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Happy 60th WRRA, 1964-2024!

Fig. 1. 60th Anniversary AWRA/UCOWR/NIWR Conference, 
St. Louis, Oct 1, 2024. NIWR President-elect Yu-Feng Lin 
(IL), President Gerald McAdams Kauffman (DE), Past-
President Jeffrey Peterson (MN), NIWR Presidents Kevin 
Wagner (OK), Sam Fernald (NM), Sharon Megdal (AZ), 
Brian Haggard (AS).





Table 1. 60-year History of UCOWR and NIWR and WRRA 
Year Milestone 
1862 Abraham Lincoln signed the Morrill Act that created the land grant college system to study mechanical arts. 
1887 Grover Cleveland signs the Hatch Act of 1887 forms agricultural experiment stations/University coop. extension programs. 
1961 President Eisenhower’s Bureau of Budget sends bill to Congress to establish Federal River basin planning commissions. 
1961 JFK asks National Academy of Sciences review Federal programs to strengthen water resources research capabilities. 
1962 Prof. D. Todd (UC-Berkeley) and Warren Hall (UCLA) hosted an intercollegiate hydrology symposium on Aug 7-9, 1962 at Lake Arrowhead, CA. 
1963 “Science” reports shortage qualified water research scientists, Congress should pass law, strengthen university water research. 
1964 LBJ signs the Water Resources Research Act on July 17, 1964 authorizes funding for water research institutes in each state land grant college. 
1965 Board of Trustees est. University of Delaware Water Resources Center in Newark, Del. by act of Governor/General Assembly.   
1971 Interior Task Force on Water Resources: “interregional institutional research will strengthen overall water research effort.” 
1984 Congress reauthorizes Water Resources Research Act over Ronald Reagan’s veto. Sen. Abdnor and Rep. McNulty leadership vital. 
1984 Interior Sec. J. Watt, OMB Dir. D. Stockman question 1978 Water Research & Development Act, abolish Water Resources Council & OWRT.  
1987 Dr. Caulfield (Col. State U.): 54 state water institutes, widespread base for distributive politics, not all federal programs as fortunate. 
1989 Drs. P. Godfrey (MA), P. Sonic (MN), P. Zelinsky (Clemson) incorporate National Association of Water Institute Directors, Inc. in Mass. 
1996 Resources for the Future deems WRRA of 1964 as most important water research and education legislation ever enacted. 
1999 Federal WRRA appropriation to 54 NIWR institutes $4 million, institutes leveraged local funds $71 million, 38:1 local match. 
2004 George W. Bush reauthorizes Water Resources Research Act in 2004. 
2009 USGS: challenges of climate change facing Nation’s water managers will affect fundamental drivers of the hydrological cycle. 
2014 50th Anniversary of WRRA Conference sponsored by UCOWR/NIWR/CUAHSI on Jun 18, 2014 at Tufts University, Medford, MA. 
2019 NOAA Sea Grant College Programs & USGS Water Resources Research Institutes held Mid-Atlantic joint meeting Feb 27. 2019 in Washington, DC. 
2021 President Biden signs Bipartisan Infrastructure Law with WRRA reauthorization passed by House (228 Yea) & Senate 69 Yea). 
2024 NIWR President Dr. Gerald Joseph McAdams Kauffman (University of Delaware) 
2024 60th Anniversary of AWRA/UCOWR/NIWR water resources conference in St. Louis, MO. 
2024 FY2025, Appropriations Committee recommends $18,000,000 for USGS WRRA, $14,500,00 104b base grants, $3,500,000 104g nat’l. grants. 
2024 NIWR commemorates the 60th Anniversary of the Water Resources Research Act at the Feb 2024 Annual meetings in Washington, DC. 
2025 UCOWR/NIWR Annual Conference scheduled for Jun 3. 2025 at University of Minnesota in Minneapolis-St. Paul, MN. 

 



Strengthen research of universities.

Shortage of qualified personnel

1963



1964 - Water resources research and technology institutes

1964



JFK signs 1961 DRBC Compact

LBJ signs 1964 Water Resources Research Act

Ronald Reagan vetos 1984 WRRA Amendments

Grover Cleveland signs 1887 Hatch Act



The University of Delaware Water Resources Center, est. on campus in 1965 at the 8th 
oldest institution of higher learning in the nation (est. 1743), is a research center in 
the IPA within the Joseph R. Biden School of Public Policy & Administration.
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USGS says... A- … not bad!



Happy 60th UDWRC, 1965-2025!



The University of Delaware is fortuitously situated on campuses 
ideally suited by hydrology and geography to study water resources.















DOI/USGS WRRA FY25 Budget Request





Fluctuating Federal/State Fiscal Landscape in Water







UDWRC Advisory Panel
Water Resources Research and Education Priorities

• Water quality (nutrients, pathogens, public health), harmful 
algal blooms, PFOA contamination

• Storm water runoff (management and control)
• Water supply, demand, and conservation 

(infrastructure/technology)
• Water policy (governance and economics)
• Climate change, sea level rise, riverine/coastal flooding
• Groundwater (remediation and treatment)
• Watershed management
• Wetlands (protection and restoration)
• Wastewater management (treatment and reuse)
• Water, food, and energy nexus



Chauncey says study and be nice!



2024-2025 Undergraduate and Graduate 
Research Projects











UD MS4 Permit Compliance Assistance.
Cooper Feeny Major: Economics  Major: Public Policy  Minor: Environmental Policy
Dmitriy Rybin Major: Civil Engineering
May 16th, 2025

Our aim in this project was to digitize the field inspection process 
for Udel Catch basins, Inlets, Outflows, and Parking lots as to 
comply with the phase two MS4 Permit held by the University of 
Delaware and the CIty of Newark, DE. 

Objectives

Created a “living” ArcGis map containing all parking lots, catch 
basins, BMP’s, Inlets, and outfalls under the management of both the 
University of Delaware and the City of Newark. From here we 
created surveys in FieldMaps pertaining to each particular University 
of Delaware datapoint. After integrating the mobile app with the 
ArcGIS website,, Dmitriy and Cooper went to multiple parking lots 
on campus to test the viability of these inspections via FieldMaps. 

Methods

We were able to complete 15 parking lot inspections. Some 
common things we noticed were that lots of catch basins on 
campus are missing a metal UDel medallion. Furthermore, 
parking lots on north campus seem to be more affected by 
pollution, sediment build up, and factors concerning the 
viability/efficacy of catch basins. Overall, we believe this to 
be a very effective, relatively simple way to manage 
MS4/BMP data, and that it could easily be adopted by the 
university and other SWM institutions.

Observations

We would recommend continuing the use of this software in 
the University’s efforts to take data as to maintain their MS4 
phase two permit. Furthermore, we would recommend 
creating a step by step guide on filling out inspections for 
parking lots, BMP’s, and inlets as to create a smoother 
transition for future interns that take on the continuance of this 
project. We would also recommend, after continued testing, 
that the University fully adopt this method of data keeping. 
Furthermore, we would recommend continuing inspections 
into the summer and next year as to get a full picture of the 
University’s stormwater management practices and needs.

Recommendations

We would like to thank the Delaware Water Resources Center as 
well as the US Geological Survey who provided the funding for 
this research through the US Dept. of Interior by the Water 
Resources Research Act of 1964 and 1984. Continually, we would 
like to thank Dr. Gerald Kauffman, Martha Narvaez, and Andrew 
Homsey , and Mrs. Stephanie Briggs for their guidance and 
advisement. 

Acknowledgements
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• Used USGS Streamstats profile elevation tool and field 
survey data to model the Rockland dam and road bridge

Figure 5: Streamstats profile elevation output for Rockland Rd.

•The Rockland region's profile was added upstream of 
existing Brandywine River geometry in the HEC-RAS 
model

Figure 6: Streamstats and field survey of Rockland Rd. channel

Figure 7: Rockland Road Bridge Cross-Section 

• Data from existing Brandywine geometry is compared 
with potential removal measurements

• Total flood elevation difference counts are shown 
below for all Brandywine River structures

Table 1. Bridge Count for Flood Elevation Differences with 
Structure Removal

•The HEC-RAS model was run without altering stream 
geometry or existing structures

Figure 2. Existing HEC-RAS profile, West Branch Brandywine River

Figure 3: Existing US Route 30/ Lincoln Hwy Cross Section, 
Upstream

•Change geometry for each bridge of potential interest 
using best engineering judgement

o This includes raising low chord, reducing width into 
floodplain
o Assume piers are removed

Figure 4: Proposed US Route 30 Bridge Modification, Upstream 
Cross-Section

•If this didn’t reduce overtopping by 3.5 feet we 
recommend complete removal of the bridge, if feasible

 

• Utilize a HEC-RAS model of the Brandywine River 
to simulate flood scenarios for various amounts 
of rainfall

• Evaluate feasibility of bridge removal or 
modification to reduce flood elevations in 
Wilmington, DE.

• Create additional cross-sections upstream of 
existing Brandywine HEC-RAS model.

Methods & Analysis, Results
Hurricane Ida in September 2021 caused record-

breaking flows in the Brandywine Creek leading to 
significant damage throughout the watershed, especially 
in the lower branch in Wilmington, DE. To simulate 
flooding behavior for large storms in the Brandywine, we 
used a HEC-RAS model provided by the US Army Corps 
of Engineers. This includes detailed information from 
FEMA for the East, West, Lower Branch, and various 
tributaries. This study focuses specifically on the flood 
elevations and how the numerous structures along the 
channel impact them. The model shows where water is 
overtopping bridges, dams, and roadways, indicating 
where mitigation strategies are necessary. To alleviate 
these risks, we explored modifications to the geometries 
of multiple bridges. A successful mitigation strategy 
would reduce the flood elevation by 3.5 feet. Since less 
water is backing up on the upstream side of the structure, 
there is less volume spilling into the floodplains. In 
addition to modifying the existing model, we extended the 
lower reach to include the dam, bridge, and railroad in 
Rockland, DE. Field survey data and the USGS 
Streamstats program’s profile elevation tool allowed us to 
add multiple cross sections onto the FEMA profile to 
continue our hydraulic analysis. Overall, for many of the 
bridges, the only successful mitigation strategy was 
completely removing the bridge, which may or may not 
be feasible. Some bridges we looked at were close to 
being successful when the elevation of the bottom of the 
deck was raised, indicating a possibility for mitigation with 
future geometric analysis.

Abstract Methods & Results, continued

Purpose & Research Question

• For bridges of interest, raise high chord and low 
chord to overall lift the bridge structure.

• Look into different changes to bridge geometry, 
beyond low chord openings.

• Research ways to potentially alter the stream 
channel or floodplain. This could reduce 
flooding upstream of structures to avoid taking 
the bridges out entirely.

• Collect more field data for the Rockland railroad 
bridge, there is limited elevation data available

• Continue mapping upstream cross sections and 
overall geometry for the Brandywine River to 
analyze additional solutions for flood 
mitigations.

Directions for Future Research

Flood Hydrology and Hydraulics along the Brandywine
River in Delaware and Pennsylvania

Caroline Gilliard, Elizabeth Manning, Gerald Kauffman

Renovation or removal of bridges of interest 
will reduce peak flood heights along the 
Brandywine River. 

• Bridges of interest should include all bridges that 
have a 100-yr  flood elevation difference of over 
1 ft

• A total of 136 bridges within the Brandywine 
River Main Stem should be categorized in this 
way

34 bridges of interest have 100-yr flood elevation 
differences of over 3.5 feet. These bridges should be 
evaluated for potential removal, if feasible. 

Combining field survey data and USGS elevation 
data helped add the existing Rockland Road Bridge 
which can be analyzed further for future mitigation 
strategies.

Conclusions

Flood Elevation 

Difference (>=), ft
Bridge Count

1 136

2 74

3.5 34

5 19

8 7

10 2

Figure 1: Aerial image of Rockland Rd. Structures
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Oyster Valuation in the Gulf of Mexico 
by Helena Owen

Department of Applied Economics and Statistics

• Little is known about the value people place 
on the ecosystem services provided by 
oysters

We will use a discrete choice experiment to 
better understand individuals’ willingness to 

pay (WTP) for oyster reef restoration

Subjects, Methods & Analysis

• The Bonnet Carre Spillway diverts flood 
waters from the Mississippi River to protect 
the city of New Orleans 

• The spillway has  been opened more 
frequently than intended over the past few 
decades inundating  oyster habitat with 
freshwater.

• In 2019 it was open for four months

Excessive amounts of fresh water 
negatively impacted Oyster reefs and 
led to the destruction of oyster 
ecosystems in the Mississippi Sound

Oysters provide many ecosystem goods 
and services, such as water filtration, 
storm surge protection, and secondary 
biodiversity effects

Introduction

Purpose & Research Question

• Finalize the presentation of the survey 
instrument.

• The discrete choice experiment will allow us 
to estimate an individual’s willingness to pay 
for each individual attribute included in the 
survey.

• The survey instrument is expected to be sent 
to respondents in the Gulf states in the Fall of 
2025.

• Once data is collected, it will be analyzed and 
put into a manuscript to be submitted for 
peer-review.

Next Steps

• The attributes included in the survey are the 
ecosystem goods and services associated 
with oyster reefs.

• Each attribute will have multiple levels that 
individuals will value.

1. Biodiversity and Secondary Species 
Effects: Oyster reefs are known to positively 
impact Blue Crabs, Stone Crab, Gulf 
Sturgeon, Gobies, and Silversides. These 
species will be shared along with their 
benefit received from oyster reefs.

2. Commercial Harvesting: Oysters are sold 
and harvested, providing market value 
through the purchase of oysters for food in 
addition to providing jobs for individuals 
who do the harvesting.

3. Water Filtration for Improved Quality: 
Oysters filter the water specifically for 
nutrients such as phosphorus and nitrogen. 
They additionally improve water quality by 
keeping sediment in place

4. Storm Surge Protection: Oyster reefs 
decrease wave energy, increasing storm 
surge protection and reducing erosion

5. Recreational/Visual Disamenities: In 
certain areas, oyster reefs are seen as visual 
disamenities as they can hinder the visual 
aesthetics and recreational abilities of those 
finishing and on boats .

Attribute

Our Discrete Choice Experiment Methods

Sample:
The survey will be distributed to a representative sample in the states that border the Gulf of Mexico: 
Florida, Texas, Louisiana, Mississippi, Alabama. The survey will be a subset of a national survey
Payment Vehicle:
To ensure the realism of the survey, a non-hypothetical payment vehicle must be established.
 Income Tax: The payment a one-time payment that would be collected in subjects 2026 state income tax 

returns. For the states that do not have income tax, the one-time upfront payment would be attributed to 
a different tax scheme.

Option 1 Option 2 Option 3
This reef will result in an increase in 

Blue Crab and Gulf Sturgeon 
population.

This reef will result in an increase in 
Blue Crab population.

I am not willing to pay for oyster reef 
restoration in the Gulf.

This reef will result in an increase of X 
pounds of commercial oyster harvest 

per year.

This reef will result in an increase of Y 
pounds of commercial oyster harvest 

per year.

This reef will result in a decrease of X 
pounds of nitrogen and phosphorus 

in the Gulf.

This reef will result in a decrease of Y 
pounds of nitrogen and phosphorus 

in the Gulf.

This reef will contribute to a 
reduction in erosion and help protect 

X acres of marsh habitat.

This reef will contribute to a 
reduction in erosion and help protect 

Y acres of marsh habitat.

This reef will cause visual interference 
during low tide.

This reef will not cause visual or 
recreational interference at all.

Cost to you = $ Cost to you = $$$ Cost to you = $0



Method 1) Intermittently syringe water to 
replace measured evaporated water
Method 2) Use Mariotte bottle system to 
continuously add water into system, with 
a heating lamp

• Manually scrape soil from the top of 
the columns daily

  

 

• Polluted groundwater harms vegetation, 
drinking water, and human health

• Full excavation is a costly and 
unsustainable approach

• Prussian Yellow changes the crystalline 
structure of the salt

• Allows for more effective removal of 
produced waters

• Experiment: Subsurface water 
application 

Materials and Methods

• Can Potassium Ferrocyanide be used 
to improve the remediation of 
produced water spills in contaminated 
soil?

• Can the introduction of subsurface 
irrigation techniques improve 
remediation?

Purpose & Research Question

Introduction

Remediation of Contaminated Soil from Accidental Spills 
of Salt-Laden Produced Water
Kayla Price a , Jason Geiger ᵃ, Dominic Di Toro ᵃ, Rich Carbonaro ᵇ, and Paul Imhoff ᵃ
ᵃ Department of Civil and Environmental Engineering, University of Delaware
ᵇ  Department of Chemical Engineering, Manhattan College

• The Mariotte bottle method 
achieved remediation benchmark in 
6 days

• Columns with Prussian Yellow 
outperformed those with only DI 
water in both methods

• DI by itself with high evaporation 
was also effective

• High evaporation rate was used 
during the experiment for the 
Mariotte bottles

Future Research:
• Find ideal evaporation rate 
• Well injection method testing
• Field scale testing 

Conclusions

Approach

Goal: To reach 80% removal of salt from 
the soil columns 

• Spill solution 3.8 M NaCl
• 30 cm columns packed with soil
• 1 mM Potassium Ferrocyanide in bottles
• 10 mM Potassium Ferrocyanide in syringe

Figure 1. Diagram of Mariotte bottle 
method experiment set-up.

Results

Figure 4. Bar chart representing percentage of NaCl (g) removed daily 
from each system for a period of 6 days. Figure 5. Scatter-plot line chart of both Mariotte bottle and syringe systems plotted 

against model data. Mariotte bottle data runs for 6 days and syringe data runs for 10 
days.

Figure 3. Laboratory experiment photo.

Figure 2. Photo of efflorescence from Mariotte bottle 
system 

without 
Ferrocyani

de

with 
Ferrocyani

de



The lists below explain the importance of each framework 
component, separated into original CTE elements and new 
components added during this project’s development.

Original Framework Components: 
1. Job Prospects Table: Advertise sector growth 
2. Green Careers: Opportunities in the green workforce
3. Green Methods: Sustainable practices that can be implemented to 

address environmental challenges within the sector
4. Delaware Community Plugins: Initiatives currently happening 

within the state to inspire students 
5. Green Programs: Courses, training, certificates, Bachelor’s and 

Master’s programs offered either online or within Delaware to 
provide students with professional training in green practices.

6. Resources for Educators: Lesson plans, modules, and classroom 
activities for teachers to use to educate students on green practices

7. Additional helpful links: Articles and tools for additional context
Components Added to the Original Framework: 
1. Environmental Literacy Integration Framework background with 

links: Explains the purpose of the framework, as well as the 
concept and importance of teaching environmental literacy 

2. Connection paragraph for every pathway program: Specifically 
calls out the importance of environmental literacy in the sector(s)

3. Opportunities to Enhance: Advise educators of gaps in the 
framework and solicit their input

Frameworks Explanation
The following are three of the ten environmental literacy frameworks created. Each is from a different round of development, which occurred over a 9-
month period. These frameworks showcase how sufficient frameworks should look; other frameworks are less developed and contain bullets under the 
“Opportunities to Enhance the Framework’s Resources” section detailing what is needed to complete the framework.

AgriScience framework from the First Round of development:

Architecture and Construction framework from the Second Round of development:

Business, Finance, & Marketing framework from the Third Round of development:

Results

 

Purpose: As the impacts of climate change increase in prevalence 
and severity in Delaware, integrating environmental literacy into 
education statewide has become necessary. This project aims to 
incorporate an environmental perspective into the existing Pathways 
Program curriculum through the development of frameworks that will 
link educators with environmental resources. The goal is to increase 
awareness of green jobs and opportunities for sustainability for 
students preparing to enter these careers. 

Environmental Literacy is the desired outcome of environmental 
education and provides our future workforce with sound scientific 
information, as well as skills for critical thinking and creative, 
strategic problem-solving for current environmental sustainability 
innovation and future cumulative climate challenges.

The Delaware Public High School Pathways Program connects 
education and workforce development to give youth meaningful work 
experience aligned to their career goals through quality programs that 
lead to postsecondary education and careers. 

Introduction and Purpose

Evaluation: Resources were evaluated and added to the framework 
through ten assessment criteria (shown in the table below). 

Each framework aimed to educate students on the environmental 
impacts of existing practices and expose them to various 
advancements and alternative practices that are creating ‘green’ 
jobs and opportunities in the growing career field of 
environmental sustainability. 

Ten frameworks were created for the following 12 CTEs, some 
pathways were grouped due to the sectors being connected:

1) Agriculture, Food & Natural Resources (AgriScience)
2) Architecture & Construction
3) Arts, A/V Technology & Communications
4) Business Management & Administration
5) Education & Training
6) Finance Careers
7) Health Sciences
8) Hospitality & Tourism
9) Information Technology
10) Marketing
11) Science, Technology, Engineering & Mathematics (STEM)
12) Transportation, Distribution & Logistics

Methods

Integrating Environmental Literacy into DE 
Public High Schools CTE Pathways Program

Silvie Sandeen, B.S. Environmental Science
Advisor: Martha Narvaez, Dr. Gerald Kauffman

The development of these frameworks highlighted the need for 
more resources connecting environmental issues to different 
sectors of industry. Many frameworks currently lack sufficient 
resources due to the unavailability of in-depth, trustworthy, or 
US-based resources. 
Additionally, resources that would have been beneficial, due to the 
timing and current political climate, were removed from public 
access.

Conclusions

Sufficient Data and Resources:
• AgriScience
• Business, Finance, & 

Marketing
• Architecture & 

Construction
• Education & 

Training

Insufficient Data and Resources:
• Transportation, 

Distribution, & 
Logistics

• STEM
• Information 

Technology
• Hospitality & 

Tourism
• Health Sciences
• Arts, AV Tech, & 

Communication

The continued development and expansion of Environmental 
Literacy Resources is imperative to successfully educate youth 
statewide. 

Future work should include:
• Further vetting of frameworks by

• Delaware educators and teachers of the respective Pathway 
Programs

• Environmental experts in Delaware
• Identification of additional resources

• Continue to look for new trustworthy, US-based resources as 
they become publicly available

• Conduct outreach to teachers and the community for resources 
they might know of

• Gain access to important removed or relocated government 
resources

The Delaware Water Resources Center partnered with Lisa Torbert 
(Advance CTE), who facilitated and directed the project. The overall 
project is led by Advance CTE and the Delaware Department of 
Education, funded through the NOAA B-Wet program.

Acknowledgements
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• The repeal of the CDL program in favor of universal single-
stream curbside recycling was intended to simplify waste 
management and reduce litter, but the long-term results 
have been mixed. 

• There is no way in this analysis to predict whether recycling 
rates would have increased if Delaware kept its CDL program 
and also implemented single-stream curbside recycling 
statewide, but it has been shown that states with a 
combination of both programs have some of the highest 
recycling rates across the country.

• Delaware’s recycling rates have recently been plateauing, so 
there may be a push for a change to the current recycling 
program to incentivize recycling. One policy approach would 
be to incorporate the CDL back into Delaware’s recycling 
program by expanding the role of existing redemption 
centers to accept and redeem bottles.

• Delaware’s experience with repealing its CDL offers 
cautionary lessons for both New Jersey and Maryland as 
they consider implementing similar programs. 

• There are other pushes 
besides a CDL that also have 
attention

• Extended producer 
responsibility to hold the 
producers accountable, 
change from the top

• Putting deposits on other 
items that cannot be 
recycled in the typical 
curbside recycling program.

• Incentivize recycling
• Litter reduction
• Better regrind material
• Cleaner coastlines
• Delaware is a unique state • Coded with Python and utilized Delaware Coastal Cleanup 

Results which started in 2008 and was last collected in 2019.
• Possible relationship between decreased total waste over 

time and the introduction of statewide curbside recycling. 
• Beverage bottle trends over time had little change after the 

introduction of statewide curbside recycling. This may suggest 
that people had an incentive to properly dispose of or clean 
up bottles from the Delaware coastline before curbside 
recycling as well, potentially due to the Container Deposit 
Law.

• More data is needed to make definitive conclusions.

• Seen as a tax to many Delaware residents if they did 
not participate in the redemption of their bottles.

• No requirement for grocery stores to recycle
• Many thought single-stream curbside recycling 

replaced the need for a CDL.
• They did not include aluminum cans in their program, a 

significantly recyclable and valuable material.
• No support from grocery stores.
• Not a very well-known program.

• The bottle bill program was created in Delaware in 
1978 to incentivize manufacturers, distributors, 
dealers, and consumers to reuse or recycle their 
beverage containers to reduce the increasing costs of 
litter collection and disposal in the state.

• There was much support for the expansion of the CDL 
program rather than its removal, yet these concerns 
were overpowered by those who advocated for its 
removal.

• The Universal Recycling Law removed the CDL program 
and replaced it with curbside recycling for all residents 
in Delaware in 2010. They replaced the CDL program 
with a temporary 4-cent tax on all beverages until they 
were able to pay for the curbside recycling program.

 

• Background: In the year 2010, the state of Delaware 
removed its Container Deposit Program.

• Purpose: Understand changes in Delaware’s recycling 
policy and how that affected recycling rates and waste 
along coastlines in the state.

• Research Question: What factors contributed to 
Delaware's decision to remove its bottle bill, and how do 
these factors compare to the motivations behind 
Maryland and New Jersey’s current efforts to implement a 
bottle bill?

• Methods: Literature review, interviews, analysis, 
conclusions and policy recommendations

Purpose and Research Question

• Used to curb mismanaged waste and debris, especially 
concerning waste in waterways.

• A 2-15-cent deposit is placed on glass, aluminum, and 
plastic beverage bottles sold at the retail level.

• When a retailer buys a beverage from a distributor, a 
deposit is made to the distributor for each container 
purchased.

• Retailers and redemption centers are reimbursed by 
the distributor and are also paid a handling fee for their 
services (typically 20% of refund value).

• Unredeemed deposits are returned to the states.

 

What is a Bottle Bill?

Litter studies in bottle bill states. (2024, January 16). Bottle Bill Resource Guide Container Recycling Institute. 
https://www.bottlebill.org/index.php/benefits-of-bottle-bills/litter-studies-in-bottle-bill-states
Eunomia. (2023). The 50 States of Recycling: A State-by-State Assessment of US Packaging Recycling Rates (The 
50 States of Recycling: A State-by-State Assessment of US Packaging Recycling Rates). Ball Corporation. 
Global Deposit Book 2024. (2025). Reloop. https://www.reloopplatform.org/global-deposit-book-2024/
State Beverage Container Deposit Laws. (2020, March 13). National Conference of State Legislatures. 
https://www.ncsl.org/environment-and-natural-resources/state-beverage-container-deposit-
laws#:~:text=How%20Do%20Bottle%20Bills%20Work,supermarket%20or%20other%20redemption%20center.
Department of Natural Resources and Environmental Control. (2022, October 6). Delaware Coastal Cleanup 
Results. Delaware Open Data. https://data.delaware.gov/Energy-and-Environment/Delaware-Coastal-Cleanup-
Results/jumg-zbb3/about_data 
State Beverage Container Deposit Laws. (2020, March 13). National Conference of State Legislatures. 
https://www.ncsl.org/environment-and-natural-resources/state-beverage-container-deposit-
laws#:~:text=How%20Do%20Bottle%20Bills%20Work,supermarket%20or%20other%20redemption%20center. 

Resources

Delaware’s Bottle Bill Repeal in Context: Drivers, 
Challenges, and Comparisons with Other States

Catherine Gilman, Energy and Environmental Policy
 Advised by Dr. Casey Taylor, Joseph R. Biden School of Public Policy & Administration

• New Jersey has strong institutional opposition from the 
recycling industry. This is motivated by the recycling 
industry’s fear of losing revenue, especially from high-
value materials like aluminum. Existing curbside programs 
are considered sufficient, and creating a parallel container 
deposit system is seen as redundant and costly. 

• Maryland has more public and organizational support for a 
CDL program, however the bottle bill has died in the past 
without a vote due to competing priorities, like budget 
and EPR legislation that have more traction. Some 
organized opposition exists, but overall it is less than in 
New Jersey. 

New Jersey and MarylandDelaware’s Recycling History

Comparison to Other 
States with CDLs

Delaware Recycling Rates

Failures of Delaware’s CDL Litter Study for Delaware Coastline

Why Study This?
Other Policies Recommended

Conclusions

https://www.bottlebill.org/index.php/benefits-of-bottle-bills/litter-studies-in-bottle-bill-states
https://www.reloopplatform.org/global-deposit-book-2024/
https://www.ncsl.org/environment-and-natural-resources/state-beverage-container-deposit-laws#:%7E:text=How%20Do%20Bottle%20Bills%20Work,supermarket%20or%20other%20redemption%20center
https://www.ncsl.org/environment-and-natural-resources/state-beverage-container-deposit-laws#:%7E:text=How%20Do%20Bottle%20Bills%20Work,supermarket%20or%20other%20redemption%20center
https://data.delaware.gov/Energy-and-Environment/Delaware-Coastal-Cleanup-Results/jumg-zbb3/about_data
https://data.delaware.gov/Energy-and-Environment/Delaware-Coastal-Cleanup-Results/jumg-zbb3/about_data
https://www.ncsl.org/environment-and-natural-resources/state-beverage-container-deposit-laws#:%7E:text=How%20Do%20Bottle%20Bills%20Work,supermarket%20or%20other%20redemption%20center
https://www.ncsl.org/environment-and-natural-resources/state-beverage-container-deposit-laws#:%7E:text=How%20Do%20Bottle%20Bills%20Work,supermarket%20or%20other%20redemption%20center






 

The Presence of PFAS in Delaware’s 
Drinking Water Streams

Megan Wassil
Advisor: Dr. Gerald Kauffman, Martha Narvaez

‘Forever chemicals’ found in Delaware drinking water streams.
What are PFAS?

Per- and polyfluoroalkyl substances
• Synthetic, fluorinated compounds
• Resistant to degradation
• May be harmful to human health
• In hundreds of household and industrial products

Purpose & Methods
Purpose: UD’s Water Resources Center set out to determine PFAS 
concentrations in Delaware’s drinking water streams: Brandywine River, 
Christina River, Red Clay Creek, and White Clay Creek

Initial Sampling:
• Upstream of each water treatment 

plant
• EPA Method 1633: 40 analytes
• Location: surface and 1 foot below
• Comparison with federal regulations
• Estimate treated water 

concentrations

Investigating sources of PFAS:
• Additional sampling sites were 

added to determine areas of 
contamination

• Upstream of initial sampling sites

U.S. EPA Drinking Water Regulations

Results

Compound MCL Brandywine 
(Wilm.)

Christina 
(Smalley)

Red Clay 
(Stanton)

White Clay 
(Stanton)

White Clay 
(Newark)

PFOA 4.0 5.9 11 65.9 5.3 9
PFOS 4.0 2.4 3.5 4.2 2.5 2.9
PFHxS 10 1.3 3.1 1.9 0.8 1.4
PFNA 10 1.7 1.7 35.9 0 3.5

HFPO-DA 10 0 0 0 0 0
PFBS 2.8 6.5 3.8 2.3 3.2

Hazard Index 1.0 0.3 0.5 3.8 0.1 0.5

To meet U.S. EPA regulations, all three active (excluding Christina Water Treatment) will need to treat 
for PFAS compounds by 2029. Expected increase in water rates for customers. Veolia’s PFAS treatment 
system to come online in summer 2025 is expected to increase rates over 40%.

Multiple sampling locations along Red Clay Creek revealed a possible point source between Hoopes 
Reservoir and Kiamensi Road. This could help with mitigation efforts.

• Detected compounds were almost all carboxylic acids, indicative of plastic treatment.
• Superfund and case records were searched 

• DNREC found a company responsible for PFOA release into Red Clay Creek. Remediation is 
required. 

Conclusions
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2025-2026 Undergraduate and Graduate 
Research Projects

Name Major Research Advisor Proposed Research

Undergraduate Research

Cai Foster Environmental Studies   
Dr. Gerald 
Kauffman/Martha 
Narvaez

Groundwater Nitrate Levels in Sussex County, DE/RASCL

Joshua Koppel Energy and Enviornmental Policy (BS), Economics 
and Political Science (BA) Dr. A.R. Siders American Media Sources and Responsibility for Preventing and Responding 

to Flooding Events

Faith Moen Landscape Architecture Dr. Gerald Kauffman 3D Modeling in an Urban Flood Prone Environment
John Vuillemot Public Policy Dr. Taylor/UDWRC Economic Viability of a Tidal Energy Project in Delaware Bay
Michele Wassil Environmental Science Dr. Gerald Kauffman White Clay Wild & Scenic Watershed

Sienna Wong Environmental Science Dr. Gerald Kauffman Ecology, Environmental Justice, Policy

Graduate Research

Olivia Francisco Masters Environmental Science & Management Dr. Gerald Kauffman

Megan Wassil PhD Water Science & Policy Dr. Gerald Kauffman The Presence of PFAS in Delaware's Drinking Water Streams

Cooper Feeny Masters Water Science & Policy Dr. Gerald Kauffman

Lucia Yah Paye-Layleh Environmental Science and Management Dr. Gerald Kauffman



2024-2025 DWRC Advisory Panel
Ms. Jessica Anton
Head of Lab Operations and Solutions
PFAS Solutions

Ms. Stacy McNatt
Chief of Construction Support
Department of Special Services
New Castle County

Mr. John Harrod
Engagement Director
Partnership for the Delaware Estuary

Ms. Stefanie Baxter
Associate Scientist
Delaware Geological Survey
University of Delaware

Ms. Shane Morgan
Management Plan Coordinator
White Clay Creek Wild and 
Scenic River Program

Mr. Kash Srinivasan
Principal
KS Group, LLC

Mr. Michael Bard
External Communications Manager
American Water

Dr. Mi-Ling Li
Assistant Professor
School of Marine Science & 
Policy
University of Delaware

Ms. Kristen Travers
Director of Conservation
Delaware Nature Society

Dr. Asia Dowtin
Assistant Professor
Department of Forestry
Michigan State University

Ms. Chris Oh
Water Division Director
Department of Public Works
City of Wilmington

Dr. Carolyn Voter
Assistant Professor
Civil and Environmental Engineering
University of Delaware

Dr. Dewayne Fox
Professor
College of Agriculture and Related Sciences
Delaware State University

Ms. Betzaida (Betzy) Reyes
Physical Scientist
U.S. Geological Survey

Mr. Steve Williams 
Environmental Program Administrator
Division of Watershed Stewardship
Delaware DNREC

Mr. Christian Hauser
Associate Director
Delaware Sea Grant Program
University of Delaware

Mr. Ethan Robinson
Deputy Director
Department of Public Works & 
Water Resources
City of Newark





University of Delaware Excellence in
Water Resources Scholarship Medal (2025)



Water Science & Policy doctoral student Megan Wassil receives
 UD Excellence in Water Resources Scholarship Medal (May 16, 2025) 



UDWRC graduate water research students Megan Wassil (PhD WSP), Catherine Gilman 
(MEEP), Nicole Re (MEEP), and Jhaney Hamlett (MPA) on May 16, 2025 



UDWRC undergraduate water research students Cooper Feeney (Public Policy), Dmitriy Rybin 
(Civil Eng’g.), Caroline Gilliard (Env. Eng’g.), Elizabeth Manning (Env. Eng’g.), Isabelle Kornas 
(ENEP), Silvie Sandeen (Env. Science), Amelia English (Public Policy), Caitlyn Foster (Env. Studies), 
Lianna Greenstein (Env. Eng’g.), and Abigale Britz (Env. Eng’g.) on May 16, 2025 



Future University of Delaware Water Resources Center Building



Luncheon is served

Happy Diamond Anniversary
UDWRC!
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