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1.0 EXECUTIVE SUMMARY
The Upstate of South Carolina is one of the most rapidly growing areas of the state. Along with
the many positive aspects of growth, there are also impacts, particularly to natural systems.
Stormwater runoff from developed areas and poor erosion control on developing areas often pose
major risks to the health and integrity of stream and river systems. The Saluda-Reedy Watershed
is not immune to such effects, especially considering the high growth areas of Greenville,
Easley, Mauldin, and Simpsonville. Federal, state, and local governments require that
appropriate stormwater management and sediment control measures, or Best Management
Practices (BMPs), be included in development plans submitted to local permitting authorities for
approval. However, standards and designs for water quality control and stream channel
protection are often inadequate, installation and maintenance of temporary control measures is
frequently lacking, and oversight and enforcement of local and state stormwater management
and erosion control regulations are deficient.
The purpose of the study was to assess the effectiveness of erosion control and stormwater
management practices across different types of development sites in Greenville County and to
identify barriers to effective implementation and functioning of control practices. This report
presents findings of a review of selected development plans and corresponding field surveys of
erosion control and stormwater BMPs on development sites throughout Greenville County that
fall under the permitting authority of Greenville County, the City of Greenville, or South
Carolina Department of Health and Environmental Control (SC DHEC).
The area of study was limited to the area of Greenville County that lies within the Saluda-Reedy
Watershed. Two groups of sites were selected for evaluation of erosion and sediment control
and stormwater management practices: actively developing sites and existing developed sites
with surface detention facilities. Twenty three actively developing single and multi-family
residential, commercial, and institutional sites were identified across Greenville County to
review stormwater management and erosion and sediment control practices. Forty-seven sites
with existing surface detention facilities were selected for a field review of maintenance issues.
Methods were developed for review of erosion and sediment control and stormwater
management plans, for field surveys of actively developing sites, and for field surveys of existing
developments with detention facilities. Checklists were developed for each type of evaluation
and a scoring system was devised.
The following summarizes the findings from the compiled checklists:




Across all jurisdictions, the average scores for plan reviews were generally higher than
average scores for field inspections.
County and SC DHEC plans reviews were generally good, but field inspections were
poor. Both the plans review and field surveys for City sites scored poorly.
Plans submitted to the County were generally good, with total scores for each site ranging
from 64% to 96%, with an average score of 82%. Field inspection scores were lower
ranging from 39% to 92% with an average site inspection score of 61%.
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Similar to County results, field inspection scores for City sites were generally lower than
plan review scores. Site scores for the City plan reviews ranged from 50% to 78% with
an average score of 63%. Inspection scores ranged from 35% to 71% with an average site
score of 52%.
Similar to County and City results, field inspection scores for DHEC sites were generally
lower than plan review scores. Site scores for the plan reviews were generally good
ranging from 76% to 88% with an average site score of 82%. Field inspection scores
ranged from 33% to 80% with an average site score of 59%.

Erosion control on active development sites was a considerable problem observed across most of
the study sites, and in some cases resulted in significant impacts to adjoining wetlands, streams
and rivers. Better enforcement is needed for erosion and sediment control, particularly across
larger sites such as subdivisions in the County and school sites, which are permitted under SC
DHEC. Consideration should also be given to requiring phased clearing and stabilization for
subdivision sites.
Dry detention ponds are commonly used throughout the County for water quality purposes;
however, dry detention is not a suitable BMP for water quality treatment as sediments deposited
in the ponds are often reactivated and mobilized downstream following runoff events. Postconstruction water quality performance standards are needed for state and local stormwater
regulations to encourage use of more effective BMP technologies for water quality treatment,
and regulations requiring the over-design of ponds for this purpose should be changed.
The waiver for permanent water quantity control (detention) should not be used when the outfall
does not discharge directly to a large river. Some sites were exempted from detention but did not
discharge directly to a large river, but discharged instead to a smaller tributary of a river, leaving
the tributary vulnerable to scouring and degradation. Some level of detention and water quality
treatment should also be required of all redevelopment sites.
Better long-term maintenance of existing stormwater management facilities (i.e. detention ponds)
and incentives for their retrofit for water quality treatment are also needed for improved
downstream water quality and stream protection.
The SRWC report entitled Assessment of Erosion Control and Stormwater Regulatory Programs
in the Saluda-Reedy Watershed: Greenville County and City of Greenville gives more detailed
recommendations for City and County programs.
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2.0 BACKGROUND
Poor erosion control and stormwater management have led to significant flooding and water
quality problems in the Saluda-Reedy Watershed. Many older developed areas were built with
little to no erosion control during construction and with the only stormwater controls being
conveyance systems (inlets, pipes and ditches) that effectively route stormwater off-site and
downstream. Today, regulations are in place for erosion and sediment control during
construction, and for on-site stormwater management. Federal, state, and local governments
require that appropriate stormwater management and sediment control measures or Best
Management Practices (BMPs) be included in development plans submitted to local permitting
authorities for approval. However, BMPs specified on development plans are often inadequate,
incorrectly designed, improperly installed, and/or poorly maintained. Moreover, local authorities
typically lack the resources necessary for proper oversight of development activities; state and
local stormwater regulations often lack the necessary standards for effective water quality control
and stream channel protection; and enforcement procedures are not sufficient to alter behaviors
and deter repeat violations.
Together, the effects of legacy stormwater problems and ongoing erosion control problems
contribute to flooding problems in many homes and businesses located in or near some
floodplain areas, to highly eroded streams in other areas, to sediment trespass issues downstream
of development sites, and to significant deterioration of water quality and stream health in many
parts of the watershed. Landowner complaints of property damage are common. Greenville
County is currently considering purchasing flood-prone properties at significant cost to taxpayers
and to the detriment of local stormwater programs that need more resources for pollution
prevention and improved stormwater management.
This report presents findings of a review of selected development plans and corresponding field
surveys of erosion control and stormwater BMPs on development sites throughout Greenville
County that fall under various permitting authorities:




Greenville County Soil and Water Conservation District
City of Greenville
South Carolina Department of Health and Environmental Control

The purpose of the study was to assess the effectiveness of erosion control and stormwater
management practices across different types of development sites in Greenville County and to
identify barriers to effective implementation. Recommendations for improvements to
stormwater management programs are provided herein and also in a complimentary SRWC
report entitled Assessment of Erosion Control and Stormwater Regulatory Programs in the
Saluda-Reedy Watershed: Greenville County and City of Greenville.
2.1

Overview of Federal, State and Local Programs

Federal regulations mandate that comprehensive stormwater management programs be
developed and implemented by local governments on a five-year permit cycle to control erosion
and stormwater pollution. Programs must include minimum control measures or BMPs for
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erosion control and stormwater management. In 1990, the USEPA designated Greenville County
as a “Phase I” community. This designation, based on population of an area, required the
County to obtain a National Pollution Discharge Elimination System (NPDES) Permit for
stormwater discharges to municipal separate storm sewer systems (MS4s) and to develop a
program and plan to reduce pollution in stormwater runoff. Program requirements include BMPs
to control stormwater runoff, including procedures for construction site runoff control. The
County is now in its sixth year of program implementation. The Cities of Traveler’s Rest,
Mauldin, Simpsonville, and Fountain Inn have applied as co-permittees of the County for their
NPDES permit renewal.
Other surrounding counties and municipalities, including the City of Greenville, fall under
“Phase II” NPDES rules, which were developed by the USEPA for smaller MS4s and came into
effect in South Carolina in March 2006. They also require program development to address
minimum control measures, or BMPs, for stormwater management.
A separate NPDES permit, the Construction General Permit (CGP), has parallel requirements for
developing stormwater pollution prevention plans for construction sites that disturb 1 acre or
more. It also includes requirements for site inspection, reporting, and water quality, among
others and is administered by the South Carolina Department of Health and Environmental
Control (SC DHEC) or the delegated entity.
Greenville County and the City of Greenville are delegated authorities to administer the
Sediment, Erosion and Stormwater Management Program under SC DHEC. Both the County
and City have had a development site permit review and approval process for a number of years
and are responsible for the following:





Stormwater management and sediment control plan review and approval/disapproval
Inspections during construction and maintenance inspections
Enforcement
Education and training

Smaller municipalities in the County (Traveler’s Rest, Mauldin, Simpsonville, and Fountain Inn)
are not delegated to administer the state’s program and therefore fall directly under SC DHEC’s
permitting authority for compliance with state regulations. Publicly owned (city and county)
sites, including schools, are also under SC DHEC’s jurisdiction.
Greenville County and the City of Greenville stormwater programs are reviewed in more detail
in a separate SRWC report entitled, Assessment of Erosion Control and Stormwater Regulatory
Programs in the Saluda-Reedy Watershed: Greenville County and City of Greenville.
2.2

Greenville County Stormwater and Erosion Control Audit

In 2001, Greenville County completed its first erosion and sediment control audit, conducted to
assess the effectiveness of their sediment reduction program on construction sites in the County.
Thirty-five construction sites were randomly selected throughout the county and included single4
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family, multi-family and commercial developments. Design plans were evaluated and compared
against actual site implementation using a scoring system for the plan review and field audit. An
overall site BMP score was also given to assess the effectiveness of BMPs located at specific
project sites, and a County-wide specific BMP score was given to rate BMPs located across the
County. Results of the erosion control and stormwater management assessment are summarized
below.
Greenville County 2001 Plan Review Audit Results












Under-estimation of disturbed area for housing developments
Reliance on single lot controls for proper erosion prevention and sediment control
Misuse of Curve Numbers and time of concentration in BMP design
Improper use of BMPs in calculations/models to achieve 80% trapping efficiency
Lack of calculations for BMP design
Lack of BMP detail specification
Inaccurate BMP details
Complete lack of BMP details
Unneeded BMP details
Lack of proposed contours
Lack of a BMP legend

Greenville County 2001 Field Review Audit Results






Omission of sediment control structures as shown on plans
Inconsistent installation practices for specific BMPs
Lack of proper BMP maintenance
Lack of temporary stabilization measures
Lack of adequate single lot controls

The average plan score was 76% while the average field score given was 56%. The overall site
BMP score was 61% and the County-wide BMP score was 67%. A second County audit is in
progress. No other audits of this type are known to be completed or ongoing within the study
area at this time.
3.0 ASSESSMENT GOALS AND OBJECTIVES
The goal of this study was to assess the range and effectiveness of stormwater management and
erosion control practices as designed, implemented and maintained on development sites across
Greenville County, with a focus on water quality and stream channel protection. The project was
similar to Greenville County’s 2001 audit and involved a plans review and field survey of
actively developing sites along with a more abbreviated survey of existing developed sites with
surface detention facilities (i.e. wet and dry ponds). Assessment objectives included
identification of design/implementation/maintenance issues that are barriers to effective
5
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temporary erosion control and long-term performance of stormwater management systems. This
study differs from another SRWC report entitled Assessment of Erosion Control and Stormwater
Regulatory Programs in the Saluda-Reedy Watershed: Greenville County and City of Greenville
in that conclusions and recommendations are the result of site assessments and field
observations, whereas the Programs report is a broader review of City and County stormwater
management programs and their associated ordinances.
4.0 AREA OF STUDY
The area of study for this project was limited to those portions of Greenville County that lie
within the Saluda-Reedy Watershed. Greenville County was selected as the initial study area
since it contains a significant proportion of the watershed, including highly urbanized areas of
Greenville, Mauldin and Simpsonville. Additionally, of all the cities and counties in the
watershed, Greenville County has the most organized and advanced stormwater management
program since it was designated as a Phase I community in 1990.
Smaller municipalities in Greenville County (Travelers Rest, Mauldin, Simpsonville and
Fountain Inn) are not delegated authorities to administer the State’s stormwater and erosion
program, and therefore SCDHEC handles their development permitting, inspections and
enforcement. However, this is expected to change soon since these four cities have applied as
co-permittees with Greenville County on their proposed MS4 permit for stormwater discharges.
Upon approval/issuance of the permit, the four entities would then be subject to the County’s
Stormwater Management Plan, administered through Greenville County’s Soil and Water
Conservation District. Therefore, it was not necessary to review new development sites in these
areas at this time since this change in permitting authority is anticipated in the near future.
5.0 SITE SELECTION
Two groups of sites were selected for evaluation of erosion and sediment control and stormwater
management practices: actively developing sites and existing developed sites with surface
detention facilities. Separate criteria were developed for each group and are described below.
5.1

Active Development Sites

Twenty-three actively developing single and multi-family residential, commercial, and
institutional sites were identified across Greenville County to review stormwater management
and erosion and sediment control practices. Site conditions excluded from this portion of the
study included:


Sites permitted prior to the latest stormwater management ordinance requirements



Industrial sites (since they fall under a separate NPDES permitting program)



SCDOT sites (since they also fall under a separate permitting program)



Single family residences that are separately built or that are not part of a larger
subdivision development (since they are exempt from the permitting process)
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A range of sites was selected to capture the following site features/conditions:


Small streams occurring within or adjacent to the developed area



Large streams/rivers occurring within or adjacent to the developed area



Sites with wetlands, springs, and/or seeps within or adjacent to the developed area



Sites with a range of topographic conditions, and



Sites in both urbanized and rural areas.

Site selection was limited to unincorporated areas of Greenville County, sites located within the
City of Greenville, and sites under SC DHEC’s permitting authority (Table 1, Figure 1). The
number and types of sites selected from each jurisdiction was generally representative of the
relative proportion of types of development sites typically permitted in each area. County sites
were largely subdivisions with greater land area disturbance, and City sites were mostly smaller
commercial sites, some of which were redevelopment sites. SC DHEC sites were limited to
school sites. The minimum development size criterion was 1 acre of disturbed area so as to
capture sites that fall under comprehensive permitting requirements.
Table 1. Summary of Active Development Sites
Permitting
Authority

Total
# Sites

Single-family
residential

Multi-family
residential

Commercial

Greenville County

13

11

1

1

City of Greenville

4

1

3

SC DHEC

6
TOTALS

5.2

23

Institutional

6
11

2

5

6

Existing Development Sites With Surface Detention

Forty-seven sites with existing surface detention facilities were selected for a field review of
maintenance issues. Sites were randomly selected and are shown in Figure 2. Sites were a mix
of commercial, residential and institutional developments.
6.0 ASSESSMENT METHODS
Methods were developed for review of erosion and sediment control and stormwater
management plans, for field surveys of actively developing sites, and for field surveys of existing
developments with detention facilities. Actively developing sites were evaluated based on
compliance with existing stormwater management regulations with respect to effective erosion
and water quantity control, water quality treatment and downstream channel protection.
Detention facilities at existing developments were evaluated for maintenance needs related to
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flow control, erosion control, vegetation management, and other general maintenance issues.
Assessment methods are described in more detail below.
6.1

Active Development Sites

The assessment of active development sites included a review of development plans and a field
inspection of BMPs for each site. Erosion control and stormwater management plans were
obtained for review of site designs with respect to erosion control and stormwater management
systems. Permission was obtained for site visits through cooperation with the City of Greenville,
the Greenville County Soil and Water Conservation District, and SC DHEC’s Environmental
Quality Control (EQC) Region 2 office. All 23 sites received a plans review and at least one
field inspection to evaluate consistency with the approved plans and functioning of erosion
control devices and stormwater management facilities relative to design objectives and their
effectiveness for water quality and downstream channel protection. Some sites were visited
more than once to make observations during dry and wet conditions and to assess BMP
performance over time.
General information was obtained for each site and included the following:









SRWC reviewer(s)
Date reviewed
SRWC site number
Site name and location
Watershed (Saluda or Reedy)
Latitude/Longitude
Type of site (Single-Family Residential, Multi-family, Residential, Commercial, or
Institutional)
Nearest water body and distance to nearest water body

Separate checklists and scoring criteria were developed for both the plans review and for the
field survey. Checklists were developed by compiling criteria from state (SC DHEC) and locally
delegated (City and County) programs. Criteria were developed for evaluating erosion control
and stormwater management plans and a scoring system was devised. For both the plans review
and field survey, criteria were segregated into three categories:




General site information
Erosion and Sediment Control
Stormwater Management (Water Quantity and Water Quality)

Individual criteria were scored as either: Yes (1 or 0.5), No (0), or N/A (not applicable). The
criteria were set up so that a Yes was a positive result indicating proper design, application,
installation or maintenance, and a No was a negative result indicating a deficiency. A 0.5 was
given for partial credit if the criterion was at least partially met. For each site, an overall score
was computed for both the plans review and for the field survey as a percentage of possible
points (0-100%). Criteria scored as N/A were excluded from scoring. Additionally, three “sub-
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scores” were also computed for each site for both the plans review and the field inspection to
correspond with the three categories of criteria (general, erosion control, and stormwater
management). A database was created to assist with data analysis.
6.1.1

Plans Review

Site development plans detailing erosion and sediment control measures and stormwater
management systems were obtained for selected sites from local authorities. Plan sheets and
modeling reports were reviewed and scored according to the checklist criteria and to document
the types of BMPs used for erosion control and stormwater management.
The following is a list of scoring criteria developed for the plans review portion of the study.
General Site Information












Location map given
Project narrative describing pre- and post-development site conditions included
Streams/ponds/drainage ways identified
Floodplains identified
Wetlands identified
USGS map with project location and drainage to nearest water body included
Site boundary shown
Existing topography shown
Proposed topography shown
Limits of grading and approximate acreage of disturbed area indicated
Soils information given

Stormwater Management
Water Quantity Criteria





Existing drainage patterns shown
Planned drainage patterns shown
Method of flow conveyance from land disturbing activity shown
Hydrologic Modeling – list type of model used (not scored)





Size of drainage areas given, including offsite areas draining onto site
Land use of drainage areas (weighted curve number or runoff coefficients) given
Downstream analysis of pre- and post-development runoff included (down to site = 10%
of watershed)
Pre- & post-development peak flow from site for 2-, 10-, 25-, & 100-yr 24-hr storms
given
Post-development velocities for 10-yr 24-hr storm at discharge point(s) given
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For detention ponds, summary table of peak inflows, peak outflows, and max water
surface elevations for 2-, 10- & 100-yr storms included
For detention ponds, stage/storage/discharge calculations for outlet structure shown
For dry ponds, time of concentration given showing 24-72 hr drawdown
Construction details for detention facilities or other flow control devices inlcuded
Site conditions around points of discharge (vegetation, streams, etc.) indicated
Creek crossings: impacts minimized and method of stabilization provided
Design calculations, cross sections and stabilization for open channels included
Construction details for proper outlet protection and stabilization given
Statement of as built plan certification by design engineer included

Water Quality Criteria







If detention requirement is waived, are there other provisions for water quality?
Pre- and post-development pollutant load calculations given (using Ideal Model)
Design calculations and construction details for water quality structures/features given
For water quality ponds, calculations for first flush 24-hr release given (1” dry pond; 0.5”
wet pond)
Sequence for installation of water quality features indicated
Operation and maintenance plan for permanent water quantity and quality structures
given

Erosion and Sediment Control

















Provisions to minimize extent and duration of disturbance (phasing) included
Provisions to minimize cut and fill (utilize natural topography) included
Provisions to preserve topsoil/stockpiled topsoil or subsoil location included
Location of temporary sediment control measures shown/described on plan
Location of permanent sediment control measures shown/described on plan
Temporary and permanent EP&SC measures located properly
Drawings and/or specifications for temporary EP&SC measures included
Sediment basin for land disturbance of 10 ac or more draining to single outlet included
Sediment Modeling – list type of model used (not scored)
Water quality compliance with 80% 0.5 ml/L discharge for BMPs shown
Sediment storage volume calculated for sediment basins
Design calculations & specifications for sediment basins included
Proper inlet protection shown/described
Proper outlet protection shown/described
Construction entrance/exit location and specifications for sediment control given
Individual lot erosion control plan (applicable to subdivisions) included
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Maintenance requirements during construction given
Responsible party for maintenance during construction listed
Inspection procedures described
Construction sequence shown for erosion and sediment control measures given
Maintenance plan agreement included that is signed by the financially responsible entity
for permanent structures

A checklist of BMPs was also given on each plan review sheet to check all erosion control and
stormwater management BMPs that were shown or described for each site.
6.1.2

Field Inspection

Site inspections were performed to evaluate consistency with the approved plan for erosion
control and for functioning of stormwater management facilities relative to design objectives and
their effectiveness for water quality and downstream channel protection. Additional inspections
of some sites were conducted during rain events to further assess site conditions and stormwater
facility performance under wet weather conditions. Weather conditions were noted for each
inspection (dry/light rain/heavy rain). The stage of site development was also noted (clearing
and grubbing, rough grading, building construction, final grading, or final stabilization).
The following is a list of scoring criteria developed for the field survey portion of the study.
General Site Information




Streams/ponds/drainage ways identified in field correctly delineated on plan
Wetlands identified in field correctly delineated on plan
Limits of clearing and grading as shown on plan

Erosion and Sediment Control












All erosion/sediment control measures on plan installed in the field
No additional measures (not shown on plan) are needed
Sediment trapping facilities constructed as first step in land disturbing activity
Sediment basin(s) installed where needed
Perimeter controls for sediment stabilization installed appropriately
Topsoil/subsoil stockpiles present and adequately stabilized with seeding and/or sediment
trapping measures
All denuded areas requiring temporary or permanent stabilization stabilized
All finished cut and fill slopes adequately stabilized
On-site channels adequately stabilized
Temporary and/or permanent stream crossings stabilized
All operational storm sewer inlets have inlet protection in place
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Inlet controls installed/maintained adequately
Outlet stabilization measures in place
Outlet controls installed/maintained adequately
Construction entrances/exits in place to protect public roads
Entrances/exits installed/maintained correctly
Individual lot erosion controls in place (applicable only to subdivisions)
All other erosion/sediment control structures repaired/maintained according to the plan
specifications and as needed
All temporary control structures no longer needed have been removed

Impacts
 Are offsite impacts to streams or other waterbodies minimized?
 Are offsite impacts to wetlands minimized?
 Are offsite impacts to adjoining properties minimized?
 List any maintenance needs for individual BMPs (temporary and permanent)
Stormwater Management



Stormwater management devices shown on plan properly installed
Stormwater management devices properly maintained

A checklist of BMPs was also given on each field inspection sheet to check all erosion control
and stormwater management BMPs that were:





Shown on the plans and observed in the field (A)
Shown on the plan but not observed in the field (B)
Not shown on the plan but observed in the field (C)
Not shown on the plan but needed in the field (D)

Situations in which BMPs were shown on the plans but were improperly installed were
addressed through the numerical scoring, as described.
6.2

Existing Development Sites With Surface Detention

A separate assessment was conducted to address post-construction stormwater management on
existing developed sites. Assessments of actively developing sites revealed that detention and
retention ponds are a frequently used BMP for stormwater management. Therefore, existing
developed sites with detention/retention ponds were also evaluated to determine their general
condition and identify maintenance issues related to flow control, erosion control, and vegetation
management.
The following is a list of scoring criteria developed for evaluating stormwater ponds.
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General Maintenance








Repair dam failure (piping, seepage, etc.)
Install access road for heavy equipment
Access road maintenance (stabilization and/or vegetation management)
Remove trash/debris from pond (inlets, bottom, and/or outlet)
Install emergency spillway
Emergency spillway maintenance needed
Install trash rack on outlet structure

Flow Control Maintenance








Storage volume inadequate - resize pond
Correct flow problem to pond (stormwater not reaching pond)
Correct short-circuiting of flow from inlet(s) to outlet
Install temporary or permanent down drain structure(s) at inlets
Repair inlet pipes and/or headwalls inside pond
Repair outlet structure (pipes, orifices, etc.)
Repair outlet pipe and/or headwalls at outfall

Erosion Control Maintenance










Erosion severe: regrade and stabilize cut and fill slopes
Erosion moderate to low: seed and mulch bare areas
Remove sediment from pond bottom (> 50% full)
Re-grade pond bottom to correct sloping towards outlet
Stabilize erosion around inflow pipes (backfill, install headwall or riprap)
Stabilize erosion around outlet structure (backfill, install headwall or riprap)
Install rip rap below pond inlets for flow dissipation and filtration
Install rip rap/stone protection above outlet control structure inside pond
Install rip rap protection below pond outlet

Vegetation Management Maintenance
 Mow grass on dam and/or pond slopes
 Remove trees from dam embankment
 Remove dead trees and woody debris from in and/or around pond
Impacts
 Are there impacts to streams or other waterbodies?
 Are there impacts to wetlands?
 Are there offsite impacts to adjoining properties?
13
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7.0 RESULTS
Data sheets for the plan reviews and field inspections for all County, City and DHEC sites are
given in digital form in Appendix A. Individual site names and locations are excluded, as it was
not the intent of this study to target any one individual site. Comments for each site are also
included on each data sheet. Table 2 and Appendix B give scoring results, and Appendix C
gives some site photos taken during field inspections.
7.1

Results of Plan Review and Field Inspection of Active Development Sites

Table 2 gives the overall scoring results for the plans reviews and field inspections for active
development sites. Because there are not an equal number of sites for the County, City and SC
DHEC, it is difficult to make absolute comparisons. It should also be recognized that the types
of sites permitted under each jurisdiction were different (County sites were mostly subdivisions
with larger land disturbance, City sites were mostly smaller commercial developments, and
DHEC sites were school sites with larger land disturbance), and the phase of construction during
the field inspections was different across sites. However, general trends may be observed from
the results in Table 2:




The average scores for plan reviews were generally higher than field inspection scores
across all sites (similar to the 2001 County audit).
County and SC DHEC plan reviews were generally good, but field inspections were poor.
Both the plan reviews and field surveys for City sites scored poorly.

An additional analysis was done to look at the scoring for individual key erosion control and
stormwater management criteria for both the plans review and field inspection. Results of this
analysis are given in Appendix B, Tables B-1 through B-6. Percentage results given for each
scoring criterion represent the percent of sites evaluated that scored in each of the four scoring
categories (Yes (1), Yes (0.5), No (0) or N/A).
7.1.1

Greenville County Plan Review Results

Thirteen active development sites within Greenville County’s permitting authority were
evaluated based on a plans review and field inspection. Most were single family residential
(subdivision) sites on large tracts. Plan documents were relatively easy to obtain from the
County. There seems to be a good system in place for the public to inquire about and obtain
requested information in a timely manner. It is our understanding that the County is working to
make this process even more streamlined by developing an on-line request form. Furthermore,
County staff was particularly helpful in answering questions and helping to locate candidate sites
for the study.
Overall, plans submitted to the County were generally good, with total scores for each site
ranging from 64% to 96%, with an average site score of 82% (Table 2). For the County plan
reviews, a high percentage of sites scored a Yes for most criteria (Table B-1). The following are
notable exceptions:
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54% of County sites did not have an operation and maintenance plan for permanent water
quantity and quality structures.
77% of County sites did not have a maintenance plan agreement for permanent structures
signed by the financially responsible entity.
62% of County sites did not include provisions to minimize the extent and duration of
disturbance by phasing land disturbing activities.
54% of County sites did not attempt to minimize cut and fill by utilizing natural
topography.
92% of County sites did not include the proper downstream analysis of pre- and postconstruction runoff down to the point at which the site is 10% of the watershed.

7.1.2

Greenville County Field Inspection Results

Field inspection scores were lower than plan review scores for County sites. Site scores ranged
from 39% to 92% with an average site score of 61% (Table 2). A much lower percentage of sites
scored Yes on key erosion control and stormwater management criteria, and a higher percentage
scored No (Table B-2):












62% of County sites did not have all erosion and sediment control measures installed that
were identified on the plan.
62% needed additional erosion control measures in addition to those shown on the plan.
54% of County sites did not have temporary or permanent stabilization in place for
denuded areas.
46% did not have stabilized cut and fill slopes.
Although 69% of sites had inlet protection measures in place, 62% had inlet control
structures that were inadequately maintained.
77% of County sites had outlet stabilization measures in place, and most were adequately
installed or maintained.
46% of the subdivision developments did not have individual lot controls in place.
46% of sites had inadequate maintenance for other erosion control structures/measures.
While 85% of County sites observed had stormwater management devices installed
wholly (54%) or at least partially (31%) according to the plan, 38% of sites had
inadequate stormwater facility maintenance.
Although 77% of sites scored a Yes for minimization of offsite impacts to adjoining
properties, 31% had observable impacts to streams and 46% had observable impacts to
wetlands.
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Table 2. Plans Review and Field Inspection Scoring Results for Active Development Sites
PLANS REVIEW
Site
Number

FIELD INSPECTION

Erosion
&
General
Sediment Stormwater
Site
Information Control Management

Total
Score

Erosion
&
General
Sediment Stormwater Total
Site
Information Control Management Score

Results given in percentages (%)
Greenville County Sites
1
78
2
100
3
100
4
100
5
100
6
100
7
77
8
95
10
100
11
85
12
85
13
86
Average
92
Score
City of Greenville Sites
1
67
2
100
3
90
4
67
Average
81
Score
SC DHEC Sites
1
100
2
100
3
100
4
65
5
80
6
82
Average
88
Score

62
95
78
81
75
83
76
79
83
88
88
95

60
95
89
75
85
59
55
64
86
90
90
88

64
96
87
83
84
77
68
76
88
87
87
90

50
100
100
100
67
50
100
100
100
100
67
50

39
59
91
72
53
43
65
63
41
71
53
42

50
25
0
100
100
25
50
100
50
100
50
0

41
61
92
78
60
47
68
71
50
75
54
39

82

78

82

82

58

54

61

42
50
57
39

60
68
80
50

57
68
78
50

48
75
100
35

50
75
50
100

43
25
50
NA

48
71
52
35

47

65

63

65

69

39

52

80
78
67
68
66
80

87
93
84
97
85
85

87
88
80
78
76
82

100
100
100
50
100
100

60
47
71
83
25
44

75
25
100
75
0
50

64
52
75
80
33
52

73

89

82

92

55

54

59
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The following are general observations based on the field assessment of County sites, which
were the most numerous of the sites inspected:
Erosion and Sediment Control

















The extent of unstabilized areas, particularly for large sites such as subdivisions, was
great and contributed to significant preventable erosion problems, maintenance issues for
erosion control and stormwater management structures, and in some cases impacts to
downstream waterbodies.
Similarly, the duration of unstabilized areas, particularly for subdivision sites, was simply
too long; many sites stayed open for as long as 6 months or more with little to no
stabilization across a large portion of the site, some with significant onsite erosion and
evidence of continued loss of sediment to downstream areas.
Temporary vegetative stabilization was dismal across most sites. Often there was little to
no effort made at establishing or maintaining temporary stabilization for disturbed areas
outside of detention pond areas. This was particularly true of graded subdivision lots. At
some sites, only a poor attempt had been made at temporary vegetative stabilization as
required by the plans. Others had made an initial attempt with good to poor germination,
but with no follow-up at reseeding/mulching when the grass had died or when there was
poor germination. Some commercial sites had no temporary vegetative stabilization
throughout the 6 month observation period.
There seemed to be an over-reliance on structural controls (inlet protection, silt fences,
ponds) with minimal reliance on nonstructural/vegetative controls (seeding/mulching),
resulting in structures becoming unnecessarily overwhelmed with sediment. Off-site
impacts and/or impacts to streams/wetlands were often observed in such situations.
The duration of exposure of graded roads prior to paving was too long for some
subdivision sites, leading in some cases to severe erosion problems, clogging of inlets,
unnecessary infill of downstream structures with sediment, and impacts to waters.
Additional controls were often needed for areas of concentrated flow that were not
identified on the plan.
Steep cut and fill slopes often needed erosion control blankets, rather than just seeding,
which was the typical measure employed on most sites.
There was consistent misuse of filter fabric inlet protection in areas of concentrated flow
(along roads), instead of use of the block and gravel inlet protection or other appropriate
inlet protection measures for such circumstances as specified in the Greenville County
Water Quality Protection BMP Field Manual. Many such inlets were often failing or
were in need of maintenance.
There was a consistent lack of maintenance for inlet protection structures, leading to an
unnecessary filling in of sediment basins and detention ponds with sediment.
There was generally a lack of inlet protection after curb/gutter/catch basins were in place
and before other portions of the site are stabilized, leading to much sediment being lost to
the inlets.
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On individual subdivision lots, runoff control and stabilization often were not achieved
until sod or other permanent vegetation was in place.

Stormwater Management
 Dry detention ponds appeared to be unnecessarily oversized at many subdivision sites.
This problem stems from inappropriate water quality standards imposed by SC DHEC
(see Assessment of Erosion Control and Stormwater Regulatory Programs in the SaludaReedy Watershed: Greenville County and City of Greenville for further discussion of this
issue.)
 Some pond designs were very poor, with inlets discharging at the top of steep slopes,
leading to severe erosion problems, or with inlets discharging too close to outlets.
 Sediment forebays were observed in some of the subdivision ponds. At least one pond
had forebays that were designed and maintained correctly. In this case the forebays were
observed during a rain event to be working very well to filter sediment from runoff water
resulting in relatively clear discharge from the pond to an adjacent stream.
 At a few sites, streams and wetlands were either improperly identified or not identified at
all, resulting in control structures (ponds, sediment basins) being installed in waters of the
U.S. or in jurisdictional wetland areas. One subdivision pond had a perennial stream
running through it. Two other ponds in another subdivision were placed in jurisdictional
wetland areas. In one of the two ponds in wetlands, the outlet structure was installed at a
higher elevation from the inlets due to higher groundwater levels at the outlet (higher
groundwater levels near the stream were a result of an old dam directly downstream and
local beaver activity). This results in improper functioning of the pond, and may lead to
stormwater escaping the pond in places other than through the outlet structure.
 Swales were included in some plans as BMPs to direct runoff to temporary sediment
basins or detention ponds. However, they were often not present onsite, or were present
but not installed properly or stabilized according to plan specifications, resulting in
misdirection of flow and erosion to downstream structures.
 There was little use of some of the more effective post construction water quality controls
listed in the County’s BMP Manual (e.g. bioretention areas, stormwater wetlands,
infiltration trenches, etc.).
 Oversimplified hydrologic modeling was observed for some sites in which the site was
not divided into proper sub-basins, but was considered one watershed, even if flow was
not to a single point.
7.1.3

City of Greenville Plan Review Results

Four active development sites within the City of Greenville’s permitting authority were
evaluated based on a plans review and field inspection. Site scores for the plan reviews ranged
from 50% to 78% with an average score of 63% (Table 2). Most sites scored either a Yes or N/A
for most criteria (Table B-3). The following are notable exceptions:



None of the City sites had an operations and maintenance plan or signed maintenance
plan agreement for stormwater structures.
Half of the sites had no on-site provisions for post-construction water quality treatment.
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Streams/ponds/drainage ways were not identified on half of the sites.
There were no drawings or specifications for permanent erosion control measures on
most sites.
 2 out of 3 sites that should have had a sediment basin for disturbance of 10 acres or more
had no basin.
City staff was helpful to provide information about their program and to help with site selection
for the study. However, there was a delay in obtaining plan documents, and additional requests
for documents went unanswered. At the time of the study there was not a good system for the
public to obtain documents like there is for the County. During the past year, Engineering has
developed and dramatically improved permit tracking and information retrieval. However, a
smaller number of City sites were assessed due to this difficulty.
7.1.4

City of Greenville Field Inspection Results

Similar to County results, field inspection scores for City sites were generally lower than plan
review scores. Inspection scores ranged from 35% to 71% with an average site score of 52%
(Table 2). Results of the analysis by scoring criteria were mixed (Table B-4), due in part to the
small number of sites:


Half of City sites did not have all erosion and sediment control measures installed as
specified on the plan.



Half of the sites needed additional erosion control measures from what was specified on
the plan.



75% of the sites did not have adequate stabilization on all exposed soil areas or on
finished cut and fill slopes.



While 75% of sites had inlet protection measures in place, only half had adequate
maintenance.



Outlet controls were installed and maintained adequately at all sites.



Impacts to streams and other waterbodies were generally minimized with the notable
exception of one site in which a direct tributary to the Reedy River received severe
sediment impacts during most rains due to a lack of a temporary sediment basin during
all phases of construction, and lack of permanent on-site detention and water quality
treatment. Another on-site stream (a small perennial spring-fed stream) was also severely
impacted at this site. Rock check dams were improperly placed in the stream, and the
stream was finally buried in a pipe.



Off-site impacts to adjoining property owners were observed on 3 out of 4 sites.

Two additional City sites received a limited field-review only, since we were unable to obtain
development plans. Neither was included in the scoring procedures; however, field observations
are noteworthy. Both sites had poor erosion control and stormwater management and significant
direct impacts were repeatedly observed to adjacent waterbodies. Neither site had any temporary
vegetative stabilization. There was some confusion as to the proper permitting authority for one
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of the sites. This site was apparently originally a DHEC site (as it was a state institutional site),
and was then turned over to the City for “fast track” permitting. However, neither DHEC or the
City could produce plans for the site. The site inspection for this site was conducted immediately
following a rain event and revealed considerable on-site erosion control issues, incomplete and
unstabilized stormwater control structures prior to construction activities, and off-site impacts to
the golf course lake immediately downstream. No temporary vegetative stabilization was
observed anywhere on the site where it was needed for unstabilized (exposed) soils, particularly
along the slopes of the temporary sediment basin. Significant erosion was observed around one
of the inlets to the basin. Construction of the stormwater detention pond was incomplete,
although site grading was largely complete and building construction was well underway. The
outlet control structure was being installed at the time of the inspection and pond slopes were not
stabilized as grading activities for the pond were ongoing. Although storm drain inlet protection
controls were in place on some storm drain inlets, most were in need of maintenance. Other
inlets had no protection structures in place and were surrounded by bare soil. The stream
flowing from the site to the golf course lake and the lake itself were both observed to be very
turbid during the inspection. The City has indicated that since completion of this field work it
has resolved the issue by coordinating a field inspection with DHEC that resulted in a noncompliance report and remedial activities. This information has not been confirmed by
NorthWind Inc.
The other City site that received a limited field review had no soil stabilization measures in
place, other than silt fence at the bottom of the hill, and no onsite stormwater detention, even
though it was a new development site and not a redevelopment site. It is unclear why detention
was not required at this site, as discharge was not to a major river body, but to a small stream that
flows through a city park. The stream and adjacent park area have been impacted and filled with
sediment from the construction site.
As a Phase II MS4, the City of Greenville is just getting started with their comprehensive
stormwater management program. They are in the process of developing a Stormwater
Management Plan that will address plan review, enforcement and maintenance standards when
finalized.
7.1.5

SC DHEC Plan Review Results

Six active development sites within SC DHEC’s permitting authority in Greenville County were
evaluated based on a plans review and field inspection. Site scores for the plan reviews were
generally good ranging from 76% to 88% with an average site score of 82% (Table 2). Most
sites scored a Yes for most criteria (Table B-5). Only 33% did not have an operation and
maintenance plan for permanent stormwater facilities, and 83% had a signed maintenance
agreement by the financially responsible entity.
SC DHEC personnel were helpful in answering questions, but could not direct us to specific sites
for the study. Therefore, school sites were selected since there were many under construction,
they were easy to locate, and since they represent large development sites. Plan documents were
difficult to obtain for SC DHEC sites simply due to the fact that part of the documentation
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needed for the plan review was located in Columbia and could not be sent to Greenville’s SC
DHEC office for review. This also limited the number of sites that could be evaluated.
7.1.6

SC DHEC Field Inspection Results

Similar to County and City results, field inspection scores for SC DHEC sites were generally
lower than plan review scores. Field inspection scores ranged from 35% to 71% with an average
site score of 52% (Table 2). A lower percentage of sites scored a Yes for the field inspection
criteria (Table B-6) and a higher number scored No. The following are significant findings:








50% of SC DHEC sites did not have all erosion and sediment control measures in place.
83% of sites needed additional erosion control measures from what was shown on the
plan.
67% of sites did not have stabilization across all denuded areas, and 50% of sites did not
have stabilization on finished cut and fill slopes.
50% of sites did not have inlet protection on all operational storm sewer inlets.
All SC DHEC sites did have outlet control measures in place, and 67% had adequate
maintenance of the outlet controls.
50% of SC DHEC sites had observable impacts to streams, wetlands or other
waterbodies.
33% of sites had observable impacts to adjoining properties.

The extent and duration of unstabilized areas across many of the SC DHEC (school) sites was
simply unacceptable. Given that the sites occupy large areas (disturbed areas ranged from 19 to
63 acres), and often involved much cut and fill, the effect of inadequate stabilization was often
significant in terms of off-site impacts. The largest site worth mentioning was a steep site with
much cut and fill. It was observed during a rain event. In addition to the lack of soil
stabilization across extensive areas of the site, at least half of the site had little to no stormwater
control measures in place. Although there was a large detention pond on site, it was poorly
designed and a significant amount of runoff was not making it to the pond. Instead, this runoff
was flowing uncontrolled across steep cut and fill slopes creating large gullies creating a river of
mud that flowed along the silt fence at the bottom of the hill and into an adjacent tributary. The
poor design of the pond inlets led to gully erosion and poor capture of stormwater, resulting in
unnecessary loss of sediment to the pond and adjacent tributary. Furthermore, there was no filter
rock around the outlet control structure in the pond, further exacerbating the problem of sediment
loss from the pond to the stream.
An additional SC DHEC site received a limited field review only (no plans review), and although
it was not included in scoring procedures, is also worth mentioning. It, too, had a large detention
pond. However, there was no outlet protection (filter rock) around the outlet control structure
inside the pond, leading to loss of unfiltered water from the pond to the adjacent tributary. A
very large gully had formed below the pond where the water discharged.
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7.2

Results of Field Survey of Existing Development Sites with Surface Detention

A rapid assessment was done for forty-seven existing development sites to determine the status
of on-site stormwater detention facilities and to identify maintenance and design issues. Sites
included residential, commercial, and institutional, and pond types included both wet and dry.
Results are given in Table 3. Eleven of the sites (23%) had no outlet control structure. Outlet
control structures serve to attenuate stormwater flows, reduce stormwater volume, and increase
detention/retention time of stormwater inside the pond to help promote settling of suspended
materials. Without such control structures, stormwater ponds often function to effectively collect
and route unfiltered and poorly controlled stormwater to downstream waterbodies. Other design
issues included the following:




Ponds with no emergency spillways (47% of sites)
Lack of trash racks on outlet structures to catch floatables (36% of sites)
Short-circuiting of flow from inlet(s) to outlet (i.e. pond not fully utilized, 21% of sites)

The most common maintenance issues included the following:







Pond slope stabilization needed (active erosion observed, 45% of sites)
Stabilization needed around inlets (26% of sites)
Rip-rap needed below pond inlets for flow dissipation and filtration (38% of sites)
Rip-rap needed inside pond at outlet control structure (45%)
Rip-rap needed at outlet discharge point (26% of sites)
Grass needed mowing on pond dam and/or slopes (38%)

All ponds were observed during dry conditions. Therefore, few sites had observable impacts. It
is recommended that future studies involve similar inspections during or immediately after rain
events.
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Table 3. Post-Construction Stormwater (Retention / Detention) Pond Inspection Results
Maintenance
Needed

SCORING CRITERIA
Repair dam failure (piping, seepage, etc.)
Install access road for heavy equipment
Access road maintenance (stabilization and/or vegetation management)
Remove trash/debris from pond (inlets, bottom, and/or outlet)
Install emergency spillway
Emergency spillway maintenance needed
Install trash rack on outlet structure
Other
Storage volume inadequate - resize pond
Correct flow problem to pond (stormwater not reaching pond)
Correct short-circuiting of flow from inlet(s) to outlet
Install temporary or permanent down drain structure(s) at inlets
Repair inlet pipes and/or headwalls inside pond
Repair outlet structure (pipes, orifices, etc.)
Repair outlet pipe and/or headwalls at outfall
Other
Erosion severe: regrade and stabilize cut and fill slopes
Erosion moderate to low: seed and mulch bare areas
Remove sediment from pond bottom (> 50% full)
Re-grade pond bottom to correct sloping towards outlet
Stabilize erosion around inflow pipes (backfill, install headwall or riprap)
Stabilize erosion around outlet structure (backfill, install headwall or riprap)
Install rip rap below pond inlets for flow dissipation and filtration
Install rip rap/stone protection above outlet control structure inside pond
Install rip rap protection below pond outlet
Other
Mow grass on dam and/or pond slopes
Remove trees from dam embankment
Remove dead trees and woody debris from in and/or around pond
Other
Are there impacts to streams or other waterbodies?
Are there impacts to wetlands?
Are there offsite impacts to adjoining properties?
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8.0 CONCLUSIONS AND RECOMMENDATIONS
The average scores for plan reviews were generally higher than field inspection scores across all
sites. County and SC DHEC plan reviews were generally good, but field inspections were poor.
Plan reviews and field surveys for City sites both scored poorly. Conclusions and
recommendations for erosion and sediment control and stormwater management are given
below.
8.1

Erosion and Sediment Control

Erosion control on active development sites was a considerable problem observed across
most of the study sites (County, City, and SC DHEC), and in some cases resulted in
significant impacts to adjoining wetlands, streams and rivers. The extent of unstabilized
areas, particularly for large sites such as subdivisions and schools, was often great and
contributed to significant preventable erosion problems, maintenance issues for structures, and
impacts to downstream properties and/or waterbodies.
Regardless of permitting authority, most approved construction plans contained adequate
provisions and specifications for temporary erosion control measures. (Some plans lacked
details and/or locations for some erosion controls. Details were sometimes given with no
corresponding location on the plan sheets.) However, implementation of temporary vegetative
controls was generally poor across most sites. The result being that the extent and duration of
exposed (unstabilized) areas was simply unacceptable and was the root cause of failure and
maintenance issues for structural control measures like inlet sediment traps, silt fences, and
ponds. The amount of soil loss at sites with erosion problems could have been significantly
reduced if temporary stabilization measures, particularly vegetative control measures, were
installed as called for on the plans. If weather conditions prevent good germination of temporary
grass seed, the site should be watered or reseeded when rain is expected. Other temporary
stabilization measures such as mulching can be also be used to minimize erosion during dry
periods.
Plans commonly included clear specifications for inspection and maintenance; however, many
sites had BMPs in need of significant maintenance with little to no change over the study period.
Some of the worst sites for erosion control were visited on multiple occasions with little to no
change observed other than erosion/sediment problems becoming worse. Most County sites and
all of the City sites lacked a long-term maintenance plan as well as a maintenance agreement for
maintenance of permanent control structures.
Some of the SC DHEC sites lacked any outlet protection in detention ponds at the flow control
structures, resulting in large volumes of unfiltered runoff being discharged from the ponds. It
was reported in the Greenville News on December 7, 2006 that school contractors were issued a
consent order for the school district to pay over $45,000 in environmental fines and cited them
for discharging sediment and failing to properly maintain all erosion control devices.
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Recommendation: Better enforcement is needed for erosion and sediment control,
particularly across larger sites such as subdivisions in the County and school sites, which are
permitted under SC DHEC. Temporary vegetative stabilization and individual lot controls for
subdivisions were particularly lacking and need significant improvement. Better maintenance
of BMPs is also needed. Consideration should also be given to requiring phased clearing for
subdivision sites (i.e. no mass clearing and grading). Finally, we advocate full support by all
levels of leaders, political and otherwise, for properly enforcing erosion control measures
required through the County’s ordinance.
Specific recommendations for improved enforcement and mass grading limits are given in the
SRWC report entitled Assessment of Erosion Control and Stormwater Regulatory Programs in
the Saluda-Reedy Watershed: Greenville County and City of Greenville.
8.2

Stormwater Management

Dry detention ponds were commonly observed as being used for water quality purposes;
however, dry detention is not a suitable BMP for water quality treatment as sediments
deposited in the ponds are often reactivated and mobilized downstream following runoff
events. Moreover, lack of adequate maintenance (sediment removal, slope stabilization, erosion
control at inlets, outlet protection) observed for detention ponds during construction exacerbated
the problem of sediment loss from the ponds. None of the sites inspected had sediment sticks or
other devices installed to indicate when to clean out the ponds (at 50% sediment storage loss).
Other ponds were simply poorly designed with the inlet(s) being too close to the outlet, resulting
in channelization and short-circuiting in the pond, thus minimizing actual detention time of
runoff water. Other ponds were poorly sited in jurisdictional wetlands and perennial streams.
Other BMPs (bioretention facilities, infiltration trenches) are much more effective at achieving
water quality treatment than dry detention ponds. Unfortunately, there are no water quality
performance standards in either state or local regulations that would encourage the use of such
technologies. Instead, dry ponds are over designed to accommodate the (inappropriate) water
quality specifications imposed by SC DHEC and poor water quality volume requirements
imposed by the County that do not reflect “first flush” runoff volume. However, without better
water quality treatment BMPs upslope, big dry ponds are not achieving good water quality goals.
Significant pond space is often underutilized and could be used for installation of water quality
features (e.g. sediment forebays, infiltration areas, treatment wetlands, etc.).
Recommendation: Post-construction water quality performance standards are needed for
state and local stormwater regulations. (See the SRWC report entitled Assessment of Erosion
Control and Stormwater Regulatory Programs in the Saluda-Reedy Watershed: Greenville
County and City of Greenville for more details.)
The waiver for permanent water quantity control (detention) should not be used when the
outfall does not discharge directly to a large river. Some sites were exempted from detention
requirements if they were said to discharge runoff directly to a large waterbody such as the
Saluda River or Reedy River and thus not pose a threat to downstream flooding. However, at
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least one County site and one City site inspected were exempted from detention, but did not
discharge directly to a large river, but discharged instead to a smaller tributary of a river. The
problem is that tributaries then become severely impacted by scouring from improperly
controlled stormwater. Therefore, while the argument of discharging uncontrolled runoff to
tributaries to nearby rivers may be valid for flood control purposes (if there are no structures
immediately downstream), it is not valid for water quality or channel protection purposes.
Some level of detention and water quality treatment should also be required of
redevelopment sites. One City site inspected was exempted from detention because it was a
redevelopment site that did not increase impervious area. However, the site also had no
temporary sediment basin for most of the open construction period, had no water quality
treatment, and had severe and repeated impacts to downstream properties, the adjacent stream,
and the nearby Reedy River.
Recommendation: Specific City and County ordinance provisions are needed to require some
level of detention and water quality treatment for redevelopment sites.
Better long-term maintenance of existing stormwater management facilities (i.e. detention ponds)
and incentives for their retrofit for water quality treatment are also needed for improved
downstream water quality and stream protection. Most existing detention facilities observed are
in need of some degree of maintenance. Many do not have outlet control structures, but simply
have inlet and outlet pipes. Others either are not designed for or are not functioning for water
quality, but instead effectively concentrate and deliver trash, sediment and other pollutants
downstream along with uncontrolled stormwater. The City has a regular ongoing pond
inspection program. The County also has a pond inspection program, but due to the number of
ponds within the County, is unable to conduct regular inspections. It is unclear to what degree
maintenance is performed on City and County ponds, or if penalties are imposed for those out of
compliance with maintenance requirements.
Recommendation: The City and County should enforce maintenance requirements for owners
of stormwater ponds by issuing correction orders or notices of violation, or by correcting the
problem(s) and requiring payment by the owner, whichever is most appropriate. As part of
their ongoing NPDES stormwater programs, the City and County should also consider a
retrofit program to educate owners on simple ways to retrofit ponds for water quality.
8.3

Other Environmental Issues

Wetlands and streams were not properly identified on some of the reviewed plans for both the
County and City. One site had a perennial stream flowing through the detention pond. Another
site had two detention ponds located in jurisdictional wetlands (one of which was improperly
installed, most likely due to elevated groundwater levels), but the plans failed to indicate the
presence of wetlands anywhere on the site. Other plans failed to indicate the presence and show
the location of on-site streams.
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Recommendation: Permitting of impacts to jurisdictional waters and wetlands (Waters of the
US) takes place at the Federal level through the U.S. Army Corps of Engineers (Corps) via the
Clean Water Act (Section 404) and the Rivers and Harbors Act (Section 10) and at the state
level through SC DHEC (Section 401 and land disturbing activity permitting). All regulated
activities occurring within jurisdictional areas require a permit from the Corps. Before
beginning development of a site, a Jurisdictional Determination should be approved by the
Corps. Therefore, before any impact to a Waters of the US can occur, qualified persons must
conduct a survey of the proposed development property to identify, describe and delineate all
Waters of the US on the project site. Minor impacts may be processed through the Nationwide
Permitting system. These permits are intended to allow small impacts from “typical” types of
projects that meet specific qualifying criteria. Large or non-typical impacts require
submission of an Individual Permit application. These applications are much more involved
to complete and require both a public comment period and often extensive mitigation.
Local permits for grading and other land disturbing activities should not be issued for
development of a site until all necessary state and federal permits are obtained. In all cases,
plan submissions should contain the identification of all waters of the US present on the
project site or verification that none exist. Additionally, copies of an approved Jurisdictional
Determination, survey plats identifying all waters of the US within the project site, all
necessary permits from the Corps, and any other supporting information pertinent to the
development of the site (e.g. on-site mitigation plans) should be included in permit
applications at the local level.
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Appendix A
Plan Review and Field Inspection Data Sheets
Co = County sites
City = City sites
DHEC = SC DHEC sites
Available on attached data CD

Appendix B
Criteria Scoring Results
In the following tables, percentage results represent the percentage of sites evaluated that scored
in each of the four scoring categories.

Table B-1. Criteria Scoring Results for Plans Review of Greenville County Sites
GREENVILLE COUNTY PLANS REVIEW
Yes
(1)

Yes
(0.5)

No
(0)

N/A
(x)

Streams/ponds/drainage ways identified

85%

0%

8%

8%

Floodplains identified

77%

0%

0%

23%

Wetlands identified

31%

8%

0%

62%

Proposed topography

69%

0%

23%

8%

SCORING CRITERIA
General Site Information

Stormwater Management
Pre & post-development peak Q for 2, 10, 25, & 100 yr 24 hr storms given
For detention ponds, summary table of peak inflows, peak outflows, and max
water surface elevations for 2, 10 & 100 yr storms given
For dry ponds, time of concentration given showing 24-72 hr drawdown

77%

0%

23%

0%

54%

0%

23%

23%

46%

8%

15%

31%

Construction details for detention facilities/other flow control devices given

77%

8%

8%

8%

If detention requirement waived, are there other provisions for water quality?

31%

0%

0%

69%

Pre- and post-development pollutant loads (using Ideal Model) calculated

54%

8%

31%

8%

Design calculations and construction details for WQ structures/features given

85%

8%

8%

0%

For WQ ponds, calcs for first flush 24 hr release (1”dry pond; 0.5” wet pond)

77%

0%

8%

15%

O & M plan for permanent water quantity and quality structures included

46%

0%

54%

0%

Provisions to minimize extent and duration of disturbance (phasing) included

38%

0%

62%

0%

Provisions to minimize cut and fill (utilize natural topography) included

46%

0%

54%

0%

Location of temporary sediment control measures shown/described on plan

85%

8%

8%

0%

Location of permanent sediment control measures shown/described on plan

85%

0%

15%

0%

Temporary and permanent EP&SC measures located properly

92%

0%

8%

0%

Drawings and/or specifications for temporary EP&SC measures included

85%

15%

0%

0%

Drawings and/or specifications for permanent EP&SC measures included

92%

8%

0%

0%

Sediment basin included for disturbance of >/=10 ac draining to single outlet

62%

0%

0%

38%

Water quality compliance with 80% 0.5 ml/L discharge for BMPs shown

100%

0%

0%

0%

Design calculations & specifications for sediment basins included

69%

0%

8%

23%

Proper inlet protection shown/described

38%

0%

31%

31%

Proper outlet protection shown/described

92%

0%

8%

0%

Individual lot erosion control plan (applicable to subdivisions) included

77%

0%

0%

23%

Maintenance requirements during construction specified

100%

0%

0%

0%

Responsible party for maintenance during construction listed
Maintenance plan agreement included that is signed by the financially
responsible entity for permanent structures

100%

0%

0%

0%

23%

0%

77%

0%

Erosion and Sediment Control

Table B-2. Criteria Scoring Results for Field Inspection of Greenville County Sites
GREENVILLE COUNTY FIELD INSPECTION
Yes
(1)

Yes
(.5)

No
(0)

N/A
(x)

General Site Information
Streams/ponds/drainage ways identified in field correctly delineated on
plan?

62%

8%

15%

15%

Wetlands identified in field correctly delineated on plan?

31%

0%

23%

46%

Are all erosion/sediment control measures on plan installed?

23%

15%

62%

0%

No additional measures (not shown on plan) needed
Have all denuded areas requiring temporary or permanent stabilization been
stabilized?

38%

0%

62%

0%

0%

38%

54%

8%

Are finished cut and fill slopes adequately stabilized?

8%

15%

46%

31%

Do all operational storm sewer inlets have inlet protection in place?

69%

0%

15%

15%

Are inlet controls installed/maintained adequately?

8%

15%

62%

15%

Are outlet stabilization measures in place?

77%

0%

0%

23%

Are outlet controls installed/maintained adequately?
Are individual lot erosion controls in place? (applicable to subdivisions
only)
Have all other erosion/sediment control structures been repaired/maintained
according to the plan specifications and as needed?

46%

8%

23%

23%

8%

8%

46%

38%

23%

8%

46%

23%

Are offsite impacts to streams or other waterbodies minimized?

38%

31%

31%

0%

Are offsite impacts to wetlands minimized?

8%

8%

46%

38%

Are offsite impacts to adjoining properties minimized?

77%

0%

8%

15%

Are stormwater management devices shown on plan properly installed?

54%

31%

8%

8%

Are stormwater management devices properly maintained?

23%

15%

38%

23%

SCORING CRITERIA

Erosion and Sediment Control

Stormwater Management

Table B-3. Criteria Scoring Results for Plans Review of City of Greenville Sites
CITY OF GREENVILLE PLANS REVIEW
Yes
(1)

Yes
(0.5)

No
(0)

N/A
(x)

Streams/ponds/drainage ways identified

50%

0%

50%

0%

Floodplains identified

25%

0%

25%

50%

Wetlands identified

0%

0%

0%

100%

100%

0%

0%

0%

Pre & post-development peak Q for 2, 10, 25, & 100 yr 24 hr storms
For detention ponds, summary table of peak inflows, peak outflows, and max
water surface elevations for 2, 10 & 100 yr storms
For dry ponds, time of concentration given showing 24-72 hr drawdown

25%

25%

25%

25%

0%

0%

0%

100%

0%

0%

0%

100%

Construction details for detention facilities or other flow control devices

75%

25%

0%

0%

If detention requirement waived, are there other provisions for water quality?

25%

0%

50%

25%

Pre- and post-development pollutant loads (using Ideal Model)

0%

0%

100%

0%

Design calculations and construction details for WQ structures and features

0%

0%

50%

50%

For WQ ponds, calcs for first flush 24 hr release (1”dry pond; 0.5” wet pond)

0%

0%

0%

100%

O & M plan for permanent water quantity and quality structures

0%

0%

100%

0%

Provisions to minimize extent and duration of disturbance (phasing)

25%

0%

50%

25%

Provisions to minimize cut and fill (utilize natural topography)

25%

0%

50%

25%

Location of temporary sediment control measures shown/described on plan

75%

25%

0%

0%

Location of permanent sediment control measures shown/described on plan

50%

0%

50%

0%

Temporary and permanent EP&SC measures located properly

50%

25%

0%

25%

Drawings and/or specifications for temporary EP&SC measures

100%

0%

0%

0%

Drawings and/or specifications for permanent EP&SC measures

25%

0%

75%

0%

Sediment basin for disturbance of 10 ac or more draining to single outlet

25%

0%

50%

25%

Water quality compliance with 80% 0.5 ml/L discharge for BMPs

25%

0%

50%

25%

Design calculations & specifications for sediment basins

25%

0%

25%

50%

Proper inlet protection shown/described

50%

0%

25%

25%

Proper outlet protection shown/described

50%

0%

0%

50%

Individual lot erosion control plan (applicable to subdivisions)

0%

0%

0%

100%

Maintenance requirements during construction

100%

0%

0%

0%

Responsible party for maintenance during construction
Maintenance plan agreement signed by the financially responsible entity for
permanent structures

100%

0%

0%

0%

0%

0%

100%

0%

SCORING CRITERIA
General Site Information

Proposed topography
Stormwater Management

Erosion and Sediment Control

Table B-4. Criteria Scoring Results for Field Inspection of City of Greenville Sites
CITY OF GREENVILLE FIELD INSPECTION
SCORING CRITERIA

Yes
(1)

Yes
(.5)

No
(0)

N/A
(x)

General Site Information
Streams/ponds/drainage ways identified in field correctly delineated on
plan?

0%

0%

25%

75%

Wetlands identified in field correctly delineated on plan?

0%

0%

0%

100%

50%

0%

50%

0%

0%

50%

50%

0%

0%

25%

75%

0%

Are finished cut and fill slopes adequately stabilized?

25%

0%

75%

0%

Do all operational storm sewer inlets have inlet protection in place?

75%

0%

25%

0%

Are inlet controls installed/maintained adequately?

50%

25%

25%

0%

Are outlet stabilization measures in place?

50%

0%

0%

50%

Are outlet controls installed/maintained adequately?
Are individual lot erosion controls in place? (applicable to subdivisions
only)
Have all other erosion/sediment control structures been repaired/maintained
according to the plan specifications and as needed?

50%

0%

0%

50%

0%

0%

0%

100%

25%

25%

25%

25%

Are offsite impacts to streams or other waterbodies minimized?

50%

0%

25%

25%

0%

0%

25%

75%

25%

0%

75%

0%

Are stormwater management devices shown on plan properly installed?

25%

50%

0%

25%

Are stormwater management devices properly maintained?

25%

25%

25%

25%

Erosion and Sediment Control
Are all erosion/sediment control measures on plan installed?
No additional measures (not shown on plan) needed
Have all denuded areas requiring temporary or permanent stabilization been
stabilized?

Are offsite impacts to wetlands minimized?
Are offsite impacts to adjoining properties minimized?
Stormwater Management

Table B-5. Criteria Scoring Results for Plans Review of SC DHEC Sites
SC DHEC PLANS REVIEW
Yes
(1)

Yes
(0.5)

No
(0)

N/A
(x)

Streams/ponds/drainage ways identified

83%

0%

17%

0%

Floodplains identified

33%

0%

33%

33%

Wetlands identified

50%

0%

0%

50%

Proposed topography

100%

0%

0%

0%

17%

83%

0%

0%

SCORING CRITERIA
General Site Information

Stormwater Management
Pre & post-development peak Q for 2, 10, 25, & 100 yr 24 hr storms
For detention ponds, summary table of peak inflows, peak outflows, and max
water surface elevations for 2, 10 & 100 yr storms
For dry ponds, time of concentration given showing 24-72 hr drawdown

100%

0%

0%

0%

100%

0%

0%

0%

Construction details for detention facilities or other flow control devices

100%

0%

0%

0%

If detention requirement waived, are there other provisions for water quality?

17%

0%

0%

83%

Pre- and post-development pollutant loads (using Ideal Model)

0%

0%

100%

0%

Design calculations and construction details for WQ structures and features

83%

0%

17%

0%

For WQ ponds, calcs for first flush 24 hr release (1”dry pond; 0.5” wet pond)

83%

0%

17%

0%

O & M plan for permanent water quantity and quality structures

67%

0%

33%

0%

Provisions to minimize extent and duration of disturbance (phasing)

33%

0%

50%

17%

Provisions to minimize cut and fill (utilize natural topography)

50%

0%

17%

33%

Location of temporary sediment control measures shown/described on plan

100%

0%

0%

0%

Location of permanent sediment control measures shown/described on plan

100%

0%

0%

0%

Temporary and permanent EP&SC measures located properly

100%

0%

0%

0%

Drawings and/or specifications for temporary EP&SC measures

83%

17%

0%

0%

Drawings and/or specifications for permanent EP&SC measures

83%

17%

0%

0%

Sediment basin for disturbance of 10 ac or more draining to single outlet

100%

0%

0%

0%

Water quality compliance with 80% 0.5 ml/L discharge for BMPs

83%

0%

17%

0%

Design calculations & specifications for sediment basins

83%

17%

0%

0%

Proper inlet protection shown/described

83%

17%

0%

0%

Proper outlet protection shown/described

100%

0%

0%

0%

0%

0%

0%

100%

Maintenance requirements during construction

100%

0%

0%

0%

Responsible party for maintenance during construction
Maintenance plan agreement signed by the financially responsible entity for
permanent structures

83%

17%

0%

0%

83%

0%

17%

0%

Erosion and Sediment Control

Individual lot erosion control plan (applicable to subdivisions)

Table B-6. Criteria Scoring Results for Field Inspection of SC DHEC Sites
SC DHEC FIELD INSPECTION
Yes
(1)

Yes
(.5)

No
(0)

N/A
(x)

General Site Information
Streams/ponds/drainage ways identified in field correctly delineated on
plan?

50%

0%

17%

33%

Wetlands identified in field correctly delineated on plan?

50%

0%

0%

50%

Are all erosion/sediment control measures on plan installed?

17%

33%

50%

0%

No additional measures (not shown on plan) needed
Have all denuded areas requiring temporary or permanent stabilization been
stabilized?

17%

0%

83%

0%

17%

17%

67%

0%

Are finished cut and fill slopes adequately stabilized?

50%

0%

50%

0%

Do all operational storm sewer inlets have inlet protection in place?

33%

0%

50%

17%

Are inlet controls installed/maintained adequately?

17%

50%

17%

17%

Are outlet stabilization measures in place?

100%

0%

0%

0%

Are outlet controls installed/maintained adequately?
Are individual lot erosion controls in place? (applicable to subdivisions
only)
Have all other erosion/sediment control structures been repaired/maintained
according to the plan specifications and as needed?

67%

17%

17%

0%

0%

0%

0%

100%

33%

17%

33%

17%

Are offsite impacts to streams or other waterbodies minimized?

33%

0%

50%

17%

Are offsite impacts to wetlands minimized?

0%

0%

50%

50%

Are offsite impacts to adjoining properties minimized?

33%

33%

33%

0%

Are stormwater management devices shown on plan properly installed?

17%

17%

17%

0%

Are stormwater management devices properly maintained?

50%

33%

33%

0%

SCORING CRITERIA

Erosion and Sediment Control

Stormwater Management

Appendix C
Site Photographs

Photo 1. Excessively large detention pond in subdivision with perennial stream
running through it (Site 1-Co)

Photo 2. Outflow of large detention pond at Site 1-Co

Photo 3. Gully erosion at Site 1-Co

Photo 4. Poor inlet control and soil stabilization at Site 1-Co

Photo 5. Poor inlet control at site 2-Co

Photo 6. Very poor erosion control at site 4-Co

Photo 7. Erosion gullies along road at site 4-Co

Photo 8 – Sediment impacts to wetlands at site 4-Co

Photo 9 – Result of lack of stormwater detention at site 4-Co

Photo 10. Poor vegetative stabilization outside pond area, Site Co-5

Photo 11. Misuse of silt fence in area of concentrated flow, site 5-Co

Photo 12. Confluence of stream flowing from site to Reedy River, site 5-Co

Photo 13 – Excessive sedimentation, site 8-Co

Photo 14. Poor pond slope stabilization, site 9-Co

Photo 15. Excessively steep, poorly stabilized pond slopes and channelization in
pond interior, Site 9-Co (majority of flow to pond bypasses sediment
forebay, which is shown Photo 14)

Photo 16. Poor individual lot controls, site 9-Co

Photo 17. Lack of temporary vegetative stabilization at site 11-Co

Photo 18. No vegetative stabilization and excessive erosion at site 13-Co

Photo 19. Unstable steep slope above creek at site 1-City

Photo 20. Perennial spring flowing from site 1-City (spring is now buried)

Photo 21. Rock check dams inappropriately placed in live perennial stream, site 1City (stream is now buried)

Photo 22. Uncontrolled stormwater runoff flowing from City site onto public park

Photo 23. Sedimentation in public park due to City site runoff shown in Photo 22

Photo 24. River of mud flow directly to tributary at site DHEC-5

Photo 25. Lack of temporary stabilization at site DHEC-6

Photo 26. Poor inlet control and soil stabilization at site DHEC-6

Photo 27. No outlet protection in pond at DHEC site

