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1.0 INTRODUCTION 

1.1 BACKGROUND 

This report presents the results of an assessment of a portion of Howell Creek.  Inwood 
Consulting Engineers, Inc (Inwood) was tasked by Seminole County to perform the study under 
the Master Stormwater Engineering Services Contract for the Howell Creek Basin.  

1.2 SITE LOCATION 

The project is focused on Howell Creek which is located in south central Seminole County.  
Howell Creek is the main feature within the Howell Creek Basin.  This watershed originates in 
Orange County in Orlando, and includes areas of Winter Park, Maitland, and unincorporated 
Orange County.  In Seminole County, the watershed includes through portions of Casselberry, 
Winter Springs, Oviedo, and unincorporated Seminole County before discharging into Lake 
Jesup.   A project vicinity map is provided as Figure 1-1. 

The specific project limits are the portion of Howell Creek located from Lake Howell Road to 
Lake Howell Lane (approximately 500’) and then to the State Road 436 (approximately 1500’).  
The project limits are in Section 28 of Township 21 South, Range 30 East and within the 
jurisdiction of the St. Johns River Water Management District (SJRWMD).  The project site 
location is shown on Figure 1-2.  A low altitude aerial photograph is provided on Figure 1-3. 

1.3 PROBLEM DESCRIPTION 

The subject creek corridor is the primary drainage feature for south Seminole County draining a 
large area of mixed development residential and commercial areas.  The overall drainage area 
upstream of State Road 436 is approximately 15 square miles.  The contributing area upstream 
includes Lake Waumpi and extends well into Orange County through the Winter Park / Maitland 
chain of lakes and into Orlando.  This large contributing area causes Howell Creek to carry an 
enormous flow on a regular basis.  During significant storms creek stages flash quickly due to 
the predominance of development. As a result, high, erosive velocities can occur.  Photos of 
typical sections of the creek are shown below after the Figures. 

Slope and bend irregularities in the creek have over time resulted in issues with erosion, 
sedimentation, and bank stabilization.  These conditions have been exasperated in the last 
couple of decades due to the rapid development in the project area as well as areas upstream.    
In recent years, the creek has experienced several extreme storm events starting with the 
Hurricanes Frances and Jeanne in September 2004 and more recently with Tropical Storm Fay 
in August 2008.  As a result, additional severe erosion and sedimentation have occurred causing 
bank failure and deterioration of the creek bed.  In addition, there are many areas where trash, 
debris and fallen trees are within the creek path which inhibits proper flow.  Photos of typical 
sections of the creek from May 2009 are shown below after the Figures. 

Since Howell Creek is a major tributary to Lake Jesup, the ongoing process of addressing Total 
Maximum Daily Loads (TMDLs) for Lake Jesup causes water quality to be a concern for Howell 
Creek by association.  Although much of the more recently developed areas draining to the 
creek have some level of water quality treatment for stormwater runoff, additional pollutant 
load reduction strategies may be necessary to meet future regulatory requirements. 
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Typical view of Howell Creek 125 feet downstream of Lake Howell Road (April 2009) 

 

View to the north along Howell Creek at the bridge under Lake Howell Lane (April 2009) 
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Typical view of Howell Creek 200 feet downstream of Lake Howell Lane (April 2009) 

 

View to north of wooden bridge over Howell Creek at Lake Howell Square (April 2009) 
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View to southwest along Howell Creek at Lake Howell Square (April 2009) 

 

View to the east along Howell Creek at the bridge at State Road 436 (April 2009) 
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1.4 GOALS 

This report is intended as a needs assessment to meet the following goals: 

1. Compile and review existing data associated with the project creek segment in order to 
properly characterize the project area and understand all stormwater management 
issues affecting the function of the creek.  This data compilation would then serve as a 
resource during the development of improvement strategies in the future. 

2. Collect field survey, geotechnical, and ecological data to assess the physical condition of 
the creek and identify problem areas and other deficiencies. 

3. Conduct limited hydrological & hydraulic model analysis to evaluate hydraulic 
conveyance of the creek segment. 

4. Provide recommendation for corrective actions to address the following: 

a. Trash and Debris  

b. Bank Stabilization  

c. Erosion & Sedimentation 

d. Structure Deficiencies 

e. Water Quality and Wetland Enhancement 

1.5 REPORT ORGANIZATION 

The report is organized into the following sections: 

 Section 1 – Introduction: Provides an overview of the project location, problem 
description, and goals (this section); 

 Section 2 – Data Collection and Desktop Review:  Provides a summary of the 
various data collected and reviewed to support this assessment; 

 Section 3 – Field Assessment: Provides a summary of the field investigation efforts 
including field inventory, survey, and geotechnical efforts; 

 Section 4 – Preliminary Ecological Assessment: Provides a summary of field 
observations and data review pertaining to wetlands and sensitive species within the 
project area; 

 Section 5 – Hydrological & Hydraulic Model Refinement: Provides a summary of 
efforts to refine the current Howell Creek Basin master model in the project vicinity; 

 Section 6 – Water Quality Evaluation: Provides a review of current Best 
Management Practices (BMPs) present in the project area and identifies significant 
deficiencies; 

 Section 7 – Corrective Action Evaluation: Based on the compiled data and 
assessments, provide a summary of identified needs for corrective action to address 
deficiencies associated with the creek in the project area; 

 Section 8 – Conclusions and Recommendations: Summarizes conclusions and 
provides specific recommendations for future prioritized implementation of 
recommended projects to address identified deficiencies. 
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2.0 DATA COLLECTION AND DESKTOP REVIEW 

2.1 PREVIOUS STUDIES 

The Howell Creek Basin has been studied in detail in the past and currently.  The following 
documents were reviewed for information relevant to this assessment study (copies of pertinent 
excerpts from the reports are included in Appendix A): 

Technical Publication SJ84-9 - Howell Branch Basin 
Surface Water Management Study Phase I, SJRWMD, 
1984 - SJRWMD conducted this study to determine flood 
elevations and floodplain areas under exiting and future land 
use conditions.  The results were to then be used to develop 
a surface water management plans to reduce flooding and 
protect water resources in the Orange County and Seminole 
County portions of the basin.  The HEC-1 program was used 
with the SCS methods to determine storm hydrographs and 
the HEC-2 program was used to generate water surface 
profiles.  The study also evaluated the impact from 
modifications to the regulation schedule of the weirs at Lake 
Maitland and Lake Killarney in Orange County.  This study 
was considered Phase I of a comprehensive study of the 
Howell Creek Basin, Phase II of which is described below.   

The report includes hydraulic results for the creek at the SR 
436, Lake Howell Lane and Lake Howell Road. No specific 
recommendations were made in the SJRWMD report for the 
project area addressed in this current report. 

 

Technical Publication SJ94-3 – Flood Management 
Study Howell Creek Basin Orange and Seminole 
Counties, SJRWMD, 1994 – SJRWMD conducted this study 
as Phase II of the overall comprehensive study of the Howell 
Creek Basin. This was an update to the 1984 study 
incorporating additional contributing area near Orlando and 
adjustments to lake stage and system storage assumptions.  
The HEC-1 program was used with the SCS methods to 
determine storm hydrographs and the HEC-2 program was 
used to generate water surface profiles.  Potential flood 
damages were assessed and flood protection alternatives 
proposed.  The study also included a water quality and 
wetland assessment. 

The report includes hydraulic results for the creek at the SR 
436, Lake Howell Lane and Lake Howell Road. This report 
provides a reference on a flood profile to a former dam 
structure that was present between Lake Howell Road and 
Lake Howell Lane.  No specific recommendations were made 
in the SJRWMD report for the project area addressed in this 
current report other than generic recommendations for 
erosion control measures in area with high velocities that 
may cause scour.   
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Howell Creek Basin Drainage Inventory 
Engineering Study, Dyer, Riddle, Mills, & 
Precourt, Inc. (DRMP), 1994 - The intent of this 
study was to identify drainage problems and deficient 
areas within the unincorporated Howell Branch Basin 
within Seminole County.  Phase I of the project was a 
drainage inventory where key drainage facilities were 
identified and selected structures surveyed.  Phase II of 
the study included a level of service (LOS) assessment 
of the primary drainage structures to determine level of 
performance relative to design criteria.  This was 
accomplished by using a combination of the HEC-2 and 
AdICPR models.  Each structure that was graded with a 
failing LOS was recommended for replacement / 
improvements as part of a prioritized basin specific 
capital improvements program.  The report was 
submitted in the form of a conceptual permit 
application to the SJRWMD.  

The report includes hydraulic results for the creek at 
the SR 436, Lake Howell Lane, Lake Howell Road and 
the Lake Howell Square bridges. This report provides a 
reference to and results for a former dam structure 
that was present between Lake Howell Road and Lake 
Howell Lane.  No specific recommendations were made 
in the DRMP report for the project area addressed in 
this current report. 

Flood Insurance Study, FEMA, 2007 – This study 
developed flood risk data for areas in Seminole County, 
Florida that are used to establish actuarial flood 
insurance rates.   

The report includes hydraulic results for the creek at 
the SR 436 (flow and stage), Lake Howell Lane (stage 
only) and Lake Howell Road (stage only).  The study 
also detailed floodway data for Howell Creek in the 
project area.   
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Howell Creek Basin Watershed Management Plan, 
CDM, 2007, 2008 – The study includes three parts and 
addresses the Howell Creek Basin in both Orange and 
Seminole Counties.  Part I (completed in May 2007) was a 
system inventory which included additional field 
investigation and survey to build upon what had been 
developed in the past.  It included an inventory of existing 
problem areas, physical characteristics, hydrological data, 
drainage structures data, water quality data, and wetlands.  
A preliminary model schematic was also developed based 
on collected data.  Part II (completed in January 2008) was 
an engineering analysis which included design storm event 
modeling using ICPR of the primary drainage systems in 
the basin to establish level of service of primary drainage 
facilities and estimate floodplains.  A continuous simulation 
model was also developed using the EPA SWMM model to 
examine the flood effects of a variable weir structure on 
Lake Maitland.   Part III of the study has not commenced 
as of the date of this report but will address recommended 
improvements alternatives to address identified deficiencies 
in the basin. 

The report included hydraulic results for the creek at the 
SR 436, Lake Howell Lane, Lake Howell Road and Lake 
Howell Square bridges. The Lake Howell Lane bridge was 
predicted to overtop during 100-year/24-hour design storm 
event by 0.1 feet.  

 

2.2 PLANS & PERMIT REVIEW 

Copies of construction or as-built plans for the adjacent and contributing areas to the subject 
portion of Howell Creek were obtained from Seminole County archives.  Environmental 
Resource Permit (ERP) data was also obtained from the SJRWMD for the same areas.  This data 
were used for the following purposes: 

 Obtain information on general drainage patterns used for delineating the 
contributing area to the creek; 

 Obtain information on drainage conveyance, storage, and treatment systems for 
infrastructure mapping purposes; and 

 For areas immediately adjacent to the creek, obtain information on drainage and 
conservation easements.  

Figure 2-1 displays the subdivisions and major developments in the project area based on 
Seminole County GIS data.  Figure 2-2 displays locations of ERPs based on GIS data from the 
SJRWMD.  A complete listing of the plans and ERPs reviewed is included in the references 
section of the report.  The drainage infrastructure in the project area based on the plan and 
permits review is shown on Exhibit 1.      

Some particular noteworthy items based on review of the plans and permits are as follows: 

 Lake Howell Road: Construction of the road in its present form was completed 
circa 1975.  The storm sewer system discharges directly into the creek at the 
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bridges, however, pollutant control structures (baffle boxes) were incorporated into 
the design.   

 Lake Howell Road Pedestrian Bridge: This was constructed along the west side 
of the bridge circa 2004.  Some minor improvements were completed to the west 
side of the bridge in conjunction with this project. 

 Lake Howell Lane: Construction of the road in its present form was completed 
circa 1969.  Runoff from the roadway discharges directly into Howell Creek through 
storm inlets and flumes.   

 Lake Howell Square / Wal-mart Supercenter: The shopping plaza was initially 
constructed in the 1980s.  This included the construction of the two wooden (timber 
span) bridges that connect the northwest and southeast portions of the shopping 
center across Howell Creek.  Stormwater drains to Howell Creek after receiving 
detention pond treatment.  The northwest portion of the site was modified circa 
2003-2004 upgrading the Wal-mart to a Wal-mart Supercenter.  The site drainage 
was revised including the addition of another stormwater pond on the north side of 
the property and the installation of an underground exfiltration storage system 
where an existing pond had been.   

 SR 436:  Widening of the roadway occurred in the early 1990s to bring it to its 
current configuration.  Roadway drainage is discharged directly to Howell Creek at 
the bridge crossing.  Other offsite flow (some treated and some not) also discharge 
at the location from other contributing areas. 

 Former Lake Howell Lane Dam: A former dam existed just upstream of Lake 
Howell Lane.  This was a concrete control structure, remnants of which still remain 
on the southeast bank as well as some rubble along the creek bed.  No plans of 
structure details were found during the document review.  This structure seem to 
have been in operation as late as the mid-1990s based on the its inclusion in the 
1994 DRMP Basin modeling (see Section 2.1). 

 Lake Howell Road Water Control Structure:  Although outside the upstream 
project limits, it is worth noting that the water control structure (dam) just upstream 
of Howell Lake Road is currently undergoing re-construction as part of a NRCS 
emergency restoration action.  It had a history of failure due to seepage and 
erosion.  Construction is estimated to be complete on the project in late 2009. 

 Erosion Control Project at Carmel By the Lake: Although outside the 
downstream project limits, it is worth noting the erosion control project that 
occurred to address severe erosion at the creek bend adjacent to the Carmel by the 
Lake condominiums.   The improvement consisted of bank stabilization including 
gabion rock baskets, reno mattresses, and rubble rip-rap.   The project was 
completed by Seminole County circa 2002.  

Refer to Appendix B for plan sheet excerpts depicting the above referenced features as well as 
details of other drainage features including the bridges at Lake Howell Road, Lake Howell Lane, 
Wal-mart, and SR 436.  Please refer to Exhibit 1 for a depiction of the drainage infrastructure 
described. 
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2.3 HISTORICAL AERIALS 

Historical aerials photos were obtained form Seminole County and reviewed for pertinent 
information regarding the characteristics of the creek corridor.   The aerials were georeferenced 
in GIS and plotted along with the current streets data and path of Howell Creek on Figures 2-3 
through 2-9.  Pertinent observations from the aerials are summarized as follows: 

 1940 (Figure 2-3) – At this time, Lake Howell Road was present but not Lake Howell 
Lane and SR 436. Howell Creek is clearly defined based on the tree line. No significant 
development is apparent. 

 1948 (Figure 2-3) – This aerial appears very similar to the 1940 aerial with regard to 
Howell Creek.  Lake Howell Lane is already present but not SR 436. There is still no 
significant development. 

 1957 (Figure 2-4) – This aerial appears very similar to the 1940 and 1948 aerials with 
regard to Howell Creek. SR 436 is not yet present. 

 1968 (Figure 2-4) – This aerial appears very similar to the older aerials with regard to 
Howell Creek. SR 436 is present. Some small residential development has appeared at 
the south of Lake Howell Lane. 

 1972 (Figure 2-5) – This aerial appears very similar to the older aerials with regard to 
Howell Creek. Some more small residential development has appeared at the west of 
Lake Howell Road and north of Howell Creek at the future location of Forest Brook. 
Some significant clearing is evident south of Lake Howell Lane at the future locations of 
Carrington Park and Casselberry Commons.  

 1974 (Figure 2-5) – This aerial is similar to 1972, with some more significant 
developments at the south of Lake Howell Lane near the future Casselberry Commons 
and at the west of Lake Howell Road in the future Forest Brook area. 

 1980 (Figure 2-6) – Very similar to 1974 aerial, with some additional activity in the 
future Forest Brook area. 

 1984 (Figure 2-6) – Significant developments are apparent at the south of Howell 
Creek where the future locations of Sierra Condo, Ultra Vista Condo and Branch Tree 
Subdivision. Additional significant development is also apparent at the north of Howell 
Creek where the future Carmel by the Lake is located. 

 1986 (Figure 2-7) – Very similar to 1984 with some significant clearing near Howell 
Creek at the future locations of Lake Howell Square, Wal-mart and Interlachen 
Corporate Center. 

 1989 (Figure 2-7) – Similar to 1986 with additional development in the 
aforementioned areas apparent.   

 1995 (Figure 2-8) – Significant development has continued including the businesses 
near Opal Terrace and Casselberry Commons. Harbor at Lake Howell appears complete. 

 2000 (Figure 2-8) – Very similar to 1995 with some additional activity within the 
commercial businesses area near Casselberry Commons along SR 436. 

 2004 (Figure 2-9) – Very similar to 2000 with the completion of Park Maitland Villas at 
the south of Lake Howell Lane.  

 2008 (Figure 2-9) – Similar to 2004 with the expansion of Wal-mart. The previous 
pond at the parking lot was transformed into an exfiltration treatment system and an 
additional pond north of the Wal-mart was also constructed. 
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2.4 TOPOGRAPHICAL DATA 

Topographical data were compiled from several sources.  USGS quadrangle maps were 
reviewed for general topographical and hydrographical data.  A reproduction of the 7.5 minute 
quadrangle map for the project area is included as Figure 2-10.  One-foot contour data and 
spot elevation data was acquired in digital GIS format from the SJRWMD.  This was used to 
evaluate drainage patterns in more detail and is shown on Figure 2-11. 

The one-foot contour data was sparse in much of the areas adjacent to the creek likely due to 
dense vegetation limiting the accuracy of the photogrammetry.  Additional survey data was 
collected along the creek and adjacent overbank areas as described in Section 3.2 of this 
report.  This survey data was converted in to GIS features and then blended with the SJRWMD 
one-foot contour and spot elevation data to create a digital ArcGIS format Terrain feature from 
which a Digital Elevation Model (DEM) of the project area was created.  The DEM is shown on 
Figure 2-12 for informational purposes to provide a better representation of topography in the 
vicinity of the creek.         

2.5 ENVIRONMENTAL DATA COMPILATION 

Environmental data were collected from various sources in order to evaluate physical 
characteristics of the project area.  The following relevant data was obtained: 

 Soils data was obtained in GIS format from the SJRWMD – refer to Figure 2-13.  This 
data is generally used to evaluate the surface infiltration potential of stormwater 
runoff based on the hydrological classification. 

 Land use data was obtained in GIS format from the SJRWMD – see Figure 2-14.  
This data provides an indication of relative imperviousness of various land uses 
which affect stormwater runoff volume, and also wetland areas where surface 
hydrology is a concern. 

 FEMA Floodplain maps were obtained – see Figure 2-15.  This data provides a 
delineation of regulatory areas that store flood waters during extreme storm events.  
The project area is a floodplain zone “AE” which are areas where base flood 
elevations have been determined.  There is also a regulatory floodway defined for 
Howell Creek in the project area.  This floodway restricts the encroachment of 
development along the creek corridor.   
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SOIL CODE SOIL NAME HYDRO GROUP
19 MYAKKA & EAUGALLIE FINE SANDS B/D
23 BRIGHTON-SAMSULA & SANIBEL MUCKS B/D
49 POMPANO FINE SAND - OCCASIONALLY FLOODED D
52 OPEN WATER WATER
68 BASINGER SAMSULA & HONTOON SOILS - DEPRESSIONAL D
85 ARENTS 0-5% SLOPES C
92 TAVARES-MILLHOPPER FINE SANDS 0-5% SLOPES A
94 POMELLO FINE SAND 0-5% SLOPES & URBAN LAND 0-12% SLOPE C
95 ASTATULA-APOPKA FINE SANDS 5-8% SLOPES A
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2.6 HYDROLOGICAL DATA 

An effort was undertaken to identify relevant hydrological data in the project area.  The USGS 
maintains a gauging station on the downstream side of the bridge on Lake Howell Lane.  From 
this gauge creek stage and discharge measurement are collected on a continuous basis.  There 
is also a manually read staff gauge installed under the bridge on Lake Howell Lane.  The gauge 
has been in operation since 1996. Photos of these are presented below. 

 

 

 

 

Photograph looking 
towards the north at the 
USGS gauge on the south 
side of the Lake Howell 
Lane crossing of Howell 
Creek (April 2009). 

 

 

 

 

Photograph looking at the 
staff gauge under the 
bridge on Lake Howell 
Lane crossing of Howell 
Creek (April 2009). 

 

 

Daily data summaries were obtained from the USGS website for the hydrological gauge.  This 
data are plotted on Figure 2-9 (stage data) and Figure 2-10 (discharge).   
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FIGURE 2-17
HISTORICAL DISCHARGE DATA
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3.0 FIELD ASSESSMENT 

3.1 FIELD INVESTIGATION 

Inwood personnel conducted a detailed field investigation of the creek on April 29 and May 15, 
2009 while the creek was still experiencing dry season base flow conditions.  During these field 
visits personnel walked the creek collecting photographic evidence and noting severe erosion, 
bank failure and excessive debris.  Coordinates of the approximate creek centerline were 
captured using a field GPS unit.  Drainage outfalls discharging into the creek were also marked 
with GPS and photographed.  Ecological data were also collected as described further in Section 
4.   

Data from the field investigation are shown on Exhibit 2 including photos of the creek centerline 
and other pertinent drainage features.  Some representative photos of conditions in the creek 
are provided below. 

 

 

Example of trash and algal bloom present in creek 30 feet downstream of south bridge of Wal-
mart Supercenter parking lot. (April 2009) 
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Photo of fallen dead tree blocking creek 250 feet downstream of Lake Howell Road. (April 2009)

 

View of fallen tree debris and algal bloom present in creek 150 feet upstream of State Road 436 
beside Wal-mart Supercenter parking lot. (April 2009) 
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Erosion under the north bridge of the Wal-mart Supercenter parking lot. 

 

Photo of bank erosion and undercutting 160 feet downstream of Lake Howell Road. 
(April 2009). Note that this location is a shallow bank location in a non-critical area not 

threatening any active structures. 
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Example of bank erosion and undercutting upstream of culverts between Lake Howell Lane and 
south bridge of Wal-mart parking lot. (April 2009) 

3.2 SURVEY DATA COLLECTION 

Topographical survey data were collected by Southeastern Surveying & Mapping Corporation 
(SSMC) in May through June of 2009.  The scope of the survey included the following: 

1. Collect creek channel cross-section and flow line elevation data at selected 
intervals in the project area; 

2. Collect elevation of drainage structures intersecting the creek; 

3. Provide detailed survey of the bridges on State Road 436, Lake Howell Road, 
Lake Howell Lane and the access bridges at Wal-mart Supercenter parking lot; 

4. Details on property ownership and easements adjacent to the creek. 

The survey data is included in Appendix C, which includes the survey plan plots and field notes 
of the drainage structures detailed.  Included is data collected by SSMC for CDM’s basin study 
efforts including details of the Wal-mart bridges.  Also, in the field notes are details of the 
remnant dam just upstream of Lake Howell Lane. Adjacent property ownership and easement 
information is replicated on Figure 3-1.  The cross-sectional data is shown on Exhibit 3. 

3.3 GEOTECHNICAL EVALUATION 

A geotechnical evaluation was conducted by Devo Seereeram, Ph.D., P.E. (Devo Engineering) in 
May 2009.  The evaluation was visual in nature and focused on noting areas of concern with 
regard to erosion and bank stability which warrant corrective action.  Several area of concern 
were noted and given a priority grading for corrective action.  The results of this effort are 
included in the report in Appendix D.  This report contains a large scale exhibit with sketch and 
photo documentation of areas of concern. 
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4.0 PRELIMINARY ECOLOGICAL ASSESSMENT 

4.1 INTRODUCTION  

Biologists from Inwood Consulting Engineers conducted an ecological assessment of the creek 
system in order to determine the overall health of the system, its ability to provide habitat for 
wetland-dependant wildlife in the area, the jurisdictional extent of wetlands, evidence of habitat 
utilization by state and federally protected species, and any State and Federal permitting 
requirements.  Field reviews were conducted on April 29, 2009 and May 15, 2009. 

4.2 EXISTING ENVIRONMENTAL CHARACTERISTICS 

4.2.1 Soils 

According to the US Department of Agriculture (USDA) Natural Resource Conservation Service 
(NRCS) Soils Conservation Service (SCS) SCS digital soils data, the proposed project location is 
comprised of three soil types: Pompano Fine Sand, Occasionally Flooded; Myakka and Eaugallie 
Fine Sands; and Tavares-Millhopper Fine Sands, 0-5% Slopes.  The creek bed itself is the only 
portion of the study area that has not been developed and/or disturbed and retains its historical 
soil profile. Please refer to Figure 2-13 (Soils Map) and the geotechnical report (Appendix D) for 
the location and type of soils in the project area. 

4.2.2 Existing Vegetative Communities and Land Use 

Land use within the project area consisted of both natural and developed areas.  Land use 
categories were defined by the Florida Department of Transportation (FDOT) Florida Land Use 
Cover and Forms Classification System (FLUCFCS).  Please refer to Figure 2-14 (Land Use Map) 
for the distribution of each FLUCFCS type within the area surrounding the proposed project site.  
The area immediately surrounding the project site consists of the following land use types: 

 FLUCFCS 1200 – Residential, Medium Density, 2-5 Dwelling Units per Acre: This 
designation is used to describe the developed residential areas to the west and south of 
the project area near Lake Howell Road and Lake Howell Lane.  This area is comprised 
of single family homes and condominiums. 

 FLUCFCS 1400 – Commercial and Services: This designation is used to describe 
commercial developments, specifically the shopping centers immediately to the north 
and south of the project area between Lake Howell Lane and SR 436. 

 FLUCFCS 6300 – Mixed Wetland Forest: This designation is used to describe the creek 
bed and forested wetland areas along the stream.  This category includes forested 
wetland areas where neither hardwood nor conifer species achieve a 66 percent canopy 
dominance. 

4.3 WETLAND DESCRIPTION 

4.3.1 Methodology 

Prior to field reconnaissance, several site-specific mapping resources were reviewed.  These 
included aerial photographs of the project area (2004 & 2008), USDA NRCS SCS; Soil Survey of 
Seminole County, Florida (1990), US Geologic Survey (USGS) 7.5 minute quadrangle maps; 
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Casselberry (3811), and the US Fish and Wildlife Service (USFS) National Wetlands Inventory 
(NWI) maps. 

Subsequent to the review of all available materials, a field review was conducted on April 29, 
2009 and May 15, 2009 in order to identify the presence of wetland vegetation, evidence of 
wetland hydrology, and hydric soil indicators within the project limits.  The jurisdictional limits 
of wetlands were delineated using the criteria set in the US Army Corps of Engineers Wetland 
Delineation Manual (1987) with the Interim Regional Supplement to the Corps of Engineers 
Wetland Delineation Manual: Atlantic and Gulf Coastal Plain Region (2008) and in accordance 
with Chapter 62-340.300 of the Florida Administrative Code. 

4.3.2 Wetland Vegetative Descriptions 

There is one wetland or surface water habitat type, as defined by the FLUCFCS, within the 
project corridor: Mixed Wetland Forest (6300).  For the purposes of this document, a vegetative 
description will be made to consider the overall creek and adjacent wetlands as one contiguous 
system. 

Wetland habitat observed in the field included a canopy of laurel oak (Quercus laurifolia), live 
oak (Quercus virginiana), red maple (Acer rubrum), bald cypress (Taxodium distichum), earpod 
tree (Enterolobium contortisiliquum), and camphor (Cinnamomum camphora).  Mid-story and 
shrub species included elderberry (Sambucus nigra), wax myrtle (Myrica cerifera), Brazilian 
pepper (Schinus terebinthifolia), Carolina willow (Salix caroliniana), and saw palmetto (Serenoa 
repens).  Groundcover species included duckweed (Lemna sp.), maidencane (Panicum sp.), dog 
fennel (Eupatorium capillifolium), pineland lantana (Lantana camara), air-potato (Dioscorea 
bulbifera), wild grape (Vitus sp.), blackberry (Rubus argutus), wild taro (Colocasia esculenta), 
beggartick (Bidens sp.), water lily (Nymphaea sp.), and bahia grass (Paspalum notatum). 

The canopy vegetation was consistent with the FLUCFCS type set by the St Johns River Water 
Management District in their 2004 land use and land cover data.  Exotic and nuisance 
vegetation is present through the study area and is typical of urban wetland systems.  
Hydrology within the creek appears to be adequate as there was running water in the creek 
during both field reviews 

High water levels were marked on three different locations along the creek.  These marks were 
identified using biological indicators and staining as evidence of peak water levels within the 
creek.  These locations were identified using GPS and photographs and were later surveyed.  
Please refer to the Wetland Location Map (Figure 4-1) and Exhibit 2 for the location of high 
water marks.  Below are photographs and descriptions of high water marks set in the field. 
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High water mark located on the west side of the 
SR 436 crossing. (April 2009) 

High water mark on bridge piling adjacent to the 
Wal-Mart parking lot. (April 2009) 

 

Staff Gauge showing high water elevation of 58.70 feet on bridge piling at Howell Lane. (April 2009) 

4.4 WILDLIFE 

The vegetative communities and current land use within and adjacent to the proposed project 
limits were evaluated in order to determine the potential use by listed species.  Inwood 
biologists reviewed reference literature, aerial photography, and conducted field reconnaissance 
in order to determine if suitable protected species habitat exists within the project area. 

4.4.1 Methodology 

Prior to conducting field visits, a literature search was performed in order to determine if the 
presence of any protected species, or their habitats, had been documented within the project 
area.  Project biologists consulted standard Florida references to gain insight into the 
characteristics of existing wildlife habitat.  Literature referenced included the NWI maps, site-
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specific aerial photographs, the USFWS’s “Endangered and Threatened Species of the Southeast 
United States” (The Red Book, 1992), the Florida Fish and Wildlife Conservation Commission’s 
(FWC) “Closing the Gaps in Florida’s Wildlife Habitat Conservation System” (1994), Florida’s 
Endangered Species, Threatened Species, and Species of Special Concern lists (2008), and a 
recent query of the Florida Natural Areas Inventory (FNAI) database of listed species for the 
surrounding area. 

A general wildlife survey was conducted on April 29, 2009 and May 15, 2009 by an experienced 
Florida biologist in order to determine the potential for listed species or their habitat within the 
proposed project limits.  Prior to the field survey, a base map of the study area was developed 
from aerial photographs. 

Review of existing wildlife literature did not indicate the presence of any protected species or 
habitat within the project area. 

A listing of Federal and State listed species which have the potential to occur in Seminole 
County is included as Table 4-1. 

4.4.2 Results 

4.4.2.1  Listed Floral Species 

During the field review, no listed floral species were observed within the project limits. 

4.4.2.2  Listed Faunal Species 

During field reviews, one listed species was observed within the project limits.  A wood stork 
(Mycteria americana) was observed foraging within the creek.  This species is listed as 
Endangered by both the USFWS and FWC. 

The following is a discussion of listed species that addresses those species that were not 
observed, but have at least a minimal potential of occurrence within the project limits. 

A review of the FFWCC eagle nest locator website was conducted on May 19, 2009 for habitat 
surrounding and including the project area (Section 28, Township 21S, Range 30E).  The results 
indicated that there are currently a total of eight eagle nests within five miles of the project, 
with the nearest (SE012) being 1.43 miles from the project.  Bald eagles could utilize lake and 
marsh habitat both upstream and downstream of the proposed project location for foraging.  
However, it is anticipated that this project is not likely to have any adverse effect on the 
breeding success of an established nest. 

Listed wading birds that could potentially use portions of the project area for foraging habitat 
include limpkin (Aramus guarauna), little blue heron (Egretta caerulea), snowy egret (Egretta 
thula), tricolored heron (Egreatta tricolor), and sandhill crane (Grus Canadensis).  A review of 
the FFWCCC Waterbird colony Locator online database was conducted on May 19, 2009.  No 
wading bird colonies have been recorded within the project limits. 

The American alligator (Alligator mississippiensis) is federally-listed as Threatened to due to 
similarity in appearance to more endangered crocodilians and state-listed as a species of special 
concern.  Foraging habitat for this species does occur within the proposed project limits.  

Non-listed wildlife species, or evidence of utilization, observed within the project limits include 
northern cardinal (Cardinalis cardinalis), blue jay (Cyanocitta cristata), barred owl (Strix varia), 
turkey vulture (Cathartes aura), grey squirrel (Sciuris carolinensis), brown anole (Anolis sagrei), 
southern black racer (Coluber constrictor), and pig frog (Rana grylio).  
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Table 4-1 - Federal and State Listed Species with the Potential to Occur in Seminole County 

 

GROUP SCIENTIFIC NAME COMMON NAME                             USFWS                FFWCC FDACS 

Amphibian 

 Rana capito Gopher frog         SSC 

Birds 

 Ajaia ajaja Roseate Spoonbill          SSC 

 Aphelocoma coerulescens Florida scrub jay        T          T 

 Aramus guarauna Limpkin        SSC 

 Caracara cheriway Crested caracara        T         T  

 Egretta caerulea Little blue heron        SSC 

 Egretta thula Snowy egret        SSC 

 Egretta tricolor Tricolored heron        SSC 

 Eudocimus albus White ibis        SSC 

 Falco pergrinus tundrius Peregrine falcon         E 

 Falco sparverius paulus Southeastern American kestrel         T 

 Grus canadensis Sandhill crane         T 

 Haliaeetus leucocephalus Southern bald eagle         T         T 

 Mycteria americana Wood stork         E         E  

Fish 

 Pteronotropis welakea Bluenose shiner       SSC 
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Table 4-1 -  Continued 

 

GROUP SCIENTIFIC NAME COMMON NAME                              USFWS FFWCC FDACS 

Mammal 

 Podomys floridanus Florida mouse    SSC 

 Sciurus niger shermani Sherman's fox squirrel    SSC 

 Trichechus manatus latirostris West Indian manatee           E      E 

 Ursus americanus floridanus Florida black bear      T 

Plants 

 Carex chapmanii     Chapman's Sedge    E 
 Centrosema arenicola Sand butterfly pea  E 

 Cucurbita okeechobeensis Okeechobee gourd           E  E 

 Dennstaedtia bipinnata Cuplet fern  E 

 Illicium parviflorum Yellow anise tree   T 

 Lechea cernua     Nodding Pinweed   T  
 Lechea divaricata Pine pinweed  E 

 Nemastylis floridana Celestial Lily   E 

 Ophioglossum palmatum Hand Fern  E 

 Pecluma ptilodon Swamp plume polypody  E 

 Pteroglossaspis ecristata Giant Orchid   T 

 Salix floridana Florida Willow   E 

Reptile 
 Alligator mississippiensis American alligator      T (S/A)     SSC 

 Drymarchon corais couperi Eastern indigo snake         T       T 
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Table 4-1 -  Continued 

 

GROUP SCIENTIFIC NAME COMMON NAME USFWS FFWCC FDACS 

 

Reptile (cont'd.)  
 

 Gopherus polyphemus Gopher tortoise      T 

 Pituophis melanoleucus mugitus Florida pine snake      SSC 

 Stilosoma extenuatum Short-tailed snake      T 

 

 

 

USFWS = United States Fish and Wildlife Service  

FFWCC = Florida Fish and Wildlife Conservation Commission 

FDACS = Florida Department of Agriculture and Consumer Services 

 

E = Endangered SSC = Species of Special Concern  

T = Threatened T(S/A) =Threatened due to Similarity of Appearance 
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4.5 REGULATORY AGENCIES AND REQUIRED PERMITTING 

As any work within the creek will impact wetlands regulated by the state and federal 
government, it will be necessary to submit an Environmental Resource Permit (ERP) application 
for Section 404 dredge and fill permit to the US Army Corps of Engineers (ACOE) and the St. 
Johns River Water Management District (SJRWMD). These permits address the proposed 
project’s impact on wetlands including filling of jurisdictional wetlands, the effect of wetland 
habitat loss on listed species, and to help determine the mitigation necessary to offset the loss 
of wetlands resulting from this project.   

ACOE and SJRWMD regulate wetlands impacts within this project area.  The FDEP, USFWS, and 
the FWC review and comment on wetland permit applications.  It is currently anticipated that 
the following permits will be required for any work within the creek itself or within adjacent 
wetlands: 

Permit Type            Issuing Agency 

Standard General Environmental Resource Permit     SJRWMD 
  (assuming permanent wetland impacts less than 1.0 acres) 

OR* 

Individual Environmental Resource Permit      SJRWMD 
  (assuming permanent wetland impacts greater than 1.0 acres) 
________________________________________________________________________ 
Section 404 General Dredge and Fill Permit      USACOE 
 (assuming wetland fill impacts less than 0.5 acres) 

OR* 

Section 404 Individual Dredge and Fill Permit      USACOE 
 (assuming wetland fill impacts greater than 0.5 acres) 
 
*The type of permit required for the project will depend on the amount of impacts to wetlands resulting 
from the proposed work. 

The FWC and the USFWS will consult with and provide comments to the SJRWMD and ACOE on 
the potential effect of any proposed wetland impacts on state and federal listed species.  Their 
comments and/or objections will be noted in the sufficiency response from the ACOE. 

Based on experience gained during the permitting process for the some previously completed 
projects in Howell Creek, the State of Florida may consider Howell Creek to be Sovereign 
Submerged Lands.  Any construction activities within the creek itself will have to have approval 
from the Florida Department of Environmental Protection (FDEP).  This coordination will occur 
during the permitting process. 

SJRWMD: The complexity of the permitting process depends greatly on the degree of the 
impact to jurisdictional areas.  The SJRWMD requires an ERP when construction of any project 
results in the creation of a water management system, impacts to waters of the State, or 
impacts to isolated wetlands.  A Standard General permit will be required with mitigation for 
projects with proposed wetland impacts less than one acre with an Individual permit being 
required with proposed wetland impacts greater than one acre. Typically, SJRWMD can review 
and approve a Standard General ERP in 3-6 months and an Individual ERP in 3-9 months. 



Howell Creek from Lake Howell Road to Lake Howell Lane to State Road 436                                   Assessment Report 
Seminole County, Florida                                                                                                                                           Page 4-10 
  

  February 2010 

ACOE: For the ACOE, a General dredge and fill permit will be required if a project’s wetland 
impacts are less than 0.5 acres, with an Individual permit being required with proposed wetland 
impacts greater than 0.5 acres.  Both permits require compliance with Section 404(b)(1) 
guidelines, including verification that all impacts have first been avoided to the greatest extent 
possible, that unavoidable impacts have been minimized to the greatest extent practicable, and 
that unavoidable impacts have been mitigated in the form of wetlands creation, restoration, 
and/or enhancement.  Review and issuance of a General ACOE permit typically takes 1-3 
months and an Individual permit typically takes 3-6 months from the time the permit application 
is submitted.   

4.6 ECOLOGICAL ASSESSMENT SUMMARY 

The jurisdictional extent of wetlands within the project area is the stream bed itself from the 
top of bank on each side of the creek.  Please refer to the Wetland Location Map (Figure 4-1) 
for the approximate extent of wetlands within the project area.  Any construction activities 
occurring within the creek will be required to have an approved permit from both the SJRWMD 
and ACOE with approved mitigation provided for any permanent impacts to wetlands. 

Suitable habitat exists within the project area for protected species, specifically protected 
wading birds. Due to surrounding development, however, the overall quality of the habitat is 
low.  One wood stork was observed foraging within the creek during the field review by Inwood 
staff.  Any proposed projects within the creek should consider the effects on listed species and 
provide adequate avoidance and minimization of impacts to listed species and their habitat. 

Based on observations in the field, the wetlands appear to be adequately hydrated, though 
native wetland vegetation is lacking in many areas.  The urbanization of the uplands 
surrounding the creek has lead to a decline in the overall abundance and diversity of native 
wetland vegetation and an increase in amount of nuisance/exotic species.  Lack of suitable 
floodplain along the banks leaves little area for native vegetation to remain established and 
create the canopy normally associated with this type of system. 

Any work taking place within wetlands associated with Howell Creek that will involve altering 
existing vegetation should consider the control/removal of exotic species.  Species such a 
Brazilian pepper, air-potato, and cogongrass spread very quickly in stressed systems and 
typically out-compete natives for resources.  The lack of any buffer between the creek system 
and surrounding vegetation will likely reduce the chance of success for most exotic control 
attempts.  Removing large sections of exotic vegetation and establishing native species in large 
enough areas to allow a native “core” to be established that can compete for resource may help 
restore much needed wetland habitat for wildlife using the entire creek and lake system for 
foraging and cover.   
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5.0 HYDROLOGICAL & HYDRAULIC MODEL REFINEMENT 

5.1 EXISTING MODEL  

The ongoing CDM Howell Creek master study developed a hydrological & hydraulic model 
representation of the project area.  The model’s level of detail was regional in nature, building 
on the previous SJRWMD and DRMP modeling efforts with some additional refinements based 
on newly collected survey data of key drainage structures and creek cross-sections. As a result, 
the project area was generally represented with aggregated contributing areas divided along 
the creek.  The bridges at Lake Howell Road, Lake Howell Lane, SR 436, as well as the two 
bridges in the Wal-mart parking lot were included in the model.  Survey data for the Wal-mart 
bridges collected for this study is included in Appendix C for reference. 

5.2 REFINED MODEL  

This current project afforded the opportunity to collect more detailed survey data in the creek.  
In addition, detailed survey was collected for the bridges at Lake Howell Road, Lake Howell 
Lane, SR 436 and the Wal-mart Supercenter parking lot.   

The current project efforts also allowed for a more detailed assessment of local drainage 
infrastructure through the plans, permit, and field review.  This resulted in the refinement of the 
contributing areas to the subject creek segments.  The refined contributing areas are shown on 
Figure 5-1, divided by which side of the creek (north versus south) to which they discharge.  

Using the newly collected field survey data and the refined contributing areas, CDM updated 
their master model in the vicinity of the project limits to provide a more accurate assessment of 
flows and stages.  The results of their efforts are included in a technical memorandum in 
Appendix E.  The technical memorandum includes a figure showing the refined model area and 
a summary table of peak stage and average velocity results for the project creek section.  

Peak stages and velocity data for the design storm events (mean annual, 10-year, 25-year, and 
100-year) were adapted from the CDM information and are summarized graphically on the 
profile on Exhibit 3.  This data were used when identifying creek restoration strategies 
summarized in Section 7 of this report.  

A comparison summary of the most recent modeling results “CDM 2009” with various past 
results for the bridges at SR 436, Lake Howell Lane, Lake Howell Road and Lake Howell Square 
locations is presented on Table 5-1.   

5.3 MODEL RESULTS UTILIZATION  

Design storm stage information is useful when designing bank stabilization and/or erosion 
control measures to determine the vertical extent of such improvements.  Typically bank 
stabilization measures are designed to a height equivalent to a 25 or 100 year design storm. 

Velocity information is useful in determining areas susceptible to erosion under extreme storm 
events.  Generally velocities in excess of 3 to 4 feet per second (fps) can transport sediment.  
Areas where the model results indicate high velocities with erosion confirmed by field 
observations may be candidates for some type of stream bed and/or bank protection or 
armoring. 
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Table 5-1 

Comparison of Historical Storm Discharge and Stage Information 

Discharge in Creek (cfs)* Stage in Creek (Ft. NGVD)*       Storm 

                  Data 

   Location 
Mean 

Annual 
10-
year 

25-
year 

100-
year 

Mean 
Annual 

10-
year 

25-
year 

100-
year 

SR 436 

USACOE 1974 ** - - 440 - - 880 - - 57 - - 58.4

SJRWMD 1984 - - 550 740 1160 - - 56.5 57.2 58.5

SJRWMD 1994 - - 278 400 681 - - 56.38 56.95 58.07

DRMP 1994 - - 331 437 747 - - 56.75 57.26 58.75

FEMA FIS 2007 *** - - 440 - - 880 - - 57.16 - - 58.56

CDM 2009 442 688 980 1522 56.7 57.3 57.8 58.7

Lake Howell Square / Wal-Mart Shopping Center (North)

DRMP 1994 - - 615 418 724 - - 57.1 57.26 59.04

CDM 2009 443 688 981 1522 58.1 59.1 60 61.4

Lake Howell Square / Wal-Mart Shopping Center (South)

DRMP 1994 - - 314 417 722 - - 57.66 58.21 59.64

CDM 2009 438 681 971 1536 58.5 59.5 60.5 61.9

Lake Howell Lane 

SJRWMD 1984 - - - - - - - - - - 60.7 61.1 61.9

SJRWMD 1994 - - 278 400 681 - - 56.45 57.04 58.15

DRMP 1994 - - 313 416 722 - - 58.16 58.76 60.26

FEMA FIS 2007 *** - - - - - - - - - - 59.26 - - 60.76

CDM 2009 506 751 1058 1507 58.8 59.9 61 62.4

Lake Howell Road 

SJRWMD 1984 - - - - - - - - - - 61.3 62 63.5

SJRWMD 1994 - - 278 400 681 - - 59.78 60.28 61.03

DRMP 1994 - - 312 415 720 - - 58.82 59.45 60.81

FEMA FIS 2007 *** - - - - - - - - - - 60.26 - - 62.16

CDM 2009 419 669 970 1505 59.1 60.3 61.3 62.7
Refer to Section 2.1 for description of previous  SJRWMD, DRMP, and FEMA studies 

- - Data not available 

* Design storms all based on 24-hour duration 

** Data originating in 1974 ACOE document but referenced from SJRWMD 1984 study 

*** Data estimated from flood profile graphs from 2007 FEMA Flood Insurance Study.  Values converted to NGVD from NAVD in the 
FIS (NGVD = NAVD + 1.06’) 
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6.0 WATER QUALITY EVALUATION 

6.1 WATER QUALITY REGULATIONS  

The contributing area to the project creek corridor has been primarily developed since the early 
1980s.  Most of the development has been subsequent to the advent of various stormwater 
management rules required by the SJRWMD and Seminole County development regulations.  
These rules require the implementation of water quantity (attenuation) as well as water quality 
(pollutant reduction) engineering controls be incorporated into site design.   

For water quantity, the requirements generally dictate that post-development discharge should 
be less than or equal to pre-development discharge and no net reduction in floodplain storage 
should take place.  For water quality purposes, certain acceptable Best Management Practices 
(BMPs) should be implemented (i.e., wet detention, retention, exfiltration, swales, etc.) to 
reduce pollutants based on presumptive pollutant load reduction performance.  Although not 
required to be monitored, the goal is that the implementation of BMPs will reduce pollutant 
discharges into receiving waters which in this case is Howell Creek and later Lake Jesup.   

Lake Jesup is an impaired water body subject to Total Maximum Daily Load (TMDL) 
requirements.  Based on impairment data from the Florida Department of Environmental 
Protection (FDEP), parameters of concern include nutrients (total nitrogen and phosphorus), 
fecal coliforms and dissolved oxygen (BOD).  As a primary tributary to Lake Jesup, the water 
quality of Howell Creek is by association of specific concern to the County. 

Note that no septic tank usage was identified in the project area, so leaching of contaminants 
from non-functioning or failed septic tanks through the groundwater into the creek does not 
appear to be a concern in the project area.  

6.2 BMP EVALUATION  

A cursory evaluation of BMPs in the contributing area to the project was conducted in an 
attempt to identify any specific areas that currently do not have stormwater BMPs in place.  
These areas could then be targeted in the future for some type of BMP if reduction of pollutant 
loading in this project area becomes important in the future.  

Based on review of plans, permits, and field observations, each individual development in the 
contributing are was designated as having a currently operating BMP.  In the project area the 
BMPs were distinguished between wet ponds (detention), dry ponds (retention) and exfiltration 
treatment. Figure 6-1 shows the results of this evaluation. 

Based on Figure 6-1, the majority of the contributing area (~75%) is addressed with BMPs.  
The areas identified as having no BMPs are the stormwater system along State Road 436 and 
some portion of Lake Howell Road.  Stormwater runoff from Casselberry Commons at the 
corner of State Road 436 and Howell Branch Road also appears to be untreated.   

Since the effectiveness of the existing BMPs is based primarily on presumptive removal 
efficiencies, there would be opportunity to enhance existing treatment levels through the 
incorporation of additional BMPs through a “treatment train” of BMPs in series.  This would 
generally require land acquisition, particularly for additional treatment pond sites.  Due to the 
built out characteristics of this project area, there is little opportunity to acquire land for new 
BMPs without acquiring a currently occupied parcel.  Therefore, options for increased pollutant 
reduction are limited. 
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7.0 CORRECTIVE ACTION EVALUATION 

7.1 DEBRIS REMOVAL  

7.1.1 Debris Evaluation 

Based on the field assessment described in Section 3, there is an abundance of debris and trash 
in the creek which in some cases is blocking flow (limiting conveyance) and may be promoting 
bank sedimentation and undercutting.  The removal of debris is warranted to restore proper 
conveyance and maintain a healthier environment. 

Based on the field observations, Figure 7-1 (below following the photos) shows locations where 
debris removal is warranted.  Debris were noted throughout the project creek section.  The 
locations are categorized as either having trees (or dense vegetation) or trash.  The categories 
are further classified as light or heavy.  There are also several instances of trees and other 
vegetation having established itself in the flow line of the creek or at a high flow stage. The 
County would need to access the creek in several locations and conduct removal activities.  
Examples of the various debris are shown in the photos below: 

 

 

Example of dense debris consisting of trees and other vegetation blocking flow path.  
110 feet upstream of SR 436 (April 2009) 
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Example of light debris - tree in flow path. 240 feet downstream of Lake Howell Rd. (April 2009)

 

Example of a fallen tree across creek at a high flood stage. 
195 feet downstream of Lake Howell Road (April 2009) 

In many cases the trees and other vegetative materials have fallen in the creek bed affecting 
normal creek flow.  In other cases, trees have fallen across the creek at a higher stage level 
which would not affect normal flows but could during extreme storm events.  These higher level 
blockages could also become dislodged during extreme storm events and cause other blockage 
issues downstream.  This could also be the case with other fallen trees that are currently 
perpendicular to flow and not causing issues – they may under extreme storm events dislodge 
and cause issues.  For that reason all fallen trees should be removed.    

This material could be addressed by hand with chainsaws and machetes.  Due to the proximity 
of residential and commercial properties adjacent to the creek, it is likely not practical to 
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dispose of cuttings along the creek corridor so the material should be removed from the area.  
It is possible that some of the heavier debris may be used as toe of slope stabilization in areas 
of minor erosion or undercutting. However, care would need to be taken that the material be 
properly anchored to the channel bed to prevent it from becoming dislodged and impact creek 
conveyance. Note that care should be taken to not remove living material or disturb existing 
root systems.  Since tree root systems provide for excellent bank stabilization, damage could 
result in tree mortality which could then lead to localized de-stabilization of creek banks. 

Trash encounter consisted of shopping carts and other small debris (see typical photo below). 

 

View of area of trash (shopping carts, etc.) inhibiting flow. 
180 feet downstream of Lake Howell Lane (August 2009) 

7.1.2 Debris Removal Recommendations 

This material should be removed from the creek bed and disposed of in a proper manner.  This 
would require setting up several collection stations at accessible areas of the creek which would 
then facilitate disposal in small dumpsters or vehicle mounted containers.  The work should be 
done during the dry season when creek stages are minimal.  Inspection and routine clean out of 
the creek should then be established under a maintenance schedule.  This may be an 
opportunity for a special event volunteer clean-up activity; however, safety issues would need 
to be addressed due to the steep creek banks in many places.   

Based on discussions with the SJRWMD in a permit determination meeting on January 28, 2010 
(minutes included in Appendix F), no permit should be necessary to remove trash within creek 
as long as surrounding vegetation is not destroyed. Uprooting of living vegetation or moving soil 
would need to be evaluated on whether or not a permit would be necessary. No permit would 
be necessary to cut out dead limbs but the contractor would need to leave larger trunks / 
stumps that would provide a healthy habitat. Removing a large stump could require a dredge 
and fill permit.  
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7.2 BANK STABILIZATION  

7.2.1 Bank Stabilization Background 

Bank stabilization issues can occur under numerous circumstances including:  

1. Areas where channel flow conditions are eroding or undercutting the bank, causing 
steeper slopes than soil type can support; 

2. Areas where loss of natural vegetation (clearing, die-offs, etc.) removes natural bank 
protection and root support;  

3. Areas where heavy loads are placed such as buildings or stockpiles; 
4. Areas subject to lateral hydrostatic pressure from groundwater seepage.   

Bank stabilization issues are closely related to erosion issues.  This sub-section specifically 
addresses areas of impending bank slope failure whereas more minor erosion and 
sedimentation issues are addressed in the next sub-section. 

7.2.2 Bank Stabilization Evaluation 

No significant Circumstances 2 or 3 areas (listed above) were observed in the project corridor.  
A more intrusive geotechnical investigation would be required to confirm Circumstance 4 issues.  
Based on the foregoing, this report is focused on issues related to Circumstance 1.   

7.2.3 Geotechnical Evaluation 

Devo Engineering in their report (Appendix D) make several key observations regarding bank 
stability.  Based on the soil types encountered: 

 Side bank slopes of 2H:1V are likely to be stable for slope heights up to 8’ provided 
that scour and erosion measures are in place;  

 For higher slopes, the slope should not exceed 3H:1V; and 
 Sheet piles if used to retain the side banks should have adequate penetration to 

avoid overturning (based on global stability analysis). 

Based on their investigation, Devo Engineering identified six areas where observed distress 
warrants some type of bank stabilization measures.  These were classified as having severe 
distress which warranted urgent attention in the short term.  These locations are shown on 
Figure 7-2.  Probable causes of the distress were noted including granular soils in the steep 
banks being eroded by stream flow which leads to bank collapse and loss of tree root support 
as well as inadequate scour protection in some areas.  Four additional areas were classified as 
in moderate distress which could be retrofitted on a phased basis in the short to medium term.  
The probable causes of distress in these areas was similar, just not the same degree.   

Recommended bank stabilization measure included gabion walls or sheet piles for side slope 
stabilization with either reno mattresses or rubble rip-rap for toe of slope and/or stream bed 
protection from erosion and scour.  Articulated concrete mats (cable concrete) could also be 
considered if cost effective.  Seminole County has used these types of stabilization measures on 
numerous projects in the past including others in Howell Creek. 

Consideration for a more soft approach to bank stabilization may also be considered.  This may 
include less structural features such as geotextiles with anchoring systems, terracing, using or 
reusing natural materials such as timber and stumps as buttresses or some combination 
therein.  In many cases these approached may be more economical but would not provide as 
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high degree of stabilization strength as hard approach measures.  Differentiation between the 
applicability of the approach would rely on the results of a more detailed and intrusive 
geotechnical analysis.  As such, they can be further evaluated during a future design and 
permitting phase.   

7.2.4 Bank Stabilization Recommendations 

Each of these six areas (BS-1 to BS-6 on Figure 7-2) is recommended for further detailed 
evaluation and design analysis.  To complete a design effort, detailed topographical surveying 
of the locations as well as an intrusive geotechnical investigation to properly quantify localized 
soil and groundwater properties (including seepage) should be conducted.  The five areas north 
of Lake Howell Lane lay within drainage, water and conservation easements of Lake Howell 
Square, while the remaining locations south of Lake Howell Lane lay within the properties of 
#2003 Lake Howell Lane and #547 Lake Howell Road.  Coordination with the SJRWMD should 
also be conducted to determine permit requirements.   

Based on discussions with the SJRWMD in a permit determination meeting on January 28, 2010 
(minutes included in Appendix F), any type of structural bank stabilization or works that would 
require regrading would most likely require a permit.  Bank stabilization less than 1 acre would 
most likely be a staff issued permit.  Bank stabilization is a conveyance related issue relative to 
a specific location that normally doesn’t require an individual permit regardless of the upstream 
contributing area. SJRWMD would require that calculations be submitted that demonstrate Pre 
vs. Post conditions (u/s and d/s stages, creek capacity, velocities, etc.) are equivalent or better 
with no significant impacts.   

Whether this segment of creek is considered Sovereign Submerged Lands (SSL) by the State of 
Florida may have a bearing on permitting.  Since the Howell Creek Water Control Structure 
Replacement project adjacent to the upstream edge of this project corridor had a positive SSL 
determination, it may be likely that this segment of Howell Creek would also carry that 
designation.  If the area is considered SSL, the impact to permitting may be increased if there is 
significant works waterward of the “Ordinary High Water” elevation.  If so, easement from the 
Florida Department of Environmental Protection may be required.  If waterward impacts are 
minimal, the SJRWMD may be able to issue the permit in-house.  This determination of SSL and 
applicable Ordinary High Water elevation should be determined prior to proceeding with further 
design and permitting efforts.    
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7.3 EROSION & SEDIMENTATION CONTROL 

7.3.1 Erosion and Sedimentation Background 

Erosion generally occurs when channel velocities are high enough to dislodge soil particles and 
transport them downstream.  The degree of erosion depends on the properties of the soil and 
the geometry of the channel section.  Cohesionless, small particle soils such as fine sands erode 
easily, while heavier particles such as gravel and boulders require more energy to suspend.  
Sand particles easily deposit once velocities are reduced.  Cohesive soils such as clays tend to 
be less susceptible to eroding, but once suspended are more difficult to settle out due to the 
small particle size.   

Geometric conditions in channels can enhance the effects of erosion. These include areas where 
channel slopes steepen or the channel cross-section decreases causing velocities to increase 
over short distances.  This generally causes stream bed erosion where sediments are 
suspended and carried downstream.  Also, areas with sharp bends tend to increase velocities 
and directional forces causing erosion to the outside of the turn.   

Scour effects can also occur where geometric irregularities are present, particularly associated 
with man-made structures such as bridge piers, water control structures, or downstream of 
culverts.  Areas where debris or dense vegetation collects in the channel can also cause 
localized erosion as stream flow is forced towards the channel banks and cause undercutting 
and or bank failure.  

Common engineering techniques to reduce erosion and sedimentation include the following: 

1. Grade Control Structures – These are in-line structures which act to flatten the 
creek slope in localized areas creating a stair step effect.  The result is lower 
relative velocities which reduce erosion and sedimentation.  These are typically 
constructed as weirs of concrete or rubble rip-rap.  They can be designed to 
promote a pooling effect upstream of the structure which may promote sediment 
settling and enhanced habitat for aquatic species and wading birds. They are 
typically designed to be submerged during storm stage flows so that head loss 
effects are minimal to prevent upstream flooding.  If the design includes enough of 
a drop to promote mixing of the creek flow, then aeration can occur which 
promotes increases in dissolved oxygen.  Often the same dissolved oxygen 
entrainment can be achieved at a grade control structure than can be achieved 
over several thousand feet of gradually sloping channel.  Design of these 
structures is hydraulic modeling intensive and care should be taken to provide 
scour protection.   Improvements can be localized and would not generally require 
land acquisition and therefore may be more economical when compared with other 
improvement measures.  Grade control could be feasible in the tight corridor; 
however, the vertical drop through the segment is only 1.5 feet.  This makes grade 
control impractical for this project.   

2. Sedimentation Basins – These basins are typically constructed off-line and 
function by diverting portions of normal creek flow into a settling basin where 
sediment can be captured.  The flow then returns to the creek corridor through a 
control structure.  These systems are typically fitted with a high level by-pass 
structure in the main creek channel to allow storm flows to pass downstream 
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avoiding head loss and stage impacts upstream.   The disadvantage of 
sedimentation basins is that they can be land intensive, which is difficult to come 
by in an established urban creek.  Design of these basins is hydraulic modeling 
intensive and a long term maintenance schedule for clean out should be 
established.  Unless designed with grade control features, these improvements are 
more focused on sedimentation removal that direct erosion reduction.  These 
improvements can be costly, particularly when significant land acquisition is 
involved.  For the project corridor from Lake Howell Road to SR 436, available land 
is limited and generally at a higher relative grade.  As such, the application of a 
sedimentation basin improvement is unfeasible.     

3. Creek Bed Meandering & Diversioning – When compared with linear creeks, 
meandering creeks provide for gentler slopes over the same vertical drop.  This 
results in lower relative channel velocities which in turn reduces the occurrence of 
erosion and sedimentation.  The more natural corridor can also provide for habitat 
enhancement.  The disadvantage of meandering is that it is land intensive and 
typically not feasible for an established urban creek.  Meandering can be 
implemented on the main channel or can be in the form of the installation of 
diversionary channels.  Design of these features is hydraulic modeling intensive.  
This type of improvement can be costly, particularly when significant land 
acquisition is involved.  For the project corridor from Lake Howell Road to SR 436, 
available land is limited and generally at a higher relative grade.  As such, the 
application of a meandering improvement is unfeasible.  

4. Creek Bed & Bank Armoring - This category includes common solutions such as 
rubble rip-rap, gabion rock baskets, reno mattresses, articulated concrete mats 
(cable concrete).  These are installed to armor the stream grade and prevent 
erosion and sedimentation from occurring by holding sediments in-place.  These 
installations have an advantage over concrete ditch lining in that the 
improvements are porous and allow for the establishment of vegetation and allow 
for passage of groundwater seepage preventing the buildup of hydrostatic 
pressures.  When installed and anchored properly, they can provide long-term 
stabilization.  Care must be taken to address any velocity increases due the lower 
channel roughness.  However, the high cost of these improvements over a large 
area makes widespread utilization impractical.  Rather they are more suited to 
localized improvement solutions where there is a higher cost-benefit.  If the 
channel cross-section and stream bed elevations are maintained, then hydraulic 
modeling may not be necessary for design.  These improvements can be adapted 
to the various physical characteristics of the subject Howell Creek section and 
would be considered applicable for implementation. 

7.3.2 Erosion and Sedimentation Evaluation 

An evaluation of physical characteristics of the creek which may effect or promote the 
occurrence of erosion and sedimentation were evaluated based on the field observations, field 
survey, and hydraulic modeling discussed in previous report sections.  A summary of key points 
is proved as follows: 

 Based on the survey data and the profile plot on Exhibit 3, the channel drops 
approximately 54.5’ NGVD to 53’ NGVD (~1.5’) drop over approximately 1900’ 
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from the downstream side of Lake Howell Road to the upstream side of SR 436 
(slope of ~0.0008 ft/ft).  

 Cross-sections 

o Cross-sections in the segment between Lake Howell Road and Lake Howell 
Lane are fairly shallow with bank heights on the order of 4 to 6 feet and 
main channel widths on the order of 30 to 40 feet wide.   

o Downstream of Lake Howell Lane the banks deepen with heights on the 
order of 15 to 20 feet through Lake Howell Square, with the channel width 
expanding to approximately 120 feet.  

o Closer to SR 436 the cross-section widens near the bridge with bank 
heights down closer to 10 feet high and channel widths expanding to 
upwards of 180 feet. 

 Based on the velocity results from the modeling data: 

o Design storm velocities in the segment between Lake Howell Road and 
Lake Howell Lane are on average in the 3 to 4 feet per second (fps) range 
(see Exhibit 3 and Appendix E).  These are considered to be moderately 
erosive, higher than typical allowable design velocities for fine sands and 
sandy loams of ~1.5 to 2 fps for average flow depths of approximately 3 
feet.  Peak velocities upstream of Lake Howell Road reach slightly higher.   

o As the flow reaches the bridge at Lake Howell Lane, velocities decrease into 
the 2 to 3 fps range for a short distance as the creek cross-section widens.  
These velocities would generally be considered marginally erosive. 

o As flow approaches the western Lake Howell Square bridge, velocities 
increase slightly to the erosive 3 to 5 fps range due to bridge hydraulics 
and the changes in creek cross-section.   

o As flow reaches the eastern Lake Howell Square bridge, velocities increase 
up to the 6 fps level which are typically highly erosive. 

o As the flow approached SR 436, the velocity ranges are wider on the order 
of 3 to 7 fps which is typically erosive.  The wider range is likely due to the 
rapid decrease in cross-section downstream of SR 436. 

 Based on the profile plots, localized areas of scour are apparent (Exhibits 3):  

o Upstream of Lake Howell Lane near a bend in the creek.  This location is 
just upstream of where the former dam structure was present which may 
have contributed to the scour in this area. 

o Just upstream of the eastern Lake Howell Square bridge.  This location 
appears to correspond to a location of velocity increase in the creek as it 
passes underneath the bridge. 
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 Significant undercutting erosion is present at changes in creek direction including 
numerous locations between Lake Howell Road and Lake Howell Lane (particularly 
where the creek bends) and bend locations near the Lake Howell Square bridges.  
These are evidenced by bank undercutting with root exposure on the outside of 
the bend as well as sediment deposition on the inside of the bend. 

Based on the foregoing, general erosion and sedimentation issues occur throughout the project 
creek corridor.  Addressing the erosion is a significant concern in this corridor due to the 
proximity of the residences and commercial businesses along the sides of the creek.  Several of 
the more severe areas of erosion and bank undercutting near bends and structures in the creek 
that warrant immediate corrective action were addressed under the Bank Stabilization sub-
section.   

7.3.3 Geotechnical Evaluation 

Devo Engineering in their report (Appendix D) makes several key observations regarding 
erosion and sedimentation.  Based on the soil types encountered, soils in the area tend to be 
fine sands which are easily erodible and scour protection is recommended.  There were many 
areas where erosion was observed; particularly undercutting the bank bottoms exposing roots.  
Other details were discussed previously in sub-section 7.2.3. 

7.3.4 Erosion and Sedimentation Recommendations 

Implementing Stream bank armoring is considered warranted for localized fixes at the stream 
bank problem areas addressed in the bank stabilization recommendations in sub-section 7.2.  
Developing improvement solutions for these areas should address the primary deficiencies 
noted in the report.  It is recommended to revisit the issue of general erosion and 
sedimentation in the creek corridor subsequent to implementation and several years of 
monitoring these improvements to determine whether additional measures are warranted in the 
future. 

Permitting for these improvements would likely be necessary with the SJRWMD.  Refer to the 
general discussion of permitting requirements and sovereign submerged land issues discussed 
previously in Section 7.2.4. 
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7.4 STRUCTURE EVALUATION 

During the field inspection, observations were made of drainage structures along the project 
corridor and deficiencies noted.  The inspection was limited to the bridges and pipe outfalls 
entering the creek.  The goal was to identify any visual evidence of erosion or imminent 
structural collapse which may impact the outfalls to the creek or the creek itself and which 
warranted corrective actions.  Note that the inspection was not a structural integrity evaluation 
(i.e., no intrusive testing) - rather it was based solely on visual observation at the time of field 
inspections. 

7.4.1 Outfalls 

Pond outfalls and storm sewer system discharge points enter the creek at several locations.  
These include the following locations: 

SR 436 

#S1: Outfall pipe from the SR 
436 (northbound) storm sewer 
system on the north side of the 
creek – location within SR 436 
Right-of-Way (April 2009).  

No structure or wash-out issues 
observed – minor clearing of 
vegetation, debris, and 
sediments warranted.  Placement 
of rip-rap recommended to 
dissipate velocities.  

 

 

#S2 Outfall pipe from SR 436 
(northbound) storm sewer 
system on the south side of the 
creek – location within SR 436 
Right-of-Way (April 2009). 

No structure or wash-out issues 
observed – minor clearing of 
vegetation, debris, and 
sediments warranted.  Placement 
of rip-rap recommended to 
dissipate velocities. 
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SR 436 - continued 

#S3: Outfall pipe from SR 436 
(southbound) storm sewer 
system on the north side of the 
creek – location within SR 436 
Right-of-Way (April 2009). 

No structure or wash-out issues 
observed – minor clearing of 
vegetation, and sediments 
warranted.  Placement of rip-rap 
recommended to dissipate 
velocities. 

#S4: Southwest outfall pipe from 
SR 436 (southbound) storm 
sewer system on the south side 
of the creek upstream – location 
within SR 436 Right-of-Way 
(April 2009). 

No structure or wash-out issues 
observed – minor clearing of 
vegetation warranted.  
Placement of rip-rap 
recommended to dissipate 
velocities. 
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Lake Howell Square 

#S5: Outfall pipe from the 
exfiltration system of Wal-
mart Supercenter on the 
north side of the creek – 
location within Lake Howell 
Square drainage, water 
and conservation 
easement (August 2010).  

No structure or wash-out 
issues observed – 
moderate clearing of 
vegetation warranted.  

#S6: Outfall pipe from 
Lake Howell Square pond 
at the north of Lake Howell 
Lane (westbound) on the 
east side of the creek – 
location within Lake Howell 
Square drainage, water 
and conservation 
easement (August 2010). 

No structure or wash-out 
issues observed – 
moderate clearing of 
vegetation and 
maintenance of riprap 
warranted.  
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Lake Howell Lane 

#S7: Outfall pipe from Lake 
Howell Lane storm sewer 
and Sierra Condo pond on 
the east side of the creek 
north of Lake Howell Lane 
(westbound) – location 
within Lake Howell Lane 
Right-of-Way and the Lake 
Howell Square drainage, 
water, conservation 
easement (April 2009). 

No structure or wash-out 
issues observed at the pipe 
end, however, washout and 
deterioration noted at 
bottom of flume – moderate 
clearing of vegetation 
warranted. Maintenance of 
flume and rip-rap 
recommended to dissipate 
velocities from pipe. 

    

Lake Howell Road 

#S8: North outfall pipe from 
Lake Howell Road storm 
sewer system on the north 
side of the creek – location 
within Lake Howell Road 
Right-of-Way (April 2009). 

No structure or wash-out 
issues observed – minor 
clearing of vegetation 
warranted.  Placement of 
rip-rap recommended to 
dissipate velocities at drop 
from outfall. 
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Lake Howell Road - continued 

#S9: South outfall pipe from 
Lake Howell Road storm 
sewer system on the south 
side of the creek – location 
within Lake Howell Road 
Right-of-Way (April 2009). 

No structure or wash-out 
issues observed.  Placement 
of rip-rap recommended to 
dissipate velocities at drop 
from outfall. 

 

These locations are shown on Exhibits 1 & 2 and on Figure 7-4 later in this report section.   

7.4.2 Bridges / Culverts 

Florida Department of Transportation (FDOT) bridge inspection reports were obtained for the 
bridges on Lake Howell Lane and Lake Howell Road to determine the presence of any structural 
concerns that may impact the project recommendations.  These reports were not readily 
available for the SR 436 bridges.  Both these locations are maintained by Seminole County.  
Note that Inwood did not perform a structural evaluation of the bridges and culverts, just 
general field observations focused on erosion and sedimentation.  Review of the documents 
indicates the following: 

 Lake Howell Road Bridge (2008 Inspection): It was noted that the bridge was 
constructed in 1942 and later widened.  Overall, the bridge was noted to be in good 
condition structurally with only minor issues with cracking.  Recommendations were 
made to backfill and stabilize the undermining of the sand cement bags at both 
abutments as well as stabilizing some erosion on the southeast and southwest channel 
slopes.   

 Lake Howell Lane (2008 Inspection):  It was noted that the bridge was constructed 
in 1961.  Overall, the bridge was noted to be in good condition structurally with only 
minor issues with vegetation and recommendations to address cracking, delamination, 
and voids associated with the abutments / wingwalls.  Recommendations were also 
made to repair the undermining at the northwest drainage flume and southeast 
approach sidewalk.   
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Inwood’s field observations support the FDOTs observations regarding conditions of vegetation, 
undermining, and erosion stabilization.  Photos of these locations are provided below.  These 
locations are also noted on Figure 7-3. 

#S10: Panoramic view to east (downstream) towards Howell Lake Road bridge (December 
2008) – pedestrian bridge in foreground.   Note sediment build up on southwest bank due to 

approach angle of creek.  Note also slight linear distortion along bridge deck due to 
photographic rendering.   

#S10: View to west (upstream) Lake Howell Road bridge (May 2009).  Note PVC utility 
crossing.  Note also turbidity barrier placed due to upstream water control structure 

construction. 
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#S11: View to southwest (upstream) under Lake Howell Lane bridge (May 2009). 

 

#S11: View to northeast (downstream) under Lake Howell Lane bridge (May 2009).  Note 
primary creek flow through the east span. 
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Pertinent details of Inwood’s inspection of the bridges in Lake Howell Square and at SR 436 are 
depicted in the photos below: 

 

#S12: View to northeast (downstream) at western wood span bridge in Lake Howell Square.  
Note bend in creek causing erosion and undercutting (see also photo below) on outside bank 

in creek and depositing sediments on inside bank.  (April 2009) 

 

#S12: View to southwest (upstream) at western wood span bridge in Lake Howell Square.  
Note separation failure of the fabric-form concrete bank stabilization on left (south) side of 

creek.  (May 2009) 
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#S13: View to northeast (downstream) at eastern wood span bridge in Lake Howell Square.  
Note bend in creek causing erosion and undercutting (see also photo below) on outside bank 

in creek and depositing sediments on inside bank.  (April 2009) 

#S13: View to northeast (downstream) at eastern wood span bridge in Lake Howell Square.  
Note separation failure of the fabric-form concrete bank stabilization on left (south) side of 

creek.  (April 2009) 
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#S14: View to northeast (downstream) at southbound side of SR 436 bridge.  Note widened creek 
cross-section.  No major erosion issues observed, but minor sedimentation present.  (April 2009) 

 

#S14: View to southwest (upstream) at northbound side of SR 436 bridge.  Note widened creek 
cross-section.  No major erosion issues observed, but minor sedimentation present. (April 2009)  
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7.4.3 Miscellaneous Structure Issues  

During the field reconnaissance, three miscellaneous items were noted that should be 
addressed.  These are summarized below: 

#S15: Just few feet 
downstream of the Lake 
Howell Lane bridge, an 
exposed utility line is 
present traversing the 
creek bed.  This appears to 
be ductile iron force main 
and may be water or 
sanitary.  Efforts should be 
made to provide protection 
to maintain the integrity of 
the utility.  (April 2009) 

 

#S16: Just 60 feet 
upstream of Lake Howell 
Lane, the remnants of an 
old dam are present (as 
mentioned previously in 
Sections 2 and 3 of this 
report).  The remaining 
concrete walls along the 
south bank and the debris 
in the creek bed should be 
removed so that they do 
not inhibit flow in the 
creek. (April 2009) 

 

#S17:Just 160 feet 
Downstream of Lake 
Howell Road, a circular 
brick structure is present 
on the south bank which 
has been undermined and 
is slipping into the creek.  
The purpose of this 
structure is uncertain.  This 
structure should be 
removed or if repaired if it 
is determined to serve a 
specific purpose. (April 
2009)  
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7.4.4 Structure Recommendations 

Based on the foregoing, the following recommendations are provided regarding structures along 
the creek corridor: 

 Pipe Outfalls 

o General vegetation clearing and rip-rap stabilization where indicated for #S1 to 
#S9.  This can be conducted as part of a routine maintenance program. 

o Repair of the flume on the northeast side of Lake Howell Lane (#S7) should be 
addressed.  This could be accomplished in conjunction with the bank stabilization 
measures recommended for this area in Section 7.2. 

 Bridges & Culverts 

o Lake Howell Road (#S10) – minor repairs to address undermining at the 
abutments and erosion & sedimentation along the creek banks 

o Lake Howell Lane (#S11)  – address undermining issues associated with the 
northeast drainage flume (as mentioned above under outfalls) 

o Western wood span bridge at Lake Howell Square (#S12) – repairs to bank 
stabilization under the bridge on the south side of the creek.  This could be 
accomplished in conjunction with the bank stabilization measures recommended 
for this area in Section 7.2. 

o Eastern wood span bridge at Lake Howell Square (#S13) – repairs to bank 
stabilization under the bridge on the south side of the creek.  This could be 
accomplished in conjunction with the bank stabilization measures recommended 
for this area in Section 7.2. 

o SR 436 (#S14) – no specific recommendations. 

 Miscellaneous Structures 

o Address exposed utility crossing traversing creek bed (#S15).  This could be 
accomplished in conjunction with the bank stabilization measures recommended 
for this area in Section 7.2. 

o Remove former dam structure (#S16) 

o Remove circular brick structure (#S17) 

These recommendations are shown geographically on Figure 7-3 (S-1 through S-17). 

Potential permitting requirements for these activities were discussed with the SJRWMD in a 
permit determination meeting on January 28, 2010.  In general, many activities associated with 
maintenance of structures do not require a permit.  Review of rule 40C-4.041 “Permits 
Required” indicates that these spot fixes generally do not trip the thresholds requiring permits 
for overall project size or impervious area addition individually.  If many of the projects are 
done at the same time, the accumulated area may trip the thresholds.  However, a permit is 
generally required for projects located wholly or partially on wetlands or other surface waters 
which these improvements would be considered.  There is an exclusion for “construction and 
alteration of outfall pipes less than 20 feet in length in wetlands or other surface waters, 
associated headwalls, erosion control devices, and energy dissipation structures” under which 
much of the recommended work may fall.  Confirmation of permit requirements should be 
revisited and confirmed with SJRWMD once the improvements are scheduled for 
implementation.  Refer to Appendix F for the SJRWMD meeting minutes. 
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BIBLE CHAPEL

#S8: CLEAR VEGETATION, 
ADD RIP-RAP.

#S9: ADD RIP-RAP.
#S16: REMOVE CONCRETE WALL
AND RUBBLE  FROM FORMER DAM

#S6: CLEAR VEGETATION, 
MAINTENANCE OF RIP-RAP.

#S7: CLEAR VEGETATION, 
ADDRESS WASH-OUT AT
BOTTOM OF FLUME.
ADD RIP-RAP.

#S5: CLEAR VEGETATION.

#S11: ADDRESS UNDERMINING OF
NORTHEAST DRAINAGE FLUME
(SEE #S7)

#S12: ADDRESS EROSION AND
SEDIMENTATION, REPAIR 
FABRI-FROM CONCRETE BANK
PROTECTION

#S13: ADDRESS EROSION AND
SEDIMENTATION, REPAIR 
FABRI-FROM CONCRETE BANK
PROTECTION

#S2: CLEAR VEGETATION, 
DEBRIS, & SEDIMENTS.
ADD RIP-RAP.

#S1: CLEAR VEGETATION, 
DEBRIS, & SEDIMENTS.
ADD RIP-RAP.

#S3: CLEAR VEGETATION, 
DEBRIS, & SEDIMENTS.
ADD RIP-RAP.

#S4: CLEAR VEGETATION, 
ADD RIP-RAP.

#S10: ADDRESS UNDERMINING
AT ABUTMENTS, AND EROSION
ON SOUTHERN BANKS

#S17: REMOVE FAILING 
CIRCULAR BRICK STRUCUTRE

#S14: NO RECOMMENDATIONS.

#S15: PROVIDE PROTECTION
FOR EXPOSED UTILITY LINE
TRAVERSING CREEK BED
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7.5 WATER QUALITY  

7.5.1 Contributing Area 

Most of the surrounding area was developed since water quality regulations have been in place 
in the County and SJRWMD permitting programs.  Based on the analysis in Section 6, the vast 
majority of surrounding developments appear to have water quality BMPs in place to treat 
runoff from the contributing area prior to discharge to Howell Creek.  This is primarily in the 
form of wet detention and dry or under-drained retention ponds.   

Based solely on areal BMP coverage, there does not appear to be any significant locations in the 
contributing area which do not have some type of current treatment.   As a result, no specific 
recommendations are being made for additional BMPs in the contributing areas.  The following 
should be noted, however, which may warrant consideration of additional BMPs in the future. 

 The BMPs were in general permitted with presumptive treatment efficiency criteria.  For 
example a wet detention pond may remove 50-80% of pollutants when certain runoff is 
detained for a prescribed period of time.  More recently, studies have indicated that 
effective treatment may need more detailed engineering to support desired treatment 
levels taking into account long term storm loads, residence times, and even geometrical 
configuration.  If conditions in the future warrant more detailed accounting of pollutant 
reduction, that may lead to the need for BMP performance enhancement and/or the 
implementation of additional BMPs to meet reduction goals. 

 Retention systems operating with underdrain systems or exfiltration systems degrade 
over time through clogging of the filter media.  This results in reduced stage recovery 
and accordingly reduced treatment volumes.  This effects storm attenuation as well as 
water quality.  Retrofit or replacement of these types of systems may be warranted at 
some time in the future if a more detailed accounting of pollutant loads reductions is 
required.  

7.5.2 Creek Corridor 

The presence of trash and other waste products in the creek is a water quality concern as 
chemicals and other pollutants may be introduced to the stream.   The recommended debris 
removal measures in sub-section 7.1 should address this concern adequately as long as it is 
addressed regularly. 

In the creek, erosive velocities can scour and suspend sediments.  The transport of these 
sediments downstream to Lake Howell are a concern particularly if the particles have associated 
contaminants with them (adsorbed metals, hydrocarbons, nutrients, etc.).  The stabilization 
measures proposed above in sub-sections 7.2 should address this adequately at this time.   

Addressing pollutant loads originating upstream of this project area that pass through the 
subject corridor is not directly covered in this scope. 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

8.1 ASSESSMENT SUMMARY 

This report presents the results of an assessment of the portion of Howell Creek between Lake 
Howell Road and SR 436.  The purpose of the report was to gain a general understanding of 
the project area through the collection, compilation, and evaluation of drainage infrastructure, 
physical characteristics, environmental & ecological, and water quality related data.  This effort 
will result in the development of a baseline data set that can be used as the basis for more 
detailed assessment and corrective action measures in the future.  In addition, intrusive field 
investigation and survey was also conducted to evaluate the creek segment with regards to 
hydraulic capacity, erosion & sedimentation, and structural conditions.   

8.2 CONCLUSIONS 

Based on the results of these efforts, the following conclusions with regard to the project area 
are provided: 

 Lake Howell Road to Lake Howell Lane: 

o Erosion and sedimentation are promoted in this segment due to moderate 
velocities and the presence of several bends. 

o Debris (vegetation and trash) are present in many areas of the segment 
inhibiting proper conveyance.  The localized debris and channel 
irregularities are promoting scour to occur in at least one location.   

o An area of severe bank de-stabilization was observed downstream of Lake 
Howell Road with bank undercutting exposing tree roots. 

o There are some minor deficiencies with the bank and abutment protection 
at the Lake Howell Road bridge.  

o A remnant dam structure is present just upstream of Lake Howell Lane 
which is mostly deteriorated and is no longer functioning.  A failing brick 
structure is also present on the south bank.   

 Lake Howell Lane to SR 436: 

o Erosion and sedimentation are also promoted in this segment due to 
moderate velocities and the presence of several bends. 

o Debris (vegetation and trash) are present in many areas of the segment 
inhibiting proper conveyance.  The localized debris and channel 
irregularities are promoting scour to occur in at least one location.   

o The fabric formed concrete banks protection under the two wood span 
bridges in Lake Howell Square have failed in several places. 

o Five areas of severe bank de-stabilization exist – one at just downstream of 
Lake Howell Lane, one at the approach to the west Lake Howell Square 
bridge, under each Lake Howell Square bridge, and then downstream 
between the east Lake Howell Square bridge and SR 436. 
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o Minor maintenance issues exist at the various outfall pipes entering the 
creek including removing sediments (de-silting) clearing of vegetation and 
the need for rip-rap for velocity dissipation. 

o An exposed utility line exists in the stream bed on the downstream side of 
Lake Howell Lane. 

 Ecological Observations: 

o Jurisdictional wetlands exist along the creek in the project area. 

o Wetlands generally appear healthy but indications of stress are present and 
native wetland vegetation is lacking in many areas.  

o The urbanization of the uplands surrounding the creek has lead to a decline 
in the overall abundance and diversity of native wetland vegetation and an 
increase in amount of nuisance/exotic species.   

o Lack of suitable floodplain along the banks leaves little area for native 
vegetation to remain established and create the canopy normally 
associated with this type of system. 

o The high velocity flow through the creek corridor inhibits proper hydration 
of some portions of the wetlands. 

o The area provides habitat, but quality is low due to surrounding 
urbanization.  

o Any future restoration or improvement work in the project area would be 
considered a wetland impact and would require permitting from SJRWMD 
and the ACOE.   

 Water Quality Observations: 

o The majority of the contributing area to the creek in the project area has 
some form of BMP to reduce pollutant loads prior to discharge to the creek.  
The pollutant load reduction of these BMPs is generally based on 
presumptive criteria.  

o Future pollutant load reduction goals established as part of TMDL efforts 
the Lake Jesup BMAP (which affects Lake Howell by association) may direct 
the County to evaluate the implementation of additional BMPs or 
enhancements to existing BMPs. 

 Corrective Action Evaluation Observations: 

o The presence of vegetative and trash debris in the creek warrant clean up. 

o The six areas of identified severe bank de-stabilization warrant addressing.  

o Implementing erosion and sedimentation measures as part of the bank 
stabilization efforts should help to further address deficiencies.   

o Structure maintenance is warranted primarily to clear vegetation and add 
rip-rap. 
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8.3 RECOMMENDATIONS 

Based on the above stated conclusions and the evaluations presented in Section 7 of this 
report, the following recommendations are made: 

1. Conduct a debris removal effort through either County in-house maintenance staff or 
through a contractor.  A Debris Management Plan should be developed to address 
vegetative debris management and safety issues.   

2. Proceed with design and permitting efforts to implement bank stabilization efforts at 
the six identified locations.  The improvements should consider the use of hard armoring 
options such as gabions, reno mattresses, sheet piles, rubble rip-rap, and/or articulated 
concrete mats (cable concrete) as cost effective solution alternatives.  Soft approaches 
to bank stabilization such as geotextiles, terracing, or vegetative buttresses could also 
be evaluated for cost effectiveness if strength requirements area met.  The problems are 
considered location-specific issues, so implementation could occur all at once or 
incrementally based on available funding.  It is recommended that these be 
implemented from upstream to downstream so that newly improved areas are not 
negatively impacted by upstream construction.   

3. Proceed with de-silting, vegetation removal, and stabilization measures for the 
various pipe outfalls entering the creek.  This could be performed through either County 
in-house maintenance staff or through a contractor.  A Structure Maintenance 
Management Plan should be developed to address these actions as well as safety issues. 

4. Note that some of the areas discussed in the above bullets lay outside of County 
property and/or easements so legal property access should be investigated. 
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16. Janus Office Building, SK Consortium, Inc, SJRWMD ERP # 42-117-1365N-ERP, 1999 
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29. Sorrento Apartments As-built Plans, VTN, Inc, 1971 

 



Howell Creek from Lake Howell Road to Lake Howell Lane to State Road 436 Assessment Report 
Seminole County, Florida Appendices 
  

  February 2010 

 

 

 

 

 

 

 

 

Appendix A 
Report Excerpts 

 
 
 
 
 
 
 
 



 

mellard
Text Box
SJRWMD 1984



Technical Publication SJ 84-9

HOWELL BRANCH BASIN
SURFACE WATER MANAGEMENT STUDY

PHASE I

(VOLUME I)

by

Thirasak Suphunvorranop
(Engineer)

David A. Clapp
(Hydrologist)

Department of Water Resources

St. Johns River Water Management District

P. 0. Box 1429
Palatka, Florida
August 1984

Project Number 20 200 05



ro

TABLE 6. Comparison of Peak Discharges under Existing Conditions and Future Development.

PEAK DISCHARGE (cfs)

LOCATION

HOWELL CREEK

At the Osceola Chain of Lakes

At Park Lake

At Lake Minnehaha

At Lake Maitland Weir

At SR 436

At Lake Howe11

At Tuskawilla Road

At Subbasin H15

At Confluence with Bear Creek

At SR 419

At Mouth of Howell Creek

DRAINAGE
AREA

(Sq. Mi.)

5.85

3.60

1.64

13.16

14.74

19.95

21.11

22.63

24.32

43.50

45.51

EXISTING CONDITIONS

25-yr
6-hr

50

140

65

185

605

460

530

1000

1350

3180

3170

10-yr
24-hr

70

125

75

220

550

510

535

920

1230

2910

3060

25-yr
24-hr

105

185

110

335

740

715

750

1270

1680

3970

4180

100-yr
24-hr

185

350

190

615

1160

1310

1380

2300

2900

6600

6930

FUTURE DEVELOPMENT

25-yr
6-hr

60

160

75

215

730

520

580

1120

1480

3540

3570

10-yr
24-hr

80

145

85

245

665

570

605

1040

1360

3260

3410

25-yr
24-hr

115

210

120

370

870

800

840

1410

1820

4390

4590

100-yr
24-hr

200

375

205

665

1320

1420

1510

2490

3070

7130

7460
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TABLE 8. Continued . . .

FLOOD ELEVATION (ft.)

STATION

333 -

377 -

429 H

481 H

494 H

498 H

516 H

558 H

575 H

605 H

660 H

681 H

708 H

733 H

756 H

776 H

805 ̂

1- 15

h 50

h 00

1- 00

h 45

h 45

h 00

h 75

h 45

h 60

h 90

h 20

h 20

h 00

h 10

- 90

- 50

IDENTIFICATION

Dodd Road (HS-17)

Dam at Jericho Drive (HS-19)

Lake Howell

SR 436 (HS-24)

Lake Howell Lane (HS-25)

Lake Howell Road (HS-27)

Mouth of Lake Waumpi

Temple Trail

Lake Maitland Weir

Lake Maitland

Palmer Avenue

Lake Osceola

Osceola Avenue

Lake Virginia

Stirling Avenue

Pennsylvania Avenue

Lake Sue

10-yr
24-hr

47.7

56.3

56.4

56.5

60.7

61.3

62.0

65.9

67.4

67.7

67.9

67.9

67.9

67.9

68.1

68.3

73.3

EXISTING

25-yr
24-hr

48.1

57.0

57.1

57.2

61.1

62.0

62.7

66.5

67.8

68.3

68.5

68.5

68.5

68.5

68.7

68.9

73.7

CONDITIONS

100-yr
24-hr

49.3

58.1

58.4

58.5

61.9

63.5

64.2

67.3

68.6

69.1

69.3

69.4

69.4

69.4

69.9

70.1

74.5

25-yr
6-hr

47.7

56.3

56.4

56.4

60.8

61.5

62.2

66.0

67.2

67.5

67.6

67.6

67.6

67.6

67.7

67.9

73.2

10-yr
24-yr

47.8

56.5

56.6

56.7

60.9

61.7

62.4

66.2

67.5

67.8

68.0

68.0

68.0

68.0

68.2

68.4

73.4

FUTURE DEVELOPMENT

25-yr
24-hr

48.2

57.2

57.3

57.4

61.4

62.5

63.2

66.7

67.9

68.5

68.6

68.7

68.7

68.7

68.9

69.1

73.8

100-yr
24-hr

49.6

58.3

58.6

58.7

62.1

64.1

64.7

67.5

68.7

69.2

69.4

69.5

69.5

69.5

70.1

70.3

74.6

25-yr
6-hr

47.7

56.4

56.5

56.6

61.1

61.9

62.6

66.3

67.4

67.7

67.8

67.8

67.8

67.9

68.0

68.1

73.4
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Upstream

Downstream

FIGURE 5. Howell Creek at State Road 436,

18



TABLE 9. Comparison of Flood Elevations under Existing Conditions
as Estimated by SJRWMD and USACOE.

LOCATION

HOWELL CREEK

At Lake Jessup

At SR 419

At Confluence with Bear Creek

At Tuskawilla Road

At Lake Howell

At SR 436

At Lake Waumpi

At Lake Maitland

At Lake Osceola

At Lake Virginia

At Lake Mizell

At Lake Minnehaha

At Lake Berry

At Lake Sue

At Lake Rowena

At Park Lake

At Lake Killarney

At Lake Bell

BEAR CREEK

At Bear Gully Lake

At Garden Lake

FLOOD ELEVATION (ft)

10-YEAR 100-YEAR
SJRWMD USACOE SJRWMD USACOE

8.1

11.6

15.6

40.0

56.4

56.5

62.0

67.7

67.9

67.9

67.9

68.2

70.8

73.3

73.5

72.4

84.9

90.3

51.9

55.8

8.1

13.9

15.1

39.2

55.2

57.0

61.6

67.7

67.7

67.7

67.7

67.7

70.7

73.7

73.7

71.9

84.2

90.8

51.2

55.2

9.8

14.9

19.1

42.9

58.4

58.5

64.2

69.1

69.4

69.4

69.4

70.1

71.8

74.5

74.9

76.0

86.3

91.4

53.3

57.2

9.8

15.3

18.4

43.5

56.6

58.4

63.5

68.3

68.3

68.3

68.3

68.3

71.7

74.8

74.8

72.7

85.4

92.4

53.3

55.7

40
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Figure 2. The Howell Creek Basin

St. Johns River Water Management District
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Methods

— County boundary

Basin boundary

Subbasin boundary

H 5 Subbasin number

Waterbody

Figure 3. Subbasin delineation in the Howell Creek Basin

St. Johns River Water Management District
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FLOOD MANAGEMENT STUDY: HOWELL CREEK BASIN

Table 8—Continued

Station

429 + 00

480 + 98

493 + 40

497 + 97

499 •<• 59

516 + 00

537+00

557 + 65

573 + 25

574 + 91

605+ 10

659 + 60

660 + 40

680 + 70

707 + 70

732 + 50

755 + 47

767 + 00

776 + 42

779+30

786 + 00

788 + 65

791 + 75

796 + 85

800 + 26

805+00

832 + 46

836 + 50

863 + 90

884 + 00

LaoallOrt

Lake Howell

S.R. 436 (HS-24)

Lake Howell Lane (HS-25)

Lake Howell Road (HS-27)

Channel*

Mouth of Lake Waumpi

Channel*

Temple Trail

Channel*

Lake Maitland Weir

Lake Maitland

Channel-

Palmer Avenue

Lake Osceola

Osceola Avenue

Lake Virginia

Stirling Avenue

Channel*

Pennsylvania Avenue

Footbridge

Channel*

Footbridge

Footbridge

Footbridge

Lake Shore Drive

Lake Sue

Lakeside Drive

Lake Rowena

Mills Street

Lake Formosa

Lake Ivanhoe

Discharge (cfe)

1r>Yr

502

278

278

278

278

278

278

285

289

289

197

214

214

214

214

214

258

258

258

258

258

258

258

258

258

25-Yr

664

400

400

400

400

400

400

404

408

408

260

289

289

289

289

289

337

337

337

337

337

337

337

337

337

100-Yr

1090

681

681

681

681

681

681

686

695

695

440

455

455

455

455

455

572

572

572

572

572

572

572

572

572

Elevation (ft NGVDJ

10-Yr

56.36

56.38

56.45

59.78

61.75

62.95

63.01

63.56

64.63

67.10

6779

6795

6797

68.09

68.09

68.09

68.69

69.37

70.21

7068

7093

71.01

71.21

73.02

74.28

74.72

74.72

74.72

74.72

74.72

79.24

as-vr

56.92

56.95

57.04

60.28

62.23

63.54

63.59

64.14

65.32

6733

68.23

68.39

68.41

68.57

68.57

68.57

68.90

69.92

70.76

71.37

71.65

71.72

71.93

73.68

74.80

75.30

75.30

75.30

75.30

7530

7988

tOO-Yf

58.03

58.07

58.15

61.03

63.00

64.53

64.58

65.03

66.48

67.84

6909

69.20

6921

69.49

6949

6949

71.14

71 18

72.05

73.06

73.33

7338

73.61

7524

75.72

7619

76.19

76 19

76.19

76.19

81 10

Velocity (Ipsj

1frYr

0.02

0.32

2.20

4.17

0.74

0.28

1.24

3.13

1.85

5.48

0.01

2.25

2.07

0.07

1.52

0.00

402

2.10

266

3.76

2.31

321

2.82

1.91

2.79

25-Yr

0.02

0.42

2.67

5.22

0.96

0.36

1.36

3.75

2.05

6.17

0.01

2.68

2.58

0.09

1.86

0.01

4.82

2.40

3.13

4.11

2.45

3.32

2.43

1.87

3.12

100-Yr

0.03

0.60

3.43

7.43

1.40

0.51

1.38

5.08

2.49

7.38

0.02

3.44

3.55

0.12

2.49

0.01

2.94

3.12

4.33

4.51

2.76

3.56

2.01

1.81

4.20

St. Johns River Water Management District
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Figure 5-1
ICPR Modeling Results - Existing Conditions

Seminole County (2 of 2)
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Feet

Model_ID
Assigned 

LOS US Node DS Node
Critical 

Elev. (ft)

Mean 
Annual 

Stage (ft)

Depth of 
Flooding 

(ft)
AW-0010DS 25 AW-0010 AW-0020 56.0 56.1 0.1
AW-0130X 25 AW-0130 AW-0140 36.3 38.1 1.8
AW-0140C 25 AW-0140 AW-0150 37.3 38.1 0.8
AW-0150X 25 AW-0150 AW-0160 31.2 32.7 1.5
BGC-0030X 25 BGC-0030 BGC-0050 42.0 42.8 0.8
BGC-0050C 25 BGC-0050 BGC-0060 42.6 42.8 0.2
BGC-0060X 25 BGC-0060 BGC-0070 38.0 38.2 0.2
BGC-0070C 25 BGC-0070 BGC-0080 38.0 38.2 0.2
BGC-0107C 25 BGC-0107 BGC-0108 37.0 38.0 1.0
BGC-0108X 25 BGC-0108 BGC-0109 33.0 34.7 1.7
BGC-0109C 25 BGC-0109 BGC-0110 34.0 34.7 0.7
BGC-0126X 25 BGC-0126 BGC-0127 31.0 32.6 1.6
BGC-0160B 25 BGC-0160 BGC-0180 31.2 31.7 0.5
BGC-0280X 25 BGC-0280 BGC-0300 19.2 20.8 1.6
BGC-0290C1 25 BGC-0290 BGC-0300 18.2 20.8 2.6
BGC-0290C2 25 BGC-0290 BGC-0300 18.2 20.8 2.6
BGC-0320C1 25 BGC-0320 BGC-0310 22.4 22.7 0.3
BGC-0320C2 25 BGC-0320 BGC-0310 22.4 22.7 0.3
CC-0059C 10 CC-0059 CC-0060 91.0 91.6 0.6
CC-0170W 10 CC-0170 CC-0180 67.0 67.2 0.2
DR-0033X 10 DR-0033 DR-0035 68.0 68.3 0.3
DR-0034X 10 DR-0034 DR-0035 68.0 68.3 0.3
DR-0035X 10 DR-0035 DR-0036 67.0 67.1 0.1
DR-0036C 10 DR-0036 DR-0037 67.0 67.1 0.1
DR-0170C 25 DR-0170 DR-0180 40.0 41.0 1.0
LH-0010C 25 LH-0010 LH-0030 62.0 62.5 0.5
LH-0020C 25 LH-0020 LH-0030 62.0 62.3 0.3
LKC-0010X 25 LKC-0010 LKC-0020 32.0 32.9 0.9
LKC-0017X 25 LKC-0017 LKC-0020 32.0 32.9 0.9
LKC-0019X 25 LKC-0019 LKC-0020 32.0 32.9 0.9
LKC-0060C 25 LKC-0060 LKC-0070 27.0 28.9 1.9
LKC-0063C 25 LKC-0063 LKC-0064 62.0 62.7 0.7
LKC-0064C 25 LKC-0064 LKC-0065 61.0 62.2 1.2
LKC-0066X 25 LKC-0066 LKC-0067 30.0 30.8 0.8
LKC-0067C 25 LKC-0067 LKC-0068 26.8 30.8 4.0
LKC-0068X 25 LKC-0068 LKC-0069 28.3 28.9 0.6
LKC-0069C 25 LKC-0069 LKC-0070 26.0 28.9 2.9
LKC-0073C 10 LKC-0073 LKC-0074 38.0 41.0 3.0
LKC-0074C 10 LKC-0074 LKC-0075 39.0 41.0 2.0
LKC-0075X 25 LKC-0075 LKC-0076 29.0 29.2 0.2
LKC-0076C 25 LKC-0076 LKC-0077 27.3 29.2 1.9
OVI-0020X 25 OVI-0020 OVI-0030 44.3 44.6 0.3
OVI-0030C 25 OVI-0030 OVI-0040 44.3 44.6 0.3
OVI-0040X 25 OVI-0040 OVI-0050 40.2 41.3 1.1

Model_ID
Assigned 

LOS US Node DS Node
Critical 

Elev. (ft)
10-Year 

Stage (ft)

Depth of 
Flooding 

(ft)
AW-0030DS 25 AW-0030 AW-0040 50.5 50.5 0.0
BGC-0016X 25 BGC-0016 BGC-0020 46.8 47.2 0.4
BGC-0020C 25 BGC-0020 BGC-0030 46.8 47.2 0.4
BGC-0110X 25 BGC-0110 BGC-0130 33.0 33.5 0.5
BGC-0127C 25 BGC-0127 BGC-0128 33.0 33.5 0.5
BGC-0130C 50 BGC-0130 BGC-0140 33.0 33.5 0.5
BGC-0140X 25 BGC-0140 BGC-0160 32.0 32.6 0.6
BGL-0020C1 25 BGL-0020 BGL-0030 54.6 54.6 0.00
BGL-0020C2 25 BGL-0020 BGL-0030 54.6 54.6 0.00
BGL-0057C 25 BGL-0057 BGL-0058 57.3 57.4 0.1
BGL-0059C 25 BGL-0059 BGL-0060 54.0 54.6 0.6
DR-0037C 10 DR-0037 DR-0038 67.0 67.3 0.3
DR-0038C 10 DR-0038 DR-0040 66.0 66.4 0.4
DR-0040C1 10 DR-0040 DR-0050 65.4 65.7 0.3
DR-0040C2 10 DR-0040 DR-0050 65.4 65.7 0.3
DR-0040C3 10 DR-0040 DR-0050 65.4 65.7 0.3
DR-0110X 10 DR-0110 DR-0120 66.3 66.8 0.5
DR-0120C1 25 DR-0120 DR-0130 66.3 66.8 0.5
DR-0120C2 25 DR-0120 DR-0130 66.3 66.8 0.5
DR-0130X 25 DR-0130 DR-0150 48.2 48.3 0.1
HC-0320X 25 HC-0320 HC-0330 23.2 24.0 0.8
HC-0360X 25 HC-0360 HC-0370 19.0 19.7 0.7
LH-0030X 25 LH-0030 LH-0040 58.2 58.6 0.4
LH-0039C 25 LH-0039 LH-0040 58.9 59.1 0.2
LH-0040C 25 LH-0040 LH-0050 58.2 58.6 0.4
LHa-0010X 25 LHa-0010 LKC-0012 42.9 43.0 0.1
LKC-0012C1 25 LKC-0012 LKC-0013 42.9 43.0 0.1
LKC-0012C2 25 LKC-0012 LKC-0013 42.9 43.0 0.1
LKC-0070X 25 LKC-0070 LKC-0080 29.0 29.8 0.8
OVI-0080C 25 OVI-0080 OVI-0090 29.3 29.8 0.5

Model_ID
Assigned 

LOS US Node DS Node
Critical 

Elev. (ft)
25-Year 

Stage (ft)

Depth of 
Flooding 

(ft)
AW-0100C 25 AW-0100 AW-0130 42.0 42.0 0.0
AW-0180X 25 AW-0180 AW-0190 34.0 34.3 0.3
AW-0190X 50 AW-0190 BGC-0110 34.0 34.3 0.3
BGC-0015C 25 BGC-0015 BGC-0016 57.5 58.2 0.7
BGC-0100X 25 BGC-0100 BGC-0110 34.0 34.3 0.3
BGC-0125C 50 BGC-0125 BGC-0126 34.0 34.4 0.4
BGC-0128C 25 BGC-0128 BGC-0129 33.8 34.4 0.6
BGC-0129X 25 BGC-0129 BGC-0130 34.0 34.3 0.3
HC-0280X 25 HC-0280 HC-0290 25.7 26.4 0.7
HC-0340X 25 HC-0340 HC-0350 22.0 22.4 0.4
LKC-0015X 25 LKC-0015 LKC-0016 36.0 36.3 0.3
LKC-0016C 25 LKC-0016 LKC-0017 36.0 36.3 0.3
LKC-0018C 25 LKC-0018 LKC-0019 34.0 34.0 0.0
LKC-0040X 25 LKC-0040 LKC-0050 30.0 30.8 0.8
LKC-0049X 25 LKC-0049 LKC-0050 30.0 30.8 0.8
LKC-0050X 25 LKC-0050 LKC-0060 30.0 30.8 0.8
LKC-0077X 25 LKC-0077 OVI-0090 30.0 30.8 0.8
LKC-0078C 25 LKC-0078 LKC-0079 29.9 30.8 0.9
LKC-0079X 25 LKC-0079 LKC-0080 30.0 30.8 0.8
OVI-0050C 25 OVI-0050 OVI-0060 43.0 43.4 0.4
OVI-0060X 25 OVI-0060 OVI-0070 30.4 30.8 0.4
OVI-0070X 25 OVI-0070 OVI-0080 30.0 30.8 0.8
OVI-0090X 25 OVI-0090 LKC-0078 29.9 30.8 0.9

Model_ID
Assigned 

LOS US Node DS Node
Critical 

Elev. (ft)
100-Year 
Stage (ft)

Depth of 
Flooding 

(ft)
BGC-0220B 100 BGC-0220 BGC-0230 26.1 26.4 0.3
HC-0085B 100 HC-0085 HC-0090 63.6 63.7 0.1
HC-0250B 100 HC-0250 HC-0260 34.0 36.8 2.8

mellard
Oval



Appendix J
Howell Creek Basin Watershed Management Plan
Level of Service
Open Channels - Existing Conditions

Critical 
Elevation

Problem Area 
No. Model ID TOB D/S LOS Used

Design 
Return 
Period

U/S Node D/S Node Stage (ft) Flow (cfs) Stage (ft) Flow (cfs) Stage (ft) Flow (cfs) Stage (ft) Flow (cfs) Current Level 
of Protection

100 Year 24 Hour StormMean Annual 10 Year 24 Hour Storm 25 Year 24 Hour Storm

DR-0068X 64.0 Seminole County 10 DR-0068 DR-0069 62.9 100 63.5 143 64.1 198 65.0 285 10 Yr
DR-0069X 65.3 Seminole County 10 DR-0069 DR-0070 60.5 95 61.1 126 61.7 162 64.8 221 100 Yr
DR-0090X 58.0 Seminole County 25 DR-0090 LH-0090 54.5 168 55.4 219 56.3 267 58.0 615 25 Yr
DR-0095X 67.9 Seminole County 10 DR-0095 DR-0100 66.1 117 67.0 124 67.5 215 68.5 116 25 Yr

15E DR-0110X 66.3 Seminole County 10 DR-0110 DR-0120 65.4 259 66.8 365 67.0 510 67.2 726 Mean Annnual
15E DR-0130X 48.2 Seminole County 25 DR-0130 DR-0150 47.2 238 48.3 331 49.3 471 51.0 701 Mean Annnual

DR-0160X 42.9 Seminole County 25 DR-0160 DR-0170 41.0 325 41.6 436 42.1 563 42.8 756 100 Yr
DR-0180X 37.0 Seminole County 25 DR-0180 HC-0240 31.8 469 32.7 435 33.5 562 36.9 755 100 Yr
HC-0010X 69.0 Orange County 25 HC-0010 HC-0020 67.2 38 67.5 42 67.9 51 68.5 68 100 Yr
HC-0080X 63.0 Seminole County 25 HC-0080 HC-0085 60.7 426 61.5 571 62.3 735 63.7 1064 25 Yr
HC-0090X 66.3 Seminole County 25 HC-0090 HC-0100 60.2 474 61.0 629 61.7 804 63.0 1154 100 Yr
HC-0110X 66.6 Seminole County 25 HC-0110 HC-0120 58.6 474 59.3 629 60.0 804 61.3 1154 100 Yr
HC-0130X 65.5 Seminole County 25 HC-0130 HC-0140 54.6 474 55.6 629 56.5 804 58.3 1154 100 Yr
HC-0150X 58.4 Seminole County 25 HC-0150 LH-0090 54.5 470 55.4 624 56.3 797 58.0 1143 100 Yr
HC-0160X 56.0 Seminole County 25 HC-0160 HC-0170 49.1 1063 49.7 1431 50.3 1828 51.2 2519 100 Yr
HC-0180X 50.0 Seminole County 25 HC-0180 HC-0200 42.9 1210 44.1 1665 45.1 2124 46.8 2928 100 Yr
HC-0210X 44.0 Seminole County 25 HC-0210 HC-0220 33.5 1055 34.6 1412 35.8 1788 38.0 2462 100 Yr
HC-0230X 37.0 Seminole County 25 HC-0230 HC-0240 31.8 961 32.7 1333 33.5 1716 36.9 2433 100 Yr
HC-0240X 34.0 Seminole County 25 HC-0240 HC-0250 30.5 1136 31.7 1603 32.7 2094 36.8 3005 25 Yr
HC-0260X 30.3 Seminole County 25 HC-0260 HC-0270 25.3 1217 26.6 1743 27.7 2316 29.1 3281 100 Yr

16E HC-0280X 25.7 Seminole County 25 HC-0280 HC-0290 24.0 1233 25.4 1757 26.4 2331 27.7 3262 10 Yr
HC-0300X 29.0 Seminole County 25 HC-0300 HC-0310 22.6 1320 24.1 1845 25.0 2457 26.0 3557 100 Yr

16E HC-0320X 23.2 Seminole County 25 HC-0320 HC-0330 22.4 1288 24.0 1842 24.8 2453 25.7 3543 Mean Annnual
HC-0340X 22.0 Seminole County 25 HC-0340 HC-0350 20.0 1285 21.3 1840 22.4 2451 23.6 3534 10 Yr

16E HC-0360X 19.0 Seminole County 25 HC-0360 HC-0370 18.8 1283 19.7 1837 20.5 2447 21.8 3512 Mean Annnual
HC-0380X 22.0 Seminole County 25 HC-0380 HC-0390 16.0 1283 17.4 1825 18.7 2426 20.3 3438 100 Yr
HC-0400X 20.1 Seminole County 25 HC-0400 HC-0410 15.7 1373 17.1 1605 18.4 2099 20.0 2957 100 Yr
HC-0410X 21.9 Seminole County 25 HC-0410 HC-0420 13.6 2387 14.6 3345 15.6 4362 17.0 5912 100 Yr
HC-0430X 25.6 Seminole County 25 HC-0430 HC-0440 10.7 2425 11.4 3399 12.1 4433 13.1 6088 100 Yr
HC-0450X 25.6 Seminole County 25 HC-0440 HC-0460 9.4 2425 9.8 3398 10.1 4432 10.5 6085 100 Yr
HC-0470X 10.0 Seminole County 25 HC-0470 LJ-0010 4.8 0 7.2 0 8.3 0 10.0 0 100 Yr
LA-0010X 85.4 Orlando 10 LA-0010 LA-0020 82.8 28 83.5 43 84.1 60 85.7 83 25 Yr
LAn-0010X 63.0 Seminole County 25 LAn-0010 LH-0010 62.5 98 62.8 462 63.0 525 63.2 666 25 Yr
LBk-0010X 67.0 Orange County 10 LBk-0010 LBk-0020 64.4 5 64.7 23 64.9 31 65.2 33 100 Yr
LBk-0030X 67.2 Orange County 10 LBk-0030 LBk-0040 62.5 5 62.6 7 62.9 12 63.8 27 100 Yr
LBk-0050X 61.0 Orange County 25 LBk-0050 LBk-0080 55.4 5 56.2 7 57.0 12 58.3 27 100 Yr

13E LH-0030X 58.2 Seminole County 25 LH-0030 LH-0040 57.1 72 58.6 201 59.1 346 60.9 649 Mean Annnual
LH-0050X 61.3 Seminole County 25 LH-0050 LH-0060 55.5 93 56.9 211 59.0 467 60.9 691 100 Yr

30E LHa-0010X 42.9 Seminole County 25 LHa-0010 LKC-0012 42.7 56 43.0 83 43.1 110 43.3 160 Mean Annnual
31EF LKC-0010X 32.0 Seminole County 25 LKC-0010 LKC-0020 32.9 60 33.8 82 34.8 106 36.3 143 Submerged

LKC-0013X 40.0 Seminole County 25 LKC-0013 LKC-0014 39.2 91 39.4 134 39.6 181 40.0 188 25 Yr
31EF LKC-0015X 36.0 Seminole County 25 LKC-0015 LKC-0016 34.3 132 35.3 184 36.3 239 37.5 352 10 Yr
31EF LKC-0017X 32.0 Seminole County 25 LKC-0017 LKC-0020 32.9 144 33.8 190 34.8 233 36.3 355 Submerged
31EF LKC-0019X 32.0 Seminole County 25 LKC-0019 LKC-0020 32.9 24 33.8 36 34.8 47 36.3 97 Submerged

LKC-0020X 37.5 Seminole County 25 LKC-0020 LKC-0030 31.1 158 32.2 205 33.5 254 35.5 314 100 Yr
32E LKC-0040X 30.0 Seminole County 25 LKC-0040 LKC-0050 29.0 194 29.8 254 30.8 313 32.4 402 10 Yr

LKC-0046X 35.2 Seminole County 25 LKC-0046 LKC-0047 32.7 63 33.0 67 33.4 70 33.9 75 100 Yr
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Appendix J
Howell Creek Basin Watershed Management Plan
Level of Service
Culverts/Bridges - Existing Conditions

Critical 
Elevation

Problem 
Area No. Model ID U/S Node LOS Used

Design 
Return 
Period

U/S Node D/S Node Stage (ft) Flow (cfs) Stage (ft) Flow (cfs) Stage (ft) Flow (cfs) Stage (ft) Flow (cfs) Current Level 
of Protection

100 Year 24 Hour StormMean Annual 10 Year 24 Hour Storm 25 Year 24 Hour Storm

CC-0030CE 93.9 Seminole County 10 CC-0030 CC-0040 91.3 41 92.0 48 93.2 61 94.8 77 25 Yr
CC-0030CW 93.9 Seminole County 10 CC-0030 CC-0040 91.3 38 92.0 46 93.2 61 94.8 77 25 Yr
CC-0040C 94.0 Seminole County 10 CC-0040 CC-0050 90.9 79 91.7 94 92.6 104 94.1 155 25 Yr
CC-0049C 94.0 Seminole County 10 CC-0049 CC-0050 89.3 24 90.2 41 91.0 57 91.7 73 100 Yr

10E CC-0059C 91.0 Seminole County 10 CC-0059 CC-0060 91.6 53 91.8 53 92.1 52 92.8 51 Submerged
CC-0070C 92.0 Seminole County 10 CC-0070 CC-0080 90.1 169 91.2 208 92.0 238 92.7 280 25 Yr
CC-0090C 91.0 Seminole County 10 CC-0090 CC-0100 89.6 173 90.6 213 91.2 237 91.4 408 10 Yr
CC-0110C 90.0 Seminole County 10 CC-0110 CC-0120 84.0 271 85.2 365 86.7 454 88.5 522 100 Yr
CC-0120B 90.0 Seminole County 10 CC-0120 CC-0130 82.9 294 83.4 448 83.8 593 84.4 816 100 Yr

11E CC-0170W 67.0 Seminole County 10 CC-0170 CC-0180 67.2 63 69.2 70 70.9 75 73.2 82 Submerged
CC-0180W 67.0 Seminole County 10 CC-0180 CC-0190 63.3 338 64.5 520 65.6 692 67.5 953 25 Yr
CC-0190C 64.0 Seminole County 10 CC-0190 CC-0200 61.7 333 63.4 511 64.7 675 67.0 749 10 Yr
CC-0210C 67.0 Seminole County 50 CC-0210 CC-0220 61.6 313 63.2 451 64.6 601 66.9 814 100 Yr
CC-0220B 65.0 Seminole County 100 CC-0220 CC-0230 55.5 494 56.1 653 56.7 825 58.1 1155 100 Yr
CC-0240B 60.0 Seminole County 100 CC-0240 LH-0090 54.6 493 55.3 652 56.5 1310 57.9 1159 100 Yr
DL-0010C 59.0 Seminole County 25 DL-0010 LP-0010 57.1 2 57.6 3 58.2 3 58.9 4 100 Yr
DDP-0010C 71.0 Seminole County 25 DDP-0010 DR-0030 66.7 19 68.5 21 70.5 22 72.0 23 25 Yr
DR-0020C1 68.4 Seminole County 10 DR-0020 DR-0030 64.9 49 66.0 82 67.1 108 68.5 141 25 Yr
DR-0020C2 68.4 Seminole County 10 DR-0030 DR-0050 64.8 49 65.8 82 66.3 108 66.8 142 100 Yr

12E DR-0036C 67.0 Seminole County 10 DR-0036 DR-0037 67.1 75 67.3 78 67.5 82 67.7 82 Submerged
12E DR-0037C 67.0 Seminole County 10 DR-0037 DR-0038 66.6 90 67.3 78 67.4 74 67.6 72 Mean Annnual
12E DR-0038C 66.0 Seminole County 10 DR-0038 DR-0040 65.4 75 66.4 84 66.8 80 67.2 72 Mean Annnual
12E DR-0040C1 65.4 Seminole County 10 DR-0040 DR-0050 64.7 72 65.7 87 66.3 98 66.8 117 Mean Annnual
12E DR-0040C2 65.4 Seminole County 10 DR-0040 DR-0050 64.7 65 65.7 83 66.3 97 66.8 117 Mean Annnual
12E DR-0040C3 65.4 Seminole County 10 DR-0040 DR-0050 64.7 72 65.7 87 66.3 98 66.8 117 Mean Annnual

DR-0060C 65.8 Seminole County 10 DR-0060 DR-0070 64.6 102 65.5 138 66.2 166 66.7 185 10 Yr
DR-0070C1 65.3 Seminole County 25 DR-0070 DR-0090 60.5 93 61.1 119 61.7 143 64.8 306 100 Yr
DR-0070C2 65.3 Seminole County 25 DR-0070 DR-0090 60.5 75 61.1 100 61.7 124 64.8 309 100 Yr
DR-0091C 68.0 Seminole County 10 DR-0091 DR-0092 65.8 11 66.3 16 66.8 19 67.7 20 100 Yr
DR-0092C 68.5 Seminole County 10 DR-0092 DR-0093 65.7 11 66.1 16 66.7 19 67.6 20 100 Yr
DR-0093C 68.0 Seminole County 10 DR-0093 DR-0094 65.4 11 66.0 16 66.7 19 67.5 24 100 Yr
DR-0094DS 69.0 Seminole County 25 DR-0094 DR-0095 65.3 11 65.9 23 66.7 33 67.5 42 100 Yr
DR-0100C1 68.8 Seminole County 10 DR-0100 DR-0110 66.1 11 67.0 21 67.5 26 68.5 31 100 Yr
DR-0100C2 68.8 Seminole County 10 DR-0100 DR-0110 66.1 11 67.0 21 67.5 26 68.5 31 100 Yr

15E DR-0120C1 66.3 Seminole County 25 DR-0120 DR-0130 65.4 128 66.8 155 67.0 160 67.2 164 Mean Annnual
15E DR-0120C2 66.3 Seminole County 25 DR-0120 DR-0130 65.4 123 66.8 151 67.0 156 67.2 160 Mean Annnual

DR-0150C 51.5 Seminole County 25 DR-0150 DR-0160 47.2 325 48.3 436 49.3 563 51.0 756 100 Yr
15E DR-0170C 40.0 Seminole County 25 DR-0170 DR-0180 41.0 242 41.6 243 42.1 243 42.8 243 Submerged

GL-0010C 63.0 Seminole County 25 GL-0010 GL-0020 62.0 25 62.4 28 62.5 29 63.3 37 25 Yr
GL-0020C 58.6 Seminole County 25 GL-0020 BGL-0010 55.1 59 55.8 75 56.4 88 57.5 115 100 Yr
GmL-0020C 54.0 Oviedo 25 GmL-0020 GmL-0030 49.0 0 49.2 0 51.8 31 54.3 68 25 Yr
HC-0020W 69.0 Orange County 50 HC-0020 HC-0040 67.2 201 67.5 308 67.9 427 68.5 682 100 Yr
HC-0040B 67.9 Orange County 50 HC-0040 HC-0050 61.6 234 62.4 308 63.2 427 64.5 682 100 Yr
HC-0062W 65.0 Seminole County 25 LWu-0010 HC-0070 61.5 426 62.4 571 63.2 734 64.5 1063 100 Yr
HC-0070B 66.0 Seminole County 100 HC-0070 HC-0080 61.3 426 62.2 571 63.0 734 64.3 1063 100 Yr

14E HC-0085B 63.6 Seminole County 100 HC-0085 HC-0090 60.7 427 61.5 572 62.3 736 63.7 1065 25 Yr
HC-0100B 67.2 Seminole County 100 HC-0100 HC-0110 60.2 474 61.0 629 61.7 804 63.0 1154 100 Yr
HC-0120B 66.8 Seminole County 100 HC-0120 HC-0130 58.6 474 59.3 629 60.0 804 61.3 1154 100 Yr
HC-0140B 68.0 Seminole County 100 HC-0140 HC-0150 54.6 474 55.6 629 56.5 804 58.3 1154 100 Yr

A 2
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Appendix B 
Plans & Permits Excerpts 
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Appendix C 
Survey Data 
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NOTES:

1 inch equals 200 feet
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PID Northing Easting Elevation Code Datafile
1128 1563596.99 553050.48 67.61 TP0NDA 52162JG
1130 1563298.76 552941.92 70.34 TP0NDB 52162JG
1132 1563150.55 552904.90 69.70 TP0NDC 52162JG
5808 1563181.73 552826.93 68.77 BRIDGE 52162JH
5809 1563206.59 552810.09 68.73 BRIDGE 52162JH
5810 1563160.42 552807.23 69.14 BW 52162JH
5811 1563167.15 552818.84 69.45 BW 52162JH
5812 1563175.14 552832.13 69.56 BW 52162JH
5813 1563184.46 552846.44 70.09 BW 52162JH
5814 1563192.41 552859.22 70.38 BW 52162JH
5815 1563199.35 552855.53 69.53 AP 52162JH
5816 1563211.35 552847.79 69.45 AP 52162JH
5817 1563224.38 552839.50 69.48 AP 52162JH
5818 1563216.68 552826.71 69.24 AP 52162JH
5819 1563203.35 552833.92 69.09 AP 52162JH
5820 1563190.62 552841.45 69.13 AP 52162JH
5821 1563174.30 552814.70 68.47 AP 52162JH
5822 1563186.53 552807.73 68.49 AP 52162JH
5823 1563200.14 552799.44 68.54 AP 52162JH
5824 1563191.90 552786.20 68.31 AP 52162JH
5825 1563178.16 552794.33 68.25 AP 52162JH
5826 1563166.17 552801.49 68.19 AP 52162JH
5827 1563166.92 552819.60 67.20 DC 52162JH
5828 1563183.26 552847.22 67.81 DC 52162JH

Jurisdiction

28-002B
125

67.039
55.282
55.542

Wal-Mart Plaza
68.253

28,-21,30
CAS

Downstream_Invert_ft
Street_Crossing

Min_Crown_Elev_ft
S_T_R

Bridge_ID
Bridge_Width_ft

Low_Chord_Elev_ft
Upstream_Invert_ft



PID Northing Easting Elevation Code Station
5613 1562982.40 552597.12 67.35 X-SEC 0+00
5614 1562982.38 552597.09 67.35 AP 0+00
5615 1563001.52 552631.08 67.96 EP 0+39.00
5616 1563002.24 552632.37 68.05 GU 0+40.00
5617 1563002.41 552632.71 68.44 FC 0+41.00
5618 1563008.05 552643.29 68.66 GR 0+53.00
5619 1563013.86 552653.25 68.62 FC 0+64.00
5620 1563014.01 552653.57 68.26 GU 0+65.00
5621 1563014.59 552654.83 68.21 EP 0+66.00
5622 1563032.44 552688.35 67.74 AP 1+04.00
5623 1563048.81 552717.15 67.29 EP 1+37.00
5624 1563050.18 552719.85 67.28 GU 1+40.00
5625 1563050.41 552720.29 67.65 FC 1+41.00
5626 1563054.99 552729.04 67.07 GR 1+51.00
5627 1563075.33 552768.00 64.54 TB 1+95.00
5628 1563085.75 552788.97 55.59 TS 2+18.00
5629 1563112.40 552830.83 54.98 TS 2+67.00
5630 1563120.61 552852.07 61.26 TB 2+90.00
5631 1563131.51 552874.01 65.12 GR 3+14.00
5632 1563131.39 552874.06 69.38 WA 3+14.00
5633 1563132.89 552876.97 69.52 GR 3+18.00
5634 1563135.45 552880.24 69.53 FC 3+22.00
5635 1563135.55 552880.46 69.04 EP 3+22.00
5636 1563142.53 552891.87 68.94 AP 3+35.00
5637 1563182.84 552961.81 69.40 AP 4+16.00
5638 1563220.01 553030.01 68.65 AP 4+94.00
5639 1563220.00 553030.03 68.65 X-SEC 4+94.00

Datafile: 52162JH

Structure: X-Sec(34)
STR: 28,-21,30



PID Northing Easting Elevation Code Station
5706 1563080.35 552629.65 67.77 X-SEC 0+00
5707 1563080.35 552629.61 67.78 AP 0+00
5708 1563101.14 552663.47 67.26 AP 0+40.00
5709 1563119.03 552692.88 67.19 EP 0+74.00
5710 1563120.01 552694.18 67.32 GU 0+76.00
5711 1563120.17 552694.40 67.70 FC 0+76.00
5712 1563128.21 552705.71 67.78 GR 0+90.00
5713 1563133.19 552714.61 67.72 FC 1+00.00
5714 1563133.46 552715.03 67.30 GU 1+01.00
5715 1563134.27 552716.15 67.28 EP 1+02.00
5716 1563168.23 552775.38 67.82 AP 1+70.00
5717 1563194.69 552819.21 68.71 AP 2+21.00
5718 1563222.23 552864.11 69.43 AP 2+74.00
5719 1563260.49 552928.97 69.93 AP 3+49.00
5720 1563298.20 552985.86 70.24 AP 4+18.00
5721 1563329.63 553052.70 69.39 AP 4+91.00
5722 1563350.41 553066.98 69.29 EP 5+14.00
5723 1563350.56 553067.10 69.77 FC 5+14.00
5724 1563352.77 553069.80 69.87 GR 5+18.00
5725 1563354.35 553072.96 69.41 FC 5+21.00
5726 1563354.48 553073.12 68.92 EP 5+21.00
5727 1563360.23 553085.39 68.67 AP 5+35.00
5728 1563365.69 553095.94 68.98 EP 5+47.00
5729 1563365.72 553096.16 69.45 FC 5+47.00
5730 1563375.46 553117.85 71.10 CN 5+70.00
5731 1563375.48 553117.82 71.10 X-SEC 5+70.00

STR: 28,-21,30
Datafile: 52162JH

Structure: X-Sec(37)



PID Northing Easting Elevation Code Station
5705 1563292.33 552610.16 67.71 X-SEC 0+00
5704 1563292.33 552610.10 67.71 AP 0+00
5703 1563293.58 552700.60 67.11 AP 0+90.00
5702 1563294.75 552742.29 66.91 EP 1+32.00
5701 1563294.73 552743.72 67.00 GU 1+34.00
5700 1563294.76 552744.02 67.38 FC 1+34.00
5699 1563294.82 552744.95 67.26 GR 1+35.00
5698 1563295.68 552785.90 67.78 GR 1+76.00
5697 1563297.50 552811.22 62.35 TB 2+01.00
5696 1563300.04 552822.49 55.41 TS 2+12.00
5695 1563309.86 552887.07 55.69 TS 2+77.00
5694 1563310.50 552930.13 70.34 TB 3+20.00
5693 1563310.95 552933.71 70.72 FC 3+24.00
5692 1563310.83 552933.96 70.25 EP 3+24.00
5691 1563319.54 553029.30 69.65 AP 4+20.00
5690 1563332.20 553112.64 68.54 AP 5+04.00
5689 1563333.84 553127.43 69.30 EP 5+19.00
5688 1563333.83 553127.42 69.30 X-SEC 5+19.00

Datafile: 52162JH

Structure: X-Sec(36)
STR: 28,-21,30



P3280016.jpg— Upstream of 28-002B 
Looking downstream 

P3280013.jpg— On the deck of 28-002B 
Looking upstream 



P3280015.jpg— On the deck of 28-002B 
Looking downstream 

P3280014.jpg— Downstream of 28-002B 
Looking upstream 
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PID Northing Easting Elevation Code Datafile
1128 1563596.99 553050.48 67.61 TP0NDA 52162JG
1130 1563298.76 552941.92 70.34 TP0NDB 52162JG
1132 1563150.55 552904.90 69.70 TP0NDC 52162JG
5829 1563456.34 553002.95 68.26 BRIDGE 52162JH
5830 1563437.79 552987.68 68.41 BRIDGE 52162JH
5831 1563479.37 552990.36 68.67 BW 52162JH
5832 1563471.64 552998.52 69.02 BW 52162JH
5833 1563458.16 553012.40 69.41 BW 52162JH
5834 1563450.91 553020.34 69.73 BW 52162JH
5835 1563441.56 553029.47 70.07 BW 52162JH
5836 1563450.33 553022.13 67.52 DC 52162JH
5837 1563472.65 552999.47 66.72 DC 52162JH
5838 1563474.35 552984.50 67.78 AP 52162JH
5839 1563465.70 552976.61 67.80 AP 52162JH
5840 1563456.66 552968.25 67.80 AP 52162JH
5841 1563448.53 552977.30 67.43 AP 52162JH
5842 1563457.34 552984.44 68.09 AP 52162JH
5843 1563465.52 552993.53 68.00 AP 52162JH
5844 1563443.96 553015.69 68.86 AP 52162JH
5845 1563435.91 553008.08 68.84 AP 52162JH
5846 1563426.67 552999.10 68.86 AP 52162JH
5847 1563418.16 553007.82 69.19 AP 52162JH
5848 1563427.78 553015.65 69.18 AP 52162JH
5849 1563435.00 553025.19 69.28 AP 52162JH

CAS

28-003B
32

66.569
54.242
53.379

Wal-Mart Plaza
67.796

28,-21,30
Jurisdiction

Downstream_Invert_ft
Street_Crossing

Min_Crown_Elev_ft
S_T_R

Bridge_ID
Bridge_Width_ft

Low_Chord_Elev_ft
Upstream_Invert_ft



PID Northing Easting Elevation Code Station
5732 1563517.48 552782.33 67.74 X-SEC 0+00
5733 1563517.54 552782.30 67.72 EC 0+00
5734 1563516.74 552783.54 67.82 GU 0+01.00
5735 1563516.48 552783.77 68.20 FC 0+02.00
5736 1563510.36 552789.47 68.00 GR 0+10.00
5737 1563504.73 552794.06 68.05 FC 0+17.00
5738 1563504.46 552794.22 67.64 GU 0+18.00
5739 1563503.68 552795.10 67.59 EC 0+19.00
5740 1563485.25 552816.20 67.43 CN 0+47.00
5741 1563464.40 552864.32 67.34 EC 0+98.00
5742 1563463.18 552864.99 67.45 GU 0+99.00
5743 1563463.02 552865.12 67.82 FC 0+99.00
5744 1563457.14 552869.17 68.22 GR 1+06.00
5745 1563452.79 552871.77 68.20 FC 1+10.00
5746 1563452.38 552871.83 67.77 GU 1+11.00
5747 1563451.30 552872.53 67.69 EP 1+12.00
5748 1563442.79 552879.18 67.71 AP 1+22.00
5749 1563437.22 552889.44 67.71 EP 1+34.00
5750 1563436.50 552890.53 67.76 GU 1+35.00
5751 1563436.30 552890.77 68.13 FC 1+35.00
5752 1563433.73 552893.31 67.82 GR 1+39.00
5753 1563430.75 552896.45 66.26 WA 1+43.00
5754 1563430.64 552896.82 61.13 GR 1+44.00
5755 1563410.34 552917.31 59.68 TB 1+72.00
5756 1563398.08 552927.61 54.49 TS 1+88.00
5757 1563391.39 552940.00 53.99 TS 2+02.00
5758 1563388.25 552943.31 56.82 GR 2+06.00
5759 1563380.97 552953.22 56.79 GR 2+19.00
5760 1563366.52 552959.59 63.14 TB 2+33.00
5761 1563349.85 552974.87 70.47 GR 2+55.00
5762 1563349.07 552975.99 70.56 FC 2+57.00
5763 1563349.08 552976.20 70.11 EP 2+57.00
5764 1563328.13 553000.33 69.87 AP 2+89.00
5765 1563282.90 553047.24 69.55 AP 3+54.00
5766 1563268.32 553059.97 69.20 AP 3+73.00
5767 1563256.56 553070.69 69.44 EP 3+89.00
5768 1563256.60 553070.87 69.92 FC 3+89.00
5769 1563247.62 553077.34 70.03 GR 4+00.00
5770 1563240.95 553086.10 69.84 FC 4+11.00
5771 1563240.74 553086.21 69.38 EP 4+11.00
5772 1563203.42 553117.47 69.48 AP 4+59.00
5773 1563203.40 553117.52 69.48 X-SEC 4+59.00

Datafile: 52162JH

Structure: X-Sec(38)
STR: 28,-21,30



PID Northing Easting Elevation Code Station
5807 1563611.52 552832.81 67.39 X-SEC 0+00
5806 1563611.52 552832.81 67.40 CN 0+00
5805 1563577.95 552865.53 67.08 EC 0+47.00
5804 1563577.68 552865.71 67.07 EP 0+47.00
5803 1563568.94 552872.57 66.96 AP 0+58.00
5802 1563544.65 552895.89 66.81 EP 0+92.00
5801 1563543.54 552897.16 66.92 GU 0+94.00
5800 1563543.52 552897.33 67.34 FC 0+94.00
5799 1563538.13 552903.06 67.45 GR 1+02.00
5798 1563535.85 552907.46 67.29 FC 1+06.00
5797 1563535.59 552907.80 66.88 GU 1+07.00
5796 1563535.45 552909.10 66.96 EP 1+08.00
5795 1563533.00 552910.64 66.96 GU 1+11.00
5794 1563532.64 552910.85 67.39 FC 1+11.00
5793 1563527.40 552914.58 67.43 BW 1+17.00
5792 1563517.35 552927.48 67.96 GR 1+34.00
5791 1563509.16 552933.23 67.55 FC 1+43.00
5790 1563508.83 552933.46 67.11 EP 1+44.00
5789 1563498.83 552942.03 67.24 AP 1+57.00
5788 1563446.77 552995.73 68.43 AP 2+32.00
5787 1563407.51 553036.63 69.75 AP 2+88.00
5786 1563375.84 553067.62 69.21 AP 3+33.00
5785 1563328.40 553116.62 68.57 AP 4+01.00
5784 1563286.78 553159.62 69.52 EP 4+61.00
5783 1563286.73 553159.88 69.99 FC 4+61.00
5782 1563276.99 553170.62 70.40 GR 4+75.00
5781 1563272.58 553175.68 70.07 FC 4+82.00
5780 1563272.52 553175.73 69.75 EP 4+82.00
5779 1563257.21 553196.81 69.75 EP 5+08.00
5778 1563257.22 553196.98 70.22 FC 5+08.00
5777 1563242.44 553204.10 70.09 FC 5+24.00
5776 1563242.26 553204.19 69.63 EP 5+24.00
5775 1563214.13 553247.48 69.08 AP 5+74.00
5774 1563214.12 553247.48 69.09 X-SEC 5+74.00

STR: 28,-21,30
Datafile: 52162JH

Structure: X-Sec(39)



PID Northing Easting Elevation Code Station
5684 1563716.10 552912.59 68.23 X-SEC 0+00
5683 1563716.11 552912.60 68.23 EP 0+00
5682 1563689.58 552943.56 67.82 AP 0+41.00
5681 1563663.27 552974.68 67.97 EP 0+82.00
5680 1563662.26 552975.68 68.06 GU 0+83.00
5679 1563661.70 552975.97 68.45 FC 0+84.00
5678 1563657.60 552980.34 68.36 GR 0+90.00
5677 1563651.89 552986.51 68.18 FC 0+98.00
5676 1563651.55 552986.85 67.78 GU 0+98.00
5675 1563651.61 552986.82 67.78 GU 0+98.00
5674 1563650.24 552988.43 67.73 EP 1+00.00
5673 1563634.20 553007.04 67.33 AP 1+25.00
5672 1563613.76 553031.08 67.47 EP 1+57.00
5671 1563613.00 553031.92 67.53 GU 1+58.00
5670 1563612.74 553032.14 67.97 FC 1+58.00
5669 1563604.73 553040.27 68.34 GR 1+69.00
5668 1563599.65 553047.08 68.21 FC 1+78.00
5667 1563599.34 553047.59 67.78 GU 1+78.00
5666 1563598.69 553048.60 67.71 EP 1+80.00
5665 1563582.68 553065.56 67.19 AP 2+03.00
5664 1563570.00 553080.57 67.63 EP 2+23.00
5663 1563569.66 553080.85 68.13 FC 2+23.00
5662 1563567.80 553083.15 68.01 GR 2+26.00
5661 1563566.30 553085.08 67.99 FW 2+28.00
5660 1563563.15 553088.95 68.07 BW 2+33.00
5659 1563562.59 553089.20 68.44 WA 2+34.00
5658 1563561.71 553088.30 63.08 GR 2+34.00
5657 1563543.01 553113.13 60.19 TB 2+65.00
5656 1563536.84 553120.16 54.89 TS 2+74.00
5655 1563511.96 553149.53 51.87 TS 3+13.00
5654 1563510.70 553152.11 57.87 TB 3+16.00
5653 1563489.20 553178.25 69.44 GR 3+49.00
5652 1563480.95 553187.99 70.76 FC 3+62.00
5651 1563480.74 553188.15 70.27 EP 3+62.00
5650 1563438.77 553237.90 69.15 AP 4+27.00
5649 1563416.97 553263.45 69.71 EP 4+61.00
5648 1563416.86 553263.58 70.21 FC 4+61.00
5647 1563411.51 553270.29 70.45 GR 4+70.00
5646 1563404.76 553277.65 69.52 FC 4+80.00
5645 1563404.76 553277.71 69.05 EP 4+80.00
5644 1563382.26 553304.54 68.43 AP 5+15.00
5643 1563362.55 553327.55 68.75 EP 5+45.00
5642 1563362.51 553327.58 68.75 X-SEC 5+45.00

Datafile: 52162JH

Structure: X-Sec(35)
STR: 28,-21,30



P3280012.jpg— Upstream of 28-003B 
Looking downstream 

P3280009.jpg— On the deck of 28-003B 
Looking upstream 



P3280011.jpg— On the deck of 28-003B 
Looking downstream 

P3280010.jpg— Downstream of 28-003B 
Looking upstream 
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Date: May 21, 2009 Devo’s Project No: 09-610.26

To:
Inwood Consulting Engineers
3000 Dovera Drive, Suite 200
Oviedo, FL 32765
407.971.8850; 407.971.8955 fax; mellard@inwoodinc.com

attention: 
Mark W. Ellard, P.E.
Associate Principal/Water Resources Project Manager

Re:
Preliminary Inspection and Conceptual Retrofit Measures for ...

HOWELL CREEK - REPAIR & ARMORING OF STREAMBANK EROSION
FROM UPSTREAM OF LAKE HOWELL ROAD TO DOWNSTREAM OF STATE  ROAD 436

Seminole County, Florida

Dear Mr. Ellard:

Attached is our inspection report on the section of Howell Creek from just upstream of Lake Howell Road
to downstream of State Road 436. Also included are preliminary conceptual retrofit measures and other
general recommendations.

We trust that this inspection, data provided, assessment and preliminary recommendations are adequate
to guide Inwood and Seminole County on planning of future detailed inspections and remedial works.
Please call us if there are any questions.

Sincerely
Devo Seereeram
Devo Seereeram, Ph.D., P.E.
Principal Engineer
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Background Information

Seminole County (Fl) is proposing to repair localized areas of the Howell Creek stream bank which were
further eroded by the high flow rates during and following Tropical Storm Fay in August 2008. 

Inwood Consulting Engineers is the prime consultant, with Devo Engineering as the geotechnical
engineering subconsultant.

A preliminary assessment of Howell Creek stream banks extended from the bridge at Lake Howell Road
to just downstream of State Road 436. This segment length of the creek is approximately 2,000 lineal feet
as shown in Exhibit A.

This preliminary evaluation was based strictly on visual inspection and probes of the stream bank and did
not involve any intrusive investigation such as boreholes. Recommendations for stabilization and armoring
of the channel banks are conceptual in nature.

Exhibit A. Portion of Howell Creek Side Bank Investigated
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NRCS Soil Map Units

The Natural Resources Conservation Service (NRCS), an agency of the US Department of Agriculture, has
mapped and published descriptions of the shallow soils (i.e., within 80 inches of land surface) in Seminole
County (Fl). In undeveloped areas (without the addition of impervious areas, the establishment of
drainage systems, and/or site grading), the NRCS soil mapping is usually fairly reliable but it is much less
reliable in development areas. Since there is no site-specific geotechnical data, the NRCS soil map units
are reviewed for preliminary guidance.

Figure 1 (attached) also shows the published NRCS soils map unit boundaries for the subject section of
the creek. Review of this figure shows that there are the following four (4) NRCS soil units within the area
of interest:

( Myakka and EauGallie fine sands (#20).
( Pompano fine sand, occasionally flooded (28).
( Tavares-Millhopper fine sands, 0 to 5% slopes (#31).
( Urban land (#34).

The area directly along the section of creek alignment covered in this investigation is mapped generally
with the nearly level, poorly drained soil, Pompano fine sand, occasionally flooded (#28). The land area
off the eastern bank is mapped with the poorly drained, Myakka and EauGallie fine sands (#20) and the
moderately well drained, Tavares-Millhopper fine sands, 0 to 5% slopes (#31). The land area off the
western bank is mapped with  Urban land (#34), Myakka and EauGallie fine sands (#20) and Tavares-
Millhopper fine sands, 0 to 5% slopes (#31).

Key NRCS characterization data for these four soil map units are presented in Tables 1 through 4.  Note
in Tables 1 through 4, the layers of soils shown for each map unit are generally sands, except in the case
of Myakka and EauGallie fine sands (#20) and Tavares-Millhopper fine sands, 0 to 5% slopes (#31),
where there are layers of clay loam, sandy loam and loamy sands in the 40 inch to 80 inch depth range.
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Table 1.  Key NRCS Data for Myakka and EauGallie fine sands (#20)

The soils in this map unit are nearly level and poorly drained.  These soils are on broad plains on the
flatwoods.  During most years, the soils in this map unit have a seasonal high water table within 12
inches of the surface for 1 month to 4 months.

Hydrologic Soil Group B/D

Typical Soil Profile

Depth Soil Color & Texture Permeability

Myakka

0 - 5 in black fine sand  
12 to 40 ft/day

5 - 28 in light gray fine sand

28 - 30 in black fine sand
1.2 to 12 ft/day

30 - 45 in dark brown fine sand

45 - 80 in brown fine sand 12 to 40 ft/day

EauGallie

0 - 5 in dark gray fine sand
12 to 40 ft/day5 - 18 in light gray fine sand

18 - 37 in black and dark brown fine sand 1.2 to 12 ft/day

37 - 41 in light brownish gray fine sand  12 to 40 ft/day

41 - 60 in very pale brown sandy clay loam .12 to 4 ft/day

60 - 80 in light brownish gray loamy sand 1.2 to 12 ft/day

Table 2.   Key NRCS Data for Pompano fine sand, occasionally flooded (#28)

This soil is nearly level and poorly drained.  It is on the flood plains and is occasionally flooded following
prolonged high intensity rains.  In most years, this soil has a seasonal high water table  within 12 inches
of the surface for 2 to 6 months.  This soil is subject to occasionally periods of flooding, which normally
occurs during rainy periods.  The duration and extent of flooding are variable and are directly related
to the frequency and intensity of rainfall.

Hydrologic Soil Group D

Typical Soil Profile

Depth Soil Color & Texture Permeability

0 -4 in gray fine sand
12 to 40 ft/day

4 - 80 in pale brown and light gray fine sand 
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Table 3.   Key NRCS Data for Tavares-Millhopper fine sands, 0 to 5% slopes (#31)

The soils in this map unit are nearly level to gently sloping and moderately well drained.  These soils
are on low ridges and knolls on the uplands.  The soils in this map unit have a seasonal high water
table at a depth of 36 to 60 inches for 2 to 6 months.  

Hydrologic Soil Group A

Typical Soil Profile

Tavares

Depth Soil Color & Texture Permeability

0 - 6 in very dark grayish brown fine sand 

> 12 ft/day6 - 80 in yellowish, light yellowish brown, & pale brown
fine sand

Millhopper 

Depth Soil Color & Texture Permeability

0 - 7 in gray fine sand 
12 to 40 ft/day

7 - 45 in very pale brown fine sand 

45 - 54 in very pale brown sandy loam 
.12 to 4 ft/day

54 - 80 in light gray sandy clay loam

Table 4.   Key NRCS Data for Urban Land (#34)

This miscellaneous area is covered by urban facilities, such as shopping centers, parking lots, industrial
buildings, houses, streets, sidewalks, airports, and related structures. The natural soil can not be
observed. The slopes are dominantly less than 2 percent but range to 12 percent. Depth to the seasonal
high water table is dependent upon the functioning of the drainage system. 

Hydrologic Soil Group D

Typical Soil Profile

Depth Soil Color & Texture Permeability

0 - 80 in n.a. n.a.
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Proximate Geotechnical Data

Devo Engineering performed a geotechnical investigation for the replacement of the Howell Creek Water
Control Structure located along Howell Creek just west of Lake Howell Road. This area of investigation is
just west of the section of creek we inspected. A geotechnical investigation of this structure was performed
over the period December 2008 to January 2009 and included several shallow hand auger and deep
Standard Penetration Test (SPT) borings.

The shallow soil borings generally disclosed surficial layers of very loose fine sands underlain by layers of
soft muck and very loose mucky sands, 0.5 ft to 1.5 ft thick, followed by layers of mostly loose and some
medium dense fine sands, some with traces of roots. There was an exception to this generalized
stratigraphy as mucky sand was disclosed in one of the borings from 4.0 ft to greater than 12 ft depth.

The deep SPT borings disclosed somewhat variable soil stratigraphy. The boring drilled on the northern
bank of the creek disclosed layers of very loose and loose fine underlain by very loose clayey fine sand
and very soft clay and then layers of very loose and loose fine sand and slightly silty fine sands. The boring
on the southern bank of the creek, disclosed layers of very loose and loose fine sands from the ground
surface to 6.5 ft depth followed by very loose mucky sand to 14.5 ft depth and then layers of very loose
and loose fine sands, silty fine sands and clayey fine sands and then some medium dense clayey fine sand
and silty fine sand with some shell fragments.

The grain size analyses disclosed D50 values of 0.21 mm and 0.25 mm on samples taken in the 6 ft to
8.2 ft depth range. The recommended D50 value for scour computation for this project was 0.225 mm. The
soils were generally erodible and scour protection was recommended along the stream bed and banks in
the vicinity of the structure.

 

 



Page 8

Field Inspection Program

The field inspection program included the following:

L Visual inspection of the creek banks by our project geotechnical engineer and
geotechnician. 

L Identification and mapping of locations with moderate to severe erosion, areas of slope
collapse and sedimentation.

L Identification of areas where there are fallen trees and other forms of debris that affect
free flow of the canal.

L Taking of photographic records and recording of other pertinent data.

Presentation of Data

Figure 1.1 presents an overall aerial image of the site with pertinent inspection notes and inset
photographs of areas where notable erosion, sedimentation or obstacles were observed. The severity of
bank erosion and the degree of obstruction caused by fallen trees and other forms of debris are variable,
and therefore, these are categorized according in accordance with the  descriptions below and appropriate
color codes are used on the aerial map as follows:

O Low Distress Areas - Coded green  - Little or no stream bank erosion and no
blockage or fallen trees in stream. No immediate action required.

O Moderate Distress Areas - Coded yellow  - Erosion and some localized  stream
blockage observed. Some action would be required in the near future to maintain proper
alignment and flow.

O High Distress Areas - Coded red   - Loose subsoils and significant bank erosion
and obstruction to flow by fallen trees and other forms of debris. Significant remedial work
needed.
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Erodibility of Soils

Based on visual observations made during the site visit and a review of published NRCS data over  the
creek alignment in the area, the soils are essentially fine sands. In addition, grainsize distribution tests
performed on samples from the adjacent Howell Creek Water Control Structure location disclosed D50

values of 0.21 and 0.225 mm. Soils of this size are fairly easily erodible and therefore, scour protection
would be required.

Note however that soils that are cohesive, such as clayey sands, sandy clay and clays, would be more
resistant to erosion/scour. Of the four (4) NRCS soil map units present in the area, two of these units,
Myakka and EauGallie fine sands (#20) and Tavares-Millhopper fine sands, 0 to 5% slopes (#31) typically
have buried layers of cohesive soils in the 40 inch to 80 inch depth range. Depending on the actual bank
location and slope some cohesive soils might be exposed. These soil layers that would be somewhat
resistant to erosion are shaded green, where present,  in Tables 1 through 4, while the other more
erodible soil layers are shaded yellow.

Slope Stability Considerations

Based on the type of sandy soils observed during the site visit, data from an adjacent project and
published NRCS soils data, side bank slopes of 2H:1V are likely to be stable for slope heights for up to 8 ft
provided that scour and erosion measures are in place. For higher slopes, the slope angle should not be
steeper than 3H:1V.

Sheet piles, if used to retain side banks, will have to have adequate penetration to avoid over turning.
With the type of soils present, it is envisaged that for an 8 ft high wall, a minimum penetration of 12 ft
would be required. Global stability analyses should be performed with verifiable soil strength parameters
when designing slopes and retaining systems. 
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Recommended Methods of Stabilization

As noted on Figure 1, there are six (6) locations where severe distress was noted. Following are our
location specific recommendations for retrofitting these areas:

Location Recommended Method of Stabilization

H1 Gabion Walls and Reno Mattresses to protect and stabilize stream
banks.

H2 Sheetpiles with rubble rip rap at base to prevent scour and
undermining of the outfall structure.

H3 Gabion Walls and Reno Mattresses to protect and stabilize stream
banks.

H4 Rubble rip rap in channel to prevent under-scour of stream bed
together with Reno Mattresses along base of stream banks to train the
channel flow.

H5 Sheetpiles with rubble rip rap at its base to prevent scour and
undermining of slopes

H6 Gabion Walls and Reno mattresses to protect and stabilize stream
banks.

Note that these are preliminary recommendations that are strictly of a conceptual nature and precursory
to a design-level investigation. Apart from the stabilization methods recommended in the table above,
clearing of fallen trees and removal of other forms of debris will also be required.
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Date: February 2, 2010 Devo’s Project No: 09-610.26

To:
Inwood Consulting Engineers
3000 Dovera Drive, Suite 200
Oviedo, FL 32765
407.971.8850; 407.971.8955 fax; mellard@inwoodinc.com

attention: 
Mark W. Ellard, P.E.
Associate Principal/Water Resources Project Manager

Re:
Supplementary Memo #1 on Preliminary Inspection and Conceptual Retrofit Measures for ...

HOWELL CREEK - REPAIR & ARMORING OF STREAMBANK EROSION
FROM UPSTREAM OF LAKE HOWELL ROAD TO DOWNSTREAM OF STATE  ROAD 436

Seminole County, Florida

Dear Mr. Ellard:

This is not a stand alone document but is a Supplementary Memorandum which address comments made
by Seminole County regarding the causes of failure and the necessity for retrofit works for the section of
Howell Creek from just upstream of Lake Howell Road to downstream of State Road 436.

We trust that the contents of this memo meet the needs of Inwood and Seminole County on planning of
future detailed inspections and remedial works. Please call us if there are any questions.

Sincerely
Devo Seereeram
Devo Seereeram, Ph.D., P.E.
Principal Engineer
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Summary of Observations and Probably Causes

Table 1 presents a summary of the key observations made and the most probable cause of distress in each
of the Four (4) moderately distressed areas and Six (6) severely distressed areas. These locations are
labeled (M1 to M4) and (H1 to H6), respectively in Figure 1. 

Note however, that neither a geotechnical investigation nor a topographical survey was included in this
phase of the investigation and the possible causes of distress indicated were based solely on visual
observations and our experience with soils in the area. A more detailed investigation would be required
to accurately identify the causes of distress in each area. 

Recommended Retrofit Measures

Table 1 also presents the location specific recommendations for retrofitting the six (6) locations where
severe distress and four (4) locations where moderate distress were observed. Areas showing severe
distress generally require urgent attention in the short term, while areas showing moderate distress can
be retrofitted on a phased basis in the short to medium term. It is very important however that a proper
monitoring and maintenance program be implemented with particular emphasis on conditions prior to, and
immediately following storm events to prevent flooding and adverse impacts to adjacent infrastructure.
These conditions are most often initiated by fallen tress which partially obstruct the flow, followed by rapid
realignment of the flow in the channel, scouring and erosion of unprotect banks and ultimate collapse. 

The areas which show minor signs of distress labeled (L1 to L7) in Figure 1 are not critical and these
areas can be monitored and reassessed periodically.

Note that these preliminary recommendations are strictly of a conceptual nature and precursory to a
design-level investigation. Apart from the stabilization methods recommended in the table above, clearing
of fallen trees and removal of other forms of debris will also be required.



Table 1. Summary of Observed Distress, Probable Causes and Recommended Retrofit Measures

Location Observations/Distress Noted Probable Causes of Distress Recommended Retrofit Measures

M1 Minor debris in stream with minor
bank erosion. Heavy vegetation on
banks going into stream.

Granular subsoils and steep bank,
eroded by stream flow, leading to some
bank collapse and some loss of tree root
support.

Condition not considered severe at this
time but clearing, shaping and
stabilization of banks should be done in
the short to medium term.

M2 Minor debris in stream. Bank on outer
curve eroded. Trees leaning as roots
suffer from loss of soil support. Ditch
appears to be meandering eastwards.

Granular subsoils and steep bank,
eroded by stream flow, leading to some
bank collapse and some loss of tree root
support.

Condition not considered severe at this
time but clearing, shaping and
stabilization of banks should be done in
the short to medium term.

M3 Large pool below bridge, Fabriform
undermined and is collapsing. Water
seems deeper; suspected scouring
along stream bed.

Granular subsoils and inadequate scour
protection, leading to erosion and some
collapse of Fabriform.

Condition not considered severe at this
time but clearing, re-grouting of
Fabriform, shaping and stabilization of
banks should be done in the short to
medium term.

M4 Stream meandering, erosion along
banks, tree roots exposed.

Granular subsoils and steep bank,
eroded by stream flow, leading to some
bank collapse and some loss of tree root
support.

Condition not considered severe at this
time but clearing, shaping and
stabilization of banks should be done in
the short to medium term.

H1 Severe bank erosion and collapse at
sharp bend. Fallen tree as well as
minor debris in stream.

Granular subsoils and steep bank,
eroded by stream flow, leading to bank
collapse and loss of tree root support.

Remove debris. Install Gabion Walls and
Reno Mattresses to protect and stabilize
stream banks.

H2 Severe erosion and undermining at
base of outfall structure. Sediments
deposited further out into the stream.

Granular subsoils, bank eroded by
stream flow, inadequate scour
protection.

Remove sediments. Install sheetpiles with
rubble rip rap at base to prevent scour
and undermining of the outfall structure.



Table 1. Summary of Observed Distress, Probable Causes and Recommended Retrofit Measures

Location Observations/Distress Noted Probable Causes of Distress Recommended Retrofit Measures

H3 Washout from parking lot on west
side. Severe erosion along east bank.
Stream blocked by fallen trees.

Granular subsoils and steep bank,
eroded by stream flow, leading to bank
collapse and loss of tree root support.
Also, discharge from car park
aggravates erosion. 

Clear vegetation. Install Gabion Walls and
Reno Mattresses to protect and stabilize
stream banks.

H4 Stream narrow and winding in this
area, bank very steep and are being
eroded, flow velocities high. Heavy
vegetation present.

Granular subsoils and steep bank,
eroded by stream flow, leading to bank
collapse.

Clear vegetation. Install rubble rip rap in
channel to prevent under-scour of stream
bed together with Reno Mattresses along
base of stream banks to train the channel
flow.

H5 Severe erosion on east bank.
Fabriform undermined at bridge piles.
Thick vegetation to north impeding
flow.

Granular subsoils, inadequate scour
protection, steep bank, eroded by
stream flow, leading to bank and
Fabriform collapse.

Clear vegetation. Install sheetpiles with
rubble rip rap at its base to prevent scour
and undermining of slopes.

H6 Severe bank erosion, stream
alignment shifting, large fallen tree.

Granular subsoils and steep bank,
eroded by stream flow, leading to bank
collapse and loss of tree root support.

Clear vegetation. Install Gabion Walls and
Reno mattresses to protect and stabilize
stream banks.
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Memorandum 
 
To: Mark Ellard, P.E. 
 
From: Danielle M. Honour, P.E., D.WRE 
 
Date: August 17, 2009 
 
Subject: Howell Creek (Lake Howell Road to SR436) – ICPR Modeling 

Results 

For this effort, CDM was responsible for providing modeling support to Inwood Consulting 
Engineers (Inwood)  in order to develop a more comprehensive understanding of the 
drainage patterns within the study area (Figure 1) and to provide modeling support for 
future design that will address identified level of service deficiencies in Howell Creek.  The 
study area consists of that portion of Howell Creek from Lake Howell Road to SR436.  This 
memorandum summarizes the methodology and the results of the modeling effort performed 
by CDM. 

ICPR Model Update and Results 
CDM developed a hydrologic model representation of the project area using the 
Interconnected Channel and Pond Routing (ICPR) Model, Version 3.1 software.  The basis of 
the model was from the Howell Creek Basin Watershed Management Plan (CDM, 2008).  The 
following paragraphs describe the modifications made to the model based on newly obtained 
data. 

Hydrologic Model 
In order to better define the hydrology within the study area, Inwood provided additional 
detailed information including stormwater inventory data taken from construction drawings 
as well as refined drainage patterns. CDM then used these drainage patterns and integrated 
them into the existing hydrologic units for the study area. The resulting hydrologic units for 
the study area are shown in Figure 2. CDM then re-calculated the curve numbers (CNs) and 
times of concentration for the hydrologic units of interest as well as the surrounding 
hydrologic units whose boundaries were impacted by these modifications.  CNs and time of 
concentration values were calculated using the Soil Conservation Service (SCS) curve number 
methodology as outlined in Technical Release No. 55. 

CDM developed the curve numbers using ArcView® Version 9.3 to automate the CN 
calculation process.  Using ArcView®, the existing land use and the SCS Hydrologic Soils 
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Group coverages were superimposed over the hydrologic unit delineation coverage.  Data 
from the resulting coverage were then exported to Microsoft® Access where a series of queries 
were developed in order to calculate the CN as well as the DCIA. The queries calculate the 
CN value using predefined look-up tables and the percentages (by area) of the hydrologic 
coverages for each hydrologic unit.  It should be noted that the water body and wetland areas 
were not included in the calculation of the CN but were input to the model as DCIA. The 
resulting curve numbers and time of concentration values are provided in Table 1.  

Table 1 
Hydrologic Unit Summary 

Hydrologic Unit Area (acres) Curve Number Time of Concentration 
(minutes) 

HC-014 806 75 66 

HC-015 212 89 24 

HC-016 31 87 16 

 

For this effort, the SCS Type II (Florida Modified) rainfall distribution was used.  Both the 
SJRWMD and Seminole County require the use of the SCS Type II (Florida Modified) rainfall 
distribution.  The rainfall volumes applied to this 24-hour distribution for the design storm 
events that were simulated with the regional stormwater model include: 

 Mean Annual - 5.3 inches of rainfall 

 10-Year - 6.8 inches of rainfall 

 25-Year - 8.4 inches of rainfall 

 100-Year - 11.4 inches of rainfall 

Hydraulic Model 
Inwood provided additional survey data that were obtained by Southeastern Surveying and 
Mapping Corp. (SSMC).  Based on the survey data, CDM incorporated a number of additional 
open channel reaches into the existing nodal schematic from Lake Howell Road to SR 436.  
CDM also used existing 1-foot topographic contour data to define an extended floodplain for 
each of the cross sections.  The updated nodal model schematic for the entire study area 
(including the boundary conditions) is shown in Figure 3.  The nodal model schematic for the 
area of interest within Seminole County is shown in Figure 4. 
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CDM represented the segment of Howell Creek in the ICPR model from the bridge at Temple 
Trail (HC-0040B) to Lake Howell (LH-0090).  CDM used the time series outflow values from 
the Lake Maitland control structure as the upstream boundary condition and the time series 
stage values for Lake Howell as the downstream boundary condition.  CDM also used the 
proposed weir configuration previously provided by Inwood (January 2009) for the Howell 
Creek control structure (HC-0062W) replacement. The replacement of this structure is 
currently under construction. 

CDM then simulated the mean annual, 10-, 25- and 100-year/24-hour design storm events 
under existing land use conditions using ICPR Version 3.1.  The results of these simulations 
are provided in Table 2.  Level of service (LOS) assignments shown in Table 2 are consistent 
with those adopted by Seminole County as well as those used in the Howell Creek Basin 
Watershed Management Plan (CDM, 2008).  Based on the LOS comparisons, open channels HC-
0080X and HC-0083X are predicted to overtop their banks during the 25-year/24-hour design 
storm event by 0.2 and 1.0 feet, respectively.  This could potentially cause property and/or 
structure flooding to the parcel immediately to the north as shown on Figure 5.  Also shown 
on Figure 5 are the nearest survey elevations to the parcel in question taken for the channel 
cross-section.  According to previous work done by CDM in the basin (i.e., Howell Creek Basin 
Watershed Management Plan), flooding was predicted at the Lake Howell Lane bridge (HC-
0085B) and not at HC-0080X and HC-0083X, which are immediately upstream of the bridge.  
The bridge was previously predicted to flood by 0.1 feet during the 100-year/24-hour design 
storm event but now it meets the LOS using the updated model.  Many of the open channel 
critical elevations were previously defined using 1-foot topographic data. CDM updated 
several of these critical elevations throughout the stretch of the creek analyzed using 
surveyed top of bank elevations provided by the updated survey.  In order to confirm the 
degree of flooding to the aforementioned property, it is recommended to obtain a finished 
floor elevation as well as some additional spot elevations on the property itself. 

The predicted peak velocity (averaged across the channel) for the majority of the open 
channel segments exceeded 3 feet per second with the highest velocities (5 to 6 fps) predicted 
at conduits HC-0135X and HC-0150X during the 100-year/24-hour design storm event.  It 
should be noted that the reported velocities represent the average velocity across the channel 
and that velocities in some portions of the channel would exceed the reported peak velocity.  
Velocities exceeding 3 fps in unlined channels can be erosive.   Therefore the model results 
indicate potential for channel erosion.   

 

cc: file 



Table 2
Howell Creek Modeling Support - Lake Howell Road to SR436
Existing Conditions Results

Culverts and Bridges
Critical 

Elevation Depth of Flooding

Model ID Description U/S Node U/S Node D/S Node Stage (ft) Flow (cfs)
Peak 

Velocity 
(fps)

Stage (ft) Flow (cfs)
Peak 

Velocity 
(fps)

Stage (ft) Flow (cfs)
Peak 

Velocity 
(fps)

Stage (ft) Flow (cfs)
Peak 

Velocity 
(fps)

during Assigned LOS

HC-0040B Temple Trail 67.9 100 HC-0040 HC-0050 61.6 198 4.1 62.2 305 4.6 62.8 423 5.1 63.8 661 5.9 no flooding
HC-0062W Howell Creek Dam 65.0 25 LWu-0010 HC-0070 61.5 419 3.9 62.0 669 4.1 62.5 971 4.3 63.2 1506 4.7 no flooding
HC-0070B Lake Howell Road 65.5 100 HC-0070 HC-0080 59.1 419 3.5 60.3 669 4.4 61.3 970 5.1 62.7 1505 5.7 no flooding
HC-0085B Lake Howell Lane 63.7 100 HC-0085 HC-0090 58.8 506 2.7 59.9 751 2.5 61.0 1058 2.5 62.4 1507 2.6 no flooding
HC-0100B Walmart Shopping Center 67.2 100 HC-0100 HC-0110 58.5 438 3.3 59.5 681 3.8 60.5 971 4.2 61.9 1536 4.8 no flooding
HC-0120B Walmart Shopping Center 66.8 100 HC-0120 HC-0130 58.1 443 5.6 59.1 688 6.4 60.0 981 5.8 61.4 1522 5.7 no flooding
HC-0140B SR436 67.6 100 HC-0140 HC-0150 56.7 442 7.5 57.3 688 7.5 57.8 980 7.3 58.7 1522 7.2 no flooding
Open Channels

Critical 
Elevation Depth of Flooding

Model ID Description TOB D/S U/S Node D/S Node Stage (ft) Flow (cfs)
Peak 

Velocity 
(fps)

Stage (ft) Flow (cfs)
Peak 

Velocity 
(fps)

Stage (ft) Flow (cfs)
Peak 

Velocity 
(fps)

Stage (ft) Flow (cfs)
Peak 

Velocity 
(fps)

during Assigned LOS

HC-0080X d/s Lake Howell Road 61.0 25 HC-0080 HC-0083 59.1 438 3.3 60.1 683 3.8 61.2 973 4.0 62.6 1507 4.0 0.2
HC-0083X u/s Lake Howell Lane 60.0 25 HC-0083 HC-0085 58.9 438 3.3 60.0 681 3.5 61.0 971 3.5 62.5 1545 3.5 1.0
HC-0090X d/s Lake Howell Lane 66.0 25 HC-0090 HC-0095 58.8 438 2.3 59.9 681 2.6 60.9 971 2.7 62.4 1531 3.0 no flooding
HC-0095X Walmart Shopping Center 65.0 25 HC-0095 HC-0100 58.7 438 2.4 59.8 682 2.9 60.8 973 3.2 62.2 1507 3.6 no flooding
HC-0110X Walmart Shopping Center 68.0 25 HC-0110 HC-0115 58.4 438 3.2 59.4 681 3.7 60.3 971 4.1 61.7 1507 4.6 no flooding
HC-0115X Walmart Shopping Center 67.9 25 HC-0115 HC-0120 58.3 443 2.5 59.2 688 3.1 60.2 981 3.4 61.6 1543 3.8 no flooding
HC-0130X Walmart Shopping Center 68.1 25 HC-0130 HC-0135 57.5 443 2.5 58.3 688 3.1 59.1 981 3.7 60.3 1522 4.5 no flooding
HC-0135X u/s of SR436 60.3 25 HC-0135 HC-0140 57.1 443 2.9 57.8 688 3.8 58.3 981 4.7 59.1 1522 6.0 no flooding
HC-0150X d/s of SR436 58.4 25 HC-0150 LH-0090 55.3 442 4.0 55.8 687 4.6 56.5 979 5.1 58.0 1518 5.8 no flooding
*Reported velocities represent the average velocity across the channel and that velocities in some portions of the channel would exceed the reported peak velocity.

100-Year/24-Hour Storm

100-Year/24-Hour Storm

Assigned 
LOS

Assigned 
LOS

Mean Annual

Mean Annual

10-Year/24-Hour Storm

10-Year/24-Hour Storm

25-Year/24-Hour Storm

25-Year/24-Hour Storm

A 1
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Model Input

==========================================================================================
==== Basins ==============================================================================
==========================================================================================

         Name: HC-013                   Node: HC-0040                Status: Onsite         
        Group: Howell Creek             Type: SCS Unit Hydrograph CN

        Unit Hydrograph: Uh323                    Peaking Factor: 323.0          
          Rainfall File:                     Storm Duration(hrs): 0.00           
    Rainfall Amount(in): 0.000                 Time of Conc(min): 55.70          
               Area(ac): 101.000                 Time Shift(hrs): 0.00           
           Curve Number: 74.00              Max Allowable Q(cfs): 999999.000     
                DCIA(%): 1.60           

----------------------------------------------------------------------------------------------------
         Name: HC-014                   Node: LWu-0010               Status: Onsite         
        Group: Howell Creek             Type: SCS Unit Hydrograph CN

        Unit Hydrograph: Uh323                    Peaking Factor: 323.0          
          Rainfall File:                     Storm Duration(hrs): 0.00           
    Rainfall Amount(in): 0.000                 Time of Conc(min): 66.30          
               Area(ac): 806.000                 Time Shift(hrs): 0.00           
           Curve Number: 75.00              Max Allowable Q(cfs): 999999.000     
                DCIA(%): 27.70          

----------------------------------------------------------------------------------------------------
         Name: HC-015                   Node: HC-0080                Status: Onsite         
        Group: Howell Creek             Type: SCS Unit Hydrograph CN

        Unit Hydrograph: Uh323                    Peaking Factor: 323.0          
          Rainfall File:                     Storm Duration(hrs): 0.00           
    Rainfall Amount(in): 0.000                 Time of Conc(min): 24.20          
               Area(ac): 212.000                 Time Shift(hrs): 0.00           
           Curve Number: 89.00              Max Allowable Q(cfs): 999999.000     
                DCIA(%): 3.90           

----------------------------------------------------------------------------------------------------
         Name: HC-016                   Node: HC-0115                Status: Onsite         
        Group: Howell Creek             Type: SCS Unit Hydrograph CN

        Unit Hydrograph: Uh323                    Peaking Factor: 323.0          
          Rainfall File:                     Storm Duration(hrs): 0.00           
    Rainfall Amount(in): 0.000                 Time of Conc(min): 16.30          
               Area(ac): 31.400                  Time Shift(hrs): 0.00           
           Curve Number: 87.00              Max Allowable Q(cfs): 999999.000     
                DCIA(%): 9.30           

Updated for Seminole County Lake Howell Lane CIP (July 2009)

==========================================================================================
==== Nodes ===============================================================================
==========================================================================================

      Name: HC-0040             Base Flow(cfs): 0.000          Init Stage(ft): 58.900    
     Group: Howell Creek                                       Warn Stage(ft): 73.000    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------
         59.000          0.1000
         63.000         12.0000
         65.000         14.0000
         66.000         28.2000
         67.000         43.7000
         68.000         63.1000

------------------------------------------------------------------------------------------
      Name: HC-0070             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 66.000    
      Type: Stage/Area                                        

changed IS from 58.61

      Stage(ft)        Area(ac)
--------------- ---------------
         54.240          0.1000
         69.000          0.1000

------------------------------------------------------------------------------------------
      Name: HC-0080             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    

Interconnected Channel and Pond Routing Model (ICPR)  ©2002 Streamline Technologies, Inc. Page 1 of 116



Model Input

     Group: Howell Creek                                       Warn Stage(ft): 64.000    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------
         54.280          0.1000
         56.000          6.0000

------------------------------------------------------------------------------------------
      Name: HC-0083             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 64.000    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0085             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 66.000    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0090             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 63.647    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0095             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 66.000    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0100             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 66.280    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------
         55.300          0.1000
         75.000          0.1000

------------------------------------------------------------------------------------------
      Name: HC-0110             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 67.188    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0115             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 67.000    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0120             Base Flow(cfs): 0.000          Init Stage(ft): 54.240    
     Group: Howell Creek                                       Warn Stage(ft): 66.610    
      Type: Stage/Area                                        
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      Stage(ft)        Area(ac)
--------------- ---------------
         54.400          0.1000
         74.000          0.1000

------------------------------------------------------------------------------------------
      Name: HC-0130             Base Flow(cfs): 0.000          Init Stage(ft): 53.380    
     Group: Howell Creek                                       Warn Stage(ft): 66.810    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0135             Base Flow(cfs): 0.000          Init Stage(ft): 53.080    
     Group: Howell Creek                                       Warn Stage(ft): 67.000    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0140             Base Flow(cfs): 0.000          Init Stage(ft): 53.080    
     Group: Howell Creek                                       Warn Stage(ft): 65.470    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: HC-0150             Base Flow(cfs): 0.000          Init Stage(ft): 53.080    
     Group: Howell Creek                                       Warn Stage(ft): 63.800    
      Type: Stage/Area                                        

      Stage(ft)        Area(ac)
--------------- ---------------

------------------------------------------------------------------------------------------
      Name: LH-0090             Base Flow(cfs): 0.000          Init Stage(ft): 53.080    
     Group: Lake Howell                                        Warn Stage(ft): 58.410    
      Type: Time/Stage                                        

Lake Howell 
Seminole County Water Atlas - Corrected to NGVD29

      Time(hrs)       Stage(ft)
--------------- ---------------
           0.00          53.080
         999.00          53.080

------------------------------------------------------------------------------------------
      Name: LWu-0010            Base Flow(cfs): 0.000          Init Stage(ft): 58.450    
     Group: Lake Waumpi                                        Warn Stage(ft): 65.000    
      Type: Stage/Area                                        

Lake Waumpi 
Seminole County Water Atlas -Corrected to NGVD29  
(long term average stage is 59.4) 
modified initial stage - set to control elevation of dam d/s based on updated survey (SSMC, 2009) 

      Stage(ft)        Area(ac)
--------------- ---------------
         55.000         10.0000
         58.000         12.0000
         59.000         13.1000
         60.000         32.4000
         62.000         51.9800
         63.000         61.4000
         64.000         69.5400

==========================================================================================
==== Cross Sections ======================================================================
==========================================================================================

              Name: HC0040RXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N

Interconnected Channel and Pond Routing Model (ICPR)  ©2002 Streamline Technologies, Inc. Page 3 of 116



Model Input

--------------- --------------- ---------------
       -100.000          75.000        0.030000
          0.000          73.000        0.030000
         51.000          73.000        0.030000
        109.000          73.000        0.030000
        149.000          73.000        0.030000
        200.000          74.000        0.030000
        249.000          74.000        0.030000
        300.000          75.000        0.030000

---------------------------------------------------------------------
              Name: HC0040XS                     Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        500.000          77.000        0.070000
       1120.000          69.000        0.070000
       1140.000          70.000        0.070000
       1160.000          71.000        0.070000
       1190.000          72.000        0.070000
       1200.000          70.000        0.040000
       1210.000          61.600        0.040000
       1215.000          59.200        0.040000
       1222.000          58.900        0.040000
       1228.000          59.300        0.040000
       1233.000          62.400        0.040000
       1243.000          68.000        0.040000
       1250.000          72.000        0.040000
       1270.000          72.000        0.070000
       1330.000          72.000        0.070000
       1350.000          73.000        0.070000
       1380.000          73.000        0.070000
       1455.000          74.000        0.070000
       1550.000          74.000        0.070000
       1600.000          75.000        0.070000
       1650.000          76.000        0.070000
       1670.000          77.000        0.070000
       1720.000          78.000        0.070000
       1790.000          78.000        0.070000
       1870.000          77.000        0.070000
       1940.000          76.800        0.070000
       1990.000          76.000        0.070000
       2220.000          75.000        0.070000
       2230.000          74.000        0.070000
       2270.000          74.000        0.070000
       2280.000          74.000        0.070000

---------------------------------------------------------------------
              Name: HC0041XS                     Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       1120.000          71.000        0.070000
       1140.000          71.000        0.070000
       1160.000          71.000        0.070000
       1190.000          71.000        0.070000
       1200.000          68.000        0.040000
       1210.000          61.200        0.040000
       1215.000          58.600        0.040000
       1222.000          58.200        0.040000
       1228.000          58.600        0.040000
       1233.000          61.300        0.040000
       1243.000          63.000        0.040000
       1250.000          65.000        0.040000
       1270.000          70.000        0.040000
       1330.000          70.000        0.070000
       1350.000          70.000        0.070000
       1380.000          70.000        0.070000
       1455.000          73.000        0.070000
       1550.000          74.000        0.070000
       1600.000          75.000        0.070000
       1650.000          76.000        0.070000
       1670.000          76.000        0.070000
       1720.000          76.000        0.070000
       1790.000          76.000        0.070000
       1870.000          76.000        0.070000
       1940.000          76.000        0.070000
       1990.000          75.800        0.070000
       2220.000          75.000        0.070000
       2230.000          75.000        0.070000
       2270.000          74.000        0.070000
       2280.000          74.000        0.070000
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---------------------------------------------------------------------
              Name: HC0062WXS                    Group: Howell Creek   
      Encroachment: No             

proposed cross-section from survey (Inwood, 2009)

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       -135.000          66.050        0.060000
       -120.000          65.050        0.040000
       -110.000          64.050        0.040000
       -100.000          63.050        0.040000
        -85.000          62.050        0.040000
        -30.000          61.050        0.040000
         -5.000          60.050        0.040000
          0.000          59.550        0.040000
          0.990          59.550        0.013000
          1.000          59.050        0.013000
          5.500          58.750        0.013000
          6.300          58.450        0.013000
         10.700          58.450        0.013000
         11.500          58.750        0.013000
         16.000          59.050        0.013000
         16.010          59.550        0.013000
         17.000          59.550        0.013000
         20.000          60.050        0.040000
         35.000          61.050        0.040000
         45.000          62.050        0.040000
         55.000          63.050        0.040000
         60.000          64.050        0.040000
         80.000          65.050        0.040000
         90.000          66.050        0.060000

---------------------------------------------------------------------
              Name: HC0070BXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       -400.000          70.000        0.070000
       -130.000          68.000        0.070000
        150.000          66.000        0.070000
        220.000          64.800        0.070000
        266.000          65.400        0.070000
        277.000          57.300        0.030000
        288.000          55.600        0.030000
        297.000          57.300        0.030000
        311.000          65.400        0.030000
        390.000          66.000        0.070000
        511.000          68.000        0.070000
        611.000          70.000        0.070000

---------------------------------------------------------------------
              Name: HC0070RXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       -100.000          66.000        0.016000
          0.000          65.830        0.016000
         50.000          65.660        0.016000
        100.000          65.770        0.016000
        157.000          65.530        0.016000
        207.000          65.820        0.016000
        255.000          66.060        0.016000
        305.000          66.490        0.016000

---------------------------------------------------------------------
              Name: HC0071BXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        225.000          65.000        0.070000
        255.000          64.600        0.070000
        276.000          57.300        0.030000
        280.000          56.400        0.030000
        287.000          56.000        0.030000
        295.000          55.900        0.030000
        304.000          60.600        0.030000
        350.000          63.700        0.070000

---------------------------------------------------------------------
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              Name: HC0071BXS1                   Group: Howell Creek   
      Encroachment: No             

modified x-sec invert to match channel invert

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        225.000          65.000        0.070000
        255.000          64.600        0.070000
        276.000          57.300        0.030000
        280.000          52.460        0.030000
        287.000          52.060        0.030000
        295.000          55.900        0.030000
        304.000          60.600        0.030000
        350.000          63.700        0.070000

---------------------------------------------------------------------
              Name: HC0071BXS2                   Group: Howell Creek   
      Encroachment: No             

modified x-sec invert to match channel invert

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        225.000          65.000        0.070000
        255.000          64.600        0.070000
        276.000          57.300        0.030000
        280.000          53.300        0.030000
        287.000          52.900        0.030000
        295.000          55.900        0.030000
        304.000          60.600        0.030000
        350.000          63.700        0.070000

---------------------------------------------------------------------
              Name: HC0080XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_02

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
         -7.000          66.000        0.070000
          0.000          61.890        0.070000
         26.640          60.260        0.030000
         44.069          58.710        0.030000
         46.400          54.960        0.030000
         60.784          54.280        0.030000
         70.760          54.840        0.030000
         82.044          60.640        0.030000
        109.047          61.160        0.070000
        193.000          67.000        0.070000

---------------------------------------------------------------------
              Name: HC0081XS                     Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        141.000          63.000        0.070000
        201.000          60.600        0.070000
        249.000          59.100        0.070000
        253.000          57.200        0.030000
        254.500          56.400        0.030000
        259.000          54.900        0.030000
        269.000          53.100        0.030000
        279.000          52.800        0.030000
        284.000          53.000        0.030000
        287.000          52.700        0.030000
        291.000          53.900        0.030000
        296.000          55.500        0.030000
        300.000          57.200        0.030000
        300.500          58.800        0.030000
        303.000          59.600        0.030000
        326.000          60.600        0.070000
        358.000          62.600        0.070000
        374.000          67.300        0.070000

---------------------------------------------------------------------
              Name: HC0083XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_04

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -48.000          63.000        0.070000
          0.000          61.350        0.070000
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         24.686          59.380        0.030000
         65.029          56.950        0.030000
         70.859          54.980        0.030000
         78.758          54.420        0.030000
         86.577          54.130        0.030000
         93.193          59.080        0.030000
        125.080          60.550        0.070000
        141.000          64.000        0.070000

---------------------------------------------------------------------
              Name: HC0083XS1                    Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_04; modified x-sec invert to match channel invert

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -48.000          63.000        0.070000
          0.000          61.350        0.070000
         24.686          59.380        0.030000
         65.029          56.950        0.030000
         70.859          53.560        0.030000
         78.758          53.060        0.030000
         86.577          52.760        0.030000
         93.193          59.080        0.030000
        125.080          60.550        0.070000
        141.000          64.000        0.070000

---------------------------------------------------------------------
              Name: HC0084XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_05

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -54.000          65.000        0.070000
          0.000          60.530        0.070000
         23.528          59.870        0.030000
         36.773          54.350        0.030000
         45.250          52.480        0.030000
         52.427          54.260        0.030000
         55.593          56.920        0.030000
         81.717          58.990        0.030000
        112.358          60.790        0.030000
        181.800          63.000        0.070000

---------------------------------------------------------------------
              Name: HC0085BXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        200.000          66.000        0.070000
        250.000          65.000        0.070000
        263.000          63.800        0.070000
        264.000          57.300        0.030000
        268.000          55.200        0.030000
        272.000          55.300        0.030000
        277.000          51.700        0.030000
        291.000          51.200        0.030000
        297.000          54.000        0.030000
        312.000          59.500        0.030000
        340.000          63.000        0.030000
        360.000          64.000        0.070000
        445.000          66.000        0.070000

---------------------------------------------------------------------
              Name: HC0085RXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       -100.000          66.000        0.016000
          0.000          64.940        0.016000
         53.000          64.540        0.016000
        108.000          64.470        0.016000
        158.000          64.200        0.016000
        202.000          64.030        0.016000
        258.000          63.680        0.016000
        309.000          63.760        0.016000
        361.000          63.730        0.016000
        414.000          63.760        0.016000
        500.000          66.000        0.016000
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---------------------------------------------------------------------
              Name: HC0085XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_06

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       -277.000          68.000        0.070000
          0.000          60.040        0.070000
         18.717          57.620        0.030000
         32.888          54.770        0.030000
         41.053          54.690        0.030000
         50.163          53.740        0.030000
         56.179          54.240        0.030000
         65.431          56.050        0.030000
         94.086          60.190        0.030000
        110.681          60.770        0.070000
        222.200          66.000        0.070000

---------------------------------------------------------------------
              Name: HC0086BXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
         70.000          66.000        0.070000
        197.090          63.800        0.070000
        198.510          56.100        0.030000
        206.320          56.000        0.030000
        210.580          55.000        0.030000
        215.550          54.000        0.030000
        224.070          54.000        0.030000
        231.880          55.000        0.030000
        236.140          63.400        0.030000
        275.000          65.000        0.070000
        300.000          66.000        0.070000

---------------------------------------------------------------------
              Name: HC0090XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_07

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -30.000          65.000        0.070000
          0.000          62.450        0.070000
         29.200          62.010        0.070000
         71.635          58.390        0.030000
         81.571          53.650        0.030000
         90.774          53.200        0.030000
        100.856          53.030        0.030000
        106.581          55.280        0.030000
        126.606          59.640        0.030000
        133.817          59.810        0.070000
        160.000          64.000        0.070000

---------------------------------------------------------------------
              Name: HC0091XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_08

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -27.000          69.000        0.070000
          0.000          67.870        0.070000
         46.099          55.640        0.030000
         65.818          55.310        0.030000
         72.321          53.910        0.030000
         82.209          53.280        0.030000
         82.772          53.670        0.030000
         91.674          58.640        0.030000
        131.080          65.840        0.030000
        146.196          65.970        0.070000
        284.000          68.000        0.070000

---------------------------------------------------------------------
              Name: HC0093XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_09

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -20.000          69.000        0.070000
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          0.000          67.810        0.070000
         17.268          61.520        0.070000
         40.022          59.330        0.030000
         51.251          54.430        0.030000
         68.077          53.340        0.030000
         78.840          54.190        0.030000
         89.222          60.510        0.030000
        104.913          62.480        0.070000
        119.997          66.780        0.070000
        125.138          67.270        0.070000
        219.000          69.000        0.070000

---------------------------------------------------------------------
              Name: HC0094XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_10

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -70.000          69.000        0.070000
          0.000          67.080        0.070000
         64.847          56.070        0.030000
         72.799          53.560        0.030000
         79.629          52.830        0.030000
         85.561          52.960        0.030000
         95.525          61.630        0.030000
        122.773          64.960        0.030000
        186.000          70.000        0.070000

---------------------------------------------------------------------
              Name: HC0095XS                     Group: Howell Creek   
      Encroachment: No             

Southeastern Survey (B28-002B) WalMart Shopping Plaza

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
          0.000          67.350        0.016000
         39.000          67.960        0.016000
         40.000          68.050        0.016000
         41.000          68.440        0.016000
         53.000          68.660        0.016000
         64.000          68.620        0.016000
         65.000          68.260        0.016000
         66.000          68.210        0.016000
        104.000          67.740        0.016000
        137.000          67.290        0.016000
        140.000          67.280        0.016000
        141.000          67.650        0.016000
        151.000          67.070        0.070000
        195.000          64.540        0.070000
        218.000          55.590        0.035000
        267.000          54.980        0.035000
        290.000          61.260        0.035000
        314.000          65.210        0.035000
        314.000          69.380        0.070000
        318.000          69.520        0.070000
        322.000          69.530        0.016000
        322.000          69.040        0.016000
        335.000          68.940        0.016000
        416.000          69.400        0.016000
        494.000          68.650        0.016000

---------------------------------------------------------------------
              Name: HC0100RXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       -500.000          70.000        0.016000
          0.000          67.767        0.016000
         40.000          67.260        0.016000
         74.000          67.188        0.016000
         90.000          67.775        0.016000
        100.000          67.723        0.016000
        170.000          67.820        0.016000
        221.000          68.710        0.016000
        274.000          69.433        0.016000
        349.000          69.928        0.016000
        418.000          70.239        0.016000

---------------------------------------------------------------------
              Name: HC0100XS                     Group: Howell Creek   
      Encroachment: No             

Southeastern Survey (B28-002B) WalMart Shopping Plaza
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    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
          0.000          67.710        0.016000
         90.000          67.110        0.016000
        132.000          66.910        0.016000
        134.000          67.000        0.016000
        134.000          67.380        0.016000
        135.000          67.260        0.016000
        176.000          67.780        0.016000
        201.000          62.350        0.035000
        212.000          55.410        0.035000
        277.000          55.690        0.035000
        320.000          70.340        0.035000
        324.000          70.720        0.016000
        324.000          70.250        0.016000
        420.000          69.650        0.016000
        504.000          68.540        0.016000
        519.000          69.300        0.016000

---------------------------------------------------------------------
              Name: HC0105XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_11

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -58.000          68.000        0.070000
          0.000          67.430        0.070000
         16.105          63.900        0.070000
         31.689          60.210        0.030000
         38.573          56.700        0.030000
         46.011          53.550        0.030000
         48.191          52.760        0.030000
         53.087          53.260        0.030000
         56.950          53.560        0.030000
         70.678          56.570        0.030000
        103.059          63.100        0.030000
        131.626          70.550        0.070000

---------------------------------------------------------------------
              Name: HC0108XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_12

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -29.000          68.000        0.070000
          0.000          67.980        0.070000
          8.419          66.450        0.070000
         23.237          60.620        0.070000
         48.277          59.540        0.030000
         55.353          55.700        0.030000
         58.332          53.540        0.030000
         65.488          53.200        0.030000
         67.562          51.050        0.030000
         73.207          52.870        0.030000
         74.127          53.510        0.030000
         80.021          56.110        0.030000
         88.838          56.230        0.030000
        101.911          61.120        0.030000
        109.881          66.640        0.070000
        117.447          70.270        0.070000

---------------------------------------------------------------------
              Name: HC0110XS                     Group: Howell Creek   
      Encroachment: No             

Southeastern Survey (B28-003B) WalMart Shopping Plaza, X-Sec(38)

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
          0.000          67.720        0.016000
          1.000          67.820        0.016000
          2.000          68.200        0.016000
         10.000          68.000        0.016000
         17.000          68.050        0.016000
         18.000          67.640        0.016000
         19.000          67.590        0.016000
         47.000          67.430        0.016000
         98.000          67.340        0.016000
         99.000          67.450        0.016000
         99.000          67.820        0.016000
        106.000          68.220        0.016000
        110.000          68.200        0.016000
        111.000          67.770        0.016000
        112.000          67.690        0.016000
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        122.000          67.710        0.016000
        134.000          67.710        0.016000
        135.000          67.760        0.016000
        135.000          68.130        0.016000
        139.000          67.820        0.016000
        143.000          66.260        0.035000
        144.000          61.130        0.035000
        172.000          59.680        0.035000
        188.000          54.490        0.035000
        202.000          53.990        0.035000
        206.000          56.820        0.035000
        219.000          56.790        0.035000
        233.000          63.140        0.035000
        255.000          70.470        0.035000
        257.000          70.560        0.016000
        257.000          70.110        0.016000
        289.000          69.870        0.016000
        354.000          69.550        0.016000
        373.000          69.200        0.016000
        389.000          69.440        0.016000
        389.000          69.920        0.016000
        400.000          70.030        0.016000
        411.000          69.840        0.016000
        411.000          69.380        0.016000
        459.000          69.480        0.016000

---------------------------------------------------------------------
              Name: HC0115XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_13

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -67.000          69.000        0.070000
          0.000          67.910        0.070000
          7.195          63.750        0.070000
         34.595          60.840        0.030000
         45.264          56.850        0.030000
         52.339          53.880        0.030000
         54.712          53.180        0.030000
         56.006          53.050        0.030000
         59.167          52.990        0.030000
         60.315          53.180        0.030000
         63.630          53.500        0.030000
         67.727          55.430        0.030000
         90.046          55.670        0.030000
         99.926          60.680        0.030000
        115.574          70.340        0.070000

---------------------------------------------------------------------
              Name: HC0115XS1                    Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_13; modified x-sec invert to match channel invert

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -67.000          69.000        0.070000
          0.000          67.910        0.070000
          7.195          63.750        0.070000
         34.595          60.840        0.030000
         45.264          56.850        0.030000
         52.339          55.130        0.030000
         54.712          54.430        0.030000
         56.006          54.300        0.030000
         59.167          54.240        0.030000
         60.315          54.430        0.030000
         63.630          54.730        0.030000
         67.727          55.430        0.030000
         90.046          55.670        0.030000
         99.926          60.680        0.030000
        115.574          70.340        0.070000

---------------------------------------------------------------------
              Name: HC0120RXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       -500.000          70.000        0.016000
          0.000          67.390        0.016000
         47.000          67.070        0.016000
         58.000          66.960        0.016000
         92.000          66.810        0.016000
         94.000          66.920        0.016000
        102.000          67.450        0.016000
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        108.000          66.960        0.016000
        134.000          67.960        0.016000
        144.000          67.110        0.016000
        157.000          67.240        0.016000
        232.000          68.430        0.016000
        288.000          69.750        0.016000
        401.000          68.670        0.016000
        461.000          69.520        0.016000
        475.000          70.400        0.016000

---------------------------------------------------------------------
              Name: HC0120XS                     Group: Howell Creek   
      Encroachment: No             

Southeastern Survey (B28-003B) WalMart Shopping Plaza, X-Sec(38)

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
          0.000          68.230        0.016000
         41.000          67.820        0.016000
         82.000          67.970        0.016000
         83.000          68.060        0.016000
         84.000          68.450        0.016000
         90.000          68.360        0.016000
         98.000          68.180        0.016000
         98.000          67.780        0.016000
         98.000          67.780        0.016000
        100.000          67.730        0.016000
        125.000          67.330        0.016000
        157.000          67.470        0.016000
        158.000          67.530        0.016000
        158.000          67.970        0.016000
        169.000          68.340        0.016000
        178.000          68.210        0.016000
        178.000          67.780        0.016000
        180.000          67.710        0.016000
        203.000          67.190        0.016000
        223.000          67.630        0.016000
        223.000          68.130        0.016000
        226.000          68.010        0.016000
        228.000          67.990        0.016000
        233.000          68.070        0.016000
        234.000          68.440        0.016000
        234.000          63.080        0.035000
        265.000          60.190        0.035000
        274.000          54.890        0.035000
        313.000          51.870        0.035000
        316.000          57.870        0.035000
        349.000          69.440        0.035000
        362.000          70.760        0.035000
        362.000          70.270        0.016000
        427.000          69.150        0.016000
        461.000          69.710        0.016000
        461.000          70.200        0.016000
        470.000          70.450        0.016000
        480.000          69.520        0.016000
        480.000          69.050        0.016000
        515.000          68.430        0.016000
        545.000          68.750        0.016000

---------------------------------------------------------------------
              Name: HC0130XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_14

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
         -9.000          68.000        0.070000
          0.000          67.020        0.070000
         16.646          62.370        0.070000
         30.970          57.980        0.030000
         37.249          53.470        0.030000
         44.154          52.990        0.030000
         51.797          52.870        0.030000
         59.905          52.780        0.030000
         69.178          53.040        0.030000
         77.551          53.050        0.030000
         82.631          56.670        0.030000
         98.794          61.150        0.030000
        122.660          66.240        0.030000
        140.453          70.050        0.070000
        170.812          70.230        0.070000

---------------------------------------------------------------------
              Name: HC0135XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_15
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    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
       -110.000          68.200        0.070000
          0.000          68.050        0.070000
          8.337          63.320        0.070000
         38.072          60.120        0.030000
         64.593          56.120        0.030000
         75.035          53.020        0.030000
         79.786          52.730        0.030000
         87.766          52.800        0.030000
         94.021          58.810        0.030000
         97.043          59.160        0.030000
        109.815          64.480        0.030000
        129.547          70.300        0.070000
        142.152          71.250        0.070000

---------------------------------------------------------------------
              Name: HC0137XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_16

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -70.000          69.000        0.070000
          0.000          68.730        0.070000
          8.721          62.830        0.070000
         31.470          59.450        0.030000
         36.145          59.170        0.030000
         43.584          53.150        0.030000
         45.005          52.920        0.030000
         63.978          52.530        0.030000
         69.228          52.720        0.030000
         73.184          53.620        0.030000
         75.375          54.750        0.030000
        102.404          61.560        0.030000
        156.697          64.360        0.070000
        173.644          68.360        0.070000

---------------------------------------------------------------------
              Name: HC0140BXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        190.000          67.500        0.050000
        207.000          53.800        0.050000
        232.000          51.800        0.035000
        238.000          48.900        0.035000
        296.000          49.400        0.035000
        303.000          50.900        0.035000
        332.000          51.000        0.035000
        357.000          52.900        0.035000
        375.000          68.100        0.050000

---------------------------------------------------------------------
              Name: HC0140RXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
          0.000          67.930        0.016000
         35.000          67.560        0.016000
         51.000          67.580        0.016000
         94.000          67.640        0.016000
        144.000          67.670        0.016000
        196.000          67.750        0.016000
        235.000          67.920        0.016000

---------------------------------------------------------------------
              Name: HC0140XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_17

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -66.000          67.000        0.070000
          0.000          61.260        0.070000
         28.894          58.300        0.070000
         51.257          56.380        0.030000
         63.106          55.300        0.030000
         69.116          52.980        0.030000
         72.480          52.480        0.030000
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         75.258          52.500        0.030000
         78.743          52.710        0.030000
         79.803          53.110        0.030000
         84.152          55.260        0.030000
        110.838          56.060        0.030000
        136.349          57.290        0.030000
        156.589          60.260        0.070000
        200.000          66.000        0.070000

---------------------------------------------------------------------
              Name: HC0150BXS                    Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        175.000          67.500        0.050000
        200.000          54.100        0.050000
        207.000          52.900        0.035000
        222.000          49.600        0.035000
        247.000          51.200        0.035000
        272.000          50.400        0.035000
        280.000          49.000        0.035000
        288.000          48.300        0.035000
        294.000          48.500        0.035000
        303.000          51.100        0.035000
        347.000          51.900        0.035000
        360.000          67.700        0.050000

---------------------------------------------------------------------
              Name: HC0150XS                     Group: Howell Creek   
      Encroachment: No             

SSMC x-sec HCHL_17

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
        -90.000          60.000        0.070000
          0.000          58.460        0.070000
         34.429          56.520        0.070000
         64.114          54.310        0.030000
         90.397          53.980        0.030000
         94.543          52.030        0.030000
         96.384          51.770        0.030000
         98.274          51.290        0.030000
        102.515          51.480        0.030000
        104.766          52.010        0.030000
        111.967          54.360        0.030000
        141.793          55.440        0.030000
        178.134          60.590        0.030000
        237.000          61.000        0.070000

---------------------------------------------------------------------
              Name: HC0151XS                     Group: Howell Creek   
      Encroachment: No             

    Station(ft)   Elevation(ft)     Manning's N
--------------- --------------- ---------------
          0.000          63.000        0.070000
         23.000          62.000        0.070000
         55.000          60.000        0.070000
        160.000          58.000        0.070000
        200.000          56.000        0.070000
        211.000          53.100        0.035000
        238.000          49.100        0.035000
        253.000          50.700        0.035000
        262.000          47.500        0.035000
        269.000          48.100        0.035000
        278.000          47.600        0.035000
        287.000          48.800        0.035000
        303.000          50.200        0.035000
        357.000          56.500        0.035000
        392.000          64.300        0.070000
        437.000          66.000        0.070000

==========================================================================================
==== Operating Tables ====================================================================
==========================================================================================

      Name:                      Group: BASE           
      Type: Bottom Clip
  Function: Time vs. Depth of Clip

      Time(hrs)  Clip Depth(in)
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--------------- ---------------

==========================================================================================
==== Pipes ===============================================================================
==========================================================================================

         Name:                     From Node:                    Length(ft): 0.00           
        Group: BASE                  To Node:                         Count: 1              
                                                          Friction Equation: Automatic
               UPSTREAM       DOWNSTREAM                 Solution Algorithm: Most Restrictive
     Geometry: Circular       Circular                                 Flow: Both
     Span(in): 0.00           0.00                       Entrance Loss Coef: 0.00
     Rise(in): 0.00           0.00                           Exit Loss Coef: 1.00
   Invert(ft): 0.000          0.000                          Bend Loss Coef: 0.00
  Manning's N: 0.000000       0.000000                     Outlet Ctrl Spec: Use dc or tw
 Top Clip(in): 0.000          0.000                         Inlet Ctrl Spec: Use dc
 Bot Clip(in): 0.000          0.000                       Stabilizer Option: None

Upstream FHWA Inlet Edge Description:
Circular Concrete: Square edge w/ headwall

Downstream FHWA Inlet Edge Description:
Circular Concrete: Square edge w/ headwall

==========================================================================================
==== Channels ============================================================================
==========================================================================================

          Name: HC-0040B            From Node: HC-0040            Length(ft): 40.00          
         Group: Howell Creek          To Node: LWu-0010                Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Automatic
      Geometry: Trapezoidal    Trapezoidal                Solution Algorithm: Automatic
    Invert(ft): 58.900         58.900                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.300
   Manning's N: 0.040000       0.040000                       Expansion Coef: 0.500
  Top Clip(ft): 0.000          0.000                      Entrance Loss Coef: 0.000
  Bot Clip(ft): 0.000          0.000                          Exit Loss Coef: 0.000
     Main XSec:                                             Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft):                                              Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft):                               
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft): 13.000         13.000         
  LtSdSlp(h/v): 2.10           2.10           
  RtSdSlp(h/v): 2.10           2.10           

SJ94-3 (neworng.dat Bridge #1) - Temple Trail 
removed top clip 
Top Clip Ref Elev: 76.2, 76.2 
Top Clip 3.2, 3.2

----------------------------------------------------------------------------------------------------
          Name: HC-0070B            From Node: HC-0070            Length(ft): 34.00          
         Group: Howell Creek          To Node: HC-0080                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Average Conveyance
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 52.060         52.900                                   Flow: Both
 TClpInitZ(ft): 65.700         65.700                       Contraction Coef: 0.300
   Manning's N:                                               Expansion Coef: 0.500
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0071BXS1     HC0071BXS2                   Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

SJ94-3 (sem.dat Bridge #19) - Lake Howell Rd 
inverts taken from Howell Creek Lake Howell Lane to SR 436 CIP, Southeastern Surveying - 2009 
SSMC x-sec HCHL_01, HCHL_02

----------------------------------------------------------------------------------------------------
          Name: HC-0080X            From Node: HC-0080            Length(ft): 188.00         
         Group: Howell Creek          To Node: HC-0083                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Automatic
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      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 54.280         52.760                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.300
   Manning's N:                                               Expansion Coef: 0.500
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0080XS       HC0083XS1                    Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_02, HCHL_04

----------------------------------------------------------------------------------------------------
          Name: HC-0083X            From Node: HC-0083            Length(ft): 227.00         
         Group: Howell Creek          To Node: HC-0085                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Automatic
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 52.760         53.820                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0084XS       HC0085XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_05, HCHL_06

----------------------------------------------------------------------------------------------------
          Name: HC-0085B            From Node: HC-0085            Length(ft): 35.00          
         Group: Howell Creek          To Node: HC-0090                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Automatic
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 53.820         53.030                                   Flow: Both
 TClpInitZ(ft): 64.400         63.300                       Contraction Coef: 0.300
   Manning's N:                                               Expansion Coef: 0.500
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0085XS       HC0090XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: Level Pool Option
  AuxElev2(ft): 0.000          0.000                      Stabilizer Tol(ft): 0.010
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

SJ94-3 (sem.dat Bridge #18) - Lake Howell Lane

----------------------------------------------------------------------------------------------------
          Name: HC-0090X            From Node: HC-0090            Length(ft): 221.00         
         Group: Howell Creek          To Node: HC-0095                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Automatic
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 53.030         53.100                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0090XS       HC0091XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
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 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_07, HCHL_08

----------------------------------------------------------------------------------------------------
          Name: HC-0095X            From Node: HC-0095            Length(ft): 255.00         
         Group: Howell Creek          To Node: HC-0100                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Automatic
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 53.100         52.810                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0093XS       HC0094XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_09, HCHL_10

----------------------------------------------------------------------------------------------------
          Name: HC-0100B            From Node: HC-0100            Length(ft): 125.00         
         Group: Howell Creek          To Node: HC-0110                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Average Conveyance
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 52.810         52.760                                   Flow: Both
 TClpInitZ(ft): 69.560         69.560                       Contraction Coef: 0.300
   Manning's N:                                               Expansion Coef: 0.500
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0094XS       HC0105XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_10, HCHL_11

----------------------------------------------------------------------------------------------------
          Name: HC-0110X            From Node: HC-0110            Length(ft): 214.00         
         Group: Howell Creek          To Node: HC-0115                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Average Conveyance
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 52.760         50.510                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0105XS       HC0108XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_11, HCHL_12

----------------------------------------------------------------------------------------------------
          Name: HC-0115X            From Node: HC-0115            Length(ft): 100.00         
         Group: Howell Creek          To Node: HC-0120                 Count: 1              
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                UPSTREAM       DOWNSTREAM                  Friction Equation: Average Conveyance
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 50.510         54.240                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0108XS       HC0115XS1                    Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_13

----------------------------------------------------------------------------------------------------
          Name: HC-0120B            From Node: HC-0120            Length(ft): 32.00          
         Group: Howell Creek          To Node: HC-0130                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Average Conveyance
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 54.240         53.380                                   Flow: Both
 TClpInitZ(ft): 68.410         69.410                       Contraction Coef: 0.300
   Manning's N:                                               Expansion Coef: 0.500
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0115XS1      HC0130XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_13, HCHL_14

----------------------------------------------------------------------------------------------------
          Name: HC-0130X            From Node: HC-0130            Length(ft): 169.00         
         Group: Howell Creek          To Node: HC-0135                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Average Conveyance
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 53.380         52.600                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0130XS       HC0135XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_14, HCHL_15

----------------------------------------------------------------------------------------------------
          Name: HC-0135X            From Node: HC-0135            Length(ft): 243.00         
         Group: Howell Creek          To Node: HC-0140                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Average Conveyance
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 52.600         52.480                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0137XS       HC0140XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
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  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

Howell Creek Lake Howell Lane to SR 436 CIP 
Southeastern Surveying - 2009 
SSMC x-sec HCHL_16, HCHL_17

----------------------------------------------------------------------------------------------------
          Name: HC-0140B            From Node: HC-0140            Length(ft): 82.00          
         Group: Howell Creek          To Node: HC-0150                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Average Conveyance
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 52.480         51.290                                   Flow: Both
 TClpInitZ(ft): 71.000         71.000                       Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0140XS       HC0150XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: None
  AuxElev2(ft): 0.000          0.000          
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

SJ94-3 (sem.dat Bridge #17 & #16) - SR436

----------------------------------------------------------------------------------------------------
          Name: HC-0150X            From Node: HC-0150            Length(ft): 715.00         
         Group: Howell Creek          To Node: LH-0090                 Count: 1              

                UPSTREAM       DOWNSTREAM                  Friction Equation: Automatic
      Geometry: Irregular      Irregular                  Solution Algorithm: Automatic
    Invert(ft): 51.290         47.500                                   Flow: Both
 TClpInitZ(ft): 9999.000       9999.000                     Contraction Coef: 0.100
   Manning's N:                                               Expansion Coef: 0.300
  Top Clip(ft):                                           Entrance Loss Coef: 0.000
  Bot Clip(ft):                                               Exit Loss Coef: 0.000
     Main XSec: HC0150XS       HC0151XS                     Outlet Ctrl Spec: Use dc or tw
  AuxElev1(ft): 0.000          0.000                         Inlet Ctrl Spec: Use dn
     Aux XSec1:                                            Stabilizer Option: Level Pool Option
  AuxElev2(ft): 0.000          0.000                      Stabilizer Tol(ft): 0.010
     Aux XSec2:                               
 Top Width(ft):                               
     Depth(ft):                               
 Bot Width(ft):                               
  LtSdSlp(h/v):                               
  RtSdSlp(h/v):                               

SJ94-3 (sem.dat xsec 47935)

==========================================================================================
==== Drop Structures =====================================================================
==========================================================================================

         Name:                     From Node:                    Length(ft): 0.00           
        Group: BASE                  To Node:                         Count: 1              

               UPSTREAM       DOWNSTREAM                  Friction Equation: Automatic
     Geometry: Circular       Circular                   Solution Algorithm: Most Restrictive
     Span(in): 0.00           0.00                                     Flow: Both
     Rise(in): 0.00           0.00                       Entrance Loss Coef: 0.000
   Invert(ft): 0.000          0.000                          Exit Loss Coef: 1.000
  Manning's N: 0.000000       0.000000                     Outlet Ctrl Spec: Use dc or tw
 Top Clip(in): 0.000          0.000                         Inlet Ctrl Spec: Use dc
 Bot Clip(in): 0.000          0.000                           Solution Incs: 10

Upstream FHWA Inlet Edge Description:
Circular Concrete: Square edge w/ headwall

Downstream FHWA Inlet Edge Description:
Circular Concrete: Square edge w/ headwall

==========================================================================================
==== Weirs ===============================================================================
==========================================================================================
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         Name: HC-0062W            From Node: LWu-0010       
        Group: Howell Creek          To Node: HC-0070        
         Flow: Both                    Count: 1              
         Type: Vertical: Fread      Geometry: Irregular      

                        XSec: HC0062WXS
                  Invert(ft): 58.450
       Control Elevation(ft): 58.450
      Struct Opening Dim(ft): 9999.00
                                              TABLE
             Bottom Clip(ft): 0.000           
                Top Clip(ft): 0.000           
         Weir Discharge Coef: 3.000           
      Orifice Discharge Coef: 0.600           

Howell Creek Dam with proposed cross-section (Inwood, 2009) 
 

----------------------------------------------------------------------------------------------------
         Name: HC0040BRd           From Node: HC-0040        
        Group: Howell Creek          To Node: LWu-0010       
         Flow: Both                    Count: 1              
         Type: Vertical: Fread      Geometry: Irregular      

                        XSec: HC0040RXS
                  Invert(ft): 73.000
       Control Elevation(ft): 73.000
      Struct Opening Dim(ft): 9999.00
                                              TABLE
             Bottom Clip(ft): 0.000           
                Top Clip(ft): 0.000           
         Weir Discharge Coef: 2.800           
      Orifice Discharge Coef: 0.600           

Temple Dr road overflow

----------------------------------------------------------------------------------------------------
         Name: HC0070BRd           From Node: HC-0070        
        Group: Howell Creek          To Node: HC-0080        
         Flow: Both                    Count: 1              
         Type: Vertical: Paved      Geometry: Irregular      

                        XSec: HC0070RXS
                  Invert(ft): 65.530
       Control Elevation(ft): 65.530
      Struct Opening Dim(ft): 9999.00
                                              TABLE
             Bottom Clip(ft): 0.000           
                Top Clip(ft): 0.000           
         Weir Discharge Coef: 2.800           
      Orifice Discharge Coef: 0.600           

Lake Howell Road road overflow (Howell Creek Lake Howell Lane to SR 436 CIP, Southeastern Surveying - 2009)

----------------------------------------------------------------------------------------------------
         Name: HC0085BRd           From Node: HC-0085        
        Group: Howell Creek          To Node: HC-0090        
         Flow: Both                    Count: 1              
         Type: Vertical: Fread      Geometry: Irregular      

                        XSec: HC0085RXS
                  Invert(ft): 63.680
       Control Elevation(ft): 63.680
      Struct Opening Dim(ft): 9999.00
                                              TABLE
             Bottom Clip(ft): 0.000           
                Top Clip(ft): 0.000           
         Weir Discharge Coef: 2.800           
      Orifice Discharge Coef: 0.600           

Lake Howell Lane road overflow (Howell Creek Lake Howell Lane to SR 436 CIP, Southeastern Surveying - 2009)

----------------------------------------------------------------------------------------------------
         Name: HC0100BRd           From Node: HC-0100        
        Group: Howell Creek          To Node: HC-0110        
         Flow: Both                    Count: 1              
         Type: Vertical: Fread      Geometry: Irregular      

                        XSec: HC0100RXS
                  Invert(ft): 67.188
       Control Elevation(ft): 67.188
      Struct Opening Dim(ft): 9999.00
                                              TABLE
             Bottom Clip(ft): 0.000           
                Top Clip(ft): 0.000           
         Weir Discharge Coef: 2.800           
      Orifice Discharge Coef: 0.600           
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WalMart parking lot overflow

----------------------------------------------------------------------------------------------------
         Name: HC0120BRd           From Node: HC-0120        
        Group: Howell Creek          To Node: HC-0130        
         Flow: Both                    Count: 1              
         Type: Vertical: Fread      Geometry: Irregular      

                        XSec: HC0120RXS
                  Invert(ft): 66.810
       Control Elevation(ft): 66.810
      Struct Opening Dim(ft): 9999.00
                                              TABLE
             Bottom Clip(ft): 0.000           
                Top Clip(ft): 0.000           
         Weir Discharge Coef: 2.800           
      Orifice Discharge Coef: 0.600           

WalMart parking lot overflow

----------------------------------------------------------------------------------------------------
         Name: HC0140BRd           From Node: HC-0140        
        Group: Howell Creek          To Node: HC-0150        
         Flow: Both                    Count: 1              
         Type: Vertical: Fread      Geometry: Irregular      

                        XSec: HC0140RXS
                  Invert(ft): 67.560
       Control Elevation(ft): 67.560
      Struct Opening Dim(ft): 9999.00
                                              TABLE
             Bottom Clip(ft): 0.000           
                Top Clip(ft): 0.000           
         Weir Discharge Coef: 2.800           
      Orifice Discharge Coef: 0.600           

SR436 road overflow (Howell Creek Lake Howell Lane to SR 436 CIP, Southeastern Surveying - 2009)

==========================================================================================
==== Bridges =============================================================================
==========================================================================================

         Name:                     From Node:                          Flow: Both           
        Group: BASE                  To Node:                     Run WSPRO: No             

      XSEC TYPE            NAME         INV(ft)        STAT(ft)       SKEW(deg)           EXPAN         CONTRAC
           Exit                           0.000            0.00           0.000           0.500           0.000
    Full Valley                           0.000            0.00           0.000           0.500           0.000
       Approach                           0.000            0.00           0.000           0.500           0.000
        Roadway                           0.000            0.00           0.000

            Road Surface Material: Paved          
    Road Embankment Top Width(ft): 0.00           
     Road Unsubmerged Weir Q Coef: 0.000          

RATING CURVE CONTROL
         TW(ft)       QMin(cfs)       QMax(cfs)       QInc(cfs)
--------------- --------------- --------------- ---------------
          0.000           0.000           0.000           0.000

==========================================================================================
==== Rating Curves =======================================================================
==========================================================================================

         Name:                     From Node:                         Count: 1              
        Group: BASE                  To Node:                          Flow: Both           

               TABLE           ELEV ON(ft)     ELEV OFF(ft)   
           #1:                 0.000           0.000          
           #2:                 0.000           0.000          
           #3:                 0.000           0.000          
           #4:                 0.000           0.000          

==========================================================================================
==== Filters =============================================================================
==========================================================================================

         Name:                     From Node:                          Flow: Both           
        Group: BASE                  To Node:                         Count: 1              

                      Sloped: No               
             Filter Elev(ft): 0.000                       Pipe Inv Elev(ft): 0.000          
            Filter Width(ft): 0.000                       Pipe Diameter(in): 0.000          
           Filter Length(ft): 0.000                      X Grav Thkness(in): 0.000          
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 Filter Permeability(ft/day): 0.000                      Y Grav Thkness(in): 0.000          

==========================================================================================
==== Hydrology Simulations ===============================================================
==========================================================================================

         Name: HC00_PRO       
     Filename: E:\Projects\82058\71109_LHR_SR436\Model\Proposed\HC00_PRO.R32                                                    

      Override Defaults: Yes            
    Storm Duration(hrs): 24.00          
          Rainfall File: Flmod          
    Rainfall Amount(in): 11.40          

Time(hrs)       Print Inc(min) 
--------------- ---------------
40.000          5.00           

----------------------------------------------------------------------------------------------------
         Name: HC10_PRO       
     Filename: E:\Projects\82058\71109_LHR_SR436\Model\Proposed\HC10_PRO.R32                                                    

      Override Defaults: Yes            
    Storm Duration(hrs): 24.00          
          Rainfall File: Flmod          
    Rainfall Amount(in): 6.80           

Time(hrs)       Print Inc(min) 
--------------- ---------------
40.000          5.00           

----------------------------------------------------------------------------------------------------
         Name: HC25_PRO       
     Filename: E:\Projects\82058\71109_LHR_SR436\Model\Proposed\HC25_PRO.R32                                                    

      Override Defaults: Yes            
    Storm Duration(hrs): 24.00          
          Rainfall File: Flmod          
    Rainfall Amount(in): 8.40           

Time(hrs)       Print Inc(min) 
--------------- ---------------
40.000          5.00           

----------------------------------------------------------------------------------------------------
         Name: HCMN_PRO       
     Filename: E:\Projects\82058\71109_LHR_SR436\Model\Proposed\HCMNEX_PRO.R32                                                  

      Override Defaults: Yes            
    Storm Duration(hrs): 24.00          
          Rainfall File: Flmod          
    Rainfall Amount(in): 5.30           

Time(hrs)       Print Inc(min) 
--------------- ---------------
40.000          5.00           

==========================================================================================
==== Routing Simulations =================================================================
==========================================================================================

         Name: HC00_PRO            Hydrology Sim: HC00_PRO       
     Filename: E:\Projects\82058\71109_LHR_SR436\Model\Proposed\HC00_PRO.I32                                                    

      Execute: Yes         Restart: No            Patch: No   
  Alternative: No   

        Max Delta Z(ft): 1.00                     Delta Z Factor: 0.00500        
    Time Step Optimizer: 0.000          
        Start Time(hrs): 0.000                     End Time(hrs): 60.00          
     Min Calc Time(sec): 0.1000               Max Calc Time(sec): 60.0000        
        Boundary Stages: LkHowell_100             Boundary Flows: HC0040_100     

Howell Creek Dam Replacement - Proposed Conditions, 100-year/24-hour storm event

Time(hrs)       Print Inc(min) 
--------------- ---------------
24.000          2.000          
60.000          5.000          

Group           Run  
--------------- -----
BASE            Yes  
Howell Creek    Yes  
Lake Howell     Yes  
Lake Waumpi     Yes  
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----------------------------------------------------------------------------------------------------
         Name: HC10_PRO            Hydrology Sim: HC10_PRO       
     Filename: E:\Projects\82058\71109_LHR_SR436\Model\Proposed\HC10_PRO.I32                                                    

      Execute: Yes         Restart: No            Patch: No   
  Alternative: No   

        Max Delta Z(ft): 1.00                     Delta Z Factor: 0.00500        
    Time Step Optimizer: 0.000          
        Start Time(hrs): 0.000                     End Time(hrs): 60.00          
     Min Calc Time(sec): 0.1000               Max Calc Time(sec): 60.0000        
        Boundary Stages: LkHowell_10              Boundary Flows: HC0040_10      

Howell Creek Dam Replacement - Proposed Conditions, 10-year/24-hour storm event

Time(hrs)       Print Inc(min) 
--------------- ---------------
24.000          2.000          
60.000          5.000          

Group           Run  
--------------- -----
BASE            Yes  
Howell Creek    Yes  
Lake Howell     Yes  
Lake Waumpi     Yes  

----------------------------------------------------------------------------------------------------
         Name: HC25_PRO            Hydrology Sim: HC25_PRO       
     Filename: E:\Projects\82058\71109_LHR_SR436\Model\Proposed\HC25_PRO.I32                                                    

      Execute: Yes         Restart: No            Patch: No   
  Alternative: No   

        Max Delta Z(ft): 1.00                     Delta Z Factor: 0.00500        
    Time Step Optimizer: 0.000          
        Start Time(hrs): 0.000                     End Time(hrs): 60.00          
     Min Calc Time(sec): 0.1000               Max Calc Time(sec): 60.0000        
        Boundary Stages: LkHowell_25              Boundary Flows: HC0040_25      

Howell Creek Dam Replacement - Proposed Conditions, 25-year/24-hour storm event

Time(hrs)       Print Inc(min) 
--------------- ---------------
24.000          2.000          
60.000          5.000          

Group           Run  
--------------- -----
BASE            Yes  
Howell Creek    Yes  
Lake Howell     Yes  
Lake Waumpi     Yes  

----------------------------------------------------------------------------------------------------
         Name: HCMN_PRO            Hydrology Sim: HCMN_PRO       
     Filename: E:\Projects\82058\71109_LHR_SR436\Model\Proposed\HCMN_PRO.I32                                                    

      Execute: Yes         Restart: No            Patch: No   
  Alternative: No   

        Max Delta Z(ft): 1.00                     Delta Z Factor: 0.00500        
    Time Step Optimizer: 0.000          
        Start Time(hrs): 0.000                     End Time(hrs): 60.00          
     Min Calc Time(sec): 0.1000               Max Calc Time(sec): 60.0000        
        Boundary Stages: LkHowell_MA              Boundary Flows: HC0040_MA      

Howell Creek Dam Replacement - Proposed Conditions, Mean-Annual/24-hour storm event

Time(hrs)       Print Inc(min) 
--------------- ---------------
24.000          2.000          
60.000          5.000          

Group           Run  
--------------- -----
BASE            Yes  
Howell Creek    Yes  
Lake Howell     Yes  
Lake Waumpi     Yes  

==========================================================================================
==== Boundary Conditions =================================================================
==========================================================================================
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      Name: LkHowell_MA           Node: LH-0090               Type: Stage          

      Time(hrs)       Stage(ft)
--------------- ---------------
          0.000          53.080
          0.030          53.078
          0.070          53.077
          0.100          53.075
          0.130          53.074
          0.170          53.072
          0.200          53.070
          0.230          53.069
          0.270          53.067
          0.300          53.065
          0.330          53.064
          0.370          53.062
          0.400          53.061
          0.430          53.059
          0.470          53.057
          0.500          53.056
          0.530          53.054
          0.570          53.053
          0.600          53.051
          0.630          53.049
          0.670          53.048
          0.700          53.046
          0.730          53.045
          0.770          53.043
          0.800          53.041
          0.830          53.040
          0.870          53.038
          0.900          53.037
          0.930          53.035
          0.970          53.033
          1.000          53.032
          1.030          53.030
          1.070          53.029
          1.100          53.027
          1.130          53.026
          1.170          53.024
          1.200          53.022
          1.230          53.021
          1.270          53.019
          1.300          53.018
          1.330          53.016
          1.370          53.015
          1.400          53.013
          1.430          53.011
          1.470          53.010
          1.500          53.008
          1.530          53.007
          1.570          53.005
          1.600          53.004
          1.630          53.002
          1.670          53.001
          1.700          52.999
          1.730          52.998
          1.770          52.996
          1.800          52.994
          1.830          52.993
          1.870          52.991
          1.900          52.990
          1.930          52.988
          1.970          52.987
          2.000          52.985
          2.030          52.984
          2.070          52.982
          2.100          52.981
          2.130          52.979
          2.170          52.978
          2.200          52.976
          2.230          52.975
          2.270          52.973
          2.300          52.972
          2.330          52.971
          2.370          52.969
          2.400          52.968
          2.430          52.966
          2.470          52.965
          2.500          52.963
          2.530          52.962
          2.570          52.961
          2.600          52.959
          2.630          52.958
          2.670          52.956
          2.700          52.955
          2.730          52.954
          2.770          52.952
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          2.800          52.951
          2.830          52.949
          2.870          52.948
          2.900          52.947
          2.930          52.945
          2.970          52.944
          3.000          52.943
          3.030          52.941
          3.070          52.940
          3.100          52.939
          3.130          52.938
          3.170          52.936
          3.200          52.935
          3.230          52.934
          3.270          52.932
          3.300          52.931
          3.330          52.930
          3.370          52.928
          3.400          52.927
          3.430          52.926
          3.470          52.925
          3.500          52.923
          3.530          52.922
          3.570          52.921
          3.600          52.920
          3.630          52.918
          3.670          52.917
          3.700          52.916
          3.730          52.915
          3.770          52.913
          3.800          52.912
          3.830          52.911
          3.870          52.910
          3.900          52.908
          3.930          52.907
          3.970          52.906
          4.000          52.905
          4.030          52.904
          4.070          52.902
          4.100          52.901
          4.130          52.900
          4.170          52.899
          4.200          52.898
          4.230          52.897
          4.270          52.895
          4.300          52.894
          4.330          52.893
          4.370          52.892
          4.400          52.891
          4.430          52.889
          4.470          52.888
          4.500          52.887
          4.530          52.886
          4.570          52.885
          4.600          52.884
          4.630          52.883
          4.670          52.881
          4.700          52.880
          4.730          52.879
          4.770          52.878
          4.800          52.877
          4.830          52.876
          4.870          52.875
          4.900          52.874
          4.930          52.872
          4.970          52.871
          5.000          52.870
          5.030          52.869
          5.070          52.868
          5.100          52.867
          5.130          52.866
          5.170          52.865
          5.200          52.864
          5.230          52.863
          5.270          52.862
          5.300          52.861
          5.330          52.860
          5.370          52.859
          5.400          52.857
          5.430          52.856
          5.470          52.855
          5.500          52.854
          5.530          52.853
          5.570          52.852
          5.600          52.851
          5.630          52.850
          5.670          52.849
          5.700          52.848
          5.730          52.847
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          5.770          52.846
          5.800          52.845
          5.830          52.844
          5.870          52.843
          5.900          52.842
          5.930          52.841
          5.970          52.841
          6.000          52.840
          6.030          52.839
          6.070          52.838
          6.100          52.837
          6.130          52.836
          6.170          52.835
          6.200          52.834
          6.230          52.833
          6.270          52.832
          6.300          52.831
          6.330          52.830
          6.370          52.829
          6.400          52.828
          6.430          52.827
          6.470          52.827
          6.500          52.826
          6.530          52.825
          6.570          52.824
          6.600          52.823
          6.630          52.822
          6.670          52.821
          6.700          52.820
          6.730          52.820
          6.770          52.819
          6.800          52.818
          6.830          52.817
          6.870          52.816
          6.900          52.815
          6.930          52.815
          6.970          52.814
          7.000          52.813
          7.030          52.812
          7.070          52.811
          7.100          52.811
          7.130          52.810
          7.170          52.809
          7.200          52.808
          7.230          52.807
          7.270          52.807
          7.300          52.806
          7.330          52.805
          7.370          52.804
          7.400          52.804
          7.430          52.803
          7.470          52.802
          7.500          52.801
          7.530          52.801
          7.570          52.800
          7.600          52.799
          7.630          52.799
          7.670          52.798
          7.700          52.797
          7.730          52.797
          7.770          52.796
          7.800          52.795
          7.830          52.795
          7.870          52.794
          7.900          52.793
          7.930          52.793
          7.970          52.792
          8.000          52.791
          8.030          52.791
          8.070          52.790
          8.100          52.790
          8.130          52.789
          8.170          52.788
          8.200          52.788
          8.230          52.787
          8.270          52.787
          8.300          52.786
          8.330          52.786
          8.370          52.785
          8.400          52.785
          8.430          52.784
          8.470          52.783
          8.500          52.783
          8.530          52.782
          8.570          52.782
          8.600          52.782
          8.630          52.781
          8.670          52.781
          8.700          52.780
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          8.730          52.780
          8.770          52.779
          8.800          52.779
          8.830          52.778
          8.870          52.778
          8.900          52.778
          8.930          52.777
          8.970          52.777
          9.000          52.777
          9.030          52.776
          9.070          52.776
          9.100          52.776
          9.130          52.775
          9.170          52.775
          9.200          52.775
          9.230          52.775
          9.270          52.774
          9.300          52.774
          9.330          52.774
          9.370          52.774
          9.400          52.773
          9.430          52.773
          9.470          52.773
          9.500          52.773
          9.530          52.773
          9.570          52.772
          9.600          52.772
          9.630          52.772
          9.670          52.772
          9.700          52.772
          9.730          52.772
          9.770          52.772
          9.800          52.772
          9.830          52.772
          9.870          52.772
          9.900          52.772
          9.930          52.772
          9.970          52.772
         10.000          52.772
         10.030          52.772
         10.070          52.772
         10.100          52.772
         10.130          52.772
         10.170          52.772
         10.200          52.772
         10.230          52.773
         10.270          52.773
         10.300          52.773
         10.330          52.773
         10.370          52.773
         10.400          52.774
         10.430          52.774
         10.470          52.774
         10.500          52.775
         10.530          52.775
         10.570          52.775
         10.600          52.776
         10.630          52.776
         10.670          52.777
         10.700          52.777
         10.730          52.778
         10.770          52.778
         10.800          52.779
         10.830          52.779
         10.870          52.780
         10.900          52.781
         10.930          52.782
         10.970          52.782
         11.000          52.783
         11.030          52.784
         11.070          52.785
         11.100          52.786
         11.130          52.787
         11.170          52.788
         11.200          52.789
         11.230          52.790
         11.270          52.791
         11.300          52.792
         11.330          52.793
         11.370          52.794
         11.400          52.795
         11.430          52.797
         11.470          52.798
         11.500          52.800
         11.530          52.801
         11.570          52.803
         11.600          52.805
         11.630          52.807
         11.670          52.810
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         11.700          52.812
         11.730          52.815
         11.770          52.819
         11.800          52.822
         11.830          52.826
         11.870          52.831
         11.900          52.836
         11.930          52.842
         11.970          52.849
         12.000          52.856
         12.030          52.864
         12.070          52.873
         12.100          52.882
         12.130          52.892
         12.170          52.902
         12.200          52.913
         12.230          52.924
         12.270          52.936
         12.300          52.948
         12.330          52.960
         12.370          52.972
         12.400          52.985
         12.430          52.998
         12.470          53.011
         12.500          53.025
         12.530          53.039
         12.570          53.052
         12.600          53.066
         12.630          53.080
         12.670          53.094
         12.700          53.109
         12.730          53.123
         12.770          53.137
         12.800          53.151
         12.830          53.165
         12.870          53.179
         12.900          53.193
         12.930          53.207
         12.970          53.221
         13.000          53.235
         13.030          53.248
         13.070          53.262
         13.100          53.275
         13.130          53.289
         13.170          53.302
         13.200          53.315
         13.230          53.327
         13.270          53.340
         13.300          53.352
         13.330          53.365
         13.370          53.377
         13.400          53.389
         13.430          53.401
         13.470          53.413
         13.500          53.425
         13.530          53.436
         13.570          53.448
         13.600          53.459
         13.630          53.470
         13.670          53.481
         13.700          53.492
         13.730          53.503
         13.770          53.514
         13.800          53.524
         13.830          53.535
         13.870          53.545
         13.900          53.555
         13.930          53.566
         13.970          53.576
         14.000          53.586
         14.030          53.596
         14.070          53.605
         14.100          53.615
         14.130          53.625
         14.170          53.634
         14.200          53.644
         14.230          53.653
         14.270          53.662
         14.300          53.672
         14.330          53.681
         14.370          53.690
         14.400          53.699
         14.430          53.707
         14.470          53.716
         14.500          53.725
         14.530          53.734
         14.570          53.742
         14.600          53.751
         14.630          53.759
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         14.670          53.767
         14.700          53.775
         14.730          53.783
         14.770          53.791
         14.800          53.799
         14.830          53.807
         14.870          53.815
         14.900          53.823
         14.930          53.830
         14.970          53.838
         15.000          53.845
         15.030          53.853
         15.070          53.860
         15.100          53.867
         15.130          53.874
         15.170          53.881
         15.200          53.888
         15.230          53.895
         15.270          53.902
         15.300          53.909
         15.330          53.915
         15.370          53.922
         15.400          53.929
         15.430          53.935
         15.470          53.942
         15.500          53.948
         15.530          53.954
         15.570          53.960
         15.600          53.966
         15.630          53.973
         15.670          53.979
         15.700          53.985
         15.730          53.990
         15.770          53.996
         15.800          54.002
         15.830          54.008
         15.870          54.013
         15.900          54.019
         15.930          54.025
         15.970          54.030
         16.000          54.035
         16.030          54.041
         16.070          54.046
         16.100          54.051
         16.130          54.057
         16.170          54.062
         16.200          54.067
         16.230          54.072
         16.270          54.077
         16.300          54.082
         16.330          54.086
         16.370          54.091
         16.400          54.096
         16.430          54.101
         16.470          54.105
         16.500          54.110
         16.530          54.115
         16.570          54.119
         16.600          54.123
         16.630          54.128
         16.670          54.132
         16.700          54.137
         16.730          54.141
         16.770          54.145
         16.800          54.149
         16.830          54.153
         16.870          54.157
         16.900          54.161
         16.930          54.165
         16.970          54.169
         17.000          54.173
         17.030          54.177
         17.070          54.181
         17.100          54.185
         17.130          54.188
         17.170          54.192
         17.200          54.196
         17.230          54.199
         17.270          54.203
         17.300          54.206
         17.330          54.210
         17.370          54.213
         17.400          54.217
         17.430          54.220
         17.470          54.223
         17.500          54.226
         17.530          54.230
         17.570          54.233
         17.600          54.236
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         17.630          54.239
         17.670          54.242
         17.700          54.245
         17.730          54.248
         17.770          54.250
         17.800          54.253
         17.830          54.256
         17.870          54.259
         17.900          54.262
         17.930          54.264
         17.970          54.267
         18.000          54.270
         18.030          54.272
         18.070          54.275
         18.100          54.277
         18.130          54.280
         18.170          54.282
         18.200          54.285
         18.230          54.287
         18.270          54.289
         18.300          54.292
         18.330          54.294
         18.370          54.296
         18.400          54.298
         18.430          54.301
         18.470          54.303
         18.500          54.305
         18.530          54.307
         18.570          54.309
         18.600          54.312
         18.630          54.314
         18.670          54.316
         18.700          54.318
         18.730          54.320
         18.770          54.322
         18.800          54.324
         18.830          54.326
         18.870          54.328
         18.900          54.330
         18.930          54.332
         18.970          54.334
         19.000          54.336
         19.030          54.338
         19.070          54.339
         19.100          54.341
         19.130          54.343
         19.170          54.345
         19.200          54.347
         19.230          54.348
         19.270          54.350
         19.300          54.352
         19.330          54.354
         19.370          54.355
         19.400          54.357
         19.430          54.359
         19.470          54.360
         19.500          54.362
         19.530          54.364
         19.570          54.365
         19.600          54.367
         19.630          54.368
         19.670          54.370
         19.700          54.372
         19.730          54.373
         19.770          54.375
         19.800          54.376
         19.830          54.378
         19.870          54.379
         19.900          54.381
         19.930          54.382
         19.970          54.383
         20.000          54.385
         20.030          54.386
         20.070          54.388
         20.100          54.389
         20.130          54.390
         20.170          54.392
         20.200          54.393
         20.230          54.394
         20.270          54.396
         20.300          54.397
         20.330          54.398
         20.370          54.399
         20.400          54.401
         20.430          54.402
         20.470          54.403
         20.500          54.404
         20.530          54.406
         20.570          54.407
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         20.600          54.408
         20.630          54.409
         20.670          54.410
         20.700          54.411
         20.730          54.412
         20.770          54.413
         20.800          54.414
         20.830          54.416
         20.870          54.417
         20.900          54.418
         20.930          54.419
         20.970          54.420
         21.000          54.421
         21.030          54.422
         21.070          54.423
         21.100          54.424
         21.130          54.425
         21.170          54.426
         21.200          54.426
         21.230          54.427
         21.270          54.428
         21.300          54.429
         21.330          54.430
         21.370          54.431
         21.400          54.432
         21.430          54.433
         21.470          54.434
         21.500          54.435
         21.530          54.435
         21.570          54.436
         21.600          54.437
         21.630          54.438
         21.670          54.439
         21.700          54.439
         21.730          54.440
         21.770          54.441
         21.800          54.442
         21.830          54.443
         21.870          54.443
         21.900          54.444
         21.930          54.445
         21.970          54.446
         22.000          54.446
         22.030          54.447
         22.070          54.448
         22.100          54.449
         22.130          54.449
         22.170          54.450
         22.200          54.451
         22.230          54.451
         22.270          54.452
         22.300          54.453
         22.330          54.454
         22.370          54.454
         22.400          54.455
         22.430          54.456
         22.470          54.456
         22.500          54.457
         22.530          54.458
         22.570          54.458
         22.600          54.459
         22.630          54.460
         22.670          54.460
         22.700          54.461
         22.730          54.461
         22.770          54.462
         22.800          54.463
         22.830          54.463
         22.870          54.464
         22.900          54.464
         22.930          54.465
         22.970          54.466
         23.000          54.466
         23.030          54.467
         23.070          54.467
         23.100          54.468
         23.130          54.468
         23.170          54.469
         23.200          54.469
         23.230          54.470
         23.270          54.471
         23.300          54.471
         23.330          54.472
         23.370          54.472
         23.400          54.473
         23.430          54.473
         23.470          54.474
         23.500          54.474
         23.530          54.475
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         23.570          54.475
         23.600          54.475
         23.630          54.476
         23.670          54.476
         23.700          54.477
         23.730          54.477
         23.770          54.478
         23.800          54.478
         23.830          54.479
         23.870          54.479
         23.900          54.479
         23.930          54.480
         23.970          54.480
         24.000          54.481
         24.250          54.483
         24.500          54.484
         24.750          54.484
         25.000          54.484
         25.250          54.482
         25.500          54.479
         25.750          54.476
         26.000          54.472
         26.250          54.468
         26.500          54.463
         26.750          54.458
         27.000          54.453
         27.250          54.447
         27.500          54.441
         27.750          54.435
         28.000          54.428
         28.250          54.422
         28.500          54.415
         28.750          54.408
         29.000          54.401
         29.250          54.394
         29.500          54.387
         29.750          54.379
         30.000          54.372
         30.250          54.364
         30.500          54.357
         30.750          54.350
         31.000          54.342
         31.250          54.334
         31.500          54.327
         31.750          54.319
         32.000          54.312
         32.250          54.304
         32.500          54.296
         32.750          54.289
         33.000          54.281
         33.250          54.273
         33.500          54.266
         33.750          54.258
         34.000          54.251
         34.250          54.243
         34.500          54.235
         34.750          54.228
         35.000          54.220
         35.250          54.212
         35.500          54.205
         35.750          54.197
         36.000          54.189
         36.250          54.181
         36.500          54.174
         36.750          54.166
         37.000          54.158
         37.250          54.151
         37.500          54.143
         37.750          54.135
         38.000          54.128
         38.250          54.120
         38.500          54.112
         38.750          54.105
         39.000          54.097
         39.250          54.089
         39.500          54.082
         39.750          54.074
         40.000          54.067
         40.250          54.059
         40.500          54.051
         40.750          54.044
         41.000          54.036
         41.250          54.029
         41.500          54.021
         41.750          54.014
         42.000          54.006
         42.250          53.998
         42.500          53.991
         42.750          53.983
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         43.000          53.976
         43.250          53.968
         43.500          53.961
         43.750          53.954
         44.000          53.946
         44.250          53.939
         44.500          53.931
         44.750          53.924
         45.000          53.917
         45.250          53.909
         45.500          53.902
         45.750          53.895
         46.000          53.887
         46.250          53.880
         46.500          53.873
         46.750          53.866
         47.000          53.859
         47.250          53.851
         47.500          53.844
         47.750          53.837
         48.000          53.830
         48.250          53.823
         48.500          53.816
         48.750          53.809
         49.000          53.802
         49.250          53.795
         49.500          53.788
         49.750          53.781
         50.000          53.774
         50.250          53.768
         50.500          53.761
         50.750          53.754
         51.000          53.747
         51.250          53.740
         51.500          53.734
         51.750          53.727
         52.000          53.720
         52.250          53.713
         52.500          53.707
         52.750          53.700
         53.000          53.693
         53.250          53.687
         53.500          53.680
         53.750          53.673
         54.000          53.667
         54.250          53.660
         54.500          53.654
         54.750          53.647
         55.000          53.641
         55.250          53.634
         55.500          53.628
         55.750          53.621
         56.000          53.615
         56.250          53.609
         56.500          53.602
         56.750          53.596
         57.000          53.590
         57.250          53.583
         57.500          53.577
         57.750          53.571
         58.000          53.565
         58.250          53.559
         58.500          53.552
         58.750          53.546
         59.000          53.540
         59.250          53.534
         59.500          53.528
         59.750          53.522
         60.000          53.516
         60.250          53.510
         60.500          53.504
         60.750          53.498
         61.000          53.492
         61.250          53.486
         61.500          53.481
         61.750          53.475
         62.000          53.469
         62.250          53.463
         62.500          53.457
         62.750          53.452
         63.000          53.446
         63.250          53.440
         63.500          53.435
         63.750          53.429
         64.000          53.423
         64.250          53.418
         64.500          53.412
         64.750          53.407
         65.000          53.401
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         65.250          53.396
         65.500          53.390
         65.750          53.385
         66.000          53.380
         66.250          53.374
         66.500          53.369
         66.750          53.363
         67.000          53.358
         67.250          53.353
         67.500          53.347
         67.750          53.342
         68.000          53.337
         68.250          53.332
         68.500          53.326
         68.750          53.321
         69.000          53.316
         69.250          53.311
         69.500          53.306
         69.750          53.301
         70.000          53.296
         70.250          53.290
         70.500          53.285
         70.750          53.280
         71.000          53.275
         71.250          53.270
         71.500          53.265
         71.750          53.260
         72.000          53.255
         72.250          53.250
         72.500          53.246
         72.750          53.241
         73.000          53.236
         73.250          53.231
         73.500          53.226
         73.750          53.221
         74.000          53.216
         74.250          53.212
         74.500          53.207
         74.750          53.202
         75.000          53.197
         75.250          53.193
         75.500          53.188
         75.750          53.183
         76.000          53.178
         76.250          53.174
         76.500          53.169
         76.750          53.165
         77.000          53.160
         77.250          53.155
         77.500          53.151
         77.750          53.146
         78.000          53.142
         78.250          53.137
         78.500          53.133
         78.750          53.128
         79.000          53.124
         79.250          53.119
         79.500          53.115
         79.750          53.110
         80.000          53.106
         80.250          53.101
         80.500          53.097
         80.750          53.093
         81.000          53.088
         81.250          53.084
         81.500          53.079
         81.750          53.075
         82.000          53.071
         82.250          53.066
         82.500          53.062
         82.750          53.058
         83.000          53.054
         83.250          53.049
         83.500          53.045
         83.750          53.041
         84.000          53.037
         84.250          53.033
         84.500          53.028
         84.750          53.024
         85.000          53.020
         85.250          53.016
         85.500          53.012
         85.750          53.008
         86.000          53.004
         86.250          52.999
         86.500          52.995
         86.750          52.991
         87.000          52.987
         87.250          52.983
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         87.500          52.979
         87.750          52.975
         88.000          52.971
         88.250          52.967
         88.500          52.963
         88.750          52.959
         89.000          52.955
         89.250          52.951
         89.500          52.947
         89.750          52.943
         90.000          52.939
         90.250          52.936
         90.500          52.932
         90.750          52.928
         91.000          52.924
         91.250          52.920
         91.500          52.916
         91.750          52.912
         92.000          52.908
         92.250          52.905
         92.500          52.901
         92.750          52.897
         93.000          52.893
         93.250          52.890
         93.500          52.886
         93.750          52.882
         94.000          52.878
         94.250          52.875
         94.500          52.871
         94.750          52.867
         95.000          52.863
         95.250          52.860
         95.500          52.856
         95.750          52.852
         96.000          52.849
         96.250          52.845
         96.500          52.841
         96.750          52.838
         97.000          52.834
         97.250          52.830
         97.500          52.827
         97.750          52.823
         98.000          52.820
         98.250          52.816
         98.500          52.813
         98.750          52.809
         99.000          52.805
         99.250          52.802
         99.500          52.798
         99.750          52.795
        100.000          52.791

----------------------------------------------------------------------------------------------------
      Name: HC0040_MA             Node: HC-0040               Type: Flow           

      Time(hrs)       Flow(cfs)
--------------- ---------------
          0.000           0.666
          0.030           0.672
          0.070           0.678
          0.100           0.684
          0.130           0.690
          0.170           0.696
          0.200           0.702
          0.230           0.709
          0.270           0.715
          0.300           0.721
          0.330           0.727
          0.370           0.733
          0.400           0.740
          0.430           0.746
          0.470           0.752
          0.500           0.758
          0.530           0.764
          0.570           0.770
          0.600           0.777
          0.630           0.783
          0.670           0.789
          0.700           0.795
          0.730           0.801
          0.770           0.807
          0.800           0.813
          0.830           0.819
          0.870           0.825
          0.900           0.831
          0.930           0.837
          0.970           0.843
          1.000           0.849
          1.030           0.855
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          1.070           0.861
          1.100           0.867
          1.130           0.872
          1.170           0.878
          1.200           0.884
          1.230           0.890
          1.270           0.896
          1.300           0.901
          1.330           0.907
          1.370           0.913
          1.400           0.918
          1.430           0.924
          1.470           0.930
          1.500           0.935
          1.530           0.941
          1.570           0.947
          1.600           0.952
          1.630           0.958
          1.670           0.963
          1.700           0.969
          1.730           0.974
          1.770           0.980
          1.800           0.986
          1.830           0.991
          1.870           0.997
          1.900           1.003
          1.930           1.009
          1.970           1.015
          2.000           1.021
          2.030           1.028
          2.070           1.034
          2.100           1.041
          2.130           1.048
          2.170           1.055
          2.200           1.062
          2.230           1.069
          2.270           1.077
          2.300           1.085
          2.330           1.093
          2.370           1.101
          2.400           1.109
          2.430           1.117
          2.470           1.126
          2.500           1.135
          2.530           1.144
          2.570           1.153
          2.600           1.162
          2.630           1.172
          2.670           1.182
          2.700           1.191
          2.730           1.201
          2.770           1.211
          2.800           1.222
          2.830           1.232
          2.870           1.242
          2.900           1.253
          2.930           1.264
          2.970           1.275
          3.000           1.285
          3.030           1.297
          3.070           1.308
          3.100           1.319
          3.130           1.330
          3.170           1.342
          3.200           1.353
          3.230           1.365
          3.270           1.377
          3.300           1.389
          3.330           1.401
          3.370           1.413
          3.400           1.425
          3.430           1.437
          3.470           1.450
          3.500           1.462
          3.530           1.475
          3.570           1.487
          3.600           1.500
          3.630           1.513
          3.670           1.525
          3.700           1.539
          3.730           1.552
          3.770           1.565
          3.800           1.578
          3.830           1.591
          3.870           1.605
          3.900           1.618
          3.930           1.632
          3.970           1.645
          4.000           1.659
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          4.030           1.673
          4.070           1.686
          4.100           1.700
          4.130           1.714
          4.170           1.728
          4.200           1.742
          4.230           1.757
          4.270           1.771
          4.300           1.785
          4.330           1.799
          4.370           1.814
          4.400           1.829
          4.430           1.843
          4.470           1.858
          4.500           1.872
          4.530           1.887
          4.570           1.902
          4.600           1.917
          4.630           1.932
          4.670           1.947
          4.700           1.962
          4.730           1.977
          4.770           1.992
          4.800           2.007
          4.830           2.023
          4.870           2.038
          4.900           2.054
          4.930           2.069
          4.970           2.085
          5.000           2.100
          5.030           2.116
          5.070           2.132
          5.100           2.148
          5.130           2.164
          5.170           2.180
          5.200           2.196
          5.230           2.212
          5.270           2.228
          5.300           2.244
          5.330           2.261
          5.370           2.277
          5.400           2.293
          5.430           2.310
          5.470           2.326
          5.500           2.343
          5.530           2.359
          5.570           2.376
          5.600           2.393
          5.630           2.410
          5.670           2.426
          5.700           2.443
          5.730           2.460
          5.770           2.477
          5.800           2.494
          5.830           2.512
          5.870           2.529
          5.900           2.546
          5.930           2.563
          5.970           2.581
          6.000           2.598
          6.030           2.615
          6.070           2.633
          6.100           2.650
          6.130           2.668
          6.170           2.685
          6.200           2.703
          6.230           2.721
          6.270           2.739
          6.300           2.756
          6.330           2.774
          6.370           2.792
          6.400           2.810
          6.430           2.829
          6.470           2.847
          6.500           2.865
          6.530           2.883
          6.570           2.902
          6.600           2.920
          6.630           2.939
          6.670           2.957
          6.700           2.976
          6.730           2.995
          6.770           3.014
          6.800           3.033
          6.830           3.052
          6.870           3.072
          6.900           3.091
          6.930           3.110
          6.970           3.130
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          7.000           3.149
          7.030           3.169
          7.070           3.189
          7.100           3.208
          7.130           3.228
          7.170           3.248
          7.200           3.268
          7.230           3.288
          7.270           3.308
          7.300           3.329
          7.330           3.349
          7.370           3.369
          7.400           3.390
          7.430           3.411
          7.470           3.431
          7.500           3.452
          7.530           3.473
          7.570           3.494
          7.600           3.516
          7.630           3.537
          7.670           3.559
          7.700           3.581
          7.730           3.604
          7.770           3.626
          7.800           3.648
          7.830           3.671
          7.870           3.694
          7.900           3.717
          7.930           3.741
          7.970           3.764
          8.000           3.788
          8.030           3.812
          8.070           3.835
          8.100           3.859
          8.130           3.884
          8.170           3.908
          8.200           3.933
          8.230           3.958
          8.270           3.982
          8.300           4.008
          8.330           4.033
          8.370           4.059
          8.400           4.084
          8.430           4.110
          8.470           4.136
          8.500           4.162
          8.530           4.189
          8.570           4.216
          8.600           4.242
          8.630           4.269
          8.670           4.297
          8.700           4.324
          8.730           4.352
          8.770           4.380
          8.800           4.408
          8.830           4.437
          8.870           4.466
          8.900           4.495
          8.930           4.524
          8.970           4.554
          9.000           4.584
          9.030           4.614
          9.070           4.644
          9.100           4.675
          9.130           4.706
          9.170           4.738
          9.200           4.770
          9.230           4.802
          9.270           4.834
          9.300           4.867
          9.330           4.901
          9.370           4.934
          9.400           4.968
          9.430           5.002
          9.470           5.037
          9.500           5.073
          9.530           5.108
          9.570           5.144
          9.600           5.181
          9.630           5.218
          9.670           5.255
          9.700           5.293
          9.730           5.331
          9.770           5.370
          9.800           5.410
          9.830           5.449
          9.870           5.490
          9.900           5.531
          9.930           5.573
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          9.970           5.614
         10.000           5.658
         10.030           5.701
         10.070           5.744
         10.100           5.789
         10.130           5.834
         10.170           5.881
         10.200           5.927
         10.230           5.975
         10.270           6.024
         10.300           6.072
         10.330           6.123
         10.370           6.174
         10.400           6.226
         10.430           6.278
         10.470           6.333
         10.500           6.387
         10.530           6.444
         10.570           6.501
         10.600           6.559
         10.630           6.620
         10.670           6.680
         10.700           6.743
         10.730           6.807
         10.770           6.873
         10.800           6.940
         10.830           7.010
         10.870           7.079
         10.900           7.150
         10.930           7.224
         10.970           7.298
         11.000           7.374
         11.030           7.451
         11.070           7.531
         11.100           7.612
         11.130           7.694
         11.170           7.779
         11.200           7.864
         11.230           7.951
         11.270           8.042
         11.300           8.133
         11.330           8.226
         11.370           8.322
         11.400           8.423
         11.430           8.525
         11.470           8.631
         11.500           8.740
         11.530           8.853
         11.570           8.969
         11.600           9.091
         11.630           9.219
         11.670           9.353
         11.700           9.494
         11.730           9.645
         11.770           9.806
         11.800           9.980
         11.830          10.164
         11.870          10.366
         11.900          10.585
         11.930          10.824
         11.970          11.085
         12.000          11.369
         12.030          11.677
         12.070          12.012
         12.100          12.377
         12.130          12.772
         12.170          13.199
         12.200          13.658
         12.230          14.151
         12.270          14.679
         12.300          15.242
         12.330          15.840
         12.370          16.474
         12.400          17.145
         12.430          17.845
         12.470          18.581
         12.500          19.349
         12.530          20.147
         12.570          20.975
         12.600          21.829
         12.630          22.718
         12.670          23.617
         12.700          24.537
         12.730          25.479
         12.770          26.433
         12.800          27.405
         12.830          28.383
         12.870          29.371
         12.900          30.242
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         12.930          30.819
         12.970          31.442
         13.000          32.103
         13.030          32.802
         13.070          33.537
         13.100          34.295
         13.130          35.078
         13.170          35.883
         13.200          36.706
         13.230          37.539
         13.270          38.391
         13.300          39.254
         13.330          40.128
         13.370          41.010
         13.400          41.892
         13.430          42.780
         13.470          43.675
         13.500          44.568
         13.530          45.469
         13.570          46.359
         13.600          47.257
         13.630          48.152
         13.670          49.041
         13.700          49.928
         13.730          50.809
         13.770          51.689
         13.800          52.557
         13.830          53.426
         13.870          54.289
         13.900          55.147
         13.930          56.000
         13.970          56.846
         14.000          57.686
         14.030          58.524
         14.070          59.350
         14.100          60.176
         14.130          60.991
         14.170          61.799
         14.200          62.601
         14.230          63.394
         14.270          64.189
         14.300          64.971
         14.330          65.747
         14.370          66.516
         14.400          67.278
         14.430          68.035
         14.470          68.789
         14.500          69.534
         14.530          70.272
         14.570          71.005
         14.600          71.731
         14.630          72.451
         14.670          73.165
         14.700          73.874
         14.730          74.577
         14.770          75.274
         14.800          75.965
         14.830          76.651
         14.870          77.332
         14.900          78.007
         14.930          78.678
         14.970          79.343
         15.000          80.002
         15.030          80.657
         15.070          81.307
         15.100          81.952
         15.130          82.592
         15.170          83.227
         15.200          83.858
         15.230          84.484
         15.270          85.105
         15.300          85.721
         15.330          86.332
         15.370          86.942
         15.400          87.543
         15.430          88.139
         15.470          88.735
         15.500          89.326
         15.530          89.911
         15.570          90.492
         15.600          91.064
         15.630          91.639
         15.670          92.208
         15.700          92.772
         15.730          93.332
         15.770          93.888
         15.800          94.440
         15.830          94.988
         15.870          95.532
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         15.900          96.073
         15.930          96.609
         15.970          97.142
         16.000          97.671
         16.030          98.196
         16.070          98.718
         16.100          99.236
         16.130          99.751
         16.170         100.262
         16.200         100.769
         16.230         101.273
         16.270         101.774
         16.300         102.270
         16.330         102.764
         16.370         103.254
         16.400         103.741
         16.430         104.224
         16.470         104.704
         16.500         105.181
         16.530         105.654
         16.570         106.124
         16.600         106.591
         16.630         107.055
         16.670         107.516
         16.700         107.973
         16.730         108.427
         16.770         108.879
         16.800         109.327
         16.830         109.771
         16.870         110.213
         16.900         110.652
         16.930         111.087
         16.970         111.519
         17.000         111.948
         17.030         112.374
         17.070         112.796
         17.100         113.216
         17.130         113.632
         17.170         114.045
         17.200         114.455
         17.230         114.862
         17.270         115.266
         17.300         115.667
         17.330         116.065
         17.370         116.460
         17.400         116.852
         17.430         117.242
         17.470         117.629
         17.500         118.014
         17.530         118.397
         17.570         118.778
         17.600         119.156
         17.630         119.533
         17.670         119.907
         17.700         120.280
         17.730         120.650
         17.770         121.020
         17.800         121.387
         17.830         121.753
         17.870         122.117
         17.900         122.479
         17.930         122.840
         17.970         123.199
         18.000         123.557
         18.030         123.913
         18.070         124.267
         18.100         124.620
         18.130         124.971
         18.170         125.321
         18.200         125.669
         18.230         126.016
         18.270         126.361
         18.300         126.704
         18.330         127.046
         18.370         127.387
         18.400         127.726
         18.430         128.063
         18.470         128.399
         18.500         128.734
         18.530         129.067
         18.570         129.399
         18.600         129.729
         18.630         130.059
         18.670         130.387
         18.700         130.714
         18.730         131.039
         18.770         131.363
         18.800         131.686
         18.830         132.008
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         18.870         132.329
         18.900         132.648
         18.930         132.966
         18.970         133.282
         19.000         133.598
         19.030         133.912
         19.070         134.224
         19.100         134.535
         19.130         134.845
         19.170         135.153
         19.200         135.460
         19.230         135.766
         19.270         136.069
         19.300         136.372
         19.330         136.673
         19.370         136.972
         19.400         137.270
         19.430         137.566
         19.470         137.861
         19.500         138.154
         19.530         138.445
         19.570         138.736
         19.600         139.024
         19.630         139.310
         19.670         139.595
         19.700         139.877
         19.730         140.158
         19.770         140.438
         19.800         140.716
         19.830         140.993
         19.870         141.268
         19.900         141.543
         19.930         141.816
         19.970         142.089
         20.000         142.360
         20.030         142.631
         20.070         142.900
         20.100         143.168
         20.130         143.435
         20.170         143.700
         20.200         143.965
         20.230         144.228
         20.270         144.491
         20.300         144.752
         20.330         145.013
         20.370         145.272
         20.400         145.531
         20.430         145.788
         20.470         146.044
         20.500         146.299
         20.530         146.554
         20.570         146.807
         20.600         147.059
         20.630         147.311
         20.670         147.562
         20.700         147.812
         20.730         148.061
         20.770         148.309
         20.800         148.556
         20.830         148.802
         20.870         149.048
         20.900         149.293
         20.930         149.537
         20.970         149.780
         21.000         150.023
         21.030         150.265
         21.070         150.506
         21.100         150.746
         21.130         150.986
         21.170         151.225
         21.200         151.464
         21.230         151.702
         21.270         151.939
         21.300         152.176
         21.330         152.412
         21.370         152.648
         21.400         152.883
         21.430         153.118
         21.470         153.352
         21.500         153.586
         21.530         153.819
         21.570         154.052
         21.600         154.285
         21.630         154.517
         21.670         154.748
         21.700         154.980
         21.730         155.211
         21.770         155.441
         21.800         155.671
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         21.830         155.901
         21.870         156.131
         21.900         156.360
         21.930         156.589
         21.970         156.817
         22.000         157.046
         22.030         157.274
         22.070         157.502
         22.100         157.729
         22.130         157.956
         22.170         158.183
         22.200         158.410
         22.230         158.637
         22.270         158.863
         22.300         159.089
         22.330         159.315
         22.370         159.541
         22.400         159.767
         22.430         159.992
         22.470         160.217
         22.500         160.442
         22.530         160.667
         22.570         160.892
         22.600         161.116
         22.630         161.341
         22.670         161.565
         22.700         161.789
         22.730         162.013
         22.770         162.236
         22.800         162.460
         22.830         162.683
         22.870         162.906
         22.900         163.129
         22.930         163.351
         22.970         163.573
         23.000         163.795
         23.030         164.017
         23.070         164.238
         23.100         164.459
         23.130         164.680
         23.170         164.900
         23.200         165.120
         23.230         165.340
         23.270         165.559
         23.300         165.778
         23.330         165.996
         23.370         166.214
         23.400         166.431
         23.430         166.648
         23.470         166.865
         23.500         167.081
         23.530         167.296
         23.570         167.512
         23.600         167.726
         23.630         167.941
         23.670         168.155
         23.700         168.368
         23.730         168.582
         23.770         168.794
         23.800         169.007
         23.830         169.218
         23.870         169.430
         23.900         169.641
         23.930         169.852
         23.970         170.062
         24.000         170.272
         24.250         171.824
         24.500         173.305
         24.750         174.666
         25.000         175.887
         25.250         176.991
         25.500         177.993
         25.750         178.912
         26.000         179.760
         26.250         180.547
         26.500         181.283
         26.750         181.974
         27.000         182.625
         27.250         183.243
         27.500         183.831
         27.750         184.394
         28.000         184.936
         28.250         185.461
         28.500         185.981
         28.750         186.497
         29.000         187.002
         29.250         187.491
         29.500         187.966
         29.750         188.428
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         30.000         188.877
         30.250         189.317
         30.500         189.767
         30.750         190.209
         31.000         190.636
         31.250         191.047
         31.500         191.444
         31.750         191.828
         32.000         192.199
         32.250         192.558
         32.500         192.904
         32.750         193.237
         33.000         193.559
         33.250         193.868
         33.500         194.166
         33.750         194.451
         34.000         194.725
         34.250         194.987
         34.500         195.237
         34.750         195.475
         35.000         195.701
         35.250         195.916
         35.500         196.119
         35.750         196.311
         36.000         196.493
         36.250         196.663
         36.500         196.822
         36.750         196.970
         37.000         197.106
         37.250         197.231
         37.500         197.344
         37.750         197.446
         38.000         197.537
         38.250         197.609
         38.500         197.624
         38.750         197.668
         39.000         197.712
         39.250         197.749
         39.500         197.776
         39.750         197.794
         40.000         197.802
         40.250         197.800
         40.500         197.790
         40.750         197.771
         41.000         197.744
         41.250         197.707
         41.500         197.663
         41.750         197.611
         42.000         197.607
         42.250         197.554
         42.500         197.481
         42.750         197.398
         43.000         197.307
         43.250         197.209
         43.500         197.105
         43.750         196.994
         44.000         196.877
         44.250         196.754
         44.500         196.625
         44.750         196.491
         45.000         196.352
         45.250         196.206
         45.500         196.056
         45.750         195.900
         46.000         195.739
         46.250         195.573
         46.500         195.402
         46.750         195.225
         47.000         195.044
         47.250         194.859
         47.500         194.668
         47.750         194.473
         48.000         194.273
         48.250         194.070
         48.500         193.862
         48.750         193.652
         49.000         193.438
         49.250         193.221
         49.500         193.002
         49.750         192.779
         50.000         192.554
         50.250         192.326
         50.500         192.095
         50.750         191.861
         51.000         191.624
         51.250         191.385
         51.500         191.143
         51.750         190.898
         52.000         190.650
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         52.250         190.400
         52.500         190.148
         52.750         189.892
         53.000         189.635
         53.250         189.375
         53.500         189.112
         53.750         188.847
         54.000         188.580
         54.250         188.310
         54.500         188.038
         54.750         187.764
         55.000         187.488
         55.250         187.209
         55.500         186.928
         55.750         186.645
         56.000         186.360
         56.250         186.073
         56.500         185.784
         56.750         185.494
         57.000         185.201
         57.250         184.906
         57.500         184.610
         57.750         184.311
         58.000         184.011
         58.250         183.709
         58.500         183.406
         58.750         183.101
         59.000         182.794
         59.250         182.485
         59.500         182.175
         59.750         181.864
         60.000         181.551
         60.250         181.236
         60.500         180.921
         60.750         180.603
         61.000         180.284
         61.250         179.964
         61.500         179.643
         61.750         179.320
         62.000         178.997
         62.250         178.672
         62.500         178.345
         62.750         178.018
         63.000         177.689
         63.250         177.360
         63.500         177.029
         63.750         176.697
         64.000         176.365
         64.250         176.031
         64.500         175.696
         64.750         175.361
         65.000         175.024
         65.250         174.692
         65.500         174.356
         65.750         174.018
         66.000         173.678
         66.250         173.337
         66.500         172.995
         66.750         172.653
         67.000         172.310
         67.250         171.966
         67.500         171.622
         67.750         171.277
         68.000         170.932
         68.250         170.587
         68.500         170.240
         68.750         169.894
         69.000         169.547
         69.250         169.199
         69.500         168.851
         69.750         168.503
         70.000         168.154
         70.250         167.805
         70.500         167.456
         70.750         167.106
         71.000         166.755
         71.250         166.404
         71.500         166.053
         71.750         165.702
         72.000         165.351
         72.250         165.000
         72.500         164.648
         72.750         164.297
         73.000         163.945
         73.250         163.594
         73.500         163.242
         73.750         162.890
         74.000         162.538
         74.250         162.186
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         74.500         161.834
         74.750         161.482
         75.000         161.130
         75.250         160.778
         75.500         160.426
         75.750         160.074
         76.000         159.722
         76.250         159.370
         76.500         159.018
         76.750         158.667
         77.000         158.316
         77.250         157.964
         77.500         157.613
         77.750         157.263
         78.000         156.912
         78.250         156.561
         78.500         156.211
         78.750         155.861
         79.000         155.511
         79.250         155.162
         79.500         154.813
         79.750         154.464
         80.000         154.115
         80.250         153.767
         80.500         153.419
         80.750         153.071
         81.000         152.724
         81.250         152.377
         81.500         152.030
         81.750         151.684
         82.000         151.338
         82.250         150.992
         82.500         150.647
         82.750         150.302
         83.000         149.958
         83.250         149.614
         83.500         149.271
         83.750         148.928
         84.000         148.585
         84.250         148.243
         84.500         147.901
         84.750         147.560
         85.000         147.219
         85.250         146.879
         85.500         146.539
         85.750         146.200
         86.000         145.862
         86.250         145.523
         86.500         145.186
         86.750         144.849
         87.000         144.512
         87.250         144.176
         87.500         143.841
         87.750         143.506
         88.000         143.171
         88.250         142.838
         88.500         142.504
         88.750         142.172
         89.000         141.840
         89.250         141.508
         89.500         141.178
         89.750         140.848
         90.000         140.518
         90.250         140.189
         90.500         139.861
         90.750         139.533
         91.000         139.207
         91.250         138.880
         91.500         138.555
         91.750         138.230
         92.000         137.906
         92.250         137.582
         92.500         137.260
         92.750         136.937
         93.000         136.616
         93.250         136.294
         93.500         135.974
         93.750         135.654
         94.000         135.334
         94.250         135.015
         94.500         134.697
         94.750         134.379
         95.000         134.063
         95.250         133.746
         95.500         133.431
         95.750         133.116
         96.000         132.802
         96.250         132.488
         96.500         132.175
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         96.750         131.863
         97.000         131.551
         97.250         131.241
         97.500         130.930
         97.750         130.621
         98.000         130.312
         98.250         130.004
         98.500         129.697
         98.750         129.390
         99.000         129.084
         99.250         128.779
         99.500         128.474
         99.750         128.170
        100.000         127.867

----------------------------------------------------------------------------------------------------
      Name: HC0040_100            Node: HC-0040               Type: Flow           

      Time(hrs)       Flow(cfs)
--------------- ---------------
          0.000           0.666
          0.030           0.672
          0.070           0.678
          0.100           0.684
          0.130           0.690
          0.170           0.696
          0.200           0.702
          0.230           0.709
          0.270           0.715
          0.300           0.721
          0.330           0.727
          0.370           0.733
          0.400           0.740
          0.430           0.746
          0.470           0.752
          0.500           0.758
          0.530           0.764
          0.570           0.770
          0.600           0.777
          0.630           0.783
          0.670           0.789
          0.700           0.795
          0.730           0.801
          0.770           0.807
          0.800           0.813
          0.830           0.819
          0.870           0.826
          0.900           0.832
          0.930           0.838
          0.970           0.844
          1.000           0.851
          1.030           0.858
          1.070           0.864
          1.100           0.872
          1.130           0.879
          1.170           0.886
          1.200           0.894
          1.230           0.902
          1.270           0.911
          1.300           0.919
          1.330           0.928
          1.370           0.938
          1.400           0.948
          1.430           0.958
          1.470           0.968
          1.500           0.980
          1.530           0.991
          1.570           1.003
          1.600           1.015
          1.630           1.028
          1.670           1.041
          1.700           1.054
          1.730           1.068
          1.770           1.082
          1.800           1.097
          1.830           1.112
          1.870           1.128
          1.900           1.143
          1.930           1.159
          1.970           1.176
          2.000           1.192
          2.030           1.210
          2.070           1.227
          2.100           1.245
          2.130           1.263
          2.170           1.281
          2.200           1.299
          2.230           1.318
          2.270           1.338
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          2.300           1.357
          2.330           1.377
          2.370           1.397
          2.400           1.417
          2.430           1.438
          2.470           1.458
          2.500           1.480
          2.530           1.501
          2.570           1.523
          2.600           1.545
          2.630           1.567
          2.670           1.589
          2.700           1.611
          2.730           1.634
          2.770           1.658
          2.800           1.681
          2.830           1.705
          2.870           1.729
          2.900           1.753
          2.930           1.777
          2.970           1.802
          3.000           1.827
          3.030           1.852
          3.070           1.877
          3.100           1.903
          3.130           1.929
          3.170           1.955
          3.200           1.981
          3.230           2.008
          3.270           2.034
          3.300           2.061
          3.330           2.089
          3.370           2.116
          3.400           2.144
          3.430           2.171
          3.470           2.199
          3.500           2.228
          3.530           2.256
          3.570           2.285
          3.600           2.314
          3.630           2.343
          3.670           2.373
          3.700           2.402
          3.730           2.432
          3.770           2.462
          3.800           2.493
          3.830           2.523
          3.870           2.554
          3.900           2.585
          3.930           2.616
          3.970           2.648
          4.000           2.680
          4.030           2.711
          4.070           2.744
          4.100           2.776
          4.130           2.808
          4.170           2.841
          4.200           2.874
          4.230           2.906
          4.270           2.939
          4.300           2.973
          4.330           3.006
          4.370           3.040
          4.400           3.074
          4.430           3.108
          4.470           3.142
          4.500           3.177
          4.530           3.212
          4.570           3.247
          4.600           3.282
          4.630           3.318
          4.670           3.353
          4.700           3.389
          4.730           3.426
          4.770           3.462
          4.800           3.499
          4.830           3.536
          4.870           3.573
          4.900           3.611
          4.930           3.649
          4.970           3.687
          5.000           3.725
          5.030           3.763
          5.070           3.802
          5.100           3.841
          5.130           3.880
          5.170           3.919
          5.200           3.959
          5.230           3.999
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          5.270           4.039
          5.300           4.079
          5.330           4.120
          5.370           4.161
          5.400           4.202
          5.430           4.243
          5.470           4.284
          5.500           4.326
          5.530           4.369
          5.570           4.411
          5.600           4.454
          5.630           4.498
          5.670           4.541
          5.700           4.585
          5.730           4.630
          5.770           4.675
          5.800           4.720
          5.830           4.765
          5.870           4.811
          5.900           4.857
          5.930           4.904
          5.970           4.951
          6.000           4.999
          6.030           5.046
          6.070           5.095
          6.100           5.143
          6.130           5.192
          6.170           5.242
          6.200           5.292
          6.230           5.342
          6.270           5.393
          6.300           5.445
          6.330           5.496
          6.370           5.549
          6.400           5.602
          6.430           5.655
          6.470           5.709
          6.500           5.764
          6.530           5.819
          6.570           5.875
          6.600           5.932
          6.630           5.989
          6.670           6.047
          6.700           6.106
          6.730           6.165
          6.770           6.226
          6.800           6.286
          6.830           6.348
          6.870           6.410
          6.900           6.473
          6.930           6.537
          6.970           6.601
          7.000           6.667
          7.030           6.732
          7.070           6.799
          7.100           6.867
          7.130           6.935
          7.170           7.004
          7.200           7.074
          7.230           7.144
          7.270           7.216
          7.300           7.288
          7.330           7.361
          7.370           7.435
          7.400           7.510
          7.430           7.586
          7.470           7.663
          7.500           7.741
          7.530           7.820
          7.570           7.899
          7.600           7.980
          7.630           8.062
          7.670           8.145
          7.700           8.229
          7.730           8.314
          7.770           8.401
          7.800           8.488
          7.830           8.576
          7.870           8.666
          7.900           8.757
          7.930           8.848
          7.970           8.941
          8.000           9.035
          8.030           9.131
          8.070           9.227
          8.100           9.324
          8.130           9.423
          8.170           9.523
          8.200           9.624
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          8.230           9.727
          8.270           9.830
          8.300           9.935
          8.330          10.042
          8.370          10.150
          8.400          10.260
          8.430          10.371
          8.470          10.484
          8.500          10.599
          8.530          10.715
          8.570          10.834
          8.600          10.954
          8.630          11.076
          8.670          11.199
          8.700          11.325
          8.730          11.452
          8.770          11.580
          8.800          11.711
          8.830          11.843
          8.870          11.977
          8.900          12.113
          8.930          12.251
          8.970          12.390
          9.000          12.532
          9.030          12.675
          9.070          12.821
          9.100          12.968
          9.130          13.118
          9.170          13.269
          9.200          13.423
          9.230          13.579
          9.270          13.737
          9.300          13.897
          9.330          14.060
          9.370          14.224
          9.400          14.391
          9.430          14.560
          9.470          14.731
          9.500          14.905
          9.530          15.081
          9.570          15.260
          9.600          15.441
          9.630          15.625
          9.670          15.814
          9.700          16.005
          9.730          16.198
          9.770          16.395
          9.800          16.593
          9.830          16.794
          9.870          16.998
          9.900          17.205
          9.930          17.414
          9.970          17.625
         10.000          17.840
         10.030          18.059
         10.070          18.280
         10.100          18.505
         10.130          18.733
         10.170          18.965
         10.200          19.201
         10.230          19.441
         10.270          19.684
         10.300          19.931
         10.330          20.182
         10.370          20.437
         10.400          20.697
         10.430          20.960
         10.470          21.229
         10.500          21.501
         10.530          21.779
         10.570          22.061
         10.600          22.348
         10.630          22.640
         10.670          22.937
         10.700          23.240
         10.730          23.548
         10.770          23.862
         10.800          24.182
         10.830          24.508
         10.870          24.839
         10.900          25.177
         10.930          25.521
         10.970          25.872
         11.000          26.229
         11.030          26.594
         11.070          26.965
         11.100          27.343
         11.130          27.729
         11.170          28.122
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         11.200          28.523
         11.230          28.932
         11.270          29.348
         11.300          29.772
         11.330          30.152
         11.370          30.406
         11.400          30.692
         11.430          31.008
         11.470          31.350
         11.500          31.715
         11.530          32.103
         11.570          32.511
         11.600          32.940
         11.630          33.389
         11.670          33.860
         11.700          34.353
         11.730          34.870
         11.770          35.414
         11.800          35.987
         11.830          36.592
         11.870          37.232
         11.900          37.911
         11.930          38.633
         11.970          39.404
         12.000          40.227
         12.030          41.106
         12.070          42.046
         12.100          43.053
         12.130          44.132
         12.170          45.286
         12.200          46.520
         12.230          47.838
         12.270          49.244
         12.300          50.743
         12.330          52.338
         12.370          54.031
         12.400          55.826
         12.430          57.725
         12.470          59.730
         12.500          61.841
         12.530          64.061
         12.570          66.388
         12.600          68.823
         12.630          71.365
         12.670          74.012
         12.700          76.763
         12.730          79.617
         12.770          82.570
         12.800          85.620
         12.830          88.763
         12.870          91.996
         12.900          95.315
         12.930          98.715
         12.970         102.193
         13.000         105.742
         13.030         109.359
         13.070         113.038
         13.100         116.774
         13.130         120.562
         13.170         124.396
         13.200         128.271
         13.230         132.181
         13.270         136.121
         13.300         140.086
         13.330         144.070
         13.370         148.069
         13.400         152.077
         13.430         156.090
         13.470         160.102
         13.500         164.107
         13.530         168.096
         13.570         172.067
         13.600         176.014
         13.630         179.936
         13.670         183.828
         13.700         187.688
         13.730         191.516
         13.770         195.309
         13.800         199.065
         13.830         202.785
         13.870         206.466
         13.900         210.109
         13.930         213.713
         13.970         217.277
         14.000         220.802
         14.030         224.287
         14.070         227.732
         14.100         231.138
         14.130         234.504
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         14.170         237.832
         14.200         241.121
         14.230         244.370
         14.270         247.582
         14.300         250.755
         14.330         253.890
         14.370         256.988
         14.400         260.049
         14.430         263.074
         14.470         266.064
         14.500         269.028
         14.530         271.993
         14.570         274.955
         14.600         277.912
         14.630         280.861
         14.670         283.798
         14.700         286.723
         14.730         289.633
         14.770         292.526
         14.800         295.401
         14.830         298.258
         14.870         301.096
         14.900         303.914
         14.930         306.710
         14.970         309.483
         15.000         312.232
         15.030         314.958
         15.070         317.658
         15.100         320.332
         15.130         322.979
         15.170         325.599
         15.200         328.192
         15.230         330.757
         15.270         333.294
         15.300         335.804
         15.330         338.287
         15.370         340.742
         15.400         343.171
         15.430         345.573
         15.470         347.948
         15.500         350.298
         15.530         352.622
         15.570         354.920
         15.600         357.194
         15.630         359.444
         15.670         361.670
         15.700         363.872
         15.730         366.051
         15.770         368.208
         15.800         370.343
         15.830         372.456
         15.870         374.548
         15.900         376.620
         15.930         378.671
         15.970         380.532
         16.000         382.402
         16.030         384.286
         16.070         386.177
         16.100         388.069
         16.130         389.958
         16.170         391.841
         16.200         393.715
         16.230         395.579
         16.270         397.430
         16.300         399.269
         16.330         401.094
         16.370         402.904
         16.400         404.699
         16.430         406.479
         16.470         408.243
         16.500         409.992
         16.530         411.726
         16.570         413.444
         16.600         415.146
         16.630         416.833
         16.670         418.504
         16.700         420.160
         16.730         421.801
         16.770         423.426
         16.800         425.036
         16.830         426.630
         16.870         428.209
         16.900         429.773
         16.930         431.322
         16.970         432.881
         17.000         434.399
         17.030         435.901
         17.070         437.388
         17.100         438.861
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         17.130         440.318
         17.170         441.761
         17.200         443.189
         17.230         444.603
         17.270         446.004
         17.300         447.392
         17.330         448.768
         17.370         450.132
         17.400         451.485
         17.430         452.827
         17.470         454.161
         17.500         455.486
         17.530         456.802
         17.570         458.110
         17.600         459.410
         17.630         460.686
         17.670         461.934
         17.700         463.161
         17.730         464.372
         17.770         465.572
         17.800         466.761
         17.830         467.942
         17.870         469.115
         17.900         470.281
         17.930         471.440
         17.970         472.592
         18.000         473.738
         18.030         474.877
         18.070         476.010
         18.100         477.137
         18.130         478.257
         18.170         479.371
         18.200         480.479
         18.230         481.581
         18.270         482.677
         18.300         483.768
         18.330         484.852
         18.370         485.932
         18.400         487.006
         18.430         488.075
         18.470         489.139
         18.500         490.198
         18.530         491.253
         18.570         492.303
         18.600         493.349
         18.630         494.391
         18.670         495.428
         18.700         496.461
         18.730         497.491
         18.770         498.516
         18.800         499.537
         18.830         500.554
         18.870         501.566
         18.900         502.575
         18.930         503.579
         18.970         504.579
         19.000         505.575
         19.030         506.566
         19.070         507.553
         19.100         508.534
         19.130         509.512
         19.170         510.484
         19.200         511.452
         19.230         512.416
         19.270         513.374
         19.300         514.329
         19.330         515.279
         19.370         516.225
         19.400         517.166
         19.430         518.104
         19.470         519.038
         19.500         519.968
         19.530         520.895
         19.570         521.818
         19.600         522.737
         19.630         523.654
         19.670         524.567
         19.700         525.477
         19.730         526.385
         19.770         527.289
         19.800         528.190
         19.830         529.089
         19.870         529.984
         19.900         530.877
         19.930         531.767
         19.970         532.653
         20.000         533.537
         20.030         534.417
         20.070         535.295
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         20.100         536.169
         20.130         537.040
         20.170         537.907
         20.200         538.771
         20.230         539.632
         20.270         540.489
         20.300         541.343
         20.330         542.193
         20.370         543.040
         20.400         543.883
         20.430         544.722
         20.470         545.558
         20.500         546.391
         20.530         547.219
         20.570         548.044
         20.600         548.865
         20.630         549.682
         20.670         550.495
         20.700         551.304
         20.730         552.110
         20.770         552.912
         20.800         553.711
         20.830         554.505
         20.870         555.297
         20.900         556.084
         20.930         556.868
         20.970         557.649
         21.000         558.427
         21.030         559.201
         21.070         559.972
         21.100         560.740
         21.130         561.504
         21.170         562.266
         21.200         563.025
         21.230         563.781
         21.270         564.534
         21.300         565.284
         21.330         566.032
         21.370         566.777
         21.400         567.520
         21.430         568.259
         21.470         568.996
         21.500         569.731
         21.530         570.463
         21.570         571.192
         21.600         571.920
         21.630         572.644
         21.670         573.367
         21.700         574.087
         21.730         574.804
         21.770         575.520
         21.800         576.233
         21.830         576.944
         21.870         577.653
         21.900         578.360
         21.930         579.064
         21.970         579.767
         22.000         580.468
         22.030         581.166
         22.070         581.863
         22.100         582.557
         22.130         583.236
         22.170         583.897
         22.200         584.578
         22.230         585.264
         22.270         585.950
         22.300         586.635
         22.330         587.317
         22.370         587.997
         22.400         588.676
         22.430         589.352
         22.470         590.027
         22.500         590.700
         22.530         591.371
         22.570         592.041
         22.600         592.708
         22.630         593.374
         22.670         594.039
         22.700         594.701
         22.730         595.362
         22.770         596.021
         22.800         596.678
         22.830         597.333
         22.870         597.987
         22.900         598.638
         22.930         599.287
         22.970         599.934
         23.000         600.579
         23.030         601.222
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         23.070         601.862
         23.100         602.500
         23.130         603.136
         23.170         603.769
         23.200         604.400
         23.230         605.029
         23.270         605.654
         23.300         606.278
         23.330         606.899
         23.370         607.517
         23.400         608.134
         23.430         608.747
         23.470         609.359
         23.500         609.968
         23.530         610.575
         23.570         611.179
         23.600         611.782
         23.630         612.382
         23.670         612.979
         23.700         613.575
         23.730         614.168
         23.770         614.758
         23.800         615.347
         23.830         615.933
         23.870         616.517
         23.900         617.098
         23.930         617.676
         23.970         618.252
         24.000         618.824
         24.250         622.996
         24.500         626.823
         24.750         629.554
         25.000         632.802
         25.250         635.686
         25.500         638.237
         25.750         640.516
         26.000         642.564
         26.250         644.412
         26.500         646.083
         26.750         647.601
         27.000         648.981
         27.250         650.239
         27.500         651.387
         27.750         652.436
         28.000         653.396
         28.250         654.277
         28.500         655.084
         28.750         655.824
         29.000         656.503
         29.250         657.124
         29.500         657.695
         29.750         658.220
         30.000         658.699
         30.250         659.133
         30.500         659.526
         30.750         659.877
         31.000         660.187
         31.250         660.459
         31.500         660.693
         31.750         660.889
         32.000         661.050
         32.250         661.177
         32.500         661.278
         32.750         661.384
         33.000         661.458
         33.250         661.499
         33.500         661.507
         33.750         661.481
         34.000         661.425
         34.250         661.337
         34.500         661.219
         34.750         661.070
         35.000         660.889
         35.250         660.678
         35.500         660.436
         35.750         660.165
         36.000         659.864
         36.250         659.534
         36.500         659.176
         36.750         658.791
         37.000         658.378
         37.250         657.939
         37.500         657.475
         37.750         656.985
         38.000         656.471
         38.250         655.934
         38.500         655.374
         38.750         654.792
         39.000         654.188
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         39.250         653.562
         39.500         652.916
         39.750         652.248
         40.000         651.560
         40.250         650.853
         40.500         650.126
         40.750         649.381
         41.000         648.618
         41.250         647.838
         41.500         647.041
         41.750         646.229
         42.000         645.402
         42.250         644.561
         42.500         643.707
         42.750         642.840
         43.000         641.961
         43.250         641.071
         43.500         640.170
         43.750         639.259
         44.000         638.338
         44.250         637.409
         44.500         636.470
         44.750         635.524
         45.000         634.570
         45.250         633.609
         45.500         632.641
         45.750         631.666
         46.000         630.684
         46.250         629.695
         46.500         628.699
         46.750         627.698
         47.000         626.874
         47.250         626.506
         47.500         625.601
         47.750         624.650
         48.000         623.696
         48.250         622.739
         48.500         621.779
         48.750         620.816
         49.000         619.852
         49.250         618.886
         49.500         617.918
         49.750         616.948
         50.000         615.977
         50.250         615.004
         50.500         614.029
         50.750         613.053
         51.000         612.074
         51.250         611.094
         51.500         610.111
         51.750         609.127
         52.000         608.140
         52.250         607.152
         52.500         606.161
         52.750         605.169
         53.000         604.176
         53.250         603.181
         53.500         602.185
         53.750         601.188
         54.000         600.190
         54.250         599.192
         54.500         598.194
         54.750         597.196
         55.000         596.198
         55.250         595.200
         55.500         594.203
         55.750         593.207
         56.000         592.213
         56.250         591.219
         56.500         590.228
         56.750         589.238
         57.000         588.251
         57.250         587.266
         57.500         586.283
         57.750         585.303
         58.000         584.326
         58.250         583.352
         58.500         582.383
         58.750         581.461
         59.000         580.494
         59.250         579.531
         59.500         578.571
         59.750         577.615
         60.000         576.662
         60.250         575.712
         60.500         574.766
         60.750         573.823
         61.000         572.883
         61.250         571.947
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         61.500         571.014
         61.750         570.084
         62.000         569.157
         62.250         568.234
         62.500         567.314
         62.750         566.397
         63.000         565.484
         63.250         564.574
         63.500         563.666
         63.750         562.762
         64.000         561.861
         64.250         560.963
         64.500         560.067
         64.750         559.174
         65.000         558.283
         65.250         557.395
         65.500         556.508
         65.750         555.622
         66.000         554.737
         66.250         553.851
         66.500         552.965
         66.750         552.079
         67.000         551.191
         67.250         550.303
         67.500         549.412
         67.750         548.519
         68.000         547.624
         68.250         546.725
         68.500         545.823
         68.750         544.917
         69.000         544.007
         69.250         543.094
         69.500         542.177
         69.750         541.255
         70.000         540.329
         70.250         539.399
         70.500         538.464
         70.750         537.524
         71.000         536.581
         71.250         535.632
         71.500         534.679
         71.750         533.721
         72.000         532.757
         72.250         531.788
         72.500         530.814
         72.750         529.836
         73.000         528.852
         73.250         527.864
         73.500         526.871
         73.750         525.872
         74.000         524.869
         74.250         523.861
         74.500         522.847
         74.750         521.829
         75.000         520.806
         75.250         519.778
         75.500         518.745
         75.750         517.706
         76.000         516.662
         76.250         515.613
         76.500         514.560
         76.750         513.502
         77.000         512.439
         77.250         511.372
         77.500         510.301
         77.750         509.225
         78.000         508.144
         78.250         507.060
         78.500         505.971
         78.750         504.877
         79.000         503.779
         79.250         502.677
         79.500         501.572
         79.750         500.462
         80.000         499.350
         80.250         498.234
         80.500         497.114
         80.750         495.991
         81.000         494.865
         81.250         493.736
         81.500         492.603
         81.750         491.466
         82.000         490.327
         82.250         489.185
         82.500         488.041
         82.750         486.894
         83.000         485.744
         83.250         484.592
         83.500         483.438
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         83.750         482.281
         84.000         481.122
         84.250         479.960
         84.500         478.797
         84.750         477.633
         85.000         476.466
         85.250         475.298
         85.500         474.129
         85.750         472.960
         86.000         471.790
         86.250         470.620
         86.500         469.449
         86.750         468.279
         87.000         467.108
         87.250         465.937
         87.500         464.767
         87.750         463.596
         88.000         462.409
         88.250         461.181
         88.500         459.958
         88.750         458.735
         89.000         457.514
         89.250         456.294
         89.500         455.075
         89.750         453.858
         90.000         452.642
         90.250         451.427
         90.500         450.214
         90.750         449.001
         91.000         447.790
         91.250         446.579
         91.500         445.369
         91.750         444.159
         92.000         442.949
         92.250         441.740
         92.500         440.532
         92.750         439.323
         93.000         438.116
         93.250         436.908
         93.500         435.701
         93.750         434.494
         94.000         433.287
         94.250         432.080
         94.500         430.872
         94.750         429.664
         95.000         428.456
         95.250         427.246
         95.500         426.035
         95.750         424.824
         96.000         423.612
         96.250         422.399
         96.500         421.185
         96.750         419.971
         97.000         418.757
         97.250         417.542
         97.500         416.327
         97.750         415.112
         98.000         413.897
         98.250         412.682
         98.500         411.466
         98.750         410.251
         99.000         409.036
         99.250         407.822
         99.500         406.607
         99.750         405.393
        100.000         404.182

----------------------------------------------------------------------------------------------------
      Name: LkHowell_100          Node: LH-0090               Type: Stage          

      Time(hrs)       Stage(ft)
--------------- ---------------
          0.000          53.080
          0.030          53.078
          0.070          53.077
          0.100          53.075
          0.130          53.074
          0.170          53.072
          0.200          53.070
          0.230          53.069
          0.270          53.067
          0.300          53.065
          0.330          53.064
          0.370          53.062
          0.400          53.061
          0.430          53.059
          0.470          53.057
          0.500          53.056
          0.530          53.054
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          0.570          53.053
          0.600          53.051
          0.630          53.049
          0.670          53.048
          0.700          53.046
          0.730          53.045
          0.770          53.043
          0.800          53.041
          0.830          53.040
          0.870          53.038
          0.900          53.037
          0.930          53.035
          0.970          53.034
          1.000          53.032
          1.030          53.030
          1.070          53.029
          1.100          53.027
          1.130          53.026
          1.170          53.024
          1.200          53.023
          1.230          53.021
          1.270          53.020
          1.300          53.018
          1.330          53.017
          1.370          53.015
          1.400          53.014
          1.430          53.012
          1.470          53.011
          1.500          53.009
          1.530          53.008
          1.570          53.007
          1.600          53.005
          1.630          53.004
          1.670          53.002
          1.700          53.001
          1.730          53.000
          1.770          52.998
          1.800          52.997
          1.830          52.996
          1.870          52.994
          1.900          52.993
          1.930          52.992
          1.970          52.991
          2.000          52.989
          2.030          52.988
          2.070          52.987
          2.100          52.986
          2.130          52.984
          2.170          52.983
          2.200          52.982
          2.230          52.981
          2.270          52.980
          2.300          52.979
          2.330          52.977
          2.370          52.976
          2.400          52.975
          2.430          52.974
          2.470          52.973
          2.500          52.972
          2.530          52.971
          2.570          52.969
          2.600          52.968
          2.630          52.967
          2.670          52.966
          2.700          52.965
          2.730          52.964
          2.770          52.963
          2.800          52.962
          2.830          52.961
          2.870          52.960
          2.900          52.959
          2.930          52.958
          2.970          52.957
          3.000          52.956
          3.030          52.955
          3.070          52.954
          3.100          52.953
          3.130          52.952
          3.170          52.951
          3.200          52.950
          3.230          52.949
          3.270          52.948
          3.300          52.947
          3.330          52.946
          3.370          52.946
          3.400          52.945
          3.430          52.944
          3.470          52.943
          3.500          52.942

Interconnected Channel and Pond Routing Model (ICPR)  ©2002 Streamline Technologies, Inc. Page 59 of 116



Model Input

          3.530          52.941
          3.570          52.940
          3.600          52.940
          3.630          52.939
          3.670          52.938
          3.700          52.937
          3.730          52.936
          3.770          52.936
          3.800          52.935
          3.830          52.934
          3.870          52.933
          3.900          52.933
          3.930          52.932
          3.970          52.931
          4.000          52.930
          4.030          52.930
          4.070          52.929
          4.100          52.928
          4.130          52.928
          4.170          52.927
          4.200          52.926
          4.230          52.926
          4.270          52.925
          4.300          52.924
          4.330          52.924
          4.370          52.923
          4.400          52.923
          4.430          52.922
          4.470          52.922
          4.500          52.921
          4.530          52.920
          4.570          52.920
          4.600          52.919
          4.630          52.919
          4.670          52.918
          4.700          52.918
          4.730          52.917
          4.770          52.917
          4.800          52.917
          4.830          52.916
          4.870          52.916
          4.900          52.915
          4.930          52.915
          4.970          52.914
          5.000          52.914
          5.030          52.914
          5.070          52.913
          5.100          52.913
          5.130          52.913
          5.170          52.912
          5.200          52.912
          5.230          52.912
          5.270          52.912
          5.300          52.911
          5.330          52.911
          5.370          52.911
          5.400          52.911
          5.430          52.910
          5.470          52.910
          5.500          52.910
          5.530          52.910
          5.570          52.910
          5.600          52.909
          5.630          52.909
          5.670          52.909
          5.700          52.909
          5.730          52.909
          5.770          52.909
          5.800          52.909
          5.830          52.909
          5.870          52.909
          5.900          52.908
          5.930          52.908
          5.970          52.908
          6.000          52.908
          6.030          52.908
          6.070          52.908
          6.100          52.908
          6.130          52.908
          6.170          52.908
          6.200          52.908
          6.230          52.909
          6.270          52.909
          6.300          52.909
          6.330          52.909
          6.370          52.909
          6.400          52.909
          6.430          52.909
          6.470          52.909
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          6.500          52.910
          6.530          52.910
          6.570          52.910
          6.600          52.910
          6.630          52.911
          6.670          52.911
          6.700          52.911
          6.730          52.912
          6.770          52.912
          6.800          52.912
          6.830          52.913
          6.870          52.913
          6.900          52.914
          6.930          52.914
          6.970          52.914
          7.000          52.915
          7.030          52.915
          7.070          52.916
          7.100          52.916
          7.130          52.917
          7.170          52.917
          7.200          52.918
          7.230          52.919
          7.270          52.919
          7.300          52.920
          7.330          52.920
          7.370          52.921
          7.400          52.922
          7.430          52.922
          7.470          52.923
          7.500          52.924
          7.530          52.925
          7.570          52.925
          7.600          52.926
          7.630          52.927
          7.670          52.928
          7.700          52.929
          7.730          52.930
          7.770          52.930
          7.800          52.931
          7.830          52.932
          7.870          52.933
          7.900          52.934
          7.930          52.935
          7.970          52.936
          8.000          52.937
          8.030          52.938
          8.070          52.939
          8.100          52.941
          8.130          52.942
          8.170          52.943
          8.200          52.944
          8.230          52.945
          8.270          52.946
          8.300          52.948
          8.330          52.949
          8.370          52.950
          8.400          52.952
          8.430          52.953
          8.470          52.954
          8.500          52.956
          8.530          52.957
          8.570          52.959
          8.600          52.960
          8.630          52.962
          8.670          52.963
          8.700          52.965
          8.730          52.967
          8.770          52.968
          8.800          52.970
          8.830          52.972
          8.870          52.973
          8.900          52.975
          8.930          52.977
          8.970          52.979
          9.000          52.981
          9.030          52.983
          9.070          52.985
          9.100          52.987
          9.130          52.989
          9.170          52.991
          9.200          52.993
          9.230          52.995
          9.270          52.998
          9.300          53.000
          9.330          53.002
          9.370          53.004
          9.400          53.007
          9.430          53.009
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          9.470          53.012
          9.500          53.014
          9.530          53.017
          9.570          53.019
          9.600          53.022
          9.630          53.024
          9.670          53.027
          9.700          53.030
          9.730          53.032
          9.770          53.035
          9.800          53.038
          9.830          53.041
          9.870          53.044
          9.900          53.047
          9.930          53.050
          9.970          53.053
         10.000          53.056
         10.030          53.060
         10.070          53.063
         10.100          53.066
         10.130          53.070
         10.170          53.073
         10.200          53.077
         10.230          53.080
         10.270          53.084
         10.300          53.088
         10.330          53.092
         10.370          53.095
         10.400          53.099
         10.430          53.103
         10.470          53.107
         10.500          53.112
         10.530          53.116
         10.570          53.120
         10.600          53.125
         10.630          53.129
         10.670          53.134
         10.700          53.138
         10.730          53.143
         10.770          53.148
         10.800          53.153
         10.830          53.158
         10.870          53.163
         10.900          53.168
         10.930          53.174
         10.970          53.179
         11.000          53.185
         11.030          53.190
         11.070          53.196
         11.100          53.202
         11.130          53.207
         11.170          53.213
         11.200          53.220
         11.230          53.226
         11.270          53.232
         11.300          53.238
         11.330          53.245
         11.370          53.252
         11.400          53.258
         11.430          53.266
         11.470          53.273
         11.500          53.280
         11.530          53.288
         11.570          53.296
         11.600          53.305
         11.630          53.314
         11.670          53.323
         11.700          53.333
         11.730          53.344
         11.770          53.356
         11.800          53.369
         11.830          53.383
         11.870          53.397
         11.900          53.413
         11.930          53.431
         11.970          53.449
         12.000          53.470
         12.030          53.492
         12.070          53.515
         12.100          53.540
         12.130          53.566
         12.170          53.594
         12.200          53.623
         12.230          53.653
         12.270          53.683
         12.300          53.714
         12.330          53.745
         12.370          53.778
         12.400          53.810
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         12.430          53.844
         12.470          53.878
         12.500          53.913
         12.530          53.948
         12.570          53.984
         12.600          54.020
         12.630          54.057
         12.670          54.094
         12.700          54.131
         12.730          54.168
         12.770          54.205
         12.800          54.243
         12.830          54.280
         12.870          54.317
         12.900          54.354
         12.930          54.390
         12.970          54.427
         13.000          54.463
         13.030          54.499
         13.070          54.534
         13.100          54.569
         13.130          54.604
         13.170          54.639
         13.200          54.673
         13.230          54.707
         13.270          54.740
         13.300          54.773
         13.330          54.806
         13.370          54.839
         13.400          54.871
         13.430          54.902
         13.470          54.934
         13.500          54.965
         13.530          54.996
         13.570          55.026
         13.600          55.056
         13.630          55.086
         13.670          55.115
         13.700          55.144
         13.730          55.173
         13.770          55.202
         13.800          55.230
         13.830          55.258
         13.870          55.285
         13.900          55.313
         13.930          55.340
         13.970          55.366
         14.000          55.393
         14.030          55.419
         14.070          55.445
         14.100          55.471
         14.130          55.497
         14.170          55.522
         14.200          55.548
         14.230          55.573
         14.270          55.598
         14.300          55.623
         14.330          55.647
         14.370          55.672
         14.400          55.696
         14.430          55.720
         14.470          55.745
         14.500          55.768
         14.530          55.792
         14.570          55.816
         14.600          55.839
         14.630          55.863
         14.670          55.886
         14.700          55.909
         14.730          55.931
         14.770          55.954
         14.800          55.976
         14.830          55.998
         14.870          56.021
         14.900          56.043
         14.930          56.064
         14.970          56.086
         15.000          56.107
         15.030          56.128
         15.070          56.149
         15.100          56.170
         15.130          56.191
         15.170          56.211
         15.200          56.232
         15.230          56.252
         15.270          56.272
         15.300          56.291
         15.330          56.311
         15.370          56.330
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         15.400          56.349
         15.430          56.369
         15.470          56.387
         15.500          56.406
         15.530          56.424
         15.570          56.443
         15.600          56.461
         15.630          56.479
         15.670          56.497
         15.700          56.514
         15.730          56.532
         15.770          56.549
         15.800          56.566
         15.830          56.583
         15.870          56.600
         15.900          56.616
         15.930          56.633
         15.970          56.649
         16.000          56.665
         16.030          56.681
         16.070          56.697
         16.100          56.712
         16.130          56.728
         16.170          56.743
         16.200          56.758
         16.230          56.773
         16.270          56.788
         16.300          56.802
         16.330          56.817
         16.370          56.831
         16.400          56.845
         16.430          56.859
         16.470          56.873
         16.500          56.886
         16.530          56.900
         16.570          56.913
         16.600          56.926
         16.630          56.939
         16.670          56.952
         16.700          56.965
         16.730          56.977
         16.770          56.990
         16.800          57.002
         16.830          57.014
         16.870          57.026
         16.900          57.038
         16.930          57.049
         16.970          57.061
         17.000          57.073
         17.030          57.084
         17.070          57.095
         17.100          57.106
         17.130          57.116
         17.170          57.127
         17.200          57.137
         17.230          57.148
         17.270          57.158
         17.300          57.168
         17.330          57.178
         17.370          57.188
         17.400          57.197
         17.430          57.207
         17.470          57.216
         17.500          57.225
         17.530          57.234
         17.570          57.243
         17.600          57.252
         17.630          57.260
         17.670          57.269
         17.700          57.277
         17.730          57.285
         17.770          57.293
         17.800          57.301
         17.830          57.309
         17.870          57.317
         17.900          57.325
         17.930          57.332
         17.970          57.340
         18.000          57.347
         18.030          57.354
         18.070          57.362
         18.100          57.369
         18.130          57.376
         18.170          57.382
         18.200          57.389
         18.230          57.396
         18.270          57.403
         18.300          57.409
         18.330          57.416
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         18.370          57.422
         18.400          57.428
         18.430          57.435
         18.470          57.441
         18.500          57.447
         18.530          57.453
         18.570          57.459
         18.600          57.465
         18.630          57.471
         18.670          57.477
         18.700          57.483
         18.730          57.488
         18.770          57.494
         18.800          57.500
         18.830          57.505
         18.870          57.511
         18.900          57.516
         18.930          57.522
         18.970          57.527
         19.000          57.532
         19.030          57.537
         19.070          57.543
         19.100          57.548
         19.130          57.553
         19.170          57.558
         19.200          57.563
         19.230          57.568
         19.270          57.573
         19.300          57.578
         19.330          57.582
         19.370          57.587
         19.400          57.592
         19.430          57.597
         19.470          57.601
         19.500          57.606
         19.530          57.610
         19.570          57.615
         19.600          57.619
         19.630          57.624
         19.670          57.628
         19.700          57.632
         19.730          57.637
         19.770          57.641
         19.800          57.645
         19.830          57.649
         19.870          57.654
         19.900          57.658
         19.930          57.662
         19.970          57.666
         20.000          57.670
         20.030          57.674
         20.070          57.678
         20.100          57.682
         20.130          57.686
         20.170          57.689
         20.200          57.693
         20.230          57.697
         20.270          57.701
         20.300          57.704
         20.330          57.708
         20.370          57.712
         20.400          57.715
         20.430          57.719
         20.470          57.722
         20.500          57.726
         20.530          57.729
         20.570          57.732
         20.600          57.736
         20.630          57.739
         20.670          57.742
         20.700          57.746
         20.730          57.749
         20.770          57.752
         20.800          57.755
         20.830          57.758
         20.870          57.761
         20.900          57.765
         20.930          57.768
         20.970          57.771
         21.000          57.773
         21.030          57.776
         21.070          57.779
         21.100          57.782
         21.130          57.785
         21.170          57.788
         21.200          57.791
         21.230          57.793
         21.270          57.796
         21.300          57.799
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         21.330          57.802
         21.370          57.804
         21.400          57.807
         21.430          57.810
         21.470          57.812
         21.500          57.815
         21.530          57.817
         21.570          57.820
         21.600          57.822
         21.630          57.825
         21.670          57.827
         21.700          57.830
         21.730          57.832
         21.770          57.834
         21.800          57.837
         21.830          57.839
         21.870          57.841
         21.900          57.844
         21.930          57.846
         21.970          57.848
         22.000          57.850
         22.030          57.853
         22.070          57.855
         22.100          57.857
         22.130          57.859
         22.170          57.861
         22.200          57.863
         22.230          57.866
         22.270          57.868
         22.300          57.870
         22.330          57.872
         22.370          57.874
         22.400          57.876
         22.430          57.878
         22.470          57.880
         22.500          57.882
         22.530          57.883
         22.570          57.885
         22.600          57.887
         22.630          57.889
         22.670          57.891
         22.700          57.893
         22.730          57.894
         22.770          57.896
         22.800          57.898
         22.830          57.900
         22.870          57.901
         22.900          57.903
         22.930          57.905
         22.970          57.906
         23.000          57.908
         23.030          57.910
         23.070          57.911
         23.100          57.913
         23.130          57.914
         23.170          57.916
         23.200          57.918
         23.230          57.919
         23.270          57.921
         23.300          57.922
         23.330          57.924
         23.370          57.925
         23.400          57.927
         23.430          57.928
         23.470          57.929
         23.500          57.931
         23.530          57.932
         23.570          57.933
         23.600          57.935
         23.630          57.936
         23.670          57.937
         23.700          57.939
         23.730          57.940
         23.770          57.941
         23.800          57.943
         23.830          57.944
         23.870          57.945
         23.900          57.946
         23.930          57.947
         23.970          57.949
         24.000          57.950
         24.250          57.958
         24.500          57.963
         24.750          57.967
         25.000          57.969
         25.250          57.969
         25.500          57.967
         25.750          57.964
         26.000          57.959
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         26.250          57.953
         26.500          57.947
         26.750          57.940
         27.000          57.932
         27.250          57.923
         27.500          57.914
         27.750          57.904
         28.000          57.894
         28.250          57.883
         28.500          57.872
         28.750          57.861
         29.000          57.850
         29.250          57.838
         29.500          57.826
         29.750          57.814
         30.000          57.801
         30.250          57.789
         30.500          57.776
         30.750          57.764
         31.000          57.751
         31.250          57.738
         31.500          57.726
         31.750          57.713
         32.000          57.700
         32.250          57.687
         32.500          57.674
         32.750          57.661
         33.000          57.648
         33.250          57.635
         33.500          57.622
         33.750          57.609
         34.000          57.596
         34.250          57.584
         34.500          57.571
         34.750          57.558
         35.000          57.545
         35.250          57.532
         35.500          57.519
         35.750          57.506
         36.000          57.493
         36.250          57.480
         36.500          57.467
         36.750          57.455
         37.000          57.442
         37.250          57.429
         37.500          57.416
         37.750          57.403
         38.000          57.391
         38.250          57.378
         38.500          57.365
         38.750          57.352
         39.000          57.340
         39.250          57.327
         39.500          57.314
         39.750          57.302
         40.000          57.289
         40.250          57.276
         40.500          57.264
         40.750          57.251
         41.000          57.239
         41.250          57.226
         41.500          57.214
         41.750          57.201
         42.000          57.189
         42.250          57.176
         42.500          57.164
         42.750          57.152
         43.000          57.139
         43.250          57.127
         43.500          57.114
         43.750          57.102
         44.000          57.090
         44.250          57.077
         44.500          57.065
         44.750          57.052
         45.000          57.040
         45.250          57.028
         45.500          57.015
         45.750          57.003
         46.000          56.991
         46.250          56.978
         46.500          56.966
         46.750          56.954
         47.000          56.942
         47.250          56.929
         47.500          56.917
         47.750          56.905
         48.000          56.893
         48.250          56.881
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         48.500          56.869
         48.750          56.857
         49.000          56.845
         49.250          56.833
         49.500          56.821
         49.750          56.809
         50.000          56.797
         50.250          56.785
         50.500          56.773
         50.750          56.761
         51.000          56.749
         51.250          56.738
         51.500          56.726
         51.750          56.714
         52.000          56.702
         52.250          56.691
         52.500          56.679
         52.750          56.667
         53.000          56.656
         53.250          56.644
         53.500          56.633
         53.750          56.621
         54.000          56.610
         54.250          56.598
         54.500          56.587
         54.750          56.575
         55.000          56.564
         55.250          56.553
         55.500          56.542
         55.750          56.530
         56.000          56.519
         56.250          56.508
         56.500          56.497
         56.750          56.486
         57.000          56.475
         57.250          56.464
         57.500          56.453
         57.750          56.442
         58.000          56.431
         58.250          56.420
         58.500          56.409
         58.750          56.398
         59.000          56.387
         59.250          56.377
         59.500          56.366
         59.750          56.355
         60.000          56.344
         60.250          56.334
         60.500          56.323
         60.750          56.313
         61.000          56.302
         61.250          56.292
         61.500          56.281
         61.750          56.271
         62.000          56.260
         62.250          56.250
         62.500          56.240
         62.750          56.230
         63.000          56.219
         63.250          56.209
         63.500          56.199
         63.750          56.189
         64.000          56.179
         64.250          56.169
         64.500          56.159
         64.750          56.149
         65.000          56.139
         65.250          56.129
         65.500          56.119
         65.750          56.109
         66.000          56.099
         66.250          56.090
         66.500          56.080
         66.750          56.070
         67.000          56.061
         67.250          56.051
         67.500          56.041
         67.750          56.032
         68.000          56.022
         68.250          56.013
         68.500          56.003
         68.750          55.994
         69.000          55.985
         69.250          55.975
         69.500          55.966
         69.750          55.957
         70.000          55.947
         70.250          55.938
         70.500          55.929
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         70.750          55.920
         71.000          55.911
         71.250          55.901
         71.500          55.892
         71.750          55.883
         72.000          55.874
         72.250          55.865
         72.500          55.856
         72.750          55.847
         73.000          55.838
         73.250          55.829
         73.500          55.820
         73.750          55.811
         74.000          55.802
         74.250          55.793
         74.500          55.785
         74.750          55.776
         75.000          55.767
         75.250          55.758
         75.500          55.749
         75.750          55.741
         76.000          55.732
         76.250          55.723
         76.500          55.715
         76.750          55.706
         77.000          55.698
         77.250          55.689
         77.500          55.681
         77.750          55.672
         78.000          55.664
         78.250          55.655
         78.500          55.647
         78.750          55.638
         79.000          55.630
         79.250          55.622
         79.500          55.613
         79.750          55.605
         80.000          55.597
         80.250          55.588
         80.500          55.580
         80.750          55.572
         81.000          55.564
         81.250          55.556
         81.500          55.548
         81.750          55.540
         82.000          55.531
         82.250          55.523
         82.500          55.515
         82.750          55.507
         83.000          55.499
         83.250          55.491
         83.500          55.483
         83.750          55.475
         84.000          55.468
         84.250          55.460
         84.500          55.452
         84.750          55.444
         85.000          55.436
         85.250          55.428
         85.500          55.420
         85.750          55.413
         86.000          55.405
         86.250          55.397
         86.500          55.389
         86.750          55.382
         87.000          55.374
         87.250          55.366
         87.500          55.359
         87.750          55.351
         88.000          55.343
         88.250          55.336
         88.500          55.328
         88.750          55.320
         89.000          55.313
         89.250          55.305
         89.500          55.298
         89.750          55.290
         90.000          55.282
         90.250          55.275
         90.500          55.267
         90.750          55.260
         91.000          55.252
         91.250          55.245
         91.500          55.237
         91.750          55.230
         92.000          55.222
         92.250          55.215
         92.500          55.207
         92.750          55.200
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         93.000          55.192
         93.250          55.185
         93.500          55.178
         93.750          55.170
         94.000          55.163
         94.250          55.155
         94.500          55.148
         94.750          55.141
         95.000          55.133
         95.250          55.126
         95.500          55.119
         95.750          55.111
         96.000          55.104
         96.250          55.097
         96.500          55.089
         96.750          55.082
         97.000          55.075
         97.250          55.067
         97.500          55.060
         97.750          55.053
         98.000          55.045
         98.250          55.038
         98.500          55.031
         98.750          55.024
         99.000          55.016
         99.250          55.009
         99.500          55.002
         99.750          54.995
        100.000          54.988

----------------------------------------------------------------------------------------------------
      Name: HC0040_10             Node: HC-0040               Type: Flow           

      Time(hrs)       Flow(cfs)
--------------- ---------------
          0.000           0.666
          0.030           0.672
          0.070           0.678
          0.100           0.684
          0.130           0.690
          0.170           0.696
          0.200           0.702
          0.230           0.709
          0.270           0.715
          0.300           0.721
          0.330           0.727
          0.370           0.733
          0.400           0.740
          0.430           0.746
          0.470           0.752
          0.500           0.758
          0.530           0.764
          0.570           0.770
          0.600           0.777
          0.630           0.783
          0.670           0.789
          0.700           0.795
          0.730           0.801
          0.770           0.807
          0.800           0.813
          0.830           0.819
          0.870           0.825
          0.900           0.831
          0.930           0.837
          0.970           0.843
          1.000           0.849
          1.030           0.855
          1.070           0.861
          1.100           0.867
          1.130           0.872
          1.170           0.878
          1.200           0.884
          1.230           0.890
          1.270           0.896
          1.300           0.902
          1.330           0.907
          1.370           0.913
          1.400           0.919
          1.430           0.925
          1.470           0.931
          1.500           0.937
          1.530           0.943
          1.570           0.949
          1.600           0.956
          1.630           0.962
          1.670           0.969
          1.700           0.976
          1.730           0.983
          1.770           0.990
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          1.800           0.998
          1.830           1.005
          1.870           1.013
          1.900           1.021
          1.930           1.030
          1.970           1.038
          2.000           1.047
          2.030           1.056
          2.070           1.066
          2.100           1.075
          2.130           1.085
          2.170           1.095
          2.200           1.105
          2.230           1.116
          2.270           1.126
          2.300           1.137
          2.330           1.148
          2.370           1.160
          2.400           1.171
          2.430           1.183
          2.470           1.194
          2.500           1.207
          2.530           1.219
          2.570           1.231
          2.600           1.244
          2.630           1.256
          2.670           1.269
          2.700           1.282
          2.730           1.296
          2.770           1.309
          2.800           1.322
          2.830           1.336
          2.870           1.350
          2.900           1.364
          2.930           1.378
          2.970           1.392
          3.000           1.406
          3.030           1.421
          3.070           1.435
          3.100           1.450
          3.130           1.465
          3.170           1.480
          3.200           1.495
          3.230           1.510
          3.270           1.526
          3.300           1.541
          3.330           1.556
          3.370           1.572
          3.400           1.588
          3.430           1.604
          3.470           1.620
          3.500           1.636
          3.530           1.652
          3.570           1.669
          3.600           1.685
          3.630           1.702
          3.670           1.719
          3.700           1.735
          3.730           1.752
          3.770           1.769
          3.800           1.786
          3.830           1.804
          3.870           1.821
          3.900           1.839
          3.930           1.856
          3.970           1.874
          4.000           1.892
          4.030           1.910
          4.070           1.928
          4.100           1.946
          4.130           1.964
          4.170           1.982
          4.200           2.001
          4.230           2.019
          4.270           2.038
          4.300           2.056
          4.330           2.075
          4.370           2.094
          4.400           2.113
          4.430           2.132
          4.470           2.151
          4.500           2.171
          4.530           2.190
          4.570           2.209
          4.600           2.228
          4.630           2.248
          4.670           2.268
          4.700           2.288
          4.730           2.307
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          4.770           2.327
          4.800           2.348
          4.830           2.368
          4.870           2.388
          4.900           2.408
          4.930           2.429
          4.970           2.450
          5.000           2.470
          5.030           2.491
          5.070           2.512
          5.100           2.533
          5.130           2.554
          5.170           2.575
          5.200           2.597
          5.230           2.618
          5.270           2.639
          5.300           2.661
          5.330           2.683
          5.370           2.704
          5.400           2.726
          5.430           2.748
          5.470           2.770
          5.500           2.792
          5.530           2.814
          5.570           2.836
          5.600           2.859
          5.630           2.881
          5.670           2.904
          5.700           2.926
          5.730           2.949
          5.770           2.972
          5.800           2.995
          5.830           3.018
          5.870           3.041
          5.900           3.064
          5.930           3.087
          5.970           3.110
          6.000           3.134
          6.030           3.157
          6.070           3.181
          6.100           3.204
          6.130           3.228
          6.170           3.252
          6.200           3.276
          6.230           3.300
          6.270           3.324
          6.300           3.347
          6.330           3.372
          6.370           3.396
          6.400           3.421
          6.430           3.445
          6.470           3.470
          6.500           3.495
          6.530           3.519
          6.570           3.544
          6.600           3.569
          6.630           3.595
          6.670           3.620
          6.700           3.646
          6.730           3.672
          6.770           3.697
          6.800           3.723
          6.830           3.749
          6.870           3.776
          6.900           3.802
          6.930           3.829
          6.970           3.856
          7.000           3.883
          7.030           3.911
          7.070           3.938
          7.100           3.966
          7.130           3.994
          7.170           4.022
          7.200           4.050
          7.230           4.079
          7.270           4.108
          7.300           4.137
          7.330           4.166
          7.370           4.195
          7.400           4.224
          7.430           4.254
          7.470           4.284
          7.500           4.315
          7.530           4.345
          7.570           4.376
          7.600           4.407
          7.630           4.438
          7.670           4.470
          7.700           4.501
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          7.730           4.533
          7.770           4.566
          7.800           4.598
          7.830           4.631
          7.870           4.664
          7.900           4.697
          7.930           4.731
          7.970           4.765
          8.000           4.798
          8.030           4.832
          8.070           4.867
          8.100           4.902
          8.130           4.937
          8.170           4.972
          8.200           5.008
          8.230           5.044
          8.270           5.080
          8.300           5.117
          8.330           5.154
          8.370           5.191
          8.400           5.229
          8.430           5.267
          8.470           5.305
          8.500           5.345
          8.530           5.384
          8.570           5.423
          8.600           5.464
          8.630           5.504
          8.670           5.546
          8.700           5.587
          8.730           5.630
          8.770           5.673
          8.800           5.717
          8.830           5.760
          8.870           5.805
          8.900           5.850
          8.930           5.896
          8.970           5.943
          9.000           5.989
          9.030           6.038
          9.070           6.086
          9.100           6.135
          9.130           6.185
          9.170           6.235
          9.200           6.287
          9.230           6.339
          9.270           6.392
          9.300           6.445
          9.330           6.500
          9.370           6.554
          9.400           6.610
          9.430           6.667
          9.470           6.724
          9.500           6.783
          9.530           6.841
          9.570           6.902
          9.600           6.962
          9.630           7.024
          9.670           7.086
          9.700           7.149
          9.730           7.214
          9.770           7.279
          9.800           7.346
          9.830           7.413
          9.870           7.482
          9.900           7.551
          9.930           7.623
          9.970           7.694
         10.000           7.767
         10.030           7.842
         10.070           7.918
         10.100           7.996
         10.130           8.074
         10.170           8.155
         10.200           8.236
         10.230           8.319
         10.270           8.403
         10.300           8.489
         10.330           8.575
         10.370           8.665
         10.400           8.754
         10.430           8.846
         10.470           8.939
         10.500           9.033
         10.530           9.131
         10.570           9.229
         10.600           9.330
         10.630           9.432
         10.670           9.537
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         10.700           9.643
         10.730           9.752
         10.770           9.862
         10.800           9.975
         10.830          10.091
         10.870          10.211
         10.900          10.331
         10.930          10.457
         10.970          10.584
         11.000          10.713
         11.030          10.845
         11.070          10.981
         11.100          11.119
         11.130          11.258
         11.170          11.403
         11.200          11.548
         11.230          11.698
         11.270          11.850
         11.300          12.005
         11.330          12.163
         11.370          12.325
         11.400          12.491
         11.430          12.661
         11.470          12.835
         11.500          13.014
         11.530          13.199
         11.570          13.391
         11.600          13.590
         11.630          13.794
         11.670          14.011
         11.700          14.240
         11.730          14.482
         11.770          14.740
         11.800          15.012
         11.830          15.307
         11.870          15.624
         11.900          15.965
         11.930          16.336
         11.970          16.739
         12.000          17.175
         12.030          17.648
         12.070          18.160
         12.100          18.715
         12.130          19.315
         12.170          19.961
         12.200          20.655
         12.230          21.399
         12.270          22.194
         12.300          23.041
         12.330          23.940
         12.370          24.893
         12.400          25.897
         12.430          26.952
         12.470          28.062
         12.500          29.223
         12.530          30.273
         12.570          30.981
         12.600          31.763
         12.630          32.611
         12.670          33.527
         12.700          34.487
         12.730          35.518
         12.770          36.596
         12.800          37.716
         12.830          38.878
         12.870          40.087
         12.900          41.339
         12.930          42.622
         12.970          43.938
         13.000          45.284
         13.030          46.657
         13.070          48.054
         13.100          49.474
         13.130          50.913
         13.170          52.369
         13.200          53.839
         13.230          55.322
         13.270          56.816
         13.300          58.317
         13.330          59.824
         13.370          61.336
         13.400          62.849
         13.430          64.364
         13.470          65.877
         13.500          67.378
         13.530          68.885
         13.570          70.388
         13.600          71.889
         13.630          73.386
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         13.670          74.853
         13.700          76.339
         13.730          77.798
         13.770          79.252
         13.800          80.701
         13.830          82.125
         13.870          83.550
         13.900          84.949
         13.930          86.348
         13.970          87.734
         14.000          89.100
         14.030          90.468
         14.070          91.822
         14.100          93.159
         14.130          94.476
         14.170          95.788
         14.200          97.085
         14.230          98.373
         14.270          99.651
         14.300         100.909
         14.330         102.175
         14.370         103.401
         14.400         104.628
         14.430         105.849
         14.470         107.045
         14.500         108.238
         14.530         109.421
         14.570         110.591
         14.600         111.758
         14.630         112.911
         14.670         114.042
         14.700         115.173
         14.730         116.289
         14.770         117.402
         14.800         118.496
         14.830         119.588
         14.870         120.667
         14.900         121.738
         14.930         122.799
         14.970         123.851
         15.000         124.895
         15.030         125.929
         15.070         126.956
         15.100         127.973
         15.130         128.983
         15.170         129.984
         15.200         130.977
         15.230         131.962
         15.270         132.938
         15.300         133.907
         15.330         134.869
         15.370         135.822
         15.400         136.768
         15.430         137.707
         15.470         138.638
         15.500         139.562
         15.530         140.479
         15.570         141.388
         15.600         142.291
         15.630         143.187
         15.670         144.075
         15.700         144.957
         15.730         145.833
         15.770         146.702
         15.800         147.564
         15.830         148.420
         15.870         149.270
         15.900         150.113
         15.930         150.950
         15.970         151.781
         16.000         152.607
         16.030         153.426
         16.070         154.239
         16.100         155.047
         16.130         155.848
         16.170         156.644
         16.200         157.435
         16.230         158.219
         16.270         158.999
         16.300         159.772
         16.330         160.540
         16.370         161.303
         16.400         162.060
         16.430         162.812
         16.470         163.558
         16.500         164.300
         16.530         165.036
         16.570         165.767
         16.600         166.493
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         16.630         167.214
         16.670         167.930
         16.700         168.641
         16.730         169.347
         16.770         170.049
         16.800         170.745
         16.830         171.436
         16.870         172.123
         16.900         172.804
         16.930         173.480
         16.970         174.151
         17.000         174.815
         17.030         175.475
         17.070         176.130
         17.100         176.779
         17.130         177.424
         17.170         178.064
         17.200         178.699
         17.230         179.329
         17.270         179.955
         17.300         180.576
         17.330         181.193
         17.370         181.805
         17.400         182.414
         17.430         183.018
         17.470         183.618
         17.500         184.215
         17.530         184.809
         17.570         185.399
         17.600         185.986
         17.630         186.570
         17.670         187.152
         17.700         187.730
         17.730         188.306
         17.770         188.879
         17.800         189.450
         17.830         190.018
         17.870         190.584
         17.900         191.147
         17.930         191.709
         17.970         192.267
         18.000         192.824
         18.030         193.378
         18.070         193.930
         18.100         194.480
         18.130         195.020
         18.170         195.554
         18.200         196.085
         18.230         196.614
         18.270         197.141
         18.300         197.668
         18.330         198.194
         18.370         198.719
         18.400         199.242
         18.430         199.765
         18.470         200.286
         18.500         200.805
         18.530         201.325
         18.570         201.842
         18.600         202.358
         18.630         202.872
         18.670         203.385
         18.700         203.896
         18.730         204.406
         18.770         204.915
         18.800         205.422
         18.830         205.927
         18.870         206.431
         18.900         206.934
         18.930         207.435
         18.970         207.934
         19.000         208.432
         19.030         208.928
         19.070         209.423
         19.100         209.915
         19.130         210.406
         19.170         210.893
         19.200         211.381
         19.230         211.867
         19.270         212.351
         19.300         212.833
         19.330         213.314
         19.370         213.791
         19.400         214.270
         19.430         214.747
         19.470         215.218
         19.500         215.692
         19.530         216.160
         19.570         216.631
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         19.600         217.096
         19.630         217.563
         19.670         218.026
         19.700         218.491
         19.730         218.950
         19.770         219.412
         19.800         219.872
         19.830         220.328
         19.870         220.786
         19.900         221.239
         19.930         221.694
         19.970         222.145
         20.000         222.598
         20.030         223.046
         20.070         223.496
         20.100         223.944
         20.130         224.388
         20.170         224.833
         20.200         225.275
         20.230         225.718
         20.270         226.156
         20.300         226.597
         20.330         227.035
         20.370         227.469
         20.400         227.903
         20.430         228.337
         20.470         228.767
         20.500         229.196
         20.530         229.623
         20.570         230.048
         20.600         230.475
         20.630         230.898
         20.670         231.318
         20.700         231.738
         20.730         232.154
         20.770         232.570
         20.800         232.983
         20.830         233.396
         20.870         233.808
         20.900         234.217
         20.930         234.624
         20.970         235.030
         21.000         235.434
         21.030         235.836
         21.070         236.237
         21.100         236.636
         21.130         237.033
         21.170         237.430
         21.200         237.824
         21.230         238.217
         21.270         238.609
         21.300         238.999
         21.330         239.388
         21.370         239.775
         21.400         240.161
         21.430         240.546
         21.470         240.929
         21.500         241.311
         21.530         241.691
         21.570         242.071
         21.600         242.449
         21.630         242.826
         21.670         243.202
         21.700         243.576
         21.730         243.950
         21.770         244.322
         21.800         244.693
         21.830         245.063
         21.870         245.432
         21.900         245.800
         21.930         246.167
         21.970         246.532
         22.000         246.897
         22.030         247.260
         22.070         247.623
         22.100         247.984
         22.130         248.345
         22.170         248.704
         22.200         249.063
         22.230         249.421
         22.270         249.777
         22.300         250.133
         22.330         250.488
         22.370         250.842
         22.400         251.195
         22.430         251.547
         22.470         251.899
         22.500         252.249
         22.530         252.599
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         22.570         252.948
         22.600         253.296
         22.630         253.643
         22.670         253.990
         22.700         254.336
         22.730         254.681
         22.770         255.025
         22.800         255.368
         22.830         255.711
         22.870         256.053
         22.900         256.394
         22.930         256.734
         22.970         257.073
         23.000         257.411
         23.030         257.749
         23.070         258.085
         23.100         258.421
         23.130         258.756
         23.170         259.089
         23.200         259.422
         23.230         259.754
         23.270         260.084
         23.300         260.414
         23.330         260.742
         23.370         261.070
         23.400         261.397
         23.430         261.722
         23.470         262.047
         23.500         262.371
         23.530         262.694
         23.570         263.015
         23.600         263.336
         23.630         263.656
         23.670         263.975
         23.700         264.294
         23.730         264.611
         23.770         264.927
         23.800         265.243
         23.830         265.557
         23.870         265.871
         23.900         266.184
         23.930         266.495
         23.970         266.806
         24.000         267.116
         24.250         269.449
         24.500         271.700
         24.750         273.771
         25.000         275.623
         25.250         277.246
         25.500         278.694
         25.750         280.011
         26.000         281.222
         26.250         282.343
         26.500         283.388
         26.750         284.370
         27.000         285.297
         27.250         286.179
         27.500         287.046
         27.750         287.887
         28.000         288.691
         28.250         289.464
         28.500         290.210
         28.750         290.932
         29.000         291.632
         29.250         292.313
         29.500         292.977
         29.750         293.624
         30.000         294.253
         30.250         294.865
         30.500         295.459
         30.750         296.034
         31.000         296.590
         31.250         297.127
         31.500         297.645
         31.750         298.144
         32.000         298.624
         32.250         299.086
         32.500         299.528
         32.750         299.952
         33.000         300.355
         33.250         300.738
         33.500         301.101
         33.750         301.445
         34.000         301.769
         34.250         302.073
         34.500         302.359
         34.750         302.626
         35.000         302.875
         35.250         303.106
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         35.500         303.319
         35.750         303.515
         36.000         303.694
         36.250         303.855
         36.500         303.999
         36.750         304.126
         37.000         304.237
         37.250         304.332
         37.500         304.411
         37.750         304.475
         38.000         304.524
         38.250         304.557
         38.500         304.575
         38.750         304.578
         39.000         304.566
         39.250         304.539
         39.500         304.497
         39.750         304.441
         40.000         304.372
         40.250         304.288
         40.500         304.190
         40.750         304.079
         41.000         303.955
         41.250         303.817
         41.500         303.666
         41.750         303.501
         42.000         303.323
         42.250         303.132
         42.500         302.927
         42.750         302.710
         43.000         302.480
         43.250         302.236
         43.500         301.980
         43.750         301.711
         44.000         301.430
         44.250         301.137
         44.500         300.833
         44.750         300.518
         45.000         300.192
         45.250         299.855
         45.500         299.508
         45.750         299.151
         46.000         298.785
         46.250         298.409
         46.500         298.023
         46.750         297.629
         47.000         297.227
         47.250         296.817
         47.500         296.400
         47.750         295.975
         48.000         295.542
         48.250         295.104
         48.500         294.658
         48.750         294.207
         49.000         293.749
         49.250         293.285
         49.500         292.816
         49.750         292.342
         50.000         291.863
         50.250         291.379
         50.500         290.892
         50.750         290.401
         51.000         289.906
         51.250         289.409
         51.500         288.909
         51.750         288.405
         52.000         287.899
         52.250         287.389
         52.500         286.877
         52.750         286.363
         53.000         285.846
         53.250         285.326
         53.500         284.804
         53.750         284.279
         54.000         283.751
         54.250         283.221
         54.500         282.689
         54.750         282.155
         55.000         281.619
         55.250         281.080
         55.500         280.540
         55.750         279.998
         56.000         279.454
         56.250         278.907
         56.500         278.359
         56.750         277.809
         57.000         277.256
         57.250         276.701
         57.500         276.144
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         57.750         275.586
         58.000         275.025
         58.250         274.462
         58.500         273.897
         58.750         273.331
         59.000         272.763
         59.250         272.194
         59.500         271.624
         59.750         271.054
         60.000         270.484
         60.250         269.914
         60.500         269.344
         60.750         268.774
         61.000         268.203
         61.250         267.633
         61.500         267.062
         61.750         266.497
         62.000         265.943
         62.250         265.392
         62.500         264.840
         62.750         264.288
         63.000         263.736
         63.250         263.184
         63.500         262.631
         63.750         262.078
         64.000         261.524
         64.250         260.970
         64.500         260.416
         64.750         259.861
         65.000         259.306
         65.250         258.750
         65.500         258.194
         65.750         257.638
         66.000         257.082
         66.250         256.525
         66.500         255.968
         66.750         255.411
         67.000         254.854
         67.250         254.296
         67.500         253.738
         67.750         253.181
         68.000         252.623
         68.250         252.065
         68.500         251.507
         68.750         250.949
         69.000         250.391
         69.250         249.832
         69.500         249.274
         69.750         248.716
         70.000         248.158
         70.250         247.600
         70.500         247.043
         70.750         246.485
         71.000         245.927
         71.250         245.370
         71.500         244.813
         71.750         244.255
         72.000         243.698
         72.250         243.141
         72.500         242.584
         72.750         242.027
         73.000         241.471
         73.250         240.915
         73.500         240.359
         73.750         239.804
         74.000         239.249
         74.250         238.695
         74.500         238.140
         74.750         237.587
         75.000         237.033
         75.250         236.480
         75.500         235.928
         75.750         235.375
         76.000         234.824
         76.250         234.273
         76.500         233.722
         76.750         233.172
         77.000         232.622
         77.250         232.073
         77.500         231.525
         77.750         230.977
         78.000         230.430
         78.250         229.883
         78.500         229.337
         78.750         228.792
         79.000         228.248
         79.250         227.704
         79.500         227.161
         79.750         226.618
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         80.000         226.077
         80.250         225.536
         80.500         224.996
         80.750         224.456
         81.000         223.917
         81.250         223.379
         81.500         222.842
         81.750         222.306
         82.000         221.770
         82.250         221.235
         82.500         220.701
         82.750         220.168
         83.000         219.635
         83.250         219.104
         83.500         218.573
         83.750         218.043
         84.000         217.514
         84.250         216.986
         84.500         216.458
         84.750         215.932
         85.000         215.406
         85.250         214.882
         85.500         214.358
         85.750         213.835
         86.000         213.313
         86.250         212.792
         86.500         212.272
         86.750         211.753
         87.000         211.235
         87.250         210.718
         87.500         210.202
         87.750         209.687
         88.000         209.173
         88.250         208.659
         88.500         208.147
         88.750         207.636
         89.000         207.126
         89.250         206.617
         89.500         206.108
         89.750         205.601
         90.000         205.095
         90.250         204.590
         90.500         204.086
         90.750         203.583
         91.000         203.081
         91.250         202.581
         91.500         202.081
         91.750         201.582
         92.000         201.085
         92.250         200.588
         92.500         200.093
         92.750         199.599
         93.000         199.105
         93.250         198.613
         93.500         198.122
         93.750         197.670
         94.000         197.209
         94.250         196.726
         94.500         196.240
         94.750         195.753
         95.000         195.268
         95.250         194.783
         95.500         194.300
         95.750         193.818
         96.000         193.337
         96.250         192.857
         96.500         192.378
         96.750         191.901
         97.000         191.425
         97.250         190.950
         97.500         190.476
         97.750         190.003
         98.000         189.531
         98.250         189.060
         98.500         188.591
         98.750         188.122
         99.000         187.654
         99.250         187.188
         99.500         186.723
         99.750         186.259
        100.000         185.797

----------------------------------------------------------------------------------------------------
      Name: LkHowell_10           Node: LH-0090               Type: Stage          

      Time(hrs)       Stage(ft)
--------------- ---------------
          0.000          53.080
          0.030          53.078

Interconnected Channel and Pond Routing Model (ICPR)  ©2002 Streamline Technologies, Inc. Page 81 of 116



Model Input

          0.070          53.077
          0.100          53.075
          0.130          53.074
          0.170          53.072
          0.200          53.070
          0.230          53.069
          0.270          53.067
          0.300          53.065
          0.330          53.064
          0.370          53.062
          0.400          53.061
          0.430          53.059
          0.470          53.057
          0.500          53.056
          0.530          53.054
          0.570          53.053
          0.600          53.051
          0.630          53.049
          0.670          53.048
          0.700          53.046
          0.730          53.045
          0.770          53.043
          0.800          53.041
          0.830          53.040
          0.870          53.038
          0.900          53.037
          0.930          53.035
          0.970          53.033
          1.000          53.032
          1.030          53.030
          1.070          53.029
          1.100          53.027
          1.130          53.026
          1.170          53.024
          1.200          53.022
          1.230          53.021
          1.270          53.019
          1.300          53.018
          1.330          53.016
          1.370          53.015
          1.400          53.013
          1.430          53.012
          1.470          53.010
          1.500          53.008
          1.530          53.007
          1.570          53.005
          1.600          53.004
          1.630          53.002
          1.670          53.001
          1.700          52.999
          1.730          52.998
          1.770          52.996
          1.800          52.995
          1.830          52.993
          1.870          52.992
          1.900          52.990
          1.930          52.989
          1.970          52.987
          2.000          52.986
          2.030          52.984
          2.070          52.983
          2.100          52.982
          2.130          52.980
          2.170          52.979
          2.200          52.977
          2.230          52.976
          2.270          52.975
          2.300          52.973
          2.330          52.972
          2.370          52.970
          2.400          52.969
          2.430          52.968
          2.470          52.966
          2.500          52.965
          2.530          52.964
          2.570          52.962
          2.600          52.961
          2.630          52.960
          2.670          52.958
          2.700          52.957
          2.730          52.956
          2.770          52.955
          2.800          52.953
          2.830          52.952
          2.870          52.951
          2.900          52.950
          2.930          52.948
          2.970          52.947
          3.000          52.946
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          3.030          52.944
          3.070          52.943
          3.100          52.942
          3.130          52.941
          3.170          52.940
          3.200          52.938
          3.230          52.937
          3.270          52.936
          3.300          52.935
          3.330          52.933
          3.370          52.932
          3.400          52.931
          3.430          52.930
          3.470          52.929
          3.500          52.928
          3.530          52.926
          3.570          52.925
          3.600          52.924
          3.630          52.923
          3.670          52.922
          3.700          52.921
          3.730          52.919
          3.770          52.918
          3.800          52.917
          3.830          52.916
          3.870          52.915
          3.900          52.914
          3.930          52.913
          3.970          52.911
          4.000          52.910
          4.030          52.909
          4.070          52.908
          4.100          52.907
          4.130          52.906
          4.170          52.905
          4.200          52.904
          4.230          52.903
          4.270          52.902
          4.300          52.901
          4.330          52.899
          4.370          52.898
          4.400          52.897
          4.430          52.896
          4.470          52.895
          4.500          52.894
          4.530          52.893
          4.570          52.892
          4.600          52.891
          4.630          52.890
          4.670          52.889
          4.700          52.888
          4.730          52.887
          4.770          52.886
          4.800          52.885
          4.830          52.884
          4.870          52.883
          4.900          52.882
          4.930          52.881
          4.970          52.880
          5.000          52.879
          5.030          52.878
          5.070          52.878
          5.100          52.877
          5.130          52.876
          5.170          52.875
          5.200          52.874
          5.230          52.873
          5.270          52.872
          5.300          52.871
          5.330          52.870
          5.370          52.869
          5.400          52.869
          5.430          52.868
          5.470          52.867
          5.500          52.866
          5.530          52.865
          5.570          52.864
          5.600          52.863
          5.630          52.863
          5.670          52.862
          5.700          52.861
          5.730          52.860
          5.770          52.859
          5.800          52.858
          5.830          52.858
          5.870          52.857
          5.900          52.856
          5.930          52.855
          5.970          52.854
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          6.000          52.854
          6.030          52.853
          6.070          52.852
          6.100          52.851
          6.130          52.851
          6.170          52.850
          6.200          52.849
          6.230          52.848
          6.270          52.848
          6.300          52.847
          6.330          52.846
          6.370          52.845
          6.400          52.845
          6.430          52.844
          6.470          52.843
          6.500          52.843
          6.530          52.842
          6.570          52.841
          6.600          52.841
          6.630          52.840
          6.670          52.839
          6.700          52.839
          6.730          52.838
          6.770          52.838
          6.800          52.837
          6.830          52.836
          6.870          52.836
          6.900          52.835
          6.930          52.835
          6.970          52.834
          7.000          52.834
          7.030          52.833
          7.070          52.832
          7.100          52.832
          7.130          52.831
          7.170          52.831
          7.200          52.830
          7.230          52.830
          7.270          52.829
          7.300          52.829
          7.330          52.828
          7.370          52.828
          7.400          52.827
          7.430          52.827
          7.470          52.827
          7.500          52.826
          7.530          52.826
          7.570          52.825
          7.600          52.825
          7.630          52.825
          7.670          52.824
          7.700          52.824
          7.730          52.824
          7.770          52.823
          7.800          52.823
          7.830          52.823
          7.870          52.822
          7.900          52.822
          7.930          52.822
          7.970          52.821
          8.000          52.821
          8.030          52.821
          8.070          52.820
          8.100          52.820
          8.130          52.820
          8.170          52.820
          8.200          52.820
          8.230          52.819
          8.270          52.819
          8.300          52.819
          8.330          52.819
          8.370          52.819
          8.400          52.818
          8.430          52.818
          8.470          52.818
          8.500          52.818
          8.530          52.818
          8.570          52.818
          8.600          52.818
          8.630          52.818
          8.670          52.818
          8.700          52.818
          8.730          52.818
          8.770          52.818
          8.800          52.818
          8.830          52.818
          8.870          52.818
          8.900          52.818
          8.930          52.818
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          8.970          52.818
          9.000          52.818
          9.030          52.818
          9.070          52.818
          9.100          52.818
          9.130          52.818
          9.170          52.819
          9.200          52.819
          9.230          52.819
          9.270          52.819
          9.300          52.820
          9.330          52.820
          9.370          52.820
          9.400          52.820
          9.430          52.821
          9.470          52.821
          9.500          52.821
          9.530          52.822
          9.570          52.822
          9.600          52.823
          9.630          52.823
          9.670          52.823
          9.700          52.824
          9.730          52.824
          9.770          52.825
          9.800          52.825
          9.830          52.826
          9.870          52.827
          9.900          52.827
          9.930          52.828
          9.970          52.828
         10.000          52.829
         10.030          52.830
         10.070          52.830
         10.100          52.831
         10.130          52.832
         10.170          52.833
         10.200          52.834
         10.230          52.834
         10.270          52.835
         10.300          52.836
         10.330          52.837
         10.370          52.838
         10.400          52.839
         10.430          52.840
         10.470          52.841
         10.500          52.842
         10.530          52.843
         10.570          52.845
         10.600          52.846
         10.630          52.847
         10.670          52.848
         10.700          52.850
         10.730          52.851
         10.770          52.853
         10.800          52.854
         10.830          52.856
         10.870          52.857
         10.900          52.859
         10.930          52.861
         10.970          52.862
         11.000          52.864
         11.030          52.866
         11.070          52.868
         11.100          52.870
         11.130          52.872
         11.170          52.874
         11.200          52.876
         11.230          52.878
         11.270          52.880
         11.300          52.883
         11.330          52.885
         11.370          52.887
         11.400          52.890
         11.430          52.892
         11.470          52.895
         11.500          52.898
         11.530          52.901
         11.570          52.904
         11.600          52.908
         11.630          52.911
         11.670          52.915
         11.700          52.920
         11.730          52.925
         11.770          52.930
         11.800          52.936
         11.830          52.943
         11.870          52.951
         11.900          52.959
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         11.930          52.968
         11.970          52.978
         12.000          52.988
         12.030          53.000
         12.070          53.012
         12.100          53.025
         12.130          53.039
         12.170          53.053
         12.200          53.068
         12.230          53.084
         12.270          53.099
         12.300          53.116
         12.330          53.133
         12.370          53.150
         12.400          53.167
         12.430          53.185
         12.470          53.203
         12.500          53.222
         12.530          53.240
         12.570          53.259
         12.600          53.278
         12.630          53.297
         12.670          53.316
         12.700          53.335
         12.730          53.354
         12.770          53.374
         12.800          53.393
         12.830          53.412
         12.870          53.431
         12.900          53.450
         12.930          53.469
         12.970          53.488
         13.000          53.506
         13.030          53.525
         13.070          53.543
         13.100          53.562
         13.130          53.580
         13.170          53.598
         13.200          53.616
         13.230          53.633
         13.270          53.650
         13.300          53.668
         13.330          53.685
         13.370          53.701
         13.400          53.718
         13.430          53.735
         13.470          53.751
         13.500          53.767
         13.530          53.783
         13.570          53.799
         13.600          53.814
         13.630          53.830
         13.670          53.845
         13.700          53.860
         13.730          53.875
         13.770          53.890
         13.800          53.905
         13.830          53.919
         13.870          53.934
         13.900          53.948
         13.930          53.963
         13.970          53.977
         14.000          53.991
         14.030          54.005
         14.070          54.019
         14.100          54.032
         14.130          54.046
         14.170          54.060
         14.200          54.073
         14.230          54.086
         14.270          54.100
         14.300          54.113
         14.330          54.126
         14.370          54.139
         14.400          54.152
         14.430          54.165
         14.470          54.177
         14.500          54.190
         14.530          54.202
         14.570          54.215
         14.600          54.227
         14.630          54.239
         14.670          54.251
         14.700          54.263
         14.730          54.275
         14.770          54.286
         14.800          54.298
         14.830          54.309
         14.870          54.321
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         14.900          54.332
         14.930          54.343
         14.970          54.354
         15.000          54.365
         15.030          54.376
         15.070          54.386
         15.100          54.397
         15.130          54.407
         15.170          54.418
         15.200          54.428
         15.230          54.438
         15.270          54.448
         15.300          54.458
         15.330          54.468
         15.370          54.477
         15.400          54.487
         15.430          54.497
         15.470          54.506
         15.500          54.515
         15.530          54.524
         15.570          54.534
         15.600          54.543
         15.630          54.551
         15.670          54.560
         15.700          54.569
         15.730          54.578
         15.770          54.586
         15.800          54.595
         15.830          54.603
         15.870          54.611
         15.900          54.619
         15.930          54.628
         15.970          54.635
         16.000          54.643
         16.030          54.651
         16.070          54.659
         16.100          54.667
         16.130          54.674
         16.170          54.681
         16.200          54.689
         16.230          54.696
         16.270          54.703
         16.300          54.710
         16.330          54.717
         16.370          54.724
         16.400          54.731
         16.430          54.738
         16.470          54.745
         16.500          54.752
         16.530          54.758
         16.570          54.765
         16.600          54.771
         16.630          54.778
         16.670          54.784
         16.700          54.790
         16.730          54.796
         16.770          54.803
         16.800          54.809
         16.830          54.815
         16.870          54.820
         16.900          54.826
         16.930          54.832
         16.970          54.838
         17.000          54.844
         17.030          54.849
         17.070          54.855
         17.100          54.860
         17.130          54.866
         17.170          54.871
         17.200          54.876
         17.230          54.882
         17.270          54.887
         17.300          54.892
         17.330          54.897
         17.370          54.902
         17.400          54.907
         17.430          54.912
         17.470          54.917
         17.500          54.922
         17.530          54.927
         17.570          54.932
         17.600          54.936
         17.630          54.941
         17.670          54.946
         17.700          54.950
         17.730          54.955
         17.770          54.959
         17.800          54.964
         17.830          54.968
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         17.870          54.972
         17.900          54.977
         17.930          54.981
         17.970          54.985
         18.000          54.989
         18.030          54.993
         18.070          54.997
         18.100          55.001
         18.130          55.005
         18.170          55.009
         18.200          55.013
         18.230          55.017
         18.270          55.020
         18.300          55.024
         18.330          55.028
         18.370          55.031
         18.400          55.035
         18.430          55.039
         18.470          55.042
         18.500          55.046
         18.530          55.049
         18.570          55.053
         18.600          55.056
         18.630          55.059
         18.670          55.063
         18.700          55.066
         18.730          55.069
         18.770          55.073
         18.800          55.076
         18.830          55.079
         18.870          55.082
         18.900          55.085
         18.930          55.088
         18.970          55.091
         19.000          55.094
         19.030          55.097
         19.070          55.100
         19.100          55.103
         19.130          55.106
         19.170          55.109
         19.200          55.111
         19.230          55.114
         19.270          55.117
         19.300          55.120
         19.330          55.122
         19.370          55.125
         19.400          55.128
         19.430          55.130
         19.470          55.133
         19.500          55.135
         19.530          55.138
         19.570          55.141
         19.600          55.143
         19.630          55.146
         19.670          55.148
         19.700          55.151
         19.730          55.153
         19.770          55.155
         19.800          55.158
         19.830          55.160
         19.870          55.163
         19.900          55.165
         19.930          55.167
         19.970          55.170
         20.000          55.172
         20.030          55.174
         20.070          55.176
         20.100          55.179
         20.130          55.181
         20.170          55.183
         20.200          55.185
         20.230          55.188
         20.270          55.190
         20.300          55.192
         20.330          55.194
         20.370          55.196
         20.400          55.198
         20.430          55.200
         20.470          55.202
         20.500          55.204
         20.530          55.206
         20.570          55.208
         20.600          55.210
         20.630          55.212
         20.670          55.214
         20.700          55.216
         20.730          55.218
         20.770          55.220
         20.800          55.222
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         20.830          55.224
         20.870          55.226
         20.900          55.227
         20.930          55.229
         20.970          55.231
         21.000          55.233
         21.030          55.235
         21.070          55.236
         21.100          55.238
         21.130          55.240
         21.170          55.242
         21.200          55.243
         21.230          55.245
         21.270          55.247
         21.300          55.248
         21.330          55.250
         21.370          55.252
         21.400          55.253
         21.430          55.255
         21.470          55.256
         21.500          55.258
         21.530          55.260
         21.570          55.261
         21.600          55.263
         21.630          55.264
         21.670          55.266
         21.700          55.267
         21.730          55.269
         21.770          55.270
         21.800          55.272
         21.830          55.273
         21.870          55.275
         21.900          55.276
         21.930          55.278
         21.970          55.279
         22.000          55.280
         22.030          55.282
         22.070          55.283
         22.100          55.285
         22.130          55.286
         22.170          55.287
         22.200          55.289
         22.230          55.290
         22.270          55.291
         22.300          55.293
         22.330          55.294
         22.370          55.295
         22.400          55.297
         22.430          55.298
         22.470          55.299
         22.500          55.300
         22.530          55.302
         22.570          55.303
         22.600          55.304
         22.630          55.306
         22.670          55.307
         22.700          55.308
         22.730          55.309
         22.770          55.310
         22.800          55.312
         22.830          55.313
         22.870          55.314
         22.900          55.315
         22.930          55.316
         22.970          55.317
         23.000          55.318
         23.030          55.320
         23.070          55.321
         23.100          55.322
         23.130          55.323
         23.170          55.324
         23.200          55.325
         23.230          55.326
         23.270          55.327
         23.300          55.328
         23.330          55.329
         23.370          55.330
         23.400          55.331
         23.430          55.332
         23.470          55.333
         23.500          55.334
         23.530          55.335
         23.570          55.336
         23.600          55.337
         23.630          55.338
         23.670          55.339
         23.700          55.340
         23.730          55.341
         23.770          55.342
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         23.800          55.343
         23.830          55.343
         23.870          55.344
         23.900          55.345
         23.930          55.346
         23.970          55.347
         24.000          55.348
         24.250          55.353
         24.500          55.358
         24.750          55.361
         25.000          55.362
         25.250          55.363
         25.500          55.362
         25.750          55.360
         26.000          55.358
         26.250          55.354
         26.500          55.351
         26.750          55.346
         27.000          55.341
         27.250          55.335
         27.500          55.329
         27.750          55.323
         28.000          55.316
         28.250          55.309
         28.500          55.301
         28.750          55.294
         29.000          55.286
         29.250          55.277
         29.500          55.269
         29.750          55.261
         30.000          55.252
         30.250          55.243
         30.500          55.234
         30.750          55.225
         31.000          55.216
         31.250          55.207
         31.500          55.198
         31.750          55.189
         32.000          55.179
         32.250          55.170
         32.500          55.161
         32.750          55.152
         33.000          55.143
         33.250          55.133
         33.500          55.124
         33.750          55.115
         34.000          55.106
         34.250          55.097
         34.500          55.088
         34.750          55.079
         35.000          55.070
         35.250          55.061
         35.500          55.052
         35.750          55.043
         36.000          55.034
         36.250          55.025
         36.500          55.017
         36.750          55.008
         37.000          54.999
         37.250          54.990
         37.500          54.981
         37.750          54.973
         38.000          54.964
         38.250          54.955
         38.500          54.947
         38.750          54.938
         39.000          54.929
         39.250          54.921
         39.500          54.912
         39.750          54.904
         40.000          54.895
         40.250          54.887
         40.500          54.878
         40.750          54.870
         41.000          54.861
         41.250          54.853
         41.500          54.844
         41.750          54.836
         42.000          54.828
         42.250          54.819
         42.500          54.811
         42.750          54.802
         43.000          54.794
         43.250          54.786
         43.500          54.778
         43.750          54.769
         44.000          54.761
         44.250          54.753
         44.500          54.745
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         44.750          54.736
         45.000          54.728
         45.250          54.720
         45.500          54.712
         45.750          54.704
         46.000          54.695
         46.250          54.687
         46.500          54.679
         46.750          54.671
         47.000          54.663
         47.250          54.655
         47.500          54.647
         47.750          54.639
         48.000          54.631
         48.250          54.623
         48.500          54.615
         48.750          54.607
         49.000          54.599
         49.250          54.591
         49.500          54.583
         49.750          54.575
         50.000          54.568
         50.250          54.560
         50.500          54.552
         50.750          54.544
         51.000          54.536
         51.250          54.529
         51.500          54.521
         51.750          54.513
         52.000          54.505
         52.250          54.498
         52.500          54.490
         52.750          54.482
         53.000          54.475
         53.250          54.467
         53.500          54.460
         53.750          54.452
         54.000          54.445
         54.250          54.437
         54.500          54.430
         54.750          54.422
         55.000          54.415
         55.250          54.407
         55.500          54.400
         55.750          54.393
         56.000          54.385
         56.250          54.378
         56.500          54.371
         56.750          54.363
         57.000          54.356
         57.250          54.349
         57.500          54.342
         57.750          54.334
         58.000          54.327
         58.250          54.320
         58.500          54.313
         58.750          54.306
         59.000          54.299
         59.250          54.291
         59.500          54.284
         59.750          54.277
         60.000          54.270
         60.250          54.263
         60.500          54.256
         60.750          54.249
         61.000          54.242
         61.250          54.235
         61.500          54.228
         61.750          54.221
         62.000          54.213
         62.250          54.206
         62.500          54.199
         62.750          54.192
         63.000          54.185
         63.250          54.178
         63.500          54.171
         63.750          54.164
         64.000          54.157
         64.250          54.150
         64.500          54.143
         64.750          54.136
         65.000          54.129
         65.250          54.122
         65.500          54.115
         65.750          54.108
         66.000          54.101
         66.250          54.094
         66.500          54.088
         66.750          54.081
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         67.000          54.074
         67.250          54.067
         67.500          54.060
         67.750          54.054
         68.000          54.047
         68.250          54.040
         68.500          54.034
         68.750          54.027
         69.000          54.020
         69.250          54.014
         69.500          54.007
         69.750          54.001
         70.000          53.994
         70.250          53.987
         70.500          53.981
         70.750          53.975
         71.000          53.968
         71.250          53.962
         71.500          53.955
         71.750          53.949
         72.000          53.942
         72.250          53.936
         72.500          53.930
         72.750          53.923
         73.000          53.917
         73.250          53.911
         73.500          53.904
         73.750          53.898
         74.000          53.892
         74.250          53.886
         74.500          53.879
         74.750          53.873
         75.000          53.867
         75.250          53.861
         75.500          53.855
         75.750          53.849
         76.000          53.843
         76.250          53.837
         76.500          53.831
         76.750          53.825
         77.000          53.819
         77.250          53.813
         77.500          53.807
         77.750          53.801
         78.000          53.795
         78.250          53.789
         78.500          53.783
         78.750          53.777
         79.000          53.772
         79.250          53.766
         79.500          53.760
         79.750          53.754
         80.000          53.748
         80.250          53.743
         80.500          53.737
         80.750          53.731
         81.000          53.726
         81.250          53.720
         81.500          53.714
         81.750          53.709
         82.000          53.703
         82.250          53.698
         82.500          53.692
         82.750          53.686
         83.000          53.681
         83.250          53.675
         83.500          53.670
         83.750          53.664
         84.000          53.659
         84.250          53.654
         84.500          53.648
         84.750          53.643
         85.000          53.637
         85.250          53.632
         85.500          53.627
         85.750          53.621
         86.000          53.616
         86.250          53.611
         86.500          53.605
         86.750          53.600
         87.000          53.595
         87.250          53.589
         87.500          53.584
         87.750          53.579
         88.000          53.574
         88.250          53.569
         88.500          53.563
         88.750          53.558
         89.000          53.553
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         89.250          53.548
         89.500          53.543
         89.750          53.538
         90.000          53.533
         90.250          53.527
         90.500          53.522
         90.750          53.517
         91.000          53.512
         91.250          53.507
         91.500          53.502
         91.750          53.497
         92.000          53.492
         92.250          53.487
         92.500          53.482
         92.750          53.477
         93.000          53.472
         93.250          53.467
         93.500          53.462
         93.750          53.458
         94.000          53.453
         94.250          53.448
         94.500          53.443
         94.750          53.438
         95.000          53.433
         95.250          53.428
         95.500          53.424
         95.750          53.419
         96.000          53.414
         96.250          53.409
         96.500          53.404
         96.750          53.400
         97.000          53.395
         97.250          53.390
         97.500          53.385
         97.750          53.381
         98.000          53.376
         98.250          53.371
         98.500          53.367
         98.750          53.362
         99.000          53.357
         99.250          53.353
         99.500          53.348
         99.750          53.343
        100.000          53.339

----------------------------------------------------------------------------------------------------
      Name: HC0040_25             Node: HC-0040               Type: Flow           

      Time(hrs)       Flow(cfs)
--------------- ---------------
          0.000           0.666
          0.030           0.672
          0.070           0.678
          0.100           0.684
          0.130           0.690
          0.170           0.696
          0.200           0.702
          0.230           0.709
          0.270           0.715
          0.300           0.721
          0.330           0.727
          0.370           0.733
          0.400           0.740
          0.430           0.746
          0.470           0.752
          0.500           0.758
          0.530           0.764
          0.570           0.770
          0.600           0.777
          0.630           0.783
          0.670           0.789
          0.700           0.795
          0.730           0.801
          0.770           0.807
          0.800           0.813
          0.830           0.819
          0.870           0.825
          0.900           0.831
          0.930           0.837
          0.970           0.843
          1.000           0.849
          1.030           0.855
          1.070           0.861
          1.100           0.867
          1.130           0.873
          1.170           0.879
          1.200           0.885
          1.230           0.891
          1.270           0.898
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          1.300           0.904
          1.330           0.911
          1.370           0.917
          1.400           0.924
          1.430           0.931
          1.470           0.938
          1.500           0.946
          1.530           0.953
          1.570           0.961
          1.600           0.970
          1.630           0.978
          1.670           0.987
          1.700           0.996
          1.730           1.005
          1.770           1.015
          1.800           1.025
          1.830           1.035
          1.870           1.046
          1.900           1.057
          1.930           1.068
          1.970           1.079
          2.000           1.091
          2.030           1.103
          2.070           1.115
          2.100           1.128
          2.130           1.140
          2.170           1.153
          2.200           1.167
          2.230           1.180
          2.270           1.194
          2.300           1.208
          2.330           1.222
          2.370           1.236
          2.400           1.251
          2.430           1.266
          2.470           1.281
          2.500           1.296
          2.530           1.311
          2.570           1.327
          2.600           1.343
          2.630           1.359
          2.670           1.375
          2.700           1.391
          2.730           1.408
          2.770           1.424
          2.800           1.441
          2.830           1.458
          2.870           1.476
          2.900           1.493
          2.930           1.511
          2.970           1.528
          3.000           1.546
          3.030           1.564
          3.070           1.583
          3.100           1.601
          3.130           1.619
          3.170           1.638
          3.200           1.657
          3.230           1.676
          3.270           1.695
          3.300           1.714
          3.330           1.734
          3.370           1.753
          3.400           1.773
          3.430           1.793
          3.470           1.813
          3.500           1.834
          3.530           1.854
          3.570           1.874
          3.600           1.895
          3.630           1.916
          3.670           1.937
          3.700           1.958
          3.730           1.979
          3.770           2.001
          3.800           2.022
          3.830           2.044
          3.870           2.066
          3.900           2.088
          3.930           2.110
          3.970           2.132
          4.000           2.155
          4.030           2.177
          4.070           2.200
          4.100           2.223
          4.130           2.245
          4.170           2.269
          4.200           2.292
          4.230           2.315
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          4.270           2.339
          4.300           2.362
          4.330           2.386
          4.370           2.410
          4.400           2.433
          4.430           2.457
          4.470           2.482
          4.500           2.506
          4.530           2.530
          4.570           2.555
          4.600           2.579
          4.630           2.604
          4.670           2.629
          4.700           2.654
          4.730           2.680
          4.770           2.705
          4.800           2.730
          4.830           2.756
          4.870           2.782
          4.900           2.808
          4.930           2.834
          4.970           2.861
          5.000           2.887
          5.030           2.914
          5.070           2.940
          5.100           2.967
          5.130           2.994
          5.170           3.021
          5.200           3.048
          5.230           3.076
          5.270           3.103
          5.300           3.131
          5.330           3.159
          5.370           3.187
          5.400           3.215
          5.430           3.243
          5.470           3.271
          5.500           3.299
          5.530           3.328
          5.570           3.357
          5.600           3.385
          5.630           3.414
          5.670           3.443
          5.700           3.472
          5.730           3.502
          5.770           3.531
          5.800           3.561
          5.830           3.590
          5.870           3.620
          5.900           3.650
          5.930           3.680
          5.970           3.710
          6.000           3.741
          6.030           3.771
          6.070           3.802
          6.100           3.832
          6.130           3.863
          6.170           3.894
          6.200           3.925
          6.230           3.956
          6.270           3.988
          6.300           4.019
          6.330           4.051
          6.370           4.083
          6.400           4.116
          6.430           4.148
          6.470           4.181
          6.500           4.214
          6.530           4.247
          6.570           4.281
          6.600           4.315
          6.630           4.349
          6.670           4.383
          6.700           4.418
          6.730           4.453
          6.770           4.488
          6.800           4.524
          6.830           4.560
          6.870           4.596
          6.900           4.632
          6.930           4.669
          6.970           4.705
          7.000           4.743
          7.030           4.780
          7.070           4.818
          7.100           4.856
          7.130           4.895
          7.170           4.934
          7.200           4.973
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          7.230           5.012
          7.270           5.052
          7.300           5.092
          7.330           5.132
          7.370           5.174
          7.400           5.215
          7.430           5.257
          7.470           5.298
          7.500           5.341
          7.530           5.384
          7.570           5.427
          7.600           5.471
          7.630           5.515
          7.670           5.561
          7.700           5.606
          7.730           5.652
          7.770           5.698
          7.800           5.745
          7.830           5.792
          7.870           5.840
          7.900           5.889
          7.930           5.938
          7.970           5.988
          8.000           6.038
          8.030           6.089
          8.070           6.140
          8.100           6.191
          8.130           6.244
          8.170           6.296
          8.200           6.350
          8.230           6.404
          8.270           6.459
          8.300           6.514
          8.330           6.571
          8.370           6.627
          8.400           6.684
          8.430           6.743
          8.470           6.801
          8.500           6.861
          8.530           6.921
          8.570           6.983
          8.600           7.044
          8.630           7.106
          8.670           7.170
          8.700           7.234
          8.730           7.300
          8.770           7.366
          8.800           7.434
          8.830           7.502
          8.870           7.571
          8.900           7.641
          8.930           7.712
          8.970           7.785
          9.000           7.857
          9.030           7.933
          9.070           8.008
          9.100           8.085
          9.130           8.162
          9.170           8.242
          9.200           8.322
          9.230           8.403
          9.270           8.487
          9.300           8.571
          9.330           8.658
          9.370           8.744
          9.400           8.833
          9.430           8.922
          9.470           9.014
          9.500           9.106
          9.530           9.200
          9.570           9.296
          9.600           9.393
          9.630           9.492
          9.670           9.593
          9.700           9.695
          9.730           9.799
          9.770           9.904
          9.800          10.011
          9.830          10.119
          9.870          10.228
          9.900          10.339
          9.930          10.452
          9.970          10.567
         10.000          10.684
         10.030          10.801
         10.070          10.919
         10.100          11.041
         10.130          11.164
         10.170          11.288
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         10.200          11.416
         10.230          11.548
         10.270          11.681
         10.300          11.817
         10.330          11.953
         10.370          12.094
         10.400          12.236
         10.430          12.380
         10.470          12.527
         10.500          12.677
         10.530          12.827
         10.570          12.983
         10.600          13.138
         10.630          13.299
         10.670          13.462
         10.700          13.629
         10.730          13.797
         10.770          13.970
         10.800          14.144
         10.830          14.324
         10.870          14.505
         10.900          14.691
         10.930          14.880
         10.970          15.072
         11.000          15.270
         11.030          15.470
         11.070          15.675
         11.100          15.883
         11.130          16.096
         11.170          16.314
         11.200          16.536
         11.230          16.762
         11.270          16.990
         11.300          17.226
         11.330          17.464
         11.370          17.711
         11.400          17.962
         11.430          18.215
         11.470          18.478
         11.500          18.749
         11.530          19.024
         11.570          19.312
         11.600          19.609
         11.630          19.917
         11.670          20.240
         11.700          20.579
         11.730          20.936
         11.770          21.314
         11.800          21.713
         11.830          22.141
         11.870          22.599
         11.900          23.091
         11.930          23.622
         11.970          24.197
         12.000          24.817
         12.030          25.486
         12.070          26.209
         12.100          26.989
         12.130          27.830
         12.170          28.734
         12.200          29.704
         12.230          30.451
         12.270          31.097
         12.300          31.824
         12.330          32.632
         12.370          33.520
         12.400          34.482
         12.430          35.519
         12.470          36.635
         12.500          37.818
         12.530          39.073
         12.570          40.398
         12.600          41.791
         12.630          43.245
         12.670          44.773
         12.700          46.358
         12.730          48.007
         12.770          49.716
         12.800          51.482
         12.830          53.301
         12.870          55.172
         12.900          57.092
         12.930          59.058
         12.970          61.067
         13.000          63.115
         13.030          65.199
         13.070          67.317
         13.100          69.465
         13.130          71.640
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         13.170          73.839
         13.200          76.058
         13.230          78.294
         13.270          80.544
         13.300          82.806
         13.330          85.077
         13.370          87.353
         13.400          89.632
         13.430          91.911
         13.470          94.189
         13.500          96.462
         13.530          98.739
         13.570         100.999
         13.600         103.248
         13.630         105.487
         13.670         107.707
         13.700         109.924
         13.730         112.120
         13.770         114.291
         13.800         116.454
         13.830         118.608
         13.870         120.730
         13.900         122.842
         13.930         124.931
         13.970         127.000
         14.000         129.049
         14.030         131.078
         14.070         133.087
         14.100         135.076
         14.130         137.044
         14.170         138.993
         14.200         140.921
         14.230         142.830
         14.270         144.718
         14.300         146.586
         14.330         148.434
         14.370         150.263
         14.400         152.072
         14.430         153.862
         14.470         155.633
         14.500         157.385
         14.530         159.119
         14.570         160.835
         14.600         162.548
         14.630         164.214
         14.670         165.871
         14.700         167.519
         14.730         169.157
         14.770         170.766
         14.800         172.376
         14.830         173.944
         14.870         175.508
         14.900         177.048
         14.930         178.587
         14.970         180.102
         15.000         181.612
         15.030         183.097
         15.070         184.576
         15.100         186.033
         15.130         187.484
         15.170         188.921
         15.200         190.328
         15.230         191.725
         15.270         193.099
         15.300         194.471
         15.330         195.842
         15.370         197.170
         15.400         198.507
         15.430         199.836
         15.470         201.153
         15.500         202.455
         15.530         203.736
         15.570         205.018
         15.600         206.296
         15.630         207.555
         15.670         208.807
         15.700         210.055
         15.730         211.284
         15.770         212.503
         15.800         213.714
         15.830         214.917
         15.870         216.107
         15.900         217.299
         15.930         218.469
         15.970         219.634
         16.000         220.786
         16.030         221.934
         16.070         223.073
         16.100         224.203
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         16.130         225.325
         16.170         226.438
         16.200         227.542
         16.230         228.638
         16.270         229.726
         16.300         230.806
         16.330         231.877
         16.370         232.941
         16.400         233.996
         16.430         235.043
         16.470         236.083
         16.500         237.114
         16.530         238.138
         16.570         239.155
         16.600         240.164
         16.630         241.165
         16.670         242.159
         16.700         243.146
         16.730         244.125
         16.770         245.097
         16.800         246.061
         16.830         247.019
         16.870         247.969
         16.900         248.912
         16.930         249.847
         16.970         250.776
         17.000         251.697
         17.030         252.610
         17.070         253.517
         17.100         254.416
         17.130         255.308
         17.170         256.193
         17.200         257.071
         17.230         257.941
         17.270         258.805
         17.300         259.662
         17.330         260.512
         17.370         261.357
         17.400         262.195
         17.430         263.027
         17.470         263.854
         17.500         264.676
         17.530         265.492
         17.570         266.304
         17.600         267.112
         17.630         267.920
         17.670         268.730
         17.700         269.541
         17.730         270.353
         17.770         271.164
         17.800         271.975
         17.830         272.785
         17.870         273.594
         17.900         274.401
         17.930         275.206
         17.970         276.009
         18.000         276.809
         18.030         277.607
         18.070         278.403
         18.100         279.196
         18.130         279.986
         18.170         280.773
         18.200         281.557
         18.230         282.338
         18.270         283.116
         18.300         283.891
         18.330         284.663
         18.370         285.432
         18.400         286.198
         18.430         286.961
         18.470         287.721
         18.500         288.479
         18.530         289.234
         18.570         289.986
         18.600         290.735
         18.630         291.482
         18.670         292.226
         18.700         292.968
         18.730         293.708
         18.770         294.446
         18.800         295.182
         18.830         295.916
         18.870         296.647
         18.900         297.376
         18.930         298.103
         18.970         298.828
         19.000         299.550
         19.030         300.269
         19.070         300.987
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         19.100         301.701
         19.130         302.413
         19.170         303.123
         19.200         303.829
         19.230         304.533
         19.270         305.234
         19.300         305.933
         19.330         306.629
         19.370         307.322
         19.400         308.013
         19.430         308.701
         19.470         309.387
         19.500         310.070
         19.530         310.751
         19.570         311.430
         19.600         312.106
         19.630         312.780
         19.670         313.452
         19.700         314.123
         19.730         314.791
         19.770         315.457
         19.800         316.122
         19.830         316.784
         19.870         317.445
         19.900         318.103
         19.930         318.760
         19.970         319.416
         20.000         320.069
         20.030         320.720
         20.070         321.370
         20.100         322.017
         20.130         322.663
         20.170         323.307
         20.200         323.948
         20.230         324.588
         20.270         325.225
         20.300         325.861
         20.330         326.494
         20.370         327.125
         20.400         327.753
         20.430         328.380
         20.470         329.004
         20.500         329.625
         20.530         330.245
         20.570         330.862
         20.600         331.476
         20.630         332.088
         20.670         332.698
         20.700         333.305
         20.730         333.909
         20.770         334.511
         20.800         335.111
         20.830         335.708
         20.870         336.303
         20.900         336.895
         20.930         337.485
         20.970         338.073
         21.000         338.658
         21.030         339.241
         21.070         339.822
         21.100         340.400
         21.130         340.977
         21.170         341.551
         21.200         342.123
         21.230         342.693
         21.270         343.261
         21.300         343.827
         21.330         344.391
         21.370         344.953
         21.400         345.513
         21.430         346.072
         21.470         346.628
         21.500         347.183
         21.530         347.736
         21.570         348.288
         21.600         348.837
         21.630         349.385
         21.670         349.932
         21.700         350.477
         21.730         351.020
         21.770         351.561
         21.800         352.102
         21.830         352.640
         21.870         353.177
         21.900         353.713
         21.930         354.247
         21.970         354.780
         22.000         355.311
         22.030         355.841
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         22.070         356.370
         22.100         356.897
         22.130         357.423
         22.170         357.947
         22.200         358.471
         22.230         358.993
         22.270         359.513
         22.300         360.033
         22.330         360.551
         22.370         361.068
         22.400         361.584
         22.430         362.098
         22.470         362.612
         22.500         363.124
         22.530         363.635
         22.570         364.145
         22.600         364.654
         22.630         365.162
         22.670         365.668
         22.700         366.174
         22.730         366.678
         22.770         367.181
         22.800         367.683
         22.830         368.183
         22.870         368.682
         22.900         369.180
         22.930         369.677
         22.970         370.172
         23.000         370.665
         23.030         371.158
         23.070         371.648
         23.100         372.137
         23.130         372.625
         23.170         373.111
         23.200         373.595
         23.230         374.077
         23.270         374.558
         23.300         375.037
         23.330         375.515
         23.370         375.990
         23.400         376.464
         23.430         376.937
         23.470         377.408
         23.500         377.877
         23.530         378.344
         23.570         378.810
         23.600         379.274
         23.630         379.737
         23.670         380.198
         23.700         380.657
         23.730         381.115
         23.770         381.571
         23.800         382.026
         23.830         382.479
         23.870         382.930
         23.900         383.380
         23.930         383.827
         23.970         384.273
         24.000         384.717
         24.250         387.505
         24.500         390.470
         24.750         393.211
         25.000         395.642
         25.250         397.797
         25.500         399.725
         25.750         401.465
         26.000         403.045
         26.250         404.486
         26.500         405.804
         26.750         407.016
         27.000         408.134
         27.250         409.168
         27.500         410.128
         27.750         411.023
         28.000         411.860
         28.250         412.647
         28.500         413.387
         28.750         414.087
         29.000         414.749
         29.250         415.377
         29.500         415.975
         29.750         416.545
         30.000         417.088
         30.250         417.602
         30.500         418.091
         30.750         418.554
         31.000         418.991
         31.250         419.405
         31.500         419.794
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         31.750         420.159
         32.000         420.502
         32.250         420.821
         32.500         421.119
         32.750         421.394
         33.000         421.647
         33.250         421.879
         33.500         422.090
         33.750         422.281
         34.000         422.451
         34.250         422.601
         34.500         422.731
         34.750         422.842
         35.000         422.933
         35.250         423.006
         35.500         423.060
         35.750         423.096
         36.000         423.113
         36.250         423.113
         36.500         423.095
         36.750         423.061
         37.000         423.011
         37.250         422.944
         37.500         422.863
         37.750         422.766
         38.000         422.656
         38.250         422.531
         38.500         422.393
         38.750         422.242
         39.000         422.078
         39.250         421.902
         39.500         421.715
         39.750         421.515
         40.000         421.304
         40.250         421.082
         40.500         420.849
         40.750         420.605
         41.000         420.352
         41.250         420.088
         41.500         419.813
         41.750         419.527
         42.000         419.229
         42.250         418.920
         42.500         418.599
         42.750         418.266
         43.000         417.922
         43.250         417.566
         43.500         417.199
         43.750         416.819
         44.000         416.427
         44.250         416.023
         44.500         415.607
         44.750         415.181
         45.000         414.743
         45.250         414.292
         45.500         413.828
         45.750         413.350
         46.000         412.859
         46.250         412.354
         46.500         411.835
         46.750         411.303
         47.000         410.758
         47.250         410.199
         47.500         409.628
         47.750         409.044
         48.000         408.448
         48.250         407.839
         48.500         407.219
         48.750         406.586
         49.000         405.942
         49.250         405.288
         49.500         404.624
         49.750         403.949
         50.000         403.266
         50.250         402.574
         50.500         401.873
         50.750         401.165
         51.000         400.448
         51.250         399.724
         51.500         398.993
         51.750         398.255
         52.000         397.510
         52.250         396.759
         52.500         396.001
         52.750         395.237
         53.000         394.468
         53.250         393.693
         53.500         392.913
         53.750         392.128
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         54.000         391.338
         54.250         390.544
         54.500         389.745
         54.750         388.942
         55.000         388.136
         55.250         387.326
         55.500         386.831
         55.750         386.160
         56.000         385.348
         56.250         384.522
         56.500         383.692
         56.750         382.859
         57.000         382.023
         57.250         381.185
         57.500         380.345
         57.750         379.502
         58.000         378.657
         58.250         377.809
         58.500         376.959
         58.750         376.107
         59.000         375.253
         59.250         374.397
         59.500         373.540
         59.750         372.681
         60.000         371.820
         60.250         370.958
         60.500         370.095
         60.750         369.231
         61.000         368.365
         61.250         367.497
         61.500         366.629
         61.750         365.760
         62.000         364.891
         62.250         364.020
         62.500         363.149
         62.750         362.279
         63.000         361.408
         63.250         360.539
         63.500         359.670
         63.750         358.802
         64.000         357.935
         64.250         357.068
         64.500         356.202
         64.750         355.336
         65.000         354.471
         65.250         353.607
         65.500         352.744
         65.750         351.880
         66.000         351.017
         66.250         350.155
         66.500         349.293
         66.750         348.432
         67.000         347.572
         67.250         346.712
         67.500         345.853
         67.750         344.995
         68.000         344.137
         68.250         343.280
         68.500         342.423
         68.750         341.567
         69.000         340.711
         69.250         339.855
         69.500         339.000
         69.750         338.144
         70.000         337.289
         70.250         336.435
         70.500         335.580
         70.750         334.726
         71.000         333.872
         71.250         333.020
         71.500         332.169
         71.750         331.320
         72.000         330.473
         72.250         329.628
         72.500         328.785
         72.750         327.944
         73.000         327.105
         73.250         326.267
         73.500         325.431
         73.750         324.597
         74.000         323.764
         74.250         322.934
         74.500         322.105
         74.750         321.278
         75.000         320.452
         75.250         319.629
         75.500         318.806
         75.750         317.986
         76.000         317.167
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         76.250         316.350
         76.500         315.534
         76.750         314.720
         77.000         313.908
         77.250         313.097
         77.500         312.288
         77.750         311.481
         78.000         310.675
         78.250         309.871
         78.500         309.068
         78.750         308.267
         79.000         307.468
         79.250         306.670
         79.500         305.874
         79.750         305.079
         80.000         304.287
         80.250         303.496
         80.500         302.706
         80.750         301.918
         81.000         301.132
         81.250         300.347
         81.500         299.564
         81.750         298.783
         82.000         298.004
         82.250         297.226
         82.500         296.450
         82.750         295.675
         83.000         294.902
         83.250         294.131
         83.500         293.362
         83.750         292.594
         84.000         291.828
         84.250         291.064
         84.500         290.303
         84.750         289.544
         85.000         288.786
         85.250         288.030
         85.500         287.276
         85.750         286.524
         86.000         285.773
         86.250         285.024
         86.500         284.277
         86.750         283.531
         87.000         282.788
         87.250         282.046
         87.500         281.305
         87.750         280.567
         88.000         279.830
         88.250         279.095
         88.500         278.362
         88.750         277.631
         89.000         276.901
         89.250         276.173
         89.500         275.447
         89.750         274.723
         90.000         274.000
         90.250         273.280
         90.500         272.561
         90.750         271.844
         91.000         271.129
         91.250         270.416
         91.500         269.705
         91.750         268.996
         92.000         268.288
         92.250         267.582
         92.500         266.878
         92.750         266.190
         93.000         265.513
         93.250         264.839
         93.500         264.167
         93.750         263.497
         94.000         262.828
         94.250         262.161
         94.500         261.495
         94.750         260.831
         95.000         260.168
         95.250         259.507
         95.500         258.848
         95.750         258.190
         96.000         257.533
         96.250         256.878
         96.500         256.225
         96.750         255.573
         97.000         254.923
         97.250         254.274
         97.500         253.627
         97.750         252.981
         98.000         252.338
         98.250         251.695
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         98.500         251.055
         98.750         250.416
         99.000         249.778
         99.250         249.143
         99.500         248.509
         99.750         247.877
        100.000         247.246

----------------------------------------------------------------------------------------------------
      Name: LkHowell_25           Node: LH-0090               Type: Stage          

      Time(hrs)       Stage(ft)
--------------- ---------------
          0.000          53.080
          0.030          53.078
          0.070          53.077
          0.100          53.075
          0.130          53.074
          0.170          53.072
          0.200          53.070
          0.230          53.069
          0.270          53.067
          0.300          53.065
          0.330          53.064
          0.370          53.062
          0.400          53.061
          0.430          53.059
          0.470          53.057
          0.500          53.056
          0.530          53.054
          0.570          53.053
          0.600          53.051
          0.630          53.049
          0.670          53.048
          0.700          53.046
          0.730          53.045
          0.770          53.043
          0.800          53.041
          0.830          53.040
          0.870          53.038
          0.900          53.037
          0.930          53.035
          0.970          53.033
          1.000          53.032
          1.030          53.030
          1.070          53.029
          1.100          53.027
          1.130          53.026
          1.170          53.024
          1.200          53.022
          1.230          53.021
          1.270          53.019
          1.300          53.018
          1.330          53.016
          1.370          53.015
          1.400          53.013
          1.430          53.012
          1.470          53.010
          1.500          53.009
          1.530          53.007
          1.570          53.006
          1.600          53.004
          1.630          53.003
          1.670          53.001
          1.700          53.000
          1.730          52.998
          1.770          52.997
          1.800          52.995
          1.830          52.994
          1.870          52.993
          1.900          52.991
          1.930          52.990
          1.970          52.988
          2.000          52.987
          2.030          52.986
          2.070          52.984
          2.100          52.983
          2.130          52.982
          2.170          52.980
          2.200          52.979
          2.230          52.978
          2.270          52.976
          2.300          52.975
          2.330          52.974
          2.370          52.972
          2.400          52.971
          2.430          52.970
          2.470          52.969
          2.500          52.967
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          2.530          52.966
          2.570          52.965
          2.600          52.964
          2.630          52.962
          2.670          52.961
          2.700          52.960
          2.730          52.959
          2.770          52.957
          2.800          52.956
          2.830          52.955
          2.870          52.954
          2.900          52.953
          2.930          52.951
          2.970          52.950
          3.000          52.949
          3.030          52.948
          3.070          52.947
          3.100          52.946
          3.130          52.944
          3.170          52.943
          3.200          52.942
          3.230          52.941
          3.270          52.940
          3.300          52.939
          3.330          52.938
          3.370          52.937
          3.400          52.936
          3.430          52.934
          3.470          52.933
          3.500          52.932
          3.530          52.931
          3.570          52.930
          3.600          52.929
          3.630          52.928
          3.670          52.927
          3.700          52.926
          3.730          52.925
          3.770          52.924
          3.800          52.923
          3.830          52.922
          3.870          52.921
          3.900          52.920
          3.930          52.919
          3.970          52.918
          4.000          52.917
          4.030          52.916
          4.070          52.915
          4.100          52.914
          4.130          52.913
          4.170          52.912
          4.200          52.911
          4.230          52.910
          4.270          52.909
          4.300          52.908
          4.330          52.907
          4.370          52.906
          4.400          52.905
          4.430          52.905
          4.470          52.904
          4.500          52.903
          4.530          52.902
          4.570          52.901
          4.600          52.900
          4.630          52.899
          4.670          52.898
          4.700          52.898
          4.730          52.897
          4.770          52.896
          4.800          52.895
          4.830          52.894
          4.870          52.894
          4.900          52.893
          4.930          52.892
          4.970          52.891
          5.000          52.890
          5.030          52.890
          5.070          52.889
          5.100          52.888
          5.130          52.887
          5.170          52.887
          5.200          52.886
          5.230          52.885
          5.270          52.884
          5.300          52.884
          5.330          52.883
          5.370          52.882
          5.400          52.882
          5.430          52.881
          5.470          52.880

Interconnected Channel and Pond Routing Model (ICPR)  ©2002 Streamline Technologies, Inc. Page 106 of 116



Model Input

          5.500          52.880
          5.530          52.879
          5.570          52.878
          5.600          52.878
          5.630          52.877
          5.670          52.876
          5.700          52.876
          5.730          52.875
          5.770          52.875
          5.800          52.874
          5.830          52.873
          5.870          52.873
          5.900          52.872
          5.930          52.872
          5.970          52.871
          6.000          52.871
          6.030          52.870
          6.070          52.870
          6.100          52.869
          6.130          52.869
          6.170          52.868
          6.200          52.868
          6.230          52.867
          6.270          52.867
          6.300          52.866
          6.330          52.866
          6.370          52.865
          6.400          52.865
          6.430          52.865
          6.470          52.864
          6.500          52.864
          6.530          52.863
          6.570          52.863
          6.600          52.863
          6.630          52.862
          6.670          52.862
          6.700          52.862
          6.730          52.861
          6.770          52.861
          6.800          52.861
          6.830          52.860
          6.870          52.860
          6.900          52.860
          6.930          52.860
          6.970          52.859
          7.000          52.859
          7.030          52.859
          7.070          52.859
          7.100          52.858
          7.130          52.858
          7.170          52.858
          7.200          52.858
          7.230          52.858
          7.270          52.857
          7.300          52.857
          7.330          52.857
          7.370          52.857
          7.400          52.857
          7.430          52.857
          7.470          52.857
          7.500          52.857
          7.530          52.857
          7.570          52.857
          7.600          52.857
          7.630          52.857
          7.670          52.857
          7.700          52.857
          7.730          52.857
          7.770          52.857
          7.800          52.857
          7.830          52.857
          7.870          52.857
          7.900          52.857
          7.930          52.857
          7.970          52.857
          8.000          52.857
          8.030          52.857
          8.070          52.858
          8.100          52.858
          8.130          52.858
          8.170          52.858
          8.200          52.858
          8.230          52.859
          8.270          52.859
          8.300          52.859
          8.330          52.859
          8.370          52.860
          8.400          52.860
          8.430          52.860
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          8.470          52.861
          8.500          52.861
          8.530          52.861
          8.570          52.862
          8.600          52.862
          8.630          52.863
          8.670          52.863
          8.700          52.863
          8.730          52.864
          8.770          52.864
          8.800          52.865
          8.830          52.865
          8.870          52.866
          8.900          52.867
          8.930          52.867
          8.970          52.868
          9.000          52.869
          9.030          52.869
          9.070          52.870
          9.100          52.871
          9.130          52.871
          9.170          52.872
          9.200          52.873
          9.230          52.874
          9.270          52.875
          9.300          52.875
          9.330          52.876
          9.370          52.877
          9.400          52.878
          9.430          52.879
          9.470          52.880
          9.500          52.881
          9.530          52.882
          9.570          52.883
          9.600          52.884
          9.630          52.885
          9.670          52.887
          9.700          52.888
          9.730          52.889
          9.770          52.890
          9.800          52.891
          9.830          52.893
          9.870          52.894
          9.900          52.895
          9.930          52.897
          9.970          52.898
         10.000          52.900
         10.030          52.901
         10.070          52.903
         10.100          52.904
         10.130          52.906
         10.170          52.907
         10.200          52.909
         10.230          52.911
         10.270          52.913
         10.300          52.914
         10.330          52.916
         10.370          52.918
         10.400          52.920
         10.430          52.922
         10.470          52.924
         10.500          52.926
         10.530          52.928
         10.570          52.930
         10.600          52.933
         10.630          52.935
         10.670          52.937
         10.700          52.940
         10.730          52.942
         10.770          52.945
         10.800          52.947
         10.830          52.950
         10.870          52.953
         10.900          52.955
         10.930          52.958
         10.970          52.961
         11.000          52.964
         11.030          52.967
         11.070          52.970
         11.100          52.973
         11.130          52.977
         11.170          52.980
         11.200          52.984
         11.230          52.987
         11.270          52.991
         11.300          52.994
         11.330          52.998
         11.370          53.002
         11.400          53.006
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         11.430          53.010
         11.470          53.015
         11.500          53.019
         11.530          53.024
         11.570          53.029
         11.600          53.034
         11.630          53.040
         11.670          53.046
         11.700          53.053
         11.730          53.060
         11.770          53.068
         11.800          53.076
         11.830          53.086
         11.870          53.096
         11.900          53.107
         11.930          53.119
         11.970          53.131
         12.000          53.145
         12.030          53.160
         12.070          53.176
         12.100          53.194
         12.130          53.211
         12.170          53.230
         12.200          53.250
         12.230          53.270
         12.270          53.291
         12.300          53.312
         12.330          53.334
         12.370          53.356
         12.400          53.378
         12.430          53.402
         12.470          53.425
         12.500          53.449
         12.530          53.473
         12.570          53.497
         12.600          53.521
         12.630          53.546
         12.670          53.570
         12.700          53.595
         12.730          53.620
         12.770          53.645
         12.800          53.669
         12.830          53.694
         12.870          53.719
         12.900          53.743
         12.930          53.768
         12.970          53.792
         13.000          53.817
         13.030          53.841
         13.070          53.866
         13.100          53.890
         13.130          53.914
         13.170          53.938
         13.200          53.962
         13.230          53.986
         13.270          54.009
         13.300          54.033
         13.330          54.056
         13.370          54.079
         13.400          54.103
         13.430          54.125
         13.470          54.148
         13.500          54.170
         13.530          54.192
         13.570          54.214
         13.600          54.236
         13.630          54.258
         13.670          54.279
         13.700          54.300
         13.730          54.321
         13.770          54.341
         13.800          54.362
         13.830          54.382
         13.870          54.402
         13.900          54.422
         13.930          54.442
         13.970          54.461
         14.000          54.480
         14.030          54.500
         14.070          54.519
         14.100          54.537
         14.130          54.556
         14.170          54.574
         14.200          54.593
         14.230          54.611
         14.270          54.629
         14.300          54.647
         14.330          54.664
         14.370          54.682
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         14.400          54.699
         14.430          54.716
         14.470          54.733
         14.500          54.750
         14.530          54.767
         14.570          54.784
         14.600          54.800
         14.630          54.816
         14.670          54.832
         14.700          54.848
         14.730          54.864
         14.770          54.880
         14.800          54.895
         14.830          54.910
         14.870          54.925
         14.900          54.940
         14.930          54.955
         14.970          54.970
         15.000          54.984
         15.030          54.998
         15.070          55.012
         15.100          55.026
         15.130          55.040
         15.170          55.054
         15.200          55.067
         15.230          55.080
         15.270          55.093
         15.300          55.106
         15.330          55.119
         15.370          55.131
         15.400          55.144
         15.430          55.156
         15.470          55.168
         15.500          55.180
         15.530          55.192
         15.570          55.204
         15.600          55.215
         15.630          55.227
         15.670          55.238
         15.700          55.249
         15.730          55.260
         15.770          55.271
         15.800          55.282
         15.830          55.293
         15.870          55.303
         15.900          55.314
         15.930          55.324
         15.970          55.334
         16.000          55.344
         16.030          55.354
         16.070          55.364
         16.100          55.374
         16.130          55.383
         16.170          55.393
         16.200          55.402
         16.230          55.411
         16.270          55.421
         16.300          55.430
         16.330          55.439
         16.370          55.447
         16.400          55.456
         16.430          55.465
         16.470          55.473
         16.500          55.482
         16.530          55.490
         16.570          55.498
         16.600          55.506
         16.630          55.515
         16.670          55.523
         16.700          55.530
         16.730          55.538
         16.770          55.546
         16.800          55.554
         16.830          55.561
         16.870          55.568
         16.900          55.576
         16.930          55.583
         16.970          55.590
         17.000          55.597
         17.030          55.604
         17.070          55.611
         17.100          55.618
         17.130          55.625
         17.170          55.632
         17.200          55.638
         17.230          55.645
         17.270          55.652
         17.300          55.658
         17.330          55.664

Interconnected Channel and Pond Routing Model (ICPR)  ©2002 Streamline Technologies, Inc. Page 110 of 116



Model Input

         17.370          55.671
         17.400          55.677
         17.430          55.683
         17.470          55.689
         17.500          55.695
         17.530          55.701
         17.570          55.707
         17.600          55.713
         17.630          55.719
         17.670          55.725
         17.700          55.731
         17.730          55.737
         17.770          55.742
         17.800          55.748
         17.830          55.753
         17.870          55.759
         17.900          55.764
         17.930          55.770
         17.970          55.775
         18.000          55.780
         18.030          55.785
         18.070          55.790
         18.100          55.795
         18.130          55.800
         18.170          55.805
         18.200          55.810
         18.230          55.815
         18.270          55.820
         18.300          55.825
         18.330          55.830
         18.370          55.834
         18.400          55.839
         18.430          55.843
         18.470          55.848
         18.500          55.853
         18.530          55.857
         18.570          55.862
         18.600          55.866
         18.630          55.870
         18.670          55.875
         18.700          55.879
         18.730          55.883
         18.770          55.887
         18.800          55.892
         18.830          55.896
         18.870          55.900
         18.900          55.904
         18.930          55.908
         18.970          55.912
         19.000          55.916
         19.030          55.920
         19.070          55.924
         19.100          55.928
         19.130          55.932
         19.170          55.936
         19.200          55.939
         19.230          55.943
         19.270          55.947
         19.300          55.951
         19.330          55.954
         19.370          55.958
         19.400          55.961
         19.430          55.965
         19.470          55.969
         19.500          55.972
         19.530          55.976
         19.570          55.979
         19.600          55.983
         19.630          55.986
         19.670          55.989
         19.700          55.993
         19.730          55.996
         19.770          55.999
         19.800          56.003
         19.830          56.006
         19.870          56.009
         19.900          56.012
         19.930          56.015
         19.970          56.019
         20.000          56.022
         20.030          56.025
         20.070          56.028
         20.100          56.031
         20.130          56.034
         20.170          56.037
         20.200          56.040
         20.230          56.043
         20.270          56.046
         20.300          56.049
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         20.330          56.051
         20.370          56.054
         20.400          56.057
         20.430          56.060
         20.470          56.062
         20.500          56.065
         20.530          56.068
         20.570          56.070
         20.600          56.073
         20.630          56.075
         20.670          56.078
         20.700          56.080
         20.730          56.083
         20.770          56.085
         20.800          56.088
         20.830          56.090
         20.870          56.093
         20.900          56.095
         20.930          56.097
         20.970          56.100
         21.000          56.102
         21.030          56.104
         21.070          56.107
         21.100          56.109
         21.130          56.111
         21.170          56.113
         21.200          56.116
         21.230          56.118
         21.270          56.120
         21.300          56.122
         21.330          56.124
         21.370          56.126
         21.400          56.128
         21.430          56.131
         21.470          56.133
         21.500          56.135
         21.530          56.137
         21.570          56.139
         21.600          56.141
         21.630          56.143
         21.670          56.145
         21.700          56.147
         21.730          56.149
         21.770          56.150
         21.800          56.152
         21.830          56.154
         21.870          56.156
         21.900          56.158
         21.930          56.160
         21.970          56.162
         22.000          56.164
         22.030          56.165
         22.070          56.167
         22.100          56.169
         22.130          56.171
         22.170          56.173
         22.200          56.174
         22.230          56.176
         22.270          56.178
         22.300          56.179
         22.330          56.181
         22.370          56.183
         22.400          56.185
         22.430          56.186
         22.470          56.188
         22.500          56.190
         22.530          56.191
         22.570          56.193
         22.600          56.194
         22.630          56.196
         22.670          56.198
         22.700          56.199
         22.730          56.201
         22.770          56.202
         22.800          56.204
         22.830          56.205
         22.870          56.207
         22.900          56.208
         22.930          56.210
         22.970          56.211
         23.000          56.213
         23.030          56.214
         23.070          56.216
         23.100          56.217
         23.130          56.218
         23.170          56.220
         23.200          56.221
         23.230          56.222
         23.270          56.224
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         23.300          56.225
         23.330          56.227
         23.370          56.228
         23.400          56.229
         23.430          56.230
         23.470          56.232
         23.500          56.233
         23.530          56.234
         23.570          56.235
         23.600          56.237
         23.630          56.238
         23.670          56.239
         23.700          56.240
         23.730          56.241
         23.770          56.243
         23.800          56.244
         23.830          56.245
         23.870          56.246
         23.900          56.247
         23.930          56.248
         23.970          56.249
         24.000          56.250
         24.250          56.258
         24.500          56.264
         24.750          56.268
         25.000          56.270
         25.250          56.271
         25.500          56.270
         25.750          56.269
         26.000          56.266
         26.250          56.263
         26.500          56.258
         26.750          56.253
         27.000          56.248
         27.250          56.241
         27.500          56.235
         27.750          56.227
         28.000          56.220
         28.250          56.212
         28.500          56.203
         28.750          56.195
         29.000          56.186
         29.250          56.177
         29.500          56.168
         29.750          56.158
         30.000          56.149
         30.250          56.139
         30.500          56.129
         30.750          56.119
         31.000          56.109
         31.250          56.098
         31.500          56.088
         31.750          56.078
         32.000          56.067
         32.250          56.057
         32.500          56.047
         32.750          56.036
         33.000          56.026
         33.250          56.015
         33.500          56.005
         33.750          55.994
         34.000          55.984
         34.250          55.973
         34.500          55.963
         34.750          55.953
         35.000          55.942
         35.250          55.932
         35.500          55.922
         35.750          55.911
         36.000          55.901
         36.250          55.891
         36.500          55.881
         36.750          55.871
         37.000          55.860
         37.250          55.850
         37.500          55.840
         37.750          55.830
         38.000          55.820
         38.250          55.810
         38.500          55.801
         38.750          55.791
         39.000          55.781
         39.250          55.771
         39.500          55.761
         39.750          55.751
         40.000          55.742
         40.250          55.732
         40.500          55.722
         40.750          55.713
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         41.000          55.703
         41.250          55.694
         41.500          55.684
         41.750          55.675
         42.000          55.665
         42.250          55.656
         42.500          55.646
         42.750          55.637
         43.000          55.627
         43.250          55.618
         43.500          55.609
         43.750          55.599
         44.000          55.590
         44.250          55.581
         44.500          55.571
         44.750          55.562
         45.000          55.553
         45.250          55.543
         45.500          55.534
         45.750          55.525
         46.000          55.516
         46.250          55.507
         46.500          55.497
         46.750          55.488
         47.000          55.479
         47.250          55.470
         47.500          55.461
         47.750          55.452
         48.000          55.443
         48.250          55.433
         48.500          55.424
         48.750          55.415
         49.000          55.406
         49.250          55.397
         49.500          55.388
         49.750          55.379
         50.000          55.370
         50.250          55.361
         50.500          55.353
         50.750          55.344
         51.000          55.335
         51.250          55.326
         51.500          55.317
         51.750          55.308
         52.000          55.299
         52.250          55.290
         52.500          55.282
         52.750          55.273
         53.000          55.264
         53.250          55.255
         53.500          55.247
         53.750          55.238
         54.000          55.229
         54.250          55.220
         54.500          55.212
         54.750          55.203
         55.000          55.194
         55.250          55.186
         55.500          55.177
         55.750          55.169
         56.000          55.160
         56.250          55.151
         56.500          55.143
         56.750          55.134
         57.000          55.126
         57.250          55.117
         57.500          55.109
         57.750          55.100
         58.000          55.092
         58.250          55.084
         58.500          55.075
         58.750          55.067
         59.000          55.058
         59.250          55.050
         59.500          55.042
         59.750          55.033
         60.000          55.025
         60.250          55.017
         60.500          55.009
         60.750          55.000
         61.000          54.992
         61.250          54.984
         61.500          54.976
         61.750          54.967
         62.000          54.959
         62.250          54.951
         62.500          54.943
         62.750          54.935
         63.000          54.927
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         63.250          54.919
         63.500          54.911
         63.750          54.903
         64.000          54.895
         64.250          54.887
         64.500          54.879
         64.750          54.871
         65.000          54.863
         65.250          54.855
         65.500          54.847
         65.750          54.839
         66.000          54.831
         66.250          54.823
         66.500          54.816
         66.750          54.808
         67.000          54.800
         67.250          54.792
         67.500          54.784
         67.750          54.776
         68.000          54.768
         68.250          54.761
         68.500          54.753
         68.750          54.745
         69.000          54.737
         69.250          54.729
         69.500          54.722
         69.750          54.714
         70.000          54.706
         70.250          54.698
         70.500          54.691
         70.750          54.683
         71.000          54.675
         71.250          54.668
         71.500          54.660
         71.750          54.652
         72.000          54.645
         72.250          54.637
         72.500          54.629
         72.750          54.622
         73.000          54.614
         73.250          54.607
         73.500          54.599
         73.750          54.591
         74.000          54.584
         74.250          54.576
         74.500          54.569
         74.750          54.562
         75.000          54.554
         75.250          54.547
         75.500          54.539
         75.750          54.532
         76.000          54.524
         76.250          54.517
         76.500          54.510
         76.750          54.502
         77.000          54.495
         77.250          54.488
         77.500          54.480
         77.750          54.473
         78.000          54.466
         78.250          54.459
         78.500          54.451
         78.750          54.444
         79.000          54.437
         79.250          54.430
         79.500          54.423
         79.750          54.416
         80.000          54.409
         80.250          54.402
         80.500          54.394
         80.750          54.387
         81.000          54.380
         81.250          54.373
         81.500          54.366
         81.750          54.359
         82.000          54.352
         82.250          54.346
         82.500          54.339
         82.750          54.332
         83.000          54.325
         83.250          54.318
         83.500          54.311
         83.750          54.304
         84.000          54.298
         84.250          54.291
         84.500          54.284
         84.750          54.277
         85.000          54.271
         85.250          54.264
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         85.500          54.257
         85.750          54.250
         86.000          54.244
         86.250          54.237
         86.500          54.231
         86.750          54.224
         87.000          54.217
         87.250          54.211
         87.500          54.204
         87.750          54.198
         88.000          54.191
         88.250          54.184
         88.500          54.178
         88.750          54.171
         89.000          54.165
         89.250          54.158
         89.500          54.152
         89.750          54.145
         90.000          54.139
         90.250          54.132
         90.500          54.126
         90.750          54.119
         91.000          54.113
         91.250          54.106
         91.500          54.100
         91.750          54.094
         92.000          54.087
         92.250          54.081
         92.500          54.075
         92.750          54.068
         93.000          54.062
         93.250          54.056
         93.500          54.049
         93.750          54.043
         94.000          54.037
         94.250          54.030
         94.500          54.024
         94.750          54.018
         95.000          54.012
         95.250          54.006
         95.500          53.999
         95.750          53.993
         96.000          53.987
         96.250          53.981
         96.500          53.975
         96.750          53.969
         97.000          53.963
         97.250          53.957
         97.500          53.951
         97.750          53.944
         98.000          53.938
         98.250          53.932
         98.500          53.926
         98.750          53.921
         99.000          53.915
         99.250          53.909
         99.500          53.903
         99.750          53.897
        100.000          53.891
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ATTACHMENT 2 



  

Howell Creek - Lake Howell Road to SR 436 Modeling Support
Basin Summary

             Basin Name: HC-013
             Group Name: Howell Creek
             Simulation: HC00_PRO
              Node Name: HC-0040
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 7.43
    Comp Time Inc (min): 7.43
          Rainfall File: Flmod
   Rainfall Amount (in): 11.400
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 55.70
       Time Shift (hrs): 0.00
              Area (ac): 101.000
   Vol of Unit Hyd (in): 1.001
           Curve Number: 74.000
               DCIA (%): 1.600

         Time Max (hrs): 12.50
         Flow Max (cfs): 283.322
     Runoff Volume (in): 8.096
    Runoff Volume (ft3): 2968231.997

--------------------------------------------------------------------------------

             Basin Name: HC-014
             Group Name: Howell Creek
             Simulation: HC00_PRO
              Node Name: LWu-0010
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 8.84
    Comp Time Inc (min): 8.84
          Rainfall File: Flmod
   Rainfall Amount (in): 11.400
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 66.30
       Time Shift (hrs): 0.00
              Area (ac): 806.000
   Vol of Unit Hyd (in): 1.000
           Curve Number: 75.000
               DCIA (%): 27.700

         Time Max (hrs): 12.67
         Flow Max (cfs): 2174.337
     Runoff Volume (in): 9.041
    Runoff Volume (ft3): 26451377.610

--------------------------------------------------------------------------------

             Basin Name: HC-015
             Group Name: Howell Creek
             Simulation: HC00_PRO
              Node Name: HC-0080
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 3.23
    Comp Time Inc (min): 3.23
          Rainfall File: Flmod
   Rainfall Amount (in): 11.400
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 24.20
       Time Shift (hrs): 0.00
              Area (ac): 212.000
   Vol of Unit Hyd (in): 1.000
           Curve Number: 89.000
               DCIA (%): 3.900

         Time Max (hrs): 12.15
         Flow Max (cfs): 1098.800
     Runoff Volume (in): 10.092
    Runoff Volume (ft3): 7766308.107

--------------------------------------------------------------------------------

             Basin Name: HC-016
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Howell Creek - Lake Howell Road to SR 436 Modeling Support
Basin Summary

             Group Name: Howell Creek
             Simulation: HC00_PRO
              Node Name: HC-0115
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 2.17
    Comp Time Inc (min): 2.17
          Rainfall File: Flmod
   Rainfall Amount (in): 11.400
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 16.30
       Time Shift (hrs): 0.00
              Area (ac): 31.400
   Vol of Unit Hyd (in): 1.000
           Curve Number: 87.000
               DCIA (%): 9.300

         Time Max (hrs): 12.10
         Flow Max (cfs): 190.130
     Runoff Volume (in): 9.927
    Runoff Volume (ft3): 1131500.783

--------------------------------------------------------------------------------

             Basin Name: HC-013
             Group Name: Howell Creek
             Simulation: HC10_PRO
              Node Name: HC-0040
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 7.43
    Comp Time Inc (min): 7.43
          Rainfall File: Flmod
   Rainfall Amount (in): 6.800
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 55.70
       Time Shift (hrs): 0.00
              Area (ac): 101.000
   Vol of Unit Hyd (in): 1.001
           Curve Number: 74.000
               DCIA (%): 1.600

         Time Max (hrs): 12.50
         Flow Max (cfs): 136.253
     Runoff Volume (in): 3.909
    Runoff Volume (ft3): 1433033.952

--------------------------------------------------------------------------------

             Basin Name: HC-014
             Group Name: Howell Creek
             Simulation: HC10_PRO
              Node Name: LWu-0010
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 8.84
    Comp Time Inc (min): 8.84
          Rainfall File: Flmod
   Rainfall Amount (in): 6.800
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 66.30
       Time Shift (hrs): 0.00
              Area (ac): 806.000
   Vol of Unit Hyd (in): 1.000
           Curve Number: 75.000
               DCIA (%): 27.700

         Time Max (hrs): 12.67
         Flow Max (cfs): 1133.538
     Runoff Volume (in): 4.723
    Runoff Volume (ft3): 13817653.479

--------------------------------------------------------------------------------

             Basin Name: HC-015
             Group Name: Howell Creek
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Howell Creek - Lake Howell Road to SR 436 Modeling Support
Basin Summary

             Simulation: HC10_PRO
              Node Name: HC-0080
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 3.23
    Comp Time Inc (min): 3.23
          Rainfall File: Flmod
   Rainfall Amount (in): 6.800
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 24.20
       Time Shift (hrs): 0.00
              Area (ac): 212.000
   Vol of Unit Hyd (in): 1.000
           Curve Number: 89.000
               DCIA (%): 3.900

         Time Max (hrs): 12.15
         Flow Max (cfs): 621.902
     Runoff Volume (in): 5.561
    Runoff Volume (ft3): 4279243.125

--------------------------------------------------------------------------------

             Basin Name: HC-016
             Group Name: Howell Creek
             Simulation: HC10_PRO
              Node Name: HC-0115
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 2.17
    Comp Time Inc (min): 2.17
          Rainfall File: Flmod
   Rainfall Amount (in): 6.800
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 16.30
       Time Shift (hrs): 0.00
              Area (ac): 31.400
   Vol of Unit Hyd (in): 1.000
           Curve Number: 87.000
               DCIA (%): 9.300

         Time Max (hrs): 12.10
         Flow Max (cfs): 106.677
     Runoff Volume (in): 5.419
    Runoff Volume (ft3): 617619.589

--------------------------------------------------------------------------------

             Basin Name: HC-013
             Group Name: Howell Creek
             Simulation: HC25_PRO
              Node Name: HC-0040
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 7.43
    Comp Time Inc (min): 7.43
          Rainfall File: Flmod
   Rainfall Amount (in): 8.400
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 55.70
       Time Shift (hrs): 0.00
              Area (ac): 101.000
   Vol of Unit Hyd (in): 1.001
           Curve Number: 74.000
               DCIA (%): 1.600

         Time Max (hrs): 12.50
         Flow Max (cfs): 186.661
     Runoff Volume (in): 5.327
    Runoff Volume (ft3): 1953044.322

--------------------------------------------------------------------------------

             Basin Name: HC-014
             Group Name: Howell Creek
             Simulation: HC25_PRO
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Howell Creek - Lake Howell Road to SR 436 Modeling Support
Basin Summary

              Node Name: LWu-0010
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 8.84
    Comp Time Inc (min): 8.84
          Rainfall File: Flmod
   Rainfall Amount (in): 8.400
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 66.30
       Time Shift (hrs): 0.00
              Area (ac): 806.000
   Vol of Unit Hyd (in): 1.000
           Curve Number: 75.000
               DCIA (%): 27.700

         Time Max (hrs): 12.67
         Flow Max (cfs): 1492.279
     Runoff Volume (in): 6.198
    Runoff Volume (ft3): 18135374.971

--------------------------------------------------------------------------------

             Basin Name: HC-015
             Group Name: Howell Creek
             Simulation: HC25_PRO
              Node Name: HC-0080
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 3.23
    Comp Time Inc (min): 3.23
          Rainfall File: Flmod
   Rainfall Amount (in): 8.400
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 24.20
       Time Shift (hrs): 0.00
              Area (ac): 212.000
   Vol of Unit Hyd (in): 1.000
           Curve Number: 89.000
               DCIA (%): 3.900

         Time Max (hrs): 12.15
         Flow Max (cfs): 788.740
     Runoff Volume (in): 7.129
    Runoff Volume (ft3): 5486146.458

--------------------------------------------------------------------------------

             Basin Name: HC-016
             Group Name: Howell Creek
             Simulation: HC25_PRO
              Node Name: HC-0115
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 2.17
    Comp Time Inc (min): 2.17
          Rainfall File: Flmod
   Rainfall Amount (in): 8.400
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 16.30
       Time Shift (hrs): 0.00
              Area (ac): 31.400
   Vol of Unit Hyd (in): 1.000
           Curve Number: 87.000
               DCIA (%): 9.300

         Time Max (hrs): 12.10
         Flow Max (cfs): 135.861
     Runoff Volume (in): 6.977
    Runoff Volume (ft3): 795213.608

--------------------------------------------------------------------------------

             Basin Name: HC-013
             Group Name: Howell Creek
             Simulation: HCMN_PRO
              Node Name: HC-0040
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Howell Creek - Lake Howell Road to SR 436 Modeling Support
Basin Summary

             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 7.43
    Comp Time Inc (min): 7.43
          Rainfall File: Flmod
   Rainfall Amount (in): 5.300
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 55.70
       Time Shift (hrs): 0.00
              Area (ac): 101.000
   Vol of Unit Hyd (in): 1.001
           Curve Number: 74.000
               DCIA (%): 1.600

         Time Max (hrs): 12.50
         Flow Max (cfs): 90.741
     Runoff Volume (in): 2.644
    Runoff Volume (ft3): 969234.639

--------------------------------------------------------------------------------

             Basin Name: HC-014
             Group Name: Howell Creek
             Simulation: HCMN_PRO
              Node Name: LWu-0010
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 8.84
    Comp Time Inc (min): 8.84
          Rainfall File: Flmod
   Rainfall Amount (in): 5.300
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 66.30
       Time Shift (hrs): 0.00
              Area (ac): 806.000
   Vol of Unit Hyd (in): 1.000
           Curve Number: 75.000
               DCIA (%): 27.700

         Time Max (hrs): 12.67
         Flow Max (cfs): 805.280
     Runoff Volume (in): 3.384
    Runoff Volume (ft3): 9900819.246

--------------------------------------------------------------------------------

             Basin Name: HC-015
             Group Name: Howell Creek
             Simulation: HCMN_PRO
              Node Name: HC-0080
             Basin Type: SCS Unit Hydrograph

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 3.23
    Comp Time Inc (min): 3.23
          Rainfall File: Flmod
   Rainfall Amount (in): 5.300
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 24.20
       Time Shift (hrs): 0.00
              Area (ac): 212.000
   Vol of Unit Hyd (in): 1.000
           Curve Number: 89.000
               DCIA (%): 3.900

         Time Max (hrs): 12.15
         Flow Max (cfs): 464.404
     Runoff Volume (in): 4.105
    Runoff Volume (ft3): 3159200.333

--------------------------------------------------------------------------------

             Basin Name: HC-016
             Group Name: Howell Creek
             Simulation: HCMN_PRO
              Node Name: HC-0115
             Basin Type: SCS Unit Hydrograph
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Howell Creek - Lake Howell Road to SR 436 Modeling Support
Basin Summary

        Unit Hydrograph: Uh323
          Peaking Fator: 323.0
    Spec Time Inc (min): 2.17
    Comp Time Inc (min): 2.17
          Rainfall File: Flmod
   Rainfall Amount (in): 5.300
   Storm Duration (hrs): 24.00
                 Status: Onsite
     Time of Conc (min): 16.30
       Time Shift (hrs): 0.00
              Area (ac): 31.400
   Vol of Unit Hyd (in): 1.000
           Curve Number: 87.000
               DCIA (%): 9.300

         Time Max (hrs): 12.10
         Flow Max (cfs): 79.172
     Runoff Volume (in): 3.977
    Runoff Volume (ft3): 453280.327
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Howell Creek - Lake Howell Road to SR 436 Modeling Support
Node Min/Max Report

                                               Max Time       Max   Warning Max Delta  Max Surf  Max Time       Max  Max Time   
           Name          Group     Simulation     Stage     Stage     Stage     Stage      Area    Inflow    Inflow   Outflow   
                                                    hrs        ft        ft        ft       ft2       hrs       cfs       hrs   

        HC-0040   Howell Creek       HC00_PRO     34.00    63.767    73.000    0.0044    556782     33.50   661.507     34.00   
        HC-0070   Howell Creek       HC00_PRO     14.09    62.696    66.000    0.0031      5614     13.41  1506.092     13.42  1
        HC-0080   Howell Creek       HC00_PRO     14.16    62.563    64.000    0.0043   1256307     13.19  1764.833     14.09  1
        HC-0083   Howell Creek       HC00_PRO     14.18    62.477    64.000    0.0032     36321     14.09  1507.491     14.18  1
        HC-0085   Howell Creek       HC00_PRO     14.16    62.413    66.000    0.0049     27743     14.18  1545.395     14.13  1
        HC-0090   Howell Creek       HC00_PRO     14.18    62.353    63.647   -0.0050     17377     14.13  1506.874     14.18  1
        HC-0095   Howell Creek       HC00_PRO     14.18    62.218    66.000    0.0029     22396     14.18  1530.532     14.16  1
        HC-0100   Howell Creek       HC00_PRO     14.17    61.850    66.280    0.0028     17852     14.16  1506.619     14.08  1
        HC-0110   Howell Creek       HC00_PRO     14.18    61.712    67.188    0.0049     12408     14.08  1535.829     14.19  1
        HC-0115   Howell Creek       HC00_PRO     14.17    61.600    67.000   -0.0042     12797     14.15  1522.104     14.08  1
        HC-0120   Howell Creek       HC00_PRO     14.18    61.408    66.610   -0.0029      9234     14.08  1542.770     14.16  1
        HC-0130   Howell Creek       HC00_PRO     14.18    60.255    66.810    0.0049      6640     14.16  1522.037     14.17  1
        HC-0135   Howell Creek       HC00_PRO     14.27    59.090    67.000    0.0018     13673     14.17  1522.090     14.18  1
        HC-0140   Howell Creek       HC00_PRO     14.44    58.665    65.470   -0.0049     17757     14.18  1521.920     14.17  1
        HC-0150   Howell Creek       HC00_PRO     25.00    58.037    63.800   -0.0016     65059     14.17  1521.639     14.17  1
        LH-0090    Lake Howell       HC00_PRO     25.00    57.969    58.410    0.0014     68062     14.17  1518.682      0.00   
       LWu-0010    Lake Waumpi       HC00_PRO     13.78    63.222    65.000    0.0023   2754031     12.67  2277.202     13.41  1
        HC-0040   Howell Creek       HC10_PRO     39.05    62.193    73.000    0.0044    418651     38.75   304.578     39.35   
        HC-0070   Howell Creek       HC10_PRO     14.75    60.254    66.000    0.0015      4963     14.07   669.387     14.08   
        HC-0080   Howell Creek       HC10_PRO     14.84    60.143    64.000   -0.0049    887042     13.65   748.163     14.73   
        HC-0083   Howell Creek       HC10_PRO     14.84    60.007    64.000    0.0015     16712     14.73   682.930     14.81   
        HC-0085   Howell Creek       HC10_PRO     14.88    59.928    66.000    0.0050     11325     14.81   681.115     14.73   
        HC-0090   Howell Creek       HC10_PRO     14.85    59.878    63.647   -0.0050     10098     14.73   750.948     14.81   
        HC-0095   Howell Creek       HC10_PRO     14.88    59.772    66.000    0.0015     14889     14.81   681.021     14.88   
        HC-0100   Howell Creek       HC10_PRO     14.86    59.487    66.280   -0.0029     13832     14.88   681.917     14.85   
        HC-0110   Howell Creek       HC10_PRO     14.86    59.362    67.188   -0.0049      8858     14.85   680.932     14.88   
        HC-0115   Howell Creek       HC10_PRO     14.86    59.232    67.000   -0.0041      8726     14.84   688.058     14.85   
        HC-0120   Howell Creek       HC10_PRO     14.87    59.081    66.610   -0.0029      8114     14.85   688.008     14.86   
        HC-0130   Howell Creek       HC10_PRO     14.88    58.333    66.810    0.0049      5350     14.86   687.996     14.86   
        HC-0135   Howell Creek       HC10_PRO     14.90    57.764    67.000    0.0022     11183     14.86   687.988     14.87   
        HC-0140   Howell Creek       HC10_PRO     14.96    57.265    65.470    0.0050     14184     14.87   687.965     14.87   
        HC-0150   Howell Creek       HC10_PRO     15.94    55.783    63.800   -0.0016     43050     14.87   687.901     14.87   
        LH-0090    Lake Howell       HC10_PRO     25.25    55.363    58.410    0.0006     47637     14.87   686.974      0.00   
       LWu-0010    Lake Waumpi       HC10_PRO     14.07    62.036    65.000    0.0013   2279683     12.67  1170.256     14.07   
        HC-0040   Howell Creek       HC25_PRO     36.80    62.807    73.000    0.0044    498250     36.00   423.113     36.80   
        HC-0070   Howell Creek       HC25_PRO     14.51    61.295    66.000    0.0022      5193     13.83   970.581     13.83   
        HC-0080   Howell Creek       HC25_PRO     14.60    61.170    64.000    0.0043   1044447     13.52  1094.533     14.55   
        HC-0083   Howell Creek       HC25_PRO     14.61    61.046    64.000    0.0021     24928     14.55   973.370     14.55   
        HC-0085   Howell Creek       HC25_PRO     14.63    60.968    66.000    0.0050     17821     14.55   971.385     14.63  1
        HC-0090   Howell Creek       HC25_PRO     14.62    60.912    63.647    0.0050     12373     14.63  1057.959     14.55   
        HC-0095   Howell Creek       HC25_PRO     14.63    60.796    66.000    0.0021     17905     14.55   971.100     14.63   
        HC-0100   Howell Creek       HC25_PRO     14.62    60.467    66.280    0.0030     15424     14.63   972.590     14.61   
        HC-0110   Howell Creek       HC25_PRO     14.63    60.337    67.188   -0.0049     10461     14.61   970.956     14.63   
        HC-0115   Howell Creek       HC25_PRO     14.62    60.181    67.000   -0.0040     11611     14.59   980.850     14.61   
        HC-0120   Howell Creek       HC25_PRO     14.63    60.003    66.610   -0.0029      8626     14.61   980.748     14.61   
        HC-0130   Howell Creek       HC25_PRO     14.64    59.095    66.810    0.0049      5814     14.61   980.726     14.62   
        HC-0135   Howell Creek       HC25_PRO     14.68    58.299    67.000    0.0021     12123     14.62   980.709     14.62   
        HC-0140   Howell Creek       HC25_PRO     14.75    57.826    65.470   -0.0050     15669     14.62   980.643     14.64   
        HC-0150   Howell Creek       HC25_PRO     24.76    56.473    63.800   -0.0016     49445     14.64   980.475     14.66   
        LH-0090    Lake Howell       HC25_PRO     25.25    56.271    58.410    0.0009     53208     14.66   978.787      0.00   
       LWu-0010    Lake Waumpi       HC25_PRO     13.83    62.480    65.000    0.0018   2461690     12.67  1543.609     13.83   
        HC-0040   Howell Creek       HCMN_PRO     14.57    61.592    73.000    0.0044    340796     40.00   197.802     40.71   
        HC-0070   Howell Creek       HCMN_PRO     15.08    59.146    66.000   -0.0013      4873     14.42   419.175     14.42   
        HC-0080   Howell Creek       HCMN_PRO     15.17    59.052    64.000   -0.0050    722133     12.17   528.694     15.11   
        HC-0083   Howell Creek       HCMN_PRO     15.17    58.919    64.000    0.0010     11731     15.11   438.155     15.11   
        HC-0085   Howell Creek       HCMN_PRO     15.20    58.836    66.000    0.0049      9093     15.11   437.645     14.94   
        HC-0090   Howell Creek       HCMN_PRO     15.19    58.805    63.647    0.0050      7449     14.94   506.138     15.14   
        HC-0095   Howell Creek       HCMN_PRO     15.20    58.713    66.000    0.0011     12265     15.14   437.633     15.20   
        HC-0100   Howell Creek       HCMN_PRO     15.20    58.490    66.280   -0.0022     12416     15.20   437.994     15.18   
        HC-0110   Howell Creek       HCMN_PRO     15.20    58.374    67.188   -0.0050      7631     15.18   437.519     15.20   
        HC-0115   Howell Creek       HCMN_PRO     15.20    58.275    67.000   -0.0044      7394     15.17   442.563     15.17   
        HC-0120   Howell Creek       HCMN_PRO     15.20    58.127    66.610   -0.0027      7763     15.17   442.545     15.19   
        HC-0130   Howell Creek       HCMN_PRO     15.22    57.523    66.810    0.0047      4926     15.19   442.536     15.19   
        HC-0135   Howell Creek       HCMN_PRO     15.24    57.143    67.000    0.0019      9916     15.19   442.530     15.20   
        HC-0140   Howell Creek       HCMN_PRO     15.31    56.670    65.470    0.0050     11623     15.20   442.515     15.20   
        HC-0150   Howell Creek       HCMN_PRO     15.94    55.340    63.800   -0.0016     38871     15.20   442.475     15.26   
        LH-0090    Lake Howell       HCMN_PRO     24.50    54.484    58.410    0.0003     42951     15.26   441.880      0.00   
       LWu-0010    Lake Waumpi       HCMN_PRO     14.42    61.541    65.000    0.0007   2069107     12.67   834.491     14.42   
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Link Min/Max Report

                                               Max Time       Max       Max  Max Time       Max  Max Time       Max
           Name          Group     Simulation      Flow      Flow   Delta Q  US Stage  US Stage  DS Stage  DS Stage
                                                    hrs       cfs       cfs       hrs        ft       hrs        ft

       HC-0040B   Howell Creek       HC00_PRO     34.00   661.424     0.448     34.00    63.767     13.78    63.222
       HC-0062W   Howell Creek       HC00_PRO     13.41  1506.092     1.635     13.78    63.222     14.09    62.696
       HC-0070B   Howell Creek       HC00_PRO     13.42  1504.871    -3.312     14.09    62.696     14.16    62.563
       HC-0080X   Howell Creek       HC00_PRO     14.09  1507.491    -7.883     14.16    62.563     14.18    62.477
       HC-0083X   Howell Creek       HC00_PRO     14.18  1545.395   -42.811     14.18    62.477     14.16    62.413
       HC-0085B   Howell Creek       HC00_PRO     14.13  1506.874   240.644     14.16    62.413     14.18    62.353
       HC-0090X   Howell Creek       HC00_PRO     14.18  1530.532   -29.990     14.18    62.353     14.18    62.218
       HC-0095X   Howell Creek       HC00_PRO     14.16  1506.619     8.949     14.18    62.218     14.17    61.850
       HC-0100B   Howell Creek       HC00_PRO     14.08  1535.829   -30.175     14.17    61.850     14.18    61.712
       HC-0110X   Howell Creek       HC00_PRO     14.19  1506.579    56.243     14.18    61.712     14.17    61.600
       HC-0115X   Howell Creek       HC00_PRO     14.08  1542.770   -21.566     14.17    61.600     14.18    61.408
       HC-0120B   Howell Creek       HC00_PRO     14.16  1522.037   -43.364     14.18    61.408     14.18    60.255
       HC-0130X   Howell Creek       HC00_PRO     14.17  1522.090     5.720     14.18    60.255     14.27    59.090
       HC-0135X   Howell Creek       HC00_PRO     14.18  1521.920     0.724     14.27    59.090     14.44    58.665
       HC-0140B   Howell Creek       HC00_PRO     14.17  1521.639  -155.854     14.44    58.665     25.00    58.037
       HC-0150X   Howell Creek       HC00_PRO     14.17  1518.682    -1.677     25.00    58.037     25.00    57.969
      HC0040BRd   Howell Creek       HC00_PRO      0.00     0.000     0.000     34.00    63.767     13.78    63.222
      HC0070BRd   Howell Creek       HC00_PRO      0.00     0.000     0.000     14.09    62.696     14.16    62.563
      HC0085BRd   Howell Creek       HC00_PRO      0.00     0.000     0.000     14.16    62.413     14.18    62.353
      HC0100BRd   Howell Creek       HC00_PRO      0.00     0.000     0.000     14.17    61.850     14.18    61.712
      HC0120BRd   Howell Creek       HC00_PRO      0.00     0.000     0.000     14.18    61.408     14.18    60.255
      HC0140BRd   Howell Creek       HC00_PRO      0.00     0.000     0.000     14.44    58.665     25.00    58.037
       HC-0040B   Howell Creek       HC10_PRO     39.35   304.572     0.096     39.05    62.193     14.07    62.036
       HC-0062W   Howell Creek       HC10_PRO     14.07   669.387     0.464     14.07    62.036     14.75    60.254
       HC-0070B   Howell Creek       HC10_PRO     14.08   668.952    -3.312     14.75    60.254     14.84    60.143
       HC-0080X   Howell Creek       HC10_PRO     14.73   682.930    -1.747     14.84    60.143     14.84    60.007
       HC-0083X   Howell Creek       HC10_PRO     14.81   681.115    19.753     14.84    60.007     14.88    59.928
       HC-0085B   Howell Creek       HC10_PRO     14.73   750.948   146.688     14.88    59.928     14.85    59.878
       HC-0090X   Howell Creek       HC10_PRO     14.81   681.021    18.510     14.85    59.878     14.88    59.772
       HC-0095X   Howell Creek       HC10_PRO     14.88   681.917     8.695     14.88    59.772     14.86    59.487
       HC-0100B   Howell Creek       HC10_PRO     14.85   680.932    16.537     14.86    59.487     14.86    59.362
       HC-0110X   Howell Creek       HC10_PRO     14.88   680.958    20.632     14.86    59.362     14.86    59.232
       HC-0115X   Howell Creek       HC10_PRO     14.85   688.008     0.197     14.86    59.232     14.87    59.081
       HC-0120B   Howell Creek       HC10_PRO     14.86   687.996   -43.477     14.87    59.081     14.88    58.333
       HC-0130X   Howell Creek       HC10_PRO     14.86   687.988     5.683     14.88    58.333     14.90    57.764
       HC-0135X   Howell Creek       HC10_PRO     14.87   687.965     0.494     14.90    57.764     14.96    57.265
       HC-0140B   Howell Creek       HC10_PRO     14.87   687.901   154.980     14.96    57.265     15.94    55.783
       HC-0150X   Howell Creek       HC10_PRO     14.87   686.974    -1.677     15.94    55.783     25.25    55.363
      HC0040BRd   Howell Creek       HC10_PRO      0.00     0.000     0.000     39.05    62.193     14.07    62.036
      HC0070BRd   Howell Creek       HC10_PRO      0.00     0.000     0.000     14.75    60.254     14.84    60.143
      HC0085BRd   Howell Creek       HC10_PRO      0.00     0.000     0.000     14.88    59.928     14.85    59.878
      HC0100BRd   Howell Creek       HC10_PRO      0.00     0.000     0.000     14.86    59.487     14.86    59.362
      HC0120BRd   Howell Creek       HC10_PRO      0.00     0.000     0.000     14.87    59.081     14.88    58.333
      HC0140BRd   Howell Creek       HC10_PRO      0.00     0.000     0.000     14.96    57.265     15.94    55.783
       HC-0040B   Howell Creek       HC25_PRO     36.80   423.051     0.270     36.80    62.807     13.83    62.480
       HC-0062W   Howell Creek       HC25_PRO     13.83   970.581     0.825     13.83    62.480     14.51    61.295
       HC-0070B   Howell Creek       HC25_PRO     13.83   969.901    -3.312     14.51    61.295     14.60    61.170
       HC-0080X   Howell Creek       HC25_PRO     14.55   973.370    -2.115     14.60    61.170     14.61    61.046
       HC-0083X   Howell Creek       HC25_PRO     14.55   971.385   -21.247     14.61    61.046     14.63    60.968
       HC-0085B   Howell Creek       HC25_PRO     14.63  1057.959   222.306     14.63    60.968     14.62    60.912
       HC-0090X   Howell Creek       HC25_PRO     14.55   971.100   -23.441     14.62    60.912     14.63    60.796
       HC-0095X   Howell Creek       HC25_PRO     14.63   972.590     8.811     14.63    60.796     14.62    60.467
       HC-0100B   Howell Creek       HC25_PRO     14.61   970.956    17.201     14.62    60.467     14.63    60.337
       HC-0110X   Howell Creek       HC25_PRO     14.63   971.071    22.044     14.63    60.337     14.62    60.181
       HC-0115X   Howell Creek       HC25_PRO     14.61   980.748     0.353     14.62    60.181     14.63    60.003
       HC-0120B   Howell Creek       HC25_PRO     14.61   980.726   -43.328     14.63    60.003     14.64    59.095
       HC-0130X   Howell Creek       HC25_PRO     14.62   980.709     5.710     14.64    59.095     14.68    58.299
       HC-0135X   Howell Creek       HC25_PRO     14.62   980.643    -0.569     14.68    58.299     14.75    57.826
       HC-0140B   Howell Creek       HC25_PRO     14.64   980.475   154.935     14.75    57.826     24.76    56.473
       HC-0150X   Howell Creek       HC25_PRO     14.66   978.787    -1.677     24.76    56.473     25.25    56.271
      HC0040BRd   Howell Creek       HC25_PRO      0.00     0.000     0.000     36.80    62.807     13.83    62.480
      HC0070BRd   Howell Creek       HC25_PRO      0.00     0.000     0.000     14.51    61.295     14.60    61.170
      HC0085BRd   Howell Creek       HC25_PRO      0.00     0.000     0.000     14.63    60.968     14.62    60.912
      HC0100BRd   Howell Creek       HC25_PRO      0.00     0.000     0.000     14.62    60.467     14.63    60.337
      HC0120BRd   Howell Creek       HC25_PRO      0.00     0.000     0.000     14.63    60.003     14.64    59.095
      HC0140BRd   Howell Creek       HC25_PRO      0.00     0.000     0.000     14.75    57.826     24.76    56.473
       HC-0040B   Howell Creek       HCMN_PRO     40.71   197.784     0.042     14.57    61.592     14.42    61.541
       HC-0062W   Howell Creek       HCMN_PRO     14.42   419.175     0.164     14.42    61.541     15.08    59.146
       HC-0070B   Howell Creek       HCMN_PRO     14.42   418.933    -3.312     15.08    59.146     15.17    59.052
       HC-0080X   Howell Creek       HCMN_PRO     15.11   438.155    -0.642     15.17    59.052     15.17    58.919
       HC-0083X   Howell Creek       HCMN_PRO     15.11   437.645     9.660     15.17    58.919     15.20    58.836
       HC-0085B   Howell Creek       HCMN_PRO     14.94   506.138   232.650     15.20    58.836     15.19    58.805
       HC-0090X   Howell Creek       HCMN_PRO     15.14   437.633    13.160     15.19    58.805     15.20    58.713
       HC-0095X   Howell Creek       HCMN_PRO     15.20   437.994     8.546     15.20    58.713     15.20    58.490
       HC-0100B   Howell Creek       HCMN_PRO     15.18   437.519    15.369     15.20    58.490     15.20    58.374
       HC-0110X   Howell Creek       HCMN_PRO     15.20   437.522    19.959     15.20    58.374     15.20    58.275
       HC-0115X   Howell Creek       HCMN_PRO     15.17   442.545    -0.157     15.20    58.275     15.20    58.127
       HC-0120B   Howell Creek       HCMN_PRO     15.19   442.536   -43.672     15.20    58.127     15.22    57.523
       HC-0130X   Howell Creek       HCMN_PRO     15.19   442.530     5.702     15.22    57.523     15.24    57.143
       HC-0135X   Howell Creek       HCMN_PRO     15.20   442.515     0.491     15.24    57.143     15.31    56.670
       HC-0140B   Howell Creek       HCMN_PRO     15.20   442.475   155.011     15.31    56.670     15.94    55.340
       HC-0150X   Howell Creek       HCMN_PRO     15.26   441.880    -1.677     15.94    55.340     24.50    54.484
      HC0040BRd   Howell Creek       HCMN_PRO      0.00     0.000     0.000     14.57    61.592     14.42    61.541
      HC0070BRd   Howell Creek       HCMN_PRO      0.00     0.000     0.000     15.08    59.146     15.17    59.052
      HC0085BRd   Howell Creek       HCMN_PRO      0.00     0.000     0.000     15.20    58.836     15.19    58.805
      HC0100BRd   Howell Creek       HCMN_PRO      0.00     0.000     0.000     15.20    58.490     15.20    58.374

Interconnected Channel and Pond Routing Model (ICPR)  ©2002 Streamline Technologies, Inc. Page 1 of 2



Link Min/Max Report

                                               Max Time       Max       Max  Max Time       Max  Max Time       Max
           Name          Group     Simulation      Flow      Flow   Delta Q  US Stage  US Stage  DS Stage  DS Stage
                                                    hrs       cfs       cfs       hrs        ft       hrs        ft

      HC0120BRd   Howell Creek       HCMN_PRO      0.00     0.000     0.000     15.20    58.127     15.22    57.523
      HC0140BRd   Howell Creek       HCMN_PRO      0.00     0.000     0.000     15.31    56.670     15.94    55.340

Interconnected Channel and Pond Routing Model (ICPR)  ©2002 Streamline Technologies, Inc. Page 2 of 2
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M E E T I N G  M I N U T E S  

DATE: January 29, 2010 (Meeting Date: January 28, 2010) 

TO: Roland Raymundo, PE, CFM – Principle Engineer  
 Seminole County Public Works Engineering Division 

FROM: Mark Ellard, P.E., Steve Sommerfeldt, P.E. – Inwood Consulting Engineers 

RE: Howell Creek Improvements Project 
 Howell Creek Road to Howell Lane to SR 436 
 SJRWMD Permit Determination Meeting 
 

 

ATTENDEES: Margie Cook, Richard Lee, Victoria Nations, Monica Sovacool, Tonya 
Guadalupe – St. Johns River Water Management District (SJRWMD) 

 Robert Walter, Roland Raymundo – Seminole County (County) 
Mark Ellard, Steve Sommerfeldt – Inwood Consulting Engineers (Inwood) 
 

• Brief project background and site characteristics: 

o Problems with erosion, trash / debris 

o Flat grades / low velocities 

o Steep side slopes 

o Creek surrounded by mostly built-out urbanized areas 

• Is Creek considered as Sovereign Submerged Lands (SSL) by FDEP? 

o Most likely because the project area (Howell Creek Water Control Structure) 
upstream of this project was determined by FDEP to be SSL. 

o SJRWMD suggests that this be determined prior to permit application. 

o If Creek is considered SSL then project would be held to more stringent 
permitting thresholds. 

o Inwood / County is going to submit SSL Determination letter to FDEP. 

o If determined to be SSL then the “Ordinary High” water level will need to be 
determined. SJRWMD stated that FDEP (contact Richard Malloy) usually can 
provide this information.  

o What type of work falls under Letter of Consent vs. Easement? SJRWMD – 
Refer to thresholds in rule books.  

• Debris Removal (throughout corridor): 

o No permit necessary to remove trash within creek as long as surrounding 
vegetation isn’t destroyed.  
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o Uprooting of living vegetation or moving soil would need to be evaluated on 
whether or not a permit would be necessary.  

o No permit necessary to cut out dead limbs but would need to leave larger 
trunks / stumps that would provide a healthy habitat. It’s a fine balance that 
should be evaluated on a case-by-case basis.  

o Removing a large stump could require a dredge and fill permit.  

o Possibly schedule a field trip / visit with SJRWMD Staff to get clearer direction 
on debris removal. 

• Structural Rehabilitation (throughout corridor): 

o Look at rule 40C-4.041 for thresholds associated with structural rehabilitation. 

o Are there any limitations to separate smaller projects accumulating above 
threshold limits? Yes, review rules. 

o Exemptions may be issued for improvements less than 20’ into a wetland 
from the end of a pipe / structure. 

• Bank Stabilization(several locations throughout the corridor): 

o Any type of structural bank stabilization or works that would require 
regrading would most likely require a permit and SSL authorization.  

o Bank stabilization less than 1 acre would most likely be a staff issued permit.  

o The previously permitted water control structure was an individual permit 
because it was a control structure that impounded a large upstream area. 
Bank stabilization is a conveyance related issue relative to a specific location 
that normally doesn’t require an individual permit.  

o SJRWMD would require that calculations be submitted that demonstrate Pre 
vs. Post conditions (u/s and d/s stages, creek capacity, velocities, etc.) are 
equivalent or better with no significant impacts.   

• General Permit Discussion: 

o All improvements could be bundled into one permit and then implemented 
individually as funding becomes available.  

o Issued permits have a 5-year shelf life. After 5-years, a permit extension 
would need to be filed for if the improvements were to go to construction.  

o Surface water impacts would be considered from Top of Bank to Top of Bank.  

 

 

This memo reflects the author’s interpretation of information presented and discussed during the meeting, and may not 
address every item covered.  If any other parties involved in the meeting have any additional pertinent comments of 
information to add to this meeting record, please provide it to the full attendees list.   Questions on this record can be directed 
towards Mark Ellard of Inwood Consulting Engineers, Inc. 407-971-8850 or mellard@inwoodinc.com. 
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