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Figure L2.2.3-1 
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Figure L2.2.3-2 
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Figure L2.2.3-3 EFDC Model Grid  
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Instead, an equivalent channel approach was used to represent the existing 
canals and Blind River in the model. 
The transformation of the existing canals and the Blind River into the equivalent 
channel is illustrated on Figure L2.2.3-4.  

Dx Dx

Burm Burm
wetland wetland

hw

shallower and wider channel
Wn hn

Deeper and narrower channel

 

Figure L2.2.3-4 Schematic of the Existing Canals/Blind River and Equivalent 
Channel 

 
For the equivalent channel, the flow conveyance capacity should match the 
capacity of the narrower but deeper channel when the channel water level is at 
the wetland elevation, that is, 
Qn=Qw           (1) 
where Qn = the flow in the narrower channel (cfs); 
Qw = the flow in the wider channel (cfs); and  
Subscript n stands for the narrower channel and w stands for the wider channel. 
To calculate channel flow, the Manning Equation was used:  
 Q=VA= K/n * (A/P)2/3 * S  1/2 * A       (2) 
where  k = 1.49; 
  A = flow cross-sectional area (ft2); 
  P = wetted perimeter (ft); 
  S = bottom slope (ft/ft); and 
  n = Manning roughness coefficient. 
Combining Equations (1) and (2) gives: 
K/nn*(An/Pn) 2/3 *Sn 1/2 *An = K/nw * (Aw/Pw) 2/3 * Sw 1/2 * Aw    (3) 
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Let the equivalent flow cross-sectional area be the same as the existing channel, 
that is 
 Wn*hn = Dx*hw         (4) 
where  Wn = canal or Blind River width (ft); 
  hn = depth relative to the adjacent wetland cell (ft); 
  Dx = model cell width, that is 653.70 ft; and 
  hw = equivalent channel depth (ft). 
Rearranging Equation (4) yields 
 hw =Wn*hn/Dx         (5) 
Combining Equation (3) and (4) results in 
 nw = nn * (Wn+2hn) 2/3/(Dx+2hw) 2/3      (6) 
Equations (5) and (6) were used to calculate the channel bottom elevation relative 
to the adjacent wetland cell and roughness, respectively, for the new wider and 
shallower channel. 

Thus, the equivalent channel approach yields the same flow conveyance capacity 
and velocity in the equivalent channel wetland cells as in the existing 
canals/Blind River. However, one drawback of this approach is that simulated 
sediment deposition in the equivalent channel wetland cells will exceed expected 
sedimentation in the existing canals and Blind River because the equivalent 
settling depth is less than the actual channel or river depth.  

Hydraulic flow barriers were used to represent the berms along the existing 
canals. Flow control structures represented with the head difference flow rating 
tables, which were derived from the HRC-RAS model simulation results, were 
used for various sizes of the existing berm gaps and proposed berm gaps in the 
following model simulations. 

L2.2.4 Engineering Calculations 
L2.2.4.1 Purpose 
A set of standard engineering equations for runoff estimation and water balance 
in a networked system was developed for three purposes: 

 Because of a lack of hydrologic data throughout the swamp and Blind River 
system, the HEC-HMS and HEC-RAS models could not be truly calibrated to 
historical data. They were programmed with the best available information 
and parameterized with professional judgment and knowledge of the 
hydrologic flashiness of contributing watersheds and tendencies toward 
stagnation within the swamp areas. In lieu of direct calibration of the HEC 
models, the engineering equations were used as a supplemental way of cross 
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checking of the HEC models by reproducing similar trends for runoff and 
water level dynamics using independent techniques and reasonable 
parameterization. 

 Because the dynamic HEC-RAS model represents a complex, highly-linked 
network of canals and storage areas, each 1-year model run takes a very long 
time to execute. The HEC-RAS analysis focused on the year 2003, which 
represents average hydrologic conditions and for which daily lake level data for 
Lake Maurepas are available (an important boundary condition due to 
backwater effects throughout the swamp). Therefore, to enhance the breadth of 
conditions over which the alternatives were analyzed, the engineering 
calculations were used to evaluate daily water balance throughout the swamp 
for the period 1989 – 2004. This period represents the time for which all 
necessary input data were available, including precipitation and water levels 
in Lake Maurepas. The calculations were used to extend the period of record 
once the results for 2003 were shown to agree well with the dynamic trends for 
swamp filling and drawdown as represented in the HEC-RAS model. 

 Fundamentally, the use of simple standard equations that replicate the 
general trends and patterns of more complex numerical models can help 
improve understanding of complex networks by focusing on key response 
patterns using familiar terms and expressions. 

Most of the key hydrologic metrics, such as flow through the swamp and 
prevention of saline backflow from Lake Maurepas, were derived for the 
alternatives analysis directly from the HEC-RAS model. The engineering 
calculations were used to supplement that key hydrologic information with more 
general metrics such as: 

 Average water elevation over the fuller time period; 

 The potential for the swamp to experience periodic dry conditions that may be 
conducive to cypress germination and sapling survival; and 

 Average annual sediment load into the swamp from the Mississippi River. 
Lastly, the engineering calculations were used to develop time series of diversion 
flows for 2003 that were subsequently used by the HEC-RAS model. These were 
based on the simple equations and constraints presented below. By conditioning 
the diversions on the relativity between water levels in the swamp and water 
levels in the lake, the HEC-RAS analysis was able to avoid continuous diversions, 
and simulate a diversion schedule more likely to provide water only when it is 
most needed. 



 

L‐18 

2.2.4.2 System Representation 
To help identify the inflows and outflows comprising the water balance 
throughout the study area, the basic network diagram shown on Figure L2.2.4-1 
was developed as a guide. Some of the benefit areas were consolidated to simplify 
the water balance estimates in areas where internal topography was uncertain. 
The diagram essentially illustrates the flow pathways into and out of each swamp 
area via their connectivity to adjoining canals. The circled letters at the 
boundaries represent the introduction of natural watershed runoff into the 
system. At the outlet of the system, Lake Maurepas acts as a stage boundary 
condition that limits the passage of water out of the swamp under conditions 
described in the following sections. 

2.2.4.3 Hydrologic Calculations 
To provide an independent estimate of the hydrologic rainfall-runoff relationships 
in the HEC-HMS model, a simple set of equations for daily runoff and hydrograph 
recession was developed for each point of natural system inflow illustrated in the 
figure above. The equations represented each contributing subwatershed as a 
storage unit, and outflow from the watersheds as inflow to the study area (the 
watershed storage is simply a means to compute runoff into the swamp, in which 
storage areas are represented separately). Daily NOAA precipitation from station 
2534 (Donaldsonville 4SW) was input to watershed storage, and a constant 
fraction of each daily rainfall amount was removed as the overall loss 
(representing watershed evaporation and seepage to groundwater). Hydrograph 
recession was accomplished by allowing water to accumulate in the watershed, 
and removing each day a constant fraction of the total accumulated storage. In 
this way, the effects of precipitation could be spread over multiple days, the slope 
of the recession curve could be tuned, and the long-term runoff volumes could be 
maintained. 

Mathematically, the equations were expressed as follows, where t represents a 
daily index: 

 Losst = X(Precipt)  {0 ≤ X ≤ 1:  X is a constant fraction of precipitation} 

 Storaget = Storaget-1 + Precipt – Losst - Streamflowt 

 Streamflowt = C(Storaget-1) {0 ≤ C ≤ 1:  C is a constant fraction of accumulated storage} 

Watershed storage was also limited to an upper limit, which, if exceeded on any 
day, resulted in extra runoff equivalent to the precipitation (less the loss) for that 
particular day. However, this was fairly arbitrary, and did not appear to have a 
substantial impact on the calculations. 
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Figure L2.2.4-1 Functional Diagram for Water Balance Calculations 

*Dashed lines illustrate flows that are boundary inflow from other project models 
 

Figure L2.2.4-2 illustrates the basic structure of the equations: 

 

 

Figure L2.2.4-2 Basic Rainfall-Runoff Representation 
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Hence, three parameters were used for each watershed to simulate rainfall-runoff 
relationships and generate independent estimates which were compared with 
HEC-HMS. The parameters were tuned to match HEC-HMS results and then 
evaluated for the efficacy and hydrologic validity of final values, based on 
knowledge of the hydrologic flashiness of the canals and overall low permeability 
of the contributing subwatersheds. The value of X was tuned to match long-term 
runoff volumes from HEC-HMS, and the value of C was tuned to match the slope 
of the hydrograph recession. 

2.2.4.4 Operational Calculations 
As noted above, the runoff was computed as an input to the study area (upstream 
contributing watersheds to the canals flowing into and through the study area). A 
separate set of equations was developed to compute water balance for each benefit 
area (consolidated as shown above) on a daily timestep. These equations were 
matched to the hydrographs produced by HEC-RAS to test the overall validity of 
the swamp representation, and to subsequently extend the hydraulic analysis 
over the longer period of record. 

The water balance for each of the seven consolidated benefit areas was calculated 
with the standard storage equation (where t represents a daily time index): 

  Storaget = Storaget-1 + ∑Inflowt - ∑Outflowt 

  Where: ∑Inflows = Direct Precip + Inflow from Canals 

   ∑Outflows = Evaporation + Outflow to Canals 

Resulting storage was converted into water stage (averaged across each individual 
benefit area) and water surface area using available topographic data. Direct 
daily precipitation was computed from the same gage as the data used for the 
runoff calculations leading into the study area (NOAA station 2534). Daily 
evaporation data were collected from NOAA station 5620 (LSU Ben-Hur Farm). 
The data were multiplied by a pan coefficient of 0.77 per guidance in Evaporation 
Maps for the United States, Technical Paper No. 37, US Weather Bureau, 1959. 
Inflows and outflows from the swamp areas from/to the canals, as well as 
diversions from the Mississippi River into the canal system, were computed with 
the following Boolean logic relationships: 

 Mississippi River Diversions 

 Diversions occur when the average water stage in the swamp (averaged over 
the seven benefit areas) is less than the water level in Lake Maurepas. The 
rationale is to try to prevent backflow by removing or reducing the negative 
(reverse) head potential caused when the lake rises above the swamp. The 
comparison is done on a daily basis, and the findings suggest that diversions 
normally remain in effect for several weeks or months, followed by extended 
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periods of no diversions (the logic does not seem to cause a great deal of “on/off” 
operations). A buffer of 0.1 feet is added to the target swamp stage to avoid 
counting days in which the swamp is right at or just below the lake as 
problematic. 

 Diversions cease if the swamp stage is greater than the lake stage (no further 
need to prevent backflow), and also when the lake stage drops below 0.5 feet, 
as these conditions create the potential for swamp dryout and seed 
germination. 

 Diversion flow rates are governed by rating curves that are dependent on 
water levels in the Mississippi River. Below certain river stages, capacity in 
the gravity-fed system will diminish below design capacity along an 
exponential curve computed with hydraulic models. The maximum flow rate 
will be capped at the design capacity of the alternative, even though higher 
flows could be achieved hydraulically. 

 Internal Water Exchanges 

 Water flows into swamp areas from canals if canal carrying capacity is 
exceeded. 

 Water flows into canals from swamp areas if: 

 Local swamp water elevation is higher than Lake Maurepas elevation 

 Water in swamp is higher than the elevation of the berm crests and/or gaps. 

 Water flows between connected swamp areas directly based on head 
differential and the elevation of crests/gaps of the separating berms. 

 Outflow to Blind River 

 The network diagram above shows the connectivity between the canals, the 
benefit areas, and the Blind River. These equations allow water to flow into 
the Blind River only when the swamp stage is at or above the lake stage. When 
the lake is higher than the swamp, no outflow occurs. 

 Backflow from Lake Maurepas 

 These calculations do not explicitly account for potential backflow from Lake 
Maurepas into the study area (backflow is accounted for with dynamic 
backwater simulation in HEC-RAS). Rather, periods of time in which 
calculated swamp stage is less than the lake stage can be considered to create 
the potential for such backflow, and the logic for the diversions was developed 
to prevent backflow occurrences with reasonable and practical regularity. 
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2.2.4.5 Checking 
As stated, very little measured historical data are available to check the accuracy 
or predictive strength of the equations. In this case, the equations were developed 
and then tuned to match results from the HEC-HMS and HEC-RAS models to 
show that the results could be reproduced with independent techniques using 
standard parameters with reasonable values. Fundamentally, the equations are 
intended to increase overall credibility of the HEC models while also improving 
overall understanding of the fundamental dynamics of this system in simple 
hydrologic terms. 

Three types of cross-checking were conducted between the standard equations and 
the HEC models: 

 Runoff time series generated with the standard equations were compared with 
HEC-HMS results for each contributing subwatershed. 

 Runoff time series in the Blind River as computed with these equations was 
compared to transposed river gage data from a nearby watershed – this 
effectively tested the overall efficacy of the calculations with respect to both 
runoff and the passage of water through the swamp. 

 Time series of water stage within the swamp generated with the standard 
water balance equations were compared with results from HEC-RAS to test 
storm response (peak stage and drainage time) as well as longer-term patterns 
of filling and draining. 

The results of these cross-checks between the HEC models, standard equations, 
and available data are presented in Section 2.3.6, along with the results of 
alternatives analysis. 

L2.3 Watershed Hydrology and Hydraulics 
Appendix Section L2.2 presented an overview of multiple analysis methods that 
were used to analyze and evaluate hydrology and hydraulics within the study 
area. The multi-tiered approach to completing hydrologic and hydraulic analysis 
was formulated to support the project objectives of understanding and quantifying 
the movement of freshwater, sediment, and nutrients into the southeast portion of 
the Maurepas Swamp. For the benefit of the reader, conceptual objectives of the 
project that guided the hydrologic and hydraulic analysis are listed below: 

 Enhance water quality in the Blind River by increasing the flow of freshwater 
to the Blind River; 

 Promote water distribution in the swamp to increase the area of freshwater 
inundation from existing conditions to increase swamp productivity and 
wetland assimilation;   
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 Increase nutrient input to the swamp to increase swamp productivity from 
existing conditions, and increase wetland assimilation; 

 Facilitate swamp building, at a rate greater than swamp loss due to 
subsidence and sea level rise, by increasing swamp productivity, as described 
above and by increasing sediment input; and 

 Establish hydroperiod fluctuation in the swamp to improve bald cypress and 
tupelo productivity and their seedling, germination, and survival by decreasing 
flood duration in the swamp and increasing the length of dry periods in the 
swamp. 

This section discusses each component of hydrologic and hydraulic analysis 
completed to evaluate existing conditions, including supporting data, model set-up, 
model testing and validation, and specific simulations and evaluations. This section 
also discusses preliminary investigations that were used to understand hydrologic 
and hydraulic constraints and opportunities, which guided the refinement of project 
alternatives that are presented in greater detail in Section L2.10. 

L2.3.1 Climatology and Physical Data 
The climate of the study area is subtropical marine with long humid summers and 
short moderate winters, and regional atmospheric circulation is strongly influenced 
by many surrounding sounds, bays, lakes and the Gulf of Mexico. From a hydrologic 
perspective, the study area is also subject to periods of both drought and flood. 
During the spring and summer, the study area experiences warm, moist tropical air 
masses that are conducive to thunderstorm development. In addition, the study 
area is susceptible to tropical waves, tropical depressions, tropical storms and 
hurricanes. Historical data from 1899 to 2007 indicate that 30 hurricanes and 41 
tropical storms have made landfall along the Louisiana coastline (NOAA, 2009). 

The wide range of climate conditions expected within the study area provides the 
potential for hydrologic conditions ranging from extreme flooding to extended 
drought. The full range of conditions is essential to the fundamental ecosystem 
restoration project objectives. For the purpose of the hydrologic and hydraulic 
analysis, the trends of continuous periods such as frequency and duration of flood 
and dry conditions were considered. Flood conditions were also considered to 
understand existing conditions and evaluate potential project impacts. The 
following sections discuss specific climate and physical data that were utilized to 
complete the hydrologic and hydraulic analysis. 

L2.3.1.1 Precipitation and Evaporation Data 
Observed Precipitation 
Specific sources of measured hydrologic data, such as precipitation data and 
stream flow measurements, are generally lacking within the study area. No 
rainfall gages are present in the study area, and based on review of available 
precipitation data near the study area presented on Figure L2.3.1-1 the nearby  
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Figure L2.3.1-1 Existing Precipitation and Evaporation Station Locations 
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Donaldsonville 4 SW Station (NOAA Station 2534) was found to have the most 
complete continuous hourly rainfall record. A summary of precipitation data 
records that were reviewed is presented in Table L2.3.1-1. Rainfall data from the 
Donaldsonville 4SW Station were used to support both short duration and long 
duration hydrologic and hydraulic analyses. 

Table L2.3.1-1 Available Precipitation Data 

Station Name Station 
Number 

Period of Record Distance 
from Study 

Area 
Centroid 
(Miles) 

Data 
Source Daily Data Hourly Data 

Donaldsonville 4 E 2536 11/1996-12/2008 NA 8.9 NOAA 
Donaldsonville 4 

SW 2534 1/1930-7/2009 6/1988-12/2007 8.6 NOAA 

Convent 2 S 2002 11/1996-12/2008 NA 8.5 NOAA 
Houma 4407 1/1930-12/2006 11/1947-1/2007 36 NOAA 
Lutcher 5783 2/1993-12/2008 NA 7.1 NOAA 
Reserve 7767 1/1948-12/2008 NA 11.8 NOAA 

Hammond 5 E 4030 1/1981-11/2007 12/1983-12/2007 36.4 NOAA 
Gonzales 3695 3/1978-12/2008 10/1969-1/1982 11 NOAA 

Brusly 2 W 1246 6/1987-11/2007 11/1989-12/2007 35.4 NOAA 
Plaquemines 7364 1/1948-4/1962 10/1947-11/1964 30.8 NOAA 
LIGO Corner 20 1/2006-12/2006 1/2006-12/2006 31.6 LSU Ag 
LIGO South 23 1/2006-12/2006 1/2006-12/2006 29.3 LSU Ag 
LIGO West 24 8/2001-7/2009 8/2001-7/2009 31 LSU Ag 

Burden 4 8/2001-7/2009 8/2001-7/2009 34 LSU Ag 
Ben Hur 3 8/2001-7/2009 8/2001-7/2009 29.8 LSU Ag 

St. Gabriel 25 8/2001-7/2009 8/2001-7/2009 22.3 LSU Ag 
    NA indicates data not available. 

Design Storm Precipitation 
Surface water modeling was performed in the HEC-HMS and HEC-RAS models 
using rainfall estimates for the 2-, 5-, 10-, 25-, 50-, and 100-yr, 24-hour design 
storms defined for the study area using values provided in the National Weather 
Service Technical Paper 40. The Type III SCS rainfall distribution was applied in 
the HEC-HMS model in combination with rainfall depths corresponding to the 
depths of precipitation determined for each frequency, which are presented in 
Table L2.3.1-2. 
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Table L2.3.1-2 Design Rainfall Depths 

Recurrence Interval (Years) Rainfall Depth (Inches) 
2-Year 5.5 
5-Year 7.5 
10-Year 8.8 
25-Year 10.2 
50-Year 11.3 
100-Year 12.8 

 
Evaporation 
Daily evaporation data were collected from NOAA station 5620 (LSU Ben-Hur 
Farm). For application in the analysis, the measured daily data were multiplied 
by a pan coefficient of 0.77 per guidance in Evaporation Maps for the United 
States, Technical Paper No. 37, US Weather Bureau, 1959. Monthly evaporation 
values for 2003 and historical monthly averages (1989-2004) are presented in 
Table L2.3.1-3. 

Table L2.3.1-3 Monthly Evaporation Values 

Month 
Evaporation (inches) 

2003 Monthly Values Historical Monthly 
Average Values 

January 2.98 2.84 
February 2.58 3.18 
March 3.49 4.58 
April 5.98 6.13 
May 7.72 7.75 
June 6.52 7.43 
July 6.69 7.18 
August 7.10 6.95 
September 6.07 5.90 
October 4.70 4.78 
November 3.77 3.31 
December 3.94 2.75 
TOTAL 61.54 62.78 
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L2.3.1.2 Topographic Data 
A combination of available mapping data and new data collected during the 
project was used to support the hydrologic and hydraulic analysis. Topographic 
and field surveys conducted during the project are discussed in Appendix Section 
L3. Other available data sources were also used to support hydrologic and 
hydraulic modeling in the project area and in the tributary watershed area. 
Topographic data are pertinent to the hydrologic analysis in order to define 
hydrologic boundaries used to calculate runoff that occurs in response to rainfall. 
For the hydraulic model, topographic and bathymetric data were critical for 
determining overland flow slopes, channel cross-sectional geometry, critical 
elevations, and stage-area-storage relationships. In addition to the data discussed 
in Appendix Section L3, topographic data were available in the watershed from 
two other major sources: 

 Digital Elevation Model (DEM) from the United States Geologic Survey 
(USGS); and 

 Light Detection and Ranging (LiDAR) Data from the Louisiana State 
University (LSU) Atlas. 

Two-foot interval LiDAR data collected by LSU for Ascension and St. James 
Parishes as part of their state-wide effort were used to develop a Digital Terrain 
Model (DTM) in the form of a Triangular Irregular Network (TIN) in ESRI Arc 
View GIS 9.2. The TIN together with USGS quadrangle maps and Google Earth 
aerial images were used to visualize the terrain and to identify and digitize the 
stream centerlines, swamps, and connected conveyance areas. Knowledge gained 
from field visits and surveys was used to interpret features visible in the available 
aerial photography, and differentiate between drainage canals that will convey 
flow through the study area and utility corridors that will not provide significant 
flow conveyance.  

The Blind River Diversion Project used the 1988 North American Vertical Datum 
(NAVD). The bridge, culvert, and cross-section survey data were provided by the 
surveyors and LiDAR data in both NAVD and 1929 National Geodetic Vertical 
Datum (NGVD); however, the hydraulic models for the project used only the 
NAVD datum. Historical data such as road profiles, stage elevations, and 
structural controls were converted from NGVD to NAVD where necessary using a 
constant offset of -1.3 ft. The offset between the two datums varies little over the 
project area (less than 0.1 ft). 

L2.3.2 Blind River and Swamp System 
The study area for this project is located within the Mississippi River Deltaic 
Plain within coastal southeast Louisiana in the Lake Pontchartrain Basin. The 
study area for this project is within the Upper Lake Pontchartrain Sub-basin, and 
consists of areas located within the Louisiana parishes of St. John the Baptist, St. 
James, and Ascension. 
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Since the construction of the Mississippi River flood control levees, the Maurepas 
Swamp and Blind River have been virtually cut off from periodic overflows from 
the Mississippi River, which included freshwater, sediment, and nutrient input. 
With minimal soil building and moderately high subsidence rates, there has been 
a net lowering of ground surface elevation, so that now the swamps are 
persistently inundated. 

The limited ability to drain and persistent flooding are characteristics of existing 
hydrology in the study area, which conflict with the historical seasonal drying of 
the Swamp. The soils within the Swamp area are inundated or saturated by 
surface water or ground water on a nearly permanent basis throughout the year 
except during periods of extreme drought. Additional features within the study 
area that influence hydrology  are associated with past construction of logging 
trails, drainage channels, pipe lines and other utilities, and roads through the 
Swamp.  These facilities disrupt the natural flow and drainage patterns. Short 
circuiting of the natural drainage patterns has created ponding in some areas. 

L2.3.3 Lake Maurepas 
The Maurepas Swamp is one of the largest remaining tracts of coastal freshwater 
swamp in Louisiana. The Blind River flows from St. James Parish, through 
Ascension Parish and St. John the Baptist Parish, and then discharges into Lake 
Maurepas. The Maurepas Swamp serves as a buffer between the open water areas 
of Lakes Maurepas and Pontchartrain and developed areas along the I-10/Airline 
Highway corridor.  

Because of past hydrologic alterations, water levels in Maurepas Swamp are 
primarily influenced by the stage level of Lake Maurepas, with strong winds also 
exerting significant effect (Lee Wilson & Associates 2001, Mashriqui et al. 2002, 
Lane et al. 2003, Day et al. 2004). Tidal pulses are introduced into the Lake 
Maurepas system through Pass Manchac. Fluctuations in water level are 
generally expected to be similar throughout Maurepas Swamp, acknowledging 
slight variability associated with landscape position and elevation. Within any 
given year, stage is characterized by a bimodal hydrograph. Water level rises in 
the spring, then falls to its lowest level during the summer, rises to its highest 
level in the fall, and again falls to low levels in the winter (Thomson et al. 2002, 
Keddy et al. 2007).  The intensity of peaks and troughs is typically associated with 
meteorological events, such as droughts and hurricanes. 

Based on the strong correlation between lake and swamp water levels, the 
observed doubling of flood durations from 1955 to present at Pass Manchac 
(Thomson et al. 2002) coupled with lower swamp than lake elevations (Shaffer et 
al., unpubl. data) suggests that the duration of inundation within the project area 
has drastically increased over the last 50 years. Increased wetland impoundment 
also has been driven by the construction of canals, berms, and other artificial 
structures that alter the existing hydrology by proportionally increasing 
channelized flow volumes while reducing overland flow volumes. 
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Relative to historical flooding events, freshwater inputs presently have a 
substantially reduced influence on the hydrology of Maurepas Swamp. Inflow of 
freshwater into the project area occurs through drainage of runoff regionally, 
through riverine systems, and more locally through man-made channels. A series 
of dredged canals to the southwest and southeast of the swamp transport local 
drainage into the project area from the residential, industrial, and agricultural 
lands associated with the Mississippi River levee. Affected by these channels, the 
western and southwestern portions of the project area constitute the headwaters 
of the Blind River. General flow direction is southeast, then east and northeast 
toward its confluence with the Amite River Diversion Canal (ARDC), after which 
the combined water discharges into Lake Maurepas. The ARDC, a flood-control 
structure authorized by Congress in 1955 and completed in 1967, is 10 miles in 
length, 300 feet in width, and 25 feet in depth and connects mile marker 25.3 of 
the Amite River to mile marker 4.8 of the Blind River. At present, approximately 
half of the Amite River’s flow discharges into Lake Maurepas via the diversion, 
and the other half along the natural flowpath. Modification of the ARDC to restore 
the adjacent bald cypress-tupelo swamp impaired by its construction is a near-
term critical feature of the LCA Plan. 

The Blind River and the Amite River, in particular, receive input from the drainage 
of urban areas to the west, most notably Baton Rouge. Due to increased 
urbanization, runoff contribution to these streams has increased in recent decades 
(LCA 2004). The smaller Tickfaw River also flows into Lake Maurepas from the 
north. These rivers—flashy streams prone to brief, high-intensity flood events 
throughout the year—contribute the majority of freshwater and sediment that enters 
Lake Maurepas, with an average flow rate of 1,000 to 4,000 cfs (Day et al. 2004). The 
flashy nature of inflow into Lake Maurepas is largely dependent on meteorological 
conditions; for instance, the Amite River may discharge at 10,000 cfs during storm 
events, but averages only 1,000 cfs in drought conditions (Day et al. 2004).  

L2.3.4 HEC-HMS 
Simulation of hydrologic response of the study area to precipitation and surface 
water flow was performed in HEC-HMS. HEC-HMS is a hydrologic model capable 
of performing continuous or event simulations of surface runoff and groundwater 
baseflow. The hydrologic system operates by applying precipitation across 
Hydrologic Units (HUs). Precipitation is converted to surface runoff or infiltrates 
into the subsurface, and the runoff of infiltrated water is conveyed to receiving 
water loading points. Runoff and baseflow hydrographs at these loading points 
provide input for hydraulic routing in downstream reaches. The hydrologic flow 
routing of HEC HMS uses a sub-basin-reach representation of the hydrologic 
modeling system to route flows. The hydrologic model parameters used for the 
model simulations are described below.   
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Establishment of hydrologic parameter values utilized available GIS tools to 
automate the generation of data needed for the model. The base hydrologic GIS 
data is a representation of the watershed terrain, also known as a digital 
elevation model (DEM). Hydrographic (swamps, canals/ bayous, and streams) and 
transportation information obtained in ESRI Arc View GIS shapefiles format from 
St. James and Ascension Parishes, aerial photography from LSU, land cover 
information from USGS Land Cover Data Set and soils survey information from 
NRCS SSURGO in Arc View GIS shapefiles format were used to develop the 
hydrologic parameters for use in the HEC-HMS model of the watershed. Spatial 
and 3D analyst extensions available in ESRI Arc View GIS 9.3 were used to 
develop hydrologic unit boundaries and the parameters needed for each hydrologic 
unit, which includes composite runoff curve number, flow path locations, lengths 
and slopes, and channel flow lengths and slopes. 

The preliminary hydrologic unit boundaries developed using Arc View GIS tools 
were refined to locate appropriate flow junctions using knowledge gained from 
field visits and engineering judgment. In all, 42 hydrologic units were delineated 
to comprise approximately 165 square miles of study area modeled in HEC-HMS. 

L2.3.4.1 HEC-HMS Model Set-up 
The study area is divided into HUs. In the model, the HUs were delineated by 
topographic highs, roads, levees, streams, and canals within the project area. Due 
to the relatively flat nature of the topography, HU divides are often overtopped 
during high intensity events. The hydrologic parameters assigned to each HU 
include area, width, slope, impervious area, roughness, initial abstraction, 
infiltration, and groundwater parameters.  

Hydrologic Characteristics of Study Area Soils 
Soil classification for the study area was obtained from the SSURGO database. 
Figure L2.3.4-1 presents the predominant soil classification in the study area. As 
presented on the figure, the predominant soil group in the study area is Group D, 
with a very high runoff potential. The predominant groups in the study area are 
Hydrologic Soil group (HSG) C and D. Group C soil has low infiltration rates when 
thoroughly wetted, moderately fine to fine texture, and a higher runoff potential. 

Hydrologic Characteristics of Study Area Land Cover 
The land cover for the study area was obtained using the most recent available 
aerial photographs and is supported by field reconnaissance and observations. The 
hydrologic land cover for the study area is classified based on the Anderson land 
use/land cover classification system. The land cover category was further 
simplified into seven primary types with one category being all wetlands grouped 
together and the other six as listed below. The remaining land cover types such as 
transportation and urban-built up land were grouped into category “other” since 
the percentage of land in this category, in the study area, is relatively small. 
Figure L2.3.4-2 presents the land cover distribution for the study area.  
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Figure L2.3.4-1 Soil Classification 
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Figure L2.3.4-2 Land Use Classification 
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Based on the area percentages, the dominant land cover in the study area is 
wetland. The hydraulic and hydrologic model parameters were estimated based on 
these land cover categories in combination with soil classification. Table L2.3.4-1 
presents the percentage of land use type in the study area. 

Table L2.3.4-1 Hydrologic Land Cover Percentages 

Land Cover Type Percentage of Watershed 
Area (%) 

Forest Land 7.7 

Water body 0.3 

Wetland 53.4 

Cropland/Agriculture 30.6 

Commercial/Industrial 4.3 

Residential 3.0 

Others 0.7 
 
Runoff Curve Numbers 
The study area is divided into hydrologic units with each hydrologic unit assigned a 
unique hydrologic unit ID. Study area characteristics and hydrologic parameters 
were estimated for each hydrologic unit using SCS methodology. Runoff curve 
numbers and time of concentration were extracted for each hydrologic unit and used 
as HEC-HMS model parameters. 

The SCS runoff curve number method is calculated using the methodology described 
in NRCS TR-55 manual titled “Urban Hydrology for Small Watersheds”. The runoff 
curve number is an empirical coefficient that relates runoff potential to land cover 
and hydrological soil classification. The NRCS hydrological soil groups include four 
groups designated as A, B, C and D (TR-55). The runoff curve number was computed 
for each hydrologic unit using the soil classification and land use classification 
together with the curve number tables in TR-55 manual. Table L2.3.4-2 presents the 
list of hydrologic unit IDs with the composite curve number calculated for each 
hydrologic unit. 

Time of Concentration 
Time of concentration is defined as the time required for all the drainage area to 
contribute to the flow. The longest flow path in each hydrologic unit is estimated 
using the slope of the hydrologic unit, which was calculated from USGS 
topographical maps and contours. The time of concentration along the selected flow 
path was estimated using a segmental approach based on the type of flow such as 
shallow concentrated flow or channel flow. Hydrologic parameters were estimated 
using aerials and field observations.  For comparing the results of segmental 
approach, SCS lag equations was used to compute the time of concentration. Lag 
time is computed as 60 percent of time of concentration. Lag time for each 
hydrologic unit is presented in Table L2.3.4-2. 
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Table L2.3.4-2 HEC-HMS Model Parameters 

Sub-basin 
Number 

Drainage Area 
(Square Miles) 

Composite 
Curve 

Number 

Lag Time 
(Hours) 

Percent 
Impervious 

Area  
(%) 

100 6.8 79.0 20.8 0 
110 6.24 79.4 10.1 0 
120 4.93 79.1 20.1 0 
140 1.84 79.0 3.2 0 
150 0.7 79.1 8.8 0 
160 0.52 79.0 2.0 0 
200 2.27 79.0 9.5 0 
210 3.42 79.1 18.1 0 
220 1.42 79.1 2.4 0 
300 3.58 79.2 9.8 0 
320 0.62 80.8 8.9 0 
330 2.38 81.0 9.8 0 
400 2.58 85.0 10.4 10 
410 2.33 83.6 9.2 15 
420 1.91 83.0 10.5 20 
430 1.41 83.8 10.4 20 
440 3.04 83.4 10.7 10 
450 1.21 82.5 9.1 10 
460 1.17 77.9 9.7 10 
470 2.61 83.2 9.4 10 
480 2.36 79.0 9.7 10 
490 1.46 83.2 10.2 0 
500 0.79 79.0 8.2 0 
510 7.38 84.0 17.2 0 
520 1.57 96.0 8.3 0 
530 1.21 85.0 8.3 0 
540 1.86 85.0 9.4 0 
550 2.68 79.0 11.3 0 
560 2.84 82.3 12.4 0 
570 4.08 83.8 11.4 0 
580 6.47 83.4 11.9 0 
590 4.16 86.5 10.4 0 
600 37.63 76.0 21.6 0 
610 13.79 79.0 21.2 0 
700 3.31 79.0 12.3 0 
710 1.16 79.0 5.4 0 
720 1.51 79.0 5.4 0 
730 8.81 75.0 20.7 0 
740 2.2 79.0 6.8 0 
750 1.2 79.0 7.3 0 
760 1.65 79.0 7.5 0 
770 5.72 79.3 14.0 0 
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L2.3.4.2 HEC-HMS Model Testing and Validation 
Except for one stream gage in Ascension Parish that measures less than 25% of the 
watershed, there are no known stream gages available within the study area to 
calibrate the HEC-HMS model. Lacking available measured data, the storm runoff 
flows calculated in HEC-HMS were checked for reasonableness by comparing them 
to USGS regression equation estimate (USGS NSS version 4.0) and effective FEMA 
Flood Insurance Study (FIS) report of Ascension Parish. Neither the USGS stream 
flow estimates nor the FEMA FIS flows are directly applicable to the entire Blind 
River watershed due to the significant surface storage present in the swamp. 
However, the comparison presented in Table L2.3.4-3 is appropriate, as it 
compares the HEC-HMS flows to the USGS flow estimates for drainage areas 
upstream of the swamp, such as the Conway Canal and other areas that are served 
by local drainage canals. 

Table L2.3.4-3 HEC-HMS Validation Summary 

HEC-HMS 
Model 

Location 

Tributary 
Area 

(Square 
Miles) 

Peak Storm Runoff Flow (cfs per Square Mile) 

HEC-HMS    
(2-Year) 

USGS NSS   
(2-Year) 

HEC-HMS    
(100-Year) 

USGS NSS   
(100-Year) 

400 2.58 385 394 1090 994 
410 2.33 382 444 1078 1162 
420 1.91 286 300 801 723 
430 1.41 215 233 599 545 
440 3.04 433 444 1238 1020 
450 1.21 193 254 556 577 
460 1.17 163 191 490 354 
470 2.61 408 471 1176 1154 
480 2.36 335 402 996 866 
490 1.46 206 248 610 529 
500 0.79 120 229 373 512 
510 7.38 689 587 2019 1396 
530 1.21 208 315 602 727 
540 1.86 290 348 842 863 
550 2.68 319 379 987 768 
560 2.84 336 343 1002 711 
570 4.08 534 518 1569 1362 
580 6.47 809 731 2390 1951 
590 4.16 619 596 1768 1632 

600 37.63 974 1101 3107 2259 
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Multiple HEC-HMS model simulations, or plans, were created to generate runoff 
hydrographs for six design storm events ranging from 2-year to 100-year recurrence 
intervals using the runoff and routing parameters for hydrologic units and channels 
modeled.  A separate plan was also created to simulate storm runoff flows over an 
entire year to evaluate hydroperiod within the swamp. A summary of the HEC-
HMS plans is provided in Table L2.3.4-4. The flows generated by HEC-HMS are 
written to a HEC-DSS database and subsequently loaded to the companion 
hydraulic model developed in HEC-RAS. Results of the hydrologic and hydraulic 
models for existing conditions are presented in Appendix Section L2.3.5.3. 

Table L2.3.4-4 HEC-HMS Plan Summary 

HEC-HMS Plan 
Name Source Rainfall 

2-yr run 2-year design storm. 24-hr rainfall depth, SCS Type-III 

5-yr run 5-year design storm. 24-hr rainfall depth, SCS Type-III 

10-yr run 10-year design storm. 24-hr rainfall depth, SCS Type-III 

25-yr run 25-year design storm. 24-hr rainfall depth, SCS Type-III 

100-yr Simulation 100-year design storm. 24-hr rainfall depth, SCS Type-III 

Continuous 
Simulation 

Continuous simulation. 2003-yr, 1-hr interval rainfall from 
Donaldsonville, LA gage 

 

L2.3.5 HEC-RAS 
HEC-RAS was used in combination with HEC-HMS to simulate the movement of 
water through the study area with particular focus on the drainage canals that 
drain through the project area and flow exchange between the drainage system and 
surface storage in the swamp. HEC-RAS is well suited for this task, especially with 
the capability to simulate unsteady flow conditions. 

L2.3.5.1 HEC-RAS Model Set-up 
To simulate the flow routing in the existing and proposed conditions through the 
study area, an unsteady state, one-dimensional hydraulic model was developed in 
version 4.0 of HEC-RAS. All topographic and planimetric data used in the model 
development are projected to State Plane 1983 Louisiana South (feet) coordinates 
and utilize elevations per the North American Vertical Datum of 1988 (NAVD 88). 
The geometric data input file in HEC-RAS model was prepared using HEC-GeoRAS 
version 4.1.1 and ESRI Arc View GIS 9.2. HEC-GeoRAS is an ArcView extension 
developed by HEC in cooperation with ESRI, specifically to process geospatial data 
for use with HEC-RAS. The unsteady flow HEC-RAS input file was developed from 
the HEC-HMS model output. The flow hydrographs information from HEC-HMS 
stored in HEC Data Storage System (DSS) file was loaded at the appropriate 
locations along the Blind River and interior drainage canals and bayous. 


