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Hatch New Associate Director of WRRI
Upton Hatch became the new Associ-
ate Director of the Water Resources 
Research Institute of The University 
of North Carolina in September 2006. 
After 24 years of service, Dr. Hatch 
has earned the title of Professor Emer-
itus at Auburn University where he 
taught and did research in the College 
of Agriculture Department of Agricul-
tural Economics and Rural Sociology. 
From 2001 to 2006, Hatch served 
as Director of the Auburn Univer-
sity Environmental Institute (AUEI) 
and the Alabama Water Resources 
Research Institute (WRRI). Currently 
he holds a research professor position 
in the Department of Agriculture and 
Resource Economics in the College 
of Agriculture and Life Sciences at 
NC State University. His research and 
teaching has focused on the econom-
ics of water resources with special 
emphasis on non-market valuation, 
irrigation, climate and fi sheries/aqua-
culture.

Hatch earned a PhD in applied 
economics in 1982 from the Univer-
sity of Minnesota. While at Auburn, 
Hatch researched the economics of 
agricultural and recreational uses as 
part of a study directed at the water 
use controversy involving Georgia, 
Florida and Alabama. His work 
focused on the value of water in 
alternative uses, especially irrigation 
water and environmental characteris-
tics related to recreational resources. 
Of particular interest was the value 
of water in reservoirs as an amenity 
for recreational use and property. As 
director of the Alabama WRRI and 
the AUEI, he greatly expanded faculty 
research in these areas, and increased 
student involvement through scholar-
ships and special events. He also initi-

ated an educational program for middle 
school students in disadvantaged areas. 
The program’s goal was to stimulate 
and motivate students to appreciate their 
educational opportunities, especially the 
possibility of attending college.

Hatch is also a member of the 
Southeast Climate Consortium (http://
www.coaps.fsu.edu/) that is composed 

Dr. Upton Hatch, WRRI Associate Director

of multi-disciplinary faculty from six 
universities in Alabama, Georgia and 
Florida. They focus on disseminat-
ing climate variability information 
to improve the ability of resource 
managers, business managers and the 
general public to use sophisticated 
climate information. How can climate 
information be made useful at the 
local level? is the overall question of 
the Consortium.

As Associate Director of WRRI, 
Hatch will work with the Institute’s 
Board and Advisory Committee to set 
research priorities, oversee adminis-
tration of research activities, coordi-
nate activities of the NC Urban Water 
Consortium, and develop initiatives 
with faculty from North Carolina 
universities and others to leverage 
State and Federal funding that build 
the Institute’s research and technol-
ogy transfer capacity. 

If you would like to welcome or 
meet Dr. Upton Hatch, please contact 
him at 919-513-1145 or upton_
hatch@ncsu.edu.
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A press release from the N.C. Drought Management Advi-
sory Council on August 24, 2006 was headlined: Moderate 
Drought and Abnormally Dry Conditions Spread in North 
Carolina.  Once again the state is facing the possibility 
of having to conserve its public water supplies to protect 
against an uncertain rainfall-streamflow pattern over the 
next several months.  

As the state continues to experience rapid growth, 
demand for public water supplies tends to follow closely.  
Two counties, Wake and Mecklenburg, have increased 
population by over 100,000 in the past five years.   The 
Wake-Johnston County area has grown by 146,000 over 

that period while Mecklenburg-Union-Cabarrus County area has grown by almost 
160,000 over those same five years.  Another eight counties have experienced 
increases in the range of 15,000 – 25,000.  The state as a whole has increased by 
nearly 640,000 since the census of 2000.  

Most increases have come in areas where surface water is the primary supply 
option.  To develop surface water supplies to meet these increased demands, reser-
voirs must be used to hold sufficient volumes that will carry a community through 
extended periods of low streamflow.  At a time when there is a need for more res-
ervoirs, the supply of natural sites is quite limited.   Most economically attractive 
and environmentally acceptable natural sites have already been developed.  One 
group of unnatural sites, namely crushed stone quarries holds some promise for 
expanding reservoir capacity.

There are now 191 crushed stone quarries in the mining permit inventory of 
the Department of Environment and Natural Resources.  Included are 126 active 
permits, 22 inactive permits, and 43 that have been released from permits.  Active 
sites are in the range of just a few acres up to 2,002 acres.   Distributions of sizes 
of surface areas are given in the following table:

Number of Stone Quarries by Permit Status              
Size in acres Active Inactive Released
Under 100 35 12 31
100-249 41   5   8
250-499 50   5   2
500-999 13   0   2
Over 1000   7   0   0

Two factors infl uence the spatial pattern of quarries, namely centers of demand 
and geological formations.  As shown in the map below, the highest concentrations 
are in or near large urban centers.  Five of the six counties with the largest number 
of quarries are major urban counties in the Piedmont from Gaston to Wake.

Several issues would have to be investigated before making use of any particu-
lar quarry.  Among them are: existence of contamination that could threaten public 

Director’s Forum

Off-stream Storage: An Option for 
Augmenting Public Water Supplies
by David H. Moreau, Director, Water Resources Research Institute
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health, distance and cost of moving water from the quarry to 
other elements of a treatment-distribution system; quarry vol-
ume; geological structure; source of water with which to fi ll 
the quarry during wet weather; time to completion of mining 
operations; and, of course, a willing seller.  

Only a few quarries in North Carolina have been in-
corporated in public water supplies.  As demand for storage 
increases, however, more sites will become economically at-
tractive.  One interesting case is the Orange Water and Sewer 
Authority (OWASA).  During the 1980’s when OWASA was 
going through lengthy proceedings to build the Cane Creek 
Reservoir, storage was added by purchasing an abandoned 
stone quarry.  As shown in the diagram below, it was conve-
niently located along the route of a pipeline from Cane Creek 
to University Lake.  It holds about 200 million gallons, about 
a 30-day supply at the time it was put in service.  Because 
there is a very small drainage area that contributes runoff 
to the quarry, facilities were put in place to refi ll it from the 

Director’s Forum continued from page 2

Figure 1. Distribution of crushed stone mining permits by county. The key shows number of quarries

pipeline as needed during periods of high fl ow.  Since the pur-
chase of the fi rst quarry, OWASA has purchased an additional 
nearby actively mined quarry.  It was purchased with a lease-
back arrangement that allows the former owner to continue 
mining operations for a specifi ed time period.  When mining 
operations are complete, it is anticipated that the quarry will 
hold 2,400-3,000 million gallons, about the same as the Cane 
Creek Reservoir.  The second quarry will be connected to the 
fi rst, and plans are to fi ll the system with pumping from either 
Cane Creek or University Lake.

The City of Durham also has a quarry under active 
development for off-stream storage.  Three options are under 
consideration for use of the Teer Quarry where active mining 
ceased 10 years ago.  The quarry would be fi lled by diver-
sions from the Eno River during period when fl ow in the river 
is above levels that would cause environmental damage to 
the stream.  One option would be to fi ll the quarry to a level 
controlled by gravity fl ow from the Eno River.  The other two 

options would require 
pumping and construc-
tion of dykes.  Volumes 

for the options range 
from 1.32 to 1.95 billion 
gallons. When measured 
by addition to the 50-year 
safe yield of the Durham 
system, the quarry would 
add 7.5 to 11.8 million 
gallons per day depend-
ing on the storage option 
and pumping rate that is 
selected.

Utilization of these 
quarries makes an asset 
out of what might other-
wise be an environmental 
liability.  Our thanks 
go to Ed Holland of 
OWASA, Tom Glenn of 

Durham and Jim Simons 
of the North Carolina Di-
vision of Land Resources 
who provided information 
for this article.  Other 
communities may also be 
using or considering the 
use of off-stream storage.  
If so, the Institute would 
appreciate receiving in-
formation about them.  

Figure 2. Map of OWASA quarry locations in relation to reservoirs and pipeline.
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Notable Accomplishments
Francis A. DiGiano, professor in the Department of Environ-
mental Sciences and Engineering at UNC Chapel Hill, received 
the A.P. Black Award from the American Water Works Asso-
ciation (AWWA) for outstanding achievement in water supply 
research. This award, established in 1967 in honor of Dr. A. P. 
Black, is given each year to an AWWA member to recognize 
outstanding research contributions to water science and water 
supply rendered over an appreciable period of time. DiGiano 
received this award during AWWA’s Annual Conference and 
Exposition in June 2006. He is the previous recipient of the 
association’s George C. Fuller Award. More information on Dr. 
DiGiano is available at http://www.unc.edu/~digiano/.

Daniel A. Okun, Kenan Professor of Environmental Engi-
neering, Emeritus, received the 2006 Lifetime Achievement 
Award given by the Environmental & Water Resources Institute 
(EWRI) of the American Society of Civil Engineers (ASCE). 
Okun was presented this award during the World Environment 
& Water Resources Congress meeting held on May 22, 2006, 
in Omaha, Nebraska. Established in 2001, the Environmental 
& Water Resources Institute Lifetime Achievement Award is 
presented to members who are judged to have advanced the 
profession, exhibited technical competence and signifi cantly 
contributed to public service, research or practice in the environ-
mental and water resources profession. Dr. Okun also was the 
2006 recipient of the prestigious International Water Associa-
tion’s (IWA) Grand Award for his outstanding achievements as 
a water engineer and a scientist. IWA is the pre-eminent associa-
tion for water professionals around the world. IWA members 
cover all aspects of the water cycle. Okun received the award 
at the opening ceremony of the World Water Congress at the 

Beijing International Congress Centre on September 10, 2006. 
More information on Dr. Okun is available at http://www.unc.
edu/~daokun/.

Philip C. Singer, the Dan A. Okun Distinguished Professor of 
Environmental Engineering and director of UNC’s Drinking Water 
Research Center, was the 13th recipient of the National Water 
Research Institute’s (NWRI) acclaimed Athalie Richardson Irvine 
Clarke Prize for excellence in water research. This award was pre-
sented to him in July 2006 at the Thirteenth Annual Clarke Prize 
Award Ceremony and Lecture in San Juan Capistrano, California. 
The prize, which includes a gold medallion and $50,000 award, is 
presented annually. Established in honor of NWRI’s co-founder, 
the late Athalie Richardson Irvine Clarke, the Clarke Prize is 
awarded to outstanding research scientists who are currently ac-
tive in the water and wastewater fi elds. It is one of only a dozen 
water prizes awarded worldwide and has been distinguished by 
the International Congress of Distinguished Awards as one of the 
most prestigious awards in the world. Singer also received the 
Gordon Maskew Fair Award for 2006 from the American Acad-
emy of Environmental Engineers (AAEE). He was recognized at 
the Academy’s Awards Luncheon held at the National Press Club 
in Washington, DC on May 3, 2006. This award is presented to 
a Board certifi ed Environmental Engineer of the Academy who 
is judged to have contributed substantially to the status of the 
environmental engineering profession by exemplary professional 
conduct, recognized achievements in the practice of environmen-
tal engineering, and signifi cant contributions to the control of 
the quality of the world’s environment. More information on Dr. 
Singer is available at http://www.sph.unc.edu/envr/ and http://
www.unc.edu/depts/dwrc/.

WRRI-funded Proposals for FY 2006-2007

Principal Investigator Project
Craig Allan
UNC Charlotte

Riparian Buffer Function During Episodic Runoff Events in the Piedmont and Blue Ridge Regions of 
North Carolina

Sankar Arumugan
NC State University

Improved Water Management Strategies for the Neuse Basin Utilizing Climate Information-based Proba-
bilistic Streamfl ow Forecasts

Emily Bernhardt
Duke University

Restoring Biogeochemical Functions in Degraded Urban Stream Ecosystems

Gregory Cope
NC State University

Endocrine and Reproductive Effects of the Pharmaceutical Fluoxetine on Native Freshwater Mussels: 
Proximity to Measured Environmental Concentrations

Rich McLaughlin
NC State University

Improving Construction Site Sediment Control Through Integration with Storm Water Control Measures 
and Enhanced Practices

Craig Tobias
UNC Wilmington

Tracing Nitrogen Transformations and Food Chain Uptake in an Urbanized Tidal Creek

Howard S. Weinberg
UNC Chapel Hill

Screening for Anthropogenic Sources of Contamination in Surface Waters Using Synchronous Scan 
Fluorescence

Howard S. Weinberg
UNC Chapel Hill

Use of Indicators to Distinguish Between Point and Non-point Sources of Chemical Contamination in 
North Carolina Streams

These are proposals that were awarded funding for the fi scal year 2006-2007. 
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Single copies of WRRI reports are available free to federal/state 
water resources agencies, state water resources research insti-
tutes, 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 at water_resources@ncsu.edu or call 919-515-2815.

Calibration and Verifi cation of a Two-dimensional, Laterally 
Averaged Mechanistic Model of the Neuse River Estuary 
Report 343-C, July 2004

Jeffrey Hieronymus and James D. Bowen, Department of 
Civil Engineering, William States Lee College of Engineering, 
University of North Carolina at Charlotte

In response to major fi sh kills in the Neuse River Estuary in 
1995 and 1996, designation of the Neuse River as nutrient-sen-
sitive, and the widespread perception that water quality in the 
estuary has been degraded by excessive nutrient loading, the 
State has drafted regulations aimed at reducing nitrogen loading 
to the estuary by 30 percent. In deciding upon this initial target 
for nutrient reduction, it was recognized that the level of nutrient 
reduction necessary to achieve desired water quality improve-
ments was, and is a critical research need.  

The objective of this study was to predict specifi c indicators 
of water quality using a mechanistic eutrophication model.  To 
this end, a water quality model of the lower 80-km of the Neuse 
River Estuary was used to examine the interaction between 
nutrient loading, algal blooms, and estuarine water quality vari-
ables such as hydrodynamics, sediment water-column interac-
tions, and dissolved oxygen kinetics. An extensively modifi ed 
version of an existing two-dimensional, laterally averaged 
model (CE-QUAL-W2) was applied to predict water quality 
conditions. Suffi cient input data sets for calibration were avail-
able for the period June 1, 1997 to December 31, 1999; these 
were developed using observed data gathered from federal and 
state agencies. Year 2000 data was used to verify the parameters 
established during calibration. 

 The degree to which the model fi t the observed data 
varied widely among the model constituents, but was com-
parable to other eutrophication model studies of eastern U.S. 
estuaries. Correlation coeffi cients (R-squared) between model 
predictions and observations for the calibration data sets were 
.88 for salinity, .19 for orthophosphate, .11 for ammonia, 
.79 for nitrite+nitrate, .61 for dissolved oxygen, and .45 for 
log(chlorophyll a). Notably, the model performs best with 
respect to constituents that do not receive a direct input from 
sediment fl uxes. For example, sediments are a direct source 
and sink of orthophosphate and ammonia predictions; however, 
while sediment fl uxes do infl uence predictions for nitrite+nitrate 

and dissolved oxygen, they are not a direct source or sink of 
these constituents.

Model performance during verifi cation was comparable to 
the performance seen during calibration. The model’s prediction 
capabilities were better in the validation year for salinity, but not 
as good for dissolved oxygen content. Nutrient and chlorophyll-
a performance were virtually the same between the calibration 
and validation exercises.

Extreme weather events within the basin during the data 
collection period no doubt increased the value of the model 
predictions. These events included two historic high fl ow events, 
one prolonged drought with below-average runoff for more than 
a year, and a series of hurricanes in September and October of 
1999 that delivered more than a year’s worth of nutrients to the 
estuary in a matter of weeks. Additional years of monitoring and 
modeling would probably also prove useful.  

Based on the results of the study, it can be concluded that 
a mechanistic eutrophication model is capable of simulating 
chlorophyll a, nutrient, and dissolved oxygen dynamics in the 
Neuse River Estuary. The three years modeled in this project 
(1998-2000) were found to be rather benevolent with respect to 
water quality. Although model predictions showed violations 
of the chlorophyll a standard, no serious algal blooms or fi sh 
kills occurred during this time, nor did the widespread fi sh kills 
of 1995 and 1996 reappear during the later years of the project,  
Modeling of a time period with such events might prove highly 
instructive as to the relationship between hydrologic events and 
water quality impacts and provide additional information on the 
potential benefi ts of various environmental regulatory strategies.  

Episodic Nutrient Loading Impacts on Eutrophication of the 
Southern Pamlico Sound: The Effects of the 1999 Hurricanes
Report 349, July 2004

Robert R. Christian, Jessi E. O’Neal, Department of Biology, 
College of Arts and Sciences, East Carolina University, 
Greenville, NC;  Benjamin Peierls, Lexia Valdex, Hans W. Paerl, 
Institute of Marine Sciences, University of North Carolina at 
Chapel Hill, Morehead City, NC

Extreme hydrologic events, such as the sequential hurricanes 
Dennis, Floyd, and Irene in the fall of 1999, disrupt the fi ltering 
capacity of the sub-estuaries of Albemarle and Pamlico Sounds 
and may allow considerable nutrient loading to the sounds and 
adjacent coastal waters. To investigate how nutrients move into 
the sound and are processed, an extensive monitoring program 
of water quality in southern Pamlico Sound was begun following 
the storms and fl ooding in 1999, and was continued through May 
2002. The extended monitoring period allowed the investigators 
to meet certain objectives, namely to 1) establish the current en-

WRRI-sponsored Research Reports

continued on page 6



March-April 2007                                                                                                                 WRRI NEWS      6

vironmental and water quality conditions of the southern sound 
and relate these conditions to the ability of the sub-estuaries to 
protect the sounds from nutrient loading, 2) infer mechanisms 
by which the sound may be nutrifi ed during extreme hydrologic 
events, and 3) establish a baseline against which to gauge eco-
logical change.  

The current monitoring program provided a signifi cantly 
improved understanding of the current water quality of Pam-
lico Sound compared to previous studies. The southern portion 
of Pamlico Sound appears to have better water quality than its 
sub-estuaries, as defi ned by the concentrations of nutrients and 
chlorophyll a. It has the capacity for hypoxia during summer 
months, although the extent could not be determined. The sound 
was diluted with freshwater from the hurricanes and required 
nearly two years to return to salinities greater than 20 psu.  Both 
particulate matter and chlorophyll a concentrations increased and 
remained elevated for months.  Nutrient concentrations recov-
ered quickly, but algal blooms continued for much of the fol-
lowing year. In general, the system appeared to recover from its 
perturbed state after the extreme hydrologic events experienced 
in fall 1999. Since these events are predicted to increase over the 
next few decades, additional research would be needed to predict 
how often the sounds could respond to repeated similar events 
with such resilience.  

The mechanism by which nutrients entered the sound could 
be inferred by the response of standing stocks of materials in the 
sound subsequent to the storms of 1999. The sound was hypoth-
esized to receive episodic nutrient loading by at least 3 mecha-
nisms: 1) fl ow-through of unprocessed nutrients, 2) resuspen-
sion and transport of sediments with subsequent biological and 
chemical release of nutrients, and 3) movement of phytoplankton 
blooms down the sub-estuary to near the mouth allowing algal 
biomass to enter the sound for processing.  Evidence for all three 
mechanisms were observed.  Nutrients were inferred to enter the 
sound in dissolved inorganic, particulate and planktonic forms.  
Dissolved inorganic nutrients quickly decreased to low concen-
trations. Blooms of phytoplankton appeared to continue through 
subsequent seasons and promote nutrient cycling and increases in 
dissolved oxygen content. Loading of sediments and subsequent 
remineralization of associated nutrients may have occurred but 
could not be readily demonstrated. Temporal changes were found 
in phytoplankton taxonomic composition, with freshwater forms 
being more numerous shortly after the storms.  

Information from this study was gained as a guideline for 
fi lling future water quality monitoring and assessment programs 
for the Pamlico Sound. Given parallel efforts in automated 
monitoring, ecological indicator development, application of 
remote sensing, and the potential for a cooperative program via 
the NCDENR and NEP, the stage is set for developing a long 
overdue, yet timely water quality monitoring program for Pam-
lico Sound.  

Environmental Analysis of Swine Waste Management Tech-
nologies Using the Life-Cycle Method 
Report 350, September 2004

Evan M. Griffi ng, Michael R. Overcash, Seundgo Kim, 
Department of Chemical Engineering, College of Engineering, 
North Carolina State University, Raleigh, NC

The production of nitrogen emissions from currently favored 
methods of treating swine waste, has an environmental cost of 
direct nitrogen emissions. This study seeks to evaluate the relative 
impact of alternative waste management technologies through 
comprehensive calculations of the chemical emissions and energy 
requirements associated with  the barn, lagoon, and land distri-
bution processes. The life-cycle technique was chosen for the 
analysis because it provides a broader environmental profi le of the 
total environmental effects of swine waste management options 
when compared to the other assessment techniques such as those 
focused on economics or emissions of a single chemical such as 
ammonia.  An additional benefi t of the life-cycle concept is that it 
attempts to account for the transfer or shifts in pollution that often 
occur in complex systems such as the swine production industry. 
Therefore, the goal of this  project is to determine the life-cycle 
results for four swine waste management alternatives and compare 
these results to those from decision making based on ammonia 
emissions. 

 The four swine waste management technologies studied in-
cluded conventional lagoon and spray irrigation (with lagoon sol-
ids removal and land application when full), and three alternative 
technologies: 1) covered lagoon with spray irrigation, utilization 
of methane production for electricity, and lagoon solids removal 
and land application when full, 2) Ekokan biofi ltration–a  biologi-
cal aerated fi lter process with land application of effl uents and 
solids, and 3) Harvestore collection and land application of raw 
waste. These systems were each analyzed by mass and energy bal-
ances during housing (barn), treatment (lagoon), and land applica-
tion steps, where each stage was considered independently.  An 
engineering and science approach was used to extend analysis of 
the balance to include the energy and emissions from each of these 
technologies. Thus, all related supply chain emissions and energy 
requirements were accounted for, including emissions require-
ments from electrical power generated elsewhere, and emission 
credits for chemical fertilizer replacement.  

Assuming a known amount of waste with a given composi-
tion produced per mass of live animal weight, allocation frac-
tions are assumed during each processing stage, where fractions 
determine what percentage of the input to that step is assigned 
to a specifi c fate. Analysis of these technology comparisons was 
done for a number of environmental parameters, with emphasis 
on ammonia emissions and the impact on global climate change 
potential (a combined effect of CO2, methane, and nitrous oxides, 
using scientifi c rules for combining these emissions and express-
ing the effect as equivalent CO2).  

Reports continued from page 5
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Report 
Number

Title Principal Investigator Publication 
Date

WRRI-351-A Nitrate Flux from Ground to Surface Waters Adjacent to the 
Neuse River Waste Water Treatment Plant

Showers
NC State University

2006

WRRI-352 A Systematic Evaluation of Polyacrylamide for Sediment and 
Turbidity Control

Richard McLaughlin
NC State University

2006

WRRI-353 Effect of Management Practice on Denitrifi cation in Soils 
Fertilized with Lagoonal Swine Waste

Whalen, UNC Chapel Hill 2006

WRRI-354 Mass Balance and N Cycling Dynamics in Field Plots Experi-
mentally Fertilized with Liquid Lagoonal Swine Effl uent

Whalen, UNC Chapel Hill 2006

WRRI-355 Pilot Project on Groundwater Dating in Confi ned Aquifers of 
the North Carolina Coastal Plain

David Genereux
NC State University

2005

WRRI-356 Method Development for the Occurrence of Residual Antibi-
otics in Drinking Water

Howard S. Weinberg, UNC 
Chapel Hill

2004

WRRI-357 Effectiveness of Three “Best Management Practices” for Re-
ducing Non-point Source Pollution from Piedmont Tobacco 
Fields

Franklin
NC State University

2003

WRRI-358 Improving Dewatering of Wastewater Biosolids Using In-
novative Approaches

Francis de los Reyes III
NC State University

2005

WRRI-359 Trophic Basis for Restoration of Fish Fauna in Restored 
Urban Streams

Hershey, UNC Greensboro 2005

WRRI-JA-13 Membrane Treatment of Secondary Effl uent for Subsequent 
Use

DiGiano, UNC Chapel Hill 2006

WRRI-JA-14 Infl uence of Temporal Variations in Water Chemistry on the 
Pb Isotopic Composition of Rainbow Trout (Oncorhynchus 
mykiss)

Miller, Western Carolina Uni-
versity

2006

Single copies of the following WRRI reports are available free to federal/state water resources 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 at water_resources@ncsu.edu or call 919-515-2815.

Additional WRRI Reports Available

Of the three alternative technologies, the covered lagoon with 
electrical energy production had the lowest net environmental 
impact, was a net producer of energy, and may be one of the most 
economical.  When swine waste fertilizer is applied to the land, 
emissions and energy requirements from industrial plants for N-P-
K are correspondingly reduced, creating an environmental benefi t.

The life-cycle approach showed that changing swine waste 
management technologies results in two clear geographic trans-
fers of pollution. First, using ammonia emissions as the criterion 
for technology choice, the Ekokan biofi ltration is slightly better 
than the covered lagoon and signifi cantly better than the current 
lagoon-land application system. However, when one looks at 
global warming emissions, the Ekokan system has a substantially 
higher impact than the new technologies of the covered lagoon 
or the direct land application.  Thus, there is a geographic shift 
from ammonia emissions at the swine site using covered lagoon or 
direct land application, to larger emissions at the power genera-
tion facilities. The second shift is from one form of emissions to 
another and is known as a chemical or pollution shift. In this case, 
the shift is from ammonia in air to the constituents comprising 

global warming potential. Clearly, it is imperative that these shifts 
are better understood when industry-wide decisions are made.

Overall, this study showed that the life-cycle analysis 
approach was accurate, provided the most independent mea-
surements, and was considerably less expensive as a means to 
estimate ammonia volatilization. This method also provided the 
most comprehensive assessment of environmental impact, which 
enables decision makers to examine hidden benefi ts or impacts 
of new technologies for swine waste management.

Based on this study, two recommendations were made 
regarding future projects. First, a life-cycle approach should 
be used to verify environmental measurements of swine waste 
management technology. This can identify measured data by 
comparison to conservative chemicals (such as chloride) and 
thus increase the public and scientifi c acceptance of such tech-
nology evaluation. Second, comparisons of swine waste manage-
ment technologies should look at all signifi cant environmental 
impacts to assure the solution for one chemical parameter (such 
as ammonia) does not shift emissions to other media, geographic 
locations, or chemical impacts. 

Reports continued from page 6



WATER RESOURCES RESEARCH INSTITUTE
OF  THE UNIVERSITY OF NORTH CAROLINA
BOX 7912
NORTH CAROLINA STATE UNIVERSITY
RALEIGH NC 27695-7912

ADDRESS SERVICE REQUESTED

NONPROFIT ORG
U S POSTAGE

PAID
RALEIGH NC

PERMIT NO. 549

June 13-15, 2007
50th NC Annual Public Works Conference & Equipment 
Show
Winston-Salem, NC
More information: http://www.ncapwa.org/events.asp

June 24-28, 2007
AWWA National Conference
Toronto, Ontario, Canada
More information: http://www.awwa.org/ace07/

June 25-27, 2007
2007 AWRA Summer Specialty Conference 
Emerging Contaminants of Concern in the Environment: 
Issues, Investigations and Solutions 
Vail, CO
More information: http://www.awra.org/meetings/Vail2007/

July 24-26, 2007
2007 UCOWR Annual Conference: Hazards in Water Re-
sources
Boise, ID
More information: http://www.ucowr.siu.edu/

August 1-3, 2007
Annual Southeast Watershed Roundtable: Sustaining Our 
Water Infrastructure through Watershed-based Approaches
Braselton, GA
More information: http://www.southeastwaterforum.org/
roundtables/

Upcoming Events Address Change Request 
If you have a change in address please email your new 
address to water_resources@ncsu.edu or call WRRI at 
919-515-2815. If you would like to switch to receiving the 
WRRI NEWS electronically, send us your email address 
or subscribe by sending an email to: mj2@lists.ncsu.edu. 
Leave the subject line blank and in the message type: 
subscribe wrri-news

Free WRRI Reports
We at WRRI are cleaning out our report room and 
would like to give our reports to individuals that 
want them. The WRRI reports available range 
from Report No. 207 to 349. 

To view which reports are available, please go 
to our web site to look at the free report list:
http://www.ncsu.edu/wrri/reports/freereports.pdf

You may come by our offi ce at 1131 Jordan 
Hall on the NC State University campus near the 
intersection of Avent Ferry Road and Western 
Blvd. If you would like the reports mailed to you, a 
shipping fee may be applied. You may email us at 
water_resources@ncsu.edu or call 919-515-2815 
to request the reports.
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