold Values at Sites along the NW

Fork

Number of Days (Percent of Time) at or above Threshold
Site River Mile

> 1 ppt > 2 ppt > 3 ppt > 4 ppt

7C (#64) 7.8 9252 (84.9%) 7913 (72.6%) 6689 (61.4%) 5831 (53.5%)

8B 8.4 7038 (64.6%) 5496 (50.4%) 4613 (42.3%) 3873 (35.5%)

WQ #65 8.6 5870 (53.9%) 4562 (41.9%) 3666 (33.6%) 3013 (27.6%)

8D 8.9 4525 (41.5%) 3297 (30.3%) 2497 (22.9%) 1959 (18.0%)

9B 9.2 3071 (28.2%) 1953 (17.9%) 1297 (11.9%) 834 (7.7%)

9C 9.7 1870 (17.2%) 906 (8.3%) 418 (3.8%) 161 (1.5%)

10B 10.2 568 (5.2%) 113 (1.0%) 14 (0.1%) 0 (0.0%)
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Table H-4.  Mean Salinity Event Duration (days) and Time between Events (days)

from Estimated Mean Daily Salinity along the NW Fork of the Loxahatchee River

Mean Duration (Ds) and Time Between (Db) Salinity Events
Site

River

Mile > 1 ppt > 2 ppt > 3 ppt > 4 ppt > 5 ppt

Ds Db Ds Db Ds Db Ds Db Ds Db

7C (#64) 7.8 157 14 76 20 50 26 44 33 44 43

8B 8.4 83 23 49 39 52 62 48 77 45 94

WQ #65 8.6 67 30 68 70 58 85 56 111 40 124

8D 8.9 54 52 47 90 46 130 37 144 35 191

9B 9.2 55 143 46 207 45 344 41 504 29 612

9C 9.7 38 189 40 455 34 874 20 1800 22 5422

10B 10.2 31 576 22 2157 13 10899 0 - 0 -

Figure H-1.  Correlation between Salinity Event Ratio Ds/Db (>2 ppt) and River

Mile
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CONCLUSIONS

Salinity characteristics at sites along the NW Fork are highly correlated to

distance from the Jupiter Inlet.  Generally the magnitude and duration of salinity

conditions decrease as one moves upstream along the River, with predominantly

freshwater conditions occurring above river mile 10 for the simulated long-term salinity

time series.  A categorization of the salinity time series into salinity events proved useful

for combining three separate factors (salinity magnitude, duration of a salinity event, and

time between salinity events) into a single numeric value.
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Introduction

Consumptive uses of water sources include those from public water supply, irrigation and
self-supplied residential wells. The overall effect of consumptive uses on flows to the Northwest
Fork of the Loxahatchee River was considered as part of the MFL process. Use of the Surficial
Aquifer and the Loxahatchee River to meet local demands is a resource function. Several
approaches were used to estimate the magnitude and proportion that consumptive uses may
comprise of the watershed’s hydrologic budget.

To address this issue, District staff analyzed available hydrogeologic data and conducted
a number of groundwater model simulations. Data were obtained from SFWMD and USGS
databases.  Model scenarios were simulated with a modified USGS, three-dimensional, finite
difference, groundwater flow model code (MODFLOW-96) that was developed by the SFWMD
for northern Palm Beach County (SFWMD 2002). This model is known as the Northern Palm
Beach Groundwater Model, or NPB Model. This model provided a means to estimate the relative
effects of consumptive uses within the basin on water levels in Loxahatchee Slough and
deliveries to the Northwest Fork of Loxahatchee River during selected wet, normal and dry
periods.

MODFLOW is primarily a computer software code for evaluating groundwater flow
conditions.  The code utilized in this report does not incorporate a surface/groundwater module.
Therefore, overland flow and associated surface water routing through canal networks is not
directly simulated and the effects of consumptive use withdrawals on overland and riverine flows
should only be considered as gross estimates.
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Model Description

The NPB MODFLOW Model includes that portion of northern Palm Beach County that
is bounded to the west by the canals, L-10 and L-12 and to the east by the Atlantic Ocean.  The
southern and northern boundaries include the C-51 canal and the Palm Beach-Martin County
line, respectively.  Boundaries and major features in the model domain are shown in Figure I-1.

The MODFLOW Computer code is used by the District as a tool to assist in decision
making for various purposes, including water supply planning, facility design evaluations, rule-
making, and consumptive use permitting. The modified, SFWMD version, of MODFLOW-96
includes three new modules: the Wetland and Diversion Packages, the Operations Package and a
Multiple Well Package, each of which are briefly described below.

• Wetland and Diversion Package: This module within MODFLOW enables the top layer
of the model’s grid system to include overland flow through dense vegetation (including
surface storage) and channel flow through slough networks, thus more accurately
simulating wetland hydroperiods and canal stages encountered within South Florida.

• Operations Package: This module allows water to be moved within the MODFLOW
model to simulate the operational transfer of water (e.g. opening a structure or a pump)
from one location to another. The Operations Package is capable of managing flows into
and out of reservoirs, such as Storm Water Treatment Areas and Aquifer Storage and
Recovery wells, and can be used to provide boundary information (e.g. available runoff
for potential capture by a reservoir).

• Well Package: This module allows the user to keep different well data sets (e.g., public
water supply wells, agricultural wells etc.) independent of each other, thereby evaluating
the effects of each type of water use separately.

Model Limitations

MODFLOW is primarily a computer software code for evaluating groundwater flow
conditions.  The code utilized in this report does not incorporate a surface/groundwater module.
Therefore, overland flow and associated surface water routing through canal networks is not
directly simulated and the effects of consumptive use withdrawals on overland flows should only
be considered as gross estimates.  It is recommended that future model updates incorporate a
surface water routing module to provide a greater understanding of the canal systems within
northern Palm Beach County.

The NPB Model was utilized for this investigation because it was readily available and
covered the area of concern.  In addition, it was assumed that groundwater consumptive use in
the vicinity of the Loxahatchee Slough and River was of concern and a model, which addressed
groundwater systems, was required.

Model Coverage and Components

The model domain for the NPB Model is uniformly organized into 0.25 mile by 0.25 mile
grid cells, each covering 0.0625 sq. miles or 40 acres, resulting in a full grid of 9,280 cells per
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Figure I-1.  Location and major features of northern Palm Beach groundwater model study area
(proposed G-160 and G-161 structures were not included in the modeling scenario).
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layer with 80 rows and 116 columns. This horizontal grid allows for a degree of regional
accuracy with manageable run-times and post-processing times.  The grid limits (corner
nodes) in U.S. State Plane Florida East NAD 27 coordinates are listed below:

      xmin = 658,906 Easting;

      xmax = 812,026 Easting;

      ymin = 851,308 Northing ;

      ymax = 956,908 Northing.

The majority of the Loxahatchee Watershed is underlain by the Surficial Aquifer
System (SAS). Portions of the Biscayne Aquifer exist in this area, as well. The model
divides the SAS (including the Biscayne Aquifer portions, if present) into seven layers.
The model provides a representation of the hydrogeologic zones within the aquifer, as
well as the partial penetration of canals and wells. The layering scheme incorporates the
two principal permeable zones targeted by production wells (i.e., a highly transmissive
zone representing the prolific Biscayne Aquifer and a more laterally extensive,
moderately transmissive, production zone).  Figure I-2 shows the conceptual cross
section of hydrogeologic zones within the SAS.

Figure I-2. Representative aquifer cross-section in Palm Beach County.

Model Calibration

Calibration of a model is achieved when the model is capable of simulating a set
of field measurements within specified tolerances.  The model was calibrated to transient
conditions that included groundwater stages, or head, from wells within the study area,
and flows at the Lainhart Dam.  For calibration of heads, the total number of observation

Production Well
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wells used in the calibration was 19 -  one observation well located in Layer 3, five wells
in Layer 4 and 13 wells in Layer 2.  For calibration of surface water flows, data for
Lainhart Dam were extracted from the SFWMD’s DBHydro database and modified based
upon the weir equation.  Calibration targets included those average daily flows from
Lainhart Dam that were less than 50 cfs.  MODFLOW is a groundwater model that does
not have the capability of simulating storm driven events.  In addition, the primary
purpose of this analysis was to document effects that occur under low flow conditions.
Therefore, flows from Lainhart Dam that exceeded 50 cfs were excluded from the
calibration targets.  This limitation results in a reduction of the reliability of the estimates
produced for average and wet periods.

The model calibration period extended from January 1987 through December
1995. This eight-year period of record incorporated “normal,” “wet,” and “drought”
conditions, which allowed assessment of water management scenarios under conditions
ranging from excess rainfall conditions (1994-95) to extreme drought conditions (1988-
89). A daily time step was used, due to the large daily variations in time series data such
as canal stages, rainfall, evapotranspiration, and pumpage.

The “trial and error” method was used to calibrate the NPB Model.  To apply this
method, parameter values are adjusted manually in sequential model runs.  The results of
calibration were evaluated both qualitatively and quantitatively. Results of the calibration
of the model indicated that in all cases, average absolute errors were less than 1.0 foot for
head calibration, and the trend match between hydrographs showing simulated versus
historical groundwater levels was judged to be satisfactory for modeling purposes
(SFWMD 2002).  For calibration of flow, the absolute errors were less than 10 cfs during
55 percent of the simulation period.  The average mean of the field data for Lainhart Dam
was 24.1 cfs and the average mean of the model results for the Lainhart Dam was 24.7
cfs, for calibration targets of flow from Lainhart Dam less than 50 cfs.  For flows from
Lainhart Dam less than 65 cfs, the average for the field data was 30.8 cfs and the average
for modeled data was 25.4 cfs. The results of the surface water calibration clearly indicate
that under dry conditions, when the C-18 canal is receiving primarily inflow from the
groundwater system, MODFLOW can provide a reasonable estimate.  However, once
significant rainfall events occur, the model cannot adequately address these surface water
flows.  It is recommended that, in the future, a surface water flow component should be
added to the NPB Model to help achieve better calibration of surface water flow.  In
addition, the model boundaries should be expanded northward to include the entire
estuary basin where surface and groundwater flows are contributing.

Model Application

The Northern Palm Beach County (MODFLOW) model was applied to three
different scenarios to simulate the effects of consumptive uses within the Loxahatchee
watershed.  Specific emphasis was placed on hydrologic conditions in the C-18 Canal
Basin, which provides water for a variety of consumptive uses, including public water
supply, irrigation and self-supplied residential use. The three model scenarios presented
below differ with respect to the way groundwater withdrawals and proposed surface
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water systems are represented in the model. These simulations are summarized as
follows:

• “1988-1995 Actual Pumpage” model run: This scenario represents hydrologic
conditions in the basin prior to recent land use and consumptive use permitting
changes that have occurred in the watershed since 1995.  Data for the Well
Package were extracted from individual water use permits issued by the South
Florida Water Management District’s Regulation Department for irrigation users.
For the PWS systems, actual data for each month and year of the simulation
period were used.  That is, what they actually reported using in March, 1992 is
actually simulated.   An important point in evaluating this model run, since it does
include actual PWS pumpage data, was that in 1988-1990, this area of the District
was under a Phase 1 and Phase 2 water restriction which required mandatory
water reductions that were simulated in the model

• “No Pumping” model run: This model scenario was the same as the “1988-1995
Actual Pumpage” model run, except no groundwater withdrawals were simulated
within the basin (i.e., “pumps off” scenario).

• “Permitted” model run: This scenario best represents present (2001) hydrologic
conditions within the watershed. Data for the Well Package were extracted from
individual water use permits issued by the South Florida Water Management
District.  It is important to note that the withdrawals used in the model were
permitted amounts rather than actual pumpages. Therefore, in this run, model
results are considered conservative (i.e. they may over-estimate adverse impacts)
with respect to quantifying the effects of consumptive uses as compared to
conditions today.  In addition, variations in withdrawal rates due to seasonal
changes were not taken into account in this model run.  The 1989-1990 water
restrictions were not simulated in this model run.

Model Results

The data from the model were adjusted, based on field data, to represent an
average rainfall year (1991-1992) and drought conditions (1988-1989), for the Historical
and Permitted model run scenarios. Historical flow data obtained from USGS and
SFWMD records for the Lainhart Dam, Hobe Grove Ditch, Kitching Creek and Cypress
Creek were averaged for a nearly-average rainfall year (1991-1992) and a drought year
(1988-1989). Table I-1 and Figure I-3 are organized to show the relative contributions
of G-92 and Jupiter Farms to the total flow across Lainhart Dam, which is the primary
source of freshwater flow to the Northwest Fork, and to compare this input with the
inflows from the other major tributaries.  Once again, it should be noted that MODFLOW
is primarily a computer software code for evaluating groundwater flow conditions.  The
code utilized in this report does not incorporate a surface/groundwater module.
Therefore, overland flow and associated surface water routing through canal networks is
not directly simulated and the estimates of consumptive use withdrawals on overland
flows should only be considered as gross estimates.
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Table I-1.  Water Budget Flows (cfs) for Average and Dry years for “1988-1995 Actual Pumpage”,
“Permitted”, and “No Pumping” Model Runs (see text for explanation).

Ave. daily
flow

Ave. daily
flow

Ave. daily flow
Sub-Basin

Dry@ Ave.**
Basin

Dry@ Ave.**
Watershed

Dry@ Ave.**
“1988-1995 Actual Pumpage” Model Run

G-92* 27 154
Jupiter Farms* 29 10 Lainhart Dam* 56 164

Hobe Grove Ditch 6 11
Kitching Creek 4 12
Cypress Creek 36 48

Loxahatchee
Estuary 102 235

“Permitted” Model Run
G-92* 21 147

Jupiter Farms* 28 9 Lainhart Dam* 49 156

Hobe Grove Ditch 6 11
Kitching Creek 4 12
Cypress Creek 36 48

Loxahatchee
Estuary* 95 227

“No Pumping” Model Run
G-92* 30 155

Jupiter Farms* 29 10 Lainhart Dam* 59 165

Hobe Grove Ditch 6 11
Kitching Creek 4 12
Cypress Creek 36 48

Loxahatchee
Estuary* 105 236

@Dry =Average Daily CFS from 1988-1989; **Average = Average Daily CFS from 1991-1992; *Calculated from Model

Table I-1 considers the actual field data collected for the analysis of the “1988-
1995 Actual Pumpage” condition.  The flows delivered from G-92 and Jupiter Farms to
the Lainhart Dam, were estimated from the model and adjusted to equal actual flows

Figure 1-3.  Flows to the Loxahatchee River from tributary basins and structures during dry and
average rainfall conditions, based on the a) “1988-1995 Actual Pumpage,” b) “Permitted”
and c) “No-Pumping” model runs.
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across Lainhart Dam for the “1988-1995 Actual Pumpage” condition.  The “Permitted”
and “No Pumping” scenarios are simulated conditions and did not actually occur during
those years.  For those two runs, flows were estimated at Lainhart Dam based upon the
net change in observed seepage compared to the actual, unmodified, seepage values as
determined by the model and shown in Figure I-4.

Figure 1-4. Net change in groundwater seepage from the C-18/Jupiter Farms Basin as compared
to the “1988-1995 Actual Pumpage” run.  Dry year (1988-89) estimates do not include the
effects of mandatory water restrictions

Flows received from Cypress Creek, Hobe Groves Ditch and Kitching Creek were
based on actual flow records. Figure I-3.  Flows to the Loxahatchee River from Tributary
Basins and Structures during Dry and Average Rainfall Conditions were based on the a)
“1988-1995 Actual Pumpage,” b) “Permitted,” and c) “No-Pumping” model runs.

Table I-1 shows that the projected average daily flow to the Loxahatchee Estuary
during an average rainfall year under the “No Pumping” scenario is 236 cfs and during a
drought year is 105 cfs. For the “Permitted” scenario, 227 cfs was provided to the estuary
under average rainfall conditions and 95 cfs during drought conditions. This indicates
that all permitted and exempt consumptive uses account for a potential net reduction of
less than 10 cfs, under drought conditions, from the C-18/Jupiter Farms Basin to the
Northwest Fork. Mandatory water restrictions under drought conditions were not
simulated in the model scenario. Therefore the actual net reduction may be significantly
less than 10 cfs. Under average rainfall conditions, the effect of pumping was estimated
to be a 9 cfs reduction, which represents a 4 percent reduction in total freshwater river
flow to the estuary.
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A separate model run was made to estimate the effects of different classes of
Consumptive Use Permits that have been issued in the area.  Pumpages were classified as
utility, irrigation, and domestic self supplied.  The results suggest that of the total 9 cfs
(under average rainfall conditions), public water supply wells may account for
approximately 75 percent (6.8 cfs), whereas irrigation and residential self-supplied
demands account for the remaining 25 percent (2.2 cfs) of total flow reduction. As many
of the permitted withdrawals have not been realized, these estimates should be considered
to be conservative.

It should be noted that the Town of Jupiter and the Village of Tequesta have
begun or are in the process of utilizing the Floridan Aquifer to help meet existing and
future demands.  In addition, extensive use of reclaimed water has also been implemented
by Loxahatchee River Environmental Control District and Seacoast Utilities for irrigation
demands to help reduce stress on the aquifer.

Potential Effects on Wetlands

As part of these analyses, District staff evaluated the effects of consumptive use
withdrawals on local wetland areas, using a suite of indicator regions to estimate the
degree of stress to these wetlands. The indicator regions, which were chosen to represent
areas where effects were likely to occur, are listed in Table I-2.

Table I-2.  Indicator regions selected to represent water level conditions in
the Loxahatchee River Watershed.

Indicator
Region No.

Location

44 Just west of C-18-E Canal
40 Near the north end of the sloughs, west of C-18 canal
35 Near the south end of the sloughs, west of C-18 E Canal
46 East of the slough near the juncture of C-18 E and C-18 W
950 Just east of the C-18 W Canal

Figure I-5 shows the locations of model grid cells and indicator regions in the
major wetland areas (West Palm Beach Water Catchment Area, Loxahatchee Slough and
the Corbett Area) of the NPB Model domain.  Stage duration curves were generated by
the model for each of the indicator regions.  These curves show the period of inundation
for the particular indicator region, and can be used to assess wetland effects.  Figure I-6
shows the stage duration curves for indicator regions 44, 40, 35, 46, and 950. The stage
duration curve have been normalized with respect to the land surface elevation.

Comparisons of stage duration curves for the “pumps off’ vs. “permitted”
scenarios show that consumptive uses may affect the indicator regions to the east of the
Loxahatchee Slough (950 and 46) more than they affect the indicator regions to the west
of the slough (35, 40, and 44).  However, drawdowns appear to be less than 1 foot in
these indicator regions suggesting that these regions have met the consumptive use
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resource protection criteria and have not been affected significantly by groundwater
withdrawals (Figure I-6).

In summary, modeling studies of the northern Palm Beach County portion of the
Loxahatchee River watershed indicate that consumptive uses within the Loxahatchee
Basin have observable effects on flow to the Northwest Fork during drought events.  The
effects of these withdrawals are probably insignificant during wet and average years, but
may result in minor reductions of flows across Lainhart Dam during dry periods.

During dry periods, the overall effect of permitted consumptive uses and exempt
withdrawals on total flow of freshwater to the Northwest Fork and the estuary represents
a decrease of less than 10 cfs, or less than a 10 percent reduction in total flow of
freshwater to the estuary.  During normal rainfall periods, the reduction in flow to the
estuary may be on the order of 4 percent.

These estimates are considered to be conservative, because permitted withdrawals
have not yet been realized, some permitted withdrawals have shifted to alternative
sources, and the flow estimation capabilities of the model are limited.
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Figure I-5.  Locations of Indicator Regions in the Northern Palm Beach Groundwater Model
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Figure I-6.   Stage Duration Curves for Loxahatchee Slough Indicator Regions for the permitted
(red), “1988-1995 Actual Pumpage” (green), and “pumps off” (black) model runs.
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PLANNING & DEVELOPMENT DIVISION
REQUEST FOR EXPERT ASSISTANCE

Tracking Information

Requesting Professionals: John Zahina, Staff Environmental Scientist

Requesting Department: Water Supply Department

Project Name: Peer Review Panel: Proposed Minimum Flow 
Criteria for the Loxahatchee River and Estuary 
within the South Florida Water Management 
District

Date: July 26, 2002

Introduction/Background

It is the intent of the South Florida Water Management District (District) to ensure that
all planning documents produced by staff are based on sound scientific principles and
best available information.  This draft document represents the District’s on going
contributions towards developing a technical definition of Minimum Flows and Levels
(MFLs) for the Loxahatchee River and Estuary.  Towards these ends, the District seeks to
obtain an objective and expert peer review of the revised draft document entitled:
“Technical Documentation to Support Development of Minimum Flows and Levels for
the Loxahatchee River and Estuary” (MFL document), dated July 15th 2002.

Pursuant to Section 373.042, F.S., Water Management Districts must establish Minimum
Flows and Levels for aquifers and surface water courses.  The minimum flow for a given
watercourse shall be the limit at which further withdrawals would be significantly
harmful to the water resource or ecology of the area.  Specific MFL technical criteria will
be established through a state rule development and rule making process, and will be
implemented through a multifaceted program of water resource development projects,
operations, research and regulation.  This peer review is limited to issues regarding
establishment of the technical criteria and not to the related implementation process.  The
District seeks objective review of the technical basis for MFL criteria only (based on best
available information); legal interpretations, policy decisions and assumptions are not
subject to peer review.
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In this effort to develop minimum flows and levels for the Loxahatchee River system, the
District identified a narrative definition of “significant harm” as it relates to the MFL
statute.

‘Significant harm’ means the temporary loss of water resource functions which
result from a change in surface or ground water hydrology that takes more than 2
years to recover, but which is considered less severe than serious harm (Rule 40E-
8.021 (24), FAC).  ‘Serious harm’ means the long-term loss of water resource
functions, as addressed in Chapters 40E-21 and 40E-22, F.A.C., resulting from a
change in surface or groundwater hydrology (Rule 40E-8.021 (23), FAC).

This Statement of Work for panelists is designed to organize an independent scientific
peer review pursuant to Section 373.042, FS. (attached).  In 2001, an expert peer review
panel was assembled to critique the technical aspects of an initial draft of the document,
followed by a pubic workshop, Internet feedback, and a final report consolidating the
panel’s view.  As a result of the suggestions and comments by panelists, additional
research and technical development were suggested and completed.  This second panel
review process is intended to provide an objective assessment of the latest draft MFL
document and on the MFL criteria proposed therein.

The peer review will be conducted in a manner allowing public participation through
Internet access with the panelists.  As part of this public process, as required by law, all
substantive communications between the panelists regarding this peer review must be
conducted through the designated website.  Florida Sunshine Law prohibits phone
conversations and/or meetings between two or more of the panelists outside of the
public’s access.  Reviewers will be provided specific instructions regarding this process.
Cecile Ross, Senior Attorney for Office of Council, will be available to answer any
specific question you may have regarding legal issues.  Ms. Ross may be contacted at
(561) 682-6343, or cross@sfwmd.gov.

The scope of the peer review, under the statute, is very broad with regard to technical or
scientific issues.  Any scientific assumption, data, and/or modeling results, including
assumptions in models, used in the development of the technical criteria are subject to
review.  However, District Governing Board policy decisions and assumptions are not
subject to peer review.  The following section is provided to clarify the role of the peer
review panel.  Staff will also provide further guidance or information on this issue to
individual panel members upon their request.

Scope of Work: Policy versus Technical Issues

The responsibility of the peer review panel is to review technical or scientific data,
methodologies, and conclusions used in the development of the MFL criteria.  The term
“technical” is key in understanding the scope of this process.  Inherent in developing the
proposed criteria is the application of “policies” and interpretations of the MFL statute.
These policy considerations are only within the authority of the District’s Governing
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Board to decide, and should be viewed as assumptions or conditions for the technical
review.  As a result, it is important to clearly delineate which issues are policy-based and
which are within the scope of the technical peer review.

Generally, four types of policy decisions or assumptions were applied in developing the
MFL criteria, as described below.

A. Protection of Water Resource Functions

In establishing MFLs, the District must identify and consider the relevant water resource
functions of the water body.  These functions are set forth in state law and listed in
Chapter 1 of the MFL Document.  Specific water resource functions for defining
significant harm to the Loxahatchee River and Estuary were identified based on their
relevance to the level of protection assigned to the significant harm standard, their
applicability to the regional nature of the MFL, and the broad scope of District
responsibilities under the authorizing statutes.  A description of these relevant resource
functions for the Loxahatchee River and Estuary is set forth in Chapter 4 of the MFL
document.

B. Identification of Baseline Resource Conditions: Statutory “Considerations”

Another type of policy assumption or decision made in the development of the proposed
MFL is the definition of the reference point or baseline condition of the subject water
resources for which significant harm is to be determined.  In establishing MFLs the
Governing Board must consider changes and structural alterations to watersheds, surface
waters, and aquifers and the effects such changes or alterations have had, on the
hydrology of an affected watershed, surface water, or aquifer…” Section 373.0421(1)(a),
F.S. (see attached).  For example, large drainage systems have been constructed
throughout South Florida and development of residential areas has occurred in these
drained areas.  As a result, in setting a MFL for any remaining natural areas, the
Governing Board must also consider the impacts of such drainage and the hydrological
limitations that now exist in the system in order to continue to provide flood protection.
In that situation, the Governing Board may establish the MFL based on the needs of the
impacted natural system, instead of the pre-development conditions.  Significant harm is
then determined based on how the MFL may impact the water resource function of the
water body.  Although the peer review panel may not necessarily agree with the policy
assumptions made under this statute, it is essential that the peer review be conducted in
light of any of these assumptions.  The considerations under this statute and how they
were applied in developing the proposed Loxahatchee River and Estuary MFL are
discussed in Chapter 4 of the MFL document.

C. Level of Protection Provided by the “Significant Harm” Standard

The definition of “significant harm” is also based on previous Governing Board policy
decisions and assumptions that are beyond the scope of this peer review.  To provide an
understanding of this definition, a description of the relevant legal and policy
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assumptions is provided in Chapter 1 of the MFL document.  The applicable narrative
definition of “significant harm” is as follows:

‘Significant harm’ means the temporary loss of water resource functions which
result from a change in surface water or ground water hydrology that take more than 2
years to recover, but which is considered less severe than serious harm (Rule 40E-8.021
(24), FAC ).

The purpose of the MFL document is to identify the technical or scientific MFL criteria
based on this definition of “significant harm.”  The role of the peer review panel is to
review the technical or scientific data, methodologies, and assumptions used in
developing the specific MFL for the Loxahatchee River and Estuary.

D. Minimum Flow and Level Versus Restoration

The Minimum Flow and Level developed for the Loxahatchee River is intended to
prevent significant harm to the resource.  This differs from the concept of “restoration”,
which seeks to return a portion of the river to some pre-existing historical condition.
When reviewing the MFL document, the Peer Review Panel should be aware that the
scope of this project is limited to development of the Minimum Flow and Level to protect
the resource baseline conditions as described in the Document in Chapter 4 and is not
restoration.  It should be noted that as restoration plans are developed for the
Loxahatchee River, the minimum flow and level may be revised through time to protect
those enhanced or restored resource functions.

Some Specifics on Review of Policy and Technical Issues

A list of technical issues considered relevant to the proposed MFL establishment is
provided under Task 1 in the Statement of Work.  The panel members may also propose
additional technical issues, which they identify.  The following narrative outlines areas of
the MFL document that pertain to the policy or technical aspects of establishing the MFL.

Chapter I summarizes the legal background of the MFL statute and framework of the
related laws that apply to the District in Chapter 373, F.S.  The panel members are
requested to read this chapter and comment on any needed clarification or additional
information that would help the reader better understand the logic and basis for the three
types of policy decisions or assumptions discussed above.

Chapter II provides a detailed description of the Loxahatchee River, estuary and
upstream watershed.  Physical and hydrological attributes of the system are set forth, as
well as a discussion of the water resource issues affecting the area.  The panel members
are requested to read this chapter and comment on any needed clarification or additional
information that would help the reader better understand the logic and basis for the three
types of policy decisions or assumptions discussed above.

Chapter III provides a discussion of (a) key water resource functions of the system that
were considered in the development of the MFL, (b) resource protection issues, (c)
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considerations and exclusions.  This chapter is to be reviewed by the panel and comments
provided.

Chapter IV identifies the technical or scientific “methods” used in developing the
proposed MFL criteria.  These "methods” are reviewable technical material and should be
critiqued thoroughly by the panel.

Chapter V provides a summary of the scientific approach and technical relationships that
were evaluated in defining significant harm for the water body and a detailed presentation
of the proposed MFL criteria with supporting documentation.  Panel members should
review this chapter using the same guidelines for policy versus technical issues consistent
with those set for the previous chapters.

Chapter VI outlines the MFL recovery and prevention plan, including implementation
policies and process, an evaluation of additional options to obtain water from other
basins, and an outline of research needs for the Loxahatchee River and Estuary.

Technical Appendices A-S provide supporting data and information for the technical
criteria.  These need to be reviewed for accuracy, relevance, and completeness.

Scope of Work (Duties and Tasks of the Peer Review Panelist)

During this project the panelist will:

Task 1: Acknowledge receipt of review materials within 48 hours of 
delivery

Task 2:
a) Review background materials provided by the District to become

familiar with the technical aspects of the proposed MFL criteria and
the context of the criteria in existing District policy (not the subject of
review)

b) Review comments and suggestions given by the peer review panel for
the 2001 Draft MFL Document

Task 3: Read the MFL document and prepare a written review of this 
document, including a summary, conclusions, and recommendations.  The 
review will include answers to general questions provided by District staff
(see below), will comment on how successfully the current MFL 
document addressed the Panel’s comments/suggestions from the 2001 
Peer Review, and how well the technical criteria support the 
proposed MFL.  This review will be submitted in both hard copy and a 
pre-designated electronic format.
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It is requested that all electronic correspondence provided to the District be compatible
with Microsoft Word 97.

For services rendered, expert panelists will each receive an honorarium.

Description of Expert Assistance Task (Work Breakdown)

Task 1. Acknowledgement of receipt of Review Materials and Statement of
Work

Within two days of receiving the materials, the expert will acknowledge receipt by
contacting John Zahina at 561-682-2824 or< jzahina@sfwmd.gov>

Task 2. Review Background Materials and 2001 Peer Review Panel Final 
Report

Prior to reading the MFL document, experts will review background materials as needed
to familiarize themselves with technical aspects of the MFL.  The background materials
have been provided as reference materials only.  Recommendations from the Final Report
from the 2001 Peer Review Panel are also to be reviewed.

Task 3.  Review Current MFL Document and Write Review Comments

The expert’s primary responsibility will be to read and comment on the MFL document
with review of the background materials on an as-needed basis.  The reviewer will then
prepare a review of the document, provide answers to questions provided by District
staff, comment on how successfully District Staff has addressed issues from the 2001
Peer Review Panel Final Report, and how well the technical document supports the
development of MFL criteria.  This includes comments regarding the overall structure
and layout of the document, the readability of both text and graphics, and the
appropriateness of the document for its intended purpose.

Review comments should address but not be limited to, the following general questions
and technical issues:

General Questions

1. Does the MFL document present a defensible scientific basis for setting minimum
flow criteria for the water body?  Are the approaches or concepts described in the
document scientifically sound based on ‘best available information’?

2. Are the proposed criteria logically supported by ‘best available information’
presented in the main body of the document?  What additions, deletions, or changes
are recommended by the Expert to enhance the validity of the document?
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3. Are there other technical approaches to setting the criteria that should be considered?
Is there available information that has not been considered by the authors?  If so,
please identify specific technical alternatives to setting the MFLs and the data
available to validate the alternative approach.

4. Does the current draft MFL document adequately address the comments provided by
the 2001 Peer Review Panel Final Report?

Specific technical issues to be evaluated by the Panel include:

The appropriateness of:
• Use and application of the “Valued Ecosystem Component” approach for

establishing the MFL
• The proposed minimum freshwater flow regime proposed for the river system

during drought conditions
• Completeness of the literature review for the intended purpose
• Statistical analysis and interpretation of historical flow, salinity, and

vegetation data
• Methods used to estimate the movement and location of the freshwater-

saltwater interface under different flow conditions
• Methods used to characterize the vegetation community composition and

distribution
• Linkage or correlation of flow and/or salinity data to impacts to biological

communities (has a scientific linkage been clearly established?)
• Use and interpretation of the results of a two-dimensional hydrodynamic-

salinity model to describe the effect of various freshwater flow regimes for the
river and estuary

• The use of historical hydrological and /or ecological data and findings to
determine minimum flow criteria for the River

• Methods or approaches used to define specific “duration” values that are
components of the minimum flow criteria for the River

The expert is requested to provide specific recommendations to address any drawbacks or
deficiencies in the evidence described in the MFL document for the water resource.  It is
anticipated that the expert will place emphasis on technical issues and the water resource
functions most closely allied with his/her area of expertise.  However, comments on any
technical aspect of the document are welcome.

Deliverable 1: Acknowledgement of receipt of materials

The July 15, 2002 Draft MFL document has been mailed to Peer Review panelists.
Within two days of receiving this statement of work, the expert will acknowledge receipt
by contacting John Zahina at 561-682-2824 or< jzahina@sfwmd.gov>

Date Due: Within 48 hours of receipt of materials
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Deliverable 2: Review background materials and 2001 Peer Review Panel Final 
Report

Due Date: August 21, 2002, within 21 days after acknowledgement of receipt 
of materials.

Deliverable 3: Written review of the MFL document, including a summary, 
conclusions, and recommendations.

Date Due: August 21, 2002, within 21 days after acknowledgement of receipt 
of materials.

Responsibilities of Requesting Division

The Project Manager is John Zahina, Staff Environmental Scientist, Planning and
Development Division, SFWMD.  He will provide the necessary background materials
and draft MFL document to each panelist.

Evaluation Criteria for Acceptance of Deliverables

Task 1.  Successful completion of Task 1 will be evidenced by judgement of District
staff that the Expert was adequately prepared to discuss information in the background
materials.  The Expert’s questions, concerns, and information needs should reflect a
thorough review of background materials.

Summary of Time Line and Responsibilities
Task Responsible Party Date Due
Task 1: Acknowledge Receipt of
Materials from SFWMD

Peer Panel August 1, 2002 or
Two days after receipt

Task 2A: Review Background
Materials/Written Review

Peer Panel August 21, 2002

Task 2B: Review 2001 Peer Review
Panel Final Report

Peer Panel August 21, 2002

Task 3: Provide Written Report of
Current MFL Document

Peer Panel August 21, 2002

Acknowledge Receipt of Written
Reports from Peer Panel Experts

John Zahina August 27, 2002

Issue Payment for Services John Zahina August 30, 2002

Payment for Services: Following satisfactory completion of all services required, the
panelists will be paid an honorarium or fixed lump sum of $2000.00 for all labor and
expenses.
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APPENDIX I
Background & Review Materials

Legal Information
• Requirements of MFLs from Florida Statutes, Chapter 373.042 (Appendix L, pg. L-9)
• Final MFL Rule as published in F.A.W. March 30, 2001

Loxahatchee River & Estuary
1. Draft Technical Documentation to Support Development of Minimum Flows and

Levels for the Loxahatchee River and Estuary.  SFWMD.
2. Draft Appendix A-S, Technical Documentation to Support Development of Minimum

Flows and Levels for the Loxahatchee River and Estuary.  SFWMD.
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Task 3 Reporting

Review of
Draft – Technical Documentation to Support Development of Minimum Flows and

Levels for the Loxahatchee River and Estuary

South Florida Water Management District
Water Supply Division

July 15, 2002
Draft

Task 3 Planning & Development Division Request for Expert Assistance requests
comment on the current MFL document, addressing General Questions and Specific
Technical Issues in the RFA as a basis for that review.  This review follows a set of
comments made in June 2001.  That review included a response to general questions and
specific technical issues, similar to this review, and the submission of an overall panel
review report.

My review of the revised report will be completed in two parts.  The first part provides a
general review, directed to the overall document “package” with an emphasis on
technical issues and water resource functions.  The second part will use the June 2001
comments as a starting point to address how those reviews have been incorporated into
the 2002 technical documentation.

Part #1 - General Review

My general review of the 2002 documentation is that this report makes a sound scientific
case for the establishment of minimum flows and levels, and presents strong justification
for establishing a Loxahatchee River MFL.  I find that the report adequately addresses
legal and policy factors, relevant water resources functions, considerations and
exclusions, and a level of protection based on the MFL standard of significant harm.  The
report also provides a recovery and prevention strategy, which incorporates adaptive
management elements to address uncertainty.

A general comment made about he 2001 draft report was that the organization and
presentation could be improved with different placement of text, improvement of
illustrations, and careful editing.  For the most part, I find that the 2002 Draft has
addressed these issues.  The present report organization is understandable, although still
redundant, and the use of illustrations and data tables is much improved.

I do have a major criticism addressing discussions in multiple sections.  This criticism
finds that after typically lengthy discussion, where efforts have been made to fully
support an argument, that after the conclusions an additional concluding statement is
made that qualifies the conclusions.  The qualification is often based on data limitations,
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a lack of full scientific understanding, or other uncertainty, which is common in this type
of analysis.  There is no doubt that limitations to findings should be clearly identified, but
the present approach tends to diminish support for a finding, rather than qualify a finding
in relation to expected, and acceptable uncertainty.  I would suggest additional editing in
Chapter 4 and 5 to address this issue.  I found that the detailed technical support in the
appendices adequately addresses uncertainty in the various analyses.  In the first volume
of the technical documentation I would suggest that issues of uncertainty be addressed
early in the summary discussion so that the conclusions reached can stand alone.  I would
also suggest that the editor choose some method of highlighting critical conclusions, such
as italics, so that the reader will be better able to connect specific technical findings in
each section with the final arguments supporting MFL establishment.

In summary, I found the 2002 draft documentation to be highly responsive to reviewers
concerns.  In addition to editing and organization, it is clear that the District staff have
completed additional supporting assessment and analysis, significantly strengthening the
justification for, and the establishment of, minimum flows and levels for the Loxahatchee
River and Estuary.

Part #2 - General Questions and Specific Technical Issues

The Request for Expert Assistance identified four general questions, three questions
similar to those asked of the 2001 Draft, and a fourth question related to responsiveness
to reviews.  Because the comments made in 2002 can provide a basis for evaluation of
the 2002 draft, and addressing question #4, I have chosen to include my comments from
last year, and use those comments as a basis for the review of the 2002 draft.

1.  Does the MFL Document present a defensible scientific basis for setting initial
minimum flows criteria for the water body?

The document presents a good argument, but it fails to provide a fully “scientific”
basis for the argument in some circumstances.  The major criticism from this
reviewer is that a number of unproven assumptions, based on observations or
common sense have  been introduced as accepted fact with little support, other
than the ideas are repeated in the document.  For example, the 2 ppt salinity
threshold is identified early in the document with little support for its selection
(although arguments supporting 2 ppt are made late in the document the general
scientific support for this number is weak).  Further, the entire document hinges
on a proposed relationship between salinity and the selected VEC.  Based on the
assumption that salinity is the controlling factor of the Cyprus community, the
entire document constructs an argument.  Unfortunately this argument is often
challenged by specific statements in the document.  The “scientific” sense of this
reviewer is that the foundation for the arguments is sound, but the report in its
present organization fails to scientifically substantiate statements based on
specific citation of reference documents or more general reference resources from
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engineering, ecology, or limnology/oceanography.  I do not see this as a fatal
flaw of the report, but a problem that must be addressed to provide the most
defensible recommendations on MFLs.

2002 Review

I find that the 2002 draft presents a defensible scientific basis for setting the initial
minimum flows criteria.  Where the 2002 document often relied on unproven
assumptions, the 2002 draft more adequately develops technical arguments, adds critical
data on vegetation and soils, and makes better use of model capabilities.

In summary, the revised organization of the report, the addition of additional assessment
and analysis data, and the reformulation of how arguments for MFL establishment are
integrated finds good technical support for the proposed MFL.  In addition, the report
specifically identifies the need for adaptive management, and provides a sound
assessment and research plan to support future improvement of an established MFL.

The appropriate use of technical support, and the inclusion of adaptive management now
takes advantage of the most effective water resources management tools.

1b.  Are the approaches or concepts described in the document scientifically sound based
on ‘best available information’?

In terms of the internal definition of ‘best available information’ generally used in
this document, the approaches and concepts are generally sound.  This said, the
literature support for this report is somewhat limited, and could be expanded to
include reference to fundamental physical principles associated with flow and
mixing, and basic ecological theory.  The report could benefit from a better
description of flow input to the watershed (particularly things like
groundwater/base flow enhancements associated with wetland restoration), and
salt wedge dynamics, particularly as those dynamics are associated with
freshwater inflow volumes.  Similarly, the concept of  VEC could benefit from a
better sense of how communities are organized and the requirements for long
term stability of ecosystem characteristics in a naturally changing environment.
To provide an approach, the authors should consider selected use of sidebars,
which will both provide better scientific support, and improve general readability
for audiences with variable technical backgrounds.

2002 Review

Although the range of topics covered in this report could result in a bibliography that is as
long as the report text, I find that this report strikes a reasonable balance between full
literature documentation and the criticisms made last year.  I find that the first volume
cites important literature, demonstrating a good sense of background materials.  The
methods of integration of critical literature resources have been improved, leading to
strengthening the technical arguments made in the report.  This report has also improved
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the VEC concept, replacing the dependence on bald Cyprus with the selection of
community indicators, again, improving technical support for the arguments made.

2a.  Are the proposed technical criteria logically supported by ‘best available
information’ presented in the main body of the document?

Although the response to this question parallels the response to question 1a and
b, the document may be over dependent on appendices, failing to  present
sufficient detail in the main body of the document.

2002 Review

This draft has found a good balance between the technical detail of the appendices and an
adequate support for arguments in a summary technical document.  I find that the
inclusion of detail in the 2002 draft is sufficient to support the arguments made.

2b.  What additions, deletions or changes are recommended by the Expert to enhance the
validity of the document?

Response to this question is, in part, covered in comments to technical issues.  In
addition, it is expected that many of this expert’s detailed comments will be
addressed during meetings with staff.  It will be at that time that comments from
all reviewers will be discussed and integrated into a follow-on plan for document
completion.

2002 Review

The present document is technically sound as presented.  My only recommendation for
change would be to consider preparation of an executive summary that would be
accessible to a wider audience.  This summary could briefly establish legal and policy
factors and then summarize critical findings in support of the MFL.  I can say that I had
to wade through lengthly discussions, often with some foreknowledge of where the
arguments were headed before a conclusion was reached.  For a general audience, the
technical analysis process can be simplified, still identifying critical steps, to reach the
conclusions made.  I think that a more accessible document will improve the support the
District seeks from the range of stakeholders who have an interest in this MFL.

3a.  Are their other approaches to setting the criteria that should be considered?

There are numerous other approaches to setting MFL criteria.  Each of these
approaches will have a different VEC base and require additional, and even
alternate, justifications.  That said, there is a critical issue in setting the MFL that
has been ignored.  In this water resources framework, we might expect the
ecological components of the system to respond to concentration, duration, and
frequency.  In the MFL discussions the issues of concentration and duration have
been addressed, but frequency is not included in MFL criteria.  Let me suggest
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that a 20 day flow subceedence, followed by a one day exceedence of the criterion
flow, followed by another 20 day subceedence will meet MFL criteria, yet create
a high potential for ecological damage because of the frequency of reoccurrence.

As soon as the MFL analysis moves into frequency, then the entire “package”
must be improved to address seasonal, and other issues.  The District might
consider this issue very carefully, because it is in the time-scale arena that critical
flows can be expected to make a difference.  For example, there may be a critical
period when Cyprus seedlings must have fresh water.  Simply setting a MFL and
a duration does little to meet that specific need, and the degradation of the
community identified in this report may continue.  Adding frequency will
significantly alter the report, but consideration of this issue should be a major
point of our upcoming discussions.

2002 Review

I was particularly pleased with the recognition of concentration, duration, and frequency
as factors affecting the Loxahatchee ecosystem.  I feel that District staff have done an
excellent job developing the technical documentation that addresses these combined
issues of salinity control.  I feel that staff has effectively used the modeling tools at their
disposal, and collected important additional data that assists in duration and frequency
analysis.  It is in the application of adaptive strategies based on additional data on
duration and frequency that will improve the potential for MFL success.  I think the staff
has effectively captured issues of variability in this draft.

3b.  Is their available information that has not been considered by the authors?  If so,
please identify specific alternatives to setting the MFLs and the data available to validate
the alternative approach.

As mentioned previously, the literature support for this report is generally limited
to local studies supporting focused arguments.  There are a number of alternate
methods for setting MFLs, found in the extensive literature associated with
Instream Flow Needs (IFN).  The U. S. Fish and Wildlife Service, and now
National Biological Survey lead in addressing IFN issues.  Alternative
approaches, as noted above, will start with the definition of the VEC/target or
indicator organism.  There are alternatives that consider broader community
response models.  Rather than respond to this question with specific identification
of alternatives, This reviewer suggests that the focus of discussion at our
upcoming meeting should be on watershed integration with a systems view to set
a MFL that is protective of a range of resources in keeping with the spirit of the
Florida regulations.  This comment is not intended to suggest an alternative
approach, rather it is intended to strengthen the arguments in this report and
adequately address a community “vision” appropriate to this watershed.
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2002 Review

I find that the District staff has followed up on IFN approaches, and they have developed
a community indicator model for analysis that further strengthens a community “vision”
appropriate to this watershed.

4. Does the current draft MFL document adequately address the comments provided by
the 2001 Peer Review Panel Final Report.

I believe the report has adequately addressed both the details, and the spirit of the 2001
peer review.

Technical Issues

The Statement of Work asked the reviewer to address the appropriateness of ten items
(nine items nine common to the 2001 review, item #6 new this year.  There is some
overlap between these questions and my response to general questions, and there is
overlap between technical issues.

1. Use of “Valued Ecosystem Component” approach for establishing the MFL.

The VEC is a reasonable approach for establishing a MFL but the support for
selection of the specific VEC in this report is weak.  For example, the arguments
could be strengthened by relating Bald Cyprus to specific ecological community
components that could be understood by a wider audience.  Comments have
already been made about the selection of a single parameter, such as salinity, as
the primary control of community characteristics.  The VEC discussions should be
strengthened.  Specific comments will be made in the detailed review.

2002 Review

The 2002 Draft has made significant alterations to the support of the VEC.  The report
recognizes the limitations of the use of Bald Cyprus as an indicator, and has developed a
new indicator based on 6 VEC species.  The change to a community indicator, supported
by new analysis of vegetation now provides a good foundation for VEC determination.
The VEC indicators have also been used appropriately, in conjunction with hydrologic
analyses, to provide a sound argument for MFL determination.  I feel that the VEC
discussions have been sufficiently strengthened to support the MFL.

2. The proposed minimum freshwater flow regime proposed during drought.

Although there is good technical support for the proposed MFL, and the
arguments focusing on mile 8 are persuasive to this reviewer, the number still
seems to be drawn from a random lot, then supported by modeling that is
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admittedly inadequate and a historical analysis that is very short term (only 6
years) that does not include a drought period.  This reviewer also found the
inclusion of multiple flow requirements at different locations in the estuary were
confusing.  Further, the estimates of tributary influence are particularly weak,
and should be improved.

This reviewer is fairly critical of the proposed MFL.  I can criticize the specificity
of the number and the sense that this flow will actually meet multiple ecosystem
needs.  I believe the support to address both of these criticisms is present in the
document, but this support must be sharpened.

2002 Review

I find that the hydrologic analyses are much improved over the 2001 Draft.  The 2002
Draft adequately defines the hydrologic setting, and then makes a good argument for a
focus on hydrologic conditions that can be controlled.  Although the hydrologic models
are not 3-dimensional, the models are used well, calibrated effectively, and shown to
provide reasonable estimates with sensitivity analyses.  I feel that District staff has
effectively addressed major hydrologic modeling issues identified in the 2001 Draft.

In addition to improved hydrologic modeling, the 2002 Draft provides a much improved
analysis of historical hydrology, using that historical analysis to support duration and
frequency assessments, which improve ecosystem analyses and more fully support the
proposed MFL.

3. Completeness of the literature review

This reviewer has already made several statements about the literature support.

2002 Review

As noted above, I find a good balance between detail in appendices, and literature cited in
the appendices, and the selection of literature used to support the summary document.

4. Statistical analysis and interpretation of historical flow and salinity data.

This reviewer is not sure that a statistical analysis was performed on the flow and
salinity data.  The document noted that half hourly data on salinity was modified
to a daily average and flow was only really addressed in relation to a single
input.  Further, the major “statistical” analysis was the development of a
regression model, which produced results that were verified by comparison to a
simulation model that was viewed as limited in the report.  Again, I will not
criticize the approach because I understand that this approach is about the best
that could be done as this report was assembled.  That is not to say that the most
effective use of available data was made.  This reviewer will be very interested in
a better description of the data resources represented in Appendix D, in
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particular the methods of estimating flow and the actual utilization of salinity
data.  What is very important is the better support of the duration criterion from
this data.

2002 Review

Another member of the review panel specifically addressed statistical analysis and
interpretation issues.  I find that the Ds/Db index significantly improves the analysis
process.  My sense is that the District staff have abandoned the approach criticized last
year, substituting improved modeling, improved hydrologic analyses, and an improved
method for identifying salinity relationships that include a duration factor in the index.

5. Methods used to estimate the movement and location of the freshwater-saltwater
interface under different flow conditions.

The document itself provides a review of this approach, focusing on the
hydrodynamic model and listing limits to the model and the potentials for model
improvement.  Freshwater/saltwater interactions have been extensively studied.
The report establishes 2 ppt as a critical threshold, yet acknowledges a limited
understanding of the dynamics of lateral movement of saline waters.  The three
dimensionality of this problem is critical.  The report could be strengthened by
development of a simple conceptual model of the freshwater-saltwater interface.

2002 Review

Although I did not find an explicit description of a simple conceptual model, the 2002
Draft has more effectively addressed long term issues, and with the SAVELOX model,
provided a method of effectively connecting hydrodynamics and ecosystem value.  The
report has done a much better job of use of a 2 ppt threshold, and provided useful
alternatives that support comparison of alternatives.  It is in this area that I think the
District staff has made the biggest step in integrating assessment and analyses to support
the MFL.  Although I could suggest additional data collection or analyses to better
support models, the inclusion of an adaptive management element, which accepts
uncertainty in data, models, and decisions suggests that District staff fully recognize
limitations, and through research planning, will improve modeling, analysis, and
assessment tools as monitoring results are obtained.

6. Methods used to characterize the vegetation community composition and distribution.

2002 Review

A major weakness of the 2001 Draft was the over dependence on Bald Cypress analysis
in the vegetation assessment.   The 2002 Draft has addressed that weakness, and
strengthened the vegetation analysis with better analysis of historical aerial photography,
additional assessments at critical locations, and an improved VEC analysis approach.
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As in any ecological study, data may not be sufficient to fully support all management or
decision requirements.  I feel the 2002 Draft has sufficiently strengthened the vegetation
community analysis to fully support the MFL recommendation.

7. Linkage or correlation of flow and/or salinity data to impact to biological
communities (has a scientific linkage been clearly established?).

Comments related to this technical question could be extensive, and will likely be
the focus of considerable discussion during the site visit.  I have already made
comments concerning single parameter emphasis, and the expansion of
discussions that might occur as VEC concepts are extended to better portray
community/ecosystem relationships.  I do not believe that sufficient technical
support has been provided in this argument.

2002 Review

The approach used to link flow, salinity, and VEC effect is much more sophisticated in
the 2002 Draft report.  With re-characterization of river miles, and better correlation of
past studies, and improved VEC analysis the 2002 Draft does a good job of relating
salinity and vegetation impact.  The addition of soil sampling, although raising questions
about suitability of salinity or Cl measurements, does add a further dimension to this
analysis – improving our general understanding of processes and mechanisms operational
in the Loxahatchee River.  In summary, I feel the correlation of flow and salinity,
particularly the incorporation of duration and frequency elements does a much better job
of creating the scientific linkage needed for MFL establishment.  Again, where scientific
linkages are weak, the adaptive management/future monitoring efforts should add needed
information to improve MFLs in the future.

8. Use and interpretation of the results of a two-dimensional hydrodynamic-salinity
model.

I have responded in #5 above, noting that the document provides a review of
model limitations and application.  It is noted that there are anticipated
modifications that should improve model predictions.  Further use of the model
should be a focus of upcoming discussions.

2002 Review

I find that comments made above address the use and interpretation of models.  I find that
the 2002 Draft makes much better use of modeling, particularly the integration of
modeling and additional assessments to strengthen confidence in the overall process.

9. Use of historical hydrological and/or ecological data and findings to determine a
minimum flow criteria for the river.
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The document has made excellent use of historical vegetation analysis.  A
possible improvement would be a listing and brief analysis of the historical trends
in other ecological data such as fisheries, bird counts, etc.

With an emphasis on in-channel hydrology, the report is particularly weak in
defining freshwater inputs, other than from the Lainhart Dam.  A particular point
of discussion should be the possible addition of runoff modeling for critical
watershed components to better predict tributary inflow.

2002 Review

I find that the 2002 Draft makes much better use of historical hydrological and ecological
data.  The improved approach to long term salinity simulations, the community approach
to VEC is a sufficiently strong argument that fisheries and macroinvertebrate data are
sufficient to support vegetation analyses.

10. Methods or approaches used to define specific “duration” criteria.

As noted above, in addition to duration, it will be critical to define frequency.

The arguments supporting a duration are admittedly weak.  This reviewer
wonders if better support for duration could be found in existing data.  For
example the continuous monitoring study produced salinity data at 30 minute time
intervals for approximately 30 days at a deployment.  This data may be useful in
better defining salinity parameters that would be useful in duration criteria
development.  It should be recognized that duration issues are fundamentally
biological and the arguments associated with Cyprus effects were particularly
weak/unsupported by research.  The primary method of improvement of the
duration criteria will be the development of better biological response data.

2002 Review

I have already commented on the improvements in duration and frequency analysis in the
2002 Draft.  I feel that the analyses do now support the inclusion of a duration in the
technical criteria.
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Peer Review Comments

By

Donald M. Kent, Ph.D.
Community Watershed Fund

On

Technical Documentation to Support Development of Minimum Flows and Levels for the
Loxahatchee River and Estuary

South Florida Water Management District
15 July 2002 Draft

The South Florida Water Management District (District) must establish Minimum
Flows and Levels (MFL) for the Loxahatchee River and Estuary pursuant to 373.042 F.S.
A minimum flow is defined as the “… limit at which further withdrawals would be
significantly harmful to the water resources or ecology of the area.”  The minimum level
is defined as the “limit at which further withdrawals would be significantly harmful to the
water resources of the area.”  Significant harm is defined as the “…temporary loss of
water resource functions which result from a change in surface water or ground water
hydrology that take more than 2 years to recover …” (Rule 40E-8.021[24], FAC).  For the
Northwest Fork of the Loxahatchee River, significant harm is defined as:

• two or more of the six VEC species are not longer present
• the total number of species present is reduced by about one-third
• the floodplain swamp high canopy is no longer present
• seedlings of the six VEC species are no longer present
• daily mean salinity levels range from 0 to 9 ppt with a mean of 0.97 ppt and a

90th percentile limit of 2.9 ppt.

In support of the Loxahatchee River and Estuary MFL effort, the District seeks an
objective peer review of any scientific assumption, data and/or modeling results used in
the development of technical criteria.  Said review will consist of a written review of the
Technical Documentation to Support Development of Minimum Flows and Levels for the
Loxahatchee River and Estuary (15 July 2002 Draft), including:

• answers to general questions provided by District staff
• comments on how successfully the current MFL document addressed the Panel’s

2001 Peer Review Final Report
• how well the technical criteria support the proposed MFL.
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In addition, the peer review will evaluate specific technical issues as listed in the
Planning & Development Division Request for Expert Assistance dated 26 July 2002.
These issues include:

• use and application of the “Valued Ecosystem Component” approach for
establishing the MFL

• the proposed minimum freshwater flow regime proposed for the river system
during drought conditions

• completeness of the literature review for the intended purpose
• statistical analysis and interpretation of historical flow, salinity and vegetation

data
• methods used to estimate the movement and location of the freshwater-saltwater

interface under different flow conditions
• methods used to characterize the vegetation community composition and

distribution
• linkage or correlation of flow and /or salinity data to impacts to biological

communities
• use and interpretation of the results of a two-dimensional hydrodynamic-salinity

model to describe the effect of various freshwater flow regimes for the river and
estuary

• the use of historical hydrological and /or ecological data and findings to
determine minimum flow criteria for the River

• methods or approaches used to define specific “duration” values that are
components of the minimum flow criteria for the River.

District legal and policy decisions further define the scope of the peer review.
The review is to consider only the development of the MFL (and not MFL
implementation).  The review is to accept the water resource functions identified by the
District.  The review is to accept the District’s opinion that the most critical need is to
provide a minimum flow criteria that would protect the Northwest Fork River from
significant harm, and that providing said criteria will protect other parts of the
Loxahatchee River.

The 15 July 2002 Draft MFL document substantially improves upon the 22 May
2001 Draft.  However, my interpretation of the findings suggests a different minimum
flow at the Lainhart Dam.  The final minimum flow criteria, regardless of its value,
should be related to other flows to the Northwest Fork and to other parts of the
Loxahatchee River and Estuary.

General Questions
1.  Does the MFL document present a defensible scientific basis for setting minimum flow
criteria for the water body? Are the approaches or concepts described in the document
scientifically sound based on ‘best available information’?
The District has done a good job presenting a defensible scientific basis for setting
minimum flow criteria for the Wild and Scenic River part of the Northwest Fork of the
Loxahatchee River and Estuary.  The MFL document describes the River and Estuary in
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sufficient detail, including climate, physical features, hydrology, biological and water
resources, and nearby land uses.  In addition, the MFL document and appendices describe
in adequate detail the methods and information used to develop the MFL criteria.  For the
most part, the approaches and concepts described in the MFL document are scientifically
sound and based upon best available information.  Nevertheless, finalization of the MFL
criteria may benefit from additional consideration of:

•  flows from other tributaries
• other factors that might affect vegetation community location and condition
• potential impacts to other parts of the Loxahatchee River and Estuary
• the relationship between 2 ppt salinity and vegetation community location and

condition
• soil salinity transects
• the SAVELOX model.

The MFL document describes and discusses in sufficient detail historic, current
and anticipated flows over the Lainhart Dam.  Also, the document describes the
relationship of Lainhart Dam flow to Northwest Fork salinity both empirically and as
modeled by the hydrodynamic/salinity model.  Collectively, this information supports a
reasoned assessment of the Lainhart Dam flow necessary to sustain desired vegetation
communities downstream to Cypress Creek.  However, beginning with Cypress Creek,
nearly 50 percent of the flow to the Northwest Fork comes from tributaries.  Therefore, an
assessment based upon flow over Lainhart Dam must ensure that absolute and relative
flow from other sources is maintained.  Alternatively, the assessment must incorporate
anticipated changes in flow from these other sources.

Salinity is convincingly the primary factor determining the location and condition
of the floodplain swamp and mangrove communities.  However, water quantity may be
an important factor in determining the location and condition of stream swamp and
cypress within the upper reaches of the Northwest Fork and its tributaries.  For example,
parts of the middle and upper Northwest Fork and Kitching Creek (Segments 2, 3 and 5
of Figure B-3) have consistently been characterized by freshwater, but the vegetation
community has changed from cypress to stream swamp.  The MFL document should be
explicit about whether the goal is cypress, stream swamp or either.  If the goal is cypress,
then the effect of changes in flow on freshwater vegetation community location and
condition should be evaluated.

  Legal and policy decisions have limited MFL criteria development to the
Northwest Fork of the Loxahatchee River and Estuary.  Nevertheless, potential impacts
(positive and negative) to other parts of the system should be evaluated and the results
described.  For example, the Estuary provides numerous resource functions including
habitat to protected species (e.g., Johnson’s seagrass, Halophila johnsonii; West Indian
manatee, Trichechus manatus latirostris).  The District recognizes that a “… viable
estuarine ecosystem requires a proper balance of freshwater inflow…”(Chapter 3), but the
document fails to discuss if this balance will be achieved and by what means the balance
will be evaluated.
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The MFL document may give undue weight to 2 ppt salinity.  Both the
hydrodynamic/salinity model and the SAVELOX model appear to directly equate 2 ppt
salinity to salt water, and to indirectly suggest that 2 ppt is threshold for the stream
swamp.  The former is a useful mechanism for estimating the relative position of fresh
water and salt water.  However, there is no basis presented for a relationship between 2
ppt and vegetation type.  In fact, model results suggest that a mean salinity of 0.15 ppt is
related to the occurrence of a healthy stream swamp community.  Table 25 (p. 101) also
suggests that a healthy stream swamp community requires a mean salinity of < 1 ppt.

Results of soil salinity transects are a welcome addition to the MFL document.
Soil salinity may be as important, if not more important, than water salinity in
determining the location and condition of the stream swamp community.  However, a
comparison of the transect locations with plots of historic and existing vegetation (e.g.,
Figure B-3) suggest that samples were collected in areas that have not experienced
changes in vegetation.  Presumably, soils in these areas have not experienced significant
variation in salinity.  An evaluation of soil salinity affects on vegetation community may
be enhanced by samples collected at locations subject to changes in vegetation
community and exposure to salt water, and locations with stressed stream swamp
communities.  Said samples would help us understand the cumulative effects of salt
exposure, and allow the construct of a relationship between soil salinity and stream
swamp condition.

The vegetation survey results and the hydrodynamic/salinity model afforded a
tremendous opportunity to evaluate the relationship between vegetation community and
river salinity.  As the District recognizes, vegetation could be responding to certain
salinity levels or salinity ranges, the duration of a particular salinity event, the frequency
of a particular salinity event, or other factors.  SAVELOX manages these potentially
confounding variables by creating a new variable Ds/Db (duration of exposure/time
between exposures) as a surrogate for long-term salinity conditions.   This is an admirable
attempt to integrate the various salinity factors.  Our understanding of the relationship
between vegetation community and salinity may also benefit from an examination the
relationship between vegetation community and individual salinity factors, and
combinations of salinity factors.  If this has not already been accomplished, the District
might consider the use of step-wise regression analysis.

2. Are the proposed criteria logically supported by ‘best available information’
presented in the main body of the document?  What additions, deletions or changes
are recommended by the Expert to enhance the validity of the document?

The District has demonstrated that a healthy stream swamp community exists at River
Mile (RM) 10.2.  RM 10.2 has a mean salinity of 0.15 ppt.  Salinity intrusion events
above 1 ppt and 30 days duration occur once every 1.6 years, events above 2 ppt and 22
days duration occur once every 5.9 years, and events above 3 ppt occur once every 30
years.  The District intends to reproduce the RM 10.2 salinity regime at RM 9.2.

The proposed MFL criteria is based on a desire to prevent the salinity at RM 9.2
from exceeding 2 ppt for any longer than has occurred within the healthy swamp
community (i.e., no more than 20 days duration more often than once every six years).
The document then concludes that Table 40 can be used to select a flow over Lainhart
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Dam of 35 cfs to maintain mean daily salinity below 2 ppt at RM 9.2.  However, a flow
of 35 ppt in Table 40 corresponds to < 2 ppt for 30 days once every four years, and not a
mean salinity of 0.15 ppt and the duration and frequency parameters for RM 10.2 (see
above) intended to be mimicked for RM 9.2.

The MFL criteria is also predicated on the belief that vegetation at RM 10.2 is
healthy, vegetation at RM 9.2 has suffered significant harm, and that vegetation between
these two stations has been harmed (but not significantly).  However, the significant harm
criteria applied to the vegetation between RM 9.2 and RM 10.2 suggests that much of this
area has also suffered significant harm.  Three VEC species are missing at RM 9.3 and
two VEC species are missing at RM 9.7 (one species is missing at RM 9.9).  Also,
seedlings for four of the six VEC species are missing from the community between RM
9.2 and RM 10.2.  Perhaps the definition of significant harm should be clarified to
indicate whether all conditions must be satisfied, or whether failure to satisfy one of the
criteria is sufficient to designate significant harm.  

Significant harm for the vegetation community between RM 9.2 and RM 10.2 can
be avoided by reproducing salinity conditions at RM 10.2.   According to Table 37, a
flow of 50 cfs at the Lainhart Dam will produce a mean salinity of 0.14 ppt at RM 10.2.
A flow of 100 cfs at the Lainhart Dam will produce a comparable salinity condition at
RM 9.2, and by extension at intervening locations.  Flows less than 100 cfs will likely
eliminate mature individuals or seedlings of the six VEC species, and thus impart
significant harm.

3.  Are there other technical approaches to setting the criteria that should be considered?
Is there available information that has not been considered by the authors?  (If so, please
identify specific technical alternatives to setting the MFLs and the data available to
validate the alternative approach).

The District has expended considerable effort in investigating and evaluating
technical approaches for setting the criteria.  No other technical approaches are
recommended, other than those previously noted.

4. Does the current draft MFL document adequately address the comments provided by
the 2001 Peer Review Panel Final Report?

The Panel’s task is not to judge the adequacy of the District’s response to our
2001 Report, but to provide advice and allow the District to judge the value of said
advice.  That being said, the current draft MFL document responds to some, but not all, of
the comments in the 2001 Peer Review Panel Final Report.  The readability of the text
and figures has been improved, although careful proofreading of both is still required.
Regarding organizational recommendations, the document has been reorganized to
emphasize the technical analysis and modeling of salinity conditions.  The document has
not been reorganized to provide a section on the expected impact of flow modification on
the Loxahatchee River and Estuary.  Nor does the document provide MFL
recommendations for the North Fork, Southwest Fork or the Estuary.

So too, the current document responds to only some of the Panel’s technical
comments.  For example, the current document addresses the question of whether
mangroves continue to encroach on the stream swamp community, inflow data for the
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entire Estuary, and the inadequacy of information relating cypress condition to salinity.
Conversely, the current document fails to address the Panel’s comments about anticipated
regional growth and development, feasibility of proposed actions, the inadequacy of a
linear approach to flow and discharge relationships, and a lag between Lainhart Dam flow
data and downstream salinity.

Specific Technical Issues
The appropriateness of:
use and application of the “Valued Ecosystem Component” approach for establishing the
MFL

The VEC approach has merit, and can be a valuable tool for management
decision-making when the value of the selected ecosystem component is clearly
established, and the relationship between the selected ecosystem component and other
ecosystem components is clearly defined.  The VEC approach for the Loxahatchee River
and Estuary MFL was improved in this draft by replacing cypress with six stream swamp
tree species.   In this manner, the relationship between the VEC and the stream swamp
community is more clearly defined.  However, the use of six stream swamp tree species
has not clarified the relationship between the VEC and other Loxahatchee River and
Estuary ecosystem components.  Of particular concern is the absence of an identifiable
relationship with estuary resource functions.

the proposed minimum freshwater flow regime proposed for the river system during
drought conditions

As discussed above, the proposed minimum freshwater flow regime does not
demonstrably protect the river system during drought.  The proposed flow would seem to
maintain stress and/or deteriorating conditions in the stream swamp community, and the
effects on the remainder of the Loxahatchee River and Estuary are indeterminate.

completeness of the literature review for the intended purpose
The literature review is reasonably complete for the intended purpose, if the

purpose is solely the protection of the stream swamp community in the upper reaches of
the Northwest Fork.  The literature review should be expanded if it is also the purpose of
the MFL criteria to protect the Loxahatchee River Estuary.

statistical analysis and interpretation of historical flow, salinity and vegetation data
For the most part, the statistical analyses of historical flow, salinity and vegetation

data are appropriate.  The District’s efforts indicate due diligence, and a willingness to be
innovative.   As noted above, the hydrodynamic/salinity and SAVELOX models include
an assumption that 2ppt salinity is a critical threshold for the stream swamp community.
This assumption should be verified or removed.

Also as noted above, my interpretation of the data have led to different
conclusions.  Specifically, I note the potential influence of water quantity in determining
the nature of the stream swamp community, and a need for a minimum average flow of
about 100 cfs over the Lainhart Dam to maintain a stream swamp community at RM 9.2.
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methods used to estimate the movement and location of the freshwater-saltwater interface
under different flow conditions

The methods used to estimate the movement and location of the freshwater-
saltwater interface under different flow conditions are appropriate and reasonable for
estimating salinity conditions along the Northwest Fork of the Loxahatchee River.

methods used to characterize the vegetation community composition and distribution
The methods used to characterize the vegetation community composition and

distribution are appropriate and reasonable.

linkage or correlation of flow and /or salinity data to impacts to biological communities
The methods used to correlate flow and/or salinity data to impacts are appropriate

except where noted.  Soil salinity samples should be collected at intervening stations
along the Northwest Fork, and the data used to examine the relationship between soil
salinity and vegetation type.   The 2 ppt salinity threshold implicit in the models should
be verified or eliminated.

use and interpretation of the results of a two-dimensional hydrodynamic-salinity model to
describe the effect of various freshwater flow regimes for the river and estuary

The two-dimensional hydrodynamic-salinity model is a useful device to describe
the effect of various freshwater flow regimes for the river and estuary.  The model was
put to good use, except when a 2 ppt salinity value was assumed to have significance for
the vegetation community.

the use of historical hydrological and /or ecological data and findings to determine
minimum flow criteria for the River

The use of historical hydrological and/or ecological data and findings were used
appropriately to determine minimum flow criteria for the Northwest Fork, although the
findings are subject to interpretation (see above).  Historical hydrological and/or
ecological data should be applied to a minimum flow criteria for other parts of the
Loxahatchee River and Estuary, especially the latter.

methods or approaches used to define specific “duration” values that are components of
the minimum flow criteria for the River

Defining specific duration values for the minimum flow criteria is a difficult task.
The approach taken by the District is innovative and illustrates a determination to make
the best decision possible.  Undoubtedly, the duration estimates derived from the analyses
are educated guesses.  Nevertheless, the criteria is better served with their inclusion than
without.

Conclusions
The District has demonstrated considerable diligence in obtaining and analyzing

hydrological, salinity and vegetation data for the Northwest Fork of the Loxahatchee
River.  The hydrodynamic/salinity model and the SAVELOX model are appropriate and
reasonable approaches to defining ecosystem component relationships and deriving a
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minimum flow criteria.  As noted above, we differ in our final interpretation of an
appropriate minimum flow criteria.  The minimum flows and levels process for the
Loxahatchee River and Estuary may benefit from review of data interpretation.  Also, the
minimum flow over the Lainhart Dam must be linked with flows from other tributaries of
the Northwest Fork.

Focus on the upper reaches of the Northwest Fork was a policy decision, and
therefore beyond the purview of the expert review.   Nevertheless, I urge the District to
more fully evaluate the consequences of any final minimum flow over the Lainhart Dam
on other parts of the Loxahatchee River and Estuary.

Recommendations
• Establish with minimum flow criteria for other tributaries of the Northwest Fork,

and connect these criteria with the minimum flow criteria for the Lainhart Dam.
• Determine the effect of water quantity on type of freshwater vegetation

community in the upper reaches of the Northwest Fork.
• Evaluate potential impacts to other parts of the Loxahatchee River and Estuary

from the minimum flow criteria for the Lainhart Dam.
• Verify the relationship between 2 ppt salinity and vegetation community or

eliminate the assumption from the models.
• Conduct soil salinity sampling at intervening locations and re-evaluate the

relationship between soil salinity and vegetation community.
• Evaluate the relationship between individual and combined salinity variables and

vegetation community.
• Establish a monitoring program to determine the effectiveness of the final

minimum flow criteria.
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SFWMD Draft Response to Peer Review Comments of

Donald M. Kent, Ph.D. for the

July 2002 Draft Loxahatchee River MFL Technical Documents

Dr. Kent made the following comments concerning the methods, approach,
and documentation of the proposed MFL:

Page 2, 3rd Paragraph: The 15 July 2002 Draft MFL document substantially improves upon the 22 May
2001 Draft.  However, my interpretation of the findings suggests a different minimum flow at the Lainhart
Dam.  The final minimum flow criteria, regardless of its value, should be related to other flows to the
Northwest Fork and to other parts of the Loxahatchee River and Estuary.

Page 3, 1st Paragraph: The District has done a good job presenting a defensible scientific basis for setting
minimum flow criteria for the Wild and Scenic River part of the Northwest Fork of the Loxahatchee River
and Estuary.  The MFL document describes the River and Estuary in sufficient detail, including climate,
physical features, hydrology, biological and water resources, and nearby land uses.  In addition, the MFL
document and appendices describe in adequate detail the methods and information used to develop the
MFL criteria.  For the most part, the approaches and concepts described in the MFL document are
scientifically sound and based upon best available information…The MFL document describes and
discusses in sufficient detail historic, current and anticipated flows over the Lainhart Dam.  Also, the
document describes the relationship of Lainhart Dam flow to Northwest Fork salinity both empirically and
as modeled by the hydrodynamic/salinity model.  Collectively, this information supports a reasoned
assessment of the Lainhart Dam flow necessary to sustain desired vegetation communities downstream to
Cypress Creek.  However, beginning with Cypress Creek, nearly 50 percent of the flow to the Northwest
Fork comes from tributaries.  Therefore, an assessment based upon flow over Lainhart Dam must ensure
that absolute and relative flow from other sources is maintained.  Alternatively, the assessment must
incorporate anticipated changes in flow from these other sources…Salinity is convincingly the primary
factor determining the location and condition of the floodplain swamp and mangrove communities.

Page 4, 3rd Paragraph: Results of soil salinity transects are a welcome addition to the MFL document.
Soil salinity may be as important, if not more important, than water salinity in determining the location and
condition of the stream swamp community.

Page 4, 4th Paragraph: The vegetation survey results and the hydrodynamic/salinity model afforded a
tremendous opportunity to evaluate the relationship between vegetation community and river salinity.  As
the District recognizes, vegetation could be responding to certain salinity levels or salinity ranges, the
duration of a particular salinity event, the frequency of a particular salinity event, or other factors.
SAVELOX manages these potentially confounding variables by creating a new variable Ds/Db (duration of
exposure/time between exposures) as a surrogate for long-term salinity conditions.   This is an admirable
attempt to integrate the various salinity factors.  Our understanding of the relationship between vegetation
community and salinity may also benefit from an examination the relationship between vegetation
community and individual salinity factors, and combinations of salinity factors.  If this has not already
been accomplished, the District might consider the use of step-wise regression analysis.

Page 5, 5th Paragraph: The District has expended considerable effort in investigating and evaluating
technical approaches for setting the criteria.  No other technical approaches are recommended, other than
those previously noted.

Page 6, 3rd Paragraph: The VEC approach has merit, and can be a valuable tool for management
decision-making when the value of the selected ecosystem component is clearly established, and the
relationship between the selected ecosystem component and other ecosystem components is clearly defined.
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The VEC approach for the Loxahatchee River and Estuary MFL was improved in this draft by replacing
cypress with six stream swamp tree species.   In this manner, the relationship between the VEC and the
stream swamp community is more clearly defined.

Page 7, 2nd Paragraph: The literature review is reasonably complete for the intended purpose, if the
purpose is solely the protection of the stream swamp community in the upper reaches of the Northwest
Fork.

Page 7, 3rd Paragraph: For the most part, the statistical analyses of historical flow, salinity and vegetation
data are appropriate.  The District’s efforts indicate due diligence, and a willingness to be innovative.

Page 7, 5th Paragraph: The methods used to estimate the movement and location of the freshwater-
saltwater interface under different flow conditions are appropriate and reasonable for estimating salinity
conditions along the Northwest Fork of the Loxahatchee River.

Page 7, 6th Paragraph: The methods used to characterize the vegetation community composition and
distribution are appropriate and reasonable.

Page 8, 1st Paragraph: The two-dimensional hydrodynamic-salinity model is a useful device to describe
the effect of various freshwater flow regimes for the river and estuary.

Page 8, 3rd Paragraph: Defining specific duration values for the minimum flow criteria is a difficult task.
The approach taken by the District is innovative and illustrates a determination to make the best decision
possible.  Undoubtedly, the duration estimates derived from the analyses are educated guesses.
Nevertheless, the criteria are better served with their inclusion than without.

Page 8, 4th Paragraph: The District has demonstrated considerable diligence in obtaining and analyzing
hydrological, salinity and vegetation data for the Northwest Fork of the Loxahatchee River.  The
hydrodynamic/salinity model and the SAVELOX model are appropriate and reasonable approaches to
defining ecosystem component relationships and deriving minimum flow criteria.

Dr. Kent expressed the following concerns regarding the Draft document:

Page 3, 2nd Paragraph: The MFL document describes and discusses in sufficient detail historic, current
and anticipated flows over the Lainhart Dam.  Also, the document describes the relationship of Lainhart
Dam flow to Northwest Fork salinity both empirically and as modeled by the hydrodynamic/salinity model.
Collectively, this information supports a reasoned assessment of the Lainhart Dam flow necessary to
sustain desired vegetation communities downstream to Cypress Creek.  However, beginning with Cypress
Creek, nearly 50 percent of the flow to the Northwest Fork comes from tributaries.  Therefore, an
assessment based upon flow over Lainhart Dam must ensure that absolute and relative flow from other
sources is maintained.  Alternatively, the assessment must incorporate anticipated changes in flow from
these other sources.

• District Staff’s Response: The flow analysis used to develop the MFL criteria were based upon
best available information. Flows from the other tributaries were included in the analysis, however
measured flows were not available from Cypress Creek or Hobe Grove Ditch after 1991.  The
percent of flow contributed by the Lainhart Dam to the NW Fork in the model is 44%. This
compares with field measurements that show the Lainhart Dam to provide 45% of the flow for the
1980-81 drought dry season, 46% from the 1980-81 drought wet season, 40% from the 1989-90
drought dry season, and 56% from the 1989-90 drought wet season. Based on these data, the flow
ratio of 44% provided in the model appears to be a reasonable ratio for estimating the flow
contribution provided by the Lainhart Dam and other tributaries during dry periods, the period of
time when a minimum flow would be of interest.
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The District has recently completed a contract with the USGS to update and improve the current
flow/salinity monitoring program within the watershed. Additional flow gages and salinity
monitoring instruments are being installed in Cypress Creek and Hobe Grove Ditch. These
additional gages will provide the data needed to more fully understanding the role that these
tributary basins play in shaping the river’s salinity profile.

Page 3, 3rd Paragraph: Salinity is convincingly the primary factor determining the location and condition
of the floodplain swamp and mangrove communities.  However, water quantity may be an important factor
in determining the location and condition of stream swamp and cypress within the upper reaches of the
Northwest Fork and its tributaries.  For example, parts of the middle and upper Northwest Fork and
Kitching Creek (Segments 2, 3 and 5 of Figure B-3) have consistently been characterized by freshwater,
but the vegetation community has changed from cypress to stream swamp.  The MFL document should be
explicit about whether the goal is cypress, stream swamp or either.  If the goal is cypress, then the effect
of changes in flow on freshwater vegetation community location and condition should be evaluated.

• District Staff’s Response: The reviewer correctly points out an inconsistency in the information
contained in the Figures contained in Appendix B and Table 33 in the main text of the report. This will
be corrected.  District staff were unable to distinguish between the categories of stream swamp and
cypress in the 1940 aerial, so we cannot say there has been change from one freshwater swamp type to
another (i.e. stream swamp & cypress swamp).  The legends of the above mentioned figures must be
changed and the text must be modified to reflect this problem in interpretation.

Page 4, 1st Paragraph: Legal and policy decisions have limited MFL criteria development to the Northwest
Fork of the Loxahatchee River and Estuary.  Nevertheless, potential impacts (positive and negative) to
other parts of the system should be evaluated and the results described.  For example, the Estuary
provides numerous resource functions including habitat to protected species (e.g., Johnson’s seagrass,
Halophila johnsonii; West Indian manatee, Trichechus manatus latirostris).  The District recognizes that a
“… viable estuarine ecosystem requires a proper balance of freshwater inflow…”(Chapter 3), but the
document fails to discuss if this balance will be achieved and by what means the balance will be evaluated.

• District Staff’s Response: A section needs to be added to the Chapter 5 (results) that explains the
effects of the proposed MFL on conditions and resources in the estuary.

An effort was made to characterize significant resources that exist in the estuarine portion of the
Loxahatchee system (Chapter 2 pages 22-31).  These included primarily mangrove swamp
communities, other saltwater marsh vegetation, seagrasses and marine algae, fishes,
macroinvertebrates and manatees.   Our present (very limited) understanding of the relationships
between these system components and freshwater inflows was also described.   The Loxahatchee
estuary covers the entire range from a primarily marine environment near the inlet and into the
central embayment to a completely freshwater environment in the upper reaches of he Northwest
Fork.

Physical features of the estuary are summarized on pages 17-21. The North Fork portion of the
estuary is very small in extent and has very limited resources due to several factors. The lower
reaches have been extensively bulkheaded and filled, effectively eliminating important shoreline
habitat.  In addition, large areas of the bottom consist of soft mud or ooze that is not conducive to
supporting estuarine benthic communities.  The upper reaches within Jonathon Dickinson State
Park in this section of the North Fork Loxahatchee River have steep shorelines that do not support
significant amounts of marsh or swamp shoreline vegetation.

The Southwest Fork is very small in size and has limited resources, probably due to the relatively
frequent large discharges of freshwater from S-46 that result in scouring of the substrate and rapid
and extreme salinity changes.

None of the resources or issues in the North Fork or Southwest Fork of the estuary was considered
to have a significant function that would be impacted by low flow conditions.  In contrast, the
resources of the Northwest Fork, Central Embayment and adjacent coastal waters are primarily
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sensitive to high flow events.  When large discharges of several thousand cfs occur through the S-
46 structure into the Southwest Fork, the entire system can become freshwater, which has
significant adverse effects on marine life, especially seagrasses and benthic macroinvertebrates,
and results in displacement and loss of habitat for fishes that prefer the more saline conditions.

It appears to us that low flow conditions in the Northwest Fork do not have any significant adverse
effects on the estuary and may in fact be beneficial rather than harmful to these resources.  Under
very low flow conditions (see Appendix F, Figure F-4), most of the estuary becomes a marine
system (30-35 ppt salinities). If these low flow/high salinity conditions persist for several weeks or
months, seagrass communities may tend to expand upstream, providing more habitat and food for
marine and estuarine fishes and invertebrates, additional stabilization of soft mud bottom
communities and provide additional food for manatees. There may be some mortality occurring in
oyster communities at the upper end of the Northwest Fork and some associated recruitment
occurring further upstream.

The upper reaches of the Northwest Fork still contain extensive areas of habitat suitable for
oysters, as well as oligohaline and freshwater habitat.  Extreme fluctuations in salinity, associated
with periodic low flow events, are not conducive to the development of extensive oyster
communities.  Oysters are very beneficial to coastal estuaries such as the Loxahatchee River
because they tend to stabilize bottom sediments, provide filtration of suspended materials from the
water column and provide an extensive surface area and substrate for colonization of other
organisms.

The importance of a stable and extensive oligohaline zone to the health of the estuary has been
well studied and documented in a nearby coastal system, the St. Lucie Estuary, located just a few
miles north of the Loxahatchee River.  Unfortunately, we do not have the same type of extensive
data for the Loxahatchee River, although the limited studies we have suggest that the species
composition of fishes and macroinvetebrates in these two systems are similar.  The Loxahatchee
River has more extensive and healthier seagrass and oyster communities, as a total proportion of
the area of the estuary, than are found in the St. Lucie Estuary.

In the St. Lucie Estuary we were able to identify the oligohaline zone as the resource that was of
primary concern in this system, that this resource would be significantly impacted by reduction of
freshwater flow, and therefore needed to be protected by establishment of a MFL.  We therefore
proceeded to quantify the amount of oligohaline habitat that was lost to the estuary during periods
of low flow and identify a critical point in the flow regime when the amount of freshwater entering
the estuary from tributary flow was less than the amount of water that was being lost to the system
due to evaporation.

By contrast, in the Loxahatchee River system, we have identified the freshwater swamp
community in the river floodplain as the primary resource that needs to be protected by
establishment of a MFL and (have largely assumed) that the estuary portion of the system will
benefit from this improved flow regime by receiving a more stable flow regime that will provide
more stable habitat conditions.

The effect of implementing the proposed MFL on this system is anticipated to help further
improve conditions in the estuary by providing for a more extensive and stable oligohaline zone
(less than 5 ppt salinity ) upstream in the river between mile marker 9.2 and 8.5 or so, than occurs
at present. Conditions that are more conducive to the growth of oysters on mangrove roots and the
formation of oyster reefs or bars (15-25 ppt salinity) are expected to occur in the vicinity of mile
marker 6 along the river.  At the same time, these flows are not expected to adversely affect the
marine communities that live in the central embayment, especially the Johnson’s’ seagrass
community that exists near the railroad bridge.

Page 4, 2nd Paragraph: The MFL document may give undue weight to 2-ppt salinity.  Both the
hydrodynamic/salinity model and the SAVELOX model appear to directly equate 2 ppt salinity to salt
water, and to indirectly suggest that 2 ppt is threshold for the stream swamp.  The former is a useful
mechanism for estimating the relative position of fresh water and salt water.  However, there is no basis



SFWMD Draft Responses to Dr. Kent’s Peer Review Comments                                                Sept. 11, 2002

5

presented for a relationship between 2 ppt and vegetation type.  In fact, model results suggest that a mean
salinity of 0.15 ppt is related to the occurrence of a healthy stream swamp community.  Table 25 (p. 101)
also suggests that a healthy stream swamp community requires a mean salinity of < 1 ppt.

• District Staff’s Response: The 2-ppt salinity value comes from a review of historical salinity trends
(as simulated by the model) experienced at river mile 10.2.  The point we were trying to convey is
that within this remaining “healthy” freshwater community, 2 ppt was near the maximum salinity
value recorded over the 30-year period.  Given this salinity history, this portion of the river still
appears to support a healthy freshwater vegetation community even though salinity events of this
magnitude (up to 2 ppt) occur approximately once ever 6 years for an average of 20 days duration.
We used this data to characterize the upper limit at which these communities appear to tolerate using
best available information. We did not intend to imply that the 2 ppt is any kind of scientifically
derived threshold value that characterizes saltwater conditions, other than that is what appears to
have happened at these sites over time based on the modeled salinity history.

It should also be noted that the 2-ppt salinity concentration represented in the model is the daily
mean.  In other words, salinity could range from 0 to 4 ppt throughout the daily tidal cycle, but the
mean salinity would be 2 ppt. A mean daily concentration of 1 ppt would indicate that daily salinity
concentrations would vary from 0 to 2 ppt, and is found at the location on the NW Fork where
salinity is 0 ppt during low tide and can reach 2 ppt only during high tide.  At this site,
predominantly freshwater conditions (less than 1-ppt) would occur during the period between high
tides.  Under these conditions, river channel salinity above 1 ppt would be transient, lasting only a
few hours before the next tidal cycle would change the river channel water back to predominantly
freshwater conditions.  It is felt that with the flushing of salinity between high tides and the
predominance of freshwater conditions, significant harm would most likely not occur when mean
daily concentrations occasionally were at 1 ppt.  For this reason, 2 ppt (the next integer higher) was
chosen as a better number to use to define the threshold salinity concentration at which significant
harm could occur.  Furthermore, the model used to derive these salinities is not sufficiently sensitive
to reliably resolve salinity values to 0.1, or even 0.5, whole numbers should be used.

It is recognized that a healthy stream swamp community requires a mean salinity of < 1ppt (as Dr.
Kent described above) and an associated flow to maintain that freshwater state.  However, the MFL
is concerned with the lowest allowable flow rate, duration and return frequency that would cause
significant harm, not the average flow condition at a particular site.  At river mile 10.2, salinity did
increase above 2 ppt for short durations during extremely dry years. For that reason, it was
calculated that a daily mean concentration of 2 ppt (as defined by the model) should not occur for
longer than 20 days once every 6 years.  This also assumes that freshwater conditions are dominating
that site the rest of the time by District’s operational policy of delivering 50 cfs to the NW Fork of
the river (via G-92 and the Lainhart Dam) when upstream water is available.

Page 4, 3rd Paragraph: Results of soil salinity transects are a welcome addition to the MFL document.
Soil salinity may be as important, if not more important, than water salinity in determining the location and
condition of the stream swamp community.  However, a comparison of the transect locations with plots of
historic and existing vegetation (e.g., Figure B-3) suggest that samples were collected in areas that have
not experienced changes in vegetation.  Presumably, soils in these areas have not experienced significant
variation in salinity.  An evaluation of soil salinity affects on vegetation community may be enhanced by
samples collected at locations subject to changes in vegetation community and exposure to salt water,
and locations with stressed stream swamp communities.  Said samples would help us understand the
cumulative effects of salt exposure, and allow the construct of a relationship between soil salinity and
stream swamp condition.

• District Staff’s Response: Soil transect site #3 was in a location of the river where some changes in
the local plant community (stress), due to salinity, were observed.  These included the presence of
some red mangrove, abundance of pond apple, and the lack of Virginia willow. The semiquantiative
survey also showed a reduction in the number of species observed. The field study data from this site
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can be found in Appendix C.  Unfortunately, the results of the quantitative vegetation survey from
this site was not included in the analysis presented in the technical document, since only one bank
was surveyed and not both (as with the other sites).  It is believed that these changes have occurred
since the 1970’s (based on aerial photo-interpretation presented in Appendix B).  The four soil
sampling transects represented a salinity non-impacted site (transect 1), rarely impacted site (transect
2), regularly impacted site (transect 3), and highly impacted site (transect 4) along the NW Fork.
This was explained on page G-2 on Appendix G.  We can further emphasize this by rewriting and
clarifying this description of the sites.

Page 5, 2nd Paragraph: The proposed MFL criteria is based on a desire to prevent the salinity at RM 9.2
from exceeding 2 ppt for any longer than has occurred within the healthy swamp community (i.e., no more
than 20 days duration more often than once every six years).  The document then concludes that Table 40
can be used to select a flow over Lainhart Dam of 35 cfs to maintain mean daily salinity below 2 ppt at RM
9.2.  However, a flow of 35 ppt in Table 40 corresponds to < 2 ppt for 30 days once every four years, and
not a mean salinity of 0.15 ppt and the duration and frequency parameters for RM 10.2 (see above)
intended to be mimicked for RM 9.2.

• District Staff’s Response:  There were some errors in the table and associated text and the table
was not formatted or explained adequately. The following is a revised Table 40 and explanation.

Table 40  Various Salinity parameters that can be used to protect the resource
River Mile Approximate Flows (cfs)* needed to maintain salinity concentrations:

Mean = 0.15 ppt Mean = 0.3 ppt
Salinity > 1ppt
Not to exceed

31 days/1.6 yr**

Salinity > 2ppt
Not to exceed
22 days/5.9yr

Salinity > 3 ppt
Not to exceed
14 days/10yr

10.2 50 35 20 10 5
9.7 80 50 32 25 15
9.2 100 70 47 35 22
8.9 140 85 60 42 27
8.6 150 120 75 55 42

8.35 200 130 80 65 52
* Flows obtained from Table 37 for a given salinity value at a given station location
** Occurrence frequency and duration were obtained from Table 36: for example for 1ppt salinity at station 10.2 Ds = 31 days and

Db = 576 days or 1.6 years; Likewise at 2-ppt salinity, Ds =22 days and Db=2157 days or 5.9 years

The intent was to display an array of management criteria that could be used as the basis for  “transferring”
the hydrologic regime from Mile Marker 10.2 down to various downstream mile markers to RM 8.35.  The
basis of this table is the Ds and Db values listed in Table 36 and the flow required to maintain a given
salinity value as listed in Table 37.  Thus if the desired intent is to use a mean salinity concentration of  less
than 0.15 ppt as the management criterion, it can be seen from the first column in Table 37 that a mean
flow of 50 cfs is needed to provide this salinity regime at station 10.2 and a mean flow of 100 cfs is needed
to provide this mean salinity at station 9.2.  Similarly, if the intent is to use a salinity  exposure of 2 ppt as
the management criterion then,  according to Table 36, such an event occurs only 22 days every six years at
station 10.2 and (from Table 37 column 2, bottom row) is associated with a flow of 10 cfs.  To transfer a
comparable salinity exposure of 2 ppt downstream to river mile 9.2, a flow of 35 cfs (Table 37 column 5,
4th row from the bottom) should be allowed to occur no more often than 22 days every 5.9 years.

Page 5, 3rd Paragraph: The MFL criteria is also predicated on the belief that vegetation at RM 10.2 is
healthy, vegetation at RM 9.2 has suffered significant harm, and that vegetation between these two stations
has been harmed (but not significantly).  However, the significant harm criteria applied to the vegetation
between RM 9.2 and RM 10.2 suggests that much of this area has also suffered significant harm.  Three
VEC species are missing at RM 9.3 and two VEC species are missing at RM 9.7 (one species is missing at
RM 9.9).  Also, seedlings for four of the six VEC species are missing from the community between RM 9.2
and RM 10.2.  Perhaps the definition of significant harm should be clarified to indicate whether all
conditions must be satisfied, or whether failure to satisfy one of the criteria is sufficient to designate
significant harm.
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• District Staff’s Response: Many of these concerns could be addressed by implementing a more
comprehensive data collection and sampling program to eliminate some of the sources of variation
noted above, such as whether the absence of a particular species at a particular point in the rive
was due to sampling limitations or natural variability in distributions rather than the effect of
salinity.  Loss of any one of the VEC species from the canopy structure, to the extent that it could
be reasonably be inferred to be due to salinity stress or toxicity, would arguably be considered a
significant impact, in that several years (at least) of stable freshwater conditions would be required
in order for it to regrow to the extent that its role in the canopy structure would be restored.

Page 5, 4th Paragraph: Significant harm for the vegetation community between RM 9.2 and RM 10.2 can
be avoided by reproducing salinity conditions at RM 10.2.   According to Table 37, a flow of 50 cfs at the
Lainhart Dam will produce a mean salinity of 0.14 ppt at RM 10.2.  A flow of 100 cfs at the Lainhart Dam
will produce a comparable salinity condition at RM 9.2, and by extension at intervening locations.  Flows
less than 100 cfs will likely eliminate mature individuals or seedlings of the six VEC species, and thus
impart significant harm.

• District Staff’s Response: Please see our previous response to Page 4, 2nd Paragraph.

Page 6, 1st Paragraph: “…The document has not been reorganized to provide a section on the expected
impact of flow modification on the Loxahatchee River and Estuary.  Nor does the document provide
MFL recommendations for the North Fork, Southwest Fork or the Estuary….   the current document
addresses the question of whether mangroves continue to encroach on the stream swamp community,
inflow data for the entire Estuary, and the inadequacy of information relating cypress condition to salinity.
Conversely, the current document fails to address the Panel’s comments about anticipated regional growth
and development, feasibility of proposed actions, the inadequacy of a linear approach to flow and
discharge relationships, and a lag between Lainhart Dam flow data and downstream salinity.

• District Staff’s Response: The effects of anticipated regional growth and development on water
resources in the region are being addressed through the development of a “MFL Recovery Plan”
as required by state law (Ch. 373.042(1) for those water bodies which do not presently meet the
proposed MFL. The Northern Palm Beach County Comprehensive Water Management Plan
(NPBCCWMP) addressed this issue in considerable detail to define water sources and anticipated
uses over the next 20 years and determine projects that are needed to ensure that additional water
is provided to the Loxahatchee River to meet and exceed the proposed MFL. Approximately $40
million will be spent over the next 15 years to implement this plan.  In addition, the Northern Palm
Beach County Component of CERP is presently being modified to consider growth, development,
water supply, regional storage and flow restoration needs for the Loxahatchee River and its entire
watershed.  This program anticipates expenditures about $400 million to build long-term storage
facilities and provide connections between the Loxahatchee River and regional water management
facilities.

The regression method used initially to develop relationships between flow and salinity was a non-
linear technique (see Appendix D, pages D-1 to D-10), but the Excel spreadsheet application for
this purpose was shown to be inadequate.  SAS was used to develop an improved non-linear
relationship, but this approach also was felt by District staff to have some significant predictive
limitations.  Lag times of 3, 6 9 and 12 days were incorporated into the SAS analysis in an attempt
to improve the results, but did not result in a significant improvement in correlation values (Pages
D-11 to D-22).  It was felt that neither of these regression approaches was especially useful and
provided very limited capability to extrapolate beyond known data sets or incorporate alternative
modeling scenarios that might involve modification of flows from the different sources.

For this reason it was decided to move forward with development and use of the hydrodynamic
model as recommended in the initial peer review as a means to quantify flow and salinity
relationships for the river.
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Page 6, 3rd Paragraph: The VEC approach has merit, and can be a valuable tool for management
decision-making when the value of the selected ecosystem component is clearly established, and the
relationship between the selected ecosystem component and other ecosystem components is clearly defined.
The VEC approach for the Loxahatchee River and Estuary MFL was improved in this draft by replacing
cypress with six stream swamp tree species.   In this manner, the relationship between the VEC and the
stream swamp community is more clearly defined.  However, the use of six stream swamp tree species has
not clarified the relationship between the VEC and other Loxahatchee River and Estuary ecosystem
components.  Of particular concern is the absence of an identifiable relationship with estuary resource
functions.

• District Staff Response: The District’s approach was to successively establish and build a
sequence of inferred relationships 1) between flow and salinity, 2) between flow, salinity, tree
distribution and the amount of flow needed to sustain the tree community, 3) between the amount
of flow needed to sustain the tree community and the resulting salinity distribution in the estuary
(Appendix F), and 4) between known presence and distribution of major species in the estuary and
information from field observations and literature concerning likely effects of the resulting salinity
conditions on these species.

Page 7, 2nd Paragraph: The literature review is reasonably complete for the intended purpose, if the
purpose is solely the protection of the stream swamp community in the upper reaches of the Northwest
Fork.  The literature review should be expanded if it is also the purpose of the MFL criteria to protect the
Loxahatchee River Estuary.

• District Staff’s Response: Comment noted.

Page 8, 2nd Paragraph: The use of historical hydrological and/or ecological data and findings were used
appropriately to determine minimum flow criteria for the Northwest Fork, although the findings are subject
to interpretation (see above).  Historical hydrological and/or ecological data should be applied to a
minimum flow criterion for other parts of the Loxahatchee River and Estuary, especially the latter.

• District Staff’s Response: We have some potential capability to expand our look at historical
conditions in the estuary. Certainly it would be interesting to examine historical aerial
photography of mangroves and saltmarsh communities throughout the estuary (from the inlet up
through all three forks) in 1940 and compare it with the distribution of these communities today.
We have some historical information (largely anecdotal) on fishing conditions in the river and we
have some information on the distribution of oysters, based on associated dredging/removal
activities that have occurred during the past fifty years.  We also have information concerning
seagrass distribution, since this has largely occurred since the inlet was stabilized.  The extent of
submerged freshwater vegetation in the river or estuary prior to opening of the inlet is unknown.

Summary of Recommendations from Dr. Kent:
1. Establish with minimum flow criteria for other tributaries of the Northwest Fork, and connect

these criteria with the minimum flow criteria for the Lainhart Dam.
2. Determine the effect of water quantity on type of freshwater vegetation community in the upper

reaches of the Northwest Fork.
3. Evaluate potential impacts to other parts of the Loxahatchee River and Estuary from the minimum

flow criteria for the Lainhart Dam.
4. Verify the relationship between 2-ppt salinity and vegetation community or eliminate the

assumption from the models.
5. Conduct soil salinity sampling at intervening locations and re-evaluate the relationship between

soil salinity and vegetation community.
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6. Evaluate the relationship between individual and combined salinity variables and vegetation
community.

7. Establish a monitoring program to determine the effectiveness of the final minimum flow criteria.

District Response to each bullet:
1. Data collection efforts are being initiated  to address this issue
2. The SaveLox model is being further refined as a possible means to address this issue during the

restoration effort.
3. VEC study underway -- salinity relationships have been fairly well established. Need a more

comprehensive resource inventory of the estuary.
5. Additional soil salinity monitoring should be considered as part of any additional field research

that is being conducted in the floodplain
6. The relationship between individual and combined salinity variables and vegetation communities

should be investigated further as part of the restoration effort. Infrequent high flows have not been
defined for this effort, but we have defined some threshold impact criteria,  mean flows and
salinity conditions, and 90% confidence limits for salinity and (by inference) for flows.

Conclusion

Thank you for your helpful comments in this process and pointing out a number of discrepancies in the
text, tables and figures contained in the draft document. We agree with your recommendation that we need
to add a stand alone section identifying potential impacts to the downstream estuary. Comments on the
need to reevaluate our soil salinity sampling methods and locations was also welcome. You have also made
us aware of a number of assumptions contained in the report that need to clarified and that, if left
unresolved, could ultimately reduce our ability to adequately protect this unique and valuable river. As you
may be aware, we are in the process of upgrading hydrodynamic/salinity model to a 3-dimensional version
and are collecting extensive synoptic flow and salinity data throughout this basin that we feel will provide
the necessary information to address these issues in greater detail.

The MFL proposed in the draft document is intended to be an interim management target based on best
available data. We envision the establishment of MFLs for the Loxahatchee River as an iterative process.
Projects are already underway to meet the proposed flow of 35 cfs 94% of the time by 2006 and continue
beyond that value to provide flows of 65 cfs 99% of the time by 2018.  Studies are also underway to
examine opportunities to enhance flows from other tributaries – Cypress Creek, Hobe Groves Ditch and
Kitching Creek. The SFWMD is initiating studies with FDEP and other agencies to define overall
restoration goals for the river that will not only include minimum flow criteria for the river but will also
address needs for sustained average flows and periodic high flow periods that are needed to maintain a
healthy river and floodplain and downstream estuary.  It is anticipated that once the restoration goals for the
river have been established in terms of desired flow and ecological conditions, that the MFL criteria will
also have to be revised in order to be consistent with protection of the restored ecosystem from significant
harm.
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Review of “Technical documentation to support development of minimum flows and levels
for the Loxahatchee River and Estuary”

SFWMD Water Supply Division, July 15 2002 Draft
Submitted by: Merryl Alber, Dept. of Marine Sciences, University of Georgia

Summary

The MFL proposed for the Loxahatchee River and Estuary is designed to provide
adequate flow to the Northwest Fork of the River to protect the floodplain swamp community.
Flow recommendations were obtained as follows: 1) a 2-d hydrodynamic model was developed
that relates current flow conditions to salinity, 2) historic flows over the Lainhart Dam (1971-
2000) were used in the model to hindcast daily average salinities at various places in the estuary,
and the predicted salinity records were evaluated to determine both the frequency and duration of
events when the water at each location was greater than various thresholds (e.g. 2 ppt), 3) a
survey of the floodplain swamp community was conducted along the river, a subset of six trees
were chosen as valued ecosystem components, and both the presence/absence of these trees along
the river as well as their characteristics were used to identify healthy, stressed, and significantly
harmed locations (at RM 10.2, 9.7, and 9.2, respectively), and finally 4) an MFL of 35 cfs at the
Lainhart Dam was chosen (not to be exceeded for more than 20 d more frequently than once
every 6 y), based on the model predictions of flow and salinity at the identified locations, with
the goal of preventing damage or stress from occurring to the floodplain swamp community at
RM 10.2 as well as preventing significant harm from occurring at RM 9.2.  Additional
information on soil salinity along the river, changes in vegetation over time, the relationship
between flow and observed salinity, and estimates of consumptive use are also included in the
document, but this information was not used directly in selecting the proposed MFL.

It is clear that the staff of the SFWMD has put a large amount of effort into the proposed
MFL, and this is in many ways an improvement over the previous draft document.  The report
does an excellent job of addressing the comments provided in 2001, the literature review is
improved, and the document is better organized.  I think the shift away from cypress as an
indicator is warranted, and the selected freshwater tree species provide a reasonable basis for
discerning differences in the health of the floodplain community along the salinity gradient.
However, there are some fundamental problems associated with the application and
interpretation of the hydrodynamic model, and I do not think the document as it now stands
adequately supports the proposed MFL.  Below I review the major components of the proposed
MFL as organized in Chapter 5.

Conclusions

Literature Review.
This is much improved over the previous version, in particular because there has been a

clear effort to locate information on the salinity tolerances of cypress.  However, the document
would benefit from more information on the life history characteristics, functional roles, and
salinity tolerances of the 6 chosen indicator species.
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VEC Approach.
I’m not sure this is actually an application of the VEC approach.  There is a complete list

of resource functions and services provided in the document, but they are not tied very well to the
floodplain swamp community.  Instead, the trees that were identified are useful as indicators,
rather than particularly “valued.”  The document indicates that these species were chosen because
they occupy different ecological niches and have different functional roles, but this is not well
documented.  The species chosen are all relatively long-lived, and it seems like including some
herbaceous species with shorter life spans is perhaps worth considering as they might provide
faster response times and a better cross-section of the community.

Historical flow and salinity data
The historical flow data is presented as a very long table in Appendix D, without

comment.  One concern I have is whether these data were all corrected, based on the recalibration
that occurred recently (this goes for Tables 23 and 24 and Figure 20 in the text as well).
Although I understand that flows at G-92 are correlated with those over the Dam, they’re not the
same, are they?  If they are, this should be stated.  If not, the document would benefit from a
presentation similar to that in Figure 19 of flow over the Dam since that is what is being
regulated.  Table 24 and Figure 20 are useful, but it would be instructive to see some summary
data (e.g. different percentile flows) for the period from the reference year (1985, if that is
selected) to the present.

The salinity data presented in the document are interesting.  One suggestion is to
recalculate the information in the Wild and Scenic segment of the river without station 63 to
determine if average salinities have in fact increased over the past decade (as referred to on p.
102).  This is an important point: elsewhere in the document the data suggest that flow has
increased over the past decade and it would be very useful to know whether this change in flow
has resulted in a measurable change in salinity or whether increased flow over the Dam has been
offset by other changes in the watershed.

The salinity data presented in Appendix D were used to calibrate the hydrodynamic
model, but the empirical relationships between salinity and flow were not used in any way in this
document.  I think these relationships are extremely useful (particularly those derived for current
conditions, after the gaps had been closed) and might be appropriate as either a check on
modeled salinity/flow relationships or as the basis for setting an MFL (see below).  The original
relationships, which were computed using Excel, are presented in figures D3-D6.  These are very
poor fits, and, in response to my comments on last year’s document, they have been redone in
SAS using variable flow-averaging periods (pages D11 – D22).  The SAS fits are much
improved over the ones done in Excel and could be very useful.  Curiously, the SAS analysis is
not referred to anywhere in the text, and SAS analyses were not performed for stations 66 and 67.

Aerial photography/GIS
This was a straightforward, complete analysis of vegetation types in the estuary over time.

However, I find it worrisome that no major changes in vegetation cover were observed between
1985 and 1995.  The footnote in table B-4 indicates that vegetation in a segment of the river
below Trapper Nelson’s was estimated from 1995 photographs.  Could this substitution have
perhaps led to the erroneous conclusion that things did not change in this area?  Given the
improvements in G-92 and the resultant increase in flow that occurred in 1989, was there a
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concurrent decrease in salinity (as mentioned above)?  If there was an increase in salinity,
wouldn’t we expect to see a downstream shift in the indicator community?  Perhaps this is the
explanation for the field observations reported on p. 132 that suggests the location of the stressed
area has moved downstream between 1985 and 1995?  This needs to be explored.  If there has
been increased flow and decreased salinity, which in turn has led to a shift in tree distribution,
that would be good evidence that the indicators are in fact appropriate.  It might also mean,
however, that the choice of 1985 as a reference year would result in managing towards a situation
with less freshwater inflow than occurs now.

Finally, when evaluating shifts in vegetation it is worth keeping in mind that there are
other factors that could account for changes in vegetation besides changes in hydrology.

River vegetation survey
The results of the vegetation survey show a clear gradient in the distribution of the 6

chosen indicator species in the floodplain community, and, although there is not technical
information in place on the salinity tolerances of the various trees over the course of their life
cycles, it serves as a useful starting point for the identification of healthy, stressed, and
significantly harmed locations along the Northwest Fork of the River.  Although these are
judgment calls, the selected locations are supported by the data in terms of observed changes in
the presence of the various species and by their measured characteristics (e.g. as we move
downstream, fewer VEC species are represented and those that are there are smaller, with fewer
seedlings and saplings).  Given the fact that these trees used to occur further downstream, it is
probable that salinity is an important factor that controls their distribution.  One point to note is
that the trends do not level off (e.g. as we move up to RM 10.6, trees are more abundant, larger,
and have more seedlings and saplings).  One wonders if another station further up-river would
yield even more, in which case the selection of a representative healthy site might need to be re-
visited.

Soil salinity samples
The observation that chloride shows a better gradient along the river than soil salinity is

most likely due the fact that salinity has a much smaller dynamic range (it is constrained between
0 and 36).  This makes it a less sensitive measurement, but I do not agree with the interpretation
that this suggests salinity is not retained in the soil.

Hydrodynamic/salinity model
Although the 2-d model does an adequate job of matching long-term field salinity trends,

the figures in Appendix E suggest some real discrepancies between observed and modeled
salinity.  This is acknowledged in Appendix P (p. P-4), where it states that salinity in the upper
estuary is extremely sensitive to freshwater input and points out that the majority of the
freshwater input was estimated from ratios (which are quite variable in reality but are fixed in the
model).  I understand new surface flow stations are addressing this, but without this information,
and with another large estimate of inflow from groundwater (estimated as 40 cfs in a system
where 35 cfs from the Dam is being proposed as the MFL), predicted salinities in the upper
estuary are extremely suspect.  The model may be a useful tool for exploring different
management scenarios, but I am concerned about the over-reliance on model predictions of
salinity as the basis of the proposed MFL.
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It is instructive to compare the flows/salinities predicted by the model with those derived
from the analysis presented in Appendix D: according to the model, the flow required to maintain
a high tide salinity of 2 at RM 8.6 is 54 cfs (obtained from Table 7 on p. E-18), whereas an
average bottom salinity of 2 ppt is correlated with a flow of 64 cfs (p. D21).  At RM 7.7, the
model flow is 89 cfs (again to maintain a salinity of 2).  This matches the Excel fit quite well, but
the prediction from the SAS relationship is approximately 140 cfs (p. D18).  This suggests that
the model may underestimate the flow required to maintain salinities at their target levels
and/or underestimate salinities at any point in the river, which would result in an
inaccurate MFL. If the intent is to link flow and salinity it would be more defensible (and
simpler) to stick with the empirical relationships derived in Appendix D.

Even if the model were judged as the most appropriate tool for predicting salinity at
different locations in the river under different flow conditions, it makes no sense to use a
flow/salinity model calibrated with current data to predict 30 years worth of salinity.  First, the
document makes clear that there have been extensive changes in both the watershed and the
estuary over that time period, such as dredging in the estuary, changes in land use resulting in
changes in the amount of overland runoff and groundwater infiltration, and closing the “gaps”
(which added 0.7 miles to the river).  All of these changes could affect flow/salinity
relationships, making historic salinity predictions based on current relationships less accurate.  At
the very least, some of the model predictions could be compared to historic salinity data (e.g.
Appendix A describes studies by Chiu (1975), Hill (1977), Russell and McPherson (1974), and
Law Environmental (1991), all of which collected salinity information).

Second, even if it could be demonstrated that the model can in fact be used to predict
historic salinities, flow conditions have changed over the 30-year time period: The G-92 structure
was not constructed until 1974, its capacity was increased in 1986 and additional culverts and
operational criteria were added in 1987.  In fact, the document states that flow over the Lainhart
Dam averaged 52 cfs from 1977-1989 and increased to 86 cfs from 1990-2001, and that the
occurrence of flows below 35 cfs decreased from 34% of the time to 25% of the time between
the two time periods.  This means that salinities at given locations in the river were very possibly
greater before 1987 than they are today (this could be verified by comparing some of the field
observations).  Moreover, the reference point chosen by the SFWMD as the basis for establishing
an MFL is 1985.  It therefore does not make sense to look back to 1970.

All of the problems stated above mean that using a 30-year record to determine salinities
(and deriving statistics about the average amount of time salinities at different sites are greater
than a particular threshold) is not useful for understanding current conditions or setting MFLs.
That said, the Ds/Db ratio is extremely interesting and looks like a useful approach for
summarizing salinity data.  Perhaps it could be used to characterize field salinity observations
(e.g. between 1997 and 2000).

Vegetation/Salinity model
The MFL was chosen based on the model-predicted salinities at the locations identified in

the vegetation surveys as healthy, stressed, and significantly harmed.  To begin with, the goal of
the MFL is not clear: if RM 9.2 has already been identified as an area that is experiencing
significant harm (over what time frame?), then it makes no sense that the flow target has been
chosen to prevent significant harm from occurring there (as stated on p. v and p. 149).  The time
frame is also not clear.  On p. C-16 it suggests that long-term average salinity conditions since
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1970 have led to the decline in freshwater vegetation, yet the analysis in Chapter 5 suggests that
using those long-term averages is an appropriate basis for protecting the resource from further
harm.  Once the baseline condition gets sorted out (is it 1985? and has flow, salinity, or
floodplain changed since that time?), this needs to be revisited.

If current vegetation at RM 10.2 is deemed healthy and the MFL goal is to protect it from
harm, then what is required is to provide as much flow to RM 10.2 as it currently gets (i.e. the
status quo).  If this is the case, it would be much more straightforward to analyze the flow record
over an appropriate period (e.g. since 1985, or perhaps since G-92 was improved or since the
gaps were closed) and determine average flow (or a particular percentile flow, or the proportion
of time that flow falls below a particular percentile).  Interestingly, the report states that average
flow over the Dam was 70 cfs from 1971-2001 (p. 160).  In comparison, the model results
presented in Table 40 suggest that 50 cfs is required to maintain average historic salinities of
<0.15 at RM 10.2  This again suggests that the model is underestimating flow.

If the MFL goal is to provide enough freshwater so that the salinity regime currently
experienced at RM 10.2 can be reproduced at a downstream location (e.g. RM 9.7 or 9.2), then it
becomes necessary to understand the relationship between flow and salinity, and this is where the
model comes in.  However, even if the model were appropriate and could be used to predict
salinities at these river locations, I find the logic here extremely convoluted.  What is essentially
happening is that a) the model begins with a relationship between salinity and flow, b) historic
flow data are used to predict historic salinity, c) historic salinity data are used to determine Ds
and Db, d) Ds and Db are related back to flow, when all that is really needed is the relationship
between salinity and flow.

Moreover, when I followed the data in order to do a “reality check” on the model, things
did not add up:  Table 24 reports that flows of less than 35 cfs at the occurred 25% of the time at
the Lainhart Dam between 1990 and 2001, and 35% of the time between 1971 and 1989 (for an
average event duration of 15 or 24 d with a return frequency of approximately 2 mo).  In Table
37 the model predicts that a flow of 35 cfs will result in a salinity of 2 ppt at RM 9.2 (the basis of
the proposed MFL standard), and in Tables 35 and 36 we see that model-predicted salinities of 2
ppt occurred on average for 46 d every 6.8 mo, or 18% of the time at RM 9.2.  I recognize that
there is a response time built into the model and that we cannot expect a 1:1 correlation between
flow and salinity, but these estimates of Ds (46 d), Db (6.8 mo), and % time over the threshold
(18%) are very different than the flow observations (15-24 d, 2 mo, and 25-35%, respectively).
Likewise, flows of 10 cfs occurred 7% of the time in the data presented for the dam (an average
of 19 d every 9 mo).  However, at 10 cfs the model predicts a salinity of 2 ppt at RM 10.2, which
is estimated to have occurred only 1% of the time (an average of 22 d every 6 y, which is also
used in the proposed MFL).  Either I’ve misinterpreted these results or the model does a very
poor job of estimating these parameters and should not be used to select an MFL.

I would suggest either working with the empirical relationships derived in Appendix D
that relate flow to salinity or improving the model so that it does a better job of reproducing
observed salinities.  In either case, it seems like the historic salinity information is not relevant
and the MFL can be set based on the current salinity regimes (e.g. it would be possible to
determine what flows would be necessary to change salinity conditions at RM 9.2 such that they
mimic what is currently observed at RM 10.2).

Finally, I’m not sure I understand why the emphasis is on 2 ppt.  If these salinities are
thought to occur very rarely (e.g. the 99th percentile), then flows could theoretically be
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maintained at the 98th percentile without violating the MFL.  However, maintaining a salinity of
1.9 at RM 9.2 would surely cause damage to the vegetation even further upstream in the River.
Is the target actually to maintain average flows such that average salinity at RM 9.2 will be what
is currently experienced at RM 10.2?

Consumptive Use Permit Analysis
I do not have Appendix I, but it looks as if this is a complete review of consumptive use.

If dry season impacts are 5 cfs, this could be important when flows get low.

Recommendations

I do not think the MFL should be adopted until the following points are addressed:

1.  1985 as the base year for this analysis should be carefully considered.  Part of this decision
should be based on a determination of whether a) flow conditions, b) salinity observations, or c)
vegetation has actually changed in the river since 1985.  (Another possibility would be to use
1997 as a base year (after the gaps were closed), as this would make the flow/salinity
relationships more straightforward.)  Whatever the base year, all analyses of average flow,
salinity, and vegetation should date consistently to that year.
2.  The MFL goal should be clearly stated.  Is it designed to maintain current conditions at RM
10.2 (the status quo) or improve conditions at 9.2 such that the floodplain community at that site
is similar to what now occurs at 10.2?  It cannot be to protect RM 9.2 from significant harm, as
stated in the document, since this is already occurring.  If there is a difference between
management goals and MFL targets, this should also be stated.  However, selecting an MFL at
the 99th percentile flow is not likely to meet the goal of protecting RM 10.2.  Managing for the
90th percentile might be more appropriate.
3.   The hydrodynamic model as it stands now is inadequate for providing accurate flow/salinity
relationships.  The model needs to be improved, or the relationships developed in Appendix D
(using SAS) should be used for this purpose.  Only relationships based on current salinity
conditions (after the gaps were closed) should be used, and there should be no attempt to use
historic salinities for this purpose.
4.  If it makes more sense to determine the MFL in terms of salinity than flow, the analysis of Ds
and Db should be done based on empirical observations of salinity at each site.

Other Comments:

1.  I assume it was a policy decision to limit this MFL to the Northwest Fork of the Loxahatchee.
The document is uneven in this regard, since so much information is presented on the other
tributaries.  However, it is informative and serves as an important reference for the whole
Estuary.

2.  Since there’s no control over the flows in the other creeks in the Northwest Fork (and since
they occur downstream of RM 9.2), maintaining the floodplain community at RM 9.2 may not
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help the entire estuary.  This means that it might be appropriate to add additional indicators in
locations further downstream.

3.  I applaud the District’s efforts to incorporate an adaptive management component in this
effort.  The proposed work on monitoring tributary/creek flows, the groundwater investigations,
continued salinity monitoring and vegetation sampling should all provide useful information that
can work to improve the MFL criteria.

4.  The document could benefit from some careful editing to reduce redundancies.

Specific comments:

p. 44 - Please clarify whether the information in Figure 10 (and the discussion of the figure) is a
presentation of allocation or actual water use.

p. 64 – What are the units for the contour lines?

p. 80 – I think the reference to Tables 15 and 16 is supposed to be Tables 16 and 17.

p. 87 – The statement that the model fits the estimates presented in Appendix D needs to be
reevaluated in light of the SAS-derived estimates.

p. 93 – Please add a sentence to #2 to give an indication that there’s considerable variability in
these proportions.

p. 115 – What is the reference point for the statement that major changes have occurred in
vegetation downstream of RM 9.2?

p. 135 – All 6 plants chosen are freshwater species, so the last bullet before the summary needs
to be modified.

The statement that a healthy floodplain community exists to RM 9.8 is not substantiated
by the observations, since there is no data and RM 9.7 shows fewer, smaller trees as compared to
RM 10.2

p. 142 – It would aid in the interpretation of Table 38 if somewhere in the document or Appendix
the locations where each of the parameters for each species is considered to be in decline were
identified.

p. 145 - Why don’t the criteria used in the top of Table 40 match the observations reported for
RM 10.2 in Tables 35 and 36.  The observations indicate that salinity at 10.2 was greater than 1
for 30 d every 1.6 y (or 5% of the time), greater than 2 for 22 d every 5.9 y (or 1% of the time),
and greater than 3 ppt for 13 d every 30 y (or 0.1% of the time), and the text states that the MFL
was set not to exceed 2 for more than 20 d every 6 y, in keeping with these observations.
However, the criteria developed in Table 40 are for salinities greater than 1 ppt for 40 d/y, 2 ppt
for 30 d/4 y and 3 ppt for 20 d/10y, which represent 10%, 2%, and 0.5% of the time, respectively.
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Presumably, this means that the flows reported in the table are greater than they should be if the
goal is to match the observed flow regime at RM 10.2.

p. 148 - Does the statement about providing flows comparable to historic rates represent a
management target as opposed to an MFL?  Which historic flows are meant here (given that
flows in 1971-1989 are considerably lower than subsequent flow).

p. 153 - Is the second management target meant to describe the situation at RM 9.2 or 9.7?  This
should be stated.

p. 155 - How might repairs to the Dam affect the calibration of flow? If there are major leaks
now, this could also affect flow/salinity relationships.

p. 160 - The information discussed here cannot be found in Table 5.

Appendix A had figures missing.

Appendix B: Isn’t this supposed to be a comparison of 2 interpretations of vegetation from 1940?
This is not clear.

Appendix C.  It is difficult to follow the analysis of Ds/Db presented in Table C-4 without the
information presented in Tables 30-32, 36, and 39.  The document would benefit if the
information presented for red maple in Table 39 was presented for all species in the Appendix.  

Appendix D
Appendix D describes the use of data from 1997 through 2000, yet some of the graphs

begin in 1994 and others begin in 1996.  It would probably be best to use the data from after the
gaps were closed, as this added 0.7 miles to the channel.

SAS analyses need to be performed for stations 66 and 67.
All the Excel graphs should be deleted, since we know there are errors in the way Excel

computes curve fits.
Table D-1 needs to be redone to reflect the appropriate dry season discharges derived

from the SAS fits.  The flow-averaging period that produces the best fit is probably the one to use
(this varies from 3-d for all data to 9-d for after the closure of the gaps, which is more evidence
that these relationships changed at that time).  Station 65 produced the best fit on the day of
observation, perhaps because it is closer to the Dam.

Once the graphs and Table D-1 have been updated, the text in this Appendix needs to be
changed accordingly.

Appendix E.
I only had black and white copies of the figures and so had a lot of difficulty interpreting

them.
I do not understand the paragraph on p. E-18 that describes Figures 12-15.
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Appendix H states that the salinity data set was estimated based on flow relationships developed
in Appendix D, but as far as I can tell these empirical relationships were not used.

Appendix N had figures missing.
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SFWMD Draft Response to Peer Review Comments of
Dr. Merryl Alber, Ph.D. for the

July 2002 Draft Loxahatchee River MFL Technical Documents

The following are initial draft peer review comments prepared by SFWMD staff. District
staff are reviewing these comments and are in the process of supplying additional
information requested by some panel members. As a result, some of these peer comments
and District responses may change after consideration of supplemental information. Final
peer review comments will be posted once they are received.

The following comments were submitted in support of the methods,
approach, and documentation of the proposed MFL:

• “…It is clear that the staff of the SFWMD has put a large amount of effort into the proposed
MFL, and this is in many ways an improvement over the previous draft document.  The report
does an excellent job of addressing the comments provided in 2001, the literature review is
improved, and the document is better organized.  I think the shift away from cypress as an
indicator is warranted, and the selected freshwater tree species provide a reasonable basis for
discerning differences in the health of the floodplain community along the salinity gradient…”

• “…This [the literature review] is much improved over the previous version, in particular
because there has been a clear effort to locate information on the salinity tolerances of
cypress…”

• “… The results of the vegetation survey show a clear gradient in the distribution of the 6
chosen indicator species in the floodplain community, and, although there is not technical
information in place on the salinity tolerances of the various trees over the course of their life
cycles, it serves as a useful starting point for the identification of healthy, stressed, and
significantly harmed locations along the Northwest Fork of the River.  Although these are
judgment calls, the selected locations are supported by the data in terms of observed changes
in the presence of the various species and by their measured characteristics (e.g. as we move
downstream, fewer VEC species are represented and those that are there are smaller, with
fewer seedlings and saplings)….”

• “…The Ds/Db ratio is extremely interesting and looks like a useful approach for
summarizing salinity data.  Perhaps it could be used to characterize field salinity observations
(e.g. between 1997 and 2000)….”

• “…I applaud the District’s efforts to incorporate an adaptive management component in this
effort.  The proposed work on monitoring tributary/creek flows, the groundwater
investigations, continued salinity monitoring and vegetation sampling should all provide useful
information that can work to improve the MFL criteria…”

The following comments summarize Dr. Alber’s concerns with
the draft document
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Page 1, 2nd paragraph: “…There are some fundamental problems associated with the
application and interpretation of the hydrodynamic model, and I do not think the document as it
now stands adequately supports the proposed MFL….”
Page 2, 4th Paragraph: The salinity data presented in Appendix D were used to calibrate the
hydrodynamic model, but the empirical relationships between salinity and flow were not used in
any way in this document.  I think these relationships are extremely useful (particularly those
derived for current conditions, after the gaps had been closed) and might be appropriate as either
a check on modeled salinity/flow relationships or as the basis for setting an MFL (see below).
The original relationships, which were computed using Excel, are presented in figures D3-D6.
These are very poor fits, and, in response to my comments on last year’s document, they have
been redone in SAS using variable flow-averaging periods (pages D11 – D22).  The SAS fits are
much improved over the ones done in Excel and could be very useful.  Curiously, the SAS
analysis is not referred to anywhere in the text, and SAS analyses were not performed for stations
66 and 67.

• District Response: We agree with the reviewer’s comment that the document needs to
include a section in the Appendix that discusses the empirical relationships generated by
Excel and SAS as presented in the report and how these relationships compare with the
hydrodynamic model output (also see the following responses below).

Page 3, 5th Paragraph: Although the 2-d model does an adequate job of matching long-term field
salinity trends, the figures in Appendix E suggest some real discrepancies between observed and
modeled salinity.  This is acknowledged in Appendix P (p. P-4), where it states that salinity in the
upper estuary is extremely sensitive to freshwater input and points out that the majority of the
freshwater input was estimated from ratios (which are quite variable in reality but are fixed in
the model).  I understand new surface flow stations are addressing this, but without this
information, and with another large estimate of inflow from groundwater (estimated as 40 cfs in
a system where 35 cfs from the Dam is being proposed as the MFL), predicted salinities in the
upper estuary are extremely suspect.  The model may be a useful tool for exploring different
management scenarios, but I am concerned about the over-reliance on model predictions of
salinity as the basis of the proposed MFL

• District Response: The reviewer was not supplied with color copies of the graphics
presented in Appendix P and therefore it was not clear that (a) the model tended to follow
the same pattern of daily salinity change as shown by the field data and (b) the model also
tends to more closely predict field data at the more upstream sites where the vegetation
communities of concern are located. Color copies of Appendix P have since been provided
to Dr. Alber for review.

 District staff also looked at flow ratios calculated from measured data obtained from the
Lainhart Dam and the other three tributaries under various average and low flow rainfall
periods and compared these values to those used in the model. In general, the flow ratios
used in the model were comparable to field measurements recorded during low  rainfall
periods, the period of time of most concern. For example, in the model the Lainhart Dam
represents 44% of the total flow delivered to the NW Fork during the dry season as
compared to inflows from the three other tributaries. Field measurements show this ratio
to be 45% for data collected from the 1980-81 drought dry season, 46% from the 1980-81
drought wet season, 40% from the 1989-90 drought dry season, and 56% from the 1989-
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90 drought wet season. Flow data is not available from Hobe Grove Ditch and Cypress
Creek after 1994 as these gages were damaged after a major storm and were not replaced.

 The estimate of groundwater flow was derived from a comparison of field data derived
from a 1983 USGS report and measured flow/salinity data collected from a dry period in
May 1999. The District recognizes that more groundwater data flow data would be
desirable to confirm the estimate used in the model, but the 40 cfs value currently
represents “best available data”. We have no evidence to suggest that overall regional
groundwater levels have changed within the basin since 1985, the period of time when the
river was first designated as a Wild & Scenic River, to affect this rate.

The hydrodynamic/salinity model currently represents the District’s best available tool for
determining the complex interactions between daily tributary inflows and daily tidal
fluctuations within the river, including variations resulting from the effects of lunar and
solar cycles (e.g. spring or neap tides) and “lags” in the movement of salinity up/down the
channel between tidal maxima.   

Page 4, 1st Paragraph: It is instructive to compare the flows/salinities predicted by the model
with those derived from the analysis presented in Appendix D: according to the model, the flow
required to maintain a high tide salinity of 2 at RM 8.6 is 54 cfs (obtained from Table 7 on p. E-
18), whereas an average bottom salinity of 2 ppt is correlated with a flow of 64 cfs (p. D21).  At
RM 7.7, the model flow is 89 cfs (again to maintain a salinity of 2).  This matches the Excel fit
quite well, but the prediction from the SAS relationship is approximately 140 cfs (p. D18).  This
suggests that the model may underestimate the flow required to maintain salinities at their target
levels and/or underestimate salinities at any point in the river, which would result in an
inaccurate MFL. If the intent is to link flow and salinity it would be more defensible (and simpler)
to stick with the empirical relationships derived in Appendix D.

• District Staff’s Response: The review has identified the need for District staff to conduct
additional analysis that compare model results with available field data. These additional
analysis are needed to give the reader greater assurance that the model results compare
favorably with observed data, and that use of the hydrodynamic/salinity model represents
the best tool available to establish flow/salinity relationships within the NW Fork of the
river. To that end, District staff will conduct additional analysis and provide language in
Appendix D and in the  results section of the report that compare modeled data versus
existing field information. This section of the document will also discuss the technical
reasons and rationale as to why the District selected the hydrodynamic/salinity model as
the best tool available for determining long-term flow salinity relationships.

A review of the data presented in Appendix D noted a number of discrepancies between
results provide by the SAS analysis and the results provided by the Excel analysis.  For
the reasons noted during the first peer review, we did not favor use of the Excel data.
However, when we examined the data produced by SAS, we also noted some significant
discrepancies. For example in the upper figure on page D-18, approximately 7 data points
in the range from 100 to 150 cfs are above the SAS-predicted curve and more than 30
data points lie below this curve. This suggests (to us) that the SAS relationship may be
over-predicting the amount of flow required for given level of salinity in this flow range.
This was one of several reasons, we decided not to use either of the statistical
relationships and use the model instead. That is why the new version of the document did
not include reference to either statistical approaches. Again, we agree the document needs
to provide a discussion comparing the empirical relationships presented in Appendix D as
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compared to the model output and why the model was chosen as the tool of choice for
this analysis.

Page 4, 2nd Paragraph: Even if the model were judged as the most appropriate tool for
predicting salinity at different locations in the river under different flow conditions, it makes no
sense to use a flow/salinity model calibrated with current data to predict 30 years worth of
salinity.  First, the document makes clear that there have been extensive changes in both the
watershed and the estuary over that time period, such as dredging in the estuary, changes in land
use resulting in changes in the amount of overland runoff and groundwater infiltration, and
closing the “gaps” (which added 0.7 miles to the river).  All of these changes could affect
flow/salinity relationships, making historic salinity predictions based on current relationships
less accurate.  At the very least, some of the model predictions could be compared to historic
salinity data (e.g. Appendix A describes studies by Chiu (1975), Hill (1977), Russell and
McPherson (1974), and Law Environmental (1991), all of which collected salinity information).

Page 4, 3rd Paragraph:  Second, even if it could be demonstrated that the model can in fact be
used to predict historic salinities, flow conditions have changed over the 30-year time period:
The G-92 structure was not constructed until 1974, its capacity was increased in 1986 and
additional culverts and operational criteria were added in 1987.  In fact, the document states that
flow over the Lainhart Dam averaged 52 cfs from 1977-1989 and increased to 86 cfs from 1990-
2001, and that the occurrence of flows below 35 cfs decreased from 34% of the time to 25% of the
time between the two time periods.  This means that salinities at given locations in the river were
very possibly greater before 1987 than they are today (this could be verified by comparing some
of the field observations).  Moreover, the reference point chosen by the SFWMD as the basis for
establishing an MFL is 1985.  It therefore does not make sense to look back to 1970.

All of the problems stated above mean that using a 30-year record to determine salinities
(and deriving statistics about the average amount of time salinities at different sites are greater
than a particular threshold) is not useful for understanding current conditions or setting MFLs.
That said, the Ds/Db ratio is extremely interesting and looks like a useful approach for
summarizing salinity data.  Perhaps it could be used to characterize field salinity observations
(e.g. between 1997 and 2000).

• District Staff’s Response: Some of the information provided in the document suggests
that watershed storage and drainage patterns have changed significantly within the basin
over the past 30 years. It is true that over the past 10 years significantly more flow has
been directed to the NW Fork via G-92 and the Lainhart Dam during normal and above
normal rainfall conditions. This is due to increased rainfall experienced over the past 10
years as well as improvements made to G-92 which can now direct more water from the
Loxahatchee Slough to the river (when it is available). However, our understanding of the
watershed indicates that overall storage within the basin has remained unchanged since
construction of C-18 in 1957-58. This means that during dry periods only a certain
amount of water can be stored in the basin due to its limited water storage capacity.  As a
result, the amount of water directed towards the NW Fork during dry periods in the
1990s, is comparable to dry season flows that were recorded during the 1970s and 1980s
which is precisely the problem that the MFL is trying to address. Because the basin has a
limited water storage capacity, dry season flows delivered to the river have not changed
significantly over time. Therefore, we believe it was reasonable to use current
flow/salinity data relationships to predict past salinity events. Table 1 provides a
summary of these relationships based on flow/duration curves developed for Lainhart
Dam data from different time periods. As shown in Table 1 the amount of flow directed
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towards the river during high and normal rainfall periods (10th, 25th and 50th percentiles)
has increased between 1985-1989 and 1990-2001, however the amount of water available
for delivery to the river during low rainfall or drought periods (75th & 90th percentiles)
has not increased much between 1985-1989 and the 1990-2001.

Table 1.  Percent of time flows were equaled or exceeded  at the Lainhart Dam
Percent time of Lainhart Dam flows were equal to or exceeded

(values reported in cfs)
Period of record 10% 25% 50% 75% 90%
1971-2001 all data 173 105 60 29 14
1971-1984 120 90 51 25 14
1985 - 1989 116 90 59 31 16
1990-2001 226 152 82 35 14
* Data obtained from Flow duration curves

The primary purpose for developing a 30 year salinity history for the river was two fold.
First it was necessary to provide a means for representing historical salinity conditions
that have impacted the river over time. Secondly we needed  a 30 year salinity record to
capture the interannual variability of rainfall patterns that have occurred within the basin
to help determine a return frequency for the occurrence of natural low flow periods that
could be incorporated into the MFL criteria.

As you point out, we are implementing an adaptive assessment approach to our future
research and monitoring efforts.  Our ongoing flow/salinity monitoring program with the
USGS has been enhanced through the placement of additional continuous flow and
salinity monitoring stations.  These additional data will help to address a number of the
technical uncertainties associated with the model predictions.  These new data should
indicate the degree to which our proposed MFL will achieve the desired salinity
conditions.  If monitoring results show that the proposed flows are not sufficient, they
will be subsequently modified as needed to protect the resource from significant harm. As
stated in the our MFL Recovery Plan, a number of major projects are underway to
provide more flow to the river – to achieve a sustained flow of 35 cfs or greater by 2006
and a flow of 65 cfs or greater by 2018.

Page 2, 2nd Paragraph: The historical flow data is presented as a very long table in Appendix D,
without comment.  One concern I have is whether these data were all corrected, based on the
recalibration that occurred recently (this goes for Tables 23 and 24 and Figure 20 in the text as
well).  Although I understand that flows at G-92 are correlated with those over the Dam, they’re
not the same, are they?  If they are, this should be stated.  If not, the document would benefit from
a presentation similar to that in Figure 19 of flow over the Dam since that is what is being
regulated.  Table 24 and Figure 20 are useful, but it would be instructive to see some summary
data (e.g. different percentile flows) for the period from the reference year (1985, if that is
selected) to the present.

• District Staff’s Response: We have presented an analysis of the flow data from Lainhart
Dam in Appendix H, but as you have pointed out, we have not included a discussion of
source, re-calibration history, etc.  In addition, we agree with the reviewer that a historical
analysis and re-calibration history should be clearly presented in the main body of the
report.  We will also include a clear explanation of how G-92 and Lainhart Dam flows are
linked together, but are not the same.  This oversight will be corrected in the final draft of
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the technical document.  The suggestion that a figure for Lainhart Dam flows, similar to
Figure 19 for the G-92 structure, is well taken.

Page 1, 3rd Paragraph: This [literature review section] is much improved over the previous
version, in particular because there has been a clear effort to locate information on the salinity
tolerances of cypress.  However, the document would benefit from more information on the life
history characteristics, functional roles, and salinity tolerances of the 6 chosen indicator species.

• District Staff’s Response: Comments noted.

Page 2, 1st Paragraph: I’m not sure this is actually an application of the VEC approach.  There
is a complete list of resource functions and services provided in the document, but they are not
tied very well to the floodplain swamp community.  Instead, the trees that were identified are
useful as indicators, rather than particularly “valued.”  The document indicates that these
species were chosen because they occupy different ecological niches and have different functional
roles, but this is not well documented.  The species chosen are all relatively long-lived, and it
seems like including some herbaceous species with shorter life spans is perhaps worth
considering as they might provide faster response times and a better cross-section of the
community.

• District Staff’s Response: The group of species identified as indicators collectively form
part of a “valued ecosystem component”, namely the freshwater forest canopy.  These
species are part of a multi-level high forest canopy that provides a specialized habitat
upon which many species depend.  A description of the function of this forest component
can be found in Appendix C, page C-20.  It is this group of six floodplain forest species
that is the target VEC, rather than a single indicator species as is often the case.  We can
try to clarify that concept in the final draft of the document, as it may not be sufficiently
clear as written in this section.

Because we were trying to relate long-term salinity conditions to impacts to the
freshwater community, long-lived species were selected.  This reflects our commitment
to determining the potential deleterious effects of chronic exposure that may not show up
until long after the effects of acute exposure have passed.  Available studies of shorter-
lived species and short-term response times (acute exposure effects) are presented in the
literature review section.  However, the suggestion that there is value in also considering
the response of shorter-lived species with faster response times is well taken and we are
moving towards identifying those candidates through a contract with a consultant.  We
realize that understanding both the short term and long-term impacts of salinity exposure
to the freshwater community are important.  A discussion of short-term versus long-term
exposure (i.e. chronic versus acute) can be found in Appendix C, page C-18.  We can
further address this issue in the final draft of the technical document.

Page 2, 3rd Paragraph: The salinity data presented in the document are interesting.  One
suggestion is to recalculate the information in the Wild and Scenic segment of the river without
station 63 to determine if average salinities have in fact increased over the past decade (as
referred to on p. 102).  This is an important point: elsewhere in the document the data suggest
that flow has increased over the past decade and it would be very useful to know whether this
change in flow has resulted in a measurable change in salinity or whether increased flow over the
Dam has been offset by other changes in the watershed.
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• District Staff’s Response: Comments noted; we will provide a description of the SAS
analysis and show how these results compare to the modeled output.

Page 2, 5th Paragraph: This was a straightforward, complete analysis of vegetation types in the
estuary over time.  However, I find it worrisome that no major changes in vegetation cover were
observed between 1985 and 1995.  The footnote in table B-4 indicates that vegetation in a
segment of the river below Trapper Nelson’s was estimated from 1995 photographs.  Could this
substitution have perhaps led to the erroneous conclusion that things did not change in this area?
Given the improvements in G-92 and the resultant increase in flow that occurred in 1989, was
there a concurrent decrease in salinity (as mentioned above)?  If there were an increase in
salinity, wouldn’t we expect to see a downstream shift in the indicator community?  Perhaps this
is the explanation for the field observations reported on p. 132 that suggests the location of the
stressed area has moved downstream between 1985 and 1995?  This needs to be explored.  If
there has been increased flow and decreased salinity, which in turn has led to a shift in tree
distribution, that would be good evidence that the indicators are in fact appropriate.  It might
also mean, however, that the choice of 1985 as a reference year would result in managing
towards a situation with less freshwater inflow than occurs now.  Finally, when evaluating shifts
in vegetation it is worth keeping in mind that there are other factors that could account for
changes in vegetation besides changes in hydrology.

• District Staff’s Response: The referenced footnote in Table B-4 should have read “…a
segment of the river upstream of Trapper Nelson’s were estimated…”.  As written, it
could be confused with indicating an area downstream of Trapper Nelson’s, which is not
the case.  Because the areas upstream of Trapper Nelson’s have remained essentially
unchanged from historical conditions (e.g. 1940 reference aerial photo), this estimate is
not particularly relevant to documenting change on the NW Fork relative to salinity
exposure.  Hence, our comparison of 1985 and 1995 aerial photos remains complete for
the areas of interest (i.e. the NW Fork downstream of Trapper Nelson’s).

It was noted although perhaps not clearly in this section of the document, that even
though flows to the NW Fork have increased with the improvements to G-92, the
duration of low flow events has not significantly changed (see Table 24).  It is during
these periods that potential damage to the freshwater community can result from salinity
intrusion.  So, even though flows have improved, the benefit is mostly during average
and high flow times.

The discrepancy between the location of the “stressed” area mentioned in the 1984 EIS
and the District’s vegetation survey in 2002 may be attributed to the fact that the location
of the transition zone in the EIS was based upon qualitative, subjective, visual accounts.
The location of the transition zone from “healthy” to “stressed” communities in the 2002
vegetation survey was founded on measured field data.  Because the location of the
beginning of the stressed zone in the EIS was not founded on measured field data, it is
not possible to re-survey field sites for comparison of 1985 and 2002 time frames.
Hence, comparison between the two remains more of a presentation of what is known to
have been recorded in past documents with what has been found in current studies.

In order to address the possibility that other factors may be involved in the observed
changes in vegetation along the NW Fork, a discussion was included in Appendix C,
page C-17.
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Page 3, 3rd Paragraph: The results of the vegetation survey show a clear gradient in the
distribution of the 6 chosen indicator species in the floodplain community, and, although there is
not technical information in place on the salinity tolerances of the various trees over the course
of their life cycles, it serves as a useful starting point for the identification of healthy, stressed,
and significantly harmed locations along the Northwest Fork of the River.  Although these are
judgment calls, the selected locations are supported by the data in terms of observed changes in
the presence of the various species and by their measured characteristics (e.g. as we move
downstream, fewer VEC species are represented and those that are there are smaller, with fewer
seedlings and saplings).  Given the fact that these trees used to occur further downstream, it is
probable that salinity is an important factor that controls their distribution.  One point to note is
that the trends do not level off (e.g. as we move up to RM 10.6, trees are more abundant, larger,
and have more seedlings and saplings).  One wonders if another station further up-river would
yield even more, in which case the selection of a representative healthy site might need to be re-
visited.

• District Staff’s Response: The observation that some of the vegetation trends did not
“level off” is noted.  Above the Trapper Nelson site (approximately river mile 10.6), the
river’s character changes significantly.  The river narrows substantially, becoming more
stream-like, and is entirely covered by the forest canopy.   Downstream of Trapper
Nelson’s, the channel widens and the river distinctly splits the forest canopy, resulting in
a shoreline vegetation ecotone that is not found upstream.  All vegetation surveys were
conducted in this area.  For this reason, a comparison of vegetation data from sites
upstream of Trapper Nelson’s with sites downstream of there would not be consistent or
recommended.

Page 3, 4th Paragraph: The observation that chloride shows a better gradient along the river
than soil salinity is most likely due the fact that salinity has a much smaller dynamic range (it is
constrained between 0 and 36).  This makes it a less sensitive measurement, but I do not agree
with the interpretation that this suggests salinity is not retained in the soil.

• District Staff’s Response: Comment noted.

Page 4, 5th Paragraph: The MFL was chosen based on the model-predicted salinities at the
locations identified in the vegetation surveys as healthy, stressed, and significantly harmed.  To
begin with, the goal of the MFL is not clear: if RM 9.2 has already been identified as an area that
is experiencing significant harm (over what time frame?), then it makes no sense that the flow
target has been chosen to prevent significant harm from occurring there (as stated on p. v and p.
149).  The time frame is also not clear.  On p. C-16 it suggests that long-term average salinity
conditions since 1970 have led to the decline in freshwater vegetation, yet the analysis in Chapter
5 suggests that using those long-term averages is an appropriate basis for protecting the
resource from further harm.  Once the baseline condition gets sorted out (is it 1985? and has
flow, salinity, or floodplain changed since that time?), this needs to be revisited.

• District Staff’s Response. Examination of historic aerial photography data indicated that
hydrologic conditions from 1940 to 1985 has led to a decline in condition of the
freshwater community, The condition of the resource in 1985 (when the river was
designated as a Wild & Scenic River) was a reflection of this past salinity history.
Changes that have occurred since that time have increased flow to the river during normal
and high rainfall periods, but have not significantly improved these vegetation
communities. We contend that improvements in these communities has not occurred
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because the river continues to experience periods of low or zero flow (see Table 1 above
and Table 24 in the document) that are allowing salt water to penetrate upstream with
about the same frequency as occurred historically, and that these events are preventing
recovery. We are proposing, through the MFL, to greatly reduce the number of events
that result in zero or low flow periods.

In addition, the goal of the MFL is to protect the identified resource from significant
harm. The salinity regime identified at river mile 10.2 appears to support a healthy
freshwater floodplain swamp, so that regime was applied as the maximum allowable
salinity at river mile 9.2 where there still exists a remnant freshwater swamp.  Hence, the
proposed MFL not only protects the remaining intact community found at river mile 10.2,
but also allows some recovery of remnant freshwater communities upstream of river mile
9.2.

Page 5, 2nd Paragraph: If current vegetation at RM 10.2 is deemed healthy and the MFL goal is
to protect it from harm, then what is required is to provide as much flow to RM 10.2 as it
currently gets (i.e. the status quo).  If this is the case, it would be much more straightforward to
analyze the flow record over an appropriate period (e.g. since 1985, or perhaps since G-92 was
improved or since the gaps were closed) and determine average flow (or a particular percentile
flow, or the proportion of time that flow falls below a particular percentile).  Interestingly, the
report states that average flow over the Dam was 70 cfs from 1971-2001 (p. 160).  In
comparison, the model results presented in Table 40 suggest that 50 cfs is required to maintain
average historic salinities of <0.15 at RM 10.2  This again suggests that the model is
underestimating flow.

• District Staff’s Response: Average flows recorded for the river shown in Table 23
includes periods of high flow (> 1,000 cfs) as well as long periods of low or zero flow.
The latter are of special concern.  Under current conditions, an average flow of 70 cfs
may include periods of zero flow and may not protect the resource, whereas a lower
average flow of 50 cfs, with a minimum flow of not less than 35 cfs, for 20 days duration,
occurring no more often than once every 6 years would better protect the resource against
salt water intrusion (significant harm).

• 
Page 5, 3rd Paragraph: If the MFL goal is to provide enough freshwater so that the salinity
regime currently experienced at RM 10.2 can be reproduced at a downstream location (e.g. RM
9.7 or 9.2), then it becomes necessary to understand the relationship between flow and salinity,
and this is where the model comes in.  However, even if the model was appropriate and could be
used to predict salinities at these river locations, I find the logic here extremely convoluted.  What
is essentially happening is that a) the model begins with a relationship between salinity and flow,
b) historic flow data are used to predict historic salinity, c) historic salinity data are used to
determine Ds and Db, d) Ds and Db are related back to flow, when all that is really needed is the
relationship between salinity and flow.

• District Staff’s Response: The goal of the MFL is to protect the resource from
significant harm and providing sufficient freshwater flow is one means of doing so.  In
addition to understanding the relationship between flow and salinity, it is also important
to understand the relationship between salinity and harm to the resource. Because of a
lack of suitable long-term salinity data for multiple sites along the NW Fork, a model was
used to generate a long-term salinity daily time series that would provide reasonable
estimates of the long-term salinity history at upstream locations.  Ds and Db, a summary
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of this generated salinity time series, was used to relate changes to freshwater vegetation
(the identified resource to be protected) with salinity. This analysis was carried out by
request of the 2001 Peer Review Panel’s recommendations.

Page 5, 4th Paragraph: Moreover, when I followed the data in order to do a “reality check” on
the model, things did not add up: Table 24 reports that flows of less than 35 cfs at the occurred
25% of the time at the Lainhart Dam between 1990 and 2001, and 35% of the time between 1971
and 1989 (for an average event duration of 15 or 24 d with a return frequency of approximately 2
mo).  In Table 37 the model predicts that a flow of 35 cfs will result in a salinity of 2 ppt at RM
9.2 (the basis of the proposed MFL standard), and in Tables 35 and 36 we see that model-
predicted salinities of 2 ppt occurred on average for 46 d every 6.8 mo., or 18% of the time at RM
9.2.  I recognize that there is a response time built into the model and that we cannot expect a 1:1
correlation between flow and salinity, but these estimates of Ds (46 d), Db (6.8 mo), and % time
over the threshold (18%) are very different than the flow observations (15-24 d, 2 mo, and 25-
35%, respectively).  Likewise, flows of 10 cfs occurred 7% of the time in the data presented for
the dam (an average of 19 d every 9 mo).  However, at 10 cfs the model predicts a salinity of 2
ppt at RM 10.2, which is estimated to have occurred only 1% of the time (an average of 22 d
every 6 y, which is also used in the proposed MFL).  Either I’ve misinterpreted these results or
the model does a very poor job of estimating these parameters and should not be used to select an
MFL.

• District Staff’s Response: Your questions and concerns have required the District to take
a much closer look at the details of how modeled data (daily and long-term modeling
results) compare with actual measured salinity data during the calibration and verification
periods.  We were aware of potential discrepancies between the measured data and
modeled data but felt, on the whole, that the model was providing a reasonable picture of
long-term flow/salinity conditions in the river. Furthermore, because the actual record of
measured data was so sporadic in time and location, use of the model was preferred, since
it could be used to generate a continuous picture of conditions in the river at any desired
location over a 30 years period.

Our first step in this analysis was to look at salinity conditions for water quality station
#66 as represented in Figure 21 on page E-42 in the appendices.  This graphic provides a
comparison between modeled versus actual measured salinity conditions in the river from
May to June 1999 (at the end of the dry season) at water quality station #66, which is
located at river mile 9.4, within the area that has experienced “significant harm” based on
our vegetation analysis.

Actual flow data from Lainhart Dam for May to June 1999 are provided in the table on
page D-52, column 3.  Flow across Lainhart Dam during this period was at or below 10
cfs during most of the month of May and the first four days of June.  Flow then increased
rapidly to 135 cfs by June 13 and remained high for the rest of the month.  Actual salinity
data (red line on Figure 21 in Appendix E) were measured sporadically during this
period. Salinities were in the range from 5-7 ppt during the early part of the month but
then declined from May 10 (about 240 hrs) to May 25 (600 hrs), at which point there is a
break in the record. The period from 840 to 930 hours represents the period from June 4
to June 12.  During this time, measured bottom salinities decline from 5 ppt to zero
within one day while the modeled salinity data show a steady decline to zero over a four
day period. Figure 21 also shows the long-term salinity record (solid dark line) indicating
a lag time of about four days and then a decline to zero over about a period of about 5
days.
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Daily salinity values produced by the model showed variations in that generally reflect
freshwater flow from Lainhart Dam along with solar/lunar tidal cycles etc. Predicted
salinities at station # 66 during the low-flow period in May and early June ranged from a
minimum low tide low salinity of about 1 ppt (near 600 hours) to a maximum high tide
high salinity of about  13 ppt (at about 48 hours).

By contrast, results of the long-term model, agrees with the almost constant discharge
from the Lainhart Dam, showing a 33 day period from about 75 hours to about 900 hours
when salinities were above 5 ppt. The long term model shows a 4-5 day lag when salinity
conditions change in the system, which is a function of how this aspect of the model
works (see the note on page E-16)

Another comparison between modeled and measured data is provided by examining the
salinity vs. discharge relationship graph in Figure D-6 on page D-7 for station #66 and
looking at the extreme left hand side of this graph at the distribution of salinity values for
flows of zero to 5 cfs.  Under these low flow conditions, salinities ranged from 0.5 to
about 9.8 ppt.  Without doing a formal calculation, we counted approximately 11 data
points above 5 ppt and 23 or so in the range from 2 to 5 ppt.  It appears as though the
median salinity for zero discharge is somewhere between 4 and 5 ppt.

Overall, results of these comparisons indicate that, in the short-term, the salinity model
provides estimates of salinity that are within the same range as field measurements.
Differences appear to occur when some undocumented input of freshwater  (such as local
rainfall) is occurring that results in a lower than estimated salinity value. Such an event
may have occurred between 300 and 600 hours  (Figure 21, page E-42).  The long-term
model, which estimates a daily average and does not specifically account for lunar and
solar cycles (see page E-16 and graphic example in Figure 19), but does include their
values implicitly in determining an overall long-term average salinity regime.  The long-
term model has a smoothing effect on the data.  In the example shown in Figure 21, at
very low flows, the result was “constant” estimated salinity of about 5-6 ppt that is very
close to the median of observed data,  which was on the order of 4-5 ppt.

A more variable data record, at station 65 (river mile 8.6) is shown in Figure 20 on page
E-4.  This graph indicates that there are periods when the long term model appears to
overestimate the salinity (e.g. 2800 to 4000 hours) and periods when it underestimates
(1200 to 2400 hours). It should be noted that the “actual” salinity record during the period
from 1600 to 1700 hours, ranging from 10 to 16 ppt, may be in error due equipment
malfunction or transcription errors. Examination of actual flow data from the month of
March (page D-52, second column) indicates that flows throughout that month were
generally in the range from 30 to 50 cfs, with the exception of a four day period from
March 5-8 when flows declined to 25 cfs.

If we look at the SAS relationship on page D-21 (upper graph) a flow of 25 cfs could be
expected to produce a bottom salinity of about 7.5 ppt , with a range, from 0 to 13 ppt.
By looking at Figure 19, we can see that this time period corresponds to a neap tide, and
so the short-term model predicts a relatively lower salinity value (due to weaker tides), on
the order of 1-2 ppt  (on Figure 20) and the long-term model predicts a salinity in the
range of  3 ppt.

The consensus based on this type of analysis was that the calibration and verification in
1999 were relatively good.  However, it was apparent that each of the approaches has
distinct limitations and potential sources of error or bias.  The decision to use the model,
as opposed to using either of the statistical relationships was based on a) the model could
be used to provide a continuous set of daily, weekly, monthly values over a designated
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time period, that provided some consideration of known forces, such as tides, that
influence salinity conditions; b) The model provided us with a better ability to interpolate
and extrapolate to locations throughout the river, beyond the model boundaries and
existing data sets, and in areas where available data were very limited (e.g. station 67) or
non-existent; and c) the model provided a better basis for comparison of current
conditions with hypothetical future conditions.

Based on consideration of how the model analyzes and interprets flow data, and the
apparent discrepancies between field-measured salinities and flow across Lainhart Dam
(as evidenced for example in the amount of “scatter” that exists in the graphs on pages D-
6 and D-7 and pages D-15 to D-22), it is not surprising that the frequency distribution of
low-flow events over Lainhart Dam presented in Table 24 on Page 98 does not match
well with the frequency distribution of salinity events derived from the long-term model,
as shown in Tables 34- 36 on pages 138 and 139.  The fact that under current (1990 to
2001) conditions, flows drop below 35 cfs for 15 days every two months (table 24) may
not be comparable to the prediction that salinities will exceed 2ppt for 46 days every 6. 8
months at station 9.2, since it simply represents a three-times longer time span over
which the data were aggregated (6 months vs 2 months).

Differences also occur due to the built-in response time of the model to changes in flow,
which are gradual and may not reflect actual conditions that occur in the field. Finally,
the model may predict that lower salinities will occur in the upper reaches of the river
because relatively small amounts of tributary and groundwater inflow at the upstream end
have a greater effect in the narrow channel of the river at those locations than they have
in areas further downstream where the rivers widens.

Regarding the apparent differences among values based on the long-term salinity
modeling effort in Tables 35, 36 and 37 with statistics based on measured flow records in
Table 24.  Because we have relatively good daily flow data, we can probably more
accurately characterize the duration and magnitude of flow conditions much more
precisely than we can characterize salinity.  Not only do we have limited, incomplete and
perhaps suspect salinity data to provide a basis for calibration and verification , the
available data show wide ranges of variation for given flow values.  The model was
chosen because it provides a more or less consistent estimate of salinity and can account
for some of the known sources of variability in the data (tidal cycles).  However, we
recognize that it may not provide a very accurate representation of conditions in the river
at any particular point in time.  We are assuming that these are largely randomized errors
that will average out over a long  period of record.  We also recognize that the use of a
long period of record increases the chances that we may be incorporating systematic
errors that you noted in your comments, due to structural or management changes in the
system that have affected the basic flow relationships, and may bias our long-term flow
and salinity estimates at particular stations.  We felt that this type of error was less
important than being able to estimate how the system would perform under a wider range
of hydrologic conditions that better represent the inter-annual patterns and cycles of flood
and drought that occur in South Florida.

Page 5, 5th Paragraph: I would suggest either working with the empirical relationships derived
in Appendix D that relate flow to salinity or improving the model so that it does a better job of
reproducing observed salinities.  In either case, it seems like the historic salinity information is
not relevant and the MFL can be set based on the current salinity regimes (e.g. it would be
possible to determine what flows would be necessary to change salinity conditions at RM 9.2
such that they mimic what is currently observed at RM 10.2).
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• District Staff’s Response: We have addressed this issue earlier in our response.

Page 5, 6th Paragraph: Finally, I’m not sure I understand why the emphasis is on 2 ppt.  If these
salinities are thought to occur very rarely (e.g. the 99th percentile), then flows could theoretically
be maintained at the 98th percentile without violating the MFL.  However, maintaining a salinity
of 1.9 at RM 9.2 would surely cause damage to the vegetation even further upstream in the River.
Is the target actually to maintain average flows such that average salinity at RM 9.2 will be what
is currently experienced at RM 10.2?

District Staff’s Response: Page 5, 6th paragraph.

• As  shown in Figure 20 on page 99 for discharges from 1970 – 2001,  the 2 ppt represents
one point on a flow-frequency plot of overall river discharge. The actual flows from the
dam will cover a range such as shown in the plot, wherein  2 ppt  (35 cfs was exceeded
about 70% of the time, the median flow was 65 cfs, flows of 200 cfs were exceeded 7%
of the time etc.  More recent data (see table 1 above) indicate that overall median (82 cfs)
and high flows to the river have improved substantially, but the frequency of low flow
events remains high (flows less than 35 cfs still occur 25% of the time).  The intent is to
shift this flow curve to a higher level, by reducing the frequency of flow events below 35
cfs to less than 1% but keeping the higher end flow events comparable to historic
conditions.

Conclusion

Thank you for your insightful comments on this process. You have made us aware of many
implicit assumptions that we have taken for granted by choosing to use the modeling approach
and that, if left unresolved could ultimately reduce our ability to adequately protect this unique
and valuable river.  As you may be aware, we are in the process of upgrading this model to a 3-
dimensional version and are collecting extensive synoptic flow and salinity data throughout this
basin that we feel will provide the necessary information to address these issues in greater detail.

The MFL proposed in the draft document is intended to be an interim management target based
on best available data. We envision the establishment of MFLs for the Loxahatchee River as an
iterative process.  Projects are already underway to meet the proposed flow of 35 cfs 94% of the
time by 2006 and continue beyond that value to provide flows of 65 cfs 99% of the time by 2018.
Studies are also underway to examine opportunities to enhance flows from other tributaries –
Cypress Creek, Hobe Groves Ditch and Kitching Creek.  The SFWMD is initiating studies with
FDEP and other agencies to define overall restoration goals for the river that will not only include
minimum flow criteria for the river but will also address needs for sustained average flows and
periodic high flow periods that are needed to maintain a healthy river and floodplain and
downstream estuary.  It is anticipated that once the restoration goals for the river have been
established in terms of desired flow and ecological conditions, that the MFL criteria will also
have to be revised in order to be consistent with protection of the restored ecosystem from
significant harm.
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Received from Rim Bishop on July 23, 2002
Would you see that the following comments are forwarded to the appropriate SFWMD
staff member please?

1. Page 1, third line from bottom - The probably should be something between "River
and" and "occur."
2. Page 12, paragraph one under Pre-Development Hydrology - The word "conditions" is
misspelled.
3. Page 13, paragraph 2, second to last line - "if" should be "of."
4. Page 32, second to last paragraph - To which wellfields was water diverted?  How
much, and how often was it taken? Why report Lox River District flow at gallons per
hour, why not gallons per day?
5. Page 34, last paragraph - The opening sentence makes it sound like the C-14 feeds the
Lox Slough.  To the best of our knowledge, it does not.
6. Page 44, second to last paragraph - More detail, e.g. specific user allocations, should
be provided.
7. Page 56 - "Wellfield Pumping" section - Shouldn't there be something after the last
word of this section?
8. Page 61, table 13 - Use periods consistently within the table.
9. Figure 14 - It is difficult to understand why the watershed is deemed to include areas
east of Military Trail and south of Indiantown Road.
10. Page 64 - Given the limited permeability of soils beneath the C-18, the "potential
influence" should be discussed in greater detail.  In fact, there is very little if any such
potential.
11. Page 66, first paragraph - The word "available" is misspelled.
12. Page 95, paragraph beginning "Figure F-4" - "is located" should have a space
between the words, and the word "Fork" should probably follow "Northwest."
13. Page 104 - There is no appendix "O" or "I", and we would very much like to review
these before the report is finalized.
14. Page 107, first paragraph - My recollection is that the Northern Palm Beach County
Water Resource Plan had done a more complete job of quantifying these impacts than
this section implies.
15. Page 162 - Seacoast renews its concern, expressed in comments offered earlier to
SFWMD, that the concept of "indirect withdrawal" is not technologically defensible and
allows SFWMD far too much discretion.

We hope that you find these comments useful, and we look forward to reviewing a
subsequent draft prior to adoption.

Thank you.

Rim Bishop
Seacoast Utility Authority
4200 Hood Road
Palm Beach Gardens, FL  33410



Received from Rim Bishop on July 25, 2002
We are pleased to help with the editorial aspects of the report, but we respectfully note
that in the past, our spelling and punctuation comments were the only ones that appear to
have been incorporated in subsequent drafts.  We believe that there is a very important
and clearly unintended factual misrepresentation in this draft that must be addressed.

I am sending the same comments again to draw your attention to comment no. 9 below,
and to strongly suggest that the Loxahatchee River watershed boundaries established in
this draft are simply wrong.  Unless a reasonable scientific case can be made for
including areas south of Indiantown Road and east of Military Trail, those areas, at
minimum, should be excluded.

Rainfall in this area does not, can not, and, under the plans of which we are aware, will
not find its way to a point upstream of the Loxahatchee River salt water interface.  It all
goes to tide well downstream of that point, and I'm reasonably certain that at least as
much flows south (away from the estuary) as flows north.  Accordingly, the area simply
can not contribute any storm water to the restoration program, and it therefore is not part
of the watershed.

Further, one can not scientifically link ground water withdrawals originating south of
Indiantown Road and east of Military Trail to the Loxahatchee River watershed.  It seems
that doing so would require evidence that ground water withdrawn from this area would
otherwise make its way to a point in the river upstream of the salt water interface, and
that simply is not the case.  Accordingly, since the area has no identifiable hydraulic
connection to the Loxahatchee River, it should not be part of the watershed.

Please either provide scientific support for including this area in the watershed or revise
the report to exclude it.  This is a relatively small item, and correcting the report as noted
takes nothing away from the central message.

We look forward to your response.  Thank you again for the opportunity to comment.

Would you see that the following comments are forwarded to the appropriate SFWMD
staff member please?

1. Page 1, third line from bottom - The probably should be something between "River
and" and "occur."
2. Page 12, paragraph one under Pre-Development Hydrology - The word "conditions" is
misspelled.
3. Page 13, paragraph 2, second to last line - "if" should be "of."
4. Page 32, second to last paragraph - To which wellfields was water diverted?  How
much, and how often was it taken? Why report Lox River District flow at gallons per
hour, why not gallons per day?
5. Page 34, last paragraph - The opening sentence makes it sound like the C-14 feeds the
Lox Slough.  To the best of our knowledge, it does not.



6. Page 44, second to last paragraph - More detail, e.g. specific user allocations, should
be provided.
7. Page 56 - "Wellfield Pumping" section - Shouldn't there be something after the last
word of this section?
8. Page 61, table 13 - Use periods consistently within the table.
9. Figure 14 - It is difficult to understand why the watershed is deemed to include areas
east of Military Trail and south of Indiantown Road.
10. Page 64 - Given the limited permeability of soils beneath the C-18, the "potential
influence" should be discussed in greater detail.  In fact, there is very little if any such
potential.
11. Page 66, first paragraph - The word "available" is misspelled.
12. Page 95, paragraph beginning "Figure F-4" - "is located" should have a space
between the words, and the word "Fork" should probably follow "Northwest."
13. Page 104 - There is no appendix "O" or "I", and we would very much like to review
these before the report is finalized.
14. Page 107, first paragraph - My recollection is that the Northern Palm Beach County
Water Resource Plan had done a more complete job of quantifying these impacts than
this section implies.
15. Page 162 - Seacoast renews its concern, expressed in comments offered earlier to
SFWMD, that the concept of "indirect withdrawal" is not technologically defensible and
allows SFWMD far too much discretion.

We hope that you find these comments useful, and we look forward to reviewing a
subsequent draft prior to adoption.

Thank you.

Rim Bishop
Seacoast Utility Authority
4200 Hood Road
Palm Beach Gardens, FL  33410



























Received from Rim Bishop on August 5, 2002
John,

Here are some preliminary comments on Exhibit O.  I have handwritten markups as well
that I will mail you this week.

For emphasis, I note that the demand figures noted for Seacoast are simply wrong,
consistently higher by far than the actual records on file with SFWMD indicate.  We have
attempted to correct them where we can, and we are anxious to assist SFWMD staff in
finding ways to incorporate our input.

Thank you so much for the opportunity to participate in this most important process.  We
deeply appreciate your responsiveness to date, and we look forward to reviewing a
subsequent draft.  Please do not hesitate to call if any of the comments are unclear.



Received from Rim Bishop on August 5, 2002

Seacoast Utility Authority comments to draft Exhibit “O” to the draft Technical
Documentation to Support Development of Minimum Flows and Levels for the
Loxahatchee River and Estuary

OVERVIEW

Appendix O gives no indication of having accounted for some 15 million gallons per day
of reclaimed water that is currently applied within the watershed during the driest of
weather, nor the fact that this volume is likely to double within the next 15 years.  The
point about how dramatically water consumption will increase is clearly made however.
Our recommendation would be to adjust both the editorial and numerical content of the
report accordingly.  SFWMD has all the data, but in case it has been misplaced, Seacoast
will resubmit its figures if necessary.  To do this, one might start with figures currently
being compiled for the SFWMD Northern Palm Beach County Reclaimed Water Master
Plan.

The author should make certain that all references and figures in this appendix are
confined to the Loxahatchee River watershed and to surface water or surficial aquifer
supplies.  Including demands that will be met from the Floridan aquifer or overstating
surficial aquifer demands, if that is what has been done, is misleading.  For example, the
Hood Road wellfield is the only Seacoast water supply source located within the area
identified as the watershed, but some of the reported flow figures appear to include water
from other Seacoast wellfields.  Conversely, the report appears to identify the West Palm
Beach Water Catchment area as lying within the watershed; are the City’s water supply
demands included as well?  If not, this inconsistency should be remedied.

SFWMD taxpayers can take heart in the agency’s very conservative approach to water
resource planning.  This draft continues the tradition of inadvertently (but consistently)
overstating Seacoast’s consumptive use demands.  Be assured that when the day comes
that SFWMD errs on the low side, we will offer corrections with equal enthusiasm and
vigor.  We hope that you will review and incorporate the figures that we have revised,
and we are prepared to offer supporting documentation should you require it.

Finally, we renew our objection to including any lands east of Military Trail and south of
Indiantown Road within the Loxahatchee River watershed.  Except as confined by the
law of conservation of matter and the fact that water molecules found in both areas
contain both hydrogen and oxygen (which characteristics similarly apply to the polar ice
caps), there is no connection.  We have explained this perspective earlier and are anxious
to meet with SFWMD staff if after further consideration, they disagree.



PAGE O-1

First Paragraph – Is the West Palm Beach Water Catchment area in the defined
watershed?  If so, the City’s water demands should be included.

There should be a comma after the word “Watershed” in line three.

Second Paragraph – The 1995 demands outlined may have been LEC planning figures,
but they are wrong.  In 1995, the Hood Road wellfield withdrawal was 3,536 MG, not the
5,274 MG you show (see SFWMD pumpage reports).  We fail to see the relevance of
converting these figures to acre-feet.

It is the Village of Tequesta, not the Town of Tequesta.

Page O-2

Summary of Data …

First paragraph – Based on actual experience through multiple droughts, there is little
evidence to support the statement that this area is any more susceptible to salt water
intrusion than any other coastal area, including those with a connection to the regional
conveyance system.

Second paragraph – One might get the impression that public water supply demand
supplied from the watershed was 82.2 MGD in 1995 and will be 128.6 MGD in 2020.  Is
that annual average day?  All from the surficial aquifer system?  More definition and
support for these figures is needed – we can’t tie back to them based on what we know
about Seacoast’s needs and the needs of its neighbors.

Page O-3

Figure O-1 – Because Seacoast’s flow has been incorrectly identified, this table will need
to be recalculated.  We do not see the need for this analysis at all.

Last paragraph – Again, the only Seacoast wellfield located within your definition of the
watershed is the Hood Road wellfield.  In 1999, that wellfield pumped 12,683 acre-feet
(if you must use that unit of measure), not 21,631 as you suggest.

While I know that 1995 planning figures played a significant role in the Lower East
Coast process, more current actual figures should be used.  Otherwise, the reader might
assume that measures implemented within the past ten years (reclaimed water
proliferation, water conservation measures, etc.) will have no impact.

Page O-4



Table O-4 – Of what value is the column entitled “1998 Annual Water Use”.  If this is
just a typo and should be 1999 figures, then please correct them as noted above.

First paragraph – Should the word “Basin” be capitalized?

Figure O-2 – The value of this table is questionable at best, as far as we can tell.

Second paragraph – There should be a comma after the word “Summary”.
Also, we really do not understand the relevance of this analysis, particularly this
paragraph.

Page O-5 – There is an extra “s” at the end of the word “changes”.

The regional reclaimed water system to which you refer is not, as far as we know, being
developed – it is being studied.  Its feasibility is seriously in question, and the report
should more accurately reflect that status.  The report should likewise note the successes
of both Loxahatchee River District’s and Seacoast’s reclaimed water systems, including
tables showing how much water these programs return to the resource each year (in MGY
for sure, and in acre-feet if you must).
Table O-5 – The hydraulic connection of many, many of the listed properties to the
Loxahatchee watershed simply does not exist.

Table O-1 – It is virtually impossible for the casual reader (e.g., Seacoast’s Executive
Director) to determine the relevance of this table.  Respectfully, it seems to add
extraneous data and thereby promote confusion.













































































Received from Rim Bishop on September 17, 2002
John,

I may have misplaced it, but would you send me a copy of the Exhibit discussed in the
following August 2 e-mail please?

Also, is there a more current draft of the MFL documents, one dated later than July 25
edition?  We pulled the current draft down from the SFWMD web site and found that
none of our August 2 or August 6 comments have been incorporated.

Essentially, I need to know whether SFWMD will be incorporating our comments or not.
As you can see, we have put considerable effort into this, and I must evaluate whether
further participation in the public process will be useful.

Finally, here are a few additional comments on the Loxahatchee River and Estuary MFL
document July 12 draft that I hope you will find helpful.

1. Page 156, first bullet under "Phase 2 ..." - with culverts connecting the Loxahatchee
Slough to the C-18 having already been boarded by PB County Dept. of Environmental
Resources Management, please identify how construction of the G-160 structure will
generate 5,000 acre feet of ADDITIONAL storage.  We are having difficulty identifying
any storage made available by the structure other than that which is within the C-18 canal
section itself, and that doesn't seem to amount to 5,000 acre feet.

2. We renew our request for Exhibit I.  We would very much appreciate the opportunity
to have our hydrologist review and comment.

3. We would again draw your attention to our August 6, 2002 transmittal and respectfully
request that our comments be fully incorporated into the next draft.

Thank you so much for your assistance.  If you require further information, I hope that
you will not hesitate to contact me.

Received from Rim Bishop on October 2, 2002
John, here are a few Seacoast comments on the draft Appendix I to the Lox River MFL,
Exhibit I document.  Please forward them to the appropriate parties.

1. Page I-3 - I know that the scale of this map is small, but the distinction that I am about
to make is VERY important.  Looking at the map, one might get the impression that
Seacoast operates wells located west of the turnpike, near the Slough.  First, the word
wellfield(s) should be singular - only the Hood Road wellfield is located in the general
vicinity shown.  Second, the Hood Road wellfield is EAST of the turnpike, not west.  It is
also SOUTH of Hood Road.



2. Page I-6 - Beginning in 1997, Palm Beach County DERM boarded up old water
control structures, thus causing the Slough to retain the storm water that, during the 1988
-1995 Actual Pumpage period, was runoff to the C-18.  In addition, in 2001, the Mirasol
(Golf Digest) surface water management system was implemented, also changing the
hydrology from conditions that existed in the 1988 - 1995 period.  These are substantial
and material changes, and the report does not appear to consider them.

Finally, to repeat a comment submitted to you earlier, we question whether Lox Slough
leakance factors applied to the model correspond to field observations (e.g., water level
readings) taken in the Slough after PB County DERM boarded it up in 1997.  Seacoast's
observations indicate that once water levels in the Slough were raised, they remained
high longer than originally anticipated.  Thus, where the Slough was a C-18 contributor
via runoff before 1997, it is much less so now via percolation, and we are not certain that
the model accurately reflects that low percolation rate.

Thank you again for the opportunity to comment.  If you wish to discuss these comments,
I hope that you will not hesitate to call.



Received from Rim Bishop on October 2, 2002
John, here are a few Seacoast comments on the draft Appendix I to the Lox River MFL,
Exhibit I document.  Please forward them to the appropriate parties.

1. Page I-3 - I know that the scale of this map is small, but the distinction that I am about
to make is VERY important.  Looking at the map, one might get the impression that
Seacoast operates wells located west of the turnpike, near the Slough.  First, the word
wellfield(s) should be singular - only the Hood Road wellfield is located in the general
vicinity shown.  Second, the Hood Road wellfield is EAST of the turnpike, not west.  It is
also SOUTH of Hood Road.

2. Page I-6 - Beginning in 1997, Palm Beach County DERM boarded up old water
control structures, thus causing the Slough to retain the storm water that, during the 1988
-1995 Actual Pumpage period, was runoff to the C-18.  In addition, in 2001, the Mirasol
(Golf Digest) surface water management system was implemented, also changing the
hydrology from conditions that existed in the 1988 - 1995 period.  These are substantial
and material changes, and the report does not appear to consider them.

Finally, to repeat a comment submitted to you earlier, we question whether Lox Slough
leakance factors applied to the model correspond to field observations (e.g., water level
readings) taken in the Slough after PB County DERM boarded it up in 1997.  Seacoast's
observations indicate that once water levels in the Slough were raised, they remained
high longer than originally anticipated.  Thus, where the Slough was a C-18 contributor
via runoff before 1997, it is much less so now via percolation, and we are not certain that
the model accurately reflects that low percolation rate.

Thank you again for the opportunity to comment.  If you wish to discuss these comments,
I hope that you will not hesitate to call.



Received from Rim Bishop on October 2, 2002

John, we'd like to offer the following technical review comments to supplement the e-
mail submittal I sent earlier today.

We generally ask our technical consultants to review document drafts, ours or those of
others, as though the consultant were serving as an expert witness for a party pursuing a
legal challenge.  That type of intense review usually uncovers assailable flaws and allows
us the opportunity to address them before the document is released.

Of course, that is by no means Seacoast's perspective, but we find that properly framing
our requests for professional assistance adds context, and consequently substance, to our
consultants' review.  We hope that you accept our comments in the highly constructive
spirit in which they are intended.

Thanks again for your serious consideration.

TECHNICAL COMMENTS ON DRAFT APPENDIX I, LOX RIVER MINIMUM
FLOWS AND LEVELS DOCUMENT

The author heavily qualifies the capability of the model to estimate with any accuracy
surface-water flows when he states.

"The code does not incorporate a surface/groundwater module" and "overland
flow and associated surface water routing through canal networks is not directly
simulated and the effects of consumptive use withdrawals on overland and riverine flows
should only be considered as gross estimates." (p. I-1).

Although the SFWMD version of MODFLOW-96 appears to have a Wetland and
Diversion Package and an Operations Package, it appears that  "the code utilized in this
report does not incorporate a surface/groundwater module" and "overland flow and
associated surface water routing through canal networks is not directly simulated and the
effects of consumptive use withdrawals on overland flows should only be considered as
gross estimates". (p. I-2).

"MODFLOW is a groundwater model that does not have the capability of
simulating storm-driven events".  (p. I-5).

        "For calibration of flow, absolute errors were less than 10 cfs during 55 percent of
the simulation period."  This is another way of saying that absolute errors were equal to
or greater than 10 cfs during 45 percent of the simulation period."  Ten (10) cfs represents
40 percent of the recorded mean flow of 24.1 cfs, a considerable error. (p. I-5)



These statements do not provide any encouragement that the model has any value in
establishing or defending MFLs for the Loxahatchee.  In addition, the following points
must be noted.

The method of converting stages observed or predicted at Lainhart Dam to flows by
means of the "weir equation" is not documented here.  (p. I-5).
The 10 cfs absolute error is significant (p. I-5)

Under "Model Application", what "proposed" surface water systems are referenced at the
bottom of page I-5?

The title of the third simulation (p. I-6) should be "Currently Permitted" model run as it is
based on recent permits rather than those in the earlier data periods.

If "variations in withdrawal rates due to seasonal changes were not taken into account" in
the "Permitted" model run, does that mean the rates used were annual allocation rates
rather than maximum-day or maximum-month rates? This is probably true but needs
clarification. It may be explained in an earlier report.

There is no explanation for how the data from the model were "adjusted" to represent an
average rainfall year and drought conditions. (p. I-6) Were these input or output data?
This may have been explained in an earlier report but is not clear here.

It is unclear from Table I-1, which flows are actual and which ones are predicted. What
does it mean that the flows delivered to Lainhart Dam were estimated from the model and
"adjusted" to equal actual flows? (p. I-8)

The percent reduction in flows for each of 3 classifications was discussed. What were the
withdrawal rates for the 3 classifications?
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SFWMD Staff Response 1 11/22/02

SFWMD Responses to FDEP Comments on July 15, 2002 Draft of
the Loxahatchee MFL Technical Criteria Document

SFWMD Staff Responses to Technical Comments

1. This issue is addressed in the revised document.  The flow analysis used to develop the MFL
criteria were based upon best available information. There is a good amount of data available
from the 1980-81, 1985 and 1989-90 drought periods where we have concurrent flow data
from all of the tributaries.  Comparison of actual data collected from the river during these
low flow periods with those values used in the hydrodynamic model show good agreement.
For example, the percent of flow contributed by the Lainhart Dam to the NW Fork used in
the model was 44%. This compares with field measurements that show the Lainhart Dam to
provide 45% of the flow for the 1980-81 drought dry season, 46% from the 1980-81 drought
wet season, 40% from the 1989-90 drought dry season, and 56% from the 1989-90 drought
wet season. Based on these data, the flow ratio of 44% provided in the model appears as a
reasonable ratio for estimating the flow contribution provided by the Lainhart Dam and other
tributaries during dry periods, the period of time that would be of most interest in setting the
MFL.

The District has recently completed a contract with the USGS to update and improve the
current flow/salinity monitoring program within the watershed. Additional flow gages and
salinity monitoring instruments are being installed in Cypress Creek and Hobe Grove Ditch.
These additional gages will provide the data needed to more fully understanding the role that
these tributary basins play in shaping the river’s salinity profile.

2. There are a number of acceptable methods to conduct field surveys of floodplain vegetation.
A floodplain cross-section transect is one approach if the intent is to document the range of
communities that exist at a particular point. The belt quadrat approach used in this study was
designed to allow comparison of areas within the floodplain that had approximately equal
exposure to flooding and drying caused by river water level.  A more random sampling
approach to locating sites within the floodplain is appropriate from a population that can be
assumed to have a normal distribution.  In this case, sites were located selectively, rather than
randomly, to represent areas that were not obviously influenced by structural features of the
floodplain.  This protocol is clearly explained in the Methods section of the report. Again,
these data represent best available information. We are not aware of more recent data
conducted along the river corridor other than the Ward & Roberts (unpublished) vegetation
surveys conducted in 1993.

3. As explained in the report, this was a preliminary effort to obtain background information
that could be used to develop a more comprehensive soil/salinity monitoring program. In
response to FDEP‘s comment, in an ideal world, every vegetation survey point would have
had associated detailed topographic survey data as well as soil salinity data, descriptive soil
profiles, and soil chemistry analyses. Our ability to collect and analyze soil samples was
limited by both staff time and budget. As a result, only a few samples could be collected and
analyzed for the most basic indicators of saltwater influence.  The soil salinity sites were
selected to corresponded to plant survey sites at selected points in the river that we hoped
would best represent the range of salt influence from frequent exposure to infrequent
exposure.  A much more comprehensive look at soil salinity is warranted, including intensive



SFWMD Staff Responses to FDEP Comments on the July 15, 2002 Loxahatchee MFL Document

SFWMD Staff Response 2 11/22/02

sampling at a range of depths at frequent intervals, especially during dry periods, to account
for the fact that salt may only be detectable in the soil when salinity is high in the river and
may be rapidly removed from surface soils when freshwater flows in the river increase. In
Chapter 6 we discuss future monitoring and research efforts designed to obtain better soil
salinity information along the river corridor.

Questions 4, 5 & 6

Figure 19 has been modified illustrate average annual flows from Lainhart Dam rather than
from G-92.  This figure was placed in the report at the request of Tom Swihart. The purpose
of Figure 19 is to represent decadal differences in freshwater flow patters, i.e. to compare
flow conditions in the 1970’s with the 1980’ and 1990’s.  It seems reasonable therefore to
compare data from the 70’s and 1980’s as “historical” and data from the 1990’s as “current.”
Another approach that could have been used, of course, was to use 1987 as the divide point,
as you suggest.  Still another approach may have been to use 1983 or a 1985 as the divide
point (before and after wild and scenic river designation), or 1979 (before and after the
consent decree).  As noted, there were significant differences in rainfall patterns between the
1970s, 1980s, and 1990s and the increases in rainfall during the latter decades may have been
responsible for the observed overall increase in average flows to river during this period.
This issue is discussed in Chapter 2, Figure 4 and in Chapter 5.  The more critical issue from
our perspective, as noted in FDEP’s comment, is that the incidence of very low flow events
has not improved substantially during this period. As shown in Table 24, the occurrences of
flows less than 20 cfs and less than 10 cfs have remained approximately the same. Table 24
shows that during the 1990s flows less than 35 cfs occurred 25% of the time, as reflected in
73 events, with an average duration of 15 days and a return frequency of two months.
Although we did not do the math to determine exactly how many violations of the proposed
MFL criteria this represents, we felt it was safe to assume that, on average, we could expect
that the proposed MFL criteria were probably exceeded 4-6 times per year.  Under the
proposed criteria, flow rates below 35 cfs for 20 days duration, would only be allowed to
occur once ever six years.

The conclusions presented in the report was not that the resource had not been harmed by
current flow conditions, but rather that recent flow conditions have not caused noticeable
further degradation of the resource, relative to conditions that existed in 1985, the point in
time when the river was designated as Florida’s first Wild and Scenic river. A section of the
river has been identified in the report that is presently experiencing significant harm, due to
the effects of historical and current flow conditions.  Again, these conclusions are based on
best available data.

7. Table 25 is based on analysis of routine water quality sampling data that is collected
periodically by LRED.  As they mention in their report, the ‘Wild and Scenic” segment of the
river contains one downstream station that is often estuarine in character and frequently has
elevated salinities.  Nevertheless, comparison of the 1998-2001 drought years, with historical
average conditions, indicates significantly higher salinities. Unfortunately a comparison was
not provided with historical drought periods, such as may have occurred in 1971, 1981 and
1989. The District’s contention that impacts to the river have remained relatively stable since
1985 was based on assessment of floodplain the vegetation communities recorded in this
study, vegetation maps provided in the FDNR 1985 Wild and Scenic River EIS, and a FDNR
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1993 survey of the river. Comparison of these vegetation maps are provided in the revised
final draft.

8.  We agree with all of these points and have tried to insert the appropriate qualifying text in the
document.

9.  The estimates of consumptive use are based on several sources of information. This includes
the amount of water allocated in consumptive use permits, the amount of water that is
reported to be used by utilities, estimates of water use based on land use type and weather
conditions, and estimates of water use provided by the USGS.  If there are other more
appropriate sources of information available that should included within the document, we
are not aware of this information. In response to a number of consumptive use questions
posed by FDEP staff, the District agreed to conduct additional modeling to provide a more
definitive answers to these questions. The MODFLOW modeling effort was designed to
provide a general indication of relationships between surface and ground water  as a means to
develop an integrated approach to assessing cumulative impacts of water withdrawals in the
basin.  At this point in time, this model represents the best tool we have to address this type
of question.  The information contained in Appendix I was revised after copies were
provided to FDEP.  The new revised version includes a discussion of the accuracy of the
model and indicates a difference of up to approximately 10 cfs, of which about 50% is
attributed to consumptive use withdrawals by major utilities.

10. We agree with FDEP comments that this reference provides only a generalized description of
vegetation habitats.  Appropriate qualifying information will be placed in the document.

11. We agree that a range of species and characteristics needs to be considered in terms of
monitoring the overall health of the community and determining both long-term and short-
term impacts and restoration needs of the system. A more comprehensive study and
monitoring program is warranted within the watershed. A summary of proposed future
research projects is provided in Chapter6, in the section entitled Research Needs. This
particular suite of vegetation monitoring parameters was chosen because it was felt that they
were best suited to determination of significant harm that takes more than two years for
recovery to occur.

12. Results from a number of different tools and types of analyses were combined to address
these issues and develop management criteria. Figure 32 shows that, under current operating
conditions, salinities of 2 ppt occur infrequently (for 20 days once every six years) at river
mile 10.2 and often (several times a year) at river mile 9.2. Results of this model run were
analyzed to determine how much flow was needed to prevent salinity at river mile 9.2 from
exceeding 2 ppt.  This flow was determined as 35 cfs.  We proposed therefore, in order to
protect the resources at river mile 9.2 from exposure to 2 ppt salinity, that river flows should
not be allowed to drop below 35 cfs for more than 20 days, more often than once every six
years

Another analysis was made to determine the long-term average salinity that occurred at river
mile 10.2.  As shown in Table 34, that long-term average salinity was 0.15 ppt.  Therefore we
used the model to determine how much flow was needed to provide a similar salinity (0.14
ppt) at river mile 10.2.  That flow value, as shown in Table 37 was about 100 cfs.  Analysis of
flow data from the river (see Figure 19 in the November 2002 report) indicate that during the
past decade (1991-2001) the District has provided and average flow of 106 cfs to the river.
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However, we did not choose to use the average annual flow as the MFL criterion because a)
even though we are already providing 100 cfs annual flow on a continuing basis, the river is
still experiencing long periods of low or no flow when salt water can penetrate far upstream
into areas that have healthy floodplain swamp communities; and b) use of the annual average
as a management criterion allows the potential for too much variability to occur (long periods
of no flow can be “balanced” by short periods of high flow) to provide adequate protection for
the resource.  Therefore we chose to focus on the management of extreme events as the best
means to prevent significant harm

13. Evidence presented in this report indicated that these six trees, although they are primarily
freshwater species, can tolerate occasional exposure to salt concentrations of 1 ppt and even
fewer exposures to salinities of 2 ppt as evidenced by the “exposure history” of the healthy
floodplain swamp community that exists at river mile 10.2.

14. This is a significant misinterpretation of the intent of the analysis presented in this section.
We attempted to analyze the conditions that exist at river mile 10.2 in terms of a number of
different criteria related to salinity exposure, including the duration of exposure to various
salinity levels and the elapsed time between exposure events, and the average salinity
conditions

15. As also noted by the peer review panel, information in these tables was in error and has been
modified in the revised document.

16. An analysis of this issue has been included in the revised document.

17.  This concern has been raised by a number of reviewers.  Review of past management
practices indicates that this scenario is unlikely to occur except under extreme events.
Adequate language to minimize occurrence of these kinds of events needs to be incorporated
into the rule during the rule development process,

18. The recovery plan addresses this issue by providing adequate sustained flow through time
(by 2006) to prevent increases above 2 ppt salinity, as required by state law.

19. Appendix E is being modified to address these types of concerns.

20. Appendix O has been rewritten to address apparent inconsistencies in the data.

SFWMD Staff Responses to Specific Editorial Comments

1. The analysis of resources did not show significant resources that could potentially be impacted
by reduction of flow from the North Fork River or  from southwest Fork Tributaries.
Additional analysis of these resources may be conducted in conjunction with the restoration
effort.

2.  This problem was fixed in the text.

3.  Impacts of excessive flows are beyond the scope of the MFL effort but should be addressed in
the development of a practical restoration plan for the river and estuary

4. This is a standard District graphic that serves a number of purposes.  There is management
consensus that the relationships shown here are appropriate.
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5. Reference added to document.  Please note that this restoration vision has not been endorsed
by our Governing Board, nor has it been fully endorsed by the current restoration effort.

6. We would like to add the 2001 data.  We have submitted a request for our modeling section to
develop this information when the data set for the SFWMM is next updated.

7. We have included a copy of the state legislation designating this river in the appendices and
cited the relevant state law in the document (Ch 83-358, Laws of Florida).

8-9.  Details of flow events are provided in Appendix D and are discussed throughout the text.
Text in this section was modified to address these comments.

10. Corrections were made in the text

11. We have no data to determine where oysters may have been present in the system
historically.  The fact that large amounts of material have been removed from the central
embayment and the mouth of the river during the past century, suggesting that extensive
oyster bars may historically have been present in this area.

12. This text was added to the document.

13. The text was modified in the document to address this issue.

14. The text was modified to address this issue.

15. Text was exchanged on the figure,

16. The text was modified in the report to address this comment.

17. We agree with the ideas expressed in this comment. The text in the document was modified
to better explain these relationships. The purpose of the MFL is protect the resource.  Water
supply and flood control are functions of the resource  that need to be considered when the
MFL is developed. The effects of the proposed MFL on these functions needs to be assessed
as part of the subsequent analysis.

18-19. This information was added to the document.

20. We agree with almost all of the statements in this comment. We are in the process of
developing an interactive, groundwater and surface water, watershed modeling tool that can
be used to assess the impacts of water withdrawals on river flows. This model will also
provide a means to assess cumulative impacts of permits. Results of this work in progress are
provided in Appendix I.  An effort was made to use the model to predict interactions and then
calibrate and verify the output against actual flow and water level data from the basin.

21. Text in the document was modified to address this comment and incorporate parts of the text
provided.

22. Text in the document was modified to address this inconsistency.  Our best estimates indicate
that flows to the river are minimally impacted by groundwater withdrawals.  Monitoring is
one tool that is used to help estimate the magnitude of these impacts.

23. This section was modified in the document to clarify the intent including some of the text
provided in your comment.

24. Comment noted.
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25. We have recently obtained a copy of this report and are in the process of analyzing the data
for application to the MFL.

26. Text in the document was modified to summarize the types of data available.

27. The total amount of water withdrawal in the basin, based on permit allocations, use data, and
estimates derived from models  is provided in Chapter 2 and also in Appendix O.

28. Change made to document.

29.  An initial estimate of predrainage water conditions was provided in Appendix N.  However,
it was felt that this analysis was not detailed enough to provide useful information.  An initial
attempt was made to use the District’s Natural Systems model to estimate historical flows
from this basin, but the mode l grid (2miles x 2 miles) was considered to be too coarse to
provide useful information.

30.  Comment noted.  Our approach to MFLs is that they are in effect under all conditions, but
the levels are maintained or exceeded under most conditions. MFLs become especially
relevant during extremely dry periods when there is potential conflict between consumptive
uses and the natural system for limited resources.  The MFL recovery and prevention strategy
is designed to ensure that adequate water is available to meet the MFL criteria and also meet
regional water supply needs so that there is no need to compete for water for all rainfall
conditions that are less severe than a 1-in-10 year drought.

31. The only data from Russell and McPherson that was used in this table was flow data for the
North Fork.

32. We are not aware of any data prior to 1971.  If data are available we would like to consider
use of this information in the document.

33. Comment noted. The dots represent individual wells.  Permits typically are issued to
landowners or utilities that operate a number of wells on their property. Thus a single permit
may be represented by a cluster of dots in close proximity on the map.  Impacts are evaluated
for each permit and thus consider the combined effects of withdrawals that occur from all of
the wells covered by the permit.

34. The attempt to develop a cumulative analysis of the effects of consumptive uses in the basin
is presented in Appendix I. Another analysis of cumulative impacts, using more conventional
techniques is presented in Chapter 2.  Both methods resulted in an estimate that consumptive
water use by the major utilities results in about a 5 cfs reduction in river flow.

35. Information on the timing of withdrawals was provided in Appendix O, indicating that
utilities have peak withdrawals during the dry season, that rarely reach or exceed the amount
allocated.

36. Spellings of names in this table were corrected.  Mangroves are not a typical component of
the freshwater VEC community, but their presence in transects should have been noted.

37. Seedlings were described as shorter than  breast height (approximately 4 feet) whereas
saplings were taller than breast height.

38. The text was changed in response to this comment

39. The text was changed in response to this comment
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40. FDEP comments on this issue were incorporated into the document.

41. Comment noted.  This figure was removed from the main document but is stil provided in
Appendix B.

42. The table in Appendix H  was changed in response to this comment

43. Comment noted

44. An additional bullet was added to address dry season flows

45. The relationship of the MFL criteria to the Stipulation of Consent Decree is mentioned in
Chapter 6 in conjunction with the recovery and prevention strategy

46. Actions that will be taken by the SFWMD in response to MFL exceedances are discussed in
Chapter 6 and include both operational and regulatory activities.

47. The text was changed to address this comment.

48. The text was changed to address this comment.

49. The text was changed in response to this comment.

50. The text was modified in response to this comment to clarify relationships among
management goals.

51. Text from this comment was added to the document.

52. Text from this comment was added to the document

53. Document text was modified to clarify this apparent discrepancy.

54. Text about relationship with CERP was added to the document.  Action steps that describe
how restoration will occur are expected to be developed during the coming year for input to
next year’s budget cycle.

55. Text added to document to address this comment

56. Information from this comment was added to the document

57. Details of this effort will be developed during the next budget cycle after the MFL has been
adopted

58-59. Hopefully we have caught all oft the discrepancies in the Table of Contents and cross-
references to the appendices.

60. These figures were added to Appendix A.

61. Appropriate disqualifiers have been added to this Appendix to explain the limitations of the
modeling approach.

62. This appendix has been rewritten to address a number of discrepancies and inconsistencies

63. These are good suggestions for a completely revised approach to this document.
Unfortunately, we do not have time or resources to make these changes now, but will
certainly consider this approach in future documents.

64. These errors will be fixed in the document.
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To: Loxahatchee River Coalition/Jupiter Farms Environmental Council
info@loxrivercoalition.org

From: Planning and Development Division, Water Supply Department, South Florida Water
Management District (SFWMD)

Date January 7, 2003

Subject: SFWMD Staff responses to the draft comments, dated September 12, 2002, that were received
from the Loxahatchee River Coalition concerning public response to the recommended
Minimum Flow & Levels for the Loxahatchee River & Estuary.

Thank you for your extensive and detailed comments on the SFWMD July 2002 publication entitled,
“DRAFT Technical Documentation to Support Development of Minimum Flows and Levels for the
Loxahatchee River and Estuary”.  We appreciate the time and effort taken by the Loxahatchee River
Coalition to carefully review this document and provide thoughtful and constructive comments.

We were especially pleased to see that many of the issues you mention were similar to concerns raised by
other agencies, concerned citizens and the peer review panel. In many cases, the changes that you have
suggested in your comments have been addressed in the revised and updated November 2002 version of the
document and appendices.  We have included new or additional information, analyzed additional data, and
provided new or updated interpretation and discussion, based on your suggestions.  The final product has
been greatly improved by the valuable insights, suggestions and information provided by the Loxahatchee
River Coalition.

We have identified a few of the questions or concerns raised by The Loxahatchee River Coalition that we
feel warrant further discussion and clarification, as noted on the attached pages.  Please also take the time
to examine the updated documentation we have placed on the SFWMD website at
www.sfwmd.gov./org/wsd/mf/loxmfl/docs.html  or contact Cathy McCarthy at 561-682-6325 if you would
like to receive hard copies of these reports.  If you have additional technical comments or concerns, please
contact the project manager, John Zahina at 561-682-6824.
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LOX RIVER COALITION COMMENT:

I.  Current data is incomplete (part A)

The District’s Staff has indicated that the current data sets they are using are incomplete and
therefore they should take into consideration a seasonally fluctuating minimum flow based on
prior comprehensive research.

In a meeting with the Loxahatchee River Environmental Control District [LRED] on August 7th,
SFWMD staff indicated that District data on salinity and flows for the Loxahatchee River is
incomplete.  LRED offered to share the bi-monthly data that they have collected for over ten
years.  SFWMD staff asserted that they need to install salinity, flow and temperature probes at
various points in the river and that after one year they will have enough data to extrapolate a
more complete model.  Based on District staff comment we conclude that the SFWMD’s current
dataset is insufficient to construct an MFL regime that will adequately protect the River.

DISTRICT STAFF’S RESPONSE:

The Minimum Flow and Level Statute (Ch 373.042(1)(b) F.S.) instructs water management
districts “. . . using the best information available.” All available salinity data from the
Loxahatchee River were compiled and considered in developing the proposed MFL.  This
included the list of studies presented in Appendix A, the technical analyses presented in
Appendices D, E, F and P of this report, as well as water quality data available from various
agencies.  Salinity data from the Loxahatchee River Environmental Control District (LRECD)
were used to calibrate and verify the hydrodynamic salinity model for the Loxahatchee River
(Appendix E).

Salinity data from the LRECD for upstream areas of the NW Fork can be divided into two types.
The bi-monthly data (1991 to present) was collected for two water depths.  Unfortunately this
salinity data does not capture the daily changes that can occur over short time intervals (minutes
to hours) due to tidal influences.  In reality, salinity concentrations vary considerably from hour
to hour at different sites each day as the tidal surge moves upstream and recedes from the river
channel.  A single sampling event is only able to determine salinity at a specific location at that
moment, but cannot tell us what the minimum, maximum, and daily average salinity is for that
site.  Only a continuous sampling event, such as one where water samples are collected at
multiple depths at regular intervals (such as once an hour) can provide that kind of information.
Because of the expense and manpower requirements of this type of sampling, it is typically only
conducted sporadically during low flow conditions.  The second type of data collected by
LRECD is this kind of continuous sampling event.  Since the hydrodynamic salinity model
calculates salinity along the Loxahatchee River for each half-hour time step, it was the
continuous salinity data that were used to compare how well the model predicts measured
salinity.  The results from that analysis are in presented in Appendix E.  Based upon a
comparison of what the model predicts and what was actually measured at various sites along the
NW Fork, we concluded that the model is the best available tool that can provide reasonable
predictions of salinity conditions on the river.

When we indicated that current salinity data sets are incomplete, we mean that there was no
continuously-sampled salinity data set for the NW Fork that covered the desired long period of
time (e.g. 30 years) at specific locations where plant communities have been studied along the
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river.  This information is necessary in order to associate a salinity exposure with damage to
freshwater plant communities.  However, shorter-term, continuously-sampled data were
available from LRECD for the period from 1995 to 2001 and were used to calibrate the
hydrodynamic salinity model.  Comparison of these data with results of model simulations,
indicated that the model produces a reasonable estimate of long-term salinity conditions on the
river. The model was then used to estimate a long-term (30 year) salinity time series at each of
the eight vegetation sampling sites.

This method of using a model to estimate past conditions has been used elsewhere.  For example,
the St. Johns River Water Management District used a model to estimate a historical lake level
time series using long-term rainfall and aquifer level data.  Using the output from this model,
“historical” levels in Lake Washington were estimated and used as a basis for developing an
MFL.  Models have also been used to estimate past or future conditions in the development of all
regional water supply plans completed by the SFWMD and to develop simulations for the
Comprehensive Everglades Restoration Plan (CERP) and are widely accepted as valuable tools
in investigating water resource needs.  This approach is also discussed in the USGS report
entitled, “Instream Flow Incremental Methodology,” which relies heavily on the use of models to
“backcast” historical hydrologic conditions when no data are available.  More information can be
obtained from the USGS web site (www.mesc.usgs.gov/products/softare/ifim/)

Additionally, as part of the MFL recovery plan, flow, salinity, and temperature sampling is
planned for the Northwest Fork and its three major tributary streams.  This information is needed
to develop and verify a 3-dimentional hydrodynamic model for the Loxahatchee River now in
development.  That study will be able to directly relate different flows from tributary sources
with varying salinity concentrations both vertically in the water column and spatially along the
river.  This “next generation” of salinity model for the river will greatly improve our ability to
simulate different management scenarios and will be the basis for future revisions to the MFL.

LOX RIVER COALITION COMMENT:

I.  Current data is incomplete (part B)

While the District develops a more complete model, we suggest the District investigate use of the
LRED’s research, especially as interpreted in “Freshwater Flow Requirements and
Management Goals for the Northwest Fork of the Loxahatchee River” (Dent & Ridler, 1997).
This study recommends a minimum flow of 75 cfs for the height of the dry season (April-May)
and suggests a seasonally fluctuating minimum flow up to 130 cfs throughout the wet season
(July-November).

DISTRICT STAFF’S RESPONSE:

A review of all flow-salinity studies that have been conducted on the NW Fork of the
Loxahatchee River (see Appendix A) reveals that the numerous authors have taken the position
of determining a Lainhart (or Lainhart plus other tributaries) flow in order to manage the river
for control of salinity concentrations.  It is important to note that these studies (1) consider only
salinity management in protection of the freshwater floodplain swamp; (2) vary widely in their
recommendations for a minimum flow; and (3) vary widely in their opinions of where the
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transition between saltwater and freshwater conditions should occur.  Although these studies
have produced valuable information concerning the relationship between river flow and salinity,
and presumably recommended a minimum flow to prevent harm, none were developed based on
the specific statutory MFL requirements of Chapter 373.042 (1) F.S. that require assessment of
the effects of withdrawals and protection from significant harm.

LOX RIVER COALITION COMMENT:

II.  Florida law requires the establishment not just of minimum flows, but also minimum
levels.

Specifically, Florida Statutes §373.042 requires that water management districts develop
minimum flows and levels for surface waters and aquifers. The District’s documentation and
recommendations would only address part 1a of this statute by recommending a minimum flow
of 35cfs over Lainhart Dam.  It does not, however, recommend an explicit minimum level as
required by part 1b.

DISTRICT STAFF’S RESPONSE:

You are partly correct. Florida law (Chapter 373.042(1) F.S. requires each water management
district to establish minimum flows and levels (MFLs) for surface waters and aquifers within
their jurisdiction. The statute however goes on to state that “minimum flows” will be established
for all surface watercourses in the area, and that a minimum flow for a given watercourse shall
be the limit at which further withdrawals would be significantly harmful to the water resources
or ecology of the area. The statute also defines the term “minimum water level” as the level of
groundwater in an aquifer and the level of surface water at which withdrawals would be
significantly harmful to the water resources of the area.

Nowhere in the statute does it specifically state that both definitions (minimum flow and
minimum level) must be determined concurrently for each water body.  The SFWMD has
determined that the Northwest Fork of the Loxahatchee River is a natural surface watercourse,
that the primary problem affecting the watercourse is the migration of saltwater upstream that
has impacted the resource during dry periods, and that the most appropriate way to protect this
resource is to provide a minimum flow that will reduce further upstream migration of salt water.

This is consistent with the approach used by the District to established minimum flow criteria for
the Caloosahatchee and St. Lucie estuaries.  In contrast, the District has established minimum
levels for the Biscayne aquifer, Lower West Coast aquifers, Lake Okeechobee, and Everglades
surface waters.

LOX RIVER COALITION COMMENT:

III  Minimum levels are required to prevent further harm and degradation to the River

Although the Lainhart and Masten dams could arguably enforce their own specific minimum
levels upstream (the height of the dams), a minimum level needs to be set for that segment of the
River that lies downstream of the Masten dam.  If the District is determined to prevent further
saltwater incursion, it cannot do so without setting a minimum level or otherwise ensuring that
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minimum flows over Lainhart are increased in proportion to unexpected changes in flows from
groundwater and tributaries.

Since District staff has conceded that knowledge of the hydrodynamics and ecology of the
Loxahatchee River and Estuary is incomplete, it is therefore conceivable that supplying a
minimum flow of 35cfs over Lainhart Dam may not be sufficient to keep the salinity at river mile
9.2 from exceeding 2 ppt.  To safeguard against potential flaws in the District’s minimum flow
modeling, an explicit minimum level needs to be set for river mile 9.2 in conjunction with the
35cfs minimum flow over Lainhart Dam.

DISTRICT STAFF’S RESPONSE:

At the request of reviewers, a study of the water levels in the floodplain swamp along the NW
Fork was conducted.  Surveyed transects across the floodplain of the NW Fork were used to
determine the elevation (NGVD) of the floodplain between the opposing upland embankments at
10 ft increments.  These surveys were conducted in December 1983, before the designation of
the NW Fork as “Wild & Scenic” and before the surrounding lands were purchased by the
District for preservation.  Stage recorders were installed at four transect locations to measure
water levels from September 1984 through June 1990.  Continuous stage data are available at
Lainhart Dam from April 1971 to present.  The locations of these transects, which lie between
Lainhart Dam and Trapper Nelson’s site, represent the most pristine river floodplain swamp.

The results of this floodplain water level study provided more insight into the hydrological needs
of the remaining floodplain swamp.  Correlations were established between flow over Lainhart
Dam and water levels at these transects.  These estimates of water levels at each transect were
then used to calculate the percentage of flooding in the floodplain.  These results indicate that
more than 50% of the floodplain swamp is inundated at a flow of 35 cfs.  At flows of 65 cfs,
65% to 75% of the floodplain is inundated.  These results are compiled in Appendix N of the
November 2002 version of the Final Draft Technical Document. Studies that have been
conducted in floodplain forests throughout the world have shown that the soils in such forests
must be allowed to dry out occasionally, for sufficiently long periods to allow seed germination
and growth.  Failure to provide such conditions will eventually lead to damage and loss of the
floodplain swamp.  Clearly, setting a minimum flow or level where the floodplain is rarely
allowed to dry out will destroy the floodplain forest. The current Consent Agreement, which
requires the District to provide 50 cfs when upstream water is available, and the proposed
minimum flow criteria, which allow a very short (20 day duration) period below 35 cfs every six
years, represent a balance among competing management objectives.  These flow regimes are
designed to limit saltwater intrusion, provide sufficient inundation for the floodplain swamp to
protect aquatic organisms and still permit occasional drying of floodplain soils.

LOX RIVER COALITION COMMENT:

IV. Recommended minimum flow requires more controls

For the current recommendation of 35cfs over the Lainhart Dam to work effectively, more
controls are needed.
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Due to the lack of data for groundwater and stream flow from tributaries, the model calibration
was based on the historic flow recorded at Lainhart Dam to estimate the total freshwater input to
the river system.  In the model, discharges from tributaries were calculated as a constant
fraction of the discharge at Lainhart Dam (i.e. total surface freshwater input in the model was
linked to Lainhart Dam flow via flow ratios.  Flow factors of 0.65 for Cypress Creek, 0.14 for
Hobe Grove, 0.08 for Kitching Creek, 1.4 for Trappers and 1.16 for LOXTnpk were established.
For example, if the flow at Lainhart Dam was in fact 100 cfs, the model would recognize the flow
for Cypress Creek at 65 cfs, 14 cfs for Hobe Grove, 8 cfs for Kitching Creek, 140 cfs for
Trappers, and 116 cfs for LOXTnpk.

Another assumption used in the model was a constant input from ground water of 40 cfs.
Cypress Creek, Hobe Grove, Kitching Creek and the NW fork at Trappers each received 10 cfs
of groundwater input for a total ground water input of 40 cfs.

These model assumptions have important ramifications:

1. The total inflow to the NW fork associated with a flow of 35 cfs at Lainhart Dam is
considerably larger and includes discharges from groundwater and tributaries.
Under the 35 cfs at Lainhart Dam Scenario, tributary flows would be modeled as
follows: Cypress Creek 33 cfs, Hobe Grove 15 cfs, Kitching Creek 13 cfs, Trappers
59 cfs, & LOXTnpk 40 cfs (flows include groundwater contributions of 10 cfs).

2. The flows for the tributaries were assumed to be proportional to the flows from
Lainhart Dam and hence may not accurately represent actual flows, especially with
depressed water tables.

3. Groundwater levels that produce the assumed groundwater input may not be present
when needed most.

The following controls would mitigate potential problems under the current proposal:

1. The establishment of a minimum level for groundwater so that the groundwater level
that produces 40cfs in the model is adequately protected.

2. The establishment of minimum flows for the tributaries in order that their modeled
flows corresponding to the Lainhart Dam minimum flow of 35 cfs are protected.

3. When tributary surface water flows fall below their corresponding modeled flows for
35cfs at the Lainhart Dam, then the Lainhart Dam flows are to be increased by the
difference.

4. When groundwater levels fall below the level needed to produce the modeled 40cfs
contribution, then Lainhart Dam flows are to be increased to be commensurate with
the groundwater loss.



MFL Public Comment – Loxahatchee River Coalition   01/08/03  5:07 PM

DRAFT 7 DRAFT

DISTRICT STAFF’S RESPONSE:

Your observations about the assumptions used in the modeling and their operational and
management implications are valid concerns that will ultimately determine how effectively this
system can be managed and protected.  Your suggestions for how to manage this system
generally reflect the kind of approach and operational protocols that may be used once facilities
are in place to deliver supplemental water to the basin.  Under current conditions, however, the
SFWMD has very limited capability to effectively manage flows to the river during dry periods.

There is evidence to substantiate the assumptions that the flow ratios used in this report are
representative of tributary flows during dry periods.  Actual tributary flow data collected during
drought periods were analyzed and the ratios were very close to those used in the model.  A
further discussion of this issue is provided in the revised report and all of the data used for this
analysis are provided in Appendix D of the November 2002 version of the Final Draft Technical
Document.

Nevertheless, even though the numbers seem to reflect long-term or average relationships among
the various sources of freshwater inflow, the various figures provided in Appendix D indicate
that a great deal of variation occurred among salinities predicted by the model based on Lainhart
Dam flows alone. This suggests that variability in other tributary flows, groundwater and perhaps
effects of wind, storm surges or other factors also influence salinity along the river.

The District is presently installing additional tributary flow and monitoring facilities within the
river and watershed. Continuous salinity monitoring will also occur at the points where the major
tributaries join the Northwest Fork.  A complementary groundwater monitoring network should
also be considered, perhaps as part of the restoration effort.  Data from these sources could be
used to verify and refine our assumptions concerning how much freshwater is actually entering
the system.

A more direct means to determine the success of the proposed MFL criteria would be to monitor
salinity conditions at or near river mile 9.2 and determine the ability of the freshwater flow
regime to actually prevent saltwater intrusion.  This approach has now been added to the MFL
Rule and will provide a means to integrate flow from all sources and, most importantly, indicate
whether the amount of flow provided was actually protecting the resource.  An approach of this
type was used in the Caloosahatchee River and Estuary MFL, which provides criteria for river
flow at the Franklin Lock and Dam and criteria for salinity exceedance at the point in the river
where the resource (a bed of submerged freshwater plants) needs to be protected.

Most importantly, a comprehensive ecosystem monitoring effort is needed that examines not
only the six key VEC species, which show long-term trends in the forest community, but also the
35-40 other herbaceous species and other appropriate features that can indicate stress or damage
on shorter time scales.

The other critical component is to determine what actions can be taken if (when) a MFL
exceedance occurs or is likely to occur.  Until facilities are in place to provide more water to the
river, such exceedances are likely to happen and the District is very limited in the actions that
can be taken in response to such exceedances.  Once new facilities have been constructed and
additional water is available, the operational protocols associated with these facilities must be
developed that will describe what actions taken to address MFL exceedances.
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The South Florida Water Management District submitted a letter to the Florida Department of
Environmental Protection on October 31, 2002, adding Cypress Creek, Hobe Grove Ditch, and
Kitching Creek, the primary tributaries to the Northwest Fork, to the Minimum Flows and Levels
2003 Priority List and Schedule.  The recent efforts to develop MFLs for the NW Fork of the
Loxahatchee River indicated the need to better define, and establish MFL criteria for other
tributary inflows to this river that had very little available flow data.  The District has committed
to developing MFLs for these water bodies by 2007, which will allow the staff sufficient time to
collect and analyze flow data from the gauges that will be installed within the tributaries this
year.  The proposed MFL rule reiterates the intent to develop MFLs for these tributaries and also
for the Loxahatchee Slough.

In addition, portions of Cypress Creek, Kitching Creek and Hobe Grove Ditch, which extend
westward from river mile 10.6 to the intersection of Gulf Stream Citrus Road (latitude 26.96484,
longitude 80.1855), from river mile 8.1 northward through JDSP to the north of Bridge Road
(latitude 27.05513, longitude 80.17580) and from river mile 9.1 westward to the Hobe-St. Lucie
Conservancy District pump station outfall (latitude 26.5908, longitude 80.1031) respectively,
were included in the description of the Northwest Fork MFL water body.

Under our current management practices, flows to the river are largely driven by local rainfall
events.  When rain falls in the watershed, the excess runoff flows to the canals and rivers and is
discharged to tide.  This results in flow rates that vary widely from as little as 50 cfs up to 1,200
cfs or more during extreme storm events. When there is no local rainfall, seepage of groundwater
out of the sloughs and into the canals and tributaries, provides a base flow of surface water that
feeds into the river.  As the dry season progresses and groundwater levels decline further, water
levels in the rivers and canals also decline until they may reach a point that water no longer flows
across the structures.  During such periods, river flow is probably controlled by groundwater
seepage -- around the control structures and into the river channel.

The SFWMD controls discharge into the Northwest Fork of the River through the G-92
structure.  Operational guidelines for these facilities are described in Appendix L of the
November 2002 version of the Final Draft Technical Document. When there is little or no
rainfall occurring in the Loxahatchee River basin, but water levels upstream of the structure are
high enough (12.5 feet or above) to allow water to pass, a flow of 50 cfs is provided through this
structure to the river.  As water levels approach 12.5 feet, discharge rates are reduced so as to be
able to prolong the period of discharge.  If water levels are not high enough upstream to provide
a flow of 50 cfs, then whatever amount of water is available, is allowed to pass through the
structure.  Once upstream water levels are below 12.0 feet, the G-92 structure is closed no water
can pass.  All flow in the Northwest Fork is then provided by local rainfall, runoff and seepage
occurring further downstream.

Water flows from G-92 downstream through the C-14 Canal, past the drainage outlet from
Jupiter Farms to the Lainhart Dam.  This means that flow across Lainhart Dam is the total
amount of flow from G-92 plus the amount of water discharged from Jupiter Farms plus a small
amount of groundwater seepage that occurs in that portion of the canal.

By the time that flow at Lainhart Dam drops below 35 cfs, there is only a very small amount of
water available in Loxahatchee Slough.  Even if it were possible to force more water through the
G-92 structure (for example with a pump), the result would be that the slough would empty
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faster.  A short-term gain in flow rate would thus result in a longer period with reduced or no
flow occurring to the river.  The only way to correct this deficiency is to provide more storage.

LOX RIVER COALITION COMMENT:

V. Florida law requires MFLs for the entire River.

Florida Statutes §373.042 provides explicitly that the water management districts shall establish
minimum flows “for all surface watercourses.” It was not the intent of the statute to require that
the districts establish minimum flows only for federally recognized wilderness preserves.  In fact,
the law states that the districts shall establish minimum levels for groundwater, as well as,
surface waters.  Given the rate of development in the adjacent areas, we are concerned about the
impact of further groundwater withdrawals not only on the river, but also on the surrounding
protected areas (Jonathan Dickinson State Park, Riverbend Park, Cypress Creek Tract, and Pal
Mar, etc.).

Although the Wild and Scenic portion of the NW Fork is an exceptional natural resource, the
entire river is of significant ecologic, economic and aesthetic value to Palm Beach County and
the State.  The estuary is home to a thriving fishing and boating economy that contributes
important revenue to the local economy.  Riverfront property is among the most valuable in the
area and homeowners have a vested interest in the health of the entire River.  We do not agree
with the District’s reasons for setting only a minimum flow for a small segment of the NW Fork
based on the lack of  “infrastructure and facilities.” The statute in question does not ask the
District to “provide and manage” flows.  It requires the District to determine minimum flows
and levels beyond which further withdrawals would be “significantly harmful to the water
resources or ecology” thus providing the districts with a limit at which to prevent further
withdrawals.

DISTRICT STAFF RESPONSE:

The SFWMD has limited resources and staff to use for development of MFLs and there are many
areas within the District that are severely threatened.  That is the reason for the MFL Priority
Waterbody List. The District has chosen to divide up areas in order to establish MFLs, based on
available information, coordination with other activities, and the principle that protection of the
most sensitive indicator of resource impacts will also provide protection for less-sensitive
resources. Also, as identified in the MFL legislation Section 373.042(2) F.S., priorities are
established based on “. . . existence of potential for significant harm . . .”  and  “. . . those waters
that are experiencing or may be reasonably expected to experience adverse impacts.”

Examples of this approach are seen in the MFL criteria that have been developed for other areas
within the District as follows:

• For the Biscayne Aquifer, MFL water levels were established for the northern part of the
aquifer in 2001 and water levels for the southern part will be identified in 2004 in
conjunction the Biscayne Bay MFL.

• In the St. Lucie Estuary, MFL criteria were based on protection of the oligohaline zone in
the estuary. There were no perceived threats to freshwater systems in the rivers themselves
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that would not be adequately protected by providing the amount of water needed to protect
the estuary.

• In the Caloosahatchee River and Estuary, providing the flow needed to protect the
freshwater plant community located downstream of the locks and dam would also protect
resources in the river itself and downstream estuarine communities.

District staff recognize that the proposed criteria for the Northwest Fork of the Loxahatchee
River do not provide adequate protection for the tributary basins and therefore have added these
tributaries to the 2003 MFL priority list.

Ultimate resource protection of the Loxahatchee River and estuary lies not just with
establishment of the MFL and recovery plan, but also with the establishment of a water
reservation in conjunction with the definition of practical restoration goals and an associated
restoration plan. The MFL criteria will then need to be revised to be consistent with the
restoration plan and reservation.

LOX RIVER COALITION COMMENT:

VI. Sampling conducted to date is insufficient

In the June 10th draft of their FAQ about MFLs for the Loxahatchee River, the District staff cites
that peer review observed that cypress trees were “not particularly good indicators of salinity
stress.” In response staff selected a number of Valued Ecosystem Component [VEC] species.
Although the District staff appears to have done a good job at assessing the health of the
selected species, the selection of only large, woody plants provides only a very narrow cross-
section of the River’s diverse population and is not a true indicator of overall river vegetation.

In our opinion the VECs of the river must necessarily include aquatic life such as herbaceous
aquatic plants, fish, amphibians, and other species that are more sensitive to saltwater intrusion
than just the few selected species.

DISTRICT STAFF’S RESPONSE:

District staff recognizes that the selected VEC “key” species represents the selection of only
large, woody plants and that these are only a very narrow cross-section of the River’s diverse
population.  District staff feels that the VEC “key” species considered (9 in all, see Table C-2),
as well as other aspects of the community (e.g. total number of species, measurement of growth
parameters, and canopy structure) are true and reliable indicators of overall freshwater floodplain
vegetation health.

An important consideration of this analysis is that the primary VEC in the Loxahatchee River
MFL is not a species, but the entire vegetation community structure .  A discussion of the
ecological importance of maintaining the freshwater floodplain swamp can be found on pages C-
19 to C-20 (also see pages 107-110).  This VEC is holistic in scope, as outlined in the definitions
of “No Harm,” “Stressed,” and “Significant Harm” provided on pp. 146-147.  This VEC was
developed based on consideration of the following:
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(1) Identification of the dominant species in the freshwater floodplain swamp (both in terms
of physical size and biomass), which are listed in Table C-2 on page C-9.  Five of these
species are strictly freshwater in distribution;

(2) The total number of other plant species present (see Figures C-3a and C-3b, page C-11);

(3) Growth measurements of the dominant species (see Table 31, page 116);

(4) A decline in floodplain forest canopy structure (see Figures C-4a, C-4b and C-4c, page C-
14); and

(5) The presence of seedlings/saplings (Table 32, page 116), which indicate the ability of the
community to reproduce itself.

District staff considered other potential VECs, including herbaceous aquatic plants, fish,
amphibians and other species that are potentially more sensitive to saltwater intrusion.  Many of
these species, although they may be rapidly affected by saltwater intrusion, will also recover very
rapidly once salt water is removed, and hence cannot be used effectively as a basis to define
significant harm that takes two or more years for recovery to occur.

Also, herbaceous plants tend to have shallower root systems and hence may not respond to the
effects of saltwater intrusion to the same extent as the larger trees. Because seawater is denser
than fresh water, saltwater intrusion generally occurs first at the base of the aquifer, resulting in
contamination of deeper waters before the shallow zones of the aquifer and surface waters are
affected.  In addition, herbaceous species may also respond rapidly to a number of other
environmental variables such as the effects of drought, fire, frost or disease and therefore may
not be the indicator of long-term salinity effects.

Because of the lack of scientific data that documents salinity tolerance in many plant species
found along the Loxahatchee River, the semi-quantitative vegetation study was conducted in
2000-2001 to indicate the best potential indicator species.  The result of this study was the
selection of those species that were included in the VEC.  Unfortunately there were no native and
widespread herbaceous aquatic plants that occurred in the freshwater floodplain of the Northwest
Fork, hence no particular species were proposed as indicators of salinity intrusion to that area.
Fish, amphibians and birds are mobile and can move in response to changes in salinity
conditions.  Hence the location of these species today may not reflect what has occurred at the
site during the last dry season (which may have damaged the plant community).  To compound
this problem further, standing freshwater may be found in backwater areas during periods when
the river channel may have elevated salinity.  Measurement of such mobile organisms (fish,
amphibians, and birds) at particular river segments may thus confound direct correlation of
community change to salinity.  In addition, there were no long-term or comprehensive
monitoring data for the distribution of these organisms within the Loxahatchee River system that
that could be used a basis to determine the extent to which these organisms have been impacted
by flow rates, water levels or salinity.

To address these issues, District staff will continue to investigate potential VECs that will be
used to monitor brackish and saltwater portions of the Loxahatchee River system, including
species suggested above and others (including algae and invertebrates).  The MFL proposed in
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this document focuses on protection of the remaining freshwater floodplain swamp community,
which is the resource that the “Wild & Scenic River” was designated to protect.  In order to
continue to protect the “health” of the freshwater floodplain swamp, District staff feel that
studies conducted to date confirm that the current VEC is appropriate to the resource, was
developed based on the best information available.

LOX RIVER COALITION COMMENT:

VII. The report is overly reliant on aerial photography and contemporary data
regarding the health of the River

In our opinion the District has relied too heavily on aerial photography in the assessment of the
River’s health and failed to obtain enough detailed hydrological & biological information (or
“ground truth”) necessary to properly support the broad assumptions based on the extant
photographic record.  Furthermore, the District has not satisfactorily addressed the possibility
of harm that might have occurred between 1995 and 2002.

On page 123, the Draft states, “…19 additional acres [of freshwater vegetation] were lost from
this community between 1985 and 1995.”  It does not indicate how many acres have been lost
between 1995 and 2002.  Throughout the Draft, the District presents 1995 (mainly photography)
data as if it is up-to-date.  If no aerial photography is available for 2000 or later then a thorough
ground survey may be required in order to accurately determine the state of the River and
watershed today.

In our opinion the District staff have not been provided with the resources required to accurately
measure the River’s current condition and how that condition has changed over time.  While
staff has surveyed the encroachment of mangroves into the cypress forest up until 1995 but we
remain unconvinced that substantial damage has not occurred to the River since 1985.
Furthermore, the justification for using the date of the River’s Federal Wild and Scenic River
(1985) as a benchmark (or base) for setting the MFLs, has not been substantiated.  The state
requirement for MFLs was created through the enactment of  §373.042, Florida Statutes in 1972
and the designation of Jonathan Dickinson State Park occurred in late 1940’s.  If a date is
needed for determining what stage of freshwater flow the MFLs should aspire to, then the
District should use the designation of the State Park.

DISTRICT STAFF’S RESPONSE:

Aerial photographic surveys from 2000 are only now becoming available and, as such, were not
used in the July 15th, 2002 draft document.  Analysis is ongoing.  However, extensive field
surveys of the vegetation community along the NW Fork were conducted between 2000 and
2002.  This information is the most current and detailed vegetation information available for the
River.  This included the recording of all species and their abundance found at each of 33 sites
(23 on the NW Fork, 10 on Kitching Creek), measurement of the height, canopy diameter, trunk
diameter, and seedling/saplings of dominant tree species.  The results of these studies are found
in Appendix C and summarized in Chapter 4 (pages 84-86) and Chapter 5 (pages 111-118).  The
data from these surveys were used to develop the vegetation map presented in Figure 31-C, page
131.  This map shows the present location of “healthy,” “damaged,” and “mangrove-dominated”
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segments of the NW Fork, and was based solely on the results of the in-depth vegetation surveys
conducted from 2000-2002 (not from aerial photography).  When comparing this map (2002
conditions) with that developed by the Florida Department of Natural Resources (now FDEP) for
the Environmental Impact Statement for the Wild & Scenic River in 1984 (Figure 31-A, page
131) the extent of freshwater and mangrove communities seems to have changed little, if any.  In
fact, the transition zone between mangrove and freshwater communities may be further
downstream today than is shown on the FDEP’s 1984 map.  Additionally, the aerial photo study
presented in Appendix B, which compared photography from 1985 and 1995, was unable to
document any significant change between the mangrove-freshwater swamp boundary between
these years. Since these two independent studies (field study map from 2000-2002 compared
with 1984 FDEP vegetation map, and 1985 aerial photography compared with 1995 aerial
photography) give similar results, the conclusion was reached that no significant change in extent
of mangrove-freshwater communities has occurred in the NW Fork since the mid 1980's.

LOX RIVER COALITION COMMENT:

VIII. Seasonal variability is an important consideration.

A static minimum flow does not take into account seasonal variability, which is essential for the
preservation of the River’s natural systems.

The District touches on seasonal variability in pp. 11,12 and 97, and on the erratic nature of that
variability from year to year (often as the result of hurricanes, storms, El Niño, etc.) in Figure 4
on p. 12.  It does not, however, significantly address how native biota are dependent on such
variability as did the SJRWMD in setting MFLs for the Wekiva River System.

The SJRWMD, under the direction of Henry Dean in 1994, felt very strongly that setting one
static minimum flow or level cannot sufficiently preserve either a lotic or lentic system as, over
time, such a minimum often becomes the de facto average.  The SJRWMD felt that lotic systems
were best protected by a regime of multiple MFLs. It is for this reason that the MFL regime
worked out for the Wekiva River, by SJRWMD is so exemplary.  We can find no justification for
setting an MFL that affords less protection to the Loxahatchee River.

DISTRICT STAFF’S RESPONSE:

The intent of the MFL is to define the “limit at which further withdrawals would be significantly
harmful to the water resources or ecology of the area” (Section 373.042(1)(a), F.S.).  Section
373.042(1)(b) indicates that “When appropriate, minimum flows and levels may be calculated to
reflect seasonal variations.” It does not direct the water management districts to define seasonal
variability criteria or restoration targets.  Seasonal variation in flow patterns and the amount of
water needed for restoration are important components for overall river management. However,
there are better tools available to accomplish these tasks.

A review of the MFL methods used by other water management districts, as well as the method
that was applied to the Wekiva River, clearly shows that these approaches would not be
appropriately applied to the Loxahatchee River.  The Wekiva River is not connected to the ocean
(is not threatened by salt water intrusion or sea level rise), is a highly altered system, and has
floodplain communities that differ significantly from communities in the Loxahatchee River.
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The Wekiva River system also has the advantage that 50 years of flow records were available for
the spring. The primary issue addressed in the Loxahatchee River is the significant harm caused
by intrusion of salt water within the upper reaches of the river during the dry season.  No basis
for significant harm due to withdrawals was determined to exist due to seasonal hydropattern
conditions within the floodplain swamp.  Analyses based floodplain transects indicate that these
different management goals can be in conflict at higher flows, but at the proposed MFL flow of
35 cfs, both floodplain management and saltwater intrusion goals can be reasonably balanced.
Furthermore, peer reviewers of the Wekiva River document indicated concern that the multiple
MFL regime was not based on biological (resource) criteria, but rather upon historical water
level (hydrologic) data.  Development of comprehensive restoration and management targets for
the Loxahatchee, which encompass low, average, and high flow conditions, are currently being
carried out by a multi-agency team that includes the FDEP and SFWMD.  These rainfall-based,
seasonally varying delivery patterns, which reflect natural flow conditions in the system, will be
the basis for water reservations -- the primary tool of the SFWMD associated with restoration.

LOX RIVER COALITION COMMENT:

IX. As currently written the MFL Criteria would harm the Loxahatchee River

As currently written, the MFL Criteria would allow the minimum flow to be evaded substantially
over-time and throughout the year, which would harm the River.

The wording of the minimum flow criteria needs to be corrected.  As it could be misinterpreted to
suggest that, during dry periods, the minimum flow over Lainhart Dam could be allowed to fall
below the minimum for 20 days at a time, repeatedly, so long that it is brought back up to 35cfs
every 21st day.  Under such an interpretation, the policy would allow the minimum to be met as
few as 17 isolated days throughout a year (4.72% of the time).  We doubt that, under the current
modeling, this would be sufficient to prevent further harm.

We suggest that the criteria include a policy wherein low flows trigger water restrictions, as per
Henry Dean’s outstanding work on the Wekiva River MFL regime, or a limit on how many days
the flow may fall below the minimum throughout a single year.

DISTRICT STAFF’S RESPONSE:

District staff have revised the proposed MFL rule language to address this concern. A MFL
exceedance occurs within the Northwest Fork of the Loxahatchee River when flows over
Lainhart Dam decline below 35 cfs for more than 20 consecutive days more than once in a six
year period, or when the average daily salinity concentration expressed as a 20-day rolling
average exceeds two parts per thousand more than once in a six year period.  The average daily
salinity will be representative of mid-depth in the water column (average of salinities measured
at 0.5 meters below the surface and 0.5 meters above the bottom) at river mile 9.2 (latitude
26.9839, longitude 80.1609).  If the drought event is greater than 1-in-10, Phase 3 restrictions
will be imposed.
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LOX RIVER COALITION COMMENT:

X. There is no evidence to support the 50% reduction of the Minimum Flow from 70
cfs to 35 cfs.

There has not been shown significant credible scientific evidence in the July 2002 draft to
support the reduction of the staff’s recommended minimum flow over Lainhart Dam from 70cfs,
in its May 2001 draft, to 35cfs.  The modeling has not significantly changed between the two
drafts to support such a drastic reduction.

In 2001, District staff recommended a minimum flow of 70cfs over Lainhart Dam in order to
preserve the remaining freshwater habitat up to river mile 8.1 on the basis that as recently as
1970 a healthy bald cypress ecosystem resided in this area.  It was the staff’s intention, at that
time, to keep the saltwater wedge near river mile 8.1.  This year, staff has decided to reduce that
recommended minimum by half, nearly to a level of flow that staff previously believed would be
disastrous to the freshwater cypress forest:

“A continuous discharge from Lainhart Dam within the 30 cfs range would allow saltwater to
penetrate as far as 9.0 miles upstream which is within the remaining “healthy” cypress zone.
Allowing saltwater to penetrate this far upstream would set up the opportunity for saltwater
contamination of the floodplain groundwater system that could potentially result in the stress or
mortality to the remaining bald cypress community.  Such an event would be considered
significant harm to the water resources or ecology of the area.”

30cfs is not much less than 35.  Under the flow criteria proposed in the 2002 draft, wherein flows
over Lainhart may be allowed to fall below 35cfs for up to 20 days at a time, it is reasonable to
assume that the saltwater wedge will continue its encroachment upon the freshwater habitat.  We
have not found convincing hydrological support in the current document to justify such a marked
change in recommended minimum flow.

The District acknowledges that a significant part of the National Wild & Scenic portion of the
NW Fork was already seriously harmed by 1985.  In our opinion, it was the responsibility of the
District, as custodians of the River, to initiate restoration of the River at the time of its Wild &
Scenic designation.  All of the parties adopting the Loxahatchee Wild and Scenic River
Management Plan are charge with preserving and enhancing the River to the fullest extent of its
authority.   To the extent that the District maintains the River in a damaged condition, neither
preserved nor enhanced, it has failed to fulfill its agreement with the other agencies and the
People of the State of Florida.

DISTRICT STAFF’S RESPONSE:

It is the intent of the South Florida Water Management District to ensure that all planning
documents produced by staff are based on sound scientific principles and information. As part of
the process of developing MFL technical criteria for the Loxahatchee River, the District
assembled an independent panel of experts to conduct a scientific peer review of the 2001 draft
document, which proposed 70 cfs as a MFL for the NW Fork.  Response from the peer review
panel clearly indicated that this flow target was developed as a result of a policy decision of
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where significant harm occurred, rather than from a scientific determination.  The panel felt that
establishing a specific salinity value for protection of the bald cypress community could not be
supported by the technical information presented in the document (see page 5 from the final peer
review panel report). Hence, additional field studies were conducted on the resource of concern
(the freshwater floodplain swamp) and the locations of “healthy,” “stressed,” and “significantly
harmed” freshwater swamp were defined and the flow required to protect the resource from
significant harm was calculated.

In the first draft document, much emphasis was placed on bald cypress as the key indicator
species.  Our more recent field studies, as well as those of authors working in cypress forests in
Louisiana and elsewhere, indicate that bald cypress can be somewhat salt tolerant.  In fact, bald
cypress is still found along portions of the River where other species (e.g. pop ash, dahoon holly,
water hickory, and Virginia willow) have been lost due to salinity exposure.  Because of this,
bald cypress is not an appropriate indicator of floodplain “health” or the location of the
remaining freshwater floodplain swamp.

The basis for establishing the MFL at a location in the floodplain swamp along the NW Fork, as
it was described in 1985, was discussed previously in the response concerning comparison of
1984, 1985 and current aerial photos and FDEP vegetation maps.

In addition to this MFL, which is intended to achieve partial enhancement of the Northwest Fork
of the Loxahatchee River to prevent significant harm, restoration of the Loxahatchee River
beyond the MFL will be addressed pursuant to Rule 40E-8.421(6), F.A.C. and other applicable
provisions of state law.  The South Florida Water Management District commits to restore
freshwater flows to the Northwest Fork of the River above the MFL through Chapter 373, F.S.
and the Comprehensive Everglades Restoration Plan, Northern Palm Beach Project
Implementation Report (NPB-PIR), and its associated authorities.  The District will continue to
partner with the FDEP to establish an achievable restoration goal and plan for the Loxahatchee
River watershed that will be implemented through the NPB-PIR process.  This MFL will be
reviewed within two years of adoption and revised, if necessary, to ensure consistency with the
restoration goal and plan identified pursuant to Rule 40E-8.421,F.A.C. or other applicable
provisions of state law.
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United States Geological Service (USGS)
USGS is currently responsible for maintaining the flow station located in the upstream
portion of Kitching Creek.  Three additional flow stations have been proposed for
construction at the confluences where Kitching Creek, Hobe Ditch, and Cypress Creek
flow into the Northwest Fork of the Loxahatchee River.  It is projected that these flow
stations will be maintained cooperatively by USGS and the SFWMD for at least five
years following their installation.  Flow, salinity readings at 20% and 80% of the total
depth, temperature, and surface water elevations will be collected.  An additional four
monitoring stations are proposed at the North Jetty, the Boy Scout Dock, the mouth of the
North Fork, and the mouth of Kitching Creek to provide additional data for the
Hydrodynamic/Salinity Model developed for the NW fork of the Loxahatchee River.
These stations will record water elevation, temperature, and salinity (near the surface and
near the bottom) on a continuous basis approximately every fifteen minutes.  USGS will
be responsible for collecting the data from monitoring sites on a quarterly basis and
preparing an annual report.

Environmental Protection Agency (EPA)
In 1994, the EPA initiated the Loxahatchee River Basin Wetland Planning Project to
identify wetlands in the basin and provide information about the functions and values of
these wetlands.  The EPA assisted Martin County in gathering data within the 28,000
acres project area and helped to coordinate the project activities of the various agencies
involved.

Florida Department of Environmental Protection (FDEP)
Section 9 of Chapter 83-358, Laws of Florida outlines the role that the Florida
Department of Environmental Protection plays in protecting the Loxahatchee River and
states that “the department shall have full and exclusive authority to adopt rules
concerning and to regulate activities within the river area having a direct and substantial
adverse effect on any resource value within the river area”. They are mandated with
managing the Wild and Scenic portion of the Northwest Fork of the Loxahatchee River
and the land within Jonathan Dickinson State Park. In 1997, the DEP launched its
ecosystem management initiative in the Loxahatchee River watershed. The first
component of this initiative was the development of an action plan to identify the current
gaps in environmental protection and how various projects may assist in closing them.
Other components included an aggressive public education component with numerous
public workshops, a full watershed brochure, a quarterly newsletter, and a speaker
bureau, and the establishment of an exotic plant committee responsible for carrying out
workshops and monthly exotic plan removal on public lands (FDEP Loxahatchee River
Watershed page). The Florida Department of Environmental Protection and the South
Florida Water Management Districts are partners with other agencies and local
governments to establish an achievable Restoration Plan for the Loxahatchee River
Watershed.  This restoration effort commenced in September 2002.
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The Loxahatchee River Environmental Control District (LRD)
The Loxahatchee River Environmental Control District (aka. LRD) was established in
1971 to meet the local needs of water supply, wastewater management, and storm
drainage within the Loxahatchee River watershed.  Chapter 71-882, Special Acts of
Florida, authorizes the LRD to implement various planning, regulatory, and operational
functions to meet those needs.  The District plays an active role in wastewater
management, by operating a regional wastewater treatment system that covers the
majority of the Loxahatchee basin east of I-95, conducts aquatic monitoring on the
Loxahatchee River, and provides information and environmental education opportunities
to the public.  In 1992, the LRD developed the Loxahatchee River Area Stormwater
Management Plan, a basin-wide plan that was written to ensure adequate treatment of
stormwater before it is discharged to receiving waters.  Following the development of this
plan, several municipal utilities developed local stormwater plans of their own.  The LRD
also developed a water quality index for the Loxahatchee River, similar to the one created
by the FDEP, and generates semi-annual reports, describing the quality of surface waters
throughout the basin.  Other duties include maintenance of the WildPine Ecological
Laboratory, which is open to the public and scientific community for the purpose of
gathering further insight into the various processes of the riverine system, and
involvement in a cooperative venture with the Friends of the Loxahatchee to increase
understanding and encourage public participation in river issues.  Additional information
on the Loxahatchee River Environmental Control District can be found at
www.loxahatcheeriver.org/home.html.

Loxahatchee River Management Coordinating Council (LRMCC)
This council was established in 1983 by the SFWMD and the FDEP, as directed by the
Laws of Florida, Section 83-358.5, to ensure the effective management of projects on the
Northwest Fork involving various government agencies.  The LRMCC is composed of
one representative from the following agencies; U.S. Department of the Interior,
Department of Environmental Regulation (DERM), Department of Transportation
(DOT), Game & Freshwater Fish Commission, Department of Community Affairs,
Department of Agriculture and Consumer Services (Division of Forestry), Department of
State (Division of Archives, History & Records Management), Treasure Coast Regional
Planning Council, Martin County, Palm Beach County, Town of Jupiter, Jupiter Inlet
District, Loxahatchee River Environmental Control District, South Indian River Water
Management Control District, Northern Palm Beach County Improvement District, and
Palm Beach County Farm Bureau.  Additional members include representatives of local
environmental groups, public entities within the basin, and private property owners.  The
LRMCC’s primary focus is protecting the Wild and Scenic Loxahatchee River corridor,
and they play an important role in ensuring that the preservation and enhancement goals
of the Loxahatchee River Wild and Scenic Management Plan are realized by identifying
and resolving coordination problems and enhancing communication between all interests
in the river area.  The LRMCC is currently conducting a stormwater study for the
Northwest fork basin and developing a solid waste management plan for Jupiter Farms
(FDEP 1999).  Additional responsibilities include reviewing and making
recommendations on proposed changes to the Plan, all permits required by Chapter 83-
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358, and all rules outlined in Chapter 83-358 for the protection, management, and
operation of the river.

Loxahatchee River Wild and Scenic River Management Plan
The Loxahatchee River Wild and Scenic River Management Plan identifies the current
management actions necessary to maintain and enhance the Wild and Scenic Corridor.
Tasks related to hydrologic restoration, vegetation management, land use regulation and
visitor use management are presented, and the respective responsible entities are
identified.  A schedule of implementation for the next five years is also included.  The
next update of the plan is scheduled for 2005, and will be led by the Florida Department
of Environmental Protection with assistance from the SFWMD.

The Loxahatchee River Watershed Management Planning Committee
 The Loxahatchee River Watershed Management Planning Committee (LRWMCP) is a
multi-agency and community-based coalition that was established to define and evaluate
the status of the entire watershed and propose actions to improve and protect the natural
resources within the watershed.  Throughout the planning process workshops and surveys
were utilized to gather public input and the LRWMPC findings were published in the
second draft of the Loxahatchee River Watershed Action Plan in October 1998.

The Loxahatchee River Watershed Action Plan
The Loxahatchee River Watershed Action Plan was developed in 1998 and updated in
October 2002.  This action plan outlines a comprehensive assessment of the current
condition and needs of the seven major subbasins of the watershed, which are Jonathan
Dickinson State Park/Kitching Creek, Coastal, Estuary, C-18 Canal/Corbett, Cypress
Creek/Pal Mar, Groves, and Wild and Scenic/Jupiter Farms.  The Plan includes over 60
proposed environmental projects in areas of educational activities, land management
activities, and “turn-dirt” improvement projects.  The Table below lists the proposed
projects that have been either completed or initiated as of October 2002.

Project Organization Responsible for Completing the Project
Wild & Scenic Stormwater Study Loxahatchee River District in 2000

The first Loxahatchee River Watershed
Science Symposium (February 2001)

Loxahatchee River Watershed Environmental and
Awareness Committee

Riverbend Park Restoration Day for
volunteers in February 2001

Palm Beach County Parks Department

Enhance Sheetflow in Corbett Fish and Wildlife Conservation Commission in 2001
Sandhill Crane Site Acquisition SFWMD and Palm Beach County in 2001
Sediment and Water Quality Analyses for
Pesticides and Heavy Metals

Loxahatchee River District in 2001

C-18 Triangle Tract Acquisition SFWMD and Palm Beach County in 2001
Loxahatchee River Boater’s Guide Jupiter Inlet District in 2001
Loxahatchee Slough Outparcel Acquisition 40% completed by the SFWMD and Palm Beach County as

of August 2002
Riverbend Park Hydrologic Restoration
completed in 2002

Palm Beach County Parks Department

State funding secured for important water
quality improvement projects in 2002

Loxahatchee River Preservation Initiative



MFLs for the Northwest Fork of the Loxahatchee River Appendix M

FINAL DRAFT M-5 12/04/02

Project Organization Responsible for Completing the Project
Provide Sewers to Urban Areas Still on
Septic Tanks (900 homes on the Tequesta
Peninsula).

Loxahatchee River District completed the Tequesta
Peninsula sewer project in 2002.

Mitigation Program for Wetlands Impacted
by Residential Development in Jupiter
Farms and Palm Beach County Estates

FDEP in 2002

*This table was adapted from the University of Florida’s EXTENSION Institute of Food and Agricultural Sciences
Spring 2002 publication on the Loxahatchee River Watershed, Environmental Education and Awareness and
supplemented with information from the October 2002 Loxahatchee River Watershed Action Plan.

The following Table lists the projects outlined in the Loxahatchee River Watershed
Action Plan that have transitioned from the conceptual stage to the implementation stage.

Project Responsible Organization
Atlantic Ridge Acquisition SFWMD (partially completed as of 2002)
Camp Murphy Restoration FDEP Division of Recreation and Parks
Pinegroves Campground – Removal of Australian Pine & Natural
Community Restoration

FDEP Division of Recreation and Parks

Develop Total Maximum Daily Loads for five waterbody sections in the
Loxahatchee River watershed

FDEP

Jupiter Riverwalk Town of Jupiter
Little Club Drive Stormwater Improvement Project Martin County
Volunteer Stewardship Program Palm Beach County ERM
Siltation/Sedimentation Study Jupiter Inlet District
Beeline Corridor Land Acquisition SFWMD and Palm Beach County
Loxahatchee Slough Restoration SFWMD and Palm Beach County
Pal-Mar Acquisition Project 36%c completed as of August 2002. SFWMD, Martin County, and Palm Beach

County
Cypress Creek/Pal-Mar/Groves Hydrologic Study SFWMD, Martin County, and FDEP
Establish Minimum Flow to National Wild and Scenic NW Fork of the
Loxahatchee River

SFWMD

*This table was adapted from the University of Florida’s EXTENSION Institute of Food and Agricultural Sciences
Spring 2002 publication on the Loxahatchee River Watershed, Environmental Education and Awareness and
supplemented with information from the October 2002 Loxahatchee River Watershed Action Plan.

Additional information on the proposed projects for each sub-basin including a
description of the project, the lead agency, time frame, the source of funding, and the
project’s current status can be found in the October 2002 Loxahatchee River Watershed
Action Plan.

The Loxahatchee River Preservation Initiative
The Loxahatchee River Preservation Initiative is an outgrowth of the FDEP’s watershed
management effort.  The document was prepared by a sub-committee created by the
Loxahatchee River Watershed Management Planning Committee to prioritize the turn-
dirt projects outlined in the Loxahatchee River Watershed Action Plan and identify
potential funding opportunities for the proposed projects.  The committee reviewed the
various projects outlined in the Action Plan and those identified after 1998, and focused
on those classified as high priority based on the following criteria: potential positive
impact on water quality, ability to proceed to the construction phase in a timely manner,
and the availability of a local government sponsor to support the project.  The projects for
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which 2003 funding is being requested from the State Legislature and local sponsors are
listed in the Table below, which is from the Loxahatchee River Preservation Initiative
2003.  Detailed descriptions of the projects and a summary of their benefits and readiness
can be found in the 2003 Loxahatchee River Preservation Initiative.

Rank Order Project Name Local Sponsor
1 Wild & Scenic River Corridor Habitat Restoration – Phase 1

Hell’s Canal, Citrus Corridor, Section 29, West of Parcel 19
Jonathan Dickinson State Park

2 Kitching Creek Restoration Martin County
3 Riverbend Park Hydrologic Restoration Palm Beach County
4 Loxahatchee Slough Restoration – Phase 3 Palm Beach County
5 Jones Creek Restoration – Phase 2 Jupiter Inlet District
6 Jonathan Dickinson State Park Water Quality Improvements LRECD/Jupiter
7 Community Stormwater Retrofits Town of Jupiter
8 Wild & Scenic River Corridor Exotic/Pest Plant Control – Phase 1 Jonathan Dickinson State Park
9 Loxahatchee River Main Embayment Sand Traps Jupiter Inlet District
10 Cypress Creek Restoration – Phase 1 Martin County

DEP Regional Aquatic Preserve Plan
The Aquatic Preserve Act was passed in 1975 to maintain submerged lands of
exceptional beauty in their natural or existing conditions.  The Loxahatchee River-Lake
Worth Creek Aquatic Preserve is one of the four preserves established to protect
freshwater flora and fauna, and is managed in two separate sections.  The larger section,
designated as the urban preserve, is comprised of Lake Worth Creek, the North Fork,
Southwest Fork, and Northwest Fork up to river mile 5.5 while the smaller section,
designated as a wilderness preserve, includes the upstream areas of the Northwest Fork.
The major objectives of this plan include restoring and enhancing the natural condition of
the resources within the urban preserve, as much as possible, and maintaining and
enhancing the existing condition of the wilderness preserve.  Some of the on-site
objectives include maintaining and enhancing the function of plant communities,
protection of animal life, geologic features, archaeological and historical sites, and water
resources, both quality and hydrology, and the development of a cumulative impact
analyses program.  Specific information on the management objectives, how this plan
will interface with all levels of government, non-government agencies, and interest
groups, and the various uses of the preserve (public, private, commercial, scientific
research, and environmental education) can be found in the document (Department of
Natural Resources, 1984).

Loxahatchee River Aquatic Plant Work Plan
This Plan which was prepared by the FDEP in 1994, serves as the management directive
for control of exotic non-native aquatic plants in the Wild and Scenic Northwest Fork of
the Loxahatchee River.  It identifies the plant species, criteria, and standards that guide
the aquatic plan managers in integrated pest management.  The main goal of this plan is
to enhance the native vegetation along the river corridor by keeping the non-native plants
at maintenance control levels.
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Integrated Water Resource Plan, Northern Palm Beach and Southern Martin
Counties
This Plan addresses the future provision of water to both urban and environmental needs.
This document recognized and prioritized the need to reserve sufficient quantities of
freshwater for the environment.

J.W. Corbett Wildlife Management Area Conceptual Management Plan
The J.W. Corbett Wildlife Management Area (WMA) consists of 60,224 acres and is
primarily managed to provide for public uses such as hunting, fishing, horseback riding,
and nature appreciation.  The goals listed in the plan include; 1) Maintain the area’s
historic composition of native plant communities to provide the natural diversity,
abundance, and distribution of indigenous wildlife species, 2) Provide for appropriate,
compatible multi-use recreation opportunities while assuring a quality outdoor experience
and conservation of Corbett WMA’s natural and cultural resources, 3) Develop WMA
awareness and support through community participation, 4) Identify and protect
archaeological, historical, and cultural resources.  The plan also identifies resource
management problems and lists strategies to address those problems.

United Technologies Corporation, Pratt & Whitney Environmentally
Sensitive Lands Preserve Area Management Plan
United Technologies Corporation, Pratt & Whitney established a 1,283 acre preserve in
accordance with the 25% set-aside criteria of the Palm Beach County Environmentally
Sensitive Lands Ordinance (No. 90-47) in 1992.  This plan specifies resource
management measures necessary to rectify existing incompatible conditions and to
safeguard the future quality of the preserve.  Restorative measures for immediate
implementation include exotic plant removal.  Measures to insure the proper future
management of the preserve include hydrological maintenance, a combination of
prescribed burning and mechanical maintenance for vegetative management, protection
of flora listed as endangered, threatened or species of special concern, minimization of
human impacts, periodic removal of exotic vegetation, and protection of wildlife.  Special
management measures have been provided for three protected wildlife species:
Everglades kite, wood stork, and Florida sandhill crane.

Jonathan Dickinson State Park
The mission of Jonathan Dickinson State Park is to “provide resource-based recreation
while preserving, interpreting, and restoring natural and cultural resources”
(www.dep.state.fl.us/parks/district5/jonathandickinson/index.asp).  The Park consists of
approximately 11,480 acres in Martin County and northern Palm Beach County.  Twenty-
six hundred acres within the park is a wilderness preserve and approximately 2,100 acres
contains the highly endangered scrub community.  The Park attracts 169,768 visitors
annually (1999-2000) and according to research conducted by the Florida Parks Service
the total direct economic impact of JDSP on the local community is $5,101,443 annually.
The Park biologists conduct prescribed burning, exotic plant removal, wetland and
upland restoration, and water quality monitoring.  The Park also manages the cultural
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resources within its boundary, which include the preservation, restoration and research of
historic buildings, archaeological sites, artifacts, and historical landscapes.  Additional
information on JDSP can be found at
www.dep.state.fl.us/parks/district5/jonathandickinson/index.asp.

Save Our Rivers Projects (SFWMD) – Land Acquisition
The Save Our Rivers program (SOR) and Water Management Lands Trust Fund were
enacted by the Florida Legislature in 1981.  The SOR act enables the water management
districts to acquire lands necessary for water management, water supply, and the
conservation and protection of water resources.  Maps denoting acquired lands, potential
land acquisition areas, and SOR project areas for the Loxahatchee River and Loxahatchee
Slough are available at www.sfwmd.gov/org/clm/lsd/lsdproj.html.  One of the most
recent Save Our Rivers Projects is the Cypress Creek land acquisition project.  The
District partnered up with the State, Palm Beach and Martin Counties to purchase a total
area of 3,995 acres at a total price of $41 million. (Please note that at the date of this
publication the contract has been approved, but closing has not occurred).

Canal 18 Restoration – Revegetation Program
The South Florida Water Management District is carrying out restoration activities within
Canal 18 and Limestone Creek, which include the removal of exotic vegetation and
planting of indigenous species, the creation of tidal wetlands, and reconnecting (and
expanding) portions of the original Limestone Creek channel to C-18. Additional
information on this program and a photograph of Limestone Creek prior to the
construction of Canal 18 can be found at www.sfwmd.gov/org/clm/row/c18.html.

Northern Palm Beach County Comprehensive Water Management Plan
The Northern Palm Beach County Comprehensive Water Plan was developed by the City
of West Palm Beach and the SFWMD to outline mutual goals for the management of
water resources in the Southern L-8, Western C-51, and C-18 basins.  The plan outlines a
program of structural improvements to increase the storage and conveyance of surface
water within and between the former basins, and the development of alternative water
supply sources to meet the urban and environmental demands over the next 20 years.
The project components are designed to reconnect the Loxahatchee Slough and the
Northwest Fork of the Loxahatchee River to the regional water management system.
Detailed information pertaining to the proposed projects can be found in Volumes 1 & 2
of the Plan (SFWMD, 2001).  Volume I details the schedules, costs, and funding of the
proposed projects over the next two to five years, and includes a list of related water
management projects and agencies involved in cooperative efforts that support or
supplement this plan.  Volume II is a technical report summarizing the planning,
modeling, and analyses that led to the recommended structural improvements.

Northern Palm Beach County CERP Project Management Plan
The Northern Palm Beach County CERP Project Management Plan was developed by the
U.S Army Corp of Engineers (USACE) and the SFWMD to outline the steps needed to
increase water supply and improve water quality while maintaining flood protection.  The
Plan contains a number of elements that will be implemented in two parts.  Part I includes
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the following six separable elements: Pal-Mar and J.W. Corbett Wildlife Management
Area Hydropattern Restoration, L-8 Basin Modifications, C-51 and L-8 Reservoir, Lake
Worth Lagoon Restoration, C-17 Backpumping and Treatment, and C-51 Back-pumping
and Treatment.  These elements were combined into a single project to address the
interdependencies and tradeoffs between the different elements and provide a more
efficient and effective design of the overall project.  These projects will commence in
2001 and should be largely completed within twelve years.  Part II includes the
construction of the C-51 Regional Groundwater Aquifer Storage and Recovery (ASR)
system and the L-8 Basin ASR system, and is scheduled to begin in 2009 and continue
through 2020.  These projects will provide additional long-term storage within the North
Palm Beach County region.  Detailed information pertaining to these projects can be
found in the Northern Palm Beach County CERP Project Management Plan (SFMWD,
2002).

Florida Fish & Wildlife Conservation Commission – Florida Marine
Research Institute (FMRI)
The Florida Marine Research Institute (FMRI) conducted an electrofishing study, which
commenced in 1990 and continued through 1992 to collect life history information such
as age, growth rates, and reproductive status of snook inhabiting the downstream reaches
of the Loxahatchee River.  During this study, some baseline salinity information was also
collected.  As a follow up of this study, FMRI scientists conducted monthly, randomized
pilot sampling utilizing a 180-meter long seine in the downstream portions of the
Loxahatchee River and estuary.  Unfortunately, due to the large size of the net the
sampling was not very effective and only a few trials were completed.  The data from
these two studies is available upon request from FMRI.

In May 2002, FMRI scientists initiated a two-year project to ascertain the sizes
and ages of snook that are being caught-and-released by saltwater anglers in Charlotte
Harbor and Tequesta (http://www.floridamarine.org).  There are a total of twelve
sampling locations, three of which are located in the Loxahatchee River and estuary, that
will be randomly selected for monthly sampling.   In 1999, the former rule on snook
harvest size was modified to prohibit the harvest of snook thirty-four inches or longer.
Since that rule change very little data has been collected on the lengths, ages, and
abundance of undersized and oversized snook in Florida waters. In this study, FMRI
biologists will simulate the angling community and its fishing habits during the open and
closed snook seasons, and will collect data on the species captured, size, release status of
the fish, and the mortality of snook above and below the legal catch size.  In addition to
this sampling, FMRI will seek additional help from volunteer anglers.  These anglers will
be randomly selected from the saltwater fishing license database and will be asked to fill
out a log book during one of their fishing trips.  The data collected by the biologists and
anglers will be presented to the Florida Fish and Wildlife Conservation Commissioners
for review to decide if the current management practices are effective at sustaining the
snook population.

FMRI also conducts statewide manatee counts and is currently in the process of
compiling and organizing all of their meta-data so that it may be posted on their website
for public use.  The annual manatee counts are conducted across the state with the
assistance of twelve other agencies, research labs and universities
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(http://www.floridamarine.org).  The counts are normally conducted on a sunny, windless
day immediately following a prolonged cold front.  The cooler temperatures cause the
manatees to seek out warmer sites, which concentrates them into smaller areas, and the
windless, sunny day encourages them to float making them more readily visible to those
conducting the surveys.  Results of the surveys conducted from 1991 through 1999 are
available on the FMRI website.  Once the meta-data site is completed, the public will be
able search for specific data sets and will be given important information pertaining to
those sets such as what was collected, when was it collected, and the type of
methodology used.

Palm Beach County ERM
In 1991, Palm Beach County ERM developed the North Palm Beach County

General Aviation Airport Habitat Management Plan for Preserve Areas.  The airport
consists of an 1,832-acre, triangular shaped parcel of land northwest of the intersection of
Beeline Highway and PGA Blvd.  The airport’s development order required that two
preserves be established and maintained in perpetuity and that this habitat management
plan be drafted.  The two preserve areas total 925 acres of upland and wetland mosaic.
The wetlands are primarily wet prairies and the uplands are dominated by low pine
flatwood or oak and cabbage palm hammocks.  The plan addresses removal of exotic
vegetation, controlled burning, fencing, passive recreation and scientific uses, and
continued wetland viability.

PBCERM has acquired more than 13,000 acres of the Loxahatchee slough
through their Environmentally Sensitive Lands program for conservation and recreational
purposes.  An additional 1,125 acres of land located adjacent to the county lands were
purchased by the SFWMD in 1999, and these lands are proposed to be managed by
PBCERM. PCBERM and the District are also proposing to jointly conduct baseline
(current) and post-construction/operation (G-160 Structure) vegetation and hydrological
monitoring within the Loxahatchee Slough to assess the effectiveness of the first tier of
improvements outlined in the North Palm Beach County Comprehensive Water
Management Plan.  The county will be responsible for conducting the field vegetation
surveys while the District is responsible for installing the staff gauges and conducting
landscape-level monitoring using aerial photography from Digital Orthographic Quad
(DOQ) photos.  The field based surveying is scheduled to commence in August or
September 2002 and continue on a semi-annual basis (wet and dry season) through 2007.
These surveys will be conducted at five sites within the Loxahatchee Slough, and at each
location three permanent 3x3 meter plots containing representative plant communities
will be established.  The vegetation surveys will include water depth measurements,
characterization of the macrophyte species present in each plot and their relative
abundance, using either actual counts or a standard comparative index (whichever is
appropriate to the species).  Annual reports summarizing the data and discussing the
findings will be written by PBCERM.
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Martin County
A portion of this was prepared by Kim Love, Martin County on March 11, 2002 and
November 20, 2002

Kitching Creek
In 1994, the EPA initiated the Loxahatchee River Basin Wetland Planning Project

to identify wetlands in the basin and provide information about the functions and values
of these wetlands.  The Martin County government was chosen to conduct the portion of
the project located in Martin County, which covered approximately 77,000 acres.  In
1998, Martin County, St. Johns River Water Management District (SJRWMD), and
FDEP jointly funded a two-year watershed restoration study of the Kitching Creek
watershed.  Earth Tech was hired to conduct field measurements of hydrologic and water
quality conditions, model surface water and ground water flows, and provide conceptual
designs of potential alternatives that could improve water quality, restore the ecosystem,
and reduce flooding.

The objectives of the study included headwater revitalization, rehydration of
disturbed wetlands in the Kitching Creek watershed, determining the feasibility of linking
the wetlands, which were divided by the construction of Bridge Road (C.R. 708),
tracking E-coli contamination entering Jonathan Dickinson State Park from Kitching
Creek, and the assessment of surface and groundwater flow and quality.  Utilizing the
information gathered from the field collections and model development, Earth Tech
created the Kitching Creek Water Quality Improvement Project.

This Project, at build-out, could enhance surface water flows to the Loxahatchee
River by raising average groundwater elevation by as much as 2 feet over an area
exceeding 1,000 acres located north of the River, thereby increasing the groundwater
contribution to the Loxahatchee River. The Project is comprised of several alternative
plans, and three of these are summarized in the following sections.   Detailed information
pertaining to all of the plans and their recommended implementation schedule can be
found in the Final Hydraulic Report of the Kitching Creek Water Quality Improvement
Project.
     One part of the overall project redirects flow, which currently moves south through
the Kitching Creek Road Ditch causing erosion and flooding, southwest through wetlands
into Kitching Creek’s predevelopment flowway and a wetland system located south of
138th Street.  This redirection will reduce flooding along 138th Street, Powerline Avenue
and Kitching Creek Road.  These water management measures can be accomplished by
blocking existing culverts under Bridge Road and installing new ones in different
locations, possibly re-engineering a portion of Bridge Road, regrading existing drainage
ditches to provide shallow, wide flowways, and installing stormwater treatment ponds,
berms and other water control structures.

The East Creek Tributary Diversion Berm is a water management improvement
structure located in the vicinity of the intersection of 138th Street and Powerline Avenue.
This project will create a diversion that redirects flow away from the populated areas
along Powerline Avenue and Kitching Creek Road into the predevelopment flow way of
Wilson Creek.  This diversion will be accomplished by blocking existing culverts at the
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intersection of Powerline Avenue and Bridge Road.  Installation of a new culvert under
Bridge Road east of the intersection and construction of a 2-ft. high berm will allow flow
to be directed to the southeast toward Wilson Creek that is located within Jonathan
Dickinson State Park.

The Flora Avenue water management improvements extend approximately 8,000
feet southward from the intersection of Flora Avenue and Bridge Road. Benefits of this
project component are improvements in the water quality flowing into Jonathan
Dickinson State Park property south and east of Flora Avenue and reductions in the level
of flooding of Flora Avenue residences and businesses.  Decreased flooding along Flora
Avenue will be accomplished by raising a 2000-ft section of the roadway and providing
new water quality structures adjacent to Flora Avenue. Stormwater from developed areas
along the road will be routed to detention ponds for attenuation and sediment removal
prior to discharge to Jonathan Dickinson State Park.

Martin County has secured FDEP 319 funding for the Flora Avenue portion of the
Kitching Creek Water Quality Project in the amount of $464,000.00 and an additional
$50,000.00 from Jonathan Dickinson State Park for design and engineering work for this
project.  Martin County is currently partnering with the U.S. Army Corps of Engineers
(the Corps) to fund a restoration project for Kitching Creek.  The Corps operates a
“Continuing Authority” program that funds several smaller projects outside of its large
capital projects such as the Central and Southern Florida Flood Control Project.  One of
those Continuing Authority categories, the “206 Aquatic Ecosystem Restoration,”
provides for a Preliminary Restoration Plan (PRP), and if approved, a restoration
feasibility study and construction funding up to a cap of Five Million Dollars.  The Corps
has assembled a project team and has begun work on a Preliminary Restoration Plan for
Kitching Creek.

Cypress Creek
Palm Beach County, Martin County and the District are partnering to purchase

approximately 4000 acres in the Cypress Creek basin.  It is anticipated that the sale will
close by January 2003.  Martin County and the District are partnering to match “water
project” dollars from the State Legislature to design, engineer and construct facilities
within the Cypress Creek Project that will contribute to the restoration of the Wild and
Scenic Loxahatchee River.

Pal-Mar and Atlantic Ridge
Martin County has submitted the eastern reach of the Pal-Mar and the remainder

of the Atlantic Ridge Florida Forever Projects to the Audubon Society for consideration
for acquisition funding.  These parcels are necessary for additional water management
alternatives for the Cypress Creek and Kitching Creek sub-basins.

Jupiter Inlet District
The Jupiter Inlet District (JID) was established by the Florida legislature in 1921 to
maintain and preserve the navigability of the Jupiter Inlet and the Loxahatchee River
downstream of Jonathan Dickinson State Park, and operate and maintain the
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northernmost portion of Jupiter Inlet Park.  At four locations within Jonathan Dickinson
State Park, boat traffic caused destruction of mangrove shorelines and the breaching of
narrow divisions between adjacent canals.  Those breaches “short cut” the historical
meanders and allowed for more direct tidal influence upon the upstream reaches.  In
1996-1997 the JID implemented an oxbow restoration project in the NW fork to restore
more natural flow to the historic meandering sections of the River, improve water quality
in the stagnant areas, reduce organic deposition in isolated oxbows, and increase the
retention time of freshwater runoff and decrease saltwater intrusion.  The four gaps were
closed with rock and earthen dams to provide a hydraulic barrier, which was biologically
and aesthetically compatible with JDSP.  Pre-construction and post-construction studies
determined that the closures resulted in lower salinity levels and longer response times
for the upstream stations to experience increases in salinity.

Other projects associated with the Loxahatchee River and Estuary that are
overseen by the Jupiter Inlet District include the implementation of the Loxahatchee
River Management Plan, the Sim’s Creek enhancement project, seagrass bed monitoring,
and preparation of the Loxahatchee River Boater’s Guide.  In cooperation with Palm
Beach County ERM, the JID completed a tidal creek enhancement program for one of the
enhancement sites identified in the Sims Creek Enhancement Study (1993).  The program
consisted of exotic vegetation removal and the creation of a 2.05 acre mangrove-spartina
wetland.  The enhancement and restoration to the wetland portions of the site will provide
additional habitat resources for fisheries and wildlife species and eliminate an exotic seed
source that could spread to other portions of the watershed.  In addition, a portion of Sims
creek was dredged to clean out accumulated sediments.  This dredging restored the creek
to historic depths and provided more stable benthos, littoral zones, and maintainable traps
for reducing sediment loads to the Loxahatchee River.  The Loxahatchee River Boater’s
Guide was completed in 2001, and the siltation/sedimentation study slated for the
Loxahatchee estuary has progressed from the conceptual phase to the implementation
phase.

Treasure Coast Regional Planning Council (TCRPC)
The Treasure Coast Regional Planning Council was established in 1975 to promote
cooperative efforts and communication between local units of government,
representatives of major economic interests, and the public to promote health, safety, and
general welfare of the citizenry and plan for future development of the Treasure Coast
region. The Council is comprised of local elected and appointed officials, and is
responsible for planning in Indian River, St. Lucie, Martin, and Palm Beach counties. To
accomplish their mission, the TCRPC operates a variety of programs and planning
functions related to growth management and development within the Treasure Coast
Region.  In 1994, the TCRPC conducted the portion of the Loxahatchee River Basin
Wetland Planning Project that fell within Palm Beach County boundaries.   The Palm
Beach County portion of the project area included approximately 65,000 acres and
included land that extended north to the Martin County border, east to the Florida
Turnpike, south to Northlake Boulevard, and west to a north-south line located
approximately one mile west of CR 711.   A two-fold wetland assessment was utilized in
the project, which involved remote analysis based on the interpretation of infrared aerial
photography and field analysis. The wetlands were classified as high, medium, or low
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quality and the percentages were 73%, 13%, and 8%, respectively.  The largest area of
high quality wetlands was the Loxahatchee Slough.  Further information on the
Loxahatchee River Basin Wetland Planning Project can be found in the Technical
Summary Document prepared by the TCRPC in July 1999, and additional information on
the TCRPC can be found at www.tcrpc.org.

City of West Palm Beach Water Catchment Area Advisory Committee
The City of West Palm Beach Water Catchment Area Advisory Committee was
established in 1976 by the City Commission of West Palm Beach as outlined in Chapter
67-2169 passed by the Florida Legislature.  The Committee is comprised of eight
members, seven of which are appointed by the Mayor of West Palm Beach and the other
is West Palm Beach’s Director of Utilities, who is an ex-officio member.  They are
responsible for providing the City Commission “with advice and recommendations on all
matter arising within the City of West Palm Beach and related areas which may, in any
manner, impact or otherwise affect the preservation and environmental quality of the
Water Catchment Area as a public water supply and significant wetland/environmental
asset” (Selfridge, G.P., 2002 personal communication).  More specifically, they advise
the Committee on matters related to preserving an adequate water supply for the current
and future residents of West Palm Beach, especially in regards to avoiding water supply
shortages during times of prolonged drought, while ensuring that it is kept in its natural
state for public use and enjoyment.  It is the express intent of the City Commission that
all issues, which could potentially impact the Water Catchment Area either directly or
indirectly be submitted to the Committee for its review and recommendation before that
issue is presented to the City Commission.

South Indian River Water Control District
The South Indian River Water Control District (SIRWCD) was created in 1923 by an Act
of the Florida Legislature.  It encompasses 12,500 acres in Jupiter Farms, Egret Landing,
Palm Beach County Estates, and the Jupiter Commerce Park.  One of their primary
responsibilities is the management of storm water runoff to prevent damage to private
property.  District canals are utilized to transport excess rainwater via gravitational flow
into natural holding areas such as the Loxahatchee slough, wetlands, and water
conservation areas.   Additional information on the SIRWCD can be found at
www.sirwcd.org/index.html.

Florida Inland Navigation District
The mission of the Florida Inland Navigation District is to perform the functions of the
"local sponsor" of the Atlantic Intracoastal Waterway project.  To meet this objective the
District provides all lands required for the navigation project including rights of way and
lands for the management of dredged materials removed from the waterway channel
during dredging activities.

Regional and Local Utilities
Utilities in the northern Palm Beach County area are diversifying supply sources to
reduce reliance on regional water sources, including tapping the Floridan aquifer and
developing water reuse systems.  The three major water suppliers are the Town of Jupiter,
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Village of Tequesta, and Seacoast Utilities.  The Town of Jupiter's water utility presently
has a treatment capacity to produce over 27 MGD.  Up to 12 MGD of this could be
produced with water from the Floridan aquifer via reverse osmosis treatment.  Jupiter has
also developed a wellfield recharge system that involves skimming water from the C-18
Canal, when it is available, and routing it to storm water management systems in the
vicinity of their wellfield to maintain water levels in these systems and increase recharge
of the aquifer.  The Village of Tequesta has also tapped the Floridan aquifer for public
water supply using a 1.5 MGD reverse osmosis treatment facility.  Seacoast Utility’s
relies on the surficial aquifer system for their source water public water supply.  Water
reuse has been implemented extensively in the northern Palm Beach County area.  The
two major providers, the Loxahatchee River Environmental Control District and Seacoast
Utility, have waiting lists for reclaimed water.  The Loxahatchee River Environmental
Control District reuses over 5 MGD of reclaimed water for irrigation of 11 golf courses
in the Jupiter/Tequesta area and the Abacoa Development.  Seacoast Utility reuses almost
6 MGD for irrigation of 7 golf courses and other green space, and for ground water
recharge.

Indian River Lagoon National Estuary Preserve
The Indian River Lagoon National Estuary Preserve was established in 1990 under the
EPA’s National Estuary Program (NEP).  Although the EPA administers the NEP, the
Indian River Lagoon program decisions and activities are carried out by committees
comprised of representatives from local government, federal agencies, academic
institutions, industry and estuary user-groups, and private citizens.  The priority
management issues identified by the committee include human population growth,
habitat loss and alteration, fisheries and other species decline/loss, freshwater inflow,
increased concentrations of nutrients, toxic substances, and other conventional pollutants,
sedimentation, and introduced/pest species (United States EPA, 2002).  The excessive
amounts of stormwater runoff transport large amounts of nutrients and sediments into the
IRL, which in turn negatively impact benthic organisms, promote algae overgrowth, and
smother seagrass beds.  In 1992, the Indian River NEP built a concrete sediment trap in a
drainage system located adjacent to a developed portion of the shoreline to decrease the
amount of sand, leaves, and litter from entering the lagoon, which has successfully
captured about four tons of sediment in the last ten years.  Due to the success of that
sediment trap, others are being expanded to additional sections of the lagoon.

Indian River Lagoon – South Feasibility Study
The Indian River Lagoon South Feasibility Study was a joint Federal and State effort led
by the United States Army Corps of Engineers (USACE) - Jacksonville District and the
SFWMD to prepare a plan for restoration, protection and preservation of the water
resources in Martin and St. Lucie counties.  The Plan recommends the creation of
approximately 13,000 acres of new reservoirs, 9,900 acres of wetland based treatment
areas, 92,900 acres of natural storage and water quality treatment areas, and muck
remediation and artificial habitat.  These features will significantly reduce damaging
watershed discharges into the St. Lucie estuary and Indian River Lagoon from C&SF
canal structures, provide water quality treatment and storage in the natural system, and
increase water supply, while maintaining flood control and the other objectives of the
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Central and Southern Florida Project.  This Plan also defines the most appropriate
placement for the reservoirs approved in the Comprehensive Everglades Restoration Plan
(CERP).  The proposed Pal-mar Complex and Cypress Creek Complex Natural Storage
and Treatment Areas will both provide additional flow to the Loxahatchee Slough and
River.  The Pal-mar complex consists of approximately 17,143 acres of improved pasture
with degraded wetlands located on the south side of C-44.  It will serve as a reservoir for
some of the excess flow that is currently discharged from Lake Okeechobee through the
C-44 canal to the South Fork of the St. Lucie River and out to tide water when lake levels
exceed USACE regulation schedules.  Water stored in Pal-Mar or adjacent areas could
potentially be used to supplement flow to the South Fork of the St. Lucie River and the
Loxahatchee River during dry periods.   Water stored in those areas will also supplement
regional groundwater levels that may provide additional flow to the rivers.  The Cypress
Creek Complex consists of 32,639 acres of primarily improved pasture land and will
provide additional flow to the South Fork of the St. Lucie River and Cypress Creek, a
tributary which empties in the Northwest Fork of the Loxahatchee during periods of low
rainfall.  A copy of this document can be found at
www.evergladesplan.org/pm/studies/irl/index.shtml.

Manatee Recovery Plan
The goal of this plan is to assure the long-term viability of the Florida manatee in the
wild, allowing initially for reclassification to threatened status and, ultimately, removal
from the List of Endangered and Threatened Wildlife.  The plan sets forth criteria, which
when met, will ensure a healthy, self-sustaining population of manatees in Florida by
reducing or removing threats to the species’ existence.  A comprehensive discussion on
the current threats to manatees, the actions and strategies needed to achieve a healthy and
sustainable manatee population, and the prioritization, delegation of responsibility, and
implementation of the recovery tasks are discussed in great detail in the plan.

The Loxahatchee Greenways Project
The Loxahatchee Greenways Project was carried out by The Conservation Fund, 1000
Friends of Florida, and the MacArthur Foundation.  The project used GIS technology to
identify regional greenway corridors that could connect the remaining pristine lands, and
established a green infrastructure network that protects the resource base while still
supporting the surrounding communities and sustaining the economy.  Benefits of the
Loxahatchee Greenways Project include protection of the River and its flora and fauna,
protection of the wetland systems, water supply, recreational and educational
opportunities, a reduction in the cost of future public services, and increases in property
values.  Planning agencies, businesses and communities agreed to incorporate the
Loxahatchee Greenways Network into their conservation and development efforts.

Loxahatchee River Coalition
The Loxahatchee River Coalition is an environmental activist group with the mission to
restore and preserve the Loxahatchee River and its ecosystem for present and future
generations.  The Coalition promotes stewardship and advocates for policies and
programs that will benefit the inherent natural resources of the Loxahatchee River
through education and activism.
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Friends of the Loxahatchee River
Friends of the Loxahatchee River was founded in 1995 to offer local citizens the
opportunity to learn more about the River and its ecosystems.  The mission of this
organization is to provide environmental education opportunities, conduct aquatic
research programs, and promote public involvement in river conservation efforts.
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INTRODUCTION
The primary focus of the proposed MFL was to address the problem of saltwater

intrusion within the Northwest Fork of the Loxahatchee River.  During the course of this
investigation, another major ecological question was identified, specifically: What are
hydrologic requirements of the floodplain swamp, particularly that portion of the river
designated as Wild and Scenic, and how will the implementation of the proposed MFL
criteria impact or benefit that section of the river?

Two primary approaches were used to answer this question: (1) a review of the
literature was conducted to identify appropriate water depths and hydroperiods that will
sustain a healthy floodplain swamp community, and (2) floodplain transect data were
analyzed to determine the relationship between river flow (calculated from stage data
obtained from the Lainhart Dam) and the inundation characteristics of the floodplain
swamp. The study area was limited to the area of the upper NW Fork of the Loxahatchee
River located between Indiantown Rd. (State Rd. 706) and the Trapper Nelson’s
interpretive site (river mile 10.7). Areas downstream of Trapper Nelson’s site were not
included in this study, since the Lainhart Dam flow-floodplain stage relationships are
different due to the effects of tributary inflows. The information presented below is a
preliminary examination of hydroperiod requirements and inundation characteristics of
major biological communities in the floodplain of the upper NW Fork of the
Loxahatchee. District staff also used these relationships to assess the effects of
implementing the proposed minimum flow criteria that were presented in the main body
of this report.

METHODS

Literature Review
A literature review was conducted to identify the water depth and hydroperiod

requirements of selected floodplain swamp species. This review was also used to obtain
information on the germination requirements and flooding tolerances of cypress and other
common floodplain swamp species. A summary of the major studies and relevant
findings are provided (also see Appendix A).

Floodplain Transect Analysis
During the mid-1980’s District staff conducted a series of floodplain surface

water and soil elevation measurements at four selected transects located along the Wild
and Scenic portion of the Loxahatchee River (D. Worth personal communication).
Transects 1 and 2 were located between Indiantown Rd. and the Florida Turnpike/I-95
bridges (Figure 1).  Transects 4 and 5 were located between the Florida Turnpike/I-95
bridges and the Trapper Nelson’s interpretive site, located in Jonathan Dickinson State
Park.  Transect 3 was also surveyed, but was not included in this analysis because it lies
along Cypress Creek near the confluence with the NW Fork and was outside the area of
interest. Elevation measurements (feet NGVD) were made at 10-ft. intervals along each
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transect and were entered into a MS Excel spreadsheet (1 cell = 10 ft.). The number of
cells that were at or below a specific water level were used to calculate the percent of the
transect cross-sectional area that was inundated at a given stage.

Figure 1. Location of the transect sites along the upper NW Fork of the Loxahatchee
River

Wells and stage recorders were installed at each of the four transect locations to
measure daily average water levels (in feet NGVD). Data collected from each of the
transect stage recorders were related to USGS and SFWMD stage measurements obtained
from the Lainhart Dam. The four well stage recorders were in operation from 1984
through 1990 and the archived data was extracted from the SFWMD’s DBHYDRO
database. Additional information concerning the well sites are provided in Table 1.

Table 1. Floodplain Transect Well monitoring information

Transect Survey
Date* Heading* Gauging

Station** Lat/Long**
X-Y Coordinates

(NAD 27)**
Location**

T1 12/20/83 N 22° 30’ W LOX.R1_G 26 5625.202
80 1024.15

925479.393
948362.741

Approx. 0.5 km down-
stream of State Rd. 706

T2 12/22/83 S 75° E
S 36° E
S 11° E

LOX.R2_G 26 5656.201
80 1012.15

926544.921
951500.123

Downstream side of
Masten Dam

T4 4/9/84 N 61° W LOX.R3_G 26 5729.2
80 0958.149

927789.931
954840.688

Approx. 1.5 km down-
stream of Masten Dam

T5 3/13/84 N 46° E
S 85° E

LOX.R4_G 26 5806.199
80 0952.149

928308.185
958580.409

Approx. 2.5 km down-
stream of Masten Dam

*Source: SFWMD survey staff field notes
**Source: SFWMD DBHYDRO database
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Stage hydrographs (1984-1990) were developed from the transect well data.
Summary statistics (mean, standard deviation, and range of variation) were developed
from these hydrographs to calculate mean differences in elevation between each transect
site as compared to the Lainhart Dam. Data used in these analyses were only from
periods when concurrent and continuous stage data were available

Estimates of Floodplain Hydroperiod Length

Calculations were made to determine the average percent of time each transect
site was flooded, during the period since major improvement were made to the G-92
structure in 1987. Using soil elevation data from the transect studies, the average
elevation of each floodplain transect was estimated, in feet NGVD. Lainhart Dam daily
stage measurements were obtained from USGS and SFWMD data obtained from the
District’s DBHYDRO database. The relative differences in surface water elevations were
calculated between the Lainhart Dam and each transect site shown in Table 5. Actual
Lainhart Dam stage records from 1987-2001were then used to develop stage hydrographs
and stage duration curves for each transect and determine the average percent of time
each transect has been inundated (hydroperiod) since 1987.

Effects of Proposed MFL on Floodplain Inundation Characteristics
In an effort to assess the effects of the proposed MFL criteria on floodplain

inundation characteristics, the following analyses were conducted. Lainhart Dam stage
data (ft. NGVD) was converted into average daily flow data (cubic feet per second) using
a weir equation developed by SFWMD staff (see Appendix D). These daily flow records
were then related to measured floodplain stage data recorded at each transect. This
information was used to determine the range of flows needed to inundate each floodplain
transect in terms of percent of area flooded, i.e., for a given flow regime, a certain
percentage of the floodplain cross sectional area is inundated. These data were used to
establish the relationship between the amount of water that passes over the Lainhart Dam
and the percent of each transect that is inundated at a given Lainhart Dam flow rate.

RESULTS

LITERATURE REVIEW
The primary focus of this review was to identify relevant studies that indicate
hydrological conditions required for germination and seedling survival of bald cypress
and other floodplain swamp species  and the ranges of natural and extreme (flood and
drought) water level fluctuations (hydroperiod) required to sustain a healthy floodplain
swamp community dominated by bald cypress and mixed hardwood swamp communities
similar to those communities found along the upper NW Fork of the Loxahatchee River.
The major findings of the literature review are discussed below.

Wetland Hydroperiod Requirements
The aspects of wetland flooding can be separated into components of

hydroperiod, depth, seasonality, and frequency. When considered together, these
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components define a wetland’s hydrologic regime.  Simplifying the hydrologic regime in
terms of “average” annual values for depth, duration, and frequency of flooding is helpful
in characterizing general conditions. In reality, however, a wetland is unlikely to
experience an average year. Instead, the hydrologic regime will exhibit variation from
year to year (CH2M HILL 1996a).

Ewel (1990) found that hydroperiod (i.e. the duration of saturated soils or
standing water) is the dominant environmental factor that controls the ecological
characteristics of a swamp.  Hydroperiod affects soil aeration and the ability of plants to
survive and reproduce.  When flooding persists, oxygen in the soil is gradually depleted,
causing increasingly stressful conditions on roots.  Only a few species can tolerate the
lack of oxygen and high concentrations of soluble iron and manganese, and even
hydrogen sulfide that develop in the root zone under these conditions. Short
hydroperiods, flowing water, and high dissolved oxygen levels characterize river
swamps, making organic matter removal rates rapid and fire uncommon. Generalized
hydroperiods for a variety of swamp types are presented in Table 2.

Bald Cypress Seed Germination and Seedling Survival
Bald cypress is the most common wetland tree in Florida and is often recorded as

the dominant species in swamps with fluctuating water levels.  Bald cypress seeds cannot
germinate when soils are flooded, although seedlings grow best in saturated but
unflooded soils (Dickson & Broyer 1972), Bald cypress however grows too slowly to
survive competition with faster growing hardwoods. Bald cypress does not survive
extended submerged conditions (Demaree 1932), making successful regeneration of a
cypress swamp highly dependent on regular water level fluctuations.  When mature,
however, cypress is the most flood-tolerant of all tree species in Florida (e.g. Harms et al.
1980).

Young et al. 1994 reported that bald cypress typically occurs in areas subjected to
frequent or prolonged flooding. Mature trees are reported to tolerate flood depths of 3 m
or more (Wilhite & Toliver 1990), but are also found in well-drained areas (Mattoon
1915). The ability of bald cypress to grow in different hydrologic regimes has been the
subject of numerous studies on germination requirements (Demaree 1932, Penfound
1952, Dubarry 1963), growth of seedlings and mature trees (Mattoon 1915, 1916;
Demaree 1932, Eggler 1955, Dickson & Broyer 1972, Mitsch et al. 1979), and
distribution of the species (Bedinger 1971, McKnight et al. 1981, Theriot 1988).  Other
studies have documented the growth response of bald cypress to alterations of natural
hydrologic regimes, specifically permanent inundation of an area. Results of these
studies, however, have been inconsistent:  Conner & Day (1976) found that growth of
bald cypress in permanently flooded areas of Lac des Allemands Swamp, Louisiana, was
greater than in areas with other hydrologic regimes.  In contrast, Duever & McCollom
(1987) found a decrease in growth of bald cypress trees in areas that had been
permanently flooded in Florida. Keeland (1994) reported less growth in bald cypress
trees in South Carolina that were subjected to increased flood levels relative to trees from
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Table 2.  Proposed hydroperiod ranges of major types of Florida swamps (based on Table
9.1 from Ewel 1990).

Type of Swamp Average
Hydroperiod* Main Water Source

River Swamps
     Whitewater floodplain forest
     Blackwater floodplain forest
     Spring run swamp

Short
Short
Short

River
River
Deep groundwater

Stillwater Swamps
     Bay swamp
     Cypress pond
     Cypress savanna
     Cypress strand
     Gum pond
     Hydric hammock
     Lake fringe swamp
     Melaleuca swamp
     Mixed hardwood swamp
     Shrub bog

Long
Moderate
Moderate
Moderate
Long
Short
Moderate
Moderate
Moderate
Long

Shallow groundwater
Shallow groundwater
Rain
Shallow groundwater
Shallow groundwater
Deep groundwater
Lake
Shallow groundwater
Shallow groundwater
Shallow groundwater

*Short = less than 6 months; Moderate = 6-9 months; Long = greater than 9 months

a nearby undisturbed area.  A decrease in growth following deep flooding has also been
reported from Illinois (Mitsch et al. 1979).  A growth surge of short duration followed by
a long-term depression in growth was observed by Stahle et al. (1992) in bald cypress
tree that were permanently flooded following formation of Reelfoot Lake by the New
Madrid earthquakes of 1811-1812.

Conner and Toliver (1990) report that in general, bald cypress regenerates well in
swamps where the seedbed is moist and competitors are unable to cope with flooding, but
extended dry periods are necessary for the seedlings to grow tall enough to survive future
flooding. As a result, bald cypress stands are usually made up of several even-aged
classes (Mattoon 1915).  Naturally seeded trees often reach heights of 20-36 cm during
the first growing season and 40 – 60 cm during the second season (Mattoon 1915).

Keeland and Conner (1999) reported that bald cypress seedlings die if completely
submerged for a very long period during the growing season (Demaree 1932, Eggler &
Moore 1961).  Penfound (1949) observed that those bald cypress seedlings that barely
extended above the water surface when Lake Chicot (Louisiana) was first formed were
capable of surviving, while submerged seedlings were killed. Bald cypress regenerated
well under low-water conditions that allowed seedlings to grow tall enough to maintain
some of their foliage above the water during the growing season.  Proper conditions for
germination and survival include a good seed crop during the previous fall, abundant
light, little competition from other species (especially mature trees), and a very moist but
not flooded seedbed. Permanent flooding after establishment may slow growth rates, but
seedlings taller than the maximum water-surface elevation during the growing season
should have good survival.  The cohort nature of bald cypress stands throughout the
United States suggests that extensive regeneration of this species has historically
occurred during extended periods of low water (Matoon 1915, Putnam et al. 1960).
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Duever’s (1980) study of the Corkscrew Swamp Sanctuary in South Florida
reviewed water level data collected from four transects located along the major flowway
of the Sanctuary. Results showed sites which had the largest and fastest growing bald
cypress tress exhibited hydroperiods ranging from 286-296 days. Tree-ring analysis
indicated that longer hydroperiods of 306-325 days at four cypress sites along the dike
retarded cypress growth. Growth rates were also slower at sites with shorter hydroperiods
of 133 to 270 days. Poor growth was particularly obvious on the 133-day hydroperiod
site, where there was a vigorous shrub stratum of wax myrtle (Myrica cerifera), a species
characteristic of sites with hydroperiods between 45 and 155 days.

Effects of Hydroperiod on Wetland Plant Communities
CH2M Hill (1996a) conducted a literature review on the relationship between

hydroperiod and wetland type. They reported that wetlands in Florida follow natural and
usually predictable fluctuations in depth and duration of inundation in response to
seasonal patterns of rainfall and evapotranspiration. These fluctuations significantly
influence the composition of plant and animal communities and associated wetland
functions.  Climatic and cultural changes in the quantity and timing of hydrologic inflows
and outflows can affect the pattern and range in water level fluctuations, leading to
changes in wetland structure and function.

Schomer & Drew (1982) estimated the flooding duration requirements of different
Florida wetland communities by using data from a characterization of vegetation in the
Florida Everglades. They found that bald cypress communities are inundated from 3
months (25% inundation) to 9 months (75% inundation) per year. Brown & Starnes
(1983) defined a narrower range in average water depths and hydroperiods for the major
types of wetlands in Seminole County (Table 3).  In their assessment, bald cypress
hydroperiods averaged from 250 days (68% inundation) to 300 days (82% inundation).

Table 3.  Hydroperiod ranges for several wetland types (source: Brown & Starnes 1983).

Community Type Average Low Water
(ft above soil surface)

Average High Water
(ft above soil surface)

Hydroperiod
(days/year)

Hydric Hammock Below ground surface 0.33 100-150
Wet Prairie Below ground surface 1.64 150-200
Bayhead Below ground surface 0.98 200-250

Mixed Hardwood Swamp Below ground surface 1.97 200-250
Cypress Dome Below ground surface 1.64 250-300

Deep Marsh 0.66 3.28 Approx. 365
Shallow Marsh Below ground surface 2.3 Approx. 365

Table 4 provides a summary of data compiled from a number of studies
conducted in central and southwest Florida.  Wetland types are ranked in order of
increasing hydroperiod. Average low and high water depths are provided where
available.  These data support the observation that wetland types are associated with a
wide hydroperiod range, which generally defines the flooding tolerance of the
community.  The summary data also show that the hydroperiod range of a given wetland
community may overlap with one to several other community types.  Each of the major
types can be arrayed along the hydrological gradient.
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Table 4.  Observed flooding depth and duration of Florida plant communities

Community Type*
Average Low Water

(ft above soil
surface)

Average High
Water (ft above soil

surface)

Hydroperiod
(days/year)

Mesic Hammock 28
Low Pine Flatwoods 42-225
Wet Prairie 57
Shrub Swamp (transitional) 50-60
Cypress Dome Approx. 105
Marsh 135-255
Oak-Palm Hammock -1.37 1.45 75-200
Open Pine-Prairie -1.88 1.93 150-200
Transitional Pine-Prairie -1.98 2.03 150-200
Altered Wetlands (average) Approx. 173
Evergreen Swamp (Melaleuca) 175
Scrub Cypress 194
Bay Swamp 210
Hypericum Marsh -2.63 1.39 213
Deep Freshwater Marsh 2.63 215
Spartina bakeri Marsh -3.21 1.26 218
Hydric Pine Flatwoods 0.56 225
Cypress/Pine Swamp 225-238
Shallow Cypress Swamp 238
Shrub Swamp (shallow) 239
Shallow Evergreen Swamp 0.47 243
Deep Cypress Swamp 250
Deeper Freshwater Marsh 0.88 254
Polygonum Marsh -2.99 2.07 262
Fraxinus-Salix Swamp -2.30 2.06 308
Shrub Swamp (deep) 310-350
Unaltered Wetlands (average) Approx. 313
Cladium Marsh -1.80 1.68 319
Cephalanthus Scrub/Shrub -2.36 1.84 320
Panicum-Rhynchospora Marsh -1.83 1.87 327
Pond (aquatic bed) 327-355
Mixed Emergent Marsh -1.43 2.1 338

* Documented observed values may not reflect typical hydroperiods for some wetlands
Sources: Bays & Winchester 1986; Brown 1991; Brown & Starnes 1983; CH2M HILL 1987; CH2M
HILL & Winchester 1988a, 1988b, 1988c; ESE 1991a, 1991b, 1991c, 1992a, 1992b
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Floodplain Transect Survey Results

Floodplain Transect Surface Water Hydrology
Figure 2 provides a hydrograph of surface water levels recorded along each

transect from 1984-1990 as well as Lainhart Dam flows for the same time period.
Summary statistics (mean, standard deviation, and range of variation) were developed
from these hydrographs to calculate mean differences in elevation between each transect
site as compared to the Lainhart Dam. These differences in elevation are presented in
Table 5.

Figure 2 Daily Stage hydrographs for the four transects and Lainhart Dam (1984-1990)

Table 5.  Mean (standard deviation) difference between the Lainhart Dam water levels and those
recorded downstream at each transect location (in feet NGVD).

Transect Name Transect 1 Transect 2 Transect 4 Transect 5
Station Id. LOX.R1_G LOX.R2_G LOX.R3_G LOX.R4_G

Mean (STD) 0.78 (0.28) 3.04 (0.37) 6.12 (0.42) 8.33 (0.38)

Floodplain Transect Soil Elevation Profiles
District staff measured soil elevations (feet NGVD) across the floodplain of the

upper NW Fork of the Loxahatchee River in December 1983-April 1984 (SFWMD
survey staff field notes). Elevation profiles of each transect are presented in Figures 3a
to 3d.  Results showed that average elevations of the transects decreased 6 to 7 feet in the
river channel and floodplain, respectively, from Transect 1 to Transect 5 (Table 6).
These data show that floodplain is not flat, but undulates along an elevation that varies
1.0 to 1.5 ft. from the edge of the river channel to the edge of the floodplain.  Elevations
of the upland – floodplain swamp ecotone between opposing sides of the river at three
transects were inconsistent and highly variable.  Presumably, this may be related to the
magnitude of freshwater seepage available from upland areas flanking the floodplain.
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Caution must be used when examining the length of transect segments as the survey did
not always cross the floodplain directly perpendicular to the river channel.

Table 6. Transect Lengths and Approximate Floodplain Elevations (NGVD) at each Transect

Transect 1 Transect 2 Transect 4 Transect 5
470 560 520 670
30 90 90 20

360 430 400 580

Total Transect Length (ft)
          – Upland (ft)
          – Floodplain Swamp (ft)
          – River Channel (ft) 80 40 30 70
Floodplain-Upland Ecotone (NGVD) 12.4 – 14.6 8.0 – 11.9 4.8 2.1 – 5.6
Floodplain-Channel Ecotone (NGVD) 8.2 6.9 2.7 2.0
Channel Bottom (NGVD) 1.4 3.2 -3.2 -2.2
Mean Floodplain Elevation (NGVD) 9.9 8.2 4.0 2.3

Floodplain Hydroperiod Estimates
Table 7 shows the estimated percent of time each transect was flooded from 1987

to 2001. These hydroperiod calculations were derived from the average floodplain
transect elevation measurements (ft. NGVD) shown in Table 6, the relationships
presented in Table 5., and the recorded Lainhart Dam stage data from 1987 to 2001.
Results showed that hydroperiods at the four transect sites to range from 44%- 88.9%
with an overall average of 72.3% (flooded an average of 264 days/year) as shown in
Table 7. The shortest hydroperiod (driest) occurred at Transect 2 located just
downstream from the Masten Dam. We believe this is caused by the proximity of the
structure, which generally causes this area to be much drier than the other transect
locations. In contrast, Transects 1, 3 and 4 were much wetter with average hydroperiods
ranging from 76.7 to 88.9 % (flooded from 280–324 days/year). These values generally
fall within ranges reported for cypress domes (250-300 days/year) but are wetter than the
mixed hardwood swamp (200-250 days/year) values shown in Tables 3 and 4. Results of
these analyses show that over the past 14 years the upstream portion of the Wild and
Scenic portion of the Northwest Fork of the Loxahatchee River has experienced adequate
periods of inundation to support both cypress and mixed hardwood swamp communities.

Table 7. Estimates of the Average Percent of Time each Transect was
Inundated from 1987-2001

Transect Percent of Time Flooded
(Hydroperiod)

Average No. of
Days/year Inundated

T1 76.7 % 280 days
T2 44 % 160 days
T4 88.9% 324 days
T5 79.8% 291 days

Avg T1,T4, T5 81.8 % 298 days
All 72.3 % 264 days

Effects of Lainhart Dam Flow Rates on Floodplain Inundation
A key question of this study was how will implementation of the proposed MFL

criteria impact the portion of the river that is designated as Wild and Scenic? To answer
this question, Lainhart stage and flow rate data were correlated with surface water levels
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and soil elevation profiles recorded at each transect, using the relationships shown in
Tables 5 and 6. Relationships between Lainhart lows and their corresponding water
depths at each transect are graphically shown in Figures 3a to 3d along the right-hand
axis. Calculations of the percent of floodplain (excluding the river channel and upland
areas) that would be flooded under a given Lainhart dam flow rate are also shown. These
results are also presented in Table 8.

Table 8.  Percent of the floodplain (area) inundated in relationship to Lainhart Dam flow rates (cfs)
(excluding uplands and river channel).

Lainhart Dam Flow Rates (cubic feet/second)
Name 10 cfs 25 cfs 35 cfs 48 cfs 65 cfs 75 cfs 100cfs 200cfs 300cfs

Transect 1 14%* 44% 61% 61% 64% 64% 69% 78% 86%
Transect 2** 0% 7% 16% 40% 49% 53% 74% 86% 91%
Transect 4 25% 58% 75% 93% 95% 95% 100% 100% 100%
Transect 5 5% 43% 57% 71% 81% 83% 93% 98% 100%
Avg.(Transects
1, 4, and 5) 15% 48% 64% 75% 80% 81% 87% 92% 95%

Average
(all transects) 11% 38% 52% 66% 72% 74% 84% 91% 94%

* Percent of the floodplain (area) inundated
 ** This transect is located just downstream of the Masten Dam and is influenced by this structure

From examination of the general trends shown in Figures 3a to 3d and Table 8,
some general points can be made concerning the hydrology of the floodplain between SR
706 (Indiantown Rd.) and Trapper Nelson’s site.  Nearly all of the floodplain is inundated
at flows greater than 300 cfs.  Conversely, flows less than 10 cfs are required to allow
surface water to fully recede from the floodplain.  At flows of 35 cfs, the area of
inundated floodplain ranges from 16% at Transect 2 up to 75% at Transect 4, however
the average for all transects is still greater than 50% (Table 8).

Plots of percent floodplain inundation versus Lainhart dam flow rates at Transects
1, 4, and 5 were comparable. However, Transect 2 demonstrated a lower percent of
floodplain inundated at flows under 75 cfs.  Again this was attributed to the effects of the
Masten Dam, which is located just upstream of this transect.  It is important to note that
the effects of the Masten Dam were not observed further downstream at Transect 4.
Based on these data, a minimum flow of 35 cfs recorded at the Lainhart Dam would
inundate more than 50% of the floodplain on average (Table 8). In contrast, nearly 95%
of the floodplain is inundated at a flow of 300 cfs, while flows of less than 10 cfs are
needed for surface water to fully recede from the floodplain (Table 8).

Providing a dry season minimum flow regime that inundates more than 50% of
the floodplain would provide protection from the effects of drought and over-drainage. In
addition, water levels maintained within this range would also (a) provide aquatic refugia
for aquatic invertebrates, amphibians and fish species to survive during dry periods, (b)
reduce the possibility for invasion by melaleuca, Brazilian pepper and Old World
climbing fern, and (c) reduce the frequency of severe fires that could impact the
remaining floodplain swamp forest. Overall, these results indicate that the water levels
resulting from a minimum flow of 35 cfs would not adversely impact the upstream
floodplain swamp.
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Figure 3a.  Transect 1 profile across the floodplain along the upper NW Fork of the Loxahatchee
River.

Figure 3b.  Transect 2 profile across the floodplain along the upper NW Fork of the
Loxahatchee River.
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Figure 3c.  Transect 4 profile across the floodplain along the upper NW Fork of the Loxahatchee
River.

Figure 3d.  Transect 5 profile across the floodplain along the upper NW Fork of the Loxahatchee
River.
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DISCUSSION

Hydrologic Requirements of Floodplain Communities
The analysis of stage and flow relationships at transects in the Loxahatchee River

floodplain upstream of Trapper Nelson’s site demonstrates how closely these two
hydrological factors are linked.  Since the stage at each transect is so closely correlated to
stage (flow) at Lainhart Dam (see Table 5 and Figure 2), flows through the river channel
are a dominant factor that controls surface water levels in the floodplain (i.e., rather than
groundwater or surface flows from other sources).

Establishment of a minimum flow and level for the Loxahatchee River entails
determination of the lower limit that would cause significant harm to the identified
resource.  Elsewhere in this document, the determination of a minimum flow for the river
was based on the need to protect the remaining freshwater swamp community from
significant harm that occurs due to salinity intrusion.  Other potential criteria (water
levels) are provided in this section that should be considered when developing future
floodplain management goals and objectives. Water level requirements of floodplain
swamp communities have not been analyzed in sufficient detail to provide a basis to
define “significant harm” to the resource.

Some possible impacts of maintaining insufficient water levels in the floodplain
include: (1) increased fire frequency; (2) reduced reproduction of floodplain vegetation;
(3) invasion of floodplain communities by upland or exotic species; and (4) impacts to
wildlife that rely on aquatic habitats for reproduction.  On the other hand, setting a
minimum flow for the river that is too high, such as could occur by trying to avoid
saltwater intrusion or compensate for rising sea levels, could cause (1) prolonged
floodplain inundation; (2) increased scouring of the river channel and erosion of river
embankments; (3) increased transport of unconsolidated material to the estuary, burying
seagrass and oyster beds; and (4) drown existing floodplain swamp communities and (5)
eliminate periodic dry downs required for successful reproduction.  Several authors have
defined an average annual duration of flooding for floodplain and bald cypress
communities, realizing that “average” conditions may not occur very often. During most
years, rainfall patterns are either above average or below average rainfall patterns.  It is
assumed that if an appropriate annual flooding duration is achieved, occasional periods of
too little and too much flooding will occur due to natural variation and that extreme
conditions are also a part of the natural system.

Future efforts to establish restoration targets for the river will include
consideration of the whole range of variability required to sustain a healthy floodplain
swamp community.  The focus of the MFL, however, is to examine water flows and
levels that are required to prevent significant harm.  In order to address the latter issue,
we first determined the amount of flow needed to protect the river floodplain community
from significant harm due to saltwater intrusion.  During the course of this analysis, the
peer review panel asked the question: What are the effects of the proposed MFL criteria
on the upstream wild and scenic portion of the river? This appendix provides one
approach to analyzing these effects. We have not studied this issue in sufficient detail,
however, to develop a quantitative relationship between water levels and significant harm
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to the resource. Such an analysis would be needed to establish “minimum level” criteria
for the Loxahatchee River floodplain.  To describe the effects of water levels on the
floodplain, we first examined the water level requirements of soils and different plant
communities that occur along the NW Fork of the river. Each of these requirements was
determined individually with no expectation that one would necessarily be consistent
with one another.

Water Level Requirements of Floodplain Soils
Water levels should rarely fall to the point where the floodplain soils dry out and

are subject to desiccation.  A review of transect elevations (see Figures 3a to 3d, Table
7) indicates that flows of approximately 5 cfs and lower (except at Transect 2, which is
influenced by Masten Dam) are required to lower surface water levels in the river channel
to more than 1 ft. below the soil surface.  Altough a 1 ft criteria was used as a
performance measure for protection of peat soils in the Everglades (SFWMD 2000), such
a criterion would be very conservative for the Loxahatchee River floodplain, since the
soils in this area are predominantly mineral alluvial deposits (sand) as opposed to organic
(peat) in composition.  It is recommended, therefore, that protecting soils from the effects
of excessive drying is not a critical resource protection issue in the Loxahatchee River
floodplain.

Summary of Hydroperiod Requirements for Floodplain Swamps
Based on the studies cited above, District staff have summarized the findings of

the literature review to provide appropriate ranges of flooding and drying (hydroperiod)
that will support and sustain both bald cypress and mixed hardwood swamp species.
These data are summarized in Table 9 below which reports average annual hydroperiods
for floodplain swamp, bald cypress, and mixed hardwood communities from a variety of
habitats.

Key findings of this review indicate that the floodplain swamp, community is
inundated on average, 120 days/year, with a range from 30 to 183 days reported from the
literature (Table 9).  These hydroperiod values are considerably shorter than those
reported for bald cypress and mixed hardwood swamps, but there is some overlap in the
ranges.  The hydroperiod range for a typical bald cypress swamp varied from 133 to 330
days/year, with an average of approximately 240 days/year (see Duever 1980, CH2M
HILL 1996a).  At the lower end of this range, poor growth was reported and a vigorous
shrub stratum of drier habitat species was found.  At the upper end of this range, growth
rates were reduced, as open water habitats tended to occupy sites with hydroperiods
longer than 330 days.  Average hydroperiods reported for typical mixed hardwood
swamp range from 150-240 days/year (Table 9).

Results of this study showed that the upstream floodplain of the wild and scenic
portion of the river is inundated from 160 days/year (Transect 2) to 324 days/year
(Transect 4). Overall, the four transects were flooded 264 days/year (flooded 72.3% of
the time), on average (Table 7).
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Table 9.  Average annual hydroperiod of floodplain, bald cypress, and mixed hardwood swamp
communities.  Results represent study sites from Florida.

Community Type Hydroperiod(days/year) Author(s)
Floodplain Swamps
          Typical

          Whitewater
          Blackwater

30-150 (120 average)
60-135
less than 183
less than 183

CH2M HILL 1996a
ESE 1994
Ewel 1990
Ewel 1990

Bald Cypress
          “Slow-growing”
          “Fast-growing”
          “Slow-growing”

133-270
286-296
306-325

Duever 1980
Duever 1980
Duever 1980

Cypress Communities
          Deep

          Dome

          Pond
          Savanna
          Strand
          Shallow

          Typical

250
270-330 (300 average)
250-300
Approx. 105
183-274
183-274
183-274
90-180 (150 average)
238
180-270 (240 average)
80-260

CH2M HILL 1996a*
CH2M HILL 1996a
Brown & Starnes 1983
CH2M HILL 1996a*
Ewel 1990
Ewel 1990
Ewel 1990
CH2M HILL 1996a
CH2M HILL 1996a*
CH2M HILL 1996a
Shomer & Drew 1982

Mixed Hardwood
          Typical

          Deep

183-274
200-250
90-180 (150 average)
90-180
180-270 (240 average)

Ewel 1990
Brown & Starnes 1983
CH2M HILL 1996a
ESE 1994
CH2M HILL 1996a

*Results represent a summarization of findings from multiple authors

Some general conclusions can be drawn from this review. First, fluctuating water
levels with an occasional draw down are essential components of the life cycle of
floodplain, bald cypress, and mixed hardwood swamp communities. Forested wetland
communities that do not periodically dry out and thus are inundated most of the year do
not support seedling reproduction or sustainable growth of swamp vegetation. Swamps
that have been altered by dams, levees or roads, which caused unnaturally prolonged
hydroperiods, have experienced stress and eventual death of forest vegetation (see
Keeland & Conner 1999, Young et al. 1994). The literature review indicates that no
natural, healthy, or reproductive floodplain swamps are found on sites with hydroperiods
in excess of an average of 330 days/year (inundated 90% of the time). Furthermore,
excessively long hydroperiods will suppress seed germination and seedling growth
(Keeland & Conner 1999, Mattoon 1915, Keeland et al. 1996, Conner & Toliver 1990,
Ewel 1990).  In contrast, hydroperiods that are too short (less than 130 days/years or 35%
inundation) result in a shift to vegetation typically found in short-hydroperiod, drier
wetland communities.

Examination of the survey transects from the upper NW Fork shows that surface
water is essentially confined to the river channel when flows are less than 10 cfs,
indicating that very low flows are required to fully draw down surface water from the
floodplain swamp.  On the other hand, flows greater than 300 cfs are required to fully
inundate the floodplain swamp (i.e. surface water covers more than 90% of the
floodplain).  Water depths can exceed 2.5 ft under these conditions.  Therefore, in order



Loxahatchee River MFLs Appendix N - Floodplain Water Levels

12/09/02  10:11 AM N-16 DRAFT

to provide the required draw down for the floodplain swamp, surface water levels should
occasionally fall to a level that dries out most of the floodplain.  These low water
conditions correspond to flows of less than 25 cfs (see Table 8) and are essential to avoid
flooding stress, promote seed germination, and allow sufficient time to establish swamp
tree seedlings and regenerate the forest.  Based on the long-term rainfall trends reported
in Figure 4 of the Technical Document, it is estimated that such extreme drought
conditions occur within the basin approximately once every 9 years on average.

Water Level Requirements of Fish & Invertebrates
The Southwest Florida Water Management District (SWFWMD) initiated an

analysis of the minimum flows and levels for the Upper Peace River (SWFWMD 2002).
As part of their studies and criteria, they examined the effects of low water levels on fish
habitat and passage.  The SWFWMD reasoned that maintaining depths of 0.6 ft or greater
would provide adequate water levels for fish passage and would also ensure continuous
flow, allow for recreational navigation (e.g. canoeing), improve aesthetics, and avoid or
lessen other potential problems related to no flow conditions, such as low dissolved
oxygen concentrations, localized phytoplankton blooms, and increased predatory pressure
resulting from loss of habitat/cover.  Extreme conditions, such as drying of the river
channel, have not been reported from the upper NW Fork of the Loxahatchee River.
However some of the concerns of fish passage, recreational navigation, and water quality
may merit consideration during development of futures restoration plans for the
Loxahatchee River.  A review of the historic water levels for the upstream segment of the
NW Fork (Figures 4a to 4d) indicates that water levels in the channel have not declined
to less than one foot during the period of record (1971 to 2002), even when no flow over
Laonhart Dam was recorded. The minimum flow of 35 cfs, which is proposed to prevent
saltwater intrusion in the upstream segment of the NW Fork, provides sufficient water
depths and flows to meet these needs.

The “wetted perimeter inflection point” technique used by the Southwest Florida
Water Management District on the Upper Peace River minimum flow and level project
(SWFWMD 2002) was reviewed for application to the Loxahatchee River.  Wetted
perimeter methods assume that a direct relationship exists between wetter perimeter and
fish habitats in streams (Annear & Conder 1984).  Studies on streams in the Southeast
(Benke et al. 1995) have demonstrated that the greatest amount of macroinvertebrate
biomass per unit reach of stream occurs on the stream bottom.  This aquatic habitat type
is primarily that of bedrock or unconsolidated sand bottom, which is different from that
normally found within the floodplain itself.  Table 10 shows water elevation and flow at
which the entire river channel is inundated.  A review of this information shows that a
flow of more than 25 cfs would provide maximized wetted perimeter of the stream bed,
except at Transect 2 where the downstream effects of Masten Dam have changed the
floodplain hydrology.
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Figure 4a.  Historic water levels at Transect 1.

Figure 4b.  Historic water levels at Transect 2.



Loxahatchee River MFLs Appendix N - Floodplain Water Levels

12/09/02  10:11 AM N-18 DRAFT

Figure 4c.  Historic water levels at Transect 4.

Figure 4d.  Historic water levels at Transect 5.
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Table 10.  Surface water levels and respective flows required to fully inundate the
stream channel and bottom of the upper NW Fork of the Loxahatchee.

Transect Approximate
Elevation (NGVD)

Approximate Flow
at Lainhart Dam (cfs)

T1 9.0 10
T2 7.9 48
T4 4.0 15
T5 2.2 28

Avg (T1, T4, and T5)* 18
Avg (All Transects) 25

*  Transect 2 is Located just south of the Masten Dam and heavily influenced by it, an average of
the transects not affected by this factor is included.

Summary of Water Level Criteria for Floodplain Communities
Table 11 presents a summary of water level criteria for floodplain communities

(outlined above). Results from analysis of floodplain elevation, flooding characteristics,
and historical water level data indicate that the proposed MFL criterion for the NW Fork
is within recommended ecological targets for soils and floodplain vegetation.  Caution
must be exercised when setting a minimum flow and level for the NW Fork that will
remove the potential for periodic natural draw down of surface water levels in the
floodplain swamp.  Artificially high minimum flows, intended to stave off salinity
intrusion resulting from dredging and opening of the Jupiter Inlet, may prolong
hydroperiods and drown upstream portions of the floodplain swamp in the upper reaches
of the river, and inhibit germination and growth of seedlings that regenerate the forest.

Table 11.  A Summary of Water Level Requirements for the Upper NW Fork of the Loxahatchee
River

Parameter Purpose Flow* Level Minimum
Duration

Floodplain
soils

Prevent desiccation of soil and
degradation of organic soils

Greater
than 5 cfs

Groundwater not to fall
more than 1 ft below soil

surface

Floodplain
Vegetation

Prevent damage to floodplain
vegetation from excessive

flooding and allow sufficient time
for seedling establishment

Less than
25 cfs

Surface water covers
less than approximately

1/3 of floodplain

60-240
days/year

Water
Quality

Prevent stagnation of stream
water and reduce saltwater

intrusion

35 cfs or
more

Wetted
Perimeter

Maximize the extent of stream
habitat

Greater
than 25 cfs

Stream bed and banks
inundated

*expressed as cubic feet per second flow over Lainhart Dam

It is important to note that this analysis focuses on the upper NW Fork of the
Loxahatchee River, defined as that segment between Trapper Nelson’s site and
Indiantown Rd. (SR 706).  Historically, this portion of the river seems to have
periodically experienced very low flows and water levelsthat were necessary for seed
germination and seedling survival of cypress and other freshwater swamp species..
Flows from other downstream tributary sources (e.g., Cypress Creek, Hobe Grove Ditch,
or Kitching Creek) may need to be increased as a means to control saltwater intrusion
within the river while periodically reducing flows along the upper NW Fork of the river
to allow drying of the floodplain for seed germination and regrowth.
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Overall Water Use in the Loxahatchee Basin

Water for urban and agricultural uses in the Loxahatchee watershed is supplied from both
groundwater and surface water systems. Non-environmental surface water demands within the
basin are primarily public water supply, commercial and industrial with some agricultural uses.
The commercial and industrial demands vary greatly by type of business. The majority of water
used in the basin is for urban and agricultural uses.

Current water resource demands from public water supply, landscape irrigation and
agricultural within the basin were estimated based on: (a) the average daily demand values used
in the Northern Palm Beach County Comprehensive Water Management Plan for 1995
(SFWMD, 2002) and (b) the annual allocation of each permit holder obtained from the District
Water Use permit database from 1998 through 2000. These data are summarized in Table O-1.
A listing of all Water Supply Permits within the Loxahatchee watershed is provided at the end of
this appendix in Table O-5. Overall, total allocated urban water demands compiled for 1999
were 32,896 million gallons a year (MGY), which is equivalent to 100,957 acre-feet/year or 90.1
MGD. The largest allocated uses within the watershed were public water supply (18,862 MGY
or 51.7 MGD) at 57.3% and agriculture at (6,943 MGY or 19.0 MGD) at 21.1%.

Table O-1. Summary of 1999 Allocated Water Uses within the Loxahatchee Watershed.

Water Use Type Million Gallon/Year Acre-Feet/Year Million Gallon/Day % of Total

Urban Water Supply 18,862 57,887 51.7 57.3
Agriculture 6,943 21,308 19.0 21.1
Golf Courses 2,705 8,302 7.4 8.2
Industrial 2,619 8,038 7.2 8.0
Landscape 1,767 5,423 4.8 5.3

Total 32,896 100,957 90.1 99.9

Source: SFWMD Water Supply Permit Database, see Table O-5.
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Public Water Supply Demands

Because public water supply withdrawals are an issue of concern in this watershed,
additional analyses were undertaken by the SFWMD to update the information provided in the
LECRWSP.  Recent monitoring and reporting data were analyzed as well as information
provided in applications for permit renewals.  Results of this analysis were incorporated into
Chapters 4 and 5 of the Technical Criteria Document. Total public water supply demands for
the major utilities within this area were compiled based on actual water use data in SFWMD
water use permit records from 1990 through 1999.  These data are summarized in Table O-2.

Table O-2. Urban water supply demands (actual water use*) in the Loxahatchee Basin.

Year Seacoast
(Hood Road)

Town of
Jupiter** Tequesta** TOTAL TOTAL

(MGD)
1990 3,412 3,448 351 7,211 19.8
1991 3,198 3,191 397 6,786 18.6
1992 3,238 3,150 536 6,924 19.0
1993 3,536 3,345 665 7,546 20.7
1994 3,480 3,422 497 7,399 20.3
1995 3,536 3,464 513 7,513 20.6
1996 3,673 3,699 549 7,921 21.7
1997 3,995 3,399 428 7,822 21.4
1998 4,604 3,442 589 8,635 23.7
1999 4,129 3,846 581 8,556 23.4

10 year avg. 3,673 3,471 511 7,655 21.0
* Water use in million gallons per year and total water use in million gallons per day (MGD)
** Both the Town of Jupiter and the Village of Tequesta obtain a majority of their water supply from the Floridan Aquifer
Source: SFWMD Unpublished Consumptive Use Permit Data

A ten-year average was computed for this period of record. The 1995-year is comparable
with the average for the ten years of record and was used for modeling demands in the Lower
East Coast Regional Water Supply Plan (LECRWSP) – (SFWMD 2000).  Total 1995 demands
were estimated as 7,513 MGY (20.6 MGD) and the ten-year average as 7,655 MGY (21 MGD).
The largest users within the watershed consisted of Seacoast Utilities (Hood Rd. Wellfield),
Town of Jupiter and the Town of Tequesta. Together these three utilities represent more than
99% of the total urban water supply demand within the watershed.

Table O-3 illustrates the amounts of water that were actually used by the major utilities
from 1998 through 2000.

Table O-3.  Summary of Actual vs. Allocated Urban Water Use* in the Loxahatchee Watershed

1999 Allocations
PWS Permittees Permit

Number

1998
Annual

Water Use
(MGY)

1999
Annual

Water Use
(MGY)

2000
Annual

Water Use
(MGY)

MGY MGD Acre-
feet/yr

50-00010-W * 3,442 3,846 3,214 10,045 27.5 30,825*
50-00046-W * 589 581 446 1,768 4.8 5,427*

Town of Jupiter
Village of Tequesta
Seacoast Utility- Hood Rd. 50-00365-W 4,604 4,129 4,729 7,049 19.3 21,631

Total 8,635
(23.7 MGD)

8,556
(23.4 MGD)

8,389
(22.9 MGD) 18,862 51.6 57,881

*MGY = Million Gallons/Year; MGD= Million Gallons/Day
*Both the Town of Jupiter and the Village of Tequesta obtain a majority of their water supply from the Floridan Aquifer
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The average usage during this period was 23.3 MGD, which represents about 45% of the
51.6 MGD that was allocated for public water supply use.  This comparison illustrates the fact
that public water supply permittees rarely use the full-allocated amounts and allocated amounts
may only be reached during the extreme droughts.

Agricultural Water Supply Demands

Because measured withdrawal data for agricultural uses were not available, these
demandswere estimated from Agricultural Field Scale Irrigation Requirements Simulation
(AFSIRS) water demand modeling (Smajstrla 1990, Moraga et al. 1995) and current agricultural
acreage (FDEP 1998). Agricultural water use depends on the crops that are grown in the
watershed and on how those crops are managed and irrigated. An important factor in accurately
estimating agricultural water use is determining the location and acreage of crops.  Citrus and
small vegetables are the primary agricultural crops found in the basin. The supplemental
irrigation requirements for 1995 are found in Table O-4.

Table O-4. Estimated 1995 Agricultural Water Demands in the Loxahatchee River Basin.

Subbasin
No. Subbasin Name

1-in-2 Agriculture
Demands
(ac-ft/yr)

1-in-10 Agriculture
Demands
(ac-ft/yr)

1 Jonathan Dickinson/ Hobe Sound 3,032 5,123
2 Coastal 558 816
3 The Estuary 643 939
4 C-18/Corbett 6,201 10,478
5 Cypress/PalMar 4,335 7,324
6 The Groves 7,712 13,030
7 Wild & Scenic/Jupiter Farms 792 1,158

Total 23,273
(20.7 MGD)

38,868
(34.7 MGD)

Sources: Smajstrla 1990, Moraga et al. 1995, FDEP 1998

As shown in Table O-4, estimated actual agricultural water use (20.7 MGD) may be
slightly higher than the amount allocated in permits (19.0 MGD) shown in Table O-1.

Water Supply Sources

Water for urban supply, golf courses, landscape irrigation, and agricultural uses is
supplied from three sources within the Loxahatchee watershed: surface water systems, the
Surficial Aquifer System (SAS) and the Floridan Aquifer System (FAS). Use of the SAS, the
traditional source for public water supply, is limited in most of the watershed due to increased
potential for impacts on local wetland systems, the Loxahatchee River, and saltwater intrusion.

In addition, Jupiter/Tequesta is a unique area where the geology does not have a prolific
aquifer such as the Biscayne Aquifer. In this area the fine materials, sand and shell within the
SAS will not allow large withdrawals. For this reason, this watershed is more concerned with the
effects of drought and salt water intrusion during dry periods than other South Florida coastal
areas. As a result, several municipalities have chosen (Jupiter and Tequesta) to go to reverse
osmosis (RO), utilizing the Floridan aquifer as their primary water supply source.
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Use of traditional sources (surface water and the Surficial Aquifer System) for public
water supply and landscape irrigation can be expanded for the Loxahatchee watershed with
completion of proposed water resource development projects (SFWMD 2000, SFWMD 2002)
and more efficient use of regional and local water supplies. However, many of these projects will
not be completed within the next five years. Therefore the SFWMD is placing more emphasis on
implementation of a comprehensive water conservation program and the use of alternative
sources such as the Floridan Aquifer System and reclaimed water to help meet water needs
during this period. Some public water utilities and golf courses have supplemented their water
demand with the use of the Floridan Aquifer System.

Two of the utilities within the Loxahatchee River Watershed presently use reclaimed
water as a supplemental source, minimizing the need to withdraw from the surficial aquifer.
Seacoast produces approximately 8 MGD of reclaimed water and returns approximately 6 MGD
to the basin and the Loxahatchee River Environmental Control District produces approximately 5
MGD and returns approximately 4.5 MGD to the basin. The use is for landscape and/or golf
course irrigation and groundwater recharge. Continued development of such alternative sources,
increased emphasis on water conservation, along with some changes to wellfield configurations
and operations will help meet future water needs in this area and reduce impacts to the
Loxahatchee River and estuary within the next five years.
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Table O-5  Water Supply Demands within the Loxahatchee Watershed

Martin County

1996
Annual
Water
Use

1998
Annual
Water
Use

2000
Annual
Water
Use

1999 Allocations

Land Use Permittee Permit Number MGY MGY MGY MGY Ac-ft/Yr
AGR SOUTH FLORIDA GRASSING 43-00021-W N/A N/A N/A 289 887

JENKINS LANDSCAPING 43-00045-W N/A N/A N/A 67 206
HOBE-ST LUCIE CONSERVANCY DISTRICT 43-00057-W N/A 3072 5138 4460 13687
SUNRISE-GULFSTREAM CITRUS GROVES 43-00120-W N/A N/A N/A 545 1673
SUNSHINE STATE CARNATION 43-00628-W N/A N/A N/A 12 37
SUN LAND CO 43-00839-W 0 0 0 974 2988
SOUTH FLORIDA GRASSING INC 43-00893-W N/A N/A N/A 410 1257

Sub Total 6757 20736
GOL JUPITER HILLS CLUB 43-00054-W wr N/A 66 234 58 177

MARINER SANDS COUNTRY CLUB 43-00064-W wr 201 586 618 298 914
CYPRESS LINKS GOLF COURSE 43-00138-W N/A N/A N/A 149 457
TURTLE CREEK CLUB 43-00140-W wr N/A N/A ? 20 61
EAGLEWOOD 43-00220-W wr 56 N/A N/A 32 98
JONATHANS LANDING GOLF CLUB,INC. 43-00221-W wr 104 91 N/A 237 728
JUPITER ISLAND GOLF COURSE 43-00273-W fl 92 138 309 16 50
THE MEDALIST 43-00800-W wr ? ? N/A 46 141

Sub Total 855 2625
LAN LITTLE CLUB CONDOMINIUM ASSOCIATION, INC. THE 43-00202-W N/A N/A N/A 24 75

LOBLOLLY PINES DEVELOPMENT COMPANY 43-00382-W wr N/A 194 184 106 325
PRESERVE THE 43-00435-W N/A N/A N/A 61 188
MARINERS SANDS LANDSCAPING 43-00441-W N/A 3.7 4.9 69 213
DOUBLE TREE COUNTRY CLUB 43-00632-W N/A N/A N/A 154 473
JUPITER HILLS HOMEOWNERS ASSOCIATION 43-00722-W N/A N/A 64 86 265
RIVERSIDE MEMORIAL PARK 43-00885-W N/A 0 N/A 23 70

Sub Total 524 1609
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Table O-5. Water Supply Demands within the Loxahatchee Watershed (Cont.)

Palm Beach County

1996
Annual
Water
Use

1998
Annual
Water
Use

2000
Annual
Water
Use

1999 Allocations

Land Use Permittee Permit Number MGY MGY MGY MGY Ac-ft/Yr
AGR PARCEL 19.01 50-00547-W N/A N/A N/A 167 511

C-18 BASIN PROPERTY/MECCA FARMS 50-01626-W N/A N/A N/A 19 59
Sub Total 186 570
GOL TEQUESTA COUNTRY CLUB 50-00223-W wr N/A N/A N/A 9 27

SEMINOLE GOLF CLUB 50-00349-W 80 72 76 80 245
PGA NATIONAL 50-00617-W 491 281 857 549 1685
BALLENISLES CC OF JDM 50-00852-W wr 413 732 1344 171 524
EASTPOINTE COUNTRY CLUB INC 50-00941-W wr N/A 180 162 60 183
STONEWAL ESTATES GOLF COURSE 50-01110-W N/A N/A 133 114 349
OLD MARSH GOLF CLUB (UNIT 21) 50-01443-W 130 138 171 128 392
IRONHORSE LAKE WELLS 50-01906-W ? ? ? 160 492
INDIAN CREEK GOLF CLUB 50-02053-W wr N/A 80 N/A 15 46
IBIS GOLF & COUNTRY CLUB 50-02120-W N/A N/A N/A 397 1219
PUBLIC GOLF CORP. CITY OF PALM BEACH
GARDENS

50-02319-W N/A N/A N/A 40 123

GOLF AND RACQUET CLUB AT EASTPOINTE 50-02831-W N/A 180 162 44 135
JUPITER DUNES 50-03079-W N/A 46 N/A 39 119
THE BEAR’S CLUB 50-04391-W wr N/A N/A N/A 45 139

Sub Total 1850 5678
IND WASTEWATER TREATMENT PLANT 50-00126-W 0 1.5 1.3 11 33

TOWN OF JUPITER RECHARGE SYSTEM 50-01584-W 61 2.1 11 0 0
PRATT & WHITNEY PUMP ADDITION 50-01663-W N/A N/A 2250 2466 7568
NORTH COUNTY AQUATIC COMPLEX 50-02869-W N/A N/A N/A 38 116
MOBIL OIL STATION 02-F2W 50-02995-W N/A 11 9.5 12 36
TRI GAS INC AIR SEPARATION PLANT 50-03722-W N/A 37 34 93 285

Sub Total 2619 8038
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Table O-5. Water Supply Demands within the Loxahatchee Watershed (Cont.)

Palm Beach County

1996
Annual
Water
Use

1998
Annual
Water
Use

2000
Annual
Water
Use

1999 Allocations

Land Use Permittee Permit Number MGY MGY MGY MGY Ac-ft/Yr
LAN FRENCHMAN’S CREEK GOLF COURSE 50-00091-W N/A N/A N/A 87 267

JONATHAN’S LANDING 50-00237-W 208 211 285 319 979
FPL  JUNO BEACH OFFICE BUILDING 50-00742-W N/A N/A N/A 15 46
SEA OATS OF JUNO BEACH 50-01131-W N/A N/A N/A 16 48
OCEANSIDE TERRACE 50-01204-W N/A N/A N/A 2 6
RIDGE AT THE BLUFFS, H.O.A. 50-01282-W 88 104 73 52 158
RIVER THE 50-01373-W N/A N/A N/A 22 66
JUPITER BAY 50-01391-W N/A 4.24 N/A 8 26
VILLAS OF OCEAN DUNES HOA 50-01392-W N/A N/A N/A 18 56
CRYSTAL POINTE 50-01442-W N/A N/A N/A 14 44
CROSSWINDS JUPITER SOUTH 50-01484-W N/A N/A N/A 1 4
SHORES THE 50-01485-W N/A N/A N/A 0 0
NORTHPOINT CORPORATE PARK 50-01490-W N/A N/A N/A 34 104
PALM BEACH PARK OF COMMERCE 50-01529-W N/A N/A N/A 110 339
ADMIRAL’S COVE AND ADMIRAL’S COVE WEST 50-01552-W N/A 101 N/A 132 405
INDIAN CREEK 50-01557-W 18 N/A 24 63 193
PRATT & WHITNEY - IRRIGATION WATER SUPPLY 50-01664-W N/A N/A N/A 38 116
HAMPTON’S AT MAPLEWOOD THE 50-01702-W N/A N/A N/A 50 152
MARQUETTE ELECTRONICS 50-01842-W N/A N/A N/A 5 16
HIGH SCHOOL “GGG” 50-01955-W N/A N/A N/A 30 93
PALM BEACH MIDDLE SCHOOL A-A 50-02267-W N/A N/A N/A 21 66
BALLENISLES DEVELOPMENT 50-02370-W N/A N/A 118 70 215
JUPITER PLANTATION 50-02871-W N/A N/A N/A 15 47
EASTLAKES PROPERTY OWNERS ASSOCIATION 50-03281-W 47 29 N/A 40 124
EASTPOINTE PROPERTY OWNERS ASSOCIATION 50-03282-W wr 72 74 90 70 215
THE SANCTUARY & FLAMINGO ROAD 50-03401-W N/A N/A N/A 9 28

Sub Total 1243 3813
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Table O-5.  Water Supply Demands within the Loxahatchee Watershed (Cont.)

Palm Beach County Permit Number

1996
Annual
Water
Use

1998
Annual
Water
Use

2000
Annual
Water
Use

1999 Allocations

Land Use Permittee Permit Number MGY MGY MGY MGY Ac-ft/Yr
PWS TOWN OF JUPITER 50-00010-W fl 3699 3442 3214 10045 30825

VILLAGE OF TEQUESTA 50-00046-W fl 549 589 446 1768 5427
SEACOAST UTILITY AUTHORITY (Hood Rd.) 50-00365-W 3673 4604 4729 7049 21631
PALM BEACH PARK OF COMMERCE 50-01528-W N/A N/A N/A 65 198

Sub Total 18927 58081
Martin Co Total 8137 24970

Palm Beach Co Total 24825 76180
TOTAL N/A N/A N/A 32962 101150

wr Waste Water Reuse
fl Floridan Aquifer
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Abstract

The upstream migration of salt water into the historic freshwater reaches of the Loxahatchee
River is the likely cause of the altered floodplain cypress forest community along the
Northwest Fork and some of its tributaries. Mangroves are replacing cypress forest and areas
of mixed swamp hardwoods have reacted to different degrees to the saltwater stress. A
hydrodynamic/salinity model was developed to study the influence of freshwater input, tidal
inlet deepening and sea level rise on the salinity regime in the estuary.

Field data analysis and model simulations indicate that the salinity condition in the estuary is
sensitive to the amount of freshwater input from the watershed. During dry seasons the salt
front advances into areas that were historically freshwater habitats.

Historic evidence indicates that the Loxahatchee estuary was periodically closed and opened
to the sea. Due to the active long shore sediment transport, the tidal inlet was probably
characterized by shifting sandbars through which ran a narrow and unstable channel. Inlet
dredging in the past several decades has increased the hydraulic conveyance of the inlet and
the tidal influence into the estuary.

The sea level record from a site in south Florida indicates that the sea level has been rising at
a rate of approximately 2.3-mm per year. The rise of sea level in the past century has probably
raised the mean tide level by about 23 centimeters. If the sea level rise continues as predicted,
it is foreseeable that the salt front will move further upstream along with the sea level rise.

Field data analysis and the preliminary model output led us to believe that the advance of
seawater up the estuary is the combined effect of watershed hydrological changes, inlet
deepening and sea level rise.

Keywords: estuary; freshwater inflow; sea level rise; salinity; saltwater intrusion

INTRODUCTION

The Loxahatchee River estuary empties into the Atlantic Ocean at Jupiter Inlet in southeastern
Florida. The estuarine system is comprised of three forks: the Southwest Fork, North Fork,
and Northwest Fork (Figure 1). Estuarine conditions extend from Jupiter Inlet to about 5 river
miles up the Southwest Fork, 6 river miles up the North Fork, and 10 river miles up the
Northwest Fork. Four tributaries; Loxahatchee River, Cypress Creek, Hobe Grove Ditch, and
Kitching Creek discharge to the Northwest Fork. Canal 18 (C-18), built in 1957 – 1958, is the
major tributary to the Southwest Fork. The North Fork has several small unnamed tributaries.
Rainfall in the area is seasonal, 5 inches per month is common during the wet season from
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May through October. Amounts near 2.5 inches per month generally occur during the dry
season from November to April (Russell and Goodwin, 1987).

The upstream migration of salt water into the historic freshwater reaches of the Loxahatchee
River is the likely cause of the altered floodplain cypress forest community along the
Northwest Fork and some of its tributaries. A hydrodynamic/salinity model was developed to
study the influence of freshwater input on the salinity conditions in the river and estuary. The
hydrodynamic model was calibrated against National Ocean Service (NOS) data for a three-
month period from December 1996 to February 1997. The tidal output was then verified
against NOS data for a four-month period from January 1999 to April 1999. The salinity
model was calibrated and verified against field data that were collected from January to June
of 1999. The model was applied to scenarios with varying amounts of freshwater inflow. Both
the field data and model simulation indicated that there is a strong correlation between
freshwater inflow and the salinity regime in the estuary. Based on model output and field data
analysis, a relationship was developed to predict salinity at various points in the estuary with
respect to freshwater inflow rates and tidal fluctuations. The model was also used to provide a
preliminary assessment of the impacts that inlet deepening and sea level rise have had on the
salinity regime in the estuary.

METHODS

The software used in the development of the Loxahatchee River Hydrodynamics/Salinity
Model were computer programs RMA-2 and RMA-4, which were developed by Resource
Management Associates (RMA) and the Army Corps of Engineers (USACE, 1996). The
model mesh was formed from a total of 4736 topographic data points derived from survey
data. The XY coordinates and elevation of the 4736 points provide the geometry of the model.
Figure 1 shows the finite element model mesh that was developed for this modeling study.
The available bathymetric data does not cover the upstream portion of the Northwest Fork.
The model mesh in Figure 1 used average depths, which were reported by a previous study,
for that portion of the river (Russell and Goodwin, 1987). The model mesh will be updated
when the bathymetric data for the upper Northwest Fork are collected.

Freshwater inflow data were available from three flow gages. The gage on the upper
Northwest Fork at Lainhart Dam controls about forty to fifty percent of total freshwater input
to the Northwest Fork. The other two gages are located on the North Fork, and on the
Southwest Fork at flow control structure S-46 (Figure 1). The freshwater input from Cypress
Creek, Hobe Grove and Kitching Creek was estimated based on a previous study by USGS
(Russell and McPherson, 1983). Based on flow data from these tributaries and Lainhart Dam,
the report established ratios between discharge from each tributary and the discharge at
Lainhart Dam. These ratios were used to estimate the discharge from these tributaries.

The hydrodynamic model was calibrated against NOS data for a three-month period from
December 1996 to February 1997. The tidal output was verified against NOS data for a four-
month period from January 1999 to April 1999. Figure 2 is the comparison of model output
and NOS predicted tide at the station Boy Scout Dock on the Northwest Fork (Figure 1). This
station is the most upstream (inland) station that is listed in the NOS Tide Table. Model
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output was also verified against data from other NOS sites at the Middle and Lower Estuary
and at the Jupiter Inlet.

Calibration of the salinity model was based on flow and salinity records from January 1 to
April 30, 1999. The period includes a typical transition from wet season to dry season. While
the flow record at Lainhart Dam shows a decreasing freshwater inflow to the estuary, the
salinity records indicate that the salinity increased significantly, even at the upstream portion
of the estuary. Figure 3 and 4 are comparisons between model output and the field records at
Station 64 (River Mile 7.7) and Station 65 (River Mile 8.6).

Model verification was based on the field records of the subsequent two months - May and
June 1999. Starting in May, the freshwater inflow increased and salinity level dropped
accordingly. Model output was depicted with two different colors in Figure 4. The first
portion shows the results of the model calibration. The second portion shows results of the
model verification. Figure 5 is the verification results at Station 66 (River Mile 9.4).

While the model output followed the overall trend of salinity changes, it did not track all the
short term variations that were observed in the field. Field data indicates that salinity in the
upper estuary is extremely sensitive to the amount of freshwater input. Since approximately
fifty to sixty percent of the freshwater input was estimated based on a set of fixed ratios, the
amount of total freshwater input apparently did not accurately reflect the short term variations
of flow discharge from tributaries. Such inaccuracy would in turn cause error in salinity
prediction. On the other hand, over longer periods these ratios seem to have produced a
relatively accurate estimate of the overall amount of freshwater input to the estuary. As a
result, the model was able to follow the overall trend of salinity changes indicated by the field
data. New flow stations are currently being deployed on major tributaries. The model will be
re-calibrated when a more complete data set becomes available.

The model applications included eleven simulations at various levels of freshwater input to
develop flow versus salinity relationship. The estuarine salinity regime is the result of a
dynamic process that involves mainly tides and freshwater inflow. Salinity fluctuates
constantly in response to changes in tides and freshwater inflow. Even if the freshwater inflow
is constant, there is a significant variation in salinity within each tidal cycle. The variation in
range between spring and neap tides is another major factor that affects the salinity. A 28-day
tidal cycle with two spring tides and two neap tides was chosen for all the flow scenario
simulations. The model predicts salinity for each of the over 3000 nodes at 30-minute
intervals. The model output was filtered to select high tide and low tide salinity. The 56 high
tide salinity values and 56 low tide salinity values were averaged to find the mean high tide
salinity and the mean low tide salinity for the 28-day period.

RESULTS

The Influence of Freshwater Input on the Salinity Regime in the Estuary

The results of eleven model simulations at various levels of freshwater input are condensed
into two color plates (Figure 6 and 7). The curves in Figure 6 and 7 represent the flow versus
salinity relationship at 7 sites in the Northwest Fork. On the horizontal axis of these charts,
the amount of freshwater input was represented by the flow rate at the Lainhart Dam. The
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corresponding salinity for the given flow can be read from the vertical axis. Salinity given by
Figure 6 is mean high tide salinity. Figure 7 gives mean low tide salinity. Combined, these
two charts can be used to predict high tide and low tide salinity values in the Northwest Fork
for a given freshwater discharge.

The model output is consistent with the results of field measurements and indicates a
correlation between salinity in the estuary and freshwater inflow rate. The correlation appears
to be the strongest in the upper Northwest Fork. When freshwater discharge at the Lainhart
Dam decreases to approximately 35 cubic feet per second (cfs), salinity in a large portion of
the Northwest Fork will exceed two parts per thousand (ppt). Both the field data and model
results indicate that a change of freshwater input as small as 10 cfs can cause detectable
salinity changes in this area.

To facilitate management decisions, maps of 2-ppt salinity lines were prepared based on
model output (Figure 8 and 9). Figure 8 shows the spatial positions of 2-ppt salinity lines with
various freshwater inflow rates at high tide. Figure 9 shows the locations of 2-ppt lines at low
tide.

The difference between spring and neap tides is also a significant factor. To present the 2-ppt
lines under an average tide condition, the results in Figure 8 and 9 were created based on a
tide range of 2.48 ft at Jupiter Inlet.  The mean tidal range at the inlet is 2.46 ft, according to
NOS data. Therefore the results presented on the maps represent an “average tidal condition.”
The 2-ppt lines shown in these maps will be at about the middle point between the position of
the salt front at spring tides and at the neap tides.

The Influence of Inlet Conveyance and Sea Level Rise on the Salinity Regime

Inlet Configuration

Historic evidence indicates that the Loxahatchee estuary was periodically closed and opened
to the sea (McPherson, Sabanskas and Long, 1982). Due to active, long-shore sediment
transport, the Jupiter Inlet was probably characterized by shifting sandbars through which ran
a narrow and unstable channel.  When James Henshall visited the area in the early 1880s, he
observed the "Jupiter River flowing eastward, and over Jupiter Bar into the sea."  He also
described the difficulty of sailing through the inlet, which was "quite narrow" and had "an
angle in its channel at the worst possible place" (Henshall, 1884).  An aerial photo of the inlet
from 1940s shows extensive flood shoals (sandbars that were formed by sands pushed into the
inlet by tides), which would have limited the hydraulic conveyance of the inlet and the tidal
range in the estuary. Under natural conditions with active sedimentation, the hydraulic
conveyance of the inlet would be smaller than the conveyance under dredged conditions.

Sea Level Rise
Extensive analyses of tidal records indicates that global sea level has risen at a rate of
approximately 2 mm per year for at least the last century or so (Douglas, 1991; 1992). Based
on this estimate, the sea level around 1900 was about eight inches lower than the present
level. A lower sea level means that a smaller range of tidal influence existed in the estuary.
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Sea level rise was even more rapid prior to 1900. Approximately 15,000 years ago, the shore
of the Atlantic Ocean was several miles east and more than 300 feet lower than its present
location and altitude at Jupiter Inlet. From about 15,000 to 6,000 years ago, sea level rose at a
rate of more than 3 feet per century. Tidal waters began to flood the estuary embayment. Prior
to this time, the embayment was probably a flood plain or freshwater marsh (McPherson,
Sabanskas and Long, 1982).

The rise of sea level has likely increased the range of tidal influence in the Loxahatchee River.
If the sea level rise continues as predicted, it is foreseeable that the tide influence will move
further upstream along with the sea level rise.

The Effects of Inlet Deepening and Sea Level Rise

The hydrodynamic/salinity model was applied as part of a preliminary investigation, to
estimate the impacts of inlet dredging and sea level rise. This section outlines the preliminary
results of six model simulations that have been completed. Freshwater input was kept constant
through all six model simulations. Sea level and inlet depth were changed so that their effects
on the position of saltwater wedge could be examined. Table 1 lists boundary conditions of
the model simulations. Inlet depth was reduced from the current condition to average depths
of 6, 4, and 2 feet subsequently. The current average depth of the inlet is approximately 8 - 10
feet. While the first four simulations were all at current sea level, simulation 5 was at the1900
sea level, which was 8 inches lower. Simulation 6 used the boundary condition of Simulation
1, except that sea level was one foot higher. The purpose of this simulation was to estimate
the possible effects of future sea level rise.

Table 1. Boundary conditions of model simulations
Boundary Condition Simulation 1 Simulation 2 Simulation 3 Simulation 4 Simulation 5 Simulation 6

Sea level Present MSL Present MSL Present MSL Present MSL 1900 MSL Present MSL + 1 ft
Discharge at Lainhart
Dam

65 cfs 65 cfs 65 cfs 65 cfs 65 cfs 65 cfs

Total freshwater input
to Northwest Fork

188 cfs 188 cfs 188 cfs 188 cfs 188 cfs 188 cfs

Freshwater input to
North Fork

4 cfs 4 cfs 4 cfs 4 cfs 4 cfs 4 cfs

Freshwater input to
South Fork

5 cfs 5 cfs 5 cfs 5 cfs 5 cfs 5 cfs

Inlet condition 1999
condition*

Average depth
6 feet

Average depth
4 feet

Average depth
2 feet

Average depth
2 feet

1999 condition*

To compare the range of tidal influence at various inlet depths, the location of 2 ppt salinity
lines of model simulations 1 through 4 were plotted in Figure 10.  The model output indicates
that a shallower inlet would reduce the tidal influence on the river.  For example, when the
inlet depth is reduced to 4 feet by sedimentation, the 2 ppt line would move approximately 1
mile downstream from its present location under existing inlet condition.  Therefore, dredging
of the inlet in the past several decades has probably helped move the salt wedge upstream.

The two green lines in Figure 11 show the predicted locations of 2 ppt salinity lines at the
estimated 1900 sea level (8 inches lower than current sea level) and a predicted future sea
level (12 inches higher than current sea level). Comparing the results of Simulations 4
(current sea level with 2’ inlet depth, Line D) and 5 (1900 sea level, Line E), the sea level rise
itself in the past century would have moved the salt wedge upstream nearly 0.5 miles. The
green line at the upstream end (Line F) is the predicted position of 2 ppt salinity line with an
one foot sea level rise. If the inlet depth and freshwater inflow remain unchanged, the effect
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of sea level rise will therefore push saltwater further upstream from its present location (Line
A).

DISCUSSION

Both field data analysis and the model output indicate a strong correlation between the
amount of freshwater input and the estuarine salinity regime. The upstream portion of  the
Northwest Fork is especially sensitive to changes in freshwater input. Table 2 is based on the
flow ~ salinity relationship presented in Figure 6. The table shows the flow rate of freshwater
input that is required to maintain salinity below 2-ppt at various locations in the Northwest
Fork.

Table 2. Freshwater inflow required to maintain high tide salinity below 2ppt
at seven locations in the Northwest Fork

River Mile Station # Freshwater discharge into Northwest
Fork above Kitching Creek (cfs)

Estimated discharge
at Lainhart Dam(cfs)

6.5 #63 424 187
7.7 #64 202 89
8.6 #65 123 54
9.4 #66 64 28

The position of the salt wedge is the balance point between ocean tides and freshwater flow
from the watershed.  While a reduction in freshwater flow could cause saltwater intrusion, the
modeling results illustrated that deepening of the inlet and rising sea level would also push the
salt wedge further upstream. The preliminary modeling results indicate sea level rise and inlet
dredging have significant impacts on the salinity regime in the Loxahatchee Estuary.

Based on the model simulations that had a shallower inlet and lower sea level, Table 3 lists
the amount of freshwater that would be required under present conditions to maintain the 2
ppt line at locations that correspond to the 2ppt locations that occurred under the three historic
scenarios.

The analysis outlined above indicates that sea level rise and inlet dredging have significant
impacts on the salinity regime in the Loxahatchee Estuary. Due to the changes in sea level and
inlet configuration, the amount of freshwater required to prevent salt water intrusion has
increased if the management goal is to provide historic salinity condition in the river and
estuary.

Table 3. Increased freshwater demand to prevent saltwater intrusion
Required freshwater under

historic condition (cfs)
Required freshwater under

present condition (cfs)Present and historic
conditions

2 ppt
line
river
mile

Freshwater
discharge at
Lainhart Dam

Freshwater
input to NWF

Freshwater
discharge at
Lainhart Dam

Freshwater
input to NWF

A-Present condition 8.25 65 188
B-Inlet average depth 6 ft 7.7 65 188 85 246
C-Inlet average depth 4 ft 7.4 65 188 100 289
D-Inlet depth 4 ft, 1900 MSL 7.0 65 188 120 347
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Inlet sedimentation is a very dynamic process. The modeling effort outlined in this document
is just the first step of a preliminary investigation. More efforts are necessary to acquire
historic bathymetry and sea level data and improve the accuracy of freshwater inflow data.

REFERENCES

Douglas, B. C., 1991. Global sea level rise, J. Geophys. Res., 96(C4), 6981-6992, 1991.

Douglas, B. C., 1992. Global sea level acceleration, J. Geophys. Res., 97(C8), 12,699-12,706,
1992.

Henshall, J. A., 1884. Camping and Cruising in Florida. Robert Clarke & Co., Cincinnati,
1884.

McPherson, B.F., Sabanskas, M., & Long, W., 1982.  Physical, Hydrological, and Biological
Characteristics of the Loxahatchee River Estuary, Florida. USGS Water-Resources
Investigations, Open file report, 82-350.

Russell, G.M., McPherson, B.F., 1983.  Freshwater Runoff and Salinity Distribution in the
Loxahatchee River Estuary, Southeastern Florida. USGS Water-Resources Investigations
Report, 83-4244.

Russell, G.M., Goodwin, C.R., 1987. Simulation of Tidal Flow and Circulation Patterns in the
Loxahatchee River Estuary, Southeastern Florida. USGS, Water-Resources Investigations
Report 87-4201. Tallahassee, Florida, 1987.

USACE, 1996. Users' Guide to RMA2 Version 4.3. US Army Corps of Engineers, Waterways
Experiment Station, Hydraulic Laboratory.



MFLs for the Northwest Fork of the Loxahatchee River Appendix P

FINAL DRAFT                                               P-9 11/18/02

Figure 1. Finite element mesh of Loxahatchee Estuary Salinity Model
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Figure 2. Model output vs. NOS data: Tides at BoyScoutDock, January 1 - April 30, 1999
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Figure 3. Comparison of model output and field record at Station 64 (RM 7.7)

 Model Output vs. Salinity Measurements at JDP Dock
 Station #64 (RM 7.7), January - April, 1999
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Figure 4. Comparison of model output and field record at Station 65 (RM 8.6)

 Model Output vs. Salinity Measurements at Kitching Creek
 Station #65 (RM 8.6), January - June, 1999
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Figure 5. Comparison of model output and field record at Station 66 (RM 9.4)

 Model Output vs. Salinity Measurements near Hobe Groves
 Station #66 (RM 9.4), May - June, 1999
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Figure 6.  The relationship between high tide salinity and the amount of freshwater inflow
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 Figure 7.  The relationship between low tide salinity and the amount of freshwater inflow
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Figure 8.  2-ppt salinity line position at high tide
2-ppt lines are labeled with discharge at Lainhart Dam
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Figure 8.  2-ppt salinity line position at high tide
2-ppt lines are labeled with discharge at Lainhart Dam

Figure 9.  2-ppt salinity line position at low tide.
2-ppt lines are labeled with discharge at Lainhart Dam
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Figure 10.  2-ppt salinity line position at various inlet depths.
2-ppt lines are labeled with depth at Jupiter Inlet
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Figure 11.  2-ppt salinity line position at various inlet depths and sea level.
2-ppt lines are labeled with depth at Jupiter Inlet and sea level
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METHODS CONSIDERED FOR USE

Conceptual Basis for Minimum Flows

River management is a complex process that requires consideration of a number
of variables. Minimum flows are an important component of riverine flow characteristics.
However, providing a minimum flow represents only one aspect of management and/or
restoration of river hydrology. Focusing on a single aspect of river hydrology (minimum
flows) is an overly simplistic treatment of complex ecosystem interactions. Long-term
hydrological data, especially measures of variability, have been under utilized in most
management decisions aimed at river ecosystem protection or restoration (National
Research Council 1992).

Because of the intrinsic ecological complexity of estuaries, scientists and
managers have also objected to the idea that minimum flows can be set for estuaries.
Complexity in itself is not a sufficient reason to question the concept of minimum flows
for estuaries. In fact, it simply supports the fact that complex biological systems, such as
those in estuaries, require more study. Due to the lack of understanding and a shortage of
previous attempts to establish minimum flows, estuarine scientists and managers do not
have even simplistic minimum flow examples to study or criticize. Rather than waiting
until all information is available before making a management decision, the best
approach is adaptive: set inflows based on assumptions derived from conceptual and
mathematical modeling using best available information, monitor the results for success
or failure, continue research, and reevaluate flow targets.
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Recent Advances in Flow Analysis

Restoring Natural Flow Regimes

Because modifications of hydrologic regimes in rivers are known to directly and
indirectly alter the composition, structure, or function of riverine aquatic and wetland
ecosystems, most river scientists tend to agree that it is better to approximate natural flow
regimes and maintain entire ensembles of species, than to optimize water regimes for one
or a few species. In reality, however, the great majority of in stream determinations have
been based on one or a few species' requirements. It is now understood that native aquatic
biodiversity depends on maintaining or creating some approximation of natural flow
variability, and that native species and communities will perish if the environment is
pushed outside the range of natural variability. Where rivers are concerned, a natural flow
paradigm is gaining acceptance. It states “the full range of natural intra- and interannual
variation of hydrologic regimes, and associated characteristics of timing, duration,
frequency, and rate of change, are critical in sustaining the full native biodiversity and
integrity of aquatic ecosystems” (Richter et al. 1997). A corollary idea is that ensembles
of species and ensembles of habitats should be used to gage the effect of hydrological
alteration. Sentiment for a similar paradigm for estuaries is growing. In river-dominated
estuaries, it seems reasonable to evaluate both flows and salinities with respect to their
multiple forms of variation.

Richter “Range of Variability” Criteria

A new and robust method was developed for determining hydrologic alterations
in rivers (Richter et al. 1996). The “range of variability approach” is based on the
calculation of means and coefficients of variability of 32 hydrologic variables grouped
into five sets:

• Magnitude of monthly water conditions

• Magnitude and duration of annual extreme conditions

• Timing of annual extreme water conditions

• Frequency and duration of high and low pulses

• Rate and frequency of water condition changes

Comparisons are made between “before” and “after” modifications. In the
absence of “before” data, models can be used to estimate water conditions. Some
alterations affect only a few indicators, whereas others affect many. Patterns of alteration
help managers determine the aspects of flow to modify.

This technique employs more variables and offers more promise in protecting
ecosystem integrity. It is gaining in popularity and has been used extensively by the
Northwest Florida Water Management District in its role in the Apalachicola-
Chatahoochee-Flint Tri-State Compact (USACE 1998). In cases where restoration is
sought for a system with no “natural” flow data, it is necessary to employ hydrologic
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simulation models to estimate historical conditions. While such models may provide
good estimates of impact magnitude, they do not illuminate their causes. Nevertheless,
the method captures a number of features, especially rates of change, that are not
commonly used in estuarine science and management, but may have important effects on
estuarine ecosystems.

The “range of variability approach” can be applied, even when flow data are
scant, to set initial river management targets for rivers in which the flow regime has been
greatly altered by human developments such as dams and large diversions. If adequate
stream flow records exist for at least 20 years of natural conditions, the method can be
used directly. In the absence of all 20 years of data, missing data can be estimated. In the
absence of any data, models may be employed or normalized estimates can be generated
from nearby, similar streams. Some hydrologic variables cannot be generated by these
latter methods, affecting the power of the technique.

The criteria for streams pose great difficulty for estuarine managers where
tributary data are sparse; where tributaries have been extensively altered for long periods
of time; or where regulated flows are only part of an estuary's total freshwater budget.

Synthesis and Application

Methods Considered for Use For the Loxahatchee River

Several general methods were identified that could be used to establish minimum
flows for the Loxhatchee River and Estuary. Components of five possible approaches are
integrated in this study. These methods are described generally below, followed by
assessment of their applicability.

1. In Stream Flow Methods. Historical flow, hydraulic, or habitat methods can
be used to determine acceptable flows of individual tributaries to rivers (Stalnacker et al.
1995). This approach presumes that a river or estuary's needs for fresh water can be met
by providing sufficient flow from tributary surface waters; that the majority of inflow
occurs via streams, rivers, canals or other gaged surface waters; and that data are
available or can be obtained.

2. Hydrological Variability Techniques. Following Richter et al. (1996) this
approach extends the in stream techniques through a fuller analysis of flow
characteristics. An untested but feasible application of the method would be its use with
salinity data rather than flow data. Data requirements are large, but most types of salinity
data could be generated through the use of models. Results of natural or historical
conditions would be compared to existing or predicted conditions of salinity.

3. Habitat Approaches. Browder and Moore (1981) proposed the concept of
analyzing the overlap of dynamic and stationary habitat elements for particular species.
This approach could be developed more fully. If submerged aquatic vegetation was
targeted, for example, the method would query the probability that appropriate depths,
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sediment types, salinities, and conditions of water clarity coincided under differing flow
regimes.

4. Indicator Species. This approach relates a change in abundance, distribution,
or condition of particular species to a flow or salinity. Criteria for selection may include a
species' commercial, recreational, or aesthetic value; ecological importance; status as a
species at risk (threatened, endangered, etc.), or endemism. Statistical methods attempt to
match abundance values to appropriately time lagged inflow or salinity conditions.

5. Valued Ecosystems Component Approaches. An extension of the indicator
species approach, valued ecosystem component (VEC) analysis also uses statistical
methods, but accounts for more known or suspected intermediate variables.
Recommended by the United States Environmental Protection Agency (1987) for
national estuary programs to characterize constraints to living resources, VEC analysis
plays an important part in a general model for the design of eutrophication monitoring
programs in South Florida estuaries. VEC is a goal driven approach that has the ability to
focus research and provide managers with short-term alternatives in data poor estuaries.

Assessment of Methods Relative to the Loxahatchee River

Hydrologic Methods

A major limitation is the lack of historical flow and salinity data for the
Loxahatchee River and Estuary from prior to construction of the inlet, drainage by major
canals, and dredging of the waterways.  Some aspects of the historical (natural) flow
regime can be inferred, however, from anecdotal information, historical records and
analysis of remnant vegetation such as tree rings (Duever and McCollum, 1982), dead
trees and stumps, but there are virtually no hydrologic, water quality or biological data
from this watershed prior to about 1970.

A possible approach to overcome this lack of information is to develop a
hydrological model to represent historical water levels and flow patterns.  The SFWMD
has a regional model that is used to simulate conditions that existed in South Florida
during the 19th century.  This so-called “Natural Systems Model” is used to predict water
levels and distribution over the entire South Florida region, including the Loxahatchee
River watershed, Unfortunately, because the model was designed for a very large area, it
provides low resolution at any particular location, and is not sufficient to provide accurate
estimates of water levels or flows in the Loxahatchee watershed.  Additional effort is
needed in the future to extend this model, at a higher resolution, to provide more detailed
analyses for  northern Palm Beach and southern Martin Counties.

In lieu of the NSM, an attempt was made to predict historical (pre-development)
flows from the Loxahatchee River watershed based on historical land use/land cover data,
climatological data, and water level information from throughout the region and general
topographic features of the basin.  This approach provided a general picture of flow
patterns and estimated annual average volumes of runoff, but was not considered to
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adequate for prediction of dry season, low-flow conditions.  Additional efforts will be
made to refine this approach during the coming year.  In addition to the above modeling
approaches, the following methods were used to analyze actual data from the watershed:

1. Instream Flows.  This included an assessment of existing inflows to the river
from different surface water sources and estimates of groundwater inflow along different
stretches of the river.  The hydrodynamic model was also used, in combination with
historical USGS flow records, to simulate a 30-year salinity record for the period from
1971-2000, at selected sites along the Northwest Fork . Additional efforts are underway
to identify methods that can be used to enhance flows to the river in the future.  Most of
the emphasis so far has been placed on examination of resources in northern Palm Beach
County.  Plans are underway to provide additional storage and improve water conveyance
capacity to provide additional flow to the River from Loxahatchee Slough and the
regional water management system. Opportunities in other basins (e.g. Kitching Creek,
Pal/Mar Cypress Creek and Hobe Groves) are being investigated now for inclusion in
future updates of this document.

2.  Hydrologic Variability.  The range of inflows to the river was examined with
emphasis on long-term average flows, dry season flow conditions and the magnitude,
frequency and duration of low flow events. This approach needs to be expanded in the
future to consider wet season flow conditions as well as maximum flow events with
recognition that the full range of natural flow conditions needs to be addressed in this
process.  Full use of this approach has been delayed until modeling tools have been
developed that provide a better picture of natural historical flow conditions that occurred
in the River.

Biological Methods

Results of field vegetation studies and peer review of an earlier draft of this
document indicated that the decision to use a single species, cypress, did not provide an
adequate basis to protect critical resources in the Loxahatchee River, especially since
cypress trees were not the most sensitive or responsive vegetation species to river flow
and/or salinity changes.  The panel suggested that a broader, community-based approach
would be more appropriate.  In response to this recommendation and the results of recent
field studies, SFWMD staff considered the use of habitat, indicator species, and Valued
Ecosystem Component approaches as described below.

3.  Habitat Approaches.  The evaluation of biological response to changes in
flow was expanded to consider the freshwater floodplain swamp community as an
important river habitat. In a fully functional floodplain swamp ecosystem, freshwater
trees, in conjunction with cypress, comprise a multi-layer canopy that provides the
aesthetic basis for the “wild and scenic” river as well as a range of living conditions for
native birds, mammals, reptiles, amphibians and invertebrates. Factors that impact the
distribution and health of this community were analyzed including river flow, salinity and
soils.  In addition, 30 or more associated herbaceous floodplain plant species that
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primarily comprise the understory of this community were also identified as a critical
component of this habitat.

4.  Indicator Species.  Six species of hardwood trees were identified as indicator
species for the freshwater swamp community.  Distribution of these species along the
river was documented and related to river flow, surface water salinity and soil salinity
conditions.

5. Valued Ecosystem Component (VEC).  The indicator species approach was
expanded to include the VEC concept.  Management goals were established based on
protection of the valued ecosystem component, which in this case represents those
freshwater vegetation species that are most sensitive to the environmental factor of
interest (salinity). It is assumed that providing a minimum freshwater flow to the river
that will protect this group of species against saltwater intrusion will also protect the
entire community.  Results of a river vegetation survey identified six “key” woody
vegetation species characteristic of the floodplain swamp that appear to be more sensitive
to the effects of long-term salinity conditions within the river as compared to bald
cypress, cabbage palms or red mangroves. These six species are also important structural
components of the forest canopy, and play a number of other functional roles in the forest
ecology. Impacts to the VEC beyond a critical level is considered to constitute significant
harm to the river floodplain swamp community.
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APPENDIX S -- SFWMD STAFF RESPONSES TO
COMMENTS AND FREQUENTLY ASKED

QUESTIONS

1.  Who is responsible for protecting the river?

Chapter 83-358, Laws of Florida provides guidance regarding authority for protection of the
Northwest Fork of the Loxahatchee River. In Section 9, it states that the Florida Department of
Environmental Protection (DEP) "shall have full and exclusive authority to adopt rules
concerning and to regulate activities within the river area having a direct and substantial adverse
effect on any resource value within the river area."  Section 9 states further that the South Florida
Water Management District Governing Board (SFWMD) "shall have full and exclusive authority
to adopt rules concerning and to regulate activities outside the river area having substantial
adverse impact on resource values within the river area."

2.  What are the resources of the River that need to be protected?

Chapter 373.042, F.S. identifies the need to protect “water resources” during the MFL process.
The term “water resource” is used throughout Chapter 373, F.S. Water resource functions
protected under Chapter 373, F.S. are broad, as illustrated in Section 373.016, F.S., which
includes flood control, water quality protection, water supply and storage, fish and wildlife
protection, navigation, and recreation.

3.  How will Minimum Flows and Levels Criteria protect the resource?

The overall purpose of Chapter 373, F.S. is to ensure the sustainability of water resources of the
state (section 373.016, F.S.) To carry out this responsibility, Chapter 373, F.S. provides the
SFWMD with several tools with varying levels of resource protection standards. MFLs play one
part in this framework. MFLs are set at the point at which further withdrawals would cause
significant harm to the water resources, or ecology, would occur. The SFWMD has defined
significant harm as the temporary loss of water resource functions, which result from a
change in surface or ground water hydrology, that takes more than two years to recover

4.  What are the “considerations and exclusions” that were applied to the Loxahatchee River?

Section 373.0421(1)(a), F.S. requires the water management districts when setting a MFL, to
consider changes and structural alterations that have occurred to a water resource. Numerous
alterations have occurred in the river and its watershed that have been evaluated during
development of these MFL criteria. These alterations were discussed in May 2001 draft of the
MFL document.

5.  Should a rainfall driven schedule, like that being developed for the Everglades, be developed for
the Loxahatchee River to ensure seasonally-adjusted deliveries?

The adoption of a Minimum Flow and Level Rule for the Northwest Fork of the Loxahatchee
River is an important step in the development of a series of plans, projects and activities that need
to be accomplished in support of this important natural resource. During the development of the
Northwest Fork of the Loxahatchee River Restoration Plan the issues of timing of delivery of
flows and maximum flows will be addressed.
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6.  Are there significant water quality issues that need to be considered in this plan?

The Loxahatchee River is an Outstanding Florida Water and therefore has some commensurate
water quality requirements. The majority of the known water quality issues that need to be
considered in the context of overall watershed management are primarily due to nonpoint source
pollution.  The SFWMD is participating with other agencies, such as the DEP and the
Loxahatchee River District,  to address these concerns through establishment of Total Maximum
Daily Loads (TMDLs) for appropriate water body segments and through the Environmental
Resource Permitting (ERP) process

7.  Should development of Minimum Flows and Levels criteria also address the effects of maximum
flows?

The adoption of a Minimum Flow and Level Rule for the Northwest Fork of the Loxahatchee
River is an important step in the development of a series of plans, projects and activities that need
to be accomplished in support of this important natural resource. During the development of the
Northwest Fork of the Loxahatchee River Restoration Plan the issue of maximum flows will be
addressed.

8.  Cypress trees are not particularly good indicators of salinity stress.  Other criteria need to be
developed that are based on, more sensitive species that respond, and can be monitored, over
shorter time periods.

This problem was identified during the peer review process for the May 2001 version of the
report.  In response to the peer review recommendations,  SFWMD scientists conducted
additional surveys of resources along the river and identified a freshwater floodplain plant
community characterized by adults, seedlings and saplings of six commonly occurring, core
sensitive species, of trees and more than 30 associated herbaceous species, a subset of which
includes species identical to the  "Wild and Scenic" designation  This community is felt to
provide a sensitive and effective indicator of the healthy floodplain forest resource that needs to
be protected and enhanced in this system

9.  The St. Lucie River has been studied in great detail and a very comprehensive plan has been
developed to protect and restore this system.  Why have so much less time, attention and
resources been devoted to the Loxahatchee River?

The St. Lucie River has a long history of problems that have been thoroughly documented and
studied during the past forty years.  In addition, it has received special attention from the USCOE
and SFWMD because it is fed by three major SFWMD Project canals and is a primary outlet of
water from Lake Okeechobee.  New project facilities (canals and reservoirs) have been proposed
for construction in this basin since the 1950’s to meet water supply needs of the region. It also
lies at the confluence of the Okeechobee and the Intracoastal waterways.

Although Northwest Fork of the Loxahatchee River has some similar issues, much of this system
still remains in a largely natural state and its problems are not as severe as those encountered in
the St. Lucie Estuary.  However, to prevent impacts and protect this important resource, in 1985
significant land acquisition was started and completed in 1991to place the river corridor in public
ownership. Since the 1970’s structural and operational improvements have been implemented to
direct more flow to the Northwest Fork of the Loxahatchee River. After seven years of data
collection, public comment, modeling and analysis the Northern Palm Beach County
Comprehensive Water Management Plan was accepted by the SFMWD Governing Board on May
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9, 2002. This plan identifies a series of projects that will provide 65 cfs to the Northwest Fork
when they are constructed and operational. Implementation of the Northern Plan has been started.

10.  The SFWMD always seems to be developing models and does not seem to be doing any real
work to solve the problems.

The SFWMD has made a commitment to the use of models as planning and design tools for all
major undertakings.  Models take time to develop and require a substantial amount of data in
order to give relative benefits and impacts of proposed solutions.  The advantages are that, once
developed, models can be used rapidly and effectively to evaluate wide ranges of options.
Although a great deal of modeling effort has been applied to develop models for the portion of
the Loxahatchee watershed in northern Palm Beach County, additional work is needed to develop
a similar level of modeling tools for portions of the Loxahatchee watershed in southern Martin
County.  This effort is expected to be completed in 2004.

11.  Minimum flow criteria need to be established for wet-season as well for dry-season flows.

This is part of a broader question that is related to restoration and is based on identifying how
much of the system needs to be protected and to what extent.  The MFL legislation seems to
imply the MFLs should be established to identify how much water is needed to protect the
resources during extreme low-flow events. Thus it might be useful to define a minimum dry
season flow, a minimum wet season flow and also require that some higher levels of flow may be
needed to periodically provide flushing or ensure that upper limits of the floodplain are inundated
often enough to protect resources that require occasional inundation. It is the intent of SFWMD
staff to identify these other needs as part of the restoration plan for the Northwest Fork of the
Loxahatchee River.

12. The initial draft (May 2001) of MFL document did not provide a clear separation between
scientific and policy decision-making.  The choice to declare a certain part of the river as
“significantly harmed” is clearly a political rather than a scientific decision.

MFLs require a scientific understanding of the resource and the effects that water conditions have
on the resource, but also require the application of judgement to balance among competing
impacts.  The final decision will inevitably involve some compromise among these impacts and
will be determined by the SFWMD Governing Board.

13. Why has the SFWMD reduced its proposed MFL from 70 cfs to 35 cfs during the past year?

The original MFL was based on a number of assumptions concerning the resource that needed to
be protected and the conditions that were needed to protect this resource.  The peer review panel
pointed out that the technical basis used in this original document was not sound. -- that cypress
trees were not particularly good indicators of salinity stress, that the downstream-most point at
which cypress trees exist along the shoreline may not be directly related to salinity conditions in
the river, but may rather be an artifact of groundwater seepage from adjacent uplands, and that
there was no sound basis for the chosen threshold (2 ppt) as a condition that might have adverse
effects on cypress trees.

14. How were flows to the river managed during the drought event that occurred during the past
year and what were the impacts of these flows on resources in the river?

Flows to the Northwest Fork of the Loxahatchee River are managed based on our existing
operational protocols for G-92 that require delivery of at least 50 cfs to the Northwest Fork
whenever possible. Annual average flows for 2000 and 2001 were below normal but, more
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importantly, there were significant periods when flows to the river were below 35 cfs -- in the
10cfs or less range. Flows of less than 35 cfs occurred during approximately five months of each
of these two years.  During such periods, salt water will generally move upstream to, or above the
Trapper Nelson site.  Significant harm can occur if such low flow conditions persist.  These are
the kinds of events that the proposed MFL is designed to prevent.

15. What is the scientific basis that is used to define “harm” and “significant harm” to the
resource?

The terms “harm” and “significant harm” are qualitative terms by their nature and do not have
objective scientific definitions.  Practical definitions of these terms have evolved over the last
several years as work has been completed in a number of different ecological systems throughout
South Florida.

Serious Harm - refers to long-term, irreversible or permanent impacts that occur during drought
event more severe than the 1-in-10 year level of certainty. Declaration of water shortages is the
tool that is used by the SFMWD Governing Board to prevent serious harm, pursuant to Chapter
373.246, F.S.

SSiiggnniiffiiccaanntt  HHaarrmm - means the temporary loss of water resource functions, which result from a
change in surface or ground water hydrology, that takes more than two years to recover, but
which is considered less severe than serious harm (CH. 40E-8.021(24), F.S.)

Harm refers to a measurable damage or impact to a resource that can recover within one year or
less.

The interpretation of these terms is specific to each MFL water body and is based on establishing
quantifiable relationships between water level or flow conditions and effects on the functions
provided by the water resource.

16. What is the “baseline condition” of the resource that is used to determine the extent of harm
that has occurred in this system over time?

The baseline condition that was chosen for the establishment of the Northwest Fork of the
Loxahatchee River MFL was the condition of the river and floodplain in 1985. At the time that
the "Wild and Scenic" River designation occurred there was data available concerning river flow,
salinity conditions, and estimated distribution of plant communities.

17. South Florida has only one “Wild and Scenic River.”  Is it appropriate to only provide a
minimum flow needed to protect this system against significant harm?  The more appropriate
management issue is rather how to provide water to the river in sufficient abundance at all
times to protect or enhance this unique resource.

The SFWMD recognizes that setting a MFL, according to state law, is not the only basis for
overall management of the Northwest Fork of the Loxahatchee River.  It is simply one resource
protection tool that establishes limits that are expected to be reached only rarely, under severe
water shortage conditions.  The more important task is to identify the management and restoration
needs of the Northwest Fork above the Minimum Flow and Level.  The proposed MFL criterion
define a flow and an associated duration and return frequencies that represent a small, but very
important, component of the total flow regime for the river.  The flows that need to be provided
during the rest of the time are the important determinants of the overall health and species
composition of the floodplain. Development and adoption of a Minimum Flow and Level Rule
for the Northwest Fork of the Loxahatchee River is just one important step in a series of plans,
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projects and activities to be accomplished for protection and restoration of this valuable resource.
A Restoration Plan, led by the DEP with assistance from the SFWMD, will address the broader
issues for enhancement and protection of this resource.

18. The MFL seems to only focus on resources in the Northwest Fork of the River. How are
resources in the North Fork River and the Loxahatchee Estuary factored into the MFL
criteria?

The Northwest Fork of the Loxahatchee River was chosen as the primary focus for MFL
development because: a) the designation of the NW Fork as a "Wild and Scenic" river and the
associated importance of this river to the state and the nation; b) the presence of infrastructure and
facilities to provide and manage flows to the NW Fork; c) most of the watershed of the Northwest
Fork is protected through public ownership,therefore, there is no immediate concern that flows
from this river are likely to be significantly altered in the future; d) there is no evidence of
adverse impacts to the North Fork of the river due to reduced flows; e) there are no facilities to
control water flow and distribution in this system;  f) the Southwest Fork is highly modified and
does not contain significant freshwater-dependent resources.

19. Why doesn’t the SFWMD issue a ”permit” for the river to protect its use of the resource to a
comparable extent that Consumptive Use Permits protect water supplies for other users?

The appropriate method of assuring an allocation of water for protection of environmental
resources in the Northwest Fork of the Loxahatchee River is through the “reservation” process.
The reservation provides a higher standard of protection than would be afforded by a
Consumptive Use Permit. It is a more effective means to balance the environmental protection
and restoration needs of the River against the competing needs of public and agricultural water
supply.

20. The Northern Palm Beach County Comprehensive Water Management Plan is primarily a
water supply plan and provides very little environmental benefit.

The goals and objectives of the Northern Palm Beach County Comprehensive Water Management
Plan clearly state that the proposed projects will concurrently meet the projected environmental
and urban water supply needs for the year 2020. By 2006, two projects in this plan will be
completed, which will achieve the proposed MFL of 35 cfs 94% of the time. When all the
projects are completed in 2018, the 65 cfs base flow target will be provided 99% of the time. In
addition, the supplemental water will restore the hydroperiod of the Loxahatchee Slough, restore
the hydroperiod of the Grassy Waters Preserve, provide increased drainage for the Indian Trail
Improvement District, improve the water quality of the Lake Worth Lagoon by reducing
stormwater discharges, and meet the 2020 urban and agricultural water supply demands of the
area.

21. What is the relationship between the amount of water that is released from Lainhart Dam and
the amount of water that is needed to move the salinity wedge to various locations downstream?

The amount of water released from Lainhart Dam is only one component of the total freshwater
flow to the Northwest Fork of the Loxahatchee River. Contributions by other tributaries are
discussed in Question 34. The proportion of total river flow that occurs from this dam varies
seasonally and from year to year depending primarily on local rainfall conditions and secondarily
on water management practices in the adjacent watershed.  Because of variations in flow from
other sources, flow from Lainhart dam shows a relatively poor correlation to salinity conditions
downstream. In general, a flow of approximately 35-cfs from Lainhart Dam (when combined
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with typical surface and groundwater flows from other basins) is needed to maintain a salinity
concentration of 2 ppt at river mile 9.2. A flow of 65 cfs from Lainhart Dam is required to
maintain a salinity concentration of 2 ppt at river mile 8.4.

22. How much water are you assuming is to come from groundwater and tributary inflows?

Groundwater flow is known to be an important component of total river flow in this system and
more work is needed to gather data and document the relationship. Groundwater flow is generally
estimated by adding up the effects of all known surface water flows, comparing this prediction
with actual salinity measurements in the river and typical cycles, with the assumption that
groundwater flow accounts for the difference between estimated and measured values. The
estimated groundwater flow to the river is 40 cfs. The model assumes that the groundwater flow
is equally distributed among the four major tributary sub-basins, C-18 Canal and other areas
upstream of Lainhart Dam, Cypress Creek/Hobe Groves and Kitching Creek.

23. What are the historic levels of flow that occurred to the River prior to development in the
watershed?

Two approaches were taken by the SFWMD to estimate the historic flow into the Northwest Fork
of the Loxahatchee River and neither one produced very satisfactory answers. Both methods
indicated that average annual flows were in the range from 60 to 100 cfs.  However, neither of
these approaches could provide adequate predictions of seasonal flows or flows during flood and
drought conditions. Additional studies of this question will be undertaken when more detailed
modeling studies have been completed.

24. The Northern Palm Beach County Comprehensive Water Management Plan does not
adequately address resource management needs in, or potential availability of water from,
Martin County.

The Northern Palm Beach County Comprehensive Water Management Plan did not take water
resource needs or water availability in Martin County into consideration. However, the plan
recognizes that it would benefit the area if that evaluation and analysis were performed and
includes recommendations for additional studies. Among many other factors it provided a basis to
support for the type of more detailed planning effort that is currently underway in southern
Martin County.

25. How much have flows to the river changed during the last century?

Very little data are available to determine what kinds of flows were likely to have occurred in the
river 100 years ago.  Although the watershed was probably connected to the Everglades during
very wet periods, during dry periods, the area that includes the present Loxahatchee Slough was
probably the primary source of water to the River.  The Loxahatchee Slough Cypress Creek, and
Kitching Creek and numerous other smaller tributaries probably provided a substantial amount of
flow to the River during dry periods due to flow through channels and groundwater seepage.

Available evidence suggests that freshwater plant communities extended much further
downstream in the Northwest Fork of the River than they do today, probably to the upper end of
the estuary. The Northwest Fork River channel was probably much narrower and shallower.   The
Northwest Fork Estuary was probably somewhat saline, at least enough to support the growth of
large numbers of oysters. The estuary was probably shallower and had oyster bars or reefs and
sandbars strategically located to restrict the flow of saltwater upstream into the River.
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26. What other changes have occurred in the river, adjacent waters and the watershed that have
caused salt water to move upstream in the Northwest Fork?

Besides minor changes to the flows of the Northwest Fork of the Loxahatchee River that have
occurred due to water consumption in upland basins, flows to the river have been more severely
altered by the construction and operation of drainage and flood control facilities.  In addition,
stabilization and improvement of the Jupiter Inlet, removal of oyster bars in the estuary, dredging
of channels in the river and estuary to improve navigation and obtain fill, and the cutting of
channels through river meanders have all eliminated barriers and provided additional means to
allow movement of salt water upstream into the Northwest Fork of the Loxahatchee River.

27. What effects have these changes in flows had on plant communities in the river and the
floodplain?

A number of surveys of plant communities along the river have been conducted, beginning in the
1970’s.  Additional information is available from aerial photographs that were taken in the
1940’s, 1950’s, 1960,s 1970’s and 1980s, 1990s.  This information indicates that there has been a
progressive decline in freshwater swamp and cypress communities in the watershed and
associated upstream migration of mangroves.  The most extensive changes appear to have
occurred during the period from 1953 to 1985. For example, during this period, in the area from
river mile 6.6 to river mile 8.9, coverage of mangroves increased from nine acres in 1940 to 84
acres in 1985, whereas freshwater swamp and cypress declined from 104 acres in 1940 to
15.5.acres in 1985.  Comparison of 1984 field data and 1985 aerial photographs with 1995 aerial
photographs and field data collected during 2000-2001 indicate that no significant vegetation
changes have occurred since 1985.

28. What are the effects of consumptive uses on the ability to provide water to the river?

The limited information available indicates that the effects of consumptive uses in the basin on
flows to and through the river are relatively small, on the order of 10 cfs or less. Each application
for a Consumptive Use Permit, either a modification of an existing use or a new use, is evaluated
on a case-by-case basis. The impacts of additional withdrawals on environmental resources will
be thoroughly evaluated during the permit review process. Interactive surface-groundwater
models are under development that will allow an evaluation of the cumulative effects of water
withdrawals throughout the basin.

The establishment of the Minimum Flow and Level Rule for the Northwest Fork of the
Loxahatchee River will certainly be an important factor for consideration of the future
withdrawals in the northern Palm Beach County area.  Implementation of the Northern Palm
Beach County Comprehensive Water Management Plan, which will bring supplemental water to
the northern Palm Beach County area, is critical for future water supplies, both urban and
environmental.

29. Why does the SFWMD not limit further withdrawals for consumptive use until the MFL
criteria are met?

In support of the Minimum Flow and Level Rule for the Northwest Fork of the Loxahatchee
River, a Recovery Plan will be developed. It will contain several components, one of which will
be a regulatory strategy that will limit the issuance of new Consumptive Use Permits and
Environmental Resource Permits in the area.

30. Are the needs of Loxahatchee Slough also being addressed in this Plan?
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The needs of the Loxahatchee Slough are not addressed in the Minimum Flow and Level Rule for
the Northwest Fork of the Loxahatchee River.  However, the Northern Palm Beach County
Comprehensive Water Management Plan which is a major component of the Recovery Plan did
consider and address the hydrologic needs of the slough.  Any additional planning efforts for the
Northwest Fork, such as the development of a Restoration Plan, must also include analyses to
determine effects on Loxahatchee Slough and other adjacent areas.

31. If MFL criteria are implemented and new facilities are constructed to meet these criteria, what
effects will these changes have on actual flows to the river and resources in the river floodplain?

During wet periods, excess water will be captured and stored in reservoirs and ASR wells for
subsequent release during dry periods.  Damaging high flows to the Northwest Fork of the
Loxahatchee River will therefore be reduced in magnitude and duration, thus improving the
current seasonal flow pattern.  Some preliminary modeling studies have been conducted to
determine the effects of proposed water facilities on future flows to the Northwest Fork, but these
results are not considered to be representative of actual future water management scenarios.
Much depends on how much area is included in the effective watershed boundaries of the basin
and how new and existing facilities are actually operated.  One way to resolve this issue is to
develop a rainfall-driven operational protocol for the river that determines how much water is
provided during any period (monthly for example) based on the amount of rainfall that occurs in
the watershed during that period and the amount of runoff that would naturally have occurred
under those conditions.

32. Neither the IRL feasibility study nor the North Palm Beach County CERP Project adequately
address restoration needs of the Loxahatchee River

The base flow target of 65 cfs that was used for the Northern Palm Beach County Comprehensive
Water Management Plan was also used as a basis for the initial planning efforts of the North Palm
Beach County project of CERP and the Lower East Coast Regional Water Supply Plan.  The IRL
Feasibility Study was also largely completed before additional needs for delivery of water to the
Northwest Fork of the Loxahatchee River were quantified.  The North Palm Beach CERP Project
can be modified in the future to address water supply needs of the Northwest Fork once these
needs have been quantified through development of the Restoration Plan.  Some of the options in
the IRL study for storage, treatment and conveyance of water south of C-44 Canal, which were
initially considered, but rejected, based on their lack of benefits to the St. Lucie River, may be
reexamined in the future to determine if they could provide significant benefits to the Northwest
Fork of the Loxahatchee River.

33. How much of the overall flow to the river comes from Lainhart Dam and how much comes from
other sources.  Are you assuming that if you increase flow from the Dam that flow from these
other sources will automatically increase proportionally?

Lainhart Dam is generally the single largest source of freshwater inflow to the Northwest Fork,
especially during sustained dry periods, although significant amounts of water are provided by
groundwater seepage and flow from other tributaries.  The flows vary considerably by season.
These flows from other sources and tributaries may be especially important during very dry
periods. During an average wet season, Lainhart Dam provides 95 cfs of flow to the Northwest
Fork.  Under average dry season conditions, 70 cfs of flow is provided by Lainhart Dam, 32 cfs
from Cypress Creek and 7 cfs from Hobe Groves and 16 cfs from Kitching Creek for a total of
125 cfs.  Lainhart Dam represents about 56% of this total.  During a more severe dry period, such
as the 1989-90 drought, an average of 26 cfs was provided from Lainhart Dam, 30 cfs from
Cypress Creek, 7 cfs from Hobe Groves and 1 cfs from Kitching Creek for a total of 64 cfs.
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Lainhart Dam represents about 41% of this total.  The modeling was based on historic seasonal
flows from other basins rather than requiring a proportional increase in flow to match the
discharge from Lainhart Dam

34. How will the proposed MFL criteria affect actual operations of District facilities to deliver water
to the river?  Does establishing this MFL really have an effect on the river or is it simply a
“paper tiger?”

The Minimum Flow and Level Rule for the Northwest Fork of the Loxahatchee River will have a
Recovery Plan associated with it that will address construction of the structures, regulatory
strategies, and operational protocols.  The Northern Palm Beach County Comprehensive Water
Management Plan will be the major component of the Recovery Plan.

Operational protocols play an important role in the Recovery Plan for the Northwest Fork.
Operation of the regional system has been adjusted through the years to deliver water to the
Northwest Fork at times and in amounts, so that the present procedures are beneficial to that
important resource.  These procedures will remain in place until new protocols and facilities,
identified in the recovery plan, have been developed.  The Recovery Plan will include additional
operational improvements, which leverage benefits provided by construction of additional storage
facilities, to assure the future health of the Northwest Fork, especially during droughts and
prolonged dry periods.

35. As restoration and water resource development projects are implemented, what assurances are
provided that any “new water” will be used to enhance flows to the River rather than given
away for public or agricultural water supply?

The Mission of the SFWMD is to manage and protect water resources of the region by balancing
and improving water quality, flood control, natural systems and water supply. The development
and implementation of plans, projects and programs that address protection of current resources
and provide for future needs achieve this mission. The mission is also achieved through operation
and maintenance of physical facilities and regulatory programs, which effectively distribute and
manage available resources.

Regulatory strategies are important part of the recovery plan that supports the MFL for the
Northwest Fork of the Loxahatchee River.  Several potential regulatory strategies are under
consideration to address the integration of Consumptive Use Permitting with Recovery and
Restoration Plans.

A Reservation of water to the Northwest Fork is another tool that can be used by the SFWMD to
protect “new water” resources from consumptive use allocation.  The use of reservations was
recommended in the Lower East Coast Regional Water Supply Plan.  For the Northwest Fork, a
rainfall-driven reservation policy may be most appropriate.  An initial reservation could be made
to protect of the base condition (existing beneficial flows) and additional water that is produced
by water resource development projects could be reserved in a manner that is consistent with the
“CERP” process.

36. How does protection of the river from significant harm differ from Restoration of the River?

The MFL defines the amount of water that is needed to prevent significant harm from occurring
to the resource.  It is anticipated that the MFL only becomes relevant during extreme dry
conditions, when flows are well below their “normal” limits.  The MFL consists of a flow
amount, duration and a return frequency.
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Restoration of the Northwest Fork of the Loxahatchee River is focused on long-term
sustainability and defines the amount of flow needed to sustain the resource under all hydrologic
conditions. If restoration efforts are successful, it is anticipated that the resource will improve
over time and that the amount of water needed to protect this improved resource from significant
harm will increase.  MFL criteria will therefore have to be reviewed periodically to ensure that
they are in concert with the state of the resource.

37. Are you going to be evaluating the feasibility of constructing a downstream salinity
control/navigational structure as a means of improving freshwater conditions in the River?

This option has been explored in the past and will be given consideration in future studies of the
river and watershed.

38. How will new and existing consumptive use permits be affected by the proposed MFL criteria

Possible future regulatory strategies that will be part of the Recovery and Prevention Plan need to
address constraints on future permit issuance, re-issuance of existing permits and actions that
need to be taken during water shortages.  Some of the concepts that have been adopted as a rule
for other MFL water bodies including the Everglades include: a) not allowing new or additional
direct or indirect withdrawals unless new certified project water is made available for
consumptive use permits (CUPs); b) ensuring that any new or additional indirect withdrawals are
consistent with the approved recovery strategy.  Other uses in the watershed that are shown not
have a significant direct or indirect influence on flow to the river would be subject to normal CUP
criteria.

39. Once the proposed MFL is being met/achieved in the river, what guarantees will be in place to
ensure that CUP permits will not be issued that give away water needed for restoration of the
river?

The Basis of Review for Consumptive use permits includes conditions that are designed to protect
wetlands and natural river flows from harm due to consumptive use withdrawals.  The MFLs
provide an additional level of protection that is designed to protect the resource from significant
harm caused by additional withdrawals. Water shortage declarations are used as a means to
reduce water consumption and the impacts of significant harm and serious harm.

In addition to CUP strategies, the SFWMD is also developing appropriate strategies to address
water shortages based on the concept that water restrictions could be imposed on direct or indirect
uses when: MFL exceedance occurs or is imminent, and/or climatic conditions are more severe
than a 1 in 10 drought. The level of water supply restrictions imposed under such conditions
would depend on specific factors in SFWMD rule.

40. If historical drainage has been identified as a cause of reduced flow in the River, will changes be
made to existing or future ERP permits in this watershed to address these issues?

As with Consumptive Use Permits, regulatory strategies that address future Environmental
Resource Permit criteria may need to be developed as a component of the Recovery and
Prevention Strategy for the Northwest Fork of the Loxahatchee River. No changes are anticipated
for existing Environmental Resource Permits.

41. What are the elements of the recovery plan, how much water will they provide and when will
this water be available?
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Even though the currently proposed plan takes 20 years to be fully implemented, substantial
benefits occur in a much shorter time frame. A sustained flow of 35 cfs from the G-92 structure
into the Northwest Fork can be attained by 2006. Average flows will also increase at that time.
Opportunities to provide supplemental flow from other tributaries and basins, including Jupiter
Farms, Cypress Creek, Hobe Groves, and Kitching Creek are presently being explored.  These
inflows may offer additional opportunities to achieve both short-term and long-term flow benefits
that contribute to achieving the MFL more quickly and meeting overall river restoration flow
requirements in a shorter time frame. The long time necessary to achieve full benefits of the
proposed recovery plan is due to the need to acquire additional lands and construct and operate
large reservoirs at the Palm Beach Aggregates site and perhaps in the C-18 Canal Basin, and to
fully implement technologies such as Aquifer Storage and Recovery that are still in the
development and testing stage.

42. A recovery plan that requires 20 years to produce 65 cfs in unacceptable.

Even though the currently proposed plan takes 20 years to be fully implemented, substantial
benefits occur in a much shorter time frame. A sustained flow of 35 cfs from the G-92 structure
into the Northwest Fork can be attained by 2006. Average flows will also increase at that time.
Opportunities to provide supplemental flow from other tributaries and basins, including Jupiter
Farms, Cypress Creek, Hobe Groves, and Kitching Creek are presently being explored.  These
inflows may offer additional opportunities to achieve both short-term and long-term flow benefits
that contribute to achieving the MFL more quickly and meeting overall river restoration flow
requirements in a shorter time frame. The long time necessary to achieve full benefits of the
proposed recovery plan is due to the need to acquire additional lands and construct and operate
large reservoirs at the Palm Beach Aggregates site and perhaps in the C-18 Canal Basin, and to
fully implement technologies such as Aquifer Storage and Recovery that are still in the
development and testing stage.

43. Your analyses suggest that during the next four years, until new facilities can be constructed,
that the MFL criteria may not be met on a regular basis.  How much additional damage is
expected to occur to the resource during this period?

For the foreseeable future, while new facilities are being constructed and after those facilities are
in place, the SFWMD will continue to operate the system in the same manner that it has during
the past decade.  A base flow of 50 cfs will be provided to the Northwest Fork whenever possible
and seasonal flows will be conveyed based on rainfall patterns and drainage needs in the basin.
These operational protocols, combined with rainfall patterns during the past decades have
resulted in a 96% increase in water deliveries to the Northwest Fork between the 1970’s and the
1990s.  During the 1990’s the average daily flow to the river was 102 cfs whereas during the
1970’s the average flow was 57 cfs. Available data derived from aerial photography suggest that
during the period from 1985 to 1995, there was no additional damage done to the resource in
terms of changes in vegetation communities.  This information suggests that if current rainfall
patterns and operational procedures are maintained, that no additional damage to the resource
should occur during the next four years while new facilities are being constructed (in 2003-2004)
and operations are “ramped up” and fully operational (2004-2006).

44. Does the proposed recovery and prevention strategy, as detailed in the northern Palm Beach
County plan, only provide additional water for the river or have additional water supply needs
for urban and agricultural use also been considered in this plan?

The Northern Palm Beach County Comprehensive Water Management Plan when implemented is
designed to deliver supplemental water to the northern Palm Beach County area. The concept will
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provide 65 cfs for the Northwest Fork of the Loxahatchee River, hydroperiod restoration for the
Loxahatchee Slough and the Grassy Waters Preserve and will also meet the agricultural and urban
water supply needs projected for the year 2020.

In addition, improved drainage for the Indian Trail Improvement District and improved water
quality for the Lake Worth Lagoon are also benefits of the plan. The Northern Palm Beach
County Comprehensive Water Management Plan is only one element of the MFL Recovery plan.
Other elements include interaction with CERP efforts in northern Palm Beach County and the
Indian River Lagoon, ongoing investigations in Cypress Creek, Hobe Grove and Kitching Creek
Basins, review and modification of operational procedures, regulatory changes  and development
of a Restoration Plan for the River.

45. Why wasn’t restoration of the Loxahatchee River specifically integrated into CERP?

The Restudy and CERP address the Central and South Florida Project, which the Loxahatchee
River is not connected to.  Therefore, the Loxahatchee was not part of that study domain.  Since
1985 the Florida Department of Environmental Protection, Southeast District office and the Park
Service staff, the Loxahatchee River Management Coordinating Council and the SFWMD have
identified the goal to develop a restoration plan for the Northwest Fork of the Loxahatchee River.
The target base flow of 65 cfs, which was incorporated into the Northern Palm Beach County
Comprehensive Water Management Plan, was developed over time with assistance of these
agencies and organizations.

As the development of the MFL for the Northwest Fork progressed the need to develop a
restoration plan for the river was formally identified this past year. A Restoration Plan cannot be
developed without specific restoration goals and objectives; therefore, we cannot identify the
amount of water that is needed in order to determine the role that CERP might play in providing
that water. The SFWMD will be working with DEP in support of identifying a restoration flow
target and a Restoration Plan for the Northwest Fork. The SFWMD will work within the CERP
process to incorporate the results of these efforts within the North Palm Beach County CERP
Project.

46. What is the difference between CERP and the NPBCCWMP? What does one do, beyond the
other, which will help the Loxahatchee River?

The NPBC CWMP provides basic infrastructure needed to convey water from the Southern L-8
Basin to northern Palm Beach County. Links between the Grassy Water Preserve, Loxahatchee
Slough and the Northwest Fork of the Loxahatchee River will enable the regionally oriented
CERP projects to provide more localized benefits to particular resources within the region.  The
NPBCCWMP projects are , by and large, being implemented in a shorter time period with
significant cost sharing by the SFWMD, the state, local governments and private interests

47. The SFWMD acknowledges that the Loxahatchee River has been degraded and that it needs to
be restored. Therefore, why isn’t the SFWMD doing the “right thing”?

We believe we are doing the right thing for the Northwest Fork of the Loxahatchee River. The
role of the SFWMD is not solely an environmental regulatory agency. The SFWMD’s missions
are to: 1) provide flood protection; 2) provide adequate water supply; 3) protect and improve
water quality and preserve and restore natural systems along with their water resource related
functions ecosystem management. Specifically, to do the right thing, the SFWMD must
determine and manage a balance among these sometimes conflicting four elements. SFWMD
Governing Board adoption of a MFL and Recovery Plan, development of a Restoration Plan,
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construction of the Northern Plan projects and integration into the North Palm Beach County
CERP Project are all currently being developed or initiated

48. Instead of only using science, why isn’t the SFWMD using “common sense” to protect and
restore the Loxahatchee River?

The SFWMD tries to balance science and common sense. Specifically, Chapter 373.042, F.S.
requires water management districts to use best available information in the development of
minimum flows and levels.

49. Predictions for the future of South Florida indicate a massive population increase. Specifically,
development in northern Palm Beach County and southern Martin County will continue to
increase, thereby significantly increasing the demand for water within the Loxahatchee
watershed. Do the MFL, NPBCCWMP/CERP, water reservation, and restoration, take into
account future water needs? Will there be enough water for the Loxahatchee River in the
future?

The Northern Palm Beach County Comprehensive Water Management Plan includes projects that
will provide supplemental water to the northern Palm Beach County area in sufficient quantities
to meet all projected needs for the year 2020 concurrently, including 65 cfs over the Lainhart
Dam to the Northwest Fork of the Loxahatchee River.  Please refer to the response to question
No. 46.

50. Issues regarding protecting and/or restoring the Loxahatchee River have been voiced to the
SFWMD for over 25 years. Why is it that only recently these issues have begun to be addressed
by the SFWMD?

The SFWMD has been dealing with this issue for the past 25 years through improvements in
water deliveries to the Northwest Fork of the Loxahatchee River. Significant land acquisition in
the river corridor and land acquisition in the watershed was completed in 1991.  More recently,
completion of the LECRWSP in May 2000 and the NPBCCWMP in May 2002 will serve to
protect the Northwest Fork.  Also, as the CERP, North Palm Beach County Project PIR
progresses additional funds will be available to construct projects that will afford more protection
for the Northwest Fork.  The plans provide a foundation upon which permanent solutions for the
Northwest Fork can be developed, such as, G-160 (Loxahatchee Slough structure) and G-161.
These facilities, structures and storage areas are necessary to bring supplemental water to
northern Palm Beach County.

Under the leadership of the Florida Department of Environmental Protection, with the technical
assistance of the SFWMD a Restoration Plan will be developed.  A Restoration Plan for the
Northwest Fork is critical for the future health of the Northwest Fork.

51. What is the difference between a MFL, a water reservation and hydrologic restoration?

The Minimum Flow and Level is established through a rule and protects water resources from
significant harm, especially during long dry periods or droughts.  A Water Reservation is another
legal process used to establish adequate flows to a water body to meet protection and/or
restoration goals and objectives.  Both of these tools are used to accomplish hydrologic
restoration.

52. Does the SFWMD use a watershed water budget in order to determine how much water is
available (a running balance), or can be reserved, for the Loxahatchee River, under different
scenarios?
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Yes, among other methods.  Models developed for the purpose of water management analysis
make it possible for different scenarios to be evaluated. The SFWMD will be providing this kind
of technical support during the development of the Restoration Plan for the Northwest Fork of the
Loxahatchee River.

53. How often will the MFL be updated/revised?

Established minimum flows and levels will be reviewed in conjunction with revisions or updates
to the LECRWSP. They will be revised as needed to protect resources in the river based on better
information concerning status of the resource or the amount of water needed to protect this
resource. The LECRWSP is updated every five years. The next update is due in 2004.

54. Designation of the Northwest Fork of the Loxahatchee River as a National "Wild and Scenic"
River is supposed to afford additional protection for the River. In addition, the SFWMD and
DEP are the ones charged with providing the additional protection. However, based on this
special designation, why isn’t the District doing more to protect and restore the river above and
beyond a water system that doesn’t have the designation?

The additional resource protection needs of this system will be determined through the
development of a restoration plan by DEP with assistance from SFWMD.  Assurances that these
additional needs will be met will be provided through revision of the MFL to protect the restored
resources from significant harm and through establishment of water reservations for the
Northwest Fork of the Loxahatchee River. Please also see responses for No. 19 and No. 52

55. The SFWMD has not been doing enough to protect South Florida’s only Wild and Scenic River

Studies done in the late 1970’s and early 1980’s identified problems in the Northwest Fork of the
Loxahatchee River and Estuary that were attributed to the progressive movement of salt water
upstream, resulting in mortality to cypress trees and associated freshwater floodplain
communities.  These impacts were caused by the deepening, widening and stabilization of the
Jupiter Inlet in 1947; dredging of oyster bars and sandbars in the Northwest Fork and the estuary
to improve navigation; and construction of the C-18 Canal and subsequent draining of the
watershed to allow agricultural and residential development.  These changes greatly increased the
ability of saltwater to move upstream in the Northwest Fork. Simultaneously, the amount of fresh
water that drained from the watershed to provide flow to the Northwest Fork was reduced,
especially during dry periods.

Land Acquisition.  Immediately after designation of the Northwest Fork as a “Wild and Scenic
River,” the SFWMD began purchasing land along the river corridor and in the watershed.  This
land was acquired to protect the natural lands along the river corridor, protect remaining wetlands
and natural areas in the watershed, and to provide flexibility to implement future water
management options, such as the ability to develop additional storage within the basin. In 1985,
approximately 4.8 miles of the 7.5 mile river segment were in public ownership. By 1995, all 7.5
miles of the river corridor had been purchased by the addition of 1,461 acres purchased under the
Save our Rivers (SOR) program.  An additional 367 acres adjacent to the river corridor was
purchased by Palm Beach County.  Land acquisition efforts are continuing, to purchase lands that
may be used to provide regional water storage (if necessary), but also to establish an
interconnected network of natural lands that act as wildlife corridors.  Eventually, the goal is to
preserve, and provide connections among, Jonathon Dickinson State Park, the Atlantic Ridge,
Allapattah Flats, J.W. Corbett Wildlife Management Area, Loxahatchee Slough, Hungryland
Slough, the DuPuis Preserve and Grassy Waters Preserve. Presently, approximately 40% of the
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Loxahatchee Watershed is in public ownership, with another 5% slated for purchase through the
SOR program during the next several years

Establishing Flow Criteria.  Following designation of the Wild and Scenic River in 1985, a base
flow target of 50 cfs at Lainhart Dam was established as the rate of discharge that was needed to
provide a downstream salinity concentration of 2 ppt at the mouth of Kitching Creek.  This rate of
flow was considered, at the time, to provide an appropriate level of protection for resources in the
Northwest Fork. The SFWMD made a commitment to provide that rate of flow or higher,
whenever possible.  Since that time, the SFWMD has installed new facilities, improved existing
structures and changed operational procedures to enhance flows to the Northwest Fork and help
meet this target.

Improved Water Deliveries.  In addition, the SFWMD has been continually upgrading and
improving its facilities and operations to provide more water to the Northwest Fork. The current
proposal to establish minimum flow criteria represents the continuation of a process that began in
the late 1980’s to systematically increase and improve the timing and delivery of flows to the
Northwest Fork over Lainhart Dam. Since construction of the C-14 Canal and G-92 structure in
1989, the SFWMD has had improved capabilities to deliver water to the Northwest Fork.
Average annual water deliveries across Lainhart Dam increased from an estimated 57 cfs during
the period from 1971 to 1979 to 104 cfs during the period from 1990 to 2001.  During the period
since 1985, recent results from salinity monitoring programs and aerial photographic surveys
indicate that further upstream migration of saltwater mangroves has not occurred and the loss of
additional freshwater floodplain communities has been curtailed.

Low flow events still occur during extreme dry periods but have been reduced in frequency and
duration.  The River floodplain can tolerate a certain amount of exposure to salt water if the
exposure is not prolonged and if adequate time is allowed between salinity exposures for the plant
communities to recover.  However, since the 50 cfs flow target cannot be met on a consistent
basis, additional infrastructure and operational changes are still needed to provide more flow and
begin the restoration process to move the saltwater interface further downstream.

Providing More Water.  The District’s Lower East Coast Regional Water Supply Plan, as
approved in May 2000, identified and resolved regional water management issues in Dade,
Broward and Palm Beach Counties and the Florida Keys. As part of this planning effort, the need
was identified to develop a subregional plan to address local water management issues in northern
Palm Beach County.  Committees of experts and stakeholders were convened and a base, dry
season, restoration flow target of 65 cfs was identified for the Loxahatchee River. The Northern
Palm Beach County Comprehensive Water Management Plan was accepted by the SFWMD
Governing Board in May 2002.  It describes the projects, facilities, funding needs, funding
sources and cooperating entities needed to meet the 65 cfs flow target. These projects will cost an
estimated $8 million over the next five years.  In addition, the Northern Palm Beach County
Project of the Comprehensive Everglades Restoration Plan identifies $435 million in facilities
that need to be constructed during the next 20 years to increase storage and improve water
distribution in this basin.  When construction of these proposed facilities is complete, flows of 65
cfs or more will be provided over the Lainhart Dam to the Northwest Fork of the Loxahatchee
River more than 99% of the time.

Minimum Flows and Levels.  In 1999, the SFWMD began the process of developing Minimum
Flow criteria for the Northwest Fork of the Loxahatchee River.  The purpose of the Minimum
Flow criteria, as defined in Florida Statutes, Ch. 373, is to protect water resources from
significant harm.  This is a different standard from restoration requirements and is intended to
define the lowest level of flow that can occur in the river without causing harm that will require
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more than two years for recovery to occur.  This proposed flow rate provides a management or
operational lower limit of flow that can occasionally occur during extremely dry events.  As such,
it specifies the low flow rate, the amount of time that this flow condition can persist, and how
often such events can be allowed to occur.

River Restoration.  In conjunction with the process of establishing minimum flow criteria needed
to protect the resource from significant harm, the Florida Department of Environmental
Protection (FDEP) has entered into a partnership with the SFWMD to develop an achievable
restoration plan for the Northwest Fork of the Loxahatchee River.  This plan will be based on: a)
documentation of historic conditions that existed in the river, floodplain and estuary; b)
description of the historic and existing biological, cultural and aesthetic values of the resource; c)
consideration of any constraints that have been imposed on the system by human activities; and
d) development of “achievable restoration” goals and objectives that characterize how the river
and floodplain should look and be managed in the future.  It is anticipated that once this future
condition has been defined, additional effort will be needed to characterize how much water will
be needed to sustain and protect these enhanced resources, potentially resulting in a need to
develop new sources of water and to modify the flow targets and MFL criteria for the Northwest
Fork

Other Sources of Water.  So far, recovery efforts have focused primarily on providing
additional water from northern Palm Beach County, through the Loxahatchee Slough and
Lainhart Dam to the Northwest Fork.  Additional water may also be available from basins in
southern Martin County.  Investigations are underway in these other basins, especially Pal-Mar
and Kitching Creek, to identify and develop other sources of historical supplemental water supply
to the Northwest Fork that can be used to provide flow beyond the levels that can be delivered
from Lainhart Dam.  These studies will provide the basis for determining how much additional
water can be provided from the watershed to help meet any future water needs that may be
identified for the River in the restoration plan.

56.  The proposal to establish a flow target of 35 cfs must also consider seasonal flow requirements.
Specifically, water deliveries to the river should be directly related or proportional to the
amount of rainfall that occurs in the watershed. Furthermore, the minimum flow should not
only address the amount of water needed during dry conditions but should also establish an
acceptable “minimum” flow for the wet season.  These steps are necessary to preserve the
natural variability and seasonality of flow patterns that support natural riverine ecosystems.

The Northwest Fork of the Loxahatchee River must have a natural range of variability of flow in
order to protect its ecosystems.  Many plant and animal communities depend on seasonal, annual
and multi-year cycles of flood and drought for successful reproduction and survival.  Flows vary
seasonally in response to rainfall and runoff in the surrounding watershed.  The challenge is to
ensure that adequate supplies are delivered through water control facilities in a manner that
simulates these cycles and at the same time avoids unnatural extremes -- excess discharge of
flood waters or prolonged periods with little or no water releases.  This can be achieved by
providing storage facilities that serve a similar function to the natural lakes and wetlands that
existed throughout the watershed prior to drainage.  During the wet season, excess water is
diverted water into storage and released slowly out of these facilities to provide flow during dry
periods. Your suggestion to measure rainfall in the basin and use this as the basis to determine
appropriate flows to the river is exactly the kind of management approach that we have
envisaged.  This is similar to the approach that has been proposed and implemented in the past to
control deliveries of water to other natural areas, such as Everglades National Park.  Such an
approach provides a means to ensure that natural cycles of water delivery are maintained and
needs to be addressed in the restoration effort.
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The proposed MFL recovery plan provides an initial set of facilities that will be used to convey
water into the Northwest Fork during dry periods by providing a link to regional storage facilities.
In addition, new facilities will be constructed to capture and store water into during wet periods.
Much of this water is excess flood water that would otherwise be released to tide through the S-
46 structure.  Such releases of flood waters create other severe problems in the river, the estuary
and the Indian River Lagoon. The proposed recovery plan achieves the initial target of meeting
the MFL, to provide flows that remain above 35 cfs, within four years, and continuing with
additional projects to eventually provide a sustained flow of more than 65 cfs to the Northwest
Fork.

57.  What is the purpose for developing Minimum Flows and Levels?

In concept, to halt further degradation of the resource.  By definition, the minimum flow and level
is not restoration because it only considers the minimum range of flows to prevent significant
impact and not the entire range of flows and variability required to sustain a healthy system.

The Minimum Flows and Levels (MFL) criteria were developed to address a particular water
management concern -- to establish a “threshold” of flow rate, duration and frequency that should
not be exceeded in the Northwest Fork in order to prevent significant harm.  Development of the
MFL is required by legislation and must meet the legislative requirements as contained in the
"Florida Water Resources Act," Sections 373.042 and 373.0421, F.S.  Based on experience with
the development of other MFLs, the SFWMD has defined significant harm as “ . . . the temporary
loss of water resource functions, which result from a change in surface or ground water
hydrology, that takes more than two years to recover, but which is considered less severe than
serious harm.” (CH. 40E-8.021(24), F.S.)

58.  What role do Minimum Flows and Levels play in the protection of Florida’s water resources?

The MFL is just one of many tools.  The proposed MFL's are not a “stand alone” resource
protection tool, but should be considered in conjunction with all other resource protection
responsibilities granted to the water management districts by law as part of a comprehensive
water resources management approach geared towards assuring the sustainability of the water
resources. This includes consumptive use permitting, water shortage management, operational
protocols, and development of water reservations. In addition, the SFWMD recently completed
the Lower East Coast Regional Water Supply Plan (May, 2000) pursuant to Chapter 373.0361
F.S., which also includes recommendations for establishment of minimum flows and recovery
and prevention strategies.  A more detailed Northern Palm Beach County Comprehensive Water
Management Plan (May 2002) was developed to address specific water supply issues, including
the need to provide additional water to the Northwest Fork.

59.  How does establishment of a MFL relate to achieving restoration?

The MFL is not intended to achieve restoration.  The flow criteria proposed in the MFL document
are not intended to restore the river.  In accordance with the legislative requirements, the
proposed MFL criteria were only developed to protect resources that presently exist in the river
from incurring significant harm.  Defining the flows needed to preserve and restore the system is
a separate process.  In the Everglades, we had the Comprehensive Everglades Restoration Plan
(CERP) that defined ultimate restoration goals and objectives for the ecosystem and the
associated flows and levels that were needed within specific areas of the system to achieve this
restoration.  When the SFWMD established Minimum Flows and Levels for the Everglades, these
levels were often substantially less than the restoration criteria, because they were recognized as



MFLs for the Northwest Fork of the Loxahatchee River Appendix S

FINAL DRAFT S-18 11/18/02

conditions that were needed to protect the system from significant harm and would only occur
infrequently during extreme water shortages.

60.  I have heard the term “interim MFL” used repeatedly. Once an MFL is established, how and
when can it be revised?

The MFL can change over time as the resource improves or additional information becomes
available.  In the case of the Everglades, for example, MFLs were established based on the
current condition of the resource, with recognition that as new facilities are constructed and more
water is provided in the future, the resource (Everglades vegetation and soils) is expected to
improve.  As the resource improves, the levels at which significant harm can occur will also
change and the MFL must be reevaluated.  Provision is therefore made to review the status of an
MFL every five years, during the update of the associated regional water supply plan, to
determine if the flows and levels need to be revised.  The MFL can, in fact, be revised at any time
that additional information becomes available that may affect the criteria.  For example, when the
“interim MFL” was established for the Caloosahatchee River, a condition of the rule was that
additional data would be collected and studies conducted so that the the criteria could be
reviewed within one year.

61.  The MFL criteria seem to be much less than the amount of water needed to fully protect the
resource from harm or the amount of water needed for restoration.

The MFL is not a long-term flow target for the river but only applies during infrequent and
extreme droughts. The minimum flow criteria, as proposed by the SFWMD, are only allowed to
occur under extreme dry events, which can last no more than 20 days, and occur no more often
than once every six years.  During such events, average salinity at mile marker 9.2 in the river
may increase to 2 ppt.  However, during the remainder of the time (five out of six years and 340
days during the sixth year).  Salinities at this critical location should remain below 2 ppt and fresh
water conditions (less than 0.5 ppt) need to occur during the vast majority of the time.  Prolonged
exposure of the freshwater-forested floodplain community is necessary to keep these plants
healthy enough to tolerate the occasional, infrequent, short-duration exposures to saltwater
without being killed.

62.  What is the process for determining how much water is needed to fully protect or restore the
River?

A process for defining restoration needs for the Northwest Fork is presently underway.  This
larger issue, which is currently being addressed by the Florida Department of Environmental
Protection, SFWMD, other agencies and local interests, is the development of a restoration plan
for the Northwest Fork.  The restoration plan will identify the appropriate balance that needs to be
maintained between freshwater and brackish-water environments in this system, the long-term,
sustained flow requirements of the river and the seasonality of flows needed to protect the natural
flow characteristics of this critical resource.  Most importantly, the restoration plan will define
projects and facilities that are needed throughout the Loxahatchee River watershed to achieve this
flow.  So far, the SFWMD has only looked at particular basins in northern Palm Beach County as
potential sources.  The restoration plan will evaluate the ability to obtain more water other areas
in Palm Beach and Martin counties such as Pal-Mar, Cypress Creek, Hobe Groves and Kitching
Creek. The water needed to meet the long term restoration flow requirements, protect the natural
resource functions and values of the river would be met by establishing a reservation to ensure
that the water provided by future projects and activities will, in practice, be used to restore the
river.
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Presently, FDEP is taking the lead, with technical support from the SFWMD, to establish a
framework/pathway to reach consensus on establishing an appropriate MFL for the river. This
includes:

a. The development of an "unconstrained" restoration vision for the river. This was jointly
developed by SFWMD and the DEP Division of Recreation and Parks.

b. Examination of constraints on achieving restoration and development of a "practical
restoration goal" that would include the desired flow and any additional work
(vegetation manipulation, etc) that may be necessary. This has not been completed.

c. Deciding what role the MFL "tool" should play in achieving the practical
restoration goal.

63.  What options does the Governing Board have with respect to establishing a MFL.  Must they
only consider protection of the resource that exists today or can they seek to protect the
resource as it existed in the past or will exist in the future?

The precise choices and responsibilities of the Governing Board  in making this determination are
not specified in Florida Statute.  Bases on prior experience concerning actions taken by other
water management District’s the Governing Board Governing Board has at least two options as
follows:

a. Establish a "restoration" MFL to protect some future condition of the resource, along
with the associated recovery strategy to meet the MFL over time.

b. Establish an "interim" MFL to protect existing resources, along with a recovery
strategy (as needed), with the commitment of the involved agencies to cooperatively to
pursue a restoration program that will achieve the practical restoration goal. As the
restoration program proceeds, the MFL would need to be revised, or reservations of
water adopted to protect the enhanced flows in the river.

64.  Once the Technical Criteria document is completed and has been peer reviewed, what happens
next?

• Results of the peer review and preliminary public comments are presented to the Governing
Board.  The Governing Board may choose to make some policy statements directing staff on how
to proceed with rule development.

• Staff will develop draft rule language.

• A series of workshops will be held to review the draft rule, solicit input and make revisions to the
rule as appropriate. The earliest possible date for a public workshop would be in September - this
is based on sending out the required notice to Florida Administrative Weekly three weeks in
advance. The draft rule should be available by the workshop date.

• If there are no major re-writes to the rule required then the actual FINAL rule language could go
to the November board for authorization to publish the required notice in F.A.W.  Once
published there can be no changes to the rule language (with a few exceptions), and the time
clock for affected parties to challenge the rule starts.  IF there are no challenges the rule could
then go to the December board for adoption.  It would then be filed with the Department of State
at the end of December and become effective 20 days after filing - sometime around the end of
January.

• If there are any changes to the rule after publication in F.A.W. a notice of change must be
published which would set back the effective date about 1 month.
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65.  There seems to be discrepancy between the amount of water provided for the Northwest Fork
by NPBCCWMP, and the amount of water identified in the Loxahatchee MFL report.

The NPBCCWMP focused primarily on meeting regional water supply needs over the next 20
years.  These included water needs of major wetland systems (Corbett Area, Grassy Waters
Preserve and Loxahatchee Slough), reducing flows to coastal estuaries and increasing flows to the
Northwest Fork, as well as providing water for urban and agricultural use through the year 2020.
A flow target of 65 cfs was used for the Northwest Fork because, in 1992, it was the best estimate
of the amount of water that was needed for the river.  The plan stated, however, that a better
estimate of water needs for the Northwest Fork would be provided through the MFL process and
that flow criteria for the river would be refined when the MFL process was completed. The MFL
process is now proposing a minimum flow of 35 cfs as the amount needed to protect the river
from significant harm, recognizing that larger flows are needed to achieve restoration.

66.  Where is it stated that the SFWMD is committed to provide any more water to the Loxahatchee
River than whatever is stated in the MFL criteria?

The LEC Regional Water Supply Plan needs to clearly address this issue in the next update
(2005) to provide necessary assurances that the elements of the NPCCWMP will continue to be
implemented after 2006 to provide as much additional water as possible towards achieving
restoration of the Loxahatchee River,

67.  There is also an apparent disconnect between the CERP and the Loxahatchee MFL.

Under federal law, reservations for "new water" for natural systems must be identified for the
CERP projects. It is unclear how reservations for the CERP projects, which have not yet been
determined, relate to the Northwest Fork, the Loxahatchee MFL or the NPBCCWMP. If an
interim MFL is identified, all parties should still realize that CERP reservations should achieve
the practical restoration goal, not just the interim MFL. The important first step in this process,
therefore, is to develop and quantify the amount of water that is needed to meet the agreed-upon
restoration goals and objectives for this system.

68.  Design of the Northern Palm Beach CERP projects needs to be investigated and optimized so
that they can contribute to the restoration of Northwest Fork.

Once the hydrologic needs for restoration have been quantified, then the CERP projects need to
be examined to determine if design changes could be made to maximize the water that they
provide to the natural system.  Hopefully, this can be accomplished while CERP projects are still
in their early design phases.  If this opportunity is missed, however, the CERP process still
provides opportunities to make further changes to the facilities through the RECOVER process.

69.  During the MFL analysis, has the district estimated the amount of time that the flood plain is
inundated and the areal extent of inundation?

We have looked into analyzing the extent of flood plain inundation associated with different
water levels in the river channel and have found that it is possible to generally estimate this.  This
analysis would be founded on previous transect surveys across the NW Fork, which have already
been conducted.  However, there is no (known) measured historical data for surface water
elevation (NGVD) from the Northwest Fork, except for the upstream side of Lainhart Dam.  The
complexity of this type of data arises from the fact that surface water elevations within the river
channel will vary along different segments as a function of inflow from each tributary (Lainhart
Dam, Cypress Creek, Hobe Grove Ditch, and Kitching Creek) and with tidal force.  Without this
critical piece of information, flood plain inundation cannot be reliably examined.  Future efforts
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could include this as part of the development of restoration targets that include water level criteria
at different points along the floodplain.

70.  When you did the vegetation transects, did you also collect elevation data?

Elevation data were not collected when the vegetation survey work was done.  In order to have
reliable elevations, a survey crew would need to survey in benchmarks and determine elevation
(NGVD) for each site.  Relative to the vegetation survey, the elevation changes were not a major
factor in the distribution of species, since the widths of all transects were within 25 feet
(quantitative survey) to 50 feet (semiquantitative survey) of the river edge and were all roughly at
the same elevation.  Furthermore, site selection criteria restricted survey locations to the center of
the flood plain and not along the edge (near uplands) where the elevation measurably increases.

71.  Are the flows that are shown in the tables Mean Flows?  How do these flows depicted in the
table relate to the duration of 20 days, and frequency of once every six years?"

These rates represent flows which, if sustained for 5 to 9 days on average, will result in average
salinity conditions of the given value at the location shown.  The frequency and duration criteria
were derived by a separate process that looked at conditions that historically occurred at the
location in the Northwest Fork where a healthy floodplain community exists.  Examination of the
simulated mean daily salinity record at this location indicated that events during which salinity
exceeded 2 ppt only occurred five times during the 30-year simulation period (once every six
years) and that the average duration of such exposures was 20 days.

72.  Why are you using a salinity concentration of 2 ppt as the cut off point?

The 2 ppt salinity concentration, as used in this analysis, is a daily mean salinity that is “vertically
averaged between the top and bottom of the water column.  This is not a particularly useful value
from an ecological perspective, but is the kind of output that is produced by our current modeling
tools.  In other words, salinity could range from 0 to 4 ppt throughout the daily tidal cycle, and
from the surface to the bottom of the river, but the mean salinity would be 2 ppt.  A mean daily
concentration of 1 ppt would indicate that daily salinity concentrations would generally vary from
0 to 2 ppt.  Such a value would most likely occur at a location on the Northwest  Fork where
salinity is 0 ppt during low tide and can reach 2 ppt during high tide.  At this site, predominantly
freshwater conditions (less than 1 ppt) would occur during the period between high tides.  Under
these conditions, river channel salinity above 1 ppt would be transient, lasting only a few hours
before the next tidal cycle would change back to predominantly freshwater conditions.  It is felt
that with the flushing of salinity between high tides and the predominance of freshwater
conditions, significant harm would most likely not occur when mean daily concentrations
occasionally were at 1 ppt.  For this reason, 2 ppt (the next integer higher) was a better number to
use to define the threshold salinity concentration at which harm could occur.  Furthermore, the
model used to derive these salinities is not sufficiently sensitive to reliably resolve salinity values
to 0.1, or even 0.5; an thus we were more comfortable using whole numbers.

73.  If your understory ("key") species are not tolerant of saltwater, wouldn't any salinities greater
than freshwater (0.5 ppt) cause significant harm?  Do you have any specific references that
these species reproduce and thrive at brackish water salinities (>0.5 ppt)?

The Northwest Fork is a dynamic system that is heavily influenced by daily tidal cycles (two high
and two low tides per day), occasional and short lived influxes of salinity appear to have not
impacted pristine freshwater riverine swamp (as is found at river miles 10.2, 10.4, and 10.6).
Most studies in the scientific literature tend to correlate a static (stable) salinity concentration
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(often controlled in a laboratory setting) to a type of damage to freshwater plant species.
Application of this type of study results must be used cautiously, as transient short-term salinity
exposure with recovery/flushing time between events (as is found on the Northwest Fork) will not
be comparable to consistent salinity exposure found in controlled experiments.

References cited in the document were obtained from a review of available literature to indicate
the general salt tolerance of these species.  In most cases, there have been no scientific studies to
demonstrate a specific type of plant damage with a specific salinity concentration or exposure
time.  Mostly, the references were used to indicate that these species are restricted to, or found
predominantly in, certain habitat types (freshwater, brackish water, or saltwater) in the natural
world.  The table was not intended to indicate the degree or extent of salinity tolerance associated
with a specific threshold (e.g. >0.5 ppt).  In fact, our literature review and results of our field
surveys have shown that freshwater species have a range of tolerances to salinity based upon
inherent sensitivity of the species, the degree of intra-specific genetic variability, and local
conditions.

74.  The hydrograph in the technical document shows that flows to the Northwest Fork increased
after modifications to G-92.  We assume that these are predominantly wet season flows.  The
dry season flows shown don't really show a corresponding increase in flow as a result of
changes to G-92.  Can you explain why?

The flows shown in the hydrograph are daily mean flows for the entire period of record.
Although flows seemed to have increased during wet and intermediate periods, dry season flows
(particularly during drought years) are not significantly enhanced.  The G-92 structure is only
able to provide flows when sufficient water is available from upstream sources.  The fact that dry
season flows are not significantly increased underscores the primary problem.  The solution is to
provide more storage so that additional water can be delivered to augment flows over Lainhart
Dam during the dry season.

The District currently operates the system to provide a flow of 50 cfs or more to the Northwest
Fork, when available.  However, during extended periods of little or no rainfall, flows are
reduced, and then eventually must be stopped completely when upstream water levels reach
critically low conditions.  The construction of the G-160 and G-161 structures, as well as other
components of the Northern Palm Beach County Comprehensive Water Management Plan
(NPBCCWMP), are addressing this issue.

75.  If the District were to adopt a MFL with a condition that the flow could not go below for more
than, say, 30 days, would this mean that the flow could drop to zero for 30 days or less?  If that
happened, how far upstream would the salt water extend?  Have you done an analysis of the
effects of allowing the flow to go to zero for that many days?  Have you analyzed the effects of
that long a duration of zero flow on the "key" species?

The currently proposed MFL limits flows of less than 35 cfs to not exceed 20 days, once every
six years.  An analysis of the available historic flow records (30 years, 1971-2001) for Lainhart
Dam indicate the following:

1) Flows of 5 cfs only occurred during periods when flows were also less than 35 cfs for more
than 20 days;

2) Over the 30 year period, there were three events when flows fell below 10 cfs -- lasting 10, 8,
and 5 days -- during which the MFL was NOT violated.  These events had only a short-
duration impact on the salinity at upstream sites since there is a several-day "lag" from the
time when a drop in flows occurs and salinity increases at an upstream site.
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This seems to a pattern that is characteristic of the flow behavior of the basin/river system. These
data indicate that the hypothetical scenario you suggest (flows going to zero without a violation
of the MFL) has not occurred in the past..

With the G-160 and G-161 structures operational, modeling indicates that an MFL violation
would have occurred during only one of the nine years.  With all of the NPBCCWMP elements in
place, flows would not drop below 35 cfs.  The feasibility of obtaining additional water from
other sub-basins, such as Cypress Creek and Kitching Creek, is currently being investigated,

76.  Has permitting exceeded the ground water resources that would provide 35 cubic feet per
second (cfs) in extreme periods?  Is there a water budget or is this just a guess?

1. Effects of Permits.  The effects of consumptive uses in the watershed have been estimated
based on three types of analyses, which indicate that these withdrawals have little effect on the
Northwest Fork during normal and above normal rainfall periods. During drought periods,
however, they have a measurable, but not especially large, effect on River Flow.  Lack of surface
water storage capability within the drainage basin, rather than groundwater withdrawal, is the key
factor that affects flow to the River.

a. An inventory of existing water use permits in the watershed was conducted to quantify the
amount of water allocated and, where data exist, the amount of allocated water actually
pumped, by agricultural, industrial and public water supply utilities, within the watershed.

b. An interactive surface-ground water model was originally developed for use in the Northern
Palm Beach County planning efforts, including the Lower East Coast Regional Water Supply
Plan  the Northern Palm Beach County Comprehensive Water Management Plan and the
Northern Palm Beach County component of CERP. This model was extended and modified
to incorporate interaction between ground water and surface water resources. The model
incorporates the inflows and outflows that are components of a traditional water budget. Data
from Consumptive Use Permits were incorporated in this model to estimate the effects of
water use by these permitted facilities on water levels in Loxahatchee Slough and flow from
the Slough to the Northwest Fork of the Loxahatchee River.

c. Data from individual water use permits issued by the SFWMD indicate that public water
supply accounts for about 61% of the water allocated in the basin, agriculture accounts for
about 19%, Golf course irrigation accounts for 8%, private homes account for 7% and
landscape irrigation 5%.

Examination of permitted water use data indicates that about 90 million gallons per day (mgd)
(140 cfs) of consumptive use occurs in the Loxahatchee Slough/C-18 Canal basin.  Much of this
water is pumped from Floridan Aquifer wells or wells that are located a sufficient distance from
the River or the slough so that the impacts are minimal. Data from individual permits were
examined to identify those facilities that could potentially have direct or indirect impacs on water
levels in the Northwest Fork and C-18 Canal and to estimate the effects of each permit.

Surface Water Use.  No direct withdrawals occur from the Northwest Fork of the Loxahatchee
River (downstream of Lainhart Dam). Three facilities have 3 surface water withdrawals from the
C-18 Canal.

Ground Water Use. Only one project causes groundwater drawdown of more than 0.1 ft beneath
the Loxahatchee River and five projects result in groundwater drawdowns of more than 0.1 ft
beneath the C-18 Canal.
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Results of the watershed modeling studies show that those permits that are located close enough
to the Loxahatchee River or the Slough to have an effect, result in an estimated reduction of flow
from the river on the order of 10 cfs. Of this total, approximately 5-6 cfs is attributed to
withdrawals by public water supply utilities and the remainder to self-supplied residential and
agricultural water use.

Consumptive uses in the watershed thus have a small but measurable effect on our current ability
to meet the proposed 35 cfs MFL criteria.  Within four years, when the G-160 structure in the
Loxahatchee Slough and the G-161 culverts are completed, the 35 cfs MFL criteria will be met.
These new projects are designed to compensate for the effects of consumptive use as represented
in the models.  Furthermore, the reservations process will provide additional assurance that the
system improvements will  provide the required amount of flow to the Northwest Fork.

77.  Do we know what effect lowering of regional groundwater levels during the dry season will
have on water levels in the Loxahatchee River and on net flow to the Loxahatchee River?

The effects of groundwater levels on the Northwest Fork of the Loxahatchee River flow have not
been directly studied in this watershed.  The United States Geological Survey (USGS) estimated
groundwater flow in their studies by measuring surface water flows, developing a water budget
for the river and comparing the salinities predicted by the water budget with actual salinities in
the river.  The measured salinities were lower than the predicted salinities, so the extra fresh
water needed to create these salinities was attributed to flow from groundwater and other sources.
For the Northwest Fork, this value was approximately 40 cfs for the watershed.  There as no
apparent difference between wet season and dry season ground water flow, although intuitively
one would expect dry season groundwater flow to be less during dry periods.

Our recent hydrodynamic modeling study was based largely on data from the USGS study,
compared to more recent flow data from the Lainhart dam, and additional salinity monitoring data
obtained from the Loxahatchee River District.  This information, in general, indicated that
groundwater inflows were of similar magnitude to those defined by the USGS.  The
hydrodynamic model distributed this 40 cfs flow equally among the four major tributaries --the
Northwest Fork , Cypress Creek, Hobe Groves and Kitching Creek -- corresponding to 10 cfs of
ground water inflow at each of these locations.  It should also be noted that the 35 cfs flow target
was developed by incorporating actual field measurements of flow and salinity to calibrate and
verify the model, so that localized variations in stream flow and groundwater flow were
considered in this process.

78.  There was much discussion of the effects of water levels on flora.  Is there corresponding
information about effects on fauna?

Much of the attention of this effort has been focused on plant communities because these were the
primary resources that were identified  for protection in the Wild and Scenic River Management
Plan.  However, the river ecosystem cannot be managed effectively unless all plant and animal
communities are considered.  The revised technical report will contain additional information
about fauna in the river system, especially the threats posed by exotic species, the special needs of
threatened and endangered species, the importance and distribution of  fishes and
macroinvertebrates, as well as a discussion of seagrass and mangrove distribution in the estuary.
There is no question that a change in river flow will affect the distribution and balance of
estuarine and marine species and their associated food chains.  An increase in flow will lead to an
increase in nutrient inflows and overall productivity in the system.  Choosing the appropriate
balance between upstream freshwater productivity (e.g. floodplain forest and freshwater marshes)



MFLs for the Northwest Fork of the Loxahatchee River Appendix S

FINAL DRAFT S-25 11/18/02

and brackish-saline resources (such as mangroves an seagrass beds) is a complex issue that needs
to be addressed in the development of an overall ecosystem restoration plan.

79.  How accurate is the estimate of the requirement for 35 cfs or the ability to deliver this amount
through the structures?  Is there a significant difference if the flow is 34 cfs?   It may be
necessary or desirable to set a safety factor to allow for uncertainties in these estimated values.

Our ability to measure and deliver water into this system is limited.  The G-92 structure allows
the SFWMD to transfer water from the C-18 Basin to the Jupiter Farms C-14 Canal (managed by
the South Indian River Water Control District) and subsequently over the Lainhart Dam.
Withdrawals from the C-18 Canal must cease when stages in this canal reach 12.5 ft NGVD, due
to effects of lower water levels on the stability of side slopes of the canal.  The SFWMD uses a
rating curve to measure the flow over the Lainhart dam and into the Northwest Fork of the
Loxahatchee River.  The opening of the G-92 structure is then adjusted accordingly to obtain the
desired flow rate.  Records from other inflow points are of limited quality and duration..

The ability of our models to accurately predict flows is also limited by the accuracy of the data
and the assumptions that drive the model.  The 35 cfs flow is generally considered by staff to be
accurate within about 20%. Specifically, the amount of water needed to hold the salinity wedge at
a given point in the Northwest Fork varies from day to day, depending on tide and wind
conditions as well as the amount of flow that is occurring from other sources.  Our ability to
deliver a particular into the river from Lainhart Dam is accurate to within about 20%. For these
reasons, there is not a very high correlation between measured flow across Lainhart Dam and
measured salinity levels in the Northwest Fork and this correlation decreases as one moves
further downstream.

The proposed flow of 35 cfs represents a river flow that, on average, will maintain mean tidal
salinity of 2ppt at the stated location.  This represents an average between the bottom and top of
the water column, and from high tide to low tide conditions, and thus might represent a range
from 0 to 4 ppt salinity, on a given day.  This value thus has a built-in margin of error and
incorporates consideration of some of the uncertainties noted above, recognizing that the actual
daily flow may be more or less than this amount.

The key to making this system work is to use an adaptive management approach to providing
flows to the Northwest Fork.  Appropriate monitoring and performance measures therefore need
to be established for key parameters in the system, including salinity conditions, tributary inflows,
groundwater conditions, and plant and animal communities in the floodplain, river and estuary.
Implementation of long-term monitoring programs will ensure that these performance measures
are achieved. If monitoring data indicate that the flow criteria are not sufficient to  maintain the
freshwater/saltwater interface at river mile 9.2, then the 35 cfs flow will need to be increased, or
other appropriate measures taken.

Finally, SFWMD staff feels that the proposed MFL of 35 cfs represents a significant
improvement above and beyond existing conditions. Currently the Northwest Fork receives no
flow during the dry season whenever little or no rainfall occurs for an extended period of time.
The proposed return frequency (no more often than once every six years) and the duration of
exposure to such events (20 days) are deemed to be sufficient to protect existing resources and
initiate recovery of the freshwater forest community in areas where this community has been
damaged in the past.  Equally importantly, it represents the amount of flow that can effectively be
provided within the next four years by projects that are presently identified and funded as
components of approved plans.  Even if a higher MFL were established today, we could not
provide any more water any faster with existing resources.
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