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Merchant power and its impact
on North Carolina’s water resources
In April 2001, the N.C. Utilities Com-
mission (NCUC) asked its Public Staff to
complete a study called “Investigation of
Infrastructure Necessary to Support
Development of Electric Generating
Capacity in North Carolina.” The order
came as a result of concerns about
demands that will be placed on North
Carolina’s natural resources and infra-
structure by the growing number of
merchant power plants filing applications
to build and operate in the state. The
Public Staff represents the interests of
the using and consuming public in
matters before the Commission.

Spawned by restructuring of the
electric industry, merchant power plants
generate electricity to sell on the open
market. Like regulated utilities, merchant
plants must apply for and receive a
“Certificate of Public Convenience and
Necessity” from the NCUC in order to
operate in North Carolina. However, the
application process and information
required differs for regulated utilities and
merchant plants. In addition, merchant
power rates are not regulated by the
NCUC, and merchant plants are not
required to serve North Carolina
consumers as regulated utilities are.
Information provided by the Public Staff
in November 2001 showed eight
merchant plants with a combined
generating capability of 5,729 megawatts
(MW) at various stages in the application
and certification process in the state.
This generating capacity is equal to

about half of Carolina Power & Light
Company’s total generating capacity
(11,500 MW) in North and South
Carolina.

In ordering the study, the NCUC
specifically asked the Public Staff to
examine possible impacts on fuel

availability (primarily natural gas), water
availability, air quality, and transmission
line capacity. The ultimate objective of
the study is to assess whether consump-
tion of resources and infrastructure by
merchant plants will limit the ability of
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Director’s Forum

Water Resources Research Institute News
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All models are wrong
Stuart S. Schwartz, Associate Director, Water Resources Research Institute

“All models are wrong-but some models
are useful,” observed the distinguished
statistician George P. E. Box.  Box’s
profound contributions to statistics
include fundamental work and classic
references on the design of experiments
and the forecasting and control of time
series with so-called Box-Jenkins
models.  His remarkable body of work is
characterized by imaginative, robust, and
eminently practical solutions for manag-
ers and decision-makers who must make
decisions with incomplete information
that may be, at best, only approximately
explained by the best available models.

Using the incomplete information
available from the best available models
to make decisions that balance competing
goals has never presented water resource
managers with a greater challenge – or a
greater opportunity.  The beguilingly
simple question, “How accurate do our
models need to be?” embodies strong
assumptions about the way models
inform decisions. How accurate do our
stockmarket expectations need to be to
enable us as individuals to choose
retirement investments? How accurate do
forecasts of population and economic
growth need to be to enable us to make
public investment decisions in highway,
water, and wastewater infrastructure?
The accuracy needed from our models,
depends on the way in which model
output will be used. In practice we adapt
our decision making to the perceived
accuracy and complexity of our models.
After all, we know all models are wrong.

The quest for model accuracy leads
us to increased model complexity. We
expect more detailed representations of
the natural systems we are trying to
manage to provide more accurate
predictions of the systems’ responses to
management actions.  Steady-state
models are reformulated as dynamic
models; one-dimensional models are

expanded to higher dimensions; modeled
variables such as organic carbon and
chlorophyll a are disaggregated with
ecological models that simulate blue-
green algae, diatoms, herbivores, and
zooplankton. Added complexity con-
forms more closely to our conceptual
understanding of the system; added
complexity also quantifies innumerably
more complex tradeoffs and management
options that must be considered and

evaluated by decision makers.  Still we
know these models, like all models, are
wrong;  are these more complex models
more useful?

To understand the value of models,
we need to understand how managers and
decision-makers use the output from
complex—and presumably more accu-
rate—models.  We expect the greater
resolution of complex models to increase
both the accuracy of our predictions (by
better representing biophysical pro-
cesses) and the quality of decisions (by
allowing policy makers to fine-tune
management alternatives and target
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limited resources more effectively).  If
we assume model complexity increases
accuracy—an assumption that is not
always assured—do “better” models
always lead to better decisions?

Applied research in decision science
suggests that the perception of complex-
ity, driven by our ability to quantitatively
describe an ever-greater range of choice,
can strongly influence the way managers
make decisions. In both experimental and
practical settings, providing decision
makers with a greater range of more
complex and subtle choices frequently
leads to the use of heuristic decision
rules or second-best “rules-of-thumb”
that reduce the perceived complexity to a
“manageable” number of alternatives.
Paradoxically, this simplification is
usually achieved by excluding a priori
the most complicated, subtle, and useful
alternatives that we hoped our complex
models would reveal. Reducing the
number of management options makes
the decision problem much simpler—not
necessarily much better.

For example, in considering Chesa-
peake Bay nutrient reduction strategies
for the Potomac River Basin, state water
quality managers recognized that any
watershed-scale strategy for the Potomac
would need to be synthesized from
individual strategies adopted for the
portions of the watershed managed by the
States of Maryland, Pennsylvania,
Virginia, and the District of Columbia.
The number of ways in which the 40%
nutrient reduction goal for both nitrogen
and phosphorous can be achieved is
literally infinite. Faced with this com-
plexity, managers from each of the
jurisdictions sought to reduce the
complexity—and their choices—to a
manageable number of alternatives.  All
of the jurisdictions agreed that any
strategy to achieve the 40% reduction
goal for the watershed should be com-
posed of individual strategies that
reduced each State’s nutrient loads by at
least 40%.  The heuristic rule-of-thumb
adopted by these experienced managers
simplified the decision problem (while

increasing overall nutrient reduction
costs) by excluding a priori, any strate-
gies that involved nutrient trading among
the jurisdictions.  The heuristic decision
rule drew on the intuitive expectation
that any strategy allowing one jurisdic-
tion to reduce their nutrient load by less
than 40% would have to impose a
reduction greater than 40% on another
jurisdiction in order to achieve the target.
Since no jurisdiction wanted to risk
shouldering the “extra” nutrient reduc-
tion, all jurisdictions agreed not to
consider interstate trading.

In contrast, using the tools of
decision science, a detailed systems
analysis of the Potomac watershed found
that the innumerable options for reducing
nitrogen and phosphorous loads included
lower cost alternatives that left every
State better off, compared to the 40%
requirement for each jurisdiction.  This
counter intuitive outcome was possible
because considering multiple pollutants
(nitrogen and phosphorous) dramatically
increased the number of feasible alterna-
tives (i.e. complexity) that achieved the
nutrient reduction goals.  Rather than
shifting the burden for nitrogen removal
between “winners” and “losers” as had
been feared, an integrated analysis
identified subtle, complex, cost-effective
“trades” of nitrogen for phosphorous,
that left every jurisdiction better off.
The complex quantitative models of
watershed-scale processes and nutrient
control technologies that were developed
to inform the decision process were
necessary, though not sufficient, to
identify these proverbial win-win
solutions.  Model complexity made it
possible to quantify these alternatives.
Nevertheless, they would never have
been identified, much less considered, if
the decision process had been limited to
familiar heuristic “rules-of-thumb” or
scenario-building approaches that reduce
complexity by considering only a very
small number of simple alternatives.

Model complexity that expands the
range of management options can be the
most valuable instrument to support and

improve decision making, if we can take
advantage of appropriate decision tools
that can efficiently manage and exploit
that complexity.   The challenge—and
the opportunity—is to match the resolu-
tion and complexity of our process
models, with decision tools that can
transform model results into the informa-
tion needed for decision-making.
Decision science has found widespread
success in fields ranging from financial
investment, electric utility planning, and
military research, to medical decision-
making and strategic planning in business
and industry.  As we accept the challenge
presented by increasingly complex
problems in water resource management,
there has never been greater potential—
or greater need—to integrate modeling
with decision-making. After all, we know
all models are wrong. Integrating our
models of natural systems with appropri-
ate decision tools offers a rich and timely
opportunity to make our models more
useful.
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Daniel A. Okun
Kenan Professor of Environmental
Engineering, Emeritus
University of North Carolina
at Chapel Hill d
okun@unc.edu

Editor’s note: This viewpoint was written
in response to the Director’s Forum
“Operational Water Quality Standards”
which appeared in the Nov/Dec 2001
WRRI News.

From the first grade in school,  the letters
A, B, and C  were understood to be
measures of quality, with A  signifying a
higher quality than B, and B being higher
than C, and so on, whether related to
grades in school or eggs in the grocery.
In North Carolina, however, some
heavily polluted waters had been
designated as Class A even when they are
of  lower quality than Class C waters.
How does that happen? A bit of history
may be helpful.

In 1951, the legislature created the
State Sanitation and Conservation
Committee (SSSC) which adopted a
classification system for fresh waters
based on “best usage” that ranged from A
through E (Howells, 1990):

A-I:  Protected water supply sources
requiring only disinfection for drinking

A-II: Water supply sources requiring full
treatment for drinking

B: Body contact recreation
C: Fish life propagation
D: Agriculture, fish survival, and

industrial cooling and processes
E: Navigation, sewage and industrial

waste disposal short of nuisance
conditions.

Class E was abolished in 1968 as not
being tolerable.  In time, with the passage
of the federal Clean Water Act and the
introduction of a minimum of secondary
treatment, Class D was abolished,
leaving Classes A, B, and C as essen-
tially the grading in use today. However,

Class A, intended for waters to be used
for drinking, was troublesome because
the A-I classification comprised only a
few waters in the state and all the others
that were reasonably expected to be used
for drinking were classified as A-II.  In
1993, the A classification was replaced
by a WS classification with five subcat-
egories while the B and C classifications
remained.

The Asheville Case
The problem with the A-II drinking water
classification was illustrated in the mid-
1980s by the need of the City of
Asheville for additional water resources.
The two watersheds and reservoirs
producing water for Asheville were then
fully protected upland sources, with the
only degradation resulting from a short
period of timbering, which increased the
turbidity slightly and stimulated the City
to provide direct filtration. City officials,
in an attempt to attract industry, believed
that adding to the water supply from the
French Broad would be an inducement.
The City purchased land on the banks of
the river for a treatment plant and
submitted an application to the Environ-
mental Management Commission for a
reclassification from C to A-II for a
stretch of the river for a few miles as it
passed through the City. The river would
remain Class C above Asheville and
revert to Class C below the city. The
French Broad River in the vicinity of
Asheville suffered frequent fish kills
because of urban and industrial wastewa-
ters being discharged into the river
upstream. However, their consulting
engineers indicated that treatment would
be adequate to render the water safe and
mixing this water with the existing high-
quality water would be acceptable.

All the agencies of the state govern-
ment and the City, the newspapers, the
business community and finally the
Environmental Management Commis-
sion, approved the reclassification.  At
the public hearings and among the

submittals to the EMC, only one indi-
vidual, the author of this piece, objected
(Howells, 1989; Okun, 1993).  The basis
of the objection followed from the
principles expressed in the 1962 US
Public Health Service and the US
Environmental Protection Agency in its
1976 National Interim Primary Drinking
Water Regulations.  The latter states:

Production of water that poses
no threat to the consumer’s health
depends on continuous protection.
Because of human frailties associ-
ated with protection, priority should
be given to selection of the purest
source.  Polluted sources should not
be used unless other sources are
economically unavailable.  (USEPA,
1976).

The French Broad was certainly not
the purest source and, in that water-rich
region of the state, other sources were
available.

Despite the reclassification, and the
powerful interests behind the $40 million
bond issue, the people of the community
organized against its passage and it was
handily defeated. The City then went on
to employ different consulting engineers
to find a better source.  A new treatment
plant went into operation several years
ago, drawing water from the Mills River,
a high-quality upstream tributary of the
French Broad.

Nevertheless, a stretch of the French
Broad River as it passes through
Asheville enjoys an A classification and,
although its quality is far worse than B
and some C waters in the state, a water
supply drawn from the river would be
approved.

The Randleman Dam
Case
However, we do not appear to have
learned from this. As noted, the A
classification was replaced by  five

Invited Viewpoint
The ABCs of Surface Water Classification in North Carolina
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drinking water supply classes, WS – I
through WS – V.  But what happened in
Asheville has recently been repeated
when the Environmental Management
Commission recently authorized con-
struction of Randleman Dam on the Deep
River for water supply for Greensboro.

The Deep River is heavily polluted.
The wastewater from High Point is
discharged above the dam. A toxic
chemical disposal site is on the water-
shed. Runoff from urban and industrial
development is now heavy and can be
expected to increase substantially in the
future. Nutrients from agricultural
activities assure algal growths which
make water difficult to treat and are
responsible for high levels of disinfection
byproducts whose maximum contaminant
levels are being consistently reduced.
Treatment of such waters is costly and,
what is more important, not always
reliable. Synthetic organic chemicals are
a difficult problem, and thousands of new
ones enter the environment annually;
monitoring for them and establishing
regulations for them are many decades in
their establishment.

The National Research Council’s
Committee on Drinking Water Contami-
nants in its report on emerging drinking
water contaminants stated “. . . no
comprehensive list of potential drinking
water contaminants exists, and there is a
paucity of data on occurrence or health
effects for the majority of  potential
contaminants.”  The report goes on to
state: “The total number of contaminants
in this universe (of contaminant catego-
ries) is likely to be close to 100,000.”
(NRC, 1999).  Fewer than 100 contami-
nants are included in the current regula-
tions.

The Deep River is not the purest
source available.  Other sources are
available.  The Dan and Yadkin are
ignored because of the self-imposed
restrictions on inter-basin transfer.  Most
of the large cities in the United States
could not exist without water withdrawn
from other basins.  Furthermore,
Reidsville, Burlington, Winston-Salem,
and Martinsville, VA, are reported to
have excess supply; selling their surplus

is a win-win situation for the seller and
the buyer.

Wastewater reclamation and
nonpotable reuse by means of dual
distribution systems has been adopted by
hundreds of cities in the United States,
ranging in production capacity from one
to 120 mgd. Greensboro’s present
sources of supply are of high quality.
Using reclaimed water for nonpotable
uses would let their existing sources
serve many more people. This is espe-
cially appropriate in newly developing
areas; such an area is close to one of
Greensboro’s wastewater treatment
plants.

Nevertheless, the Deep River source
was given the equivalent of an A-rating
to permit its use for drinking despite the
fact that it is one of the poorest quality
sources in North Carolina.

Conclusion
The practice in North Carolina appar-
ently is to assign a drinking water (WS)
classification to any water that a city
decides it would like to have. While it is
embarrassing that city officials would
want poor-quality water for the people
they serve when they have better
alternatives, the blessing of the state
Environmental Management Commission
to the practice is even more troublesome.

In North Carolina, the quality of
water in a stream with an A-type (WS-I
to WS-V) drinking water classification
may very well be worse than many B and
C waters.  What is the public to make of
this?  Using a WS rating instead of an A
may camouflage the fact that an A rating
should signify a high mark.  Substituting
the WS designation for an A might not
have been intended to obfuscate the
public, but it has that effect.
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Study suggests new
beach monitoring
requirements may not
be effective
A study reported in the December 2001
issue of  Coastlines (published by the
Urban Harbors Institute at U-Mass,
Boston) suggests that new EPA guide-
lines for monitoring water quality at
bathing beaches may not be adequate to
meet the goal of protecting swimmers.
EPA suggests frequent testing and use of
the indicator Enterococcus. Under an
EPA EMPACT grant the Massachusetts
Water Resources Authority monitored
beaches in Boston Harbor daily during
the summers from 1996 through 2000,
sampling for Enterococcus and fecal
coliform and measuring rainfall. They
found that in both wet and dry weather,
Enterococcus counts were consistently
lower (with more nondetects) than fecal
coliform counts and that Enterococcus
limits were met more often than fecal
coliform limits. Because testing for
bacteria takes a day to complete,  EPA
guidelines suggest closing beaches if the
previous day’s Enterococcus count
exceeds a certain number. Researchers
found that Enterococcus count in samples
taken on one day is a poor predictor of
beach water quality the following day.
They say that rainfall turned out to be a
better predictor of water quality than
Enterococcus.
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Merchant power continued

regulated utilities that are required to
serve North Carolina consumers to
expand their generating capacity to meet
future needs.

Nearly a year later, the study remains
incomplete largely because information
needed to perform analyses—including
the effect of merchant plants on water
resources—was not required in applica-
tions. The lack of information results
from an order NCUC issued in May 2001
(Docket No. E-100, SUB 85) exempting
merchant plants from requirements to file
pre-application materials. The order
came at the urging of the Legislative
Study Commission on the Future of
Electric Service in North Carolina, which
wanted the process for approving
merchant power plants streamlined.

According to Gisele Rankin of the
Public Staff, her group has found it
necessary to contact companies that have
applied to build merchant power plants
and request that they voluntarily provide
information about where they intend to
obtain water to run their plants and how
much water they will use. At the same
time that the Public Staff struggles to
acquire water use information needed for
their study, the staff of the N.C. Division
of Water Resources (DWR) continues to
field exploratory telephone inquiries
about water availability from unnamed
companies or consultants scouting sites
for additional merchant power plants.

“There are a lot of people looking at
a lot of possibilities,” said Tom Fransen
with DWR.

The growing number of inquiries
concerned DWR Director John Morris
enough that he asked his staff to request
information on potential water use by
new power plants from the Public Staff.
DWR is responsible for maintaining the
State Water Supply Plan and identifying
areas of potential water shortages and use
conflicts.

When DWR staffer Woody Yonts
talked with Public Staff Engineer Sami
Salib, he was told that under the NCUC
rule R8-63 merchant plants must provide
a list of all federal, state, and local

permits required and that copies of
merchant power plant applications are
provided to the State Clearinghouse for
distribution to State agencies with an
interest in the proposed facility. Among
the “permits” that merchant plants might
have to list and obtain is what the
Intergovernmental Review-Project
Comments form lists as “Water Use
Permit.”

According to Fransen, DWR
requires registration for water withdraw-
als of 100,000 gallons per day or more. If
the withdrawal involves an interbasin
transfer of 2 million gallons per day or
greater, then an Interbasin Transfer
Certificate is required. But, he said, it
appears from the inquiries he has fielded
that most merchant power plants will
obtain water from municipal water
suppliers and so will not have to register
withdrawals. Therefore, there is no
indication on the Intergovernmental
Review form that applications should be
sent to DWR.

If merchant power plants obtain
water from municipal suppliers, their
water use may eventually be reflected in
local water supply plans provided to
DWR for the State Water Supply Plan.
However, local plans are updated only
every five years, and the advent of
merchant power plant siting has been
rapid, with most being announced since
the last local water supply plans were
completed in 1997.

Therefore, while merchant power
plant applications must provide informa-
tion about their use of natural gas and
their transmission interconnection, must
apply for and receive air quality permits,
and must consider their impacts on rare
and endangered species and on cultural
resources, information to assess their
impact on water resources is not being
routinely collected, and their applications
are bypassing the agency charged with
monitoring water use in the state. The
extent to which the potential effect of
new electrical generating facilities on
North Carolina’s water resources is being
overlooked can be seen in the report
Environmental Considerations Associ-
ated with Electric Industry Restructuring

in North Carolina, prepared by the
Research Triangle Institute for the
Legislative Study Commission on the
Future of Electric Service in North
Carolina. Water is not mentioned.

Guessing at the effects
on water resources
Given that merchant power plants have
not been required to provide information
on their water use, determining their
effect on water resources (or in terms of
NCUC’s charge to the Public Staff,
whether future electrical generating
capacity will be limited by water avail-
ability) will be exceedingly difficult.

According to Mick Greeson,
Supervisor of Water and Natural Re-
sources for Carolina Power & Light
Company (Progress Energy), estimating
water use for a combustion turbine
facility (which most new power plants
are) is very complex. First, the facility
may be a simple cycle or a combined
cycle facility. A simple cycle combustion
turbine (CT) burns fuel (usually natural
gas) to superheat air to turn a turbine to
generate electricity. Only a small amount
of cooling water is needed for a simple
cycle CT.

According to Greeson, a simple
cycle CT burning natural gas requires
about 3,000 gallons per hour of water for
each 160-170 MW of capacity.

So, for instance, the merchant plant
built by Energy Ventures in 2001 in
Rowan County, which consists of three
simple-cycle combustion turbines each
generating 153 MW, might consume
216,000 gallons of water in 24 hours of
operations.

On the other hand, combined cycle
facilities use exhaust from the gas-
powered turbine to drive a stream-
powered turbine generator and require a
great deal more cooling water. Adding
the stream turbine generator requires an
additional 2.7 million gallons per day. So
the 500 MW combined cycle CT
merchant plant proposed by Energy
Ventures for Rowan County could use
more than 3 million gallons of water in
24 hours of operation, with perhaps 90%
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being evaporated and therefore not
returned to the water source.

Newspaper reports put water use by
the Mirant merchant power plant in
Gastonia (a 1,200 MW combined cycle
CT) at 10 MGD. The Dominion Re-
sources 1,100 MW combined cycle CT
plant proposed for Person County (which
has already identified a need for addi-
tional water in less than 20 years) is
reported to need 8.8 MGD. The City of
Roxboro and Person County are looking
to the Dan River as a new source of
water for the Dominion plant, a move
that would constitute an interbasin
transfer because—due to high consump-
tive use—a large part of the water
withdrawn would not be returned to the
Dan subbasin.

Further complicating analysis of
water use by merchant plants is variable
hours of operation. One of the advan-
tages of combustion turbine technology
is that it can power up quickly to meet
current demand, and if a plant provides
only “peaking” power, its hours of
operation will be highly variable and may
depend upon the weather, which is not
highly predictable in the long-term.

Another potentially worrisome
aspect of merchant power plants in
regard to water availability is that they
(along with new regulated facilities) tend
to be built in clusters where the Trans-
continental Gas Pipeline and high-
voltage transmission lines intersect. Thus
four new CT facilities, three of them
merchant plants, have been completed or
proposed for Rowan County, with
another proposed for Davidson County,
all in the upper Yadkin River Basin.
Presumably the town of Salisbury will
provide water for the Rowan County
plants. While Salisbury’s 1997 Water
Supply Plan shows plenty of water
available from the South Yadkin River
and Yadkin River (more than 90 MGD),
the effects of the combined consumptive
uses (90% evaporation by combined
cycle facilities) in the upper basin have
not been investigated.

DWR’s Fransen said that even with
information on water use, the effect of
merchant power plants on local water

resources might not be immediately
obvious. For instance, Hertford
County—where GenPower is planning a
640 MW combined cycle CT merchant
plant that will rely at least partly on
groundwater—is in a groundwater
drawdown area created by Union Camp
withdrawals in Virginia. Here and
perhaps in other areas modeling might be
required to predict effects.

DWR Director John Morris said that
it appears to him that any water resources
problem created by merchant plants
would not be the total demand but that a
cluster of plants could create a local
demand that could deplete water supplies
or compete with other important existing
or planned uses.

“We need a system of early circula-
tion of planned water use by the plants
through the State Clearinghouse so
potential problems can be identified
before decisions are made,” said Morris.

Additive effects
According to CP&L’s Mick Greeson,
water use by gas-fired combustion
turbine generating facilities is minuscule
compared to that of traditional fossil-fuel
or nuclear plants, and CT air emissions
pale in comparison to coal-fired plants.
In general, gas-fired CT technology is
acknowledged to be not only cleaner but
also more fuel efficient than older
technologies. That would be very good
news for North Carolina’s air and water
resources if CT technology were replac-
ing older “native load” plants, but that is
not the case. According to the NCUC’s
Annual Report Regarding Long Range
Needs of Expansion of Electric Genera-
tion Facilities for Service in North
Carolina, regulated utilities in the state
will continue to depend on coal-fired and
nuclear-fueled steam generation to
produce the bulk of the electric output
into the foreseeable future. So the effects
on the state’s water resources (and air
quality) of merchant power plants, no
matter how efficient, are additive.

Hundreds of merchant power plants
are being planned across the country.
According to the Electric Power Supply

Association, planned merchant capacity
tripled between 1998 and 2000 and now
totals more than 177,000 MW. In many
nearby states, questions about plantation-
type exploitation of state resources by
merchant power plants have arisen.

In Kentucky, where coal fuels most
plants and there are no state regulations
governing siting of merchant power
plants, the governor in June 2001 issued
a moratorium on new electric generating
facilities because of concerns about
cumulative effects on air quality. In
Georgia, where merchant plants are not
specifically regulated, their siting has
been slowed by withholding of air
permits. A resolution was introduced in
the 2001 session of the South Carolina
General Assembly (H 4433) that would
have placed a moratorium until 2003 on
new electric facilities not serving retail
customers in South Carolina. The
resolution was not adopted but the
sponsor of the resolution asked the
Public Service Commission (PSC) of
South Carolina to conduct a study of the
need for the facilities and cumulative
effects of plants on various state re-
sources.

According to Randy Watts with SC
PSC, that commission recently denied a
merchant plant application because they
did not have the information available to
make the necessary determinations
regarding environmental factors. SC PSC
has just issued a contract to a Virginia
consulting firm to conduct a study of
issues related to merchant plant siting in
South Carolina.

After five time extensions, the
NCUC Public Staff is currently sched-
uled to file its report “Investigation of
Infrastructure Necessary to Support
Development of Electric Generating
Capacity in North Carolina” on April 26,
2002. To read the report, check Docket
E-100 Sub 92 on the NCUC website:
http://www.ncuc.commerce.state.nc.us/
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February, March action of the N.C.
Environmental Management Commission
At its regular meeting on February 14,
2002, the N.C. Environmental Manage-
ment Commission (EMC) welcomed two
new members. N.C. Court of Appeals
Judge Loretta Biggs was on hand to
swear in reappointed members Anne
Barnes, Don Abernethy, and Robert Ray
and new members Maurice Lasher and
Thomas Jenkins.  Two seats on the
commission remain vacant.

The EMC took the following action:

� Approved publishing in the N.C.
Register for public comment a pro-
posed temporary rule to establish the
competitive bidding process and
qualifications of environmental services
firms, engineers, and engineering firms
for performance-based cleanups at
leaking petroleum underground storage
tank (LUST) sites (15A NCAC 2P
.0408).  House Bill 1063, passed in
2001, gives the N.C. Division of Waste
Management authority to allow pay-for-
performance contracts for cleaning up
LUST sites. Such contracts specify
cleanup milestones that must be
achieved before payments can be made.
Sites selected for performance-based
cleanups will be posted for competitive
bidding in the N.C. Interactive Purchas-
ing System, and contracts will be
awarded to the qualified bidder
submitting the lowest bid.

� Approved permanent rules (15 A
NCAC 2S .0100) establishing criteria
for determining eligibility for certifica-
tion into the N.C. Dry-Cleaning Solvent
Cleanup Program and for disbursement
of funds from the N.C. Dry-Cleaning
Solvent Cleanup Fund. According to
program administrator Lisa Taber,
owners of 29 sites have petitioned for
certification into the program.

� Adopted permanent Air Quality rules
establishing control requirements for
particulate emissions from cotton
ginning operations; amending munici-

pal waste combustors rules, gasoline
truck tank rules, the Title V fee
definition rule, and the air toxics
exemptions rule; and making technical
changes to several other rules. Also
adopted a temporary rule putting into
place immediately the changes in
municipal waste combustor rules.

� Approved the final Watauga River
Basinwide Water Quality Plan. The
plan can be downloaded from the
Basinwide Planning Program website
at: http://h2o.enr.state.nc.us/basinwide/
watauga/2002_watauga_plan.htm

� Approved reclassifying the headwaters
of the North Toe River above the
current Spruce Pine water intake (Avery
and Mitchell counties, French Board
River Basin) from C to Water Supply V.
The Division of Environmental Health
had advised Spruce Pine to request the
reclassification.

� Approved reclassifying a segment of
the Hiwassee River above the Town of
Murphy’s current water supply intake to
Water Supply IV Critical Area. The
town’s water supply intake will be
relocated upstream because of a
proposed highway bridge.

� Agreed with part and rejected part of
an Administrative Law Judge’s recom-
mended decision on a contested case
involving an N.C. DOT highway
project (U.S. Highway 701) between
Wilson and Goldsboro. Larry Dale
McKeel, represented by Legal Aid of
North Carolina, challenged DWQ’s
issuance of a 401 water quality certifi-
cation in connection with the project,
charging that DWQ erroneously
determined there were no practical
alternatives to the project, erroneously
determined the project minimized
adverse impacts to wetlands or surface
waters, erroneously determined there
would be no cumulative impacts

causing water quality  violations
downstream, erroneously determined
there was no alternative to placement of
a road in a water supply critical area,
and violated the State Environment
Policy Act in issuing the certification.
The ALJ agreed with the petitioner on
some points and disagreed on some
points but recommended that the EMC
find that DWQ failed to act according
to law and declare the 401 certificate
void. After a great deal of discussion
about the facts of the case—including
the perception of at least one commis-
sioner that DOT had “cooked the
books” to make environmental docu-
ments favor its preferred route—the
commission decided that its responsi-
bility was largely to judge whether
DWQ had examined cumulative
impacts of the project. They found that
DWQ had examined cumulative
impacts and upheld the issuance of the
401 water quality certification. How-
ever, a number of commissioners
agreed that the quality of the cumula-
tive impact analysis was poor and that
the analysis was undocumented.
Commissioner Marion Deerhake stated
her intention to ask for rulemaking to
require documentation of cumulative
impact analysis and suggested that
DWQ needs to hire outside consultants
for such analyses when dealing with
highway issues in the future.

At its regular meeting on March 14,
the EMC took the following action:

� Adopted amendments to Air Quality
rules expanding the coverage of the
vehicle inspection and maintenance
program from nine to 48 counties.
Emissions inspections will be phased in
for the 39 new counties between July 1,
2003, and Jan 1, 2006.

� Approved increasing from 16.1
million gallons per day (MGD)  to 33
MGD a grandfathered Interbasin
Transfer for the Charlotte-Mecklenburg
Utilities. The transfer is from the

continued next page
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Catawba River Subbasin to the Rocky
River Subbasin.

� Declined to adopt temporary rules to
put into place the federal NPDES Phase
II stormwater program. According to
Water Quality Committee Chairman
Charles Peterson, none of the stake-
holders are satisfied with the rules and
none support adopting them on a
temporary basis. Peterson outlined the
issues that stakeholders have raised
with the proposed temporary rules:
❍ The process by which the state can

designate additional public bodies to
implement a Phase II stormwater
program. Questions of the EMC’s
authority to designate additional
municipalities or counties must be
addressed, and the process needs to be
more clearly defined.
❍ Fairness. The question of whether

counties (versus municipalities) would
share a fair part of the responsibility for
stormwater under the proposed rules.
❍ Petition process. How difficult and

expensive should it be for citizens,
groups, or local governments to petition
to have public bodies designated to
implement a Phase II program?
❍ Fiscal impacts. Will the water

quality benefits justify the costs of
implementing the proposed program?

❍ Federal deadlines. Are the pro-
posed rules consistent with deadlines in
the federal rules?
❍ Design versus performance. Should

post-construction BMPs be selected
based on design or performance?
❍ Coastal SA waters. Will the

proposed rules prevent further shellfish
closures?

   The EMC agreed that at its April
meeting it will send revised proposed
NPDES Phase II rules to public hearing
as permanent rules, that EMC members
will serve as hearing officers in order to
get a more in-depth education about the
issue, that after public hearings more
stakeholder meetings may be held, and
that in October, the proposed perma-
nent rules will be brought back to the
EMC and adopted as temporary and
permanent rules.

� Approved the final Savannah River
Basinwide Water Quality Plan. The
plan can be downloaded at http://
h2o.enr.state.nc.us/basinwide/savannah/
savannah_2001/2001_savannah_plan.htm

� Approved the final Hiwassee River
Basinwide Water Quality Plan. The
plan can be downloaded at http://
h2o.enr.state.nc.us/basinwide/hiwassee/
2001/2001_plan.htm

Action of the EMC continued

February, March action of the EMC Water Quality Committee
At its regular meeting on February 13,
2002, the Water Quality Committee of
the N.C. Environmental Management
Commission took the following action:

� Approved a general major variance
from the Randleman Reservoir Buffer
Rule for public transportation projects
that meet certain conditions.

� Amended and approved language for
public hearings on amendments to
wastewater discharge rules (15A NCAC
2H .0103 and 2H .0106) to allow
wastewater from emergency responses

for biological or chemical decontami-
nation activities conducted by State or
Federal authorities to be deemed
permitted provided that water quality
standards are not contravened.

At its regular meeting on March 13,
2002, the Water Quality Committee took
the following action:

� Approved a major variance to the
Catawba River Riparian Buffer
Protection Rule for a swim beach at
Lake Norman State Park, Iredell
County.

� Declined to recommend to the EMC
adoption of temporary NPDES Phase II
stormwater rules (see item under
EMC).

� Approved sending a letter to the N.C.
Sedimentation Control Commission
(SCC) on recommendations regarding
the State’s turbidity standard. As
reported in the Jan/Feb 2002 issue of
the WRRI News, staff of DWQ recom-
mended to the committee in December
that the current turbidity standard
should be retained but that BMPs to
control sediment and turbidity should
be improved. The committee asked staff
to prepare a list of specific recommenda-
tions to be presented to the SCC. Staff
recommendations are aimed at:
❍ getting temporary ground cover put

into place at construction sites within
seven days of completion of any phase
of grading,
❍ increasing initial penalties for

noncompliance with the Sedimentation
Pollution Control Act (SPCA),
❍ improving use of the stop work

order for noncompliant sites,
❍ revising the state’s Erosion and

Sediment Control Planning and Design
Manual to adopt more effective BMPS,
❍ encouraging more research into

innovative soil stabilization and
turbidity reduction techniques,
❍ imposing significant monetary

penalties for violation of Stormwater
Construction General Permits, the
SPCA or the turbidity standard, and
❍ increasing the use of orders to

restore streams damaged by sediment
as a result of failure to comply with the
SPCA.

   While supporting the recommenda-
tions, several commissioners expressed
strong aversion to any rule that allows
operators of construction sites to escape
responsibility for environmental
damage. A joint meeting of members of
the EMC and SCC is being planned to
discuss the recommendations.
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March action of the
EMC Groundwater
Committee
At its regular meeting on March 13,
2002, the EMC’s Groundwater Commit-
tee took the following action:

� Approved recommending to the EMC
a temporary rule to change the ground-
water standard for arsenic from 0.05
mg/L to 0.010 mg/L. In January 2002,
the EPA adopted a drinking water
Maximum Contaminant Level  (MCL)
for arsenic of 0.010. Anticipating the
EPA action, the N.C. Commission for
Health Services adopted an arsenic
MCL of 0.010 mg/L in December
2001. To address human health
concerns and different federal and state
cleanup standards, the N.C. Groundwa-
ter Section recommended that a
temporary rule adopting the federal
standard be adopted. A permanent rule
to change the N.C. groundwater
standard for arsenic to 0.00002 mg/L
was initiated by the EMC in September
1999. The status of that rulemaking is
unclear.

� Approved recommending to the EMC
to proceed to public notice and hearing
on changes to groundwater standards
for butyl benzyl phthalate, total
coliforms, diethylphthalate, total
dioxins, epichlorohydrin,
hexachlorobenzene, napthalene, nickel
and nickel soluble salts, phenol,
selenium, and styrene.

Deadline extended for Construction and
Development Effluent Guidelines
EPA is developing Effluent Limitation
Guidelines and New Source Performance
Standards for the Construction &
Development (C&D) Point Source
Category. This regulation, when final-
ized, will establish technology-based
standards for wastewater discharges to
navigable waters from construction sites
regulated by the National Pollutant
Discharge Elimination System (NPDES)
permitting program and will also
establish standards for post-construction
best management practices (BMPs).

 The schedule for the Construction
and Development effluent guidelines
rulemaking is determined by a consent
decree between EPA and the Natural
Resources Defense Council (NRDC).
Recently EPA received court approval to
extend the deadline for the upcoming
proposed rule to May 15. The signature
date for final action is March 31, 2004.

Effluent guidelines are national
standards developed by EPA on an
industry-by-industry basis, and are
intended to represent the greatest
pollutant reductions that are economi-
cally achievable for an industry. To

develop these regulations, EPA first
gathers information on  the industry
practices; characteristics of discharges
(stormwater flows and pollutants);
technologies or practices used to prevent
or treat the discharge; and economic and
financial characteristics. EPA identifies
the best available technology that is
economically achievable for that industry
and sets regulatory requirements based
on the performance of that technology.
The effluent guidelines do not require
facilities to install the particular technol-
ogy identified by EPA; however, the
regulations do require facilities to
achieve the regulatory standards which
were developed based on a particular
model technology. The standards are then
incorporated into National Pollutant
Discharge Elimination System (NPDES)
permits issued by States and EPA
regional offices.

Information on the proposed rule
and supporting documents are available
at EPA’s Construction and Development
Effluent Guidelines Home Page: http://
www.epa.gov/OST/guide/construction.

Dry-cleaning study finds
perchloroethylene use down
dramatically
Perchloroethylene (PERC) is the most
widely used dry cleaning solvent in
North Carolina. It is listed by EPA as a
hazardous substance and a possible
carcinogen. Past waste disposal practices
have caused PERC to sink into soil and
groundwater under dry cleaning facili-
ties. More than 100 sites in North
Carolina are known to be contaminated
with PERC.

In a study prepared at the direction
of the N.C. General Assembly (H 1326,
SL 2000-19), a work group has found
that the use of perchloroethylene (PERC)
in the dry cleaning industry has dropped
by at least 75 percent over the last 15

years. According to the study, the use of
solvents in the transfer process (transfer
of garments from one machine to
another) has been reduced by about 90
percent with installation of new solvent
recovery dryers and vacuum stills.

The study recommends that lawmak-
ers should encourage dry cleaning
businesses to continue to reduce the use
of PERC and explore new processes.
However, mandated reductions in PERC
use are not recommended because the
state’s dry-cleaning industry is composed
of mostly small, family-owned businesses
that cannot afford large capital costs
associated with new technologies.

Aquatic Aquatic Aquatic Aquatic Aquatic WWWWWeed Educationeed Educationeed Educationeed Educationeed Education

A downloadable zip file of an
activity booklet “Understanding
Invasive Aquatic Weeds” for the 5th
grade is available on the Aquatic Plant
Management Society website at http://
www.apms.org. The file includes 16
full color JPEG images.
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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

Soil Processes Impacting Groundwater
Quality in the North Carolina Pied-
mont: Contamination by Organic
Agrochemicals
Report No. 336 February 2002

by Dharni Vasudevan
and Ellen M. Cooper
Nicholas School of the Environment
Duke University

This research project explored the
potential for sorption, desorption, and
transformation of three herbicides—2,4-
D, norflurazon, and quinmerac—in two
representative iron-oxide rich soil
profiles of the North Carolina Pied-
mont—Appling and Georgeville series.
Following extensive characterization of
the soils, the investigators used batch and
continuous flow stirred tank reactors
(CFSTRs) to examine the three processes
as a function of soil sample depth, comp-
osition, and physical-chemical properties
and herbicide molecular structure and
physical-chemical properties.

The investigators conclude that in
ultisols (or red clay soils) of the N.C.
Piedmont, herbicide properties other than
hydrophobicity and soil properties other

than organic matter, texture, and acidity
should be considered when evaluating
ionogenic herbicide fate and transport.
Polar ionogenic compounds possessing
ligand donor groups (such as –COOH)
can be retained in the mineral horizons of
the ultisols via favorable electrostatic
interactions and surface complexation
with soil Al and Fe oxides. For neutral
herbicides, partitioning to organic matter
is expected to dominate.

For the soil types examined, it
appears that in the absence of rapid
microbial degradation, 2,4-D and
quinmerac are less likely to be retained
in the uppermost soil horizon than in the
lower horizons, while the opposite may
be expected for norflurazon. The
investigators say that study results also
suggest that norflurazon that migrates
below the uppermost soil horizon is less
likely to be attenuated in the subsoil and
is hence more susceptible to leaching and
groundwater transport. Furthermore, the
nature of the herbicide-soil interaction is
weak for a significant mass of the herbi-
cide attenuated by the soil matrix (sorbed
on the soil), hence, precipitation or
irrigation can easily transport (or leach)
the “reversibly” retained fraction through
the soil profile and potentially into
groundwater. However, the mass that is
entrapped within the soil matrix will
likely prove more recalcitrant with
respect to the susceptibility for leaching
into groundwater. Additionally, herbi-
cides that are transported to lower soil
horizons where microbial activity is
typically low may persist in the environ-
ment longer than expected. Therefore a
significant fraction of herbicide mass
remaining in the uppermost soil horizon
has a high susceptibility to leach into
groundwater under intensive rainfall and
irrigation.

The investigators recommend that in
soil systems in which microbial degrada-
tion of the herbicides is not expected to
be rapid, care should be taken in herbi-
cide application (for agricultural opera-
tions, forestry, golf courses, and lawn and
ornamental care) to vulnerable areas where
groundwater quality is directly threatened
by the quality of infiltrating water.

Giant salvinia
found in N.C.
waterbodies
In 1998, Giant Salvinia (Salvinia
molesta) was discovered in a number of
ornamental ponds in North Carolina and
was traced to aquatic nurseries and
dealers. Native to South American, giant
salvinia is an aquatic fern that, under
favorable conditions, can double its
biomass in about 2 days. It forms floating
mats that shade and crowd out native
plants, reduce oxygen, and degrade water
quality.

After the 1998 discovery, the N.C.
Department of Agriculture and Consumer
Services’ Plant Protection Division went
to work to help aquatic nursery busi-
nesses rid their stock of the weed, hoping
to prevent its spread to natural waters.
NCDACS is authorized by the Aquatic
Weed Control Act of 1991 to regulate the
importation, sales, use, culture, collec-
tion, transportation, and distribution of
noxious aquatic weeds.

However in the fall of 2000, giant
salvinia was found in golf course water
hazards in Brunswick and New Hanover
counties, in a private pond in Onslow
County, and in a 15-acre cypress swamp
system in Pender County. There was
concern that flooding from Hurricane
Floyd might have washed the weed from
the Pender County site into the nearby
Northeast Cape Fear River. However,
surveys of the area detected no new
infestations.

In April 2001, Commissioner of
Agriculture Meg Scott Phipps requested
that the Department of Environment and
Natural Resources give increased
attention to giant salvinia. DENR’s
Division of Water Resources (DWR) is
given responsibility under the Aquatic
Weed Control Act for controlling and
eradicating noxious weeds.

That year the fight against giant
salvinia entered  a new phase, with both
manual and chemical treatments being
employed in an effort to eradicate the
weed. The goal is to eliminate the
existing source of the weed by October
2002.
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Studies
“Studies” is a department in the WRRI
News to publish summaries of water
research articles and reports sent to us
by investigators. Entries in this depart-
ment 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 summaries 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.

Study questions
“cookbook”
approach to
stream restoration

In an article published in 2001 in
Environmental Management (Vol 28, No
6), researchers say their analysis of a
failed stream restoration project near
Gilroy, California, raises broad questions
about restoration efforts that seek to
stabilize streams and about prescriptive
methods being used to design restoration
projects across the country.

In “Design and Performance of a
Channel Reconstruction Project in a
Coastal California Gravel-Bed Stream,”
G. Mathias Kondolf, and Matthew W.
Smeltzer of UC-Berkeley and Steven F.
Railsback of Lang, Railsback and
Associates describe their assessment of
what they call a “reconstruction” of a 0.9
km reach of Uvas Creek, California,
undertaken in 1995 and washed out by a
storm with 5-6 year return flows in 1996.

The reach was alluvial with a broad,
unvegetated, unstable sand-and gravel

channel and a slope of 0.17% to 0.3%
typical of unregulated of streams
draining the California Coast Ranges.
Construction of a dam about 12 km
upstream had reduced the magnitude and
frequency of floods historically experi-
enced in the reach, and groundwater
pumping for irrigation had reduced the
seasonally low summer and fall
baseflow. As a result, riparian and
aquatic habitat was poor, and dry
streambeds and the dam impeded fish
(steelhead trout) passage to perennial
reaches upstream. Instream gravel mines
in and upstream of the reach had
disturbed the natural stream channel,
causing it to become more narrow and
incised.

In 1995, the reach was reconstructed
as a sinuous, meandering channel with a
bed 0.5 m lower than the current bed.
Project objectives were stated as “to
restore stability and habitat to the
channel” and to “to improve steelhead
migration.” The design was based on the
belief that the natural channel was a C4,
described in Rosgen (Applied River
Morphology. 1996. Pagosa Springs, CO:
Wildland Hydrology.) as “a slightly
entrenched, meandering, gravel-domi-
nated, riffle-pool channel with a well-
developed floodplain.” The plan used
bankfull discharge of 12.6 cubic meters
per second, identifying it as the flow
with a return period of 1.25 years, close
to the 1.5 years prescribed by Rosgen as
the channel-forming discharge. The plan
called for regular meanders with the
wavelength of 235 m and amplitude of
84 m and for revetments on the outside
of meander bends.

In February 1996, storm flow of 140
cubic meters per second caused Uvas
Creek to abandon the reconstructed
channel. The creek adopted its own
course through the constructed flood-
plain, depositing sediments throughout
the reach and burying revetments at the
third meander bend.

In their assessment of the project,
the authors reviewed plan documents
and found that no historical geomorpho-
logical analysis had been undertaken to
determine a restoration goal. The authors

found and analyzed maps of the stream
reach dating back to 1876 and aerial
photography dating back to 1939. They
also did field surveys of the reach and
compared their findings to surveys done
by the U.S. Army Corps of Engineers in
1984 and just before the reconstruction
project in 1995. Their research showed
that in 1939, Uvas Creek was a broad,
unvegetated, braided channel between
well-defined escarpments and that over a
nearly 20-year period, while the domi-
nant channel changed location within the
active channel zone, the braided form
and width of the active channel remained
similar. They also found that gravel
mining had reworked the active channel,
causing it to spread out as shallow flow
over the bed of the disturbed, un-
vegetated active channel.

When the investigators compared the
reconstructed channel to the channel
planform mapped from sequential aerial
photographs dating to 1939, they found
the design meanders “starkly inconsis-
tent” with the historical planform. After
the storm of 1996, Uvas Creek, left to its
own devices, returned to a mostly
braided form. The investigators say that
sand and gravel streams in this region
respond to episodic high flows and
drought by constant channel adjustment,
and that the idea that the stream could be
stabilized by bulldozing certain dimen-
sions dictated by a classification system
was contrary to “real geomorphology.”
They describe several other reconstruc-
tion projects in California in which
meandering C4 channels washed out and
returned to pre-project conditions—the
result, they say, of attempts to impose
inappropriate channel forms.

The Uvas Creek case, say the
investigators, shows the danger of a
prescriptive approach to stream restora-
tion and calls into question several
common assumptions used in designing
restoration projects.

For one thing, it is not always
appropriate or feasible to design for
“stability” of stream banks because
sometimes the stream channel is naturally
mobile even when the form is stable.
Further, say the authors, channel forms
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are not always determined by 1.5 year
return flows, and the idea of channel-
forming discharge is not applicable when
streams have episodic flow regimes.
They say that picking a channel design
from a classification system without
sound analysis of geomorphic processes,
while convenient for the
nongeomorphologist, is not appropriate.
A channel form cannot be imposed, and
if historical analysis or analysis of
current tendencies of the channel does
not indicate a certain desired channel
form, it is not likely that current channel
processes will support the form.

In cases where a channel has been
altered but the watershed processes
(runoff, sediment yield and temporal
patterns) are unchanged, then fluvial
geomorphic processes will restore the
predisturbance channel. High-energy
streams, such as Uvas Creek, will restore
themselves quickly while low energy
streams might need some help with
channel reconstruction. The authors say
that in highly disturbed systems, where
the channel has been altered, and runoff
and sediment load have changed, the
natural channel form and dimensions
suitable for the altered conditions will
have to be predicted. In such cases, the
classification-bankfull approach could
help provide insights into channel design,
but there is no evidence that this ap-
proach was useful in California stream
restorations projects such as Uvas Creek.
G. Mathias Kondolf
(kondolf@uclink.berkeley.edu) and
Matthew W. Smeltzer are associated with
the Department of Landscape Architec-
ture and Environmental Planning at the
University of California, Berkeley,
94720-2000. Steven F. Railsback is
associated with Lang, Railsback and
Associates, 250 California Avenue,
Arcata, CA 95521. Environmental
Management is a refereed journal
published by Springer-Verlag New York.
The journal is online at http://
link.springer-ny.com/link/service/
journals/00267/index.htm, but, of course,
subscription is required.

Study suggests
benthic organisms
prefer sewage
A study recently reported in Ecological
Applications (Vol 12 No 2) suggests that
benthic organisms preferentially assimi-
late carbon and nitrogen of sewage
origin.  In “Quantifying Assimilation of
Sewage-Derived Organic Matter by
Riverine Benthos,” Adrian M.H.
deBruyn and Joseph B. Rasmussen of
McGill University, Montreal say that
using stable isotopes of carbon and
nitrogen, they detected the influence of a
nearby primary sewage treatment plant
on the benthic food web in the St.
Lawrence River.  They say that even
though the wastewater concentration was
low and there was no accumulated
sediment, more than 60% of the carbon
and nitrogen in benthic organisms near
the outfall came from sewage, suggesting
preferential assimilation. Such preferen-
tial assimilation exposes benthic organ-
isms to high levels of contamination and
may be an important source of contami-
nants to higher trophic levels.
The authors are faculty of the Depart-
ment of Biology, McGill University, 1205
Dr. Penfield Ave., Montreal, Quebec,
Canada H3A 1B1. Ecological Applica-
tions is a refereed journal published by
the Ecological Society of America. It is
online at http://www.esajournals.org/.
Abstracts are free, full text requires a
subscription.

Study says large
centralized
wastewater
systems deplete
groundwater,
cause ecological
harm to rivers
Results of a study published in the
February 2002 issue of Water Environ-
ment and Technology say that collection

systems associated with large centralized
wastewater systems can cause severe
ecological harm to rivers.

The Charles River Watershed
Association, which serves the greater
Boston area, launched an analysis of the
Charles River and its watershed, includ-
ing its engineered systems,  in 1994 to
understand how the watershed works.
The association did wet and dry weather
sampling, examined water chemistry,
biology, hydrology, chemistry, geology,
and land use and performed computer
modeling and mapping.

Among the findings of the study was
that the 43-community urban wastewater
collection system was dewatering the
region it served. Sixty percent of the 380
MGD of wastewater treated at the Deer
Island Treatment Works was found to
come from groundwater infiltration into
the collection system or from wet
weather inflow into storm sewers, which
might have replenished groundwater.
Intercepted infiltration from the 43
communities served by the collection
system represents one-third the combined
annual flow of the Charles, Fore, Mystic,
and Neponset rivers, all tributaries to
Boston Harbor. In that watershed 60-
65% of instream flow typically comes
from groundwater recharge.

According to the report, regional
centralized wastewater treatment makes
it more likely that communities that
depend on groundwater will see increas-
ingly severe water shortages even in wet
years.  But, it says that long before
drinking water wells are affected, the
ecological damage to rivers becomes
evident in reduced habitat, increased
water temperatures, concentration of
pollutants, and rapid weed growth.
“Goodbye to tea in Boston?” was
written by Robert Zimmerman Jr.,
Executive Director of the Charles River
Watershed Association. Water Environ-
ment and Technology is published by the
Water Environment Federation. Table of
contents of the current issue is online at
http://www.wef.org/Periodicals/
WaterEnvTech/2002/
February02TOC.jhtml, but full text
access requires subscription.



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

                        Jan                        Jan                        Jan                        Jan                        Januaruaruaruaruaryyyyy            Februar           Februar           Februar           Februar           Februaryyyyy
Rainfall (+/- aRainfall (+/- aRainfall (+/- aRainfall (+/- aRainfall (+/- averaveraveraveraveraggggge)e)e)e)e)
Asheville     3.64” (-0.42”)          1.30” (-2.53”)
Charlotte     4.69” (+0.69”)          1.53” (-2.02”)
Elizabeth City     5.27” (+0.69”)          1.90” (-1.20”)
Greensboro     4.47” (+0.93”)          1.05” (-2.05”)
Raleigh                    5.97” (+1.95”)          1.27” (-2.20”)
Wilmington                    1.82” (-2.70”)          1.90” (-1.20”)

StreamfloStreamfloStreamfloStreamfloStreamflowwwww        Jan       Jan       Jan       Jan       Januaruaruaruaruaryyyyy             Februar            Februar            Februar            Februar            Februaryyyyy
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)         384  (86%)             230 (56%)
Oconaluftee River at Birdtown (Swain, Tenn)         633  (84%)             399 (50%)
French Broad River at Asheville (Buncombe, FB)      1,547  (64%)          1,312 (50%)
South Fork New near Jefferson (Ashe, New)         292  (62%)             215 (41%)
Elk Creek at Elkville (Wilkes, Yadkin/Pee-Dee)        49.7  (53%)            48.8 (43%)
Fisher River near Copeland (Surry, Yadkin/Pee-Dee)           102 (53%)                           91.8 (44%)
South Yadkin River near Mocksville (Rowan, Yadkin/PD)       207 (47%)             145 (29%) Rcd Mnth Low

Rocky River near Norwood (Stanly, Yadkin/Pee-Dee)       1,212 (42%)             666 (23%)
Deep River near Moncure (Lee, Cape Fear)                       1,690 (63%)             540 (19%)
Black River near Tomahawk (Sampson, Cape Fear)          828 (73%)             791 (65%)
Trent River near Trenton (Jones, Neuse)         51.6 (16%)            90.2 (30%)
Lumber River near Boardman (Robeson, Lumber)          637 (31%)          1,100 (48%)
Little Fishing Creek near White Oak (Halifax, Pamlico)         138 (52%)            79.3 (26%) Rcd Mnth Low

Potecasi Creek near Union (Hertford, Chowan)          208 (51%)                    87.9 (17%)

GrGrGrGrGroundoundoundoundoundwaterwaterwaterwaterwater
IndeIndeIndeIndeIndex wellx wellx wellx wellx well JanJanJanJanJanuaruaruaruaruary depthy depthy depthy depthy depth FebruarFebruarFebruarFebruarFebruary depthy depthy depthy depthy 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)   38.31 (-5.55)                      36.98 (-5.19)
Mocksville (Piedmont)   21.38 (-4.83) Rcrd Mnth Low      21.41 (-5.34) Rcd Mnth Low

Simpson (Coastal Plain)     3.12 (-0.02)       3.84 (-0.83)

Source: U.S. Geological Survey’s Water Resources Conditions in North Carolina http://nc.water.usgs.gov/monthly/
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Publications
� The North Carolina State University
Cooperative Extension Service has
recently published a number of new
publications related to water quality and
turf grass management:

❍ Water Quality for Golf Course
Superintendents and Professional Turf
Managers

❍ Water Quality and Turfgrass Area
Management

❍ Water Quality and Home Lawn Care
❍ Water Quality and Commercial Lawn

Care

Prepared by turfgrass specialists, Dr. Art
Bruneau and Dr. Charles Peacock, the
publications are available in pdf format at
web address: http://
www.turffiles.ncsu.edu/publist.php#6.

� The Center for Marine Science at
UNC-Wilmington has recently published
Environmental Quality of Wilmington

Rain falls,
drought
worsens
N.C. Department of Environment and
Natural Resources news release

In late March the drought in North
Carolina worsened, as the western
Piedmont moved from severe into
extreme drought—one step away from
the worst category, according to the U.S.
Drought Monitor. The majority of the
rest of the state remains in a severe
drought.

While rain across the state gave the
perception that drought conditions have
improved, the Water Sources Task Force
on March 21 heard reports that three
months of twice the normal rainfall
would be needed to approach an end to
the drought. Normal rainfall would help
communities avoid a water crisis, but
would not improve the situation.

Rainfall was below normal for
February, and meteorologists expect
March to also end with below normal
levels.

North Carolina is in its fourth year
of drought conditions, so groundwater
and lakes have not been able to refill
during wet seasons. Rainfall this winter
could be one of the three lowest of
record. Population and industrial growth
have increased demands on water
systems, making the situation more
critical.

As the demand for water increases
during the spring and summer, the
magnitude of the drought effects will
increase. The task force is asking water
systems to improve their understanding
of drought and the factors that influence
their vulnerability to extended periods of
water shortage. A water shortage
response plan can help reduce the effect
of a drought on most water systems.

Several water systems remain under
mandatory water conservation measures,
including the towns of Concord, Landis,
Kannapolis and China Grove. Many
other systems are operating under
voluntary conservation.
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Following are the currently scheduled research seminars for 2001-2002. Titles of some
presentations may change. 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.

April 23, 2002
Archdale GFHR

Dr. Lawrence E. Band and
Dr. Aaron Moody, UNC-Chapel Hill

Tracking Drought Impact on Managed
and Unmanaged Ecosystems of NC

People

WRRI seminarWRRI seminarWRRI seminarWRRI seminarWRRI seminar
announcements bannouncements bannouncements bannouncements bannouncements by Uy Uy Uy Uy U.S..S..S..S..S. mail mail mail mail mail

will be eliminated.will be eliminated.will be eliminated.will be eliminated.will be eliminated.

In an effort to cut costs, WRRI will no
longer mail announcement post cards for
Water Resources Research Seminars.

You can receive Seminar announcements
and follow up reminders via the WRRI-
News list serve. This list serve is also used
to announce posting of the WRRI News to
our website and to announce conferences,
workshops and other water-related
information. To subscribe to the WRRI-
News list serve, send an email message to
mj2@lists.ncsu.edu. In the subject line put
nothing. In the body of the message say
only: subscribe WRRI-News.

In addition the Water Resources Research
Seminar schedule is posted on our
website:
http://www2.ncsu.edu/ncsu/CIL/WRRI
(Click on WRRI and You)

Anyone who does not have access to the
web or to email and who wants to continue
to receive postcard announcements of
Water Resources Research Seminars may
send us a request along with name and
address. See the address in the masthead
on page 2.

Dr. Philip C. Singer has been selected
as the first Daniel A. Okun distinguished
professor of environmental engineering
in the Department of Environmental
Sciences and Engineering at the UNC-
Chapel Hill School of Public Health. An
internationally recognized scholar, Singer
specializes in drinking water quality and
is director of the School of Public
Health’s Drinking Water Research
Center. The professorship honors the
work and contributions of Dr. Daniel
Okun, UNC-CH Kenan Professor
Emeritus.

J. Todd Kennedy has joined the N.C.
Division of Water Quality’s Planning
Branch coordinating implementation of
the N.C. Environmental Policy Act. He
formerly worked with the N.C. Division
of Soil and Water Conservation and more
recently completed limnological research
at UNC-Chapel Hill studying phy-
toplankton primary production in the
Cape Fear River.

Richard Rogers, formerly Director of
Legislative and Intergovernmental
Affairs for the N.C. Department of
Environment and Natural Resources, has
been promoted to Director of Conserva-
tion and Community Affairs. In this role
he will oversee department-wide initia-
tives in land and water conservation.

Laura DeVivo has replaced Richard
Rogers as Director of Legislative and
Intergovernmental Affairs for the N.C.
Department of Environment and Natural
Resources.

and New Hanover County Watersheds
2000-2001. The report presents results of
water quality monitoring in 13 water-
sheds of tidal creeks and city streams  in
New Hanover County. In their report on
the Greenfield Lake watershed, the
authors describe a large regional wet
detention pond which they say was very
effective in reducing pollutant loads to
the lake and might serve as a model for
large pond design. For the report, contact
Dr. Michael A. Mallin at UNC-
Wilmington (mallinm@uncwil.edu).

EPA has recently made available a new
technical handbook, Frequently Asked
Questions about Atmospheric Deposi-
tion: A Handbook for Watershed Manag-
ers (EPA-453/R-01-009, September

2001). The handbook discusses air
deposition and sources, how its signifi-
cance can be assessed through existing
information, monitoring and modeling,
and how the information can be used in a
management strategy. It is available at
web address: http://www.epa.gov/oar/
oaqps/gr8water/.

May 28, 2002
1132 Jordan

Dr. P.V. Sundareshwar, Nicholas School
of the Environment, Duke University

Role of Sediment Processes in
Regulating Water Quality

of the Cape Fear River
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WWWWWAAAAATER RESOURCES RESEARCH INSTITUTETER RESOURCES RESEARCH INSTITUTETER RESOURCES RESEARCH INSTITUTETER RESOURCES RESEARCH INSTITUTETER RESOURCES RESEARCH INSTITUTE
OF  OF  OF  OF  OF  THE UNIVERSITY OF NORTHE UNIVERSITY OF NORTHE UNIVERSITY OF NORTHE UNIVERSITY OF NORTHE UNIVERSITY OF NORTH CTH CTH CTH CTH CARARARARAROLINAOLINAOLINAOLINAOLINA

BOX 7912
NORTH CAROLINA STATE UNIVERSITY
RALEIGH NC 27695-7912

ADDRESS SERVICE REQUESTED

PRINTED MAPRINTED MAPRINTED MAPRINTED MAPRINTED MATTERTTERTTERTTERTTER

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

PPPPPAIDAIDAIDAIDAID
RALEIGH NCRALEIGH NCRALEIGH NCRALEIGH NCRALEIGH NC

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

2001 - 2002 Lunc2001 - 2002 Lunc2001 - 2002 Lunc2001 - 2002 Lunc2001 - 2002 Luncheon and Forum Scheon and Forum Scheon and Forum Scheon and Forum Scheon and Forum Schedulehedulehedulehedulehedule

        April 8, 2002      Total Maximum Daily Loads (TMDLs)
        September 16, 2002     Drought

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

For information about NCWRA visit the website: http://bae00du.bae.ncsu.edu/bae/programs/extension/wqg/ncwra/

December 2, 2002 Air Borne Water Pollutants
February 2003 Geographic Information

Systems
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