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Introduction
Annual Report (2017) Delaware Water Resources Center Dr. Gerald J. Kauffman, Director
The past year (2017-2018) has been an industrious year for the Delaware Water Resources Center. During the
summer of 2017, two graduate research students and eight DWRC undergraduate water resources interns
began work on their research with faculty advisors. In June 2017, DWRC Director Gerald Kauffman
presented on the Governance and Economics of Clean Water in the Delaware River Basin at the 2017
UCOWR/NIWR Annual Conference at Colorado State University in Ft. Collins. In November 2017, Dr.
Kauffman was invited to present plenary remarks at the Fifth Biennial Symposium of the International Society
for River Science in Hamilton, New Zealand. In February 2018, Gerald Kauffman and scientists from around
the United States met to serve on the USDA Food and Water FIFA science review panel in Washington, D.C.
On May 3, 2018 the DWRC co-sponsored with the William Penn Foundation a forum on Clean Water and the
Bi-state Solution for Clean Water in the Brandywine-Christina watershed in Delaware and Pennsylvania. On
May 10, 2018, the Advisory Panel met for the 53nd annual meeting of the DWRC at the University of
Delaware campus in Delaware and selected twelve new water resources interns who will start their research
during the Fall semester of 2018. The fiscal landscape is challenging on- and off-campus but the Delaware
Water Resources Center is training the water scientists and engineers of the future to meet rising problems
associated with coastal flooding, groundwater contamination (PFAs), and water governance and economics.
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Research Program Introduction

Research Program Introduction
FY2017/18 UD Water Resources Center Undergraduate Internships
On May 10, 2018 two graduate students and eight undergraduate students presented research posters at the
53rd Annual Meeting of the Advisory Panel of the Delaware Water Resources Center in Newark, Delaware.
DWRC water research internships are funded by the U.S. Geological Survey and the State Water Resources
Research Institute (WRRI) Program, authorized by section 104 of the Water Resources Research Act of 1984.
Graduate Research Assistantships
Jordan Martin (M.S. Water Resources Engineering), Advisor: Dr. Gerald Kauffman (Civil and Environmental
Engineering), Water Quality Trends in the Brandywine Christina Watershed in Delaware and Pennsylvania.
Jillian Young (M.S. Water Science and Policy), Advisor: Dr. Gerald Kauffman (Public Policy and
Administration), Water Quality Analysis of Noxontown Pond in the Appoquinimink River Watershed,
Delaware.
Undergraduate Water Research Internships
Samuel Furio (Economics), Advisor: Dr. Kent Messer (Applied Economics & Statistics), Understanding the
Social Behavior within a Competitive Environment: An Experimental Investigation of Agri- Environmental
Policies
Lauren Glinko (Geography), Advisor: Dr. Tracy Deliberty (Geography), Linking Causes of Irrigation to
Available Water Capacity
Reid Williams (Environmental Engineering), Advisor: Dr. Paul Imhoff (Civil and Environmental
Engineering), Effectiveness of Bio-Char to Reduce Nitrate Concentration in Storm Water Runoff
Margaret Krauthauser (Geology), Advisor: Dr. James Pizzuto (Geological Sciences), Quantifying Floodplain
Sediment Storage Rates and Identifying Rate-Changing Characteristics in the White Clay Creek Watershed,
Pennsylvania
Jack Protokowicz (Biochemistry), Advisor: Dr. Shreeram Inamdar (Plant and Soil Sciences), Nuclear
Magnetic Resonance Analysis of Particulate Organic Matter from Forested Watershed
Nicholas Tobia (Geology), Advisor: Dr. James Pizzuto (Geological Sciences), Quantifying the Rate of Bank
Migration in the White Clay Creek Watershed, Pennsylvania
Christina Valenti (Environmental Engineering), Advisor: Dr. Anastasia Chirnside (Entomology and Wildlife
Ecology), Assessment of the Leaching Potential of Fibrous Plastic Inert Support Material from a Fungal
Biocell Reactor
Michael Rechsteiner (Environmental Engineering), Advisor: Dr. Paul Imhoff (Civil & Environmental Eng’g.),
Reducing Stormwater Runoff & Pollutant Loading with Biochar Addition to Highway Greenways

Research Program Introduction
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State Water Resources Research Institute Program, Delaware Water Resources Center, Annual Proposal for Fiscal Year

State Water Resources Research Institute Program,
Delaware Water Resources Center, Annual Proposal for
Fiscal Year 2017
Basic Information
State Water Resources Research Institute Program, Delaware Water Resources Center,
Annual Proposal for Fiscal Year 2017
Project Number: 2017DE280B
Start Date: 3/1/2017
End Date: 2/28/2018
Funding Source: 104B
Congressional
DE-001
District:
Research Category: Water Quality
Focus Categories: Water Quality, Hydrology, Economics
Descriptors: None
Principal
Gerald Joseph Kauffman
Investigators:
Title:

Publication
1. Kauffman, G. J., draft 2018. Benefits of Improved Water Quality in the Delaware River Basin.
Sustainable Water Resources Management. 1-21. Kauffman, G. J., 2018. The Cost of Clean Water in
the Delaware River Basin (USA). Journal of Water. (10)2, 95:1-21. doi:10.3390/w10020095.

State Water Resources Research Institute Program, Delaware Water Resources Center, Annual Proposal
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Annual Report (2017)
Delaware Water Resources Center
Dr. Gerald J. Kauffman, Director
The past year (2017-2018) has been an industrious year for the Delaware Water Resources Center.
During the summer of 2017, two graduate research students and eight DWRC undergraduate water
resources interns began work on their research with faculty advisors. In June 2017, DWRC Director
Gerald Kauffman presented on the Governance and Economics of Clean Water in the Delaware River
Basin at the 2017 UCOWR/NIWR Annual Conference at Colorado State University in Ft. Collins. In
November 2017, Dr. Kauffman was invited to present plenary remarks at the Fifth Biennial
Symposium of the International Society for River Science in Hamilton, New Zealand. In February
2018, Gerald Kauffman and scientists from around the United States met to serve on the USDA Food
and Water FIFA science review panel in Washington, D.C. On May 3, 2018 the DWRC co-sponsored
with the William Penn Foundation a forum on Clean Water and the Bi-state Solution for Clean Water
in the Brandywine-Christina watershed in Delaware and Pennsylvania. On May 10, 2018, the
Advisory Panel met for the 53nd annual meeting of the DWRC at the University of Delaware campus in
Delaware and selected twelve new water resources interns who will start their research during the Fall
semester of 2018. The fiscal landscape is challenging on- and off-campus but the Delaware Water
Resources Center is training the water scientists and engineers of the future to meet rising problems
associated with coastal flooding, groundwater contamination (PFAs), and water governance and
economics.

Graduate research students Laura Askin and Briana Diacopolis receive School of Public Policy and
Administration Excellence in Water Resources Scholarship Award (May 2017)

1

Clean Water: A Bi-State Solution in Brandywine-Christina Watershed, Mendenhall, PA (May 3, 2018)
Left to right: Anne Hutchinson (Natural Lands), Andrew Homsey (Delaware Water Resources Center),
Martha Narvaez (Delaware Water Resources Center), Grant DeCosta (Brandywine Conservancy),
Robert Struble (Brandywine Red Clay Alliance), Richie Jones (The Nature Conservancy), Secretary
Shawn Garvin (Delaware DNREC), Secretary Patrick McDonnell (Pennsylvania DEP), Jim Jordan
(Brandywine Red Clay Alliance), Ellen Ferretti (Brandywine Conservancy), John Jackson (Stroud
Water Research Center)
2

UAPP 411/611 Regional Watershed Management: Brandywine-Christina Watershed Reconnaissance
(March 2018)
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MEMORANDUM
TO:

Advisory Panel of the University of Delaware Water Resources Center
Undergraduate/Graduate Research Students and Advisors

FROM:

Dr. Gerald J. Kauffman, Director
Delaware Water Resources Center

DATE:

May 7, 2018

SUBJECT: 53rd Annual DWRC Advisory Panel Meeting
You are invited to the 53rd Annual Meeting of the Advisory Panel of the University of Delaware Water
Resources Center at 10 am on Thursday May 10, 2018 in the 4th floor conference room 467 of the Harker
Interdisciplinary Science & Research Laboratory (ISELAB) on Academy Street on the University of Delaware
campus in Newark, Delaware. Our charge will be to review the research presentations of the FY17/18 water
resources students and establish research priorities in Delaware (such as riverine/coastal flooding, algal blooms
and PFOA contamination) for the upcoming year. Our business meeting will be in the morning followed by
luncheon at noon and an afternoon field reconnaissance along the White Clay Creek National Wild & Scenic
River. Our campus will be blooming beautifully by then and we hope to see you soon.
Agenda
Delaware Water Resources Center
53rd Annual Advisory Panel Meeting
10:00 am
May 10, 2018

Rm 467 ISELAB
Academy St.
Newark, Del.

1. Introductions

10:00 am

2. FY17/18 Undergraduate/Graduate Research Presentations

10:15

3. DWRC FY18/19 Budget Submittal to DOI/USGS

11:00

4. FY18/19 Undergraduate Water Internship Proposals (start June or Sep 2018) 11:15
5. DWRC Advisory Panel Membership

11:30

6. DWRC and Delaware Sea Grant

11:45

7. Delaware Clean Water Campaign (Martha Narvaez)

11:55

8. Luncheon

noon
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DWRC Water Resources Research and Education Priorities
•
•
•
•
•
•
•
•
•
•
•

Water quality (nutrients, pathogens, and public health)
Storm water runoff (management and control)
Water pollutants (sources, fate, cycling, and transport)
Water supply, demand, and conservation (infrastructure/technology)
Water policy (governance and economics)
Climate change, sea level rise coastal flooding (variability)
Groundwater (remediation and treatment)
Watershed management
Wetlands (protection and restoration)
Wastewater management (treatment and reuse)
Water, food, and energy nexus

Research priorities for discussion:
 Riverine/coastal flooding
 Algal blooms
 PFOA contamination
 Other
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DWRC Advisory Panel
Mr. Jayme Arthurs
USDA Natural Resources Conservation Service
Dover, DE 19904
Mr. Chris Bason
Center for the Inland Bays
39375 Inlet Rd.
Rehoboth, DE 19971
Mr. Tom Coleman, City Manager
City of Newark Public Works & Water
220 S. Main St.
Newark, DE 19711
Mr. Jeff Downing
Mt. Cuba Center
3120 Barley Mill Rd.
Wilmington, DE 19707
Ms. Asia Dowtin, Student Section, AWRA
Department of Geography
University of Delaware
Newark, DE 19716
Dr. Mingxin Guo
Department of Agriculture and Natural Resources
Delaware State University, 1200 N. DuPont Highway
Dover, DE 19901
Ms. LeeAnn Haaf
Partnership for the Delaware Estuary
110 S. Poplar St., Suite 202
Wilmington, DE 19801
Mr. Stephen Hokuf
Dept. of Planning, NCC Government Center
87 Reads Way
New Castle, DE 19720
Dr. Shreeram Inamdar
Department of Plant & Soil Science
University of Delaware, Townsend Hall
Newark, DE 19716
Dr. Paul Imhoff
Department of Civil and Environmental Engineering
University of Delaware
344A DuPont Hall
Newark, DE 19716
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Mr. Richie Jones
The Nature Conservancy – Delaware
Community Building
Wilmington, DE
Dr. Thomas McKenna
University of Delaware
223 Delaware Geological Survey
Newark, DE 19716
Mr. Matt Miller
Aqua Pennsylvania
762 W. Lancaster Ave.
Bryn Mawr, PA 19010
Ms. Martha Narvaez
Water Resources Center
University of Delaware, DGS Annex
Newark, DE 19716
Ms. Ginger North
Delaware Nature Society
P.O. Box 700
Hockessin, DE 19707
Ms. Betzaida (Betzy) Reyes
U.S. Geological Survey
1289 McD Drive
Dover, DE 19901
Mr. Kash Srinivasan
603 E. Matson Run
Wilmington, DE 19802
Mr. Robert Struble
Brandywine Valley Association
1760 Unionville-Wawaset Rd.
West Chester, PA 19382
Ms. Jennifer Volk
Kent County Cooperative Extension, University of Delaware
69 Transportation Circle
Dover, DE 19904
Mr. Robert Palmer
Delaware DNREC, Division of Watershed Stewardship
89 Kings Highway
Dover, DE 19901
Ms. Jennifer Walls
Sussex County Planning and Zoning Office
2 The Circle P.O. Box 589
Georgetown, DE 19947
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FY2017/18 UD Water Resources Center Undergraduate Internships

On May 10, 2018 two graduate students and eight undergraduate students presented research posters at
the 53rd Annual Meeting of the Advisory Panel of the Delaware Water Resources Center in Newark,
Delaware. DWRC water research internships are funded by the U.S. Geological Survey and the State
Water Resources Research Institute (WRRI) Program, authorized by section 104 of the Water
Resources Research Act of 1984.
Graduate Research Assistantships
Jordan Martin (M.S. Water Resources Engineering), Advisor: Dr. Gerald Kauffman (Civil and
Environmental Engineering), Water Quality Trends in the Brandywine Christina Watershed in
Delaware and Pennsylvania.
Jillian Young (M.S. Water Science and Policy), Advisor: Dr. Gerald Kauffman (Public Policy and
Administration), Water Quality Analysis of Noxontown Pond in the Appoquinimink River Watershed,
Delaware.
Undergraduate Water Research Internships
Samuel Furio (Economics), Advisor: Dr. Kent Messer (Applied Economics & Statistics), Understanding the
Social Behavior within a Competitive Environment: An Experimental Investigation of Agri- Environmental
Policies
Lauren Glinko (Geography), Advisor: Dr. Tracy Deliberty (Geography), Linking Causes of Irrigation to
Available Water Capacity
Reid Williams (Environmental Engineering), Advisor: Dr. Paul Imhoff (Civil and Environmental
Engineering), Effectiveness of Bio-Char to Reduce Nitrate Concentration in Storm Water Runoff
Margaret Krauthauser (Geology), Advisor: Dr. James Pizzuto (Geological Sciences), Quantifying Floodplain
Sediment Storage Rates and Identifying Rate-Changing Characteristics in the White Clay Creek Watershed,
Pennsylvania
Jack Protokowicz (Biochemistry), Advisor: Dr. Shreeram Inamdar (Plant and Soil Sciences), Nuclear
Magnetic Resonance Analysis of Particulate Organic Matter from Forested Watershed
Nicholas Tobia (Geology), Advisor: Dr. James Pizzuto (Geological Sciences), Quantifying the Rate of Bank
Migration in the White Clay Creek Watershed, Pennsylvania
Christina Valenti (Environmental Engineering), Advisor: Dr. Anastasia Chirnside (Entomology and Wildlife
Ecology), Assessment of the Leaching Potential of Fibrous Plastic Inert Support Material from a Fungal Biocell
Reactor
Michael Rechsteiner (Environmental Engineering), Advisor: Dr. Paul Imhoff (Civil & Environmental
Eng’g.), Reducing Stormwater Runoff & Pollutant Loading with Biochar Addition to Highway Greenways
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Graduate Student: Jordan Martin (M.S. Water Resources Engineering)
Advisor: Dr. Gerald Kauffman (Civil and Environmental Engineering)
Topic: Water Quality Trends in the Brandywine Christina Watershed in Delaware and Pennsylvania.

Abstract: The Brandywine Christina watershed in Delaware and Pennsylvania was characterized by
sampling meteorological, hydrological, and water quality parameters at over a dozen stations in the
watershed. Precipitation and air temperatures have increased over the last two decades and water
quality has improved for most indicators except that nitrogen is increasing gradually in the streams.
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Graduate Student: Jillian Young (M.S. Water Science and Policy)
Advisor: Dr. Gerald Kauffman (Public Policy and Administration)
Topic: Water Quality Analysis of Noxontown Pond in the Appoquinimink River Watershed,
Delaware.

Abstract: Water quality analysis was conducted to improve understanding of the water quality of Noxontown
Pond (which flows into the Appoqunimink River) and to develop specific monitoring techniques to improve our
understanding of the inflows of pollutants, such as nutrients, into the Pond. We began collecting storm events
from two locations along Possum Creek, a tributary to Noxontown Pond, and one location near the confluence
of the creek with the Pond. Possum Creek drains the northwest portion of the Noxontown Pond watershed and
is predominately agriculture in land use. Last year we also analyzed soil quality data collected before and after a
portion of the agricultural drainage to Possum Creek was planted in winter cover crops. Between both of those
tasks together, we were able to begin assessing the impacts of this agricultural best management practice on both
soil and water quality. We collected 10 storm events at three locations between April and October to
additionally capture spring, summer, and fall storm events.
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Intern: Samuel Furio (Economics)
Advisor: Dr. Kent Messer (Applied Economics & Statistics)
Topic: Understanding the Social Behavior within a Competitive Environment: An Experimental Investigation of
Agri- Environmental Policies

Abstract: This research project is in the field of behavioral and experimental economics, which
examines an individual’s decision-making process and the effects that certain factors have on the
outcomes of those decisions. The combination of these branches of economics have become
increasingly more popular in academia and is proving to be a driving force in policy change because of
its application to numerous societal questions and problems, especially as they relate to the
environment and conservation programs. The information gathered from these behavioral experiments
can be applied to reduce inefficiencies in policies involving agriculture and making sure that these
policies obtain the greatest impact for each dollar spent. This form of research is of growing necessity
because it highlights the behavioral traits of humans and provides behavioral insights that can inform
more efficient policies. One source of this research is the Center for Behavioral and Experimental
Agri-Environmental Research (CBEAR), which is a research group co-headquartered at the University
of Delaware that focuses on conducting experiments and increasing the evidence base to better inform
policy, which will help program administrators improve program efficiency.
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Intern: Lauren Glinko (Geography)
Advisor: Dr. Tracy Deliberty (Geography)
Topic: Linking Causes of Irrigation to Available Water Capacity

Abstract: Agricultural practices in the Eastern United States historically has not involved extensive
irrigation practices but more recently irrigation is rapidly expanding. This project examines if corn is a
driving factor of irrigation expansion across the state of Delaware. Irrigated and non-irrigated crops are
compared using NASS Cropscape data and SSURGO soil data to identify if the intensity of irrigation
is related to crop type and or soil characteristics.This research combines the National Agricultural
Statistics Service Cropscape data set for years 2002, 2008, 2012, 2013, 2014, 2016 and 2017, irrigation
center pivots (created by James Atkins (2010)) and soil information for the state of Delaware to: (1)
examine the type of crops irrigated each growing season versus those crops non-irrigated and discover
if corn is solely being cultivated under irrigation, (2) identify if climate variability and or trends are
influencing the types of crop cultivation, and (3) determine if soil conditions influence where irrigation
is occurring.
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Intern: Reid Williams (Environmental Engineering)
Advisor: Dr. Paul Imhoff (Civil and Environmental Engineering)
Topic: Effectiveness of Bio-Char to Reduce Nitrate Concentration in Storm Water Runoff

Abstract: Due to an increase in impervious cover, contaminant discharge into surface waters has
become a problem across America. Elements including Phosphorous, Nitrogen, and Potassium are
flowing into bodies of water from these impervious covers and from the sewage system. This leads to
cultural eutrophication and algae blooms which are a harm to ecosystems and water quality. Also,
agricultural practices involving fertilizers leads to large concentrations of contaminants in groundwater
that discharges into the same bodies of water. If society can find a way to increase the soil infiltration
rate in urban areas (to decrease runoff straight to surface waters) and decrease soil infiltration rate in
soils in agriculture, then the problem will be solved. The charcoal product biochar has been known to
affect the properties of soil and thus the soil infiltration rate, or hydraulic conductivity (the flow of
water in soil, Ksat). Studies have shown that biochar can increase or decrease hydraulic conductivity
based on its own properties. This experiment aims to study three different properties of the biochar
particles (size, mixture/segregation, and shape/elongation), and to quantify to degree to which these
properties change the flow of water in soil. In this experiment, columns mixed with sand and biochar
were tested. The column and biochar mixture were packed and then fully saturated with water, then the
flow of water out of the column was measured and using Darcy’s law the hydraulic conductivity
constant (Ksat) was measured. To achieve particles that were different sizes, changes in the sizes of the
sieves was done. For how well mixed the biochar and sand particles were, two different methods of
packing (dry and wet) was done.
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Intern: Margaret Krauthauser (Geology)
Advisor: Dr. James Pizzuto (Geological Sciences)
Topic: Quantifying Floodplain Sediment Storage Rates and Identifying Rate-Changing Characteristics in the
White Clay Creek Watershed, Pennsylvania
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Intern: Jack Protokowicz (Biochemistry)
Advisor: Dr. Shreeram Inamdar (Plant and Soil Sciences)
Topic: Nuclear Magnetic Resonance Analysis of Particulate Organic Matter from Forested Watershed

Abstract: The ever-growing concern over water quality in the Chesapeake Bay has put pressure on
scientists to study the chemical effects of landscapes on water bodies. With this intent, this study
sought to identify chemical differences in sediment sources that have the potential to leach into local
waters. A fluorescence spectroscopy analysis of aqueous-phase extracts was used to probe the broad
chemical differences between the leaching sources and the particle sizes within the sources. Key
differences in source chemistry could lead to better recognition of sources in the complex water body
chemical mixing space. Fluorescence spectroscopy data, excitation-emission matrices (EEMs),
modeled using a Cory-McKnight model, returned values for components that described the relative
chemical character of the samples. From the fluorescence data, there were significant differences at the
95% confidence level (p < 0.05) between sediment sources and particle sizes. Differences were found
between the component percentages for the sources and particle sizes. Chemical differences between
these land uses should be further investigated using separation techniques, because understanding the
structural details of the molecules would help to better predict their environmental consequences.
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Intern: Nicholas Tobia (Geology)
Advisor: Dr. James Pizzuto (Geological Sciences)
Topic: Quantifying the Rate of Bank Migration in the White Clay Creek Watershed, Pennsylvania
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Intern: Christina Valenti (Environmental Engineering)
Advisor: Dr. Anastasia Chirnside (Entomology and Wildlife Ecology)
Topic: Assessment of Leaching Potential of Fibrous Plastic Inert Support Material from a Fungal Biocell
Reactor

Abstract: This research examined the leaching potential of reticulated polyurethane foam (RPU) when
used as a support material for growing white rot fungi in bioreactors. White rot fungi can reduce
pollutants through natural processes. Recent work has examined the ability of WRF to reduce
contaminants in wastewater streams when grown in bioreactors. Polyurethane foam is a good option
for a growth support for WRF because when it is manufactured, the cell membranes are removed to
increase porosity. Polyurethane is a polymer containing urethane, urea, and biuret. Chirnside et al.
(2010) has previously investigated using the foam as a support for the fungi, and it caused an increase
in the pH of the system. This indicated that more work was needed to be done to evaluate how the use
of the foam as a support affected the effluent of the system, and if the foam had leached any
compounds into the system. The EPA’s Toxicity Characteristic Leaching Procedure was used to
assess the leachate composition resulting from exposing the RPU to several different extractants. The
procedure recommends using an acidic solution to mimic the environment of a landfill, but since this
project pertained to wastewater streams, additional extraction fluids with different pH levels were
used; an acidic solution with a pH of 5, deionized water, an alkaline buffer with a pH of 9, and a 1:1
manure/deionized water solution with a pH of 8. Total Kjeldahl Nitrogen (TKN), Chemical Oxygen
Demand (COD) and pH were run on the extraction fluids before and after leaching occurred.
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Intern: Michael Rechsteiner (Environmental Engineering)
Advisor: Dr. Paul Imhoff (Civil & Environmental Engineering)
Topic: Reducing Stormwater Runoff & Pollutant Loading with Biochar Addition to Highway Greenways
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FY2018/19 UD Water Resources Center Undergraduate Internships

At the May 10, 2018 annual meeting, the DWRC Advisory Panel approved the selection of the
following undergraduate water research internships scheduled to begin during September 2018 with
the fall semester.
Student

Advisor

Major

Michaella Becker

Paul Imhoff

Environmental Engineering

Nicolette Bugher

Gerald Kauffman

Environmental Engineering

Chelsea Caplinger

Gretchen Bauer

Political Science

Alyssa Cortese

Martha Narvaez

Environmental Science

Monica Crosby

Paul Jackson

Environmental Studies

Andrew Dorazio

Mechanical Engineering

Liam Warren

Syed Shah

Energy/Environmental Policy

Veronica Hill

Leah Palm-Forster Environmental/Resource Economics

Allison Kaltenbach

Gerald Kauffman

Environmental Engineering

Thomas McGlaughlin Joshua Duke

Business Management/Economics

Rebecca Steiner

Nina David

Environmental Studies/Public Policy

Mia Kane

Andrew Homsey

Environmental Science

Annual Activities
The Delaware Water Resources Center receives an annual Federal matching grant authorized by
section 104 of the Water Resources Research Act of 1984 (Public Law 98-242) as amended by Public
Law 101-397, Public Law 104-147, and Public Law 106-374. The U.S. Geological Survey (USGS),
Department of the Interior, administers the Act. This annual evaluation report describes, in the format
prescribed by the USGS, research, training, and information transfer activities supported by section
104 grants and required matching funds during fiscal year 2015.
Understanding the nature of the water quality and water supply problems faced in Delaware requires
knowledge of the physiography of the state, its climate, and major land uses. Geologically, Delaware
sits in the Piedmont and Atlantic Coastal Plain Provinces. Only the northernmost 6% of the state is
within the Piedmont, a region created of very old igneous and metamorphic rock. Soils range from
well-drained, highly productive silt loams in the Piedmont to well− and excessively well-drained sandy
loams and loamy sands in the Coastal Plain. Significant areas of poorly drained soils are also present,
particularly in southeastern Delaware. Erosion and surface runoff are the main concerns in the
Piedmont, while leaching of contaminants to shallow ground waters is the main water quality problem
in the Coastal Plain. Average annual rainfall is plentiful (45 inches/year) and rather constant, averaging
3 to 4 inches/month in winter and spring and 4 to 5 inches/month in summer. Precipitation typically
exceeds evapotranspiration by 12 to 18 inches/year, providing 10 to 12 inches/year of ground water
infiltration.
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Surface water is the main water supply source in the Piedmont, although the Cockeysville Formation is
an important local aquifer of fractured marble and dolomite. This province is dominated by the
Christina River Basin, fed by rivers that first flow extensively through Pennsylvania and Maryland.
Water quality of the White Clay and Red Clay Creeks and Brandywine River is strongly affected by
land use and point sources of pollution in neighboring states. Those rivers flow into the Christina River
which, in turn, flows into the Delaware River.
Ground water is the major water supply source for the Atlantic Coastal Plain, a province of
southeastwardly thickening unconsolidated and semi-consolidated sediments over crystalline basement
rock. A primary aquifer in this province for water supply, stream base flow, and confined aquifer
recharge is the unconfined Columbia aquifer. In a southwardly expanding wedge, the western portion
of this area flows to the Chesapeake Bay through headwaters of the rivers and creeks of the Delmarva
Peninsula’s eastern shore. The Mideast province flows to the Delaware Estuary, fed by the watersheds
of 15 creek and river systems. The southwest portion of the state flows into the Inland Bays of
Delaware and Maryland and the Atlantic Ocean.
The major land use in Delaware is agriculture (526,070 acres; 41% of the 1.28 million acres in the
state), which is dominated by a large, geographically concentrated poultry industry. Other main land
uses are urban (19%), wetlands (19%), forests (15%), open water (4%), and barren land (1%).
Delaware has 2509 miles of streams and rivers, 2954 acres of lakes/ponds, 841 square miles of
estuarine waters, and 25 miles of ocean coastline. Approximately three-quarters of the state’s wetlands
are freshwater, and one-fourth is tidal.
Protection of the quality and quantity of the state’s surface waters and aquifers is a major concern to all
agencies and individuals responsible for water resource management in Delaware. Ground water
protection is particularly important given the increasing reliance on this resource for drinking water. In
general, the key priority water resource issues today are (not prioritized): (1) enhanced management
and control of stormwater runoff, erosion and sediment; (2) improved understanding of sources,
transport, fate, and remediation of toxic organics and trace elements; (3) comprehensive management
of agricultural nutrients and sediment; (4) identifying sources of pathogenic organisms and preventing
human health impacts; (5) increased understanding of the response of aquatic systems to pollutants; (6)
identification and protection of wellheads and aquifer recharge areas; (7) better management of water
supply and demand and development of a systematic means to deal with droughts and floods; (8)
treatment and disposal of on-site sewage; (9) protection and restoration of wetlands; (10) prevention of
saltwater intrusion to potable water supplies; (11) protection of functioning riparian areas; and (12)
climate change impacts on water resources, including water quality and water supply.
Surface Water Quality: The National Pollution Discharge and Elimination System (NPDES)
Program in Delaware has reduced the number of individual "point source" permits to discharge
wastewater and stormwater from over 200 in the 1970s to 51 as of 2014. Of those, eight are all or
almost all stormwater. NPDES permitting programs have been expanded to address pollution in
stormwater runoff from concentrated animal feeding operations (“CAFOs," over 400 potential
permittees), construction (2250 permittees as of May 2013), and ongoing industrial activities (363
permittees). Current initiatives include implementation of “Total Maximum Daily Load” (TMDL)
requirements, in a long term multi-state effort to reduce PCBs in the Delaware River, and
implementation of “Best Available Technology” for cooling water intake structures which draw in tens
and hundreds of millions of gallons per day of water from Delaware waters. Major reductions in
oxygen demanding materials and toxics in surface waters have been achieved. The PCSs and/or WIPs
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have been completed for the Appoquinimink, Broadkill, Chesapeake Bay, Christina, Inland Bays,
Mispillion and Cedar Creek, Murderkill, Nanticoke, St. Jones, and Upper Chesapeake (Chester and
Choptank) watersheds.
Urbanization: A rapidly expanding urban population is increasing pressures on Delaware’s surface
waters. Rivers and streams are being affected by elevated temperature and low dissolved oxygen levels
that can result from degradation of streambanks and stream channels. In residential and urban areas,
increases in impervious surface have resulted in greater and flashier stormwater runoff, leading, in
turn, to erosion, sedimentation, shallower water levels and destabilization of stream channels.
Biological and habitat quality are also being affected by removal of stream buffers and stream bank
"hardening" through use of riprap and concrete.
Drainage: Extensive drainage systems have been installed throughout the state, especially in coastal
plain areas. Most were constructed in the 1930s and 1940s by the Civilian Conservation Corps and the
Works Progress Administration. At that time, building a drainage ditch system involved channelizing
and straightening headwaters of existing natural streams, then constructing ditches out and back from
the channelized stream. Upland wetlands were often drained to reduce mosquito populations.
Nutrients: Nutrients are a leading cause of water quality degradation in Delaware. Nutrient effects can
be seen especially in lakes, ponds, bays, and estuaries that receive nutrients conveyed by rivers,
streams, and ground water. Primary land-based sources of nutrients in Delaware are agricultural
practices, septic systems, and urban runoff. About 41% of Delaware’s land area is devoted to
agricultural activities and 19% to urbanized uses. Delaware’s agricultural industry has a strong broiler
industry component that heavily influences the state’s overall agricultural nutrient balance and has
long created nutrient management problems because of the large amount of manure that must be land
applied; commercial inorganic fertilizers used by farmers, other land managers and homeowners also
contribute nutrients to ground and surface waters. About 70% of Delaware’s cash farm income comes
from broilers, with annual production ranging from 260 to 280 million broilers, primarily in Sussex
County, the largest broiler chicken producing county in the U.S.
Toxics: have affected Delaware waters resulting in fish consumption advisories for the Delaware River
and Bay, Atlantic coastal waters including the Inland Bays, and twenty smaller waterbodies in 2009.
The primary pollutant is polychlorinated biphenyl (PCB). Chlorinated pesticides, dioxins, and mercury
have also been identified. Though PCBs have long been banned, they are persistent in the environment
and are transported from land to waters through runoff. New designated uses and surface water quality
standards as amended on July 11, 2004 indicate that pathogenic organisms in surface waters have
negatively affected shellfish harvesting and caused 86% of Delaware’s rivers and streams to not fully
support the swimming use; 98% do not fully support the fish and wildlife use. Most waters do not meet
standards because of nonpoint source pollution impacts. In 2012 the Department of Natural Resources
developed a “Watershed Approach to Toxics Assessment and Restoration” (WATAR), a five-year plan
to integrate and coordinate assessment and restoration of watersheds impacted by toxics.
Ground Water Quality: The domestic needs of approximately two-thirds of the State’s population are
met with ground water provided by both public and private wells. Most of the water used for
agriculture, Delaware’s largest industry, and self-supplied industrial use, is also derived from ground
water sources. A shallow water table and highly permeable soils make Delaware’s ground water
vulnerable to pollution. Shallow unconfined aquifers are especially vulnerable, though deeper confined
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aquifers are susceptible as well because they subcrop beneath and are recharged by unconfined
aquifers. Major ground water quality problems in Delaware today are:
Nutrients: Nitrates from agriculture and septic systems are, by far, the major contaminant in
Delaware’s ground water. There are also some concerns about dissolved phosphorus transport to
surface waters by shallow ground water flow in parts of the state where shallow water tables are
interconnected with surface waters by ditches and/or tiles.
Organics: Hydrocarbons have also been found as have pesticides, though not at levels which cause
alarm. A major source of hydrocarbons, such as MBTE, is leaking underground storage tanks (USTs)
while agricultural activities are the source of pesticides. There are 12,050 regulated underground
storage tanks in the State; 9651 have been properly abandoned and 2399 are still in use. Over the
period 2002-2003, 142 sites had confirmed releases with 30 confirmed ground water releases.
Saltwater Intrusion: Problems with private wells occur sporadically from seasonal saltwater intrusion
along the Delaware River and the Inland Bays/Atlantic Ocean coastal areas
Trace Elements: Though not considered a health threat, iron concentrations are a widespread problem
in Delaware for cosmetic reasons. Many public water supplies have treatment systems to remove iron.
Thirty-four percent of 561 raw ground water samples analyzed by Delaware’s Office of Drinking
Water in 2002 exceeded the secondary contaminant level standard of 0.3 mg/L. Concerns exist about
arsenic in ground waters because of the long-term application of this element in poultry manure to soils
overlying shallow drinking water aquifers, the presence of brownfield soils in urban areas that had
been used as tanneries or other industries, and the lowered drinking water standard for arsenic.
Wetlands: The ambient condition of fresh and salt water wetlands was assessed in the Broadkill,
Cedar Creek, Mispillion, Little River and Leipsic watersheds. Scientific reports summarizing the
condition of existing wetlands, recent changes in wetland acreage and land use, and management
recommendations were created for the Broadkill watershed. Reports and related information can be
found on the Delaware Wetlands webpage: http://de.gov/delawarewetlands,
Water Supply: Half of Delaware’s population is located in the Piedmont (6% of land area) and uses
surface water for drinking water. The other 50% of the population relies on ground water and is spread
throughout the remaining 94% of the State. With regard to the amount of water used, ground and
surface water are of equal importance; with regard to area served, ground water is overwhelmingly
dominant. Capacity concerns are important north of the Christina River due to population
concentration and the reliance on surface water. For the rest of the state, the reliance on abundant
ground water and a diffuse pattern of development suggest that the supply of potable water is not
currently a problem. Recent drought emergencies have brought water supply demand in northern
Delaware into conflict with the need to maintain minimum pass-through flows in streams for
protection of aquatic resources. Benthic organisms, the foundation of the aquatic food chain, cannot
move to avoid dry stream bed conditions. This suggests that not maintaining pass-through flows at all
times would be detrimental to stream aquatic life. Required pass-through flows can be high; the need
to ensure those flows can result in practices or structures such as reservoirs that are economically
inhibitory or may cause as much or greater environmental degradation as occasional dry stream bed
periods.
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Stream and Wetland Restoration: Rehabilitating stream corridors by re-establishing natural
floodplains and sinuous low-flow channels, stabilizing stream banks, decreasing erosion, improving
water quality, increasing wildlife habitat, providing buffers along the streams, establishing wetlands,
promoting ground-water recharge and water storage, controlling invasive plant species, reintroducing
native plant species, and reducing turbidity and sediment loading into stream channels are examples of
the benefits that result from projects DNREC has implemented to improve the ecological quality and
biological diversity in the State’s watersheds. Over the past few years, stream restoration projects have
been completed along Mill Creek, Ham Run (tributary to Red Clay Creek), Middle Run (tributary to
White Clay Creek) and Silver Lake Park (tributary to Appoquinimink River in Middletown) in New
Castle County and along the St. Jones River in Dover (Kent County) at the Silver Lake Park and
Mirror Lake projects.
Source Water Assessment and Protection: The DNREC Source Water Assessment and Protection
Program (SWAPP) provides for the assessment and protection of sources of public drinking water,
both surface and ground water. The assessment consists of three critical steps: first, delineation of
source water areas; second, identification of existing and potential sources of contamination; and
finally, assessment of the susceptibility of the source water area to contamination. The Site Index
Database identifies the location and status of both existing and potential sources of contamination
within the State. Most potential point sources have been mapped and rated. In 2004, the Source Water
Protection Program developed a guidance manual for local governments. This document was updated
in 2005. A citizen’s advisory group (CTAC) was formed to assist DNREC in the development and
implementation of the program and to ensure public involvement. SWAPP is a multi-phase program
that is expected to be completed in the next few years.
Cooperative Efforts: Cooperation among DNREC, residents, other agencies-state and federal,
universities, county and municipal governments, conservation districts, and non-governmental
organizations (NGOs) helps bring Delaware water goals to fruition. Pollution Control Strategy
development and implementation of TMDL regulations is driven by Tributary Action Teams (TATs).
The Center for the Inland Bays, Nanticoke Watershed Alliance, Partnership for the Delaware Estuary,
Delaware Nature Society, University of Delaware Cooperative Extension, the Sea Grant Program at
the University of Delaware College of Earth, Ocean, and Environment, Delaware State Cooperative
Extension, the Camden-Wyoming Rotary Club, the State of Delaware’s Nutrient Management
Commission, New Castle, Kent and Sussex County governments, Sierra Club, the county conservation
districts, USDA, USGS other DNREC divisions and many others have been vital contributors in the
development and implementation of PCSs and WIPs.
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Information Transfer Program Introduction

Information Transfer Program Introduction
None.

Information Transfer Program Introduction

1

USGS Summer Intern Program
None.

USGS Summer Intern Program

1

Category
Undergraduate
Masters
Ph.D.
Post-Doc.
Total

Student Support
Section 104 Base Section 104 NCGP
NIWR-USGS
Grant
Award
Internship
8
0
0
2
0
0
0
0
0
0
0
0
10
0
0

Supplemental
Awards
0
0
0
0
0

Total
8
2
0
0
10

1

Notable Awards and Achievements

Notable Awards and Achievements
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