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ABSTRACT

Nonpoint-source (NPS) pollution is a major source of water quality impairment in
Georgia’s waters. With rapid development in Georgia, turbid storm-water discharges from
construction sites has become the leading cause of NPS pollution. From August 1, 2000, to
the present the Georgia Environmental Protection Division (EPD) has accumulated turbidity
data from storm-water discharges associated with land-disturbing activities at construction
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PREFACE

The idea for this research originated when I worked for an environmental firm conducting
construction site inspection and sampling for Georgia’s NPDES permit. I spent three years
working in this area, during which time I had the opportunity to interact with contractors,
environmental consultants and State of Georgia employees. I was able to observe many of the
practices from each of these participants. This gave me a unique perspective of the Georgia

NPDES with respects to construction activity and motivated me to work on this project.
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CHAPTER 1

INTRODUCTION

1.1 PROBLEM STATEMENT

Nonpoint source (NPS) pollution is the nation’s largest source of water quality problems.
NPS pollution occurs whenever rainfall or irrigation runs over land or through the ground,
picks up pollutants and sediments, and deposits them into rivers, lakes, and coastal waters,
or introduces them into ground water.

The U.S. Environmental Protection Agency (EPA) reports that NPS pollution is the
main reason that approximately 40 percent of surveyed rivers, lakes, and estuaries are not
clean enough to meet basic uses such as fishing or swimming (EPA, 2001). Areas of our
nation and state are being developed at rapid rates, and with this development, storm water
from construction sites is one of the leading causes of NPS pollution (EPD, 2001).

Erosion from construction sites, exposed soils, street runoff, and streambank erosion are
the primary sources of sediment in urban runoff (EPD, 2001). Water quality degradation in
urbanizing watersheds starts when development begins. As land is developed and disturbed,
sediment moving off-site can be significant unless proper erosion control measures are imple-
mented. Urbanization increases the amount of runoff contributed to channels and quickens
the amount of travel time to receiving streams (Pate, 1983). Erosion from construction sites
and other disturbed areas contributes large amounts of sediment to streams.

Excessive sediment can be detrimental to aquatic life by interfering with photosynthesis,
respiration, growth, and reproduction. In addition, sediment particles transport other pollu-
tants that are attached to their surfaces including nutrients, trace metals, and hydrocarbons.

High turbidity due to sediment increases the cost of treating drinking water and reduces the
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value of surface waters for industrial and recreational use. Sedimentation can also reduce
the capacity of reservoirs and lakes, block navigation channels, fill harbors and silt estuaries
(EPD, 2001).

In an effort to reduce the sediment lost from these sites, construction Best Management
Practices (BMPs) have been developed. BMPs are methods that have been determined to
be the most effective, practical means of preventing or reducing pollution from storm-water
runoff. These include controls on scheduling activities, prohibitions of practices, maintenance
procedures, and other management practices (Dodson, 1998). The primary purpose of using
BMPs is to protect beneficial uses of water resources through the reduction of pollutant
loads and concentrations, and through reduction of discharges (volumetric flow rates) causing
stream channel erosion (DOE, 2002).

Because storm-water runoff is the major cause of impaired water quality in Georgia’s
streams, rivers, and lakes (EPD, 2001), the state of Georgia passed the National Pollu-
tant Discharge Elimination System (NPDES) in February of 2000 to regulate this growing
problem. Under the NPDES permit, land developers are required to have authorization from
the Georgia Environmental Protection Division (EPD), in order to discharge storm water
into state waters (EPD, 2000). As part of the NPDES permit, anyone disturbing more than

five acres of land must:

e Submit a Notice of Intent (NOI), develop an Erosion, Sedimentation & Pollution Con-

trol Plan;
e Complete a Comprehensive Monitoring Plan;
e Monitor the construction site during construction; and

e Submit a Notice of Termination after the site has stabilized.

Samples of storm water are taken at outfalls and/or receiving streams, after rainfall
events and tested for turbidity. This allows EPD to keep track of inadequate erosion and

sedimentation practices that occur on large construction sites.



Studies of BMP effectiveness have tended to focus on the forest and agricultural industries
and their effects on water quality within a particular watershed. For example, Vowell (2001)
conducted a multiple site bioassessment study in the northern region of Florida. Each of
four sites was adjacent to a perennial stream and was assessed before and after the forest
was clearcut. Leaving only a Streamside Management Zone (SMZ), no significant water
quality impairments were attributed to forestry activities. SMZs are buffers of vegetation
left adjacent to streams to help slow the velocity of storm water and allow sediments to filter
out. The post-treatment assessment of habitat smothering due to sediment overload and
stream bank stability also showed no change when compared to pre-treatment observations,
and all four sites remained in the optimal range in habitat assessment.

Hill investigated how tillage and wheel traffic effects runoff and sediment losses from crop
inter-rows. The researcher used two established tillage experimental sites in Maryland. Each
site had randomized complete-block designs with three replicates of continuous corn plots.
In each type of tillage, rainfall amount and intensity had a significant effect on runoff and
sediment loss.

Park et al. (1994) evaluated the effectiveness of BMPs on a watershed level. The
researchers focused on cropland BMPs on Nomini Creek watershed in eastern Virginia.
Using data from pre- and post-BMP implementation on a watershed scale, significant
decreases in sediment concentration were observed in the watershed following storm events
during the entire sampling period due to the implementation of the BMPs.

A similar study was conducted by Walker et al. (1995) on Garfoot and Brewery Creeks
in southern Wisconsin. Data was collected in each watershed from 1985-1986 before Dane
County’s voluntary NPS pollution conservation program was initiated. Data for this research
was again collected from 1991-1992. Over half of the barnyard and agricultural operations
in each watershed had voluntarily installed BMPs. Substantial decreases in storm mass

transport of suspended sediments were detected in Brewery Creek watershed after the BMP



installation. In contrast, there were no significant differences in suspended sediments between
pre- and post-BMP installation in the Garfoot Creek watershed.

The cumulative effects of development and the resulting changes to both storm-water
quantity and quality in the entire watershed determines the conditions of ecosystems in that
watershed (EPD, 2001). Extensive review of the available literature failed to uncover research
projects that dealt strictly with construction sites and the input of turbid storm water into
receiving waters.

In Georgia, the concentration of development in the northern part of the state is resulting
in high levels of erosion and sedimentation. (Kundell and Rasmussen, 1995). Significant
strides have been taken to reduce erosion and sedimentation from agricultural and forestry
operations through the use of best management practices (BMPs). BMPs have also been
used in an effort to control erosion from construction sites but institution of an effective
erosion control program for construction activities has proven less effective (Kundell and
Rasmussen,1995).

In 2000, Georgia adopted the National Pollutant Discharge Elimination System (NPDES).
Until this time, no state regulations existed regarding storm water exiting construction sites.
This regulation makes developers and contractors accountable for storm water that exits
large construction sites. They must report turbidity levels of storm water leaving disturbed
sites over five acres in size to EPD. Since the NPDES permit became effective in August of
2000, EPD has had neither the staff - nor the funds - to fully review turbidity data that it
has collected from the permittees.

This new step in storm-water regulation should benefit water quality in Georgia’s streams
and rivers; however, if this new law is not sufficiently enforced then it will soon be overlooked
by the developers and contractors. If enforcers of this regulation concentrate their efforts to
critical areas first, this would make improvements in enforcement effectiveness to the NPDES
permit. The goal of this research is to analyze the two years of turbidity data and define

what should be considered critical characteristics of the disturbed areas by studying different



variables such as area of disturbance, severity of storm, time of year, and linear vs. spatial

construction and determining their relationship to NPS pollution.

1.2 FACTORS AFFECTING SEDIMENT AND EROSION

Sediment is generated by the erosion of soils from the landscape. While erosion is found in
natural forests, it is accelerated by land disturbing activities, such as development, agricul-
ture, and timber harvesting.

Erosion begins with the impact of rainfall on the earth’s surface. If vegetation is present,
then the energy is absorbed by the leaves and stems of the cover canopy, or by the litter on
the soil surface. If however, bare soil is left exposed to the rain, then each raindrop transfers
some of its kinetic energy into the detachment of soil particles.

In addition to raindrop, or splash, erosion, water running across the surface of the soil
can also detach and transport sediment. This is called sheet erosion because the water is
flowing across the soil surface, and not in a defined channel.

Once in a channel, however, then the flowing water can form gullies, especially where

steep slopes are present.

Splash Erosion - Erosion caused by the impact of raindrops on the ground surface.

Sheet Erosion - Erosion caused by the overland flow of water.

Gully Erosion - Scouring from concentrated overland flow or ground-water sapping from
subsurface flow.
1.2.1 SpLASH EROSION

Splash erosion results from the energy contained in individual raindrops. The energy, F,

available in each raindrops is just:

(1.1)



where m is the mass of the drop, estimated using the volume, V', and density, p:

4 s

m:pV:p(37rT3):6pd3 (1.2)

where d is the raindrop diameter. The terminal velocity of each raindrop, v, can also be

estimated using the raindrop diameter:
v =120 d°? (1.3)

resulting in:

1

Fogs, with droplet diameters less than 100 pum, essentially have no downward velocity.
Drizzles, with droplet diameters between 100 and 500 um, have a very small fall velocity,
and rain, with droplets greater than 0.5 mm, are the primary contributors to splash erosion.

A light rain with an intensity < 2.5 mm/hr has little erosion potential, a moderate rain of
between 2.5 and 7.5 mm/hr has a greater potential for erosion, while heavy rains, intensity
> 7.5 mm/hr has substantial erosion potential. Clearly, however, the duration of energy
is the key, so that a long-duration storm creates more favorable conditions for soil splash
erosion. Using data from Table 1.1, a rainfall intensity of 250 mm/hr (equal to one inch in

six minutes) produces (2 W/m?) x (10,000 m?/ha) = 20 kW /ha of energy.

Table 1.1: Energy as a function of precipitation intensity

Intensity Energy
mm/hr  W/m?
0.25 0.000565

0.5 0.00128
1 0.00290
2.5 0.00855
) 0.0194
10 0.0439
25 0.129
50 0.293
100 0.664

250 1.96




1.2.2 SHEET EROSION

Sheet erosion refers to the overland flow of stormwater. Once soil particles have been
detached, it is sheet erosion that keeps the soil particles moving to local rivers and streams.

A predictive model that describes this process is the Universal Soil Loss FEquation:
A=R-K-LS-C-P (1.5)

R Factor - Rainfall Energy factor, a function of the number, intensity, and duration of

storms throughout the year.

K Factor - Soil Erodibility factor, a function of particle size distribution of the soil and the

organic matter content.

LS Factor - Length-Slope factor, a function of the topography of the area contributing to

streams.

C Factor - Vegetation or crop factor, a function of the canopy density, type of crop, type

of plowing method, etc.

P Factor - Conservation practice factor, a function of management practices that can be

used to reduce erosion, such as contour tillage.

1.2.3 CHANNEL EROSION

Once sediment has reached a channel, then the energy available to lift and transport the
sediment determines what materials are carried as suspended load, versus that component

that moves along the bed of the stream.

Suspended Sediment - Sediments entrained within the water column

Bedload Sediment - Sediments moving along the channel bottom



STOKES’ LAw

The fall time of a particle in water can be determined using a balance of forces. We first

calculate the gravitational force, Fy, that causes a soil particle to settle in the water:
F, =g M, (1.6)

where g is the force of gravity, and M, is the buoyant mass of the sediment particle, adjusting

for the weight of water, equal to:

4
M, = (ps - pw) Vs = (ps - pw) (7 713) (17)
so that:
4
Fy=9 (ps—pu) Vo= —= Ay (1.8)

where Ay = g (ps — pw) is the net specific weight of the soil particle. Note that if the particle
is lighter than water, such as dry wood or an air bubble, then the specific weight is negative,
and the particle will rise.

The viscous force, F,, resisting the fall of the particle was determined by Stokes, in 1851.

He found the viscous drag for a spherical particle to be:
F,=6nmpvr (1.9)

At steady state, the gravitational force must exactly counterbalance the viscous drag force,
F, = F,, yielding:
4

TA’}/T’?’:(S?T/LUT’ (1.10)

Solving for the unknown velocity yields:

Ay (1.11)

Nl )

2
V=~ —
]
The settling time, 7, for a specified distance, Az, is:

_ B2k B (1.12)

T r2 Avy



1.3 CONSTRUCTION SITE RUNOFF REGULATIONS IN THE SOUTHEAST

1.3.1 GEORGIA’S NPDES REGULATION, 2000-2003

Since 1992, the Georgia Environmental Protection Division (EPD) has attempted - on five
separate occasions - to establish an NPDES permit system for regulating storm water exiting
construction sites. With each attempt, there was an appeal by the environmental commu-
nity, citizens and/or the development industry. On August 1, 2000, the first NPDES permit
became effective in the State of Georgia. This made Georgia the last state in America to
have an NPDES storm-water construction permit in place.

Beginning on August 1, 2000, all sites that disturb five acres or greater and less than
250 acres must obtain an NPDES permit from EPD. There are three tiers of permittees
that need a general storm-water permit in Georgia for land disturbance. The first is the
Primary Permittee which includes owners, general contractors and operators of a project
that are in charge of daily operations. Next is the Secondary Permittee, which includes
individual builders, utility companies, and utility contractors within a common development.
The third is the Tertiary Permittee, which includes individual builders within the surface
water drainage area. Normally, the Primary Permittee is also responsible for submitting a
Notice of Termination for the surface water area (EPD, 2000).

There are five main requirements that are necessary to complete under the NPDES

permit.

1. A Notice of Intent (NOI) must be completed and delivered to EPD before construction
begins at the site. Information in the NOI includes:
e the type of construction that will occur,
e the amount of land that will be disturbed,
e information about the developer,

e the size of the watershed, and
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e the type of stream that will be receiving storm water that exits the construction

site.

2. An Erosion, Sedimentation and Pollution Control (ES&PC) plan must be designed by a
certified professional. The ES&PC plan gives a description on the type of erosion control
measures and the phasing of these measures that will be used during the construction
phase of the project. The Primary Permittee must amend changes that are necessary

during the construction phase (EPD, 2000).

3. A Comprehensive Monitoring Plan (CMP) must be prepared by a licensed professional,
and describes the basic components of the monitoring program for the site. It details
the sampling, inspecting and reporting that will occur during the construction of the

project.

4. The actual implementation of the inspections and record-keeping. The site must be
inspected a minimum of once every seven days and after every one-half inch of of rain

in a 24-hour period.

5. A Notice of Termination (NOT) must be submitted to EPD. The NOT notifies EPD

that the site is 70% stabilized and no other monitoring will be conducted (EPD, 2000).

Required NOI and NOTE forms, along with example forms for Stormwater Monitoring, Site
Inspection and Maintenance, and Site Field Report are shown in Appendix B.

During construction, the site must be inspected on a weekly basis by Qualified Personnel.
Qualified Personnel is a person who has successfully completed an erosion and sediment
control short course eligible for continuing education units, or an equivalent course approved
by EPD and the Georgia Soil and Water Conservation Commission (EPD, 2000). Qualified
Personnel must also inspect the site following every half inch of rainfall in a 24 hour period
until an NOT is submitted. An inspection report must be completed with each inspection

and kept on file and available for EPD upon request (EPD, 2000).
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During the construction phase, samples must be collected of storm-water discharges from
the site and tested for turbidity. Samples are collected from outfalls or upstream/downstream
of the construction site, these points are identified in the CMP. Once the construction begins,
a sample of the storm-water discharge must be collected after the first one-half inch rain
event. Samples must also be taken after the first one-inch rain event of the month and every
two-inch rain event of the month during the construction phase. A final sample must be
taken after the last one-half inch of rainfall after the site has been stabilized. The samples
must be collected either manually or automatically within 45 minutes of a rainfall event or
when discharge begins. The turbidity results along with the associated rainfall amounts are
sent to EPD at the end of each month (EPD, 2000).

As part of the CMP, a rationale must be included for the NTU limits for the disturbance.
This rationale is determined by a table in the permit (shown as Appendix C), which takes
into account the size of the site disturbance, the size of the surface water drainage area, and
the type of receiving waters (either trout stream or warm water fisheries). For example, if a
site of 51 acres in a warm water drainage area of 70 square miles, the NTU value used is 100
NTU. Therefore, there should be less than 100 NTU difference between the upstream and

downstream turbidity samples for the site.

1.3.2 GEORGIA’S NPDES REGULATION, 2003—-PRESENT

On August 13, 2003, an amended Awuthorization to Discharge Under the National Pollu-
tant Discharge Elimination System Storm Water Discharges Associated with Construction
Activity became effective. Much of the original general permit’s regulations remained intact
but there were several important changes in the permit.

One of the main changes Georgia instituted in the amended permit was to divide the orig-
inal permit into three separate permits. One permit was for stand-alone construction projects
(EPD, 2003a). This permit was intended for sites that have no secondary permittees and are

not infrastructure projects. Examples include convenience stores and strip malls. A second
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permit was for infrastructure construction projects (EPD, 2003b). This permit was intended
for linear projects constructed by utility contractors such as road construction, transmission
of gas, water or sewer. The last permit was for common-development construction projects
(EPD, 2003c) This permit covers construction activity with secondary and/or tertiary per-
mittees such as residential subdivisions and malls with out-parcels.

Another major change between the first permit and the amended permit was the size of
the land disturbance that requires a permit. The original permit required sites five acres or
larger to obtain authorization to discharge storm water from the construction site. Under
the amended permits the site size was reduced to one acre or larger.

The monitoring requirements were also altered in the amended version of the state permit.
The original permit required that a Comprehensive Monitoring Plan be developed for con-
struction sites. The monitoring plan identified the outfalls and/or streams that were to be
monitored during construction phase of the site. This part of the permit was eliminated and
a Comprehensive Monitoring Plan is no longer required as part of the permit (EPD, 2003a).

The sampling frequencies were also changed from the original permit. Under the permit
from 2000-2003 construction sites were required to sample outfalls and/or streams after
the first one-half inch of rainfall once construction had begun. It was also a requirement
to sample after the first inch of rainfall and every two inches in a 24-hour period of every
month during the construction phase. The site was also to be sampled after a one-half inch
of rainfall after the site was 70% stabilized. The amended permit only requires that the
outfall and/or streams be sampled after the first one-half inch of rainfall after all clearing
and grubbing operations have been completed and after the first one-half inch of rainfall
after all mass grading has been completed or ninety days after the first sample, whichever
comes first. This was expected to substantially reduce the number of sampling events during
the duration of the construction phase (EPD, 2003a; EPD, 2003b; EPD, 2003c).

Finally, a storm-water fee was also instituted that was not required in the original permit.

The state now requires $80 per disturbed acre that is sent to EPD if the project is not regu-
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lated by a Local Issuing Authority. If a County or Municipality is a Local Issuing Authority,
then $40 per disturbed acre fee should be sent to the County or Municipality and $40 per
disturbed acre fee should be sent to EPD. A completed General Permit Fee form should be
included with the fee when sent to EPD. This fee should generate money that will assist
EPD with enforcement issues (EPD, 2003d).

1.3.3 OTHER SOUTHEASTERN STATES’ REGULATIONS

Sedimentation of streams and rivers is not a problem limited to Georgia - it is an issue in
every state in America. To help reduce the amount of sediment loads in streams, many states
have established programs to regulate storm-water discharges from construction sites.
Regulations of several states in the Southeast were examined to provide examples that
could be used to compare with the NPDES regulations established by Georgia. Three states
were chosen due to their proximity to Georgia and availability of information regarding their
NPDES programs. The three states discussed below are Tennessee, South Carolina, and

Florida.

TENNESSEE

Tennessee’s first NPDES Permit for Storm Water Discharges Associated with Construction
Activities was promulgated on September 26, 1992, as State Rule 1200-4-10-.05. The original
permit expired September 26, 1997. A second NPDES Permit for Storm Water Discharges
Associated with Construction Activities followed the original permit with minor changes and
is still in effect today. Tennessee’s NPDES permit sets forth a set of minimum controls that
operators of construction sites must use (DEC, 2003).

The original permit required the following:

1. That a site-specific erosion and sediment control plan be prepared and implemented

for the site (a copy of the plan retained on site);
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2. That storm-water discharges not have adverse effects on streams (no visible pollution
such as floating scum, oil or an objectionable color contrast in the receiving stream, or

toxic effect);

3. That checks and repairs of controls be performed and certain record keeping (checks
and repairs weekly in dry periods, and within 24 hours after any rainfall of one-half

inch or greater); and

4. That the site plan take into consideration the effects of runoff from the site after the
site has been completed, post-construction storm-water controls, such as open, vege-
tated swales and natural depressions; structures for storm-water retention, detention,
or recycling; velocity dissipation devices to be placed at the outfalls of detention or

retention structures or along the length of outfall channels.

There were several changes from the original permit to the latest permit. The state of
Tennessee now requires that operators of all construction sites that disturb more than five
acres send in a Notice of Intent before authorization to discharge runoff from construction
sites is granted. A Storm Water Pollution Prevention Plan must also be completed and
submitted along with the NOI. This plan outlines the Best Management Practices that will
be used during construction to assist in preventing storm water from reaching state waters.

Operators of construction sites also must fill out an inspection form once a week and
after one-half inch of rain. The inspection forms are sent to the Tennessee Department of
Environment and Conservation for review at the end of each month. The State of Tennessee
also requires a fee of $150 for sites between one and five acres and $250 for sites five acres

and greater (DEC, 2003).

SouTH CAROLINA

In 1991, South Carolina passed the Storm Water Management and Sediment Reduction

Act. This act authorized the Department of Health and Environmental Control (DHEC)
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to delegate the implementation of the Sediment, Erosion, and Storm water Management
Program to qualifying local entities. Permitting, inspection, and enforcement activities are
included in this act and the Department began encouraging local entities to enforce these
actions on land disturbing activities (DHEC, 2003).

Storm-water management and sediment and erosion control plans are reviewed by DHEC
in the appropriate division office. Each division office is staffed with an engineer and a storm-
water inspector. These district offices have an understanding for the types of activities, which
are going on in the surrounding area and the varying site conditions in the region. The
regional offices are also responsible for handling inspections and complaints on permitted
projects (DHEC, 2003).

Once the storm-water management and sediment and erosion control plans have been
approved, construction activities may begin at the project site. The District Office is respon-
sible for conducting on-site inspections of the project and their duties are as follows (DHEC,

2003):

1. Ensure that the approved storm-water management and sediment control plans are on

the project site and are complied with;

2. Ensure that every active site is inspected for compliance with the approved plan on a

regular basis;

3. Provide the person responsible for the land disturbing activity with a written report
following every inspection that describes:
(a) The date and location of the site inspection;
(b) Whether the approved plan has been properly implemented and maintained;
(c¢) Approved plan deficiencies; and

(d) The actions taken.
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4. Notification of the person responsible for the land disturbing activity in writing when

violations are observed, describing the:

(a) Nature of the violation;
(b) Required corrective action; and

(¢) Time period for violation correction.

South Carolina uses fees for land-disturbing activities to help fund erosion control enforce-
ment. Projects that disturb more than two acres must pay the storm-water management and
sediment and erosion control permit application fee of $100 per disturbed acre with a max-
imum fee of $2,000. These projects are also required to pay the $125 storm-water NPDES

Construction General Permit coverage fee (DHEC, 2003).

FLORIDA

In October 2000, the Florida Department of Environmental Protection (DEP) adopted the
Generic Permit for Storm Water Discharge from Construction Activities. The rule affects
sites that disturb five or more acres of land. In May of 2003 acreage of disturbance was

reduced from five acres to one acre. The requirements of the Construction Generic Permit

(CGP) are as follows (DEP, 2003):

1. A Notice of Intent (NOI) must be submitted to obtain permit coverage. Latitude and
Longitude coordinates must be given for the site along with information on receiving

waters;

2. A storm-water pollution prevention plan (SWPPP) must be developed and imple-

mented to be in compliance with the permit. The SWPPP must include the following:

(a) A site evaluation of how and where pollutants may be mobilized by storm water;

(b) A site plan for managing storm-water runoff; and



17

(c) Identification of appropriate erosion and sediment controls and storm-water best
management practices (BMPs) to reduce erosion, sedimentation, and storm-water

pollution.
(d) A maintenance and inspection schedule;
(e) A record keeping process; and

(f) Identification of storm-water exit areas.

3. A Notice of Termination (NOT) must be submitted to discontinue the permit coverage.

The site must be 70% stabilized before submittal of the NOT.

4. An application fee must be paid upon the arrival of the NOI. The fee amounts are
$300 for a site larger than five acres and $150 for sites disturbing between one and five

acres (DEP, 2003).

COMPARISON TO GEORGIA NPDES RECGULATIONS

Many similarities exist among regulations in the three states that were reviewed and Georgia.
The one major difference is the sampling requirements for the NPDES regulations of Georgia.
The State of Georgia requires that outfalls and receiving streams adjacent to construction
sites be sampled and tested for turbidity after rainfall events.

The sampling requirements are a proactive approach that the state of Georgia has taken
in an attempt to quantify the negative effects that storm-water runoff from disturbed con-
struction sites have on the state’s waters. The turbidity results are sent each month to local
EPD offices for review. The turbidity results should help EPD enforcement to concentrate
their efforts on the sites that are allowing highly turbid storm water to exit the construction
sites.

Another obvious difference between the state of Georgia’s NPDES regulations and those
of the three Southeastern states that were researched is an application fee. Tennessee, South

Carolina, and Florida require applicants to pay a fee before obtaining an NPDES permit. In
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Georgia’s NPDES permit from 2000-2003, there were no fees required to obtain authorization
to discharge storm from construction sites.

Recently, in the amended permit, Georgia has adopted the fee system which will allow
the state to generate funds. EPD is understaffed and do not have the manpower to review all
of the turbidity data and inspect the sites that are in violation of the permit. Now that EPD
requires fees be paid upon submittal of the NOI, hopefully that will generate the necessary

funds to hire employees that could enforce the NPDES regulations in Georgia.

1.4 RESEARCH OBJECTIVE AND HYPOTHESES

This project evaluated variables associated with construction site BMPs in an effort to deter-
mine which variables were most closely associated with pollutant reduction. Specific variables
that were examined include the areal extent of land-disturbing activities, storm severity, time
of year, and linear vs. spatial construction. These variables were selected with the intent of
providing a means for prioritizing enforcement of the Georgia’s National Pollutant Discharge
Elimination System regulation.

Four hypotheses were evaluated:

1. Greater turbidities are associated with larger areas of land-disturbing activities.
Definitive research data in support of this hypothesis is lacking, yet the issue of distur-
bance area was an important issue during the policy debate related to regulating storm-
water discharge from construction sites. While splash and sheet erosion are clearly
independent of disturbance area, channel erosion may increase with area due to larger

velocities associated with channelized flows.

2. Greater turbidities are associated with larger precipitation events.
The Universal Soil Loss Equation predicts that sheet erosion should increase with
increasing rainfall energy. Thus, larger precipitation events should be positively corre-

lated with turbidity if the energy increases with the precipitation rate.
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3. Time of year does not affect turbidity.
The effects of soil moisture variation on runoff were not considered during the policy
debate in Georgia. Time-of-Year BMPs were not included in the development of Ero-
sion, Sedimentation, and Pollution Control Plans, as were consideration of wet season
vs. dry season construction activities. From a scientific perspective, variations in sea-
sonal turbidities should be expected due to variations in the propensity of runoff and

erosion.

4. Linear construction sites produce less turbidity than spatial construction sites.
One assertion made by utility companies during the policy debate was that linear con-
struction projects (e.g., pipelines, roads) generate less turbidity than spatial projects.
This assertion was based on the presumption that only smaller subareas within a
linear project are disturbed at any one time and these subareas are stabilized prior
to advancing to the next disturbance subarea. This type of project is different from a
spatial project, in that the area of disturbance within a spatial project is not staged
in a similar manner. In effect, larger areas of the site are left in a disturbed state on a

spatial project.

To evaluate these hypotheses, data from twenty sites were analyzed. Chapter 2 outlines
the methods used to collect data and focuses on discussing the site variables that may be
related to storm-water discharge from construction sites. Chapter 3 presents and discusses
data collected from twenty construction sites in Northeast Georgia. Chapter 4 discusses
recommendations that is intended to improve the current regulation of storm-water discharge
from construction sites in Georgia. Specific guidance is provided for an enhanced set of
sampling requirements as well as more effective means of data management. As part of the

final chapter a summary of conclusions associated with the research presented in this thesis.



CHAPTER, 2

METHODS

This project examines the variables and combinations of variables for their effects on storm-
water discharges from construction sites. The purpose of the project is to assist EPD in
enforcing the NPDES regulations. The variables that will be considered while conducting
this research are area of disturbance, severity of storm, time of year, and linear vs. spatial

construction.

2.1 DaAtA COLLECTION PROCESS

At the onset of a development of five acres or more, the developer must notify EPD with
a Notice of Intent (NOI). Included in the NOI are what type of construction will occur,
the amount of land that will be disturbed, information about the developer, the size of the
watershed, and what type of stream will be receiving storm water that exits the construction
site.

The developer must also create an Erosion and Sedimentation Pollution Control (ESPC)
Plan and a Comprehensive Monitoring Plan (CMP). The ESPC plan is a document that
outlines the type of BMP’s the developer plans to use to prevent turbid storm water from
reaching the state’s waters. The CMP is a document that states where the developer plans
to collect samples for the construction site. Finally, the developer must submit a Notice of
Termination (NOT) once the construction site has been stabilized.

During construction, the site must be inspected on a weekly basis by Qualified Personnel.
Qualified Personnel is a person who has successfully completed an erosion and sediment

control short course eligible for continuing education units, or an equivalent course approved
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by EPD and the Georgia Soil and Water Conservation Commission (EPD, 2000). A Qualified
Personnel must also inspect the site following every one-half inch of of rainfall in a 24 hour
period.

When construction begins, an initial sample must be taken after the first one-half inch
of of rainfall at the locations designated by the CMP. Following the initial sample, samples
are taken after the first one inch of rainfall and every two inches of rainfall during the
month. Turbidity levels are taken of the sample and reported to EPD on a monthly basis.
The turbidity is tested at the time the sample is taken with a specific turbidity meter. The
sample is stored in a small vile and put into the turbidity meter, light is refracted from the
particles in the sample and an nephelometric turbidity unit (NTU) is applied at this time.

Since August 1, 2000, turbidity data has been collected and reported to EPD on storm-
water discharges from constructions sites greater than five acres. Accompanying the turbidity

data is also the amount of rainfall that the site received at the time the sample is collected.

2.2 SITE SELECTION

Turbidity data was collected from EPD Northeast Regional office in Athens, Georgia between
December 2002 and May 2003. The sampling and reporting requirements have changed since
that time, so all of the data that will be discussed in this section are from the original
NPDES permit from 2000-2003. I was able to obtain turbidity data from twenty sites in the
northeast Georgia region. Several of the sites have data that span over a period of several
years.

EPD Northeast Regional office supplied a list of NOI's that had been submitted since the
inception of the NPDES permit requirement in Georgia. Based on the number of sites that
have been constructed over the two-year period, EPD Northeast Regional office has received
a large number of monthly turbidity reports. The turbidity data that was received were not
filed by the specific site; they were filed by the month and year. For example, all sites under

construction in the northeast Georgia region in May 2001 were found in the May-2001 file.
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This system of data management made it particularly difficult to follow the turbidity
results for a particular site. I had to choose a site and begin going through each month from
the start date and try to determine when the construction at that site was complete. In
many instances there would be gaps in the monthly data for a particular site - either there
were no reports submitted by the developer or they were not filed in the correct monthly
file. There were also variable reporting styles, and in some cases made it hard to make any
determination of what was actually happening at the site. I examined monthly reports that
were hand written on notebook paper and others that were so technical it was difficult to
even find the turbidity results and the associated rainfall.

As mentioned previously, the data is highly variable and during the collection process I
tried to choose sites that I felt had reliable results. I made this determination based primarily
on the way the results were submitted to EPD. If the reports were legible, professional and
consistent then they were considered for use. If there appeared to be gaps in the data that
particular site would be excluded from the study. Also if the reports were not legible or I was
not able to decipher the information from the reports, those sites were also excluded from
the study. This site selection process could have created a bias toward more professional

oriented monitoring systems, therefore possibly creating a bias in the overall study.

2.3 ProJect TYPES

A linear project is a land-disturbing activity that is long and narrow, such as a water or
sewer line. Examples of linear projects are shown in Figure 2.1. A spatial project is a land-
disturbing activity which covers a broader area, such as a shopping mall or a subdivision.

Figure 2.2 presents an example of a spatial project.



Figure 2.1: Examples of linear construction projects with Best Management Practices.
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Figure 2.2: Example of spatial construction where a large area has been cleared prior to
development. Upper photograph taken before erosion and sediment control measures have
been installed. Lower photograph taken after installation of erosion and sediment control
measures.



CHAPTER 3

REsuLTS

Table 3.1 summarizes the sites selected for investigation. Note that more than one entry
is present for some sites. In these cases, there were multiple points on the site that were
monitored.

Table 3.2 presents all data analyzed in this study. Note that no data is present during
months in which no turbidity data were collected. In these cases the sites did not receive a

qualifying amount of rainfall.

3.1 DATA SUMMARY

Figure 3.1 provides a time-series plot of monthly averages for all twenty sites for the period of
record. Also shown in Figure 3.1 are the increases in turbidity from upstream to downstream
sites.

The minimum, average, and maximum turbidities for the upstream sites are shown in
Figure 3.2 (top). Equivalent plots for downstream turbidities are also shown in Figure 3.2
(middle), along with the increase in turbidity from upstream to downstream sites, Figure
3.2 (bottom).

A scatterplot between upstream and downstream sites are presented in Figure 3.3 as a
function of monthly observations. One can see a weak relationship between the two data
series, with many outliers, both for conditions when upstream sites have much higher values
than downstream sites, and vice versa.

Figure 3.4 presents boxplots of upstream and downstream turbidities, along with the

turbidity increase from upstream to downstream sites. Note the large difference between the
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Table 3.1: Characteristics of 20 North Georgia land distured sites used to evaluate variables

associated with sediment production associated with construction activities

Site Year Type Area Sampling
acres

1A 2001 Spatial 12.1  Outfall
1B 2002 Spatial 12.1  Outfall
1C 2003 Spatial 12.1  Outfall
2 A 2001 Spatial 12.8 Stream
2B 2002 Spatial 12.8 Stream
2C 2003 Spatial 12.8 Stream
2 A1 2002 Spatial 12.8 Outfall
2 B1 2003 Spatial 12.8 Outfall
3A 2002 Linear 17.5 Stream
3B 2003 Linear 17.5 Stream
3 Al 2002 Linear 17.5 Stream
3B1 2003 Linear 17.5 Stream
4 2001 Spatial 89  Stream
5A 2002 Spatial 12.4  River
5B 2003 Spatial 12.4 River
6 2002 Spatial 17  Stream
7TA 2002 Linear 38  Stream
7B 2003 Linear 38  Stream
8 2001 Spatial 14  Stream
9 2001 Spatial 19  Outfall
10 2001 Spatial 24  Stream
11 2001 Spatial 11  Outfall
12 2001 Spatial 54  Stream
13 2001 Spatial 82  Stream
14 A 2001 Spatial 105 Stream
14 B 2002 Spatial 105 Stream
14 C 2003 Spatial 105 Stream
15 2002 Spatial 58  Outfall
16 2002 Spatial 24  Stream
17A 2002 Linear 13.7 Stream
17 A1 2003 Linear 13.7 Stream
17B 2002 Linear 13.7 Stream
17 B1 2003 Linear 13.7 Stream
18 A 2001 Spatial 23 Outfall
18 B 2002 Spatial 23  Outfall
18 C 2003 Spatial 23  Outfall
19 A 2001 Linear 8.4  Stream
19 B 2002 Linear 8.4  Stream
20 2001 Linear 7.2  Stream
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Table 3.2: Event precipitation (inches) and associated event turbidity (NTU) for each of 20
north Georgia construction sites during the study period

Month
Site Type Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1A Precip 1.6 15 54
Up 1860 864 600
Down 1140 858 1000
1B Precip 22 1.7 1.7 2 1.3 1.2 3.3 1.5
Up 110 42 60 37 32 37 41 48
Down 140 28 51 51 41 48 47 39
1C  Precip 1.5 1.7
Up 42 37
Down 38 29
2A  Precip 1.3 1.9 24 1.7 45
Up 502 442 150 280 190
Down 751 650 850 1056 420
2B Precip 24 18 1.6 2 1.2 3.3 1.8
Up 25 11 11 28 35 230 59
Down 30 19 9 31 42 270 71
2C  Precip 1.5 1.7 1.8 3.5
Up 42 38 64 120
Down 50 45 70 135
2A1 Precip 24 18 1.6 2 1.2 3.3 1.8
Up 210 110 45 41 52 400 59
Down 305 125 51 32 38 180 71
2B1 Precip 1.5 1.7 1.8 3.5
Up 94 72 74 115
Down NF NF 58 85
3A  Precip 23 3.1 1.5
Up 17 67 30
Down 23 71 38
3B Precip 1.5 1.8 0.6
Up 64 72 32
Down 78 89 38
3A1 Precip 23 31 15
Up 30 52 41
Down 36 59 57
3B1 Precip 1.5 1.8 0.6
Up 29 30 42
Down 34 32 o1
4 Precip 0.8 1.2 1.1 2.2 3.8 1.2 1.1
Up 23 550 150 1000 110 100 180
Down 36 38 NF 6300 190 650 82
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Month
Site Type Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
5A  Precip 0.8 35 1.2 23
Up 157 410 150 175
Down 142 470 184 133
5B Precip 1.5 1.9 2.1 3.5
Up 231 471 532 212
Down 243 454 511 256
6 Precip 0.7 22 2.3 4.5 1.2 1
Up 82 101 85 310 57 26
Down 98 48 110 800 69 29
7TA  Precip 1.5 1.6 1.2 27 1.9
Up 45 55 175 90 55
Down 80 70 160 200 130
7B Precip 3 1.8 1.5
Up 190 21 128
Down 380 50 148
8 Precip 0.8 1 2.8 1.9
Up 2800 2200 1600 210
Down 2840 2295 6120 245
9 Precip 1.6 1.4 1.7 1.1
Up 80 50 50 45
Down NF 150 95 60
10 Precip 1.1 1.2 25 11 13 1.1
Up 200 180 280 140 140 175
Down 140 120 300 160 280 197
11 Precip 1.3 14 1.1
Up 280 2600 290
Down 300 800 320
12 Precip 1.2 1.1 1.1
Up
Down 2400 250 220
13 Precip 1.5 1.6 28 26 1.1
Up 450 320 3000 700 400
Down 540 440 1700 850 540
14A  Precip 1.7 25 22 22 1.2 1.2
Up 160 450 100 220 130 110
Down 200 180 65 250 120 140
14B  Precip 1.3 2.5 1 1.7 1.8 16 1.1
Up 74 64 24 24 371 27 33
Down 66 90 28 36 55 90 82
14C  Precip 1.2
Up 14
Down 37
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Month
Site  Type Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
15 Precip 06 1.8 19 1.7 25 1.1 .1 1.2 1.2
Up
Down 156 195 592 730 730 200 340 60 25
16 Precip 1 .1 1.2 1.2 1.4 15 1.3
Up 4 12 56 10 14 3 10
Down 20 22 39 320 72 24 26
17A Precip 0.7 1.1
Up 32 40
Down 80 270
17A1 Precip 19 16 08
Up 19 18 20
Down 21 27 32
17B  Precip 0.7 1.1
Up 28 35
Down 55 350
17B1  Precip 1.9 1.6 0.8
Up 85 12 15
Down 55 21 27
18A  Precip 1.2 2.1
Up
Down 1100 550
18B  Precip 3.1 1.8 3 2.9 1.5 21 13 1.2
Up
Down 120 34 16 260 38 55 65 66
18C  Precip 1.2 0.7
Up
Down 168 68
19A  Precip 25 19 2.1
Up
Down 8000 800 1400
19B  Precip 2 3 2 13 15 1 1 1.2 0.7
Up
Down 740 1350 707 73 60 225 27 312 201
20 Precip 0.7 15 1 1.8 2.2 0.8
Up 12 38 14 45 80 28
Down 20 45 25 78 112 34
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Figure 3.1: Average upstream and downstream turbidities (top, left axis), average turbidity
increases (bottom, left axis) and average precipitation (right axis) for all monthly data.
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Figure 3.2: Maximum, average, and minimum turbidity readings for upstream (top), down-
stream (middle), and increase between upstream and downstream sites (bottom).
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Figure 3.3: Scatterplot between upstream and downstream turbidity for all observations used

in the study. Top plot are all data. Bottom plot are monthly averages.
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Figure 3.4: Boxplot of upstream turbidity, downstream turbidity, and turbidity increase.
Extreme values shown as points, 95% confidence interval shown by solid line, first and third
quartiles shown by open box, median shown by solid box, arithmetic mean shown by hori-
zontal line.

average and the median values, due to a substantial skew in turbidity values. Also note the

similarity in ranges between upstream and downstream values.

3.2 SITE SIZE

The size of the twenty sample sites range from 7.2 to 105 acres. The mean site size is 28.9

acres. However, the majority of the sites are less than 30 acres in size. Of the twenty sites,
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14 of the sites are smaller than 30 acres. One of the hypotheses is to examine the effects of
the area of disturbance to the turbidity of discharge from the construction site.

Figure 3.5 shows the upstream, downstream, and turbidity increase between the upstream
to downstream observations plotted against the area of the land disturbance in acres. The
turbidity increase does not significantly increase with the increase of site size. Some of the
highest differences occur on sites that are 30 acres or less. When looking at the difference
between the mean upstream and the downstream turbidity, one can observe that the larger
the disturbance does not necessarily produce higher turbidity levels than smaller distur-
bances. The statistical summary that is also provided in Figure 3.5 shows no significant

correlation between turbidity and the disturbance area.

3.3 RAINFALL AMOUNT

The rainfall amount of the twenty sample sites examined range from 0.6 to 5.4 inches. The
mean rainfall of all the data is 1.7 inches. A second hypothesis states that an increase in the
rainfall amount at the site also increases the turbidity of storm water that exits the site.

Figure 3.6 presents the average, maximum, and minimum rainfall amounts in inches for
all of the sites. Also, Figures 3.7 and 3.8 plot precipitation versus the turbidity increase for
both maximum and average conditions. Each of these graphs show that there is no clear
correlation between the amount of rainfall and higher levels of turbid storm water that leave
the construction site.

Figure 3.9 shows that the mean turbidity difference increases as the average rainfall
increases. Figure 3.9 also presents the statistical summary for regression results with the

rainfall data.

3.4 TIME OF YEAR

Another hypothesis to be tested was whether the time of year should have an effect on the

amount of storm-water turbidity that discharges from a construction site. One reason for this
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Figure 3.6: Average, minimum, and maximum precipitation as a function of time of year.
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Figure 3.7: Monthly variation in the maximum turbidity increase and maximum precipita-

tion.
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hypothesis is that spring and summer rainfalls in Georgia are usually more intense. Intense
rainfall should lead to greater storm-water runoff. Also, between March and October there
is normally greater construction activity and, therefore, greater storm-water runoff.

Figure 3.10 shows mean, maximum, and minimum turbidity values plotted against the
time of year. This graph shows an increase in activity in the months from March to November.
This indicates that the intensity of rainfall may have an effect on the turbidity of the storm-
water runoff that is leaving the construction site; however there was no way to determine
the intensity of the rain event from the data analyzed for this project. Table 3.3 presents

statistical summaries for the monthly data.

3.5 LINEAR VS. SPATIAL DISTURBANCES

Of the twenty sites examined during this study, five are linear while fifteen are spatial. One
of the hypotheses to be tested revolves around whether linear construction sites produce less
storm-water turbidity than spatial construction sites. As noted earlier, a linear construction
project is a narrow disturbance that runs a long distance, such as a water, sewer, or power
line. For example a construction project may disturb only 30 feet in width but travel for
four miles. This is a total land disturbance of 14.5 acres of land. Spatial construction is a
type of construction that would mass grade a large area to construct a shopping center or
subdivision. Under the NPDES permit from 2000-2003, linear construction sites were treated
the same as spatial construction sites.

Figure 3.11 shows the mean upstream, mean downstream and mean upstream-downstream
difference turbidity values for linear construction projects. Figure 3.11 also shows the mean
upstream, mean downstream and mean difference turbidity values for spatial construction
projects. There was no significant correlation between the differences of upstream and

downstream turbidity in linear and spatial construction activity.
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Figure 3.10: Monthly variation in average (top) and maximum (bottom) upstream, down-

stream, and turbidity increase.
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Table 3.3: Summary statistics (mean, u, standard deviation, s, and number of observations,
n) for monthly variation in precipitation, upstream turbidity, downstream turbidity, and

turbidity increase.

Jan Feb  Mar Apr May Jun Jul Aug  Sep Oct  Nov Dec
PRECIPITATION (inches)
w192 1.61 1.79 1.10 1.82 1.52 2.45 1.73  2.18 1.52 1.52  1.26
s 086 052 039 050 0.58 0.54 1.43 080 087 0.62 0.63 0.19
n 10 22 20 12 19 20 20 4 13 9 20 7
UPSTREAM TURBIDITY (NTU)
po102.2  86.9 148.2 3172 390.2 3123 486.5 306.7 178.9 46.0 107.2 28.0
s 84.6 118.6 191.9 8729 659.1 435.1 918.0 342.0 146.6 51.7 106.0 11.5
n 6 18 17 10 16 17 16 3 9 6 17 5
DOWNSTREAM TURBIDITY (NTU)
@ 2125 167.7 171.8 339.3 4179 1336 441.7 287.3 354.5 111.1 146.6 46.1
s 2175 314.9 2358 &811.8 590.3 2444 4459 379.2 369.2 107.8 133.0 224
n 10 21 19 12 17 20 20 4 13 9 20 7
TURBIDITY INCREASE (NTU)
wo151.2 977  43.0 74.9  64.2 1071 52.5 97.3 230.6 804 555 26.1
s 219.2 2944 257.8 207.8 313.1 2248.1 624.2 62.0 413.6 115.0 98.8 23.0
n 10 21 19 12 17 20 20 4 13 9 20 7
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Figure 3.11: Average upstream, downstream, and turbidity increase for linear (top) and
spatial (bottom) construction sites.
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Figure 3.12: Average upstream-downstream differences of turbidity readings as a function of
the disturbance area. Also shown are linear regression results (average + standard deviation)

for different types (linear vs. spatial) of land-disturbing activities

Figure 3.12 presents mean difference between upstream and downstream turbidity values

for both types of construction. Also shown in Figure 3.12 are summary statistics for both

types of construction.




CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 HyPOTHESIS RESULTS

No statistically significant conclusions could be drawn from the data that was analyzed for
this project. The results for the four hypothesis that were tested in this analysis are reported

below:

1. Greater turbidities are associated with larger areas of land-disturbing activities.

Downstream turbidities and turbidity increases were not clearly related to disturbance
area. No scientific basis exists for expecting splash or sheet erosion to cause increased
turbidities - increased sediment loads are associated with increased storm-water dis-

charges, thus maintaining a constant turbidity.

Many variables were not considered in this project that could have assisted in the
analysis of the data. Three important factors include the slope of the disturbance, soil
erodibility at the site, and BMP installation and maintenance at the site. Information

from these variables could have produced significant results in the analysis process.

2. Greater turbidities are associated with larger precipitation events.

No clear relationship between turbidity (neither the downstream turbidity, nor the
turbidity increase) was observed. While greater sheet erosion is predicted to increase
with greater rainfall energy, the manner in which turbidity data were collected precludes
effective evaluation of this relationship. Rainfall energy is largely determined by the

maximum rainfall intensity - which was not measured. Also, rainfall depth - which was
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measured - is a function of both rainfall intensity and duration. Thus, long duration
storms with low intensity should yield lower rates of sediment production than short

duration storms with high intensity.

A second problem lies in the manner in which turbidities were measured. Because
turbidities were measured once a specific depth of rainfall was exceeded (either one-
half, one, or two inches, depending upon project stage), any subsequent runoff due to
additional precipitation was not sampled. Thus, even though the total storm precipi-
tation would continue to accumulate (and the turbidity would likely continue to rise),
the storm-water turbidity sample had already been collected. A more rigorous analysis
would require the analysis of cumulative precipitation and continuous turbidities. Only

in this way could the effects of precipitation on turbidity.

. Time of year does not affect turbidity.

Only a weak relationship was observed between the time of year and the turbidity.
While a slight increase in turbidity is observed during the summer months, the variation
from site to site and from year to year was so large as to prevent the estimation
of seasonal trends. This was probably the result, in part, to the lack of substantial

variation in average monthly rainfall.

. Linear construction sites produce less turbidity than spatial construction sites.

No significant differences existed between downstream turbidities for linear (556 +
1255 NTU) and spatial (532 £ 709 NTU) sites. Yet, a significant difference is observed
between upstream turbidities for linear (40 4+ 28 NTU) and spatial (411 £ 510 NTU).
It is clear that both types of sites contribute substantial quantities of sediment to
streams. It remains uncertain, however, why upstream samples above spatial sites are

so much higher than above linear sites.
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4.2 DISCUSSION AND FURTHER RECOMMENDATIONS

While I was only able to draw limited conclusions from my data, I would like to make a few
recommendations based on my professional experience with the NPDES regulation. These
recommendations are not based on scientific evidence but more on experiences while working

for the private sector, monitoring construction sites and working on this project.

4.2.1 ENFORCEMENT EFFORTS

One of the goals of this thesis is to assist EPD in prioritizing their enforcement efforts for the
NPDES regulation. While analyzing the data that was collected for this project, I found that
prioritizing enforcement was not as clear as I initially felt it would be. I will make several
recommendations that I hope will assist EPD in the future.

I felt that larger construction projects would lead to more turbid storm-water runoff that
would likely exit the construction site. The data that was analyzed does not fully support
my hypothesis. Effective BMPs must be in place to reduce turbid storm water from leaving
the construction site whether the site is one acre or 100 acres. Larger sites may make a more
concerted effort to implementing effective BMPs than some smaller sites. While larger sites
contribute a larger total load of sediments, the turbidity from a site is clearly unaffected by
the area of the site. A construction site that does not have adequate erosion control measures
will cause turbid storm water to enter adjacent streams and rivers. Without proper erosion
control measures, even smaller sites can have large amounts of turbid storm water leaving
the site.

Erosion is a function of many variables that were not required by the EPD to include in
the NPDES process. Inspection reports could have been useful in this project. The inspection
reports are required to be completed on a weekly and rainfall dependent basis but are not
required to be submitted to the EPD. The inspection reports could have assisted in deter-

mining if the BMPs were installed and that they were maintained during the construction
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process. Without the inspection reports there is no way of determining if the sites that were
analyzed for this project even had BMPs in place when turbidity sampling occured.

For future amended versions of this permit the EPD and its advisors should consider
requiring this type of information with the NOI. By submitting the inspection reports the
EPD could follow the BMP maintenance process. EPD could also compare the turbidity
reports to the inspection reports and possibly determine what is causing high turbidity
values on some sites.

It was my hypothesis that larger rain events would produce higher turbidity levels in
storm water that exits a construction site. The data that was analyzed does not fully support
this hypothesis. If EPD sent more employees in the field to inspect construction sites after
rainfalls of one inch or greater this would allow the inspectors to view the site after critical
storm-water runoff events.

I also felt that the time of the year would play a key role in the amount of construction
projects occurring and intense rainfalls in Georgia. With the data provided for this project,
I was unable to determine the intensity of the rainfall event. However, there is more con-
struction activity during the months of March through October. I would suggest that EPD
considers hiring additional inspectors during these months. EPD should consider hiring col-
lege students in the environmental fields as interns to work summers as inspectors. This
would provide good experience for the student and assist EPD during the peak construction
season.

I also felt that linear construction projects would produce less turbid storm-water runoff
than spatial construction sites. The data that was analyzed does not support this hypothesis.
If EPD is having a hard time inspecting all of the construction sites that have submitted
NOTI’s, then I would recommend concentrating their efforts to spatial construction activities.
Based on field experiences spatial construction sites leave more land disturbed for longer
periods of time than linear construction sites. Linear projects disturb less land in a concen-

trated area. It is also easier to apply effective BMPs to linear construction projects. Often
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when a contractor is laying a utility line, they will lay 200 to 300 linear feet of the utility
and then stabilize what they have disturbed before proceeding further. This reduces the
amount of time a disturbed area is unprotected. A spatial construction project often does
not have the ability to stabilize portions of the site until major construction activity has

been completed, which could leave large disturbed areas unstable for months at a time.

4.2.2 DESIGN A BETTER SYSTEM

Since Georgia adopted the Authorization to Discharge Under the National Pollutant Dis-
charge Elimination System Storm Water Discharges Associated with Construction Activity
in 2000 the permit is effective for a three year period. The Georgia legislature has formed
a committee that reviews the current permit and considers and recommends changes when
the permit expires. So this permit will be restructured and continue to change under the
current system. In this section I will make suggestions that I feel are necessary to help EPD

prioritize enforcement and keep Georgia’s waterways clean and safe for future generations.

4.2.3 SAMPLING

The requirements of sampling storm-water outfalls and receiving streams have been greatly
reduced in the amended NPDES permit which went into effect August 13, 2003. In my
opinion, this is due to the enormous amounts of money that owners and contractors had to
spend to have the site monitored through the entire construction of the site. A compromise
to sample less and to pay a per-acre fee of disturbance was reached in the 2003 amended
permit.

The compromise to only sample twice during the entire construction phase of the site does
not provide enough information to EPD about the site. As opposed to sampling at the first
one inch of rainfall in a 24-hour period and every two inches of rainfall in a 24-hour period,
this could equal three or more samples during that month. I would recommend requiring

one sample per month after any rainfall event of one inch or greater in a 24-hour period.
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This would reduce the number of samplings that were required for the NPDES permit from
2000-2003 but would require more sampling than what is required for the 2003 amended
NPDES permit. This would allow turbidity data to be collected throughout the construction
period, which in turn would provide EPD the necessary data to make judgments on the state
of the site.

It appears that the EPD did not sufficiently review the monthly turbidity reports that
were submitted by contractors during the NPDES permit from 2000-2003. The regulation
was passed so that EPD could make educated decisions on which sites should be inspected.
The turbidity results from these sites were to be used to make these educated decisions. If
the EPD does not have the money to allot so that site inspectors can review the monthly

results and visit questionable sites, then more samplings should not be required.

4.2.4 DATA MANAGEMENT

While gathering the data for this project from EPD, I feel that the turbidity data manage-
ment could be improved. While I understand that EPD is understaffed and the management
of the turbidity data is a significant undertaking, there are ways in which it can be improved.
The first suggestion I have is there should be a file for each site. When turbidity data is sub-
mitted for a site then those results should be put into the site file. Filing all of the turbidity
submittals for each month is overwhelming and very hard to locate when you want to assess
a particular site.

Creating an electronic database would be another improvement. With the money that
is generated from the recent amended NPDES permit a certain percentage of the money
should be appropriated to designing an electronic database. The current system of data
management and filing seems to complicate the site assessment which is needed to properly
enforce the permit. Once an NOI is submitted for a particular site, that site should be
entered into the database. It could display the site location, size, receiving streams, acreage

that will be disturbed, owner, and the permittee’s. All turbidity results associated with that
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site should then be linked to the site. This would create easier access to the data and allow
EPD personnel the ability to analyze the data and prioritize their efforts to sites which may
need more stringent enforcement.

I feel it would also be beneficial to EPD to create a standard form for monthly turbidity
reports. The monthly report form should be required as part of the permit. EPD should
make the form available on their website much like the NOI and NOT forms. This would
eliminate the variable monthly reports that are submitted to EPD and make it easier and

more efficient to review the turbidity results for each site.

4.3 CONCLUDING REMARKS

The public is becoming increasingly aware of the problems associated with nonpoint source
pollution. There is much debate between politicians, researchers, and professionals concerning
storm water that exits construction sites. The state of Georgia has taken an aggressive step
to try and reduce the amount of turbid storm water that leaves construction sites.

Based on an examination of submitted storm-water monitoring data, it is clear that
insufficient information exists to evaluate the effectiveness of current design, implementation,
and monitoring related to storm-water discharge from construction sites. Clearly, a regulatory
program that provides neither data suitable for scientific evaluation - nor for compliance with
regulatory requirements - fails in its intent to be protective of aquatic systems.

The NPDES regulation has been in effect in the state of Georgia for four years, it is now up
to the state of Georgia to provide EPD with sufficient funding to enable them to successfully
enforce this legislation. If EPD could concentrate their enforcement efforts to construction
sites that generate more storm water and higher turbidity levels, then both time and money
could be saved. A design of a new system and better data management techniques would
be a significant improvement and save EPD time and money when enforcing the NPDES

storm-water discharges associated with construction activity.
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Additional research is needed to determine how detrimental storm-water runoff from
construction sites is to state waters. Future research may generate more public and pri-
vate response to this growing problem in urbanized areas. Development and evaluation of
improved BMPs are one means for reducing sediment loads to streams. Lacking an active
research program to evaluate these actions, no scientific basis for existing or proposed BMPs

is available.
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APPENDIX A

ABBREVIATIONS

BMP Best Management Practice

CMP Comprehensive Monitoring Plan

DHEC Department of Health and Environmental Control

EPA Environmental Protection Agency

EPD Georgia Environmental Protection Division

ESPC Erosion and Sedimentation Pollution Control

NOI Notice of Intent

NOT Notice of Termination

NPDES National Pollution Discharge Elimination System

NPS Nonpoint Source

NTU Nephelometric Turbidity Unit

SMZ Streamside Management Zone
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DOCUMENTATION RELATED TO GEORGIA’S EROSION AND SEDIMENTATION CONTROL

PROGRAM

B.1 NoOTICE OF INTENT FORM
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For Official Use Only

NOTICE OF INTENT

State of Georgia
Environmental Protection Division
For Coverage Under General Permit GAR100000
To Discharge Storm Water Associated With Construction Activity

Do Not Submit This NOI Prior to August 1, 2000
PRIMARY PERMITTEE
1. SITE /OWNER/OPERATOR INFORMATION

Site/Project Name:

Site Location and Street Address:

City: County:

Subdivision Name:

Owner's Name: Phone:

Address: City: State: Zip Code:
Operator's Name: Phone:

Address: City: State: Zip Code:
Facility Contact; Phone:
I1. SITE ACTIVITY INFORMATION
Start Date: Completion Date: Estimated Disturbed Acreage:
Land Disturbance Activity Permit Number: Date Issued:

Date Building Permit Issued:

Type Construction Activity: | | Commercial [ | Industrial [ | Municipal [ ] Linear | ] Utility

[ ] Residential / Subdivision Development

Number of Secondary Permittees:

III. RECEIVING WATER INFORMATION

A. Name of Initial Receiving Water(s):

[ ] Trout Stream [ ]| Warm Water Fisheries Stream

B.  Name of Municipal Storm Sewer System Owner/Operator:

Name of Receiving Water(s):

| ] Trout Stream [ | Warm Water Fisheries Stream
C. [ ] Sampling of Outfall(s) [ ] Sampling of Receiving Stream(s) [ ] Trout Stream
Number of Outfalls: Appendix B NTU Value: Surface Water Drainage Area:
Page 1 of 2

Form I Type All Information Ver.7/00

o8
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IV. ATTACHMENTS

Indicate below the items attached to this Notice of Intent:
Location map showing the receiving stream(s), outfall(s) or combination thereof to be

monitored.
Erosion, Sedimentation and Pollution Control Plan (if project is greater than 50 acres).
Comprehensive Monitoring Program (if the project is greater than 50 acres).
List of known secondary permittees.

Schedule for the timing of the major construction activities.

V. CERTIFICATIONS

1. I certify that the location of the receiving water(s) or outfall(s) or a combination of receiving water(s) and outfall(s) to be
monitored is shown on a map or drawing of-appropriate scale and a copy of this map or drawing is attached to this Notice.

2. I certify that the Erosion, Sedimentation and Pollution Control Plan (Plan) has been prepared in accordance with Part [V
of the General NPDES Permit No. GAR 100000, the Plan will be implemented, and that such Plan will provide for compliance
with this permit. Ifthis site is greater than 50 acres of disturbed area, I certify that a copy of the Erosion, Sedimentation and
Pollution Control Plan is attached to this Notice.

3. I certify that a copy of the Erosion, Sedimentation and Pollution Control Plan or the applicable portions of the Plan will be
provided to each and every secondary permittee. A list of the secondary permittees known- -at the time of making this Notice
is attached.

4. I certify that a schedule for the timing of the various major construction activities, if applicable, is attached to this Notice.

5. lcertify that the receiving water(s) or the outfall(s) or a combination of receiving water(s) and outfall(s) will be monitored
in accordance-with the Comprehensive Monitoring Program. If this site is greater than fifty acres, I certify that a copy of the
Comprehensive Monitoring is attached to this notice.

6. I certify under penalty of law that this document and all attachments were prepared under my direction or supervision in
accordance with a system designed to assure that qualified personnel properly gather and evaluate the information submitted.
Based upon my inquiry of the person or persons who manage the system, or those persons directly responsible for gathering
the information, the information provided is, to the best of my knowledge and belief, true, acurate, and complete. | am aware
that there are significant penalties for submitting false information, including the possibility of fine and imprisonment for
knowing violations.

Owner's Printed Name: Title:
Signature: Date:
Operator's Printed Name: Title:
Signature: Date:

Page 2 of 2
Form | Type All Information Ver.7/00



B.2 NOTICE OF TERMINATION FORM

60



For Official Use Only

NOTICE OF TERMINATION

State of Georgia
Environmental Protection Division
To Cease Coverage Under General Permit GAR100000
To Discharge Storm Water Associated With Construction Activity

Do Not Submit This NOT Prior To August 1, 2000

I. SITE/ PERMITTEE INFORMATION

Site/Project Name:

Site Location and Street Address:

City: County:

Subdivision Name:

Permittee's Name: Phone:

Address: City: State: Zip Code:
Type of Permittee: [ X ] Primary [ ] Secondary [ ] Tertiary
Facility Contact: Title:

If applicable:

Primary Permittee's Name: Phone:
Address: City: State: Zip Code:
I1. SITE ACTIVITY INFORMATION
[ ] Construction Activity Completed [ 1 No Longer Owner / Operator of Construction Activity
Construction Activity: [ ] Commercial [ ] Industrial [ ] Municipal [ 1 DOT [ ] Utility
[ ] Residential [ 1 Primary Permittee of a Subdivision Development; or

[ 1Individual Lot; or
[ ]Individual Lot within a Surface Water Drainage Area
when the Primary has ceased Permit Coverage

Land Disturbance Activity Permit Number:

Name of Initial Receiving Water(s):

Name of Municipal Storm Sewer System Owner/Operator:

Name of Receiving Water(s):

Page 1 of 2
NOT Type All Information Ver. 7/00



III. ATTACHMENT
Indicate below if this item is attached to this Notice of Termination:

Final monitoring report for the receiving water(s) and/or storm water outfall(s).
IV.  CERTIFICATIONS

I. I certify that a copy of the final monitoring report, if applicable, is attached to this Notice. This monitoring report shows the
monitoring data for a receiving water(s) and/or storm water outfall(s) collected between the period of final stabilization and the filing of
this Notice.

2. I certify under penalty of law that either: (a) all storm water discharges associated with construction activity from the portion of
the construction activity where I was an Owner or Operator have ceased or have been eliminated; (b) all storm water discharges
associated with construction activity from the identified site that are authorized by General NPDES Permit No. GAR 100000 have
ceased; (c) [ am no longer an Owner or Operator at the construction site and a new Owner or Operator has assumed operational control
for those portions of the construction site where I previously had ownership or operational control; and/or if I am a primary permittee
filing this Notice of Termination under Part VII.A.4. of this permit, I will notify by written correspondence to the subsequent legal title
holder of any remaining lots that these lot Owners and /or Operators will become tertiary permittees for purposes of this permit and I will
provide these tertiary permittees with the primary permittee's Erosion, Sedimentation and Pollution Control Plan. I understand that by
submitting this Notice of Termination, that I am no longer authorized to discharge storm water associated with construction activity by
the general permit, and that discharging pollutants in storm water associated with construction activity to waters of Georgia is unlawful
under the Georgia Water Quality Control Act and the Clean Water Act where the discharge is not authorized by a NPDES permit.

3. [ certify under penalty of law that this document and all attachments were prepared under my direction or
supervision in accordance with a system designed to assure that qualified personnel properly gather and evaluate the
information submitted. Based upon my inquiry of the person or persons who manage the system, or those persons directly
responsible for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and
complete. I am aware that there are significant penalties for submitting false information, including the possibility of fine and
imprisonment for knowing violations.

Printed Name: Title:

Signature: Date:

Page 2 of 2
NOT Type All Information Ver. 7/00
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B.3 SAMPLE STORMWATER MONITORING FORM
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B.4 SAMPLE INSPECTION AND MAINTENANCE FORM
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Erosion & Sedimentation Inspection and Maintenance Report
To be completed every 7 days AND within 24-hours of a qualifying rainfall event of 0.5-inches or more.

66

Project: ‘ ;
Time/date of last rainfall: Amount of last rainfall: * inches
Inspector: Date: - Time: .

Describe the most recent land disturbance/phase of the project:
Date of the most recent disturbance:: ‘ ‘
Is site in compliance? Y or N If not, complete the following information for each deficiency.

1. Deficiency(ies): ' : Location:

Code:I M GC
Corrective actions:
2. Deficiency(ies): Location:

Code:I M GC
Corrective actions:
3. Deficiency(ies): Location:

Code:I M GC
Corrective actions:
4. Deficiency(ies): Location:

Code:1 M GC
Corrective-actions:

R

Required under the EPD NPDES Construction Permit for sites between 5 and 250 acres. Sheets developed by : @oulding
Photo document deficiencies and retain in permanent file. Codes: 1 Immediate — Must be corrected within 24 hours.
Include site map identifying locations of all deficiencies. M Minor- Must be corrected within 72 hours.
Return original reports to construction site file and copy in GC General Condition — Must be maintained monthly.

permanent office file. ’

Please contact for questions regarding this report.




B.5 SAMPLE ProJECT FIELD REPORTING FORM
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Field Report

PROJECT: FIELD REPORT
NO:
CONTRACTOR: . JOB NO:
DATE: TIME: WEATHER: TEMP. RANGE:
EST. % OF COMPLETION: CONFORMANCE WITH SCHEDULE (+,-):
WORK IN PRESENT AT SITE:
PROGRESS:
OBSERVATIONS:

ITEMS TO VERIFY:

INFORMATION OR ACTION REQUIRED:

BY: DISTRIBUTION:




AprPENDIX C

GEORGIA’S REQUIREMENTS FOR DETERMINING ACCEPTABLE TURBIDITIES FOR

HEADWATER STREAMS
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State of Georgia Page 31 of 31
Department of Natural Resources Permit No. GAR100002
Environmental Protection Division

APPENDIX B

Nephelometric Turbidity Unit (NTU) TABLES

Cold Water (Trout Stream)

Surface Water Drainage Area, square miles

0-499 5999 10-24.99 254999 50-99.99 100-249.99  250-499.99 500+

1.00-10 25 50 75 150 300 500 500 500
10.01-25 25 25 50 75 150 200 500 500
Site Size,
acres 25.01-50 25 25 25 50 75 100 300 500
50.01-100 20 25 25 35 59 75 150 300
100.01+ 20 20 25 25 25 50 60 100
Warm Water (Supporting Warm Water Fisheries)
Surface Water Drainage Area, square miles
0-4.99 5-9.99 10-24.99  25-49.99  50-99.99 100-249.99 250-499.99 500+
1.00-10 75 150 200 400 750 750 750 750
10.01-25 50 100 100 200 300 500 750 750
Site Size,
acres 25.01-50 50 50 100 100 200 300 750 750
50.01-100 50 50 50 100 100 150 300 600
100.01+ 50 50 50 50 50 100 200 100

‘ 4t
To use these tables, select the size (acres) of the facility or common development. Then, selecﬁﬁue surface water drainage
area (square miles). The NTU matrix value arrived at from the above tables is the one to use in Part 111.C 4.

Example 1: For a site size of 12.5 acres and a cold water drainage area of 37.5 square miles, the NTU value to use in Part
Il.C.4 is 75 NTU.

Example 2: For a site size of 51.7 acres and a warm water drainage area of 72 square miles, the NTU value to use in Part
I1.C.4is 100 NTU.
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