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Appendix A Groundwater Modeling 

A.0 GROUNDWATER MODELING 


The groundwater modeling results summarized this Appendix were extracted from the “Draft 
Project Report, Herbert Hoover Dike, Phase 1A Groundwater Model, dated October 2007” 
produced by the Engineering Research and Development Center.  This report is a draft and is 
currently undergoing an external Independent Technical Review.  Once the report is finalized, it 
will be made available in its entirety.   

The purpose of the HHD Phase 1A modeling effort is to develop and evaluate a Lake 
Okeechobee sub-regional groundwater numerical model, and evaluate the sub-regional 
groundwater changes associated with the introduction of the cutoff wall segments into the 
subsurface geologic structure underlying Herbert Hoover dike (Reaches 1 through 3), the 
containment levee system that defines the perimeter of Lake Okeechobee surface water storage.   

A steady-state, 3-D groundwater model, was developed to qualitatively evaluate the effects of 
the proposed cutoff wall.  The computational results from the "with project", i.e., with wall, 
simulations were compared to those from the "without project", i.e., no wall, simulations in order 
to develop order- of-magnitude estimates of changes to the sub-regional groundwater flow.  The 
groundwater flows through 21 cross-sections, seven each in each HHD reach as proposed by 
ERDC and NAP and approved by SAJ, were compared in this task.  These cross-sections were 
set parallel to the wall at a spacing of 50, 100, 200, 500, 1,000, 5,000 and 10,000 ft from the 
land-side toe of HHD. 

Two major tools, WASH123D and GMS 6.0, were used to simulate the effects of the cutoff wall 
on regional groundwater. WASH123D computed subsurface flow and GMS 6.0 generated 
unstructured finite element meshes and set up simulation runs. 

A.1 WASH123D 

WASH123D [1] is a physics-based finite element numerical model that computes water flow in 
watershed systems that can be conceptualized as a combination of 1-D channel networks, 2-D 
overland regimes, and 3-D subsurface media.  In the computer program of WASH123D that 
ERDC maintains, 1-D channel flow is computed by solving the cross-section area-averaged 
diffusive wave equation, 2-D overland flow by the depth-averaged diffusive wave equation, and 
3-D variably saturated subsurface flow by the Richards equation.  The steady-state version of the 
Richards equation, i.e., Eq. (1) was solved with the Galerkin finite element method [2] in 
WASH123D for all model runs considered in this study. 

Eq. (1) ∇ ⋅[krK ⋅ (∇h +∇z) ]+ q = 0 ,s 

where h is the pressure head [L]; kr is the relative hydraulic conductivity [dimensionless]; Ks is 
the saturated hydraulic conductivity tensor [L/t]; z is the potential head [L]; q is the source/sink 
term [L3/L3/t]. 
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A.2  GMS 6.0 

The Department of Defense Groundwater Modeling System (GMS, http://chl.erdc.usace.army. 
mil/gms) is the most sophisticated groundwater modeling environment available today.  The 
Department of Defense (DOD), in partnership with the Department of Energy, the U.S. 
Environmental Protection Agency, the U.S. Nuclear Regulatory Commission and 20 academic 
partners, has developed the DOD Groundwater Modeling System.  The GMS provides an 
integrated and comprehensive computational environment for simulating subsurface flow, 
contaminant fate/transport, and the efficacy and design of remediation systems.  GMS integrates 
and simplifies the process of groundwater flow and transport modeling by bringing together all 
of the tools needed to complete a successful study. GMS provides a comprehensive graphical 
environment for numerical modeling, tools for site characterization, model conceptualization, 
mesh and grid generation, geostatistics, and sophisticated tools for graphical visualization.  There 
is a WASH123D graphic user interface (GUI) included in GMS 6.0.  

A.2.1 Physical Data Input into Model 

Geologic data from various sources were compiled to construct the conceptual hydro-geologic 
model, where 11 subsurface materials were taken into account (see A.2.3).  Historical data of 
rainfall, evapo-transpiration (ET), groundwater head, and canal stage were used to define high, 
medium, and low net recharge and head boundary conditions (see A.2.4).  Compiled permit 
capacity and specification information was used to define the high and low pumping as the sink 
term in the model.  The high and low values of net recharge, head boundary conditions, and 
groundwater pumping, determined based on the historical field data, were used to mimic the 
extreme hydrologic conditions of the modeled system, so that the associated results would 
provide reasonable estimates on the cutoff wall impact.   

Approximately 270 geologic borings have been logged along the HHD alignment in the vicinity 
of Reaches 1, 2, and 3. The ground surface elevation and depths of these borings vary; however, 
these borings generally do not penetrate deeper than elevation -50 feet NGVD29.  The Corps 
Jacksonville District has developed cross-sectional representations of the shallow geologic 
materials along the dike alignment using these borings.  Information related to the development 
of these cross-sections is contained in the Major Rehabilitation Reports (MRR’s).  Based on 
discussions with SAJ, these dike alignment borings and cross-sections were used to define 
Layers 1, 2, and 3A for the Phase 1A model. 

A.2.2 Assumptions (Design of cutoff wall)  

In the HHD Phase 1A modeling, one “With Project” scenario was studied.  The cutoff wall tip 
elevation in this configuration varies between -15 and -40 feet NGVD29. This corresponds to 
approximate cutoff wall depths of between 47 and 72 feet, assuming that the cutoff wall is along 
the dike alignment and the top of the dike is approximately 32 feet NGVD29.   
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A.2.3 Subsurface Material Layers and Associated Conductivity Ranges 

Numerous geologic interpretations have been developed to date for the Surficial Aquifer System 
(SAS) geology in the vicinity of this model. Layers 2-1, 3A, and L3B-2 were determined to be 
the most influential layers; therefore, the lowest and highest conductivity1 values for each of 
these materials were utilized in different runs while the remaining eight layers were held constant 
(the average conductivity value for each of the eight materials was used). This was done to limit 
the analysis to 96 scenarios, allowing the analysis to be completed in the project timeframe while 
analyzing the most probable scenarios with the greatest groundwater impacts.  If the conductivity 
values (high and low values) for all eleven layers were analyzed, it would require 25,000 model 
runs. Table A-5  lists the conductivity values utilized in all 11 layers. 

The following subsurface material layers were utilized in the model. See Figure A-1 for the 
geological layers. See Figures A2-A9 for the spatial extent of each the layers. 

1.	 Layer 1 - Undifferentiated Surface Soils including embankment fill for the dike 
2.	 Layer 2-1 - Fine/Organic Layer including peat, clays and silts (East) 
3.	 Layer 2-2 - Sands (West) 
4.	 Layer 3A - Limestone, Rock, Sand and Shell beds 
5.	 Layer 3B-1 – Clay Intrusion in the NW model domain 
6.	 Layer 3B-2 – Sands to Silty Sands 
7.	 Layer 4 - Pinecrest Sand member of Tamiami Formation 
8.	 Layer 5 - Ochopee Limestone member of the Tamiami Formation and the Gray 

Limestone 
9.	 Layer 6 - Lower Tamiami Formation sands and non-productive sands of the Miocene 

Peace River Formation 
10. Layer 7-1 
11. Layer 7-2 - Upper Hawthorn Group and Sand Stone Aquifer 

1  Hydraulic conductivity describes the ease with which water can move through a material. Hydraulic conductivity 
is expressed in feet per day (ft/d). 
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FIGURE A-1: 3-D COMPUTATIONAL MESH OF THE HHD PHASE 1A MODEL 
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FIGURE A-2: HYDRAULIC CONDUCTIVITY CONSIDERED FOR MATERIAL L1 IN 

THE HHD PHASE 1A MODEL 


FIGURE A-3: HYDRAULIC CONDUCTIVITY CONSIDERED FOR MATERIALS L2-1 

AND L2-2 IN THE HHD PHASE 1A MODEL
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FIGURE A-4: HYDRAULIC CONDUCTIVITY CONSIDERED FOR MATERIAL L3A 

IN THE HHD PHASE 1A MODEL 


FIGURE A-5: HYDRAULIC CONDUCTIVITY CONSIDERED FOR MATERIALS 

L3B-1 AND L3B-2 IN THE HHD PHASE 1A MODEL 
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FIGURE A-6: HYDRAULIC CONDUCTIVITY CONSIDERED FOR MATERIAL L4 IN 

THE HHD PHASE 1A MODEL 


FIGURE A-7: HYDRAULIC CONDUCTIVITY CONSIDERED FOR MATERIAL L5 IN 

THE HHD PHASE 1A MODEL 
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FIGURE A-8: HYDRAULIC CONDUCTIVITY CONSIDERED FOR MATERIAL L6 IN
 
THE HHD PHASE 1A MODEL 


FIGURE A-9: HYDRAULIC CONDUCTIVITY CONSIDERED FOR MATERIALS L7-1 

AND L7-2 IN THE HHD PHASE 1A MODEL
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A.2.4 Boundary Conditions 

The compiled data used to set up the boundary conditions of the HHD Phase 1A model included 
(1) groundwater heads, (2) canal stages, (3) Lake Okeechobee stages, and (4) rainfall and 
evapotranspiration. 

A.2.4.1 Groundwater Heads 
Figure A-10 shows the location of groundwater wells in the vicinity of the model with more than 
five years of record.  Locations marked in red have between five and ten years of data, while 
locations marked in blue have more than 10 years of data.  Groundwater head data was 
downloaded from the DBHydro data base maintained by South Florida Water Management 
District (SFWMD) for entire period of record available for each gage. The following description 
for each gage summarizes the available information.  For some gages multiple agencies collected 
data in the same location.  As a result, multiple data sets are available at these locations. 
Table A-1 summarizes the canal stage gauges utilized. After screening the collected data, the 
value of the 95th, 50th, and 5th percentiles were determined for each well location to determine the 
high, medium, and low values for sensitivity analysis.   

FIGURE A-10: GROUNDWATER HEAD GAGE LOCATIONS CONSIDERED IN THE 

HHD PHASE 1A MODEL 
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TABLE A-1: GROUNDWATER STAGES (5TH PERCENTILE USED FOR LOW NET 
BOUNDARY CONDITIONS) 

HE-5: This gage is located in Hendry County in the southwestern portion of the HHD Phase 1A 
model domain.  The well has a total depth of 13 ft and is screened at a depth of 8.7 to 13 ft. 
Two data sets exist in DBHydro for this gage. The maximum data set value is 26.51 ft 
NGVD29 and the minimum data set value is 22.25 ft NGVD29. 

HE-339_G: This gage is located in Hendry County in the southern potion of the HHD Phase 1A 
model domain.  The well has a total depth of 13 ft and is screened at a depth of 11 to 13 ft. 
Three data sets exist in DBHydro for this gage.  The data set collected between 5APR64 and 
30SEP73 appears to be significantly lower than the data collected in subsequent years. 
According to SAJ-EN-GG, this discrepancy may be due to survey elevation corrections with 
modern technology or the conversions from Price Stage Flow Meters with pen & ink 
instrumentation to radio control telemetry systems.  Because this data appears to be suspect, 
it was not used in defining the model boundary conditions.  For these two data sets, the 
maximum data set value is 15.11 ft NGVD29 and the minimum data set value is 10.76 ft 
NGVD29. 

MOP2GW1, MOP2GW2, and MOP2GW3: This gage cluster is located in Palm Beach County at 
the southern end of STA1W in the southeastern potion of the HHD Phase 1A model domain. 
The three wells in this cluster are in essentially the same horizontal location and have varying 
depths. MOP2GW1 is the deepest is screened at a depth of 99.65 to 101.65 ft.  MOP2GW3 
is the shallowest is screened at a depth of 29.5 to 31.5 ft. MOP2GW2 is screened at a depth 
of 57.26 to 59.26 ft., between the other two wells in the cluster.  Generally, the data shows a 
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slight downward gradient in this area, with the water level in the shallower well being 0.2 
foot higher than the deeper well on average.  This may be the result of water level 
fluctuations in the adjacent storm treatment area.  Although this downward gradient does 
increase at times to approximately 0.5 foot for the purposes of this Phase 1A model the water 
levels in this location was treated as hydrostatic.  For these three wells, the maximum data set 
value is 14.59 ft NGVD29 and the minimum data set value is 9.4 ft NGVD29. 

ENR001W1 and ENR001W2: This gage cluster is located in Palm Beach County at the northern 
end of WCA1. The two wells in this cluster are in essentially the same horizontal location 
and have varying depths. ENR001W1 is the deeper well and is screened at a depth of 101.1 
to 102.1 ft. ENR001W2 is the shallower well and is screened at a depth of 62.97 to 64.97 ft. 
Generally, the data shows a slight downward gradient in this area, with the water level in the 
shallower well being less than 0.1 foot higher than the deeper well on average.  Although this 
downward gradient does increase at times to approximately 0.89 foot for a short period of 
time, for the purposes of this Phase 1A model the water levels in this location was treated as 
hydrostatic. For these two wells, the maximum data set value is 12.37 ft NGVD29 and the 
minimum data set value is 8.73 ft NGVD29. 

PB-831_G: This gage is located in Palm Beach County in the eastern potion of the HHD Phase 
1A model domain.  The well has a total depth of 25 ft and is screened at a depth of 21 to 25 
ft. Two data sets exist in DBHydro for this gage.  The data sets appear to be consistent with 
one another, with the maximum data set value is 23.69 ft NGVD29 and the minimum data set 
value is 18.53 ft NGVD29. 

M-1048_G and M-928_G: These gages are located in Martin County at the northeastern potion 
of the HHD Phase 1A model domain.  These two wells are located horizontally within 100 ft 
of one another but have varying depths.  M-1048_G appears to be the deeper well and is 
screened at a depth of 25 to 80 ft.  M-928_G appears to be the shallower well with a total 
depth of 11 ft. The periods of record for these wells only overlap between 25SEP74 and 
27APR77. The data from these two wells during that period appear to be relatively 
consistent. Consequently, the water level in this area was treated as hydrostatic.  For M-
1048_G, the maximum data set value is 34.05 ft NGVD29 and the minimum data set value is 
24.65 ft. NGVD29. For M-928_G, the maximum data set value is 33.35 ft NGVD29 and the 
minimum data set value is 20.7 ft NGVD29. 

CRS02FM, CRS02FS, CRS02NM and CRS02NS: This gage cluster is located in Glades County 
in the vicinity of Lake Hicpochee in the northwestern potion of the HHD Phase 1A model 
domain.  The four wells are installed in clusters of two, which are approximately 350 ft apart 
from each another.  Each well pair has varying depths.  The CRS02NM and CRS02NS well 
pair is approximately 300 ft south of the Caloosahatchee River.  CRS02NM is the deeper 
well of the pair and is screened at a depth of 54.01 to 59.01 ft.  CRS02NS is the shallower 
well of the pair and is screened at a depth of 17.4 to 22.4 ft.  The CRS02FM and CRS02FS 
well pair is approximately 650 ft south of the Caloosahatchee River. CRS02FM is the deeper 
well of the pair and is screened at a depth of 38.45 to 43.45 ft.  CRS02FS is the shallower 
well of the pair and is screened at a depth of 17.43 to 22.43 ft.  In both well pairs there 
appears to be a distinct upward gradient.  In the CRS02NM and CRS02NS well pair, the 
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water level in the shallower well is approximately 0.94 foot lower than the deeper well on 
average, with differentials of up to 1.76 ft.  In the CRS02FM and CRS02FS well pair, the 
water level in the shallower well is approximately 0.88 foot lower than the deeper well on 
average, with differentials of up to 1.95 ft. In addition to the differentials observed in the 
well pairs, the wells closer to the Caloosahatchee River (CRS02NM and CRS02NS) appear 
to be on average several ft lower than the wells further to the south (CRS02FM and 
CRS02FS). This tends to indicate that the Caloosahatchee River is a groundwater sink in this 
area. Due to the significant differences in the observed head within this well cluster, the 
water levels in the shallower wells was used to set the 3-D total head boundary conditions in 
Layers 1, 2, and 3, while the water levels in the deeper wells was used to set the 3-D total 
head boundary conditions in Layers 5 and 6. 

HE-857_G: This gage is located in Hendry County in the western potion of the HHD Phase 1A 
model domain.  The well has a total depth of 20 ft and is screened at a depth of 12 to 20 ft. 
Two data sets exist in DBHydro for this gage.   The data set that runs between 09NOV77 and 
05NOV79 shows a constantly decreasing trend, which may indicate a bad transducer. 
Because this data appears to be suspect, it was not be used in defining the model boundary 
conditions. The remaining data set is comprised of a limited number of points, bit was still 
considered useful for assigning boundary conditions.  The maximum data set value is 20.91 ft 
NGVD29 and the minimum data set value for the remaining data is 18.16 ft NGVD29. 

In addition to the groundwater wells discussed above, four additional gages were identified in the 
immediate vicinity of Lake Okeechobee.  The water levels in these four wells were compared to 
the Lake Okeechobee stage to determine if a hydrostatic groundwater boundary condition 
assumption based on the Lake stage was appropriate.   

PB-505_G: This gage is located in Palm Beach County along the perimeter of Lake Okeechobee, 
north of the L-10 canal. The well has a total depth of 15.6 ft. The maximum data set value 
for the well is 14.92 ft NGVD29 and the minimum data set value is 9.91 ft NGVD29. 
During the overlapping period of record, it appears that the water level in the well is 
generally below the lake stage under high stage conditions.  However, as the lake stage 
drops, the water level in the well approaches that of the lake stage.  Layer 2 is approximately 
10-foot thick in this area.  Because Layer 2 is comprised of lower permeability materials, it 
may be dampening the groundwater response to lake stage fluctuations. 

PB-506_G: This gage is located in Palm Beach County along the perimeter of Lake Okeechobee, 
near S3 and S354. The well has a total depth of 15.3 ft and is screened at a depth of 11.4 to 
15.3 ft. The maximum data set value for the well is 12.6 ft NGVD29 and the minimum data 
set value is 7.44 ft NGVD29. During the overlapping period of record, it appears that the 
water level in the well is generally below the lake stage.  The thickness of Layer 2 varies 
between 5 and 10 ft in this area.  Again, because Layer 2 is comprised of lower permeability 
materials, it may be dampening the groundwater response to lake stage fluctuations. 

GL-293_G: This gage is located in Glades County along the perimeter of Lake Okeechobee, near 
S4. The well has a total depth of 9.0 ft and is screened at a depth of 5.0 to 9.0 ft.  The 
maximum data set value for the well is 14.43 ft NGVD29 and the minimum data set value is 
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8.04 ft NGVD29. During the overlapping period of record, it appears that the water level in 
the well is generally below the lake stage under high stage conditions.  However, as the lake 
stage drops, the water level in the well approaches that of the lake stage.  The thickness of 
Layer 2 varies between 5 and 10 ft in this area.  With lower permeability materials in Layer 
2, it may be dampening the groundwater response to lake stage fluctuations. 

L OKEE.M_G: This gage is located in Glades County within the perimeter of Lake Okeechobee, 
near the Caloosahatchee River. No depth or screen information was available.  The 
maximum data set value for the well is 18.69 ft NGVD29 and the minimum data set value is 
10.74 ft NGVD29. During the overlapping period of record, it appears that the water level in 
the well generally matches the lake stage, except under low stage conditions. This trend does 
not match that seen in the other perimeter lake wells.  One reason for this discrepancy may be 
due to the thin to non-existent peat, clay and silt (Layer 2) in this area. This puts the lake in 
direct contact with the more permeable sands the well is screened in.  This allows the 
groundwater level to fluctuate with the lake when Lake Okeechobee is acting as a source to 
groundwater (higher stage periods). However, as the lake level drops the regional 
groundwater flow begins to control the water levels in the well.  During these periods, 
groundwater flow appears to flow into Lake Okeechobee. 

Due to the differences noted above in the wells along the perimeter of Lake Okeechobee, 
boundary conditions assigned to the groundwater may differ from the lake stage boundary 
applied to the surface of the model.  This variation in the application of groundwater boundary 
conditions is consistent with the findings of the System Wide Water Resources Program regional 
demonstration model developed by ERDC during 2006. 

A.2.4.2 Canal Stages 
Figure A-12 shows the location of the surface water canal gages in the vicinity of the model 
with more than five years of record.  Stage data was also downloaded from the SFWMD’s 
DBHydro data base for the available period of record for each gage.  Stage data for the canals 
within the model domain were applied to the surface of the model as constant head boundary 
conditions, which allowed these canals to act as either sources or sinks to groundwater in the 
HHD Phase 1A model, depending on the other hydro-geologic parameters in the model.  Like the 
groundwater head data, the surface water stage data was collected, processed, and reviewed by 
NAP and ERDC for its suitability in the Phase 1A model.  The values for the 95th, 50th, and 5th 

percentiles were determined for each data set.  These values are defined as the high, medium, 
and low values for sensitivity analysis.  Table A-2 summarizes the canal stages used for the 
model boundary conditions. 

S153 and S308: These structures are located in Martin County at the confluence of Lake 
Okeechobee and the St. Lucie Canal (C-44). The headwater stage of S308 reflects the Lake 
Okeechobee stage, while the tail water stage reflects the stage at the eastern extent of the St. 
Lucie Canal.  The headwater stage of S153 reflects the stage in the Lake Okeechobee exterior 
perimeter canal C-44A, while the tail water stage reflects the stage at the eastern extent of the 
St. Lucie Canal. 
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FIGURE A-11: CANAL WATER STAGE GAGE LOCATIONS CONSIDERED IN THE
 
HHD PHASE 1A MODEL 
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TABLE A-2: CANAL STAGE DATA (5TH PERCENTILE USED FOR LOW NET 
BOUNDARY CONDITION) 

L8.441: This gage is located in Palm Beach County at the confluence of Lake Okeechobee and 
the L8 canal. Since this gage is not a structure used to control flow, only one set of data is 
available at this gage. The data at this gage shows significantly more variability than that of 
the Lake Okeechobee gages in the area. These fluctuations are most likely due to 
fluctuations in drainage to the L8 canal and are not representative in fluctuation of the lake 
level. 

S352: This gage is located in Palm Beach County at the confluence of Lake Okeechobee and the 
L10 canal. The headwater stage of S352 reflects the Lake Okeechobee stage, while the tail 
water stage reflects the stage at the heads of the L10 canal.  

S351 and S2: These structures are located in Palm Beach County at the confluence of Lake 
Okeechobee, L14 and L20. S351 is a gated structure that allows water to pass from Lake 

HHD Environmental Assessment February 2008 
 A-15 



Appendix A Groundwater Modeling 

Okeechobee to the L14 and L20 canals. S2 is a pump station that pumps canal water into 
Lake Okeechobee. The headwater stage of S351 reflects the Lake Okeechobee stage, while 
the tail water stage reflects the stage of the downstream canals.  The headwater stage of S2 
reflects the stage of the downstream canals, while the tail water stage reflects the stage in the 
Lake Okeechobee. 

S354 and S3: These structures are located in Palm Beach County at the confluence of Lake 
Okeechobee and the L25 canal. S354 is a gated structure that allows water to pass from Lake 
Okeechobee to the L25 canal. S3 is a pump station that pumps canal water into Lake 
Okeechobee. The headwater stage of S354 reflects the Lake Okeechobee stage, while the tail 
water stage reflects the stage of the downstream canal.  The headwater stage of S3 reflects 
the stage of the downstream canals, while the tail water stage reflects the stage in the Lake 
Okeechobee. 

S4: This pump station is located in Glades County at the confluence of Lake Okeechobee and the 
C20 perimeter canal. The headwater stage of S4 reflects the perimeter canal, while the tail 
water stage reflects the Lake Okeechobee stage. 

S77 and S235: These structures are located in Glades County at the confluence of Lake 
Okeechobee and the Caloosahatchee River (C-43).  The headwater stage of S77 reflects the 
Lake Okeechobee stage, while the tail water stage reflects the stage of the Caloosahatchee 
River. The headwater stage of S235 also reflects the stage of the Caloosahatchee River, 
while the tail water stage reflects the stage in the LD-3 perimeter canal.  Because the stage 
data for S77 is limited, the model used the headwater data from S235 for the Caloosahatchee 
River and the interior lake gage, L0005, for Lake Okeechobee in this area.  

BLSW, BLSE, and HILL.6MI: These gages are located in Palm Beach County along the Bolles 
Canal. Because these gages are not structures used to control flow, only one set of data is 
available at each gage. 

S5AX: This gage is located in Palm Beach County along Ocean Canal. The headwater and tail 
water stage of S5AX are similar during the available period of record. 

S5AS and S5AW: These structures are located in Palm Beach County at the northern end of 
Water Conservation Area 1(WCA-1).  The headwater stage of S5AS reflects the stage in the 
L8 canal, while the tail water stage reflects the stage at in WCA-1.  The headwater stage of 
S5AW reflects the stage in L10, while the tail water stage reflects the stage in the L8 canal. 
Because the tail water stage data for S5AW is limited, the model used the headwater data 
from S5AS for the L8 canal. 

WPBC: This gage is located in Palm Beach County along the L10 canal.  Because this gage is 
not a structure used to control flow, only one set of data is available at this gage. 

G134: This gage is located in Hendry County and is a single-barreled corrugated metal pipe 
culvert, located about one mile below the outlet of the Montura Ranch Estates Reservoir, at 
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the south end of Flaghole Road, about a mile south of Canal L1. The headwater of G134 is to 
the south of the structure, while the tail water is to the north along the L1 canal. 

G135: This gage is located in Hendry County and is a single-barreled corrugated metal pipe 
culvert, located at the south boundary of the Flaghole Drainage District. Control is affected 
by stop logs in a riser at the south end of the culvert.  The headwater of G135 is to the south 
of the structure, while the tail water is to the north along the L1 canal. 

G96: This gage is located in Hendry County and is a double-barreled, corrugated metal pipe 
culvert, located in a plug in the L1 borrow canal about three miles east of Flag Hole Road. 
The headwater of G96 is to the west of the structure, while the tail water is to the east along 
the L1 canal. 

G136: This gage is located in Hendry County and is a three-barreled corrugated metal pipe 
culvert, located at the bend in L1 about three miles north of SR 832. Control is affected by 
stop logs in risers in each culvert.  The headwater of G136 is to the west of the structure, 
while the tail water is to the east along the L1 canal. 

G150: This gage is located in Hendry County and is a three-barreled corrugated metal pipe 
culvert, located at the divide line of L-1 and L-2. Control is affected by slide gates at the 
south side of the culverts. The headwater of G150 is to the north of the structure, while the 
tail water is to the south. 
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G251 and G310: These structures are located in Palm Beach County at the southeast corner of 
the Everglades Nutrient Removal Project.  G310 is a pump station located at the south corner of 
STA-1W.  The G251 pump station is located to the east of G310 and is used to pump treated 
agricultural runoff water from the ENR project into Water Conservation Area 1.  The headwater 
stage of G310 is on the northern side of the pump station, while the tail water is on the southern 
side of the pump station.  The headwater stage of G251 reflects the stage on the western side of 
the pump station, while the tail water stage reflects the stage on the eastern side of the pump 
station. 

In addition to the gages discussed above, data were collected for the S78, S80, S135, G404, 
MIAMI_15, S6, S8, and NNRC.SFS surface water gages.  Although these gages are not within 
the model domain, the data from these gages were interpolated to set surface water boundary 
conditions within the model. 

A.2.4.3 Lake Stages 
In addition to the structure headwater stage data mentioned above, four stage gages were used to 
determine lake levels in the interior of Lake Okeechobee.  The locations of these gages are 
shown on Figure A-12. Although data were collected for these gages (Table A-3), the data was 
not used in the Phase 1A modeling effort.  The data from these gages are similar to the 
headwater data of the gate structures around the lake.  The headwater data for the structures were 
used to set the lake stage boundary conditions because the headwater data are more consistent 
with the heads along the model boundary. 

FIGURE A-12: LAKE OKEECHOBEE WATER STAGE GAGE LOCATIONS 

CONSIDERED IN THE HHD PHASE 1A MODEL 
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TABLE A-3: SUMMARY OF AVAILABLE LAKE OKEECHOBEE STAGE DATA  


A.2.4.4 Groundwater Net Recharge 

Precipitation is generally the primary mechanism for recharging the groundwater system. 
However, only a portion of precipitation recharges the groundwater due to evapotranspiration, 
surface runoff, and other factors.  The net recharge is the portion of precipitation that infiltrates 
the groundwater table.  According to Appendix A of the EAA Storage Reservoir Revised Draft 
PIR and EIS, dated February 2006, the average annual precipitation in this area is approximately 
55 inches per year. However, this report also notes that “extensive dewatering and pumping 
operations greatly affect the amount of recharge able to reach the water table”.  Consequently, it 
was determined that the maximum net recharge for this area is about 5 inches per year.  The low 
net recharge condition was assumed to be zero inches per year. 

A.2.4.5 Groundwater Usage and Withdrawal  
Approximately 290 groundwater pumping wells are permitted in the Surficial Aquifer System 
(SAS) within the Phase 1A model domain.  Although actual groundwater withdrawal rates were 
not available for all wells, the pump capacities for these wells were available based on data 
obtained from SFWMD and well permits.  The location of the wells within the Phase 1A model 
domain (outlined in red) in Figure A-13. A list of the wells and associated capacities included in 
the model are available in Table A-4. Since this is a steady-state model, the pump operations are 
not varied through time and therefore the model assumes the pumps are running at the maximum 
permitted capacity continuously.  Each well location is color coded by the pump capacity for the 
well. The majority of the wells within the model domain have pump capacities below 250,000 
cubic feet per day. Several wells were identified with expired permits.  These wells were not 
modeled. For the sensitivity analysis simulation, a pumping rate of zero cubic feet per day was 
used as the minimum pumping value, while the pump capacity at each well was used as the 
maximum pumping value.  The half capacity values were taken as the medium pumping values.   
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FIGURE A-13: GROUNDWATER PUMPING LOCATIONS CONSIDERED IN THE 

HHD PHASE 1A MODEL 


HHD Environmental Assessment February 2008 
 A-20 



Appendix A Groundwater Modeling 

TABLE A-4:  WELLS UTILZED IN THE MODEL 
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The effects of the surface drainage in the EAA must be simulated in order to reasonably replicate 
the groundwater flow fields within the model.  In order to approximate the EAA surface 
drainage, a constant head boundary condition was applied to the surface of the model in the 
EAA. 

FIGURE A-14: HORIZONTAL EXTENT WITH CONSTANT HEAD BOUNDARY 

CONDITION APPLIED TO REFLECT WATER LEVEL RESULTING FROM 


SURFACE WATER PUMPING 

A.2.5 Results 

This project investigated how much impact the proposed cutoff wall would have on groundwater 
flow through the 21 specified cross sections.  The 3-D steady-state subsurface flow results of the 
"with project" simulation runs were compared with those of the corresponding "without project" 
simulation runs.  Factors that may affect groundwater flow through the specified cross sections 
include hydraulic conductivities of the hydrogeologic units, boundary condition, net recharge, 
and groundwater pumping.  A two-stage sensitivity analysis was conducted to effectively 
achieve the purpose of this study. 

In Stage 1, 46 model sensitivity runs were conducted to determine three hydrogeologic units that 
have more impact than the other eight units on the groundwater flow through the 21 cross 
sections, where the medium values of boundary condition, net recharge, and pumping were 
employed to represent an average hydrologic condition. 

In Stage 2, 96 model sensitivity runs were conducted to study the change of groundwater flow 
through the 21 cross sections from the "without project" scenario to the "with project" scenario, 
where 48 runs featuring various combination of the high, medium, and low values of net 
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recharge and head boundary conditions, high (permit capacity) and low (zero) pumping rates, 
and the three most influential hydraulic conductivities determined from the Stage 1 analysis were 
included in each scenario. 

The results from the groundwater modeling study present results as a pressure head difference. 
This difference is directly proportional to changes in the groundwater table.  For example, if the 
model shows a difference in the pressure head of 2 feet, then the groundwater table in that area 
will be reduced by 2 feet.   

A.2.5.1 Worst Case Scenarios 
For brevity in this report, a low net recharge and low head boundary condition combined with 
high pumping rates is evaluated in this EA.  This condition is likely the worst case because the 
steady state model simulates the pumps operating at the maximum permitted capacity 
continuously during a dry condition (low lake levels and low groundwater recharge).  Therefore, 
any impacts shown in the modeling results are conservative and in reality the impacts observed 
would be less than simulated by the model.   

The low net recharge condition assumes a net recharge of zero.  The low head boundary 
condition utilizes the groundwater head stages and canal stages within the 5th percentile of 
minimum groundwater and canal stage values obtained from the groundwater and canal gages, 
see Table A-1 and Table A-2. Since this is a steady-state model, the pump operations are not 
varied through time and therefore the model assumes the pumps are running at the maximum 
permitted capacity continuously.   

There are a total of eight possible scenarios for the low net recharge and low head boundary 
condition with high pumping when considering both high and low conductivity values for the 
three most influential materials (L-2, Fine/Organic Layer including Peat, Clays and Silts, L-3A 
Limestone, Rock, Sand and Shell beds and L3B-2, Sands to Silty Sands).  Low and high 
conductivity values were used for each of these materials in different combinations. However, 
the median value was held constant for the other eight layers (Table A-5). 
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TABLE A-5:  SUBSURFACE MATERIAL CONDUCTIVITY VALUES 


Layer Subsurface Material 
Horizontal 

Conductivity
 (ft/day) 

L1 Undifferentiated Surface Soils including Embankment Fill for the Dike 2.8 

L 2-1 Fine/Organic Layer including Peat, Clays and Silts (East) 0.10 (low), 
1.00 (high) 

L 2-2 Sands (West) 10.00 

L 3A Limestone, Rock, Sand and Shell beds 100.00 (low), 
600.00 (high) 

L 3B-1 Clay Intrusion in the NW model domain 1.0 

L 3B-2 Sands to Silty Sands 1.00(low),  
100.00 (high) 

L 4 Pinecrest Sand member of Tamiami Formation 10.00 

L 5 Ochopee Limestone member of the Tamiami Formation and Gray Limestone 400.00 

L 6 Lower Tamiami Formation Sands and non-productive sands of the Miocene 
Peace River Formation 35.00 

L 7-1 Sand Stone Aquifer 500.00 
L 7-2 Upper Hawthorn Group 0.30 
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Table A-6 displays the eight pressure head comparisons between “with project" and “without project” runs with low net recharge and 
low head boundary conditions and high pumping in Stage 2 analysis. 

TABLE A-6: WORST CASE MODEL RUNS 

Pressure Head Comparison 0.1 < Diff < 0.5 0.5 < Diff < 1.0 1.0 < Diff < 2.0 Diff > 2.0 MA Error RMS Error Max Error 
ID* (w/ project - w/o project) % Occurrences % Occurrences % Occurrences % Occurrences (ft) (ft) (ft) 
1 Run81 - Run33 16.248% 0.394% 0.117% 0.000% 0.0474 0.1037 1.27 
2 Run82 - Run34 2.077% 0.007% 0.000% 0.000% 0.0109 0.0308 0.79 
3 Run83 - Run35 16.485% 0.398% 0.110% 0.000% 0.0492 0.1043 2.19 
4 Run84 - Run36 2.399% 0.016% 0.000% 0.000% 0.0120 0.0336 2.77 
5 Run85 - Run37 28.672% 2.431% 0.549% 0.081% 0.1042 0.2051 3.37 
6 Run86 - Run38 4.328% 0.403% 0.073% 0.001% 0.0260 0.0787 8.23 
7 Run87 - Run39 32.955% 2.406% 0.638% 0.026% 0.1153 0.2112 4.20 
8 Run88 - Run40 5.390% 0.606% 0.100% 0.001% 0.0306 0.0878 3.89 
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This EA evaluated the impacts of Run 85-Run37because this was considered the worst possible 
condition2  out of the eight scenarios evaluated under the high pumping and low net recharge and 
low head boundary condition. This scenario utilized high conductivity values for L-2 and L-3A 
and a low conductivity value for L3B-2.  These conditions were selected based on the following:  

• the cutoff wall fully penetrates the L-2 and L-3A layers (which allow for flow) 
•	 the cutoff wall partially penetrates the L3B-2 layer (consisting of a lower conductivity 

material) which restricts groundwater flow   

This means that any water being transmitted through the upper two layers has to force its way 
into the L3B-2 layer, flow below the cutoff wall, and then flow up to recharge groundwater in 
the upper layers. This scenario provides the lowest amount of groundwater recharge during a 
time when groundwater demand will be at its peak, resulting in the largest system impacts.  

Results of the Worst Case Scenario (Run 85-Run37) 

The results of the model simulation (Run 85-Run 37) indicate less than 2 ft of change to the 
groundwater table when the cutoff wall is in place for the majority of Reach 1 (Figure A-16). 
Based on the modeling results there are no sub-regional impacts on the groundwater as a result of 
the partially penetrating cutoff wall.  However, in some cases the possibility exists for localized 
groundwater impacts up to two feet immediately adjacent to the cutoff wall.   

Groundwater impacts obtained from the model are provided in Table A-9 through Table A-12 
displaying the maximum distances for each of the following impact ranges: 0.1 ft, 0.5 ft, 1.0 ft 
and 2.0 ft. Table A-9 (see Run 85-Run 37, ID 5) demonstrates that the there are no changes in 
the water table greater than 2.0 ft with implementation of a cutoff wall in Reach 1A.  This 
change occurs at a maximum of 2,600 ft from the dike.  Table A-10 (ID 5) demonstrates that 
there are no changes greater than 0.5 ft with implementation of a cutoff wall in Reach 1B.  This 
change occurs at a maximum of 1,600 ft from the dike.   Table A-11 (ID 5) demonstrates that 
there are no changes greater than 1 ft with implementation of a cutoff wall in Reach 1C.  This 
change occurs at a maximum distance of 1,000 ft from the dike (when measured near pumping 
wells) and occurs at a maximum distance of 500 ft from the dike (when evaluating the effects of 
the cutoff wall). Table A-12 (ID 5) demonstrates that there are no changes greater than 0.5 ft 
with implementation of a cutoff wall in Reach 1D. This change occurs at a maximum distance of 
15,800 ft from the dike. 

2 Run 85-Run 37:  This represents the with project scenario minus the without project scenario during a low net 
boundary condition and low net recharge condition with high pumping.  High conductivity values for L-2 and L-3A 
and the low conductivity value for L3B-2 were utilized for both Run 85 and Run 37. 
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FIGURE A-15: NODAL LOCATIONS CORRESPONDING TO EXTRACTION WELLS 

DEWATERED DURING SIMULATION RUN 37 (W/O PROJECT)
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FIGURE A-16: PRESSURE HEAD COMPARISON BETWEEN "WITH PROJECT" 

AND “WITHOUT PROJECT”: LOW NET RECHARGE AND HEAD BOUNDARY 


CONDITIONS, HIGH PUMPING, HIGH L2-1 K, HIGH L3A K, AND LOW L3B-2 K  


0.1 < Pressure Head Difference < 0.5 
0.5 < Pressure Head Difference < 1.0 
1.0 < Pressure Head Difference < 2.0 
Pressure Head Difference > 2.0 

Blue 
Lime Green 
Yellow 
Red 

The “without project” modeling results (Run 37) indicate that there are multiple wells that have 
groundwater recharge deficiencies Figure A-15; these wells are displayed in Table A-7. When 
the “with project condition” is applied, there are no additional wells that demonstrate a 
groundwater recharge deficiency (Figure A-16).  With implementation of the cutoff wall no 
impacts are anticipated to the groundwater wells. 
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TABLE A-7:  WELLS TRIGGERED DURING THE RUN 37 WITHOUT PROJECT 

CONDITIONS 


Run 37 (w/o project)   
Dry Well Name 

Florida East 
X-Coordinate 

Florida East 
Y- Coordinate 

Nodal 
Z-Coordinate 

Pumping 
Max Rate, 
ft/day 

Computed 
Pressure 
Head, ft 

Clewiston_Fld_AT_S-2_1  689144.0 872904.0 14.708 -15401. -22.2999 
Clewiston_Fld_AT_S-2_1  689144.0 872904.0 12.255 -15401. -19.6974 
Clewiston_Fld_AT_S-2_1  689144.0 872904.0 6.735 -15401. -13.9468 
Clewiston_Fld_AT_S-2_1  689144.0 872904.0 1.214 -15401. -8.3339 
DupuisReserve_5(remove)         794677.0 969277.0 19.308 -1155. -12.8268 
DupuisReserve_5(remove)         794677.0 969277.0 18.198 -1155. -11.6809 
DupuisReserve_5(remove)         794677.0 969277.0 17.088 -1155. -10.5287 
DupuisReserve_5(remove)         794677.0 969277.0 10.912 -1155. -2.8920 
DupuisReserve_3(remove)         793111.0 968159.0 17.798 -1925. -11.5321 
DupuisReserve_3(remove)         793111.0 968159.0 16.354 -1925. -10.0376 
DupuisReserve_3(remove)         793111.0 968159.0 10.642 -1925. -3.1715 
DupuisReserve_4(remove)         796413.0 969856.0 19.038 -1925. -11.9428 
DupuisReserve_4(remove)         796413.0 969856.0 17.886 -1925. -10.7544 
DupuisReserve_4(remove)         796413.0 969856.0 11.195 -1925. -2.8144 
DupuisReserve_5 793243.0 967580.0 18.922 -1925. -14.6395 
DupuisReserve_5 793243.0 967580.0 16.351 -1925. -11.9221 
DupuisReserve_5 793243.0 967580.0 10.623 -1925. -4.2952 
DupuisReserve_2 799833.0 970908.0 21.282 -3850. -13.4932 
DupuisReserve_2 799833.0 970908.0 19.490 -3850. -11.6612 
DupuisReserve_2 799833.0 970908.0 11.739 -3850. -3.0066 
DupuisReserve_3 794927.0 969185.0 20.076 -3850. -17.0589 
DupuisReserve_3 794927.0 969185.0 18.629 -3850. -15.4368 
DupuisReserve_3 794927.0 969185.0 17.182 -3850. -13.7923 
DupuisReserve_3 794927.0 969185.0 10.942 -3850. -4.3807 
DupuisReserve_1 799478.0 971605.0 21.032 -6353. -14.3597 
DupuisReserve_1 799478.0 971605.0 19.421 -6353. -12.6902 
DupuisReserve_1 799478.0 971605.0 11.750 -6353. -3.3365 
DupuisReserve_4 795045.0 969250.0 18.737 -6738. -36.5195 
DupuisReserve_4 795045.0 969250.0 17.240 -6738. -33.9192 
DupuisReserve_4 795045.0 969250.0 10.963 -6738. -8.6453 
DupuisReserve_8 793546.0 967422.0 19.214 -15401.  -156.1089 
DupuisReserve_8 793546.0 967422.0 16.456 -15401.  -147.0675 
DupuisReserve_8 793546.0 967422.0 10.651 -15401. -31.2515 
Farm 661437.0 878143.0 13.398 -144385. -21.3036 
Farm 661437.0 878143.0 12.896 -144385. -20.6126 
Farm 661437.0 878143.0 12.395 -144385. -19.6357 
Farm 661437.0 878143.0 -1.151 -144385. -4.9136 
JJ_Wiggins_Youth                617741.0 908330.0 -82.059 -11551. -55.4828 
Lake_Pt_LLC_Prop_P-4            790078.0 961014.0 -5.739 -192513. -4.1041 
Lake_Pt_LLC_Prop_P-5            790760.0 960177.0 -5.625 -192513. -4.4699 
LipsickSand_combo_180-181-182 618604.0 909069.0 -15.779  -1540107.  -4364.5124 
Lundy_Presley_Citrus_WELL_1  617440.0 907355.0 -20.004 -163636.  -173.8924 
Lundy_Presley_Citrus_WELL_1  617440.0 907355.0 -21.004 -163636.  -172.8007 
Lundy_Presley_Citrus_WELL_1  617440.0 907355.0 -22.004 -163636.  -171.7295 
Lundy_Presley_Citrus_WELL_1  617440.0 907355.0 -27.004 -163636.  -150.4321 
Lundy_Presley_Citrus_WELL_1  617440.0 907355.0 -32.004 -163636.  -124.8357 
Lundy_Presley_Citrus_WELL_1  617440.0 907355.0 -38.277 -163636. -90.0338 
Lundy_Presley_Citrus_WELL_1  617440.0 907355.0 -44.551 -163636. -57.7232 
Moore_Haven_Plant_Well-1        620786.0 904442.0 -6.367 -9626. -1.2619 
Pahokee_Cluster_RW-1-2-3_combo  767437.0 906262.0 16.547 -48129. -2082.6067 
Pahokee_Cluster_RW-1-2-3_combo  767437.0 906262.0 13.784 -48129. -2055.5511 
Pahokee_Cluster_RW-1-2-3_combo  767437.0 906262.0 11.022 -48129. -2014.2470 
Pahokee_Cluster_RW-1-2-3_combo  767437.0 906262.0 3.721 -48129. -1025.4871 
Ridgdill_and_Son_Pump1 686080.0 870502.0 -4.338 -866310.  -587.8874 
Ridgdill_and_Son_Pump1 686080.0 870502.0 -13.439 -866310.  -501.2616 
Ridgdill_and_Son_Pump2 686080.0 870197.0 -4.055 -866310.  -584.8946 
Ridgdill_and_Son_Pump2 686080.0 870197.0 -13.326 -866310.  -490.3329 
SuperStop_1-2-3-4-combo         680966.0 879858.0 14.122 -5776. -17.3918 
SuperStop_1-2-3-4-combo         680966.0 879858.0 10.798 -5776. -13.5933 
US_Sugar_Main_combo(275_276)    677297.0 879942.0 -41.779 -134759. -13.4457 
Run 85 (w/ Project): identical 
dry wells 
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A.2.5.1.1 Pressure Head Differences for Worst Case Scenarios 
The following figures show the pressure head comparison between a pair of "with project" and 
“without project” runs for the low net boundary and net recharge condition with high pumping 
condition considered in Stage 2 analysis (eight scenarios).  The specification of each pair is 
defined in the title of each figure. The four brackets are color coded in theses figures as shown 
below: 

0.1 < Pressure Head Difference < 0.5 
0.5 < Pressure Head Difference < 1.0 
1.0 < Pressure Head Difference < 2.0 
Pressure Head Difference > 2.0 

Blue 
Lime Green 
Yellow 
Red 

A color coded scatter symbol is shown in plain-view where the difference occurs. 

Figures A-16 through A-23 show a head difference comparison among the eight combinations 
of the “k” values for Materials L2-1, L3A, and L3B-2 when both the net recharge and head 
boundary condition is low and the pumping condition is high.  

FIGURE A-17: (RUN81 - RUN33)3 

3 Pressure head comparison between "with project" and “with project” runs in Stage 2 analysis: low net recharge and 
head boundary conditions, high L3A K, and high L3B-2 K 
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FIGURE A-18: (RUN 82 - RUN34)4 

4 Pressure head comparison between "with project" and “with project” runs in Stage 2 analysis: low net recharge and 
head boundary conditions, high pumping, high L2-1 K, low L3A K, and high L3B-2 K 
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FIGURE A-19: (RUN83 - RUN35)5 

5 Pressure head comparison between "with project" and “with project” runs in Stage 2 analysis: low net recharge and 
head boundary conditions, high pumping, low L2-1 K, high L3A K, and high L3B-2 K. 
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FIGURE A-20: (RUN84 - RUN36)6 

6 Pressure head comparison between "without project" and “with project” runs in Stage 2 analysis: low net recharge 
and head boundary conditions, high pumping, low L2-1 K, low L3A K, and high L3B-2 K. 
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FIGURE A-21: (RUN85 - RUN37)7 

This run was analyzed in the main body of the EA because it is considered the worst case 
scenario. 

7 Pressure head comparison between "without project" and “with project” runs in Stage 2 analysis: low net recharge 
and head boundary conditions, high pumping, high L2-1 K, high L3A K, and low L3B-2 K Run 85-Run 37. 
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FIGURE A-22: (RUN86 - RUN38)8 

8 Pressure head comparison between "without project" and “with project” runs in Stage 2 analysis: low net recharge 
and head boundary conditions, high pumping, high L2-1 K, low L3A K, and low L3B-2 K. 
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FIGURE A-23: (RUN87 - RUN39)9 

9 Pressure head comparison between "without project" and “with project” runs in Stage 2 analysis.  Low net 
recharge and head boundary conditions, high pumping, low L2-1 K, high L3A K, and low L3B-2 K. 
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FIGURE A-24: (RUN88 - RUN40) 10 

A.2.5.1.2 

10 Pressure head comparison between "without project" and “with project” runs in Stage 2 analysis.  Low net 
recharge and head boundary conditions, high pumping, low L2-1 K, low L3A K, and low L3B-2 K.  
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A.2.5.1.3 Maximum Distances of Groundwater Impacts 
Table A-7 summarizes the maximum distances observed in each Subreach for the eight worst case scenarios run separated by the head 
difference ranges. Groundwater impacts obtained from the model are provided in Tables A-8 through A-11 (corresponding to 
Reaches 1A through 1D) displaying the maximum distances for each of the following impact ranges: 0.1 ft, 0.5 ft, 1.0 ft and 2.0 ft. 
The numbers in red represent the maximum distance of the impact from the dike when measured near pumping wells. The blue 
number represents the maximum distance of the impact when evaluating the effects of the cutoff wall. 

TABLE A-8: APPROXIMATE MAXIMUM DISTANCES OF CUTOFF WALL IMPACT WHEN THE LOW NET 


RECHARGE AND HEAD BOUNDARY CONDITIONS WITH HIGH PUMPING WAS CONSIDERED  


Reach ID Maximum distance of cutoff wall impact, ft 
Head difference ≥ 0.1 ft Head difference ≥ 0.5 ft Head difference ≥ 1 ft Head difference ≥ 2 ft 

1A 
1B 
1C 
1D 
2 
3 

31,100 
4,300 

13,600 
21,500 
32,600 
16,000 

9,500 
0 

800 
100 

4,800 
50 

3,500 
0 
0 
0 

500 
0 

0 
0 
0 
0 
0 
0 
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TABLE A-9:  APPROXIMATE MINIMUM AND MAXIMUM DISTANCES (IN FT) FROM THE HHD TO VARIOUS 


HEAD DIFFERENTIAL VALUES IN REACH 1A  


ID* 
Pressure Head Comparison 

(w/ project - w/o project) 

0.1 ft ≤Head ≤0.5 ft 0.5 ft ≤Head ≤1.0 ft 1.0 ft ≤Head ≤2.0 ft Head ≥2.0 ft 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
1 Run81 - Run33 0 13700/10400 0 500 0 0 0 0 
2 Run82 - Run34 0 8700/6500 0 0 0 0 0 0 
3 Run83 - Run35 0 13700/12800 0 500 0 0 0 0 
4 Run84 - Run36 0 9500 0 50 0 0 0 0 
5 Run85 - Run37 1200 24500 0 13700/8400 0 2600 0 0 
6 
7 
8 

Run86 - Run38 
Run87 - Run39 
Run88 - Run40 

0 13500 
3200 31100 

0 15700 

0 8850/3100
0 13700/9500
0 9100 

0 

5700/700
 0 13700/3500

0 8500/200 

0 

0 

0 

13700/0 
0 0 

TABLE A-10:  APPROXIMATE MINIMUM AND MAXIMUM DISTANCES (IN FT) FROM THE HHD TO VARIOUS 


HEAD DIFFERENTIAL VALUES IN REACH 1B  


ID* 
Pressure Head Comparison 

(w/ project - w/o project) 

0.1 ft ≤Head ≤0.5 ft 0.5 ft ≤Head ≤1.0 ft 1.0 ft ≤Head ≤2.0 ft Head ≥2.0 ft 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
1 Run81 - Run33 0 300 0 0 0 0 0 0 
2 Run82 - Run34 0 0 0 0 0 0 0 0 
3 Run83 - Run35 0 0 0 0 0 0 0 0 
4 Run84 - Run36 0 0 0 0 0 0 0 0 
5 Run85 - Run37 1500 1600 0 0 0 0 0 0 
6 
7 
8 

Run86 - Run38 
Run87 - Run39 
Run88 - Run40 

0 100 
400 4300 

0 50 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
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Appendix A Groundwater Modeling 

Table A-11: Approximate minimum and maximum distances (in ft) from the HHD to various head differential values in Reach 1C  

ID* 
Pressure Head Comparison 

(w/ project - w/o project) 

0.1 ft ≤Head ≤0.5 ft 0.5 ft ≤Head ≤1.0 ft 1.0 ft ≤Head ≤2.0 ft Head ≥2.0 ft 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
1 Run81 - Run33 0 0 0 0 0 0 0 0 
2 Run82 - Run34 0 0 0 0 0 0 0 0 
3 Run83 - Run35 0 1000/0 0 0 0 0 0 0 
4 Run84 - Run36 0 0 0 0 0 0 0 0 
5 Run85 - Run37 1900 13300 0 1000/500 0 0 0 0 
6 
7 
8 

Run86 - Run38 
Run87 - Run39 
Run88 - Run40 

0 
700 

0 

1350 
13600 
1000 

0 
0 
0 

100 
1000/800
1000/100

0 

0 
0 

0 
1000/0

0 

0 

0 

0 

0 
1000/0 

0 

TABLE A-12:  APPROXIMATE MINIMUM AND MAXIMUM DISTANCES (IN FT) FROM THE HHD TO VARIOUS 


HEAD DIFFERENTIAL VALUES IN REACH 1D  


ID* 
Pressure Head Comparison 

(w/ project - w/o project) 

0.1 ft ≤Head ≤0.5 ft 0.5 ft ≤Head ≤1.0 ft 1.0 ft ≤Head ≤2.0 ft Head ≥2.0 ft 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
Distance 

Min 
Distance 

Max 
1 Run81 - Run33 0 0 0 0 0 0 0 0 
2 Run82 - Run34 0 0 0 0 0 0 0 0 
3 Run83 - Run35 0 0 0 0 0 0 0 0 
4 Run84 - Run36 0 0 0 0 0 0 0 0 
5 Run85 - Run37 0 15800 0 0 0 0 0 0 
6 
7 
8 

Run86 - Run38 
Run87 - Run39 
Run88 - Run40 

0 300 
0 21500 
0 1500 

0 0 
0 100 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
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Appendix B CZMP Evaluation 

B.0 FLORIDA COASTAL ZONE MANAGEMENT 
PROGRAM FEDERAL CONSISTENCY EVALUATION 

PROCEDURES 

HERBERT HOOVER DIKE MAJOR REHABILIATION 

REACH 1 


1. Chapter 161, Beach and Shore Preservation.  The intent of the coastal construction permit 
program established by this chapter is to regulate construction projects located seaward of the 
line of mean high water and which might have an effect on natural shoreline processes. 

Response: The proposed work project is not seaward of the mean high water line and would not 
affect shorelines or shoreline processes. 

2. Chapters 186 and 187, State and Regional Planning.  These chapters establish the State 
Comprehensive Plan which sets goals that articulate a strategic vision of the State's future. Its 
purpose is to define in a broad sense, goals, and policies that provide decision-makers directions 
for the future and provide long-range guidance for an orderly social, economic and physical 
growth. 

Response: The proposed work has been coordinated with the State without objection. 

3. Chapter 252, Disaster Preparation, Response and Mitigation.  This chapter creates a state 
emergency management agency, with the authority to provide for the common defense; to 
protect the public peace, health and safety; and to preserve the lives and property of the people of 
Florida. 

Response: The proposed project purpose is to strengthen and protect the existing lake levee 
system, thereby ensuring adequate flood control for residents of the region. No action may result 
in conditions which enhance the possibility of a project failure, resulting in an emergency 
situation and potentially causing significant damage to persons and property. Therefore, this 
work would be consistent with the efforts of Division of Emergency Management. 

4. Chapter 253, State Lands.  This chapter governs the management of submerged state lands 
and resources within state lands. This includes archeological and historical resources; water 
resources; fish and wildlife resources; beaches and dunes; submerged grass beds and other 
benthic communities;  swamps, marshes and other wetlands; mineral resources; unique natural 
features; submerged lands; spoil islands; and artificial reefs.   

Response: The proposed project is the least environmentally damaging to the aforementioned 
resources of all the action alternatives considered. The existing habitat within the project area is 
of marginal quality and has largely been developed for agriculture, urban and residential uses. 
Impacts to wetlands have been mitigated for in Reach 1.   
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5. Chapters 253, 259, 260, and 375, Land Acquisition.  This chapter authorizes the state to 
acquire land to protect environmentally sensitive areas. 
Response: At this time it is not known what lands may need to be purchased for completion of 
the proposed project. Initial indications are that most lands are already within the HHD levee 
right of way and are therefore in Federal ownership.  Any lands that will need to be acquired will 
be covered under a future EIS when details for those plans are available. 

6. Chapter 258, State Parks and Aquatic Preserves.  This chapter authorizes the state to manage 
state parks and preserves. Consistency with this statute would include consideration of projects 
that would directly or indirectly adversely impact park property, natural resources, park 
programs, management or operations. 

Response: The proposed work may affect Pahokee State Park resources due to construction 
access (Section 5, pg FEIS-57, dated July 2005). Municipal and county parks may be temporarily 
affected, however these areas would be returned to their pre-construction condition following 
completion of the project. Portions of the LOST may be impacted or removed from the dike 
levee. Impacts will be avoided and minimized to the extent practicable throughout construction 
activities.  The Corps will prepare a letter report requesting Section 111 authorization by the 
Chief of Engineer’s to repair damages to the LOST caused by project implementation. 

7. Chapter 267, Historic Preservation.  This chapter establishes the procedures for implementing 
the Florida Historic Resources Act responsibilities. 

Response: The proposed action has been coordinated with the Florida State Historic 
Preservation Officer in accordance with the National Historic Preservation Act and the 
Archeology and Historic Preservation Act.  Consultation with the State Historic Preservation 
Officer (SHPO) was initiated August 20, 1999. In a response dated August 7, 2005, the SHPO 
concurred with the Corps’ no adverse effect determination on Reach 1.  The project will not have 
an adverse affect on any historic properties included in or potentially eligible for inclusion in the 
National Register of Historic places. Conditions to protect undiscovered resources will be 
implemented as follows:  Language will be included in construction contract specifications 
outlining the steps to be taken in the event that undiscovered historical properties are 
encountered. An informational training session, developed by a professional archaeologist, will 
be conducted for the contractor’s personnel to explain what kinds of archaeological/cultural 
materials might be encountered during construction of the impoundment, and the steps to be 
taken in the event these materials are encountered. A professional archaeologist will conduct 
periodic monitoring of the project area during construction to determine if activities are 
impacting unanticipated cultural resources. The proposed action is consistent with these Acts. 
Historic preservation compliance will be completed to meet all responsibilities under Chapter 
267. 

8. Chapter 288, Economic Development and Tourism.  This chapter directs the state to provide 
guidance and promotion of beneficial development through encouraging economic 
diversification and promoting tourism. 
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Response: Contribution from the study area to the State's tourism economy would not be 
compromised by project implementation. Temporary, short-term impacts may be realized during 
construction due to effects to municipal and county parks and bank fishing areas. These effects 
are not expected to be significant. The project would be compatible with tourism for this area 
and could potentially contribute to overall growth and development of the area therefore, would 
be consistent with the goals of this chapter. 

9. Chapters 334 and 339, Transportation. This chapter authorizes the planning and development 
of a safe balanced and efficient transportation system.   

Response: The proposed project would not impact the existing public transportation system of 
the area and therefore, would be consistent with the goals of this chapter. 

10. Chapter 370, Saltwater Living Resources. This chapter directs the state to preserve, manage 
and protect the marine, crustacean, shell and anadromous fishery resources in state waters; to 
protect and enhance the marine and estuarine environment; to regulate fishermen and vessels of 
the state engaged in the taking of such resources within or without state waters; to issue licenses 
for the taking and processing products of fisheries; to secure and maintain statistical records of 
the catch of each such species; and, to conduct scientific, economic, and other studies and 
research. 

Response: The proposed HHD Major Rehabilitation project is located completely inland and 
would have no affect on saltwater resources either directly or indirectly through discharge 
downstream. The proposed project is therefore not applicable to chapter 370. 

11. Chapter 372, Living Land and Freshwater Resources.  This chapter establishes the Game and 
Freshwater Fish Commission and directs it to manage freshwater aquatic life and wild animal life 
and their habitat to perpetuate a diversity of species with densities and distributions which 
provide sustained ecological, recreational, scientific, educational, aesthetic, and economic 
benefits. 

Response: The proposed project has been coordinated with the Florida Game and Fresh Water 
Fish Commission (GFC) without objection. In a letter dated November 12, 1998, the GFC 
concurred with findings and recommendations of the U.S. Fish and Wildlife Service for fish and 
wildlife protection as outlined in the Final CAR (see Final EIS, HHD Major Rehabilitation 
Report, Martin and Palm Beach Counties, Annex A, dated July 2005). The Corps has agreed to 
comply with these recommendations as outlined in Section 5.00 of the above listed EIS. 
Therefore, the work would comply with the goals of this chapter. 

12. Chapter 373, Water Resources.  This chapter provides the authority to regulate the 
withdrawal, diversion, storage, and consumption of water. 

Response: The proposed project does not involve the transportation or discharge of pollutants. 
Environmental protection measures will be enforced during construction to avoid inadvertent 
spills or other sources of pollution. 
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13. Chapter 376, Pollutant Spill Prevention and Control.  This chapter regulates the transfer, 
storage, and transportation of pollutants and the cleanup of pollutant discharges. 

Response: This work does not involve the transportation or discharging of pollutants. Conditions 
will be placed in the contract to handle any inadvertent spill of pollutants. Therefore, the project 
would comply with this Act. 

14. Chapter 377, Oil and Gas Exploration and Production.  This chapter authorizes the 
regulation of all phases of exploration, drilling, and production of oil, gas, and other petroleum 
products. 

Response: This work does not involve the exploration, drilling or production of gas, oil or 
petroleum product and therefore does not apply. 

15. Chapter 380, Environmental Land and Water Management.  This chapter establishes criteria 
and procedures to assure that local land development decisions consider the regional impact 
nature of proposed large-scale development.  This chapter also deals with the Area of Critical 
State Concern program and the Coastal Infrastructure Policy. 

Response: The work does not involve land development as described by this chapter; therefore, 
this chapter is not applicable. 

16. 388 (Mosquito/Arthropod Control). Chapter 388 provides for a comprehensive approach for 
abatement or suppression of mosquitoes and other pest arthropods within the state. 

Response: The work would not further the propagation of mosquitoes or other pest arthropods. 

17. Chapter 403, Environmental Control.  This chapter authorizes the regulation of pollution of 
the air and waters of the state by the Florida Department of Environmental Protection. 

Response: A Draft Environmental Assessment has been prepared and will be reviewed by the 
appropriate resource agencies including the Department of Environmental Protection. 

18. Chapter 582, Soil and Water Conservation. This chapter establishes policy for the 
conservation of the state soil and water through the Department of Agriculture.  Land use 
policies will be evaluated in terms of their tendency to cause or contribute to soil erosion or to 
conserve, develop, and utilize soil and water resources both onsite or in adjoining properties 
affected by the project.  Particular attention will be given to projects on or near agricultural 
lands. 

Response: Project implementation will include appropriate erosion control plans and measures 
to ensure compliance.  
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ANNEX A 

COORDINATION WITH U.S. FISH AND WILDLIFE SERVICES
 

FISH AND WILDLIFE COORDINATION ACT 


Coordination 
Date Information Coordinated Coordination Determination 

January 3, 2008 
USFWS letter 

The EA and Proposed Finding of No 
Significant Impact covering the Reach 
1 Cutoff Wall. 

No additional impacts on 
wetlands are anticipated.  Bald 
eagle nests were located at the 
quarry in Reach 1D; at this point 
we recommend adhering to the 
Guidelines to avoid take of bald 
eagles. 

May 2, 2007 
The EA covering Reach 1 Seepage 
Berm within the right-of-way and 
Reach 1A Cutoff Wall. 

Wetlands being filled along the 
toe ditch have been mitigated for 
on and off-site. No other long 
term adverse impacts of the 
project are anticipated. 

January 16, 2007 The Reach 2&3 EIS for seepage berm 
and cutoff wall. 

Resource issues are the same as 
Reach 1 and have been addressed 
in the Final CAR, dated 
December 2001.  Only remaining 
issue is to identify additional 
wetland mitigation sites to fully 
compensate for toe ditch 
backfilling in Reaches 2&3. 

November 24, 
2006 

The Reach 1 EA for Priority Toe Ditch 
Backfill, dated Jan 2007.  Suspended 
construction cutoff wall and bench. 
Toe ditch backfill repairs in Reach 1 to 
stabilize the outer toe and prevent 
further deterioration. 

Proposed modifications are 
similar to those proposed in 1999 
EIS; mitigation was carried out 
for toe ditch backfill therefore no 
additional mitigation is required.  
Commitments for threatened, 
endangered and state listed 
species are still in effect. 

April 18, 2005 
USFWS letter  

The Supplemental Draft EIS, with the 
review of the new alternative, that was 
also in the 30% design. 

Same as previous letter. Impacts 
minimized; no mitigation needed 
at this time. Threatened and 
Endangered species issues have 
been addressed with 
commitments.  



March 8, 2004 
USFWS 
Supplement to 
FCAR 

Review of 30% document that 
eliminates construction in the toe ditch 
and confines project to the existing 
HHD footprint 

Reduces impacts previously 
addressed in the Dec. 20, 2001 
FCAR & March 4, 2003 
Supplemental FCAR. No 
significant impacts expected 
except temporary dewatering of 
toe ditch. 

February 23, 2004 
USACE letter  

New 30% design, additional reduction 
in impacts,  and information on 
recommended alternative  

Wetland impacts have been 
eliminated with the exception of 
temporary impacts associated 
with construction. 

October 28, 2003 
USFWS letter  

Letter documenting review of VE 
report that modified recommended 
plan in Sub-reach 1A to reduce 
impacts  

Request 30% Designs to review 
prior to submitting a supplement 
to FCAR 

June 27, 2003 
USACE letter  

VE report recommendations on Sub-
reach 1A only, not entire Reach  

Sub-reach 1A design changes 
from the original MRER 
recommendation, eliminating 
impacts in this sub-reach that has 
higher quality wetlands 



March 4, 2003 
USFWS 
Supplemental 
CAR 

Review of VE report and 
modifications to recommended plan 
design 

Reduces impacts on wetlands; No 
mitigation required. Reminder of 
commitments to complete bald 
eagle and eastern indigo snake 
measures  

January 14, 2003 
USACE letter  Results of the VE study. Request for review 

December 20, 
2001 USFWS 
Final CAR 

Review of draft EIS and impacts 
associated with alternatives  

While filling and excavation of 
wetlands on landward side of 
HHD are of lesser concern, 
impacts to habitat are significant 
enough to require mitigation; 
Concerned with any construction 
that would be proposed on 
waterward side of HHD and 
effects to Lake; Concerned with 
construction impacts to burrowing 
owls, bald eagles, and eastern 
indigo snake. Measures should be 
implemented. 

March 21, 2001 
USFWS letter  Compensatory wetland mitigation plan 

Supports the mitigation proposed 
and suggests mitigation credit for 
future Reaches of HHD could be 
banked 



March 8, 2001 
USACE letter  Proposal for wetland habitat loss 

Agree functional value of habitat 
loss should be mitigated. Plan to 
supplement an existing exotic 
plant removal program by re-
planting the mitigation area with 
native trees. Request for 
concurrence 

October 30, 2000 The Corps cannot support the The Corps will support exotic 
USACE letter  mitigation plan outlined by USFWS, 

but proposes strategy for wetland 
compensation  

plant removal program and 
investigate enhancement 
opportunities of existing wetland 
functions. 

February 11, 2000 
USFWS 
Supplement draft 
CAR 

Results of wetland function 
assessment and mitigation plan 
proposal 

Approximately 35 acres of 
wetland habitat will be impacted 
by recommended alternative. 
Mitigation required. Proposed 
sites and compensation measures 
listed. Results of WRAP  

June 9, 1999 
USFWS Section 7 
determination  

Determination of effects to threatened 
and endangered species in project area 

Concur with USACE 
determination of not likely to 
adversely effect, provided 
recommendations for the bald 
eagle and eastern indigo snake are 
implemented  



Alternatives 2 and 3 are 

October 30, 1998 
USFWS draft 
CAR 

Draft Environmental Impact Statement 

acceptable, provided mitigation 
for wetlands is provided; exotic 
vegetation is removed; 
Construction avoids active bald 
eagle nest, protection measures 
for eastern indigo snake are 
followed, and impacts to 
burrowing owls are minimized  



From: Robert_Pace@fws.gov [mailto:Robert_Pace@fws.gov] 
Sent: Thursday, January 03, 2008 9:32 AM 
To: Allen, Nancy P SAJ; Wolff, Mark E SAJ; HHDEnvironment, SAJ 
Cc: Pam_Repp@fws.gov; Agustin_Valido@fws.gov 
Subject: 

Nancy, 

Here are our comments on the EA/FONSI. Thanks for all your continued cooperation on 
this. 

Bob 

(See attached file: HHD eagles.doc) 

Robert Pace 
U.S. Fish and Wildlife Service 
1339 20th Street 
Vero Beach, FL 32960 
Tel: 772-562-3909, ext. 239 

mailto:Robert_Pace@fws.gov


 

This responds to your request for comments on the Environmental 
Assessment (EA) and Proposed Finding of No Significant Impact for the 
Herbert Hoover Dike Major Rehabilitation, Martin and Palm Beach 
Counties, Florida. The Service has commented on several previous 
environmental documents prepared by the Corps and has completed 
review under both the Fish and Wildlife Coordination Act and the 
Endangered Species Act. We consider the subject EA as a supplement to 
our previous coordination on this project under both of these authorities.   

The work outlined in this EA does not substantially change the impacts on 
fish and wildlife resources, including threatened and endangered species, 
relative to our previous reports and letters.  The revised work plan will be 
confined to the same area that was assessed before.  No additional 
impacts on wetlands are anticipated; we have already participated in a 
team with the Corps, the Environmental Protection Agency, and the 
Florida Department of Environmental Protection to evaluate the wetland 
impacts and concur with the proposed mitigation plan.  Your informal 
consultation under the Endangered Species Act included provisions to 
avoid adversely affecting two bald eagle (Haliaeetus leucocephalus) nests. 
We note that your EA recognizes that the eagle was officially removed 
from the list of threatened and endangered species.  However, you 
continue your commitment to follow the previous agreements to avoid 
impacts on the nests.  Figure 1 and Figure 2 show the general location of 
two nests, although the points may not be located precisely at the nest tree.  
As part of the protective measures, the Corps will conduct surveys to 
locate the nest trees ahead of construction and will avoid construction 
close to the nests during the nesting season.  

On June 28, 2007, the Service announced the removal of the bald eagle 
from the list of threatened and endangered species under the Endangered 
Species Act (ESA). On August 9, 2007, the bald eagle was officially 
delisted.  After the official delisting, the permitting of incidental take 
under the ESA is no longer necessary.  However, the bald eagle is still 
protected by the Bald and Golden Eagle Protection Act (Eagle Act) and 
the Migratory Bird Treaty Act (MBTA).  Both the Eagle Act and MBTA 
protect the species from a variety of harmful actions and impacts.  The 
Service has proposed a similar permit structure under the Eagle Act to the 
permit structure that existed under the Endangered Species Act.  The 
permit structure is not yet in place and the Service is still reviewing the 
proposal. Any final regulation the Service promulgates would ensure that 
permitted take of eagles is compatible with the preservation of bald and 
golden eagles. Under a managed take permit system, requests for bald 
eagle take will likely be evaluated based upon regional bald eagle 
populations. 



The Service has developed the Bald Eagle National Management 
Guidelines (Guidelines) http://www.fws.gov/ 
northflorida/BaldEagles/bald-eagles.htm to provide recommendations to 
avoid adversely affecting the bald eagle, especially during the nesting 
season. The Guidelines advise when and under what circumstances the 
protective provisions of the Eagle Act may apply to their activities.  The 
Service strongly encourages land owners, land managers, project 
proponents and those who share public and private lands with bald eagles 
to adhere to Guidelines in order to avoid disturbing bald eagles and ensure 
continued viability of eagle populations. While the Eagle Act has no 
provision for allowing take of bald eagles without a permit, the Service 
realizes that there may be impacts to some birds even if all reasonable 
measures are taken to avoid such impacts. The Service’s Office of Law 
Enforcement carries out its mission to protect eagles through 
investigations and enforcement, as well as by fostering relationships with 
individuals, companies, and industries that have taken effective steps to 
minimize their impacts on eagles, and by encouraging others to enact such 
programs. Until a permit program is adopted, it is not possible to 
completely absolve individuals, companies, or agencies from liability even 
if they follow the Guidelines. However, the Office of Law Enforcement 
focuses its resources on investigating and prosecuting individuals and 
companies that may take eagles and nests without regard for their actions 
or without implementing the measures in the guidelines. 

In summary, at this point we recommend to adhere to the Guidelines to 
avoid take of bald eagles. If adhering to the Guidelines is not feasible, and 
the proposed activity is likely to cause take of bald eagles, project 
proponents will need to wait until a permit mechanism under the Eagle 
Act is established, whereby a take statement/permit may be issued by the 
Service. 

More specifically for the eagle nest designated as PB014, we recommend 
that the trees along the edge of the borrow pit be marked in advance of 
construction,  instructing the contractors to modify construction 
techniques to leave as many of these trees standing as possible (Figure 2). 

http://www.fws.gov/


Figure 1 General location of  bald eagle nest PB003 along Herbert Hoover Dike 



Figure 2 General location of bald eagle nest PB014 along Herbert Hoover Dike.  Trees between base 
of the dike and the borrow pit will be left in place, to the extent practicable. 





















































From: Allen, Nancy P SAJ
Sent: Thursday, January 03, 2008 3:57 PM
To: Ho, Tien SAJ Contractor
Subject: FW: Comments on EA for Cutoff Wall for HH Dike 

Please add to documentum 

Nancy Allen
Biologist
Planning Division
Environmental Branch 
701 San Marco Boulevard 
Jacksonville, FL 32232-0019
904-232-3206 
nancy.p.allen@usace.army.mil 

-----Original Message-----
From: Robin_Burgess@fpl.com [mailto:Robin_Burgess@fpl.com]
Sent: Thursday, January 03, 2008 3:55 PM
To: HHDEnvironment, SAJ
Cc: Florette_Braun@fpl.com
Subject: Comments on EA for Cutoff Wall for HH Dike 

Nancy, 

Thank you for the opportunity to comment on the Draft Environmental Assessment
and Proposed Finding of No Significant Impact for the Reach 1 Cutoff Wall for
the Herbert Hoover Dike Major Rehabilitation project. 

Florida Power & Light (FPL) staff have reviewed the EA and FONSI and have no
concerns at this time with the proposed federal action. 

However, FPL would like to be kept informed and involved in this effort. There
are FPL facilities in close proximity to the project area. FPL would like to be
consulted regarding construction techniques and maximum height of construction
equipment proposed for use close to FPL facilities, due to potential clearance
and safety concerns. 

Thank you
Robin Burgess 

Environmental Services 
Florida Power & Light
700 Universe Blvd. 
Juno Beach FL 33408 

robin_burgess@fpl.com 















From: Allen, Nancy P SAJ
Sent: Friday, January 04, 2008 4:08 PM
To: Ho, Tien SAJ Contractor; Dunn, Angela E SAJ
Subject: FW: Comments on December 2007 Report/Comments from Mr.
Harrington 

Nancy Allen
Biologist
Planning Division
Environmental Branch 
701 San Marco Boulevard 
Jacksonville, FL 32232-0019
904-232-3206 
nancy.p.allen@usace.army.mil 

-----Original Message-----
From: Roswell Harrington [mailto:roswell_harrington@yahoo.com]
Sent: Friday, January 04, 2008 4:04 PM
To: HHDEnvironment, SAJ; Riedle, Walter SAJ
Subject: Comments on December 2007 Report 

To Whom It May Concern 

Re: HHD Environmental Assessment of December, 2007 

From: Roswell Harrington
PO Box 127 

Canal Point, Fl. 33438-0127
Phone # 561-914-1061 
e-mail: roswell_harrington@yahoo.com 

I regret that I have taken so long in responding but I try to verify my

information before I say anything. 


I will us the same format for each of the corrections or questions. Page number,

Section and paragraph and then the points I am raising. 


Page xiv first Para

There is no similarity between New Orleans and the Lake Area. 


Page 2-2 Section 2.1.2

I strongly object to this whole paragraph. There is no similarity between our

Dike and the levees in and around New Orleans except for the fact they are water

control structures. The geography, the hydrology, everything is totally

different. In fact the current levee has dealt with at least on two previous

occasions storms that exceeded Katrina's winds and rain. 


Page 3-1 Section 3.1 Line 8 Sentence beginning The water table Dale Erickson and

I both obtain our water from the seepage from under the Dike. The elevation of

our farms is usually significantly higher than the water in the ditches. In fact

we both had control structures installed to hold that water on our lands. 


Page 3-3 Section 3.4

I will be glad to show anyone example of the Florida Tree snails. 




Page 3-4 Table 3-1 

Why no census data on South Bay or Canal Point? 


Page 3-7 Section 3.11 Paragraph 2.

The Atlantic Sugar Association plant is not near Belle Glade, it was ( it has

been torn down) about 30 miles east of Canal Point on state Road 880. The 

current mills in operation are: Osceola Sugar, east of Canal Point, Sugar Cane

Growers Co-op in Belle Glade, Okeelanta Sugar about 10 miles south of South Bay

and USSC south of Clewiston. 


Page 6-15 and 6-16 RH 3 


I wish you had noted who you talked with. I talked with Dale Ericson (grows

mangoes, avocados, curry, tamarind, lychees , pond apples, carambola, oriental

vegetables, spices and herbs) and he stated that variety of crops, farming

practices and soil is totally different from any other. His family has been

farming this land since 1911. 


I talked to Buddy Stien. His family has been farming in Belle Glade and on the

islands since the 1920's. 

His family farms vegetables and sugar cane. He repeated to me what Mr.. Erickson

said. 


I talked to Arthur Kirstein IV, Coordinator, Office of Agricultural Economic

Development, Palm Beach County Extension. He is quite knowledgeable of the

entire scope of fruits, vegetables, sugar cane and other products grown around

the Lake. Mr. Kirstein sated that the Lake Area has some of the most unique

soils and farming practices in the United States. In fact special tools had to

be developed to farm the land. One of the oldest and first was the 'muck shoes'

the horses had to wear to pull the plows and planters.

An example of another piece of equipment is the 'mole drain' which was developed

specifically to allow the soils to drain and to irrigate the soil. It is still

in use today. 


Mr. Kirstein also stated that ' Nobody in the State has the variety of crops

that the Lake Area has'. 


I also talked to a geologist in the SCS who had over 20 years experience in the

area and with the muck soils. 

He reminded me that several of the muck soils are unique to the area and are

only found here. Examples are the Torry Island series and the Pahokee series. 


Lastly, my father came in here in 1928 and started farming in 1929. He pioneered

a lot of the land in Reach B. He was friends with Dr. Fairchild, of Fairchild

Tropical Gardens, (as was Dale Ericson's father, Floyd Erickson,) as well as

Marvin Mounts, Sr.

We commercially farmed and grew: Field corn, sweet corn, eggplant, bell pepper,

onions , sunflowers, lima beans, sweet peas, green beans, broccoli,

cauliflower, black-eye peas, acorn squash, among others. He pioneered some of

these crops in the area and was frequently consulted by farmers, IFAS and the

USDA regarding how to grow in the Glades. 


I disagree in whole with your statement and contentions. Check my sources. 


Page A-22 Figure A-13 




________________________________________________________________________________ 
____ 

I note the disparity of ground water pumping locations noted in Reaches A & D
and Reaches B & C. There is considerable differences in the geology in the
reaches 

Sincerely Yours, 

Roswell Harrington 

Looking for last minute shopping deals?

Find them fast with Yahoo! Search. 

http://tools.search.yahoo.com/newsearch/category.php?category=shopping 
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Appendix D  HTRW Survey 

D.0 PRELIMINARY HTRW SURVEY OF POTENTIAL 
PROJECT LANDS WITHIN 500 FT OF THE REACH 1 HHD 

LEVEE ALIGNMENT 

D.1 INTRODUCTION 

A desktop database and windshield survey of hazardous, toxicological, radioactive waste 
(HTRW) sites was conducted along Reach 1 of the Herbert Hoover Dike in December of 2007. 
Reach 1 extends from Port Mayaca in the Northeast side of Lake Okeechobee to the S-351 in 
Belle Glades.  The purpose of the survey was to preliminarily identify potential contamination 
sites within 500 ft of the HHD levee alignment.   Given the size of the survey area and the fact 
that the final footprint of lands to be acquired has not been determined the information presented 
here is preliminary and must be followed up with parcel specific environmental audits to define 
the degree of contamination and to estimate the cost of remediation. 

D.2 METHODOLOGY 

The HTRW survey was conducted using aerial imagery provided by Google and a contaminated 
site and petroleum storage site database compiled by the Florida Department of Environmental 
Protection. Figures 1 through 6, generated using Google Map, show aerial images of the project 
area.  These figures provide some indication of the land uses within the survey area.  Figures 7 
through 11 are GIS generated maps that indicate the locations of known HTRW / petroleum 
storage and/or contamination sites. Figure 12 shows the map legend associated with Figures 7 
through 11. A windshield survey was conducted in December of 2007 to field verify the 
findings of the desktop survey. 

D.3 SURVEY FINDINGS 

D.3.1 Port Mayaca to Structure C-14 

This section of Reach 1 is shown in Figure 1. Figure 7 shows the known HTRW and petroleum 
storage sites in the area.  The present and past land use of the northern most portion of Reach 1 is 
agricultural. The 500 ft survey width includes Highway 98/441 and a railroad alignment from 
the portion from C-16 to C-14.  Between Port Mayaca and the C-16 structure, and there are 
approximately 12 residential house structures located on the east side of the highway.  Some of 
these houses are within the 500 ft survey width and the properties appear to be associated with 
farming operations.  Though none of these properties appear on the DEP list of petroleum 
storage sites or contamination sites, it is possible that normal small amounts of household 
petroleum or pesticide contamination is present on the property.  At the very minimum, each of 
the houses has a septic tank and drain field. The railroad alignment presents some potential 
contamination issues associated with PAH contaminated creosote preserved rail ties as well as 
with soils immediately affected in the proximity of the ties.  These ties would likely have to be 
disposed of in a lined landfill per current Florida regulations. 
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D.3.2 Structure C-14 to North of Canal Point 

This portion of Reach 1 is shown in Figure 2. Figure 7 shows the known HTRW and petroleum 
storage sites in the area.  This section of Reach 1 includes two residential structures that are 
located between the HHD Levee and the railroad alignment.  There are no registered petroleum 
storage sites or leaking underground storage tanks in this portion of Reach 1.  There are two 
residential structures located between the railroad alignment and the levee.  These structures 
likely have septic tanks and drainage fields though other than normal household waste no other 
potential contamination is likely.  Just north of Canal Point, there are two large agricultural 
operations with buildings that may be within the 500 ft survey width.  In addition to septic tanks 
these buildings may likely also have residual pesticide and petroleum storage contamination. 

D.3.3 Canal Point to North Pahokee 

Figures 3 shows the area between Canal Point and North Pahokee.  This area is characterized by 
residential and small business land uses.   Figure 8 shows the known HTRW and petroleum 
storage sites in the area. There is at least one active underground petroleum storage tank located 
at a convenience store just south of the center of Canal Point.  In the area south of Canal Point, 
there is a junk yard and a trailer park.  Given the apparent age of the junk yard, it is likely that 
there is some soil and groundwater petroleum contamination associated with the storage of 
broken vehicles in this area.  The railroad grade is adjacent to the levee alignment in this area 
until just south of the Canal Point trailer park where it curves southeast away from the levee.  In 
this area south of the trailer park, there appears to be a railroad siding where unused rail cars 
appear to have been parked for some time.   There are several automobile car repair and/or 
mechanical repair shops that lie close to the 500 ft width.  These properties pose a potential soil 
petroleum contamination problem with a limited potential for groundwater contamination.  In the 
Canal Point area, there are two small commercial properties abutting the levee alignment that 
appear to have been used in the past as produce packing operations.  The contamination potential 
of these types of property uses is limited.   Between Canal Point and north Pahokee, there are 
more than 10 houses that lie between the highway and the HHD levee alignment.  These appear 
to be mostly residential properties which pose limited environmental contamination potential as 
discussed above with the exception of the septic systems.    

D.3.4 Pahokee to Belle Glades Airport 

Figures 4 shows an aerial image of the Pahokee to airport section of the HHD levee alignment. 
Figure 9 shows the known HTRW and petroleum storage sites in this area. In this area, a review 
of the DEP records indicates that there are as many as 10 leaking underground storage tank 
(LUST) sites near Pahokee. Though many of these LUST sites appear to be located near the 
HHD levee, it is unclear how many of them are within 500 ft of the levee. Along this stretch of 
the levee alignment, there are at least 30 houses that lie between the highway and the levee. 
These houses pose a limited potential for environmental contamination as discussed above; 
however, individual surveys would have to be conducted to confirm this preliminary assessment 
determination.  North of the Belle Glades airport there is one LUST site as well as an active 
petroleum storage tank at the airport; however, this tank is likely located outside of the 500 ft 
survey distance. 
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D.3.5 Belle Glades Airport to Pelican Bay 

Figures 5 shows an aerial image of the HHD levee from the Belle Glades Airport to Pelican Bay.  
Figure 10 shows the known HTRW sites in the area.  The land use east of the levee alignment 
for this stretch of Reach 1 is agricultural with most of the land being used to cultivate sugar cane.  
Adjacent to the southern end of Pelican Bay, there is a sand / rock quarry borrow pit that was 
excavated in the 1960s apparently by the County or State to obtain road base materials.  The 
Corps conducted a Phase I/II environmental audit of this quarry in the Spring of 2007.  Testing 
of the water in the quarry and of the sediments at the bottom of the quarry pit was done.  Though 
testing did indicate the presence of fecal and total coliform in the quarry water, these results were 
not in excess of state surface water quality criteria.  The coliform may be present in the quarry 
as a result of septic discharges from the nearby trailer park; however, the coliform count in the 
quarry water is very similar to levels measured in Lake Okeechobee.  The testing of the bottom 
sediments indicated that these sediments were not contaminated.  A diving survey was conducted 
as part of this environmental audit to determine if trash or junk automobiles were dumped into 
the quarry. This diving survey did not detect the presence of solid wastes in the bottom of the 
quarry.  The trailer park adjacent to the quarry likely poses some limited contamination potential 
associated with septic tanks and drain fields in close proximity to each other. 

D.3.6 Pelican Bay to S-351 Structure 

Figures 6 shows an aerial image of the portion of the HHD levee from Pelican Bay to the S-351 
Structure which is the southern terminus of Reach 1.   Figure 11 shows the known HTRW and 
petroleum storage sites in the area.  Within this portion of Reach 1, most of the adjacent land use 
is agriculture with sugar cane cultivation the predominant crop.  There is limited or little 
potential contamination within 500 ft of the levee alignment in this portion of Reach 1.   

D.4 SUMMARY 

With the exception of those portions of the HHD levee in the vicinity of Okeechobee City, the 
Reach 1 portion of the levee has the greatest potential for the presence of environmental 
contamination due to the its proximity to commercial/industrial and rural residential land uses. 
The two most apparent and widespread environmental contamination problems are the presence 
of a large number of creosote preserved railroad ties and approximately 30 to 50 septic systems 
within 500 ft of the levee alignment.  The creosote preservative applied to the railroad ties 
contains polyaromatic hydrocarbon (PAH) compounds that are known carcinogens.  Florida 
environmental regulations currently allow these ties to be disposed of in lined landfills.  Soils 
beneath the railroad alignment may also be contaminated with PAHs.  The septic tanks located 
on parcels acquired and included in the HHD rehabilitation project footprint would have to be 
decommissioned by pumping them empty, removing the tanks, or filling them with clean sands. 
The drainage fields would not have to be removed as part of the environmental clean up but 
might be removed for geotechnical reasons.  In the towns of Canal Point and Pahokee there are 
as many as 10 LUST sites within 500 ft of the levee alignment.  The status of these sites is 
unknown. Also, there are several small commercial/industrial parcels (junk yard, packing plants, 
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water treatment plant, police station/fire house) that are likely to have limited HTRW 
contamination problems.   

As access to many of the residences and businesses was limited in this study more site specific 
Phase 1 audits may be necessary for commercial properties immediately in the impact area.  As 
of December 2007, the width of the extended levee toe is not known with certainty.  Once the 
final toe berm design has been established, more detailed Phase II environmental audits of the 
problem areas detailed above can be performed on those suspect parcels within the project 
footprint. The cost of these audits can be shared by the Corps and the project co-sponsor. 
However, in accordance with Corps of Engineers Civil Works policy, the cost of remediating 
civil works project lands is solely the responsibility of the local project co-sponsor.    
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FIGURE D-1: PORT MAYACA TO STRUCTURE C-14
 

FIGURE D-2: STRUCTURE C-14 TO NORTH OF CANAL POINT
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FIGURE D-3: CANAL POINT TO NORTH PAHOKEE 


FIGURE D-4: PAHOKEE TO BELLE GLADES AIRPORT 
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FIGURE D-5: BELLE GLADE AIRPORT TO PELICAN BAY 


FIGURE D-6: SOUTH PELICAN BAY TO S-351 IN BELLE GLADE 
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FIGURE D-7: LOCATION OF KNOWN HTRW SITES (PORT MAYACA TO
 
PAHOKEE) 

FIGURE D-8: LOCATION OF KNOWN HTRW SITES (PAHOKEE TO BELLE 

GLADES AIRPORT) 
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FIGURE D-9: LOCATION OF KNOWN HTRW SITES (BELLE GLADES AIRPORT 

TO NORTH PELICAN BAY) 


FIGURE D-10: LOCATIONS OF KNOWN HTRW SITES (PELICAN BAY) 
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FIGURE D-11: LOCATIONS OF KNOWN HTRW SITES (VICINITY OF S-351 

STRUCTURE) 


FIGURE D-12: LEGEND FOR HTRW LOCATION MAPS 
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