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Executive Summary
Introduction

This report presents and recommends a stormwater master plan (SWMP) for Beaufort
County, South Carolina, based on a study conducted by Thomas & Hutton
Engineering Co. (T&H) and Camp Dresser & McKee Inc. (CDM) for the Beaufort
County Stormwater Management Utility. The report summarizes the work
performed, findings, and recommendations for managing the quantity and quality of
stormwater in the County.

Figure ES-1 presents a location map showing Beaufort County boundaries, major
water bodies, tidal wetlands, upland areas, and roads. The figure also shows
watershed boundaries. In all, 12 watersheds were defined.

Background and Study Purpose

Stormwater management methods have evolved significantly since the 1970s. Before
then, stormwater management focused primarily on moving stormwater away from a
developed area as rapidly as possible, with little or no consideration of receiving
water impacts. Then, stormwater management methods began to require the
detention of stormwater to reduce the peak flows from developments for purposes of
flood control and streambank erosion control. Most recently, the retention and
detention of stormwater has been designed to reduce stormwater pollution loads as
well as reducing flooding and erosion impacts.

Focus on the protection of Beaufort County’s water bodies was advanced in the mid-
1990s with the formation of the Clean Water Task Force. This task force, a volunteer
citizens group, worked with local and state scientists and public officials to identify
potential pollution sources, and to develop a set of recommendations for action.
General categories of pollution sources included stormwater, central wastewater
treatment, onsite disposal systems (septic tanks), boating impacts, and monitoring
and enforcement.

Beaufort County acted in accordance with one of the Task Force’s recommendations
by enacting a stormwater utility in 2001. The stormwater utility assesses a stormwater
fee to residential, commercial and industrial property owners, and the fees collected
are dedicated to stormwater-related activities. These may include operation and
maintenance of stormwater systems, implementation of improvements to reduce
stormwater-related problems such as flooding and stormwater runoff pollution, and
related studies.

This SWMP and report were funded through the fees collected by the stormwater
utility. The study was designed to identify problem areas related to stormwater, and
to recommend a plan to solve problems and better control the impacts of stormwater
on receiving waters in Beaufort County.

A parallel study evaluated the rate structure that is used to determine the stormwater
utility fees. Together, the two studies provide the County with the information

ES-1



Executive Summary

necessary to implement an updated fee structure designed to finance the
recommended activities of the plan.

Study Elements

The elements of the master plan study included the following;:

Approach development. This included the establishment of Level of Service (LOS)
for both water quantity (e.g., flood protection) and water quality (e.g., compliance
with water quality standards), selection of computer modeling tools for the
evaluation of watershed conditions and solutions for problem areas, and
identification of potential management measures that would be evaluated in the
study.

Watershed data collection. This included the acquisition and review of water
quality data, acquisition of pertinent physical data (e.g., land use, soil types),
acquisition and review of local rainfall data, identification of areas with features
such as septic tanks and existing stormwater controls, and mapping of known
flooding areas based on discussion with County and municipal staffs.

Stormwater management system inventory. This included the definition of the
Primary Stormwater Management System (PSMS), which is essentially the primary
system of storage, channels and culverts that carry flows from the land to the
receiving water bodies; characterization of the existing system (e.g., culvert size
and shape, condition, degree of siltation); and entry of appropriate PSMS data into
a database for use in stormwater modeling.

Hydrologic and hydraulic model development and application. This included the
development of computer simulation models to represent watershed physical
characteristics (e.g., channel cross-sections, culvert size, roadway elevations);
calculation of stormwater runoff hydrographs (time series of runoff flows) for
selected design storm events; routing of the runoff flows through the PSMS;
identification of problem areas such as locations with road overtopping; and
evaluations of alternatives to reduce or mitigate the identified problems.

Water quality modeling. This included the development of computer simulation
models to calculate the pollution loads from the watersheds to the County
receiving waters, plus computer simulation models to evaluate bacteria
concentrations in many of the receiving waters; comparison of receiving water
bacteria concentrations to water quality standards; and evaluation of how
management measures such as Best Management Practices (BMPs) are expected to
influence the compliance with water quality standards.

Stormwater master plan development. This included the preparation of this report;
a recommendation of appropriate management measures based on the evaluations
from previous study elements; estimation of costs associated with the
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recommended measures; and discussion of the implementation of plan elements
relative to anticipated revenues from the stormwater utility.

County Watershed Characteristics

Figure ES-2 presents the areas of Beaufort County that were analyzed for detailed
hydrologic and hydraulic modeling. The PSMS in Beaufort County (including the
Town of Hilton Head Island) includes 164 square miles of land area. Design storm
runoff flows from the PSMS area were routed through the PSMS hydraulic network,
which included 168 miles of open channels and over 300 stream crossings.

The LOS established for the design storms, developed in conjunction with County
staff, is as follows:

m Evacuation routes: Road is passable for the 100-year design storm
m Other roads: Road is passable for the 25-year design storm

m Buildings: Flood stages will be managed below finished first-floor elevations.
Modeled 100-year design storm flood elevations were compared with GIS
coverages of buildings, Federal Emergency Management Agency (FEMA) 100-year
base flood elevations, and LiDAR ground elevations near those buildings to
identify potential building flooding. Unfortunately, the County GIS and database
do not have complete records of structure locations and finished first-floor
elevations, so the study could not conclude whether or not structures in inundated
areas were actually subject to flood damages. However, the analysis did indicate
that the modeled 100-year peak water elevations were consistently lower than the
base flood elevations identified by the Federal Emergency Management Agency
(FEMA), which means that structures built in accordance with the FEMA base flood
elevations should not be flooded because the stormwater system is inadequate.
(The FEMA base flood elevations reflect storm surge conditions.).

The 25-year design storm and 100-year design storm include total rainfall depths of 8
inches and 10 inches, respectively, over a 24-hour period, with roughly 89 percent of

the total rainfall occurring in the middle 2 hours of the event (using the SCS Type III

distribution).

The design storm evaluations also considered the water surface elevation at the
downstream end of the PSMS, because downstream (tailwater) water elevations can
affect the flow capacity of the PSMS. For the Town of Hilton Head Island, the mean
high tide was used, for consistency with previous studies. For the rest of the County, a
more conservative value (the mean annual high tide) was used. These water
elevations were applied as a constant value over the course of the design storm so that
the modeling reflected the maximum impact of downstream water elevations.

Figure ES-3 presents the areas of Beaufort County that were analyzed for water
quality modeling. The total analyzed area is 725 square miles. Average annual
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pollution loads from the highlighted areas were calculated. In addition, bacteria
concentrations were calculated in many of the major tidal rivers and creeks, based on
bacteria loadings from the load model, and calibrated tidal mixing and bacteria loss
rate coefficients.

The LOS for water quality focused on the concentrations of bacteria in County water
bodies. Using historical fecal coliform bacteria data collected in the 1990s, long-term
geometric mean bacteria concentrations at various sampling locations were
calculated, and then evaluated with respect to the short-term and long-term
compliance with the bacteria standards at those locations.

Table ES-1 summarizes the various LOS categories that were established, indicating
the relationship between each level and the short-term and long-term compliance
with bacteria water quality standards. At the “A” level, both standards are expected
to be achieved during any short-term (36-sample) period. At the “B” level, it is
expected that the 90th percentile standard may not be achieved in all short-term
periods, but will be met in the long-term. At the “C level, the 90t percentile standard
is not expected to be met in the long term. At the “D” level, neither standard is
expected to be met in all short-term periods, and it is possible that both standards will
not be met in the long-term.

For this study, a “non-degradation” LOS was used as the basis for evaluating the
impacts of new development and benefits of management measures. In other words,
the focus was to determine whether the receiving waters are expected to maintain
their current classification (A, B, C or D) in the future. The study also investigated the
potential for improving the LOS of segments with an existing “C” or “D” level of
service.

Table ES-2 summarizes the extent of development that was used in the analysis of
existing and future land use conditions. Existing land use reflects existing County
land use maps, aerial photographs and local knowledge. Future land use is based on a
“buildout” condition developed by Beaufort County staff.

For each watershed, the table lists the overall percent of urban imperviousness, as
well as the range in urban impervious cover in basins within the watershed, and the
basin(s) with the greatest impervious cover. Overall, the percent urban
imperviousness increases from 7 percent (existing) to 9 percent (future). Watersheds
having the greatest impervious cover now include Calibogue Sound (including the
Town of Hilton Head Island), Colleton River, and Beaufort River. Watersheds that
will see the greatest increases due to future development include May River, Colleton
River, New River and Beaufort River.

Hydrologic and Hydraulic Analysis Results

Locations of road overtopping problems identified by the hydrologic and hydraulic
analysis are presented in Figure ES-4. A total of 119 locations were identified as
having road overtopping for the appropriate LOS design storm (100-year for
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evacuation routes, 25-year for other roads). In general, solutions for these problem
areas focused on upgrading culverts at the flooding road crossings. Detention to
reduce flooding was evaluated along the primary stormwater system, but was found
to be unsuitable. Most of the best regional storage locations had substantial existing
wetlands, so the detention facilities would need to be “off-line” facilities constructed
on higher ground adjacent to the existing wetlands. The expense associated with the
significant excavation that would be required, and the land acquisition costs, were
very high relative to cost savings that would be achieved by reducing or eliminating
the required downstream culvert upgrades.

Table ES-3 summarizes the number of problem areas by watershed, and also lists the
anticipated costs associated with the solution of the problems. These planning level
costs were developed for each project based on an estimated construction cost, plus a
percentage to account for contingencies and engineering costs. The conceptual
probable capital cost of the improvements is $22.9 million (based on December 2004
dollars).

The identified problem areas were classified as either “public” or “private” projects.
Public projects are those that are located on public lands. In contrast, private projects
are located in private subdivisions, military facilities, and other non-public areas. Of
the $22.9 million in improvements, $15.3 million are considered public projects. It is
anticipated that the utility will focus on the public projects.

The Town of Hilton Head Island, which is relatively fully developed, was studied
previously in 1995, when a detailed storm drainage study was conducted. The
purpose of the drainage study was to prepare an island wide drainage inventory,
identify flood prone areas, and present corrective actions to eliminate the flooding for
a 25-year storm. Since 1995, the Town of Hilton Head Island and many of the
plantations have embarked on a massive capital improvement program to upgrade
their storm drainage system to accommodate the 25-year storm. The Town of Hilton
Head Island’s CIP budget for the improvements was $17 million. Approximately $12
million has already been spent, $3 million additional is under contract, and an
estimated $1.5 million will be bid in the year 2005. In addition to the Town’s $17
million drainage capital improvement program, both Sea Pines Plantation and Hilton
Head Plantation have each constructed over $1.9 million of drainage improvements in
the past 10 years. Through these improvements, Hilton Head Island has eliminated
the majority of the flooding problems for the 25-year, 24-hour storm.

The differences between the 1995 study and this study are itemized in the report.
However, in summary, the 2004 study assumes all areas will be fully developed
according to the zoning map and some of the watersheds have changed due to the
much more accurate LIDAR topography. Through these refinements, other
improvements have been identified and are recommended in this report. The
conceptual probable capital cost for the recommended improvements for Hilton Head
Island is $1.8 million (based on December 2004 dollars). Of that total, $1.2 million is
allocated to public projects.
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It should be noted that the analysis focused on the PSMS, and does not address the
potential for flooding of the secondary drainage system. The secondary drainage
system may include tributary area and conveyance systems leading to evacuation
routes. In general, these secondary systems can be evaluated using less sophisticated
engineering analysis than was conducted for the PSMS. County staff should review
the secondary drainage system, particularly as it applies to the evacuation routes
identified in the study.

Water Quality Analysis Results

Table ES-4 summarizes the classification of the water quality segments in Beaufort
County water bodies based on the evaluation of the 1990s bacteria data. For each
watershed, the tables shows the number of water segments receiving “A’, “B”, “C”
and “D” classifications, plus the number of segments of unknown quality (because
there are no sampling stations). The table indicates that 78 percent of the water quality
segments that are monitored have an “A” or “B” level of service, which means that
bacteria standards are expected to be met in the long-term. The remaining 22 percent
of monitored water quality segments are ata “C” or “D” level, which means that
bacteria standards are not expected to be met in the long-term.

The table also indicates that many of the water quality segments were not monitored
during the 1990s by DHEC. Over half of the modeled water quality segments were
not monitored for the entire 10-year period. In some cases, stations were added
toward the end of the 1990s, and did not provide a complete long-term data set. Other
segments are in small tidal creeks and the headwaters of tidal rivers that perhaps
would not be expected to meet the standards even under undeveloped conditions,
because the discharges of watershed runoff flows and loads are not subject to
sufficient tidal mixing. Conversely, some segments may not be monitored because
they are not affected by urban development.

Results for existing and land use conditions are presented in Table ES-5. In general,
the table shows that the existing LOS is maintained under future conditions, which
were evaluated based on the implementation of wet detention pond BMPs for new
development. This assumption was made because new development is required to
have BMPs, and wet detention ponds are the dominant BMP type applied in Beaufort
County. In addition, the table shows that 71 percent of the modeled water quality
segments have an “A” or “B” level of service, and the remaining 29 percent have a
“C” or “D” level of service.

Additional analysis was conducted to evaluate “best case” and “worst case”
scenarios. The “best case” scenario was conducted for existing land use with 100
percent treatment of urban runoff with wet detention pond BMPs. Though this is not
possible because existing development limits the land available and suitable for
BMPs, the results show which water quality segments would benefit from BMP
implementation, as opposed to segments that are affected primarily by natural
bacterial loads and limited tidal mixing and/or limited bacterial loss rate in the water.
The “worst case” scenario was conducted for future buildout land use with no BMPs
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(i.e., all BMPs fail to provide any benefit). The results show which water quality
segments will be most sensitive to the effectiveness of the existing BMPs and BMPs on
future development. The results of the analysis were used to make recommendations
for water quality controls and water quality monitoring .

Master Plan Components
Stormwater Control Regulations

Based on the findings of this study, existing stormwater controls that are currently
applied by Beaufort County appear to be appropriate for water quantity and water
quality control, though there are some potential refinements (e.g., peak flow control
for 100-year design storm).

For water quantity, new development is required to reduce the post-development
peak runoff rate to pre-development peak runoff rate for design storms with return
periods of 25 years or less. This requirement is more restrictive than the State
standards, which require matching the peak runoff flow rate for design storm return
periods of 10 years or less.

For water quality, new development is required to provide BMPs that control runoff
pollution loads to an “anti-degradation” level. When future conditions were
evaluated with BMPs on all new development, the results indicated that virtually all
of the water quality segments maintained the same bacteria LOS that they had for
existing conditions.

PSMS Enhancements

The hydrologic and hydraulic analysis identified 130 locations on the primary
stormwater management system (PSMS) that are not expected to meet the County
LOS for road overtopping. Problem solutions were identified by evaluating culvert
upgrades to increase the flow conveyance capacity of the PSMS, and detention storage
to reduce peak flows. The evaluation of regional sites, which are typically in areas of
existing wetlands, would be expensive to construct relative to cost savings achieved
by reducing the magnitude of downstream improvements. Thus, the recommended
solutions focus on increasing the conveyance capacity of the PSMS.

The recommended projects were assigned priority levels. A total of five priority levels
were established, and they are summarized below:

m Priority 1 - Road overtopping of 0.1 feet or more on evacuation routes (100-year
design storm).

m Priority 2 - Road overtopping of 0.1 feet or more on non-evacuation routes (25-year
storm) for major roads with no convenient alternative route.

m Priority 3 - Road overtopping of 0.1 feet or more on non-evacuation routes (25-year
storm) for major roads with a convenient alternative route or a major neighborhood
road with no alternative route.
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m Priority 4 - Road overtopping of 0.1 feet or more on non-evacuation routes (25-year
storm) for neighborhood roads with a convenient alternative route or minor
neighborhood roads; with 100-year flooding greater than 0.5 feet OR 100-year road
overflow velocity greater than 1 foot per second.

m Priority 5 - Road overtopping of 0.1 feet or more on non-evacuation routes (25-year
storm) for neighborhood roads with a convenient alternative route or minor
neighborhood roads (same as Priority 4); with 100-year flooding less than 0.5 feet
AND 100-year road overflow velocity less than 1 foot per second.

In addition, each project was assigned a flood depth category. These are as follows:

m Flood level A: Greater than 9 inches of flood depth
m Flood level B: Flood depth of 6 to 9 inches

m Flood level C: Flood depth of 3 to 6 inches

m Flood level D: Flood depth of less than 3 inches

Table ES-6 summarizes the total cost of PSMS projects by priority and flood level.

Water Quality Controls for Existing Development

The water quality analysis identified a number of water quality segments that are not
currently meeting the fecal coliform bacteria water quality standard (based on
monitoring data) and/or are not predicted to currently meet the bacteria water
quality standard (based on model results for unmonitored segments). Sensitivity
analysis indicated that many of these segments that are not in compliance with the
bacteria standards would not achieve compliance even with treatment of all urban
runoff by BMPs, because tidal mixing and water body bacteria loss rates are
insufficient relative to stormwater runoff bacteria loads from urban and non-urban
areas.

The analysis did, however, identify 12 water quality segments that could potentially
show an improvement in LOS from a “C” or “D” level, to an “A” or “B” level. For
segments with known problems achieving the standards, areas recommended for
potential BMP implementation to treat stormwater from existing development. These
areas are shaded in Figure ES-5.

An evaluation of potential regional BMP sites identified eight sites, which are also
shown in Figure ES-5. These selected areas had relatively limited potential for
wetland impacts, and relatively low costs of land acquisition and construction relative
to the pollution load reductions that the BMP is expected to provide.
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Water Quality Monitoring

A water quality monitoring program is recommended for Beaufort County. The goals
of the program would include the following;:

m Establish baseline water quality via ambient (grab) sampling

m Identify seasonal trends and overall trends over time using long-term ambient
sampling data

m Evaluate dry weather (ambient) and wet weather (automatic sampling) water
quality in selected areas, for comparison to pollutant concentration values used in
the watershed water quality modeling effort

m Evaluate quality of inflow to and outflow from selected BMPs (automatic
sampling), for comparison to efficiency values used in this study and in the BMP
Manual

m Evaluate sources of bacteria (human, bird, pets, wildlife) in locations where
measured bacteria levels are substantially higher than expected based on the
watershed and receiving water quality modeling

It is recommended that Beaufort County staff would be responsible for monitoring on
the tributaries to the major open water tidal river segments, and BMP monitoring. For
open water segments that are of interest, it is recommended that the South Carolina
Department of Health and Environmental Control (DHEC) do the monitoring, as an
extension of their existing monitoring programs.

The identification of appropriate sampling site for grab sampling and automatic
storm event sampling was based on the water quality sensitivity analysis, the current
LOS for water quality segments, and the existing and future land use distribution. In
all, four sites were selected for automatic sampling and 14 sites were selected for grab
sampling. These sites are displayed on Figure ES-5.

For automatic sampling, four sites were selected which in general have the following
characteristics: tributary to water quality segments that are not meeting water quality
standards; dominated by a single land use type (e.g., industrial, residential);
essentially fully developed; and located in a water quality basin designated for
exploration of BMP retrofit opportunities. Data collected from these stations should
be compared to the concentrations assigned in the watershed water quality model.

For grab sampling, 14 sites were selected, which in general have the following
characteristics: tributary to water quality segments that are expected to drop in LOS if
BMPs are not effective; and tributary area that will undergo extensive urban
development in the future. The data from these stations will provide a basis for
evaluating whether the water quality in the tributary is degrading as a result of new
development.
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The recommendations also include the evaluation of several wet detention pond
BMPs, which are the dominant BMP type in Beaufort County. In particular, the
efficiency of bacteria removal in wet ponds is critical in the evaluation of the
protection that BMPs will provide to County receiving waters. No specific locations
are recommended. However, the pond(s) should have a well-defined inflow and
outflow location for sampling.

The study recommends coordination with DHEC to see if DHEC would consider
adding additional shellfish program stations (bacteria sampling) and ambient
sampling (nutrients, metals) in 12 open water sites. These open water segments
include locations that are considered sensitive based on the water quality modeling,
plus some segments where the model predicts standards will not be met, but there are
no data to validate the model. These sites are shown in Figure ES-5.

An independent peer review concluded that Beaufort County may wish to conduct
additional sampling beyond the base recommended program, to assess impacts on
habitat in the tidal tributaries. Additional study is recommended to clearly define the
objectives of this monitoring and develop program details (e.g., station selection and
prioritization, frequency and duration of sampling, sample parameters).

Operations and Maintenance

For this study, the consideration of operation and maintenance has focused on the
PSMS. Specific activities would include the maintenance of the bridge and culvert
locations along the PSMS, and the maintenance of the open channels in the PSMS.
Routine maintenance of the stream crossings would include clearing of the headwater
structures of obstruction, and removal of silt for culverts. Maintenance of the open
channels would primarily include clearing of obstructions.

Maintenance costs for the secondary stormwater management system were evaluated
by the County staff and Town of Hilton Head Island staff, based on previous years’
experience.

Inventory of Secondary Stormwater Management System

The master plan study developed an inventory of the PSMS, and so future inventory
efforts should focus on data collection for the secondary stormwater management
system. Particularly in the City of Beaufort and the Town of Port Royal, maps
showing the system often have outdated, incomplete or incorrect information. A
complete inventory would be useful in assessing the capacity of the system, and
evaluating the extent of required maintenance in those areas.

Additional and On-going Study and Analysis

One recommendation is the development of flood inundation mapping and a current

structure database that includes finished first-floor elevation, to evaluate potential for
structural flood damage. This would help the jurisdictions identify structural flooding
areas and give flood control projects in those areas a higher priority.
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It should be noted that study analysis indicated that the 100-year water elevations
predicted by the model were in almost every case lower than the 100-year base flood
elevation (BFE) on maps developed by the Federal Emergency Management Agency
(FEMA). Consequently, homes built after the implementation of the FEMA flood
mapping should not have finished first-floor elevations that would result in structural
flood damage.

Other potential on-going activities would include periodic updates of the water
quality models as changes in land use, PSMS conduit sizes, and other physical data
change.

An independent peer review suggested additional water quality model applications
to (1) evaluate the model performance against a second set of independent data, and
(2) conduct sensitivity analysis and uncertainty analysis to show how changes in
model input values affect the results of the modeling. Further study has been
recommended in the plan in accordance with the peer review findings.

Public Information

Public information should be included in any stormwater master plan. Advantages of
an effective public information program include the following:

m Increase public awareness of how individual activities can affect water quality, and
encourage activities (e.g., recycling) that control pollution sources

m Make public aware of “success stories” (i.e., show benefits of specific projects or
activities funded by the utility)

m Increase public involvement in protection of water quality on a watershed or basin
basis (e.g., septic tank maintenance, fertilizer application)

There are a number of methods that can be implemented, such as
creating/ distributing water quality literature and media campaigns.

No specific methods are recommended for Beaufort County, though an annual budget
is recommended based on experience with other jurisdictions and costs of other plan
elements.

Planning Level Costs for Plan Components

Table ES-7 summarizes the costs of the various elements of the recommended
stormwater master plan. In some cases, these are annual costs (e.g., maintenance),
while others are “one-time” costs for specific projects (e.g., PSMS improvement design
and construction).

As shown in the table, the total cost for annual (ongoing) activities is $5.4 million, and

the total cost of specific projects and studies is $33.2 million based on December 2004
dollars. These cost estimates are based on previous experience, utilizing “unit costs”
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such as cost of culverts in terms of dollars per foot of pipe, or inventory costs in terms
of dollars per acre of study area.

Implementation of the Plan Components

The implementation of the master plan will depend upon the costs required to
implement the recommendations, as compared to the revenue being generated by the
stormwater utility. Based on the proposed new rate structure for the utility, and a
base annual cost of $40 per year per billing unit, the utility is expected to generate $4.8
million per year in revenue (April 2005 estimate). By comparison, the annual costs
listed in Table ES-7 already exceed the expected annual revenue, even before specific
projects are considered.

The report provides several examples of potential expenditures for a 10-year planning
horizon. Ultimately, the stakeholders (e.g., jurisdiction staff, citizens, regulatory
agencies) will need to determine the appropriate level of revenue and expenditure for
an effective program.

It should be noted that the local jurisdictions have approved increases above the $40
base rate and therefore the annual revenue will likely be greater than that shown in
Section 16 of the report.
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TABLE ES-1

LEVEL OF SERVICE CATEGORIES FOR WATER QUALITY

LONG-TERM ANTICIPATED EXCEEDANCE OF
FECAL COLIFORM BACTERIA WATER QUALITY STANDARDS
LEVEL OF GEOMEAN NO MORE THAN 10%
SERVICE CONCENTRATION OF SAMPLES EXCEEDING
CLASSIFICATION (#/100 ML) GEOMEAN OF 14/100 ML 43/100 ML
A less than or equal to 7 No 36-sample period No 36-sample period
B greater than 7 and No 36-sample period Some 36-sample periods
less than or equal to 8.7 but not long-term
C greater than 8.7 and No 36-sample period Long-term
less than or equal to 10
D greater than 10 Some 36-sample periods, Long-term
perhaps long-term

execsum_tables_FEB2006.xls

Table ES-1
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TABL

E ES-2

WATER QUALITY BASIN URBAN IMPERVIOUSNESS

execsum_tables_FEB2006.xls

URBAN IMPERVIOUSNESS (%) BASIN WITH
RANGE BY BASIN TOTAL WATERSHED GREATEST
WATERSHED EXISTING FUTURE EXISTING FUTURE IMPERVIOUSNESS
Calibogue Sound 0-31 0-32 11 12 Broad Creek 4
May River 0-10 0-18 5 11 May River 3, May River 4
Colleton River 4-26 4-30 10 14 Sawmill Creek 2
Chechessee River 0-8 0-15 2 3 Skull Creek North 1,
Ballenger Neck
New River 0-14 4-21 5 10 New River 1
Beaufort River 1-47 2-53 15 19 Battery Creek 4
Coosaw River 0-21 0-25 5 7 Brickyard Creek,
McCalleys Creek 1
Whale Branch West 1-12 3-17 6 8 Middle Creek 2
Morgan River 0-15 0-21 5 7 Rock Springs Creek 1,
Rock Springs Creek 2
Broad River 3-10 3-11 10 Broad River 3, Broad River 4
Combahee River 1-4 1-4 3 Combahee River 1
Coastal 2 3
Table ES-2 2/16/2006



TABLE ES-3
PLANNING LEVEL COSTS FOR
PRIMARY STORMWATER MANAGEMENT SYSTEM IMPROVEMENTS

NUMBER OF COST (MILLION DOLLARS)

WATERSHED PROBLEMS TOTAL PUBLIC PRIVATE
Calibogue Sound * 6 1.2 0.6 0.6
May River 5 0.9 0.9 0.0
Colleton River 26 3.3 2.1 1.2
Chechessee River 2 0.1 0.0 0.1
New River 6 0.4 0.4 0.0
Beaufort River 17 2.7 2.7 0.0
Coosaw River 17 6.8 2.0 4.8
Whale Branch West 8 1.2 1.2 0.0
Morgan River 5 0.7 0.6 0.1
Broad River 17 3.3 3.1 0.2
Combahee River 2 0.2 0.2 0.0
Coastal 3 0.3 0.3 0.0
Hilton Head Island 5 1.8 1.2 0.6
TOTAL 119 22.9 15.3 7.6

* excludes Town of Hilton Head Island

Note: Cost estimates based on December 2004 dollars.

execsum_tables FEB2006.xIs Table ES-3 2/17/2006



TABLE ES-4
WATER QUALITY LEVEL OF SERVICE BASED ON MONITORING DATA

Number of Segments Having Level of Service
WATERSHED A B C D UNKNOWN
Calibogue Sound 8 0 3 1 15
May River 3 0 0 0
Colleton River 3 1 0 2
Chechessee River 6 0 0 1
New River
Beaufort River 5 5 0 0 11
Coosaw River 3 4 0 0 12
Whale Branch West 1 0 0 1 7
Morgan River 5 2 0 5 17
Broad River
Combahee River
Coastal
TOTAL 34 12 3 10 80
% OF TOTAL 24% 9% 2% 7% 58%
% OF MEASURED 58% 20% 5% 17%
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TABLE ES-5
WATER QUALITY LEVEL OF SERVICE BASED ON MODEL RESULTS

Number of Segments Having Level of Service
Model - Existing Land Use Model - Future Land Use
WATERSHED A B C D A B C D
Calibogue Sound 21 2 1 3 21 2 0 4
May River 7 0 0 1 7 0 0 1
Chechessee River 12 0 1 2 12 0 1 2
Colleton River 3 3 0 5 3 2 0 6
New River --- --- --- --- --- --- --- ---
Beaufort River 10 2 3 6 10 2 3 6
Coosaw River 11 4 0 4 10

Whale Branch West 4 2 0 3 4 1 1 3
Morgan River 11 6 4 8 10 5 3 11
Broad River --- --- --- --- --- ---
Combahee River --- --- --- ---
Coastal --- --- --- --- --- ---
TOTAL 79 19 9 32 7 17 8 37

% OF TOTAL 57% 14% 6% 23% 55% 12% 6% 27%
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TABLE ES-6

PLANNING LEVEL COST ESTIMATES FOR PSMS IMPROVEMENTS

BY PRIORITY AND FLOODING CATEGORY -

PUBLIC PROJECTS ONLY

FLOODING CATEGORY

PRIORITY A B C D TOTAL
1 $1,751,000 | $1,879,000 | $1,258,000 | $1,080,000 $5,968,000
2 $772,000 $942,000 $843,000 $153,000 $2,710,000
3 $2,202,000 $317,000 $467,000 $183,000 $3,169,000
4 $1,042,000 | $1,301,000 $576,000 $402,000 $3,321,000

5 $0 $0 $0 $185,000 $185,000
TOTAL $5,767,000 | $4,439,000 | $3,144,000 | $2,003,000 $15,353,000

Note: Cost estimates based on December 2004 dollars.
Table ES-6 2/16/2006
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TABLE ES-7
PLANNING LEVEL COST ESTIMATES FOR PLAN ELEMENTS

ANNUAL PROJECT
COST COST
PLAN ELEMENT (DOLLARS PER YEAR) (DOLLARS)
Stormwater Control Regulations $100,000 $0
PSMS Enhancements $0 $15,353,000
Water quality controls (existing development) $0 $14,300,000
Water quality monitoring $300,000 $100,000
Annual maintenance $3,200,000 $0
Inventory of secondary stormwater management system $0 $3,000,000
Additional and on-going study and analysis $50,000 $430,000
Public information $100,000 $0
Bonded debt service (Town of Hilton Head Island) $1,200,000 $0
Utility administration $400,000 $0
TOTAL $5,350,000 $33,183,000

NOTES:

1. Annual costs account for ongoing activities (BMP inspections, water quality sampling and analysis, maintenance
of the primary and secondary stormwater management system, model updates, and public information)

2. Project costs include primary stormwater management system enhancements (e.g., culvert upgrades), land purchase
and construction associated with regional BMPs to control existing development, collection of inventory data

for secondary stormwater management systems, and specific recommended additional studies.
3. Cost estimates based on December 2004 dollars.
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Section 1
Introduction

This report recommends a stormwater master plan for Beaufort County, South
Carolina, based on a study conducted by Thomas & Hutton Engineering Co. (T&H)
and Camp Dresser & McKee Inc. (CDM) for the Beaufort County Stormwater
Management Utility. The report summarizes the work performed, findings, and
recommendations for controlling the quantity and quality of stormwater in the
County.

1.1 Description of the Study Area

Figure 1-1 presents a location map showing Beaufort County boundaries, major water
bodies, tidal wetlands, upland areas, and roads. The figure also shows watershed
boundaries. In all, 12 watersheds were defined.

Nine of the twelve watersheds have boundaries that are completely or almost
completely within Beaufort County boundaries. These include the Calibogue Sound,
May River, Chechessee River and Colleton River watersheds south of the Broad River,
and the Beaufort River, Coosaw River, Whale Branch West, Morgan River, and
Coastal watersheds north of the Broad River. For the remaining three watersheds
(Broad River, New River, Combahee River), the tributary area within the Beaufort
County boundaries is small relative to the tributary areas from other counties.

Many of the water bodies in the County are classified as either Outstanding Resource
Waters (ORW) or Shellfish Harvesting Waters (SFH), which require a high level of
water quality. Constituents such as fecal coliform bacteria are strictly limited due to
potential human health impacts of shellfish consumption.

1.2 Study Elements

The elements of the master plan study included the following;:

m Approach development. This included the establishment of Level of Service (LOS)
for both water quantity (e.g., flood protection) and water quality (e.g., compliance
with water quality standards); selection of computer modeling tools for the
evaluation of watershed conditions and solutions for problem areas; and
identification of potential management measures that would be evaluated in the
study.

m Watershed data collection. This included the acquisition and review of water
quality data; acquisition of pertinent physical data (e.g., land use, soil types);
acquisition and review of local rainfall data; identification of areas with features
such as septic tanks and existing stormwater controls; and mapping of known
flooding areas based on discussion with County staff and evaluation of current
floodplain maps.

1-1
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m Stormwater system inventory. This included the definition of the Primary
Stormwater Management System (PSMS), which is essentially the primary
conveyance system of channels and culverts that carry flows from the land to the
receiving water bodies; characterization of the existing system (e.g., culvert size
and shape, condition, degree of siltation); and entry of appropriate PSMS data into
a database.

m Hydrologic and hydraulic model development and application. This included the
development of computer simulation models to represent watershed physical
characteristics (e.g., channel cross-sections, culvert size, roadway elevations);
calculation of stormwater runoff hydrographs (time series of runoff flows) for
selected design storm events; routing of the runoff flows through the PSMS;
identification of problem areas such as locations with road overtopping; and
evaluations of alternatives to eliminate the identified problems.

m Water quality modeling. This included the development of computer simulation
models to calculate the pollution loads from the watersheds to the County
receiving waters, plus computer simulation models to evaluate bacteria
concentrations in many of the receiving waters; comparison of receiving water
bacteria concentrations to water quality standards; and evaluation of how
management measures such as Best Management Practices (BMPs) are expected to
influence the achievement of the water quality standards.

m Stormwater management master plan development. This included the preparation
of this report; a recommendation of appropriate management measures based on
the evaluations from previous study elements; estimation of costs associated with
the recommended measures; and prioritization/phasing of the recommended
measures.

1.3 Scope of Report

This report summarizes the results of the work performed under this study, and
presents recommendations for managing stormwater and water quality in Beaufort
County. Recommendations include culvert/bridge upgrades, maintenance of
bridges/culverts and open channels, application of existing County runoff control
requirements for new development, investigation of potential water quality control
measures in selected County areas, water quality monitoring, and public information.

The report is divided into 17 sections, including this introduction (Section 1). Section 2
presents the overall methodology for conducting the study and defines watershed
characteristics. Sections 3 through 14 each provide the documentation of the analysis
for one of the 12 watersheds shown in Figure 1-1. The documentation of the
hydrologic and hydraulic modeling for Hilton Head Island is presented in Section 15,
as well as water quality information for Hilton Head Island developed in the
evaluation of the Calibogue Sound, Chechessee River and Broad River watersheds.

1-2
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The recommended plan is presented is Section 16, and references are presented in
Section 17.

Details for the hydrologic and hydraulic analyses, itemized planning level cost
estimates for stormwater management system improvements, and 100-year
inundation mapping are included in separate appendices, one appendix per
watershed (plus one for Hilton Head Island). In addition, a separate appendix is
dedicated to documentation of the GIS files developed as part of this study.
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Section 2
Data and Methodology

This section presents a discussion of the various hydrologic, hydraulic, and water
quality data and computer simulation models used or developed for the SWMP along
with a presentation of methodology including the preparation, calibration and
validation of the models.

2.1 Stormwater Master Plan Modeling

An important aspect of the Beaufort County SWMP is the proper evaluation of water
quantity (flooding) and water quality (nonpoint source pollutants). A good
understanding of water quantity helps determine the most effective methods of
controlling flooding and protecting public safety. A proper understanding of water
quality and its control is essential to achieve the high quality of environmental
protection desired by the County and is required to assist in permitting of selected
alternatives. A series of computer models and tools were applied to simulate existing
conditions and to quantify changes in flows, flood stages, velocities and nonpoint
source pollutant loads in the study area due to future development.

This section documents the methods that were used to perform the water quantity
and water quality modeling evaluations, including identification of the serious
problems to be addressed, the structure of the model software, and the basis for the
data and guidelines used in the modeling to represent the study areas within the
County.

2.1.1 Stormwater Model Framework

The following paragraphs briefly highlight the water quantity and water quality
model framework.

Water Quantity

CDM and T&H used the Interconnected Pond Routing Model (ICPR), Version 3 to
simulate water quantity. ICPR offers a number of desirable features, which include
the following;:

m County staff are familiar with the model and comfortable with the calculation
methods used in the model

m The model is approved for use by the Federal Emergency Management Agency
(FEMA) in floodplain analysis. Therefore, the models developed in this study can
be used to support changes in existing FEMA floodplain mapping in the County,
though this is not included in the scope of the master plan study.

m Version 3 includes a graphical user interface (GUI) that is useful for developing
stormwater system network schematics, entering and verifying model input, and
viewing and presenting model results.

2-1
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m JCPR can account for tidal influence, backwater effects, detention/retention pond
routing and a number of other features that are necessary for modeling in Beaufort
County.

ICPR offers a number of options for calculating runoff volumes and routing runoff
generated by rainfall events. The model is used to develop runoff hydrographs from
defined subbasins within a watershed. These hydrographs are then used as input at
appropriate points in the hydraulic network. The ICPR hydrologic model was used to
develop hydrographs for a number of design storms that were routed through the
hydraulic network to assess the capacity of the existing hydraulic system.

ICPR provides dynamic flood routing for the channels, lakes, and stormwater
infrastructure in the County’s Primary Stormwater Management System (PSMS).
Stages and flows from ICPR formed the basis for developing flood summary tables.
Stages estimated by ICPR can be the basis for potential Federal Emergency
Management Agency (FEMA) floodplain/elevation revisions, which is beyond the
scope of this analysis. ICPR also reports conduit peak velocities for use in problem
area identification. ICPR was used to route the design storms throughout the
County’s primary stormwater management system (PSMS).

The ICPR model was used to evaluate the 2-year, 10-year, 25-year and 100-year design
storms, with duration of 24 hours and an SCS Type III distribution. This is discussed
further in Section 2.2.6 of this report.

Water Quality

To assess annual average pollution loads in defined watersheds, CDM used the
Watershed Management Model (WMM) (CDM, 1998). WMM is a Windows-based
program developed by CDM. WMM was originally developed by CDM with funding
from the Florida Department of Environmental Protection (Gao, 2003) to estimate
relative changes in annual/seasonal nonpoint pollutant loads from land use, land use
changes, and implementation of BMPs. WMM estimates loads based on local
hydrology and non-point loading factors (EMCs) which relate land use patterns and
percent imperviousness in a watershed to per-acre pollutant loadings. Options are
also available for calculating point source loads and septic tank impacts. WMM for
Windows provides a more robust and user friendly interface than the previous
version of WMM and functions as a stand alone application requiring no additional
software.

For selected tidal rivers, CDM applied a combination of two U.S. Environmental
Protection Agency (EPA) models: the Stormwater Management Model (SWMM) and
the Water Quality Analysis Simulation Program (WASP). SWMM (Huber and
Dickinson, 1992) was used to conceptually evaluate the simplified 1-dimensional
hydrodynamics of the tidal river systems, based on information such as river cross-
section geometry and bathymetry, and tidal range. WASP (Wool et al., 2000) uses
input such as hydrodynamic data (from SWMM), average annual pollution load data
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(from WMM) and instream water quality process parameters to evaluate river
concentrations of selected pollutants.

WMM provides annual point and nonpoint source pollutant load estimates for each
watershed. For this study, pollutant loads were estimated for 7 water quality
constituents. Six of the constituents are among those that are monitored as part of the
National Pollutant Discharge Elimination System (NPDES) stormwater permitting
process. These include: five-day biochemical oxygen demand (BOD5), total
suspended solids (TSS), total nitrogen (TN), total phosphorus (TP), lead (Pb), and zinc
(Zn). Fecal coliform bacteria were the seventh water quality constituent because
instream water quality standards for bacteria are very stringent in the shellfish waters
and outstanding resource waters in the County. The WMM results are best used for
relative comparisons of land use and BMP changes. Therefore, the model results were
used to identify trends in nonpoint source pollutant loads, compare point versus
nonpoint source loads, and identify effectiveness of BMP control options.

SWMM EXTRAN is a hydraulic flow routing model for open channel and/or closed
conduit systems. It uses a link-node (conduit-junction) representation of the
stormwater management system in an explicit finite difference solution of the
equations of gradually varied, unsteady flow. The program will simulate time-
varying tidal elevations and tidal inflow/outflow. For this study, average annual
flows from WMM were combined with time-varying downstream tidal conditions
(based on average tidal range) and river cross-sectional geometry to calculate flows
and volumes of water in the tidal rivers. These values were used to develop hydraulic
data such as average net advective flow between river segments which are used by
the WASP river water quality model.

The WASP model (Wool et al., 2000) is a USEPA model that uses the 1-dimensional
advective flow data (from SWMM), plus estimated average annual pollution loads
(from WMM) and instream pollutant decay process coefficients based on literature
values and comparison of measured and modeled concentrations, to calculate salinity
and fecal coliform bacteria concentrations in the tidal rivers. The tidal river model was
calibrated so that modeled instream concentrations based on existing land use
conditions were consistent with measured concentrations from the 1990s. The same
parameter values were used in conjunction with flows and loads for future land use
conditions to evaluate expected instream concentrations for future conditions.

2.1.2 ICPR Hydrologic Model

This section presents further information on the ICPR hydrologic model.

As discussed, the hydrologic model used for this study is ICPR Version 3. For the
Beaufort County analysis, CDM and T&H applied the curve number (CN) approach
originally developed by the US Department of Agriculture, Soil Conservation Service
(USDA, SCS, 1986). Under this approach, the volume of runoff generated by a model
subbasin for a particular storm event is calculated as a function of the area’s CN,
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which in turn depends upon the soil characteristics, vegetative cover and impervious
cover of the area. The program simulates the time series of runoff flow rates based on
a unit hydrograph approach. The shape of the hydrograph is dependent upon the
subbasin time of concentration, which is a representation of how long it takes for
runoff to go from the most distant point in the subbasin to the subbasin outlet. The
time of concentration will be affected by factors such as the subbasin size and shape,
land slope, and flow length. Program results can be saved for input to the hydraulic
model to perform dynamic hydraulic routing in downstream reaches.

2.1.3 ICPR Hydraulic Model

The hydraulic model used for this study was also ICPR Version 3, which is a
hydraulic flow routing model for open channel and/or closed conduit systems. It uses
a link-node (conduit-junction) representation of the stormwater management system.
The hydraulic model receives hydrograph input at specific junctions by file transfer
from the ICPR hydrologic model, and/or by manual input. The model performs
hydraulic routing of stormwater flows through the PSMS to the points of discharge or
outfalls. It simultaneously considers both the storage and conveyance aspects of
stormwater management facilities. The program will simulate branched or looped
networks; backwater due to tidal or nontidal conditions; free surface flow; pressure
flow or surcharge; flow reversals; flow transfer by weirs, orifices, and pumping
facilities; and storage at online or offline facilities.

2.1.4 WMM - Water Quality Loading Model

CDM used the Watershed Management Model (WMM) to estimate relative nonpoint
source loads from the study area. WMM calculates annual or seasonal nonpoint
source loads from direct runoff based upon the event mean concentrations (EMCs)
and runoff volumes associated with different land use types. Data required for WMM
application includes land use distribution, runoff pollutant concentrations for each
land use type, average annual precipitation, and runoff coefficients for pervious and
impervious area. Additional information that can be provided includes annual
baseflow rates and pollutant concentrations.

Some of the features of the WMM include:

m Estimates annual runoff pollution loads and concentrations for nutrients (total
phosphorus, total nitrogen), heavy metals (lead, zinc), oxygen demand and
sediment (BODS, total suspended solids), and fecal coliform bacteria based upon
EMCs, land use, percent impervious, and annual rainfall;

m Estimates runoff pollution load reduction due to partial or full scale
implementation of up to five different types of structural Best Management
Practices (BMPs);

m Applies a delivery ratio to account for reduction in runoff pollution load due to
uptake or removal in stream courses;
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m Estimates annual pollution loads from stream baseflow;

m Estimates point source loads for comparison with relative magnitude of nonpoint
pollution loads; and

m Estimates pollution loads from failing septic tanks.

Stormwater pollution control strategies that may be identified and evaluated using
the WMM include:

m Non-structural controls (e.g., land use controls, buffer zones, etc.); and

m Structural controls (e.g., onsite and regional detention basins, wet detention ponds,
dry detention ponds, etc.).

The model provides a basis for planning level evaluations of the relative changes in
long term (annual or seasonal) nonpoint pollution loads and the relative benefits of
nonpoint pollution management strategies to reduce these loads. WMM evaluates
alternative management strategies (combinations of non-structural and structural
controls) to develop the stormwater management plan.

2.1.5 SWMM and WASP Tidal River Water Quality Model

For the tidal river hydraulics and water quality modeling, CDM used the EPA
Stormwater Management Model (SWMM) and Water Quality Analysis Simulation
Program (WASP). SWMM was used to completely calculate flows and volumes in the
tidal river based on defined tidal boundary conditions, calculated land-based inflows,
and defined river bathymetry. The calculated flows and volumes were then used as
input to the WASP model, which calculated instream concentrations of selected
constituents based on the land-based constituent loads, downstream boundary
constituent concentration, and parameters that define instream water quality
processes (e.g., tidal dispersion, die-off of bacteria).

The focus of the river modeling was on concentrations of fecal coliform bacteria.
Bacteria concentrations have been monitored extensively in the County tidal rivers
and in some cases the concentrations have exceeded State water quality standards.

This modeling framework is an enhancement of the method used in the May River
study. In that study, a “tidal prism” modeling framework was used, and calculations
were done in a spreadsheet model. While this approach was appropriate for the May
River alone, the enhanced SWMM/WASP method was more appropriate for
considering multiple river systems in a single model. The enhanced framework can
also be used to evaluate other water quality constituents (e.g., nutrients) with existing
water quality computations already in the WASP model.
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2.1.6 Water Quantity Model Calibration

Calibration and verification are desirable to establish a “reality check” of predicted
stages, flows, and velocities. For calibration or verification, data must be available in
the form of rainfall, stage, flow, and/or highwater marks for specific storm events,
land use, and hydraulic conditions. Beaufort County has a limited number of rainfall
gaging stations, and no long-term stations measuring upland streamflows, so the
hydrology and hydraulic models were not calibrated. Instead, the results developed
by the model (e.g., road overtopping and/ or structural flooding for particular design
storms) were compared to known high water marks or historical flooding to validate
the results generated by the model. In addition, problem areas were reviewed with
County staff to evaluate whether the results calculated by the models were
reasonable.

2.1.7 Water Quality Model Calibration

The water quality model calibration focused primarily on the comparison of
measured and modeled concentrations of fecal coliform bacteria in the tidal receiving
waters of Beaufort County. Receiving water concentrations were modeled based on
average pollutant loads and tidal conditions. Resulting average receiving water
concentrations were then compared to available measured concentrations to
demonstrate the validity of the water quality model.

The initial analysis focused on salinity concentrations in the receiving waters.
Measured and modeled concentrations were compared to verify the model’s ability to
accurately represent the mixing of freshwater and tidal inflows to the receiving water.
Key factors in the calculation of receiving water salinity include the net tidal flow
(advection) between tidal river segments, tidal dispersion between tidal river
segments, downstream boundary salinity concentration, and average freshwater
inflow from the receiving water’s tributary area.

After the salinity modeling, the calibration focused on comparison of measured and
modeled concentrations of fecal coliform bacteria. Key factors in the calculation of
receiving water bacteria concentrations include the net tidal flow (advection) between
tidal river segments, tidal dispersion between tidal river segments, downstream
boundary bacteria concentration, and the average freshwater inflow and associated
bacteria concentration from the receiving water’s tributary area. Another key factor is
the bacteria loss rates in the receiving water. The net loss rate provides an overall
representation of the processes occurring in the receiving water such as base
mortality, light mortality, settling, and regrowth.

Preliminary estimates of the net first-order bacteria loss rates for each receiving water
segment were developed based on the methodology developed by T&H (2001) for
evaluating bacteria removal in wet detention ponds. The methodology defines the
overall bacteria loss as function of three factors, which include a base die-off rate, loss
due to light, and loss due to settling. Of the three factors, the base die-off rate and loss
due to light tend to dominate the overall loss rate, and loss due to settling is minimal.
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If necessary, the preliminary loss rate estimates were adjusted within a typical range
of literature values (Thomann and Mueller, 1987) to provide the best comparison
between measured and modeled bacteria concentrations in the receiving water.

2.2 ICPR Hydrologic Parameters

Hydrologic model parameters used for the model simulations are described in this
section.

2.2.1 Topographic Data

Topographic data were used to define hydrologic boundaries, overland flow slopes,
critical flood elevations, channel and overbank geometries, and stage-area-storage
relationships. Beaufort County LiDAR data were the major source of topographic data
for the project. The LiDAR data were used to develop a digital elevation model (DEM)
that was hydroenforced to account for flow patterns that are affected by hydraulic
structures such as culverts. Figure 2-1 shows an example coverage along wit
hydrologic subbasins and the PSMS. The vertical accuracy of the LIDAR data is +/- 1-
ft. The vertical datum is NAVD 1988, and the horizontal datum is NAD 1983. Other
sources that were considered include the following:

m United States Geological Survey (USGS) 7.5 minute series quadrangles (1 in = 2,000
ft, 5 ft contour interval);

m Available subdivision and stormwater improvement plans obtained from the
County/Town of Hilton Head Island (HHI);

m Available drainage studies obtained from the County/HHI; and

m Survey data provided by the County/HHI.

2.2.2 Basin and Subbasin Areas

Hydrologic subbasins were generally defined by natural physical features or
constructed stormwater management systems that control and direct stormwater
runoff to a common outfall. The following general criteria were used to determine
subbasin boundaries:

m Large-scale physical features such as railroad grades and major roads were used to
establish hydrologic divides.

m Subbasin boundaries were delineated where structures or topographic features
could appreciably impound water for the 100-year event.

m The present condition subbasin delineations were considered to be approximately
the same as the future case since future development will be regulated by the
County to maintain present peak discharges and overall flow schemes.
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m Existing construction plans, reports/studies and limited field reconnaissance were
used to determine ambiguous boundaries.

m The level of detail used in the delineations was consistent with the problem area
analysis. The Town of Hilton Head Island portion of the PSMS was detailed to a
greater level than the remainder of the county due to the substantial amount of
existing development. The majority of HHI development is major residential/ golf
course plantations with many lagoons constructed for aesthetic and storm water
management purposes. Many of these lagoons serve as storage and flow
attenuation for stormwater runoff and water quality best management practices
during a rain event.

Based on previous experience, the typical subbasin size is in the range of 200 to 300
acres for the majority of Beaufort County. Smaller subbasins (50-100 acres) were
delineated in highly developed areas (i.e., Town of Hilton Head Island) and areas
with known flooding problems on the PSMS. Larger subbasins (up to 600 acres or
more) were delineated in some cases for rural areas where minimal development has
or is expected to occur.

Hydrologic basins were generated using GIS tools in conjunction with the DEM
developed from the County LiDAR data. Subbasin outlet points were defined at
selected locations (e.g., major tributaries, stream crossings, regional detention pond
locations), and the GIS tools delineated the area that is tributary to the outlet points.
Since the Town of Hilton Head Island has extensive underground stormwater piping
that is not detected by GIS (LiDAR), the DEM required hydro-enforcement to obtain
accurate subbasin delineations. The resulting digitized subbasin polygons were
analyzed to provide required hydrologic information such as tributary area and
average land slope.

Figure 2-2 shows the hydrologic basins and PSMS analyzed in this study.

2.2.3 Land Use, Impervious Area and Curve Numbers

Land use data were used to estimate the extent of impervious areas for individual
subbasins for use in runoff volume calculations. An existing land use map for the
County was developed from the February 2002 aerials, County existing land use and
tax parcel maps, National Wetlands Inventory (NWI) and USGS quadrangle maps (to
define extent of water and wetlands), plus local knowledge of development
completed between February 2002 and June 2003 (Figure 2-3). The future land use
map was developed by “filling in” the existing land use map, replacing undeveloped
area with anticipated urban development. The anticipated future development was
characterized based on the Beaufort County and the Town of Hilton Head Island
future land use maps, as well as zoning maps for Beaufort County, Town of Hilton
Head Island and Town of Port Royal.
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Table 2-1 presents the land use categories and associated hydrologic characteristics,
including percent imperviousness and curve numbers (CNs) for various soil types. In
the hydrology model, the CN is one parameter used to determine how much rainfall
is converted to surface runoff, with higher CN values producing more runoff. Major
factors that affect the CN value for a particular land area include the soil type,
impervious cover, and antecedent moisture condition (AMC).

The curve number (CN) approach was used to determine the volume of surface water
runoff for the evaluated design storms. The CN approach empirically accounts for the
amount of rainfall that will be lost through depression storage on the land surface and
infiltration into the soil on pervious land areas. For a given design storm, the volume
of runoff from pervious land areas will depend on antecedent moisture conditions
(i.e., the amount of rainfall that has occurred for several days prior to the event). The
model is capable of using several antecedent moisture conditions (AMCs). AMC I
depicts soils that are extremely dry simulating drought conditions. AMC II depicts
soils that are moderately wet with storage potential. AMC II simulates normal
everyday rain patterns. AMC III depicts soils that are fully saturated with minimal
storage potential. AMC III simulates an extreme rainy weather pattern. For this study,
an average antecedent moisture condition II (AMC II) was used for all design storm
analyses.

For a particular model subbasin, the composite CN is calculated based on the
distribution of land use and soil type in the subbasin. The GIS represents the subbasin
as a series of small grid areas, and assigns each grid area a specific land use type and
soil type, and a corresponding CN. The CN values for each small grid area are then
area-weighted to develop the overall CN for the subbasin.

2.2.4 Soil Types and Characteristics

Soils data are a key input in evaluating stormwater runoff volumes from pervious
land area. Information on soil types was obtained from the SCS Soil Survey of
Beaufort County, South Carolina (SCS, 1980). Each soil type is assigned to a soil
association, a soils series, and to one of the four Hydrologic Soil Groups (A, B, C, or
D) established by the SCS (Figure 2-4). Hydrologic Soil Group A is comprised of soils
with a very high infiltration potential and a low runoff potential. Hydrologic soil
Group D is comprised of soils with very low infiltration potential and a high runoff
potential. The other two categories fall between A and D soil groups. Dual class soils
(e.g., A/D) mean that a hard pan or impermeable layer limits vertical infiltration, but
the surficial soils are highly permeable and could infiltrate as a Class A soil if the
confining layer was cut with a ditch or swale.

For this study, dual hydrologic group soils were evaluated based on degree of
drainage and were represented as one soil group (A, B, C, or D). Generally, dual
group soils were treated as hydrologic group D unless a confirmed lowering of the
adjacent water table had occurred as a result of development. For more information
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on specific soils or soil groups, consult the USDA-SCS National Engineering
Handbook, Section 4, Hydrology (USDA, SCS, 1972).

2.2.5 Subbasin Time of Concentration

The SCS Unit Hydrograph method was used to develop hydrographs (i.e., time series
of surface runoff flow rates) for the model subbasins. The calculated surface runoff
volume (a function of the land use and soils discussed in Sections 2.2.3 and 2.2.4) is
distributed based on model input parameters which include the time of concentration
(Tc) and the peak runoff factor.

The time of concentration is generally described as the time it takes for runoff to travel
from the most distant hydraulic point in the subbasin to the subbasin outlet, and can
be estimated using several methods. In this study, the following equation (USDA,
SCS, 1972) was used to estimate the time of concentration for a hydrologic subbasin:

Tc=1.67*L0.8* (S +1)0.7 / (1900 * S 0.5)
Where

Tc = time of concentration (hours)

L = flow length (ft)

S = mean subbasin slope (percent)

S’ = potential water storage = (1000/CN) - 10
CN = curve number

Like the curve number, the values for flow length and mean subbasin slope were
generated via the LiDAR data.

2.2.6 Rainfall Intensities and Quantities

Rainfall data are used by the hydrologic model in the determination of runoff
volumes for the design storms. Data are generally characterized by amount (inches),
intensity (inches per hour), frequency/return period (years) duration (hours), spatial
distribution (locational variance), and temporal distribution (time variance). Daily
rainfall data are available for a rain gage at Beaufort, SC beginning in 1930, and
hourly data are available for airport gages in Savannah, GA and Charleston, SC
beginning in 1948.

For the Beaufort County stormwater master plan study, the analyzed design storms
included 24-hour duration storms with return periods of 2 years, 10 years, 25 years,
and 100 years. State regulations require new development to limit post-development
peak flows to pre-development levels for the 2-year and 10-year design storms.
County regulations are more stringent, additionally requiring peak flow control for
the 25-year design storm. The 100-year storm is typically evaluated to estimate
extreme flood impacts and evacuation route planning.
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Table 2-2 presents design rainfall amounts for the 2-, 10-, 25-, and 100-year frequency,
24-hour duration storms from several sources. These include the Weather Bureau’s
Technical Paper No. 40 (USDA, SCS, 1961), as well as values calculated from the
available rainfall data at the Beaufort, Savannah and Charleston gages. Rainfall
periods at these gages ranged from 71 years (Beaufort) to 46 years (Charleston).

Technical Paper No. 40 (TP40) presents maps showing lines of equal rainfall depth,
similar to the way that topographic maps show lines of equal land elevation. Maps are
presented for various storm durations and return periods, including the duration (24
hours) and return periods (2, 10, 25, and 100 years) considered in the Beaufort County
study.

Values for the Savannah and Charleston stations were calculated using the
methodology presented in TP40. The hourly rainfall data were analyzed to develop a
24-hour maximum rainfall for each year of record, and this annual series was fit to a
Gumbel extreme distribution to develop the rainfall depth for each return period.
Recognizing that some years may have more than one extreme storm event,
conversion factors were applied to account for the difference between results
generated for annual series (highest value for each year only) and for partial series (all
high values, regardless of year in which they occur). Based on TP40, appropriate
conversion factors for the 2-year and 10-year return periods are 1.01 and 1.14,
respectively. No conversion factors are recommended for greater return periods.

Values for the Beaufort station were calculated using the same methodology as for the
Savannah and Charleston stations. However, an additional correction factor was
applied to the results because the statistics were based on daily, rather than hourly,
data. TP40 suggests that a factor of 1.13 is appropriate based on comparison of
statistics calculated using hourly and daily data. The rationale is that measuring a
specific 24-hour period and recording that as the daily rainfall is not likely to actually
measure the maximum 24-hour rainfall, which is likely to overlap two 24-hour
periods.

As shown in the table, the rainfall depths for all sources are similar, with the range of
depths at any return period limited to 0.6 inches of rain or less. The values from TP40
tend to be less than or equal to the values generated using hourly or daily records
from the nearest rain gage locations, with the Beaufort gage results typically having
the highest values for return period of 25 years or more, and the Charleston gage
results having the highest values for return periods of 10 years or less.

Rainfall intensities were then generated for each design storm using the U.S.
Department of Agriculture (USDA) Soil Conservation Service (SCS) Type III rainfall
distribution (USDA, SCS, 1986). The Type III distribution was developed by the SCS
to represent Gulf of Mexico and Atlantic coastal areas where tropical storms bring
large 24-hour rainfall amounts. As shown in Figure 2-5, about half of the rainfall
occurs during the middle two hours of the design storm event (hours 11 - 13). About
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19 percent of the storm rainfall occurs during the most intense 15-minute period in the
storm event.

In summary, rainfall quantities for the four design storms used for this study are:
m 100-Year/24-Hour - 10.0 inches of rainfall with 7.6 in/hr 15-min. peak intensity
m 25-Year/24-Hour - 8.0 inches of rainfall with 6.1 in/hr 15-min. peak intensity

m 10-Year/24-Hour - 7.0 inches of rainfall with 5.3 in/hr 15-min. peak intensity

m 2-Year/24-Hour - 4.5 inches of rainfall with 3.4 in/hr 15-min. peak intensity

These values have been used in numerous stormwater control infrastructure designs
in Beaufort County, and are very close to the values calculated from long-term
records at the Beaufort, Savannah and Charleston gages.

2.3 Hydraulic Parameters

The County’s PSMS consists of stream, canals, culverts, detention ponds, and storm
sewer systems that discharge into tidal rivers (Figure 2-2). The first step in the
hydraulic model development is the creation of a simplified representation of the
actual system. This is done by developing a model schematic, which can also be used
for checking model input data and interpreting model results. Typically, the
schematic will show the subbasin load points for inflow, conveyance channels, and
structures, as well as the storage and linking junctions. Identification numbers for
various system elements are also shown on the schematic. The schematic provides a
quick reference between the actual physical situation and the model system. The
following paragraphs describe the information used to develop the ICPR hydraulic
models.

2.3.1 Primary Stormwater Management System Inventory

A detailed inventory of the primary stormwater management system (PSMS) is one
component of this study. To date, two major studies of the PSMS have been
performed for Beaufort County. The BES Study (1994) analyzed the majority of the
Beaufort County PSMS. This study was general in nature. The Island Wide Drainage
Study (1995) analyzed the stormwater system of Hilton Head Island. This Study was
extremely detailed and considered the secondary drainage system as well as the
primary drainage system. Both of these studies have been utilized to extract
supplemental inventory data used in this study.

For the majority of Beaufort County, a preliminary PSMS was mapped on USGS
quadrangle maps based on the previous drainage study by BES (1995). In general, this
preliminary PSMS included stormwater conveyances systems with a tributary area of
320 acres or greater, and in some cases tributary areas of less than 320 acres were
considered in urban areas. Survey crews collected field data to define stream
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crossings (e.g., culvert size and shape, distance from culvert invert to top-of-road)
based on the initial PSMS. The crews also noted drainage features that were not
identified in the BES study and collected field data for these features. County staff
reviewed the initial PSMS maps and added known drainage features that were
considered part of the PSMS. Figure 2-6 shows an example inventory system.

For the Town of Hilton Head Island, an initial PSMS was mapped on USGS
quadrangle maps based on the Island Wide Drainage Study (IWDS) prepared by
Thomas & Hutton Engineering (1995) and engineering experience in the area. In
general, the INDS methodology included conveyance systems with a tributary area of
5 acres or greater. The small tributary areas are due to the extensive existing
development on the island. Survey crews collected field data to define stream
crossings (e.g., culvert size and shape, distance from culvert invert to top-of-road) for
the IWDS. Although rare, the crews also noted drainage features that were not
identified in the INDS and collected field data for these features. County and HHI
staff reviewed the initial PSMS maps and added known drainage features that were
considered part of the PSMS. Figure 2-6 shows an example inventory system.

Open channel cross-section dimensions were obtained and input for the hydraulic
modeling using a combination of LIDAR and survey data. Initially, the cross-section
geometry was determined using a DEM developed from the LiDAR data. In some
cases, the LIDAR data did not detect the incised cross-section of the channel. In those
cases, surveyed cross-sections of the incised channel were used to define the channel
portion of the cross-section, while the LiDAR data defined the overbanks of the cross-
section. The data were “spliced” together to represent the unused channel plus
floodplain overbank. Since the Beaufort County LiDAR uses North American Vertical
Datum 1988 (NAVDS88), the survey data often was converted from North Geodetic
Vertical Datum 1929 (NGVD29) to NAVDS88. The datum conversion factors vary by
geographic location. For Beaufort County/Hilton Head Island, approximately 0.9 feet
must be subtracted from NGVD29 to obtain elevations in NAVDS8.

PSMS inventory information has been stored in a database developed as part of this
master plan project. The types of information recorded for the inventoried facilities
include locations, lengths, pipe diameters, pipe construction material, and pipe invert
elevations. This information formed the foundation for the model representation of
the PSMS.

2.3.2 Floodplains and Floodways

Along coastal areas, two classifications of floodplains (tidal and stormwater) generally
exist. Tidal floodplains are the result of tide and wind generated flood stages while
stormwater (sometimes called fluvial) floodplains are associated with rainfall. It is
common practice for Federal Emergency Management Agency (FEMA) floodplain
studies to consider tidal and stormwater flood events independently and then
superimpose the independent results to produce comprehensive tidal/stormwater
floodplain maps.
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For Beaufort County, the FEMA Flood Insurance Rate Maps (FIRMS) for the County
identify much of the County as floodprone, with 100-year base flood elevations of 12 -
22 ft NGVD, which is approximately equivalent to 11 - 21 ft NAVD. The Flood
Insurance Study (FIS) focused exclusively on tidal storm surge analysis, which
depends upon the local storm characteristics and bathymetric characteristics. The
elevations listed above include the base stillwater elevation plus additional water
height due to tidal waves. The highest base flood elevations are located at or near the
shoreline, where the wave heights are the greatest, and are lower inland where wave
heights will have attenuated. Figure 2-7 shows the FEMA floodplain.

Clearly, the storm water master plan for Beaufort County did not consider the control
of these extreme storm surge events. Instead, the analysis of the PSMS focused on
providing sufficient flow carrying capacity, subject to a less-extreme tidal boundary
condition such as the 1-year stillwater. This is discussed in Section 2.3.4.

2.3.3 Stage Area Relationships

Stage-area information was developed in the GIS using the LiDAR elevation data, for
major depressional areas that could not be uniformly incorporated into

channel /wetland cross sections. This process was used to more accurately reflect
floodplain storage. The same procedure was applied to existing detention ponds on
the PSMS that were modeled explicitly. Stage-area relationships for existing facilities
were obtained from topographic data shown on record plans or estimated from the
new topographic mapping generated using the LiDAR data.

2.3.4 Boundary Conditions

Hydraulic boundary conditions are needed in order to simulate the tailwater effects of
the tidal rivers and sounds on peak water elevations in the PSMS evaluated with the
ICPR model. For the majority of Beaufort County, the mean annual high tide value
was used. For the portion of the study pertaining to Hilton Head Island, the average
of the Mean High Water elevation and Mean Higher High Water elevation was used
as a tidal boundary.

For the majority of Beaufort County, available tidal data were reviewed to determine
appropriate mean annual high tide values for Beaufort County. The main source of
data was the Center for Operational Oceanographic Products and Services (CO-OPS).
The Center is part of the National Ocean Service, National Oceanographic and
Atmospheric Administration (NOAA). CO-OPS collects, analyzes and distributes
historical and predicted water levels.

Table 2-3 summarizes tidal information developed from CO-OPS site data. Each of
the stations listed in the table has an associated bench mark sheet, which identifies
key tidal elevations such as mean high water (MHW), mean low water (MLW), and
North American Vertical Datum -1988 (NAVD) which is the elevation basis for the
DEM. The annual maximum elevation was developed by averaging the maximum
water elevation for the period of record at each station, which was often only a single
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year. Because of the limited measured data, the values for several stations were
averaged to develop an overall annual maximum elevation for use as the downstream
boundary condition for the hydraulic model.

A review of the data suggested that different downstream boundary conditions may
be appropriate for different receiving waters in the County. As shown in the table,
stations that can be associated with Calibogue Sound and Port Royal Sound as the
source of incoming tidal water tend to have a higher annual maximum high tide than
the stations that can be associated with St. Helena Sound. For receiving waters
associated with Calibogue and Port Royal Sound, the average value of 5.6 ft NAVD
was used as the downstream boundary condition for design storm hydraulic
modeling. For receiving waters associated with St. Helena Sound, the average value
of 4.7 ft NAVD was used as the downstream boundary condition.

For the New River, there is only a single station with bench mark information, and
extreme high tide data were not available to calculate an annual maximum elevation.
Based on the relationship between annual maximum elevation and MHW elevation at
other stations, an annual maximum elevation of 4.5 ft NAVD was estimated for the
New River at the Highway 170 bridge. This value was used as the boundary condition
for the New River at any location upstream of the Highway 170 bridge. Review of
tidal range information at other New River stations without bench mark sheets
suggests that the Calibogue/Port Royal Sound annual high water value of 5.6 ft
NAVD is appropriate for the New River at and downstream of Doughboy Island.
Between the Highway 170 bridge and Doughboy Island, the downstream boundary
elevation was estimated by interpolating between the Highway 170 and Doughboy
Island values.

For the Town of Hilton Head Island, development started in the 1950’s. Many of the
roads, parking lots and existing developments are at elevations well below the mean
annual high tide. Also, HHI is extensively developed, and the majority of the Island’s
lagoon water levels are at elevations 4 (NGVD29) or lower. In contrast to the
remainder of Beaufort County, the bulk of the drainage outfalls for THHI drain
directly to tidal creeks and marshes. The majority of the remainder of Beaufort
County is higher in elevation than HHI and drains through a series of long wetlands
that eventually empty into tidal outfalls. Direct connections with tidal areas, as
opposed to draining through a series of wetlands, are much more effective and
efficient in preventing flooding. To retrofit Hilton Head Island’s existing drainage
systems to comply with the mean annual high tide (6.5 NGVD29; 5.6 NAVDS8)
tailwater boundary condition, substantial drainage system upgrades and dikes would
be required within some area.

The 1995 IWDS utilized the 25-year storm with a tailwater elevation of 3.9 NGVD29

(3.0 NAVDS88). The 3.9 NGVD?29 tailwater condition is an average of the Mean Higher
High Water and the Mean High Water and was determined appropriate and practical
by Town staff and Thomas & Hutton. For the 1995 IWDS, this tailwater elevation was

2-15



Section 2
Data and Methodology

determined to be “reasonable” due to the island’s low elevations, direct discharge
from outfalls to the marsh, and its stage of development. Since a tailwater of 3.9
NGVD29 has been justifiably implemented in past studies and designs for the Town,
and no historical flooding of designs implementing this tailwater have been
documented, a tailwater elevation of 3.9 NGVD29 (3.0 NAVDS8) is implemented for
the HHI portion of this study. As history indicates, construction of drainage systems
originally designed with tidal tailwater elevations of 3.9 NGVD29 has yielded a safe,
economical and practical engineering solution to discharging stormwater on Hilton
Head Island.

2.4 Watershed Water Quality Parameters

The quality of stormwater runoff is directly related to the land use, imperviousness,
and the extent of structural and non-structural BMPs associated with that land use. In
this study, numeric estimates of the annual stormwater loadings were developed in
order to assess the source and magnitude of pollutant loads along with effectiveness
of existing and future stormwater control in Beaufort County. WMM was used to
develop estimates from land use, rainfall, and streamflow. The capabilities of the
public domain version are documented in a Compendium of Watershed-Scale
Management Models for TMDL Development (Shoemaker et al., 2001).

The calculations of the model will be based on the observation that the flow-weighted
concentration of pollutants in stormwater runoff is characteristic for each type of land
use. That is, the runoff from medium density single family residential parcels, for
example, flow-weighted contains similar concentrations of bacteria, nutrients and
other pollutants. In contrast, commercial areas are characterized by different flow-
weighted concentrations in the runoff. Land use based flow-weighted concentrations
were originally derived from the Nationwide Urban Runoff Program (NURP)
conducted by EPA during the early 1980s (USEPA, 1983). This program collected the
runoff from over 2,000 storms from individual and mixed land use watersheds across
the country and analyzed it for a wide spectrum of pollutants. Recently, the results of
EPA’s municipal NPDES stormwater permit program have been used to supplement
and refine the earlier NURP data.

2.4.1 Rainfall

Daily rainfall data were available for a rainfall gage designated as “Beaufort Seven
SW” in Beaufort County. Data from this gage, presented in the Beaufort County
Stormwater Management Drainage Plan (BES, 1995) were previously used to
determine the average annual rainfall for the Beaufort County Manual for Stormwater
Best Management Practices (CDM, 1998; CDM, 2003). The recent data collection
updates the original database by including data through the year 2000.

The daily rainfall data were analyzed to re-evaluate the average annual rainfall for
purposes of estimating average annual runoff totals for existing and future land use
conditions, and to determine the frequency associated with various daily rainfall
totals.
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Table 2-4 summarizes the average monthly and annual rainfall data over the period
of 1930 through 2000. As shown in the table, the average annual rainfall at the gage is
48.4 inches per year, which is the same value that was used in the BMP Manual.

2.4.2 Stormwater Runoff Quantity

The watershed characteristic which most affects the amount of runoff (and therefore
the pollutant loading) is the land use distribution and the percentage of impervious
land cover associated with each land use type. Structures such as parking lots,
roadways, roofs and other structures which cover the land and prohibit rain from
infiltrating the soil are known as impervious areas, and most of the rainfall onto
impervious surface is converted to runoff. Conversely, pervious areas such as forests
and lawns typically allow infiltration of most of the rainfall, and only a small fraction
of rainfall is converted to runoff.

For purposes of estimating runoff from impervious areas, it will be estimated that 90
percent of the rainfall on impervious areas becomes runoff. The other 10 percent is
lost to evaporation of water captured in depression storage on the impervious surface.
Percent impervious values used for the water quality evaluations are shown in Table
2-5. With an average annual rainfall of 48.4 inches per year and a runoff coefficient of
0.90, the average annual runoff from impervious land area is 43.6 inches per year.

Water and wetlands land use require special consideration. In this study, open water
and tidal marshland associated with the tidal river are treated differently than water
and wetlands located in the upland areas. In the upland areas, the water and wetlands
land uses were assigned an imperviousness of 25 percent, which results in 30 percent
of rainfall converted to flow into the tidal rivers. This value is consistent with studies
from the southeastern U.S. (CDM, 2000). All flow from these areas was attributed to
the surface runoff, with no baseflow. For the open water and tidal marshland, a runoff
coefficient of 1.0 was assigned (i.e., 100 percent conversion of rainfall to runoff).

Based on a previous analysis for the May River watershed (CDM and T&H, 2002), the
estimated runoff coefficient for pervious land area is 0.10 (i.e., 10 percent of rainfall is
converted to runoff). With an average annual rainfall of 48.4 inches and a runoff
coefficient of 0.10, the average annual runoff from pervious land area is 4.8 inches per
year.

2.4.3 Stormwater Runoff Quality

During a storm event, the concentration of pollutants in the runoff varies considerably
over time. For example, the concentration of oily substances from roadways is highest
during the first part of the storm, and then decline quickly after the bulk of the
material has been washed off. This is known as the “first-flush” phenomenon.
However, the concentration in the first-flush runoff is not representative of the entire
storm. In order to estimate the loading from a storm, the flow-weighted average
concentration is needed. Known as the Event Mean Concentration (EMC), the flow-
weighted concentration is derived as the average of total loading divided by total
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runoff for a series of storm events. In practice, the runoff quality is sampled
periodically throughout the storm event. For each sampling interval, the
concentration and the quantity of runoff are combined to get a loading for the
interval. At the end of the storm, the results are summed to develop the EMC (total
mass divided by total runoff) which describes the average concentration for the storm.
These results are combined with the results from many storms (e.g., 20 or more) and
statistically evaluated to arrive at a representative EMC for each land use.

While some deviations exist, generally the results are transferable throughout a region
(e.g. South Carolina), especially for relative comparisons. This is possible because the
characteristics of the land use tend to be similar. For example, the amount of roadway
and amount of residential area maintained as lawns is similar for residential parcels of
similar densities (homes per acre).

The EMCs chosen for use in the County are given in Table 2-6. Many of these values
were presented previously in the Beaufort County BMP Manual, and are based on
extensive sampling of storm events at stations throughout the southeastern U.S.
(CDM, 1998; CDM, 2003).

2.4.4 Baseflow Quantity

In addition to estimating stormwater runoff loads, the WMM calculates loadings
associated with base flow as a separate routine. Based on a previous analysis for the
May River watershed (CDM and T&H, 2002), the assumed average annual baseflow
for pervious land area is 7 inches per year.

The resulting total flow from pervious land area is thus about 12 inches per year (5
inches of runoff and 7 inches of baseflow), which is consistent with long-term USGS
flow records for gages that are close to the study area and thought to be
representative of the study area.

2.4.5 Baseflow Quality

The values presented in Table 2-7 were used to calculate the annual loads due to
baseflow (groundwater flow) to the watershed receiving waters. These values were
developed from local monitoring data collected by T&H at the Eagle’s Pointe and
Buckwalter sites (T&H, 2002).

2.4.6 Wastewater Discharges

There are several direct point source discharges in Beaufort County. These include the
following:

m Parris Island WWTF (Beaufort River)
m Southside WWTF (Beaufort River)

m Shell Point WWTF (Beaufort River)
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m U.S. Marine Corps Air Station (Albergotti Creek)
m U.S. Marine Corps Air Station (Broad River)

Discharge Monitoring Reports (DMRs) and information from the EPA Permit
Compliance System (PCS) for each of these discharges were obtained and evaluated.
These sources provide monthly records of measured flows and pollutant
concentrations, which were used to establish the flows and concentrations for existing
conditions. In some cases, the water quality constituents of interest were not
measured as part of the DMR process. In these cases, typical discharge concentrations
from the literature were assigned.

Table 2-8 lists the assigned flows and concentrations. For the point sources, the values
for flow, BOD, TSS and fecal coliform bacteria are based on average DMR or PCS
values. The DMRs did not include total N (only ammonia N is sampled), total P, lead
and zingc, so the values in the table are based on typical literature values.

The table also lists the values assigned for sprayfield application. Flows and loads
calculated for sprayfield applications are based on the following assumptions, based
on previous studies (CDM, 1993):

m Flow to watershed receiving waters from a sprayfield is 25 percent of the total
spray application rate. This is based on the WMM results for pervious areas, which
in this study assume that 48 inches of rainfall produces 12 inches of receiving water
flow.

m Sprayfield practices are assumed to remove 95 percent of the constituent mass
applied to the sprayfield (i.e., 5 percent of constituent load onto sprayfield reaches
the receiving water).

m To get the 5 percent delivery of constituent assuming that 25 percent of the flow
gets to the receiving water, the assigned concentrations are 20 percent of the actual
concentration of the applied effluent. Therefore, the concentration values in Table
2-8 for sprayfields are 20 percent of the average values for the three direct point
source discharges.

For example, assume that 1 million gallons per day (mgd) of effluent is applied to a
sprayfield with a constituent concentration of 1 mg/1. The load of constituent to the
land surface is 8.3 pounds per day (1 mgd * 1 mg/1 * 8.34 (conversion factor to get in
units of pounds per day)). The expected discharge to the receiving water is 0.25 mgd
(25 percent flow delivery), with a load of 0.4 pounds per day (95 percent load
reduction). The corresponding concentration of the delivered flow is 0.20 mg/1 (0.4
mgd / 0.4 pounds per day / 8.34 conversion factor), which is 20 percent of the applied
concentration.

2-19



Section 2
Data and Methodology

Table 2-9 summarizes the direct discharge and indirect discharge (i.e., sprayfield)
flows by watershed in Beaufort County. For existing conditions, the direct discharges
are based on the values in Table 2-8, and the indirect discharge values are based on
data provided by the Public Service Districts (PSDs) on the Town of Hilton Head
Island, and the Beaufort Jasper Water and Sewer Authority. For future conditions, the
flows were estimated based on the increase in residential land in the watersheds, and
corresponding estimate of population change in the watershed.

Calculations indicate that the loads generated by direct and indirect wastewater
discharges typically are a very small fraction of the total load in the Beaufort County
watersheds.

2.4.7 Failing Septic Tanks

Some of the existing development in Beaufort County is serviced by septic tanks, and
it is likely that some of these tanks are failing to provide proper treatment. Reasons
for septic tank failure include high water table, structural failure, unsuitable soils, and
direct connection between septic tank and receiving water, and failure to provide
maintenance of the septic tank. Failing septic tanks are expected to discharge high
concentrations of nutrients and bacteria.

Nutrient and bacteria concentrations for failing septic tanks were developed from a
review of septic tank leachate monitoring studies. Typical concentrations established
based on the literature values are as follows:

m Total N: 30 mg/1
m Total P: 2mg/l
m Fecal coliform bacteria: 750,000/100 ml

These values reflect pollutant removal within the soil of roughly 50 percent for total
N, and 90 percent for total I and bacteria, based on average effluent concentration
cited in the literature (CDM, 1993; USEPA, 2001).

Nutrient and bacteria loadings for specific land uses were calculated by multiplying
the concentrations by a flow rate. The flow rate for a particular land use depends
upon the number of residents per acre, and the per capita flow rate.

Table 2-10 shows the septic tank flow rates developed for various land uses. For
residential land uses, a per capita flow rate of 75 gallons per day was established. This
value is at the high end of the range of flow rates documented in the literature. This
value was applied along with the typical residential density (units per acre) and
population (number of persons per household) to establish the total residential flow
rate. For non-residential urban land uses, the flow values were set equal to flows for
high density residential land use.
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The table also lists the loading factor used in WMM to reflect the impact of failing
septic tanks. In WMM, the surface runoff load is multiplied by this factor to assess the
combined load from surface runoff and failing septic tanks. For example, if the total N
surface runoff load is 10 Ib/acre/year, and the failing septic tank factor value is 2.0,
the model calculates that the combined load from surface runoff and failing septic
tanks is 20 Ib/acre/year.

A final consideration in the loading analysis for failing septic tanks is the failure rate
(i.e., what percentage of the septic tanks are failing). Previous studies (CDM, 1993)
have estimated failure rate ranging from 8 to 20 percent. For the Sarasota Bay
National Estuary Program Study (CDM, 1993), permitting data from the County
Health Department indicated that an average of 1.6 percent of septic tanks in the
County were being repaired annually. Recognizing that a septic system may fail for a
number of years before being repaired, the value of 1.6 was multiplied by a factor of 5
(assuming average period of failure before repair is 5 years) to establish an 8 percent
failure rate. This value is consistent with a septic tank survey conducted in
Jacksonville, FL by the Department of Health and Rehabilitative Services. In the
study, an inspection of more than 800 sites revealed about 90 violations, or a failure
rate of 12 percent.

In the absence of any detailed surveys such as those conducted in Jacksonville, a
typical failure rate of 10 percent will be used for Beaufort County. Discussion of the
failure rate with Health Department staff suggests that this value is reasonable.

2.4.8 Structural Best Management Practices

The State of South Carolina and Beaufort County both have regulations that require
treatment of stormwater runoff. Stormwater treatment is commonly provided in the
form of structural facilities, such as wet detention ponds, extended dry detention
ponds, infiltration facilities and vegetated swales. Known as a form of Best
Management Practice (BMP), these structures provide different pollutant removal
efficiencies. The effectiveness of a given BMP depends on the type and size of facility
and type of pollutant. For example, if a particular pollutant exists mostly in the
dissolved form, then a BMP which relies on settling of solid particles to achieve
pollutant reduction will be less effective.

Beaufort County has a Manual for Stormwater Best Management Practices that is the
basis for the evaluation of BMP plans for proposed new urban development. The
manual provides information regarding the selection of appropriate BMPs based on
the development size, intensity of development and site characteristics (e.g., soil
type). For the most common structural BMP types, the manual offers guidance on the
proper design of the facility to enhance pollutant removal capability, and discusses
routine and non-routine maintenance requirements.

One of the most common BMP types in Beaufort County is the wet detention pond,
which has a permanent pool of water. Wet ponds are one of the most effective BMPs
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in removing pollutants, and also offer an aesthetic benefit and potential for other uses
(e.g., recreation) depending on the pond size. In general, wet ponds are designed to
achieve a two- week residence time. For Beaufort County, the manual provides
permanent pool sizing criteria based on an average two-week residence time for the
wettest month of the year (August), so the annual mean residence time is in excess of
two weeks.

For other BMPs such as extended dry detention ponds and infiltration BMPs, the
manual has design criteria based on a “water quality volume” (i.e., amount of runoff
that can be captured) and a “drawdown time” (i.e., how long does it take until the
facility is empty after the storm ends). For Beaufort County, the manual provides
sizing criteria that are based on the capture and treatment of 90 percent of the
stormwater runoff. The drawdown time is 24 hours, for consistency with State
regulations.

Swales provide areas for settling of particulate matter (and attached pollutants), and
thus are more efficient at removing pollutants which tend to be associated with solids.
Swales are not designed to capture a significant portion of the runoff, but simply to
slow the movement of stormwater to enhance the settling.

Table 2-11 lists the types of stormwater BMPs which are addressed in the County
BMP Manual, along with the removal efficiencies used in WMM. The BMP coverage
(including type) within the County for existing land use conditions is presented in the
chapters that document the water quality analyses. For the future condition, it is
assumed that all new development will be served by BMPs.

2.4.9 Model Calculations

The estimation of watershed pollutant loading is accomplished by determining the
flow rate and associated pollutant concentration with each load source (e.g., surface
runoff, baseflow, wastewater discharges), and using those data to calculate the
watershed load. The model calculates load by source so relative contributions can be
compared. Loads are also calculated with and without BMPs to show the load
reduction benefits provided by the BMPs.

2.5 Tidal River Segment Water Quality Parameters

The evaluation of tidal river water quality began with an analysis of existing
monitoring data. Monitoring stations on Beaufort County and 303(d) locations (where
the State has determined that water quality standards are not being met) are
presented in Figure 2-8.

Selected tidal rivers were analyzed to evaluate water quality concentrations for fecal
coliform bacteria. River concentrations were calculated and compared to applicable
water quality standards and/or criteria to assess whether the standards and criteria
are achieved under existing and future land use conditions, with various management
strategies. Figure 2-9 shows the conceptually modeled tidal rivers.
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2.5.1 Selected Tidal Rivers

The tidal river analysis focused on rivers for which the tributary area is entirely or
primarily inside the Beaufort County boundaries. These include the following:

m Calibogue Sound (includes Mackay Creek, Old House Creek, Jarvis Creek, Broad
Creek, Skull Creek, and Cooper River)

m Okatie/Colleton River (includes Callawassie Creek, Sawmill Creek)
m Chechessee River (includes Mackay Creek, Skull Creek, Chechessee Creek

m Morgan River (includes Parrot Creek, Bass Creek, Coffin Creek, Village Creek,
Eddings Point Creek, Jenkins Creek, Lucy Point Creek, Rock Springs Creek)

m Coosaw River (includes McCalley’s Creek, Lucy Point Creek, Brickyard Creek, Bull
River/Wimbee Creek, and Williman Creek)

m Whale Branch (includes Huspa Creek, Haulover Creek and Middle Creek)

m Beaufort River (includes Cowen Creek, Capers Creek, Distant Island Creek,
Broomfield Creek, Albergotti Creek, Brickyard Creek and Battery Creek)

2.5.2 Tidal River Segment Volumes

For the purposes of tidal river water quality modeling, available tidal data were
reviewed to determine appropriate tidal ranges for Beaufort County. The main source
of data was the Center for Operational Oceanographic Products and Services (CO-
OPS). The Center is part of the National Ocean Service, National Oceanographic and
Atmospheric Administration (NOAA). CO-OPS collects, analyzes and distributes
historical and predicted water levels.

Table 2-3 (presented earlier) summarizes tidal information developed from CO-OPS
site data. Each of the stations listed in the table has an associated bench mark sheet,
which identifies key tidal elevations such as mean high water (MHW), mean low
water (MLW), and North American Vertical Datum -1988 (NAVD) which is the
elevation basis for the DEM. The MHW and MLW values were used to develop a
mean tidal range that was used in determining typical low tide and high tide volumes
for the tidal rivers.

For each tidal river, a number of transects were drawn across the river, from the
downstream boundary to the headwaters. At each transect, the cross-sectional area at
MLW was determined based on USGS quadrangle maps and NOAA’s National
Ocean Service nautical charts. Then, the MLW volume between transects was
calculated as the average of the MLW cross-sectional area at the transects, multiplied
by the distance between transects. The intertidal volume (i.e., the difference between
MLW and MHW volume) was calculated by averaging the open water MLW surface
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area and the combined open water/tidal marsh surface area at MHW, and
multiplying the average surface area by the mean tidal range between MHW and
MLW.

The calculated MLW and MHW values were used to subdivide each tidal river into
segments. The “tidal prism” approach used in the earlier May River study (CDM and
T&H, 2002) was used for the river segmentation. Through this methodology, river
segments were established so that the MLW volume in a downstream segment was
less than or equal to the MHW volume in the immediate upstream segment. This is
necessary to be consistent with the theory behind the WASP receiving water model,
which assumes each river segment is completely-mixed.

2.5.3 Movement of Flows and Bacteria between Tidal River
Segments

In the WASP model, a “tidally-averaged” approach using annual average flows and
loads was taken to model salinity and bacteria concentrations in selected tidal river
segments. Tidally-averaged models account for advective flow and transport of
salinity and bacteria based on “net” flow between segments over the tidal cycle. Tidal
mixing between segments is accounted for by establishing appropriate dispersion
coefficients in the model.

In the tidal rivers, SWMM EXTRAN was used to calculate the one-dimensional
advective flows between tidal river segments. Each river segment was defined as a
storage node in SWMM, with surface area values based on the low tide and high tide
area defined in the GIS for open water and tidal marsh. The storage nodes were
connected by short open channel segments in SWMM, with USGS topographic maps
and/or bathymetric charts used to characterize the cross-section geometry at the
boundaries between the river segments. Downstream boundary tidal conditions were
applied in SWMM (based on values in Table 2-3) so that SWMM could define the
time-varying downstream stage during a typical tidal cycle.

SWMM used the time-varying tidal boundary conditions and the estimated average
flows from the river segment tributary areas to determine time-varying flows between
model segments. During periods when the tide is coming in, flow is generally
directed from the “downstream” segment to the “upstream” segment. Then, the flow
goes from “upstream” to “downstream” segments when the tide is going out. SWMM
calculated the time-varying flow over the tidal cycle, and also summarizes the net
flow over the simulation, which is used to determine the “net” flow from one river
segment to another.

The “net” flow determined by SWMM was used in the WASP water quality model to
simulate the advective movement of salinity and fecal coliform bacteria between river
segments. In small tidal tributaries (e.g., Albergotti Creek, Battery Creek), the net flow
is essentially equivalent to the freshwater flow from the segment tributary area. In
contrast, some of the tidal rivers are influenced by tidal inflows at multiple locations.
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For example, Brickyard Creek connects the Beaufort River and the Coosaw River,
whose tidal boundaries are Port Royal Sound and St. Helena Sound, respectively. As
shown in Table 2-3, the average tidal boundary at Port Royal Sound has a greater tidal
range and higher high tide value than at St. Helena Sound. As a result, SWMM
calculates a “net” advective flow up the Beaufort River and Brickyard Creek into the
Coosaw River.

The tidal mixing between river segments is evaluated using dispersion coefficients in
the model. These dispersion coefficients were established based on comparison
between modeled salinity values for existing land use conditions and average salinity
values calculated from 1990s monitoring data.

2.5.4 Existing Tidal River Segment Salinity and Bacteria
Concentrations

Monitoring data collected by the South Carolina Department of Health and
Environmental Control (SCDHEC) during the 1990s were analyzed to determine
“baseline” existing concentrations for salinity and fecal coliform bacteria. SCDHEC
collects random monthly samples at a number of tidal river stations, including many
stations in the tidal rivers that were evaluated in this study. The 1990s data represent
a good long-term record of concentrations that reflect monitoring during a period that
includes years of average, above average and below average rainfall. Data beyond
1999 were obtained after the initial data analysis had been conducted, and in general
the bacteria concentrations in this period were low because it was a period of below-
average rainfall. Consequently, it was concluded that the 1990s data provided a better
overall representation of bacteria levels and the newer data were not added to the
analysis.

2.5.5 Downstream Boundary Salinity and Constituent
Concentrations

Because of the substantial impact of tidal mixing and flushing in the tidal rivers, river
segment concentrations of salinity and bacteria are significantly affected by the
downstream boundary concentrations, particularly for the most downstream tidal
segments. The boundary concentrations for existing conditions was set based on
measurements at sampling stations (if available) or set based on the concentrations in
the most downstream tidal river segments.

2.5.6 Fecal Coliform Bacteria Net Loss Rates

In the tidal river segments, the fecal coliform bacteria net loss rate was modeled as a
first-order loss rate. Initially, a value of 1.0/ day was estimated, which is equivalent to
a 50 percent loss of bacteria per day. This value was adjusted through the model
calibration process to provide better agreement between the measured and modeled
geometric mean bacteria concentrations.
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2.6 Level of Service for Water Quantity and Quality

The “level of service” for the Beaufort County PSMS refers to the desired level of
protection against water quantity and water quality impacts. The levels of service
selected for this study are discussed below.

2.6.1 Water Quantity

For water quantity, the LOS considers problems such as road overtopping and
structure flooding, specifying to what extent these features will be protected. Based on
discussion with County staff, the LOS specifies that evacuation routes should be
passable for the 100-year design storm, and any other roads should be passable for the
25-year design storm. Evacuation routes will be considered passable if there are two
lanes (24 feet width) of road that are above water at all times during the 100-year
design storm, based on the PSMS hydraulics model. Other roads will be considered
passable if there is one lane (12 feet width) of road that is above water at all times
during the 25-year design storm event. For building flooding, buildings should be
protected from the 100-year design storm. Specifically, the first-floor finished
elevation of any structure should be higher than the peak water elevation calculated
by the PSMS hydraulics model for the 100-year design storm.

Unfortunately, the local jurisdictions do not have a database of finished first-floor
elevations, so the results of the design storm analyses could not be used to identify
structures that would suffer flood damage. However, the 100-year design storm flood
stages were compared to the FEMA 100-year base flood elevations, and in virtually all
cases, the FEMA flood elevations were higher than the modeled flood elevations.
Thus, any structures built after the FEMA base flood elevations were established
should have finished first-floor elevations that are higher than the modeled peak
flood stages. In addition, maps showing land inundation were prepared at all
locations where the evacuation routes crossing the PSMS were overtopped by the 100-
year design storm.

2.6.2 Water Quality

In exploring existing water quality, a number of data sources were reviewed. The
review occurred early in the project (2002).

These sources included the following:

m South Carolina Department of Health and Environmental Control (SCDHEC)
Ambient Water Quality Monitoring Program. Data from a total of 22 stations
were obtained and evaluated for parameters such as dissolved oxygen (DO),
biochemical oxygen demand (BOD), water temperature, salinity, phosphorus,
nitrogen, and fecal coliform bacteria. Data were typically collected on a monthly
basis. Many of the stations had very long periods of record (20 years or more).
These stations provide data for only 12 of the 139 water quality segments that were
modeled with the WASP receiving water model, and many were at the mouth of a

2-26



Section 2
Data and Methodology

major river (e.g., May River, Colleton River) where adverse water quality impacts
are less likely than in the headwater areas of those rivers.

South Carolina Department of Health and Environmental Control (SCDHEC)
Shellfish Monitoring Program. Data from more than 80 stations were obtained
and evaluated for parameters such as water temperature, salinity, and fecal
coliform bacteria. Data were typically collected on a monthly basis. These stations
provide data for 59 of the 139 water quality segments that were modeled with the
WASP receiving water model.

South Carolina Estuarine and Coastal Assessment Program (SCECAP). One grab
sample is collected during the summer months at randomly-selected estuarine
stations throughout coastal South Carolina. At the time of the analysis, data were
available for the years 1999 and 2000. One or two data points were available for 40
of the 139 water quality segments that were modeled with the WASP receiving
water model. Parameters that were sampled include nitrogen, phosphorus, and
chlorophyll-a.

South Atlantic Bight Land Use - Coastal Ecosystem Study (LU-CES). Annual
progress reports for 2001-2002 and 2002-2003 were reviewed for pertinent
information. These reports tended to be geared more toward research rather than
straight data collection, and thus did not provide many data. Much of the research
was focused in the Colleton River watershed (Okatie River and tributaries) and
Calibogue Sound watershed (Hilton Head Island). One interesting observation is
that fecal coliform bacteria concentrations were sampled in a number of ponds, and
the geomean of the data collected at all ponds was lower than would be expected
based on the fecal coliform runoff concentrations and wet pond BMP removal
efficiency (80 percent) used in this master plan study.

An Environmental Study of Broad Creek and the Okatee River. Water, sediment
and biological samples were collected in the Okatee (Okatie) River and Broad
Creek (Hilton Head Island) to determine baseline conditions. Overall, many of the
environmental and biological measures were consistent with other non-degraded
estuarine sites in South Carolina, with greater evidence of stress in some of the tidal
creeks and flats (SCDHEC, 2000). The authors found that contaminant levels and
biological stress in Broad Creek was less than expected given the highly-developed
nature of Hilton Head Island, and hypothesized that nonpoint source controls may
be the reason. Differences in measured concentrations in samples at the two sites
was complicated by the fact that the Okatie River samples ere taken during a dry
period, whereas the samples were taken in Broad Creek the day after a 1.3-inch rain
event.

Baseline Assessment of Environmental and Biological Conditions in the May
River, Beaufort County, South Carolina. This study was conducted and completed
concurrently with the master plan study. The South Carolina Department of
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Natural Resources (DNR), the United States Geological Survey (USGS), and the
National Oceanic and Atmospheric Administration (NOAA) collaborated on the
study. Water quality, sediment quality, and biological quality were measured in
headwater creeks, large tidal creeks, and open tidal waters. The study concluded
that most of the estuarine habitats are in good condition, and several areas showing

some stress are likely affect by natural phenomena rather than anthropomorphic
affects (SCDNR, 2004).

SCDHEC 303(d) List. Every two years, the State of South Carolina Department of
Health and Environmental Control (DHEC) prepares a priority list of water bodies
that do not currently meet State water quality standards. The list (known as the
303(d) list) is developed by comparing the State standards to monitoring data
collected by the State. In Beaufort County, most of the waters are classified as
either Shellfish Harvesting (SFH) or Outstanding Resource Waters (ORW). A
number of Beaufort County waters are listed on the year 2002 303(d) list, almost
exclusively due to measured concentrations of dissolved oxygen (DO) and fecal
coliform bacteria.

For this study, the water quality LOS will include the attainment of the fecal coliform
bacteria standards in the Shellfish Harvesting and Outstanding Resource Waters, to
the maximum extent practicable. Reasons for selecting bacteria as a focus for the LOS
include the following:

Non-attainment of bacteria water quality standards can result in temporary or
permanent closing of shellfish harvesting areas, which would have social and
economic impacts on the County

The State has an extensive network of bacteria sampling stations, which provide
substantial data for the calibration of the models that calculate bacteria loads to the
rivers and calculate the processes (e.g., bacteria die-off, tidal flushing) that affect
river bacteria concentrations

Literature findings support the premise that stormwater runoff from urban
development tends to increase watershed bacteria loads (relative to undeveloped
land) and water body bacteria concentrations

The relationship between stormwater management and waterbody DO levels is more
uncertain. There are a number of factors that make the evaluation of low waterbody
DO concentrations complex:

In some cases, tidally influenced areas and wetlands may have naturally low DO
levels, which would not be raised through stormwater management controls

Waterbody DO concentrations are also affected by physical characteristics such as
water temperature and reaeration (transfer of oxygen to the water from overlying
air), which again would not be affected by stormwater management controls
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m Water body DO concentrations are often lowest during dry weather, low-flow
conditions

m Stormwater runoff generally has a relatively high concentration of DO and
moderate concentrations of oxygen-demanding substances, except in situations
where sanitary sewer overflows (55Os), combined sewer overflows (CSOs) or illicit
connections are discharging to the water body.

m State water quality monitoring data may not be sufficient to develop a model that
can accurately represent the complex interactions between DO concentrations and
the many processes that affect the water body concentrations.

Because the reasons for low DO concentrations are very complex and may not be
directly related to stormwater pollution loads, achievement of DO standards will not
be part of the LOS, though stormwater management measures to limit the discharge
of stormwater loads of oxygen-demanding material will be evaluated.

Another potential water quality LOS is the control of algae growth in tidal waters.
The State does not currently have nutrient-related water quality standards or criteria
for estuarine systems at this time, though numeric criteria for total phosphorus, total
nitrogen, and chlorophyll-a (a measure of algal biomass) have been developed for
South Carolina lakes. Due to lack of river monitoring data for nutrients and
particularly for algae, river concentrations of nutrients or algae will not be part of the
LOS, though stormwater management measures to limit the discharge of stormwater
loads of nutrients will be evaluated.

Selected tidal rivers were analyzed to evaluate water quality concentrations for fecal
coliform bacteria. River concentrations were calculated and compared to applicable
water quality standards and/or criteria to assess whether the standards and criteria
are achieved under existing and future land use conditions, with various management
strategies

The mean and distribution of salinity and bacteria data were evaluated by tidal river
model segment. This means that if more than one monitoring station was located
within a river segment, the data were pooled to establish the mean and distribution of
concentrations within the river segment. For salinity, the average (arithmetic mean)
and 90 percent confidence interval for the average were calculated. The “confidence
interval” concept accounts for the fact that the “true” average concentration may be
somewhat higher or lower than the average that is calculated using a number of
random grab samples. For bacteria, the geometric mean and the 90 percent confidence
interval of geometric mean was calculated for each river segment. The geometric
mean was calculated for bacteria because the tidal river water quality standards are in
part based on the geometric mean.

There are two fecal coliform bacteria standards that apply in the Beaufort County
tidal rivers. These are:
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m The geometric mean of bacteria concentrations shall not exceed 14/100 ml.

m No more than 10 percent of the bacteria concentrations shall exceed a concentration
of 43/100 ml.

SCDHEC compares monitoring results with these standards by evaluating three years
of monitoring data (i.e., 36 monthly random grab samples) to determine whether the
standards have been met for that period.

Consequently, additional analysis was done for the 1990s fecal coliform bacteria. As
noted above, the geometric mean for the 1990s (and 90 percent confidence interval for
the geometric mean) was calculated. The 10-year record was also analyzed to
determine the maximum geometric mean based on 36 consecutive samples (i.e.,
worst-case condition from the 1990s to determine compliance with the geometric
mean standard). Analysis was also done to determine the 90th percentile bacteria
concentration for the entire period, as well as the highest 90th percentile value for 36
consecutive samples (again, worst-case condition from the 1990s to determine
compliance with the standard allowing only 10 percent of samples to exceed 43 /100
ml).

Figure 2-10 shows 1990s geometric means plotted against the 36-sample maximum
90th percentile bacteria concentration value. Each point on the plot represents the
long-term mean and the 36-sample maximum 90th percentile value for a single
sampling station (a total of 80 stations). The horizontal line represents the bacteria
water quality standard (that no more than 10 percent of the samples shall exceed
43/100 ml). The vertical line (at a geomean concentration of 7/100 ml) represents the
geomean value at or below which the 43/100 ml standard is expected to be met at all
times. It also represents the value above which the 43 /100 ml standard is expected to
be exceeded during some 36-sample periods.

As shown in the figure, there are a few stations at which the geomean is less than
7/100 ml but the 90th percentile value is greater than 43/100 ml. However, there are
also several stations at which the geomean is greater than 7/100 ml and the 90th
percentile value is less than 43 /100 ml. The value of 7/100 ml was chosen such that
the number of stations that do not follow the general rule for achieving or not
achieving the 43/100 ml standard would be minimized, and that the chance of falsely
predicting standard exceedance was equal to the chance of falsely predicting standard
attainment. In this case, the graph show, 7 of 80 stations (less than 10 percent) that do
not follow the general rule, almost evenly split between falsely predicting attainment
(3 stations in the upper left quadrant of the graph) and falsely predicting exceedance
(4 stations in lower right quadrant of graph).

Figure 2-11 shows 1990s geometric means plotted against the 1990s 90th percentile
bacteria concentration value. Each point on the plot represents the long-term mean
and long-term 90th percentile values for a single sampling station (a total of 80
stations). The horizontal line represents the bacteria water quality standard (that no
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more than 10 percent of the samples shall exceed 43 /100 ml). The vertical line (at a
geomean concentration of 8.7/100 ml) represents the geomean value at or below
which the 43 /100 ml standard is expected to be met in the long-term. It also
represents the value above which the 43 /100 ml standard is expected to be exceeded
in the long-term.

As shown in the figure, there are a few stations at which the geomean is less than
8.7/100 ml but the 90th percentile value is greater than 43/100 ml. However, there are
also several stations at which the geomean is greater than 8.7/100 ml and the 90th
percentile value is less than 43 /100 ml. The value of 8.7/100 ml was chosen such that
the number of stations that do not follow the general rule for achieving or not
achieving the 43/100 ml standard would be minimized, and that the chance of falsely
predicting standard exceedance was equal to the chance of falsely predicting standard
attainment. In this case, the graph show, 5 of 80 stations (less than 10 percent) that do
not follow the general rule, almost evenly split between falsely predicting attainment
(3 stations in the upper left quadrant of the graph) and falsely predicting exceedance
(2 stations in lower right quadrant of graph).

Figure 2-12 shows 1990s geometric means plotted against the 36-sample maximum
geomean concentration value. Each point on the plot represents the long-term mean
and 36-sample maximum geomean values for a single sampling station (a total of 80
stations). The horizontal line represents the geomean bacteria water quality standard
(14/100 ml). The vertical line (at a geomean concentration of 10/100 ml) represents
the geomean value at or below which the 36-sample geomean standard is expected to
be met at all times. It also represents the value above which the 36-sample geomean
standard is expected to be exceeded during some 36-sample periods.

As shown in the figure, there are a few stations at which the long-term geomean is
less than 10/100 ml but the 36-sample maximum geomean is greater than 14/100 ml.
However, there are also several stations at which the long-term geomean is greater
than 10/100 ml and the 36-sample maximum geomean value is less than 14/100 ml.
The value of 10/100 ml was chosen such that the number of stations that do not
follow the general rule for achieving or not achieving the long-term geomean
standard of 14/100 ml would be minimized, and that the chance of falsely predicting
standard exceedance was equal to the chance of falsely predicting standard
attainment. In this case, the graph shows 3 of 80 stations (less than 5 percent) that do
not follow the general rule, almost evenly split between falsely predicting attainment
(1 station in the upper left quadrant of the graph) and falsely predicting exceedance (2
stations in lower right quadrant of graph).

Based on the results presented above, various levels of service for bacteria water
quality are listed below. The various levels of service, based on long-term geomean
fecal coliform bacteria concentrations, offer various levels of bacteria standard
achievement:
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m Level A river segments (long-term geomean less than or equal to 7/100 ml) are
expected to meet the geomean standard (14/100 ml) and the 90th percentile
standard (43/100 ml) for any 36-sample period.

m Level B river segments (long-term geomean greater than 7/100 ml and less than or
equal to 8.7/100 ml) are expected to meet the geomean standard (14/100 ml) for
any 36-sample period, and are expected to meet the 90th percentile standard in the
long-term, but the 90th percentile standard is expected to be exceeded during some
36-sample periods.

m Level Criver segments (long-term geomean greater than 8.7/100 ml and less than
or equal to 10/100 ml) are expected to meet the geomean standard (14/100 ml) for
any 36-sample period, but are not expected to meet the 90th percentile standard in
the long-term

m Level D river segments (long-term geomean greater than 10/100 ml) are expected
to exceed the geomean standard (14/100 ml) for some 36-sample periods, and are
expected to exceed the 90th percentile standard in the long-term and during some
36-sample periods.

These levels are listed in order from most desirable (Level A) to least desirable (Level
D).

These levels will be used in conjunction with an “anti-degradation” approach to
evaluate the water quality impacts in the tidal rivers. The statistics developed using
existing bacteria monitoring data will be used to classify each of the tidal river
segments under one of the four levels. Under the “anti-degradation” approach, the
goal of the stormwater master plan will be to achieve the same level of water quality
as is currently achieved under existing conditions. For example, if a river segment has
an existing long-term geometric mean concentration of 8/100 ml, it would be
classified as a Level B segment. The water quality models would then be used to
project the long-term bacteria geometric mean in that segment for future conditions
(e.g., with anticipated future development and BMPs in accordance with the County
BMP Manual) to see if the river segment maintains its Level B status (less than 8.7/100
ml, as discussed above). If not, additional management measures will be evaluated to
see what measures would be needed to maintain that level.

2.7 Alternative Management Measures for Water

Quantity and Quality

The modeling studies considered a number of alternative management measures for
control of water quantity and water quality. Those measures are discussed below.
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2.7.1 Water Quantity

For water quantity, problems occur when the PSMS does not have sufficient capacity
to carry the peak flows associated with the defined level of service. There are several
methods that can be applied to solve these capacity problems:

m Increase the conveyance capacity of the PSMS
m Reduce peak flows with detention storage
m Combination of the above

The appropriate measure will depend upon considerations such as maintaining the
LOS, system-wide cost of implementation, and site constraints.

System capacity can be increased in several ways. The most common would be
replacing undersized culverts or adding additional culverts to pass more flow at a
road crossing that is overtopped under the current culvert configuration. However,
such culvert enhancements must be evaluated to make sure that passing the peak
flow more efficiently at the current problem area does not result in new problems
downstream of the current problem area. Another example of increasing capacity is
raising the roadway at the stream crossing. In some cases, road overtopping may
occur because the road is at a low elevation relative to the downstream tidal boundary
or because there is little freeboard between the top of the culvert and the roadway.

Peak flows can be reduced by providing detention storage upstream of the problem
area. Temporarily storing water upstream of the problem area serves to reduce the
peak flows that the PSMS needs to pass downstream of the detention. The suitability
of detention storage is primarily based on physical characteristics such as the
availability of undeveloped land that can be used as the location of the detention
storage, and the natural topography at the potential detention site.

Of course, it may be appropriate to both increase existing PSMS capacity and reduce
peak flows with detention at a particular problem area. There may be situations in
which the area available for detention is not quite sufficient to fully solve the flooding
problem, but would substantially reduce the additional required culvert capacity.

2.7.2 Water Quality

Various BMPs can be considered for use in the County’s Stormwater Master Plan for

retrofit treatment of existing development and treatment of future development. The

BMPs are grouped as structural (constructed facilities) and non-structural (regulation
or ordinances).

The following is a list of structural BMPs that is included in the County’s BMP
manual:
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m Wet detention ponds

m Extended dry detention ponds

m Modified extended dry detention basin
m Infiltration facility

m Grass swale with check dams

m Biofiltration swale

m Bioretention facility

m Innovative technology (commercially constructed units, e.g., Stormceptor or
Stormtreat)

These structural BMPs are designed to capture and treat stormwater runoff from
urban development. In this study, it was assumed that all future development would
be served by BMPs in accordance with the County BMP Manual. Wet detention (the
typical BMP applied in the County) was assumed as the BMP for future development.

In contrast to structural BMPs, nonstructural BMPs generally reduce stormwater
pollution loads by reducing the amount of pollution generated by stormwater runoff,
rather than treating the runoff. Examples of nonstructural BMPs include the
following:

m Land use planning and management can be used to integrate County goals into the
development and redevelopment process. Management measures may include
modification or restrictions of certain land use activities. Greater restrictions may
be warranted where development can affect impaired, threatened, or significant
water bodies. Because increased pollutant loadings and flooding correspond to
increase in impervious cover, land use planning can become an effective control
measure.

m Public information programs would provide the County with a strategy for
informing its employees, the public, and businesses about the importance of
protecting stormwater from improperly used, stored, and disposed pollutants.
Residents should be aware that a variety of hazardous products are used in the
home and that their improper use and disposal can pollute stormwater. Likewise,
improper disposal of oils, antifreeze, paints, and solvents can end up in streams
and lakes, poisoning fish and wildlife.

m Fertilizer application controls could be implemented through a public information
program by making the public and professional fertilizer users aware of the
problems associated with overuse of fertilizers. Overuse of fertilizers will cause
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excessive runoff of nutrients to surface waters thereby wasting money for the
homeowner/ professional user and potentially degrading the receiving water body.

Pesticide and herbicide use controls could be implemented in a manner similar to
fertilizer application controls.

Public information program on proper maintenance of septic tank systems

Solid waste management can include public information regarding the adverse
impacts of littering and poor solid waste management (e.g., obstructing open
channels, culverts, and storm sewers). This can also include pet droppings and
illegal dumping into storm drains, wooded areas, and ditches. Pet droppings can
be a source of coliform bacteria and pathogens.

Street sweeping can be an effective method of improving street aesthetics in
developed areas and, depending on the type of equipment used, can be an effective
pretreatment method of water quality control.

Impervious area minimization would limit the amount of Directly Connected
Impervious Area (DCIA) on a site and promote the use of green buffer zones
around paved areas for infiltration. For example, roof runoff from structures can be
directed to green buffer zones or shallow swales around houses. In addition,
parking lots and driveways can be graded to landscaped/grassed areas or swales,
reducing direct runoff to the storm drainage system.

Erosion and sediment control on construction sites provides for the protection of
receiving waters from sediment loads. Proper control during construction can be
accomplished with gravel filter weirs, sediment fences, and temporary berms or

swales. Currently, the County has an ordinance requiring erosion and sediment

control on construction sites.

Operation and maintenance can be one of the most effective non-structural BMPs.
For publicly owned treatment facilities, routine maintenance and inspection should
be performed. For privately owned facilities, maintenance is not typically
performed by a municipality. There are several options that can be pursued by a
municipality to help ensure that proper maintenance is being conducted. These
options include a certification program initiated by a municipality that requires all
approved subdivision ponds (private) to be recertified by the owner on a
predetermined time interval. The recertification may be done by a state
certified/trained inspector or engineer. Enforcement of maintenance of privately
owned facilities is one of the most difficult problems for privately owned facilities.
Potential enforcement measures may include County intervention (after sufficient
notification) where critical maintenance is done by the County and the cost of the
maintenance is billed to the owner or by other means as deemed necessary by the
municipality. Another option would be to consider the assessment of fines.
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2.7.3 Regional vs. Onsite Structural Controls

Where practicable, regional facilities were considered for water quantity and quality
control within the County. The following discussion is provided for detention pond
applications, which tend to be cost-effective when sited regionally.

In the case of future urban development or retrofit of existing development, the onsite
approach (also known as piecemeal approach to stormwater control) involves the
delegation of responsibilities for BMP deployment to local land developers or the use
by the County of BMPs serving small areas due to site constraints. Each developer is
responsible for constructing a structural BMP at the development site to control
nonpoint pollution loadings from the site. Detention pond BMPs provided onsite
typically have contributing areas of 20 to 50 acres. The local government is
responsible for reviewing each structural BMP design to ensure conformance with
specified design criteria, for inspecting the constructed facility to ensure conformance
with the design, and for ensuring that a maintenance plan is implemented for the
facility.

The regional approach to stormwater control involves strategically siting regional
structural BMPs to control nonpoint pollution loadings from multiple development
projects. For ponds serving new development, the front end costs for constructing the
structural BMP are assumed by the developer and/or the local government that
administers the regional BMP plan. BMP capital costs can then be recovered from
upstream developers on a "pro rata" basis as development occurs. Individual regional
BMPs are phased in as development occurs rather than constructing all regional
facilities at one time. Maintenance responsibility for regional structural BMPs can be
assumed by the developer (or designee with certified maintenance bonds) or by the
local government. For retrofit of existing development, regional BMPs may also be
used to cost-effectively treat areas that are near the areas that are retrofit for water
quantity controls but that cannot be cost-effectively treated. The regional approach
addresses concurrence for the entire watershed while the onsite approach does not
address this issue.

A regional BMP system offers benefits that are equal to or greater than onsite BMP
benefits at a lower cost. Most of the advantages of the regional approach over the
onsite approach can be attributed to the need for fewer structural facilities that are
strategically located within the watershed. The specific advantages of the regional
approach are summarized below.

m Reduction in capital costs for structural BMPs: The use of a single stormwater
detention facility to control runoff from approximately 5 to 15 development sites
within approximately a 100 to 600 acre area permits the local government to take
advantage of economies-of scale in designing and constructing the regional facility.
In other words, the total capital cost (e.g., construction, land acquisition,
engineering design) of several small onsite detention BMPs is greater than the cost
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of a single regional detention pond BMP which provides the same total storage
volume in a strategic place.

Reduction in maintenance costs: Since there are fewer stormwater detention
facilities to maintain, the annual cost of maintenance programs are significantly
lower. Moreover, since regional detention facilities can be designed to facilitate
maintenance activities, annual maintenance costs are further reduced in
comparison with onsite facilities. Examples of design features that are typically
only feasible at regional BMP facilities to reduce maintenance costs include: access
roads that facilitate the movement of equipment and work crews onto the site (by
comparison, detention facilities implemented under the onsite approach are often
located in residential backyards); additional sediment storage capacity (e.g.,
sediment forebay) to permit an increase in the time interval between facility clean
out operations; and onsite disposal areas for sediment and debris removed during
clean out.

Greater reliability: A regional BMP system will be more reliable than an onsite
BMP system because it will more likely be maintained. With fewer facilities to
maintain and design features that reduce maintenance costs, the regional BMP
approach is much more likely to result in an effective long term maintenance
program. Due to the greater number of facilities, the onsite BMP approach tends to
result in a large number of facilities that do not get adequately maintained and,
therefore, soon cease to function as designed. Many municipalities who start off
with the onsite approach eventually switch to the regional approach to address the
lack of maintenance of the onsite systems and to increase the overall effectiveness
of the stormwater management program. Regional facilities however, cannot be so
large that incremental water quality protection is lost. For instance, if a regional
detention facility is at the bottom of a 10-square-mile basin, no water quality
protection would be provided to the upstream rivers and streams as urbanization
occurs. Another problem with an excessively large regional facility is the impact of
the facility on existing wetlands. In rural areas, an excessively large pond would
inundate large wetland areas, which would make permitting of the structures
extremely difficult. Experience shows that a regional pond should be limited to
approximately a 100 - 600 acre tributary area.

Opportunities to manage existing nonpoint pollution loadings: Nonpoint pollution
loadings from existing developed areas can be affordably controlled at the same
regional facilities that are sited to control future urban development. This is
because the provision of additional storage capacity to control runoff from existing
development in the facility's contributing area is reasonable in cost due to
economies of scale. Alternatively, existing development can be retrofit in lieu of
treating other existing development that is being retrofit for water quality control.
By comparison, the costs of retrofitting existing development sites with onsite
detention BMPs to control existing nonpoint pollution loadings may be
prohibitively expensive or extremely difficult due to site constraints/conditions.
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m Fair to land developers: Land developers recognize that economies of scale
available at a single regional BMP facility should produce lower capital costs in
comparison with several onsite detention facilities. They also tend to prefer the
regional BMP approach because it eliminates the need to set aside acreage for an
onsite facility other than pretreatment and conveyance to the regional pond. This
could permit an increase in the number of dwelling units within the development
site while still providing sufficient stormwater management. The additional cost of
a pond sized for future development can be passed on to the developer. Developers
can "buy" into the regional system and eliminate on-site BMP requirements, thus
minimizing cost to the public. Regional facilities also offer the ability to maximize
mining of fill material.

m Multipurpose uses: Regional facilities can often be landscaped to offer recreational
and aesthetic benefits. Jogging and walking trails, picnic areas, ballfields, and
canoeing or boating are some of the typical uses. For example, portions of the
facility used for flood control can be kept dry, except during floods, and can be
used for exercise areas, soccer fields, or football fields. Wildlife benefits can also be
provided in the form of islands or preservation zones, which allow a view of nature
within the park schemes. Gradual swales can also be worked into the park concept
to provide pretreatment around paved areas, such as parking lots or access roads.
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TABLE 2-1
LAND USE CATEGORIES AND ASSOCIATED CHARACTERISTICS
FOR ICPR DESIGN STORM MODELING

Urban Systems

CN for Hydrologic Soil Group

Land Use % Impervious A B C D
Low-Density Residential 10% 45 65 78 82
Medium-Density Residential 25% 54 70 80 85
High-Density Residential 50% 69 80 86 89
Institutional 38% 61 75 83 87
Industrial / Transportation 72% 81 88 91 93
Commercial / Business 85% 89 92 94 95
Golf Courses 1% 39 61 74 80
Impervious 100% 98 98 98 98
Open Space* 1% 39 61 74 80

*e.g., parks, cemeteries

Agricultural Systems

CN for Hydrologic Soil Group
Land Use % Impervious A B C D
Row Crop 1% 64 75 82 85
Silvaculture 1% 32 58 72 79

Natural Systems

CN for Hydrologic Soil Group
Land Use % Impervious A B C D
Open Water 100% 100 100 100 100
Forested Wetland 100% 98 98 98 98
Non-Forested Wetland 100% 98 98 98 98
Sandy Area 100% 98 98 98 98
Forestland 1% 25 55 70 77
Grassland 1% 30 58 71 78

Source: USDA, SCS, 1986.
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24-HOUR RAINFALL DEPTHS FOR DESIGN STORMS

TABLE 2-2

24-hour Design Rainfall (inches) for VVarious Return Periods

Data Source 2-year 10-year 25-year 100-year
TP-40 (USDA, SCS, 1961) 4.5 6.9 7.9 10.0
Beaufort 7 SW gage (daily rainfall) 4.7 7.1 8.4 10.5
Savannah Airport (hourly rainfall) 4.7 6.8 8.1 10.1
Charleston Airport (hourly rainfall) 5.0 7.1 8.3 10.3

sect2_tables FEB2006.xls
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TABLE 2-3
TIDAL INFORMATION FOR BEAUFORT COUNTY

Mean Mean Average
Observation Annual High Low Tidal
Dates Max Elev Water Water Range
Gage Location Start | End (ft NAVD) | (ft NAVD) | (ft NAVD) (ft)
Calibogue Sound/Port Royal Sound
Huspa Creek Jul-79 | Jun-80 3.6 -4.5 8.1
Whale Branch Mar-78 | Feb-79 55 3.3 -4.4 7.7
Beaufort Jan-78 | Dec-84 5.6 3.2 -4.2 7.4
Battery Creek Mar-78 | Feb-79 5.4 3.4 -4.3 7.6
Okatee River Mar-78 | Feb-79 5.9 3.5 -4.6 8.1
Distant Island Creek Mar-80 | Feb-81 5.5 3.3 -3.6 6.9
Station Creek Mar-78 | Feb-79 5.4 3.0 -3.8 6.8
Skull Creek South May-78 | Apr-79 3.1 -4.2 7.3
Broad Creek Jul-78 | Feb-79 3.3 -4.2 7.5
Average 5.6 3.3 -4.2 7.5
St. Helena Sound
Wimbee Creek Dec-77 | Nov-78 2.8 -3.6 6.4
Eddings Point Creek Mar-78 | Feb-79 4.8 2.7 -3.7 6.4
Harbor River Feb-75 | Jan-76 4.6 2.6 -35 6.1
Johnson's Creek Mar-75 | Feb-76 4.6 2.5 -3.4 5.9
Fripp Inlet Mar-78 | Feb-79 4.9 2.5 -3.6 6.1
Jenkins Creek Mar-81 | May-81 2.9 -3.9 6.8
Average 4.7 2.7 -3.6 6.3
New River
New River at 170 | Aug-79| Feb-80 | 2.4 -1.0 3.3
NOTES:
1. Annual maximum elevation is based on annual series developed from monthly extremes
obtained from CO-OPS website co_ops.nos.noaa.gov/data_res.html
2. Mean high water and mean low water values were developed from data
on benchnmark sheets obtained at CO-OPS website co_ops.nos.noaa.gov/benchmarks.
3. Average tidal range is difference between mean high water and mean low water.
sect2_tables_ FEB2006.xls Table 2-3 2/17/2006



TABLE 2-4
MONTHLY AND ANNUAL RAINFALL TOTALS
BEAUFORT 7 SW RAIN GAGE

Month Average Rainfall (inches)
January 34
February 3.1
March 3.9
April 2.8
May 35
June 5.4
July 6.3
August 6.9
September 53
October 2.7
November 21
December 2.9
TOTAL 48.4
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TABLE 2-5
LAND USE CATEGORIES AND ASSOCIATED RUNOFF COEFFICIENTS
FOR ANNUAL LOAD CALCULATIONS

Urban Systems

Impervious Pervious Average Annual
Land Use % Impervious Runoff Coefficient Runoff Coefficient Runoff (inches/year)
Low-Density Residential 10% 0.90 0.10 8.7
Medium-Density Residential 25% 0.90 0.10 14.5
High-Density Residential 50% 0.90 0.10 24.2
Institutional 38% 0.90 0.10 19.6
Industrial / Transportation 2% 0.90 0.10 32.7
Commercial / Business 85% 0.90 0.10 37.8
Golf Courses 1% 0.90 0.10 5.2
Impervious 100% 0.90 0.10 43.6
Open Space* 1% 0.90 0.10 5.2

*e.g., parks, cemeteries

Agricultural Systems

Impervious Pervious Average Annual
Land Use % Impervious Runoff Coefficient Runoff Coefficient Runoff (inches/year)
Row Crop 1% 0.90 0.10 5.2
Silvaculture 1% 0.90 0.10 5.2

Natural Systems

Impervious Pervious Average Annual
Land Use % Impervious Runoff Coefficient Runoff Coefficient Runoff (inches/year)
Open Water 100% 1.00 0.10 48.4
Forested Wetland 100% 0.25 0.10 12.1
Non-Forested Wetland 100% 1.00 0.10 48.4
Sandy Area 100% 1.00 0.10 48.4
Forestland 1% 0.90 0.10 5.2
Grassland 1% 0.90 0.10 5.2
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RUNOFF EVENT MEAN CONCENTRATIONS (EMCs) FOR ANNUAL LOAD CALCULATIONS

Urban Systems

TABLE 2-6

Fecal

BOD TSS Total-P Total-N Lead Zinc Coliform

Land Use (mgll) (mg/l) (mg/1) (mg/l) (mg/1) (mg/l) (#/100 ml)
Low-Density Residential 11 117 0.40 1.9 0.020 0.078 32,200
Medium-Density Residential 11 117 0.40 1.9 0.020 0.078 32,200
High-Density Residential 10 116 0.29 1.9 0.016 0.119 21,750
Institutional 10 117 0.23 19 0.016 0.119 32,200
Industrial / Transportation 10 116 0.23 1.9 0.016 0.119 11,100
Commercial / Business 10 116 0.23 1.9 0.016 0.119 11,300
Golf Courses 2 26 1.30 2.6 0.009 0.041 6,400
Impervious 10 116 0.23 19 0.016 0.119 11,300
Open Space* 2 26 0.10 1.3 0.001 0.006 6,400

*e.g., parks, cemeteries
Agricultural Systems

Fecal

BOD TSS Total-P Total-N Lead Zinc Coliform

Land Use (mgll) (mg/l) (mg/1) (mg/l) (mg/1) (mg/l) (#/100 ml)
Row Crop 4 55 1.30 2.6 0.009 0.041 6,400
Silvaculture 4 55 0.14 2.1 0.009 0.041 6,400

Natural Systems

Fecal

BOD TSS Total-P Total-N Lead Zinc Coliform

Land Use (mgll) (mg/l) (mg/1) (mg/l) (mg/1) (mg/l) (#/100 ml)
Open Water 3 6 0.16 1.3 0.006 0.146 6,400
Forested Wetland 2 26 0.10 1.3 0.001 0.006 6,400
Non-Forested Wetland 3 6 0.16 1.3 0.006 0.146 6,400
Sandy Area 3 6 0.16 13 0.006 0.146 6,400
Forestland 2 26 0.10 1.3 0.001 0.006 6,400
Grassland 2 26 0.10 1.3 0.001 0.006 6,400

Source: CDM, 2003
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TABLE 2-7

BASEFLOW EVENT MEAN CONCENTRATIONS (EMCs) FOR ANNUAL LOAD CALCULATIONS

Fecal
BOD TSS Total-P Total-N Lead Zinc Coliform
(mgll) (mgll) (mgll) (mag/l) (mgll) (mg/l) (#/200 ml)
3 18 0.16 1.0 0.001 0.001 200

Source: T&H sampling - Eagle's Pointe and Buckwalter
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TABLE 2-8
POINT SOURCE FLOWS AND CONCENTRATIONS FOR ANNUAL LOAD CALCULATIONS

Direct Discharges
Fecal
Discharge/ Flow BOD TSS Total-P Total-N Lead Zinc Coliform

Receiving Water (mgd) (mg/l) (mgll) (mg/l) (mgll) (ug/l) (ugll) (#/200 ml)
Shell Point 0.30 6.0 4.7 4.0 20.0 25 100 7
(Beaufort River)
Southside 1.49 5.8 4.0 4.0 20.0 25 100 5
(Beaufort River)
Parris Island 1.14 10.2 20.9 4.0 20.0 25 100 4
(Beaufort River)
USMC Air Station 0.18 16.5 185 4.0 20.0 25 100 13
(Albergotti Creek)
USMC Air Station 0.45 8.5 7.0 4.0 20.0 25 100 3
(Broad River)
Cherry Point WWTP 2.50 10.0 10.0 4.0 20.0 25 100 3
(New River)

Sprayfields
Fecal
Discharge/ Flow BOD TSS Total-P Total-N Lead Zinc Coliform

Receiving Water (mgd) (mg/l) (mgfl) (mg/l) (mgfl) (ug/l) (ugll) (#/200 ml)

Various Locations 25% of applied 15 20 08 40 5 20 1
water

1. For direct discharges, flows and concentrations are from Discharge Monitoring Reports for parameters that are monitored.

2. For direct discharges, values in italics are not monitored, and were set based on typical wastewater characteristics (CDM, 1993)

3. Sprayfield concentrations are based on 80-90% reduction in concentration in the soil.
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TABLE 2-9

ESTIMATED WASTEWATER FLOWS
BEAUFORT COUNTY WATERSHEDS

INDIRECT DISCHARGES (MGD) DIRECT DISCHARGES (MGD)

WATERSHED EXISTING FUTURE EXISTING FUTURE
Calibogue Sound 4.0 4.5 0.0 0.0
May River 0.3 0.8 0.0 0.0
Chechessee River 0.1 0.1 0.0 0.0
Colleton River 0.6 0.8 0.0 0.0
New River 0 0 25 7.5
Beaufort River 0 0 3.1 3.1
Coosaw River 0 0 0.0 0.0
Whale Branch West 0 0 0.0 0.0
Morgan River 0.2 0.6 0.0 0.0
Broad River 0.9 0.9 0.5 0.5
Combahee River 0.0 0.0
Coastal 0.0 0.0
TOTAL 6.1 1.7 6.1 11.1

NOTES:

1. Existing direct discharge values based on Discharge Monitoring Reports and EPA permit Compliance System Reports

2. Existing indirect discharge data based on data provided by BJW&SA, and PSDs for Town of Hilton Head Island

3. Future indirect discharge data based on comparison of existing and future land uses in sewer service areas.
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FAILING SEPTIC TANK LOADS

TABLE 2-10

Failing Failing Failing
Septic Septic Runoff Total-P Septic Runoff Total-N Septic Runoff Fecal Col.
Flow Total-P Total-P Load Total-N Total-N Load Fecal Col. Fecal Col. Load
Land Use (gal/ac/day) (Ib/aclyr) (Ib/aclyr) Ratio (Ib/aclyr) (Ib/aclyr) Ratio (#/aclyr) (#/aclyr) Ratio
Low Density Residential 188 1.1 0.8 2.4 17.1 3.7 5.6 1.9E+12 2.9E+11 7.7
Medium Density Residential 750 4.6 13 4.5 68.5 6.2 12.1 7.7E+12 4.8E+11 17.0
High Density Residential 1875 114 1.6 8.2 171.2 104 175 1.9E+13 5.4E+11 36.5
Institutional 1875 114 1.0 12.0 171.2 8.4 21.4 1.9E+13 6.4E+11 30.8
Industrial/Transportation 1875 11.4 1.7 7.6 171.2 14.1 13.2 1.9E+13 3.7E+11 52.7
Commercial/Business 1875 114 2.0 6.7 171.2 16.2 11.6 1.9E+13 4.4E+11 451
1. Flows in gallons per day for residential areas are based on the following:
a. Unit flow rate of 75 gallons per capita per day
b. 2.5 people per dwelling unit
¢. Dwelling unit density ranging from 1 per acre (low density) to 10 per acre (high density).
2. Flow rate for commercial, industrial and institutional is presumed to be similar to high density residential.
3. Assumed concentrations for failing septic tank discharges are:
a. 2 mg/l for total P (CDM, 1993)
b. 30 mg/I for total N (CDM, 1993)
¢. 750,000 per 100 ml for fecal coliform bacteria (USEPA, 2001)
4. Runoff loads are calculated based on runoff (Table 2-5) and EMC (Table 2-6) data.
sect2_tables_FEB2006.xls Table 2-10 2/17/2006



TABLE 2-11
BMPs AND ASSOCIATED REMOVAL EFFICIENCIES FOR ANNUAL LOAD CALCULATIONS

Fecal
BMP Type BOD TSS Total-P Total-N Lead Zinc Coliform

Wet Detention Basin 40% 80% 60% 40% 80% 70% 80%
Extended Dry Detention Basin 30% 80% 30% 15% 80% 50% 35%
Modified Extended Dry Detention Basin 35% 80% 45% 25% 80% 60% 50%
Infiltration 75% 90% 55% 45% 75% 75% 90%
Grass Swale with Check Dams 20% 70% 25% 20% 60% 40% 30%
Biofiltration Swale 10% 30% 15% 10% 30% 25% 10%
Bioretention 50% 80% 55% 30% 80% 60% 70%

Innovative Technology
- Swirl Concentrator 30% 80% 30% 15% 80% 50% 10%
- Settling/Filtration 30% 80% 30% 15% 80% 50% 35%
- Settling/Wetland 40% 80% 60% 40% 80% 70% 70%

Source: CDM, 2003.
Table 2-11 2/17/2006
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Beaufort County Fecal Coliform Bacteria Data 1990-1999
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Figure 2-10 Relationship between Long-Term GeoMean and 36-Sample Maximum 90th Percentile Fecal Coliform Concentrations
at Sampling Stations in Beaufort County.

Note: Each point represents data for one sampling station in Beaufort County.



Fecal Coliform 90th Percentile (#/100 ml)

100

90

80 -

70 A

60

50

40

30 i "=

20 A

10

Beaufort County Fecal Coliform Bacteria Data 1990-1999

. i90th percentile standard = 43/100 ml

Long-term geomean of 8.7/100 ml is best

predictor of long-term standard achievement

0 1 2 3 4 5 6 7 8 9 10 11

12

13 14 15 16 17 18 19 20 21 22

Fecal Coliform GeoMean (#/100 ml)

23

Figure 2-11 Relationship between Long-Term GeoMean and Long-Term 90th Percentile Fecal Coliform Concentrations

at Sampling Stations in Beaufort County.

Note: Each point represents data for one sampling station in Beaufort County.

24



Maximum 36-Sample Geomean (#/100 ml)

Beaufort County Fecal Coliform Bacteria Data 1990-1999

35
(]
30 =
25 m
(] ]
20
Geomean standard - 14/100 ml
. .
15 ] B
. | |
. Long-tern geomean of 10/100 ml is best predictor
] [ ] [ ] . .
10 4 - .H - of consistent standard achievement
tu =M.
n N E
.| !
0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
GeoMean (#/100 ml)

Figure 2-12 Relationship between Long-Term GeoMean and 36-Sample Maximum Geomean Fecal Coliform Concentrations
at Sampling Stations in Beaufort County.
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Section 3
Calibogue Sound Watershed Analysis

This section describes the physical features of the Calibogue Sound watershed, water
quantity and water quality problems, modeling results, alternatives evaluation, and
recommendations.

3.1 Overview

The Calibogue Sound watershed is located south of the Broad River (see Figure 3-1).
For the purposes of this study, the area included in the watershed analysis includes
open water, tidal marsh and upland area in Bluffton Township, Town of Hilton Head
Island, and Daufuskie Island that is tributary to the Calibogue Sound. Major
Calibogue Sound tributaries included in the analysis are Broad Creek, Cooper River,
Bull Creek, Old House Creek, Jarvis Creek, Skull Creek, Bryan Creek and Savage
Creek.

For the hydrologic and hydraulic analysis of the Primary Stormwater Management
System (PSMS), the watershed includes several “hydrologic” basins. These are listed
in Table 3-1, and presented in Figure 3-2. Table 3-1 lists the basin names, tributary
areas, number of subbasins, and average subbasin size. Hydrologic and hydraulic
model calculations were completed to evaluate peak flows and water elevations
within the PSMS. The model results were compared to critical water elevations (e.g.,
roadway elevations) to identify potential problem areas and evaluate alternative
management strategies.

It should be noted that the hydrologic and hydraulic analysis presented in this section
does not include the Town of Hilton Head Island. The analysis of the Town of Hilton
Head Island is presented in Section 15 of the report.

For the analysis of pollution loads and receiving water quality, the watershed was
subdivided into basins, and the tidal receiving waters were subdivided into receiving
water segments. These are listed in Table 3-2, and presented in Figure 3-3. Pollution
loads were calculated for each of the water quality basins. For fecal coliform bacteria,
tidal river water quality model calculations were completed to evaluate river bacteria
concentrations. The model results were compared to the tidal river bacteria standards
to identify potential problem areas and evaluate alternative management strategies.

3.2 Hydrologic and Hydraulic Analysis

CDM and T&H used the Interconnected Pond Routing Model (ICPR), Version 3 for
the hydrologic and hydraulic analyses of the PSMS in the Calibogue Sound
watershed. The analyses included modeling of 24-hour design storms with return
periods of 2 years, 10 years, 25 years, and 100 years. Analyses were conducted for
existing and future land use conditions, with and without alternative management
strategies.

3-1
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The ICPR model is a “link-node” model, representing the PSMS as a series of nodes
(stream locations) connected by links (open channels, pipes, culverts). Figures in
Appendix A show model schematics of the Calibogue Sound PSMS basins, with a
separate schematic for each basin.

3.2.1 Hydrologic and Hydraulic Parameters

In the hydrologic model development, each Calibogue Sound basin consisted of one
of more subbasins. Section 2.2 of this report describes how appropriate parameter
values were developed for model subbasins. These parameters include area, curve
number, and time of concentration.

Table 3-3 lists the hydrologic parameter values for the Calibogue Sound PSMS
subbasins. Each model subbasin is identified by an ICPR model ID number. Curve
number and time of concentration values are presented for existing land use and
future land use conditions. The future land use values generally show a higher curve
number and lower time of concentration than the existing land use as a result of
anticipated future development.

Hydraulic summary information for the Calibogue Sound PSMS basins is presented
in Table 3-4. For each basin, the table lists data regarding open channel sections,
stream crossings, and other hydraulic features. Open channel data includes the
number of defined open channel segments, and the total length of the channel
segments. Stream crossing data includes the number of stream crossings, the total
number of culverts associated with those crossings, and the number of crossings that
are actually bridge openings rather than culverts. Other features data includes the
number of storage nodes, weirs, and tide gates that are part of the PSMS. Note that
the number of weirs includes actual weir structures (e.g., inline weir across channel)
as well as roadways that act as weirs if road overtopping is occurring.

Details regarding the stream crossings are presented in Table 3-5. For each stream
crossing, the table presents the road name, ICPR model link ID, culvert dimensions
and length, invert elevation, roadway elevation, and appropriate level of service.

Details regarding specific open channel segments, storage areas, weirs and tide gates
are presented in Appendix A.

3.2.2 Model Results

Tables in Appendix A list the peak flow values for the Calibogue Sound subbasins.
Each table lists peak flows for one of the return periods analyzed in this study, which
include 2-year, 10-year, 25-year, and 100-year return periods. In each of the tables, the
peak flows are listed by subbasin for various land cover and stormwater management
controls, which include the following:

m Undeveloped land
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Existing land use without peak shaving controls

Existing land use with existing peak shaving controls

Future land use without peak shaving controls

Future land use with existing and future peak shaving controls

It should be noted that the tables include values for “uncontrolled” and “controlled”
peak flows for the 2-year, 10-year and 25-year design storms. The “uncontrolled” peak
flow assumes no peak shaving facilities in the subbasin. In contrast, the “controlled”
value accounts for peak shaving facilities in the subbasin.

For existing land use, aerial maps and local information were used to estimate the
percentage of existing urban development that is served by peak shaving facilities.
The “controlled” peak flow value was then calculated by considering the difference in
peak flow between totally undeveloped conditions and existing conditions with no
controls. For example, suppose that a subbasin of 100 acres has an undeveloped 2-
year peak flow of 20 cfs, and an uncontrolled existing peak flow of 50 cfs, and further
suppose that 60 percent of the urban development is controlled by peak shaving
facilities. In this case, it is assumed that the existing peak flow is reduced by 60
percent of the difference between undeveloped and developed peak flow (50 - 20 = 30
cfs; 60 percent of 30 cfs = 18 cfs reduction due to peak shaving), and therefore the
maximum controlled peak flow will be 32 cfs (50 - 18).

For future land use, the “controlled” peak flow is set equal to the “controlled” peak
flow for existing land use, because new development is subject to State and County
peak flow regulations. Note, however, that the future condition will still generate
more stormwater runoff volume, even though the peak flow is the same. The result is
that the peak flow rate will be sustained for a longer period of time under future
conditions.

Appendix A also includes tables that list the peak water elevation values for model
node locations along the Calibogue Sound PSMS. Each table lists peak stages for one
of the return periods analyzed in this study, which include 2-year, 10-year, 25-year,
and 100-year return periods. In each of the tables, the peak stages are listed for
existing and future land use conditions, with the existing stormwater hydraulic
system.

Specific problem areas identified by the modeling are listed in Table 3-6 and
presented in Figure 3-4. For each area, the table identifies the road crossing,
associated model ID, design storm, “critical elevation” (e.g., top-of-road elevation),
and maximum water elevation for the listed design storm. As discussed earlier in
Section 2, roads considered evacuation routes were evaluated with the 100-year
design storm, and other roads were evaluated for the 25-year design storm.
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Structural flooding was also considered for the 100-year design storm. In locations
where the PSMS evacuation route crossings are overtopped by the 100-year design
storm, figures were developed showing the approximate area of inundation upstream
of the overtopped road. These figures are presented in Appendix A. In addition, the
peak 100-year water elevations were compared to Federal Emergency Management
Agency (FEMA) base flood elevations, and found that the FEMA elevations (based on
storm surge) are always greater than the modeled 100-year peak stages, suggesting
that structures built in accordance with the FEMA base flood elevations should not be
flooded.

Table 3-6 indicates that six road crossings are being overtopped by the design storm
events. Two of these locations are on Daufuskie Island and the others are in Bluffton
Township. Again, the Town of Hilton Head Island is considered separately in Section
15 of this report.

Evaluation of solutions to prevent these problems is discussed in the next section of
this report.

3.2.3 Management Strategy Alternatives

The problems areas listed in Table 3-6 were evaluated by modifying the culverts in
the ICPR hydraulic model. The ICPR model for existing conditions was modified to
either add one or more culverts to the existing culvert(s), or to replace the existing
culvert(s) with one or more new culverts. Replacement was typically considered if the
model results showed that the existing culvert or culverts passed a small fraction of
the peak flow, and most of the peak flow passed over the road for the design storm. In
contrast, addition of one or more culverts was typically assumed in cases where the
existing system was able to pass most of the peak flow, and a small fraction of the
peak flow is passed over the road.

The resulting improvements are presented in Table 3-7. The table presents the size of
the existing culverts, plus the size of the added or replacement culvert(s). For the
analysis, box culverts were used as the added or replacement culverts. There is no
reason that a different culvert shape could not be used, as long as the conveyance
capacity of the culvert(s) remains the same. Also, the depth of the added or
replacement culverts was usually assumed to be equal to the depth of the existing
culvert(s), because there was often little freeboard between the crown of the existing
culvert(s) and the top of the road. The depth of the added or replacement culvert(s)
was greater than that of the original culvert(s) only when there was sufficient
freeboard.

For some locations (e.g., Freeport Road in the Webb Tract basin), the proposed
solution includes raising the road. In that case, the existing road elevation (6.1 ft
NAVD) is only 0.5 feet higher than the assumed tailwater condition (mean annual
high tide of 5.6 ft NAVD). In general, “low” roads such as Freeport Road were raised
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so that the road elevation was 2 feet above the 1-year mean high tide, in this case to
7.6 feet NAVD.

3.3 Water Quality Analysis

CDM and T&H used the Watershed Management Model (WMM) and the Water
Quality Analysis Simulation Program (WASP) for the water quality analysis of the
Calibogue Sound watershed. WMM was used to calculate average annual flows and
average annual loads of various water quality constituents, including fecal coliform
bacteria, total nitrogen (total N), total phosphorus (total P), BOD, lead, zinc and total
suspended solids (TSS). WMM was also used to calculate the geometric mean bacteria
concentration of the flows from the watershed to the tidal river system. The flow and
geometric mean concentration data were used as input to the WASP model, which
accounted for tidal mixing and bacteria loss, to evaluate bacteria concentrations in the
tidal river system for existing and future conditions. Measured salinity and bacteria
concentrations were used to calibrate key model parameters such as tidal mixing
coefficients and bacteria loss rates for existing conditions. The same parameter values
were used for evaluation of future conditions, which reflect higher flows and loads
from the watershed.

3.3.1 Land Use and BMP Coverage

Table 3-8 presents the existing land use and future land use estimates for the
Calibogue Sound water quality basins. The existing land use data were gathered from
a number of sources, including February 2002 aerials, County existing land use and
tax parcel maps, National Wetlands Inventory (NWI) and USGS quadrangle maps,
plus local knowledge of development completed between February 2002 and June
2003. The future land use map was developed by “filling in” the existing land use
map and by replacing undeveloped area with anticipated urban development. The
anticipated future development was characterized based on the Beaufort County and
the Town of Hilton Head Island future land use maps and zoning maps.

Under existing land use conditions, 32 percent of the Calibogue Sound watershed
area consists of urban systems (e.g., residential, commercial, golf course) and 68
percent consists of natural systems (e.g., forest, water/wetlands, tidal open
water/marsh). Based on the imperviousness values assigned to urban land uses,
urban impervious area covers about 11 percent of the watershed.

Under future land use conditions, 37 percent of Calibogue Sound watershed area
consists of urban systems, and 63 percent consists of natural systems. The major
change in land use distribution is the conversion of forest/rural land to urban land
uses. As a result of projected future development, urban imperviousness increases to
about 13 percent of the watershed.

Estimates of BMP coverage for existing and future land use in presented in Table 3-9.
The existing land use values reflect local knowledge of development with respect to
the implementation of BMPs in Beaufort County and the Town of Hilton Head Island.
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Future BMP coverage was estimated presuming that all new development would be
treated by BMPs in accordance with the County BMP Manual. Values are presented
for developed urban land uses. The “total” value for each water quality basin is based
on the total urban area served by BMPs relative to the total urban land area. The
overall “total” BMP coverage (lower right corner value in the two tables) reflects the
percentage of all urban land in the watershed that is served by BMPs.

Under existing land use conditions, 51 percent of the urban systems in the watershed
are served by BMPs (primarily on the Town of Hilton Head Island). Under future
land use conditions, 62 percent of the urban systems are served by BMPs. This
increase from existing to future reflects both the 6 percent increase in urban land use
and the 100 percent coverage of the new development with BMPs in accordance with
the County BMP Manual.

3.3.2 Septic Tanks and Point Sources

Estimates of septic tank usage for existing and future land use in presented in Table
3-10. The existing land use values reflect areas that are not designated as “sewered”
areas by the Beaufort-Jasper Water & Sewer Authority or the Public Service Districts
(PSDs) on the Town of Hilton Head Island. For future development, areas that are
zoned “rural” or “conservation” were assumed to be served by septic tanks, and other
areas were assumed to be served by sewer.

Values are presented for developed urban land uses. The “total” value for each water
quality basin is based on the total urban area served by septic tanks relative to the
total urban land area. The overall “total” septic tank coverage (lower right corner
value in the two tables) reflects the percentage of all urban land in the watershed that
is served by septic tanks.

For existing land use conditions, 19 percent of the urban systems in the watershed are
served by septic tanks. Under future land use conditions, 15 percent of the urban
systems are served by septic tanks. This decrease reflects the presumption that most
of the new development will be sewered.

Wastewater discharges are roughly 3 million gallons per day (mgd) of land
application (e.g., golf course irrigation), and the future discharge is expected to be
slightly higher (between 3 and 4 mgd). There are no direct discharges to receiving
waters in the watershed.

3.3.3 Model Annual Pollution Load Results

Average annual constituent loads were calculated for the Calibogue Sound water
quality basins using the methodology described in Section 2.4 of the report. Loads
were calculated for existing and future (build-out) land use conditions. The loads
were tabulated and compared to evaluate the relative changes in loads due to new
development, assuming that the new development is controlled by BMPs in
accordance with the County BMP Manual.
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The results are presented in Table 3-11 for existing and future land use conditions.
For each water quality basin and land use condition, the table lists the basin tributary
area, total average annual flow in acre-feet, and the average annual loads for each of
the seven constituents considered in the study. With the exception of fecal coliform
bacteria, the loads are presented in units of pounds per year. Fecal coliform results are
presented in units of counts per year (#/yr).

An overall comparison of the WMM modeling results (Table 3-11) indicates that
future flows and constituent loads generally increase marginally over their existing
counterparts; however, in the case of fecal coliform bacteria loads, a very small
decrease is experienced. Specifically, future flow is 1 percent greater than for existing
conditions and the increase in loads ranges from 4 percent for BOD to -1 percent
(slight reduction in load) for fecal coliform bacteria. The fecal coliform load reflects
the fact that BMPs are typically very efficient in removing bacteria in stormwater
runoff. It should also be noted that the increase for several constituents (e.g., total N,
zinc) are limited because direct rainfall on the open water/tidal wetland area
provides a significant fraction of the total load to the Calibogue Sound. In addition, all
of the basins have relatively small changes in land use from existing to future
conditions.

Direct and indirect wastewater discharges account for a very small fraction of the total
watershed load for all constituents, particularly fecal coliform bacteria. As shown
previously in Table 2-9, the existing discharge of wastewater is limited to roughly 4
mgd of land application (e.g., golf course irrigation), and the future discharge is
expected to be slightly higher (between 4 and 5 mgd). Using the values in Table 2-9,
the wastewater load accounts for 3 to 4 percent of the total watershed load for
nutrients (total nitrogen and total phosphorus) and less than 1 percent of the load for
other constituents.

3.3.4 Model Tidal River Water Quality Results

The WASP model was applied to evaluate geomean concentrations of fecal coliform
bacteria in the Calibogue Sound watershed. The model actually includes Calibogue
Sound, May River, Colleton River, and Chechessee River watersheds because they are
interconnected at several points. Only the Calibogue Sound will be discussed in this
section. A schematic of the model is presented as Figure 3-5.

Existing conditions for bacteria concentrations in the Calibogue Sound watershed are
presented in Table 3-12. For each water quality basin river reach, the table lists the
DHEC stations for which the 1990s bacteria data were analyzed, the concentrations
calculated in the analysis, and the “level of service” associated with these
concentrations (as discussed in Section 2.6.2. As shown in the table, DHEC data were
only available in twelve of the river model segments. For both the long-term and the
36-sample maximum values, the geomean and 90t percentile bacteria concentrations
in eight of the twelve segments meet the water quality standards, and so these
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segments have an “A” level of service. Segments that do not meet the “A” level of
service include three segments in Broad Creek and Cooper River 2.

For informational purposes, Figure 3-6 presents a map of the level of service based on
the monitoring data analysis, compared to the Department of Health and
Environmental Control (DHEC) “shellfish classification” (based on the 2002 DHEC
reports for shellfish areas 16A, 19 and 20). The shellfish classification is based on data
from a specific 3-year monitoring period that is different than the period of data used
to develop the level of service, so there may not be a direct relationship between level
of service and shellfish classification presented in the map. In general, however,
segments with an “A” level of service are expected to have the lowest probability of
receiving a “restricted” classification, and segments with a “D” level of service are
expected to have the highest probability of receiving a “restricted” classification.

Physical characteristics assigned to the model reaches are presented in Table 3-13.
The average segment volume is listed, as well as tidal dispersion information. This
information includes the segments between which mixing is simulated, and
parameters used to calculate dispersion, such as the cross-sectional area, the
“characteristic length” (typically the distance between segment midpoints) and a
dispersion coefficient. The area and length are based on physical data (e.g.,
bathymetric data), whereas the dispersion coefficient was established through
calibration of the modeled salinity to average salinity values calculated from the
DHEC monitoring data.

Other key model input includes the average flows and geomean bacteria
concentrations, and net advective flows between river segments. Tables 3-14 and 3-15
show the values used in the existing and future condition models.

A review of Table 3-14 shows that there is typically little change in flow or
concentration between existing and future land use. For flow, this is because much of
the flow to the tidal river segments comes from direct rainfall on the open water and
tidal wetlands, as opposed to stormwater runoff and baseflow, and some of the basins
have very little change in land use from existing to future conditions. Concentration
remain relatively constant because of the substantial amount of open water/tidal
wetland area and the relatively limited development in some basins, as well as the
BMPs for new development, which are assumed to have a high level of treatment
efficiency.

Table 3-15 shows the net advective flows between segments, which also do not
change substantially from existing to future land use. In both cases, the
hydrodynamic model (SWMM) indicates that there is a substantial net flow from the
Chechessee River to Calibogue Sound via Mackays Creek and Skull Creek. Bull Creek
also carries flow from the May River south to Cooper River, which discharges to
Calibogue Sound.
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The final key input parameter for bacteria modeling is the first-order loss rate. The
value of this parameter was adjusted so that the measured geomean concentrations
and modeled geomean concentrations were in agreement, for those river segments
that had measured data. In general, a loss rate of 1.0/ day was assumed initially, and
values were then adjusted to achieve a better match between modeled and measured
data. The final calibration values will be discussed below.

Figure 3-7 is a graph showing a comparison between measured and modeled salinity
data along the Calibogue Sound main stem. The figure shows that the salinity data
calculated by the model is very close to the average measured value, and is in all cases
well within the 90 percent confidence interval of the mean of the salinity data.
Measured salinity values do not vary much along the main stem.

Figures 3-8 and 3-10 are graphs showing a comparison between measured and
modeled salinity data for Broad Creek and for Old House Creek/Jarvis Creek,
respectively. These are tributaries whose contributing area is entirely within the Town
of Hilton Head Island. The figures show that the salinity data calculated by the model
is very close to the average measured value, and is in all cases well within the 90
percent confidence interval of the mean of the salinity data. Measured and modeled
salinity values drop noticeably at the upstream segments of Broad Creek, whereas the
measured and modeled salinity values do not vary much in Old House Creek/Jarvis
Creek.

Figure 3-9 is a graph showing a comparison between measured and modeled salinity
data along the Cooper River. Unlike the other figures, the Cooper River figure does
not show a good agreement between the measured and modeled salinity values. The
modeled values are too high at the most downstream segment, and too low at the
next upstream segment. Adjusting dispersion parameters further may improve the
salinity results, but provides a worse match between measured and modeled bacteria,
which will be presented later. It is possible that further discretization of the model
(i.e., more reaches) would provide better results.

Figure 3-11 is a graph showing a comparison between measured and modeled salinity
data along Skull Creek and Mackays Creek. The figure shows that the salinity data
calculated by the model is very close to the average measured value, and is in all cases
well within the 90 percent confidence interval of the mean of the salinity data.
Measured salinity values do not vary much along the main stem.

The comparison of measured geomean bacteria concentrations and modeled bacteria
concentration for Calibogue Sound watershed are presented in Figures 3-12 through
3-16. The graphs generally show the same type of results as the salinity plots. Results
for Calibogue Sound (Figure 3-12 , Old House Creek/Jarvis Creek (Figure 3-15) and
Skull Creek/Mackays Creek (Figure 3-16) show very good agreement between the
measured values and the model results. The Cooper River (Figure 3-14) shows some
discrepancies between measured and modeled bacteria values. As it was for salinity,
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the modeled value at the downstream segment is too high, and it is too low at the next
upstream station. For Broad Creek (Figure 3-13), the model is not able to replicate the
high bacteria concentration measured in the Broad Creek 3 segment, which may be
due to the underestimation of bacteria loads in that basin and the upstream Broad
Creek 4 basin. Nevertheless, both the measured and modeled results suggest a “D”
level of service there.

The first-order loss rates assigned to the river segments, and the concentrations
calculated by the model, are presented in Table 3-16. The loss rates ranged from
0.5/day to 2.0/day. The lowest values are typically applied at the downstream end of
the main stem and major. This makes sense if it is presumed that bacteria loss is in
part due to light mortality, because the water depths are much greater at the
downstream end of the main stem and major tributaries, and light would penetrate
less of the total depth in those areas.

After the model was applied for existing conditions, it was the applied for future
conditions. The physical characteristics and first-order loss rate from the existing land
use model were kept the same in the future land use model. The only changes were
the net advective flows and the bacteria loads.

The bacteria concentrations calculated under future land use conditions are presented
in Table 3-16 as well. A comparison of concentrations under existing and future land
use conditions shows little difference. According to the model, almost all river reaches
will have the same level of service in the future as they do under existing conditions.
The exception is Cooper River Tributary, which drops from a “C” to a “D” level of
service. It should be noted, however, that there were no measured data in that reach,
so no assessment could be made during calibration as to how well the model
represented conditions in that segment.

In order to estimate the degree to which stormwater management measures are
expected to affect instream bacteria concentrations, two sensitivity runs were
conducted. The first was run for the existing land use condition, and represents a
“best-case” scenario in which all existing development is controlled by BMPs. The
second was run for the future land use condition, and represents a “worst-case”
condition in which no development is served by BMPs. Analyzing the results of these
scenarios indicate the benefits of retrofitting existing development with BMPs, and
the potential degradation of river segments if BMPs fail.

The results of the analysis are presented in Table 3-17. This table is similar to Table 3-
16, in this case showing water quality basin segment fecal coliform concentrations for
the “best case” and “worst case” analyses. Segments that show change (e.g., better
LOS for the “best case” or degraded LOS for the “worst case”) are highlighted.

A review of the “best-case” scenario indicates that three model segments show

improvement in the existing level of service. These include Broad Creek 2, Broad
Creek 3, and Jarvis Creek 2.. The Jarvis Creek 2 segment shows the greatest
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improvement, going from a “D” to a “B” level of service. Note that the improvement
in Broad Creek 2 and 3 assumes 100 percent BMP coverage in those water quality
basins as well as upstream water quality basin Broad Creek 4. Similarly, the
improvement in Jarvis Creek 2 assumes 100 percent BMP coverage in that water
quality basins as well as the downstream water quality basin Jarvis Creek 1, which
reduces the bacteria load to Jarvis Creek 2 from Jarvis Creek 1 on the incoming tide.

A review of the “worst-case” scenario indicates that three model segments show
degradation in the future level of service when no BMPs are assumed. These include
Broad Creek 1, Broad Creek 2 and Cooper River 2. Broad Creek 1 drops from an “A”
toa “C” level, though the change in geomean concentration (from 6.7/100 ml to
8.8/100 ml) is small. The Cooper River 2 segment drops from an “A” to a “B” level. It
should be noted that the model does not predict bacteria concentrations as high as
those measured in Cooper River 2, which is classified at a “B” level based on
monitoring data. Given the limited development in the water quality basin, it is likely
that the model is underestimating the natural loads of bacteria in Cooper River 2.

Based on water quality sampling data and model results, the following
recommendations are made:

m Request that DHEC add bacteria sampling stations in the water quality basins
Cooper River Trib and Jarvis Creek 2, to validate model results

m Evaluate opportunities for retrofit BMPs or modification of existing ponds in the
Broad Creek water quality basins to the maximum extent practicable.

m Consider monitoring major stormwater outfall locations to the Cooper 2 and
Cooper Trib basins (Palmetto Bluff) and Broad Creek water quality basins (the
Town of Hilton Head Island is already doing this)

m Consider bacterial source tracking (BST) to identify the sources of unexpectedly-
high bacteria levels in Broad Creek 3 and 4

More discussion of the overall recommended monitoring program for Beaufort
County is presented in Section 16 of this report.

3.3.5 Management Strategy Alternatives

The results of the water quality analysis suggest that several areas (e.g., Broad Creek,
Cooper River) do not meet the bacteria water quality standards under existing
conditions, and a few other segments may have a degradation in level of service
based on future conditions. It is interesting to note that the Cooper River area has
very little development in the existing condition, suggesting that there are natural
sources that are causing the high bacteria levels. It is not expected that controls on
development would result in the achievement of the standards if they are being
exceeded by natural sources. In contrast, other areas such as Broad Creek appear to be
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affected by urban development, and it is appropriate to evaluate measures that could
be taken to meet the water quality standards, or perhaps more realistically, to
improve the existing level of service. As discussed above, these activities would
include retrofit of existing development that does not have ponds, and modification
of existing ponds that may not have been designed for water quality control.

Elements of the water quality management plan for the Calibogue Sound watershed
are presented in Figure 3-17. Sampling stations shown in the figure include existing
DHEC sites, as well as the additional open water sites that are recommended as
discussed in Section 3.3.4 above. Also identified are “priority” water quality basins.
Sensitivity analysis results suggest that load changes in these basins are most likely to
result in an improved or degraded LOS in the receiving waters.

For informational purposes, the areas with “A” and “B” type soils are presented in
Figure 3-18. In general, these soils are more suitable for infiltration BMPs than areas
with “C” and “D” type soils, though high water table conditions may still limit the
effectiveness of infiltration BMPs in these areas. The figure is provided to indicate
areas where new development BMP design should consider infiltration BMPs as a
primary or secondary treatment method.

3.4 Planning Level Cost Estimates for Management
Alternatives

Table 3-18 lists potential projects identified in the hydrologic and hydraulic analysis
of the PSMS in the Calibogue Sound watershed (excluding the Town of Hilton Head
Island, which is discussed in Section 15 of this report). As shown in the table, the six

projects are estimated to have a total cost of $1.2 million based on December 2004
dollars. Details of the cost estimate for each project are shown in Appendix A.

The prioritization of these projects, and projects identified for other watersheds, is
discussed in Section 16 of this report.
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TABLE 3-1
HYDROLOGIC BASINS
CALIBOGUE SOUND WATERSHED

Tributary | Number Average
Area of Subbasin
Basin Name (acres) Subbasins | Size (acres)

Haig Point 552 1 552
Melrose 274 1 274
Moss Creek East 176 2 88
Moss Creek West 262 2 131
Ramshorn Creek 221 1 221
Webb Tract 229 1 229
Wildlife Preserve 306 1 306
TOTAL 2,020 9 224
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TABLE 3-2

WATER QUALITY BASINS

CALIBOGUE SOUND WATERSHED

Tributary
Area
Basin Name (acres)
Calibogue Sound 1 2,956
Calibogue Sound 2 3,377
Calibogue Sound 3 1,238
Calibogue Sound 4 2,182
Calibogue Sound 5 2,376
Broad Creek 1 4,219
Broad Creek 2 7,846
Broad Creek 3 750
Broad Creek 4 1,417
Cooper River 1 5,256
Cooper River 1 2,969
Cooper River 1 582
Cooper River Trib 1,561
Bull Creek/Cooper 1 1,058
Bull Creek/Cooper 2 516
Bull Creek/Cooper 3 461
Hoophole Creek 646
Old House Creek 288
Jarvis Creek 1 927
Jarvis Creek 2 1,924
Skull Creek South 1 2,986
Skull Creek South 2 381
Mackays Creek South 086
Bryan Creek 1 550
Bryan Creek 2 204
Savage Creek 1 374
Savage Creek 2 82
TOTAL 48,110

calibogue_tables_ FEB2006.xls
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TABLE 3-3

HYDROLOGIC SUBBASIN CHARACTERISTICS
CALIBOGUE SOUND WATERSHED

Existing Land Use

Future Land Use

Tributary Time of Time of
Area Curve Concentration Curve Concentration
ICPR Subbasin ID (acres) Number (minutes) Number (minutes)
Haig Point Basin
HP_M1 552 | 78 | 148 79 | 142
Melrose Basin

MS_M1 274 | 78 | 196 82 | 174
Moss Creek East Basin

MCE_M1 134 79 78 79 78

MCE_T1 41 71 61 82 45
Moss Creek West Basin

MCW_M1 167 78 76 79 73

MCW_M2 94 86 47 86 46
Ramshorn Creek Basin

RC_M1 221 | 74| 173 83 | 133

Webb Tract Basin

WT_M1 229 T 110 84 | 101
Wildlife Preserve Basin

WP_M1 306 74 177 74 177

Average 224 77 140 80 130

calibogue_tables_FEB2006.xIs
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TABLE 3-4
HYDRAULIC DATA SUMMARY
CALIBOGUE SOUND WATERSHED

Open Channels Stream Crossings Other Features
Length Number Number | Storage Drop

Basin Name Number (feet) Number | of Culverts | of Bridges | Nodes | Weirs | Structures
Haig Point 0 0 0 0 0 1 2 0
Melrose 0 0 1 3 0 1 1 0
Moss Creek East 2 1,262 3 4 0 4 1 1
Moss Creek West 4 2,848 2 4 0 4 0 1
Ramshorn Creek 5 5,319 0 0 0 0 0 0
Webb Tract 3 2,194 2 2 0 0 2 0
Wildlife Preserve 3 3,035 2 6 0 5 3 1
TOTAL 17 14,658 10 19 0 15 9 3
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CULVERT DATA FOR HYDROLOGIC BASINS

TABLE 3-5

CALIBOGUE SOUND WATERSHED

Culvert | Culvert| Invert Roadway
ICPR Model |Dimensions| Length | Elevation | Elevation Level of
Road Crossing Link ID (in x in) (ft) | (t NAVD)| (ft NAVD) | Service
Haig Point Basin
No road crossings in this basin
Melrose Basin
MS_M-1A[ 18"x18" 50 5.3
Masters Drive 1B| 18"x18" 50 54 6.9 25
1C| 18"x18" 50 5.2
Moss Creek East Basin
Moss Creek Drive MCE_M-1| 36"x36" 80 1.4 7.6 25
Wax Myrtle Lane MCE_M-3| 48"x48" 58 2.3 12.0 25
Fording Island Road MCE_T1-3A| 24"x24" Lt 58 11.0 100
3B| 36"x36" 177 5.6
Moss Creek West Basin
Moss Creek Drive MCW_M-1| 42"x42" 70 19 8.5 25
MCW_M-7A| 36"x36" 200 6.0
Fording Island Road 7B| 36"x36" 200 5.0 11.7 100
7C| 36"x36" 200 5.4
Ramshorn Creek Basin
No road crossings in this basin
Webb Tract Basin
Cooper River Landing Road WT_M-2| 30"x30" 30 1.7 5.2 25
Freeport Road WT_M-4| 18"x18" 30 4.3 6.2 25
Wildlife Preserve Basin
WP_M-2A| 24"x24" 50 -1.0
Bayley Road 2B| 24"x24" 50 -1.0 6.3 25
2C| 24"x24" 50 -1.0
WP_M-3A| 18"x18" 60 2.5
Colleton River Drive 3B| 18"x18" 60 2.4 4.7 25
3C| 18"x18" 60 2.5
calibogue_tables_ FEB2006.xls Table 3-5 2/16/2006



TABLE 3-6
PROBLEM AREAS IDENTIFIED BY ICPR MODEL
CALIBOGUE SOUND WATERSHED

Existing Future
Roadway Peak Water | Peak Water
ICPR Model | Elevation Level of Elevation Elevation
Road Crossing Node ID (ft NAVD) | Service (ft NAVD) (ft NAVD)
Haig Point Basin
No Overtopping
Melrose Basin
Masters Drive MS_M-1 6.9 25 7.4 7.4
Moss Creek East Basin
Moss Creek Drive MCE_M-1 7.6 25 7.8 7.8
Moss Creek West Basin
No Overtopping
Ramshorn Creek Basin
No Overtopping
Webb Tract Basin
Cooper River Landing Rd. | WT_M-11 5.2 25 6.1 6.1
Freeport Road WT_M-14 6.2 25 7.2 7.3
Wildlife Preserve Basin
Bayley Road WP_M-8 6.3 25 6.7 6.7
Colleton River Drive WP_M-16 4.7 25 6.7 6.7
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TABLE 3-7

RECOMMENDED CULVERT IMPROVEMENTS
CALIBOGUE SOUND WATERSHED

Existing
Culvert
ICPR Model [Dimensions Recommended
Road Crossing Link ID (inxin) Improvements
Melrose Basin
MS_M-1A| 18"x18" Replace culverts with ten 36" pipes;
Masters Drive 1B[ 18"x18" set culvert inverts at 3.6 ft NAVD
1C| 18"x18"
Moss Creek East Basin
Moss Creek Drive MCE_M-1| 36"x36" Add one 24" pipe to existing culverts
Moss Creek West Basin
No improvements required
Ramshorn Creek Basin
No improvements required
Webb Tract Basin
Cooper River Landing Road WT_M-2| 30"x30" Replace culvert with four 8 ft by 5 ft box culverts,
Raise road from elevation 5.2 ft to elevation 7.6 ft NAVD (length of 670 ft)
Freeport Road WT_M-4| 18"x18" Replace culvert with twelve 36" pipes,
Raise road from elevation 6.2 ft to elevation 7.6 ft NAVD (length of 640 ft)
Wildlife Preserve Basin
WP_M-2A( 24"x24"
Bayley Road 2B| 24"x24" Replace culverts with three 4 ft by 4 ft box culverts
2C| 24"x24"
WP_M-3A| 18"x18" Replace culverts with one 7 ft by 4 ft box culvert,
Colleton River Drive 3B| 18"x18" Raise road from elevation 4.7 ft to elevation 7.6 ft NAVD (length of 660 ft)
3C| 18"x18"

calibogue_tables_FEB2006.xls
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TABLE 3-8
WATER QUALITY BASIN LAND USE DISTRIBUTION

CALIBOGUE SOUND WATERSHED

Exisitng Land Use Type | Calibogue Sound 1 | Calibogue Sound 2 | Calibogue Sound 3 | Calibogue Sound 4 | Calibogue Sound 5 | Broad Creek 1 | Broad Creek 2 Broad Creek 3 Broad Creek 4 Cooper River 1
(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)
Agricultural/Pasture 0 0 0 0 0 0 0 0 0 0
Commercial 19 0 1 24 17 193 397 53 58 4
Forest/Rural Open 41 60 0 263 0 46 2 4 535
Golf Course 125 56 0 139 223 1,214 7 248 23
High Density Residential 85 0 14 0 962 2,196 91 527 5
Industrial 78 37 5 49 93 370 890 53 167 64
Institutional 0 0 0 0 0 13 27 8 0
Low Density Residential 0 2 1 22 1 7 0 0 25
Medium Density Residential 231 224 0 64 151 14 170 0 151
Open Water/Tidal 2,020 2,867 1,186 1,745 1,533 1,432 1,881 480 170 3,667
Silviculture 0 0 0 0 0 0 0 0 0 0
Urban Open 306 13 4 6 0 645 665 62 128 233
\Wetland/Water 52 118 28 262 178 360 360 2 107 549
TOTAL 2,956 3,377 1,238 2,182 2,376 4,219 7,846 750 1,417 5,256
Urban Imperviousness (%) 6% 2% 1% 3% 5% 22% 27% 17% 31% 2%
Future Land Use Type Calibogue Sound 1 | Calibogue Sound 2 | Calibogue Sound 3 | Calibogue Sound 4 | Calibogue Sound 5 | Broad Creek 1 | Broad Creek 2 Broad Creek 3 Broad Creek 4 Cooper River 1
(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)
Agricultural/Pasture 0 0 0 0 0 0 0 0 0 0
Commercial 19 0 2 24 17 206 481 58 71 4
Forest/Rural Open 0 44 0 198 0 2 0 0 42
Golf Course 202 56 0 139 244 1,328 7 248 33
High Density Residential 86 0 14 0 985 2,216 91 527 5
Industrial 87 38 5 49 94 371 891 54 168 65
Institutional 3 1 0 0 0 63 43 24 1
Low Density Residential 49 2 1 22 66 7 0 0 270
Medium Density Residential 264 243 0 65 151 75 278 8 565
Open Water/Tidal 2,019 2,867 1,186 1,744 1,534 1,430 1,881 480 171 3,665
Silviculture 0 0 0 0 0 0 0 0 0 0
Urban Open 176 8 2 5 0 478 366 53 94 58
\Wetland/Water 52 118 28 263 178 360 360 2 107 547
TOTAL 2,957 3,377 1,238 2,182 2,376 4,219 7,846 750 1,417 5,256
Urban Imperviousness (%) 7% 3% 1% 3% 5% 23% 29% 18% 32% 4%
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TABLE 3-8 (CONTINUED)
WATER QUALITY BASIN LAND USE DISTRIBUTION
CALIBOGUE SOUND WATERSHED

Exisitng Land Use Type

Cooper River 2

Cooper River 3

Cooper River Trib

Bull Creek/Cooper 1

Bull Creek/Cooper 2

Bull Creek/Cooper 3

Hoophole Creek

Old House Creek

Jarvis Creek 1

(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)

Agricultural/Pasture 0 0 0 0 0 0 0 0 0
Commercial 0 0 0 0 0 0 0 16 15
Forest/Rural Open 886 0 860 9 0 0 23 1

Golf Course 0 0 0 0 0 0 0 0

High Density Residential 0 0 0 0 0 0 0 0 57
Industrial 0 0 0 0 0 0 0 42 22
Institutional 0 0 0 0 0 0 0 0

Low Density Residential 0 0 0 0 0 0 0 0

Medium Density Residential 0 0 0 0 0 0 0 88 47
Open Water/Tidal 1,946 550 522 985 255 199 485 108 707
Silviculture 0 0 0 0 0 0 0 0 0
Urban Open 1 0 0 1 54 0 50 33 63
Wetland/Water 136 32 178 62 206 262 88 0 12
TOTAL 2,969 582 1,561 1,058 516 461 646 288 927
Urban Imperviousness (%) 0% 0% 0% 0% 0% 0% 0% 23% 7%

Future Land Use Type

Cooper River 2

Cooper River 3

Cooper River Trib

Bull Creek/Cooper 1

Bull Creek/Cooper 2

Bull Creek/Cooper 3

Hoophole Creek

Old House Creek

Jarvis Creek 1

(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)

Agricultural/Pasture 0 0 0 0 0 0 0 0 0
Commercial 0 0 0 0 0 0 0 16 16
Forest/Rural Open 29 0 0 9 0 0 23 0

Golf Course 0 0 0 0 0 0 0 0

High Density Residential 0 0 0 0 0 0 0 0 57
Industrial 0 0 0 0 0 0 0 49 22
Institutional 0 0 0 0 0 0 0 0

Low Density Residential 855 0 859 0 0 0 0 0

Medium Density Residential 0 0 0 0 0 0 0 106 94
Open Water/Tidal 1,948 551 522 986 255 199 486 108 708
Silviculture 0 0 0 0 0 0 0 0 0
Urban Open 1 0 0 1 54 0 50 9 17
\Wetland/Water 137 31 179 62 206 262 88 0 12
TOTAL 2,969 582 1,561 1,058 516 461 646 288 927
Urban Imperviousness (%) 3% 0% 6% 0% 0% 0% 0% 26% 9%
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TABLE 3-8 (CONTINUED)
WATER QUALITY BASIN LAND USE DISTRIBUTION
CALIBOGUE SOUND WATERSHED

Exisitng Land Use Type Jarvis Creek 2 | Skull Creek South 1 | Skull Creek South 2 | Mackays Creek South | Bryan Creek 1 Bryan Creek 2 Savage Creek 1 | Savage Creek 2 TOTAL
(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)
Agricultural/Pasture 0 0 0 0 0 0 0 0 0
Commercial 86 51 2 55 0 0 0 0 991
Forest/Rural Open 43 44 0 9 7 16 0 0 2,851
Golf Course 194 17 12 263 0 0 0 0 2,529
High Density Residential 285 170 30 19 0 0 0 0 4,441
Industrial 268 137 10 117 0 0 0 0 2,403
Institutional 103 2 0 0 0 0 0 0 154
Low Density Residential 0 0 0 17 0 0 0 0 76
Medium Density Residential 206 246 0 193 0 0 0 0 1,786
Open Water/Tidal 284 1,482 255 273 163 95 340 69 25,700
Silviculture 0 0 0 0 0 0 0 0 0
Urban Open 341 276 23 21 0 0 25 6 2,955
\Wetland/Water 113 561 49 18 380 94 9 6 4,225
TOTAL 1,924 2,986 381 986 550 204 374 82 48,111
Urban Imperviousness (%) 26% 10% 6% 19% 0% 0% 0% 0% 11%
Future Land Use Type Jarvis Creek 2 | Skull Creek South 1 | Skull Creek South 2 | Mackays Creek South | Bryan Creek 1 Bryan Creek 2 Savage Creek 1 | Savage Creek 2 TOTAL
(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)
Agricultural/Pasture 0 0 0 0 0 0 0 0 0
Commercial 130 75 2 76 0 0 0 0 1,197
Forest/Rural Open 0 0 0 3 7 16 0 0 372
Golf Course 227 36 27 263 0 0 0 0 2,818
High Density Residential 286 171 31 19 0 0 0 0 4,487
Industrial 270 139 10 117 0 0 0 0 2,429
Institutional 121 4 5 0 0 0 0 0 265
Low Density Residential 0 0 0 17 0 0 0 0 2,149
Medium Density Residential 321 421 2 194 0 0 0 0 2,791
Open Water/Tidal 284 1,481 254 273 163 95 339 69 25,699
Silviculture 0 0 0 0 0 0 0 0 0
Urban Open 172 100 2 5 0 0 25 6 1,683
\Wetland/Water 113 559 49 18 379 93 10 6 4,222
TOTAL 1,924 2,986 382 986 550 204 374 82 48,113
Urban Imperviousness (%) 30% 12% 7% 21% 0% 0% 0% 0% 13%
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TABLE 3-9
WATER QUALITY BASIN BMP COVERAGE
CALIBOGUE SOUND WATERSHED

Existing Land Use Type

Calibogue Sound 1

Calibogue Sound 2

Calibogue Sound 3

Calibogue Sound 4

Calibogue Sound 5

Broad Creek 1

Broad Creek 2

Broad Creek 3

Broad Creek 4

Cooper River 1

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Commercial 0% 0% 100% 0% 0% 18% 27% 3% 23% 0%

Golf Course 0% 93% 0% 0% 0% 100% 94% 86% 100% 0%

High Density Residential 0% 0% 89% 0% 0% 67% 85% 86% 80% 0%

Industrial 0% 25% 9% 0% 0% 10% 32% 38% 57% 0%

"Institutional 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Low Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Medium Density Residential 0% 29% 0% 0% 0% 0% 60% 0% 0% 0%

TOTAL 0% 40% 67% 0% 0% 53% 71% 52% 7% 0%

Future Land Use Type

Calibogue Sound 1

Calibogue Sound 2

Calibogue Sound 3

Calibogue Sound 4

Calibogue Sound 5

Broad Creek 1

Broad Creek 2

Broad Creek 3

Broad Creek 4

Cooper River 1

*0) *0) *0) *0) *0) *0) *0) *0) *0) *0)

Commercial 0% 0% 100% 0% 0% 23% 39% 11% 38% 1%
Golf Course 38% 93% 0% 0% 0% 100% 94% 85% 100% 28%

High Density Residential 0% 0% 89% 0% 0% 68% 85% 86% 80% 0%

Industrial 11% 26% 10% 0% 0% 11% 32% 38% 58% 1%
[institutional 100% 100% 0% 0% 0% 79% 38% 0% 65% 100%
Low Density Residential 100% 0% 0% 0% 98% 0% 0% 0% 0% 91%
Medium Density Residential 12% 35% 100% 1% 0% 81% 76% 100% 100% 73%
TOTAL 24% 43% 70% 1% 14% 57% 73% 54% 78% 71%
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TABLE 3-9 (CONTINUED)
WATER QUALITY BASIN BMP COVERAGE
CALIBOGUE SOUND WATERSHED

Jarvis Creek 1

Existing Land Use Type Cooper River 2 | Cooper River 3 | Cooper River Trib | Bull Creek/Cooper 1 | Bull Creek/Cooper 2 | Bull Creek/Cooper 3 Hoophole Creek Old House Creek
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Commercial 0% 0% 0% 0% 0% 0% 0% 0% 15%
Golf Course 0% 0% 0% 0% 0% 0% 0% 0% 0%
High Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 97%
Industrial 0% 0% 0% 0% 0% 0% 0% 0% 12%
"Institutional 0% 0% 0% 0% 0% 0% 0% 0% 0%
Low Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 0%
Medium Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 0%
TOTAL 0% 0% 0% 0% 0% 0% 0% 0% 43%

Future Land Use Type

Cooper River 2

Cooper River 3

Cooper River Trib

Bull Creek/Cooper 1

Bull Creek/Cooper 2

Bull Creek/Cooper 3

Hoophole Creek

Old House Creek

Jarvis Creek 1

(%) (%) (%) (%) (%) (%) (%) (%) (%)

Commercial 0% 0% 0% 0% 0% 0% 0% 0% 22%

Golf Course 0% 0% 0% 0% 0% 0% 0% 0% 0%
High Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 97%
Industrial 0% 0% 0% 0% 0% 0% 0% 14% 13%
"Institutional 0% 0% 0% 0% 0% 0% 0% 0% 100%

Low Density Residential 100% 0% 100% 0% 0% 0% 0% 0% 0%
Medium Density Residential 0% 0% 0% 0% 0% 0% 0% 17% 50%
TOTAL 100% 0% 100% 0% 0% 0% 0% 15% 58%
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TABLE 3-9 (CONTINUED)
WATER QUALITY BASIN BMP COVERAGE
CALIBOGUE SOUND WATERSHED

Existing Land Use Type Jarvis Creek 2 Skull Creek South 1 | Skull Creek South 2 Mackays Creek South Bryan Creek 1 | Bryan Creek 2 | Savage Creek 1 | Savage Creek 2 TOTAL
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Commercial 15% 1% 100% 0% 0% 0% 0% 0% 0
Golf Course 100% 100% 100% 0% 0% 0% 0% 0% 1
High Density Residential 97% 53% 100% 0% 0% 0% 0% 0% 1
Industrial 3% 25% 100% 0% 0% 0% 0% 0% 0
"Institutional 0% 7% 0% 0% 0% 0% 0% 0% 0
Low Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 0
Medium Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 0
TOTAL 51% 23% 100% 0% 0% 0% 0% 0% 51%
Future Land Use Type Jarvis Creek 2 Skull Creek South 1 | Skull Creek South 2 Mackays Creek South Bryan Creek 1 | Bryan Creek 2 | Savage Creek 1 | Savage Creek 2 TOTAL
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Commercial 44% 33% 100% 28% 0% 0% 0% 0% 32%
Golf Course 100% 100% 100% 0% 0% 0% 0% 0% 7%
High Density Residential 97% 54% 100% 0% 0% 0% 0% 0% 78%
Industrial 3% 25% 100% 0% 0% 0% 0% 0% 26%
"Institutional 15% 87% 100% 0% 0% 0% 0% 0% 43%
Low Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 96%
Medium Density Residential 36% 42% 100% 0% 0% 0% 0% 0% 42%
TOTAL 59% 43% 100% 3% 0% 0% 0% 0% 62%
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TABLE 3-10

WATER QUALITY BASIN SEPTIC TANK COVERAGE
CALIBOGUE SOUND WATERSHED

Existing Land Use Type

Calibogue Sound 1

Calibogue Sound 2

Calibogue Sound 3

Calibogue Sound 4

Calibogue Sound 5

Broad Creek 1

Broad Creek 2

Broad Creek 3

Broad Creek 4

Cooper River 1

()] (%) ()] (%) ()] ()] (%) ()] (%) ()]
Commercial 0% 0% 0% 2% 1% 0% 2% 6% 39% 100%
High Density Residential 0% 0% 9% 0% 0% 0% 2% 62% 14% 0%
Industrial % 93% 24% 58% 21% 0% 15% 36% 19% 68%
Institutional 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Low Density Residential 0% 100% 100% 59% 0% 100% 0% 0% 0% 100%
Medium Density Residential 6% 98% 0% 1% 0% 100% 97% 0% 0% 43%
TOTAL 5% 97% 17% 2% 8% 1% 9% 40% 17% 56%

Future Land Use Type

Calibogue Sound 1

Calibogue Sound 2

Calibogue Sound 3

Calibogue Sound 4

Calibogue Sound 5

Broad Creek 1

Broad Creek 2

Broad Creek 3

Broad Creek 4

Cooper River 1

(%) (%) (%) (%) ()] (%) (%) ()] (%) ()]
Commercial 0% 0% 0% 2% 1% 0% 1% 5% 32% 99%
High Density Residential 0% 0% 9% 0% 0% 0% 2% 62% 14% 0%
Industrial % 93% 23% 59% 21% 0% 15% 35% 19% 68%
Institutional 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Low Density Residential 0% 100% 100% 59% 98% 100% 0% 0% 0% 9%
Medium Density Residential 6% 91% 0% 1% 0% 19% 59% 0% 0% 12%
TOTAL 4% 91% 15% 27% 26% 1% 9% 38% 16% 15%

calibogue_tables_FEB2006.xls Table 3-10

2/17/2006



WATER QUALITY BASIN SEPTIC TANK COVERAGE

TABLE 3-10 (CONTINUED)

CALIBOGUE SOUND WATERSHED

Existing Land Use Type

Cooper River 2

Cooper River 3

Cooper River Trib

Bull Creek/Cooper 1

Bull Creek/Cooper 2

Bull Creek/Cooper 3

Hoophole Creek

Old House Creek

Jarvis Creek 1

Jarvis Creek 2

()] (%) ()] (%) ()] (%) ()] ()] ()] ()]
Commercial 0% 0% 0% 0% 0% 0% 0% 100% 83% 9%
High Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%
Industrial 0% 0% 0% 0% 0% 0% 0% 74% 26% 42%
Institutional 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
Low Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Medium Density Residential 0% 0% 0% 0% 0% 0% 0% 73% 81% 80%
TOTAL 0% 0% 0% 0% 0% 0% 0% 7% 40% 30%

Future Land Use Type

Cooper River 2

Cooper River 3

Cooper River Trib

Bull Creek/Cooper 1

Bull Creek/Cooper 2

Bull Creek/Cooper 3

Hoophole Creek

Old House Creek

Jarvis Creek 1

Jarvis Creek 2

()] (%) ()] (%) ()] (%) ()] (%) ()] ()]
Commercial 0% 0% 0% 0% 0% 0% 0% 100% 76% 6%
High Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 1% 0%
Industrial 0% 0% 0% 0% 0% 0% 0% 65% 22% 42%
Institutional 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
Low Density Residential 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Medium Density Residential 0% 0% 0% 0% 0% 0% 0% 61% 41% 51%
TOTAL 0% 0% 0% 0% 0% 0% 0% 66% 30% 25%
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TABLE 3-10 (CONTINUED)
WATER QUALITY BASIN SEPTIC TANK COVERAGE

CALIBOGUE SOUND WATERSHED

Existing Land Use Type Skull Creek South 1 |  Skull Creek South 2 Mackays Creek South | Bryan Creek 1 | Bryan Creek 2 | Savage Creek 1 | Savage Creek 2 TOTAL
(%) (%) (%) ()] (%) ()] (%) ()]
Commercial 87% 0% 0% 0% 0% 0% 0% 13%
High Density Residential 12% 0% 1% 0% 0% 0% 0% 4%
Industrial 52% 0% 30% 0% 0% 0% 0% 24%
Institutional 23% 0% 0% 0% 0% 0% 0% 1%
Low Density Residential 0% 0% 32% 0% 0% 0% 0% 71%
Medium Density Residential 83% 0% 0% 0% 0% 0% 0% 53%
TOTAL 56% 0% 10% 0% 0% 0% 0% 19%
Future Land Use Type Skull Creek South 1 | Skull Creek South 2 Mackays Creek South | Bryan Creek 1 | Bryan Creek 2 | Savage Creek 1 | Savage Creek 2 TOTAL
(%) (%) ()] (%) (%) (%) (%) ()]
Commercial 59% 0% 0% 0% 0% 0% 0% 10%
High Density Residential 12% 0% 1% 0% 0% 0% 0% 4%
Industrial 52% 0% 30% 0% 0% 0% 0% 24%
Institutional 13% 0% 0% 0% 0% 0% 0% 1%
Low Density Residential 0% 0% 32% 0% 0% 0% 0% 6%
Medium Density Residential 49% 0% 0% 0% 0% 0% 0% 34%
TOTAL 42% 0% 10% 0% 0% 0% 0% 15%
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AVERAGE ANNUAL LOADS FOR CALIBOGUE SOUND WATERSHED WATER QUALITY BASINS

TABLE 3-11

EXISTING LAND USE
Water Quality Area Flow BOD TSS Total P Total N Lead Zinc Fecal Coliform
Basin ID (acres) (acre-feet) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (Ibfyr) (#lyr)
Calibogue Sound 1 2,956 8,759 85,252 389,000 4,253 32,183 157 3,124 8.18E+14
Calibogue Sound 2 3,376 11,223 98,133 292,000 5,156 41,950 187 4,218 1.13E+15
Calibogue Sound 3 1,239 4,411 36,550 82,686 1,918 15,639 72 1,723 3.51E+14
Calibogue Sound 4 2,182 7,135 63,388 231,000 3,200 26,114 119 2,608 6.51E+14
Calibogue Sound 5 2,376 6,857 65,819 306,000 3,354 25,365 120 2,370 6.42E+14
Broad Creek 1 4,219 10,643 137,000 942,000 4,936 39,737 194 3,002 9.44E+14
||Broad Creek 2 7,846 18,630 253,000 1,650,000 8,899 71,321 313 4,638 1.74E+15
"Broad Creek 3 750 2,354 26,172 136,000 1,077 9,118 43 818 2.26E+14
Broad Creek 4 1,417 3,080 44,158 297,000 1,489 12,650 47 623 3.49E+14
Cooper River 1 5,256 15,507 132,000 453,000 6,872 56,176 241 5,407 1.39E+15
Cooper River 2 2,969 8,187 65,288 182,000 3,472 28,474 117 2,809 6.02E+14
Cooper River 3 583 2,053 16,641 36,056 887 7,245 33 795 1.61E+14
Cooper River Trib 1,560 3,059 23,355 101,000 1,235 10,347 33 757 1.97E+14
Bull Creek/Cooper 1 1,057 3,688 29,868 65,559 1,592 13,010 59 1,421 2.88E+14
||Bu|| Creek/Cooper 2 515 1,320 10,025 40,328 530 4,566 16 372 9.48E+13
"Bull Creek/Cooper 3 461 1,154 8,552 39,811 450 3,986 13 292 8.22E+13
Hoophole Creek 646 1,979 15,772 42,450 839 6,932 29 701 1.50E+14
Old House Creek 288 745 11,488 96,570 505 4,281 20 232 2.39E+14
Jarvis Creek 1 926 2,974 28,242 106,000 1,364 11,206 51 1,083 3.10E+14
Jarvis Creek 2 1,924 4,060 61,078 482,000 2,191 18,281 79 898 7.08E+14
Skull Creek South 1 2,986 8,008 83,226 478,000 3,880 32,700 136 2,453 1.10E+15
Skull Creek South 2 382 1,147 9,914 28,630 479 3,974 16 384 8.28E+13
Mackays Creek South 985 2,219 33,143 287,000 1,624 9,900 56 633 3.37E+14
"Bryan Creek 1 550 1,225 8,734 50,715 457 4,191 11 243 8.36E+13
Bryan Creek 2 205 516 3,881 16,627 205 1,783 6 139 3.68E+13
Savage Creek 1 374 1,274 10,337 22,576 551 4,490 20 490 9.91E+13
Savage Creek 2 81 266 2,147 5,083 114 937 4 100 2.05E+13
TOTAL 48,109 132,473 1,363,163 6,859,091 61,529 496,556 2,192 42,333 1.28E+16
Table 3-11
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TABLE 3-11

AVERAGE ANNUAL LOADS FOR CALIBOGUE SOUND WATERSHED WATER QUALITY BASINS

FUTURE LAND USE

Water Quality Area Flow BOD TSS Total P Total N Lead Zinc Fecal Coliform
Basin ID (acres) (acre-feet) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (#lyr)
Calibogue Sound 1 2,956 8,811 86,714 391,000 4,315 32,348 158 3,138 8.17E+14
Calibogue Sound 2 3,376 11,223 97,911 287,000 5,134 41,765 186 4,216 1.11E+15
Calibogue Sound 3 1,238 4,408 36,439 80,572 1,913 15,612 71 1,720 3.49E+14
Calibogue Sound 4 2,182 7,135 63,371 231,000 3,199 26,118 119 2,608 6.51E+14
Calibogue Sound 5 2,375 6,841 64,620 293,000 3,312 25,232 117 2,360 6.25E+14
Broad Creek 1 4,219 10,788 140,000 950,000 4,986 40,128 196 3,034 9.45E+14
"Broad Creek 2 7,846 18,928 259,000 1,670,000 9,050 72,202 318 4,709 1.73E+15
"Broad Creek 3 750 2,368 26,512 137,000 1,105 9,626 43 822 2.58E+14
Broad Creek 4 1,417 3,133 45,251 299,000 1,501 12,792 47 635 3.47E+14
Cooper River 1 5,255 15,823 142,000 473,000 7,047 56,923 248 5,476 1.38E+15
Cooper River 2 2,969 8,395 74,082 193,000 3,624 28,979 124 2,877 6.22E+14
Cooper River 3 582 2,052 16,637 35,993 887 7,243 33 795 1.61E+14
Cooper River Trib 1,561 3,266 32,164 112,000 1,386 10,844 40 824 2.17E+14
Bull Creek/Cooper 1 1,058 3,692 29,904 65,585 1,593 13,025 59 1,423 2.89E+14
"Bull Creek/Cooper 2 516 1,322 10,040 40,403 530 4,573 16 373 9.49E+13
"Bull Creek/Cooper 3 461 1,154 8,553 39,844 450 3,987 13 292 8.23E+13
Hoophole Creek 646 1,982 15,792 42,469 840 6,940 29 702 1.50E+14
Old House Creek 288 769 12,091 98,271 509 4,301 20 237 2.27E+14
Jarvis Creek 1 927 3,010 29,170 107,000 1,375 11,237 51 1,091 2.98E+14
Jarvis Creek 2 1,924 4,251 65,584 494,000 2,256 18,693 82 940 6.78E+14
Skull Creek South 1 2,986 8,176 87,620 488,000 3,930 32,893 139 2,488 1.04E+15
Skull Creek South 2 382 1,152 10,046 28,785 488 3,996 16 385 8.30E+13
Mackays Creek South 985 2,266 34,123 290,000 1,633 10,042 57 643 3.38E+14
"Bryan Creek 1 550 1,225 8,739 50,658 458 4,193 11 244 8.36E+13
Bryan Creek 2 204 515 3,879 16,557 205 1,782 6 139 3.68E+13
Savage Creek 1 374 1,272 10,311 22,578 550 4,480 20 489 9.88E+13
Savage Creek 2 82 267 2,153 5,128 115 940 4 100 2.06E+13
TOTAL 48,110 134,224 1,412,706 6,941,843 62,391 500,894 2,223 42,760 1.27E+16
Percent Increase over Existing Land Usg 1% 4% 1% 1% 1% 1% 1% -1%
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TABLE 3-12

EXISTING LEVEL OF SERVICE IN WATER QUALITY BASINS

CALIBOGUE SOUND WATERSHED

Fecal Coliform Concentrations

Long-Term Average

Maximum 36-Sample Values

Water Quality DHEC Geomean 90th Percentile Geomean 90th Percentile Level of
Basin ID Station(s) (#/100 ml) (#/100 ml) (#/100 ml) (#/100 ml) Service
Calibogue Sound 1 20-02, 20-03 4.3 17 5.10 21 A
Calibogue Sound 2 20-22, 20-05 3.5 11 3.70 13 A
Calibogue Sound 3 20-06 4.3 13 5.30 18 A
Calibogue Sound 4 20-07 4.1 21 5.50 23 A
Calibogue Sound 5 None NA NA NA NA NA
Broad Creek 1 20-15A 8.8 43 14.70 63 C
Broad Creek 2 20-18 9.1 43 11.00 60 C
Broad Creek 3 20-16, 20-16A 22.6 116 29.90 215 D
Broad Creek 4 None NA NA NA NA NA
Cooper River 1 19-03, 19-09 41 13 5.60 21
Cooper River 2 19-02 8.4 33 11.10 49 B
Cooper River 3 None NA NA NA NA NA
Cooper River Trib None NA NA NA NA NA
Bull Creek/Cooper 1 None NA NA NA NA NA
Bull Creek/Cooper 2 None NA NA NA NA NA
Bull Creek/Cooper 3 None NA NA NA NA NA
Hoophole Creek None NA NA NA NA NA
Old House Creek None NA NA NA NA NA
Jarvis Creek 1 20-23 4.6 15 4.60 15 A
Jarvis Creek 2 None NA NA NA NA NA
Skull Creek South 1 20-10, 20-11, 20-12 3.8 13 4.30 17 A
Skull Creek South 2 None NA NA NA NA NA
Mackays Creek South None NA NA NA NA NA
Bryan Creek 1 None NA NA NA NA NA
Bryan Creek 2 None NA NA NA NA NA
Savage Creek 1 19-11 4.5 12 6.6 16 A
Savage Creek 2 None NA NA NA NA NA
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TABLE 3-13

TIDAL RIVER SEGMENT PHYSICAL CHARACTERISTICS
CALIBOGUE SOUND WATERSHED

South Exchange with Tidal Dispersion Values
Water Quality WASP Volume Water Quality Area Length Coefficient
Basin ID Segment (m”3) Basin ID (m"2) (m) (m"2/s)

Calibogue Sound 1 1 5.15E+07 QOcean 10,463 3,586 450
Calibogue Sound 2 2 4.88E+07 Calibogue Sound 1 13,400 5,053 225
May River 1 5,185 3,356 300
Calibogue Sound 3 3 1.04E+07 Calibogue Sound 2 4,789 4,313 225
Calibogue Sound 4 4 8.91E+06 Calibogue Sound 3 2,564 2,784 225
Calibogue Sound 5 5 4.35E+06 Calibogue Sound 4 1,545 4,393 450
Mackays Creek North 2 561 4,393 150
Broad Creek 1 6 7.02E+06 Calibogue Sound 1 1,606 4,408 180
Broad Creek 2 7 7.03E+06 Broad Creek 1 834 5,262 300
Broad Creek 3 8 1.33E+06 Broad Creek 2 700 4,023 20
Broad Creek 4 9 1.27E+05 Broad Creek 3 346 1,143 20
Cooper River 1 10 1.68E+07 Calibogue Sound 1 3,318 7,106 100
Cooper River 2 11 7.97E+06 Cooper River 1 1,082 7,129 10
Cooper River 3 12 1.60E+06 Cooper River 2 704 5,053 50
Cooper River Trib 13 8.64E+05 Cooper River 2 284 2,237 50
Bull Creek/Cooper 1 14 2.74E+06 Cooper River 1 894 2,763 300
Bull Creek/Cooper 2 15 1.37E+06 Bull Creek/Cooper 1 609 2,253 300
Bull Creek/Cooper 3 16 5.55E+05 Bull Creek/Cooper 2 440 1,770 300
Hoophole Creek 17 7.79E+05 Bull Creek/Cooper 1 352 1,416 300
Old House Creek 18 1.61E+05 Calibogue Sound 2 314 1,184 150
Jarvis Creek 1 19 1.34E+06 Calibogue Sound 3 649 3,454 450
Jarvis Creek 2 20 2.26E+05 Jarvis Creek 1 293 1,851 150
Skull Creek South 1 21 6.99E+06 Calibogue Sound 3 1,126 4,342 150
Skull Creek South 2 22 2.60E+06 Skull Creek South 1 1,960 2,945 150
Skull Creek North 2 3,343 2,945 150
Mackays Creek South 23 3.43E+05 Calibogue Sound 4 215 1,119 150
Bryan Creek 1 24 4.35E+05 Calibogue Sound 2 452 1,283 150
Bryan Creek 2 25 1.63E+05 Bryan Creek 1 272 949 150
Savage Creek 1 34 1.07E+06 Bull Creek/Cooper 3 341 2,012 150
Bull Creek/May River 648 2,012 225
Savage Creek 2 35 3.60E+05 Savage Creek 1 436 1,041 225
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TABLE 3-14

AVERAGE FLOWS AND GEOMEAN FECAL COLIFORM CONCENTRATIONS FROM WMM
FOR CALIBOGUE SOUND WATER QUALITY BASINS

South EXISTING LAND USE FUTURE LAND USE
Water Quality WASP Flow Fecal Coliform Flow Fecal Coliform
Basin ID Segment (cfs) (#/100 ml) (cfs) (#/100 ml)
Calibogue Sound 1 1 12.1 1,392 12.2 1,382
Calibogue Sound 2 2 15.5 1,407 15.5 1,402
Calibogue Sound 3 3 6.1 1,397 6.1 1,398
Calibogue Sound 4 4 9.8 1,398 9.8 1,398
Calibogue Sound 5 5 9.5 1,359 9.4 1,345
Broad Creek 1 6 14.7 1,188 14.9 1,184
Broad Creek 2 7 25.7 1,001 26.1 1,027
Broad Creek 3 8 3.2 1,322 3.3 1,334
Broad Creek 4 9 4.3 896 4.3 896

Cooper River 1 10 214 1,350 21.8 1,301
Cooper River 2 11 11.3 1,232 11.6 1,238
Cooper River 3 12 2.8 1,393 2.8 1,394
Cooper River Trib 13 4.2 979 45 1,005
Bull Creek/Cooper 1 14 5.1 1,388 5.1 1,389
Bull Creek/Cooper 2 15 1.8 1,178 1.8 1,179
Bull Creek/Cooper 3 16 1.6 1,163 1.6 1,165
Hoophole Creek 17 2.7 1,307 2.7 1,304
Old House Creek 18 1.0 1,785 1.1 1,745
Jarvis Creek 1 19 41 1,374 4.2 1,375
Jarvis Creek 2 20 5.6 1,129 5.9 1,113
Skull Creek South 1 21 11.1 1,337 11.3 1,331
Skull Creek South 2 22 1.6 1,206 1.6 1,202
Mackays Creek South 23 3.1 1,464 3.1 1,433
Bryan Creek 1 24 1.7 1,075 1.7 1,079
Bryan Creek 2 25 0.7 1,166 0.7 1,176
Savage Creek 1 34 1.8 1,376 1.8 1,369
Savage Creek 2 35 0.4 1,366 0.4 1,364
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TABLE 3-15

TIDAL RIVER ADVECTIVE FLOW EXCHANGES

CALIBOGUE SOUND WATERSHED

From To
Water Quality Water Quality Net Advective Flow (cfs)
Basin 1D Basin ID Existing Future
Calibogue Sound 1 Ocean 1,670 1,680
Calibogue Sound 2 Calibogue Sound 1 1,493 1,501
May River 1 Calibogue Sound 2 15 20
Calibogue Sound 3 Calibogue Sound 2 1,459 1,462
Calibogue Sound 4 Calibogue Sound 3 739 739
Calibogue Sound 5 Calibogue Sound 4 726 726
Mackays Creek North 2 Calibogue Sound 5 717 717
Broad Creek 1 Calibogue Sound 1 48 49
Broad Creek 2 Broad Creek 1 33 34
Broad Creek 3 Broad Creek 2 7.5 7.6
Broad Creek 4 Broad Creek 3 4.3 4.3
Cooper River 1 Calibogue Sound 1 117 119
Cooper River 2 Cooper River 1 18 19
Cooper River 3 Cooper River 2 2.8 2.8
Cooper River Trib Cooper River 2 4.2 4.5
Bull Creek/Cooper 1 Cooper River 1 77 78
Bull Creek/Cooper 2 Bull Creek/Cooper 1 70 70
Bull Creek/Cooper 3 Bull Creek/Cooper 2 68 69
Hoophole Creek Bull Creek/Cooper 1 2.7 2.7
Old House Creek Calibogue Sound 2 1.0 1.1
Jarvis Creek 1 Calibogue Sound 3 9.7 10
Jarvis Creek 2 Jarvis Creek 1 5.6 5.9
Skull Creek South 1 Calibogue Sound 3 705 707
Skull Creek North 2 Skull Creek South 2 692 694
Skull Creek South 2 Skull Creek South 1 694 696
Mackays Creek South Calibogue Sound 4 3.1 3.1
Bryan Creek 1 Calibogue Sound 2 2.4 2.4
Bryan Creek 2 Bryan Creek 1 0.7 0.7
Savage Creek 1 Bull Creek/Cooper 3 66 67
Bull Creek/May River Savage Creek 1 64 65
Savage Creek 2 Savage Creek 1 0.4 0.4
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TABLE 3-16

FECAL COLIFORM MODELING RESULTS
CALIBOGUE SOUND WATERSHED

Water Quality Bacteria Modeled Geomean Conc (#/100 ml) Modeled Level of Service

Basin ID Loss Rate (1/day) Existing Future Existing Future
Calibogue Sound 1 0.5 3.7 3.7 A A
Calibogue Sound 2 0.5 3.6 3.6 A A
Calibogue Sound 3 0.5 4.3 4.3 A A
Calibogue Sound 4 1.0 4.6 4.6 A A
Calibogue Sound 5 1.0 5.0 5.0 A A
Broad Creek 1 0.7 6.6 6.7 A A
Broad Creek 2 1.0 8.1 8.4 B B
Broad Creek 3 1.0 11.7 11.9 D D
Broad Creek 4 1.0 23.4 23.8 D D
Cooper River 1 0.7 5.5 55 A A
Cooper River 2 0.7 6.3 6.5 A A
Cooper River 3 1.0 6.1 6.2 A A
Cooper River Trib 1.0 9.5 10.3 C D
Bull Creek/Cooper 1 1.0 5.8 5.8 A A
Bull Creek/Cooper 2 1.0 5.4 5.4 A A
Bull Creek/Cooper 3 1.0 5.3 5.3 A A
Hoophole Creek 1.0 6.4 6.4 A A
Old House Creek 1.0 4.7 4.7 A A
Jarvis Creek 1 2.0 5.2 5.3 A A
Jarvis Creek 2 2.0 10.4 10.7 D D
Skull Creek South 1 1.0 4.2 4.2 A A
Skull Creek South 2 1.0 3.5 3.5 A A
Mackays Creek South 1.0 7.9 7.9 B B
Bryan Creek 1 1.0 4.4 4.4 A A
Bryan Creek 2 1.0 4.7 4.8 A A
Savage Creek 1 2.0 4.4 4.5 A A
Savage Creek 2 2.0 4.6 4.6 A A

NOTE: Water quality basins with lower LOS in future are highlighted.
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TABLE 3-17

SENSITIVITY ANALYSIS RESULTS
CALIBOGUE SOUND WATERSHED

Water Quality Bacteria Modeled Geomean Conc (#/100 ml) Modeled Level of Service
Basin ID Loss Rate (1/day) Best Case Worst Case Best Case Worst Case

Calibogue Sound 1 0.5 3.6 3.8 A A
Calibogue Sound 2 0.5 3.4 3.8 A A
Calibogue Sound 3 0.5 3.9 4.6 A A
Calibogue Sound 4 1.0 4.1 4.8 A A
Calibogue Sound 5 1.0 4.5 5.1 A A
Broad Creek 1 0.7 5.3 8.8 A C
Broad Creek 2 1.0 6.3 12.5 A D
Broad Creek 3 1.0 9.4 17.7 C D
Broad Creek 4 1.0 18.1 41.7 D D
Cooper River 1 0.7 5.3 5.9 A A
Cooper River 2 0.7 6.3 7.5 A B
Cooper River 3 1.0 6.1 6.4 A A
Cooper River Trib 1.0 9.5 13.6 C D
Bull Creek/Cooper 1 1.0 5.7 6.0 A A
Bull Creek/Cooper 2 1.0 5.3 5.6 A A
Bull Creek/Cooper 3 1.0 5.2 5.5 A A
Hoophole Creek 1.0 6.2 6.6 A A
Old House Creek 1.0 3.9 5.0 A A
Jarvis Creek 1 2.0 45 6.2 A A
Jarvis Creek 2 2.0 7.7 15.1 B D
Skull Creek South 1 1.0 3.7 4.6 A A
Skull Creek South 2 1.0 3.2 3.8 A A
Mackays Creek South 1.0 5.7 8.3 A B
Bryan Creek 1 1.0 4.2 4.6 A A
Bryan Creek 2 1.0 4.6 4.9 A A
Savage Creek 1 2.0 4.3 4.7 A A
Savage Creek 2 2.0 4.4 4.9 A A

NOTES:

1. Best case represents existing land use with wet detention BMPs serving all existing development.

2. Worst case represents future land use with no BMPs.

3. Water quality segments that show change from base model results (e.g., improved LOS for best case or
degraded LOS for worst case) are highlighted.
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TABLE 3-18

PLANNING LEVEL COST ESTIMATES FOR
CALIBOGUE SOUND WATERSHED

MODEL ESTIMATED
CONDUIT PROJECT COST
MCE_M-1 * |Road overtopping at Moss Creek Drive $29,000

Add 1 - 24" RCP to existing 1 - 36" RCP
|\/|s_|\/|-1* Road overtopping at Masters Drive $85,000
Replace existing 3 - 18" RCP with 10 - 36" RCP
WP _M-2" Road overtopping at Bayley Road $100,000
Replace existing 3 - 24" RCP with 3 - 4'x4' box culverts
WP_M-3 * Road overtopping at Colleton River Drive $453,000
Replace existing 3 - 18" RCP with 1 - 7'x4' box culverts
Raise road 2.9 ft (length of 660 ft)
WT_M-2 Road overtopping at Cooper River Landing Road $343,000
Replace existing 1 - 30" RCP with 4 - 8'x5' box culverts
Raise road 2.4 ft (length of 670 ft)
WT_M-4 Road overtopping at Freeport Road $232,000
Replace existing 1 - 18" CMP with 20 - 36" RCP
Raise road 1.4 ft (length of 640 ft)
TOTAL $1,242,000
" Conduits marked by asterisk are on private land
Costs are in December 2004 dollars.
See Appendix A for basis of cost estimates.
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Figure 3-7. Comparison of WASP Model Results with Long-Term Monitoring Data in Calibogue Sound - Salinity

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-8. Comparison of WASP Model Results with Long-Term Monitoring Data in Broad Creek - Salinity

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-9. Comparison of WASP Model Results with Long-Term Monitoring Data in Cooper River - Salinity

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-10. Comparison of WASP Model Results with Long-Term Monitoring Data in Old House and Jarvis Creeks - Salinity

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-11. Comparison of WASP Model Results with Long-Term Monitoring Data in Skull Creek South - Salinity

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-12. Comparison of WASP Model Results with Long-Term Monitoring Data in Calibogue Sound - Bacteria

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-13. Comparison of WASP Model Results with Long-Term Monitoring Data in Broad Creek - Bacteria.

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-14. Comparison of WASP Model Results with Long-Term Monitoring Data in Cooper River - Bacteria.

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-15. Comparison of WASP Model Results with Long-Term Monitoring Data in Old House and Jarvis Creeks - Bacteria.

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Figure 3-16. Comparison of WASP Model Results with Long-Term Monitoring Data in Skull Creek South - Bacteria.

Note: 90% CI = 90% confidence interval for the measured mean based on statistical analysis of monitoring data.
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Section 4
May River Watershed Analysis

This section describes the physical features of the May River watershed, water
quantity and water quality problems, modeling results, alternatives evaluation, and
recommendations.

4.1 Overview

The May River watershed is located south of the Broad River (see Figure 4-1). For the
purposes of this study, the area included in the watershed analysis includes open
water, tidal marsh and upland area in Bluffton Township and the Town of Bluffton
that is tributary to the May River. Major May River tributaries included in the analysis
are Bull Creek and Bass Creek.

For the hydrologic and hydraulic analysis of the Primary Stormwater Management
System (PSMS), the watershed includes several “hydrologic” basins. These are listed
in Table 4-1, and presented in Figure 4-2. Table 4-1 lists the basin names, tributary
areas, number of subbasins, and average subbasin size. Hydrologic and hydraulic
model calculations were completed to evaluate peak flows and water elevations
within the PSMS. The model results were compared to critical water elevations (e.g.,
roadway elevations) to identify potential problem areas and evaluate alternative
management strategies.

For the analysis of pollution loads and receiving water quality, the watershed was
subdivided into “water quality” basins, and the tidal receiving waters were
subdivided into receiving water “segments”. These are listed in Table 4-2, and
presented in Figure 4-3. Pollution loads were calculated for each of the water quality
basins. For fecal coliform bacteria, tidal river water quality model calculations were
completed to evaluate river bacteria concentrations. The model results were
compared to the tidal river bacteria standards to identify potential problem areas and
evaluate alternative management strategies.

4.2 Hydrologic and Hydraulic Analysis

CDM and T&H used the Interconnected Pond Routing Model (ICPR), Version 3 for
the hydrologic and hydraulic analyses of the PSMS in the May River watershed. The
analyses included modeling of 24-hour design storms with return periods of 2 years,
10 years, 25 years, and 100 years. Analyses were conducted for existing and future
land use conditions, with and without alternative management strategies.

The ICPR model is a “link-node” model, representing the PSMS as a series of nodes
(stream locations) connected by links (open channels, pipes, culverts). Figures in
Appendix B show model schematics of the May River PSMS basins, with a separate
schematic for each basin.

4-1
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4.2.1 Hydrologic and Hydraulic Parameters

In the hydrologic model development, each May River basin consisted of one of more
subbasins. Section 2.2 of this report describes how appropriate parameter values were
developed for model subbasins. These parameters include hydrologic basin area,
curve number, and time of concentration.

Table 4-3 lists the hydrologic parameter values for the May River PSMS subbasins.
Each model subbasin is identified by an ICPR model ID number. Curve number and
time of concentration values are presented for existing land use and future land use
conditions. The future land use values generally show a higher curve number and
lower time of concentration than the existing land use as a result of anticipated future
development.

Hydraulic summary information for the May River PSMS basins is presented in Table
4-4. For each basin, the table lists data regarding open channel sections, stream
crossings, and other hydraulic features. Open channel data includes the number of
defined open channel segments, and the total length of the channel segments. Stream
crossing data includes the number of stream crossings, the total number of culverts
associated with those crossings, and the number of crossings that are actually bridge
openings rather than culverts. Other features data includes the number of storage
nodes, weirs, and tide gates that are part of the PSMS. Note that the number of weirs
includes actual weir structures (e.g., inline weir across channel) as well as roadways
that act as weirs if road overtopping is occurring.

Details regarding the stream crossings are presented in Table 4-5. For each stream
crossing, the table presents the road name, ICPR model link ID, culvert dimensions
and length, invert elevation, roadway elevation, and appropriate level of service.

Details regarding specific open channel segments, storage areas, weirs and tide gates
are presented in Appendix B.

4.2.2 Model Results

Tables in Appendix B list the peak flow values for the May River subbasins. Each
table lists peak flows for one of the return periods analyzed in this study, which
include 2-year, 10-year, 25-year, and 100-year return periods. In each of the tables, the
peak flows are listed by subbasin for various land cover and stormwater management
controls, which include the following;:

m Undeveloped land
m Existing land use without peak shaving controls
m Existing land use with existing peak shaving controls

m Future land use without peak shaving controls



Section 4
May River Watershed Analysis

m Future land use with existing and future peak shaving controls

It should be noted that the tables include values for “uncontrolled” and “controlled”
peak flows for the 2-year, 10-year and 25-year design storms. The “uncontrolled” peak
flow assumes no peak shaving facilities in the subbasin. In contrast, the “controlled”
value accounts for peak shaving facilities in the subbasin.

For existing land use, aerial maps and local information were used to estimate the
percentage of existing urban development that is served by peak shaving facilities.
The “controlled” peak flow value was then calculated by considering the difference in
peak flow between totally undeveloped conditions and existing conditions with no
controls. For example, suppose that a subbasin of 100 acres has an undeveloped 2-
year peak flow of 20 cfs, and an uncontrolled existing peak flow of 50 cfs, and further
suppose that 60 percent of the urban development is controlled by peak shaving
facilities. In this case, it is assumed that the existing peak flow is reduced by 60
percent of the difference between undeveloped and developed peak flow (50 - 20 = 30
cfs; 60 percent of 30 cfs = 18 cfs reduction due to peak shaving), and therefore the
maximum controlled peak flow will be 32 cfs (50 - 18).

For future land use, the “controlled” peak flow is set equal to the “controlled” peak
flow for existing land use, because new development is subject to State and County
peak flow regulations. Note, however, that the future condition will still generate
more stormwater runoff volume, even though the peak flow is the same. The result is
that the peak flow rate will be sustained for a longer period of time under future
conditions.

Tables in Appendix B list the peak water elevation values for model node locations
along the May River PSMS. Each table lists peak stages for one of the return periods
analyzed in this study, which include 2-year, 10-year, 25-year, and 100-year return
periods. In each of the tables, the peak stages are listed for existing and future land
use conditions, with the existing stormwater hydraulic system.

Specific problem areas identified by the modeling are listed in Table 4-6 and
presented in Figure 4-4. For each area, the table identifies the road crossing,
associated model ID, design storm, “critical elevation” (e.g., top-of-road elevation),
and maximum water elevation for the listed design storm. As discussed earlier in
Section 2, roads considered evacuation routes were evaluated with the 100-year
design storm, and other roads were evaluated for the 25-year design storm.

Structural flooding was also considered for the 100-year design storm. In locations
where the PSMS evacuation route crossings are overtopped by the 100-year design
storm, figures were developed showing the approximate area of inundation upstream
of the overtopped road. These figures are presented in Appendix B. In addition, the
peak 100-year water elevations were compared to Federal Emergency Management
Agency (FEMA) base flood elevations, and results showed that the FEMA elevations
(based on storm surge) are always greater than the modeled 100-year peak stages,
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suggesting that structures built in accordance with the FEMA base flood elevations
should not be flooded.

Table 4-6 indicates that five road crossings are being overtopped by the design storm
events. Five of the hydrologic and hydraulic basins have no problems, and the rest
have one or two problem areas.

Evaluation of solutions to prevent these problems is discussed in the next section of
this report.

4.2.3 Management Strategy Alternatives

The problems areas listed in Table 4-6 were evaluated by modifying the culverts in
the ICPR hydraulic model. The ICPR model for existing conditions was modified to
either add one or more culverts to the existing culvert(s), or to replace the existing
culvert(s) with one or more new culverts. Replacement was typically considered if the
model results showed that the existing culvert or culverts passed a small fraction of
the peak flow, and most of the peak flow passed over the road for the design storm. In
contrast, addition of one or more culverts was typically assumed in cases where the
existing system was able to pass most of the peak flow, and a small fraction of the
peak flow is passed over the road.

The resulting improvements are presented in Table 4-7. The table presents the size of
the existing culverts, plus the size of the added or replacement culvert(s). For the
analysis, box culverts were used as the added or replacement culverts. There is no
reason that a different culvert shape could not be used, as long as the conveyance
capacity of the culvert(s) remains the same. Also, the depth of the added or
replacement culverts was usually assumed to be equal to the depth of the existing
culvert(s), because there was often little freeboard between the crown of the existing
culvert(s) and the top of the road. The depth of the added or replacement culvert(s)
was greater than that of the original culvert(s) only when there was sufficient
freeboard.

For a few locations (e.g., Ulmer Road in Alljoy Landing basin), the proposed solution
also included raising the road. In that case, the existing road elevation (5.8 ft NAVD)
is only 0.2 feet higher than the assumed tailwater condition (mean annual high tide of
5.6 ft NAVD). In general, “low” roads such as Ulmer Road were raised so that the
road elevation was 2 feet above the 1-year mean high tide, in this case to 7.6 feet
NAVD.

4.3 Water Quality Analysis

CDM and T&H used the Watershed Management Model (WMM) and the Water
Quality Analysis Simulation Program (WASP) for the water quality analysis of the
May River watershed. WMM was used to calculate average annual flows and average
annual loads of various water quality constituents, including fecal coliform bacteria,
total nitrogen (total N), total phosphorus (total P), BOD, lead, zinc and total
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suspended solids (TSS). WMM was also used to calculate the geometric mean bacteria
concentration of the flows from the watershed to the tidal river system. The flow and
geometric mean concentration data were used as input to the WASP model, which
accounted for tidal mixing and bacteria loss rates, to evaluate bacteria concentrations
in the tidal river system for existing and future conditions. Measured salinity and
bacteria concentrations were used to calibrate key model parameters such as tidal
mixing coefficients and bacteria loss rates for existing conditions. The same parameter
values were used for evaluation of future conditions, which reflect higher flows and
loads from the watershed.

4.3.1 Land Use and BMP Coverage

Table 4-8 presents the existing land use and future land use estimates for the May
River water quality basins. The existing land use data were gathered from a number
of sources, including February 2002 aerials, County existing land use and tax parcel
maps, National Wetlands Inventory (NWI) and USGS quadrangle maps, plus local
knowledge of development completed between February 2002 and June 2003. The
future land use map was developed by “filling in” the existing land use map and by
replacing undeveloped area with anticipated urban development. The anticipated
future development was characterized based on the Beaufort County and Hilton
Head Island future land use maps and zoning maps.

Under existing land use conditions, 26 percent of the May River watershed area
consists of urban systems (e.g., residential, commercial, golf course) and 74 percent
consists of natural systems (e.g., forest, water/ wetlands, tidal open water/marsh).
Based on the imperviousness values assigned to urban land uses, urban impervious
area covers about 5 per cent of the watershed.

Under future land use conditions, 55 percent of May River watershed area consists of
urban systems, and 45 percent consists of natural systems. The major change in land
use distribution is the conversion of forest/rural land to low and medium density
residential land uses. As a result of projected future development, urban
imperviousness increases to about 11 percent of the watershed.

Estimates of BMP coverage for existing and future land use in presented in Table 4-9.
The existing land use values reflect local knowledge of development with respect to
the implementation of BMPs in Beaufort County in accordance with the County BMP
Manual. Future BMP coverage was estimated presuming that all new development
would be treated by BMPs in accordance with the County BMP Manual. Values are
presented for developed urban land uses. The “total” value for each water quality
basin is based on the total urban area served by BMPs relative to the total urban land
area. The overall “total” BMP coverage (lower right corner value in the two tables)
reflects the percentage of all urban land in the watershed that is served by BMPs.

Under existing land use conditions, 17 percent of the urban systems in the watershed
served by BMPs. Under future land use conditions, 66 percent of the urban systems
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are served by BMPs. This large increase from existing to future reflects both the
substantial increase in urban land use and the 100 percent coverage of the new
development with BMPs in accordance with the County BMP Manual.

4.3.2 Septic Tanks and Point Sources

Estimates of septic tank usage for existing and future land use in presented in Table
4-10. The existing land use values reflect areas that are not designated as “sewered”
areas by the Beaufort-Jasper Water & Sewer Authority. For future development, areas
that are zoned “rural” or “conservation” were assumed to be served by septic tanks,
and other areas were assumed to be served by sewer.

Values are presented for developed urban land uses. The “total” value for each water
quality basin is based on the total urban area served by septic tanks relative to the
total urban land area. The overall “total” septic tank coverage (lower right corner
value in the two tables) reflects the percentage of all urban land in the watershed that
is served by septic tanks.

For existing land use conditions, 53 percent of the urban systems in the watershed
(e.g., residential, commercial) are served by septic. Under future land use conditions,
27 percent of the urban systems are served by septic tanks. This reflects the
presumption that most of the new development will be sewered.

Based on available data, the estimated wastewater discharge under existing
conditions is 0.3 million gallons per day (mgd) of land application (e.g., golf course
irrigation), and the future discharge is expected to be 0.8 mgd based on increase in
residential land between existing and future conditions. There are no direct
discharges to receiving waters in the watershed.

4.3.3 Model Annual Pollution Load Results

Average annual constituent loads were calculated for the May River water quality
basins using the methodology described in Section 2.4 of the report. Loads were
calculated for existing and future (build-out) land use conditions. The loads were
tabulated and compared to evaluate the relative changes in loads due to new
development, assuming that the new development is controlled by BMPs in
accordance with the County BMP Manual.

The results are presented in Table 4-11 for existing and future land use conditions.
For each water quality basin and land use condition, the table lists the basin tributary
area, total average annual flow in acre-feet, and the average annual loads for each of
the seven constituents considered in the study. With the exception of fecal coliform
bacteria, the loads are presented in units of pounds per year. Fecal coliform results are
presented in units of counts per year (#/yr).

An overall comparison of the WMM modeling results (Table 4-11) indicates that
future flows and constituent loads generally increase over their existing counterparts.
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Specifically, future flow is 7 percent greater than for existing conditions and the
increase in loads ranges from 22 percent for BOD to 2 percent for fecal coliform
bacteria. It should also be noted that the increase for several constituents (e.g., total N,
zinc) are limited because direct rainfall on the open water/tidal wetland area
provides a significant fraction of the total load to the May River. In addition, several
of the basins (e.g., Bull Creek) have little or no change in land use from existing to
future conditions.

For individual water quality basins, the greatest changes in flows and loads occur in
the May River 4 and May River 5 basins. This is because these two basins are
anticipated to have the greatest amount of future development, and because these
basins have the smallest fraction of open water and tidal wetland land use. Load
increases in these basins are typically 18 to 30 percent, with BOD having the greatest
increases (48 to 50 percent) and TSS having the smallest increases (9 to 14 percent).
Despite these increases, the “per acre” loads for these basins are comparable to the
loads in the other water quality basins.

Wastewater discharges account for a very small fraction of the total watershed load
for all constituents, particularly fecal coliform bacteria. As shown previously in Table
2-9, the existing discharge of wastewater is limited to roughly 0.3 mgd of land
application (e.g., golf course irrigation), and the future discharge is expected to be
higher (0.8 mgd). Using the values in Table 2-9, the wastewater load for existing
conditions accounts for 0.3 to 0.5 percent of the total watershed load for nutrients
(total nitrogen and total phosphorus) and 0.0 to 0.1 percent of the load for other
constituents. In the future condition, the wastewater load for existing conditions
accounts for 1 to 2 percent of the total watershed load for nutrients (total nitrogen and
total phosphorus) and 0.0 to 0.3 percent of the load for other constituents.

4.3.4 Model Tidal River Water Quality Results

The WASP model was applied to evaluate geomean concentrations of fecal coliform
bacteria in the May River watershed. The model actually includes Calibogue Sound,
May River, Colleton River, and Chechessee River watersheds because they are
interconnected at several points. Only the May River will be discussed in this section.
A schematic of the model is presented as Figure 4-5.

Existing conditions for bacteria concentrations in the May River are presented in
Table 4-12. For each water quality basin river reach, the table lists the DHEC stations
for which the 1990s bacteria data were analyzed, the concentrations calculated in the
analysis, and the “level of service” associated with these concentrations (as discussed
in Section 2.6.2. As shown in the table, DHEC data were only available in three of the
river model segments. For both the long-term and the 36-sample maximum values,
the geomean and 90t percentile bacteria concentrations meet the water quality
standards, and so these segments have an “A” level of service.
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For informational purposes, Figure 4-6 presents a map of the level of service based on
the monitoring data analysis, compared to the Department of Health and
Environmental Control (DHEC) “shellfish classification” (based on the 2002 DHEC
reports for shellfish area 19). The shellfish classification is based on data from a
specific 3-year monitoring period that is different than the period of data used to
develop the level of service, so there may not be a direct relationship between level of
service and shellfish classification presented in the map. In general, however,
segments with an “A” level of service are expected to have the lowest probability of
receiving a “restricted” classification, and segments with a “D” level of service are
expected to have the highest probability of receiving a “restricted” classification.

Physical characteristics assigned to the model reaches are presented in Table 4-13.
The average segment volume is listed, as well as tidal dispersion information. This
information includes the segments between which mixing is simulated, and
parameters used to calculate dispersion, such as the cross-sectional area, the
“characteristic length” (typically the distance between segment midpoints) and a
dispersion coefficient. The area and length are based on physical data (e.g.,
bathymetric data), whereas the dispersion coefficient was established through
calibration of the modeled salinity to average salinity values calculated from the
DHEC monitoring data.

Other key model input includes the average flows and geomean bacteria
concentrations, and net advective flows between river segments. Tables 4-14 and 4-15
show the values used in the existing and future condition models.

A review of Table 4-14 shows that there is little change in flow or concentration
between existing and future land use for many of the basins. For flow, this is because
much of the flow to the tidal river segments comes from direct rainfall on the open
water and tidal wetlands, as opposed to stormwater runoff and baseflow, and some of
the basins have very little change in land use from existing to future conditions.
Concentration remain relatively constant because of the substantial amount of open
water/tidal wetland area and the relatively limited development in some basins, as
well as the BMPs for new development, which are assumed to have a high level of
treatment efficiency. May River 4 and May River 5 show the greatest increases in flow
and concentration.

Table 4-15 shows the net advective flows between segments, which also do not
change substantially from existing to future land use. In both cases, the
hydrodynamic model (SWMM) indicates that there is a substantial net flow from the
May River (May River 2) to Bull Creek. The May River Baseline Study also found this
flow pattern from the May River to Bull Creek.

The final key input parameter for bacteria modeling is the first-order loss rate. The
value of this parameter was adjusted so that the measured geomean concentrations
and modeled geomean concentrations were in agreement, for those river segments
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that had measured data. In general, a loss rate of 1.0/ day was assumed initially, and
values were then adjusted to achieve a better match between modeled and measured
data. The final calibration values will be discussed below.

Figure 4-7 is a graph showing a comparison between measured and modeled salinity
data along the May River main stem (the only watershed river reaches with
monitoring data). The figure shows that the salinity data calculated by the model is
very close to the average measured value, and is in all cases well within the 90 percent
confidence interval of the mean of the salinity data.

The comparison of measured geomean bacteria concentrations and modeled bacteria
concentration is presented in Figure 4-8. The graph shows very good agreement
between the measured values and the model results.

The first-order loss rates assigned to the river segments, and the concentrations
calculated by the model, are presented in Table 4-16. The loss rates ranged from
0.5/day to 2.8/day. The lowest values are applied at the downstream end of the May
River, and the highest values are applied at the upstream end of the May River. This
makes sense if it is presumed that bacteria loss is in part due to light mortality,
because the water depths are much greater at the downstream end of the May River,
and therefore light would be less of a factor relative to the shallower reaches at the
upstream end of May River.

After the model was applied for existing conditions, it was the applied for future
conditions. The physical characteristics and first-order loss rate from the existing land
use model were kept the same in the future land use model. The only changes were
the net advective flows and the bacteria loads.

The bacteria concentrations calculated under future land use conditions are presented
in Table 4-16 as well. A comparison of concentrations under existing and future land
use conditions shows little difference, with the exception of May River 4 and May
River 5. According to the model, all river reaches will have the same level of service in
the future as they do under existing conditions.

In order to estimate the degree to which stormwater management measures are
expected to affect instream bacteria concentrations, two sensitivity runs were
conducted. The first was run for the existing land use condition, and represents a
“best-case” scenario in which all existing development is controlled by BMPs. The
second was run for the future land use condition, and represents a “worst-case”
condition in which no development is served by BMPs. Analyzing the results of these
scenarios indicate the benefits of retrofitting existing development with BMPs, and
the potential degradation of river segments if BMPs fail.

The results of the analysis are presented in Table 4-17. This table is similar to Table 4-
16, in this case showing water quality basin segment fecal coliform concentrations for
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the “best case” and “worst case” analyses. Segments that show change (e.g., better
LOS for the “best case” or degraded LOS for the “worst case”) are highlighted.

A review of the “best-case” scenario indicates that none of the model segments show
improvement in the existing level of service. With the exception of the May River 5
segment, all of the segments have an “A” level of service for existing conditions, and
therefore cannot show an increased level of service with 100 percent BMPs for
development. The May River 5 segment is a small segment that will often be
completely freshwater at low tide conditions, and it has a “D” level of service
regardless of the extent of BMP implementation.

A review of the “worst-case” scenario indicates that two model segments show
degradation in the future level of service when no BMPs are assumed. The segments
are May River 3 (drops from an “A” to a “B” level) and May River 4 (drops from an
“A” to a “D” level of service). This change in level suggests that the stormwater
controls for new development in May River 4 and other May River water quality
basins (e.g., May River 5, May River 3) will be critical to protecting water quality.

Based on water quality sampling data and model results, the following
recommendations are made:

m Consider monitoring major tributary areas to the May River 4 water quality
segment and surrounding segments (May River 3, May River 5). Major tributaries
include Rose Dhu Creek and Stoney Creek. Part of Palmetto Bluff also discharges to
May River 4 and May River 3 river segments.

m Request that DHEC add an ambient monitoring station in the water quality
segment May River 4.

More discussion of the overall recommended monitoring program for Beaufort
County is presented in Section 16 of this report.

4.3.5 Management Strategy Alternatives

The results of the water quality analysis suggest that the limited amount of future
development in the watershed, combined with the effectiveness of required BMPs in
reducing bacteria loads from new development, will maintain the existing high level
of service (level A) in most of the reaches. In the extreme headwater reach of the May
River (May River 5), the level of service is “D”under both existing and future land use
conditions. At low tide, this reach is essentially all freshwater, and therefore is not
capable of supporting shellfish or other saltwater species. Monitoring of the May
River 4 tributary inflows and open water is recommended to validate that the BMPs
for existing and new development are protecting water quality in that sensitive
segment.
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Elements of the water quality management plan for the May River watershed are
presented in Figure 4-9. Sampling stations shown in the figure include existing DHEC
sites, as well as the additional open water site and sites on Rose Dhu Creek and
Stoney Creek that are recommended as discussed in Section 4.3.4 above. Also
identified are “priority” water quality basins. Sensitivity analysis results suggest that
load changes in these basins are most likely to result in an improved or degraded LOS
in the receiving waters.

For informational purposes, the areas with “A” and “B” type soils are presented in
Figure 4-10. In general, these soils are more suitable for infiltration BMPs than areas
with “C” and “D” type soils, though high water table conditions may still limit the
effectiveness of infiltration BMPs in these areas. The figure is provided to indicate
areas where new development BMP design should consider infiltration BMPs as a
primary or secondary treatment method.

4.4 Planning Level Cost Estimates for Management
Alternatives

Table 4-18 lists potential projects identified in the hydrologic and hydraulic analysis
of the PSMS in the May River watershed. As shown in the table, the five projects are
estimated to have a total cost of $0.9 million based on December 2004 dollars. Details
of the cost estimate for each project are shown in Appendix B.

The prioritization of these projects, and projects identified for other watersheds, is
discussed in Section 16 of this report.
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TABLE 4-1
HYDROLOGIC BASINS
MAY RIVER WATERSHED

Tributary | Number Average
Area of Subbasin
Basin Name (acres) Subbasins | Size (acres)

Alljoy Landing 307 1 307
Bluffton East 469 2 235
Buckingham 539 2 270
Buck Island 326 3 109
Bluffton West 190 3 63
May River 400 1 400
Rose Dhu Creek 3,755 16 235
Stoney Creek 4,935 14 352
Ulmer 506 2 253
TOTAL 11,428 44 260

may_tables_feb2006.xls Table 4-1 2/16/2006



TABLE 4-2
WATER QUALITY BASINS
MAY RIVER WATERSHED

Tributary
Area
Basin Name (acres)
May River 1 1,688
May River 2 4,163
May River 3 5,165
May River 4 5,703
May River 5 6,187
Bass Creek 2,186
May River Trib 1,739
Bull Creek 824
TOTAL 27,654

may_tables_feb2006.xls Table 4-2

2/16/2006



TABLE 4-3
HYDROLOGIC SUBBASIN CHARACTERISTICS
MAY RIVER WATERSHED

Existing Land Use Future Land Use
Tributary Time of Time of
Area Curve Concentration Curve Concentration
ICPR Subbasin 1D (acres) Number (minutes) Number (minutes)
Alljoy Landing Basin
AL_M1 | 307 | 71 | 168 [ 79 [ 134
Bluffton East Basin
BE_M1 237 85 94 87 85
BE_M2 232 88 79 89 75
Buckingham Basin
BH_M1 241 78 82 78 82
BH_M2 298 82 91 83 89
Buck Island Basin
BI_M1 47 65 80 71 68
BI_M2 73 79 51 79 51
BI_M3 205 79 137 82 126
Bluffton West Basin
BW_M1 52 73 39 74 38
BW_M2 42 87 43 87 43
BW_T1 96 86 77 86 76
May River Basin
MR_M1 400 | 72 | 137 [ 78 [ 115
Rose Dhu Creek Basin
RDC_M1 329 69 196 71 185
RDC_M2 141 71 130 76 113
RDC_M3A 85 87 52 89 48
RDC_M3B 87 87 52 89 49
RDC_M4 376 76 164 80 145
RDC_M5 270 75 626 83 491
RDC_M6 302 79 151 85 123
RDC_M7 182 82 132 86 113
RDC_M8 32 87 52 87 52
RDC_T1A 232 77 118 80 107
RDC_T1B 54 76 52 84 40
RDC_T2 458 72 176 77 153
RDC_T3A 260 75 138 83 107
RDC_T3B 122 75 116 78 106
RDC_T4 628 73 125 81 99
RDC_T5 198 77 118 83 97
Stoney Creek Basin
SC_M1 150 69 99 75 82
SC_M2 209 70 146 76 124
SC_M3 245 86 84 88 77
SC_M4 432 86 139 89 122
SC_M5 285 78 141 85 111
SC_T1A 483 82 162 86 143
SC_T1B 273 81 138 82 132
SC_Ti1C 1,065 77 267 81 230
SC_T1D 349 67 216 71 192
SC_T2 516 79 177 82 160
SC_T3 241 87 109 89 100
SC_T4A 276 75 131 82 105
SC_T4B 111 75 91 80 78
SC_T5 299 83 139 87 120
Ulmer Basin
U_M1 265 76 98 80 87
U_M2 241 81 90 86 75
Average 260 78 130 82 113
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TABLE 4-4
HYDRAULIC DATA SUMMARY
MAY RIVER WATERSHED

Open Channels Stream Crossings Other Features
Length Number Number Storage Drop

Basin Name Number (feet) Number of Culverts of Bridges Nodes Weirs Structures
Alljoy Landing 5 5,641 1 2 0 0 1 0
Bluffton East 4 3,480 2 2 1 1 1 0
Buckingham 8 7,689 2 2 0 2 1 2
Buck Island 5 5,909 2 4 0 0 1 0
Bluffton West 7 3,002 6 6 1 3 1 0
May River 1 508 2 6 0 1 2 0
Rose Dhu Creek 58 55,903 24 65 1 13 42 3
Stoney Creek 59 61,666 2 2 0 3 0 0
Ulmer 3 2,653 3 5 0 1 2 0
TOTAL 150 146,451 44 94 3 24 51 5
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TABLE 4-5
CULVERT DATA FOR HYDROLOGIC BASINS
MAY RIVER WATERSHED

Culvert | Culvert Invert Roadway
Dimensions | Length | Elevation | Elevation | Level of
Road Crossing ICPR Model Link ID (inxin) (ft) [ (ft NAVD) | (ft NAVD) | Service
Alljoy Landing Basin
Ulmer Road AL_M-1A| 36"x36 37 1.7 58 25
1B| 30"x30" 37 1.9
Bluffton East Basin
Bridge Street BE_M-1| Bridge 44 0.8 194 25
Bruin Road BE_M-4A| 36"x36 58 13.1 19.0 25
4B| 36"x36" 58 13.2
Buckingham Basin
Buckingham Plantation Drive BH_M-3| 48"x48" 230 0.5 8.3 25
Buckingham Plantation Drive BH_M-5[ 20"x20" 65 4.7 7.5 25
Buck Island Basin
May River Road (State Hwy 46) BI_M-2| 60"x60" 40 1.3 13.3 100
BI_M-4A| 48"x48" 65 -0.2
Haigler Boulevard 4B| 48"x48" 65 -0.2 11.6 25
4C| 24"x24" 65 -0.1
Bluffton West Basin
Bridge Street BW_M-1| Bridge 30 0.2 15.0 25
Lawrence Street BW_M-4[ 48"x48" 100 2.9 17.6 25
May River Road (State Hwy 46) BW _M-6| 42"x42" 78 13.2 21.2 100
Lawrence Street BW T1-3| 2 - 18"x18" 60 15.2 20.5 25
Wharf Street BW T1-6/ 30"x30" 54 16.5 21.6 25
May River Road (State Hwy 46) BW_T1-8| 24"x24" 70 18.3 24.3 100
May River Basin
MR_M-1A| 48"x48" 50 -0.8
Palmetto Bluff Road 1B| 48"x48" 50 -0.7 6.8 25
1C| 36"x36" 50 1.3
MR_M-3A| 36"x36" 60 3.3
New Palmetto Bluff Road 3B| 60"x60" 80 1.7 11.5 25
3C| 60"x60" 80 1.7
Rose Dhu Creek Basin
_ n " 20
Windmill Road RDC_M-2A| 144"x90" | 35 113 25
2B| 144"x90" 35 2.0
Sedgewick Avenue RDC_M-5| 2 - 42"x42" | 1058 5.0 14.0 25
_ " " 5.0
Farnsleigh Avenue RDC_M-8A|  48"x48 190 15.0 25
8B| 48"x48" 203 5.0
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TABLE 4-5
CULVERT DATA FOR HYDROLOGIC BASINS
MAY RIVER WATERSHED

Culvert | Culvert Invert Roadway
Dimensions | Length | Elevation | Elevation | Level of
Road Crossing ICPR Model Link ID (inxin) (ft) | (ft NAVD) | (ft NAVD) | Service
Farm Lake Drive RDC_M-10| 48"x48" 767 7.6 16.6 25
Cattle Run Way RDC_M-11A| - 24"x24" 181 7 16.1 25
11B| 24"x24" 235 9.0
Farm Lake Drive RDC_M-11.1A|  48"x48" 522 7 16.2 25
11.1B| 30"x30" 392 9.3
Cattle Run Way RDC_M-12| 36"x36" 331 11.0 16.2 25
Old Bridge Drive RDC_M-15| 2 -24"x24" | 64 13.0 18.0 25
Old Bridge Drive RDC_M-17| 2-36"x36" | 100 13.2 20.3 25
Hampton Hall Boulevard RDC_M-23A|  42"x42" 0 14.7 21.2 25
23B| 36"x36" 72 17.0
RDC_M-25A| 36"x36" 200 17.2
23B| 36"x36" 200 17.2
Buckwalter Parkway 23C|  367x36" 200 7.2 23.3 25
23D| 36"x36" 200 17.2
23E| 36"x36" 200 17.2
23F| 36"x36" 200 17.2
Hampton Hall Boulevard RDC T1-1.1| Bridge 45 5.4 15.8 25
RDC_T1-23A| 36"x36" 120 16.9
23B| 36"x36" 120 16.9
Buckwalter Parkway 23C| 367x36" 120 16.9 22.2 25
23D| 36"x36" 120 16.9
23E| 36"x36" 120 16.9
23F| 36"x36" 120 16.9
Farm Lake Drive RDC_T3-1| 48"x48" 375 7.8 17.5 25
Farm Lake Drive RDC_T3-3| 48"x48" 100 10.0 21.8 25
Unknown (The Farm) RDC_T3-4| 48"x48" 350 16.0 23.0 25
Farm Lake Drive RDC_T3-6| 48"x48" 116 18.1 24.1 25
Buckwalter Parkway RDC_T3-8| 60"x60" 160 18.0 24.6 25
Unknown (Pine Ridge) RDC _T3-11| 42"x42" 450 15.5 24.0 25
Unknown (Pine Ridge) RDC_T3-14| 42"x42" 530 19.5 23.0 25
Hampton Hall Boulevard RDC_T6-2| 36"x36" 46 14.0 19.6 25
Farnsleigh Avenue RDC_T6-4| 36"x36" 44 15.0 19.5 25
Buckwalter Parkway RDC T7-1| 24"x24" 750 21.0 28.0 25
Buckwalter Parkway RDC_T9-3| 36"x36" 350 20.5 24.0 25
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TABLE 4-5
CULVERT DATA FOR HYDROLOGIC BASINS

MAY RIVER WATERSHED

Culvert | Culvert Invert Roadway
Dimensions | Length | Elevation | Elevation | Level of
Road Crossing ICPR Model Link ID (inxin) (ft) [ (ft NAVD) | (ft NAVD) | Service
Stoney Creek Basin
May River Road (State Hwy 46) SC_T1-4] 72"x48" 30 -0.8 18.1 100
Old Miller Road SC_T6-2| 42"x42" 70 7.3 15.0 25
Ulmer Basin
Alljoy Road U M-1| 48"x48" 140 5.3 15.3 25
Confederate Avenue U_M-3A|  36"x36 40 10.2 15.5 25
3B| 36"x36" 40 10.2
Ulmer Road U_M-6A| 36"x36" 40 12.6 16.8 25
6B| 36'"x36" 40 12.7
may_tables_feb2006.xlIs Table 4-5 2/16/2006



TABLE 4-6
PROBLEM AREAS IDENTIFIED BY ICPR MODEL
MAY RIVER WATERSHED

Existing Future
Roadway Peak Water | Peak Water
ICPR Model | Elevation Level of Elevation Elevation
Road Crossing Node ID (ft NAVD) | Service (ft NAVD) (ft NAVD)
Alljoy Landing Basin
Ulmer Road AL_M-1 5.8 25 6.4 6.5
Bluffton East Basin
Bruin Road BE_M-21 19.0 25 19.8 19.8
Buckingham Basin
No Overtopping
Buck Island Basin
No Overtopping
Bluffton West Basin
No Overtopping
May River Basin
Palmetto Bluff Road MR_M-1 6.8 25 7.1 7.2
Rose Dhu Creek Basin
No Overtopping
Stoney Creek Basin
No Overtopping
Ulmer Basin
Alljoy Road U M-2| 153 25 15.8 15.9
Confederate Avenue U M-13 155 25 16.1 16.2
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TABLE 4-7
RECOMMENDED CULVERT IMPROVEMENTS
MAY RIVER WATERSHED

Existing Culvert

ICPR Model Dimensions Recommended
Road Crossing Link ID (inxin) Improvements
Alljoy Landing Basin
Ulmer Road AL _M-1A 36"x36" Raise road from elevation 5.8 to elevation 7.6 NAVD (length
1B 30"x30" of 1,200 ft), Replace culverts with one 8 ft by 4 ft box culvert
Bluffton East Basin
Bruin Road BE_M-4A 36"x36" Replace culverts with two 5 ft by 5 ft box culverts and set box
4B 36"x36" culvert inverts to match U/S & D/S channel inverts
Buckingham Basin
No improvements required
Buck Island Basin
No improvements required
Bluffton West Basin
No improvements required
May River Basin
MR_M-1A 48"x48"
Palmetto Bluff Road 1B 48"x48" Add two 48-inch RCP culverts to existing culverts
1C 36"x36"
Rose Dhu Creek Basin
No improvements required
Stoney Creek Basin
No improvements required
Ulmer Basin
Alljoy Road U M-1 48'"x48" Replace culvert with one 5 ft by 5 ft box culvert
Confederate Avenue U—M'z: 2:)(22 Replace culverts with two 8 ft by 4 ft box culverts
X
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TABLE 4-8

WATER QUALITY BASIN LAND USE DISTRIBUTION

MAY RIVER WATERSHED

may_tables_feb2006.xIs

May River 1 | May River 2| May River 3| May River 4 | May River 5| Bass Creek | May River Trib| Bull Creek (May)| TOTAL

Land Use Type Existing Existing Existing Existing Existing Existing Existing Existing Existing
Agricultural/Pasture 0 0 0 0 0 0 0 0 0
Commercial 0 0 111 0 2 38 0 0 150
Forest/Rural Open 108 508 1,138 2,617 3,050 116 706 0 8,243
Golf Course 0 43 0 557 0 621 0 0 1,221
High Density Residential 0 149 218 249 0 53 0 0 669
Industrial 0 57 183 199 170 39 0 0 648
Institutional 0 0 42 95 1 1 0 0 139
Low Density Residential 0 456 605 663 969 43 0 0 2,736
Medium Density Residential 0 89 578 84 28 0 0 0 779
Open Water/Tidal 1,469 2,541 1,586 623 427 1,228 862 645 9,381
Silviculture 0 0 0 0 0 0 0 0 0
Urban Open 0 44 313 294 222 18 47 0 939
\Wetland/Water 110 276 392 321 1,319 29 124 179 2,750
TOTAL 1,688 4,163 5,165 5,703 6,187 2,186 1,739 824 27,655
Urban Imperviousness (%) 0% 4% 11% 7% 4% 4% 0% 0% 5%

May River 1 | May River 2| May River 3| May River 4 | May River 5| Bass Creek | May River Trib| Bull Creek (May)| TOTAL

Land Use Type Future Future Future Future Future Future Future Future Future
Agricultural/Pasture 0 0 0 0 0 0 0 0 0
Commercial 0 0 155 0 3 44 0 0 202
Forest/Rural Open 108 0 18 23 1 28 0 0 178
Golf Course 0 43 0 558 0 620 0 0 1,222
High Density Residential 0 149 222 249 0 52 0 0 673
Industrial 0 57 184 201 173 38 0 0 652
Institutional 0 0 73 271 1 1 0 0 346
Low Density Residential 0 767 1,444 1,525 3,107 43 704 0 7,590
Medium Density Residential 0 314 1,066 1,923 1,132 98 0 0 4,533
Open Water/Tidal 1,468 2,542 1,587 622 427 1,230 862 645 9,384
Silviculture 0 0 0 0 0 0 0 0 0
Urban Open 0 15 25 8 24 2 48 0 123
\Wetland/Water 111 276 391 321 1,319 30 125 179 2,753
TOTAL 1,688 4,163 5,165 5,703 6,187 2,186 1,739 824 27,655
Urban Imperviousness (%) 0% 7% 16% 18% 12% 5% 4% 0% 11%
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TABLE 4-9
WATER QUALITY BASIN BMP COVERAGE
MAY RIVER WATERSHED

May River 1 | May River 2| May River 3| May River 4 | May River 5| Bass Creek | May River Trib | Bull Creek (May)

Land Use Type Existing Existing Existing Existing Existing Existing Existing Existing TOTAL
Commercial 0% 0% 0% 0% 0% 0% 0% 0% 0%
Golf Course 0% 0% 0% 39% 0% 0% 0% 0% 18%
High Density Residential 0% 2% 0% 51% 100% 0% 0% 0% 19%
Industrial 0% 0% 0% 36% 0% 0% 0% 0% 11%
Institutional 0% 0% 0% 78% 0% 0% 0% 0% 54%
Low Density Residential 0% 60% 9% 32% 1% 0% 0% 0% 20%
Medium Density Residential 0% 0% 0% 57% 0% 0% 0% 0% 6%
TOTAL 0% 35% 3% 40% 1% 0% 0% 0% 17%

May River 1 | May River 2| May River 3| May River 4 | May River 5| Bass Creek | May River Trib | Bull Creek (May)

Land Use Type Future Future Future Future Future Future Future Future TOTAL
Commercial 0% 0% 29% 0% 47% 13% 0% 0% 26%
Golf Course 0% 2% 0% 39% 100% 0% 0% 0% 18%
High Density Residential 0% 2% 2% 50% 0% 0% 0% 0% 20%
Industrial 0% 0% 1% 36% 2% 0% 0% 0% 12%
Institutional 0% 100% 42% 92% 0% 0% 0% 0% 81%
Low Density Residential 0% 76% 62% 70% 69% 0% 100% 0% 71%
Medium Density Residential 0% 72% 46% 98% 98% 100% 0% 0% 84%
TOTAL 0% 61% 46% 77% 74% 12% 100% 0% 66%
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TABLE 4-10
WATER QUALITY BASIN SEPTIC TANK COVERAGE
MAY RIVER WATERSHED

may_tables_feb2006.xls

May River 1 | May River 2| May River 3| May River 4 | May River 5| Bass Creek | May River Trib | Bull Creek (May)

Land Use Type Existing Existing Existing Existing Existing Existing Existing Existing TOTAL
Commercial 0% 0% 76% 0% 59% 4% 0% 0% 57%
High Density Residential 0% 54% 27% 0% 0% 1% 0% 0% 21%
Industrial 0% 100% 76% 26% 45% 45% 0% 0% 53%
Institutional 0% 0% 62% 0% 0% 0% 0% 0% 19%
Low Density Residential 0% 27% 90% 56% 48% 99% 0% 0% 57%
Medium Density Residential 0% 100% 76% 43% 100% 0% 0% 0% 76%
TOTAL 0% 47% 74% 35% 49% 36% 0% 0% 53%

May River 1 | May River 2| May River 3| May River 4 | May River 5| Bass Creek | May River Trib | Bull Creek (May)

Land Use Type Future Future Future Future Future Future Future Future TOTAL
Commercial 0% 0% 54% 0% 32% 3% 0% 0% 43%
High Density Residential 0% 54% 27% 0% 0% 1% 0% 0% 21%
Industrial 0% 99% 76% 26% 45% 44% 0% 0% 52%
Institutional 0% 0% 36% 0% 0% 0% 0% 0% 8%
Low Density Residential 0% 16% 38% 24% 29% 99% 0% 0% 26%
Medium Density Residential 0% 28% 46% 19% 18% 0% 0% 0% 26%
TOTAL 0% 27% 43% 19% 27% 22% 0% 0% 27%
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TABLE 4-11

AVERAGE ANNUAL LOADS FOR MAY RIVER WATERSHED WATER QUALITY BASINS

EXISTING LAND USE

Water Quality Area Flow BOD TSS Total P Total N Lead Zinc Fecal Coliform
Basin ID (acres) (acre-feet) (Iblyr) (Ibfyr) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (#lyr)
May River 1 1,688 5,625 45,394 105,000 2,418 19,793 88 2,120 4.35E+14
May River 2 4,163 11,507 108,000 463,000 5,466 44,272 189 3,890 1.33E+15
May River 3 5,165 11,054 137,000 1,040,000 6,286 50,967 219 2,976 2.28E+15
May River 4 5,703 8,612 91,702 663,000 4,435 31,671 105 1,333 7.89E+14
May River 5 6,189 8,796 88,382 766,000 4,048 32,895 98 959 9.80E+14
Bass Creek 2,186 5,683 52,394 238,000 3,423 21,641 97 1,916 5.00E+14
May River Trib 1,739 4,096 32,112 109,000 1,704 14,080 53 1,246 2.86E+14
Bull Creek (May) 824 2,637 20,923 57,343 1,112 9,258 39 934 2.02E+14
TOTAL 27,656 58,010 575,907 3,441,343 28,892 224,577 888 15,374 6.80E+15
FUTURE LAND USE
Water Quality Area Flow BOD TSS Total P Total N Lead Zinc Fecal Coliform
Basin ID (acres) (acre-feet) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (Iblyr) (#lyr)
May River 1 1,688 5,621 45,363 105,000 2,416 19,781 88 2,118 4.35E+14
May River 2 4,163 11,725 115,000 475,000 5,579 44,661 194 3,944 1.31E+15
May River 3 5,165 11,702 158,000 1,070,000 6,546 52,010 233 3,134 2.13E+15
May River 4 5,703 10,159 138,000 758,000 5,311 37,345 137 1,679 9.64E+14
May River 5 6,189 10,014 131,000 838,000 4,839 37,150 129 1,265 1.10E+15
Bass Creek 2,186 5,762 54,416 242,000 3,462 21,900 98 1,934 5.10E+14
May River Trib 1,739 4,265 39,333 118,000 1,828 14,487 58 1,301 3.02E+14
Bull Creek (May) 824 2,634 20,901 57,336 1,111 9,249 39 932 2.02E+14
TOTAL 27,656 61,882 702,013 3,663,336 31,092 236,583 976 16,307 6.95E+15
Percent Increase over Existing Land Use 7% 22% 6% 8% 5% 10% 6% 2%
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TABLE 4-12

EXISTING LEVEL OF SERVICE IN WATER QUALITY BASINS
MAY RIVER WATERSHED

Fecal Coliform Concentrations
Long-Term Average Maximum 36-Sample Values
Water Quality DHEC Geomean 90th Percentile Geomean 90th Percentile Level of
Basin 1D Station(s) (#/100 ml) (#/100 ml) (#/100 ml) (#/100 ml) Service
May River 1 None NA NA NA NA | -
May River 2 19-12, 19-01 3.8 11 4.4 13 A
May River 3 19-16, 19-18 4.9 17 6.0 17 A
May River 4 19-19 5.5 17 7.1 20 A
May River 5 None NA NA NA NA | -
Bass Creek None NA NA NA NA | -
May River Trib None NA NA NA N
Bull Creek (May) None NA NA NA N
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TABLE 4-13

TIDAL RIVER SEGMENT PHYSICAL CHARACTERISTICS
MAY RIVER WATERSHED

South Exchange with Tidal Dispersion Values
Water Quality WASP Volume Water Quality Area Length Coefficient
Basin ID Segment (m"3) Basin ID (m”2) (m) (m”"2/s)

May River 1 26 1.82E+07 Calibogue Sound 2 5,185 3,356 300
May River 2 27 2.20E+07 May River 1 3,695 5,504 150
May River 3 28 7.53E+06 May River 2 2,617 8,513 150
May River 4 29 1.67E+06 May River 3 497 6,373 450
May River 5 30 1.22E+05 May River 4 110 3,154 75
Bass Creek 31 2.97E+06 May River 1 1,077 4,408 225
May River Trib 32 2.20E+06 May River 2 808 3,356 300
Bull Creek (May) 33 1.88E+06 May River 2 473 2,763 300
Savage Creek 1 648 2,012 225
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TABLE 4-14

AVERAGE FLOWS AND GEOMEAN FECAL COLIFORM CONCENTRATION FROM WMM
FOR MAY RIVER WATER QUALITY BASINS

South EXISTING LAND USE FUTURE LAND USE
Water Quality WASP Flow Fecal Coliform Flow Fecal Coliform
Basin ID Segment (cfs) (#/100 ml) (cfs) (#/100 ml)
May River 1 26 1.7 1,359 1.7 1,360
May River 2 27 15.8 1,328 16.1 1,332
May River 3 28 15.1 1,387 16.0 1,383
May River 4 29 11.8 825 13.9 927
May River 5 30 12.0 854 13.7 929
Bass Creek 31 7.8 1,251 7.9 1,252
May River Trib 32 5.6 1,118 5.8 1,131
Bull Creek (May) 33 3.6 1,333 3.6 1,334
may_tables_feb2006.xls Table 4-14 2/16/2006



TABLE 4-15

TIDAL RIVER ADVECTIVE FLOW EXCHANGES
MAY RIVER WATERSHED

From To
Water Quality Water Quality Net Advective Flow (cfs)
Basin ID Basin ID Existing Future
May River 1 Calibogue Sound 2 15 20
May River 2 May River 1 0.6 4.4
May River 3 May River 2 39 44
May River 4 May River 3 24 28
May River 5 May River 4 12 14
Bass Creek May River 1 7.8 7.9
May River Trib May River 2 5.6 5.8
May River 2 Bull Creek (May) 60 61
Bull Creek (May) Savage Creek 1 64 65
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TABLE 4-16

FECAL COLIFORM MODELING RESULTS
MAY RIVER WATERSHED

Water Quality Bacteria Modeled Geomean Conc (#/100 ml) Modeled Level of Service

Basin ID Loss Rate (1/day) Existing Future Existing Future
May River 1 0.5 3.6 3.7 A A
May River 2 1.0 3.9 4.0 A
May River 3 2.0 4.7 5.1 A A
May River 4 2.8 5.6 6.9 A A
May River 5 2.8 40.5 49.9 D D
Bass Creek 1.0 5.3 5.4 A A
May River Trib 1.0 4.7 4.9 A A
Bull Creek (May) 1.0 4.5 4.6 A A
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TABLE 4-17

SENSITIVITY ANALYSIS RESULTS
MAY RIVER WATERSHED

Water Quality Bacteria Modeled Geomean Conc (#/100 ml) Modeled Level of Service
Basin ID Loss Rate (1/day) Best Case Worst Case Best Case Worst Case
May River 1 0.5 3.4 3.9 A A
May River 2 1.0 3.5 4.5 A
May River 3 2.0 3.6 7.1 A B
May River 4 2.8 4.4 12.8 A D
May River 5 2.8 32.5 116.0 D D
Bass Creek 1.0 4.7 5.6 A A
May River Trib 1.0 4.4 5.7 A A
Bull Creek (May) 1.0 4.3 4.9 A A

NOTES:

1. Best case represents existing land use with wet detention BMPs serving all existing development.

2. Worst case represents future land use with no BMPs.

3. Water quality segments that show change from base model results (e.g., improved LOS for best case or
degraded LOS for worst case) are highlighted.
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TABLE 4-18

PLANNING LEVEL COST ESTIMATES FOR
MAY RIVER WATERSHED

MODEL ESTIMATED
CONDUIT PROJECT COST
AL _M-1 Road overtopping at Ulmer Road $499,000
Replace existing 1 - 36" RCP and 1 - 30" RCP with 1 - 8'x4' box culvert
Raise road 1.8 ft (length of 1,200 ft)
BE_M-4 |Road overtopping at SC 46 $103,000
Replace existing 2 - 36" CMP with 2 - 5'x5" box culverts
MR_M-1 Road overtopping at Palmetto Bluff Road $44,000
Add 2 48-in RCP culverts to existing 2 - 48" and 1 - 36" RCP
U M-1 [Road overtopping at Alljoy Road $140,000
Replace existing 1 - 48" CMP with 1 - 5'x5' box culvert
U _M-3 [Road overtopping at Confederate Avenue $114,000
Replace existing 2 - 36" RCP with 2 - 8'x4' box culverts
TOTAL $900,000
Costs are in December 2004 dollars.
See Appendix B for basis of cost estimates.
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Section 5
Chechessee River Watershed Analysis

This section describes the physical features of the Chechessee River watershed, water
quantity and water quality problems, modeling results, alternatives evaluation, and
recommendations.

5.1 Overview

The Chechessee River watershed is located south of the Broad River (see Figure 5-1).
For the purposes of this study, the area included in the watershed analysis includes
open water, tidal marsh and upland area in Bluffton Township that is tributary to the
Chechessee River. Major Chechessee River tributaries included in the analysis are
Skull Creek, Mackays Creek and Chechessee Creek.

For the hydrologic and hydraulic analysis of the Primary Stormwater Management
System (PSMS), the watershed includes several hydrologic basins. These are listed in
Table 5-1, and presented in Figure 5-2. Table 5-1 lists the basin names, tributary areas,
number of subbasins, and average subbasin size. Hydrologic and hydraulic model
calculations were done to evaluate peak flows and water elevations within the PSMS.
The model results were compared to critical water elevations (e.g., roadway
elevations) to identify potential problem areas and evaluate alternative management
strategies.

For the analysis of pollution loads and receiving water quality, the watershed was
subdivided into “water quality” basins, and the tidal receiving waters were
subdivided into receiving water segments. These are listed in Table 5-2, and
presented in Figure 5-3. Pollution loads were calculated for each of the water quality
basins. For fecal coliform bacteria, tidal river water quality model calculations were
done to evaluate river bacteria concentrations. The model results were compared to
the tidal river bacteria standards to identify potential problem areas and evaluate
alternative management strategies.

5.2 Hydrologic and Hydraulic Analysis

CDM and T&H used the Interconnected Pond Routing Model (ICPR), Version 3 for
the hydrologic and hydraulic analyses of the PSMS in the Chechessee River
watershed. The analyses included modeling of 24-hour design storms with return
periods of 2 years, 10 years, 25 years, and 100 years. Analyses were conducted for
existing and future land use conditions, with and without alternative management
strategies.

The ICPR model is a “link-node” model, representing the PSMS as a series of nodes
(stream locations) connected by links (open channels, pipes, culverts). Figures in
Appendix C show model schematics of the Chechessee River PSMS basins, with a
separate schematic for each basin.
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5.2.1 Hydrologic and Hydraulic Parameters

In the hydrologic model development, each Chechessee River basin consisted of one
of more subbasins. Section 2.2 of this report describes how appropriate parameter
values were developed for model subbasins. These parameters include hydrologic
basin area, curve number, and time of concentration.

Table 5-3 lists the hydrologic parameter values for the Chechessee River PSMS
subbasins. Each model subbasin is identified by an ICPR model ID number. Curve
number and time of concentration values are presented for existing land use and
future land use conditions. The future land use values generally show a higher curve
number and lower time of concentration than the existing land use as a result of
anticipated future development.

Hydraulic summary information for the Chechessee River PSMS basins is presented
in Table 5-4. For each basin, the table lists data regarding open channel sections,
stream crossings, and other hydraulic features. Open channel data includes the
number of defined open channel segments, and the total length of the channel
segments. Stream crossing data includes the number of stream crossings, the total
number of culverts associated with those crossings, and the number of crossings that
are actually bridge openings rather than culverts. Other features data includes the
number of storage nodes, weirs, and tide gates that are part of the PSMS. Note that
the number of weirs includes actual weir structures (e.g., inline weir across channel)
as well as roadways that act as weirs if road overtopping is occurring.

Details regarding the stream crossings are presented in Table 5-5. For each stream
crossing, the table presents the road name, ICPR model link ID, culvert dimensions
and length, invert elevation, roadway elevation, and appropriate level of service.

Details regarding specific open channel segments, storage areas, weirs and tide gates
are presented in Appendix C.

5.2.2 Model Results

Tables in Appendix C also list the peak flow values for the Chechessee River
subbasins. Each table lists peak flows for one of the return periods analyzed in this
study, which include 2-year, 10-year, 25-year, and 100-year return periods. In each of
the tables, the peak flows are listed by subbasin for various land cover and
stormwater management controls, which include the following:

m Undeveloped land
m Existing land use without peak shaving controls
m Existing land use with existing peak shaving controls

m Future land use without peak shaving controls
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m Future land use with existing and future peak shaving controls

It should be noted that the tables include values for “uncontrolled” and “controlled”
peak flows for the 2-year, 10-year and 25-year design storms. The “uncontrolled” peak
flow assumes no peak shaving facilities in the subbasin. In contrast, the “controlled”
value accounts for peak shaving facilities in the subbasin.

For existing land use, aerial maps and local information were used to estimate the
percentage of existing urban development that is served by peak shaving facilities.
The “controlled” peak flow value was then calculated by considering the difference in
peak flow between totally undeveloped conditions and existing conditions with no
controls. For example, suppose that a subbasin of 100 acres has an undeveloped 2-
year peak flow of 20 cfs, and an uncontrolled existing peak flow of 50 cfs, and further
suppose that 60 percent of the urban development is controlled by peak shaving
facilities. In this case, it is assumed that the existing peak flow is reduced by 60
percent of the difference between undeveloped and developed peak flow (50 - 20 = 30
cfs; 60 percent of 30 cfs = 18 cfs reduction due to peak shaving), and therefore the
maximum controlled peak flow will be 32 cfs (50 - 18).

For future land use, the “controlled” peak flow is set equal to the “controlled” peak
flow for existing land use, because new development is subject to State and County
peak flow regulations. Note, however, that the future condition will still generate
more stormwater runoff volume, even though the peak flow is the same. The result is
that the peak flow rate will be sustained for a longer period of time under future
conditions.

Tables in Appendix C list the peak water elevation values for model node locations
along the Chechessee River PSMS. Each table lists peak stages for one of the return
periods analyzed in this study, which include 2-year, 10-year, 25-year, and 100-year
return periods. In each of the tables, the peak stages are listed for existing and future
land use conditions, with the existing hydraulic system.

Specific problem areas identified by the modeling are listed in Table 5-6 and
presented in Figure 5-4. For each area, the table identifies the road crossing,
associated model ID, design storm, “critical elevation” (e.g., top-of-road elevation),
and maximum water elevation for the listed design storm. As discussed earlier in
Section 2, roads considered evacuation routes were evaluated with the 100-year
design storm, and other roads were evaluated for the 25-year design storm.

Structural flooding was also considered for the 100-year design storm. In locations
where the PSMS evacuation route crossings are overtopped by the 100-year design
storm, figures were developed showing the area of inundation upstream of the
overtopped road. These figures are presented in Appendix C. In addition, the peak
100-year water elevations were compared to Federal Emergency Management Agency
(FEMA) base flood elevations, and results showed that the FEMA elevations (based
on storm surge) are always greater than the modeled 100-year peak stages, suggesting
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that structures built in accordance with the FEMA base flood elevations should not be
flooded.

Table 5-6 indicates that two road crossing in the Chechessee River watershed PSMS
are being overtopped by the design storm events. One of the hydrologic and
hydraulic basins has no problems, and the rest have one problem area.

Evaluation of solutions to prevent these problems is discussed in the next section of
this report.

5.2.3 Management Strategy Alternatives

The problems areas listed in Table 5-6 were evaluated by modifying the culverts in
the ICPR hydraulic model. The ICPR model for existing conditions was modified to
either add one or more culverts to the existing culvert(s), or to replace the existing
culvert(s) with one or more new culverts. Replacement was typically considered if the
model results showed that the existing culvert or culverts passed a small fraction of
the peak flow, and most of the peak flow passed over the road for the design storm. In
contrast, addition of one or more culverts was typically assumed in cases where the
existing system was able to pass most of the peak flow, and a small fraction of the
peak flow is passed over the road.

The resulting improvements are presented in Table 5-7. The table presents the size of
the existing culverts, plus the size of the added or replacement culvert(s). For the
analysis, circular culverts were used as the added or replacement culverts. There is no
reason that a different culvert shape could not be used, as long as the conveyance
capacity of the culvert(s) remains the same. Also, the depth of the added or
replacement culverts was usually assumed to be equal to the depth of the existing
culvert(s), because there was often little freeboard between the crown of the existing
culvert(s) and the top of the road. The depth of the added or replacement culvert(s)
was greater than that of the original culvert(s) only when there was sufficient
freeboard.

5.3 Water Quality Analysis

CDM and T&H used the Watershed Management Model (WMM) and the Water
Quality Analysis Simulation Program (WASP) for the water quality analysis of the
May River watershed. WMM was used to calculate average annual flows and average
annual loads of various water quality constituents, including fecal coliform bacteria,
total nitrogen (total N), total phosphorus (total P), BOD, lead, zinc and total
suspended solids (TSS). WMM was also used to calculate the geometric mean bacteria
concentration of the flows from the watershed to the tidal river system. The flow and
geometric mean concentration data were used as input to the WASP model, which
accounted for tidal mixing and bacteria loss, to evaluate bacteria concentrations in the
tidal river system for existing and future conditions. Measured salinity and bacteria
concentrations were used to calibrate key model parameters such as tidal mixing
coefficients and bacteria loss rates for existing conditions. The same parameter values
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were used for evaluation of future conditions, which reflect higher flows and loads
from the watershed.

5.3.1 Land Use and BMP Coverage

Table 5-8 presents the existing land use and future land use estimates for the
Chechessee River water quality basins. The existing land use data were gathered from
a number of sources, including February 2002 aerials, County existing land use and
tax parcel maps, National Wetlands Inventory (NWI) and USGS quadrangle maps,
plus local knowledge of development completed between February 2002 and June
2003. The future land use map was developed by “filling in” the existing land use
map and by replacing undeveloped area with anticipated urban development. The
anticipated future development was characterized based on the Beaufort County and
Town of Hilton Head Island future land use maps and zoning maps.

Under existing land use conditions, 14 percent of the Chechessee River watershed
area consists of urban systems (e.g., residential, commercial, golf course) and 86
percent consists of natural systems (e.g., forest, water/wetlands, tidal open
water/marsh). Based on the imperviousness values assigned to urban land uses,
urban impervious area covers about 2 per cent of the watershed.

Under future land use conditions, 17 percent of Chechessee River watershed area
consists of urban systems, and 83 percent consists of natural systems. The major
change in land use distribution is the conversion of forest/rural land to urban land
uses. As a result of projected future development, urban imperviousness increases to
about 3 percent of the watershed.

Estimates of BMP coverage for existing and future land use in presented in Table 5-9.
The existing land use values reflect local knowledge of development with respect to
the implementation of BMPs in Beaufort County in accordance with the County BMP
Manual. Future BMP coverage was estimated presuming that all new development
would be treated by BMPs in accordance with the County BMP Manual. Values are
presented for developed urban land uses. The “total” value for each water quality
basin is based on the total urban area served by BMPs relative to the total urban land
area. The overall “total” BMP coverage (lower right corner value in the two tables)
reflects the percentage of all urban land in the watershed that is served by BMPs.

Under existing land use conditions, 22 percent of the urban systems in the watershed
are served by BMPs. Under future land use conditions, 41 percent of the urban
systems are served by BMPs. This increase from existing to future reflects both the
increase in urban land use and the 100 percent coverage of the new development with
BMPs in accordance with the County BMP Manual.

5.3.2 Septic Tanks and Point Sources

Estimates of septic tank usage for existing and future land use in presented in Table
5-10. The existing land use values reflect areas that are not designated as “sewered”
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areas by the Beaufort-Jasper Water and Sewer Authority. For future development,
areas that are zoned “rural” or “conservation” were assumed to be served by septic
tanks, and other areas were assumed to be served by sewer.

Values are presented for developed urban land uses. The “total” value for each water
quality basin is based on the total urban area served by septic tanks relative to the
total urban land area. The overall “total” septic tank coverage (lower right corner
value in the two tables) reflects the percentage of all urban land in the watershed that
is served by septic tanks.

For existing land use conditions, 33 percent of the urban systems in the watershed are
served by septic tanks. Under future land use conditions, 49 percent of the urban
systems are served by septic tanks. This increase in watershed septic tanks coverage
reflects that the relatively small amount of development anticipated for future
conditions within the Chechessee River watershed will be served by septic tanks.

Based on available data, the estimated wastewater discharge under existing
conditions is 0.1 million gallons per day (mgd) of land application (e.g., golf course
irrigation), and the future discharge is also expected to be 0.1 mgd based on limited
increase in residential land between existing and future conditions. There are no
direct discharges to receiving waters in the watershed.

5.3.3 Model Annual Pollution Load Results

Average annual constituent loads were calculated for the Chechessee River water
quality basins using the methodology described in Section 2.4 of the report. Loads
were calculated for existing and future (build-out) land use conditions. The loads
were tabulated and compared to evaluate the relative changes in loads due to new
development, assuming that the new development is controlled by BMPs in
accordance with the County BMP Manual.

The results are presented in Table 5-11 for existing and future land use conditions.
For each water quality basin and land use condition, the table lists the basin tributary
area, total average annual flow in acre-feet, and the average annual loads for each of
the seven constituents considered in the study. With the exception of fecal coliform
bacteria, the loads are presented in units of pounds per year. Fecal coliform results are
presented in units of counts per year (#/yr).

An overall comparison of the WMM modeling results (Table 5-11) indicates that
future flows and constituent loads generally increase or decrease a small amount (less
than 1 percent) over their existing counterparts; however, in the case of TSS loads, a
decrease of 4 percent is experienced. The TSS load reduction reflects the fact that
BMPs are typically very efficient in removing sediment suspended in stormwater
runoff. It should also be noted that the relatively flat difference in loads for several
constituents (e.g., total N, zinc) is because direct rainfall on the open water/tidal
wetland area provides a significant fraction of the total load to the Chechessee River.
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In addition, all of the basins have little or no change in land use from existing to
future conditions.

Wastewater discharges account for a very small fraction of the total watershed load
for all constituents, particularly fecal coliform bacteria. As shown previously in Table
2-9, the existing and future discharge of wastewater is limited to roughly 0.1 mgd of
land application (e.g., golf course irrigation). Using the values in Table 2-9, the
wastewater load for existing conditions accounts for 0.2 to 0.3 percent of the total
watershed load for nutrients (total nitrogen and total phosphorus) and 0.0 to 0.1
percent of the load for other constituents.

5.3.4 Model Tidal River Water Quality Results

The WASP model was applied to evaluate geomean concentrations of fecal coliform
bacteria in the Chechessee River watershed. The model actually includes Calibogue
Sound, May River, Colleton River, and Chechessee River watersheds because they are
interconnected at several points. Only the Chechessee River will be discussed in this
section. A schematic of the model is presented as Figure 5-5.

Existing conditions for bacteria concentrations in the Chechessee River are presented
in Table 5-12. For each water quality basin river reach, the table lists the DHEC
stations for which the 1990s bacteria data were analyzed, the concentrations
calculated in the analysis, and the “level of service” associated with these
concentrations (as discussed in Section 2.6.2). As shown in the table, DHEC data were
only available in seven of the river model segments. For both the long-term and the
36-sample maximum values, the geomean and 90t percentile bacteria concentrations
meet the water quality standards at all segments except Chechessee Creek 2, and so
the segments other than Chechessee Creek 2 have an “A” level of service. Chechessee
Creek has a “D” level of service based on the methodology discussed in section 2.6.2,
though only the 90t percentile standard was exceeded by the measured 1990s data.

For informational purposes, Figure 5-6 presents a map of the level of service based on
the monitoring data analysis, compared to the Department of Health and
Environmental Control (DHEC) “shellfish classification” (based on the 2002 DHEC
reports for shellfish areas 17, 18 and 20). The shellfish classification is based on data
from a specific 3-year monitoring period that is different than the period of data used
to develop the level of service, so there may not be a direct relationship between level
of service and shellfish classification presented in the map. In general, however,
segments with an “A” level of service are expected to have the lowest probability of
receiving a “restricted” classification, and segments with a “D” level of service are
expected to have the highest probability of receiving a “restricted” classification.

Physical characteristics assigned to the model reaches are presented in Table 5-13.
The average segment volume is listed, as well as tidal dispersion information. This
information includes the segments between which mixing is simulated, and
parameters used to calculate dispersion, such as the cross-sectional area, the
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“characteristic length” (typically the distance between segment midpoints) and a
dispersion coefficient. The area and length are based on physical data (e.g.,
bathymetric data), whereas the dispersion coefficient was established through
calibration of the modeled salinity to average salinity values calculated from the
DHEC monitoring data.

Other key model input includes the average flows and geomean bacteria
concentrations, and net advective flows between river segments. Tables 5-14 and 5-15
show the values used in the existing and future condition models.

A review of Table 5-14 shows that there is typically little change in flow or
concentration between existing and future land use. For flow, this is because much of
the flow to the tidal river segments comes from direct rainfall on the open water and
tidal wetlands, as opposed to stormwater runoff and baseflow, and some of the basins
have very little change in land use from existing to future conditions. Concentration
remain relatively constant because of the substantial amount of open water/tidal
wetland area and the relatively limited development in some basins, as well as the
BMPs for new development, which are assumed to have a high level of treatment
efficiency.

Table 5-15 shows the net advective flows between segments, which also do not
change substantially from existing to future land use. In both cases, the
hydrodynamic model (SWMM) indicates that there is a substantial net flow from the
Chechessee River to Skull Creek and Mackays Creek.

The final key input parameter for bacteria modeling is the first-order loss rate. The
value of this parameter was adjusted so that the measured geomean concentrations
and modeled geomean concentrations were in agreement, for those river segments
that had measured data. In general, a loss rate of 1.0/ day was assumed initially, and
values were then adjusted to achieve a better match between modeled and measured
data. The final calibration values will be discussed below.

Figure 5-7 is a graph showing a comparison between measured and modeled salinity
data along the Chechessee River main stem. The figure shows that the salinity data
calculated by the model is very close to the average measured value, and is in all cases
well within the 90 percent confidence interval of the mean of the salinity data.

Figures 5-8 and 5-9 are graphs showing a comparison between measured and
modeled salinity data along Skull Creek/Mackays Creek (Figure 5-8) and Chechessee
Creek (Figure 5-9). Again, the model does a good job of matching the measured data,
as the salinity data calculated by the model is very close to the average measured
value, and is in all cases well within the 90 percent confidence interval of the mean of
the salinity data.

The comparison of measured geomean bacteria concentrations and modeled bacteria
concentration is presented in Figures 5-10 through 5-12. The graphs show very good
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agreement between the measured values and the model results on the Chechessee
River main stem. The agreement is not as good on the tributaries, especially in
Mackays Creek, where the model calculates a concentration that is higher than the
upper bound of the 90 percent confidence interval of the mean measured data.
However, since the measured and modeled mean value is much lower than the
threshold between the “A” and “B” level of service, this is not considered to be
important.

The first-order loss rates assigned to the river segments, and the concentrations
calculated by the model, are presented in Table 5-16. Most of the values were in the
range of 0.5/day to 1.4/day. The Chechessee River 5 segment required a relatively
high value (4/day) to calibrate the bacteria concentration in that segment, which
suggests that the model may be overestimating the load to the segment, or is not
accounting for other processes that are occurring to reduce the river bacteria
concentrations.

After the model was applied for existing conditions, it was then applied for future
conditions. The physical characteristics and first-order loss rate from the existing land
use model were kept the same in the future land use model. The only changes were
the net advective flows and the bacteria loads.

The bacteria concentrations calculated under future land use conditions are presented
in Table 5-16 as well. A comparison of concentrations under existing and future land
use conditions shows little difference. According to the model, all river reaches will
have the same level of service in the future as they do under existing conditions.

In order to estimate the degree to which stormwater management measures are
expected to affect instream bacteria concentrations, two sensitivity runs were
conducted. The first was run for the existing land use condition, and represents a
“best-case” scenario in which all existing development is controlled by BMPs. The
second was run for the future land use condition, and represents a “worst-case”
condition in which no development is served by BMPs. Analyzing the results of these
scenarios indicate the benefits of retrofitting existing development with BMPs, and
the potential degradation of river segments if BMPs fail.

The results of the analysis are presented in Table 5-17. This table is similar to Table 5-
16, in this case showing water quality basin segment fecal coliform concentrations for
the “best case” and “worst case” analyses. Segments that show change (e.g., better
LOS for the “best case” or degraded LOS for the “worst case”) are highlighted.

A review of the “best-case” scenario indicates that three model segments show
improvement in the existing level of service. These include Chechessee Creek 2,
Chechessee Trib - Ballenger Neck, and Chechessee Trib - Spring Island. The
Chechessee Creek 2 river segment goes from a “C” to a “B” level of service, and the
Chechessee Trib - Ballenger Neck and Chechessee Trib - Spring Island segments go
from a “D” to a “C” level of service. Note that the improvement in Chechessee Creek
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2 assumes 100 percent BMP coverage in that water quality basin as well as upstream
and downstream water quality basins such as Chechessee Creek 1, Chechessee Trib -
Ballenger Neck and Chechessee Trib - Spring Island.

A review of the “worst-case” scenario indicates that one model segment shows
degradation in the future level of service when no BMPs are assumed. This is
Chechessee Creek 2, which drops from a “C” to a “D” level, though the “worst case”
concentration (10.2/100 ml) is just above the 10/100 threshold for the “D” rating.

Based on water quality sampling data and model results, the following
recommendations are made:

m Evaluate opportunities for retrofitting existing development in the Chechessee
Creek 2 and Chechessee Trib - Ballenger Neck water quality basins to the
maximum extent practicable.

5.3.5 Management Strategy Alternatives

The results of the water quality analysis suggest that the limited amount of future
development in the watershed, combined with the effectiveness of required BMPs in
reducing bacteria loads from new development, will maintain the existing level of
service (typically level A) in all watershed reaches, and only the Chechessee Creek 2
segment and its tributaries (Ballenger Neck and Spring Island) do not have an “A”
level of service. For these segments, additional controls should be considered to
improve the level of service. As discussed above, these activities would include
retrofit of existing development that does not have BMPs, and modification of
existing ponds that may not have been designed for water quality control.

Elements of the water quality management plan for the Chechessee River watershed
are presented in Figure 5-13. Sampling stations shown in the figure include existing
DHEC sites. Also identified are “priority” water quality basins. Sensitivity analysis
results suggest that load changes in these basins are most likely to result in an
improved or degraded LOS in the receiving waters.

For informational purposes, the areas with “A” and “B” type soils are presented in
Figure 5-14. In general, these soils are more suitable for infiltration BMPs than areas
with “C” and “D” type soils, though high water table conditions may still limit the
effectiveness of infiltration BMPs in these areas. The figure is provided to indicate
areas where new development BMP design should consider infiltration BMPs as a
primary or secondary treatment method.

5.4 Planning Level Cost Estimates for Management
Alternatives

Table 5-18 lists potential projects identified in the hydrologic and hydraulic analysis
of the PSMS in the May River watershed. As shown in the table, the two projects are
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estimated to have a total cost of $0.1 million based on December 2004 dollars. Details
of the cost estimate for each project are shown in Appendix C.

The prioritization of these projects, and projects identified for other watersheds, is
discussed in Section 16 of this report.
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TABLE 5-1

HYDROLOGIC BASINS

CHECHESSEE RIVER WATERSHED

Tributary | Number Average
Area of Subbasin
Basin Name (acres) Subbasins | Size (acres)
Callawassee Road West 526 2 263
Foot Point 347 1 347
Spring Island 2 105 1 105
TOTAL 978 4 244

chechessee_tables feb2006.xls
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TABLE 5-2
WATER QUALITY BASINS
CHECHESSEE RIVER WATERSHED

Tributary
Area
Basin Name (acres)
Chechessee River 1 5,434
Chechessee River 2 4,434
Chechessee River 3 2,138
Chechessee River 4 523
Chechessee River 5 1,156
Skull Creek North 1 516
Skull Creek North 2 552
Mackays Creek North 1 428
Mackays Creek North 2 158
Mackays Creek North - Corn Island 560
Broad/Chechessee Trib 143
Chechessee Creek 1 1,452
Chechessee Creek 2 1,582
Chechessee Trib - Ballenger Neck 493
Chechessee Trib - Spring Island 212
TOTAL 19,780

chechessee_tables feb2006.xls Table 5-2
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TABLE 5-3
HYDROLOGIC SUBBASIN CHARACTERISTICS
CHECHESSEE RIVER WATERSHED

Existing Land Use Future Land Use

Tributary Time of Time of

Area Curve Concentration Curve Concentration
ICPR Subbasin ID (acres) Number (minutes) Number (minutes)
Callawassee Road West Basin
CRW_M1 221 68 147 70 138
CRW_M2 305 71 155 74 142
Foot Point
FP_M1 | 347 | 62 | 191 | 62 | 191
Spring Island 2 Basin

SI2_ M1 105 79 68 79 68
Average 244 70 140 71 135

chechessee_tables_feb2006.xls Table 5-3 2/16/2006




TABLE 5-4
HYDRAULIC DATA SUMMARY
CHECHESSEE CREEK WATERSHED

Open Channels Stream Crossings Other Features
Length Number Number | Storage Drop
Basin Name Number (feet) Number | of Culverts | of Bridges | Nodes | Weirs | Structures
Callawassee Road West 6 4,716 2 1 1 1 1 0
Foot Point 1 1,085 1 1 0 1 1 0
Spring Island 2 0 0 1 1 0 1 2 1
TOTAL 7 5,801 4 3 1 3 4 1

chechessee_tables_feb2006.xls Table 5-4 2/16/2006



TABLE 5-5

CULVERT DATA FOR HYDROLOGIC BASINS
CHECHESSEE RIVER WATERSHED

chechessee_tables_feb2006.xls

Culvert | Culvert Invert Roadway
ICPR Model |Dimensions| Length | Elevation | Elevation Level of
Road Crossing Link ID (inxin) (ft) | (ft NAVD)| (ft NAVD) [ Service
Callawassee Road West Basin
Heyward Pointe CRW _T1-3| Bridge 25 3.60 9.00 25
Callawassee Drive CRW _T1-5| 18"x18" 45 5.7 115 25
Foot Point Basin
Unknown FP_M-3| 15"x15" 36 4.7 8.3 25
Spring Island 2 Basin
Shrimp Pond Road SI2_M-2| 15"x15" 42 3.1 7.6 25
Table 5-5 2/16/2006



TABLE 5-6

PROBLEM AREAS IDENTIFIED BY ICPR MODEL

CHECHESSEE RIVER WATERSHED

Existing Future
Roadway Peak Water | Peak Water
ICPR Model | Elevation Level of Elevation Elevation
Road Crossing Node ID (ft NAVD) | Service (ft NAVD) | (ft NAVD)
Callawassee Road West Basin
Callawassee Drive CRW _T1-18 11.5 25 12.0 12.0
Foot Point Basin
No Overtopping
Spring Island 2 Basin
Shrimp Pond Road SI2_M-2 7.6 25 8.1 8.1
chechessee_tables feb2006.xls Table 5-6 2/16/2006




TABLE 5-7
RECOMMENDED CULVERT IMPROVEMENTS
CHECHESSEE RIVER WATERSHED

Road Crossing

ICPR Model
Link ID

Existing
Culvert
Dimensiong
(in x in)

Recommended
Improvements

Callawassee Road West Basin

Callawassee Drive

CRW T1.5| 18"x18" |

Replace culvert with one 48" pipe

Foot Point Basin

No improvements required

Spring Island 2 Basin

Shrimp Pond Road

SI2_M-2

15"x15"

Replace culvert with four 36" pipes, Replace both riser
and bubbler structures with 24 in by 72 in rectangular
horizontal weirs

chechessee_tables feb2006.xls
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TABLE 5-8

WATER QUALITY BASIN LAND USE DISTRIBUTION
CHECHESSEE RIVER WATERSHED

[Existing Land Use Type

Chechessee River 1

Chechessee River 2

Chechessee River 3

Chechessee River 4

Chechessee River 5

‘Skull Creek North 1

‘Skull Creek North 2

Mackays Creek North 1

Mackays Creek North 2

Mackays Creek North - Corn Island

Broad/Chechessee Trib

(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)
|Agricultural/Pasture 0 0 0 0 7 0 0 0 0 0 0
Commercial 0 0 0 2 0 0 0 0 0 [ [
[Forest/Rural Open 18 5 137 a a7 0 0 0 0 2 0
Golf Course 213 80 32 0 0 8 48 0 0 0 0
IHigh Density Residential 0 0 0 0 0 69 40 0 0 0 0
Industrial £ 8 36 2 20 12 13 0 0 0 0
Institutional 0 0 0 0 10 0 0 0 0 0 0
Low Density Residential 169 1 195 16 32 0 0 [ 0 [ [
Medium Density Residential % 48 0 0 0 0 0 0 0 0 0
(Open Water/Tidal 4798 4204 1588 367 1014 351 356 302 153 488 143
silviculture 0 0 0 0 0 0 0 0 0 0 0
Urban Open 10 42 122 7 37 10 17 0 0 0 0
|Wellandlwaler 33 6 2 3 0 66 i 126 5 2 0
TOTAL 5434 4434 2,138 523 1156 516 552 428 158 560 143
[urban imperviousness (%) 1% 0% 2% 4% 2% 8% 5% 0% 0% 0%

[Future Land Use Type

Chechessee River 1

Chechessee River 2

Chechessee River 3

Chechessee River 4

Chechessee River 5

‘Skull Creek North 1

Skull Creek North 2

Mackays Creek North 1

Mackays Creek North 2

Mackays Creek North - Corn Island

Broad/Chechessee Trib

(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)

|Agricultural/Pasture 0 0 0 0 7 0 0 0 0 0 0
ICommercial 0 0 0 6 0 0 0 0 0 0 0
iForest/Rural Open 1 0 133 2 28 0 0 0 0 0 0
iGolf Course 272 80 7 0 0 11 57 0 0 0 0
IHigh Density Residential 0 0 0 0 0 69 40 0 0 0 0
Industrial 34 8 37 26 21 12 13 0 0 0 0
Institutional 0 0 0 0 10 0 0 0 0 0 0
Low Density Residential 186 1 195 48 64 0 0 0 0 29 0
Medium Density Residential 99 53 22 11 1 0 0 0 0 0 0
Open Water/Tidal 4,798 4.244 1,588 367 1013 350 357 302 152 488 143
Silviculture 0 0 0 0 0 0 0 0 0 0 0

ban Open 10 42 64 61 12 6 8 0 0 0 0
|Wetlandlwaler 33 28 3 0 67 78 126 6 43 0
[TOTAL 5434 4434 2,138 523 1,156 516 552 428 158 560 143
Iﬂ’" Impervmusw 1% 0% 2% 6% 2% 8% 5% 0% 0% 1% 0%

chechessee_(ables €62006.xls Table 56
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TABLE 5-8 (CONTINUED)
WATER QUALITY BASIN LAND USE DISTRIBUTION
CHECHESSEE RIVER WATERSHED

[Existing Land Use Type Chechessee Creek 1 | Chechessee Creek 2 | Chechesse Trib - Ballenger Neck| Chechessee Trib - Spring Island | TOTAL
(acres) (acres) (acres) (acres) (acres)
[Agricultural/Pesture ) ) 0 0 7
Commercial 0 1 1 0 4
[ForesuRural Open 163 204 167 19 900
Golf Course 106 104 0 1 754
High Density Residential ) ) 0 0 108
Industricl 29 2 % 7 283
Institutional ) 4 0 0 13
Low Density Residential 125 287 56 1 882
Medium Density Residential 36 131 2 au 376
(Open Water/Tidal 982 488 200 136 15,608
Silviculture ) 0 0 0 0
Urban Open 0 ) 16 331
|Wellandlwaler 1 112 0 514
TOTAL 1452 1582 493 212 19,780
[urban imperviousness (%) 3% 7% 79 79 2%
[Future Land Use Type Chechessee Creek 1 | Chechessee Creek 2 | Chechesse Trib - Ballenger Neck| Chechessee Trib - Spring Island | TOTAL
(acres) (acres) (acres) (acres) (acres)
[Agricultural/Pesture ) ) 0 0 7
Commercial ) 1 5 0 1
[Forest/Rural Open 49 53 1 19 286
Golf Course 107 104 0 1 805
High Density Residential ) ) 0 0 100
Industriel 28 2 % 7 284
Institutional 0 3 0 0 13
Low Density Residential 235 5% 108 1 1394
Medium Density Residential 39 132 154 . 545
(Open Water/Tidal 982 488 200 135 15,606
Silviculture ) ) 0 0 0
an Open 0 0 0 203
|Wellandlwaler 1 112 0 516
TOTAL 1452 1582 493 212 19,781
[Utben imperviousness (%) % 9% 15% % 3%

chechessee_tables_{eb2006.xs
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TABLE 5-9

WATER QUALITY BASIN BMP COVERAGE
CHECHESSEE RIVER WATERSHED

Existing Land Use Type

Chechessee River 1

Chechessee River 2

Chechessee River 3

Chechessee River 4

Chechessee River 5

Skull Creek North 1

(%) (%) (%) (%) (%) (%)
Commercial 0% 0% 0% 0% 0% 0%
Golf Course 0% 0% 0% 0% 0% 100%
High Density Residential 0% 0% 0% 0% 0% 100%
Industrial 0% 0% 0% 0% 0% 97%
Institutional 0% 0% 0% 0% 0% 0%
Low Density Residential 0% 0% 0% 0% 0% 0%
Medium Density Residential 0% 0% 0% 0% 0% 0%
TOTAL 0% 0% 0% 0% 0% 99%

Future Land Use Type

Chechessee River 1

Chechessee River 2

Chechessee River 3

Chechessee River 4

Chechessee River 5

Skull Creek North 1

chechessee_tables_feb2006.xls

(%) (%) (%) (%) (%) (%)
Commercial 0% 0% 0% 60% 0% 0%
Golf Course 0% 0% 55% 0% 0% 100%
High Density Residential 0% 0% 0% 0% 0% 100%
Industrial 0% 0% 4% 1% 0% 97%
Institutional 0% 0% 0% 0% 0% 0%
Low Density Residential 9% 0% 0% 66% 51% 0%
Medium Density Residential 0% 9% 100% 100% 100% 99%
TOTAL 3% 4% 19% 51% 35% 100%

Table 5-9




TABLE 5-9 (CONTINUED)
WATER QUALITY BASIN BMP COVERAGE
CHECHESSEE RIVER WATERSHED

Existing Land Use Type Skull Creek North 2 | Mackays Creek North 1 | Mackays Creek North 2 | Mackays Creek North - Corn Island | Broad/Chechessee Trib

(%) (%) (%) (%) (%)
Commercial 0% 0% 0% 0% 0%
Golf Course 100% 0% 0% 0% 0%
High Density Residential 100% 0% 0% 0% 0%
Industrial 100% 0% 0% 0% 0%
Institutional 0% 0% 0% 0% 0%
Low Density Residential 0% 0% 0% 0% 0%
Medium Density Residential 0% 0% 0% 0% 0%
TOTAL 100% 0% 0% 0% 0%

Future Land Use Type

Skull Creek North 2

Mackays Creek North 1

Mackays Creek North 2

Mackays Creek North - Corn Island

Broad/Chechessee Trib

(%) (%) (%) (%) (%)
Commercial 0% 0% 0% 0% 0%
Golf Course 100% 0% 0% 0% 0%
High Density Residential 100% 0% 0% 0% 0%
Industrial 100% 0% 0% 0% 0%
Institutional 0% 0% 0% 0% 0%
Low Density Residential 0% 0% 0% 100% 0%
Medium Density Residential 95% 0% 0% 0% 0%
TOTAL 100% 0% 0% 100% 0%

chechessee_tables_feb2006.xls
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TABLE 5-9 (CONTINUED)
WATER QUALITY BASIN BMP COVERAGE
CHECHESSEE RIVER WATERSHED

Existing Land Use Type Chechessee Creek 1 | Chechessee Creek 2 [Chechessee Trib - Ballenger Neck| Chechessee Trib - Spring Island TOTAL
(%) (%) (%) (%) (%)
Commercial 0% 98% 0% 0% 21%
Golf Course 100% 85% 100% 0% 43%
High Density Residential 0% 0% 0% 0% 100%
Industrial 9% 24% 0% 0% 16%
Institutional 0% 9% 0% 0% 2%
Low Density Residential 0% 15% 0% 0% 5%
Medium Density Residential 0% 15% 0% 0% 5%
TOTAL 37% 36% 0% 0% 22%
Future Land Use Type Chechessee Creek 1 | Chechessee Creek 2 [Chechessee Trib - Ballenger Neck| Chechessee Trib - Spring Island TOTAL
(%) (%) (%) (%) (%)
Commercial 0% 95% 80% 0% 72%
Golf Course 100% 84% 100% 0% 47%
High Density Residential 0% 0% 0% 0% 100%
Industrial 10% 22% 1% 0% 16%
Institutional 0% 8% 0% 0% 2%
Low Density Residential 47% 54% 48% 0% 40%
Medium Density Residential 7% 13% 82% 0% 34%
TOTAL 54% 52% 62% 0% 41%
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TABLE

5-10

WATER QUALITY BASIN SEPTIC TANK COVERAGE

CHECHESSEE CREEK WATERSHED

Existing Land Use Type

Chechessee River 1

Chechessee River 2

Chechessee River 3

Chechessee River 4

Chechessee River 5

Skull Creek North 1

Skull Creek North 2

(%) (%) (%) (%) (%) (%) (%)
Commercial 0% 0% 0% 100% 0% 0% 0%
High Density Residential 0% 0% 0% 0% 0% 0% 0%
Industrial 0% 0% 22% 100% 100% 0% 0%
Institutional 0% 0% 0% 0% 100% 0% 0%
Low Density Residential 0% 100% 8% 100% 100% 0% 0%
Medium Density Residential 0% 11% 0% 0% 0% 0% 0%
ITOTAL 0% 11% 10% 100% 100% 0% 0%

Future Land Use Type

Chechessee River 1

Chechessee River 2

Chechessee River 3

Chechessee River 4

Chechessee River 5

Skull Creek North 1

Skull Creek North 2

(%) (%) (%) (%) (%) (%) (%)
Commercial 0% 0% 0% 99% 0% 0% 0%
High Density Residential 0% 0% 0% 0% 0% 0% 0%
Industrial 0% 0% 20% 100% 99% 0% 0%
Institutional 0% 0% 0% 0% 100% 0% 0%
Low Density Residential 9% 100% 8% 100% 100% 0% 0%
Medium Density Residential 0% 10% 0% 97% 99% 0% 0%
[TOTAL 6% 10% 9% 100% 100% 0% 0%
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TABLE 5-10 (CONTINUED)
WATER QUALITY BASIN SEPTIC TANK COVERAGE
CHECHESSEE RIVER WATERSHED

Existing Land Use Type Mackays Creek North 1 Mackays Creek North 2 | Mackays Creek North - Corn Island Broad/Chechessee Trib Chechessee Creek 1
(%) (%) (%) (%) (%)
Commercial 0% 0% 0% 0% 0%
High Density Residential 0% 0% 0% 0% 0%
Industrial 0% 0% 0% 0% 42%
Institutional 0% 0% 0% 0% 0%
Low Density Residential 0% 0% 0% 0% 5%
Medium Density Residential 0% 0% 0% 0% 100%
ITOTAL 0% 0% 0% 0%
Future Land Use Type Mackays Creek North 1 Mackays Creek North 2 | Mackays Creek North - Corn Island Broad/Chechessee Trib Chechessee Creek 1
(%) (%) (%) (%) (%)
Commercial 0% 0% 0% 0% 0%
High Density Residential 0% 0% 0% 0% 0%
Industrial 0% 0% 0% 0% 41%
Institutional 0% 0% 0% 0% 0%
Low Density Residential 0% 0% 99% 0% 49%
Medium Density Residential 0% 0% 0% 0% 100%
ITOTAL 0% 0% 99% 0% 55%
Table 5-10
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TABLE 5-10 (CONTINUED)
WATER QUALITY BASIN SEPTIC TANK COVERAGE

CHECHESSEE CREEK WATERSHED

Existing Land Use Type Chechessee Creek 2 | Chechessee Trib - Ballenger Neck| Chechessee Trib - Spring Island TOTAL
(%) (%) (%) (%)
Commercial 11% 1% 0% 55%
High Density Residential 0% 0% 0% 0%
Industrial 29% 94% 0% 40%
Institutional 4% 0% 0% 74%
Low Density Residential 59% 100% 0% 33%
Medium Density Residential 42% 100% 2% 33%
TOTAL 50% 0% 33%
Future Land Use Type Chechessee Creek 2 | Chechessee Trib - Ballenger Neck| Chechessee Trib - Spring Island TOTAL
(%) (%) (%) (%)
Commercial 11% 3% 0% 48%
High Density Residential 0% 0% 0% 0%
Industrial 29% 95% 0% 39%
Institutional 4% 0% 0% 75%
Low Density Residential 68% 100% 0% 54%
Medium Density Residential 42% 100% 2% 49%
TOTAL 59% 98% 2% 49%
Table 5-10
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TABLE 5-11

AVERAGE ANNUAL LOADS FOR CHECHESSEE RIVER WATERSHED WATER QUALITY BASINS

EXISTING LAND USE

Water Quality Area Flow BOD TSS Total P Total N Lead Zinc Fecal Coliform
Basin ID (acres) (acre-feet) (Iblyr) (Ibfyr) (Iblyr) (Ibfyr) (Iblyr) (Ib/yr) (#lyr)
Chechessee River 1 5,436 18,252 155,000 419,000 8,478 65,225 305 7,011 1.50E+15
Chechessee River 2 4,433 15,646 129,000 286,000 6,955 55,519 257 6,140 1.25E+15
Chechessee River 3 2,138 6,452 57,121 195,000 2,947 23,168 107 2,353 5.55E+14
Chechessee River 4 523 1,571 15,496 71,057 769 6,352 29 568 2.10E+14
Chechessee River 5 1,156 3,887 34,109 103,000 1,784 14,529 66 1,494 3.96E+14
Skull Creek North 1 516 1,594 14,167 40,867 662 5,514 23 535 1.16E+14
Skull Creek North 2 552 1,617 13,750 40,050 691 5,612 23 535 1.16E+14
Mackays Creek North 1 428 1,303 10,211 31,356 542 4,560 18 437 9.85E+13
Mackays Creek North 2 158 562 4,570 9,621 244 1,986 9 220 4.42E+13
Mackays Creek North - Corn Island 559 1,878 15,631 40,838 822 6,645 30 709 1.52E+14
Broad/Chechessee Trib 143 518 4,229 8,459 226 1,833 8 206 4.09E+13
Chechessee Creek 1 1,452 4,182 39,917 165,000 2,045 15,574 74 1,489 4.35E+14
Chechessee Creek 2 1,582 3,301 40,253 272,000 1,915 13,457 64 877 4.91E+14
Chechessee Trib - Ballenger Neck 493 1,105 11,846 72,138 578 4,743 20 328 1.84E+14
Chechessee Trib - Spring Island 212 606 6,198 30,699 310 2,237 11 211 6.02E+13
TOTAL 19,782 62,474 551,498 1,785,085 28,968 226,954 1,044 23,113 5.65E+15
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TABLE 5-11 (CONTINUED)

AVERAGE ANNUAL LOADS FOR CHECHESSEE RIVER WATERSHED WATER QUALITY BASINS

FUTURE LAND USE

Water Quality Area Flow BOD TSS Total P Total N Lead Zinc Fecal Coliform
Basin ID (acres) (acre-feet) (Iblyr) (Ib/yr) (Iblyr) (Ib/yr) (Iblyr) (Ib/yr) (#lyr)
Chechessee River 1 5,436 18,258 156,000 419,000 8,482 65,270 305 7,014 1.50E+15
Chechessee River 2 4,433 15,648 129,000 272,000 6,907 55,380 254 6,133 1.23E+15
Chechessee River 3 2,138 6,468 57,827 202,000 2,991 23,270 109 2,360 5.62E+14
Chechessee River 4 523 1,571 15,100 62,405 750 6,312 27 564 2.00E+14
Chechessee River 5 1,156 3,887 33,825 97,431 1,767 14,464 65 1,491 3.85E+14
Skull Creek North 1 516 1,594 14,169 40,921 662 5,514 23 535 1.16E+14
Skull Creek North 2 552 1,617 13,759 40,062 697 5,618 23 536 1.16E+14
Mackays Creek North 1 428 1,303 10,211 31,356 542 4,560 18 437 9.85E+13
Mackays Creek North 2 158 562 4,570 9,621 244 1,986 9 220 4.42E+13
Mackays Creek North - Corn Island 559 1,878 15,631 40,838 822 6,645 30 709 1.52E+14
Broad/Chechessee Trib 143 518 4,229 8,459 226 1,833 8 206 4.09E+13
Chechessee Creek 1 1,452 4,182 38,918 144,000 1,998 15,528 70 1,480 4.18E+14
Chechessee Creek 2 1,582 3,301 38,558 236,000 1,819 13,157 58 862 4.34E+14
Chechessee Trib - Ballenger Neck 494 1,206 14,835 78,053 657 5,600 22 350 2.13E+14
Chechessee Trib - Spring Island 212 606 6,198 30,698 310 2,237 11 211 6.02E+13
TOTAL 19,782 62,599 552,830 1,712,844 28,874 227,374 1,032 23,108 5.57E+15

Percent increase over existing

0%

0%

-4%

0%

0%

-1%

0%

-1%
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TABLE 5-12

EXISTING LEVEL OF SERVICE IN WATER QUALITY BASINS

CHECHESSEE RIVER WATERSHED

Fecal Coliform Concentrations
Long-Term Average Maximum 36-Sample Values
Water Quality DHEC Geomean 90th Percentile Geomean 90th Percentile Level of
Basin ID Station(s) (#/100 ml) (#/100 ml) (#/100 ml) (#/100 ml) Service
Chechessee River 1 None NA NA NA NA NA
Chechessee River 2 None NA NA NA NA NA
Chechessee River 3 17-07 3.1 3.6 11 A
Chechessee River 4 17-08 3.1 3.4 11 A
Chechessee River 5 17-17 3.6 13 4.3 14 A
Skull Creek North 1 20-13 3.4 11 3.9 18 A
Skull Creek North 2 None NA NA NA NA NA
Mackays Creek North 1 20-09 2.9 8 3.5 13 A
Mackays Creek North 2 None NA NA NA NA NA
Mackays Creek North - Corn Island None NA NA NA NA NA
Broad/Chechessee Trib None NA NA NA NA NA
Chechessee Creek 1 18-12, 18-13 5.4 23 6.3 33 A
Chechessee Creek 2 18-10, 18-11, 18-14 10.4 33 13.6 47 D
Chechessee Trib - Ballenger Neck None NA NA NA NA NA
Chechessee Trib - Spring Island None NA NA NA NA NA
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TIDAL RIVER SEGMENT PHYSICAL CHARACTERISTICS
CHECHESSEE RIVER WATERSHED

TABLE 5-13

South Exchange with Tidal Dispersion Values
Water Quality WASP Water Quality Area Length Coefficient
Basin ID Segment Basin ID (m”2) (m) (m~2/s)
Chechessee River 1 36 Broad River 16,660 3,059 150
Chechessee River 2 37 Chechessee River 1 8,871 5,021 150
Colleton River 1 5,688 5,724 180
Chechessee River 3 38 Chechessee River 2 2,830 4,924 100
Chechessee River 4 39 Chechessee River 3 1,556 2,494 20
Chechessee River 5 40 Chechessee River 4 1,266 1,366 20
Skull Creek North 1 41 Chechessee River 1 2,366 954 75
Skull Creek North 2 42 Skull Creek North 1 2,068 1,191 75
Mackays Creek North 1 43 Chechessee River 1 1,102 1,447 450
Mackays Creek North 2 44 Mackays Creek North 1 1,010 949 450
Mackays Creek North - Corn Island 45 Mackays Creek North 2 627 467 450
Broad/Chechessee Trib 46 Broad River 1,285 954 150
Chechessee River 2 1,338 954 150
Chechessee Creek 1 47 Chechessee River 3 1,641 4,342 50
Chechessee Creek 2 48 Chechessee Creek 1 418 3,460 50
Chechessee Trib - Ballenger Neck 49 Chechessee Creek 1 221 1,086 20
Chechessee Trib - Spring Island 50 Chechessee Creek 2 473 921 20
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TABLE 5-14

AVERAGE FLOWS AND GEOMEAN FECAL COLIFORM CONCENTRATIONS FROM WMM

FOR CHECHESSEE RIVER WATER QUALITY BASINS

South EXISTING LAND USE FUTURE LAND USE
Water Quality WASP Flow Fecal Coliform Flow Fecal Coliform
Basin ID Segment (cfs) (#/100 ml) (cfs) (#/100 ml)
Chechessee River 1 36 25.2 1,391 25.2 1,387
Chechessee River 2 37 21.6 1,411 21.6 1,410
Chechessee River 3 38 8.9 1,349 8.9 1,353
Chechessee River 4 39 2.2 1,426 2.2 1,379
Chechessee River 5 40 5.4 1,421 5.4 1,406
Skull Creek North 1 41 2.2 1,211 2.2 1,211
Skull Creek North 2 42 2.2 1,188 2.2 1,187
Mackays Creek North 1 43 1.8 1,297 1.8 1,297
Mackays Creek North 2 44 0.8 1,409 0.8 1,409
Mackays Creek North - Corn Island 45 2.6 1,387 2.6 1,387
Broad/Chechessee Trib 46 0.7 1,422 0.7 1,422
Chechessee Creek 1 a7 5.8 1,362 5.8 1,321
Chechessee Creek 2 48 4.6 1,268 4.6 1,182
Chechessee Trib - Ballenger Neck 49 15 1,286 1.7 1,343
Chechessee Trib - Spring Island 50 0.8 1,413 0.8 1,413
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TABLE 5-15

TIDAL RIVER ADVECTIVE FLOW EXCHANGES
CHECHESSEE RIVER WATERSHED

From To
Water Quality Water Quality Net Advective Flow (cfs)
Basin ID Basin ID Existing Future
Chechessee River 1 Broad River 788 794
Skull Creek North 1 688 690
Mackays Creek North 1 711 711
Chechessee River 2 Chechessee River 1 2,160 2,169
Colleton River 1 Chechessee River 2 104 110
Chechessee River 3 Chechessee River 2 29 29.3
Chechessee River 4 Chechessee River 3 7.5 7.5
Chechessee River 5 Chechessee River 4 5.4 5.4
Skull Creek North 1 Skull Creek North 2 690 692
Skull Creek North 2 Skull Creek South 2 692 694
Mackays Creek North 1 Mackays Creek North 2 713 713
Mackays Creek North 2 Calibogue Sound 5 717 717
Mackays Creek North - Corn Island Mackays Creek North 2 2.6 2.6
Broad River Broad/Chechessee Trib 2,006 2,007
Broad/Chechessee Trib Chechessee Creek 2 2,006 2,007
Chechessee Creek 1 Chechessee River 3 13 12.8
Chechessee Creek 2 Chechessee Creek 1 5.4 5.4
Chechessee Trib - Ballenger Neck Chechessee Creek 1 1.5 1.7
Chechessee Trib - Spring Island Chechessee Creek 2 0.8 0.8
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TABLE 5-16

FECAL COLIFORM MODELING RESULTS
CHECHESSEE RIVER WATERSHED

Water Quality Bacteria Modeled Geomean Conc (#/100 ml) Modeled Level of Service

Basin ID Loss Rate (1/day) Existing Future Existing Future
Chechessee River 1 0.5 3.3 3.3 A A
Chechessee River 2 0.5 3.1 3.1 A A
Chechessee River 3 0.8 3.5 3.5 A A
Chechessee River 4 1.0 3.0 2.9 A A
Chechessee River 5 4.0 3.8 3.7 A A
Skull Creek North 1 1.0 3.3 3.3 A A
Skull Creek North 2 1.0 3.3 3.4 A A
Mackays Creek North 1 1.0 3.5 3.5 A A
Mackays Creek North 2 1.0 3.7 3.7 A A
Mackays Creek North - Corn Island 1.0 3.8 3.8 A A
Broad/Chechessee Trib 1.0 3.0 3.0 A A
Chechessee Creek 1 0.7 6.2 6.0 A A
Chechessee Creek 2 1.0 9.5 8.9 C C
Chechessee Trib - Ballenger Neck 1.4 11.6 10.5 D D
Chechessee Trib - Spring Island 1.4 12.7 12.2 D D
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TABLE 5-17

SENSITIVITY ANALYSIS RESULTS
CHECHESSEE RIVER WATERSHED

Water Quality Bacteria Modeled Geomean Conc (#/100 ml) Modeled Level of Service

Basin ID Loss Rate (1/day) Best Case Worst Case Best Case Worst Case
Chechessee River 1 0.5 3.2 3.3 A A
Chechessee River 2 0.5 29 3.1 A A
Chechessee River 3 0.8 3.3 3.6 A A
Chechessee River 4 1.0 2.7 3.0 A A
Chechessee River 5 4.0 3.6 3.8 A A
Skull Creek North 1 1.0 3.2 3.4 A A
Skull Creek North 2 1.0 3.2 3.6 A A
Mackays Creek North 1 1.0 3.4 3.6 A A
Mackays Creek North 2 1.0 3.6 3.7 A A
Mackays Creek North - Corn Island 1.0 3.7 3.8 A A
Broad/Chechessee Trib 1.0 3.0 3.0 A A
Chechessee Creek 1 0.7 5.4 6.5 A A
Chechessee Creek 2 1.0 7.3 10.2 B D
Chechessee Trib - Ballenger Neck 1.4 9.6 14.0 C D
Chechessee Trib - Spring Island 1.4 10.0 13.4 C D

NOTES:

1. Best case represents existing land use with wet detention BMPs serving all existing development.

2. Worst case represents future land use with no BMPs.

3. Water quality segments that show change from base model results (e.g., improved LOS for best case or

degraded LOS for worst case) are highlighted.

chechessee_tables_feb2006.xls
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TABLE 5-18

PLANNING LEVEL COST ESTIMATES FOR
CHECHESSEE RIVER WATERSHED

MODEL ESTIMATED
CONDUIT PROJECT COST
CRW_T1-5 |Road overtopping at Callawassee Drive $29,000

Replace existing 1 - 18" RCP with 1 - 48" RCP
s|2_|v|-2* Road overtopping at Shrimp Pond Road $48,000

Replace existing 1 - 15" RCP with 4 - 36" RCP
Replace existing riser structure with rectangular riser with 1 - 24"x72" horizontal weir
Replace existing bubbler with rectangular bubbler with 1 - 24"x72" horizontal weir
TOTAL $77,000

" Conduits marked by asterisk are on private land

Costs are in December 2004 dollars.

See Appendix C for basis of cost estimates.
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