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At its October meeting the N.C. Environ-
mental Management Commission placed
the N.C. Division of Water Quality in
something of a quandary when it handed
down a decision on a challenge to the
state’s interpretation of its turbidity
standard.

The EMC voted to adopt a recom-
mended decision by an Administrative
Law Judge (ALJ) who ruled that the
Department of Environment and Natural
Resources (DENR) had erroneously
interpreted the state’s turbidity rule in a
manner that allows water quality
standards to be violated so long as
sedimentation control BMPs are being
followed.

The decision came in the case
Wallace Burt, Jr., et al v. DENR and
Highlands Cove; Whitesides Estates,
Inc. v. DENR and Highlands Cove.
Highlands Cove is a golf-course devel-
opment in Jackson County. The devel-
oper applied for a 401 water quality
certification in order to receive a 404
wetlands permit to impact 0.69 acres of
wetlands and 902 linear feet of streams.

The Division of Water Quality
issued the 401 certification with the
condition that the developer comply with
the state’s turbidity standard by imple-
menting whatever BMPs the Division of
Land Resources requires for trout
streams. (The stream in question is not
classified as a trout stream but DWQ
determined Brook trout reside there.)

A downstream neighbor, Whiteside
Estates, challenged the 401 certification

saying they knew the BMPs would not
protect water quality in the stream or their
down-stream lake. They monitored before
and after construction started and
documented the increase in Nephelomet-
ric Turdibity Units (NTU). (In March, a
jury awarded Whitesides Estates
$500,000 in a civil suit against Highlands
Cove over sediment damage to its lake.)

In the administrative hearing,
Highlands Cove moved to dismiss the
challenge because it had complied with
BMP requirements, which it said was all
the department required it to do.

The Administrative Law Judge
refused to dismiss and ruled in favor of
the petitioners, saying that the turbidity

EMC decision muddies water on turbidity standard
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Director’s Forum

The need for benefit/cost analysis in water resources planning
Kenneth H. Reckhow, Director, Water Resources Research Institute

continued next page

Water Resources Research Institute News

Several articles have been written in the
WRRI News in the past few years
describing water quality monitoring and
modeling undertaken in support of
decision making in the Neuse Estuary.
While in many ways this Neuse ModMon
effort is a model for scientific study in
support of management, a critical
analysis that is essential for rational
decision making is largely missing from
this program. To be specific, we know
relatively little about the benefits and
costs of management options under
consideration.

Awareness of the lack of economic
analyses in the Neuse study is not new;
indeed, prominent environmental
economists in North Carolina have noted
this for some time. Decisions concerning
the future are supported by both forecast-
ing and valuation. In the Neuse, forecast-
ing of estuarine conditions associated
with nitrogen reduction strategies has
been the focus of the Neuse ModMon
project, while valuation to assess
economic costs and benefits of various
proposed management options has
largely been neglected. As a conse-
quence, Neuse stakeholders representing
a range of interest groups will provide a
surrogate for direct economic analyses,
as their preferences for various decisions
and outcomes implicitly reveal a balanc-
ing of costs and benefits from the
perspective of their constituencies.

In the Neuse, one might argue that
emphasis on ecosystem assessment and
forecasting is reasonable since the Neuse
ModMon study is focused on develop-
ment of the nitrogen TMDL, which must
meet the 40 µg/l chlorophyll a standard.
To a limited extent this is true, as
assessment of the total maximum daily
load of nitrogen to the estuary to meet
the chlorophyll a standard is essentially a
scientific forecasting task. However, the
nitrogen TMDL will also include
apportionment of the total nitrogen load
among sub-watersheds and among major

source categories (e.g., point and
nonpoint sources); costs and benefits are
important for that task.

In addition, it seems sensible to
examine the standard itself, since 40 µg/l
is the basis for management actions that
will be implemented in the Neuse basin.
Standards, too, should reflect a balancing
of costs and benefits. In the development
of the North Carolina 40 µg/l chlorophyll
a standard, a group of scientists met in

the late 1970s (at the request of the North
Carolina Division of Environmental
Management and through the support of
the Water Resources Research Institute)
to consider numeric standards to control
eutrophication. Based largely on the
scientific concept of trophic state, the
group recommended 40 µg/l as the
chlorophyll a standard. There was no
consideration of the costs to achieve this,
or of the economic benefits expected.
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rule, as interpreted by DENR, is void as
applied in this case because it is not clear
and unambiguous to those it is intended
to direct, guide and assist.

Commissioner Robert Epting, an
attorney, moved to uphold the ALJ.
Epting said
he agrees
with the ALJ
that DENR
should not
interpret the
state turbidity
standard to
allow viola-
tion of the
numerical
standard as
long as BMPs
are in place.
He said he
bases his
opinion on
the use in the
rule of the
word “can” rather than “may.” (See text
of standard in box.)  He said the word
“can” implies that BMPs are technically
capable of meeting numerical turbidity
standards, not that the use of BMPs
“may” be substituted for meeting
numerical standards.

The EMC voted with Epting to
uphold the ALJ. Epting said that this vote
sends a message to the department that
“the presence of BMPs does not override
the turbidity standard.”

Before the vote by the EMC,
Commissioner Franklin Clark had argued
that the reason the state interprets the
turbidity rule the way it does is “the
reality of construction.”

“To enforce the numerical turbidity
rule is to say no more development in
North Carolina,” Clark said.

In fact, it is widely acknowledged
that current erosion and sedimentation
control technology cannot meet the
state’s numerical turbidity standard.

This leaves the Division of Water
Quality in a dilemma. According to Boyd
Devane, head of the DWQ’s planning
branch, staff will need to go back to the

EMC for clarification on how it should
implement the turbidity standard. Devane
said the issue may appear on the Decem-
ber agenda of the EMC’s Water Quality
Committee.

Meantime, state regulators and rule-
making bodies are beginning to examine
the issue. Staff of the Land Quality

Section and the
Division of
Water Quality
are holding
discussions,
and according
to Kenneth H.
Reckhow,
chairman of the
N.C. Sedimen-
tation Control
Commission,
that body will
appoint a
subcommittee
to study
turbidity.

Turbidity standard continued

In June 2000, the Georgia Environmental
Protection Division (EPD) issued a
National Pollutant Discharge Elimination
System (NPDES) General Permit for
Storm Water Discharges from Construc-
tion Activities that requires companies
developing sites greater than five acres to
implement a plan to control storm water
runoff from sites and to implement
comprehensive monitoring plans for
turbidity and submit reports to EPD each
month. The permit became effective
August 1. The NPDES requirements are
in addition to those in state and/or local
erosion and sediment control programs.

Georgia addresses
turbidity in issuing
NPDES storm water
general permit for
construction
activities

continued page 4

Ultimately, lack of cost/benefit
assessment in the development of
ambient water quality standards may
undermine the TMDL program. In the
Neuse, since the chlorophyll a standard
has not been explicitly linked to benefits
and costs, the absence of justification for
achieving water quality standards may
lead local governments and citizen
stakeholders to withhold support for
TMDLs. This is a significant concern,
since the TMDL program provides
perhaps our best opportunity for compre-
hensive (point and nonpoint) water
quality management. It may sound trite,
but a TMDL plan is only as strong as its
weakest link. Therefore, for a defensible
TMDL, it seems prudent to apply the
same thorough analysis and effort on
justification of the underlying water
quality goal or standard as on the
pollutant load assessment.

The U.S. Department of
Agriculture’s Economic Research
Service recently published
Economics of Water Quality
Protection from Nonpoint Sources:
Theory and Practice (Marc O.
Ribaudo, Richard D. Horan, and
Mark E. Smith)

This report outlines the economic
characteristics of five instruments
that can be used to reduce
agricultural nonpoint source
pollution (economic incentives,
standards, education, liability and
research) and discusses empirical
research related to the use of
these instruments.

Among the authors’ conclusions is
that performance-based measures
are generally infeasible at present
because of the difficulty in observ-
ing nonpoint-source emissions and
the information requirements
placed on producers. They say the
most appropriate instrument(s) is
best determined case by case
due to the heterogeneous nature
of nonpoint pollution.

The full report can be downloaded
in pdf format from website:
http://www.ERS.USDA.gov/epubs/
pdf/aer782/.

15A NCAC 02B .0211 (b)(3)(K) Turbidity: the

turbidity in the receiving water will not exceed 50

Nephelometric Turbidity Units (NTU) in streams not

designated as trout waters and 10 NTU in streams,

lakes or reservoirs designated as trout waters; for

lakes and reservoirs not designated as trout waters,

the turbidity will not exceed 25 NTU; if turbidity

exceeds these levels due to natural background

conditions, the existing turbidity level cannot be

increased. Compliance with this turbidity standard

can be met when land management activities employ

Best Management Practices (BMPs) . . . recom-

mended by the Designated Nonpoint Source Agency .

. . BMPs must be in full compliance with all

specifications governing the proper design, installa-

tion, operation and maintenance of such BMPs
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The Atlanta Journal and Constitu-
tion quoted an EPA official as describing
the Georgia permit as “the most stringent
regulations in the nation for preventing
pollution from construction sites.”
However, the permit conditions reveal
that the program does not enforce the
state’s numerical turbidity standard.

Georgia’s experience in developing
its storm water  permit for construction
activities emphasizes the extreme
difficulty of dealing with the issue of
turbidity resulting from land disturbing
activity. EPD first proposed an NPDES
general permit in 1992. The Sierra Club
challenged the permit, contending that it
was invalid because it included a numeric
effluent limitation yet failed to impose
monitoring on storm water discharges as
required by state and federal NPDES
permit regulations. An administrative law
judge agreed with the Sierra Club.
Industry groups jumped into the fray, and
after nearly eight years of legal battling
and negotiations, EPD reached a settle-
ment with the groups that resulted in the
current permit.

According to Larry Hedges, head of
Georgia’s erosion and sediment control
program, both the state Erosion and
Sediment Act and the NPDES storm
water permit for construction activities
include instream and “end-of-pipe”
numerical turbidity limits. However, both
also provide that if BMPs designed for
the 25-year 24-hour storm are properly
installed and maintained on construction
sites, then the turbidity standards do not
apply.

One might ask why the NPDES
storm water permit requires turbidity
monitoring if the turbidity standard will
not be enforced. According to Hedges, if
turbidity standards are exceeded and
BMPs are not in compliance, then a
developer will face a “double whammy.”
That is, the site will be charged with two
violations and fined according. Hedges
said this was the compromise the groups
negotiating the permit settled on after
recognizing that the state turbidity

limitations are not attainable using
current erosion and sediment control
technology.

Georgia’s NPDES storm water
general permit for construction activities
is set to expire in three years. Hedges
said that EPD will monitor the impacts of
the permit and, if appropriate, will make
recommendations for changes. Mean-
time, a study group appointed by
Georgia’s lieutenant governor is investi-
gating possible ways to meet various
turbidity standards and the costs that
would be incurred. Hedges said the
group expects to complete its study and
issue a report in March 2001.

Georgia’s NPDES General Permit
for Storm Water Discharges from
Construction Activities is available on
EPD’s website at http://www.dnr.state.ga.
us/dnr/environ. Look under “Technical
Guidance.”

Georgia addresses
turbidity continued

Turbidity continued

The N.C. Environmental Management
Commission was scheduled in October to
adopt permanent rules to allow state
permitting of groundwater use in 15
North Carolina counties in the Central
Coastal Plain (see map page 5). How-
ever, the action was deferred to Decem-
ber, meaning that the rules cannot go into
effect before 2002.

The N.C. Division of Water Re-
sources (DWR) has been documenting
declining water levels  in the Central
Coastal Plain Cretaceous aged aquifers
(Upper Cape Fear, Black Creek and
Peedee) since the late 1960s and has
been discussing the problems of declin-
ing aquifer levels with users since 1993.
Experts have called for immediate
regulation of the aquifers (see Heath and
Spruill editorial in the Jan/Feb 1999
WRRI News) and projections (based on
local water supply plans) are that
demand will soon begin to exceed the
safe yield of the aquifers, in some areas
as early as 2005.

DWR brought the issue to the
Environmental Management Commission
in December 1998 and began discussions
with water users to develop draft rules.
The EMC approved draft rules in March
1999. Public comment on the rules sent
them to a stakeholder group which
completed revision of them in April
2000. The EMC approved the revised
rules and sent them to public hearing in
May 2000. Public hearings were held and
more comment taken. The final rules that
were scheduled to be adopted in October
would have required water users in the
dewatered zones to reduce their with-
drawals in phases and begin to develop
alternative supplies. The first reductions
of 25% of an approved base use would
have been required 6 years after the 2001
effective date of the rule.

Legislators react
In September DWR Director John Morris
provided the General Assembly’s
Environmental Review Commission
(ERC) an overview of the problem with
the Central Coastal Plain Cretaceous
aquifers and the proposed rule to deal
with the problem. Legislators from
Coastal Plain counties had apparently
been hearing from their constituents and
grilled Morris about the need for the
rules.

Senator Charlie Albertson of Duplin
County said his constituents were as
concerned about the possible regulation
of groundwater as any issue he’d ever
dealt with and emphasized that DWR
must be perceived to be using the best
science available in setting the regula-
tions.

 Senator Bob Martin of Pitt County
said that small communities in his district
were convinced that there are no eco-
nomically feasible alternatives to
groundwater for them. Martin suggested
that state regulators initiate a negotiated
process for a voluntary solution.

Central Coastal Plain
capacity use rules delayed

continued next page
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Rep. Nurham Warwick of Sampson
County asked the co-chairs of the ERC to
contact the Environmental Management
Commission and ask them to remove the
rules from consideration in October.
“Give us another year to work on this,”
Warwick said. “If it takes another year to
get the rule in place, I don’t see a
problem. Just step up the implementation
date. This needs more study and we need
to engage all the people out there.”

ERC Co-chair Pryor Gibson called
for appointment of a subcommittee to
examine the issue.  (The committee has
been formed and includes Sen Fountain
Odom, Rep Pryor Gibson, Sen Bob
Martin, Rep Joe Hackney and Rep Mary
Ann McLawhorn).

DWR delays request for
adoption
According to Nat Wilson with DWR, the
division decided to delay the request for
approval of the Central Coastal Plain
Capacity Use Area rules following the
ERC meeting in September.

“Based on the comments we were
hearing, we decided that the hearing
officers’ report needed to be fine-tuned,”
said Wilson. “We hope to improve the rule
and bring it to the EMC in December.”

Wilson said the EMC hearing
officers, DWR staff, and a small group of
stakeholders are working on fine-tuning
the rule. He said it is likely that the final
rule will not require use reductions in the
Peedee aquifer and will give special
consideration to areas of the other
Cretaceous aquifers where wells are not
reflecting water level declines.

Wilson said he did not think the
group would change the implementation
schedule currently in the rule, but that the
EMC could address the schedule when
the rule is presented for adoption.

Counties included in the proposed Central Coastal Plain Capacity Use
Area are Beaufort, Carteret, Craven, Duplin, Edgecombe, Greene,
Jones, Lenoir, Martin, Onslow, Pamlico, Pitt, Washington, Wayne and
Wilson

The U.S. EPA has just published a new
manual which attempts to put the proper
perspective on the appropriate use,
design and performance of constructed
wetlands. According to EPA, constructed
wetlands are not appropriate for large
urban areas, but are especially well
suited for wastewater treatment in small
communities where inexpensive land is
available and skilled operators hard to
find and keep.

Engineers who service small
communities, state regulators, planning
professionals, environmental groups and
researchers will find this manual useful.

Constructed Wetlands Treatment of
Municipal Wastewaters (EPA/625/R-99/
010) can be ordered from the EPA Office
of Research and Development at http://
www.epa.gov/ttbnrmrl/625/R-99/010.htm

Constructed Wetlands Treatment of Municipal Wastewaters

In October, the U.S. Environmental
Protection Agency’s Region 4 pre-
sented one of its inaugural Environ-
mental Merit Awards to Rick Dove,
former Neuse Riverkeeper. Dove has
now joined the Water Keepers Alliance
to help establish additional
riverkeepers on rivers throughout the
Southeast.
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October action of the North Carolina
Environmental Management Commission
At its regular meeting on October 12,
2000, the North Carolina Environmental
Management Commission (EMC) took
the following action:

� Deferred to December a request to
hold public hearings on the Interbasin
Transfer (IBT) Certificate Petition for
Cary, Apex, Morrisville and RTP South
and round two of the Jordan Lake water
supply storage allocation recommenda-
tions. After postponing action on the
item for further study in September the
EMC’s Water Allocation Committee
met in October with representatives of
the petitioners and attached new
conditions to the IBT certificate. The
committee agreed to recommend to the
full EMC to: (1) require Cary/Apex to
have a Cape Fear Wastewater Reclama-
tion Facility on line by 2010, (2) limit
the permitted maximum day interbasin
transfer amount to 24 million gallons
per day (MGD) until 2010 and 20
MGD after 2010 (the request had been
for 27 MGD), (3) limit the average day
IBT to 14.5 MGD until 2010 and 12
MGD after 2010, and (4) require Apex,
Morrisville and Wake County to enact
ordinances similar to Cary’s new buffer
ordinance (100-foot stream buffers) for
their jurisdictions within the Jordan
Lake watershed. However, the item was
removed from the EMC’s agenda at the
last minute, with Chairman David
Moreau indicating there was some
confusion among committee members
as to what they had agreed to.  The
Water Allocation Committee will meet
again on November 16 to try to iron out
differences.

� Deferred to December a recommenda-
tion to adopt the Central Coastal Plain
Capacity Use Area permanent rules
(see article page 4).

� Adopted temporary rules and ap-
proved holding public hearings on

permanent rules to meet the require-
ments of EPA’s Nitrogen Oxide State
Implementation Plan (NOx SIP) call;
adopted rules on reducing nitrogen
oxides from coal-fired electric utility
boilers; and adopted, amended, or
repealed various other air quality rules.

� Approved reclassifying Fullers Creek
in Caswell County from Class Water
Supply (WS) -II to WS-III.

� Approved reclassifying Fantasy Lake
in Wake County to add a Critical Area.
The lake is currently classified Water
Supply-II and is within the Little River
water supply watershed. The Town of
Rolesville, which intends to use the
former rock quarry for water supply,
requested the addition of a Critical
Area.

� Approved reclassifying the Upper
Neuse River in Wake County from
Class C NSW to WS-IV. The Town of
Wake Forest plans to withdraw water
for water supply at the site of the
former Burlington Industries intake
located on Capital Boulevard. This
reclassification will require Wake
County, the City of Raleigh and the
Town of Wake Forest to apply water
supply watershed ordinances to
additional areas within their jurisdic-
tions. The City of Raleigh opposed the
reclassification  because of the need to
apply density and storm water control
requirements in additional areas,
including the new Wakefield develop-
ment. Commissioner Marion Deerhake
said she wanted to send a message to
Raleigh: “Don’t develop every acre
available. Work with your neighbors on
water supply plans.” If the reclassifica-
tion is approved by the Rules Review
Commission and the General Assembly,
it will become effective on April 1,
2001. Local governments will then
have 270 days to implement watershed
protection ordinances.

� Adopted rules to achieve nitrogen and
phosphorous loading from agricultural
operations in the Tar-Pamlico River
Basin. While the Tar-Pam rules were
modeled on the Neuse Nutrient
Sensitive Waters Management Strategy,
they are less prescriptive and more
flexible, according to Commissioner
Robert Cook. One difference between
the Neuse rules and the Tar-Pam rules
is that Tar-Pam farmers electing not to
participate in “local strategies” will not
be required to implement Standard Best
Management Practices, but will be
allowed to choose from among BMPs
approved by the N.C. Soil and Water
Conservation Commission. Time
frames for nitrogen and phosphorous
reductions are separate, with the
phosphorous time frame on a sliding
scale to allow for development of a
phosphorous accounting tool. Commis-
sioner Marion Deerhake pointed out
that the Tar-Pam rules include a notice
that the EMC may undertake separate
rulemaking to require reductions from
sources of atmospheric nitrogen within
and outside the basin. The rules are
available in pdf format at http://
h2o.enr.state.nc.us/nps/tarp.htm.  The
EMC also agreed on a resolution to the
Governor and the General Assembly
calling for more resources to implement
the Tar-Pam rules.

� Adopted amendments to well con-
struction standards. The amendments
address minimum horizontal separation
requirements, casing requirements, well
grouting requirements, requirements for
gravel-and-sand packed wells, well
development requirements, and
applicable identification plate require-
ments. The amendments also change
well abandonment procedures for
permanently abandoned wells, tempo-
rary wells, monitoring wells, and wells
that are bored or hand dug into uncon-
solidated material.

� Adopted permanent rules addressing
compliance with requirements for

continued next page
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underground storage tanks close to
water supply wells and surface waters.
The rules primarily affect convenience
stores that use wells to supply water to
snack bars and public restrooms. The
rules extend secondary containment
deadlines and require enhanced leak
detection in the interim. A temporary
rule was already in place.

� Upheld Administrative Law Judges’
decisions in several contested cases
(see article page 1 for one of these
cases).

EMC continued

EPA Office of Inspector General issues report on
N.C.’s enforcement of wastewater discharge permits
In September, the U.S. EPA Office of
Inspector General (OIG) released a
report of an audit of North Carolina’s
National Pollutant Discharge Elimination
System (NPDES) enforcement.

Under delegation from EPA detailed
in a Memorandum of Agreement (MOA),
North Carolina issues NPDES permits
for discharges from wastewater treatment
plants and for certain storm water
discharges. The state is supposed to issue
NPDES permits for “Confined Animal
Feeding Operations” but has not yet
developed the permit program.

On the positive side, OIG reported
that an effort to improve enforcement of
NPDES permit limits initiated by North
Carolina in 1998 raised the overall
compliance rate from 80% of facilities
before 1998 to more than 87% during the
first half of 2000.

On the other side, OIG reported the
following:

� North Carolina does not routinely
review daily and weekly “Discharge
Monitoring Reports” filed by permit-
tees for permit violations (because of
lack of staff resources) but focuses on
monthly violations of permit limits.
However, in many permits OIG
reviewed, there were no monthly limits
for various elements, including mercury

and cyanide, and in other case there had
been daily or weekly violations without
monthly violations. OIG says that this
policy means that daily and weekly
violations of permit limits may go
unidentified until compliance inspec-
tions are performed in the field.
Compliance inspections are required by
EPA guidance once a year for major
facilities and once every four years for
minor facilities. OIG found cases where
violations had continued for extended
periods. The report recommends that
the state should be identifying and
taking action on permit violations as
soon as they occur, not waiting for a
year or more to address problems.

� The state needs to move more posi-
tively and quickly to take “formal
enforcement action” for permit viola-
tions, spelling out timetables within
which violators will come into compli-
ance and subjecting the permittee to
adverse legal consequences for non-
compliance. “Formal enforcement
action” can be in the form of Special
Order by  Consent (SOC), Special
Order Without Consent (SOWC)  or
Notice of Continuing Penalties. OIG
reported that North Carolina had issued
no Notices of Continuing Penalties in
the cases it reviewed, had issued no
Special Orders Without Consent, and
that none of the cases reviewed met
EPA’s guidance for SOCs, with a
majority of cases reviewed still needing
SOCs.

� In assessing penalties for violations,
the State needs to factor in the eco-
nomic benefits violators gain by not
complying with their permit limits.
OIG says that the policy of not using
economic benefit in determining the
amount of penalties may reduce the
incentive for repeat violators to enter
into SOCs with schedules for compli-
ance. The MOA between North
Carolina and EPA requires the use of an

Economic Benefit of Noncompliance
(BEN) model, but State officials say
there is no one in the Division of Water
Quality familiar with the model and that
calculating penalties this way would
slow the penalty assessment process.
EPA Region 4, however, reports that
the BEN model has been used success-
fully throughout the country for many
years.

� North Carolina has not developed a
compliance monitoring strategy and
program for NPDES storm water
permits. [This includes the general
permit for construction activities larger
than 5 acres.]  With about 2,800
construction sites, six municipal storm
water programs, and 3,421 industrial
facilities covered by storm water
permits, North Carolina does not
routinely inspect for compliance or
review self-monitoring reports to
determine compliance. The OIG report
says that while the Division of Land
Resources inspects construction sites
for implementation of BMPs, these
inspectors do not monitor for NPDES
compliance. Inspection for compliance
with storm water permit requirements
may be done in conjunction with other
NPDES inspections but otherwise is
done only if a citizen complains.
Noting that Phase II of the NPDES
storm water program will significantly
increase the number of storm water
sites needing permits and monitoring,
OIG recommends: “[T]he state and
EPA should evaluate the State’s current
NPDES compliance activities and
resource allocation to determine
whether sufficient resources can be
obtained to implement an adequate
storm water compliance program.”

This summary highlights only a few of
the OIG report conclusions and
recommendations. The report can be
downloaded at website: http://www.epa.
gov/oigearth/audit/list900/ncfile4.pdf
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State Infrastructure Council
addresses question of regional equity
A group appointed to develop a strategic
plan for water and wastewater infra-
structure in North Carolina must first
resolve perceptions of regional bias in
awarding of Clean Water Bond funds
before it can address its original mission.

Senator Steve Metcalf, Co-chairman
of the State Infrastructure Council, told
the group in October that before it can
write a strategic plan, the council must
address the perception that the western
part of the state is being discriminated
against in awarding of funding from the
Clean Water Bond Act.

“Our overall mission is to write a
strategic plan for water and sewer in
North Carolina and recommend how to
come up with a dedicated fund for the
plan. To get support across the state for a
fund, we must have the perception that
the distribution of water and sewer
funding is fair. I can tell you that percep-
tion is not there,” said Metcalf, who
represents Madison, McDowell, Yancey,
and parts of Buncombe and Burke
counties as District 28 senator.

The State Infrastructure Council was
created by the 1997 session of the N.C.
General Assembly when it passed the
Clean Water and Natural Gas Critical
Needs Bond Act of 1998 (Senate Bill
1354).  In addition to members of the
General Assembly, the council includes
representatives of local governments, the
Secretary of Commerce, the Secretary of
Environment and Natural Resources, and
professionals with particular expertise in
wastewater treatment and water supply
and distribution and related fields. The
original duties of the council, under
Senate Bill 1354, were:

 � to plan and develop a State strategic
plan that addresses North Carolina’s
water supply and distribution and
wastewater treatment needs;

� to evaluate the State’s natural resource
base and existing water and sewer
systems and to project statewide future
needs for water and sewer systems;

� to analyze current and proposed
statutes, rules and programs that
address or affect State water and sewer
needs;

� to analyze the roles of State and local
government and other parties in
addressing water and sewer needs and
to recommend the appropriate roles for
each with regard to addressing future
water and sewer needs; and

� to anticipate the impact of infrastruc-
ture development on natural resources
and to make recommendations on how
to minimize the impact.

However, the 1999 session of the
General Assembly passed Senate Bill
1381, An Act to Reallocate the Proceeds
of the Clean Water Bonds. This bill
reallocated $200 million in bond pro-
ceeds from loans (which must be repaid)
to high-unit cost grants (which are not
repaid) and other grants and  added to the
mission of the Infrastructure Council the
short-term goal of studying the geo-
graphic distribution of loans and grants

Eastern North Carolina
$105 million (64%)

Western
North Carolina
$21.4 million
(13%)

Central
North Carolina
$38.5 million
(23%)

Dollars per region awarded
in 1st and 2nd round of

Clean Water Bond high-unit
cost grants for wastewater

from the proceeds of the bonds and
determining the extent to which geo-
graphic inequities of distribution exist. If
inequities are found, the council is to
develop a plan to redress them.

Terms of members of the council
were to have begun in January 1999, but
appointments were delayed and the
October meeting was only the group’s
second. The first two meetings  focused
largely on organizational issues and an
examination of how Clean Water Bond
money is being allocated.  Discussion
focused on cultural, organizational, and
geophysical differences in regions of the
state and on how criteria for Clean Water
Bond funding may be affecting regional
distribution.

Bobby Blowe, chief of the Construc-
tion Loans and Grants Section of the
N.C. Division of Water Quality, and Sid
Harrell, leader of the State Revolving
Loan branch of the N.C. Public Water
Supply Section,  presented data on
regional distribution of funds from the
first two grant cycles under the Clean
Water Bond program. Both showed
significantly smaller percentages of funds
going to western counties. They then
presented analyses of how the distribu-
tion was affected by points awarded for
land use planning, regionalization, and
other criteria established by legislation
for prioritization of awards. Their
analyses showed that the criteria had
little effect on the regional distribution.
Both said the primary determinant of
who get grants is who applies for them,
and that applications from the western
part of the state fall far behind those from
the central and eastern part.

Rep Frank Mitchell (District 42)
noted that in order to have grant applica-
tions, there must be water or wastewater
systems, and that in the west there are far
fewer water and wastewater systems and
fewer municipalities than in the east.  He
noted that while there are 31 counties
west of I-77, there were 24 grant applica-
tions from  just two eastern counties. He
said convincing people in western North
Carolina that they are getting their fair
share of the Clean Water Bond funds will
be a “hard sell.”
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River basin signs. The N.C. Board of
Transportation has approved funding for
installation of highway signs to designate
river basin boundaries at major roads and
tributaries from Murphy to Manteo. In
addition to the highway signs, the 2000
State Transportation Map highlights the
state’s river basin boundaries and
provides a 1-800 number for citizens
who want to learn more about their
“ecological address.”

Storm water stakeholder initiative. In
March 1999, the N.C. Environmental
Management Commission (EMC) gave
staff of the N.C. Division of Water
Quality permission to develop a storm
water stakeholders team to consider
various options for controlling storm
water runoff across the state. At the
October 2000 meeting of the EMC Water
Quality Committee, a representative of
the stakeholder group presented the draft
final report for framing a comprehensive
statewide storm water management
program. A meeting between the EMC’s
Water Quality Committee and stakehold-
ers to discuss the plan is scheduled for
December 13 and the report will be
presented to the full EMC at its Decem-
ber meeting. The draft report is available
at  http://h2o.enr.state.nc.us/su/
PDF_Files/SH_Documents/
Stakeholder_Report_V4_0.pdf

Easements on swine operations in 100-
year floodplain. At the September 27
meeting of the General Assembly’s
Environmental Review Commission
(ERC), the Director of the N.C. Division
of Soil and Water Conservation (DSWC)
presented an update on the program to
acquire conservation easements on swine
operations in the 100-year floodplain.
The N.C. Clean Water Management Trust
Fund (CWMTF) approved a grant of
$5,737,500 for the program.  Director
David Vogel said that the Department of
Environment and Natural Resources
solicited bids from swine operations to
relinquish their permit and certification

to operate a concentrated animal feeding
operation in the 100-year floodplain and
to allow the state to establish a conserva-
tion easement on the property. The
department received 85 applications with
a total request of nearly $52 million. An
advisory panel helped rank the applica-
tions on the basis of water quality
benefits, and 14 farms were selected
based on available funding. The 14 farms
represent the capacity to produce 25,000
hogs in the floodplain and include 32
waste lagoons. About 200 acres will be
included in the conservation easements.
DENR will hire contractors to close
lagoons in accordance with Natural
Resources Conservation Service stan-
dards.  The land under easement may not
be used to operate a feedlot or lagoon,
may not be used as a spray field for swine
waste, may not be developed for nonagri-
cultural purposes, and must have 35-foot
forested buffers adjacent to all perennial
and intermittent streams. Vogel said the
department believes there are 30 or more
additional farms that are good candidates
for similar conservation easements and
will seek additional funds from the
CWMTF to continue the program.

Bull City Best. Promoting its designation
as the “Best Tasting Tap Water in North
Carolina,” City of Durham Environmental
Resources bottled the city’s tap water to
be used as a promotional item. Called,
“Bull City Best,” the bottled water will be
distributed free at city and community
events throughout the year. Durham
earned the N.C. American Water Works
Association/Water Environment
Association’s designation as the “Best
Tasting Tap Water in North Carolina for
1999” in competition with 26 other water
suppliers in North Carolina and will
defend the title this year.

Inactive waste lagoons. In 1999, the
N.C. General Assembly instructed the
N.C. Department of Environment and
Natural Resources (DENR) to develop a
list of inactive animal waste lagoons and
to rank these sites according to the threat
to public health, the environment, and the
State’s natural resources. This task was

completed jointly by the Division of
Water Quality and the Division of Soil
and Water Conservation (DSWC).
According to a report presented to the
General Assembly’s Environmental
Review Commission, the effort yielded
an inventory of 745 farms with 1142
inactive lagoons (primarily swine but
also poultry and dairy) across 76
counties. The surface area of the struc-
tures totals 703 acres. Thirty-nine
lagoons were assigned a “high-risk”
ranking, which means they pose an
immediate threat of a significant adverse
impact to human health or the environ-
ment. The cost estimate for closure of the
39 high-risk lagoons is $1.5 million. To
close all lagoons to NRCS standards
would cost $30 million. DENR recom-
mends a five-year phased plan to: (1)
immediately close high-risk lagoons
(funded by a special appropriation from
the General Assembly), (2) further
evaluate medium-risk sites, which
includes 93% of the lagoons, and
develop alternative closure standards for
these lagoons (at a cost of  $2 million),
and (3) not close the 43 lagoons rated
“low-risk.” The report is available on the
DSWC website at: http://www.enr.state.
nc.us/DSWC/files/lagreprt.htm

N.C. CREP honor. North Carolina’s
Conservation Reserve Enhancement
Program (CREP) received Vice President
Al Gore’s Hammer Award in May. The
Hammer Award recognizes government
teams who create an innovative and
unique program to make government
work better and achieve results Ameri-
cans care about. CREP is a partnership
among the USDA, state, and local
interests that combines resources for
voluntary protection of environmentally
sensitive cropland and marginal
pastureland.  North Carolina’s CREP
proposal was developed by Donna
Moffitt, formerly of the N.C. Division of
Soil and Water Conservation (DSWC) ,
now Director of the Division of Coastal
Management; Tessa Chadwick of the
Natural Resources Conservation Service;
Tim Baumgartner of DSWC; and Tim
Jones of the Farm Services Agency.
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WRRI has recently published peer-
reviewed technical completion reports on
research projects for which it provided
funding. Single copies of WRRI reports
are available free to federal/state water
resource agencies, state water resources
research institutes, and other water
research institutions with which
exchange  agreements have been made.
Single copies of publications are
available to North Carolina residents at
a cost of $4 per copy prepaid ($6 per
copy if billed) and to nonresidents at a
cost of $8  per copy prepaid ($10 per
copy if billed). Send requests to WRRI,
Box 7912, North Carolina State
University, Raleigh, NC 27695-7912 or
call (919) 515-2815 or email:
water_resources@ncsu.edu.

WRRI reports
available
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Characterization of Atmospheric
Emissions from Swine Waste Storage
and Treatment Lagoons
Report No. 329    June 2000

Viney P. Aneja, J.P. Chauhan,
and John Walker
North Carolina State University

In parts of Europe where there are dense
populations of animal operations the
amount of ammonia (NH

3
) emissions

into the atmosphere and its large contri-
bution to atmospheric nitrogen loading
has been linked to various negative
impacts on the environment. These
negative impacts vary from soil acidifi-
cation to odor emanation. Research in
Europe has quantified rates of ammonia
emissions from various animal opera-
tions, and this research has been used to
produce preliminary ammonia emissions
inventories for animal operations in
North Carolina.  However, because
animal operations and climate in Europe
are different from those in North
Carolina, emission rates must be verified
or refined for conditions in North
Carolina.

The preliminary ammonia emissions
inventory indicates that in North Carolina
the main contributor of ammonia
emissions into the atmosphere is hog
farming (47% of total ammonia emis-
sions). Therefore, the first step in
verifying/refining ammonia emissions
rates should be development of emissions
rates for swine operations. The four main
sources of ammonia emission on a
typical swine farm are hog production
houses, waste storage and treatment
lagoons, land application of lagoon
effluent to adjacent cropland, and
subsequent re-emission of ammonia from
the soil.

The objective of this study was to
measure the atmospheric flux of ammo-
nia (NH

3
) emissions from a swine waste

storage and treatment lagoon during the
four seasons at a commercial hog farm
and to study the ammonia flux due to
changes in the lagoon’s physicochemical
parameters (lagoon temperature, pH, and
total Kjeldahl nitrogen [TKN]).

The study was performed at a
commercial hog operation in Sampson
County, North Carolina, where there
were 13 hog production houses contain-
ing almost 10,000 animals. Samples of
the lagoon water were taken once a day
during the flux sampling periods to
determine the total Kjeldahl nitrogen
(TKN) in the slurry composition. A
dynamic flow-through chamber was used
to measure ammonia (NH

3
) flux. Lagoon

water temperature was continuously
measured with a temperature probe, and
the lagoon pH was monitored continu-
ously with a double junction submersible
electrode. Summer measurements were
made and recorded in August 1997, fall
measurements in December 1997, winter
measurements in February 1998, and
spring in May of 1998.

The ammonia (NH
3
) flux was found

to vary exponentially with the lagoon
surface water temperature. Once the data
were analyzed it became apparent that
almost 60% of the total yearly flux took
place during the summer months. This
means that high temperatures are an
important factor in creating large
emissions of ammonia (NH

3
) into the
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atmosphere from the waste lagoon.
Since the decomposition rate increases
with the temperature and the waste at the
bottom of the lagoon provides a continu-
ous source of ammonia (NH

3
) the

emissions are higher during the summer.
Converting the measured lagoon flux

rates to kilograms of nitrogen per animal
per year, the investigators estimate the
following seasonal emissions factors:

� Summer 5.2 kgN/animal/yr
� Spring: 2.2 kgN/animal/yr
� Winter 0.4 kgN/animal/yr
� Fall 1.1 kgN/animal/yr

The average rate of nitrogen
emissions from swine lagoons is esti-
mated to be 2.2 kgN/animal/yr. There is
reasonable agreement between the
ammonia emissions factors obtained by
this research and swine operations
ammonia emissions rates measured by
other investigators.

Using satellite imagery, the investi-
gators selected a statistically random
sample of lagoons and estimated lagoon
surface area in Eastern North Carolina.
They then calculated that ammonia
emissions from swine lagoons account
for about 33% of total swine ammonia
emissions in North Carolina.

Sampling Strategies for Estimating
Status and Cost of Watershed
Management Policies
Report No. 330 August 2000

David H. Moreau, Kristin  Komives, and
Jeremy Klop
UNC-Chapel Hill

A large number of programs have been
instituted at various levels of government
to reduce nonpoint source pollution from
urban, agricultural, resource extraction,
and other land-disturbing activities
through use of preferred management
practices. Processes by which such
programs are adopted are better informed
if the status of management practices in a
watershed are known and the costs of
bringing activities in the watershed into

compliance with management policies
have been estimated.

For large watersheds in which
thousands of farming operations and
urban developments are located, directly
obtaining needed information on the
extent of current management practices
and the cost and effectiveness of alterna-
tive management policies can be a
prohibitively time-consuming and
expensive task.

This report explores relative
efficiencies of alternative statistical
sampling methods, sample sizes, and
confidence intervals for estimating both
the current status of management
practices and the cost of bringing
agricultural and urban activities into
compliance with proposed watershed
policies. It includes a review of the
literature on costs of controlling nonpoint
sources and examines statistical sampling
strategies in the context of the Neuse
River Basin, NC, where specific manage-
ment strategies have been adopted to
reduce nutrient pollution.

Comparisons that go beyond broad
generalities need to be based on an
analysis of actual datasets. For farming
operations, many county-level statistics
are available from federal and state
census reports, but data on individual
farms and data on management practices
relevant to water quality are not gener-
ally available. In the absence of  dataset
of that kind, one was synthesized using
Monte Carlo simulation techniques so
that it had the same statistics on number
and sizes of farms, land use in farms, and
crop production as those estimated by the
Census of Agriculture and the Census of
Forests for each of three geographic
regions of the Neuse Basin. To introduce
farm-to-farm variability, individual farm
data were synthesized by allowing farm
sizes to vary according to a uniform
probability distribution within the size
groups used in census reports. Probabil-
ity distributions for stream densities were
found for each region for 40-,160-, and
640-acre blocks using the TIGER
geographic files produced for the U.S.
Bureau of the Census by the U.S.
Geological Survey.  Fractions of streams

on individual farms protected by riparian
buffers were generated using a triangular
probability distribution with mean values
dependent on the mix of cropland and
forestland in the farms using a relation-
ship previously established for the Neuse
River Basin.

Wake County tax files are readily
available and were used to evaluate
alternative sampling strategies for urban
areas.

The investigators found that samples
stratified by size of agricultural opera-
tions can produce acceptable confidence
intervals on estimated means of manage-
ment practices and compliance costs with
sample sizes that are small relative to the
number of all operations in the water-
shed. Data from the Census of Agricul-
ture supplemented with Monte Carlo
simulation can be used to design the
sample, and it was found that land
parcels as defined by tax records can be
used as a sampling frame.

Comparisons of sampling strategies
on the agricultural data lead to different
conclusions from those based on com-
parisons of urban data. Stratified random
sampling is far more efficient than simple
random sampling for the agricultural
data: it is much less superior for the
urban data.

The investigators make the following
recommendations:
� Unless better sources of information

about farm-to-farm variability are
available, synthesized datasets can be
used to allocate the sample across size
strata.

� For watersheds comparable in size and
diversity to the Neuse River Basin,
sample sizes of 100-200 should be
sufficient to establish acceptably small
confidence intervals on estimates of
mean values for agricultural operations.

� Stratification of samples by zoning
classes should be used to improve
efficiencies in urban areas even though
their advantage is much less than for
agricultural areas.

� Sample sizes of 200 or less should be
sufficient to obtain reasonable estimates
of cost for urban areas of the size and
complexity of the area around Raleigh.
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The Neuse River Basin Nutrient Manage-
ment Strategy rules, which became
effective in August 1998, require that
farmers in the basin implement best
management practices (BMPs) to reduce
nitrogen loading. Farmers have been
required to either sign up to be part of a
local plan to accomplish an aggregate
30% reduction or to implement “standard
best management practices” specified in
the rules.

To help farmers in nutrient-sensitive
watersheds, including the Neuse Basin,
implement BMPs, North Carolina
applied for and received funding through
the federal Conservation Reserve
Enhancement Program (CREP). By
matching federal dollars with funds from
the N.C. Ag Cost Share Program, the
Clean Water Management Trust Fund,
and the N.C. Wetland Restoration Fund,
North Carolina established a fund of
more than $274 million to enhance
payments to farmers to remove environ-
mentally sensitive lands, including land
along streams, from production and to
pay for installation of buffer BMPs to
reduce nutrient runoff.

Are the CREP-backed Neuse
agricultural rules targeted to achieve the
greatest nitrogen reduction per dollar? In
watersheds where BMPs are not man-
dated but voluntary, does the CREP-
backed BMP program provide enough
incentive to entice farmers to implement
the most effective BMPs?

 To help assess the economic
efficiency of incentive-based BMP
programs for reducing agricultural
nonpoint source pollution, Dr. Ada
Wossink of the NCSU Department of
Agricultural and Resource Economics
conducted a study designed to answer
those questions.

Dr. Wossink first calculated the net
profitability of enrollment in alternative
multi-year cost-share options offered
under CREP for the BMPs specified in

the Neuse rules. Mandatory BMPs in the
Neuse basin include either:

� a 50-foot riparian buffer composed of
30 feet of trees and 20 feet of grass or
vegetation

� a 20-foot tree buffer together with
nutrient management

� a 20-foot tree buffer together with
controlled drainage

� a 30-foot grass or vegetative riparian
buffer (shrubs) together with nutrient
management

� controlled drainage together with
nutrient management

Dr. Wossink found the following:

� Profitability of buffers, filter strips and
controlled drainage differs by physi-
ographic region and depends on the
duration of the CREP contract.

� Profitability of buffers and filter strips
depends upon the crops a farmer grows.
In the Upper and Middle Coastal Plain
if a farmer uses a rotation including
tobacco or cotton, the high opportunity
cost of land causes any type of buffer
strip to have negative net profit.

� Buffers and grass filter strips can be
profitable in the Piedmont because
slope discourages growing tobacco
close to steams, and opportunity cost of
land along streams is not as great.
However, grass filter strips are profit-
able in the Piedmont only under
permanent CREP contract.

� In the Upper and Middle Neuse Basin,
if a farmer doesn’t grow tobacco or
cotton (and the opportunity cost of land
is lower), forested and shrub buffers
can be profitable, but grass buffers are
not.

� Controlled drainage is financially
viable in the Lower Coastal Plain, but
not in the Upper or Middle Coastal
Plain.

Study assesses economic efficiency of
cost-shared agricultural BMP program

 After determining profitability of
various BMPs, Dr. Wossink then com-
pared the most profitable BMPs to those
considered to be most effective in
reducing nutrient loading. She ranks
BMPs according to their economic
attractiveness as follows. The effective-
ness ranking for the BMP is in parenthe-
ses.

1. Forested buffer (without a grass buffer
zone) under a permanent CREP
contract (2)

2. Forested buffer with grass buffer zone
under a permanent CREP contract (1)

3.  Shrub buffer under a permanent
CREP contract (2)

4.  Forested buffer with no grass zone
under a 30-year CREP contract (2)

5. Forested buffer with grass zone under
a 30-year CREP contract (1)

6. Grass filter strip under permanent
CREP contract (3)

Dr. Wossink points out that for the
cost-share and incentive BMP programs
to be effective, the economic ranking
should be identical to the effectiveness
ranking. She offers her study as a guide
for improved decision making about
BMP implementation at the farm and
regulatory levels.

This article summarizes only part of Dr.
Wossink’s analysis. The entire report is
available in pdf format on her website
at: http://www2.ncsu.edu/unity/lockers/
users/g/gawossin/Papers/bmpecon.pdf
This study was funded by the Neuse Crop
Management Project which supports
Neuse Team agricultural education
programs.

According to an article in the August
2000 issue of Water Environment
and Technology, current  sampling
methods are underestimating
pollution loads for streams as much
as 20%. Researchers at the Univer-
sity of Arkansas say their studies
show that monthly sampling does not
account for the dramatic increases in
pollution loading to steams that
occurs during storms.
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USGS measures groundwater levels in
southern Coastal Plain area of Black
Creek aquifer

Study indicates
storm drains and
urban streams
incubate
bacteria
A study recently released by the North-
ern Virginia Regional Commission
(NVRC) and Virginia Tech indicates that
E. coli bacteria regrow through cloning
within storm drains and sediments of
urban streams. The study was conducted
in Four Mile Run, an ultra-urban water-
shed listed on Virginia’s 303(d) list
because of elevated levels of fecal
coliform bacteria. It is the first applica-
tion of modern molecular genetic tools to
track down sources of waterborne E. coli
in the metropolitan DC region and
involved Virginia Tech’s  Dr. George
Simmons, who pioneered the technique.

According to NVRC, as the water-
shed has urbanized over the past century,
storm drains have replaced 35 miles of
headwater streams, leaving only 16 miles
of open stream remaining. Authors of the
study say it is likely that “scat material is
deposited in the storm drains, fecal
coliforms are transported from the scat,
become deposited in the storm drains, re-
grow, and contribute to the microbial
film found in the storm drains. Clonal
populations lift-off, or are scoured by the
moving water, and provide a continuous
source, or inoculation, of fecal coliforms
to the discharging water.”  They also note
that water chemistry from the stream
indicates that “sufficient quantities of
nutrients and carbon area available to
support regrowth in the storm drains.”

The study also concluded that
nonhuman species are the dominant
sources of E. coli to the stream and its
tributaries  and that the major nonhuman
mammal contributors are raccoon, dog,
deer, and Norway rat.

The report can be downloaded in pdf
format from website: http://www.
novaregion.org/pdf Bacteria_Report.pdf.

In cooperation with the Lumber River
Council of Governments, the U.S.
Geological Survey conducted an investi-
gation to assess the effects of groundwa-
ter withdrawals on water levels in the
southern Coastal Plain area of the Black
Creek aquifer.

Between September 1992 and
December 1998, USGS monitored
groundwater levels  in 21 wells screened
in the Black Creek aquifer throughout a
2,000-square-mile area in Bladen, Hoke,
Robeson and Scotland counties. (These
counties are NOT included in the
proposed Central Coastal Plain Capacity
Use Area.) Investigators found that water
levels have changed little in most of this
area of the Black Creek aquifer since
1992. However, water levels have
declined in some areas as a result of
pumping, with the greatest decline being
30.8 feet near Laurinburg in Scotland
County during 1993-98.

During the fall of 1998, investigators
made water-level measurements in 291
wells in or near Bladen, Hoke, Robeson
and Scotland counties to map the
potentiometric surface of the Black
Creek aquifer. The map of the potentio-
metric surface can be used to infer the

general direction of groundwater flow
from recharge areas in the uplands to
discharge areas at local streams and
wells. It indicates that withdrawals from
wells at pumping centers around
Elizabethtown in Bladen County and
Lumberton in Robeson County have
caused groundwater to flow toward the
pumped wells, resulting in cones of
depression. In 1998, the major axes of
the cones of depression were about 5 and
7 miles in length beneath the
Elizabethtown and Lumberton areas,
respectively.

In southwestern Bladen County,
where the Black Creek aquifer is overlain
by the Peedee aquifer and the Black
Creek confining unit, most groundwater
does not discharge to local streams but
flows southeastward toward the coast or
is discharged from pumped wells.

 The report, Water-level conditions
in the Black Creek aquifer, 1992-98, in
parts of Bladen, Hoke, Robeson, and
Scotland Counties, North Carolina (WRI
Report 00-4138) is available from the
USGS North Carolina District. Contact
Kay Hedrick at (919) 571-4037 or
khedrick@usgs.gov.

Study concludes birds are most likely
source of fecal coliform in urban runoff
In an effort to track down sources of
fecal coliform in storm water in the
Nashville, TN, researchers at Vanderbilt
University conducted two sequential
studies. In the first they sampled urban
streams in sewered and unsewered
watersheds for E. coli, fecal streptococci,
coliform bacteria, and fluorescence.
Results showed bacteria counts were
higher in the sewered watersheds than in
unsewered areas. Low ratios of coliform
to streptococci bacteria and absence of
fluorescence indicated that sources of
fecal bacteria were animal, rather than
human.

In a follow-up study they sampled
direct surface runoff in areas with various
land uses and got similar results. After
examining characteristics of various
watersheds sampled, they concluded that
high impervious area and tree cover
produce higher bacteria counts and that
high tree density, even in low density
areas, contributed to higher bacteria
counts. From this they conclude that wild
birds are the most likely sources of fecal
coliform in watersheds sampled.

See “Housing, Density and Bacterial
Loading in Urban Streams,” Journal of
Environmental Engineering, 125 (12)
1177.



NorNorNorNorNorth Carth Carth Carth Carth Carolina Precipitation/Wolina Precipitation/Wolina Precipitation/Wolina Precipitation/Wolina Precipitation/Water Resourater Resourater Resourater Resourater Resourcescescescesces

                  September                  September                  September                  September                  September             October            October            October            October            October

Rainfall (+/- aRainfall (+/- aRainfall (+/- aRainfall (+/- aRainfall (+/- averaveraveraveraveraggggge)e)e)e)e)
Asheville    3.27” (-0.60”)             0”   (-3.59”)
Charlotte    5.81” (+2.31”)          Trace (-3.36”)
Greensboro    9.99” (+6.47”)          Trace (-3.50”)
Raleigh                   3.82” (+0.63”)          Trace (-2.86”)
Wilmington                   7.77” (+2.73”)           0.38”(-2.31”)

StreamfloStreamfloStreamfloStreamfloStreamflowwwww          September         September         September         September         September             October            October            October            October            October
IndeIndeIndeIndeIndex Stationx Stationx Stationx Stationx Station     mean flo    mean flo    mean flo    mean flo    mean flow (CFS)w (CFS)w (CFS)w (CFS)w (CFS)     mean flo    mean flo    mean flo    mean flo    mean flow (CFS)w (CFS)w (CFS)w (CFS)w (CFS)
(County, Basin)               (% of long-term median)         (% of long-term median)

Valley River at Tomotla (Cherokee, Hiwassee)     65.6     (76%)            36.9 (45%)
Oconaluftee River at Birdtown (Swain, Tenn)      210     (89%)             160 (67%)
French Broad River at Asheville (Buncombe, FB)      764     (67%)             397 (28%)
South Fork New near Jefferson (Ashe, New)      166     (46%)             112 (31%)
Elk Creek at Elkville (Wilkes, Yadkin/Pee-Dee)     22.2     (48%)            14.8 (24%)
Fisher River near Copeland (Surry, Yadkin/Pee-Dee)     81.4     (80%)            44.9 (37%)
South Yadkin River near Mocksville (Rowan, Yadkin/PD)  88.3     (50%)            57.6 (32%)
Rocky River near Norwood (Stanly, Yadkin/Pee-Dee)   1,272   (169%)             158 (73%)
Deep River near Moncure (Lee, Cape Fear)                      791   (211%)             150 (62%)
Black River near Tomahawk (Sampson, Cape Fear)   1,109   (318%)           475 (208%)
Trent River near Trenton (Jones, Neuse)      319   (938%)          51.9 (130%)
Lumber River near Boardman (Robeson, Lumber)   1,680   (249%)        1,347 (270%)
Little Fishing Creek near White Oak (Halifax, Pamlico)     255   (693%)          55.1 (166%)
Potecasi Creek near Union (Hertford, Chowan)      213(1,383%)                  38.3 (251%)

GrGrGrGrGroundoundoundoundoundwaterwaterwaterwaterwater
IndeIndeIndeIndeIndex wellx wellx wellx wellx well September  depthSeptember  depthSeptember  depthSeptember  depthSeptember  depth October depthOctober depthOctober depthOctober depthOctober depth
(Pr(Pr(Pr(Pr(Prooooovince)vince)vince)vince)vince) belobelobelobelobelow surface (ft)w surface (ft)w surface (ft)w surface (ft)w surface (ft) belobelobelobelobelow surface (ft)w surface (ft)w surface (ft)w surface (ft)w surface (ft)

(departure from (departure from
average for month) average for month)

Blantyre (Blue Ridge)        37.13   (-5.39)         38.32 (-4.92)
Mocksville (Piedmont)        20.08 (-12.44)         20.49 (-2.69)
Simpson (Coastal Plain)          2.85  (+2.66)           4.81 (-0.65)

Source: U.S. Geological Survey’s Water Resources Conditions in North Carolina
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Two Tenure-Track
Assistant Professorships at
East Carolina University

Entomology. Responsibilities include

teaching at the undergraduate and graduate

levels, including a course in insect biology;

performing appropriate professional

service; and maintaining an extramurally

funded research program, preferably in

insect ecophysiology, landscape ecology or

systematics. Send hard copy of curriculum

vitae, a statement of teaching and research

interests, and the names and contact

information of three current references to:

Hal J. Daniel, Department of Biology,
East Carolina University, Greenville,

NC, 27858-4353.

Comparative Physiology. Responsibilities

include teaching at the undergraduate and

graduate levels, including comparative

animal physiology; performing appropriate

professional service; and maintaining an

extramurally funded research program that

can interface the strengths of the Depart-

ment: ecology, cell and molecular biology,

and evolution. Send hard copy of curricu-

lum vitae, a statement of teaching and

research interests, and the names and

contact information of three current

references to: Robert R. Christian,

Department of Biology, East Carolina
University, Greenville, NC, 27858-4353.

Both positions are to begin August 13,
2001. Screening begins November 1,
2000. Positions will remain open until

filled.

To assure that the United States is
prepared for future change, the United
States Global Change Research Program
(USGCRP) has initiated a national
assessment on the potential  conse-
quences of climate variability and change
for the nation. The USGCRP is mandated
by statute to undertake scientific assess-
ments of the potential consequences of

global change for the United States in the
"Global Change Research Act of 1990"
(P.L. 101-606). Assessment of impacts of
climate change on water quality is part of
the required investigations. Information
about the U.S. National Assessment of
the Potential Consequences of Climate
Variability and Change is available at
website: http://www.nacc.usgcrp.gov/.

Assessments of consequences of climate variability and
change are underway

The Mid-Atlantic Regional Assess-
ment (MARA) aims to analyze and
evaluate the potential consequences of
climate variability and change for the
Mid-Atlantic region’s people and
resources. The Mid-Atlantic study area
includes all or part of eight states
(Delaware, Maryland, New Jersey, New
York, North Carolina, Pennsylvania,
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Presentations take place in the Ground Floor Hearing Room of the Archdale Building
in downtown Raleigh or in Room 1132 of Jordan Hall on the N.C. State University
campus. This schedule is also posted on the WRRI website, and any changes will be
posted there (http://www2.ncsu.edu/ncsu/CIL/WRRI/2000seminars.html). For
additional information contact Associate Director Robert Holman at (919) 515-2815
or Robert_Holman @ncsu.edu.

Presentations begin at 3 pm.

Monday, November 20, 2000
Archdale Building

Quantification of Pfiesteria Species
Associate Professor JoAnn Burkholder

Department of Botany
N.C. State University

Tuesday, January 30, 2001
Jordan Hall

Assessment of the North Carolina
 Water Reuse Regulations

Assistant Professor Helen Hilger
Department of Civil Engineering

UNC-Charlotte

Tuesday, February 27, 2001
Archdale Building

Effectiveness of Multiple Best Man-
agement Practices in Agriculture

Professor Carlyle Franklin
Department of Forestry
N.C. State University

Tuesday, March 27, 2001
Jordan Hall

Assessment of Changing Land-use
Practices on Basin Sediment Yields

Professor Jerry Miller
Department of Geosciences
Western Carolina University

Tuesday, April 24, 2001
Archdale Building

A Comparative Analysis of Compact
and Low-Density Development
Associate Professor Philip Berke
Department of City and Regional

Planning, UNC-Chapel Hill

Tuesday, May 22, 2001
Jordan Hall

Technical and Economic Evaluation of
Alternative Animal
Waste Management

Professor Michael Overcash
Department of Chemical Engineering

N.C. State University

Conferences and
workshops
Erosion and Sedimentation Control
Seminars Feb 20-21, 2001, Greenville, NC,
(deadline for registration Feb 6) and Mar 13-
14, 2001, Hickory, NC, (deadline for
registration Feb 27). Registration fee $100.
13 PDHs for engineers, land surveyors and
landscape architects. For information and a
registration form go to website: http://
www2.ncsu.edu/ncsu/CIL/WRRI/
escseminars2001.html or call WRRI at (919)
515-2815.

2nd National Conference on Nonpoint
Source Pollution Information and Educa-
tion Programs. May 15-17, 2001 Chicago
Botanic Garden Glencoe, Illinois. To be
placed on the distribution list for future
conference announcements and semi-final
program mailings, contact the Conference
Coordinator:  Bob Kirschner, Chicago

Virginia, and West Virginia), and the
District of Columbia. MARA is funded
by the U.S. EPA and is being conducted
by researchers at Penn State University.
A draft assessment for the Mid-Atlantic
region is available at website:  http://
www.essc.psu.edu/mara/index.html.

The Southeast Regional Assessment
covers all or part of Florida, North and
South Carolina, Georgia, Tennessee,
Alabama, Mississippi, Kentucky,
Arkansas, and Louisiana. This assess-
ment is being coordinated by NASA and
is being conducted by researchers at the
University of Alabama-Huntsville and
Florida State University. Progress reports
on this research are available at website:
http://www.ghcc.msfc.nasa.gov/regional/

Among the preliminary findings of
the Southeast Regional Assessment is
that water quality effects are very
location specific with some being
positive and others negative. Currently
vulnerable streams may be severely
impacted. Water quality may be affected
more by increased population and land
use changes, including expansion of
confined animal management, than by
changing climate.

http://www.ncsu.edu/cpe and click on
“environmental” under Seminars, Workshops
and Conferences.

Integrating Nonpoint Source Watershed
Management with Lake Management and
Protection. April 17-20, 2001, Congress
Plaza Hotel Chicago. To be placed on the list
for conference announcements, contact Bob
Kirschner, Chicago Botanic Garden, 1000
Lake Cook Rd., Glencoe, Illinois, 60022;
telephone: 847/835-6837, fax: 847/835-1635,
e-mail: bkirschn@chicagobotanic.org

Botanic Garden, 1000 Lake Cook Rd.,
Glencoe, Illinois, 60022; telephone: 847/835-
6837, fax: 847/835-1635, e-mail:
bkirschn@chicagobotanic.org

Managing River Flows for Biodiversity.
July 30-August 2, 2001. Colorado State
University, Fort Collins, CO. For information
go to website: http://www.freshwaters.org/
conference/.

Future Directions in Air Quality Research:
Ecological, Atmospheric, Regulatory/
Policy and Educational Issues. February 12-
15, 2001. Sheraton Imperial Hotel and
Conference Center, Research Triangle Park.
Sponsored by Air Resources Research
Consortium. For information go to website:



2000 - 2001 Lunc2000 - 2001 Lunc2000 - 2001 Lunc2000 - 2001 Lunc2000 - 2001 Luncheon and Forum Scheon and Forum Scheon and Forum Scheon and Forum Scheon and Forum Schedulehedulehedulehedulehedule

December  4,  2000 Endocrine Disrupters in the Environment
February 5,  2001 Water Reuse
April 9,  2001 Dam Removals in North Carolina
September  17, 2001 On-Site Wastewater Issues
December  3,  2001 Flood Plain Management

Luncheon cost for nonmembers will increase to $20 January 1, 2001.  Join NCWRA and save!. Contact WRRI.

WWWWWAAAAATER RESOURCES RESEARCH INSTITUTETER RESOURCES RESEARCH INSTITUTETER RESOURCES RESEARCH INSTITUTETER RESOURCES RESEARCH INSTITUTETER RESOURCES RESEARCH INSTITUTE
OF  OF  OF  OF  OF  THE UNIVERSITY OF NORTHE UNIVERSITY OF NORTHE UNIVERSITY OF NORTHE UNIVERSITY OF NORTHE UNIVERSITY OF NORTH CTH CTH CTH CTH CARARARARAROLINAOLINAOLINAOLINAOLINA

BOX 7912
NORTH CAROLINA STATE UNIVERSITY
RALEIGH NC 27695-7912

ADDRESS SERVICE REQUESTED

PRINTED MAPRINTED MAPRINTED MAPRINTED MAPRINTED MATTERTTERTTERTTERTTER

NONPRNONPRNONPRNONPRNONPROFIT ORGOFIT ORGOFIT ORGOFIT ORGOFIT ORG
U S POSTU S POSTU S POSTU S POSTU S POSTAAAAAGEGEGEGEGE

PPPPPAIDAIDAIDAIDAID
RALEIGH NCRALEIGH NCRALEIGH NCRALEIGH NCRALEIGH NC

PERMIT NOPERMIT NOPERMIT NOPERMIT NOPERMIT NO..... 549 549 549 549 549

All luncheon/forums take place
at 11:30 am at the Jane S.
McKimmon Center on the N.C.
State University campus. For
additional information call
Robert Holman at WRRI
(919/515-2815).

 CALL FOR ABSTRACTS FOR PRESENTATIONS AND POSTERS IN WATER RESOURCES
for the 2001 WRRI Annual Water Resources Research Conference

WATERSHEDS TO ESTUARIES: Basin Management in the 21st Century
March 29, 2001  *** Jane S. McKimmon Center, N. C. State University, Raleigh
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