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Abstract

The North Carolina General Assembly recently passession Law 2006-246, which
establishes the final administrative rules forithplementation of the EPA NPDES Phase Il
stormwater program in North Carolina. Accordingliese rules, any person may petition the
Environmental Management Commission to requirerdityethat discharges stormwater to
obtain a Phase Il stormwater permit. A methodolvgg developed to guide the collection of the
required data for an adverse impact petition, basea case study of the municipal separate
storm sewer system of Morehead City, NC. This casdy was then used to examine the key
elements of this process in the context of thegniaption to a Phase Il petition in a coastal
environment, and to explore the challenges ariduming this process.

General petition provisions were originally inclade the Phase Il rules by the EPA to
provide one of several opportunities for publictiggpation in the NPDES stormwater program.
It was initially thought that the detailed requiremis regarding the petition process in North
Carolina would enhance the ability of the genetddlie to play a direct role in requiring more
stringent stormwater management along the coastighrthe Phase Il stormwater program.
However, in developing the adverse impact petitregthodology and applying it in a
preliminary case study of Morehead City, it appehas the extensive requirements of the North
Carolina petition rules may actually make the catiph of a successful petition quite
challenging, particularly for members of the gehptblic. Thus, rather than simplifying the
process, these rules may instead discourage timeissibn of Phase Il petitions in North
Carolina, at least in the near future, and limgitlusefulness as a stormwater management tool.
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1.1 Objectives

In the summer of 2006, the North Carolina Gendsslembly passed Session Law 2006-
246 in order to implement the National Pollutangdiarge Elimination System (NPDES) Phase
Il stormwater program. The legislation outlines fimal rules for the Phase Il program, which
are unique to the state and include specific requénts regarding the Phase Il petition process.
A petition may be submitted to the North CarolinaviEonmental Management Commission
(EMC) to request that a municipality or person tiatharges stormwater be required to obtain a
Phase Il stormwater permit. The petitioner musirsthat the discharge contributes to an
existing water quality impairment or provides andfigant contribution of pollutants to receiving
waters.

Along the North Carolina coast, the acreage oflgsl@ihg waters closed to harvest each year
has been increasing, despite the fact that thealsermwater rules of the North Carolina state
stormwater program went into effect in 1988 (Re&f#)5). Because the new requirements of
the Phase Il stormwater program are more strinipamt the current state program, the petition
process offers a potentially useful tool that cduddused to enhance stormwater management in
those areas where stormwater discharges are haniagverse impact on coastal water quality.
This project will examine the North Carolina Phiggetition process in detail and its potential
application on the coast. The overall project ofyes are:

To provide background information on the impactstofmwater runoff, the NPDES
stormwater program, and the North Carolina Phasddk,

To examine the adverse impact petition processitimed in the North Carolina Phase I
rules and develop a methodology for submittingealitrle petition for a municipal
separate storm sewer system (MS4), and

To analyze a preliminary application of this metblodyy in a coastal environment based

on a case study of Morehead City, NC.

1.2 Stormwater Runoff

Over the past four decades, improving the qualityhe nation’s waters has been an
important goal of environmental regulatory effdarighe United States. Events such as the Santa
Barbara oil spill and the fire on the Cuyahoga Ribeth in 1969, served to catalyze the
environmental movement as a whole and dramatidailgonstrated the powerful and



problematic impacts of human activities on watealiy (Cicin-Sain and Knecht 2000).
Regulatory efforts since that time have been Igrgatcessful in reducing water pollution,
especially from point source discharges, includitystrial sources and municipal wastewater
treatment. Yet, water pollution problems have stesi, and it has become apparent that
nonpoint source pollution is also a significantsm@of degraded water quality across the country
(64 FR 68723). Stormwater, especially in areasribin development and agricultural land use,
is a major contributor of nonpoint source pollutias runoff washes contaminants from the land
into surface waters (Arnold and Gibbons 1996, Matii al. 2001).

According to the 2000 National Water Quality SyvE3 percent of impaired rivers, 18
percent of impaired lakes, and 32 percent of inguh@stuaries are primarily impacted by urban
or suburban runoff (EPA 2005a). Impairment oftenws due to the high levels of
contaminants being washed into surface waters glstiorm events, particularly urban areas
where high amounts of impervious surface, sucloaftaps, streets, sidewalks, driveways, and
parking lots, prevent the infiltration of precigitan into the soil (Jennings and Jarnagin 2002).
This runoff can result in higher in-stream concatns of nutrients, such as phosphorous and
nitrogen, total suspended solids (TSS), organi¢endieavy metals, oil and grease, and fecal
coliform bacteria (Carle et al. 2005). As paradf983 study conducted through the Nationwide
Urban Runoff Program (NURP), the United States Emmental Protection Agency (EPA)
concluded that stormwater discharges from munigf@im sewers contained: ten times more
total suspended solids than discharges from secpmdestewater treatment plants; higher
chemical oxygen demand, total lead, total coppacentrations than secondary treatment plant
effluent; and fecal coliform bacteria counts ramgirom the tens to the hundreds of thousands
per one hundred milliliters (64 FR 68725).

In addition to increased contamination, urbanmsteater runoff can potentially alter the
physical environment of streams and aquatic habitht a typical developed watershed, the rate
and volume of stormwater runoff from the land scefancreases. This increased flow can result
in decreased groundwater recharge, rapid streamnivig or down-cutting, increased bank
erosion, and loss of the pool and riffle structurstreams (MDE 2000). Higher rates of runoff
also increase the amount of sediment washed imtacguwaters from the land surface, which
leads to a decline in the quality of in-stream tetkas the natural substrate is covered through
sedimentation (Arnold and Gibbons 1996).



Overall, the biochemical and physical effects iifain stormwater runoff decrease the
ecological health of aquatic communities and canlten the designated beneficial uses of a
water body not being attained (64 FR 68724). [ibtogical effects of polluted and sediment-
laden stormwater include fish kills and the degtancof spawning and wildlife habitat. Polluted
runoff can impact waters used for recreation amdlfsthing and may cause navigational
problems, the contamination of drinking water, arldss of aesthetic value, all of which may
have serious public health consequences or econolcations (EPA 2005a).

In coastal areas, stormwater runoff is mainly mceon due to its impacts on shellfishing
and recreational uses of coastal waters. In liB@39\ational Oceanic and Atmospheric
Administration (NOAA) reported that harvesting washibited or restricted in 31% of United
States shellfish growing areas (SGAs). Nearly dive of all regularly monitored recreational
beaches were closed at some point during 2004 iiM20I06). The primary cause of these
closures is the detection of high amounts of feoiform bacteria in coastal waters. In order to
allow shellfish harvesting in a particular watedgpthe EPA requires that the geometric mean
fecal coliform density is below 14 MPN per 100 nhtkrs of seawater. In recreational waters,
seawater samples must have a geometric mean otcfdifarm of less than 35 MPN per 100
milliliters to be considered safe for swimming asttler water-contact activities. The Center for
Watershed Protection (1999) conducted an anallyaif@und that typical urban stormwater
contains an average of 15,000 fecal coliform casrmier 100 milliliters, far above the water
guality standards for these designated uses ofaloaaters. While the study found a high
degree of variability between samples from difféiorm events, even those taken from the
same location, nearly all samples exceeded balcstaiadards.

Coastal waters in North Carolina are not immunthéoeffects of urban stormwater
runoff. In 2005, there were 56,446 acres of sisdlifg waters closed to harvest, up from 52,000
acres in 1998. Also, 1,157 acres of Outstandingp&®es Waters (ORW), a designation given to
waters of exceptional ecological or recreationghgicance, have been closed to shellfishing
since 1990 (Reeder 2005). Approximately ninetyeet of these closed shellfishing areas in
North Carolina show impacts from stormwater ruf®@¥Q 2004). In 2001, seventy-two
percent of swimming advisories for state beacheas wee to excessive amounts of bacteria in
recreational waters (NCNERR 2003). These high eotmations of fecal bacteria endanger

public health and have detrimental economic effentthe state’s commercial fishing,



recreational fishing, and tourism sectors. The jatmn along the North Carolina coast is
projected to grow by twenty percent between 19902010 (NCNERR 2003), which will only
serve to exacerbate this problem because highriateunts in surface waters are closely
linked to highly developed urban areas with highoants of impervious surface (Mallin 2006).
The apparent link between stormwater runoff amdgehwater quality issues led both the
federal and state governments to begin regulat@mgrams to manage stormwater and mitigate
these negative impacts. North Carolina began a statmwater program in 1988, which
included rules applying specifically to coastallBtshing waters. The EPA also began the
development of a comprehensive stormwater manageonegram through the NPDES

permitting program.

1.3 The National Pollutant Discharge Elimination Sgtem (NPDES) Stormwater Program

With the rise of the environmental movement intthreted States, a number of
progressive pieces of environmental legislationengssed by the U.S. Congress in the early
1970’s. One of these was the Federal Water Pafli@iontrol Act (33 USC 81251 et seq.),
which was designed to address growing concernsdieggpoor water quality around the
country. It was later amended and renamed the GMster Act (CWA) in 1977. Section 402 of
the CWA (33 USC 81342) established the basis ®MNRDES program, which was to be
administered by the EPA. This statute authorizes=HRA to regulate the discharge of pollutants
into waters of the United States, prohibiting arscbarge that is not permitted through the
NPDES program.

Initially, the NPDES program targeted a varietypofnt sources of pollution for
regulation, ranging from sewage treatment plantadastrial discharges. These efforts were
largely successful; however, increasing concerm theesignificant adverse impacts of nonpoint
source pollution on the nation’s water quality tedurther amendments of the CWA in 1987.
These amendments required the development of aretvapsive program for stormwater
management through the NPDES. The EPA respondeckhlying the NPDES stormwater
program and developed rules to guide the procegsefonitting stormwater discharges from a
number of sources.

The NPDES stormwater rules (40 CFR Parts 122-124¢ wnplemented in two parts,
Phase | and Phase II. The Phase I rules, promdlgate990, regulate stormwater discharges



from large and medium MS4s (serving populationsofe than 250,000 and 100,000,
respectively), large construction projects (distogbmore than five acres of land), and certain
industrial activities, as required by Section 40@(pof the CWA. The amendments to the CWA
also required the EPA to develop criteria for thieife designation of additional regulated
stormwater discharges in Section 402(p)(6), whethtb the Phase Il stormwater rules being
adopted on December 8, 1999 (64 FR 68731).

2.1 Overview of the Phase Il Program

The federal Phase Il final rule expanded on thesBh stormwater program, in order to
regulate additional stormwater discharges that tinegjg impact water quality. Small MS4s
(serving less than 100,000 people) and small coctstn sites (disturbing between one and five
acres of land) are regulated under these ruleER688722). The operators of small MS4s in
urbanized areas, as indicated in the U.S. deceocansus, and all small constructions sites are
automatically designated as requiring a Phasetirstater permit. The NPDES permitting
authority, either the EPA regional office or an aqyed state government, must develop criteria
for requiring additional entities to obtain a permhere stormwater controls are deemed
necessary to protect water quality.

The Phase Il construction program is primarily imtted to address sediment runoff from
construction sites and uses a permitting approiaaifes to that of the Phase | construction
program, which requires the use of certain bestagament practices (BMPs) to control
stormwater on regulated construction sites. Orother hand, the Phase Il program for small
MS4s takes a more novel approach to stormwatetatguo. It requires the owner or operator of
an MS4 to develop, implement, and enforce a stoteiwaanagement program designed to
reduce the discharge of pollutants to the “maxinaxtent practicable,” protect water quality,
and satisfy the appropriate water quality requinetmef the CWA. This stormwater
management program must address six minimum meagurklic education and outreach,
public participation and involvement, illicit disafge detection and elimination, construction site
runoff control, post-construction runoff controhdapollution prevention and good housekeeping
(Table 1). A regulated entity must specify the B8MPwill implement to achieve measurable
goals for each of these six minimum measures. fHat8MPs range from developing a public

education program, to mapping the MS4 to assidli¢it discharge detection, to enforceable



ordinances limiting impervious surfaces in sensitiveas to control post-construction runoff
(EPA 2005a).

The Phase Il stormwater program for MS4s is desigo allow a flexible approach, in
that specific BMPs are not required to be usedaaisgh the permitted stormwater management
program. The EPA provides a list of approved steater BMPs from which a municipality can
select management practices to meet the six minimeasurements required by the Phase Il
rules (EPA 2007). This allows MS4 operators toad®the appropriate combination of BMPs
that best address local water quality issues, ralia using a one-size-fits-all approach.
Additionally, the Phase Il rules support a watedshpproach to stormwater management by
encouraging neighboring or overlapping regulatewsglictions to create a joint stormwater
management plan for an entire watershed or subrsvetd, as opposed to the development of
conflicting or redundant individual plans. Thisoals for a more ecosystem-based approach to
stormwater management by encouraging the horizorteggration of county and local
government planning efforts. Also, the rules allmwmall MS4 operator to reference existing
programs, such as state-level sediment and erosianol plans or county-level illicit discharge
detection programs, to address the six minimum oreaswithin their own management
program. Again this avoids redundant manageméottgefand encourages some degree of
cooperation between different levels of governn{éAtFR 68739).

While flexibility remains a key advantage of theaBa Il rules, it is mandatory that a
regulated entity develop a stormwater managemeggram. The operator may be subject to
enforcement actions, penalties, and potential las/sfithey are found to be out of compliance
with permit requirements. The NPDES permittinghauity also approves those BMPs proposed
by the permit applicant and can require changélsgananagement program as part of the permit
approval process. Additionally, an evaluation asgessment of the performance of the selected
BMPs must be submitted periodically. Several effinimum measures (illicit discharge
detection, construction site runoff control, andtpconstruction runoff control) also require the
adoption of enforceable ordinances, despite someetas regarding whether all regulated
entities have the legal authority adopt such omiea (EPA 2005d).



Table 1: Summary of the six minimum measures requid by the Phase Il stormwater program and examples
of corresponding best management practices (BMPS)

Minimum Measure

Requirements*

Potential BMPs**

Public Education and
Outreach

Implement a public
education program about
stormwater

Fact sheets or brochures
Recreational guides for
outdoor activities
Educational programs in
schools

Public Participation and
Involvement

Comply with public notice
requirements

Public meetings/citizens panels
Volunteer water quality
monitoring

Storm drain stenciling

lllicit Discharge Detection
and Elimination

Develop an ordinance to
prohibit illicit discharges

and develop a storm sewer

map

Used oil recycling program
Septic system failure
prevention program

lllicit discharge hotline

Construction Site Runoff
Controls

Develop an ordinance to
enforce proper erosion and
sediment controls

Contractor training and
certification

Municipal construction
inspection program
Structural runoff controls on
construction sites

Post-construction Runoff
Controls

Regulatory mechanism
requiring the
implementation of post-

construction runoff controls

Adequate site planning
procedures

Minimization of disturbance
and imperviousness
Structural stormwater
treatment

Pollution Prevention and
Good Housekeeping

Develop and operation and

maintenance plan to prevent

pollutant runoff from
municipal operations and
train staff

Set maintenance schedules and
long-term inspections
procedures

Develop procedures for proper
disposal of waste

Programs to minimize the use
of pesticides and to ensure
proper disposal of animal

waste

* (EPA 2005b, EPA 2005c, EPA 2005e, EPA 2005f, ERA5g, EPA 2005h)

** (EPA 2007)



2.2 North Carolina Phase Il Rules
The final Phase Il rule promulgated by the EPA @t&nber 8, 1999 required that all
designated small MS4s obtain permit coverage fioeir NPDES permitting authority by March
10, 2003 (64 FR 68843). North Carolina is autrexim administer the NPDES program by the
EPA, and the EMC has been given statutory authbgitshe North Carolina General Assembly
as the NPDES permitting authority for the state (838-215.3). The EMC began issuing Phase
| permits in 1992, and was authorized to develop aéministrative rules for the
implementation of the Phase Il stormwater progrliGBDENR 2003). The EMC approved
temporary rules in November 2002 (17 NC Regist&) 9@itiating a lengthy administrative
rule-making process over the next several yeargshwhcluded the rejection of the rules by the
North Carolina Rules Review Commission (RRC), terappPhase Il legislation being adopted
(SL 2004-163), and a lawsuit being filed by the EfEDvtl. Mgmt. Comm'n v. Rules Review
Comm'n). The process eventually culminated irgélative review of final Phase Il stormwater
rules, conducted by the North Carolina General Addg in July 2006. Various interest groups
were able to assert themselves in the rule-makioggss by negotiating the details of a bill to
finalize the Phase Il program for North Carolinghese negotiations resulted in the passage of
Session Law 2006-246, which outlines specific regqaents for issuing Phase Il stormwater
permits in North Carolina. Section 15 of the laatas that any additional administrative rule-
making will remain substantively the same as thesroutlined in the legislation (SL 2006-246).
The North Carolina Phase Il stormwater rules walligto effect on July 1, 2007. These
rules will serve to:
implement the federal Phase Il stormwater progregquirements (40 CFR Part 122),
provide the criteria for the delineation of regathtoverage areas and designation of
regulated entities,
outline the requirements for petitioning the EMQnolude additional entities,
specifically define the post-construction requiretsefor Phase Il jurisdictions,
describe waivers, exemptions, and exceptions frewdquirements of the rules, and
establish the legal authority for the developmédnbcal ordinances to enforce the
Phase Il stormwater management program (SL 2008-246
In North Carolina, the designation of regulatetitess may occur in one of four ways.

The EPA automatically designates municipalitiested in urbanized areas, as indicated by the



U.S. decennial census (64 FR 68722). An MS4 catebgnated by the EMC based on the
population, growth rate, and housing density wiitsrjurisdiction, or due to water quality
impacts of stormwater discharged from the MS4 teStasignations are updated as part of basin-
wide water quality management planning that oceuesy five years for each river basin in
North Carolina (GS 143-215.8B). Also, when themtweater discharge from an MS4 is listed as
pollutant source in Total Maximum Daily Load (TMDp)an, it is required to obtain a Phase Il
permit. Finally, any person may petition the EMequire any person or operator of an MS4
that discharges stormwater to obtain a Phase I|BfPermit (SL 2006-246).

The requirements for compliance with the post-amesion minimum measure in North
Carolina are explicitly defined within the 2006 sies law. These rules must be implemented
within the jurisdiction of any MS4 designated aggulated entity, as well as in other delineated
coverage areas surrounding those designated sntBiecause watersheds with as little as 10%
impervious cover have shown degraded water qu@ithueler 1994), the post-construction
requirements are based on limiting the amount pkimious surfaces created through new
development projects that disturb one acre or mbland. Development is defined as “any
land-disturbing activity that increases the amafrijuilt-upon area or that otherwise decreases
the infiltration of precipitation into the soil” (S2006-246). Projects are considered either low
or high density depending on the percentage of-ipibn area created through development. A
project is defined as low-density if it is locatedhin one-half mile of shellfishing waters and
contains less than 12% impervious surface, orlddated more than one-half mile from
shellfishing waters and contains less than 24% impes surface. While low-density projects
require only the use of vegetated conveyancesitsort stormwater from the project site, all
other projects are considered high-density and mseststructural stormwater management
systems meeting certain engineering specificatiorieat and control stormwater runoff from
the project site. In order to further protect wageality in shellfishing waters on the coast, the
rules also prohibit new points of stormwater diggeao these waters, require the use of BMPs
that increase fecal coliform die-off for structusgstems, and require the implementation of a
program to control sources of fecal coliform baetesuch as a pet waste management or on-site
sewage maintenance program (SL 2006-246).

While regulated entities must implement all sbamium measures within their

jurisdiction, North Carolina requires other areasneet only the Phase Il post-construction



requirements outlined above, including the uninocaied area surrounding the jurisdiction
served by a regulated MS4 in an urbanized areao, Athese requirements apply in certain
regulated coverage areas surrounding an entitgua®d by the state. Counties that contain an
urbanized area and meet other criteria must alfw@nthe post-construction measures in all
unincorporated areas of the county, as must alirparated municipalities within those counties
(SL 2006-246).

3.1 Phase Il Stormwater Petitions

Section 101(e) of the CWA reads: “Public parttipn in the development, revision,
and enforcement of any regulation, standard, etfllimitation, plan, or program established by
the Administrator or any State under this Act shallprovided for, encouraged, and assisted by
the Administrator and the States” (33 USC 8125egt). This establishes a national policy of
public participation in the protection of water tjtyain the United States. The EPA has
accordingly incorporated elements of public paption within the minimum measures of the
Phase Il stormwater program. Additionally, the ER&uded a process within the NPDES
stormwater rules through which the public may petithe permitting authority to require a
stormwater permit. This provision was includedawese the agency “believes that public
involvement is an important component of the NP pERjram for stormwater and this
provision encourages public participation” (64 F§Y86).

The federal Phase | stormwater rules stated thaigms may be submitted to the NPDES
permitting authority to request that an entity egulated under an NPDES stormwater permit in
one of two ways (40 CFR Part 122.26(f)). Firsg tiperator of a regulated MS4 may petition to
have a separate permit required for any stormveigeharge that flows into the MS4. Second,
any person may petition the NPDES permitting auth¢o require a permit for a stormwater
discharge that contributes to the violation of devguality standard or is a significant
contributor of pollutants to waters of the Unite@t8s or to designate of any large, medium, or
small MS4 as regulated under the program. Thedhasles carry over these provisions of the
Phase | program and reiterate the fact that theatqueor owner of a small MS4 may be the
subject of a petition (40 CFR Part 122.32(b)).

Some state NPDES authorities in the southeast ahd\ttantic regions, including

Georgia, South Carolina, Maryland, and Delawarenalospecify any petition requirements in

10



their Phase Il stormwater rules, while other statgdicitly address petitions in their
administrative code and supply criteria upon widekerminations to require a permit will be
made. In Virginia, the Phase Il stormwater rulesimplemented through the Virginia Pollutant
Discharge Elimination System (VPDES), which progisgeinimal guidance regarding petitions.
The Virginia Administrative Code (VAC) simply indites the appropriate authority to receive a
petition in Virginia and restates the federal r & AC 50-60-380). The Florida
Administrative Code (FAC) outlines basic criterabie used when considering a petition for the
designation of an unregulated MS4. These crimgabased on the classification of the
receiving waters of the discharge or the contrdoutf the MS4 to the pollutant load of an
interconnected MS4 that was previously regulated[62-624.800).

The Washington State Department of Ecology provalbag more detail on Phase I
stormwater petitions and has developed criteri@¥@uating a petition based on six factors:

Factor 1: Does the municipal separate storm seigeharge stormwater to impaired or

sensitive waters?

Factor 2: Is the municipal separate storm sewegrafisant contributor of pollutants to

waters of the United States?

Factor 3: Does the municipal separate storm seerge s substantial population or area?

Factor 4: Is the municipal separate storm sewetémtcontiguously to an already

regulated municipal storm sewer?

Factor 5: Is the municipal storm sewer physicailgiconnected to another, already

regulated municipal storm sewer?

Factor 6: Are the water quality impacts of munitipgparate storm sewer already being

addressed under other regulations of programs?
In order to address these factors, a petitioneddvoeed to present information regarding water
guality monitoring, the pollutant load of the diache, landscape characteristics, population and
growth statistics, and existing stormwater prografise sixth factor allows the owner or
operator the MS4 subject to the petition to shoat the municipality already meets the
requirements of the six minimum measures througgtiag programs, and in this way may be
exempted from obtaining a permit (WDOE 2007).

Currently, no petition for the designation of amegulated MS4 has been received by the

NPDES permitting authority in any of these statesNorth Carolina, a Phase | stormwater
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petition was submitted in 2001 by the North Cami@oastal Federation regarding the East-
West Brunswick County Regional Wastewater Treatrfemilities (WWRI 2001). However, no
Phase Il stormwater petitions have yet been subdyittespite the fact that the temporary Phase
Il rules and legislation (SL 2004-163) included gampetition requirements several years ago.
The uncertainty surrounding the implementatiorhefPhase Il rules in the state may have
discouraged prior efforts to compile the necessdaty for the submission of a Phase Il petition;

however, the current legislation should allevi&is tincertainty.

3.2 North Carolina Phase Il Petition Requirements

Two types of petitions are allowed within the coatef the North Carolina Phase I
petition rules (Appendix A). First, a connectedatiiarge petition may be submitted by the
operator of a regulated MS4 to request that the EdtDire a separate permit for a person who
discharges into that MS4. Second, an adverse inpgdition allows any person to petition the
EMC to require a permit for any previously unregedbMS4 or stormwater discharge. The rules
outline the criteria for granting a petition ane tlequired evidence needed for an adverse impact
petition, which includes elements similar to thosasidered by the Washington State
Department of Ecology in evaluating petitions. & af guidelines and time frames for petition
submission and administration are included as well.

Section 6(2)(a) of the 2006 session law listsdhmemary criteria, based on which the
EMC will grant an adverse impact petition and rega Phase Il permit. Petitions are evaluated
based on whether or not:

the MS4 discharges or has the potential to disehstgymwater that may cause or

contribute to a water quality standard violation,

the MS4 provides a significant contribution of pdints to receiving waters,

the MS4 is specifically listed by name as a sowffgeollutants in a total maximum daily

load (TMDL) implementation plan.
In order to meet one of the first two criteria, hegitioner must demonstrate that there is a link
between the pollutants in the stormwater dischargkthe receiving water impairment, or that
the MS4 discharge is a “significant contributompoflutants.” The third criterion is slightly less
burdensome because documentation of the MS4 histed in a TMDL implementation plan

may be sufficient. However, the TMDL criterionliisely to be less useful for the purpose of
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petitioning after the state designation of regulaatities is complete. According to Section
5(3) of SL 2006-246 the state will designate all4#d3sted as a pollutant source in TMDL plans
as requiring a permit, practically eliminating theed for a petition regarding these entities after
the Phase Il program has been fully implemented.
For an adverse impact petition, a great deal afeswie must be compiled, including
background information, technical literature, amegyaphic, land use, and water quality data, in
order to make the required showing to the NPDE®&igng authority regarding the need for a
Phase Il permit. Section 6(2)(b) outlines the sypeevidence necessary to show that a MS4
meets one of the first two criteria for petitiorayation. The requirements include:
Monitoring data that includes, at a minimum, repreative sampling of the municipal
separate storm sewer system (MS4) or dischargenéordhation describing how the
sampling is representative. The petitioner musfynthe owner or operator of the
municipal separate storm sewer system (MS4) opéngon who discharges stormwater
of its intent to conduct monitoring activities pri@ conducting those activities.
Scientific or technical literature that supports #ampling methods.
Study and technical information on land uses indifzgnage area and the characteristics
of stormwater runoff from these land uses.
A map that delineates the drainage area of thégetd entity; the location of sampling
stations; the location of the stormwater outfall$he adjacent area of the sampling
locations; general features, including, but noitiah to, surface waters, major roads, and
political boundaries; and areas of concern reggrdiater quality.
For stormwater discharges to impaired waters, decuation that the receiving waters
are impaired or degraded and monitoring data thatahstrates that the municipal
separate storm sewer system (MS4) or dischargeilootgs pollutants for which the
waters are impaired or degraded.
For stormwater discharges to nonimpaired watersitmiing data that demonstrates that
the owner or operator of the municipal separatersgewer system (MS4) or the person
who discharges stormwater is a significant contabof pollutants to the receiving
waters.

The final two requirements are related directlyhte criteria for granting a petition. If the MS4

discharges to impaired waters, one must show abitlween the characteristics of the discharge
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and the impairment of the receiving waters. Thisws, in effect, that the MS4 “discharges or
has the potential to discharge stormwater that caage or contribute to a water quality standard
violation.” When the MS4 discharges to nonimpameders, one must show that the discharge
is a significant source of pollutants, essentiattihoing the second criteria for granting a petition

Section 6(2)(c) provides the EMC with a mechanisrdeny the petition if it finds that
existing water quality programs offset the needafé&hase Il permit for the MS4. This rule will
allow the EMC to exercise its discretion in gragtanpetition, even if the required factual
showing is made, thus placing a larger burden obfon the petitioner. Procedurally, the EMC
must also accept public comments on a petitionckvhllows the opportunity for the operator of
an MS4 to challenge a petition based on existingsukes that may be in place to address
stormwater runoff within their jurisdiction. Inaer to resist such challenges, and make the
strongest possible case for requiring a permis, itnportant for the petitioner to demonstrate that
existing stormwater programs are ineffective intpcting water quality, although this is not
specifically required by the Phase Il petition suldt is also useful to show that the six minimum
measures of the Phase Il program can benefit statennanagement efforts if a permit is
required for an MS4 or discharge.

4.1 Phase Il Petition Methodology

In order to address the previously discussed aspéthe Phase Il petition requirements,
a methodology for the development of an adverseanpetition (Fig. 1) was created. There are
three stages in the petition methodology: backgilaesearch, stormwater discharge monitoring,
and petition submission. In the first stage, ggsential to determine the viability of a petition
based on in-depth background research, prior tombeg any stormwater discharge monitoring.
This second stage of the process should not betakde if it appears unlikely that a petition
would be viable, in order to avoid investing timmelanoney in completing a petition project that
is likely to be unsuccessful. The final stage imes compiling and summarizing all of the
relevant information and data gathered throughmeidevelopment of the petition. General
background information, potential sources of refé\data, and guidance regarding the petition
process will be addressed, based on the developrharfPhase Il petition for an MS4 located on
the North Carolina coast. A case study of theipiaary application of this methodology for

the coastal town of Morehead City, NC will be diseed in later sections.
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Figure 1: Phase Il stormwater program adverse impatcpetition model: Stage I- Background Research, Ste
[I- Stormwater Monitoring, and Stage IlI- Petition Submission

4.2 Phase Il Petition Methodology: Stage I- Backgmand Research

The first stage of the Phase Il petition methodglmvolves identifying the petition
subject, evaluating background information regagdire quality of receiving waters, the
characteristics of the drainage area, and existigmwater programs operating within the

jurisdiction served by the MS4 in question.

4.2.1 Problem Identification

Identifying a potential stormwater quality issueldhe source of stormwater discharge is
the first step in the process of developing a PHad®DES adverse impact petition. This could
include noting increased closures of shellfishiragess in the areas surrounding a town
operating an MS4, high amounts of development iaraa with particularly sensitive or
exceptional coastal waters, or even repeated swigigiosures near a certain stormwater
outfall. This step is an informal identificatiohawater quality problem that could potentially
be addressed through a Phase Il petition, as opgpgoseformal definition of a specific problem.
It primarily involves identifying the stormwatersdiharge of concern, the jurisdiction of the
MS4, and the owner or operator of the system. iftigl identification catalyzes the
background investigation that allows the petitioltemore specifically define the water quality
problems in the area that may be related to stotmvaascharges.

4.2.2 Water Quality Background Information

In North Carolina, all surface waters are givertipalar classifications given the existing
or potential uses of the water body, which aregaesi by the North Carolina Division of Water
Quality (DWQ) under the authority of the EMC (15ACKNC 02B). Water quality standards for
a variety of characteristics, ranging from pollugato temperature, are assigned for each of these
classifications. There are primary freshwater @@ saltwater classifications, as well as
supplemental classifications that impose more &b water quality standards to protect unique
or important uses.

On the coast, the most basic saltwater classifica SC, which is assigned to those
waters used for secondary recreation (no contiésl)ng, and the propagation and survival of
aquatic life. All saltwaters must be classifieptotect these uses at a minimum. In waters with
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the SB classification, all SC uses, as well as aryjmecreation uses such as swimming must be
protected. In SA waters, shellfish harvesting nagsprotected in addition to all other saltwater
uses. There is also a SWL classification for adistal wetlands and those wetland areas located
adjacent to estuarine waters. The supplementssdifizations that may apply to saltwater bodies
include High Quality Waters (HQW), Outstanding Rese Waters (ORW), Nutrient Sensitive
Waters (NSW), and Swamp Waters (Sw). In additioprimary nursery areas delineated by the
North Carolina Division of Marine Fisheries (DMR)dthose water bodies rated as Excellent by
the Division of Water Quality, all SA waters arassified as HQW. Waters considered to be of
exceptional significance and requiring special gction are classified as ORW, while waters
requiring limits on nutrient inputs are consideN8W and waters of very low flow receive the
supplemental Sw classification.

Water quality standards are assigned to each assifitation by DWQ (Appendix B), as
outlined in the North Carolina Administrative Cod®A NCAC 02B .0220 - .0225). These
rules specify the values of water quality paranstabove or below which the designated
beneficial use of the water is impaired. Existivagfer quality data can be compared to these
standards in order to determine if there is a watidity violation occurring in the receiving
waters or stormwater discharges of an MS4.

In order to characterize the water quality problgrotentially caused by an MS4
discharge, as much information as possible shagilcbliected regarding the water quality issues
in its receiving waters. Existing water quality mtoring data and other information can be
obtained from a variety of sources, which incluge tunicipality itself, government agencies,
research institutions, and non-governmental grodpse MS4 operator, often the town manager
or public works department administrator, can b@wgortant information source in identifying
local water quality issues, and contact with thenitipality also creates the opportunity for the
development of a cooperative relationship. Howether degree of cooperation and amount of
available information will vary widely. Other saes for local water quality information, many
of which are available online, include:

CAMA Land Use Planrdn North Carolina, each of the 20 coastal cowndied many
municipalities have land use plans, which were eannted in accordance with the
Coastal Area Management Act (CAMA). These coniafiormation regarding

environmental issues facing coastal communitieslamd use policies that attempt to
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address these concerns. Plans can be obtainedHfeomunicipal government, and
many draft plans are available on the North Cagolvision of Coastal
Management website (http://dcm2.enr.state.nc.usfAitig/under_review.htm).
Basinwide Planning Report3he water quality and use support ratings ofwheer
bodies within each of the 17 river basins in Na&#rolina is assessed on a five-year
cycle through the basinwide planning process. @hepgorts contain data from
ambient water quality monitoring stations and nareadescriptions of impaired
water bodies. They are used to develop the 308(elyrated Report of Impaired
Waters and prioritize the development of TMDL pléb%VQ 2007a). These reports
can also be obtained online (http://h20.enr.statesAbasinwide/index.htm).

Section 303(d) List of Impaired Water Bodi&sis list includes a map and
description of all water bodies that do not meetwlater quality standards based on
their beneficial use classificatighttp://h20.enr.state.nc.us/tmdl/General_303d.htm).
Total Maximum Daily Load (TMDL) plan3hese plans guide the restoration of
designated uses to these water bodies in the Adist of TMDL field studies and
final or draft plans can be found online
(http://h20.enr.state.nc.us/tmdl/TMDL_list.htm).

Shellfish Sanitation Survey§hese reports summarize the results of surveys of
delineated Shellfish Growing Areas (SGAs) alongdbast, conducted every three
years by the Shellfish Sanitation and Recreatigviatier Quality Section of the North
Carolina Department of Environmental Health (DEHis includes a hydrographic
and a shoreline survey, as well as bacteriologiatd from monitoring stations in
each SGA. These reports include maps of potestiaices of pollution and closed
shellfishing waters, providing documentation of idelgd or impaired waters that are
not meeting their designated use. Digital and pappies of these reports can be
obtained from the agency and maps of prohibitedlfstieng areas are available
online (http://www.deh.enr.state.nc.us/shellfish).

Federal Government Agenci€bhe EPA and the United States Geological Survey
(USGS) provide access to data collected at vamomsitoring stations around the
country for a variety of water quality parametemsl atream characteristics

(http://www.epa.gov/storet and http://nc.water.ugge). The usefulness of these
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data may depend on the pollutant of concern, dainerater quality parameters are
not tested at all monitoring stations.

Research institutions, non-governmental agencieg,valunteer monitoring
projects This data may not be as easily accessible apthatded by public
agencies; however, it can potentially be obtaingddntacting the organizations

directly.

4.2.3 Drainage Area Background

Background information regarding the charactexsstif the drainage area is specifically
required by the Phase Il petition rules, includingps delineating the drainage area and maps of
general geographic features such as politicaldigi®ns, important natural features, and the
storm sewer infrastructure. Also, land use mapsacessary in order to assess the important
land uses within the jurisdiction of the MS4 anct@luate the characteristics of stormwater
typically associated with those land uses. Addaialata may exist regarding other important
characteristics of the jurisdiction of the MS4. pBlation statistics, growth estimates and
development trends can be found in CAMA land usegknd are also available through the
North Carolina Department of Population and Stasstnd the U.S. Census Bureau. These
factors are considered as part of the state daggnarocess and may provide valuable
supporting evidence for a petition, as high rafegrowth and development may signal the
potential for future stormwater quality problems.

Hard copies of most geographic data can be obtdioedmunicipal government
planning departments, county government tax depantsn and state agencies such as the
Shellfish Sanitation and Recreational Water Quaiygtion. However, a large amount data is
becoming more readily available in digital form@Igble 2), which can be extremely
advantageous to the petitioner, if geospatial aslgoftware is available. The capability to
manipulate geospatial data can allow for bettawalislepictions of the drainage area
characteristics through map overlays and variatafrssale. Also, more complex analyses can
be performed, including the estimation of imperg@urface area and delineation of sub-basins
within the overall drainage basin of the MS4. Mwéhhis geospatial data is available over the
internet and from government agencies; howeveeg slaould be taken to obtain metadata for all

data to ensure it is of high quality and that aateianalyses and overlays can be performed.
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Table 2: Geospatial data sources for relevant draimge area characteristics

Data Source Web Address Description
Numerous political,
NC One Map www.nconemap.com manmade, and natural

feature shapefiles

NOAA C-CAP rnlrand use/land cover

Program http://www.csc.noaa.gov/crs/Ica/ccap.ht L nalysis and trends

National Land Cover http://www.epa.gov/mric/nicd.htm Land use/land cover data

Database for the United States

Shel!f'Sh Sanitation http://www.deh.enr.state.nc.us/shellfish Close_d and proh_|b|ted

Section shellfish harvesting areas

County Government Aerial photos, tax maps,

N/A

GIS Departments general features

Municipal Government Storm sewer infrastructure,
- N/A L

Planning Departments existing land use maps

In addition to land use data, soil surveys from atural Resources Conservation
Service, meteorological data from the National WeaGervice, and hydrographic data are also
relevant in assessing drainage area characteriistitaffect the potential for significant impacts
due to stormwater runoff. Based on these draibagen characteristics and land use
information, the scientific and technical literaghould be examined to determine typical
constituent pollutants, pollutant concentratioms] eates of runoff or discharge for MS4

drainage areas with similar characteristics, asiépd in the Phase Il petition rules.

4.2.4 Stormwater Management Background

According to the petition rules, the EMC may derpettion if it determines that existing
stormwater management programs effectively protatér quality and offset the need for a
Phase Il stormwater permit. Thus, information rdga existing management programs
operating within the area served by the MS4 in oeshould be examined. In North Carolina,
regulatory programs exist at the state level toagarstormwater, and local governments may
also adopt their own stormwater management megsagdésng as they are at least as stringent
as the state rules.

In the 20 coastal counties of North Carolina, tfag¢escoastal stormwater rules apply to
new development, and are designed similarly tqtist-construction requirements of the Phase

Il program, in that the rules are based on low- laigti-density development options and the

20



proximity of development to sensitive receiving erat However, the coastal stormwater rules
are much less stringent than the Phase Il rulesirenDWQ has admitted that the program has
been ineffective in protecting coastal water qydhdm the impacts of stormwater runoff since
their implementation in the late 1980’s (Reeder®0CCurrently proposed amendments to the
coastal stormwater program would change these talesrror the post-construction
requirements of the Phase Il stormwater ruless dstimated that these rules could potentially
become effective in mid- to late 2008 (Reeder 2007)

Several other programs exist within the state d@ldatress stormwater runoff concerns for
certain surface water classifications or particwater bodies. For example, specific post-
construction requirements also apply in water sypg@tersheds and near ORW or HQW waters.
Also, the nutrient reduction strategies for the $&eand Tar-Pamlico river basins include more
stringent riparian buffer rules and require stormewvaanagement programs to be developed by
municipalities and counties located in these watmts (15A NCAC 02B .0200). These
programs apply only in certain areas along theliNGdrolina coast.

The EMC recently approved rules for the Univerdal@water Management Program
(USMP) that became effective on January 1, 200A (46 AC 02H .0120). The goal of the
USMP is to provide a single management programrtiaat be voluntarily adopted by a
municipality, through which the community will bertsidered compliant with the post-
construction requirements of all other stormwatenagement programs within the state. In
particular, the rules can simplify stormwater maragnt for jurisdictions that may be located in
areas of overlapping coverage by multiple stormwategrams. These rules differ from other
stormwater management programs in the state, irtltbg rely on engineered stormwater
controls, rather than low- and high-density develept options, and cap the impervious surface
area allowed within 575 feet of shellfishing watat86 percent. In the coastal counties, a local
government may request that DWQ implement and adteirthis program within their
jurisdiction.

At a minimum, the requirements of the coastal steater rules must be met in all of the
coastal counties. However, in some areas, margstrt state programs will apply, and local
governments may adopt stormwater management oisamithin their own jurisdictions.
CAMA land use plans are an important informatioarse regarding local stormwater

management policies, although these policies amergdly just guidelines, as opposed to
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enforceable ordinances. Local ordinances shoukkbmined to determine if there is a local
stormwater management program operating withinuhgdiction of the MS4, and the

implementation of any stormwater BMPs by the mypatity should be explored.

4.2.5 Evaluation

Once all the relevant background information hesnbgathered, an initial evaluation of
the data collected in this stage should be conduaterder to decide how to proceed. The
purpose of this step is to analyze the backgronfaimation to determine whether the
submission of a petition is justified and whethet@mwater monitoring study will be needed.
Generally, this evaluation can be based on theviatlg assessment questions:

Is the MS4 listed as a pollutant source in a TMDiplementation plan?

The Modeling and TMDL Unit of the DWQ is responsilfor developing TMDLS
for waters listed in the integrated 303(d) repdingpaired water bodies and for writing
implementation plans to guide the restoration cigleated uses to these water bodies
(DWQ 2007b). Each of these TMDL plans contains@isn listing pollutant sources,
and some include a load allocation for specificrses of the pollutant of concern.

Do receiving waters show evidence of water qualiayndards violations or degradation,
or does the MS4 drain to water bodies listed asainguol?

Based on existing water quality data and the apptgpwater quality standards, a
determination should be made as to whether orleotiésignated uses of the receiving
waters of the MS4 are impaired. This may involve tcomparison of raw monitoring
data to water quality standards, finding state agelocumentation of impairment, or
showing degradation evidenced by the presenceoseédlor conditionally approved
shellfishing areas.

Based on the typical characteristics of stormwateroff from the land uses found within
the drainage basin, is stormwater likely to contitidbto the degradation of surface
waters?

In examining land use and land cover data, thenéxted importance of different

land uses within the jurisdiction should be consdden order to generally analyze
pollutant contributions from the MS4 dischargedoaiving waters. Based on any

existing discharge monitoring data, or typical ealdirom scientific or technical
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literature, a determination should be as to theillood that the stormwater discharge
is contributing to or causing a water quality viaa.

Are existing stormwater programs within the jurigthn effectively protecting water

guality and will the Phase Il program improve stovater management practices?

Any local stormwater management programs musthentanto account when
evaluating the potential of a petition. The ovieeffiectiveness of existing programs
will have to be evaluated on a case-by-case basisin each case, the improvements
offered by the Phase Il program should also beidered.

If the MS4 in question is specifically listed bymea as a pollutant source in a TMDL
implementation plan, then the third petition ciiberis met, and a petition would be justified.
Existing water quality information and maps carubed to supplement documentation in a
TMDL as cause for requiring a permit, and the pssogould move directly to the petition
submission stage (see Fig. 1). While it would seaiikely, even if the MS4 is listed in a
TMDL plan, the EMC may still deny the petition ifdetermines that existing programs are
protecting water quality (SL 2006-246, Section &(3)hus, it becomes important in this case to
show that existing stormwater management programsaffective.

When the MS4 is not listed in a TMDL plan, the rémvag three assessment questions
regarding background information should be cargfedamined. A determination must be made
as to whether or not the background informatiorpsuis a decision to continue to the second
stage of the petition process. If water qualifpimation does not show any significant
degradation of surface waters or it seems unlikey stormwater discharges are contributing
pollutants to receiving waters, it may be moreidifit to adequately demonstrate the need to
require a Phase Il permit for the MS4. In areasrn@lexisting storm water management
programs closely resemble the Phase Il programnagants, as in the case of the USMP, the
EMC may be likely to deny the petition based onwlager quality protection offset found in the
Phase Il rules. Therefore, these factors musbhsidered prior to continuing to the second
stage of the petition process. Collection of backgd data, while time-consuming, costs
relatively little. However, due to the labor-ing&ve and costly nature of a stormwater
monitoring study, it may not be practical to investe and money in collecting monitoring data
if there does not initially appear to be sufficieause to require a permit. Based on the

judgment of the petitioner, if a Phase Il petitegppears to be unjustified for whatever reason, no
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petition should be submitted. On the other haiithel background research indicates that a
permit appears to be justified, then the petitigteuld move into the second stage of the

petition process: the design and implementatioa stormwater discharge monitoring project.

4.3 Phase Il Petition Methodology: Stage Il- Stormater Monitoring

The second stage of a Phase Il petition involVasning and implementing a monitoring
study to characterize the stormwater quality oflissges from the MS4 of interest. This stage
involves a considerable degree of planning basgareviously collected background
information and may involve recruiting and trainlgeam of volunteers to perform sample
collection activities. These activities will incle systematic planning of the monitoring project,
development of a sampling design, writing a QuaNsgurance Project Plan (QAPP), notifying
the petition subject of monitoring activities, ireplentation of the monitoring program, and

conducting data analysis.

4.3.1 Systematic Planning

The Phase Il petition rules require that stormwdisecharge monitoring data be
presented with the petition that includes “at aimimm, representative sampling of the
municipal separate storm sewer system (MS4) ohdige” (SL 2006-246). This sampling will
allow the characterization of the types and amoahmllutants in the discharge and an analysis
of its water quality impacts (EPA 1992). A monitgy study requires the development of a
sampling design, establishment of field and lalmgaprocedures, and definition of data quality
objectives; however, the most important part oigleag the project is the development of
written study objectives and determining why theadae needed. Careful planning is then
needed, based on preliminary problem assessmegtgatory mandates, and available
resources, to ensure that the study objectivematgBurton and Pitt 2002).

When planning a monitoring project, it is essdritbtdake measures to ensure that high
quality data is collected in support of the petitidt is likely that monitoring will be performed
by individuals or volunteer groups working outsafeggovernmental agencies. These types of
projects, which then seek to apply study resultkiwia regulatory decision-making process, will
constantly deal with skepticism regarding the vafidf the data (EPA 1996). For this reason,

the EPA has developed non-regulatory guidancehfosystematic planning of environmental
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studies (EPA 2006) as part of a series of guidalecements regarding quality assurance in the
collection of environmental data. These documemlsch can be found on the EPA website
(http://www.epa.gov/quality/qa_docs.html#guidangepvide assistance in preparing a plan that
explicitly addresses setting project goals, devielpplata quality objectives, designing a
sampling plan, outlining standard operating proceslfior data collection, and implementing
monitoring activities. This information is interdl® be included in a QAPP, which can be
examined by decision-makers to allow them to bett@tuate the credibility of the data.

The systematic planning process (Fig. 2) can bé&epm the design of a stormwater
guality monitoring project. The first two steps,which the problem is identified and the goals
of the study are developed, are critical to devielp@a project that will obtain the proper data
necessary to answer the study question. The follpateps involve defining the data
requirements, analytical techniques and scaleeo$thhdy based on these study goals. While
these decisions are all relatively qualitative, fihal two steps are more quantitative in nature.
These require the definition of data quality okt and the development of a sampling design.
The outputs from each step in the process canrbetlyi applied to the development of a QAPP
(EPA 2006). The first six steps of the systempkanning process will be discussed briefly in
the context of a Phase Il petition stormwater nmaimt project. Sampling design will be
addressed more specifically in Section 4.3.2. HRA publicationGuidance on Systematic
Planning Using the Data Quality Objectives Procpsesvides more detailed information on each
of these steps in the data quality objectives m®¢EPA 2006).

Data Quality Objectives Process: Step 1- StatePitublem

In the initial step of the systematic planning @m®&, a description of the problem is
formulated. This step will include a descriptidrtlee water quality problem and the formulation
of a conceptual model that describes the potestiatces, transport processes and, potential
hazards of the pollutants in the stormwater disgphdargely based on previously collected
background information. Also, any resource limdas, the deadlines for collecting data, and
potential sampling constraints, such as accesspseablty, and physical location of discharges,
should be considered (EPA 2006).

The pollutant in the MS4 discharge that is susgkofecausing or having the potential to
cause water quality violations should be cleargniified in this step. Background information

regarding impaired receiving waters, surface welgssifications, and the expected
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Step 1. State the Problem.
Define the problem that necessitates the study;
identify the planning team, examine budget, schedule

¥

Step 2. Identify the Goal of the Study.
State how environmental data will be used in meeting objectives and
solving the problem, identify study questions, define alternative outcomes

h 4

Step 3. Identify Information Inputs.
Identify data & information needed to answer study questions.

h 4

Step 4. Define the Boundaries of the Study
Specify the target population & characteristics of interest,
define spatial & temporal limits, scale of inference

¥

Step 5. Develop the Analytic Approach.
Define the parameter of interest, specify the type of inference,
and develop the logic for drawing conclusions from findings

Decision making Estimation and other
(hypothesis testing) analytic approaches
\ J h J

Step 6. Specify Performance or Acceptance Criteria

h h d
Specify probability limits for Develop performance criteria for new data
false rejection and false being collected or acceptable critenia for
acceptance decision errors existing data being considered for use
¥ L J
A
L 4

Step 7. Develop the Plan for Obtaining Data

Select the resource-effective sampling and analysis plan
that meets the performance criteria

Figure 2: The Data Quality Objective Process (EPA@06)
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characteristics of the discharge is essential ikimggthis determination. In light of the limited
resources that are likely to be available for tlenitoring project, it would be most effective to
target a pollutant that is listed as a cause ohimpent in receiving waters, with the goal of
establishing a clear link between the water quaiityairment and the pollutants contributed by
the stormwater discharge. Focusing on a singleifaoit will also be more efficient in reducing
the costs of laboratory testing procedures, whathiccbe significant.
Data Quality Objectives Process: Step 2- Identiy Goal of the Study

The study question should be clearly defined iatgbint in the planning process.
Although the monitoring study is a part of the @lkpetition project, the study question should
focus more narrowly on the goals of the monitoefigrt itself. The purpose of monitoring will
most likely be to estimate the concentration odlofa particular pollutant in the stormwater
discharges from the MS4 subject to the petitiohe potential outcomes of the monitoring study
(high/low concentrations, above/below water quadigndards) should be considered and stated,
as well as any prior assumptions about the findaofgke study.
Data Quality Objectives Process: Step 3- Identiy information Inputs

Data requirements should be explicitly defined, #reduse of existing data sources
should be considered. Water quality, meteoroldgioalrographic, geographic, and land use
data, most of which will have been gathered infits¢ stage of the petition process, will be
relevant to planning the monitoring project andeleping a sampling plan. New data collection
efforts will focus on acquiring monitoring data pallutant concentrations and flow rates of the
stormwater discharge, and potentially other vaesaldf interest (EPA 2006).

Analytical methods for measuring the variablegtdrest should be outlined in this step.
The EPA specifies the required procedures for tiadyais of environmental pollutants in the
Code of Federal Regulations. These regulatioriadeanformation on sampling techniques
(automatic or manual), required collection contameaterials (glass, plastic, etc.), and
laboratory procedures for a variety of water palhis (40 CFR Part 136). Most likely, a
monitoring study for the purposes of a petitionl wde grab sampling methods due to the high
costs of automatic sampling equipment. Numeroherdechnical resources exist that describe
field and laboratory methods for the collection amelysis of water samples. These include the
Standard Methods for the Examination of Water aradtéivatef APHA 1998), theStormwater
Effects HandbookBurton and Pitt 2002), the EPA repbticrobiological Methods for
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Monitoring the Environment: Water and Was(E®A 1978), and thPDES Stormwater
Sampling Guidance DocumgiiPA 1992), among many others. If financial resesrpermit,
state-certified laboratories should be contraabecbhduct lab analysis of stormwater discharge
samples, in order to enhance the credibility oftds results. These laboratories have their own
QAPP for laboratory testing procedures and samghellng in order to ensure the quality of the
data. A list of laboratories certified by DWQ iuded in Appendix C.
Data Quality Objectives Process: Step 4- DefineBbandaries of the Study

The target sample population, spatial and temgmrahdaries, and practical constraints
should also be identified. The sample populatioa monitoring project to support a Phase |l
petition will be the population of all outfalls frothe MS4 that discharge into waters of the
United States or state waters. The jurisdictiones® by the MS4 specifically defines the spatial
boundaries of the monitoring study. Temporal bauigs related to the timing of sample
collection are a consideration, and the projecedale should account for expected seasonal
variations in rainfall, budgetary constraints, aetlnteer availability. Several of these aspects,
in addition to practical constraints, are furthedieessed in the context of developing a sampling
design.
Data Quality Objectives Process: Step 5- Devel@pAhalytic Approach

A parameter that will be estimated to describevéimgables of interest will need to be
determined. For example, the parameter may beaa meedian, or maximum value of the
water quality variable that will be determined tigh sample analysis, or the parameter
measured may be the proportion of samples thailaree or below a water quality standard
(EPA 2006). Subsequent data analysis needs sheubiken into account when selecting the
parameter of interest.
Data Quality Objectives Process: Step 6- Speci#yRarformance or Acceptance Criteria

The sixth step involves defining data quality obijes by evaluating the acceptable level
of error in the study results and defining it quatively. In statistical terms, this means
defining the acceptable probability of incorreatyecting a hypothesis that is actually true (a
Type | error) and the acceptable probability obimectly accepting a hypothesis that is actually
false (a Type Il error). The acceptable error levi# vary depending on the study and the
expected effects accompanying each type of effor.example, for a monitoring study

estimating the contribution of a pollutant fromtarsnwater discharge, the hypothesis may be
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that the discharge does not contribute to the trarleof a water quality standard. There would
be certain costs associated with finding that itkehdirge has an impact when it actually does not
(Type | error), for example, the administrativetsosf requiring a permit unnecessarily. On the
other hand, there are potential ecological and munealth risks associated with finding that the
discharge has no impact when it actually contribtibea violation (Type Il error) because it
would not be regulated. Generally, the importamicinese risks and costs must be balanced
when selecting the acceptable error levels fontbeitoring study. Based on these acceptable
error levels, an expected confidence interval &itliven degree of confidence in the study
results can then be defined. It is important tegkiem mind that setting these data quality
objectives will have a direct impact on the amaafrgampling effort necessary to achieve them,
and resource limitations may also need to be adedunor within this process. A more detailed
account of these statistical concepts is beyondd¢bpe of this report, but can be found in the
Stormwater Effects Handbo@Rurton and Pitt 2002) and EPA guidance documgEieA 2002,
EPA 2006).

4.3.2 Sampling Design (Data Quality Objectives Pees- Step 7)

The final step in the systematic planning proéesse development of a plan for
obtaining data, or a sampling design. The purpdsesampling design is to ensure the
representativeness of the data collected duriigdy sor that the data accurately and precisely
represent a characteristic of the sampled populd&®A 2002). However, while standard field
collection methods and laboratory techniques haenlileveloped for assessing water quality,
there are no standards for the collection of aesgmtative sample (Monroe et al. 2004). There
is wide variation in magnitude, frequency, duratiand types of pollutant loading in different
watersheds, which are influenced strongly by gieegic meteorological and hydrologic
conditions, as well as terrestrial processes amdl lse activities (Burton and Pitt 2002). This
makes developing a standard procedure for reprasantsampling more difficult, however
certain general principles can be applied to tloegss.

According to Burton and Pitt (2002), sampling desigh water quality studies primarily
fall into four main categories: haphazard (or nodi@m) sampling, judgmental sampling,
probabilistic sampling, and search sampling. Nodoen sampling, often due to sampling at

convenient times, for example, only during good tiveaconditions, may introduce bias into the
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measurements of the parameters of interest. Juttighsampling is used when only a specific
subset of the population is examined without attamyto extrapolate the results to the overall
population. Probabilistic sampling uses a statitapproach to attempt to measure the true
value of a characteristic of the overall populatignrsampling a random subpopulation, and this
includes simple and stratified random samplingtstiias, as well as cluster and multi-stage
sampling techniques. Search sampling is used phinvehen specific conditions are known to
exist and stresses sampling for the presence enab®f a condition only in areas where
sampling efforts are likely to be successful.

The EPA more simply classifies sampling designsiti®r probability-based or
judgmental. In order to draw statistically sigo#nt conclusions from a study, which can be
extrapolated to the overall study population oeofhopulations, a probability-based sampling
plan is needed. Probability-based sampling desigrisde simple random, stratified random,
systematic and grid, ranked set, adaptive cluatet,composite sampling, among others. On the
other hand, judgmental designs are based on expantledge and opinion, and conclusions that
can be drawn from the data are limited (EPA 200)ere are a number of factors (Fig. 3) that
determine the type of sampling design and effodeutaken in a study, the principal constraints

being schedule and budget.

Choice of Sampling
Design

Infoernation About The

Process or Area of Concem Dzta Quakty Informatio Consraints

Purpase of Data Collection
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A . Budget Constraints
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»  Saurces of Yariability Compositing Constraints
Owerall Precision Reguirements [width of
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ConLaitmaint

Additional Information About the Sample Support
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Figure 3: Factors in selecting a sampling design A 2002)
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For the purposes of a stormwater quality monitogngly, the determination of the
number of samples needed for a probabilistic sargulesign is related to the expected
variability in measurements of a given water qyatharacteristic interest and the allowable
error in the results. The higher the expectedabdlity in the measurements, the larger the
number of samples required to achieve a high degfreenfidence in reaching statistically
relevant conclusions. A number of equations dwisthe approximation of the number of
samples needed for a study based on the allowalole the variance of the observations, and
the degree of confidence desired. One basic equfdr a simple random sampling design is as
follows (from Burton and Pitt 2002):

n =[COV(Z. + Z..)l(error)F [Eq. 1]

where
n = number of samples needed

= false positive rate (1 —is the degree of confidence. A value aff 0.05 is usually
considered statistically significant, corresponding 1 — degree of confidence of 0.95, or 95%)

= false negative rate (1 s the power. If used, a value obf 0.2 is common, but it is frequently
ignored, corresponding to aof 0.5)
Z;_ = Z score (associated with area under normal curweesponding to 1 — If is 0.05 (95% degree of
confidence), then the corresponding Acore is 1.645 (from standard statistical tables).
Z,_ = Z score corresponding to 1 value. If is 0.2 (power of 80%), then the corresponding
Z,_ score is 0.85 (from standard statistical tableg)weler, if power is ignored andis 0.5, then the
corresponding Z score is 0.
error = allowable error, as a fraction of the tvaéue of the mean
COV = coefficient of variation (sometimes notedCg), the standard deviation divided by the mearatéD
set assumed to be normally distributed.)

This approximation assumes that the sampling ddthave a normal distribution;
however, measurements of many water quality paemeitill need to be log transformed in
order to meet this assumption. In the above eguatine value of corresponds to the
probability of a Type | error, while corresponds to the probability of a Type Il err@hus, as
previously mentioned, the choice of data qualitjeotives based on acceptable levels of these
types of error will have a direct impact on the péng effort required. The coefficient of
variation (CQOV) is related to the expected varipidf the parameter of interest and can be
estimated based on statistical techniques, predirgisampling data, or values from the scientific
literature. Care should be taken to ensure tleaattalytical techniques used to obtain any

existing data used as a basis for these estimagesgjaivalent to those proposed for use in the
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current project, because different analytical tégphes will have different levels of measurement
variability (Burton and Pitt 2002).

For the purposes of a Phase Il petition monitositugly, the use of a probability-based
sampling plan would be preferable. Sampling argd number of randomly selected locations
over a large number of sampling events, and testing variety of pollutants would greatly
increase the quality of the data. However, “thiei@af these additional data must be assessed
compared to the cost of obtaining them” (Tufford &mtarshall 2002). Given the short-term
objectives, resource limitations, and potential glamg location restrictions facing the petitioner,
the use of strictly probabilistic sampling stratdégymonitoring stormwater discharges from an
MS4 may not be feasible, or even possible. Degpése limitations, a judgmental sampling
design based on the background information coliedtging the first stage of the Phase I
petition process can be developed to ensure thegsentative sampling is incorporated into a
stormwater quality monitoring project. In ordemt@ximize the representativeness of the data
collection effort, spatial, temporal, and quanttatdesign elements must be considered during
the development of the sampling design.

Sampling Design: Spatial component

A monitoring study sampling design must first aaidrthe number and location of the
outfalls of the MS4 that will be sampled. The n@mbf sampling locations for the purposes of
a petition will be constrained by the labor andhfinial resources available for the project,
especially given the fact that without the usexgfensive automatic samplers, monitoring may
require travel by the petitioner or a group of vakers to remote sites during adverse weather
conditions, with little advance warning (Harmeb¢t2003). One would ideally sample at the
point where a conveyance discharges stormwateate ar federal waters. However, there are a
number of problems associated with access to taspling locations, including inability to
reach an outfall on foot or by boat, hazardousadlutications that are difficult to access under
adverse weather conditions when sampling may oecwr outfalls that are underwater or
flooded by tides (EPA 1992). Additionally, monitag outfalls that must be accessed through,
or are located on, private property will not begible without the explicit consent of the
property owner. These conditions will restrictibtite number and location of sampling
stations, and therefore, it will not be possibleandomly sample a subset of the total population

of outfalls in order to characterize the pollutaancentrations and loading in stormwater
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discharge from the MS4. Because a probabilistiggismg design is not feasible, a judgmental
sampling design will be required for determining ttumber and location of sampling stations.

Some guidance exists regarding the appropriate aunftsampling sites needed to
characterize the quality of stormwater dischargesifan MS4. The NPDES Phase | stormwater
permit application for large and medium municigaks sewer systems requires quantitative
data on stormwater characteristics to be obtaired 6 to 10 outfalls within the MS4
jurisdiction (EPA 1992). For example, Los Angel&sunty, California has designed a long-term
stormwater monitoring project in support of its NP®stormwater discharge permit. The initial
sampling plan includes only nine sampling statidogr mass emission monitoring stations,
located at drainage points into the ocean from kage sub-watersheds, were selected to
monitor trends over time, and five land use mompstations were initially selected to
characterize discharges from relatively homogenaod use areas (Burton and Pitt 2002). This
guidance for large and medium MS4s indicates tt@B&PA would likely consider this number
of sampling stations adequate to characterizetttengvater discharged from a small MS4
potentially covered under the Phase Il rules.

Due to the practical constraints on accessing iceseampling locations, background
information can play key role in selecting samplatgtions that ensure the sampling design is
representative of conditions within the overallidege area. In the Los Angeles study, five
major land use categories with varying impervioudasce characteristics were selected for
monitoring: high density single-family residentiagcant land, light industrial, transportation,
and retail and commercial. Sampling stations vpéaieed at points where a sub-basin of
relatively homogenous land use drained into surfeaters (Burton and Pitt 2002). For the
purposes of a Phase Il petition, a similar apprdachte selection based on land use could be
adopted. A limited number of outfalls draining le&at the major land uses in the drainage area
of the MS4 could be selected based on land use arapéeld surveys. This allows some
flexibility in site selection to account for accesstrictions and ensures that the sampling design
will adequately characterize the variety of storrrevalischarge conditions in the jurisdiction of
the MS4. Once outfalls are selected for monitgranghore in-depth description of the
immediate drainage area at each location shouttbbemented to allow a comprehensive
evaluation of the representativeness of sampliaiosts by the regulatory agency. Geospatial

analyses can be done, if the capability existsclwdelineate the sub-basins draining to these
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outfalls and allow quantitative analysis of thedarse and impervious surface area
characteristics of those sub-basins.
Sampling design: Temporal component
The temporal component of the sampling designesltd the duration of the sampling

and when a sample should be collected at the sdlsaimpling locations based on determining
which storm events should be sampled. If at adlsgme, sampling duration should span
different seasons to account for seasonal changa®cipitation and runoff volume. Regarding
the determination of which storm events shoulddreed, the EPA guidance for the NPDES
Phase | permit application states that samplingiishime performed during a “representative
storm event.” Such an event meets the followintgde:

the depth of the storm must be greater than Ol accumulation,

the storm must be preceded by at least 72 houtsyokieather,

where feasible, the depth of the rain and duratfaihe event should not vary by

more than 50 percent from the average depth aratidar(EPA 1992).
These criteria are intended to ensure that thdid&ia measurable discharge, allow some
buildup of pollutants during dry weather, and eediiat the storm is typical for the area in terms
of intensity, depth, and duration (EPA 1992). Flete of North Carolina also includes similar
language in its state stormwater program permgsril@ng a representative storm event: “A
storm event that measures greater than 0.1 indhresméall and that is preceded by at least 72
hours in which no storm event measuring greater €ha inches has occurred. A single storm
event may contain up to 10 consecutive hours gdreoipitation. For example, if it rains for 2
hours without producing any collectable dischaegel then stops, a sample may be collected if
a rain producing a discharge begins again withennéaxt 10 hours” (pers. comm., Bennett 2006).

These criteria provide useful guidelines to enshia the storm events sampled for the

purpose of a Phase Il petition will be considergalesentative by the EMC. As part of the
background information gathered in support of thtion, meteorological data from the
National Climatic Data Center (NCDC) can be gattiened used to determine the average depth
and duration of storm events in the area. Theaaeecan then be used to calculate a range
within which an event would be considered represterd, based on the 50 percent variance
criteria established in the EPA guidance. Theéma of this range should then be used to
trigger a sampling event. For example, if the ageramount of rainfall per storm event is 0.5
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inches, then the range of rainfall amounts consillén be representative would be any event
totaling between 0.25 and 0.75 inches. Thus, withé sampling plan, an event expected to
total greater than 0.25 inches of rainfall wouldder a sampling event. For the purposes of a
petition, data should be collected from as many&vas possible, even if the total precipitation
amount exceeds the calculated maximum rainfallld&pta representative storm.
Unrepresentative events can either be removed tihheranalysis, if enough additional data is
collected, or noted as exceeding the criteria fapesentative event in the analysis.

The storm duration criteria is less important fog purposes of this a Phase Il petition
monitoring study, because grab samples only allogto estimate a given parameter at a
particular time during the storm. However, theitignof the sample collection event may be
important. The Phase | permit application for istthal stormwater discharges requires that grab
samples be collected within the first thirty mirstd the beginning of the rainfall event, but
does not include this requirement for monitoringM$EPA 1992). While not required, this
may be a useful guideline for ensuring consistendiie timing of sample collection at different
sites, especially when samples are collected bp@apgof volunteers. Also, this would allow the
measurement of the “first flush” of pollutants bgisischarged during a storm event.

Sampling design: Quantitative component

The quantitative component of a monitoring projagblves determining the number of
samples necessary to ensure that the estimate patiameter of interest is representative of the
discharge at each sampling location. In gendralgtror in the results of a monitoring project
should improve with a larger number of samples fdndfand Marshall 2002). As discussed
previously, it is possible to calculate an appraatennumber of samples necessary to achieve the
data quality objectives defined for the project dnalw statistically based conclusions about the
results with a certain level of confidence. Tipp@ximation is directly related to the estimated
variance of measurements of the parameter of sitared the allowable error expected in the
results.

Pitt et al. (2003) have compiled a large quantftgata that has been collected over a ten
year period, in support of over 200 NPDES Phasarhgs, and developed a national stormwater
guality database. Analysis of this data has indtéhat variance is very high for many of the
stormwater quality parameters; however, these negi@stimates are compounded by the wide

variety of site conditions affecting the data. Huthors conclude:

35



It is expected that the final data analyses fa pinoject will identify separate
stratifications of data (possibly considering tloenbination of land use, geographical
area, and season factors) to significantly redneesariations in each category. It is
expected that COV values in the range of 0.5 toaMlldbe common for many of these
data stratifications. With a reasonable confidenic@% ( =0.05) and power of 80% £

0.20), and a commonly accepted allowable erroséb 2he number of samples needed

to characterize conditions would likely range frabout 25 to 50. If only 12 samples are

obtained for each category (strata), the allowablers would range from about 50% to

100% (Pitt et al. 2003).

It is important to note that relaxing the requirensefor the desired amount of confidence,
power, or acceptable error for the estimated pat@nheads to a smaller number of samples
being needed, and vice versa. This can be acabéotén developing the data quality
objectives for the project (EPA 2006).

Very little guidance exists to assist in determgnwhether or not the collected number of
stormwater discharge samples would be consideprdsentative by a regulatory agency. The
EPA requires sampling of three representative seremts to characterize stormwater
discharges for the Phase | NPDES permit applicgtA 1992), and this should be considered
the minimum number of samples for a Phase Il petithonitoring program. In North Carolina,
sampling is performed at stations throughout ed8A 8y the Shellfish Sanitation and
Recreational Water Quality Section to determinegid@metric mean concentration of fecal
coliform bacteria. The estimate is based on ed@h@inimum of 30 samples collected through a
stratified random sampling strategy, or 15 samptdiected under an adverse conditions
sampling strategy (NSSP 2005). DWQ may considbzest ten to twelve samples from each
sampling location to be necessary in order fordda to be considered sufficiently
representative of stormwater discharge from an f®4s. comm., Bennett 2006).

The project budget and schedule will dictate thiber of samples that can be actually
be gathered. Given the fact that a monitoring mogfor a Phase Il petition is likely to be short-
term and operating on a small budget, the numbegprEsentative storm events occurring
during the monitoring project and the costs ofexiihg and analyzing samples will be limiting
factors on the actual number of samples collecteohay not be possible to collect the estimated
number of samples needed for a probabilistic samidewvever, a smaller number of samples is
still valid, so long as the actual levels of coefide and error present in the data are analyzed

and explicitly presented with the results. Forpleposes of a Phase Il petition, there is no
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required number of samples and the data from amyjtorang program will have to be evaluated
on an individual basis. This makes it very impottao matter how many samples are collected,
to evaluate the quality of the data actually ol®dithrough the monitoring project, in order to
explain and defend any limitations of the data withe petition.

4.3.3 Quality Assurance Project Plan (QAPP)

Prior to the implementation of the monitoring @dj it is recommended that a Quality
Assurance Project Plan (QAPP) be developed in dodeocument the data collection process
and reassure decision-makers that the data ameodf guality, collected and analyzed using
standardized techniques, and comparable to ddtctad in other assessments using the same
methods (EPA 1996). All projects that receive BBAding are required to submit a QAPP for
approval, and therefore several guidance docunexmsthat provide detail on the preparation
of a suitable QAPP (EPA 1996, EPA 2001). The otstpfithe data quality objectives process
for systematic planning of environmental assesssneant be directly applied in writing a QAPP
(EPA 2006).

A QAPP is “a document describing in comprehende&il the necessary QA [quality
assurance], QC [quality control], and other techhactivities that must be implemented to
ensure that the results of the work performed sdtisfy the stated performance criteria” (EPA
2001). According to the EPA, there are 24 elemerisided in this written plan that will
document the organization of the project team aedey elements of the systematic planning
process, including project goals, sampling andyamamethods, data quality objectives, and
sampling design. While the sampling design adéckpstential error from unrepresentative
sampling, the QAPP outlines the quality controlgadures used to minimize measurement error.
This is done by specifying steps that will ensines se of proper equipment, the collection of
quality control samples to monitor sample contarnma(replicates, field blanks, etc.), and the
procedures for instrument calibration. These duabntrol procedures are defined in a standard
operating procedure (SOP), and many SOPs alreaslyfexwater quality monitoring projects
and may be readily referenced in the QAPP writtgrafPhase Il petition (EPA 1996).

Assuming that state-certified laboratories willdmnducting the lab analysis of samples
for a Phase Il petition project, the QAPP will panty address the field methods for sample

collection, monitoring logistics, and the samplaegign. For the purposes of a Phase I
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stormwater petition, it is not necessary to recepproval from either the EPA or DWQ);
however it is recommended that feedback on the Ipgapbtained prior to implementation of the
project. State and EPA Regional volunteer momtpdoordinators, Quality Assurance Officers,
EPA project officers, and other data users such@®WQ, may be available to review a draft
plan and offer feedback (EPA 1996). EPA guidanagenials (EPA 1996, EPA 2001) should be

consulted for further detail on the preparatiom Q@APP.

4.3.4 Notification

According to the petition requirements, the “petier must notify the owner or operator
of the municipal separate storm sewer system (M8#)e person who discharges stormwater of
its intent to conduct monitoring activities priar¢onducting those activities.” At a minimum, a
letter notifying the owner or operator of the MS4lee intent to conduct stormwater monitoring
activities is required, although it is not neceggarobtain permission to conduct monitoring
activities in publicly accessible locations or mbic trust waters. In some cases, the MS4
operator or local government officials can prowaduable information, including potential
sampling locations and existing monitoring datthalgh, as mentioned previously, the level of

cooperation may vary.

4.3.5 Stormwater Monitoring

This step in the process involves putting the nooimg plan into action. The schedule,
project team, standard operating procedures, ajistics of sampling were established in
previous steps. This monitoring effort may requive coordination of volunteers to collect
samples in the field, and the project manager shensure that the QAPP is adhered to for the
duration of the sampling effort. The project magraghould compile laboratory test results for

use in the data analysis phase of the project.

4.3.6 Data Analysis

The data collected will consist of measuremenis pdrticular stormwater quality
characteristic of the discharge at several outfailsin the jurisdiction of the MS4 over a series
of sampling events. The mean pollutant concewtnator loads will likely be calculated for each

of the outfall locations, which should then be camnggl to applicable water quality standards to
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determine if the discharge is causing or contrilito a water quality violation in the receiving
waters. If any comparisons are to be made toiegigt-stream monitoring data, or the results of
past studies, care should be taken to ensureithaaime data analysis parameters (mean,
median, proportion of violations, etc.) and genaralytical techniques were used in the petition
and past monitoring studies. Comparison to exjstinstream data may be useful in
determining a link between the receiving water impant and the stormwater discharge, while
comparison to other similar stormwater studiesammonstrate that the current study results are
consistent with other assessments.

Because a judgmental sampling design is used @stssdmpling locations, the data from
different sampling locations cannot be combineditectly estimate a parameter for the MS4 as
whole, and the data from each sampling locationtipe®valuated separately. Also, the number
of samples collected may be limited by the scheduleudget, and therefore the estimate may
not be statistically conclusive at the expecte@ll@f confidence or allowable error. As
previously stated, this makes it essential to diesthe characteristics of the land drained at each
sampling station as well as limitations in the dateluding the actual level of confidence and
error in the results, in order to allow a completaluation by the regulatory agency of the study

results presented as part of the adverse impatbpet

4.3.7 Reevaluation

Once the monitoring project is complete and thta dave been analyzed, a reevaluation
of all relevant information should be conductediéermine if a Phase Il petition is justified.
The same four assessment questions should agaonbelered, taking into account the newly
acquired monitoring data. Within this evaluatidgns also important to account for any
regulatory action or changes that may have may bawgerred during the course of the
monitoring project and affected stormwater managgmithin the jurisdiction of the MS4 in
guestion. Based on the judgment of the petitioiféris determined that a petition to require a
Phase Il permit for the MS4 is justified, one slaoloké submitted as part of the third stage of the
petition process.
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4.4 Phase Il Petition Methodology: Stage lll- Petibn Submission

The third stage of the Phase Il petition methodplisghe submission of the petition to
the EMC. The petition administration process i#ioed in Section 6(3) of the Phase II
stormwater management session law (SL 2006-24Bg. fifst requirement is that a petition be
submitted on departmental forms; however, thereanently no such forms available, and until
these are developed the DWQ will accept petitionsther formats (pers. comm., Bennett 2006).
Separate petitions must be filed for each MS4 iestjon, and a copy of the petition must be
provided to the owner or operator of the MS4 withéhours of its submission to the EMC. The
EMC will determine the completeness of the petitithin 90 days of submittal and then accept
public comment for at least 30 days. The EMC mag hold a public hearing on the petition; a
hearing must be held if a written request for aneeteived during public comment period. The
public comment period provides the opportunitytfa public to participate in the decision-
making process, but also allows the petition sulifgchallenge the petition by submitting
information regarding the reasons that they shaotde required to obtain a Phase Il permit.
Therefore, all background information and monitgrdata should be carefully considered prior
to submitting a petition to ensure that there ffigent cause for the EMC to require a Phase |l
permit for the MS4 and in order to make the strehgessible case with the petition. The EMC
will review a petition within 180 days of the daie which it is determined to be complete, and if
a permit is deemed necessary, the MS4 owner oatgpenill be notified within 30 days of the
decision. A permit application must then be subadifor approval within 18 months of that

notification.

5.1 Phase Il Petition Case Study: Stage |- Backgroal Research

In order to examine the process of developingasPHl stormwater petition for an MS4
located on the North Carolina coast, the town oféhead City, NC, was chosen as a case study.
The petition methodology model is used to framdnltbée compilation of the relevant
background data and a preliminary discussion ofibaitoring study and sampling design
considerations for potential future implementatodrthe second stage of the process.
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5.1.1 Problem Identification

The town of Morehead City, NC, is located in CeetéCounty on a peninsula surrounded
by the waters of Bogue Sound to the south and twvepdrt River to the east and north (Fig. 4).
The town is the largest municipality in the couragd although not classified as an urbanized
area in the 2000 census, its jurisdiction inclualess of intense commercial and residential
development. The town owns and operates an MS3#nwis city limits and in the extra-
territorial jurisdiction (ETJ) that falls under tiparview of its CAMA land use plan. There are
large areas of prohibited and conditionally appdbskellfish harvesting areas in local receiving
waters, and several water bodies are listed 08aB¢&d) list of impaired water bodies prepared
by the DWQ. The degree of urbanization and theatigion of surface waters raise concerns
about the impacts of stormwater discharges fronMBd operated by the town. For this reason,
Morehead City should be considered as a candidathé Phase Il stormwater program.

5.1.2 Water Quality Background

Morehead City is located within a sub-basin of Wikite Oak River Basin (WOKO03),
and the major receiving waters of discharges frieznMiS4 include Calico Creek, the Newport
River, and the eastern half of Bogue Sound. Thienmtyaof the waters in the vicinity of
Morehead City are classified SA HQW (Fig. 5), wiitle exception of Calico Creek (SC HQW)
and waters surrounding the North Carolina Staté Paxility (SC). Primary uses of these water
bodies include shellfishing, recreation, and aqu#e support. The major threats to water
quality include stormwater runoff and dischargesrfthe Morehead City Wastewater Treatment
Plant (WWTP) in Calico Creek (Morehead City 2008he Morehead City WWTP currently
holds a major NPDES permit for the discharge ofaup.5 MGD, and the North Carolina State
Port Facility has two minor NPDES permits (DWQ 287Fecal coliform bacteria pollution is
considered an important water quality issue, egfigan the Newport River and its tributaries
(Morehead City 2006).

The Shellfish Sanitation and Recreational Waterli@udection of the North Carolina
Division of Environmental Health (DEH) conducts tea®logical monitoring efforts at
sampling locations (Fig. 6) throughout the recagwivaters of the Morehead City MS4, in order
to recommend the temporary or permanent closuopening of shellfishing waters. The
majority of the drainage from the Morehead City M&+ers the E-3 and E-4 SGAs.
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Bacteriological monitoring data is used to calcaildite geometric mean fecal coliform
density and a 90percentile value for the stations in each grovdren. Based on certain criteria
(Table 3), waters within each SGA are classifie®Pashibited, Restricted, Conditionally
Approved- Closed, Conditionally Approved- OpenAqmproved for the harvesting of shellfish,
in accordance with the results of the shellfishtsayp surveys. Several stations in the E-3 and E-
4 SGAs show levels of bacteria that violate watalidy standards and waters around these
stations are recommended for closure (Table 4 adeTs).

The DWQ collects water quality data at five ambieainitoring stations in the WOKO03
sub-basin, which monitor a variety of parametectuiting dissolved oxygen, turbidity,
nutrients, heavy metals, and fecal coliform baatefiwo stations are located in Calico Creek in
the immediate vicinity of Morehead City. For theérposes of the current draft basin-wide
planning report, monitoring data collected at th&ts¢ions between September 1, 1999 and
August 31, 2004 was evaluated. This data showetdatater quality violations, based on the SC
beneficial use classification, occurred for feaaiform bacteria, dissolved oxygen, and turbidity
(Table 6). The Morehead City WWTP is a major citmitior to these violations; however,
stormwater runoff may exacerbate these problems.

Table 3: Shellfish Growing Area Classifications (DVQ 2007¢€)

NC DEH Classification Criteria

The median fecal coliform Most Probable Number

(MPN) or geometric mean MPN of water shall not
Approved (APP) exceed an MPN of 14 per 100 milliliters, and the
estimated 96 percentile shall not exceed an MPN of 43
per 100 milliliters for a five tube decimal dilutidest.
Sanitary Survey indicates an area can meet approved
area criteria for a reasonable period of time, thed
pollutant event is known and predictable and can be
managed by a plan.
Sanitary Survey indicates an area can meet approved
area criteria for a reasonable period of time, thed
pollutant event is known and predictable and can be
managed by a plan.
Sanitary Survey indicates a limited degree of gimhy
and the area is not contaminated to the extent that
consumption of shellfish could be hazardous after
controlled depuration or relaying.

Conditionally Approved-Open (CAO)

Conditionally Approved-Closed (CAC)

Restricted (RES)

No Sanitary Survey; point source discharges; marina
Prohibited (PRO) data does not meet criteria for Approved, Condélbyn
Approved or Restricted Classification.
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Table 4: Geometric mean fecal coliform MPN per Table 5: Geometric mean fecal coliform MPN per

100 mL and 90" percentile value for sampling 100 mL and 90" percentile value for sampling
stations in the E-3 shellfish growing area from stations in the E-4 shellfish growing area from
1999-2002 2002-2005
STATION GEOMEAN EST 90TH STATION GEOMEAN EST 90TH
; 133 -7697 11008 3 4.73 16.0
3 376 11 4 5.56 19.0
5 335 ) 4A 10.01 43.0
6 9.83 54 4B 13.18 65.0
6A 12.19 62 5 12.48 71.0
7 7.28 30 5A 11.35 54.0
g g-;g gg 7 10.99 43.0
10 11.71 67 8 6.51 26.0
13 9.76 37 9 4.00 11.0
15 11.38 40 10 2.41 4.0
18 8.75 39 11 5.24 18.0
;2 2-22 294 14A 4.77 19.0
21 6.27 36 16A 5.17 19.0
3 > a4 5 18 3.73 14.0
24 254 5 24 4.25 13.0
34 4.45 17 25 6.10 32.0
35 4.92 14 27A 9.82 43.0
36 4.23 12 28 417 12.0
37 4.68 18 29 293 47.0
40 8.90 34 - -
42 7.04 36 41 12.70 80.0
447 6.67 34 41A 9.50 55.0
45 20.83 160 55 4.37 15.0
46 5.68 23 56 416 13.0
47 7.31 31 a3 3.80 15.0
48 4.60 15 - -
48A 8.04 ; 84 4.92 25.0
48B 7.80 - 85 4.85 13.0
48C 6.49 - 86 3.14 9.0
49 4.36 13
50 3.51 10
51 6.64 24 Orange = Borderline
52 6.42 20 Yellow = Violation
59 13.05 66
60 6.83 28
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Table 6: Water quality violations in Calico Creek DWQ 2005)

Station ID Location Class Parameter (Evaluation Level) 9% Exceedance % @hfidence
Fecal Colif >20%>400 86.20% 100%
pg750000  Calico CrSR 1243 SC ecal Coliform (>20%>400) . _ .
at Morehead City HQW Fecal Coliform (Geomean>200) Geomean: 1344

Turbidity >25 39.10% 100%

) Fecal Coliform (>20%>400) 30.00% 94%

P8800000 Calico Cr SR 1176 SC Dissolved O 5.0 17.40% 93%
at Morehead City HQW issolved Oxygen (<5.0) 4V 0

Turbidity >25 34.80% 100%

Several areas in the receiving waters surroundingeltad City are listed on the 303(d)
list of impaired waters (Fig. 7). The primary reador listing of these waters is high levels of
fecal coliform bacteria, which leads to permanerttemporary closures of these areas to
shellfish harvesting. According to the currenteassnent methodology, the determination of the
use support rating (Supporting or Impaired) for\B&ters is based on their classification by the
DEH. Only waters classified as Approved for sheiling are rated as Supporting, and all other
waters are considered Impaired (DWQ 2006). The afiampaired waters taken from the 2006
draft 305(b) and 303(d) Integrated Report doesdebheate large areas of Conditionally
Approved- Open SA waters as Impaired, but the me&sothis discrepancy is unknown.

According to the Morehead City draft land use {&006), approximately 25% of the
town’s waters were closed to shellfish harvesting tb runoff from urban stormwater and other
sources, including construction, failing septicteyss, and agricultural runoff. Sanitary surveys
of the area indicated that high bacteria countsvi@d moderate to heavy rain (DEH 2005),
another indication that stormwater runoff is likaly important contributor to the pollution of

shellfishing waters around Morehead City.
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5.1.3 Drainage Area Background

As noted earlier, Morehead City has the largesnhpeent population of any incorporated
municipality in Carteret County. There is als@eyk seasonal population due to the town’s
popularity as a coastal tourist destination. Adouy to the CAMA land use plan for Morehead
City (2006), the estimated permanent populatio2d@2 was 7,726 persons, while the estimated
population within the ETJ was 14,000 persons, aitlestimated seasonal population of 3,146
persons. The Morehead City population grew 27.2%vben 1990 and 2000, while the ETJ
grew 33.8% during the same period. The peak ptipalancluding the ETJ and the seasonal
population projections, is expected to reach 22/#80010.

This population growth has led to increased devakqt in Morehead City. The
portions of each 14-digit hydrologic unit (HUC-Matersheds that fall under town jurisdiction
have all experienced high levels of developmenbld&). This growth has occurred very
rapidly, as indicated by a 700% increase in thelmemof seasonal units since 1980 and twenty-
six new subdivisions constructed in the Moreheag @anning jurisdiction between 1999 and
2003 (Morehead City 2006). The high amount anel ehdevelopment within this drainage area
could have a significant effect on the quality aetume of stormwater discharged by the
Morehead City MS4 and signals the potential foractp on the quality of surface waters due to

stormwater runoff.

Table 7: Developed acreage in the Morehead City jisdiction by HUC-14 watershed (Morehead City 2006)

Land in

HUC-14 Watershed NI Developed Undeveloped Percent Developed
Jurisdiction
03020106030070 9564 ac 4858 ac 4706 ac 50.8
03020106030060 367 ac 260 ac 107 ac 70.8
03020106030020 1346 ac 921 ac 425 ac 68.4

The current draft of the Morehead City CAMA langkwplan (2006) describes existing
land uses within the planning jurisdiction, inclogiareas of residential, commercial, industrial,
institutional, agricultural development, as wellogeen space and undeveloped areas. Nearly half
of the total land area within the planning juridttio is classified as undeveloped, while the
primary land use category in developed areas idassal (Table 8). A separate map of the
existing land uses in Morehead City was obtainethfthe Planning Department indicating the

extent and distribution of five major land usesha area (Fig. 8).
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Table 8: Morehead City Existing Land Uses (acres)

Land Use Description Area Percent of Total
Undeveloped Floodplain, wetlands 5,342 49.20%
Residential Low- to high-density residential 3.244 29.80%
homes and apartments
Commercial Strip malls, restaurants, shops 593 5.50%
Industrial Port and industrial complexes 313 2.90%
Institutional Hospitals and educational 5, 4.00%
institutions
Agricultural/  Farms, parks recreation areas, 945 8.70%
Open Space golf courses
Total 10,868 100%

Additional land use and land cover geospatial é@téghe Morehead City planning jurisdiction
was obtained from the NOAA Coastal Change Analpsegram (CCAP) database and from the
National Land Cover Data (NLCD) database of thetiMRésolution Land Characteristics
Consortium (MRLCC). These programs use relatigatyilar classification schemes (Table 9)
to classify various land uses and land cover typesigh the analysis of remotely sensed
satellite imagery. These land cover classes diféen those in the Morehead City land use plan,
primarily in the fact that the classification inporates vegetated land cover classes. Despite
these different classification schemes and observaates (the CCAP data is now ten years
old), these maps generally show similar charadiesis the location of intensely developed
areas, near US-70 and downtown Morehead City, esgldensely developed residential and
undeveloped areas in the ETJ (Fig. 9 and Fig. 10).

The MRLCC has also developed a map estimatingéneent impervious cover within
each mapping unit (30 x 30 meter pixels) usinggaession tree model to analyze Landsat
Thematic Mapper satellite imagery, in conjunctiothviigh spatial resolution imagery. The
model was calibrated based on classification adehnitial study areas of varying levels of
development and impervious surface coverage (Yaal 2003) and then applied in other areas
of the country to estimate the percent imperviaugec. A map of the estimated percent
impervious cover was obtained for the Morehead @léyning jurisdiction, which was derived
using the NLCD model based on 2001 Landsat TM ima@&g. 11).
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Figure 8: Existing land use map from the Town of Moehead City Planning Department
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Table 9: Description of CCAP and NLCD land use andand cover classes in the Morehead City planning

jurisdiction

NOAA CCAP
Classes

Description

NLCD Classes

Description

Low Intensity
Developed

High Intensity
Developed

Cultivated Land

Grassland

Deciduous Forest

Evergreen Forest

Mixed Forest
Scrub/Shrub

Palustrine Forested
Wetland

Palustrine Scrub/

Shrub Wetland

Palustrine Emergent
Wetland (Persistent)

Estuarine Emergent

Urban land cover with greater than 2
percent and less than 75 percent
impervious surface

Urban land cover with greater than 7
percent impervious surface

Active agriculture, orchards, and
vineyards

Both managed and unmanaged
grasslands

Hardwood forest with a pronounced
seasonal dormancy period

Forest without a pronounced season
dormancy period

Forest not dominated by either
deciduous or evergreen species

Woody vegetation less than 20 feet ¢

Freshwater wetland forest

Freshwater wetland scrub/shrub

Freshwater wetland-rooted emergen
species (marsh, lilies, etc.)

Saltwater wetland emergent species

Al

all

Developed,

Low Density

Developed,
Medium Density

Developed,

High Density
Developed,

Open Space
Cultivated Crops

Pasture/Hay
Grassland/

Herbaceous

Deciduous Forest

Evergreen Forest

Mixed Forest

Shrub/Scrub

Woody Wetlands

Emergent
Herbaceous
Wetlands

Impervious surfaces account
for 20-49 percent of total
cover.

Impervious surfaces account
for 50-79 percent of the

total cover.

Impervious surfaces account
for 80 t0100 percent of the
total cover.

Impervious surfaces account
for less than 20 percent of
total cover.

Areas used for the
production of crops.
Pasture/hay vegetation
Areas dominated by
grammanoid or herbaceous
vegetation.

More than 75 percent of the
tree species shed foliage
seasonally.

Canopy is never without
green foliage.

Neither deciduous nor
evergreen species are
greater than 75 percent of
total tree cover.

Areas dominated by shrubs.
Areas of forest or shrub
vegetation where the
substrate is periodically
saturated with or covered
with water.

Areas of perennial
herbaceous vegetation
where the substrate is
periodically saturated with
or covered with water.

Wetland (Spartina marsh, juncus grass, etc.)
Unconsolidated Tidal flats, shoals, and intertidal areas
Shore
Bare Land Bare exposed rock, sand, and soil Barren Land Vegetation accounts for less

(Rock/Sand/Clay)

than 15% of total cover.
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Figure 9: CCAP 1997 land use and land cover clasgiftions for the Morehead City planning jurisdiction

(NOAA 2007)
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Figure 10: NLCD 2001 land use and land cover clagiiations for the Morehead City planning jurisdiction

(MRLCC 2007)
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Figure 11: NLCD 2001 estimated percent imperviousaver per pixel for the Morehead City planning

jurisdiction, excluding roads (MRLCC 2007).
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The MS4 operated by the town of Morehead City mta®f 22.8 miles of piping and
1080 catch basins, as well as an extensive netefatkainage ditches and swales throughout its
planning jurisdiction (Fig. 12). Outfalls to wasenf the state have been mapped in the ETJ, but
are not indicated within the city limits on the gng storm sewer system map maintained by the
town. This system drains the various land usesudsed above, which influences the
characteristics of the stormwater discharge ergehe receiving waters of the Newport River

and Bogue Sound.

5.1.4 Stormwater Management Background

In addition to the state coastal stormwater pnogeaforced by the DWQ, there are local
stormwater management measures in place withiMtrehead City jurisdiction. The local
stormwater management program includes (from Ma@elaty 2006):

Maintenance of existing ditches

Use of low impact development designs for city pctg

Updating stormwater facilities during street impeawent projects

Maintenance of a database and map of the existinastructure

Identification of illicit discharge areas

Reporting malfunctioning stormwater ponds to tladest

Development of a draft stormwater management ondigathe ordinance has not

been adopted due to inadequate staffing for enfoeoe.
These measures are primarily related to the mantmnof the existing system. The town notes
in its current draft CAMA land use plan that “thdsting drainage system has deteriorated and is
not large enough to handle stormwater runoff in ynameas” (Morehead City 2006), which
increases the risk of flooding during heavy rains.

The town of Morehead City has also agreed to sevehlantary measures to mitigate the
expected impacts of increased stormwater runadf @sult of increased development
accompanying the expansion of the Morehead City VIWNThese voluntary measures include:

prohibition of sewer service expansion into certensitive areas,
development and implementation of a local stormmat@nagement program that

utilizes the six minimum measures of the NPDES Pliastormwater program,
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Figure 12: Overview of Morehead City, NC stormwaterinfrastructure including outfalls to state watersin the

Morehead City ETJ (Maps obtained through the Morehad City Planning Department)
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exploration of grant funding opportunities for stavater projects in environmentally
sensitive areas,
enhancement of the Carteret County Advanced |deatibn of Wetlands project,
continuing cooperative efforts with state ageneieg environmental groups to
improve stormwater management in the town,
prohibition of additional or enlarged stormwatesatiarge points into SA waters,
conducting an inventory of the existing MS4 andlea&on of retrofit opportunities,
implementation of staff training to assist the estat monitoring stormwater projects,
and
conducting a self-evaluation of existing ordinan@édsrehead City 2006).
These mitigation measures indicate a fairly pre@cipproach to stormwater management in
Morehead City, however, it should be emphasizetiathaf these measures are voluntary.

5.1.5 Evaluation
Is the MS4 listed as a pollutant source in a TMDBiplementation plan?

Although several areas of the receiving waterhyefMorehead City MS4 are
listed in the integrated 303(d) report of impaiveater bodies, the MS4 is not
currently listed as a pollutant source in a TMDLplementation plan.

Do receiving waters show evidence of water qualigyndards violations or degradation,
or does the MS4 drain to water bodies listed asainguol?

Based on the water quality data and backgroundrnmrdton above, it appears that
there are some significant surface water qualgyes that could potentially be related to
stormwater discharges from the Morehead City MBdcal coliform counts are high,
particularly after moderate to heavy rain everiier this reason, all shellfishing waters
classified as conditionally approved open are sulifgeclosure after significant rainfall
events. Inthe E-3 area, 2.5 inches of precipitetiiggers a closure, while in the E-4
area, 1.5 inches of rainfall is the threshold (DEMZ2, DEH 2005). According to the
Shellfish Sanitation and Recreational Water Quaiygtion, “rainfall and the resultant
runoff is the event most detrimental for shellfighter quality” in the area (DEH 2005).
Thus, it appears very likely that the stormwatsctarges from the Morehead City MS4
are potentially a significant contributor of poHuts to receiving waters, particularly for
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fecal coliform bacteria. While water quality vititans for other parameters, such as
dissolved oxygen and turbidity, have occurred ataimbient monitoring stations in
Calico Creek, fecal coliform is noted as the caafsenpairment for all receiving waters
of the Morehead City MS4 that are listed in the (80 3eport of impaired water bodies
(DWQ 2006).
Based on the typical characteristics of stormwateroff from the land uses found within
the drainage basin, is stormwater likely to contitidd to water pollution?

While the town classifies nearly half of its plamgijurisdiction as undeveloped,
many areas, especially within the city limits aeavily urbanized. Using ArcGIS 9.1
geospatial analysis software, a zonal statistiesyars was conducted for each land use
class in each of the three land use datasets: tielidad City existing land use map,
CCAP land use/land cover, and the NLCD land usd/tanver. The analysis resulted in
an estimate of the mean percent impervious suftaceach land use class in the
Morehead City planning jurisdiction (Tables 10, aad 12). The developed land use
classes, especially commercial, institutional, exldistrial areas, are noted to exceed
levels of impervious coverage at which degradadiosurface water quality begins to be
observed, generally shown to occur with greatem @6 watershed impervious surface
coverage (Schueler 1994). Mallin et al. (2000\skacstrong relationship{= 0.95)
between the geometric mean fecal coliform concéatrand impervious surface
coverage within each watershed of five tidal craakdew Hanover County, NC (Fig.
13). This data shows standards being exceedewatashed having as little as 8.7

percent impervious surface cover.

Table 10: Estimated percent impervious cover per égting land use class in the Morehead City
planning jurisdiction

Mean Percent

Land Use Impervious
Industrial 21.00
Commercial 37.01
Institutional 29.29
Residential 8.07
Planned Residential 11.36
Floodplain 0.15
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Table 11: Estimated percent impervious cover for ezh CCAP land use/land cover class in the
Morehead City planning jurisdiction

Mean Percent

Land Use/Land Cover Impervious
Developed, High Intensity 50.90
Developed, Low Intensity 17.17
Cultivated Land 6.12
Grassland 12.57
Deciduous Forest 14.69
Evergreen Forest 8.02
Mixed Forest 8.59
Scrub/Shrub 9.52
Palustrine Forested Wetland 6.24
Palustrine Scrub/Shrub Wetland 10.49
Palustrine Emergent Wetland (Persist 8.97
Estuarine Emergent Wetland 0.72
Unconsolidated Shore 13.23
Bare Land 23.47
Water 9.01

Table 12: Estimated percent impervious cover for ezh NLCD land use/land cover class in the
Morehead City planning jurisdiction

Land Use/Land Cover Mean Percent

Impervious
Developed, Open Space 9.01
Developed, Low Intensity 30.30
Developed, Medium Intensity 59.90
Developed, High Intensity 85.34
Barren Land (Rock/Sand/Clay) 2.31
Deciduous Forest 0.00
Evergreen Forest 0.25
Mixed Forest 0.32
Shrub/Scrub 0.78
Grassland/Herbaceous 0.85
Pasture/Hay 0.46
Cultivated Crops 1.23
Woody Wetlands 0.24
Emergent Herbaceous Wetland 0.10
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Figure 13: Geometric mean fecal coliform concentrabn versus watershed percent impervious
cover for five coastal watersheds in the New Hanow€ounty, NC area (in Mallin et al. 2000)

The National Stormwater Quality Database (Pitl.€2@03) was developed to
compile and analyze monitoring data gathered lgeland medium MS4s for the
purposes of Phase | stormwater permit applicatidnghe initial analysis of this data, a
variety of parameters including the percent impmrgicover and geometric mean fecal
coliform counts were compiled and stratified acoaogdo land use (Table 13). While the
variance in these data are quite high due to the wariety of sampling locations and
conditions, all of the land use classes show tlgit densities of fecal coliform, well
above water quality standards, are present inghmkes. Because these types of land
use are present in Morehead City, fecal coliformele in the stormwater discharge from
the MS4 could also be expected to be high.

Are existing stormwater programs within the jurigtbn effectively protecting water
quality and will the Phase Il program improve stevater management practices?

The primary regulatory tool for stormwater managete Morehead City is the
state coastal stormwater management program, whiobnjunction with CAMA, is
intended to protect coastal water quality. Howet&nce additional limitations on
shellfish harvesting have occurred since CAMA hesarbpromulgated, it is clear that
these policies have not adequately protected vgataity” (DWQ 2000). While
amendments to these rules have been proposeddhét make the requirements more
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stringent, these changes would not take effect ankeast mid-2008 (Reeder 2007), and

it is uncertain what the final version of thesegmsed rules will require.

Table 13: Estimated percent impervious surface covage and geometric mean fecal coliform count for lage
and medium MS4 stormwater discharges based on NPDHEZhase | permit monitoring results

Land Use % Impervious Fecal Coliform (MPN)
Residential 37.0 8345 (n=446)
Mixed Residential 44.9 11000 (n=313)
Commercial 83.0 4300 (n=233)
Mixed Commercial 60.0 4980 (n=109)
Industrial 75.0 2500 (n=297)
Mixed Industrial 44.0 3033 (n=115)
Institutional 45.0 --
Freeways 80.0 1700 (n=49)
Mixed Freeways - 730 (n=16)
Open Space 2.0 7200 (n=23)
Mixed Open Space 34.0 2600 (n=95)

The town of Morehead City has agreed to implemertat stormwater
management measures in order to mitigate the esgb@tipacts of increased
development accompanying the expansion of its WWilch include the six minimum
measures of the Phase Il stormwater program. Tiessures go above and beyond any
state requirements for stormwater management; henvéhe measures are voluntary and
not enforceable regulations. The town has beeblana adopt a stormwater
management ordinance due to insufficient staffgrehead City 2006), and it would
seem likely that similar circumstances could prévee full implementation of some of
the voluntary measures agreed to by the town.

By requiring the town to obtain a Phase |l stormexgiermit, a regulatory tool is
put into place to ensure that appropriate BMPsakected and implemented in a timely
manner in order to reduce the discharge of poltstditom the Morehead City MS4 to the
“maximum extent practicable.” The Phase Il pernoid require a formalized

stormwater management program in the town of Mael@ity, and even the DWQ
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(2007e) has stated that “Morehead City should camstronger ordinances to control
stormwater runoff to Calico Creek, including thevelepment of a Phase Il stormwater
program.”

One of the main benefits of the Phase Il programlavbe the full
implementation of a public education and outreaclyam regarding the impacts of
stormwater. DWQ has noted that “a significant preducing detrimental inputs to the
waterways of North Carolina involves creating palawareness of runoff concerns and
educating people about ways to reduce stormwatafir(DWQ 2004). The public
education minimum measure of the Phase Il prograoidwequire Morehead City to
implement an outreach program and encourage the tiowake full advantage of the
resources provided by the Runoff Education and Awass Program developed as a part
of the North Carolina Coastal Nonpoint Source Paiogr Also, the post-construction
requirements of the North Carolina Phase Il prognaould help to mitigate the impacts
of rapid growth throughout the Morehead City plangnjurisdiction. The impacts of
increased impervious surface, primarily in lesssgééndeveloped areas outside the city
limits, could be mitigated by the development dgnbased runoff control requirements.
New or expanded point discharges of stormwater fiteerMS4 into SA waters would be
prohibited in all areas of the Morehead City juresidn and a fecal coliform source
control program would be required (Section 9, SD&Q46), directly addressing the
primary threat to water quality in the shellfishiwgters surrounding the town.
Implementation of the good housekeeping and ild@tharge detection measures would
require a thorough evaluation of the effectiveraddte current MS4 maintenance
measures in the town’s existing stormwater managepregram. Thus, a Phase Il
permit has the potential to directly address stoatewmanagement issues that may

threaten water quality in the receiving watershef Morehead City MS4.

Based on the initial evaluation, it appears thaetition for a Phase Il permit for

Morehead City would be justified, and assuming #adquate resources are available, the

second stage of the petition methodology shoulunpéemented. There are water quality issues

present, the drainage basin characteristics arealypf urbanized areas, existing mandatory

stormwater programs have not effectively proteetater quality, and the extent to which other
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voluntary measures will be implemented is uncertdirthe implementation of the minimum
measures of the Phase Il program is required ttraygermit, there are several ways in which
stormwater management could potentially benefibweler, two important factors should be
accounted for prior to making the decision to pesteith the implementation of a stormwater
discharge monitoring project.

First, in February 2007, a public notice was issstating the following: “Pursuant to
Session Law 2006-246, Section 5, the Town of AitaBeach, the Town of Emerald Isle, and
Morehead City have been identified as candidateddsignation as regulated Phase Il public
entities under the National Pollution Dischargentthation System (NPDES) stormwater
program” (DWQ 2007c). This indicates that DWQ ligady considering the designation of
Morehead City as requiring a Phase Il permit thiotlge state designation process. The public
comment period regarding the potential designatiddorehead City as a Phase || community
will end in March 2007, and a decision on the design will be made by May 2007. If the
town is designated, then no Phase Il petition wéalcheeded. For this reason, the premature
investment of time, labor, and money in an unneagswonitoring project should be avoided.
On the other hand, if Morehead City is not desigdathis may, in effect, place a larger burden
of proof on the petitioner in showing that the dean by the DWQ not to designate the town as a
Phase Il community was incorrect. Therefore, tiea@me of this designation process should be
evaluated prior to implementing a stormwater momgpstudy.

Secondly, the state coastal stormwater programrreictly under review. While the
proposed amendments are not expected to go inte platil 2008 and final outcome of the
process is uncertain, it is important to note thatcurrent proposal mirrors the Phase Il post-
construction rules (Reeder 2007). If this propasaldopted, it may be more difficult to
convince the EMC that a separate Phase Il perm#ggssary for the town of Morehead City. In
the event that a petition was being pursued, Keditiood of a successful petition should be
considered in light of these pending changes tatiblenwater management regime in Morehead
City. It may be determined that undertaking tlegratvater monitoring study for a Phase Il
petition may not be worthwhile.
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5.2 Phase Il Petition Case Study: Stage II- Stormwiar Monitoring

It is likely that any effort at conducting a peiiti stormwater monitoring study for the
purpose of a petition for Morehead City, or elsexgledong the North Carolina coast, will need
to be postponed pending the completion of the §thtese Il designation and the coastal
stormwater program amendment processes. For tpeses of the case study, it will be
assumed that a petition is still viable, and vagipteliminary aspects of a potential monitoring

project within the second stage of the processheiltliscussed.

5.2.1 Systematic Planning

For the purposes of this case study, there idarotp actively conduct a monitoring
project to characterize the stormwater qualityhef discharge from the Morehead City MS4. In
the case of an actual petition, the systematicrphgnprocess discussed within the Phase Il
petition methodology would be used to develop aitbang plan, and the products of this
process could then be developed into a QAPP. péeifics of any future monitoring study
must be developed by the project manager, onceimes®for sampling and laboratory testing
have been acquired and a project or volunteer tesbeen assembled. Any resource
limitations are likely to have a direct influence the potential sampling effort and the duration
of the monitoring project.

There are several general aspects of the strat&giaing process that can be explored
regarding a potential Phase Il petition for Moreh€aty, which may also be relevant to petition
planning efforts for other coastal areas experrmneixtensive closures of shellfishing waters
linked to fecal coliform bacteria and stormwatemafi. These include considerations for
establishing monitoring objectives, the data rezaents for a monitoring project, and general
methods regarding fecal coliform sampling.

Project Objectives

Section 6(2)(b) of the 2006 Phase Il legislatistablishes that the petitioner must
present monitoring data showing either that thensteater discharge is contributing to or
causing impairment (loss of beneficial use) or ddgtion (diminished beneficial use) of
receiving waters, or that the stormwater discha&gesignificant contributor of pollutants to
unimpaired receiving waters (SL 2006-246). The tkesneeting the first criterion is establishing

the link between the pollutants impacting the reiogi waters and the pollutants in the
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stormwater discharge. In this case, given thetfaitthe in-stream water quality is already
documented as impaired, it would only be necedsacharacterize the quality of stormwater
discharged from the MS4. The monitoring effort Webiocus on establishing that the
stormwater discharged from the MS4 contains higiceatrations of the pollutant impairing the
beneficial use of receiving waters, for exampleafeoliform bacteria in the case of the
shellfishing waters surrounding Morehead City. altle the discharge would be sampled at
outfall locations where it enters impaired shéelfliigy waters, and then submitted for laboratory
analysis to determine if pollutant levels in thedtiarge violate the relevant water quality
standards.

The second criterion is relatively vague, as thent&significant” is not well-defined and
open to some degree of interpretation. Demonsgdhie significance of stormwater discharges
to waters that are not already considered impairategraded will be more difficult and
complex. If water impairment has not been docuetrihe characterization of both the quality
of receiving waters and the stormwater dischargg Ineanecessary, in order to demonstrate that
the MS4 discharge is significantly affecting recegvwaters. In addition to stormwater
discharge monitoring, receiving water characteiaratvould require the measurement of in-
stream water quality parameters or an ecologicadsssnent of the condition of the stream to
establish pollutant concentrations and determimaikr quality standards are being violated.
This adds to the cost and complexity of the prajethat more samples would need to be tested,
additional equipment, such as a boat, may becomeseary, the sampling design issues may
become more complex, and more data, labor, ardiviietk will be required.

Therefore, it appears that undertaking a monitostogly for the purposes of a petition
may only be feasible for areas in which an adeqamteunt of existing data or documentation of
impairment already exists. This approach is muohencost-effective because it eliminates the
additional costs of conducting in-stream monitoriddne fact that many available sources of
existing water quality data are provided by govesntragencies bolsters the credibility of a
petition using this data, relative to a petitioowihich original estimates of in-stream impairment
are developed. Additionally, the uncertainty agsted with the term “significant contribution”
can be avoided if existing impairments are useth@®asis for linking the stormwater discharge

to receiving water quality problems.
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In Morehead City, all of the impaired waters listedhe 303(d) report are documented as
impaired by fecal coliform bacteria, which resuitgemporary or permanent loss of shellfishing
uses in the receiving waters of the MS4. Neallpfalhe receiving waters surrounding
Morehead City are listed as impaired, or exhibihealegradation in shellfishing use.
Conditionally Approved- Open areas are closed tods following significant storm events,
and should therefore be considered degraded bydeliform pollution because they have
experienced some loss of use, even if they arspettifically listed as impaired on the 303(d)
list. Based on this assessment, the primary abgof the monitoring plan for a Phase I
petition for Morehead City would focus on charazieg the quality of stormwater discharged
into these impaired and degraded waters, primbaged on the estimation of fecal coliform
bacteria density. This would be done to confirndeny the hypothesis that the MS4 is
contributing to fecal coliform pollution to the veais surrounding Morehead City.

Data Requirements and Analytical Methods

In the case of Morehead City, the parameters tesktimmated through the monitoring
project include the concentration and loading eifeoliform bacteria in stormwater discharged
from the MS4. Data collection will consist of olniag an adequate sample of stormwater from
several outfalls within the Morehead City plannjagsdiction to be tested for the density of
fecal coliform bacteria in a state-certified laldorg. In order to calculate loading rates,
measurements of the rate, depth, and size (cratsisa area) of the stormwater flow will be
needed. This data can then be used to calculatestamtaneous loading rate of fecal coliform,
at the time of sampling, from a particular discleargror each sampling event, the amount of
precipitation would be measured directly, or okedifrom the National Weather Service or
other reliable source, in order to examine theilwggi@dnd concentration of fecal coliform
compared with the size of the storm event. Samglection may be quite labor-intensive and
will most likely require a team of volunteers tonkimg at various sampling stations, in order to
obtain the necessary number of samples at eactidoagithin a reasonable timeframe.

The methods for testing stormwater samples shiollwv the procedures outlined by the
EPA in the Code of Federal Regulations (40 CFR P28). Because existing data of in-stream
fecal coliform bacteria density from the ShellfShnitation and Recreational Water Quality
Section is based on the Most Probable Number (MR&thod, this laboratory method should

also be used to test stormwater discharge samplasany comparison of the two datasets, this
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will help to ensure that additional error is naraaduced in the analysis due to the use of
different analytical methods (Burton and Pitt 2002ssuming that a state-certified laboratory
will conduct the sample analysis, the primary reguients that must be addressed by the
petitioner involve the use of proper equipment sawhple collection techniques in the field.
Collection bottles should be either sterilized pitasr glass with a water-tight seal, and this
equipment can be provided by the laboratory in mases. Samples for measurement of fecal
coliform bacteria must be collected as grab samplagh will involve manual collection of
approximately 500 milliliters of stormwater for éasampling event at each sampling station
(EPA 1992). Upon collection, samples should be&eddn ice, in order to maintain the samples
at a temperature of 1 — 4 C, and transported aklguas possible to the lab. The maximum
holding time allowed prior to the initiation of latatory analysis procedures is six hours (EPA
1978). Accurate labels, identifying the samplenghkng location, and time, are extremely
important, and if multiple persons are handling g® during their transportation, a chain-of-
custody record is necessary for quality assurangeoses.

In order to calculate the pollutant load, sevether field measurements will be required.
According to EPA guidance (EPA 1992), flow volumelime discharged per unit time) can be
estimated using any number of simple techniquedding the float method in an open ditch
(the amount of time it takes for a float to tramediven distance in the stormwater conveyance
multiplied by the cross-sectional area of the cganee) or the bucket and stop-watch method
for an elevated pipe discharge (the time amouftitree it takes for the discharge to fill a bucket
of a given volume). Other techniques involve tee af handheld or automated flow meters to
measure the flow rate of the discharge, whicheas tmultiplied by the cross-sectional area of the
discharge to estimate the flow volume. The cresdignal area is determined by the distance
across the conveyance at the water’s surface ancbiitour of the bottom of the pipe or ditch.

Flow rate measurements should be taken at the siegaet of the conveyance.

5.2.2 Sampling Design
Sampling design: Spatial component

The key issue in selecting a sampling design ensure that a representative sample is
obtained. As previously discussed, it would berlygmpossible to conduct a study using a

statistically random sample of the total populatdmutfalls from an MS4, for a number of
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reasons, including high costs and access to autf@hsed on EPA guidance for Phase | permit
applications, five to ten sampling locations shdudestablished in order to characterize the
stormwater discharge from an MS4 (EPA 1992), argdringe would be appropriate for the
purposes of a Phase Il petition, as well. A judgtakstrategy, based on knowledge of the
drainage area, would be most appropriate for detémmthe final number and location of
sampling sites.

Due to a number of problems associated with ac@®pling locations, such as
difficulty to reaching outfalls from land or by bipaazardous outfall locations that are difficult
to access under adverse weather conditions, autfalt are submerged or flooded by tides, and
problems gaining access to outfalls located ongpeiyproperty, it is difficult to outline a specific
step-by-step strategy to apply within the jurisdictof any MS4 in the selection of sampling
locations (EPA 1992). The specific location of gding sites will have to be determined after
field surveys or based on the knowledge of lochtials, state agencies, and the petitioner.
However, a general strategy based on the charstatsrof the drainage basin can be used to
establish the appropriate number of sites and géaegas in which to focus preliminary field
surveys. The primary objective of such a straiedg select sampling locations that drain areas
of homogenous land use within the drainage areeddry the MS4.

The Morehead City CAMA land use plan shows fiveand&nd uses, primarily based on
zoning ordinances, each with varying amounts ofempus surface. The 2001 NLCD land
use/land cover map is classified into varying lewal development of all types, based on the
amount of impervious surface. In examining the dhaad City existing land use map, several
areas of relatively homogenous land uses can Ingifiée, including distinct blocks of four land
use classes: industrial, commercial, institutional] residential development. A visual
comparison of this map with the developed classifons of the 2001 NLCD and the percent
impervious surface cover map shows that withinatefand use classes, the intensity of
development is relatively consistent.

On the NLCD map, industrial areas are generallgsifeed as high intensity, commercial
uses range from medium to high intensity, and tutstinal uses are generally medium intensity.
Therefore, sampling at an outfall draining eacthese land use classes could be considered
representative sampling of the discharge from @&these three land uses. On the other hand,

the residential land use class covers areas tinatfnaan high intensity development to open
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space or natural land use classifications on ti#d 20.CD map. The amount of impervious
surface also ranges from very low to extremely higherefore, in order to obtain a
representative sample of residential land usdsaat two or three sampling sites should be
selected within areas of residential land user@as of varying development intensity. This
assessment leads to an initial estimate of six Bagiocations for the monitoring study, with
the possibility that additional sites could be uuzd.

Based on the above analysis, the location of Irfie&d surveys to identify accessible
outfalls can be more focused. Given the overaljqut objective of establishing a link between
existing water quality impairment and the pollutdisicharged in the stormwater, it is also
important to locate outfalls in areas that discbamgimpaired or degraded waters. Generally, all
of the waters surrounding Morehead City are degradempaired based on the rating given by
DWQ or the classification of shellfish harvestingtas by DEH. However, it should be noted
that according to the methodology of the Shellfsinitation and Recreational Water Quality
Section, all brackish and salt waters are consitlasepotential shellfish harvesting areas and
receive a shellfish harvesting classification. D\Wwpsiders only those areas classified as SA
waters as being potentially available for shelifighuses (DWQ 2006). Therefore, Calico
Creek, which receives the discharge from the Madi@ty WWTP and falls under the SC
HQW surface water classification, is not considdmede impaired by DWQ, and neither are the
waters surrounding the North Carolina State Poctlifg which are classified as SC waters.

The sampling effort should focus only on class S#ess that are impaired or degraded, and
sampling locations discharging to the above wabelids should be avoided. Based on land use
intensity, water impairments, and the location aiffalls within the stormwater infrastructure of
Morehead City, six initial survey areas can be idiedl (Fig. 14).

Once accessible outfalls have been located, tlasplsg locations should be mapped
as required by the Phase Il petition rules. Ige#dication coordinates should be obtained using
a handheld GPS unit and then mapped using geodspadilysis software such as geospatial
analysis software. The area draining to eacheddloutfalls can then be estimated and
delineated based on field surveys, aerial photoslevation data. The characteristics of each of
these delineated sub-basins should be described lbasmpervious surface characteristics, land
use maps, as well as field descriptions in ordeleteelop a complete description of the

conditions on the land draining to each samplirogfion.
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Figure 14: Proposed preliminary field survey areagor potential stormwater outfall sampling locations
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Sampling design: Temporal component

The temporal aspects of the sampling design withdsed generally on the EPA
requirements for Phase | permit applications fagdeand medium MS4s regarding
representative storms. Therefore, sampling ewetliteccur for storm events that are greater
than 0.1 inches depth and do not vary by more 5@ from the average depth and duration of
storm events. Data collected between 1948 and k9%9e National Climatic Data Center
(NCDC) at the Morehead City 2 WNW observation stativas obtained online (NCDC 2007).
This data was used to calculate the maximum andwam storm depth and duration of a
representative event (Table 14) based on EPA statemgampling guidance (EPA 1992). For
the sake of simplicity, the minimum rainfall amodin&t would trigger a sampling event could be
rounded up to one-half inch. This would ensure tih@ event was large enough to be considered
a representative storm according to EPA guidelaresthat a measurable discharge would
occur. Because grab sampling is required for ediimg fecal coliform density, only
instantaneous measurements of density and discfiavgavill be taken, and the duration of the
storm will not be used to select or eliminate sangpévents. In order to measure first flush
effects and ensure consistent sampling times betleeations, samples would be gathered

within 30 minutes of the beginning of the stormmve

Table 14: Rainfall statistics for the Morehead City2 WNW monitoring station and calculated maximum aml

minimum storm depth and duration values

Rainfall Statistics Mean Representative Represe_ntative
Max Min
Annual Precipitation Total (Inches) 50.302 N/A N/A
Annual Number of Storm Events 70.468 N/A N/A
Monthly Average Storm Duration (Hours) 7.856 11.784 3.928
Monthly Average Storm Depth (Inches) 0.691 1.0365 0.3455

Sampling design: Quantitative component

Based on the existing sampling data collectechbyShellfish Sanitation and
Recreational Water Quality Section for the E-3 Bl SGASs, an estimate of the number of
sampling events needed to obtain a representatimels of fecal coliform density in the
stormwater discharge at each location can be @il The log transformed fecal coliform data
obtained for the sanitary surveys of these SGASHRB02, DEH 2005) can be used to estimate
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a coefficient of variation (COV) for the data s@the mean COV for all 68 sampling sets is
calculated as 0.59. Using the values ef 0.05 (95% confidence level),= 0.2 (power of 0.8),
and an allowable error of 25% to solve the aboweaggn (Eq. 1) (Burton and Pitt 2002), the
number of samples need is estimated to be approsiyr@b samples per sampling site. By
relaxing the allowable error to 50%, the estimataohpling effort becomes approximately nine
samples per site. Greater sampling effort will ioye the error in the resulting estimate of the
geometric mean fecal coliform density in the stoatewv discharge, but the actual number of
samples collected will depend on the number ofasgmtative events during the time period of
the study and the amount of money available fordamnalysis. These estimates offer a
general guideline for the sampling effort necessachieve the given level of confidence and
error in the study results, and should be takemactount when determining the project
schedule. If it is not possible to collect thisrp@amples for some reason, it is important to
include an explanation of why it was not done améialysis of the actual level of confidence
and error present in the results.
Sampling design: Summary

Based on the above analysis of sampling desigoriadhe monitoring study will sample
six stations for fecal coliform density, locatedatfalls draining the major land use classes
within the Morehead City planning jurisdiction. raling events will be triggered by rainfall
events expected to total greater than one half et sampling will be conducted within 30
minutes of the beginning of the storm event. lkheorto obtain an estimate of the geometric
mean fecal coliform density for the discharge freach outfall location, at least nine sampling
events are estimated to be necessary at each sgrigdation to achieve a confidence level of
95% and an error level of 50% in the resultingreates. Depending on the schedule and
resource availability of the monitoring study, meenples may be gathered to achieve a lower
error. The actual error and confidence level sthdnal included with the results, especially if

fewer samples are collected.

5.2.3 Quality Assurance Project Plan
As discussed previously, the monitoring study ofbyes, resources, schedule, sampling
methods, sampling design, data quality objectiaad, other outputs of the data quality

objectives process will be documented in the QAP& der to reassure decision makers that the
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data collected during the project are of high dualAlso, quality control and assurance
procedures will be included to ensure the deteaifaamy measurement errors or sample
contamination occurring during field collection pedlures. The specifics of this document will
be determined by the project team involved in ariyre monitoring efforts for the purposes of a
Phase Il petition for Morehead City. Based on ER#dance, the North Carolina DWQ
provides a checklist to ensure that all aspectss QAPP are included (DWQ 2007d). This
checklist is included in Appendix D.

A QAPP was developed for the Storm Drain MonitoriHrgject, a volunteer monitoring
effort being coordinated by the North Carolina GabBederation (NCCF), many aspects of
which could easily be adapted for a petition mami project (NCCF 2005). If the
aforementioned sampling strategy is adopted fooaitoring study in Morehead City, a team of
volunteers would be required to collect samplesndusampling events. The NCCF project
focuses on monitoring fecal coliform concentratifmsseveral storm drains in Carteret County.
Therefore, the project team organization and sargptiethods used for a petition monitoring
project in Morehead City will be similar to thoseadimented by the NCCF.

5.2.4 Notification

Prior to beginning any monitoring activities in ktead City, original copies of a
notification letter should be sent via certifiedihta the city manager, Mr. Randy Martin, and
the storm sewer operator, Mr. David McCabe, atMloeehead City town hall. This letter should
include any information deemed relevant, includimg project purpose, sampling station
locations, and a projected sampling schedule; hewélie main purpose of the letter is to
provide notification that a petition is being pugduand that monitoring activities will be
conducted. Assuming there has been prior contaletany officials, it may already be
understood that monitoring is planned; howevertteminotification is still necessary to meet the
requirements of the Phase Il rules (SL 2006-24%)ain, it should be noted that permission for
monitoring is not required as long, as monitoring\aties are performed in legally and publicly
accessible sites.
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5.2.5 Stormwater Monitoring, Data Analysis, and Reduation

Once stormwater monitoring is completed, an amalysthe data should be conducted
for the reevaluation of the viability of the petiti. This will involve compiling the laboratory
results of fecal coliform density for the individisamples at each sampling location, and
calculating the geometric mean and'$@rcentile values at each outfall. These valaesticen
be used to determine if the stormwater is exceedaigr quality standards for the receiving
waters based on the SA waters classification. §kekies are calculated in the following way:

- Geometric mean (from Costa 2007):
(a) Calculate the logarithm (base 10) of each samgigltre
(b) Calculate the arithmetic mean of all sample rdsgfarithms (base 10)
(c) Calculate the antilog (base 10) of the result n (b
- Estimated 90th Percentile (from NSSP 2005):
(a) Calculate the arithmetic mean and standard dewiatiaghe sample result logarithms
(base 10)

(b) Multiply the standard deviation in (a) by 1.28

(c) Add the product from (b) to the arithmetic mean

(d) Take the antilog (base 10) of the results in (@)ebthe estimated 8@ercentile
If the results show a violation of water qualitarstiards, and the outfall location is discharging
into waters impaired or degraded fecal coliformtbaa, then it can be shown that the discharge
is at least partially contributing to the degradatof receiving waters.

The calculation of the instantaneous loading oéfeoliform should be done by first
calculating the flow volume as described previowsig then multiplying by the fecal coliform
density. This value indicates the load of fecdifoon (MPN) per unit time and can offer an
estimate the quantity of bacteria entering the nait@ particular point in time during a storm
event. Without monitoring the flow rate of theaharge over the course of an entire storm
event, this only provides an instantaneous loadatgyand cannot be used to estimate the total
amount of fecal coliform entering the receiving grat however, it does provide some indication
of the magnitude of the stormwater discharge pafiicontribution of bacteria to the receiving
water body. Rainfall amounts should be recordedéch storm event to allow a general
comparison of loading versus event precipitatiowl to account for the representativeness of the

storm event.
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5.3 Phase Il Petition Case Study: Stage IlI- Petitin Submission

Finally, if the results of these analyses supgi@tinitial assumption that the discharge
from the MS4 is contributing to fecal coliform patilon in shellfishing waters, then a petition
should be submitted to the EMC. Background infdramashould be summarized, monitoring
data clearly presented, and maps and the QAPRledtlwhen submitting a petition. If
department forms are made available, these sheulcdéd to complete the process.

6.1 Conclusions

The Phase Il rules in North Carolina provide maetail than many other state NPDES
permitting authorities, or the EPA, regarding tleeessary data and background information
required for the completion of a Phase Il stormwptegram adverse impact petition. The
petition methodology outlined in this project issdged to meet all of these requirements, in
order to construct a petition that will be deemenhplete upon submission to the EMC, and
potentially granted on its merits. This petitioethodology is based on the use of existing
government data and EPA guidance on the designvifommental studies, in order to provide
reassurance to decision-makers that the petititmatdlected will be of high quality. Initiallyt i
appeared that the detailed requirements of thenN@arolina Phase Il petition rules would
simplify the process of submitting a Phase |l stoater petition and enhance the ability of the
general public to play a direct role in requiringnea stringent stormwater management along the
North Carolina coast. But although the petitiorttoeology appears relatively straight forward,
further study based on the Morehead City, NC, M&W&d that the petition rules may actually
place a large burden of proof on the petitioner senckeral practical challenges to the successful
completion of an adverse impact petition were riagethrough this preliminary application of
the petition methodology.

6.1.1 Challenges and Obstacles

The first challenge that becomes apparent is tbhenpial lack of availability of data
needed for the background research stage of titepegirocess. Water quality data may be
sparse for certain time periods, may not existtierlocation or stations of interest, may measure

variables using different parameters, or may ndtesk the variable of interest at all. For
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example, the EPA STORET database lacked any fetitdren density data for monitoring
stations in the area of Morehead City. It app#aas pollutants requiring grab samples may not
be frequently measured and this data may be edlyatifficult to track down. As another
example, Shellfish Sanitation and Recreational WQteality Section sampling data provides a
good background information source on areas of imy@nt; however, sampling is done during
dry weather periods and does not reflect the wetthex conditions that are sampled at outfall
locations, meaning only an indirect relationship ba established between the two data sets.
The variety of methods used to measure parametevater quality monitoring projects can also
increase the variability in any analysis that camekidata from disparate sources using different
measurement techniques.

The availability of geospatial data and analysigatdities, although increasingly
common, can present additional challenges when timgnnformation for a Phase Il petition.
While a number of maps of general features arelyeadhilable online, it may be difficult to
obtain up-to-date geospatial data or maps in d@alifgirmat for some areas, especially maps of
the MS4 infrastructure, as local governments mak the resources to collect or maintain this
data in a digital format. Additionally, the apg@ton of the petition methodology for Morehead
City involved the manipulation of geospatial datithwArcGIS software in order to overlay
maps, calculate the area occupied by certain laed within the planning jurisdiction, and
determine the impervious cover percentage for ghffeland use classes. These geospatial
analysis capabilities may not be readily availablsome individuals or groups outside of
government agencies or research institutions, wimaits the ability of the general public to
comprehensively analyze the characteristics ofitheage area. This may also inhibit the use
of these maps in developing a representative samptrategy as described above, which was
based on an assessment of land use intensity ardisthibution of important land uses in the
jurisdiction of the Morehead City MS4.

The financial costs of a monitoring study for thegoses of a petition could be a major
road block to any future petition efforts. Basextloe case study, the sampling effort necessary
for a representative sample of the MS4 dischargédgoose quite a financial burden. Beacham
Laboratories in Jacksonville, NC, the state-cexifiaboratory nearest Morehead City, estimates
the cost of sample analysis for fecal coliform baetat $21 per sample, which includes

sterilized sampling containers. Based on the sagplesign discussed above, approximately
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nine samples at each of six sampling locations @vbelneeded to obtain estimates of fecal
coliform density in the stormwater discharge atheacation with a 50% allowable error. This
would cost the petitioner over $1,100 for testitgpa. To achieve an error of 25%
approximately 35 samples per outfall would be ndetereasing the costs to around $4,400.
This doesn't include the cost of any additionabsakquipment, supplies, or transportation
costs. This financial burden is likely to be cpsthibitive for members of the general public.
While an environmental organization may find thetsanore manageable, this may still
discourage the submission of petitions given tgaicant investment required relative to the
uncertain outcome of the petition process as aeaylwice a study is completed.

Above and beyond financial investments, the labterisive nature of sample collection
may prove to be an even larger obstacle. It agpaarost certain that a team of volunteers
would be needed to collect samples in the fielthatsix proposed sampling stations in and
around Morehead City. Given the travel time betwsites and the laboratory, the time needed
to collect the samples at each site, and the maxitmiding time of six hours for a fecal
coliform sample prior to laboratory analysis, itwl@ seem nearly impossible for an individual to
cover all six sampling locations during a samplwgnt. Involving a team of volunteers in the
project introduces its own challenges of recruittngaining regarding sampling techniques and
safety in the field, and ensuring the availabitifywolunteers to conduct sampling on short
notice. To reduce the number of volunteers neetlathy be possible to sample different
sampling stations during separate storm eventghimitould significantly extend the duration of
the project.

Furthermore, the duration of a monitoring studyl W directly impacted by the highly
unpredictable nature of the local climate. Becaasapling events would occur only during a
representative storm, the frequency of these stanthdictate how long it takes to collect an
adequate number of samples to obtain representidiaeon the characteristics of the MS4
discharge. If seasonal variations in rainfall@rée accounted for in the project design, the
estimated timeframe for a project would be at lsastnonths, and it could potentially run much
longer, depending on the frequency of storm evewhile a maximum project duration could
be set, this may force the petitioner to settledfma with a higher degree of variability, and

weaken the quality of the petition. Thus, the neiné nature of monitoring stormwater
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discharges may prove to be an obstacle to the @iioplof a petition project in a timely and
efficient manner.

Finally, as of yet, no Phase Il stormwater petgibave been submitted in North Carolina
or in any of the surrounding states, which meaasetis no precedent upon which to judge the
perspective of the EMC on evaluating the meritaroadverse impact petition. This poses a
challenge to the petitioner in identifying the mmsportant background and water quality data to
emphasize within the context of a petition. Intjgatar, it remains to be seen how the EMC will
exercise its discretion in evaluating the effeate®ss of existing water quality protection
programs. While the Phase Il petition methodolpmgsented here attempts to address some of
these concerns, this element of uncertainty magodigge the submission of petitions given the

substantial amounts of time and energy that mustuested in the process.

6.1.2 Future Implementation

In addition to these practical challenges, fora¢side of the petition process itself,
namely the proposed changes to the state coastalvgater program and the ongoing
implementation of the Phase |l designation procggkimpact the submission of petitions in the
near future. The adoption of more stringent rweékin the coastal stormwater program may
make it much more difficult to convince the DWQttha additional stormwater management
program is necessary in many areas along the cQaste the designation process is completed,
it may also become harder to persuade the DWQtbgtshould have designated a community
as requiring a permit, after a previous decisiontaao so. It appears at this point that any
substantial investment in a petition monitoringjecd and full implementation of the adverse
impact petition process should be postponed pertimgutcome of these processes. Any
evidence that the EMC will be more likely to dengetition based on the outcome of these
external processes may have a strongly discouragfagt on potential submissions in the
future.

Looking beyond these external factors, the next st@dvancing this methodology, and
an essential step toward its future implementatot be the actual submission of a petition to
the EMC. This methodology lays the groundworkrfageting the requirements specified in the
Phase Il petition rules. The procedural elemehfettion administration are fairly

straightforward, but how a petition will be judgeythe EMC remains the biggest question mark
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in the implementation of this process. The evabmabdf any Phase Il petition and feedback from
the DWQ and EMC as petitions are processed inutwed will provide useful insight that will
allow this methodology to be fine-tuned, simplifi@hd potentially made more useful.

At the present time, however, it appears that @Hasormwater petitions will have a
delayed impact on stormwater management effofiéoith Carolina, if they have any significant
effect at all. Initially, it appeared that theifieh requirements outlined by the Phase Il rules
would improve the ability of the general publicesvironmental organizations to use petitions as
a tool to enhance stormwater management along o ICarolina coast. Given the ongoing
degradation of shellfishing waters, high ratesazstal development, and admitted
ineffectiveness of the current coastal stormwatkasy, it seemed that the petition process could
speed the implementation of more stringent contvolstormwater discharges in developed
areas along the coast. However, through the dpredat of an adverse impact petition
methodology and its preliminary application to aeatudy of Morehead City, NC, it has been
shown that these requirements pose a number digalchallenges that make the completion of
a successful petition difficult, particularly fdve general public. Thus, despite the inclusion of
these petition provisions by the EPA to provideopportunity for public participation in the
NPDES stormwater program, these requirements,rrétha clarifying the process, may instead
discourage the submission of Phase Il petitiori¢drth Carolina in the near future and limit

their usefulness as a stormwater management tool.
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Appendix A: Session Law 2006-246, Section 6- Petiti Process

SECTION 6. Petition Process. — A petition may be submittedhi® Commission to
request that an owner or operator of a municipphisse storm sewer system (MS4) or a
person who discharges stormwater be required tairolat Phase |l National Pollutant
Discharge Elimination System (NPDES) permit forstawater management as follows:

(1) Connected discharge petition. — An owner orrajpe of a permitted
municipal separate storm sewer system (MS4) magngub petition to
the Commission to request that a person who digelsainto the
permitted municipal separate storm sewer system4jM® required to
obtain a separate Phase Il National Pollutant Riggh Elimination
System (NPDES) permit for stormwater managemenrg. Commission
shall grant the petition and require the persoobi@in a separate Phase
Il National Pollutant Discharge Elimination SystéRPDES) permit for
stormwater management if the petitioner shows fti person's
discharge flows or will flow into the permitted maipal separate storm
sewer system (MS4).

(2) Adverse impact petition. — Any person may subanipetition to the
Commission to request that an owner or operatora ofmunicipal
separate storm sewer system (MS4) or a person whchatges
stormwater be required to obtain a Phase Il NatioRallutant
Discharge Elimination System (NPDES) permit for rstovater
management.

a. Petition review. — The Commission shall gram getition and
require the owner or operator of the municipal s&feastorm
sewer system (MS4) or the person who dischargesatater to
obtain a Phase Il National Pollutant Discharge klation
System (NPDES) permit for stormwater managementhd
petitioner shows any of the following:

1. The municipal separate storm sewer system (M&4he
discharge discharges or has the potential to digeha
stormwater that may cause or contribute to a waiatity
standard violation.

2. The municipal separate storm sewer system (M&4he
discharge provides a significant contribution oflygants
to receiving waters.

3. The municipal separate storm sewer system (M&4he
discharge is specifically listed by name as a sowt
pollutants for urban stormwater in a total maximdaily
load (TMDL) implementation plan developed in
accordance with subsections (d) and (e) of 33 U.§.C
1313.
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Types of evidence for required showing. — Retgrs may make
the required showing by providing to the Commissitre
following information:

1. Monitoring data that includes, at a minimum,
representative sampling of the municipal separtiers
sewer system (MS4) or discharge and information
describing how the sampling is representative. The
petitioner must notify the owner or operator of the
municipal separate storm sewer system (MS4) or the
person who discharges stormwater of its intentoiodact
monitoring activities prior to conducting thoseieaities.

2. Scientific or technical literature that suppdhs sampling
methods.
3. Study and technical information on land usesthe

drainage area and the characteristics of stormwateff
from these land uses.

4. A map that delineates the drainage area of ¢tiéigned
entity; the location of sampling stations; the kma of
the stormwater outfalls in the adjacent area of the
sampling locations; general features, includingt bat
limited to, surface waters, major roads, and puallti
boundaries; and areas of concern regarding watdityu

5. For stormwater discharges to impaired waters,
documentation that the receiving waters are impaoe
degraded and monitoring data that demonstratesthieat
municipal separate storm sewer system (MS4) or
discharge contributes pollutants for which the wsi@re
impaired or degraded.

6. For stormwater discharges to nonimpaired waters,
monitoring data that demonstrates that the owner or
operator of the municipal separate storm seweregyst
(MS4) or the person who discharges stormwater is a
significant contributor of pollutants to the redety
waters.

Water quality protection program offset. — I& ghetitioner makes

the required showing, the Commission shall revielhe t

effectiveness of any existing water quality pratattprograms

that may offset the need to obtain a Phase Il Nati®ollutant

Discharge Elimination System (NPDES) permit forrstevater

management. To determine the effectiveness of @atpplicable

water quality protection programs, the Commissiohnalls
consider the water quality of the receiving watensl whether

the waters support the uses set out in subsedin&l), and (e)
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3)

of 15A NCAC 2B .0101 (Procedures for AssignmentVghter

Quality Standards — General Procedures) and theifigpe
classification of the waters set out in 15A NCAC ZB00, et

seq. (Assignment of Stream Classifications). Then@assion

may deny the petition if it finds that existing watquality

protection programs are adequate to address staemmapacts

on sensitive receiving waters and to ensure comgdiavith a

TMDL implementation plan.

Petitionadministration— The Commission shall process petitions in the
following manner:

a.

b.

The Commission shall only accept petitions stiechi on
Department forms.

A separate petition must be filed for each mipaic separate
storm sewer system (MS4) or discharge.

The Commission shall evaluate only completetipas. The
Commission shall make a determination on the corapéss of a
petition within 90 days of receipt of the petitioor, it shall be
deemed complete. If the Commission requests additio
information, the petitioner may submit additionafarmation;
and the Commission will determine, within 90 daysexeipt of
the additional information, whether the informaticompletes
the petition.

The petitioner shall provide a copy of the patitand a copy of
any subsequent additional information submitted tloe
Commission to the chief administrative officer betmunicipal
separate storm sewer system (MS4) or the persa@ontrol of
the discharge within 48 hours of each submittal.

The Commission shall post all petitions on tinadibn Web site
and maintain copies available for inspection at Bieision's
office. The Commission shall accept and consideblipu
comment for at least 30 days from the date of pgsti

The Commission may hold a public hearing on #&tipa and
shall hold a public hearing on a petition if it eees a written
request for a public hearing within the public coemnperiod,
and the Commission determines that there is afggnt public
interest in holding a public hearing. The Commisso
determination to hold a public hearing shall be enad less than
15 days after the close of the public comment peridhe
Commission shall schedule the hearing to be hetkinvd5 days
of the close of the initial public comment periaitiashall accept
and consider additional public comment through dhee of the
hearing.
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An additional petition for the same municipapaete storm
sewer system (MS4) or discharge received during phielic
comment period shall be considered as comment @mwfginal
petition. An additional petition for the same mupa separate
storm sewer system (MS4) or discharge received tfeepublic
comment period ends and before the final determoinas made
shall be considered incomplete and held pendinginal f
determination on the original petition.
1. If the Commission determines that the owner parator
of the municipal separate storm sewer system (Mf4)
the person who discharges stormwater is required to
obtain a Phase Il National Pollutant Discharge Hiation
System (NPDES) permit for stormwater managemermt, an
petitions for that municipal separate storm sewsestesn
(MS4) or discharge that were held shall be consmieén
the development of the Phase Il National Pollutant
Discharge Elimination System (NPDES) permit for
stormwater management.
2. If the Commission determines that the owner parator
of the municipal separate storm sewer system (Mf4)
the person who discharges stormwater is not redjuwe
obtain a Phase Il National Pollutant Discharge Hiation
System (NPDES) permit for stormwater management, an
additional petition for the municipal separate st@wewer
system (MS4) or discharge must present new infoomat
or demonstrate that conditions have changed inr aodee
considered. If new information is not provided, the
petition shall be returned as substantially incaateol
The Commission shall evaluate a petition with@® days of the
date on which it is determined to be completehé&f Commission
determines that the owner or operator of the mpalcseparate
storm sewer system (MS4) or the person who disésarg
stormwater is required to obtain a Phase Il Natidhalutant
Discharge Elimination System (NPDES) permit forrstevater
management, the Commission shall notify the owmesprator
of the municipal separate storm sewer system (M&4}he
person who discharges stormwater within 30 days thed
requirement to obtain the permit. The owner or afmrof the
municipal separate storm sewer system (MS4) opénson who
discharges stormwater must submit its applicatamaf Phase I
National Pollutant Discharge Elimination System [NES)
permit for stormwater management within 18 monththe date
of notification.
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Appendix B: North Carolina Water Quality Standards (from DWQ 2005)
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Appendix C: North Carolina State-certified laboratories

State-certified laboratories

Lab Name City Telephone |
Tritest-Clemmons Clemmons 336-766-7846
Research & Analytical Laboratories Kernersville  [336-996-2841
Pace Analytical Services, Inc.-Eden Eden 336-623-8921
Meritech, Inc. Reidsville 336-342-4748
Carolina Environmental Laboratories, LLC Sanford 919-775-1880
Microbac Labs- Southern Testing Greensboro Div. Greensboro  |336-856-9710
CompuChem Division of Liberty Analytical Corp. Cary 919-379-4100
Environmental Conservation Laboratories, Inc. Cary 919-677-1669
Agronomic Division Laboratory - NCDA Raleigh 919-733-2655
Tritest, Inc. Raleigh 919-834-4984
LTH-3 Laboratories Durham 919-383-4790
}Environment 1, Inc. |Greenvi|le |252-756-6208
Environment 1, Inc. Mobile Laboratory Greenville 252-756-6208
Perdue, Incorporated Lewiston 252-348-4326
Microbac Labs-Southern Testing Wilson 252-237-5042
Environmental Chemists, Inc./Outer Banks Div. Manteo 252-473-3513
Water & Sewer Authority of Cabarrus County Concord 704-788-4164
PACE Analytical Services, Inc. Huntersville  |704-875-9092
Duke Power Analytical Laboratory Huntersville  |704-875-5274
Grant Creek Regional Wastewater Laboratory Salisbury 704-638-5375
CMU - McAlpine Laboratory Charlotte 704-391-5140
CMU - Brookshire Laboratory Charlotte 704-391-5140
CMU - Hal Marshall Laboratory Charlotte 704-391-5140
}Prism Laboratories, Inc. |Char|0tte 704-529-6364
K & W Laboratories Charlotte 704-569-1800
PAR Laboratories, Inc. Charlotte 704-588-8333
Fayetteville Cross Creek WWTP Lab Fayetteville 910-223-4705
Microbac Environmental Lab. Fayetteville 910-864-1920
}Moore Co. Water Pollution |Aberdeen |910-281-3146
TBL Lumberton 910-738-6190
Oxford Laboratories, Inc. Wilmington 910-763-9793
Element One, Inc. Wilmington 910-793-0128
Environmental Chemists, Inc. (Envirochem) Wilmington 910-392-0223
Paradigm Analytical Laboratories, Inc. Wilmington 910-350-1903
UNCW Center for Marine Science Wilmington 910-962-2375
Meritech, Inc. - 1l Southport 910-457-0289
Vann Laboratories Wallace 910-285-3966
Beacham Laboratory Jacksonville  [910-347-5843
Craven County Health Dept. Environmental Health Laboratory|New Bern 252-636-4936
Water Quality Lab & Operations, Inc. Banner Elk 828-898-6277
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State-certified laboratories

Lab Name City Telephone |
Water Tech Labs, Inc. Granite Falls |828-396-4444
Blue Ridge Labs Lenoir 828-728-0149
Statesville Analytical Statesville 704-872-4697
Cherokee WWTP Laboratory Cherokee 828-497-6824
Environmental, Inc. Cullowhee 828-293-9396
James & James Environmental Management, Inc. Hendersonville |828-697-0063
}Earth Environmental Services of Madison Co. |Marshal| |828-649-9250
Environmental Testing Solutions, Inc. Asheville 828-350-9364
PACE Analytical Services, Inc. Asheville Asheville 828-254-7176
}Earth Environmental Services |Murphy |828-479-6428
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Appendix D: Quality Assurance Project Plan Checklis

Quality Assurance Project Plan

Required for certain US EPA funded grants and comcts that are awarded by the Division of Water
Quality, NCDENR

| NCDENR- DWQ QUALITY ASSURANCE PROJECT PLAN CHECKLI ST

To first assess whether a Quality Assurance Préjiat is necessary, please answer the follow

four questions:

1.

Is Federal money from the US EPA being spent on this activity? (If the
answer is “No” then a QAPP is not necessary; proceed to answer section Al
only. If “Yes” then proceed to # 2).

Will work require acquisition of environmental data generated from direct
measurements activities (ie, water quality sampling), collected from other
sources, or compiled from computerized databases? (If the answer is “No”,
then a QAPP is not necessary; proceed to answer section Al only. If “Yes”
then proceed to # 3).

Will all instream water quality samples be analyzed by a Laboratory certified
by the State of North Carolina? Proceed to # 4.

Has a QAPP already been approved for your activity? (If the answer is “No”
then please complete Sections A-D on the following pages. If “Yes”, then
please answer section Al and attach a copy of the approved QAPP, or
provide a reference (including Agency, Telephone number, and Web
Address, if available) for the complete approved QAPP, and return this form
with attachments to your DWQ EPA Funds Manager).

Yes
No

Yes
No

Yes

No

Yes
No
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Quality Assurance Project Plan Form
Adopted from the US EPA by the Division of Water Quality, NCDENR

Al. Project Title and Approval Sheet

(Project Name)

(Responsible Agency)

(Date)

Project Manager Signature

(Name/Date)
Project QA Officer Signature

(Name/Date)
DWQ EPA Funds Manager

Signature of Receipt

(Name/Date)

Quality Assurance Project Plan Details and Explanabn

All environmental projects that are funded, dirgait indirectly, by the US Environmental
Protection Agency (EPA) and which generate datanfthrect measurement activities, collect
data from other sources or compile data from corapzéd data bases and information systems
must have a Quality Assurance Project Plan (QARMraved prior to the collection of project
data. QAPPs are required under Code of Federal Retiguns 48CRF46, and 40CFR 30, 31 and
35. The QAPP documents the planning, implememtatnal assessment procedures of the
project’s data needs. Specifically, it describesd documents the collection methods, and type
and quality of data to be gathered. These critevithvary from project to project depending on
the scope of the work, expectations for the endltrasd perhaps overall cost of the project.
Some project QAPPs must follow the national consestandard, (ANSI/ASQC E4-1994,
Specifications and Guidelines for Environmentald@bllection and Environmental
Technology Programsn order to be acceptable for their end use. Véasrother projects may
use non-standardized or simplified data collecigproaches because the end result, or use of
the data, may not need to conform to existing datality or may not be as critical for decision
making .The overall purpose of the QAPP is to ass$iat appropriate methods of data
collection are used and that documentation of th&lity assurance approach is available for
users of the data.
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EPA has established requirements for an accept@BBP. Details and explanations of these
requirements can be found on EPA’s web sitetigt//www.epa.gov/qualityl/qapps.htniMany
of the required elements may already be found ur {PWVQ approved study proposals (e.g.,
Scope of Work). If so, please copy the appropirdtagmation from your workplan to the
attached DWQ/EPA QAPP form. The completed QAPP Mb¢SSubmitted to the DWQ
BEFOREdata collection activities begin.
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A3. Distribution List

Names and telephone numbers of those receiving copies of this QAPP. Attach
additional page, if necessary. (Name, Organization, Telephone)

i.
ii.

iii.
iv.

V.

A4. Project/Task Organization

Key project personnel and their corresponding responsibilities are listed below.

Organization chart is Figure 1.

Name, Position

Project Title/Responsibility

Advisory Panel (contact)

Project Manager

QA Officer

Field/Sampling Leader

Laboratory Manager/Leader
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(a) Organization Chart

Replace this page with a page indicating the organizational makeup and relationships
between project participants. Show relationships between management, data collectors, and
staff responsible for interpretation and report preparation

Figure 1. Organization Chart.
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AG.

Problem Definition/Background

Problem Statement

Intended Usage of Data

Project/Task Description

General Overview of Project

Project Timetable

Activity

Start Date

Known or Anticipated Date
of Completion
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A7. Quality Objectives and Criteria

#

Data Precision, Accuracy, Measurement Range
Express the degree to which sample results are repeatable

Matrix

Parameter

Measurement | Accuracy
Range

Precision

Data Representativeness
Express the degree to which the data accurately represents the population or the

environmental condition at

the sampling location

Data Comparability

Data Completeness

$ % %
Parameter No. Valid No. Valid Percent
Samples Samples Complete
Anticipated Collected &
Analyzed
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A8. Special Training/Certification - &

Training Logistical Arrangements

Training | Personnel Trained

Topic(s)

Training/Certification Frequency

Description of Training and Trainer Qualifications

Training Training Description Trainer Qualifications
Topic(s)
A9. Documents and Records #
Recording Purpose Responsible Party
Medium
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B1l. Sampling Process Design # #
% # #
# 1 !

Rationale for Selection of Sampling Sites

Sample Design Logistics - ' #
Type of Number of Samples Sampling Frequency and Period
Sample/
Parameter
B2. Sampling Methods - # ' 0
Parameter Sampling Equipment Sampling Method
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B3. Sample Handling and Custody - # # o#
0% "
#

B4. Analytical Methods # # () #
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B5. Quality Cont'rcl?l - #*+ % #
.# #
Field QC Checl:s
’ Activity : QC Procedure Purpose

Laboratory QC Checks -

- H*+

Data Analysis QC Checks-
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B6. Instrument/Equipment Testing, Inspection, and

#

Maintenance - #

Equipment Type

Inspection Frequency

Type of Inspect  ion

B7. Instrument/Equipment Calibration and Frequency

#

Equipment Type

Calibration Frequency

Standard or Calibration
Instrument Used
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B8. Inspection/Acceptance of Supplies and Consumab les #
#
Equipment/Supply Inspection/Maintenance Acceptance Criteria
Activity
B9. Non-Direct and Direct Measurements - #

Data Element/Measurement

Minimum Data Recording Met  hod

References used as guidance for typical data collection
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B10. Data Management

%

%

Data Type Management and Storage
C1. Assessments and Response Actions - - " H#
%
# #
Situation Response Action

C2. Reports to Management -

# #
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D1. Data Review, Verification and Validation -

#
D2. Verification and Validation Methods - %
% % () %
Data Element Typical Validation and Verification Me  thods

D3. Reconciliation with User Requirements and Data  Quality Objectives

In accordance with Sections A5 and A7, data quality objectives are expressed
as the following interrogatives:
- Who uses the data?

- How are the data used?

- Where are the data collected?

- What types of data are needed?

- When will data be collected?
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Appendix E: Common acronyms

BMPs
CAMA
CCAP
cov
CWA
DEH
DMF
DWQ
EMC
EPA
ETJ
MRLCC
MS4
NCDC
NLCD
NOAA
NPDES
NURP
QA
QAPP
QC
RRC
SGA
SOP
TMDL
USGS
USMP
WWTP

Best Management Practices

North Carolina Coastal Area Management Act
Coastal Change Analysis Program

Coefficient of Variation

Clean Water Act

North Carolina Division of Environmental Health
North Carolina Division of Marine Fisheries

North Carolina Division of Water Quality

North Carolina Environmental Management Commission
United States Environmental Protection Agency
Extra-territorial Jurisdiction

Multi-Resolution Land Characteristics Consortium
Municipal Separate Storm Sewer System
National Climatic Data Center

National Land Cover Database

National Oceanic and Atmospheric Administration
National Pollutant Discharge Elimination System
National Urban Runoff Program

Quality Assurance

Quality Assurance Project Plan

Quality Control

North Carolina Rules Review Commission
Shellfish Growing Area

Standard Operating Procedures

Total Maximum Daily Load

United States Geological Survey

Universal Stormwater Management Program

Wastewater Treatment Plant
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