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Dr. Moreau Returns as WRRI Director
David H. Moreau, professor in the 
Department of City and Regional 
Planning, at UNC-Chapel Hill, 
has once again been named direc-
tor of the Water Resources Re-
search Institute of the University 
of North Carolina effective July 
1, 2005. Moreau also served as 
WRRI director from 1983 to 1995.

As WRRI’s new director, 
Moreau replaces Dr. Kenneth H. 
Reckhow, professor in the Nicho-
las School of the Environment 
at Duke University, who stepped 
down last July. Dr. Greg Jennings, 
associate director of WRRI, has 
been serving as interim director 
for the institute.

Moreau received a BS degree 
in civil engineering from Mis-
sissippi State University, an MS 
degree in civil engineering from 
NC State University, and a PhD 
in water resources from Harvard 
University. He has served on the 
faculty at UNC-Chapel Hill since 
1968.

At UNC-Chapel Hill, he has 
taught courses in environmental quali-
ty assessment and water resources. His 
research interests are in the analysis, 
planning, financing, and evaluation of 
water and related environmental pro-
grams. His publications include work 
in systems analysis, planning and 
management of urban water systems, 
management of water supplies during 
droughts, and planning and evaluation 
of watershed management programs. 
Moreau served as chair of the Depart-
ment of City and Regional Planning 
from 1997 to 2002, and as senior 
associate dean of the College of Arts 

and Sciences at UNC-Chapel Hill 
from 1977 to 1983. He also holds 
an appointment in the Department 
of Environmental Sciences and 
Engineering. 

In addition to his service at 
UNC-Chapel Hill, Moreau has 
served as chairman of the NC 
Environmental Management Com-
mission. Governor Hunt appointed 
him to this position in 1993 and 
Governor Easley reappointed him 
in 1999. Moreau has also chaired 
the NC Sedimentation Control 
Commission, the Orange County 
Water and Sewer Authority Board, 
and several state-level envi-
ronmental committees. He also 
worked for the US Environmental 
Protection Agency. He has been 
very active serving on committees 
of the Water Science and Technol-
ogy Board of the National Acad-
emy of Sciences.

Moreau and his wife, Polly, 
have two children and two grand-

children.  
Dr. David H. Moreau, WRRI Director
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Director’s Forum

Gregory D. Jennings, Interim Director, Water Resources Research Institute

DENR Addresses Stormwater Issues to 
Protect North Carolina’s Water Resources

With the North Carolina population ex-
ceeding 8.5 million, our state now supports 
more than 170 people per square mile, 
more than twice the national average for 
population density (according to the US 
Census Bureau, www.census.gov).  We all 
recognize that as the population continues 
to grow, stormwater runoff becomes a more 
important and challenging environmental 
issue. The runoff from developed land-
scapes can lead to problems with sediment, 
nutrients, pathogens, and other pollutants in 
our streams, rivers, lakes and estuaries.

The NC Department of Environment 
and Natural Resources is working to ad-
dress stormwater issues on many fronts.  
From an educational perspective, a new 
NC DENR web site serves as an excellent 
resource for the public, businesses, and local 
governments to learn about stormwater pro-
grams and how to prevent runoff pollution. I 
encourage you to visit the web site at: www.
ncstormwater.org 

On the regulatory and technical as-
sistance fronts, the NC DENR Division of 
Water Quality recently posted several new 
pages on its stormwater web site: http://h2o.
enr.state.nc.us/su/ 

In addition to moving forward to 
implement the federal NPDES Phase II 
Stormwater Program, DWQ is accepting 
review comments on the revised DWQ 
Stormwater BMP Manual and developing 
a new Universal Stormwater Management 
Plan (USMP) to simplify regulatory pro-
grams in the state.

The USMP is an optional program 
intended to provide a local government with 
a single set of post-construction stormwater 
requirements throughout its entire jurisdic-
tion. These requirements will be less confus-
ing, easier to implement, and more protective 
of the natural environment.  Local govern-
ments that currently administer stormwater 
programs will have the option of retaining 
their existing programs or implementing the 
USMP. The Environmental Management 
Commission has approved the concept for 

the USMP, and a draft set of requirements is 
posted on the DWQ web site for comment.

The two major components of the 
USMP are stormwater control design 
standards and setback requirements.  The 
design standards for the 80 non-coastal 
counties require that all residential develop-
ment disturbing one acre or more and all 
commercial development disturbing one-half 
acre or more include measures to control and 
treat the runoff generated by a one-inch rain 
event. In the 20 coastal counties, measures 
must control and treat runoff generated by 
a 1.5-inch rain event. The setback require-
ments in the 80 non-coastal counties will 
prevent new impervious surfaces within the 
100-year floodplain, except for roads and 
water dependent structures.  For streams 
without a delineated floodplain, the setback 
will be 30 feet or 5 times the width of the 
closest stream, whichever is greater.  In the 
20 coastal counties, there will be a manda-
tory 30-foot setback for impervious surfaces 
from surface waters.

More detail on the proposed Universal 
Stormwater Management Plan is provided 
on the DWQ web site listed above. I encour-
age you to provide input on the proposed 
USMP and other NC DENR programs to 
protect North Carolina’s water resources.
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Jennifer Craddock has joined WRRI as program coordinator as 
of June 13, 2005. This position was previously held by Angela 
Morgan who is now pursuing education opportunities at Mer-
edith College. 

Jennifer brings to WRRI four years of administrative experi-
ence. She earned a B.A. from UNC Asheville. While attending 
college, she served as office manager and special assistant to 
the president for the Student Government Association. She also 
participated in an internship in the Office of Student Life where 
she planned and funded student events as well as helped students 
form organizations. At NC State University, Jennifer worked as 
both a faculty secretary and contracts and grants manager/re-
search facilitator for the Computer Science Department in the 
College of Engineering. She interacted on a daily basis with 
professors and administered pre- and post-award contracts and 
grants. 

In her new role as the WRRI program coordinator, Jennifer 
maintains the institute schedule for the annual call for proposals, 
the peer review process, the technical review process, and the 
report publishing process. The experience of processing propos-
als as a previous employee at NC State serves Jennifer well as 
she administers the official contract and grant files for WRRI. 

Jennifer provides administrative support to the WRRI 
director and other staff members. She helps the WRRI staff stay 
informed of schedules, task priorities, and upcoming event infor-
mation. Since Jennifer oversees registration and other logistics 
of WRRI workshops, conferences and seminars, she is one of the 
first people you will see if you attend one of these events. 

If you would like to welcome her or have questions for 
her, Jennifer may be reached at jennifer_craddock@ncsu.edu or 
(919)515-2815.

Jennifer Craddock Joins 
WRRI as Program Coordinator

Jennifer Craddock, WRRI Program Coordinator

Twenty-nine participants were represented from various agen-
cies at the North Carolina Drought Management Advisory 
Council’s Annual Meeting on April 27, 2005, at the Archdale 
Building in Raleigh, NC.  The purposes of the council (NC Gen-
eral Statute 143 355.1) are: 
  To improve coordination among local, state, and federal 

agencies; public water systems, as defined in G.S. 130A 
313(10); and water users to improve the management and 
mitigation of the harmful effects of drought.

 To provide consistent and accurate information to the public 
about drought conditions.

Items on the meeting agenda included assessment and forecast 
reports about the climate and outlook for summer 2005; stream-
flow and ground water levels; lake and reservoir levels; agri-
culture; forestry; public water systems; and the latest from the 
Drought Advisory Study Team.

Water resources in the state were near at normal levels for 
this time of the year.  Climate outlook has little guidance for 
summer because forecast models do not give much guidance 
during summer months. There are no signs as to whether there 
will be an active tropical storm season. Many water systems 
were reported as having completed or near completion of water 
supply improvements that will help alleviate drought.

The Council made the following recommendations:
  The Drought Advisory Study Team will continue to develop 

and refine the methodology to depict water supply drought 
conditions in North Carolina. This system will allow the 
council to make decisions based on the best information 
available and issue drought warnings to individual water sup-
pliers or to a region. 

  The North Carolina Crop Weather weekly reports, http://
www.ncagr.com/stats/cropweat/, by the NC Department of 
Agriculture and Consumer Services should be a resource for 
depicting agriculture drought.  

.The current Keetch-Byram Drought Index (KBDI), http://
www.dfr.state.nc.us/fire_control/kbdi.htm, that is reported 
weekly by the NC Division of Forest Resources was consid-
ered the drought index for forest resources.

  The US Drought Monitor, http://drought.unl.edu/dm/monitor.
html, will be the reference for broad scale conditions.

More information: http://www.ncwater.org/drought/

Overview of NC Drought 
Management Advisory 
Council Annual Meeting
by Woody Yonts, water resource engineer, NC DENR Division of 
Water Resources
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The concepts “micromanagement” and “thinking small” often have 
negative connotations. But these ideas are the keystone of an up-
and-coming stormwater management strategy gaining popularity in 
suburban watersheds. Low-impact development, or LID, is a system 
of practices used to address stormwater runoff in an unconventional, 
though perfectly logical, way. Rather than diverting runoff away from 
its origin, LID assimilates rainwater where it falls, through a system of 
small, multiple, discrete methods distributed throughout the landscape.

“LID’s main objective is to treat stormwater at the source, as op-
posed to the conventional pipe-and-pond, the goal being to replicate, 
as closely as possible, the hydrological functions of the property that 
existed before a site was developed,” said Larry Coffman, who worked 
for 30 years on stormwater 
management issues as associ-
ate director for Prince George’s 
County, Maryland. Coffman, 
now a consultant specializing in 
LID education and training, was 
the lead speaker at a half-day 
workshop that preceded WRRI’s 
8th annual conference in Raleigh 
in April. LID promises to protect 
the water quality and condition 
of receiving streams and lakes 
better than traditional stormwater 
management infrastructure. And it 
is becoming attractive to many de-
velopers because construction and 
maintenance of LID stormwater 
systems are typically cheaper than 
conventional structural methods 
such as ponds, pipes and curb-
and-gutter, and the result is more aesthetically pleasing to homebuyers. 

“LID is not a growth management strategy, it is a technology—a 
set of tools, philosophies and principles to reshape the landscape in 
a way that we can make it much more ecologically functional,” said 
Coffman. “The technology we have today, pipe and pond, was really 
developed 30 to 40 years ago, not for protecting the ecological integrity 
of the environment but for flood control and flow control. Flow control 
has no real benefits in terms of protecting the environmental integrity of 
a watershed. You need to mimic the water balance, not the flow.”

Examples of LID practices are bioretention areas (rain gardens), 
grassy swales, vegetated buffer/filter strips and infiltration trenches. 
LID designers look for opportunities to disconnect traditional methods 
of conveyance—roof downspouts, curb-and-gutter, drainage pipes, 
etc.—so that water is treated and retained on-site. LID is best used in 
new development, although retrofitting can be practical in some set-
tings, such as parking lots.

While LID practices can be designed to replace conventional tech-
niques, they are frequently used in combination with stormwater ponds. 
This is often due to strict zoning ordinances and regulations that require 

ponds, wide streets, opposing sidewalks and curb-and-gutter, which 
are in contrast to LID principles. Such laws are not accommodating to 
many LID practices, but some municipalities have begun to realize that 
they need to rethink their old prescriptions, especially since existing 
stormwater ponds are increasingly being proved ineffective in prevent-
ing streambank erosion and keeping pollution out of streams. One such 
community is the town of Huntersville in Mecklenburg County, one 
of the few municipalities in North Carolina to require LID, said Rusty 
Rozzelle, manager of the Mecklenburg County Water Quality Program.

Huntersville lies within the 28.5-square-mile McDowell Creek 
watershed, which drains to Mountain Island Lake, the primary drink-
ing water source for Mecklenburg County’s residents. The county has 

been monitoring water quality in 
McDowell Creek and the cove 
to which the creek drains since 
1988. The monitoring has re-
vealed alarming declines in water 
quality, in spite of the presence of 
stormwater ponds and other best 
management practices (BMPs) 
in the watershed. McDowell 
Creek Cove is the most polluted 
area in any Mecklenburg County 
lake. The banks of portions of 
McDowell Creek have been un-
dercut 14 feet due to the volume 
and velocity of stormwater enter-
ing the creek. The town, which 
had instituted a moratorium on 
new development, was desperate 
to find a solution.

In 2002, the Huntersville 
Town Board set a goal of “nondegradation” for the McDowell Creek 
watershed and asked the county for help developing an ordinance to 
support this policy. The ordinance was approved in 2003. One require-
ment of the ordinance is that LID practices must treat the runoff from 
the first inch of rainfall, since it has been determined that 90 percent of 
pollutants are contained in the first inch of runoff. Another requirement 
is that no single BMP should receive runoff from an area larger than 5 
acres. (The entire ordinance may be viewed at: http://www.charmeck.
org/Departments/LUESA/Water+and+Land+Resources/Programs/
Water+Quality/Huntersville+Ordinance/Home.htm.)

A useful planning resource—a site evaluation tool (SET)—is 
now available to help developers and designers predict how well their 
proposed project will meet the ordinance’s provisions and objectives. 
The SET is an interactive spreadsheet model that allows designers to 
input their data, then learn the predicted pollution loads and stormwater 
runoff for a given building scenario, allowing them to choose the tech-
niques that will work best on their site.

Though LID is promising for the McDowell Creek watershed, 
Huntersville’s “no-degradation” policy specifically means that current 

LID Treats Stormwater at the Source

Bioretention area in a parking lot; Photo courtesy of Dr. Bill Hunt, 
NC State University

by Carla Burgess, freelance writer
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conditions must be maintained. “We’re trying to hold the line to prevent 
additional pollutants from entering the channel,” said Rozzelle. “We’re 
also trying to hold the line on volume and velocity.” But he said the 
hope is to eventually improve stormwater management as the basin 
continues to be developed, with wider implementation of LID and miti-
gation in outlying areas. Already, $2 million in grant funds have been 
awarded to Mecklenburg County to design and retrofit BMPs to curb 
water pollution in the watershed.

Because LID is based on the principle of mimicking pre-de-
velopment hydrology, sites ideally should be evaluated prior to any 
development activity, then monitored after construction. For LID to 
be effective and accepted as a technique, its practitioners must prove 
that it works. Dan Line, an extension specialist in biological and 
agricultural engineering at NC State University, is helping to conduct 
research projects 
at two LID sites 
in the Triangle 
region—Car-
rboro and North 
Raleigh—that 
will assess land 
prior to devel-
opment, then 
monitor after-
ward to gauge 
performance. 
Researchers will 
measure volume 
of runoff using 
weirs and auto-
mated machines 
to collect rainwa-
ter samples for 
chemical analysis. 

To be acceptable, LID also must meet the bottom 
line. Kimberly Brewer of Tetra Tech, the consulting firm 
that helped to develop the Huntersville ordinance and SET, 
presented some numbers for comparison at the workshop. At the 
request of the town board, Tetra Tech evaluated the plans for a re-
cently constructed low-density residential subdivision in Huntersville, 
creating a sample, alternate site plan that would meet the town’s new 
open space, density and development requirements. Using LID tech-
niques, the developer could have reaped a net savings of $298,000 in 
stormwater infrastructure construction and maintenance costs. (This 
did not take into account any profits that may have been lost due to 
the reduction in the number of lots, which was necessary to meet the 
open space scenario.)

Not all individual LID techniques are cheaper, namely roof 
gardens and porous pavers. For example, a “green roof” or “roof gar-
den” is 15 to 20 times more expensive than bioretention per square 
foot, but it lasts three times longer than a conventional roof, said Bill 
Hunt, an extension specialist and associate professor of biological 

and agricultural engineering at NC State University. It is the beauty 
of LID techniques that they can be designed and combined to suit 
unique situations, goals and purposes.

LID has become popular in regional pockets, including the 
Chesapeake Bay and Great Lakes regions, and more recently in the 
Northwest to evaluate its effectiveness in protecting salmon habitat, 
said Coffman. The Army and Navy are also developing LID design 
manuals for facilities and residential areas. “It’s not universally ac-
cepted, but in those areas where there are special water resources that 
need to be protected, they’ve realized that conventional strategies 
aren’t enough,” he said.

The financial burden of conventional systems forced Prince 
George’s County to explore alternatives for managing stormwater 
nearly a decade ago. The county pioneered the LID approach to treat 

and control stormwater. “We had thousands of stormwater 
ponds, tens of thousands of structures, thousands and thou-
sands of miles of curb-and-gutter, and pipes and ponds,” said 
Coffman. “We had one of the best funded—and still have one 
of the best funded—programs in the nation, yet we couldn’t 
afford to maintain this infrastructure that we had created.” 
Similar economic realities will most certainly prompt other 
stormwater programs to follow suit. “We need to start looking 

at rainwater as a 
resource rather than 
a problem,” said 
Coffman.

Furthermore, 
cities and counties 
will have to accept 
that stormwater 
ponds are limited 
in their ability to 
manage stormwater 
and even have 
negative impacts—
changing hydrol-

ogy, increasing the 
frequency of stormwater discharges, elevating water temperature in 
receiving waters, and damaging and altering composition of aquatic 
species, including fish and macroinvertebrates. In fact, studies from 
the Northwest and other regions have examined comparable water-
sheds with and without ponds and found no difference in the “index 
of biological integrity” (a scientific method for assessing stream 
health by studying aquatic organisms) among streams in those 
watersheds.

“If we can’t get the hydrology right in the watershed, I don’t 
think there’s much hope of restoring the biological integrity,” Coff-
man said. “If we can restore the water balance and the natural assimi-
lative capacity in the landscape, get things back to predevelopment 
conditions, which no one thought was possible before but it might 
be, that’s the best we can do.”

LID continued

Green roof installation on building 
at NC Arboretum; Photo courtesy of 
Jon Calabria, NC State University 
and NC Arboretum
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At its regular meeting on May 9, 2005, the Water Quality Committee of the 
Environmental Management Committee took the following action:
  Approved to send the Division of Water Quality Implementa-

tion Plan for the Coastal Habitat Protection Plan to the EMC 
in July for approval. The EMC, Marine Fisheries Commis-
sion and the Coastal Resources Commission approved the 
Coastal Habitat Protection Plan in December 2004. This was 
the first step in a coordinated effort to improve and protect 
coastal fisheries habitat. The approval included an agreement 
that all three commissions and DENR would develop imple-
mentation plans.

  Approved to proceed with the development and rulemaking 
for the Universal Stormwater Management Program (USMP). 
The USMP is a new approach to stormwater management 
in North Carolina with the potential to significantly alter 
the manner in which stormwater is controlled and regulated 
within the state. A provision in the USMP would allow local 
governments to satisfy most of their existing stormwater 
post-construction control requirements with a single, or a 
universal set of requirements. More information is available 
at http://h2o.enr.state.nc.us/su/usmp.htm.

  Approved to proceed to the EMC with proposed reclassifica-
tion of the Neuse River in Wake County to Class WS-V. The 
Neuse River meets the qualifications for the proposed reclas-
sification. 

  Approved to proceed to the EMC with the proposed reclassi-
fication of the Yadkin River in Surry and Yadkin Counties to 
Class WS-IV. The Yadkin River meets the qualifications for 
the proposed reclassification.

  Rescinded the “Exceptions Rules” drafts from December 
2003 as the need for establishing these rules was diminished 
when the legislature included vested rights coverage in the 
Stormwater Phase II Session Law. The intent of the rules 
was to establish a set of procedures whereas relief could be 
provided from DWQ stormwater control requirements includ-
ing buffers, setbacks, and density provisions, for affected, 
qualifying parties.

At its regular meeting on May 10, 2005, the EMC took the following 
action:
 Approved to proceed to public notice and hearing with proposed 

amendments to 15A NCAC 2B .0240, the Nutrient Offset Pay-
ments Rule. The Water Quality Committee had recommended 
that the notice specifically solicit additional input regarding 
the costs associated with establishing nutrient mitigation best 
management practices. These proposed amendments will update 
the existing nitrogen offset fee for the Neuse River Basin and will 
extend the offset program to the Tar-Pamlico River Basin for both 
nitrogen and phosphorus offsets. The amendments contain a new 
method for calculating the offset payments for both nitrogen and 
phosphorus that incorporates the land acquisition costs associated 
with the implementation of the nutrient mitigation best manage-
ment practices. The updated nitrogen fee—$57 per pound of 
nitrogen up from $11 per pound—was based upon the costs that 
are being encountered in the field in establishing the mitigation 
sites. Using a similar methodology the phosphorus fee for the 
Tar-Pamlico River Basin was calculated to be $45 per tenth of a 
pound of phosphorus.

  Approved to confirm the reappointment of Mr. Robert Dodson to 
the Water Pollution Control System Operators Certification Com-
mission. Mr. Dodson’s term will expire June 30, 2008.

  Approved to proceed to public hearing for the adoption of 
Subchapter 2T for the non discharge waste systems rules and the 
repeal of Section 2H .0200 and Rules 2H .0122 and 2H .0123. 
These systems include wastewater collection systems, animal 
waste management systems, wastewater residuals, and other 
non-discharge systems including wastewater irrigation, reclaimed 
water utilization, groundwater remediation and soil remediation 
projects. EMC members commented that they would like to see a 
different mechanism for packaging the rules.

  Approved to uphold the Administrative Law Judge’s (ALJ) deci-
sion in the case of Brandywine Real Estate Management Services 
Corporation and Northridge Partners versus DENR, Division of 
Waste Management, 04 EHR 1439, Wake County. The ALJ en-
tered a decision to grant summary judgment to the petitioner and 
interpreted the eligibility statute to allow the requested reimburse-
ment. 

  Approved to uphold the ALJ’s decision in the case of Tad Dexter 
versus DENR, DWQ, GW04-004FT, 04 EHR 0363, Pamlico 
County. The ALJ entered a decision granting DWQ’s motion for 
summary judgment and recommending the assessment of the 
civil penalty and costs be upheld. 

  Approved to uphold the ALJ’s decision in the case of Norman 
Pippin versus DENR, 03 EHR 00703, New Hanover County. The 
ALJ entered a decision recommending the EMC uphold issu-
ance of the two non-discharge permits including the loading rate 
conditions.

May Action of the Environmental Management Commission

May Action of the EMC 
Water Quality Committee

  Chairman Moreau mentioned that EMC meeting times may 
change to every two months meeting six times a year rather than 
eight times a year. It was also mentioned that the structure of the 
EMC committees would be maintained. 

More information is available at the EMC web site: 
http://h2o.enr.state.nc.us/admin/emc/
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Weaver, J.C., 2005, The drought of 1998-
2002 in North Carolina—Precipitation 
and hydrologic conditions: U.S. Geo-
logical Survey Scientific Investigations 
Report 2005-5053, 88 p.

Abstract
Drought conditions prevailed across much of 
North Carolina during 1998–2002, resulting 
in widespread record-low streamflow and 
ground-water levels in many areas. During 
this 4-year period, the drought was con-
tinuous in areas of western North Carolina, 
although eastern areas of the state had some 
periods of relief from tropical storms in 1998 
and 1999. The occurrence of dry winters in 
2001 and 2002 along with a dry spring in 
2002, exacerbated drought conditions across 
the state and resulted in substantial declines 
in streamflow and ground-water levels dur-
ing the summer of 2002.

The drought caused widespread hard-
ship and economic losses across North 
Carolina. During the latter months of 2002, 
more than 200 municipalities that included 
most major cities operated under some form 
of voluntary, mandatory, or emergency water 
conservation. Reservoirs across North Caro-
lina were at record or near record-low levels, 
including some of the largest ones used for 
multiple purposes (flood control, low-flow 
augmentation, and/or recreation), and 
required continuous and careful operation to 
balance the upstream and downstream needs 
of users.

Precipitation deficits during the 
1998–2002 drought for some locations in 
North Carolina were among the largest 
documented since the beginning of system-
atic collection of weather data. The largest 
deficits occurred primarily in the western 
Piedmont and were as much as 60 to 70 
inches in some locations during the 4-year 
period. Cumulative monthly precipitation 
departures for the period May 1998 through 
September 2002 at 13 selected precipitation 
sites across the State ranged from 5.3 inches 
below normal in Greenville (eastern North 
Carolina) to 66.7 inches below normal in 
Hickory (western North Carolina). During 
the 12-month period October 2002 through 
September 2003, precipitation departures at 

7 of the 13 sites were more than 20 inches 
above normal, primarily in the western 
Piedmont. Precipitation data for the period 
of record were examined for 8 of the 13 sites 
to compare precipitation deficits during the 
1998–2002 drought with those that occurred 
during selected historical droughts. At three 
of the eight sites (Hickory, Charlotte, and 
Mocksville), the average monthly deficit for 
the 1998–2002 drought exceeded the values 
computed for the other drought periods. 
Precipitation records for three other sites 
(Greensboro, Raleigh, and Fayetteville) were 
adjusted to remove monthly rainfall values 
associated with several large tropical storms 
in 1999. The average monthly deficits for 
the 1998–2002 drought based on adjusted 
records for these three sites were then deter-
mined to be the highest among the drought 
periods identified during the available peri-
ods of precipitation record.

Daily mean discharges before and after 
the drought were compiled for 211 continu-
ous-record gaging stations operated in North 
Carolina in 2002. Of these 211, 150 stations 
had periods of record that exceeded 10 years. 
Among these 150 sites, records of lowest 
daily mean discharge were set at 65 sites 
during the 4-year drought (55 sites during 
the 2002 water year alone). A smaller group 
of 68 sites having 30 years of uninterrupted 
record through the 2002 water year and 
not known to be significantly affected by 
regulation and/or diversions was selected 
for further analyses to quantify the “daily” 
percentile and recurrence intervals of 7-day 
average discharges.

Comparisons of minimum 7-day aver-
age discharges at six selected gaging stations 
with long-term records (two from each 
physiographic province in the state) provided 
insight into how the 1998–2002 drought 
compares with previous droughts. At three 
of the six sites, all located in the Blue 
Ridge and Piedmont Provinces, the mini-
mum 7-day average discharges during the 
1998–2002 drought became the minimum 
flows of record. One of these three sites, the 
French Broad River at Asheville, has the 
longest period of discharge records in North 
Carolina. These comparisons confirmed that 
the deepest effects of the 1998–2002 drought 

occurred in streams in the Blue Ridge and 
western Piedmont Physiographic Provinces 
of North Carolina.

Ground-water levels were recorded in 
137 observation wells in North Carolina in 
2002. The water-level data from 96 of these 
wells were used to monitor the effects of hu-
man-induced stresses (namely, ground-water 
withdrawals) and in 41 wells to monitor 
changes in ground-water storage in response 
to climate changes. Examination of the 
ground-water data at sites having at least 5 
years of record through the 2002 water year 
indicates that new record-low water levels 
for the periods of record were set at 45 of 
these wells during the 2002 water year alone.

Examination of ground-water records 
collected by the US Geological Survey 
and the North Carolina Division of Water 
Resources resulted in the selection of 21 
climate-response wells that were spatially 
distributed across the state. Record-low 
water levels were recorded in 13 of these 
wells during the 1998–2002 water years; re-
cord-low levels were set at 11 of the 13 wells 
during the 2002 water year alone. For the 13 
wells in which new record-low water levels 
were recorded, the difference between the 
pre-drought water levels and new record-low 
water levels ranged from 0.05 to 2.85 feet.

Cumulative monthly departures in 
precipitation, streamflow, and ground-water 
data were plotted for five pairs of selected 
surface-water and ground-water monitor-
ing sites in close proximity to each other to 
compare the time lags associated with the 
onset of drought conditions in mid-1998 and 
the drought recovery that began in late 2002. 
In particular, comparisons of these plots 
provided some insight into the rapid reversal 
in hydrologic conditions following above-
normal rainfalls that began in August and 
September 2002. Comparisons of cumula-
tive monthly departures in discharge at two 
surface-water sites (South Yadkin River and 
French Broad River) in western North Caro-
lina also indicated that drought recovery was 
rapid compared with the recovery periods 
following historical droughts.

The abstract and publication are available at 
http://water.usgs.gov/pubs/sir/2004/5283/

USGS Report: Drought of 1998-2002 in North Carolina
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September 12, 2005, 11:30 am
McKimmon Center, Raleigh, NC
NCWRA Luncheon,“Pathogens Gut Check: What’s 
in Your Water?” 
http://www.ncsu.edu/wrri/events/ncwra/

September 18-22, 2005 
Sheraton Capital Center Hotel, Raleigh, NC
13th National Nonpoint Source Monitoring Work-
shop, “From Projects to Programs: Enhancing 
States’ NPS Management Programs through Les-
sons Learned from NPS Monitoring Projects”
http://www.ncsu.edu/waterquality/nmp_conf/

September 28, 2005, 3:00 pm
1132 Jordan Hall, NC State University
WRRI Seminar Series: Dr. Phil Singer, UNC-Chapel 
Hill, “Estimated Compliance with the Proposed 
Stage 2 Disinfection By-Products Rule for Eleven 
Water Utilities in North Carolina”

September 14-15, 2005 
Hilton Wilmington Riverside, Wilmington, NC
Basic Erosion and Sedimentation Control Planning 
and Design Workshop 
http://www.ncsu.edu/wrri/erosionseminars.html

Upcoming Events 
October 2-6, 2005 
Wyndham Peachtree Conference Center, 
Peachtree City, GA
Clean Water, Healthly Streams, Strong Communities 
Joint Southeastern Stormwater Management & Ero-
sion and Sediment Control Conference
http://www.ieca.org/applications/calendar.
asp?eventID=107&filter=Chapter 

October 18, 2005 
SECREF, Raleigh, NC
Sediment and Erosion Control: Latest Information 
with Hands-on Demonstrations
http://www.soil.ncsu.edu/swetc/sediment2/main2.htm

October 18, 2005, 3:00 pm
1132 Jordan Hall, NC State University
WRRI Seminar Series: Dr. Francis de los Reyes, NC 
State University, “Improving Dewatering of Waste-
water Biosolids Using Innovative Approaches”

October 26-27, 2005 
Holiday Inn Select, Hickory, NC
Basic Erosion and Sedimentation Control Planning 
and Design Workshop 
http://www.ncsu.edu/wrri/erosionseminars.html


