
ISSN 0549-799X                         Number 330 July/August 2001

IN THIS ISSUE                         July/August 2001
             Page

Director’s Forum:
     Assessing the TMDL approach to water quality management         2

Associate Director leaves Institute     3

July action of the N.C. Environmental Management Commission     4

July action of the N.C. EMC’s Water Quality Committee     5

Environment-related legislation passed by the N.C. General Assembly    5

Decentralized wastewater treatment: The true regional strategy     6

Managing vegetation in upland forested filter zones to enhance
removal of sediments and nutrients form agricultural runoff     8

WRRI report available:   10
     Examination of the Wetland Hydrologic Criterion and
     Its Application in the Determination of Wetland Hydrologic Status

Studies:
     Water quality data on Lower Cape Fear River can be used to
     generate maps and plot graphs on interactive website   11

     Model integrates stakeholder concerns and supports
     use of adaptive management for Neuse Estuary   12

PLUS . . . Publications . . . Water Resources Conditions . . . Conferences
and Workshops . . . and more.

TMDL committee recommends more refined
water quality standards and two-step listing process
A committee appointed by the National
Academy of  Sciences (NAS) to study
the scientific basis of EPA’s Total
Maximum Daily Load (TMDL) program
has made its report to Congress, and the
report has been published by the Na-
tional Research Council.

Under the 1972 Clean Water Act,
each state must identify polluted waters,
put them on its so called 303d list, and
establish TMDLs, which determine the
amount by which sources of pollution
would need to be reduced to meet the
state’s standards.

The report, “Assessing the TMDL
Approach to Water Quality Manage-
ment” calls on EPA to implement a two-
step process that puts certain waters on a
preliminary list before moving them to
the final 303d list of those that require
cleanup. This approach would give states
time to study those bodies of water for
which scant data exist while concentrat-
ing efforts on sites found to be in
greatest need. If no legal mechanism
exists for states to move waters from the
303d list to a preliminary list, Congress
should create one, the committee said.

To improve the TMDL process,
states should develop more refined water
quality standards including the use of
biological measurements to complement
physical and chemical ones, the report
says. It recommends greater use of
statistical approaches for the design of
monitoring programs and for the analysis
of data to determine if standards have
been violated. Scientific uncertainty
caused by limited data or natural

variability should be acknowledged and
taken into account. So that TMDL plans
are not halted because of lack of scien-
tific information, the states should adopt
an approach called adaptive implementa-
tion, whereby plans are periodically
assessed and revised using new data and
scientific tools.

Since the TMDL program is a
significant financial burden for states,

Congress should consider matching
grants to carry out water quality studies,
the report says.

The report may be read on the NAS
website at: http://www.nap.edu/catalog/
10146.html. The TMDL committee was
chaired by WRRI Director Kenneth H.
Reckhow, and the report is the subject of
his Director’s Forum on page 2.
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Director’s Forum
Assessing the TMDL approach to water quality management
Kenneth H. Reckhow, Director, Water Resources Research Institute

Water Resources Research Institute News

Following is text of testimony delivered
by Dr. Kenneth H. Reckhow, Chair of the
National Academy of Sciences’ Commit-
tee to Assess  the Scientific Basis of the
Total Maximum Daily Load Approach to
Water Pollution Reduction, before the
U.S. House Subcommittee on Water
Resources and Environment, Committee
on Transportation and Infrastructure,
June 28, 2001.

As you know, in October 2000, Congress
suspended EPA’s implementation of the
TMDL rules until further information
could be gathered on several aspects of
the program.  In particular, Congress
requested that the National Research
Council examine the scientific basis of
the TMDL program.  The National
Research Council is the operating arm of
the National Academy of Sciences,
National Academy of Engineering, and
the Institute of Medicine, chartered by
Congress in 1863 to advise the govern-
ment on matters of science and technol-
ogy.  The U.S. Environmental Protection
Agency sponsored this study of the
TMDL program.  I am here today to
report on some of the principal findings
and recommendations in our report.

Our central message can be summa-
rized in a short sentence—we have the
scientific capability to identify the
polluted waters and develop plans for
their cleanup.  Underlying this general
message are specific key points:

(1) Current scientific knowledge and
techniques are sufficient to proceed
with the TMDL program.

(2) Using current science, we recommend
several changes in how EPA and the
States conduct the TMDL program that
can be immediately implemented,
leading to improvements in the TMDL
program.  Many of these recommenda-
tions simply involve changes in the
techniques used in the TMDL process,
not development of new techniques.

(3) In the long run, science advances
through a process of research and
improved understanding. We can
improve the science used to support the
TMDL program over time, and we
recommend research activities to do
that.

The first and third points are worth
restating by analogy with the field of
medicine.  We would all agree that

today’s medical knowledge is sufficient
for the successful practice of medicine.
Still, we fund medical research, knowing
that this will improve the practice of
medicine, leading to improvements in
health care over time.  As much as we
might hope that medical practice will
eventually be perfect—all diseases
correctly diagnosed and cured—in reality
we know that medical uncertainties will
always remain.  Those uncertainties,

continued next page
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Dr. Robert (Bob) Holman, formerly
Associate Director of the Water Re-
sources Research Institute (WRRI), has
taken a position with the new Raleigh
office of AMEC Earth and Environmen-
tal (formally Ogden Environmental and
Energy Services).  He will be working
on water resource issues of concern to
municipalities in North Carolina.

Among Bob’s responsibilities at
WRRI was coordination of the North
Carolina Urban Water Consortium, a
research and technology transfer
partnership between the Institute and a
number of large water and wastewater
utilities in North Carolina. Under his
leadership, the Urban Water Consortium
grew from 6 initial members to 11.  He
also launched the Urban Stormwater
Group in 1998 to sponsor research and

technology transfer on stormwater issues
of mutual concern to the members.

Bob also organized and coordinated
WRRI’s annual research conference,
which has become North Carolina’s
premier scientific conference on water
resources and water quality related
issues.

We thank Bob for his contributions
to WRRI and wish him well in his new
endeavors.

A search committee has been
formed to fill the position of WRRI
Associate Director. The position
description is posted on the WRRI
website at http://www2.ncsu.edu/ncsu/
CIL/WRRI/assocdir.html. Review of
applications will begin August 15, and
applications will be taken until the
position is filled.

Associate Director leaves Institute

however, do not prevent us from benefit-
ing greatly as a result of current medical
knowledge.

In a similar manner, our National
Research Council Committee strongly
believes that water quality knowledge is
sufficient for the practice of water quality
assessment and management within the
context of the TMDL program.  As with
medical science, water quality science
will never be perfectly known; there will
always be uncertainties, but those
uncertainties do not prevent us from
making good decisions based on existing
scientific knowledge.  To improve
practice over time, we continue to engage
in medical research; likewise, we should
continue to fund and conduct water
research, with the expectation that such
research will improve the TMDL process
over time.

Let me now elaborate on my second
point, which was that there are several
changes that EPA and the States could
immediately implement to improve the
science underlying the TMDL program.
I provide two brief examples:

(1) As part of the TMDL, EPA requires a
“margin of safety” factor that is pro-
tective of water quality.  This factor is
intended to reflect the uncertainty in the
TMDL forecast; however, EPA allows
the margin of safety to be arbitrarily
chosen, resulting in a variable level of
protection.  We can do better; tech-
niques exist now to base the margin of
safety on an explicit calculation of
uncertainty.

(2) A TMDL is required for waterbodies
listed by the states as in violation of a
water quality standard.  Unfortunately,
many states have not required well-
designed monitoring programs with
statistical hypothesis testing to diagnose
standard violations.  We know how to
do this now, but states are just not using
the best science in many situations.
Using the medical analogy, this issue is
equivalent to using outdated techniques
for diagnosing a disease.

This second example addresses a
vital feature of the TMDL program—the

listing, or diagnosis, of waterbodies in
violation of a water quality standard.
Clearly, what we want to do is correctly
identify all waterbodies in need of a
TMDL, and we believe that the statistical
hypothesis testing procedure will add the
necessary scientific rigor to that identifi-
cation task.  At this point, the States
already have identified, and listed (on the
303d list), waterbodies they believe to be
in violation of water quality standards
and hence in need of a TMDL.  However,
due to limitations in state water quality
monitoring and assessment programs,
many of these lists appear to be in error.
That is, we believe that some
waterbodies have been identified as “in
violation” when in fact standards are
being met, while other waterbodies that
truly are in violation of a standard have
not yet been identified.  To correct this
problem, we propose that EPA approve a
two-list process in which States would
create a “preliminary list” of waterbodies
suspected of being in violation of a water
quality standard.  They would then have
a limited period of time to undertake the
necessary monitoring and statistical
hypothesis testing to refine the prelimi-
nary listing decision.  Those waterbodies
thus determined to be in violation would

then go on an “action list” (the 303d list)
and require a TMDL to meet the standard
and achieve the designated use.

In conclusion, it is important to
recognize the tremendous variability
among the estimated 40,000 projected
TMDLs.  Some are accompanied by a
great deal of data and existing knowl-
edge; for others, very little may be
presently known.  Some have self-
evident solutions, while for others the
problem is exceedingly complex and
solutions are unclear.  Again, consider
the medical analogy—there are many
different diseases and a great variety of
treatments; thus doctors must be prudent
in diagnosis, make appropriate treatment
choices, and then monitor patients until
health is achieved.  Likewise, the variety
of water quality problems under the
TMDL program means that the States
must strive to correctly diagnose stan-
dard violations, they must make judicious
choices on TMDL treatments, and they
must continue to monitor the waterbody
until the designated use is achieved.
Both the medical doctor and the TMDL
scientist face uncertainty in their tasks.
We believe that the NRC report outlines
a strategy for using the best science to
move ahead with the TMDL program.
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July action of the N.C. Environmental Management Commission
At its regular meeting on July 12, 2001,
the N.C. Environmental Management
Commission took the following action:

� Unanimously passed a resolution
expressing appreciation to Division of
Water Quality Director Tommy
Stevens, who is retiring, for his service
to the people of North Carolina and to
the EMC.

� Approved an Interbasin Transfer
Certification Petition for the Towns of
Cary, Apex, and Morrisville and for
Wake County/Research Triangle Park
and second round water allocations
from Jordan Reservoir. The action
provides no increase in Chatham
County’s allocation, no allocation to
Harnett County, an additional 5 million
gallons per day (MGD) to Cary and
Apex, 2.5 MGD to Morrisville, and 1.5
MGD to Wake County/Research
Triangle Park. It grants Cary/Apex/
Morrisville/Wake County the authority
to increase the transfer of water from
the Cape Fear Basin to the Neuse River
Basin from 16 MGD to 24 MGD. It
amends the contracts of all Jordan
Reservoir allocation holders to require
that any with jurisdiction in the Jordan
Lake watershed enact riparian buffer
rules similar to the Neuse River buffer
rules for areas in the watershed and that
any with intake facilities provide access
to other allocation holders.  The action
also puts a number of conditions on the
Interbasin Transfer Certification,
including the requirement that Cary/
Apex have online “facilities to return
reclaimed water” to the Cape Fear
Basin by 2010, and that holders of the
certificate may not increase wastewater
discharges to the Neuse River Basin
above their current permitted capacities
as a result of the transfer.   The Hearing
Officers report is online at http://
www.dwr. ehnr.state.nc.us/reports/
jordan/round_2b_hearing_
officers_report/.

� Adopted rules and rule amendments to
comply with EPA requirements that
large stationary combustion sources
(primarily fossil-fueled electric
generators and industrial boilers)
reduce the emission of nitrogen oxides
(NOx) during the ozone season. At the
same time, the EMC adopted additional
rules that require new sources of NOx
to control emissions.  The rules will
essentially cap NOx emissions in future
years and will require new sources to
acquire NOx credits on a trading
market. Discussion leading up to
adoption of the rules included expres-
sion by several commissioners of
concern about possible negative effect
of these rules and future air quality
rules on economic growth in North
Carolina. Commissioner Anne Barnes
expressed concern about the state’s
ability to meet growing electricity
needs under the rules. Chairman David
Moreau called for a Legislative Study
Committee to discuss the ramifications
of the rules. “North Carolina and its
neighbors are creating a new market in
this part of the country that needs to be
followed,” said Moreau.

� Approved holding public hearings on
the adoption and amendment of a
number of air quality rules. Some
changes are minor technical amend-
ments. Others are more substantial,
including rules to expand the areas
required to have vehicle inspection and
maintenance programs. Proposed rules
can be found on the Division of Air
Quality website at http://daq.state.nc.us/
Rules/.

� Approved High Unit Cost Grants to
municipalities for wastewater treatment
facilities from the State’s Clean Water
Bond funds. This was the final round of
grants from this fund.

� Confirmed appointment of Susan
Rexrode, William Holliday, Gregory
Young, and John Boykin to the Water

Pollution Control System Operators
Certification Commission.

� Approved the final Roanoke River
Basinwide Water Quality Plan.

� Approved a temporary rule amending
the well construction rules (15A NCAC
2C .0107) to make rules consistent with
recent legislation passed by the General
Assembly (see H 609 next page) and
approved initiation of permanent
rulemaking on the change. The action
of the General Assembly in H 609
essentially reversed a section of a rule
adopted by the EMC in October 2000
which modified authority of the
Groundwater Section to grant variances
from requirements for 100-foot
separation between drinking water
wells and sources of pollution (such as
septic tanks). According to Groundwa-
ter Section Chief Arthur Mouberry, the
rule had been requested by Wake
County because the existence of the
authority for variances was causing
problems for those seeking to imple-
ment local well construction standards
(see WRRI News Nov/Dec 1999,
“Variances from setbacks between
wells and septic systems will no longer
be granted”).

� Approved publication of notice of
rulemaking on an amendment to well
construction rules (15 NCAC 2C
.0112). The change will require
grouting on well liners within five
working days after a casing has been
set. The subject matter notice is
expected to be published in the August
15, 2001, issue of the North Carolina
Register. For information on this rule
change go to website: http://
gw.ehnr.state.nc.us/rules_dev.html

� Delegated to the Groundwater
Committee the authority to publish
subject matter notices (advance notice
of rulemaking).
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Environment-related legislation passed by the N.C. General Assembly
The following environment-related bills had been passed by the General Assembly as of July 12. This list is not comprehensive.

H 609 AN ACT TO SPECIFY THE MINIMUM SEPARATION DISTANCES BETWEEN A WELL SERVING CERTAIN SINGLE-FAMILY
DWELLINGS AND CERTAIN OTHER STRUCTURES ON THE SAME LOT AND TO AUTHORIZE THE ENVIRONMENTAL MANAGE-
MENT COMMISSION TO ADOPT A TEMPORARY RULE TO INCORPORATE THOSE MINIMUM SEPARATION DISTANCES.

 824 AN ACT TO REQUIRE THE INSTALLATION OF AN ACCESSIBLE CLEANOUT AT THE JUNCTION OF THE PUBLIC SEWER LINE
AND THE HOUSE OR BUILDING SEWER LINE.

H 880 AN ACT TO AUTHORIZE THE OWNERS OF PROVISIONALLY APPROVED SEPTIC TANKS AND INNOVATIVE SEPTIC TANK
SYSTEMS IN BERTIE COUNTY TO TRANSFER OWNERSHIP OF THESE SYSTEMS TO A JOINT AGENCY CREATED BY CERTAIN
OTHER COUNTIES, TO AUTHORIZE ADDITIONAL COUNTIES TO COLLECT FEES FOR THE INSPECTION OF PROVISIONALLY
APPROVED SEPTIC TANKS AND INNOVATIVE SEPTIC TANK SYSTEMS IN THE SAME MANNER AS PROPERTY TAXES, AND TO
AUTHORIZE CERTAIN COUNTIES TO COLLECT FEES FOR THE MAINTENANCE AND REPAIR OF PROVISIONALLY APPROVED
SEPTIC TANKS AND INNOVATIVE SEPTIC TANK SYSTEMS IN THE SAME MANNER AS PROPERTY TAXES.

H 910 AN ACT AUTHORIZING THE CITY OF DURHAM AND THE TOWNS OF CARY, GARNER, MORRISVILLE, KNIGHTDALE,
FUQUAY-VARINA, AND SPENCER TO LIMIT THE CLEAR-CUTTING OF TREES IN BUFFER ZONES PRIOR TO DEVELOPMENT
AND ALLOW FOR THE PROTECTION OF SPECIMEN TREES DURING THE DEVELOPMENT PROCESS.

H 983 AN  ACT TO PROVIDE THAT OWNERS OF LAND ASSOCIATED WITH WATERSHED IMPROVEMENT  PROJECTS HAVE
LIMITED LIABILITY  WITH  REGARD  TO  CERTAIN   MEMBERS  OF  THE  PUBLIC  ENTERING  THE  LAND  FOR EDUCATIONAL
AND RECREATIONAL PURPOSES.

H 1062 AN ACT TO CORRECT CERTAIN ENVIRONMENTAL LAWS RELATING TO THE DRY-CLEANING  SOLVENT CLEANUP ACT
OF 1997 AND THE  MANAGEMENT OF WHITE GOODS.

H 1111 AN ACT TO EXPAND THE POWERS AND DUTIES OF THE SOIL AND  WATER CONSERVATION  COMMISSION OF THE
DEPARTMENT OF ENVIRONMENT  AND NATURAL RESOURCES TO INCLUDE DEVELOPMENT AND  IMPLEMENTATION OF A
PROGRAM TO APPROVE  WATER QUALITY  AND ANIMAL WASTE MANAGEMENT SYSTEM TECHNICAL SPECIALISTS AND
DEVELOPMENT AND APPROVAL OF WATER QUALITY BEST MANAGEMENT PRACTICES.

H 1312 AN  ACT TO EXTEND THE MORATORIA ON CONSTRUCTION OR EXPANSION  OF SWINE  FARMS,  TO PROVIDE FOR THE
ISSUANCE OF GENERAL  PERMITS FOR  ANIMAL  WASTE  MANAGEMENT SYSTEMS  UNDER  ARTICLE  21 OF CHAPTER 143
OF  THE  GENERAL  STATUTES  AND  THE   NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES), AND TO
EXTEND THE  PILOT  PROGRAM FOR INSPECTION OF ANIMAL WASTE  MANAGEMENT SYSTEMS.

S 123 AN ACT TO AUTHORIZE LOCAL GOVERNMENTS TO ISSUE  SPECIAL OBLIGATION BONDS FOR WATER AND SEWER
PROJECTS.

S 264 AN ACT TO REQUIRE STATE REPORTS TO BE PRINTED ON BOTH SIDES OF  THE PAPER.

S 854 AN ACT TO CODIFY THE JOINT RESOLUTION ACCEPTING PROPERTIES AS PART OF THE STATE NATURE AND HISTORIC
PRESERVE, TO REMOVE CERTAIN LANDS FROM THE STATE NATURE AND HISTORIC PRESERVE, TO CODIFY THESE REMOV-
ALS, TO DELETE CERTAIN LANDS FROM THE STATE PARKS SYSTEM, AND TO PROVIDE THAT A TECHNICAL AMENDMENT TO
THE STATE CONSTITUTION RELATING TO ACCEPTANCE AND DEDICATION OF PROPERTY INTO THE STATE NATURE AND
HISTORIC PRESERVE SHALL BE SUBMITTED TO A VOTE OF THE PEOPLE AT THE NEXT STATEWIDE PRIMARY ELECTION.

July action of the N.C. EMC’s Water Quality Committee
At its regular meeting on July 11, 2001,
the N.C. Environmental Management
Commission’s Water Quality Committee
took the following action:

� Approved a stormwater management
Plan for the Piedmont Triad Interna-
tional Airport that complies with the
Randleman Lake Water Supply Water-
shed requirements.

� Approved a major variance from
Water Supply Watershed Protection
rules for a regional retail center within
the jurisdiction of the City of High
Point.

� Denied a request for a variance from
the Neuse River Basin riparian area
protection rules for a commercial

development at Trinity Road and
Edwards Mill Road in Raleigh.

� Approved sending to the full EMC
draft temporary rules to establish a
permitting system for impacts to
isolated wetlands and isolated waters.
The temporary rules and permanent
rulemaking will be considered by the
full EMC in September
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I was invited to write an article compar-
ing centralized and decentralized
wastewater systems. The most important
contrast is that the conventional, central-
ized concept is accepted—despite its
many flaws—as THE way to plan and
implement “organized” wastewater
systems, while the decentralized concept
is not accepted, in fact not even under-
stood.  Sure there is a group of dedicated
people within EPA that actively promotes
consideration of decentralized wastewa-
ter systems, but their major focus is
“stuck” in a “dichotomy” view of this
function.  The bulk of their effort deals
with individual on-site systems as THE
alternative to “sewer” systems, as if it is
always one or the other.  The decentral-
ized concept is much bigger than that,
however, encompassing a continuum of
options for planning and implementing
wastewater systems.

That said, it is obviously necessary
to provide a working definition of the
decentralized concept, then to review
how it compares with the conventional

approach.  Cut to its most basic, the
decentralized approach is to treat—and
reuse where practical and beneficial—the
“waste” water as close to where it is
generated as practical.  The “on-site”
system is the most ubiquitous example of
this strategy, but an individual system for
each generator is not the only—and often
not the best—way to organize the overall
wastewater system.  A treatment center
might also serve a group of homes, a
commercial center, a whole subdivision,
or the central core of a community.  Note
that the latter might, in fact be considered
a “centralized system.” Clearly, we must
differentiate between “centralized system”
as a collection of hardware components
and as an organizing paradigm.  The
former can be a part of a decentralized
concept system, the latter excludes it.

Many considerations would deter-
mine how close to the source of genera-
tion it is practical to place the treatment
center.  One very important factor is the
potential for reusing wastewater in a
beneficial manner, challenging the very
concepts of “waste” water and “dis-
posal.” Other considerations include
topography, soil conditions, development
density (existing or desired), type of land
use, and environmental impacts of the
wastewater management function in any
given locale.

It is also important to understand
that the decentralized concept embodies
organized management of the overall
system. It is the system hardware that is
decentralized, while the management
system can be as highly centralized as it
is for any conventional, centralized
“regional” system. Sewer mains, lift
stations and treatment plants in a
centralized system would not continue to
function properly for very long if their
operations and maintenance were left to
the whims of individual users. A decen-
tralized concept system is obviously no
different in this regard.  ALL facilities

must be managed by an entity with
powers and duties appropriate to the
demands of the methods used.

An immediately obvious difference
in the two strategies is that the decentral-
ized concept eliminates a large portion of
the very expensive conveyance system
required by the conventional, centralized
strategy, a system which does nothing but
move pollution from point to point.
Actually, we are finding out that the
conventional collection system  distrib-
utes pollution.  In his keynote address at
the ASAE Ninth National Symposium on
Individual and Small Community Sewage
Systems, Dr. George Tchobanoglous
stated that, due to leaking sewers,
groundwater under  the entire Los
Angeles basin is contaminated at a low
level.  This highlights that the collection
system, besides consuming a large
majority of the investment in a conven-
tional, centralized system, is itself a
potential environmental and public health
hazard.

Another major difference in the two
concepts is that, in a conventional,
centralized system large flows are routed
through one main or one lift station or
one treatment plant.  Therefore, the
consequences of any mishap are often
“large.”  I have often said, not entirely
tongue-in-cheek, that the rationale for a
“regional” system is that we can get all
this stuff together in one place where it
can REALLY do some damage.  By
contrast, flows at any point in a decen-
tralized concept system generally remain
very low, so that the consequences of any
mishap would be “small.”

In any case, the likelihood of
mishaps—leaks, bypasses, overflows,
etc.—would be lower in a decentralized
concept system.  A major feature of the
concept, at least as I envision and
practice it, is the almost exclusive use of
effluent sewers for any conveyance that
is required, and the use of more “fail-
safe” treatment methods.  The convey-
ance system that remains is built “tight”
with cleanouts in place of manholes, and
is smaller, of more limited extent and
carries only liquid effluent.  Thus, it
presents a much lower potential for leaks

Decentralized wastewater treatment:
The true regional strategy
by David Venhuizen, P.E.

David Venhuizen is an engineer/planner
living in Austin, Texas. His work
focuses on the decentralized concept of
wastewater management, which he has
studied, written about, researched and
implemented for over 15 years. He
has been involved in projects in Texas,
New Mexico, California, Wisconsin,
Massachusetts, Pennsylvania, Missouri,
Minnesota, Mexico and El Salvador.
Venhuizen’s seminal article “Paradigm
Shift” published in the August 1997 (Vol.
9, No. 8) issue of Water Environment &
Technology challenges conventional
thinking about the infrastructure and
organization of wastewater treatment
systems.

Because North Carolina is currently
studying issues surrounding water and
wastewater infrastructure, and
particularly the financing of infra-
structure, WRRI invited Venhuizen to
provide his perspective on the topic.
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and overflows.  Because treatment
centers are dispersed, lift stations are
eliminated or greatly reduced in number
in a decentralized concept system,
lowering the potential for bypasses.

“Fail-safe” treatment methods are
those that, by their very nature, are
resistant to bypassing poorly treated
effluent.  An excellent example of this is
the contrast between a small-scale
biofiltration (“sand” filter) system—the
type of technology highly favored for use
in the decentralized concept—and the
large-scale activated sludge plant most
often used at the end of conventional,
centralized collection system. The latter
depends for its treatment effect on very
few trophic levels of organisms, living in
concentrations far higher than found
anywhere in nature, so the process is
inherently unstable.  It depends upon
constant inputs of energy and close
attention to process function in order to
keep it from going “off track.” Typically
there is no physical barrier to passage of
poorly treated effluent in that treatment
system, so any upset results in release of
poorly treated effluent in short order.
Once off track, it often takes some time
for the process to “settle down,” and all
the while an out-of-compliance discharge
is occurring.  By contrast, the biofiltra-
tion system depends upon many trophic
levels of organisms for treatment and is
fairly low rate, so it is inherently stable.
The filter bed also presents a physical
barrier to passage of effluent.  The major
failure mode is clogging of the filter bed,
a condition that generally builds up very
slowly, affording the operator the
opportunity to conduct required mainte-
nance essentially at his leisure. When
properly designed and loaded, mainte-
nance requirements would be minimal
and filter runs of several years should be
expected.  Insightful design of the filter
bed system allows the bed to be restored
to normal function quite expeditiously at
the end of a filter run, taking the bed out
of service for only a few hours.

By such judicious choice of tech-
nologies, the presence of many small
dispersed treatment centers would not
create the untenable operations and

maintenance liability that the concept’s
detractors claim. There would be an
organizational challenge in setting up the
management system to address dispersed
treatment centers, and that is probably
the biggest reason why this alternative
concept is resisted by operating entities,
engineers which serve them, and regula-
tors which permit and oversee them.
They feel they have “control” over a
single centralized facility but would not
be able to “ride herd” on many dispersed
facilities. That view is colored, I believe,
by experience with conventional treat-
ment methods and lack of familiarity
with “alternative” methods.

Through the elimination of much of
the conveyance system, the use of lower
cost effluent sewerage systems, and the
use of low-maintenance treatment
methods that are cost effective to deploy
at small scale, a decentralized concept
system will quite often be far less
expensive to install, operate and maintain
than a conventional, centralized system.
Many examples of this have been
generated all over the country.  Perhaps
the greatest testimony to the institutional
resistance to the decentralized concept is
that these cost advantages are not
compelling; rather, uncertainties about
how to manage the system and/or a view
that anything but “the sewer” is a
secondary good tend to dominate the
considerations. I clearly recall the time a
woman stood up during a meeting and
asked, “Why don’t we just pay more and
get a real sewer system?”

Besides the environmental and fiscal
aspects, a number of “societal” factors
differentiate the two concepts. One,
referred to previously, is that beneficial
reuse of effluent can become more cost
efficient when integrated into the
decentralized concept. The reclaimed
water would be made available through-
out the service area, nearer to points of
potential reuse, decreasing the cost of the
redistribution system.  Non-potable
demands such as landscape irrigation,
toilet flush supply, and cooling tower
makeup supply could be served with
appropriately treated reclaimed water.  In
many areas, this could be a significant

contribution to the regional water
economy, a factor that will likely become
more important as fresh water supplies
become increasingly strained.

A little noted feature of using
decentralized concept systems is that it
would accommodate any level of water
conservation found to be economically
attractive or ecologically necessary.
Only liquid effluent is transported, so
reduced wastewater flows due to water
conservation measures would not cause
clogging problems in the collection
system, as has occurred in conventional,
centralized systems.

A decentralized concept system can
also be easier to plan and finance.  Each
project would be small in comparison to
the typical “regional” system expansion.
The management needs of each area or
new development would be considered
directly and could be generated indepen-
dently.  Also, much of the cost of the
decentralized concept system could be
privatized to those who directly benefit
from those investments, or assigned
directly to the activity generating new
demands on a much fairer basis. Quite
often, the full cost of conventional,
centralized system expansion and
upgrading is “buried” in bonds and
service charges which are born by all
customers regardless of whether the
project benefits them in any way except
to keep the overall system in compliance.

Another aspect of public financing is
the time value of money. In a decentral-
ized concept system, capacity expan-
sion—and therefore capital require-
ments—would track actual demand much
more closely than it does in a “regional”
system.  A considerable investment is
often required to build facilities which
would not be fully utilized for many
years to come in centralized systems.

The decentralized concept also
provides greater flexibility to address a
variety of situations within a service area
in the most cost efficient, environmen-
tally sound and societally responsible
manner.  Different strategies could be
employed in various parts of the service
area—e.g., individual on-site systems in

continued page 9



8     WRRI NEWS                                          July/August 2001

Carlyle Franklin, Dennis Hazel and
Kathleen Summitt1

Department of Forestry
College of Natural Resources
NC State University
Raleigh, NC 27695

The results of this research by Franklin et al.
were presented at WRRI’s Annual Conference
last March and were the subject of a news
story released by WRRI prior to the confer-
ence. Since that time, Dr. Franklin has had
scores of inquiries about the research. Since
interest seems to be very high, we invited the
researchers to prepare an article describing

their study.

Over the last decade our research has
demonstrated the effectiveness of upland
forested field-edge filter zones in
removing sediment and nutrients from
agricultural run-off from cultivated
fields.  One of the most effective ways to
increase effectiveness of the these zones
is to use trenched level spreaders
(Franklin et al. 2000, Verchot et al.
1998).  We have recently begun to study
vegetation management in  forested filter
zones to find the combination of cover
types best suited to remove or cause the
removal of sediments and nutrients.  A
key point to keep in mind is that about
80% of all sediments and nutrients are
delivered to receiving waters by a few
major storms each year.  So, if your filter
zone cannot handle the “gully washers,”
it cannot do the job.  For example,
grassed filter zones have two major
shortcomings:

1.  They do not have adequate infiltration
capacity to handle large storms, and

2.  They do not have hard, vertical,
physical structure to significantly
reduce the velocity of large volumes of
rushing storm water.

Evidence of this can be seen after a
big rain when the grass has been laid
down flat by rushing water.

Mature forested stands with closed
canopy have a similar shortcoming in
that they typically have very little ground
vegetation (vertical structure) because
sunlight does not penetrate to the forest
floor.  So how could we promote ground
vegetation which would physically slow
the flow of rushing storm water as it
leaves an agricultural field loaded with
sediments and nutrients?  We had an
idea!

Clear cuts come back naturally in a
very dense ground cover of herbs,
shrubs, vines and tree saplings which
creates an ideal matrix to reduce the
velocity of storm flow.  We had two
watersheds which had been fully instru-
mented for ten years.  One was quite
adequate to handle sediments and
nutrients from its field area, while the
other was only marginally adequate to
inadequate due to shallow soils and
smaller ratio of effective filter area to
field area.  We had considered clear
cutting this zone to see if we could
increase its effectiveness.  While we
considered, Hurricane Fran delivered a
micro-burst that surgically felled almost
every tree in the zone.  Miraculously,
very little damage was done to structures
and instrumentation.

We saw and seized upon an opportu-
nity!  With financial support from the NC
Department of Agriculture, we hired a
crane and some loggers to remove the
downed trees without machine traffic
over the small filter zone.  Then we used
the crane to pull the stumps upright to
simulate a normal clear cut.  We were
between studies on the site, so the filter
zone stabilized for two growing seasons.
During the third and fourth growing
seasons, in conjunction with another
study, we had a chance to compare the
effectiveness of this filter zone with 3-
and 4-year old vegetation versus a
mature mixed pine-hardwood stand
which had been there before the hurri-
cane.

Results demonstrated the over-
whelming superiority of the dense
regrowth following a clear cut over the
mature mixed pine-hardwood forest, as
the table on the right shows.

 Detention of sediments was im-
proved while detention of nutrients was
dramatically improved.  Actually, during
the period of the clear cut study, the
forested filter zone had detained sedi-
ment at the rate of 79%, up until the last
storm of the study in December 2000.
That storm delivered more sediment to
the forested filter zone than the sum of
all sediment delivered between April
1999 and December 2000.  During the
December storm, the grassed filter zone,
above the forested filter zone, actually
exported a large amount of sediment to
the forested filter zone, and the forested
zone detained only 36% of received
sediment during that one storm which
brought the overall weighted average
down by about 25 points.  The December
storm illustrated the important points
already stated:

1.  Grassed zones alone are not adequate
to handle large storms.

2.  A very few major storms deliver most
of the sediments and nutrients to
receiving waters each year.

3.  If your filter zones cannot handle the
big events, they are not doing much
good.

This study clearly indicated that
clear cutting of a mature forest and
allowing it to be replaced with natural
regrowth dramatically increased the
effectiveness of a marginally effective
upland forested filter zone.

How can these results be applied?
First we need to clarify some

terminology.  The forested filter zone in
this study was a non-riparian (not within
50 feet of receiving waters) upland zone;
therefore, management of the vegetation
was not restricted even though it was in
the Tar-Pamlico Basin.  If a portion of a

Managing vegetation in upland forested filter zones to enhance
removal of sediments and nutrients from agricultural runoff
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field-side forested filter zone happens to
be within 50 feet of a Tar-Pamlico or
Neuse River Basin jurisdictional stream,
then the management of vegetation in all
or part of the zone comes under the rules
governing management of vegetation
within these jurisdictional zones2.  If a
field-side filter zone is a forested wetland
which otherwise qualifies for silvicultural
management under federal guidelines,
then clear or partial cutting may be
management alternatives.

Farmers may prefer to clear cut
field-side filter zones to reduce field
shading and competition for nutrients by
tall trees.  These results indicated that
this practice would not be expected to
impair capacity of the zone to cleanse
runoff, and might improve it.  Logging
practices which minimize soil compac-
tion and surface disturbance should be
used.  An alternative to clear cutting,
which would also be expected to improve
the filtration capacity of a deficient zone,
would be a partial cut to leave about 50%
crown cover.  This would allow sunlight
to reach the soil surface and promote
growth of ground vegetation.  Wildlife
habitat would also be improved for many
species.

Maintenance of the ground vegeta-
tion under both alternatives and mainte-
nance of partial crown cover would
require periodic treatments.  Prescribed
fire or mowing might be used to maintain

the ground cover, while additional partial
cutting would maintain an open crown
structure.  If a filter zone were clear cut
or storm damaged to the extent of
removing most of the overstory, saplings
could be selected and left to develop
another stand, which should also be
maintained at about 50% crown cover-
age.

Franklin, E. Carlyle, James D. Gregory,
Dennis W. Hazel, John E. Parsons.
2000. Management of forested filter
zones for dispersion and treatment of
agricultural runoff.  Report No. 312 of
the Water Resources Research Institute
of The University of North Carolina.

Verchot, Louis V., E. Carlyle Franklin, J.
Wendell Gilliam. 1998. “Effect of
agricultural runoff dispersion on nitrate
reduction in forested filter zones.” Soil
Sci. Soc. Amer. J. 62(6):1719-1724.

1Respectively, Professor of Forestry, Senior
Research Associate, Research Assistant.
Corresponding author:
carlyle_franklin@ncsu.edu.

2 For Neuse Buffer Rules:<http://
h2o.enr.state.nc.us:80/nps/2b-0233.pdf>
For Tar-Pamlico Buffer Rules: <http://
h2o.enr.state.nc.us:80/nps/Buff0259-
RRC2-00.pdf

Table 1. Amount of sediments and nutrients retained in the
forested filter zone expressed as a percentage of the amount
entering the zone, with a mature mixed pine-hard forest versus
a recently clear cut forest

  Mature Clear Cut
   Forest     Forest
1989-1995 1999-2000
       %       %

Sediment       40      53
Ammoniacal Nitrogen       41      66
Nitrate Nitrogen       14      57
Soluble Phosphate       25      72
Total Phosphorus       14      68

low density areas, cluster systems for
pockets of development, and more
centralized systems in more impacted
areas.  As this implies, the conventional,
centralized system can indeed have a
place within the decentralized concept.
This would allow a regional management
entity to cost efficiently assure that ALL
the wastewater management activities in
its area were addressed in the most
responsible manner. Another aspect of
this flexibility is that the system can be
designed and installed in a manner that is
“growth-neutral,” whereas installing
central systems often spur growth, even
requiring it to be fiscally viable in many
cases, regardless of whether or not this
fits with community planning desires.

Clearly the conventional, centralized
system has its place, but there is ample
reason to question if that place is
everywhere that an “organized” wastewa-
ter system is desired. Comparisons
presented here illustrate that the decen-
tralized concept can produce systems that
are more fiscally reasonable, more
environmentally benign, and more
societally responsible in many situations.
However, lack of understanding and fear
of the unfamiliar retards even the
consideration of anything except the
conventional paradigm by operating
entities, engineers and regulators.

Indeed the biggest “pro” of the
conventional, centralized system is its
familiarity, and the biggest “con” of the
decentralized concept is that very few
understand it.  This is unfortunate,
because the two concepts should comple-
ment each other, not be mutually exclu-
sive.  The decentralized concept is, in
fact, an overarching concept that can
include centralized systems, making it
the truly regional strategy for planning
and implementation of wastewater
management systems.

Those interested in learning more about
the decentralized approach may visit
website:http://www.venhuizen-ww.com/

Decentralized
wastewater treatment
continued
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WRRI has recently published a peer-
reviewed technical completion report on
a research project  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 report
available

Examination of the Wetland Hydrologic
Criterion and Its Application in the
Determination of Wetland Hydrologic
Status
Report No. 333     June 2001

W.F. Hunt, III, R.W. Skaggs, G.M.
Chescheir, and D.M. Amatya
Department of Biological and Agricul-
tural Engineering, NC State University

Wetland hydrology is the most basic
characteristic of wetlands. Without it
hydric soils would not develop and
hydrophytic vegetation could not be
sustained. Controversy surrounds
wetland hydrology, however, which may
be summarized in two critical questions:
1. What method can be used to determine
whether a given criterion is satisfied on a
particular site? and 2. What criterion or
set of criteria define wetland hydrology?
This report examines both questions.

The Threshold Wetland Simulation
(TWS) method was developed to
determine whether or not the wetland
hydrologic criterion is met on a given
site. The method compares the
hydroperiod of a simulated wetland that

just barely satisfies the hydrologic
criterion with the hydroperiod of an
actual given site. The TWS method was
tested on thousands of computer simu-
lated site-years of data and hundreds of
field site-years of data. The wetness of
sites varied over a continuum ranging
from known uplands to known wetlands.
The TWS method correctly assessed the
hydrologic status of over 90% of
site-years tested. It was concluded that
the TWS method is a reliable and
efficient method of assessing whether or
not the wetland hydrologic criterion is
met at a given site for given conditions.

Frequency and duration of saturation
are factors in wetland hydrology and are,
in part, a function of precipitation. A
study was conducted to determine the
validity of confining observations, for the
purpose of determining presence or
absence of wetland hydrology, to periods
of “average” rainfall only. An average
rainfall record was compared to the
actual rainfall record by two methods to
determine whether the two records, when
applied to a site, would result in similar
frequencies and durations of saturation:
1. The reliability of a field method which
utilized “average only” rainfall periods
of precipitation was tested. 2. An average
rainfall record was created, and the
effects of its use on the frequency and
duration of saturation were compared to
that of the actual rainfall record. The first
method found that high water table
periods typically did not occur during

“average” rainfall periods. The second
method found that the frequency and
duration of saturation periods both
substantially decreased when “average
only” rainfall was used; consequently,
lands that satisfied a given duration/
frequency criterion for wetlands did not
satisfy the same criterion when only
“average” rainfall was considered.

The duration of saturation period
necessary to produce reduced conditions
is also a factor in developing wetland
hydrologic criteria. The duration of
saturation is a function of soil tempera-
ture, organic matter, and soil pH. A
relationship between soil temperature
and the time a site must be continually
saturated to bring about reduced condi-
tions was developed. Twenty-three
individual correlations between soil
temperature and saturation time were
determined from measurements taken in
eastern North Carolina and a compilation
of data from other studies. A regression
analysis, performed on the data, showed
that as soil temperature increases, there is
a decrease in saturation duration required
to reduce a site. The current wetland
hydrologic criterion is based upon a
growing season concept and therefore
soil temperature variations are consid-
ered only in a limited way. Adding a
soil-temperature-dependent time of
saturation term to the wetland hydrologic
criterion may better represent the process
involved in wetland formation.

Report says past policies inadequate to
address daunting water issues of 21st century
The Water Science and Technology
Board of the National Research Council
has issued a report calling for a substan-
tial commitment of new funds to support
expanded programs of water resources
research to allow the nation to sustain-
ably manage its water resources in the
face of increasing demand and scarcity
and uncertainty related to climate
variability and subsequent hydrologic
changes.

The report says that implications for
water resources of population growth in

the United States over the last 50 years
are not being addressed and that past
policies are inadequate to deal with
emerging problems of climate change
and increasing demand in arid regions of
the country.

Envisioning the Agenda for Water
Resources Research in the Twenty-First
Century is available from the National
Academy Press or can be viewed online
at http://www.nap.edu/catalog/
10140.html.
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Studies
“Studies” is a new department in the
WRRI News to publish summaries of
water research articles and reports sent
to us by investigators. Entries in this
department will be straightforward
summaries, not reviews or critiques. For
each article or report, we will indicate
the source and level of review provided
the original. We aim to provide summa-
ries from many different researchers, and
if it becomes necessary, we will limit the
number of articles or reports by any one
individual that we will accept. We will
accept articles and reports from agencies
and private entities, but we intend to
focus on academic research and will
always devote at least half the space in
any one issue to university investigators.
To submit an article or report for this
department, send it to Jeri Gray at the
address or email address on page 2.

The Lower Cape Fear River Program is a
large-scale water quality and environ-
mental assessment program covering the
Cape Fear River Estuary and a large
portion of the Lower Cape Fear River
watershed. A collaboration of academia,
government, industry, and the public, the
program is located at and administered
by the Center for Marine Science at the
University of North Carolina at
Wilmington .

Among the program objectives of
the Lower Cape Fear River Program is to
provide a mechanism for information
exchange and public education. To help
accomplish this objective, Dr. Joanne
Halls, Director of the Spatial Analysis
Lab in the UNC-W Department of Earth
Sciences, has developed a state-of-the-art
web site for visualization of Lower Cape
Fear Program water quality sampling

data. Dr. Halls recently presented an
article (A Decision Support System of
Animated Graphs, GIS, and Temporal
Ecological Data to Quantify and Dis-
seminate Water Quality Information) at
the International Symposium of Environ-
mental Software Systems which docu-
ments the creation and use of this
website.

The traditional way of obtaining
geographical information through the
Internet was to “ftp” compressed data
and save it to disk. Users had to down-
load, uncompress, convert and import
data in their GIS to determine the
usefulness of the data for their particular
applications. However, with new technol-
ogy, it is now possible to create interac-
tive maps over the Internet using a client-
server network and special mapping
software. Internet map hosting makes it
possible for professionals to see GIS data
before going through the lengthy process
of converting it into a useable format. It
also makes it possible for the public to
interact with maps on the Internet,
allowing for information dissemination at
the local level where people can see
various data layers related to where they
live and work.

In addition to mapping, Dr. Halls’
website provides dynamic temporal
graphing of Lower Cape Fear water
quality data. This feature makes it

possible for users to discover and explore
interesting ecological events, which tend
to stand out when data are graphically
displayed. For instance, data from 1995-
2000 cover the period when the Cape
Fear system experienced major animal
waste spills, five hurricanes, and a 500-
year flood. When water quality data are
explored using the Data Visualization
Tool, conspicuous spikes in line graphs
and flashes of color appear, inviting
students and other users to explore
further.

Together interactive mapping and
dynamic graphing create an Environmen-
tal Decision Support System which can
aid decision making about environmental
issues related to the Lower Cape Fear
River and support student learning about
the interaction of seasonal variables in
environmental systems.

To explore this powerful data
dissemination and visualization tool, go
to website: http://www.uncwil.edu/
riverrun.

Effects of Hurricane Bonnie on four water quality parameters

“Managing User Conflicts”
The N.C. Lake Management Society’s

7th Annual Meeting and Workshop
will be held at Lake Wheeler in Raleigh

October 9, 2001.
For information write NCLMS, Box

28348, Raleigh, NC 27611-8348.

Water quality data
on Lower Cape Fear
River can be used to
generate maps and
plot graphs on
interactive website
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Stream Repair and Restoration:Stream Repair and Restoration:Stream Repair and Restoration:Stream Repair and Restoration:Stream Repair and Restoration:
A Focus on the Urban EnvironmentA Focus on the Urban EnvironmentA Focus on the Urban EnvironmentA Focus on the Urban EnvironmentA Focus on the Urban Environment

October 16-19, 2001October 16-19, 2001October 16-19, 2001October 16-19, 2001October 16-19, 2001
Jane S. McKimmon CenterJane S. McKimmon CenterJane S. McKimmon CenterJane S. McKimmon CenterJane S. McKimmon Center

NC State UniversityNC State UniversityNC State UniversityNC State UniversityNC State University, Raleigh, NC, Raleigh, NC, Raleigh, NC, Raleigh, NC, Raleigh, NC

Join us for the fourth Stream Restoration and Protection Conference. Our
goal is to provide a forum for exchanging technical information and local
experiences working to improve water quality and aquatic habitat. This
year's conference will focus on urban stream restoration. You will hear first-
hand accounts of urban stream restoration projects and cooperative efforts
in watershed management from across the state.

Highlights

    � Update on successful stream restoration projects, natural channel
design techniques, landowner participation, evaluation methods, and
funding sources

    � Exhibit Hall featuring highly regarded business, government, and
educational organizations

    � Opportunities to network with natural resource professionals
    � 12 Professional Development Hours (PDHs) at the Conference
    �  Exceptional Field Tour Option with 4 PDHs
    �  Bound proceedings with abstracts of presentations

For the agenda and registration information go to web address:For the agenda and registration information go to web address:For the agenda and registration information go to web address:For the agenda and registration information go to web address:For the agenda and registration information go to web address:
http://www5.bae.ncsu.edu/programs/http://www5.bae.ncsu.edu/programs/http://www5.bae.ncsu.edu/programs/http://www5.bae.ncsu.edu/programs/http://www5.bae.ncsu.edu/programs/

extension/wqg/sri/Conference/annual_stream_conf.htmlextension/wqg/sri/Conference/annual_stream_conf.htmlextension/wqg/sri/Conference/annual_stream_conf.htmlextension/wqg/sri/Conference/annual_stream_conf.htmlextension/wqg/sri/Conference/annual_stream_conf.html
or contact Barbara Doll (919) 515-5287; Barbara_Doll@ncsu.eduor contact Barbara Doll (919) 515-5287; Barbara_Doll@ncsu.eduor contact Barbara Doll (919) 515-5287; Barbara_Doll@ncsu.eduor contact Barbara Doll (919) 515-5287; Barbara_Doll@ncsu.eduor contact Barbara Doll (919) 515-5287; Barbara_Doll@ncsu.edu

In 1997, North Carolina put into place a
set of rules designed to reduce nitrogen
loading to the Neuse River Estuary by
30%. The loading reduction is aimed at
meeting the State’s chlorophyll a
standard within the estuary. Meeting the
chlorophyll a standard is a surrogate for
reducing nuisance algae blooms and
fishkills.

To determine whether a 30%
nitrogen reduction will meet the chloro-
phyll a standard and to support future
water quality management decisions for
the Neuse Estuary, a group of scientists
has been working on several modeling
approaches. An article published in the
refereed journal Group Decision and
Negotiation (10:355-373, 2001) details
development of a “decision-analytic”
model which links specific Neuse River
stakeholder interests to scientific
understanding of the ecological system
and provides a tool for adaptive water
quality management.

In the article, “Stakeholder Values
and Scientific Modeling in the Neuse
River Watershed,” Mark Borsuk, Robert
Clemen, Lynn Maguire, and Kenneth
Reckhow of Duke University describe a
series of stakeholder discussions through
which they identified measurable water
quality and biological variables that are
meaningful to stakeholders and their
elected officials. They describe how they
then integrated these variables into a
probability network—a graphical model
that depicts probabilistic relations among
uncertain variables—constructing
probability distributions for each variable
used.

Probability networks were devel-
oped by researchers in artificial intelli-
gence, decision analysis, and statistics.
Given observed values for any of the
variables in the network, the models

generate probability distributions for the
other variables. A network’s conditional
probability distributions may be devel-
oped through use of simple process-
based models with full uncertainty
analysis, through statistical analysis of
historical data, or through expert opinion,
using standard protocols to elicit the
conditional distributions. The authors
used expert judgment to create parts of
the Neuse model.

The Neuse Estuary probability
network model produces risk profiles (or
distributions) for endpoints (water
clarity, number of severe algal blooms,
probability of a major fish kill in the
summer, human health impacts related to
Pfiesteria piscicida, reduction in shell-
fish habitat, and long-term fish health) in
response to changes in nitrogen and
phosphorus loading.

Model integrates
stakeholder concerns
and supports use of
adaptive
management for
Neuse Estuary

The authors say that while probabil-
ity networks (or Bayes Nets) are begin-
ning to be used for environmental
applications such as severe weather
forecasting, their work is the first to
integrate a probability network with a
stakeholder-involvement process.
According to the authors, the probability
network approach supports “adaptive
management”—or learning by doing—
because it facilities model updating as
new information becomes available. In
turn, management actions can adapt
based on results from the updated model.
This approach is particularly appealing in
environmental applications where
population growth, land use change and
climatic variability make deterministic
prediction difficult in the short term and
useless in the long-term.
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Publications
The U.S. Geological Survey has pub-
lished the following documents:

� A fact sheet by Jerad D. Bales, USGS
Water Programs in North Carolina—
2001 (USGS FS-046-01), highlighting
selected USGS program activities for
the current year

� Pesticides in streams in the Tar-
Pamlico drainage basin, North
Carolina, 1992-94 (USGS WRI Report
01-4067) by M.D. Woodside and K.E.
Ruhl.

These are available from Kay
Hedrick in the N.C. District at (919) 571-
4037 or khedrick@usgs.gov.

� Water Quality in the Kanawha-New
River Basin, West Virginia, Virginia,
and North Carolina, 1996-98 (USGS
Circular 1204) by K.S. Paybines, T.
Messinger, J.H. Eychaner, D.B.
Chambers and M.D. Kozar. This report
is available from the lead author at the
USGS Water Resources Division in
Charleston, WV, (304) 347-5130

� Water Quality in the Santee River
Basin and Coastal Drainages North
and South Carolina, 1995-98 (USGS
Circular 1206) by W.B. Huges, T.A.
Abrahamsen, T.L. Maluk, E.J. Reuber
and L.J. Wilhelm. This report is
available from one of the authors at the
S.C. District at (803) 750-6100.

� The U.S. Environmental Protection
Agency has recently published
Phytoremediation of Contaminated Soil
and Ground Water at Hazardous Waste
Sites (EPA/540/S-01/500) by Bruce E.
Pivetz. This publication provides a
concise discussion of the processes
associated  with the use of plants to
partially or substantially remediate
selected contaminants in contaminated
soil, sludge, sediment, groundwater,
surface water and wastewater. It
includes tales listing inorganic and
organic contaminants amenable to
phytoremediation, the phytoreme-
diation processes that can be used to

treat these contaminants in various
media, along with some examples of
contaminant concentrations and plants
that have been investigated for
phytoremediation. The document can
be downloaded in pdf format at web
address: http://www.epa.gov/ahaazvuc/
download/issue/epa_540_s01_500.pdf.

� The N.C. Office of Environmental
Education (OEE) has published
Discover North Carolina’s River
Basins, which explains the concept of a
river basin and the variety of ways that
individuals affect water quality. Inserts
on individual river basins are planned.
To receive a copy of the booklet or to
be placed on a list to receive inserts
contact Lisa Tolley in OEE at (919)
733-0711 or email:
lisa.tolley@ncmail.net.

� The Center for Watershed Protection
has produced two Do-It-Yourself kits
for watershed planners, government
officials and citizen activists. The first,
Do-It-Yourself Local Better Site
Planning Roundtable Kit, contains
two ready-to-show slideshow presenta-
tions on CD-ROM, materials and
instructions to guide workshop partici-
pants through a site planning exercise,
documentation of the benefits of better
site design, and electronic copies of
correspondence needed to get a
roundtable process started. Price is $60.
The second, Do-It-Yourself Water-
shed Planning Kit, pulls together
everything you need to begin crafting
your own local watershed protection
plan. Included are two ready-to-show
slideshow presentations on CD-ROM, a
watershed mapping exercise, resource
protection templates, case studies,
guidance on what local resources to use
for information about your watershed,
and research resources. Cost is $60. To
order write the Center for Watershed
Protection at 8391 Main Street, Ellicott
City, MD 21043 or call (410) 461-8323
or visit the secure online store at
website http://www.cwp.org.

People
Bill Meyer retired as Director of the
Division of Waste Management of the
Department of Environment and Natural
Resources on July 1. Dexter Matthews
is acting director of the division until a
permanent director is named.

Kerr “Tommy” Stevens is retiring as
Director of the Division of Water Quality
of the Department of Environment and
Natural Resources August 1.

Dr. Greg Jennings, who has coordinated
water quality programs for the NCSU
College of Agriculture and Life Sciences
and the N.C. Cooperative Extension
Service, is leaving NCSU to become vice
president of Buck Engineering PC.

Steve Bevington, senior scientist with
the Clean Water Management Trust
Fund, has also joined Buck Engineering
PC.

Marion Smith has stepped down as
Executive Director of the Neuse River
Foundation. She is now consulting and
continuing her conservation efforts.

Peg Jones has stepped down as Execu-
tive Director of the N.C. Watershed
Coalition. She remains active as Presi-
dent of Save Our Rivers.

Grady McCallie is the new environmen-
tal liaison for the N.C. Conservation
Network.

Phillip Gibson, formerly Natural
Resource Program Manager for Western
North Carolina Tomorrow, has joined
River Link as the French Broad
Riverkeeper.

UNC Sea Grant’s Barbara Doll has been
named an Environmental Hero by the
National Oceanic and Atmospheric
Administration. In May, N.C. State
University broke ground on the Rocky
Branch Stream Restoration project, an
urban stream restoration effort which
Barbara has worked tirelessly to promote
for several years.



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

                        Ma                        Ma                        Ma                        Ma                        Mayyyyy JJJJJuneuneuneuneune

Rainfall (+/- aRainfall (+/- aRainfall (+/- aRainfall (+/- aRainfall (+/- averaveraveraveraveraggggge)e)e)e)e)
Asheville     2.47” (-1.96”)          2.91” (-1.32”)
Charlotte     2.65” (-1.17”)          1.90” (-1.49”)
Greensboro     2.69” (-1.33”)          3.09” (-0.72”)
Raleigh                    3.53” (-0.39”)         4.54” (+0.86”)
Wilmington                    3.08” (-1.35”)          4.15” (-1.83”)

StreamfloStreamfloStreamfloStreamfloStreamflowwwww             Ma            Ma            Ma            Ma            Mayyyyy               J              J              J              J              Juneuneuneuneune
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)         136  (58%)           170 (106%)
Oconaluftee River at Birdtown (Swain, Tenn)         360  (75%)             387 (96%)
French Broad River at Asheville (Buncombe, FB)         981  (44%)             820 (43%)
South Fork New near Jefferson (Ashe, New)         220  (45%)             230 (54%)
Elk Creek at Elkville (Wilkes, Yadkin/Pee-Dee)         38.9 (35%)            32.6 (36%)
Fisher River near Copeland (Surry, Yadkin/Pee-Dee)         88.2 (41%)            80.5 (52%)
South Yadkin River near Mocksville (Rowan, Yadkin/PD)      100  (29%)            82.9 (28%)
Rocky River near Norwood (Stanly, Yadkin/Pee-Dee)          207 (40%)             445 (69%)
Deep River near Moncure (Lee, Cape Fear)                         186 (19%)           853 (153%)
Black River near Tomahawk (Sampson, Cape Fear)          110 (21%)           692 (166%)
Trent River near Trenton (Jones, Neuse)         11.1 (11%)           287 (346%)
Lumber River near Boardman (Robeson, Lumber)          378 (37%)             798 (95%)
Little Fishing Creek near White Oak (Halifax, Pamlico)        40.8 (38%)           165 (205%)
Potecasi Creek near Union (Hertford, Chowan)         36.6 (28%)                   585 (650%)

GrGrGrGrGroundoundoundoundoundwaterwaterwaterwaterwater
IndeIndeIndeIndeIndex wellx wellx wellx wellx well    Ma   Ma   Ma   Ma   May  depthy  depthy  depthy  depthy  depth      J     J     J     J     June depthune depthune depthune depthune 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)        33.45 (-3.85)  34.16 (-4.03)
Mocksville (Piedmont)        19.87 (-3.91)   20.51 (-3.98) (record low)
Simpson (Coastal Plain)          4.78 (-0.12)    4.26 (+0.93)

Source: U.S. Geological Survey’s Water Resources Conditions in North Carolina http://nc.water.usgs.gov/monthly/
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Conferences and
workshops
9th National Nonpoint Source Moni-
toring Workshop: Monitoring and
Modeling Nonpoint Source Pollution in
the Agricultural Landscape with pre-
conference workshops on TMDLs and
Outreach.  August 27-30, 2001,
Indianapolis, IN. This workshop will
bring together land managers and water
quality specialists to share information
on the effectiveness of best management
practices in improving water quality,
effective monitoring techniques, and
statistical analysis of watershed data.
Contact: Tammy Taylor, Conservation
Technology Information Center, 1220
Potter Drive, Suite 170, West Lafayette,
IN 47906 Call: 765-494-9555, Fax: 765-
494-5969, E-Mail: taylor@ctic.
purdue.edu. Website: http://
www.ctic.purdue.edu

The UNC-CH Institute of Government,
the N.C. Cooperative Extension and
others will present Improving Public
Decision Making Through Participa-
tion: Leadership, Governance, &
Community August 29, 2001, at the
Rock Springs Center in Greenville, NC
and September 13, 2001, at the Hickory
Holiday Inn in Hickory, NC. Early
registration discount deadline is July 27.
For details visit website: http://
www.iog.unc.edu/participation/.

The American Water Resources Associa-
tion and the University of Dundee will
present an international speciality
conference, Globalization and Water
Management: The Changing Value of
Water, August 6-8, 2001, at the Univer-
sity of Dundee in Dundee Scotland. For
details go to website: http://
www.awra.org/meetings/Dundee2001/.

The Environmental Assessment
Association will hold its 2001 national
conference and expo November 4-7,
2001, at the Imperial Palace in Las
Vegas, NV. Call association headquarters
at (320) 763-4320.

The N.C. APWA Water Resources
Division will present Planning, Funding
and Implementing a Municipal
Stormwater Program September 17-18,
2001, at the Blockade Runner Beach
Resort & Conference Center in
Wrightsville Beach, NC. For information
contact Everette Knight at (919) 829-
0555 or eknight@rosegrp.com.

The Blue Sky Foundation of North
Carolina will present Markets for
Mitigation Forum on August 20-21,
2001, at the McKimmon Center in

Raleigh. For information and to register
online go to website: http://
www.bluesky-foundation.com.

Battelle and others will present Wet-
lands & Remediation, Second Interna-
tional Conference, September 5-6,
2001, at the Sheraton Hotel & Confer-
ence Center in Burlington, VT. For
information go to website: http://
www.battelle.org/environment/er/
conferences/wetlandscon/default.htm
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Following are the currently scheduled research seminars for 2001-2002. Additional seminars are being scheduled. Presentations take
place at 3 pm 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 additions and changes will be posted there
(http://www2.ncsu.edu/ncsu/CIL/WRRI/2002seminars.html). For information email Jeri_Gray @ncsu.edu.
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September 24, 2001
Archdale GFHR

Dr. Kenneth H. Reckhow
WRRI and Duke University
Recommendations for the

Total Maximum Daily Load Program

October 23, 2001
1132 Jordan

Dr. R. Wayne Skaggs
NC State University

Examination of the Wetland Hydrologic
Criterion and Its Application in the

Determination of Wetland
Hydrologic Status

January 22, 2002
1132 Jordan

Dr. James D. Gregory
NC State University

Development of Stream Identification
Methodology, Greensboro, NC

February 26, 2002
 Archdale GFHR

Dr. Robert C. Borden
NC State University

Performance Evaluation of Regional Wet
Detention Ponds and a Wetland for

Urban Nonpoint Source Control

March 26, 2002
1132 Jordan

Mr. William F. Hunt
and Dr. Grada A. Wossink

NC State University
Cost Effectiveness Analysis
of Structural Storm Water

Best Management Practices
in North Carolina
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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

Motorists and pedestrians may report incidents of litter law violations
to the N.C. DOT’s Office of Beautification Programs by mailing or e-
mailing Swat-A-Litterbug report cards. Owners of vehicles observed
littering receive formal notes of warning signed by the Colonel of the
Department of Motor Vehicles and the Colonel of the State Highway
Patrol reminding them that littering violations may involve a penalty of
$1,000. In 1999, more than 8,000 litterbugs were reported.

To receive Swat-A-Litterbug report cards, call 1-800-331-5864 or visit
website:http://www.doh.dot.state.nc.us/operations/dp_chief_eng/
roadside/Beautification/Litterbug/ to report violations.

�����������	
��� A toll-free hotline has
been established state-

wide for concerned
citizens to report

possible violations of
the North Carolina

Sedimentation
Pollution Control Act.
To report problems

call 1-866-STOPMUD
(786-7683).
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