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SURVEY REVEALS WIDESPREAD LACK OF DROUGHT MANAGEMENT PLANNING 

According to Environment 
Reporter, when barge traffic came 
almost to a halt during the drought 
of 1988, governors in some 
affected states asked that the Army 
Crops of Engineers release more 
water from the Great Lakes to ease 
river traffic problems, but Great 
Lakes governors resisted the 
suggestion, and the federal 
government puzzled over who had 
the authority to make such a 
decision. Fragmentation of water 
responsibility among 18 federal 
agencies has meant that no 
coherent federal policy exists on 
water allocation even under 
emergency conditions. 

Some expert observers say 
the situation is not much better at 
the state level. Currently only 15 
states have established drought 
plans with another 1 0 or so under 
development, according to a May 
1989 article by Donald A. Whilhite 
of the International Drought 
Information Center at the University 
of Nebraska-Lincoln. 

The drought of 1988 has 
evinced the need for water policy 
development at all levels of 
government, including locally. A 
recent study by Dr. David H. 
Moreau, director of the Water 
Resources Research Institute, 
indicates that at the local level, 
where first-line response to drought 

conditions must be taken, policy 
development is somewhat more 
advanced than at federal and state 
levels but is still is not universal 
and often suffers from lack of 
quantitative methods for making 
decisions about conservation and 
supply augmentation. 

In a study supported by the 
U.S. Geological Survey and 
reported in a paper presented at 
the American Water Works 
Association Annual conference in 
June Moreau surveyed water 
utilities nationwide to learn how the 
drought of 1988 affected them, how 
they responded to the drought, and 
what kind of written policies, if any, 
guided their response. 
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Questionnaires were sent to 
501 utilities who are (a) members 
of the American Water Works 
Association, and (b) who serve 
10,000 or more connections. A total 
of 408 (81.4 percent) utilities 
responded. Respondents were 
distributed throughout the country. 

Among the questions asked 
were the following: 

* Did you ask your customers 
to reduce water use during 1988? 
If so, was conservation voluntary? 
Or, did your local government 
impose mandatory water use 
restrictions? 

* What is your best estimate 
of the reduction in normal daily 
demand achieved by conservation 
(0-10%; 10-20%; 20-30%, or more 
than 30%.) 

* Did you have an ordinance 
or other written policy for operating 
your water supply under drought 
conditions before the 1988 
drought? 

* Do you have in addition to 
your ordinance or written policy, a 
technical report, computer program, 
or other source of quantitative 
information that you use in 
deciding when to initiate the 
sequence of actions that is stated 
in your policy or conservation plan? 

* If you took actions to 
mitigate effects of the drought, do 
you now think that those actions 
were (1) not stringent enough, (2) 
just about right, or (2) too 
stringent? 

HaH of the 408 respondents 
were sufficiently affected by the 
drought to request that customers 
conserve water. Of those, 63 
percent requested voluntary 
conservation. Thirty-seven percent 
imposed mandatory conservation. 

Slightly less than half (49.6 
percent) of all respondents had 
written policies for dealing with 
drought before the drought of 1988 
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hit. Fifty-eight percent of the utilities 
that were affected sufficiently by 
the drought to request or require 
conservation had written drought 
policies. 

Analysis of the responses 
reveals that the existence of a 
drought policy was strongly related 
to the estimated impact of 
conservation efforts. Conservation 
of 10 percent or less was reported 
by 7 4 percent of the utilities without 
written policies. Conservation of 1 0 
percent to 20 percent was reported 
by 20 percent of the utilities without 
written policies. Only six percent of 
the utilities without written policies 
reported conservation above 20 
percent. 

On the other hand, a much 
lower percentage of utilities with 
written policies (54) reported 
conservation in the lowest range of 
0-1 0 percent, and a much higher 
percentage (19) placed their 
reductions in excess of 20 percent. 

Using mid-range values, the 
weighted average effect of 
conservation without a policy was 
a reduction of 7.4 percent. With a 
policy, it was 10.7 percent, a 43 
percent increase over the effect 
without a policy. 

Only a few of the responding 
utilities reported having a technical 
report, computer program, or other 
quantitative method to aid the 
process of deciding when to 
implement drought policies. Very 
large utilities (100 MGD) are more 
likely to have a decision support 
mechanism than are smaller 
utilities. 

Managers of utilities that had 
decision support systems were 
more likely to be satisfied with the 
drought management decisions 
they had made, whether they used 
voluntary .or mandatory 
conservation. Among managers 
who had imposed mandatory 
conservation, those with decision 
support systems expressed 
satisfaction with their decisions 
more often than those who had no 
such support mechanism. 

According to Moreau, some 
survey findings were unexpected: 
•Although the news media correctly 
portrayed the drought of 1988 as 
being very serious in some regions, 
the fact that one-half of all urban 
water utilities responding called for 
conservation revealed very 
widespread impacts. Also revealing 
is the fact that groundwater 
supplies, often regarded as less 
susceptible to drought, were m·ore 
frequently affected than surface 
supplies.• 

The conclusion suggested by 
the survey is that there is 
considerable room for improving 
the state of preparedness of water 
utilities to deal with the effects of 
drought. The fact that only one-half 
of the utilities responding had 
written policies at the start of 1988 
indicates a widespread lack of 
commitment to an effective short
term conservation program. 

Using its new Global Positioning Equipment, 
the Geodetic Survey Section of the N.C. 
Division of Land Resources has determined 
that the center of North Carolina Is located 
about two miles northeast of Star. 
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OWASA RE 
PATENT FOR 
PHOSPHORUS/NITROGEN 
REMOVAL PROCESS 

A biological process 
developed by the Orange Water 
and Sewer Authority for removing 
phosphorus and nitrogen from 
wastewater has been granted a 
u.s. patent and will be available 
for use by other communities . 

The process, developed by 
OWASA Plants Manager Ronald 
Williamson, will remove phosphorus 
in plants using trickling filters 
better than any known biological 
process. Referred to as a •nutrified 
sludge• process, it features a side
stream arrangement through which 
the wastewater -treating bacteria 
are subjected to an anaerobic 
environment resulting in the 
removal ·of phosphorus from the 
wastewater. This side stream 
process can effectively remove 
phosphorus from wastewater which 
has already been subjected to 
other processes such as upstream 
trickling filter treatment for removal 
of oxygen depleting pollutants. 

ESTUARINE STUDY 
PROGRAM CALLS FOR 
RESEARCH PROPOSALS 

The North Carolina 
Department of Environment. Health, 
and Natural Resources (DEHNR) 
and the Environmental Protection 
Agency (EPA) announced on 
November 22, 1989, the fourth-year 
Call for Proposals for information 
needs and public involvement by 
the Albemarle-Pamlico Estuarine 
Study. The study is a five-year 
interagency effort leading to a 
comprehensive conservation 
management plan for a large 
portion of coastal North Carolina. 

Available funds for acquiring 
the needed information and public 

participation projects this year are 
expected to be approximately $1.2 
million. Funds come from a 25/75 
percent cost-share split between 
DEHNR and EPA. 

The deadline for receipt of 
proposals by the Albemarle-Pamlico 
Estuarine Study office is 5 pm, 
January 12, 1989. No proposal will 
be accepted after this cut-off date. 

For further information about 
the Call for Proposals, please 
contact Dr. Robert E. Aolman, 
DE H N R/ A I bema r I e-Pa m I i co 
Estuarine Study, P.O. Box 27687, 
Raleigh, NC 27611. The Albemarle
Pamlico Estuarine Study program 
is now located on the fourth floor, 
room 4037 of the Cooper Building 
at 225 North McDowell Street. 
Phone: (919) 733-0314. 

WORKSHOP WILL 
INTRODUCE 
NEW SEDIMENT AND 
EROSION 
CONTROL RULES 

A workshop will be held 
January 29 and 30, 1990, at the 
NCSU McKimmon Center in Raleigh 
to acquaint professionals who 
develop sediment and erosion 
control plans with new state and 
local regulations. 

The workshop is being 
sponsored by the Sedimentation 
Control Commission, the Land 
Quality Section of the N.C. Division 
of Land Resources, and the UNC 
Water Resources Research 
Institute. 

Further details and registration 
information will be available in late 
November from WRRI. Call Eva 
Tew or Linda Lambert at (919) 737-
2815. 

It takes the same energy to make one 
aluminum can from raw materials as it does 
to make 20 cans from recycled aluminum. 
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AG CO HARE 
EXPANDED STATEWIDE 

The 1989 North Carolina 
General Assembly has 
appropriated an additional $3 
million over the next two years to 
extend the Agricultural Cost Share 
Program to all 1 oo North Carolina 
counties. Administered by the N.C. 
Soil and Water Conservation 
Commission, the program pays 75 
percent (up to $15,000) of the 
average cost for approved Best 
Management Practices (BMPs) for 
reducing sediments, nutrients, 
animal wastes, and pesticides 
entering surface waters of the state 
from agricultural fields and animal 
feed lots. It also provides each 
county a 50:50 cost share to hire 
technical personnel to help farmers 
plan and install the BMP's. 

Originated in 1984 in 16 
nutrient-sensitive counties, the 
Agricultural Cost Share Program 
has been expanded each year by 
the General Assembly. It receives 
strong support from the 1 00 
county commissions and the 94 
Soil and Water Conservation 
Districts in North Carolina. In 
addition, it has been praised by 
the U.S. EPA as a model of 
success and has been called a 
abargain for North Carolina• by the 
Pamlico-Tar River Foundation. 

In the first five years of the 
program, 7,061 North Carolina 
landowners installed BMPs on 
516,010 acres. 

In London and several other UK cities 
groundwater levels are moving back to their 
pre-industrial revolution position, which in 
places ·is very close to the surface. 
Significant parts of London are natural 
marshes. Groundwater levels are rising 
because changed industrial practices and 
better water supply systems have led to 
reduced withdrawals from groundwater 
aquifers. London and at least three other 
cities face massive bills for flooding and 
damage to buildings unless action is taken 
to stem rising levels. 
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DIVISION OF ENVIRONMENTAL MANAGEMENT RELEASES 1988 LAKES MONITORING REPORT 

The N.C. Department of 
Environmental Management has 
released the 1988 N.C. Lakes 
Monitoring Report, which integrates 
information on lakes from several 
state agencies, including the 
Ambient Lakes Monitoring program. 

There are nearly 1 ,500 lakes 
of 1 o acres or more in North 
Carolina More than 100 are 100 
acres or larger and are accessible 
to the public. Eighty-three lakes in 

the state supply water for industrial 
or municipal use. More than 50 of 
these serve as public drinking 
water supply sources. According to 
the report, only 15 of the lakes 
which serve as public drinking 
water supply sources have been 
monitored since 1981. 

The 1988 N.C. Lakes 
Monitoring Report covers 55 lakes 
sampled from 1983 to 1987, 
including 28 lakes classified for 

water supply. Following is a table 
summarizing information from the 
1988 monitoring report on nine 
lakes covered by the report which 
are either active or auxiliary public 
drinking water supply sources or 
which will serve as drinking water 
sources in the future. DEM's goals 
are to monitor all significant lakes 
by 1990 and to monitor each once 
every fiVe years. 
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ACTlVE PUBUC DRINKING WATER LAKES MONrTORED BETWEEN 1983 AND 1987 

Counties Lake/Reaervoir Use Trophic Stat.el Use Comments 
Classification N.C. TSI Concfdion 

Rockingham Reidsville Lake WS Ill Water Mesotrophic (0.1) auxiliary source, biological 
Supply/Recreation monitoring warranted due to 

copper and weeds, TSI up from 
1982 

Alamance Burlington WS Ill Water Mesotrophic (0.0) fully supporting auxiliary water supply, 
Reservoir Supply/Recreation TSI similar to 1982 

Chatham Pittsboro Lake WS Ill Water Eutrophic (2. 7) fully supporting TSI down from 1984, but potential 
Supply/Recreation for water quality problems 

remains, monitoring warranted, 
auxiliary source 

Chatham B. Everett Jordan portions, WS Ill Eutrophic (3.9) threatened NSW, state standard for 
Reservoir Water Supply/ manganese exceeded at all 

recreation stations on New Hope arm, 
TSI similar to 1983, many 
allocation requests pending but 
not currently used as 
drinking water source 

Gaston/ Mountain Island WS Ill, Water Mesotrophlc fully supporting owned by Duke Power, used 
Mecklenburg Lake Supply/Recreation (-1.8) for power generation & City of 

Charlotte water, relatively high 
water quality being maintained 

Durham/Granville Falls of the Neuse WS Ill Water Hypereutrophlc presently primary water supply for City 
Reservoir Supply/Recreation (4.7) supporting of Raleigh, Nutrient Sensitive 

Waters, one of most eutrophic 
reservoirs in N.C., withdrawals 
increasing. wastewater discharge 
requests Increasing, development 
in watershed causing concerns 

Forsyth Salem Lake WS Ill Water Eutrophic threatened provides 42% of Winston-Salem's 
Supply/Recreation (0.7) water needs, watershed 

experiencing rapid development, 
monitoring warranted 

Davidson Lake Tom-A-Lex WS Ill Water Eutrophic fully supporting water supply for cities of 
Supply/Recreation (1.9) Thomasville and Lexington, 

potential water quality problems, 
monitoring warranted 

Richmond Hamlet City Lake WS Ill Water Eutrophic partially 90% of lake infested with aquatic 
Supply (-0.5) supporting plants, nominated for restoration 

funding through USCOE Civil 
Works Program 

Abbreviations and key terms: 

NSW: Nutrient Sensitive Waters indicates regulation of inputs of nutrients Into the lake's watershed 

TSI: Trophic State Index is the measure of biological productivity as Indicated by nutrients, algae density, and clarity of a body of water. 

N.C. TSI 

less than - 2.0 
-2.0 to 0.0 
0.0 to 5.0 
greater than 5.0 

CLASSIFICATION• WATER QUALITY INDICATIONS 

oligotrophic 
mesotrophic 
eutrophic 
hypereutrophic 

high water quality 
no signs of water quality problems 
potential for water quality problems or symptoms of problems 
symptoms of water quality problems such as algal blooms fish kills 

* Macrophyte growth and field observations also Influence trophic state designation, particularly when TSJ is borderline 
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DRAFT AT 
SAYS PROBLEMS IN 
FLOODPLAIN 
DEVELOPMENTS 
WILL GET WORSE 
WITHOUT STRONGER 
REGULATIONS 

In a draft report prepared for 
the N.C. Division of Water 
Resources, a Duke University 
Fellow says that unless local 
regulations are strengthened, 
residential areas with serious 
flooding problems will continue to 
be developed in floodplains of 
dam-controlled rivers in Piedmont 
North Carolina. 

The draft report, "Problems 
with Development on Controlled 
Floodplains in Piedmont North 
Carolina: Upper Neuse River Below 
Falls Reservoir,• was prepared by 
Preston C. Manning in cooperation 
with the City of Raleigh, Wake 
County, and the N.C. Division of 
Water Resources. It is based on a 
case study of residential 
developments in eastern Wake 
County. 

According to the report, 
establishment of the National Flood 
Insurance Program in 1968 forced 
local governments who wanted to 
participate in the program to adopt 
minimum regulations for 
development in floodplain areas. 
However, by insuring against loss, 
the program also provided 
incentive for lending institutions to 
lend money for floodplain 
development. In many places, 
particularly fast-growing urban 
areas like Wake County, the 
availability of flood insurance 
together with the demand for land 
has resulted in growing numbers 
of residential developments being 
built in floodplains. 

Minimum federal regulations 
are aimed at preventing property 
loss and generally require only that 
the bottom floor of homes be one 
foot above the 1 00-year flood 

elevation and that utilities be sealed 
or flood -proofed. Federal 
regulations do not address roads, 
and unless local governments add 
requirements for road elevation, 
roads may be inundated and 
homes may be virtually inaccessible 
during flood periods. Local 
governments rarely adopt 
regulations stricter than the federal 
requirements. 

The case study of Foxcroft and 
River Bend Plantations subdivisions 
in eastern Wake County indicate 
that what would be nuisance 
flooding in floodplain developments 
along uncontrolled rivers is more 
serious when flood-control dams 
are present upstream. Foxcroft was 
built partially in the Neuse River 
floodplain and occupied in 1972. 
Some residents experienced 
backyard and patio flooding, but 
the problems were not serious, the 
flood waters usually receded 
quickly, and residents felt problems 
were offset by the benefits of living 
near the river. In 1983, Falls of the 
Neuse Dam went into full operation. 
During periods of heavy rain, the 
Corps of Engineers retains water 
in the dam to prevent flooding at 
Clayton and Smithfield. Later the 
flood waters are released gradually, 
but the flow rate may be sufficient 
to inundate the floodplain and keep 
it flooded for several days. Foxcroft 
residents see the controlled 
flooding as arbitrary and 
unnecessarily damaging to their 
property. 

River Bend Plantation was 
developed upstream from Foxcroft 
in a large portion of the Neuse 
floodplain and the floodplain of 
Beaverdam Creek after Falls of the 
Neuse Dam became operational. 
Here during flood releases from 
Falls Lake, a considerable portion 
of the roadways are underwater for 
an extended period of time, making 
property virtually inaccessible. 

Both Foxcroft and River Bend 
Plantation comply with all the 
applicable ordinances, but the 
residents still have flooding 
problems. The Corps of Engineers 
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provides flood level profiles for the 
floodplain below Falls Lake, but 
development still takes place in 
areas that will be substantially 
affected. 

The report concludes that 
since development in floodplains is 
probably going to continue, 
regulations need to be changed to 
address access to property. 
Roadways, crossings, and parallels 
should be required to be raised to 
a height at which the standard car 
will not be stranded in the event of 
a 1 00-year flood. The author 
anticipates resistance from 
development interests to even this 
minor change in regulations. It is 
up to local governments to decide 
whether they will protect the 
development interests or the public, 
he concludes. 

In addition, the author 
suggests that the buying public as 
well as lending institutions should 
be educated about the effects of 
flood storage facilities and the 
disadvantages of owning property 
in a floodplain development. He 
also points out that developments 
in floodplains may destroy 
important riparian wetlands and 
that in some cases Section 404 
regulations which govern use of 
wetlands are not being enforced. 

NCSU FACULTY 
MEMBERS APPOINTED 
TO ENVIRONMENTAL 
COMMISSIONS 

Dr. Arthur D. Cooper, head of 
the NCSU Department of Forestry, 
has been appointed by Lt. Gov. 
James C. Gardner to a two-year 
term on the Environmental 
Management Commission. Cooper 
previously served 13 years on the 
Coastal Resources Commission. 

Dr. David A. Adams, faculty 
member in the NCSU Department 
of Forestry and the University 
Studies program, was appointed to 
fill Cooper's unexpired term on the 
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Coastal Resources Commission 
and will serve through June 1992. 

PROCEEDINGS OF 
WORKSHOP 
ON MANAGEMENT 
OF AQUATIC WEEDS 
AND MOSQUITOES IN 
IMPOUNDMENTS 
IS AVAILABLE 

Proceedings of Workshop on 
Management of Aquatic Weeds and 
Mosquitoes in Impoundments (WRRI 
Report #247, 147 page~ is 
available from WRRI. The 
workshop, held in March 1989 in 
Charlotte, was sponsored by the 
NCSU Departments of Crop 
Science and Entomology, the Water 
Resources Division and the Division 
of Health Services of the N.C. 
Department of Environment, 
Health,and Natural Resources, and 
WRRI. The proceedings were 
edited by Stratford Kay of the 
NCSU Department of Crop Science 
and Charles Apperson of the NCSU 
Department of Entomology. 

Included in the proceedings 
are 20 papers dealing with 
technologies and techniques for 
controlling aquatic weeds and 
mosquitoes. The papers provide an 
overview of the association of 
aquatic plants and mosquito 
production, information on best 
management practices for aquatic 
weeds and mosquitoes in 
impoundments, and management 
case studies. The papers were 
contributed by management 
professionals from a variety of 
federal, state, and local agencies 
and private industry as well as 
research scientists from a number 
of universities. 

Among the topics covered are 
biological controls of aquatic weeds 
and mosquitoes and low-level 
remote sensing of aquatic weeds. 

Single copies are free to 
citizens of North Carolina as long 

as the publication is in print. A 
limited number of copies is 
available from 

Water Resources Research Institute 
Box 7912, NCSU 

Raleigh, NC 27695-7912 
(919) 737-2815. 

GRASS CARP PROVIDE 
RELIABLE CONTROL 
FOR AQUATIC 
VEGETATION 

In a paper presented at the 
Workshop on Management of 
Aquatic Weeds and Mosquitoes in 
Impoundments conducted in 
Charlotte in March, NCSU forestry 
and zoology professor Richard L 
Noble described the use of grass 
carp to control aquatic weeds. 

According to the paper, 
managers of lakes, reservoirs, and 
ponds have experimented with a 
number of exotic fishes in an effort 
to control aquatic weeds but have 
found that only the grass carp is 
a reliable control. Grass carp are 
well adapted to feeding on most 
submergent weeds. They cannot 
be expected to reduce marginal 
emergents such as rushes and 
cattails, floating leaf plants such as 
water lilies, and true floating plants 
such as duckweed, but they can 
control submergent macrophytes 
and some submergent or floating
mat algae. Control _should be 
achieved in less than one year and 
can be expected to continue for 
about ten years. 

Because common carp has 
become widely established in North 
American waterways and often 
proves to be detrimental to other 
fish species, there is concern about 
grass carp. Many states, including 
North Carolina, permit stocking of 
sterile grass carp only. In North 
Carolina, a permit from the N.C. 
Wildlife Resources Commission is 
required before grass carp can be 
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brought and imported (no brood 
stock can be kept in state). 

The stocking recommendation 
for grass carp is 12 to 15 fish, 8 to 
11 inches long, per vegetated acre. 
Stocking should be done during 
the growing season when adequate 
food supplies are available for 
immediate growth to a size 
unsusceptible to predation. Grass 
carp are notorious downstream 
migrants, so a barrier to escape 
over spillways is encouraged or 
sometimes even required. Cost of 
control, if done properly, will 
approach $1 0 per acre of weeds 
per year. 

No direct effects of grass carp 
on native fish populations, such as 
predation, competition, or 
interference with reproduction are 
known to occur. 

The paper is included in 
Proceedings of Workshop on 
Management of Aquatic Weeds and 
Mosquitoes in Impoundments 
reviewed on this page. 

UNC SCHOOL OF PUBLIC 
HEALTH PRESENTS 
SYMPOSIUM ON 
ENVIRONMENTAL 
CHANGE 
AND PUBLIC HEALTH 

In an effort to create 
awareness among public health 
professionals and policy makers 
that environmental and human 
habitat changes over the next 1 o 
to 50 years have significant 
implications for public health, the 
UNC-Chapel Hill School of Public 
Health is sponsoring a symposium, 
Environmental Change and Public 
Health: The Next 50 Years, at the 
Omni Europa Hotel in Chapel Hill, 
January 21 - 24, 1990. 

Distinguished scientists and 
policy analysts from across the 
country will present scientific 
information about expected 
environmental changes over the 
next 1 0 to 50 years; explore the 
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impacts of these changes on public 
hearth; and lead discussions about 
what public policy responses and 
research are needed to sustain and 
promote public hearth under 
changed conditions. 

Registration is limited and 
must be completed by January 12. 
For further information contact 
Annette Parker, Office of Continuing 
Education, UNC School of Public 
Hearth, (919/966-4032). 

WRRI REPORT 
AVAILABLE 

The Water Resources 
Research Institute has recently 
published a report on a research 
project for which it provided 
funding. Free single copies of the 
report are available to federal water 
resource agencies, state water 
resources research institutes, and 
other water research institutions 
with which reciprocal exchange 
agreements have been made. 

Single copies of Institute 
reports are free to public agencies, 
institutions, industries, and private 
citizens of North Carolina as long 
as they are in print. Copies of out
of-print publications are available 
for a $5 reproduction charge ($10 
if billed). Nonresidents of North 
Carolina will be charged a prepaid 
amount of $8 per copy and $10 if 
billed. Reports may be obtained 
from: 

WRRI, Box 7912 
North Carolina State University 

Raleigh, NC 27695-7912 
(919/737 -2815) 

Report No. 248 

Evaluation of Detention ~n 
Performance in the Piedmont 
Region of North Carolina 

by Dr. Jy S. Wu, Department of Civil 
Engineering, University of North Carolina at 
Charlotte 

Wet detention ponds are often 
recommended for removing 
pollutants from urban stormwater 
runoff. Wet detention ponds which 
are properly designed can not only 
reduce pollution of receiving 
streams but can also serve as 
flood control structures and 
sediment settling devices. 
However, the degree of 
contamination of urban runoff is 
highly variable and site specific, 
depending on the characteristics of 
the drainage ·area as well as 
rainfall intensity and duration, and 
information on how well wet 
detention ponds remove pollutants 
from runoff in Piedmont North 
Carolina has been limited. 

This research was undertaken 
to provide a data base for 
examining the performance of wet 
detention ponds in the Piedmont. 
A field monitoring project was 
implemented to collect stormwater 
quantity and quality data from 
three existing urban wet detention 
ponds, not originally designed for 
water quality control, in the City of 
Charlotte. Eleven storm events 
were monitored. Runoff samples 
were analyzed for total suspended 
solids, total and ortho phosphorus, 
total Kjeldahl and ammonia 
nitrogen, and iron, zinc, copper 
and lead. The pollutant removal 
efficiency of each pond was 
computed as the percent 
difference of the total pollutant 
mass entering and leaving the 
detention pond. 

Piedmont wet detention ponds 
were found to be effective in 
removing total suspended solids 
(TSS) from urban runoff. Resurts of 
the investigation reveal that water 
quality benefits of wet detention 
ponds in the Piedmont can be 
correlated to the pond surface 
area:contributing drainage area 
ratio (SA/DA) and is predictable by 
an EPA computer model. North 
Carolina design guidelines 
recommend SAJDA ratios ranging 
from 0.5%-1% and 1.3%-5.7% for 
achieving 62% and 85% removal of 
TSS respectively. In comparison, 
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SA/DA ratios obtained from this 
study are 1% or 4.5% for achieving 
the targeted TSS removals of 62% 
and 85%, respectively. Removal 
efficiencies for other pollutants at 
SAID A ratios of 1%-2% are: iron-
60%; zinc-40%; TKN:-30%; and TP-
45%. 

This investigation also revealed 
that the quality of stormwater runoff 
from the study area is better than 
that reported by the National Urban 
Runoff Program. 

The investigator advises that 
if data on local meteorological and 
hydrological characteristics and soil 
properties are available, the EPA 
model can provide an estimate of 
the long-term efficiency of sediment 
control using wet detention ponds. 
The investigator emphasizes, 
however, that results of this study 
are based on Piedmont watershed 
characteristics and should not be 
applied to other regions without 
consideration of site specific 
information. 

DUKE UNIVERSITY 
NATURAL RESOURCE 
MANAGEMENT SPRING 
1990 COURSES 
ANNOUNCED 

The Duke University School of 
Forestry and Environmental Studies 
has announced its spring 1990 
continuing education courses. For 
registration infonnation contact Julie 
D. Gay at (919) 684-2135. 

Basic Groundwater Hydrology 
Instructor, Ralph C. Heath. January 
29 - February 2. Covers basic 
principles, concepts and methods 
of groundwater hydrology. 

Negotiating and Resolving 
Environmental and Public Policy 
Disputes Instructor, Suzanne 
Orenstein. February 12 - 15. 
Introduction to the basic concepts 
underlying applications · of 
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environmental dispute resolution 
techniques. 

Mathematical Modeling of Lake and 
Reservoir Water Quality Instructors, 
Steve Chapra and Kenneth 
Reckhow. February 26- March 2. 
Emphasizes the practical 
application of mathematical models 
of lake and reservoir water quality. 

Hazardous Waste Management -
The Superfund Program Instructor, 
Gordon M. Davidson. March 26 -
30. Substantive understanding of 
the Superfund toxic site clean-up 
program. Guest lecturers from EPA 
and the private sector. 

ErNironmen1al Law Instructor, Mirton 
Heath. April 16 - 20. Examines 
contemporary law and its common 
law antecedents in the context of 
the American legal system. 

USGS GAGING PROGRAM 
IS 100 YEARS OLD 

Nineteen eighty-nine marks the 
one-hundredth anniversary of the 
start of the USGS program of 
measuring flows in the nation's 
rivers and streams. The program 
began at Embudo, New Mexico, a 
small community on the Rio 
Grande, which was chosen for the 
first gaging station because of 
concern about downstream water 
needs for irrigation and because it 
had rail access. The site has been 
designated by the American 
Society of Civil Engineers as a 
National Historic Civil Engineering 
Landmark. In addition, the USGS 
is working with the National Park 
Service on plans to nominate the 
Embudo Station as a National 
Geological Landmark. 

Over the last one hundred 
years, the USGS has established 
a nationwide network of more than 
50,000 monitoring stations to keep 
tabs on the quality and quantity of 
the nation's surface water and 
groundwater. Water data collected 

by the USGS are available to all 
interested partieS-from decision 
makers at the state, local, and 
federal levels to concerned citizens 
who want to know more about the 
water resources of their home 
areas. 

WRRI MATCHING-GRANTS 
PROPOSALS TO USGS 
TOTAL $1.4 MILLION 

Researchers in North Carolina 
universities have submitted through 
WRRI 12 proposals for U.S. 
Geological Survey matching-grant 
funds totaling more than $1.4 
million. The total federal and 
nonfederal value of the 12 projects 
exceeds $2.9 million. 

According to WRRI Director 
David H. Moreau, only $1.8 million 
is available for matching-grants. 

.,-he fact that this many 
researchers have devoted 
considerable time and effort to 
developing and submitting pro
posals even though the chances 
of success are only about one in 
ten, shows that there is strong 
demand for and interest in water 
resources research in North 
Carolina. It is evidence that this 
state has a very active research 
community in water resources, and 
that is to our credit, • said Moreau. 

•However, the facts that our 
12 proposals request about 80 per
cent of the federal fun_ds available 
for water resources research and 
that there are 51 other state 
institutes submitting proposals also 
shows that there is not enough 
money available to address even 
a modest share of the water 
resources problems identified. • 

In 1988, the last year for which 
figures have been published, 239 
proposals were submitted to the 
USGS matching-grant program 
requesting a total of $24.7 million 
in federal funding. Thirty-eight 
awards totalling $4.4 million were 
made. 

PAGES 

MONTANA 
WATER CENTER 
WATCHES BERKELEY PIT 

Fearing catastrophic 
contamination of local groundwater 
and surface water, officials of the 
Montana Bureau of Mines and the 
Montana University System Water 
Resources Center are keeping a 
close watch on the •Berkeley Pit, • 
a one-quarter mile deep, one-mile 
across abandoned mine near Butte 
that is now filling with groundwater. 

Underground gold mining in 
the Butte Hill began in the 1850s 
and was followed by silver mining 
and finally copper mining. By 1960 
there were 42 miles of vertical 
shafts and 2,400 miles of horizontal 
tunnels underneath the Butte Hill. 
In the early 1960s, underground 
mining was phased out in favor of 
open pit mining, and the •Berkeley 
Pit•-now large enough to hold 300 
buildings the size of the Montana 
state capitol-was born. 

Until1982, groundwater levels 
in the mining zone had been 
depressed by pumping, but when 
mining stopped and the pumps 
were shut off, the water level began 
rising. Water rose 2,000 feet up the 
vertical shafts in less than two 
years, but slowed when the water 
reached the bottom of the pit 
because of the great volume to be 
filled. Nevertheless, the water level 
now stands at 5015 feet, and 
officials are concerned because at 
the 5270-foot elevation is a porous 
alluvium layer which could allow 
lateral movement of mine water into 
local groundwater and surface 
water .. Because the pit water has 
a pH around 3 and a very high 
concentration of minerals and 
metals, officials feel that migration 
of pit water would be a 
catastrophe. 

- The Source, 
MUS Water Resources Center 
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DETERMINING 
FRESHWATER INFLOW 
NEEDED TO SUPPORT 
ESTUARINE FISHERIES 
IS GOAL OF TEXAS 
RESEARCHERS 

A model which can determine 
the minimum freshwater inflows into 
coastal bays and estuaries needed 
to increase the harvest of fish and 
shrimp is being developed by 
researchers at the University of 
Texas (Austin) Center for Research 
in Water Resources. The objective 
is to provide a tool that government 
and industry can use to determine 
optimal reservoir releases for 
managing bays and estuaries. 

Theoretically, the ability to 
control freshwater inflows and 
therefore salinity levels in estuaries 
will allow management for adequate 
habitat for specific species, thus 
maintaining or improvin~ the fishery 
harvest. In addition tc developing 
the model, the researchers intend 
to demonstrate its application in 
the Matagorda Bay system. 

The researchers say that 
because Texas bays are an 
excellent model for similar 
ecosystems elsewhere, the final 
product of the project will be a 
general programming model that 
will be applicable to any bay or 
estuary, provided a suitable 
hydrodynamic model exists. 

- Watermarks, Summer 1989 

POSITIONS AVAILABLE 

The Division of Water Resources of 
the N.C. Department of 
Environment, Health, and Natural 
Resources seeks an environmental 
engineer II to perform water 
resources studies and surveys. 
Prefers three years of professional 
experience in principles and 

practices of water resources 
engineering with focus on 
hydrology, hydraulics, water 
planning and computer modeling. 
Contact Division of Water 
Resources, DEHNR, P.O. Box 
27687, 512 N. Salisbury Street, 
11th Floor, Archdale Building, 
Raleigh, NC 27611. (919) 733-4064. 

The Water Resources Research 
Institute of The University of North 
Carolina seek's an Associate 
Director. The Associate Director of 
the Water Resources Research 
Institute will have administrative and 
research responsibilities. 
Administrative duties will include: 
(a) oversight of active research 
projects that have been fun?.ed. by 
the Institute, including fac1litat1on 
of technology transfer associated 
with the projects; (b) organization 
and administration of conferences, 
workshops, and other technology 
transfer activities; (c) maintenance 
of liaisons with federal, state, and 
local water resource agencies and 
organizations; and (d) the conduct 
of special projects. 

In addition to the administrative 
responsibilities, the Associate 
Director will be expected to initiate 
research proposals that involve 
faculty members and graduate 
students in The University of North 
Carolina. 

Preference will be given to 
candidates who hold a doctorate 
degree in a relevant field, who have 
experience in working with facu~ty 
members and administrative un1ts 
of government, and who have 
demonstrated the ability to initiate 
cooperative research proposals. 

Closing date: January 1, 1990. 
Submit resume to: 

Dr. David H. Moreau 
Director, WRRI 

Box 7912 
North Carolina State University 

Raleigh, NC 27695-7912 

The University of North Carolina does not 
discriminate on the basis of sex, race, or 
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handicap and is an affirmative action/equal 
opportunity employer. 

The Water Resources Research 
Institute of The University of North 
Carolina seeks to fill the position of 
technology transfer specialist. That 
person will be expected to write, 
edit and publish the Institute's 
newsletter. In support of that 
activity, he/she will be expected to 
attend and report on meetings of 
selected government agencies and 
water resources related 
organizations. The position will be 
assigned the responsibility of 
providing editorial assistance to 
researchers who are funded by the 
Institute and of reviewing and 
editing completion reports from 
these research projects. A related 
activity will be preparing brochures 
for conferences and workshops 
and editing the proceedings from 
these events. Special projects for 
the development and presentation 
of technology transfer activities and 
materials may also be assigned to 
that position. 

The successful applicant must 
have at least a four-year degree in 
an appropriate field and 
demonstrated skills in writing, 
editing, and publishing. Candidates 
should also have experience in 
working with the faculty of a 
university. Preference will be given 
to persons with expertise in 
desktop publishing and to persons 
having prior experience in water 
resources or closely related fields. 

Closing date: December 8, 
1989. 

Send resume to: 

Dr. David H. Moreau 
Director, WRRI 

Box 79'12 
North Carolina State University 

Raleigh, NC 27695-7912 

The University of North Carolina does not 
discriminate on the basis of sex, race, or 
handicap and is an affirmative action/equal 
opportunity employer. 
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WATER RESOURCES 
CONDITIONS FOR 
SEPTEMBER & OCTOBER 

The first half of September 
was fairly dry across North 
Carolina, and streamflow in most 
areas receded to levels not 
experienced since October 1988. 
However, the return of showers by 
mid-month and the passing of 
tropical storm Hugo on the 22nd 
resulted in above-average rainfall 
for the month throughout the state. 

On September 15, an intense 
thunderstorm stalled over 
Fayetteville dropping as much as 
8.25 inches of rain on the city. 
Floodwaters were responsible for 
two drownings, the failure of four 
earthen dams, and damages in 
excess of $10 million. 

A week later tropical storm 
Hugo struck the western Piedmont 
and northern mountains, bringing 

more rain to the already saturated 
ground. The rainfall caused 
significant flooding of streams that 
drain the eastern slopes of the 
southern mountains and of those 
that drain both sides of the divide 
farther north. Watauga River near 
Sugar Grove experienced a 20-year 
flood. All other monitored streams 
had flows less than the 1 0-year 
recurrence interval, and most were 
less than the 5-year interval. 

October rainfall at Charlotte, 
Greensboro, and Raleigh was 1.36, 
1.86, and 0.71 inches above 
normal, respectively, and 0.31 inch 
below normal at Asheville, 
according to the National Weather 
Service. The only serious flooding 
reported during the month was at 
Richardson Creek in Union County 
on October 1. 

Streamflow conditions were 
excessive at all reporting stations. 
The monthly average flow for 
Oconaluftee River at Birdtown was 
the highest of record for the month 
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of October. Monthly mean flow for 
the French Broad River at Asheville 
was 215 percent of median for 
October and was in the above
normal range for the fifth 
consecutive month. 

Narrows, High Rock, and 
Bridgewater reservoirs in the 
Piedmont had a net loss in storage 
of 2,240 million cubic feet for the 
month. These same reservoirs 
contained 91 percent of combined 
capacity on October 28, compared 
with 76 percent last October and 
are 20 percent greater than 
average for october. 

Ground-water levels in 
unconfined aquifers declined 
contraseasonally in the Coastal 
Plain province but rose in the Blue 
Ridge and Piedmont provinces. 
Water levels in all index wells were 
above average. The water levels in 
index wells in the Blue Ride and 
Piedmont provinces were at record 
highs for the month of October. 

- U.S. Geological Survey 

Residents of North Carolina may borrow these publications from the Institute for two weeks. If you need copies to keep, please request them from 
the organizations issuing the publications. Addresses are provided for this purpose. 

Water Resources Planning 

"Methods for Collection and Analysis of Aquatic Biological and Microbiological Samples,• (Bk5, ChA4), 1987, by L.J. 
Britton, et al., for sale by Books & Open-File Reports Sec., USGS, Fed. Center, Box 25425, Denver, CO 80225. 
(USGS) 

"Habitat Modelling of Hawaiian Streams,• (#171), 10/86, by A.A. Kinzie, Ill , et al., avail. from WRRC, U. of Hawaii at 
Manoa, Honolulu, HI 96822. (02E3) 

Water Quality Management 

"Impacts of Climate Change on the Great Lakes Basin,• Symposium 1988, Joint Report No. 1 of US National Climate 
Program Office & Canadian Climate Center, avai l. from National Climate Program Office/NOAA, Rockwall Bldg. , Rm 
1 08, Code CP. 11400 Rockville Pike, Rockville, MD 20852. (02A Climate Change) 

"Drinking Water Quality Determination: An Evaluation of New Methods of Analysis,• (#177), 9/87, by R.S. Fujioka, et al., 
avail. from WRRC, U. of Hawaii at Manoa, Honolulu, HI 96822. (05F) 

"Measurement of Time of Travel in Streams by Dye Tracing, • (Bk3, ChA9), 1989, by F.A. Kilpatrick, et al., for sale by 
Books & Open-File Reports Section, USGS, Fed. Center, Box 25425, Denver, CO 80225. (USGS) · 



•An Investigation of the Biodegradation Potential of Groundwater Contaminants,• (#165) 7/89, by J.T. Novak, et al, avail. 
from VA WRRC, VPI&SU, 617 N,. Main St., Blacksburg, VA 24060. (05B GW) 

•Determination of Stream Reaeration Coefficients by Use of Tracers,• (Bk3, Ch A18), 1989, by F.A. Kilpatrick, et al, for 
sale by Books & Open-File Reports Section, USGS, Fed. Center, Box 25425, Denver, CO 80225. (USGS) 

Miscellaneous 

•wake County Solid Waste Study, 11/88, by Camp Dresser & McKee, 3739 National Drive, Suite 210, Raleigh, NC 
27612. (061) 

•carolina WetlandS-Our Vanishing Resource,• 1989, by Env. Defense Fund, 128 E. Hargett St., Suite 250, Raleigh, NC 
27601. (02H-1) 
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