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APPENDIX A. Analysis of the L-31N Seepage Control Project
Background
The increase in water level and enhancement of sheetflow in the Northeast Shark River Slough
section of Everglades National Park (ENP) is one of the highest priority objectives of the broader
Everglades Restoration initiative. The goal of the L-31N Seepage Control Project is to reduce
the unwanted groundwater flow from this area of the Park into the L-31N Canal. Meeting this
goal will contribute to improved hydrologic and environmental conditions in the Park and
increase the flexibility of water managers in controlling high water levels in WCA-3A and
delivering surface water to the Park.
The northeast section of ENP is known as Northeast Shark River Slough and the hydrology of
the area is directly affected by the L-31N Canal. The canal cuts through a formation of very
porous limestone and has significantly altered the surface and groundwater flow in the area.
During the wet season, the L-31N canal diverts groundwater from Everglades National Park to
the C-111 basin in southern Miami-Dade County.
The key to improving water conditions in this area, especially for the Everglades, is reducing the
seepage quantities now diverted south from the Park through the L-31N Canal. The L-31N
Seepage Control Project is designed to accomplish this objective.
Evaluating the Performance of the Seepage Barrier
To estimate the performance of a seepage barrier west of the L-31N Canal over a range of
hydrologic conditions, a computer model was created utilizing the MODFLOW program
developed by the USGS.
Hydrogeology & Aquifer Parameters
The definition of the geology of the model area and the associated aquifer parameters are based
on a review of available well cores from the area, some collected for this project and others
reported by the USGS in several recent publications (Nemeth 2000; Cunningham 2004 and 2006;
Shoemaker 2008; Fish and Stewart 1991). Multiple highly conductive horizontal zones in the
formation have been consistently observed with much denser materials separating them. The
highly conductive layers have been referred to as preferential flow zones with extremely high
hydraulic conductivity. The Miami Limestone is the first preferential flow zone near land
surface, underlain by other preferential flow layers and hard layers within the Fort Thompson
formation. Table A-1 shows the formations, model layering, and aquifer parameters used in the
model calibration. The model layers and thicknesses were developed by averaging the zones
identified in the seven borings south of Tamiami Trail described on hydrogeologic section A-A’
shown on Plate 1 in Cunningham et al, 2006. The hard layer depths were confirmed in eight
deep borings completed by Hydrologic Associates in 2010 in the vicinity of the L-31N seepage
barrier field test. The thickness of each layer was gradually reduced from east to west to reflect
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the reduced thickness of the Biscayne Aquifer at the west boundary of the model (Fish and
Stewart 1991).
Table A‐1. Model Layering and Hydraulic Conductivity
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EDEN Land Elevation, Water Level, Rainfall & ET Data
The Everglades Depth Estimation Network (EDEN) is an integrated network of real-time
monitoring of water levels, rainfall and ET, as well as statistical interpolations that provide daily
water-stage and water-depth information for the entire freshwater portion of the Greater
Everglades (Conrads and others 2009; Pearlstine and others, 2007). Daily water levels are
estimated for a 400 by 400-meter square grid based on over 200 real-time stage monitoring sites.
This data set represents the most comprehensive information source available for the L-31N
model area.
The EDEN land elevation and water level data were used to generate the L-31N model grid cell
values through inverse distance interpolation. Land elevations in the model (bottom of layer-1
and top of layer-2) west of the L-31N levee were derived entirely from the EDEN data. Since
the EDEN network does not extend to the east of L-31N, land elevations in this area were
estimated based on the limited information that was available. Since this area is mostly dry land
without significant overland flow, the lack of detailed topographic information was not
considered to be a significant issue.
Interpolated EDEN water level data were used for three purposes: (1) setting the initial
conditions for the model, (2) determining the model boundary conditions and (3) providing a
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comparison to the calibration model output in areas where water level monitoring wells are not
available.
Daily rainfall data from the EMT-1 and NE2 EDEN stations were averaged and used for the
entire model grid. Because of the data gap in 2000 and 2001, rainfall data measured at S336 and
S12D were also used to fill the gaps in these two years.
Daily ET rates were also based on the average of EDEN stations MET-1 and NE2. This
parameter is used as the maximum ET rate in the groundwater model.

Figure A-1. Extent of model used to estimate performance of the Seepage Control Project
EMAP Muck Thickness Data
The L-31N groundwater model uses a separate model layer to represent the muck topsoil that is
present throughout the ENP area. Muck thickness was one of the data sets documented in the
EPA 2007 EMAP program report (Figure 37, page 52). Recent data were downloaded from the
EPA website. Older data not available through the website were digitized from the report copy
to form a single data set with the newer downloaded data. These data were used to estimate
muck thickness for individual model cells through inverse distance interpolation. There is
limited data for areas east of the L-31N Canal, so the muck thickness input to the model in that
area was approximated. As with the land elevation data, muck thicknesses east of the L-31N
Canal is not an important parameter for the model because the water table is generally below the
top of the first rock layer in this area.
Model Grid & Boundary Conditions
The L-31N groundwater model includes 10 vertical layers. Layer-1 is used to represent surface
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water and overland flow using very high hydraulic conductivity values. This layer is only active
when water level is above the land surface. Layer-2 is the muck layer with the thickness values
derived as described above. Layer-3 consists of the Miami Limestone which is a highly
transmissive formation, but is considered somewhat less permeable than the deeper conduit flow
zones. Layers 4, 7 and 9 represent hard layers (Q4 / Q3/ Q2 marker beds) consisting of very
dense materials. Layers 5, 6, 8 and 10 are the most transmissive layers found in the surficial
aquifer system and correspond to the conduit flow zones described by Cunningham (2006 and
2004).
The L-31N model covers an area from west of the L-67 Extension to about 3 miles east of the
L-31N Canal, as shown in Figure A-1. The model’s origin is at X=761,050 ft, Y=475,322 ft
(NAD 1983 HARN StatePlane Florida East FIPS 0901 Feet).
The model grid includes 96 rows and 169 columns. With the exception of the columns near the
L-31N Canal and Levee, the grid cells are 500 feet by 500 feet. In the area of the L-31N
features, the column widths were reduced to allow better representation of the levee, canal and
seepage barrier. Figure A-2 shows the model grid overlain on a sketch of the area.

Figure A-2. Model grid showing major landscape features.
A representative west-to-east cross section along row 52 is shown in Figure A-3. The column
widths are uniform except in the vicinity of L-31N, where the widths are reduced to allow the
simulation of the canal, levee, and seepage barrier, where applicable.
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Figure A-3. Cross section of Model Grid showing major features.
Boundary conditions along the edges of the model grid are modeled using the General Head
Boundary (GHB) package with daily variable heads. Initial water level data inside the marsh
areas are based on the EDEN data. In areas to the east where EDEN data are not available,
water level data for the boundary were based on interpolations of the data at the monitoring wells
and canal water level data available near the boundary. The monitoring well locations in Figure
A-4 were used to compare with model simulated water levels as part of the model calibration
process. The three wells closest to the eastern boundary were used to set the eastern boundary
conditions for the model. Data for the locations labeled MW in Figure A-4 are derived from the
EDEN data base and were used for calibration purposes in areas of the model domain where
monitoring well data were not available.

Figure A-4. Location of monitoring well locations used in the analysis.
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Mining lakes east of the L-31N Canal are represented using a porosity of 1.0 and a very high
hydraulic conductivity. The size of the mining lakes was determined from a February 2009
aerial photograph, which represents the lake size at the end of the model period.
L-31N and other canals (except for L-29) are simulated using the MODFLOW River package
with daily varying water levels. Due to the complexity of its operation, the L-29 Canal is
simulated using a fixed percentage distribution of daily Park inflow along its length from S333 to
S334. Daily inflow values were determined based on published flow data measured at the two
terminal structures, S-333 and S-334. This approach also provides a tool to simulate future
scenarios where additional flow is delivered to Northeast Shark River Slough. For all model
scenarios, the daily flow is distributed along the length from S333 to S334 as shown in Figure A5. The intent of this distribution was to reflect the observed distribution which indicates that the
majority of the flow from the L-29 Canal into the Park occurs in the eastern reach of the canal.
The reported pumpage data for the West Wellfield during 2000-2008 (average daily pumpage of
11 MGD) was used for the model calibration and all scenarios, except for one set of model runs
evaluating a 7-mile barrier and an assumed constant average daily pumpage rate of 40 MGD.

Figure A-5. Sketch of flow distribution from L-29 to ENP.
Model Calibration
A nine year time window from 1/1/2000 to 12/31/2008 was selected as the model simulation
period. The L-31N model was constructed as a transient model with a daily stress periods
totaling 3288 days. With this model setup, it was expected that large areas of the model in the
top two layers (overland surface water and muck) would become dry during extended periods.
This situation sometimes causes convergence problems for MODFLOW during the iterative
solution process. The model was implemented using the Groundwater Vistas 5 software
package. The GMG solver was found to be the most successful solver for this model. There is
occasional solver non-convergence during extreme conditions due to some cells oscillating
between wet and dry during iterations, but overall mass balance errors for the model remain
small. Therefore, the model’s numerical behavior was deemed reasonable.
To evaluate how the L-31N groundwater model matches the actual conditions, two sets of
indicators were examined: observed water levels at various locations, and the drainage (or
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recharge) quantities to the L-31N Canal from the adjacent aquifer. Sites used to compare model
simulated water levels to actual data (USGS monitoring wells and EDEN water level data) are
shown in Figure A-4. Detailed plots of the model calibration results are provided in Section 1a
at the end of this Appendix.
Simulation of the Seepage Barrier
Several configurations of the seepage barrier were chosen for this analysis. Two full length
barriers, extending from Tamiami Trail to the G-211 structure about 7 miles south of the Trail.
One was modeled as a 30 foot deep barrier and the other as 18 feet deep. Three smaller lengths
were also modeled in order to estimate the impact of a various sizes of potential test barriers that
could be constructed and tested before deciding on the construction of the full project. The
smaller lengths were 1, 1.5 and 2 miles.
Effects in Everglades National Park
The model provides daily hydrographs at various locations within the model domain. These are
included in Section 1b at the end of this Appendix. In order to show the extent of the impact of
the barrier, two-dimensional contour maps of the change in water elevation in Northeast Shark
River Slough were prepared. As an example, Figure A-6 shows the aerial extent of the impact of
a 7 mile long, 30 foot deep barrier during a typical wet season (7/1/2008 through 10/31/2008).

Figure A-6. Area within Everglades National Park affected by a 7 mile long, 30 foot deep
barrier during a typical wet season (average daily stage data from 7/1/2008
through 10/31/2008).
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Table A-2 summarizes the affected area during a typical wet season (7/1/2008 through
10/31/2008) for all barrier configurations simulated.
Table A-2. Aerial extent, in acres, of increased water level in ENP in response to various
seepage barrier configurations for a typical wet season.

Stage
Change
Category

.05‐.1
.1‐.2
.2‐.3
.3‐.4
>.4

7 mile
Barrier 30
Feet Deep

12,242
11,930
5,429
2,495
881

7 mile
Barrier 30
Feet Deep
(West
Wellfield ‐
40 MGD)

12,276
12,076
5,287
2,425
855

7 mile
Barrier 18
Feet Deep

2 mile
Barrier 30
Feet Deep

10,410
4,397
159

9,537
2,723
415

1.5 mile
Barrier 30
Feet Deep

5,056
1,311
137

1 mile
Barrier 30
Feet Deep

1,835
213

Section 1b contains stage contour maps for the different model scenarios showing the average
daily change for the 8-year model period (2001-2008) and a typical dry season (1/1/2008 through
5/30/2008), as well as the typical wet season. These results show that the stage changes (wetland
benefits) occur predominantly during the wet season, when there is greater seepage due to higher
stages in the Park.
Impact on flow in the L-31N Canal
The barrier’s primary objective is to reduce the unwanted groundwater flow leaving ENP as
drainage flow collected by the L-31N Canal. In general, the water that stays in the Park to
increase the sheetflow and water depth as a result of the barrier would otherwise have flowed to
the south through the Canal. Figure A-7 shows the estimated change in the average annual flow
in the L-31N Canal as a result of the barrier.
Impact on Groundwater Flow at the Park Boundary
To further clarify the estimated performance of the barrier, the groundwater flow was calculated
for each of the flow zones. The design objective of the barrier is to reduce the groundwater
flow in the upper zones that provide flow to the canal, while not interfering with the lower zones
that recharge the Biscayne Aquifer east of the canal and provide water to the County’s wellfields.
The model shows that the barrier will cause significant reduction in flow in the top two flow
zones, but actually result in increased flow to the east in the lower zones of the aquifer. This
result is shown graphically in Figure A-8.
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Figure A-7. Model Result: Average annual flow diverted south by the L-31N Canal between
the Tamiami Trail and G-211.

Figure A-8. Model Result: Average annual flow through the four flow zones at the eastern
boundary of ENP with and without a 30 foot deep 7-mile long barrier.
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Miami-Dade County’s West Wellfield is located approximately 1.5 miles east of the L-31N
Canal and the production wells are screened to remove water from Flow Zone 4. The model
results indicate that the flow to the east would increase in the production zone as a result of the
construction of a 30-foot deep barrier. The wellfield is currently permitted for an average daily
withdrawal of 15 MGD. A model scenario with the 7 mile long, 30-foot deep wall and an
average daily withdrawal of 40 MGD (Table A-2) indicates that the aerial extent of increased
water levels in the Park would not significantly change from the scenario with the actual 20002008 pumpage. Stage hydrographs for areas east of the L-31N canal are included with the other
model results in Sections 1a and 1b. No significant impacts are predicted for the area to the east.
Impact on Sheet Flow through Northeast Shark River Slough
In addition to the change in stage that will result from reducing seepage to the L-31N Canal, an
increase in sheetflow through Northeast Shark River Slough is expected to occur. The change in
sheetflow in Northeast Shark River Slough was estimated across the transect shown in Figure
A-9 for all the modeled scenarios.

Figure A-9. The flow transect used for estimating change in sheetflow as a result of the seepage
barrier are shown in red.

Figure A-10 shows the model computed net flow across the transect for the base condition and
with a 30-foot deep 7-mile long barrier. Flow across the north-south portion of the transect is
generally from west to east due to the presence of the L-67 Extension Levee and the fact that
most releases of flow to the Park occur through the S-12 structures to the west of L-67ext. The
barrier causes an increase in the flow to the south across the east-west transect and a decrease in
the flow to the east across the north-south transect. Both of these effects serve to increase the
sheetflow through Shark River Slough. The flow results confirm the stage results in that the
increases in flow (and the benefits to the wetlands) due to the barrier are most significant during
the wet season.
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Figure A-10. Estimated net flow across the transect shown in Figure A-9, with and
without the 7-mile, 30 foot deep seepage barrier.
The change in net flow from NESRS for the wet season, dry season and annual average
calculated for each of the model scenarios at the transect is summarized in Table A-3. The
model estimates that the 30 foot deep, 7 mile long barrier could increase the average annual net
flow from NESRS by almost 28% for the 2000 through 2008 hydrologic conditions.
Table A-3. Net change in flow through Northeast Shark River Slough at the transect in
Figure A-9, as a percentage of the base flow, was calculated for the simulated
configurations of the seepage barrier. For the column headings, shallow indicates a
barrier depth of 18 feet and deep indicates a depth of 30 feet. The numbers following
the depth designations refer to the length of the barrier, in miles, from Tamiami Trail to
the south.
Average Percent Change in Flow for Various Seepage Barrier Configurations
Season

Shallow-7

Deep-7

Deep-2

Deep-1.5

Deep-1

Deep-7
(40 MGD)

Net
Change for
NESRS

Annual

8.7%

27.8%

8.2%

5.8%

3.2%

27.0%

Wet

12.2%

37.5%

11.0%

7.7%

4.4%

36.1%

Dry

5.6%

19.3%

5.6%

4.0%

2.1%

19.0%

Change at
NorthSouth
Transect

Annual

1.9%

5.9%

1.9%

1.5%

0.9%

5.8%

Wet

2.5%

7.5%

2.4%

2.1%

1.3%

7.4%

Dry

1.3%

4.4%

1.4%

1.0%

0.5%

4.3%

Change at
East-West
Transect

Annual

6.8%

21.9%

6.3%

4.2%

2.3%

21.2%

Wet

9.7%

29.9%

8.6%

5.6%

3.1%

28.7%

Dry

4.3%

14.9%

4.3%

3.0%

1.6%

14.6%
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Section 1a. Model Calibration Results

1. Monitoring well location map
2. Hydrograph calibrations
3. L-31N Canal seepage calibration

1a-1

Model calibration - stage

1a-2

Model calibration - stage

1a-3

Model calibration - stage

1a-4

Model calibration - stage

1a-5

Model calibration - stage

1a-6

Model calibration - stage

1a-7

Model calibration - L-31N Canal seepage

1a-8

Section 1b. Model Results

Results
1. Hydrographs
2. Stage contour maps – wet/average/dry conditions

Alternatives
1. 7-mile deep wall starting at Tamiami Trail
2. 7-mile shallow wall starting at Tamiami Trail
3. 2-mile deep wall starting at Tamiami Trail
4. 1.5-mile deep wall starting at Tamiami Trail
5. 1-mile deep wall starting 0.5 miles south of Tamiami Trail
6. 7-mile deep wall starting at Tamiami Trail with 40 MGD West Wellfield withdrawal

1b-1

Alternative 1. 7-mile deep wall starting at Tamiami Trail

1b-2

7-mile deep wall starting at Tamiami Trail

1b-3

7-mile deep wall starting at Tamiami Trail

1b-4

7-mile deep wall starting at Tamiami Trail

1b-5

7-mile deep wall starting at Tamiami Trail

1b-6

7-mile deep wall starting at Tamiami Trail

1b-7

7-mile deep wall starting at Tamiami Trail

1b-8

Effect of a 7-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) - Daily Average Change
Top - Wet Condition (7/1/08-10/31/08)
Bottom – 8-Year Model Period (1/1/2001-12/31/2008)

1b-9

Effect of a 7-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) - Daily Average Change
Dry Condition (1/1/2008-5/30/2008)

1b-10

Alternative 2. 7-mile shallow wall starting at Tamiami Trail

1b-11

7-mile shallow wall starting at Tamiami Trail

1b-12

7-mile shallow wall starting at Tamiami Trail

1b-13

7-mile shallow wall starting at Tamiami Trail

1b-14

7-mile shallow wall starting at Tamiami Trail

1b-15

7-mile shallow wall starting at Tamiami Trail

1b-16

7-mile shallow wall starting at Tamiami Trail

1b-17

Effect of a 7-mile Barrier Wall on Water Levels Inside the ENP
Shallow Barrier (18 feet) - Daily Average Change
Top - Wet Condition (7/1/08-10/31/08)
Bottom – 8-Year Model Period (1/1/2001-12/31/2008)

1b-18

Effect of a 7-mile Barrier Wall on Water Levels Inside the ENP
Shallow Barrier (18 feet) - Daily Average Change
Dry Condition (1/1/2008-5/30/2008)

1b-19

Alternative 3. 2-mile deep wall starting at Tamiami Trail

1b-20

2-mile deep wall starting at Tamiami Trail
1b-21

2-mile deep wall starting at Tamiami Trail
1b-22

2-mile deep wall starting at Tamiami Trail
1b-23

2-mile deep wall starting at Tamiami Trail
1b-24

2-mile deep wall starting at Tamiami Trail
1b-25

2-mile deep wall starting at Tamiami Trail
1b-26

Effect of a 2-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) - Daily Average Change
Top - Wet Condition (7/1/08-10/31/08)
Bottom – 8-Year Model Period (1/1/2001-12/31/2008)

1b-27

Effect of a 2-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) - Daily Average Change
Dry Condition (1/1/2008-5/30/2008)

1b-28

Alternative 4. 1.5-mile deep wall starting at Tamiami Trail

1b-29

1.5-mile deep wall starting at Tamiami Trail
1b-30

1.5-mile deep wall starting at Tamiami Trail
1b-31

1.5-mile deep wall starting at Tamiami Trail
1b-32

1.5-mile deep wall starting at Tamiami Trail
1b-33

1.5-mile deep wall starting at Tamiami Trail
1b-34

1.5-mile deep wall starting at Tamiami Trail
1b-35

Effect of a 1.5-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) - Daily Average Change
Top - Wet Condition (7/1/08-10/31/08)
Bottom – 8-Year Model Period (1/1/2001-12/31/2008)

1b-36

Effect of a 1.5-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) - Daily Average Change
Dry Condition (1/1/2008-5/30/2008)

1b-37

Alternative 5. 1-mile deep wall starting 0.5 miles south of Tamiami Trail

1b-38

1-mile deep wall starting 0.5 miles south of Tamiami Trail
1b-39

1-mile deep wall starting 0.5 miles south of Tamiami Trail
1b-40

1-mile deep wall starting 0.5 miles south of Tamiami Trail
1b-41

1-mile deep wall starting 0.5 miles south of Tamiami Trail
1b-42

1-mile deep wall starting 0.5 miles south of Tamiami Trail
1b-43

1-mile deep wall starting 0.5 miles south of Tamiami Trail
1b-44

Effect of a 1-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) - Daily Average Change
Top - Wet Condition (7/1/08-10/31/08)
Bottom – 8-Year Model Period (1/1/2001-12/31/2008)

1b-45

Effect of a 1-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) - Daily Average Change
Dry Condition (1/1/2008-5/30/2008)

1b-46

Alternative 6. 7-mile deep wall starting at Tamiami Trail with 40 MGD West Wellfield withdrawal

1b-47

7-mile deep wall starting at Tamiami Trail – West Wellfield 40 MGD withdrawal
1b-48

7-mile deep wall starting at Tamiami Trail – West Wellfield 40 MGD withdrawal
1b-49

7-mile deep wall starting at Tamiami Trail – West Wellfield 40 MGD withdrawal
1b-50

7-mile deep wall starting at Tamiami Trail – West Wellfield 40 MGD withdrawal
1b-51

7-mile deep wall starting at Tamiami Trail – West Wellfield 40 MGD withdrawal
1b-52

7-mile deep wall starting at Tamiami Trail – West Wellfield 40 MGD withdrawal
1b-53

Effect of a 7-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) – West Wellfield 40 MGD withdrawal - Daily Average Change
Top - Wet Condition (7/1/08-10/31/08)
Bottom – 8-Year Model Period (1/1/2001-12/31/2008)
1b-54

Effect of a 7-mile Barrier Wall on Water Levels Inside the ENP
Deep Barrier (30 feet) – West Wellfield 40 MGD withdrawal - Daily Average Change
Dry Condition (1/1/2008-5/30/2008)
1b-55

