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The Delaware Center for the Inland Bays is a nonprofit organization and a 
National Estuary Program. It was created to promote the wise use and 
enhancement of the Inland Bays watershed by conducting public outreach and 
education, developing and implementing restoration projects, encouraging 
scientific inquiry and sponsoring needed research, and establishing a long-term 
process for the protection and preservation of the Inland Bays watershed.
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EXECUTIVE SUMMARY 

The purpose of the Inland Bays Environmental Monitoring Plan (IBEMP) is to track the status and trends of 
key environmental indicators used to assess the chemical, physical, and biological integrity of the estuary 
and surrounding study area, and to evaluate whether the goals of the Inland Bays Comprehensive 
Conservation and Management Plan (CCMP) are being met. It is a comprehensive inventory of existing, 
new, and proposed monitoring activities to meet these objectives and is intended to guide future 
research and monitoring efforts.  The plan is also intended to lead to increased integration of work and 
consolidation of resources. 

The original Monitoring Plan for the Delaware Inland Bays was written in 1995 and last updated in 1996. 
Since then, collection of additional relevant parameters has been initiated, responsibilities for collection 
have changed, and both monitoring technology and the scientific understanding of the Bays have 
evolved significantly.  The Center for the Inland Bays (CIB) manages or supports some of these programs, 
but most are led and supported financially by academic, county, state, and federal partners.  It is the 
CIB’s role to facilitate these partnerships and regularly synthesize, analyze, and report indicator data for 
the Inland Bays. This updated document provides an opportunity to re-engage stakeholders around its 
cooperative implementation.  

This IBEMP presents an inventory of existing projects and programs that conduct ongoing, long-term 
environmental monitoring in Delaware’s Inland Bays.  Many of these programs contribute data that are 
used by the CIB to develop State of the Delaware Inland Bays reports every five years.  Other entities 
produce data that may illuminate progress toward achieving goals of the CCMP, provide data for new 
environmental models, or may be useful for development of new indicators in the future.  For each 
program we identify CCMP objectives addressed, responsible entities, data collected, data gaps, 
frequency of data collection and reporting, and how the data are shared, reported and used.  The 
programs are organized into seven sections that cover monitoring of: (1) surface water; (2) groundwater; 
(3) wastewater; (4) atmospheric deposition; (5) wetlands; and (6) climate.   

Of primary importance in this IBEMP are recommendations made for new monitoring programs, or 
enhancement of existing programs.  These recommendations are made based upon critical data gaps 
(including emerging issues), the availability of new methods or technologies, and/or changes needed to 
make programs sustainable over the long term.   

Highest priority recommendations are: 

• Development of a new hydrodynamic/watershed model for the Inland Bays; 
• Upgrade of the University of Delaware’s Citizen Monitoring Program database to a format that is 

sustainable long-term and can serve data to the public through STORET and/or the state’s Water 
Quality Portal; 

• Long-term, continuous monitoring of dissolved oxygen and chlorophyll at key stations; 
• Monitoring of submerged aquatic vegetation in tidal regions of the Inland Bays; and 
• Monitoring of local indicators of sea level rise. 

Other recommendations, judged to be important but of slightly lower priority, include: 

• Continued monitoring of the tidal prism at the Indian River Inlet; 
• Long-term monitoring of oyster recruitment and growth in the Bays, particularly as aquaculture 

begins, and shellfish restoration and enhancement projects are undertaken; 
• Shoreline condition and modification monitoring to evaluate the effectiveness of living shoreline 

initiatives; 
• Continued analyses of tidal marsh acreage and condition using GIS methodology established in a 

2014 study conducted by the University of Delaware; 
• Monitoring of estuary acidification; and  
• Monitoring of recreational Blue Crab and Hard Clam harvests from the Inland Bays. 
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• Build and maintain a list of research and monitoring activities focused on emerging contaminants 
in the Inland Bays. 

For each recommended program, partner organizations or agencies are identified to be responsible for, 
or participate in, its implementation.  Where possible, estimated costs and potential funding sources are 
provided. Coordination among those organizations involved in data collection, processing and analysis, 
storage and provision, and presentation is key to the success of monitoring in the Inland Bays.  The 
Center for the Inland Bays Scientific and Technical Advisory Committee (STAC) will be responsible for 
ensuring the implementation of this plan. This includes engagement of all partners collecting data and 
ensuring that data are submitted to the CIB for State of the Bays reporting. 

The IBEMP is a living document intended to evolve to meet future needs for tracking the status and 
trends of conditions within the Inland Bays and progress toward meeting the goals of each of the CCMP 
focus areas. As the CCMP is revised, or new monitoring opportunities or technologies appear, revisions 
to the plan may need to be made. In order to ensure that monitoring programs are implemented and 
coordinated, and that the IBEMP is kept up to date, a CCMP/Monitoring subcommittee of the STAC is 
responsible for assisting the CIB with a biannual review/update.  

This version of the document represents the first update, completed in December 2020. The inventory of 
existing long-term monitoring programs in the Inland Bays study area (Appendix C) was updated to 
reflect recent program status and changes. Summaries of progress to date on each of the report’s 
recommendations for new or enhanced monitoring programs were added. Significant progress has been 
made on many of the recommendations in the two years since the IBEMP was developed. 

 
 
INTRODUCTION 

 
THE INLAND BAYS AND THEIR 
WATERSHED 

Delaware's Inland Bays (the Bays) refers to 
all tidal waters and tidal wetlands 
encompassing the Indian River Bay, Indian 
River, Rehoboth Bay, and Little Assawoman 
Bay (Figure 1).  The 292 square mile Inland 
Bays watershed is located in southeastern 
Sussex County, and drains to 35 square 
miles of bays and tidal tributaries.  
Rehoboth Bay and Indian River Bay are 
tidally connected to the Atlantic Ocean by 
the Indian River Inlet.  Little Assawoman Bay 
is connected by the Ocean City Inlet, 10 
miles to the south in Maryland. As of 2012, 
agriculture represented the largest land use 
in the watershed (31%), followed by 
developed/developing lands (24%), 
forested lands (17%), wetlands (16%), and 
open water (12%) (Figure 2).    

Historically, the Bays have been extremely 
dynamic. Prior to the 1930's the Indian River 
system consisted entirely of freshwater with 
the only connection to the Atlantic FIGURE 1 – Map of the Delaware Inland Bays Watershed 
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occurring during storm surges when the barrier island was breached, at various locations. The Indian River 
Inlet, as it exists today, was stabilized in the late 1930’s and has deepened over time, passing greater 
volumes of water and increasing the tidal range of the Bays. This has led to a long-term increase in the 
salinity of the Bays.  The greatest impacts of the salinity shift are evident in the upper reaches of the 
tributaries where tidal freshwater segments have been virtually eliminated. The dynamic flux of the Inland 
Bays poses an exceptional challenge to those responsible for monitoring the health of the system and 
establishing scientifically defensible status and trends data and analyses. 

The degradation of the Bays has been a gradual process occurring over many decades, and it is 
anticipated that the recovery process will proceed over a similar period of time. Nutrient contaminated 
groundwater in the Inland Bays watershed, for example, moves very slowly, and the contamination 
reaches depths of just over 100 feet. If all contamination of the aquifer were to stop immediately, it is 
predicted that it would take 75 to over 100 years for replacement water to purge the system and reach 
the Bays.  

While there are other issues raised in the CCMP, two areas of priority problems have been identified in 
the Inland Bays: eutrophication caused by excessive nutrient loading, and habitat loss and modification.  

 
  

FIGURE 2 – Map: Watershed Land Use, 2012 
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THE INLAND BAYS ENVIRONMENTAL MONITORING PLAN 

Background 

A key requirement of National Estuary Programs is to monitor the effectiveness of actions taken to 
implement their Comprehensive Conservation and Management Plans (CCMPs).  This type of research 
must include the understanding of the natural variability of the ecosystems and populations that make up 
the estuary and its watershed.  

The original Inland Bays CCMP was developed in 1995 to guide the work of the partners and cooperators 
charged with its implementation. Subsequent to this, Total Maximum Daily Load (TMDL) regulations for 
nitrogen and phosphorus were established for Indian River, Indian River Bay, and Rehoboth Bay in 1998, 
and for Little Assawoman Bay and the major tributaries of the Inland Bays in 2005. In 2008 the Inland Bays 
Pollution Control Strategy (PCS) was promulgated with the intention to implement the TMDLs. 
Furthermore, since 1995 population growth and development have brought significant changes to the 
watershed. 

A comprehensive update to the Inland Bays CCMP was published in 2012 as an Addendum to the original 
plan (Delaware Center for the Inland Bays, 2012). The Addendum includes 10 goals and 81 objectives, 
organized under eight focus areas: 

• Nutrient Management 
• Wastewater Management 
• Stormwater Management 
• Water Quality Management 
• Managing Living Resources and Their Habitat 
• Planning for Climate Change 
• Coordinating Land and Water Use Decisions 
• Outreach and Education 

Actions that would be required to accomplish the goals and objectives were written, as were Performance 
Measures that could be used to track progress (Appendix A). The CCMP is currently being revised and is 
due to be completed in 2021. 

During the Center for the Inland Bays (CIB’s) original CCMP development process that culminated in 
1995, a Plan for Inland Bays Environmental Monitoring was produced and included as Appendix G of that 
report.  The plan assembled the metadata of relevant environmental parameters collected at the time 
and put forth hypotheses for their change based on CCMP implementation.  An updated Monitoring and 
Assessment Plan for Delaware’s Inland Bays (1996-2000) was published in December 1996.  

Since then, collection of additional relevant parameters has been initiated, responsibilities for collection 
have changed, and both monitoring technology and the scientific understanding of the Bays have 
evolved significantly.  This requires that the Plan be revised and provides an opportunity to re-engage 
stakeholders around its cooperative implementation.  

The current version of the IBEMP was developed with input from the CIB’s Scientific and Technical 
Advisory Committee (STAC), and the participants of a facilitated Ambient Water Quality Monitoring Plan 
Workshop held in August 2015. These participants included representatives from the Delaware 
Department of Natural Resources and Environmental Control (DNREC), the University of Delaware, and 
the U.S. Geological Survey. 
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Objectives 

The purpose of the Inland Bays Environmental Monitoring Plan (IBEMP) is to monitor the conditions 
of the Inland Bays Estuary and Watershed used to evaluate the overall effectiveness of the CCMP.  
It serves as a comprehensive blueprint for monitoring activities that relate to the mission of the CIB. 

The IBEMP is a living document intended to evolve to meet future needs for tracking the status and 
trends of eutrophication and habitat loss/modification within the Inland Bays. It is a comprehensive 
inventory of projects that are ongoing, or are needed to fill data gaps, to monitor progress toward 
meeting the CCMP goals. The plan is intended to guide research, monitoring, and assessment efforts, 
and may lead to increased integration of work and consolidation of resources. If the CCMP is revised or 
updated, the IBEMP will be reviewed and revised if necessary to reflect that new document starting in 
2019. 

The primary objectives of the IBEMP are to: 

• Identify monitoring needed to track progress toward meeting the goals for improving water 
quality and living resources within the Bays; 

• Measure the effectiveness of CCMP actions in bringing about environmental change; 
• Identify projects/programs/agencies that are conducting monitoring that meets these goals;  
• Identify gaps where data and information are needed (including emerging issues), and suggest 

alternatives for filling those gaps where possible through integration of work being carried out 
under active projects; 

• Make recommendations for data synthesis, and for coordination among those organizations 
involved in data collection, processing and analysis, storage and provision, and presentation;   

• Identify funding needs and strategies to address data gaps and implement the IBEMP. 

 
Summary of Plan Development Process 

Stakeholders and partners assisted the CIB in the development of this IBEMP update. The CIB hosted a 
facilitated workshop to discuss ambient water quality monitoring in the Inland Bays.  A meeting of the 
STAC was also devoted to discussion of the plan.  Notes from the workshop and STAC meeting are 
included in Appendix B. 

 
MONITORING PLAN UPDATES 

Periodic reevaluation of the IBEMP must be conducted to ensure that data gaps are addressed.  During 
this reevaluation, monitoring programs will be checked for current relevance, applicability to emerging 
needs, and improvements in technology. If necessary, the CIB will revise the IBEMP to reflect any 
updates. 

A standing CCMP/Monitoring Subcommittee was appointed by the Chair of the STAC in 2018.  This 
subcommittee is responsible for biannual review of, and updates to, the Inland Bays Environmental 
Monitoring Plan, as well as development of strategies for implementation.  The biannual period for review 
was selected to correspond with the State’s Combined 305(b) and 303(d) reports to EPA.  At a minimum 
this subcommittee shall include representatives from the Center for the Inland Bays, DNREC Watershed 
Assessment Section, DNREC Environmental Laboratory, University of Delaware Citizen Monitoring 
Program, Center for Environmental Monitoring and Analysis (CEMA), and the Delaware Geological 
Survey. 

This version of the IBEMP represents the first update, completed in 2020. STAC subcommittee members 
worked with CIB staff to review and update the inventory of existing long-term monitoring programs in 
the Inland Bays study area (Appendix C). The October 2020 meeting of the full STAC also included 
discussion of progress made on plan recommendations. Summaries of progress and new data needs 
have been added to the ‘Recommendations and Supporting Programs’ section of this updated 



 

6 
 

document. The next biannual update will need to consider the CCMP revision, due to be completed in 
2021. 

 

ASSESSMENT AND REPORTING 

ENVIRONMENTAL INDICATORS AND STATE OF THE ESTUARY REPORTS 

Conditions in the Inland Bays are dynamic and it is essential to monitor temporal and spatial changes in 
water quality across the watershed and understand how changes relate to the health of the estuary.  

Comprehensive assessments of the condition of the Inland Bays were published in 1995, 2004, 2011, and 
2016.  The State of the Delaware Inland Bays report currently is updated and published every five years. 
The 2016 report included assessment of 35 individual environmental indicators, which are included in the 
IBEMP and identified in Table 1. The indicators are used to assess the status and trends of water quality 
and the health of Inland Bays habitats and living resources. Status and trends are assigned using best 
professional judgment and reviewed by scientists knowledgeable in these areas. For each indicator, long-
term trends are addressed, as well as short-term changes that have occurred since the previous report 
was published.  

The IBEMP is intended, in part, to ensure that long-term collection of data needed to develop these 
environmental indicators for the Bays is continued. The next State of the Delaware Inland Bays report will 
be published in fall 2021. Any changes to the list of indicators used in that report will be reflected in the 
next biannual update of the IBEMP, schedule to be completed in 2022. 

 

TMDL REPORTING AND BENCHMARK GOALS  

Section 305(b) of the Federal Clean Water Act requires that states prepare and submit a Watershed 
Assessment Report to EPA on April 1st of every even numbered year. The 305(b) reports and monitoring 
data are used to compile a list of impaired waters, commonly referred to as the 303(d) list. When waters 
are identified as impaired on 303(d) lists, a Total Maximum Daily Load (TMDL) must be developed.  

All of the 305(b) Reports and 303(d) lists that Delaware has submitted to EPA are available on the DNREC 
website (https://dnrec.alpha.delaware.gov/watershed-stewardship/assessment/reports/). Draft Core 
Documents for the 2020 305(b)/303(d) Integrated Report were posted at the time of completion of this 
monitoring plan update (December 2020). A copy of the 2020 assessment, listing, and reporting 
methodologies, including benchmark goals and hypotheses, is included here as Appendix D. 

 
 
INLAND BAYS MONITORING PROGRAMS 

QUESTIONS ADDRESSED BY MONITORING 

Two types of monitoring are used to track progress toward meeting goals of the CCMP – programmatic 
and environmental. The IBEMP focuses on environmental outcomes, i.e., changes in environmental 
conditions, ecological functions, and biological populations. 

The objectives of the 2012 Addendum to the CCMP were expressed as monitoring questions, which drive 
much of the environmental monitoring conducted by the CIB and its partners. Understanding of both 
responses to stressors and natural variability is critical for determining relationships between actions 
taken and responses within the estuary system. These questions, listed below, are organized to 
correspond with the CCMP Addendum focus areas. Question numbers are referenced in the Monitoring 
and Indicator Matrix (Table 1). 
 

MONITORING QUESTIONS 

Focus Area: Nutrient Management 
1. Do nutrient loadings from nonpoint and atmospheric sources meet established TMDL targets?  

Focus Area: Wastewater Management 
2. Do nutrient loadings from point sources meet established TMDL targets? 

https://dnrec.alpha.delaware.gov/watershed-stewardship/assessment/reports/
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EXISTING MONITORING PROGRAMS 

The IBEMP provides a framework that builds upon existing programs that are conducting ongoing, long-
term environmental monitoring within the Delaware’s Inland Bays study area.  Many of these programs 
contribute data that are used to develop State of the Delaware Inland Bays reports every five years.  
Others produce data that may illuminate progress toward achieving goals of the CCMP and/or Pollution 
Control Strategy, provide data for new environmental models, or may be useful for development of new 
indicators in the future.   

CCMP objectives and monitoring questions addressed by these programs, responsible entities, data 
collected, data gaps, frequency of data collection and reporting, and how the data are shared, reported 
and used are summarized in the Monitoring and Indicators Matrix (Table 1).   

The monitoring programs listed in the Matrix are organized into the following sections:  

1. Surface Water  
2. Groundwater  
3. Wastewater 
4. Atmospheric Deposition 
5. Wetlands 
6. Living Resources 
7. Climate 

Many of the monitoring programs in Table 1 are described in greater detail in Appendix C. Cross-
references to sections of the Appendix are provided in column two of the Table. Appendix C has been 
updated in 2020 to reflect any changes to programs that have occurred since the IBEMP was originally 
published in 2018. 

The expectation and recommendation of this Plan is that these programs will continue to be funded and 
conducted long-term. Coordination, collaboration, and long-term support for these monitoring programs 
are critical for the success of the IBEMP.  

The CIB funds and leads the following monitoring programs: 

• Long-term salt marsh monitoring 
• Seaweed abundance 
• Inshore fish and blue crab surveys 
• Horseshoe crab surveys and tagging 
• Diamondback terrapin surveys (added in 2020) 

Responsibility for implementation of the remaining programs lies primarily with other entities, as noted in 
Table 1.  The CIB will work with these entities, as needed, to facilitate partnerships and funding that 
ensure the sustainability of these programs. Through the STAC and state/regional workgroups (such as 
the Delaware Environmental Sensing Workgroup), the CIB will ensure that data gaps are discussed and 
addressed in each biannual review of the IBEMP.  The CIB also will continue to synthesize Inland Bays 
monitoring data and communicate findings to the public, stakeholders, and decision makers through 
State of the Bays reports and other media. 



 

 
 

  



 

 
 

 

  



 

 
 

 

  



 

 
 

 

  



 

 
 

 

  



 

 
 

  



 

 
 

 

 

 

  



 

16 
 

DATA MANAGEMENT AND QUALITY CONTROL 
 
The data managers identified for each monitoring program (Table 1) are responsible for the following: 

• Collection and analysis of data according to existing or updated monitoring plans. Changes in 
monitoring frequency or protocols must be communicated to the CIB, and included in any 
updates to the Environmental Monitoring Plan for Delaware’s Inland Bays. 

• Providing data to the CIB and/or its partners upon request for use in indicator reports or research 
projects. 

• Quality Assurance Plans must be kept up to date and provided to data users (including the CIB) 
upon request. 

• All monitoring programs funded partially or in whole by the U.S. EPA must have an up to date, 
approved Quality Assurance Project Plan (QAPP). QAPPs are to be updated every three years. A 
copy of the approved QAPP must be provided to the CIB for its records. 
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RECOMMENDATIONS AND SUPPORTING PROGRAMS 

 
The previous section of this plan describes ongoing monitoring programs in the Inland Bays that exist 
currently.  Many of these existing programs provide data that are used to develop the long-term 
indicators for the State of the Delaware Inland Bays reports that are published every five years by the CIB.   

This section of the plan provides recommendations for new monitoring programs, or enhancement of 
existing programs.  These recommendations, developed with the original IBEMP in 2018, are made based 
upon critical data gaps (identified in Table 1), the availability of new methods or technologies, and/or 
changes needed to make programs sustainable over the long term.  Table 2 summarizes priority 
recommendations, and each is described more fully on pages following the table. 

For the 2020 biannual update, a summary of progress made to date is included with each 
recommendation. 



Table 2 - Recommendations for Monitoring in the Inland Bays (Categorized according to relative priority ( *** = highest priority). 
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Objectives 

Data to be Collected / 
Contribution to  
Other Programs 

 
Responsible 

Entity/Entities 

Future 
Frequency of 
Reporting/Us

e 

How Future  
Data Will Be 

Shared / Reported 

 
 

Funding and Timeline 

 
Priorit
y Level 

1. DEVELOPMENT OF A NEW HYDRODYNAMIC/WATER QUALITY MODEL FOR THE INLAND BAYS 

Build a well-calibrated 
hydrodynamic/water 
quality model for the 
Inland Bays in order to 
address water quality 
threat of dissolved 
oxygen (DO). 

1) Will collect more recent 
sediment flux measurements, 
a sediment flux model, and 
explicit incorporation of 
benthic algae; 

2) Will collect lag times for 
groundwater and soil 
phosphorus loads to be 
incorporated; 

3) Will incorporate primary 
production and respiration 
rates into model calibration; 

4) Will collect increased spatial 
resolution particularly in tidal 
headwaters; 

5) Will incorporate 
meteorological records that 
were unavailable during 
calibration years (1998-2000); 

6) Will incorporate re-
assessment of nutrient 
loading to include potential 
groundwater discharge being 
explored by many DIB 
researchers since 2000. 

Recommended partners: 
CIB STAC, University of 
Delaware, DNREC 
Division of Watershed 
Stewardship. 

Appointment of a 
standing STAC 
CCMP/Monitoring 
subcommittee will begin 
work in early 2018. 

 

 

X X Building a well-calibrated 
model will take significant 
data, funding, and time.  

Will take several years and 
several million dollars. 

STAC subcommittee will 
engage stakeholders in 
early 2018 to plan subtasks, 
responsible entities, 
timeline, and funding 
strategy. Plan to be 
presented to STAC by June 
2018. 

*** 

2. UPGRADE CITIZEN MONITORING PROGRAM DATABASE AND SERVE DATA TO PUBLIC ONLINE THROUGH STORET AND STATE WATER QUALITY PORTAL 

Develop a CMP data 
entry template and 
database processing 
tools that will allow 
submission of data to 
STORET through the 
EPA’s Water Quality 
Exchange (WQX). 

1) Will ensure long-term 
sustainability of the Inland 
Bays Citizen Monitoring 
Program; 

2) Will fill critical data needs for 
effective restoration and 
management of the estuary. 

 

The CIB, CMP, EPA 
Region 3, Center for 
Environ. Monitoring and 
Analysis (CEMA). 

 

 

 
 

 

Data 
synthesized 
and reported 
by CIB every 5 
years in State 
of the Bays 
reports. 
Included in 
biannual 305(b) 
reports.  

Publicly available 
and searchable 
through a common 
online portal, such 
as the Delaware 
WQ Portal. 

Estimated cost to complete 
is $50,000. EPA has 
provided supplemental 
funding to the CIB 
($35,000) to begin work in 
FY2018 

*** 



Table 2 - Recommendations for Monitoring in the Inland Bays (Categorized according to relative priority ( *** = highest priority). 
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Objectives 

Data to be Collected / 
Contribution to  
Other Programs 

 
Responsible 

Entity/Entities 

Future 
Frequency of 
Reporting/Us

e 

How Future  
Data Will Be 

Shared / Reported 

 
 

Funding and Timeline 

 
Priorit
y Level 

3. LONG-TERM, CONTINUOUS MONITORING OF DISSOLVED OXYGEN AND CHLOROPHYLL 

Develop and deploy 
continuous monitoring 
networks to measure 
dissolved oxygen and 
chlorophyll in the Inland 
Bays, with a focus on 
tributaries. 

 

 

 

1) Will increase sufficiency to 
detect rapidly changing or 
cycling conditions in the Bays 
or episodic events (ex. diel-
cycling hypoxia, and 
phytoplankton blooms). 

STAC, Inland Bays, 
University of Delaware 
CEOE, DGS.  

Daily online 
reporting. 

Data available 
through online 

portal. 

Cost dependent on 
methods used and # of 
stations monitored. Based 
on similar NJ system, 
$50,000/sensor installation 
cost, plus $15-
20,000/sensor/yr recurring 
maintenance.  

*** 

4. MONITORING OF SUBMERGED AQUATIC VEGETATION IN THE INLAND BAYS 

Monitor and document 
acreage and 
distribution of SAV in 
the Inland Bays. 

 

1) Will assist protection of any 
existing SAV beds; 

2) Will help focus restoration 
efforts in areas where SAV 
beds are known to survive; 

3) Will track progress in SAV 
restoration. 

 

CIB, CERF SAV 
monitoring workgroup, 
MD Coastal Bays 
Program; EPA Region 3 
expressed interest in 
collaborating on SAV 
monitoring. 

Every 1 to 5 
years, 
depending on 
resource 
availability. 

Available in the 
State of the Bays 
report (every 5 
years) 

Funding impossible to 
determine until 
methodologies are 
established. 

*** 

5. MONITORING OF LOCAL INDICATORS OF SEA LEVEL RISE, INCLUDING A FLOOD MONITORING NETWORK 

Expand the CFMS into 
the Inland Bays to partly 
fill the need for more 
local indicators of 
climate change and sea 
level rise 

 

1) Will provide real-time tool to 
create flood inundation 
potential maps and time 
series of forecasted tidal 
predictions; 

2) Will monitor sea-level rise and 
the development/validation 
of hydrodynamic models if 
maintained for an extended 
period of time. 

 

CEMA, DelDOT, CIB, DE 
Geological Survey (DGS). 

Continuous. Available to the 
public via online 
application. 

Annual cost to maintain 
current CFMS network of 
approx. $15,000; adding 
more sensors will increase 
cost. May be able to use 
existing DelDOT telemetry 
system to expand the 
sensor network.  Potential 
funding from DNREC 
Coastal Programs, NOAA, 
DEMA, Sussex County. 

*** 
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Objectives 

Data to be Collected / 
Contribution to  
Other Programs 

 
Responsible 

Entity/Entities 

Future 
Frequency of 
Reporting/Us

e 

How Future  
Data Will Be 

Shared / Reported 

 
 

Funding and Timeline 

 
Priorit
y Level 

6. CONTINUE MONITORING TIDAL FLUSHING AT THE INDIAN RIVER INLET 

Continue measurement 
of tidal prism at the 
Indian River Inlet. 

1) Will evaluate the volume of 
water passing through the 
inlet; 

2) Will monitor the residence 
time of water within Inland 
Bays; 

3) Data required for 
development of 
hydrodynamic model for the 
Bays. 

U.S. ACOE, Univ. of 
Delaware. 

Every 5 years State of the Bays 
Report (every 5 
years). 

Estimated cost $40,000 per 
survey.  U.S. ACOE and 
DelDOT possible funding 
partners. 

** 

7. MONITORING OF OYSTER RECRUITMENT AND GROWTH IN THE BAYS 

Develop a monitoring 
plan that regularly 
measures oyster 
recruitment, 
populations, and 
growth in all three bays. 

1) Will assist with understanding 
the dynamics of restored 
oyster populations and their 
ecosystem services under 
naturally variable conditions; 

2) Will track progress of CCMP 
objective to enhance oyster 
populations in the Bays. 

CIB, Delaware State 
University, DE Sea Grant, 
DNREC Divisions of 
Watershed Stewardship 
and Fish & Wildlife. 

Annually. 
Future 
indicator of 
restoration 
success. 

Annual project 
reports published 
by the CIB.  
Potential future 
indicator for State 
of the Bays reports. 

Estimated cost is $30,000 
annually.  CIB should work 
with DSU to implement 
regular survey in 2018. 

** 

8. SHORELINE CONDITION AND MODIFICATION MONITORING 

Build upon and update 
shoreline inventories 
conducted by VIMS in 
2006 (for Indian River 
Bay) and 2012 (for 
Rehoboth Bay). 

1) Update inventories for IR and 
Rehoboth Bays; 

2) Complete inventory for Little 
Assawoman Bay; 

3) Will help track success of 
Living Shoreline Initiative 

CIB, DNREC Wetlands 
Assessment and 
Monitoring Program, 
DNREC Subaqueous 
Section, VIMS. 

Every 5-10 
years. 

Data made 
available through 
online mapping 
tool and project 
reports. Potential 
future indicator for 
State of the Bays 
reports. 

$125,000 every 10 years. 
Cost could be reduced by 
use of volunteers and/or 
drones in data collection. 

** 
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Data to be Collected / 
Contribution to  
Other Programs 

 
Responsible 

Entity/Entities 

Future 
Frequency of 
Reporting/Us

e 

How Future  
Data Will Be 

Shared / Reported 

 
 

Funding and Timeline 

 
Priorit
y Level 

9. CONTINUE ANALYSES OF TIDAL MARSH ACREAGE AND CONDITION USING GIS METHODOLOGY ESTABLISHED IN 2104 RARE STUDY 

Use established 
methodologies for GIS 
analyses of aerial 
imagery and LULC data 
to monitor Inland Bays 
tidal marsh 
acreage/condition.  

1) Will help understand and 
track status and trends in 
overall extent and health of 
tidal marshes in the estuary; 

2) Will assist with prioritizing 
future research and areas for 
restoration; 

3) Continue to use tidal marsh 
acreage and extent of 
fractured pooling as 
indicators in State of the Bays 
reports. 

CIB, Univ. of Delaware 
Water Resources 
Agency. 

Every five 
years. 

State of the Bays 
Report (every 5 
years). 

Total cost per analysis 
estimated at $37,000. 

* 

10. MONITORING OF ESTUARY ACIDIFICATION 

Collect data needed to 
understand proton 
fluxes and balances in 
the Inland Bays. 

1) Will allow assessment of long-
term trends in acidification 
that may occur with climate 
change; 

2) Will provide data to help 
model the interactions 
between hydrodynamics, 
eutrophication, and estuary 
acidification; 

3) Will help understand 
potential impacts on shellfish 
in the Bays. 

Univ. of Delaware CEOE, 
DNERR, Mid-Atlantic 
Coastal Acidification 
Network 

Continuous 
monitoring, 
reporting 
mechanism 
and frequency 
to be 
determined. 

Continuous 
monitoring data 
could potentially 
be made available 
online. Will be 
shared in project 
technical reports 
and through STAC. 

Estimated $30,000 per 
station added installation 
cost annually if included as 
a component of a 
continuous WQ sensor 
network. 

* 

11. MONITORING OF RECREATIONAL BLUE CRAB AND HARD CLAM HARVESTS 

Obtain estimates of 
recreational crab and 
clam landings in the 
Bays. 

1) Data will help assess the 
health and status of shellfish 
populations and allow state to 
account for recreational 
harvest in management of 
these fisheries. 

DNREC Div. of Fish & 
Wildlife 

Annually. Annual reports 
from DFW. 
Potential future 
indicator for State 
of the Bays reports. 

$46,000 annually. * 
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y Level 

12. DEVELOP A LIST OF EMERGING CONTAMINANTS RESEARCH AND MONITORING IN THE INLAND BAYS. 

Build a baseline for 
determining which 
compounds have the 
highest potential for 
significant impact in the 
Bays, and prioritize 
future EC monitoring 
and research. 

1) State to maintain a database of 
contaminants found in 
monitoring of water supplies; 

2) STAC to build and maintain a 
list of research and monitoring 
activities investigating 
emerging contaminants in the 
Bays; 

3) Will allow definition of the 
problem, recommendations for 
further monitoring, and 
promote source control. 

STAC CCMP/monitoring 
subcommittee. 

Biannually. STAC white papers. 
Data to be 
evaluated and used 
for biannual 
updates to the 
IBEMP. 

In-kind agency staff time. * 
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1. HYDRODYNAMIC/WATER QUALITY MODEL   

The first state-of-the-art water quality modeling program implemented in Delaware’s Inland Bays used a 
calibration database that included data from DNREC, USGS, US Army Corps of Engineers, University of 
Delaware researchers, citizen monitors and others (Cerco et al. 1994). The model was calibrated using 
data from 1988-1990 and is largely based on the same model used to manage water quality in 
Chesapeake Bay (CE-QUAL-W2) (Cerco and Noel 2005). This model included a mechanistic sediment flux 
model and even included a benthic algal model due to the shallow nature of the bays (Cerco and 
Seitzinger 1997). 

In 2004, Entrix, Inc. and J.E. Edinger Associates developed a TMDL model, currently used for the Inland 
Bays (Entrix and JEEAI 2004). The model is a fully coupled 1-D watershed and 3-D hydrodynamic-water 
quality model called the Generalized Environmental Modeling Surface Water System (GEMSS). That 
model was primarily used to calculate water quality constituents such as nitrogen, phosphorus 
(particulate/dissolved, inorganic/organic) and dissolved oxygen. It was calibrated using data collected 
from 1998-2000.  

Since 2000, there has been a significant increase in both understanding and data collection in Delaware’s 
Inland Bays. In particular, the University of Delaware and DNREC have collected continuous data records 
for dissolved oxygen (DO) over many years and at many locations. DO is arguably the greatest potential 
water quality threat to Delaware’s Inland Bays, with multiple fish kills attributable to hypoxia occurring 
most years. Substantial research efforts have also demonstrated reduced growth rates and behavioral 
avoidance of hypoxia by juvenile estuary dependent fishes that rely on the Bays for essential fish habitat.  

For this reason, the CIB requested an independent assessment of the DO calculation in the GEMSS 
model (Brady, 2014). While the report focuses on DO, it notes that improvements in the understanding of 
nutrient loading and biogeochemical cycling will also be necessary to improve future model formulations. 
The conclusions of this report are that GEMSS is not effective at simulating DO (especially in Indian River 
and tributaries). The calibration and validation datasets from 1998-2000 included few to no substantive 
continuous DO records. Assessing model performance in relation to diel-cycling hypoxia is exceedingly 
difficult, and that was not the original intent of that modeling effort. DO data collected since 2001 contain 
DO fluctuations from 0% to 200% saturation in the headwaters of major creeks/tributaries, and the model 
output shows no such fluctuations. Brady’s explanation for this is either: (1) diel-cycling hypoxia only 
became a significant feature of the water quality in Delaware’s Inland Bays in 2001 or (2) the monitoring 
program only became robust enough to detect diel-cycling hypoxia in 2001. In either case, the 
proliferation of data and understanding since 2001 strongly argues for re-visiting the modeling framework 
for the Bays.  

Recommendation: There is a critical need for a predictive, coupled watershed, hydrodynamic, and water 
quality model for the Inland Bays that uses current and high-frequency data. 

Brady (2014) provided specific recommendations for future accurate simulations of diel-cycling hypoxia.  
These include: 

• In the shallow Inland Bays estuary, benthic pelagic coupling between the water column and 
sediments is potentially a large source of oxygen demand. The current GEMSS model uses fluxes 
measured from 1992-1993 and 2001. There is no mechanistic sediment flux model associated with 
this modeling effort. More recent flux measurements, a sediment flux model, and explicit 
incorporation of benthic algae will almost certainly be necessary to complete nutrient budgets. 
There is also potential for the bottom sediment to play a role in time lags between the 
implementation of the Pollution Control Strategy and response in the estuary that cannot be 
explored in the current modeling framework. Lag times for groundwater and soil phosphorus 
loads should also be incorporated. 

• Incorporation of primary production and respiration rates into model calibration. Seasonal 
respiration appears well calibrated, but daily respiration rates are clearly not large enough to 
generate hypoxia in the early to late morning.  These rates can be estimated from high-frequency 
DO measurements. 
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• Increased spatial resolution particularly in tidal headwaters where recent fish tagging evidence 
has highlighted potential fish exposure mechanisms reliant on spatial gradients in DO.  
Headwaters are where improvements will be seen first, so an improved model will be a tool to 
test the effectiveness of best management practices. 

• Incorporation of multiple meteorological records that were unavailable or offline during the 
calibration years (1998-2000) made available by the Delaware Environmental Observing System. 

• Re-assessment of nutrient loading to include potential groundwater discharge being explored by 
many DIB researchers since 2000. The operation of the Millsboro Pond Outlet Aqualab provides 
more complete loading and loading process information, particularly for storms and storm 
periods.  It also identifies significant diel DO swings in the pond. This is the largest point source 
of fresh water to the Indian River. 

Building a well-calibrated model will require significant data, funding, and time.  Development of a 
predictive model tool will need to plan for a minimum of several years for data collection and model 
building/calibration.  The total cost is likely to be several million dollars. Thus it is essential that the effort 
be broken down into subtasks.  The model development should be led by the CIB’s STAC and include 
the following immediate actions:  

a. Appointment of a standing STAC CCMP/Monitoring subcommittee that will begin work in 
early 2018.  This subcommittee will have among its responsibilities overseeing the 
implementation of the IBEMP recommendations, including model development as one of the 
highest priorities. The chair of this subcommittee will work closely with the STAC presiding 
officers and CIB staff to manage development of a new model. 

b. The subcommittee will engage stakeholders in early 2018 in order to put together a specific 
plan for model development consisting of: subtasks, responsible entities, timeline, and 
funding strategy.  The subcommittee will present this plan to the full STAC by June 2018. 

 
2020 Update Report: 

In 2018, a standing modeling subcommittee of the STAC was formed and tasked with developing a white 
paper that synthesizes the STAC’s collective view of the requirements for an updated HD/WQ model of 
the Inland Bays and how its development can most practically be accomplished. That paper was 
completed and presented to the Board of Directors in March 2020. The paper was also presented to the 
CCMP Implementation Committee, which is helping guide development of a watershed nutrient loading 
model that can be coupled to the HD/WQ model. A copy of the white paper is included in this document 
as Appendix F. 

The STAC and CIB staff issued a Request for Information on June 1, 2020, to gather information from 
potential model developers about their tools, timelines, and costs. Eight responses were received from 
both university teams and private firms. The responses included a variety of modeling approaches and 
costs. Analysis of the submissions indicates that development of a HD/WQ model most likely will require 
two to three years of effort at a cost of $500,000 to $1,500,000. With this information, the STAC 
subcommittee will develop a funding strategy to be completed in early 2021. 

Progress was also made in developing a watershed nutrient loading model for the Inland Bays that is a 
necessary component of a HD/WQ model. In 2020, DNREC’s Division of Watershed Stewardship 
executed an agreement with Devereux Consulting to develop a Delaware Targeting and Planning Tool 
(DTAP) for the entire state. The DTAP will work similarly to the CAST model for the Chesapeake 
watershed. There may still be a need for funding to develop additional components for the model that 
are needed for the Inland Bays HD/WQ model, including climate change scenarios, diel fluctuations, and 
transport factors. The CIB is engaging with other potential users and stakeholders to discuss funding 
options for this.  

The white paper produced by STAC identified key data and research needs for model development and 
calibration. These include: 
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1. Better spatial coverage of high-frequency water quality measurements in the upper Indian River 
and tributaries, with focus on dissolved oxygen and Chlorophyll a;  

2. Changes in hydrodynamics due to changes in the bathymetry of the Indian River Inlet; 

3. Exchange of nutrients and oxygen between bottom sediment and the water column and the role of 
benthic algae; 

4. Data from additional stream gages to inform a watershed loading model.  

The first two data gaps already are included in the IBEMP recommendations, and progress is being made 
on each. The CIB and STAC should continue to seek resources and partnerships to address the remaining 
needs. 
 

2.  UPGRADE OF CITIZEN MONITORING PROGRAM DATABASE  

Due to funding and staffing issues, the University of Delaware Citizen Monitoring Program (CMP) has 
struggled to keep up with nutrient analyses and management of data. The CIB recently provided EPA 
Section 320 funds to assist the CMP with analysis of backlogged nutrient samples taken at nine stations 
that are key for producing State of the Delaware Inland Bays and Your Creek indicator reports.  But a 
larger issue is the fact that the current Access database used by the CMP is unsustainable and incapable 
of exporting data that can be integrated with the state’s water quality databases.   

The CIB, the CMP, EPA Region 3, and DNREC have a shared goal converting the current CMP database 
to a new, supported, sustainable format that allows public, online access and queries of Inland Bays water 
quality data.  Conversion would be made to a database that can export data into the EPA’s STORET data 
warehouse, and allow sharing of data online via the Delaware Water Quality Portal 
(http://demac.udel.edu/waterquality/). The new database could include an online site for volunteer 
monitors to enter their measurements directly, with data validation, including access from mobile 
platforms.   

Recommendation: It is recommended that the University of Delaware’s Center for Environmental 
Monitoring and Analysis (CEMA), which manages the state’s Water Quality Portal, work with the CMP and 
the CIB to develop a CMP data entry template and database processing tools that will allow submission 
of data to STORET through the EPA’s Water Quality Exchange (WQX).   

Specific recommended objectives and actions are: 

1. Development of an updated, supportable database structure for the CMP. 

a. Creation of a mechanism and framework whereby CMP data can be submitted. 
b. Development of data ingestion software to input CMP data into a database or repository. 
c. Creation of a QA/QC reviewer access procedure for quality control purposes. 

2. Online availability of CMP data to the public. 

a. Creation of a mechanism for automated submission of CMP data into STORET from the 
newly developed CMP database. 

b. Ingestion of CMP data from STORET into the Delaware Water Quality Portal as an 
additional “station type” for easy public access to CMP data. 

Once this is complete, legacy data should be converted, if possible, for inclusion into STORET.   

Successful completion of this project will help ensure long-term sustainability of the Inland Bays Citizen 
Monitoring Program and fill critical data needs for effective restoration and management of the estuary.  
A robust, high-quality water quality data set for the bays, combining both volunteer and state-collected 
data, will be publicly available and searchable through a common online portal.  Additionally, this effort 
will further a goal of both the CIB and EPA to have CMP data incorporated into water quality analyses 
and models managed by the state. 

http://demac.udel.edu/waterquality/
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Funding: Estimated cost to complete Objectives 1 and 2 is $40-50,000.  EPA has provided supplemental 
funding to the CIB in the amount of $35,000 to begin this work in FY 2018, and it is included as a project 
in the CIB’s FY 2018 workplan. 

 
2020 Update Report: 

The CIB received supplemental funding from EPA in FY 2018 to partner with CEMA on development of a 
new database for the CMP that allows export of data to EPA’s Water Quality Exchange (WQX, which 
replaced STORET) and the Delaware Water Quality Portal, with a goal of having CMP data available to 
the public online. The CIB provided additional funds in FY 2019 through a subaward to the University. 
CEMA completed the database design and data entry/processing tools in FY 2020. As of May 2020, data 
from 64 CMP stations had been uploaded to WQX. Those stations that include dissolved oxygen (DO) 
data (53 stations) were pulled into the Delaware Water Quality Portal and are now viewable online. The 
parameters currently going to WQX for the 64 stations are water temperature, air temperature, DO, 
secchi disk depth, and water depth. Nutrient, TSS, and Chlorophyll a data will be uploaded later in 2020 
when analyses are complete, followed by bacteria data. Work to pull remaining parameters and 2020 data 
into the Water Quality Portal continues. Legacy data that meet the metadata requirements for submission 
to STORET will begin to be added by CEMA in 2021. However, some of the legacy data does not 
currently meet these requirements and much of it must be pulled from paper records, so this may take 
some time. The CIB intends to work with Delaware Sea Grant to secure any funding needed to complete 
the work and/or to maintain data collection from the key Inland Bays stations.  

 

3.  CONTINUOUS WATER QUALITY MONITORING 

Ambient water quality monitoring in the Bays has to date largely followed a traditional paradigm of 
discrete sampling to collect data from as many locations and as often as funding allows.  Typical best-
case sampling frequencies are weekly (for the Citizen Monitoring Program) or quarterly (for the State’s 
GAMN network). While this type of monitoring program may be useful for long-term status and trend 
analyses, it does not provide sufficient resolution to detect rapidly changing or cycling conditions in the 
Bays or episodic events.  Examples of these in the Inland Bays system include diel-cycling hypoxia (Tyler 
et al., 2009) and phytoplankton blooms.  

Continuous monitoring is increasingly becoming a standard to characterize water quality in shallow 
coastal systems, where conditions can change frequently over time.  Continuous monitoring is the 
sampling method of choice when water quality variations are to be characterized over time. 
Multiparameter sondes, for example, are increasingly being used to monitor water quality at fixed 
monitoring sites, to carry out vertical profiling, or to perform water quality mapping. Flow-through 
continuous monitoring stations also are developing and have been used at a few sites in the state. 
DNREC has deployed some continuous sensors at Millsboro Pond in the Bays watershed. New, 
autonomous platforms are available provide spatial resolution for parameters that cannot be sensed 
remotely. 

Continuous monitoring in coastal environments can be challenging because of rapid biofouling from 
microscopic and macroscopic organisms, corrosion of electronic components from salt and high 
humidity, and wide ranges in values of field parameters associated with changing weather and tidal 
conditions. The sensors that are used to measure water-quality field parameters require careful field 
observation, cleaning, and calibration procedures, as well as thorough procedures for the computation 
and publication of final records.  However, procedures and technologies for continuous water quality 
monitoring have evolved greatly in recent years, and continue to evolve. Emerging sensor technology 
broadens the variety of measurable chemical constituents and reduces the limits of detection. Because it 
has become possible to make near real-time water-quality monitoring data available on the Internet, 
continual progress is being made to improve applications and refine quality-control procedures.   

Recommendation: 
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Continuous monitoring networks to measure dissolved oxygen and chlorophyll should be developed and 
deployed in the Inland Bays, with a focus on tributaries.  This effort should build upon ongoing work in 
this area by Dr. Bill Ullman and others, and consider emerging, innovative technologies.  The STAC 
should help guide the selection of sites and station configuration. 

Funding:  

Dependent upon the methods used and number of stations monitored. Annual cost to maintain the 
continuous monitoring station currently deployed at Massey’s Ditch (USGS 01484680, measuring 
temperature, specific conductivity, DO, and pH) is on the order of $50,000.  A real-time estuarine water 
quality monitoring network with 7-8 stations was implemented in New Jersey by the Barnegat Bay 
Partnership and the NJDEP.  The network includes both shore-mounted and buoy-mounted stations. 
Cited costs are approximately $50,000 for installation of each new shore-based station, and $80,000-
100,000 in recurring maintenance and operation costs for all sondes per year. 

 
2020 Update Report: 

In 2018, the CIB worked with the DNREC Environmental Laboratory to establish a long-term continuous 
water quality site in the upper Indian River near Wharton’s Bluff, and to deploy a YSI EXO2 sonde for 
collection of high-frequency dissolved oxygen data and other water quality parameters at this location. 
Annual monitoring at this location now occurs from April through October. The CIB is responsible for this 
station. In FY 2020, the CIB and Delaware State University deployed additional sondes at three locations 
associated with oyster reef and aquaculture sites in Rehoboth Bay, Indian River, and Little Assawoman 
Bay. Data will be collected from these locations for at least two years. Support for these sondes comes 
from a Community Water Quality Improvement Grant to the CIB, and a Delaware EPSCoR award to DSU. 
It is hoped that these sondes can be redeployed to other locations in the Bays after the oyster reef 
project is completed. 

In 2020, the CIB partnered with Scott Andres at the Delaware Geological Survey to install and maintain 
two additional continuous water quality stations closer to the mouth of Indian River and in Pepper Creek. 
Project WiCCED is providing the funding for equipment and university staff time, and CIB staff were 
funded to maintain the stations and manage the data collected. A new Access database was created to 
house the data acquired from all three Indian River/Pepper Creek stations, as well as from future stations 
that will be added as funding becomes available.  

By early 2021, the CIB intends to develop a prioritized plan for deployment of a larger, long-term 
continuous monitoring network in the Bays.. A grant proposal submitted in 2020 by CIB to fund additional 
stations was unsuccessful. However, several teams of investigators have included Inland Bays monitoring 
stations in research proposals recently submitted to MARACOOS.  

 
4.  MONITORING OF SUBMERGED AQUATIC VEGETATION 

While listed as a major action in CCMP, submerged aquatic vegetation (SAV) restoration efforts in the 
Inland Bays have stalled. Due to high levels of nutrients, chlorophyll a, and macroalgae, SAV beds in the 
Inland Bays have all but disappeared. However, recent water quality analyses suggest that water quality 
has improved in many locations over the long term, and that macroalgae populations are much lower 
than previous levels in much of the Inland Bays.  This suggests that SAV beds may be able to survive in 
the Inland Bays once again, and may currently exist in some areas that have seen improvements.  

Recent surveys of SAV in the Bays have been limited to the Horned Pondweed meadows discovered a 
few years ago in Love Creek.  No monitoring program currently exists for eelgrass or other baygrasses. 

Recommendation: 

Monitoring to document what SAV remains in the Inland Bays, and where it’s located are necessary in 
order to protect any existing SAV beds, as well as focus restoration efforts in areas where SAV beds are 
known to survive. In addition, the recognition of SAV as an important carbon sink adds impetus to the 
need for accurate maps at a regional level.  
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Ideally the survey will be performed annually, but adjusted depending on resource availability.  At a 
minimum it should be conducted every five years to correspond with indicator development for the State 
of the Delaware Inland Bays reports. 

Recent technological advances present new options for monitoring and mapping SAV. Aerial surveys are 
one option. However, the current sparseness of SAV beds in the Inland Bays means that surveyors would 
be searching for much smaller patches than are typically identifiable by plane.  Monitoring may also be 
conducted either with boats and divers, or with short-range, low elevation drone flights, checking areas 
for SAV presence and patch size. Divers and drone pilots could maximize their time by focusing efforts in 
areas where water quality meets SAV requirements as determined through the State of the Bays report 
and other water quality analyses.  A workshop at the November 2017 conference of the Coastal and 
Estuarine Research Federation (CERF) will be devoted to sharing best practices for SAV monitoring, 
including new technology options. 

Funding: 

Funding required is impossible to determine until methodologies are established.  EPA Region 3 has 
expressed interested in potentially collaborating on SAV monitoring.    

 
2020 Update Report: 

The CIB secured funding from Delaware Sea Grant to map SAV in areas of interest within Indian River, 
Rehoboth, and Little Assawoman Bays. Monitoring began in April 2020. Mapping was focused on areas 
where SAV was previously documented, areas where water quality was deemed of sufficient quality to 
potentially support SAV, and areas with possible SAV beds reported by partners and members of the 
public. The mapping methods use overlapping photos of the areas of interest collected with a DJI Mavic 
Pro drone. These images are post-processed in ArcGIS to derive spatially accurate aerial imagery, which 
was then inspected for benthic vegetated beds. Any potential beds greater than 0.10 acres are then 
verified via snorkeling surveys. Nearly nine miles of Indian River Bay shoreline were mapped in 2020, but 
no SAV beds have so far been identified there. Mapping will continue in 2021 in Little Assawoman Bay 
(where seagrass has been reported by the public already) and Rehoboth Bay. 

There is still a need to complete surveys for SAV in the tidal tributaries and canals. The majority of known 
SAV beds are in these areas. For example, a large bed of horned pondweed (Zannichellia palustris) is 
known to exist in upper Love Creek, and seed collected from widgeon grass (Ruppia maritima) in South 
Bethany canals was planted in other Inland Bays areas in recent years. The CIB will consider enlisting the 
help of volunteers in 2021 to survey tributary locations. 

 

5. LOCAL INDICATORS OF SEA LEVEL RISE 

There is a critical need in the Inland Bays watershed to conduct monitoring geared specifically to address 
how sea level rise affects and is perceived by the public.  The Inland Bays watershed is particularly 
vulnerable to sea level rise and its effect on the frequency and intensity of coastal flooding events, 
emphasizing the need for a modern, dependable coastal flood monitoring and warning system for the 
Bays’ coastal communities. 

The Delaware Coastal Flood Monitoring System (CFMS) was developed, jointly by the Delaware 
Geological Survey (DGS) and the Delaware Environmental Observing System (DEOS) at the University of 
Delaware, to provide water level predictions and flood potential for 15 communities on Delaware Bay 
(http://coastal-flood.udel.edu/).  The tool serves three primary functions: to send out warning alerts up to 
48 hrs in advance of potential flood conditions, to provide access to current meteorological and 
hydrologic conditions, and to provide local tidal predictions and map their areas of impact.  

The CFMS currently covers only the Delaware Bay coastline.  Expansion of the system to the Inland Bays 
and Atlantic Coast of Delaware is planned by DEOS.  However, the NOAA DBOFS operation model used 
currently does not work well for the Inland Bays system.  A different hydrodynamic or statistical model is 
required. 

http://coastal-flood.udel.edu/
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In 2015, DEOS partnered with DGS and the CIB to conduct a three-year study of water level conditions at 
various locations in the Inland Bays.  Water level sensors were installed in spring of 2015 and likely will be 
maintained until the summer of 2018.  Data collected will help inform development of a flood prediction 
model specific to these bays. 

Recommendation: 

Expansion of the CFMS into the Inland Bays will at least partly fill the need for more local indicators of 
climate change and sea level rise.  If a successful model is developed for the Bays, it will provide a 
publically-accessible, real-time tool to create flood inundation potential maps and time series of 
forecasted tidal predications. The CFMS itself is not meant to be a sea level rise tool, but rather its 
continued development is contingent upon the availability of tidal water level data from a sensing 
network like the one currently deployed in the Inland Bays.  The data from that same network can lend 
itself towards sea level rise monitoring and the development/validation of hydrodynamic models if 
maintained for an extended period of time.  

It is recommended that support for developing this tool for the Inland Bays be continued and prioritized. 
A water level/flood monitoring network should be permanently installed throughout the Bays.  These 
data are needed not only for flood alert tools, but also for development of a new hydrodynamic model 
for the Inland Bays. 

Priority should also be given to long-term local monitoring of other indictors of climate change, such as 
precipitation, air temperature, and growing season length.  The Inland Bays watershed experiences a 
range of microclimate effects, so data collected at the coast, for example, (or from outside the watershed) 
cannot easily be extrapolated to inland locations. 

Funding: 

The annual cost to maintain the current network of CFMS sensors is approximately $15,000, including 
upkeep of a borrowed (DelDOT-owned) RTK-GPS system.  Installation of new sensors would add more 
cost, so maintaining what is there already is more cost effective, as long as the locations are answering 
the pertinent science questions.  DelDOT’s telemetry system might be used to expand the network. 

Currently the CFMS is funded through grants from the DNREC Delaware Coastal Management Program 
and the Delaware National Estuarine Research Reserve, with funding from NOAA’s Office of Ocean and 
Coastal Resource Management.  Opportunities for additional funding from NOAA, DEMA, and Sussex 
County should be explored. 

 
2020 Update Report: 

CEMA intends to hire one or two student interns in early 2021, supported by Delaware EPSCoR, to 
update the Delaware Storm Climatology database, a climatology of coastal storms and coastal storm 
damage along the Delaware coast since 1871. This may provide data for new indicators of climate 
change, including flooding. CEMA staff suggest that critical tide gauge or water level sensor 
measurements associated with flooding of certain roads or low elevation points in the Inland Bays 
watershed might be used to develop an indicator of potential flooding, such as number of days that 
water level is exceeded. 
 
 
6. INDIAN RIVER INLET TIDAL FLUSHING 

Since it was stabilized in the 1930s, the Indian River Inlet has deepened over time, passing greater 
volumes of water and increasing the tidal range of the Bays.  This has led to long-term increase in salinity 
of the Bays and contributed to degradation of marshes.  Increased tidal flushing through the Inlet also 
results in greater flushing of nutrients from the system.   

Inlet flushing is one of the important indicators included in the State of the Delaware Inland Bays reports.  
Flushing is estimated through tidal prism calculations. The tidal prism is defined as the volume of water 
leaving a channel on an ebb tide cycle. The following general equation is used: 
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P = H A 

where H is the average tidal range and A is the average surface area of the basin. Area is calculated 
through a series of transects and using bathymetry data for depth. 

Tidal prism calculations for the Indian River Inlet are not made with regularity. Calculations were made in 
1939, 1952, 1969, 1975, 1976, 1978, 1979, 1981, 1985, 1986, 1988, and 2004. Bathymetry data was collected 
in 1999 and 2004.  The most recent measurements were performed by Ocean Surveys, Inc. (Saybrook, 
CT). 

Tidal prism calculations can be used not only to evaluate the volume of water passing through the inlet, 
but also the residence time of water within the Inland Bays. Evaluation of the Indian River Inlet flushing 
indicator during preparation of the 2016 State of the Delaware Inland Bays report revealed a need for 
dedicated funding to regularly assess the inlet flushing. As the inlet deepens and widens the volume of 
saltwater will increase and leads to a cascade of ecological impacts.  In addition, the change in channel 
morphology may lead to structural problems with the inlet bridge. 2004 data were provided by the Army 
Corps of Engineers, Coastal Planning Section.   

Recommendation: It is recommended that the state work with the Army Corps to repeat these 
measurements every five years.  Because of its interest in resiliency of coastal roadways and long-term 
integrity of the inlet and its bridge, DelDOT may be able to contribute to this effort. 

Funding: The tidal prism data collected in 2004 was one portion of a larger data collection effort funded 
under a single contract.  The Army Corps estimates the tidal prism portion of the work cost roughly 
$30,000.  The tidal prism data collection effort involved hourly boat-mounted ADCP surveys measured 
over a 25-hour period along five transects, as shown in Figures 3 and 4.  Today, a similar effort would 
likely cost closer to $40,000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3– Hydraulic measurements made at the Indian River Inlet in 2004, showing 
current measurement transects. 
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2020 Update Report: 

The CIB has been unsuccessful so far in obtaining the funding required to conduct new ADCP surveys of 
the inlet. The USACE was willing to provide partial funding, but no source for the required nonfederal 
match was identified. At a meeting held in spring 2020, the USACE and other participants suggested that 
a modeling approach be sought for estimating the prism. It was felt that this could provide an even more 
accurate calculation than a one-time in situ survey and could possibly be done using an existing model of 
the inlet. 

Prof. Fengyen Shi at the University of Delaware is confident that a numerical model previously developed 
for the Inland Bays – the nearshore community model, or NearCoM – can provide an accurate estimate of 
the current tidal prism, and a proposal for this work was submitted by him to the CIB. The model will be 
re-validated against the recent tidal data measured at three USGS stations+yu. The tidal prism will be 
calculated using the incoming/outgoing tidal fluxes through the inlet. This work can be completed in 
early 2021. 

 

7.  MONITORING OF OYSTER RECRUITMENT AND GROWTH IN THE BAYS 

A major goal of the Center is to restore a sustainable population of native oysters in the Inland Bays. 
Oyster restoration/enhancement projects (such as living shorelines, oyster reefs, and the CIB’s oyster 
gardening program) and commencement of oyster aquaculture in the Bays will all contribute to this goal.  
Currently, however, no regular monitoring of oyster population, distribution, or recruitment in the Bays is 
occurring. Such monitoring is necessary to evaluate the effectiveness of restoration efforts. 

A critical need also exists for studies on post-settlement growth and survival of oysters in the Inland Bays 
system.  Existing literature documenting growth rates for Eastern Oysters is largely from studies of large, 
protected, or hatchery-spawned animals.  Multi-year, population-level estimates of wild growth in local 
bay waters are necessary in order to understand the dynamics of restored oyster populations, and their 
ecosystem services, under naturally variable conditions.  Such studies have very recently begun in 
Delaware Bay (Munroe et al., 2017). 

FIGURE 4 – Hydraulic measurements made at the Indian River Inlet in 2004. 
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Recommendation: 

The CIB currently is drafting a Shellfish Enhancement Action Plan that will include recommendations for 
specific restoration projects such as oyster reefs.  All implementation projects should, if feasible, be 
monitored for at least three to five years for oyster survival, growth, reef height and size (if applicable), 
disease, and recruitment.  

In addition, however, it is recommended that regular, long-term surveys of oyster populations and 
recruitment be developed for all three Bays.  A plan for this monitoring should be a component of the 
Shellfish Enhancement Action Plan.   

A current research project being conducted under the guidance of Dr. Gulnihal Ozbay at Delaware State 
University (DSU) may provide a template for this monitoring program.  The focus is to develop repeatable 
methods that can be used later to assess the impact that aquaculture and hatchery raised oysters have on 
the local wild oyster population. Components of this effort include: (a) Standardized transect surveys on 
riprap–armored shorelines; (b) spat collectors deployed at locations throughout the Bays; and (3) genetic 
analyses of spat, to determine the diversity and probable parent populations.   

Funding: 

DSU has estimated the cost of a long-term monitoring program to be approximately $30,000 annually.  
CIB and DSU should work together to identify funding to implement a survey in 2018. 

 
2020 Update Report: 

The first farmed oysters were cultivated in the Inland Bays in 2018. The state reported that in 2019, 51 
total acres had been leased in the Bays, and 1,453,951 oysters were planted on commercial leases 
(Delaware Department of Natural Resources and Environmental Control, 2020). These were mostly, or all, 
nonreporductive triploid strains. In 2019, the CIB also installed and seeded three small subtidal research 
oyster reefs, two in Rehoboth Bay and one in Little Assawoman Bay. Funding has been secured to install 
and monitor additional subtidal and intertidal reefs in 2021. In the past few years, small but increasing 
numbers of wild native oysters have been observed in various areas of the Inland Bays. A living shoreline 
project installed in Indian River Bay, for example, has recruited relatively large numbers of oysters. 

Thus, the importance of understanding the sources and transport of oyster larvae in the Inland Bays and 
the distribution and abundance of spat and adults has grown. Scott Borsum oat DSU published his 
master’s thesis that included the results of spat surveys and intertidal riprap surveys conducted in all three 
bays in 2016 and 2017 (Borsum, 2018). However, other than the monitoring conducted by the CIB on the 
pilot research reefs, no additional surveys of oyster populations in the Inland Bays are underway or 
planned. The CIB intends in 2021 to recruit volunteers to assist with deployment and monitoring of spat 
collectors. Work will also begin in late 2021 on the final phase of a Shellfish Enhancement Action Plan that 
will consider monitoring needs and feasible approaches. 

 

8. MONITORING OF SHORELINE CONDITION AND MODIFICATION  

The Center is engaged in an initiative to maximize the use of living shorelines stabilization techniques in 
order to protect the water quality and habitat of the estuary.  The initiative is a focus of the 
Comprehensive Conservation and Management Plan (CCMP) for the Inland Bays and is also a priority for 
the State.   

A study to assess the shoreline conditions of Rehoboth and Indian River Bays was conducted by the 
Virginia Institute of Marine Science (VIMS), Center for Coastal Resources Management, with support from 
DNREC’s Wetlands Monitoring and Assessment Program and the Center for the Inland Bays.  Data for 
Indian River Bay were collected in 2006; data for Rehoboth Bay were collected in 2012. The spatial data 
collected in the study were used to build a public web-based mapping and analysis interface 
(http://cmap.vims.edu/ShlInv/Delaware/Delaware_shlinv.html).  The assessment was not completed for 
Little Assawoman Bay at the time, due to funding constraints.  
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The data developed for the inventory were based on a three-tiered shoreline assessment approach. This 
assessment characterized conditions that can be observed from a small boat navigating along the 
shoreline. Hand-held GPS units and GPS registered videography were used to collect data on conditions 
observed in the field. The three tiered shoreline assessment approach divided the shore zone into three 
regions: 1) the immediate riparian zone, evaluated for land use; 2) the bank, evaluated for height, stability, 
cover and natural protection; and 3) the shoreline, describing the presence of shoreline structures for 
shore protection and recreational use.   

A complete and up to date shoreline condition database is an important tool for evaluating success in 
meeting the goal of reducing hardened shorelines and increasing the extent of natural/living shorelines in 
the Bays.  If maintained long-term, the data can be used to develop useful shoreline condition indicators 
for the Inland Bays.  The online analysis tool can assist land owners, marine contractors, and State 
regulators to identify locations where shoreline restoration is needed and what type of shoreline 
restoration method would be most appropriate.  In particular, the data may be used to help CIB and 
others prioritize sites for installation of living shoreline restorations in all three Inland Bays. 

Recommendation:  

It is recommended that a shoreline inventory be completed for Little Assawoman Bay, and that the 
shoreline data collected in 2006 for Indian River Bay be updated within the next one to two years.  In 
order to use the shoreline data to develop an environmental indicator for the Bays, the data will need to 
be updated periodically. Ideally this would happen every five years, to correspond with release of the 
State of the Delaware Inland Bays reports. 

Funding:  

Total cost for the original inventory of Rehoboth and Indian River Bays was ~$125,000.  In 2015, VIMS 
provided a cost estimate of ~$67,000 to complete the inventory for Little Assawoman Bay and update 
Indian River Bay data.   

The Center recommends that this work be completed more cost effectively by using in-house staff and 
volunteers to collect shoreline photographs and field data from boats. Use of drones may also facilitate 
data collection.  Center staff, or a contractor, would then update the mapping layers and report the 
results.  The Barnegat Bay Partnership recently developed a citizen science program called “Paddle for 
the Edge,” to monitor shoreline condition.  Data are collected from kayaks and canoes using a 
smartphone app.  A similar program could easily be developed for the Inland Bays. 

 
2020 Update Report: 

As of 2020, there had been no progress on this recommendation. The CIB partnered with Barnegat Bay 
Partnership in 2020 on a proposal to the NEP Coastal Watersheds Grant Program for a collaborative 
‘Paddle for the Edge’ effort that would use volunteer paddlers to collect shoreline data. That proposal 
was not successful.  

 

9.  CONTINUATION OF TIDAL MARSH ACREAGE/CONDITION AS ENVIRONMENTAL 
INDICATORS 

Monitoring the extent and condition of the tidal marshes of the Inland Bays is critical for determining 
overall health of the estuary and to track trends in its condition.  By understanding changes over time it is 
possible to identify potential areas of concern and prioritize future research and remediation efforts.   

The 2016 State of the Delaware Inland Bays report included new salt marsh acreage and condition 
(fractured pooling) indicators.  These indicators were developed using data generated by a Regional 
Applied Research Effort (RARE) study conducted by the University of Delaware and the Center for the 
Inland Bays (Jo et al, 2014).  The study documented the areal extent of the marshes of the Inland Bays at a 
number of intervals between 1937 and 2007 using geospatial analyses of aerial photography, State of 
Delaware wetland maps, and Landsat Thematic Mapper satellite imagery.  Historic trends in the extent of 
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vegetated marsh, fractured pooling, ditching, and wetland/upland boundary hardening provide an 
indication of the general health of the tide marsh system. The RARE study established a methodology for 
continued analysis of status and trends.   

Recommendation:  

In order to continue to use tidal marsh acreage and extent of fractured pooling as environmental 
indicators for the Bays, analyses of updated aerial imagery and land cover data should be repeated at 
least every five years, using the established GIS methodology.  The University of Delaware Water 
Resources Agency (WRA) is best suited, at this time, to conduct these analyses.   

Funding:  

To perform the analysis, including data compilation and generation, aerial photointerpretation, GIS 
processing of files, generation of data for trend analysis, and reporting of status and trend results, the 
WRA estimates a total cost of $21,100 to $37,700.   

 
2020 Update Report: 

The CIB secured funding from Delaware Sea Grant in 2020 to support a University of Delaware student 
intern to update the salt marsh acreage and fractured pooling indicators for the 2021 State of the 
Delaware Inland Bays report. The intern worked under the supervision of CIB staff and Andrew Homsey, 
Delaware Water Resources Agency, who completed the original study. The methodology followed that of 
the previous salt marsh acreage and condition study, but utilized new land use, aerial imagery, and 
wetlands layers to derive updated acreage of fractured pooling, open water, and salt marsh. The spatial 
analyses were finished in the fall, and the technical report should be completed by January 2021.  

 

10.  ESTUARY ACIDIFICATION  

The drivers, patterns, and ecological impacts of acidification in estuaries are not well understood, due to 
dramatic spatial and temporal variation in the processes that control pH in near-shore environments. 
Upwelling/overturn, tides, eutrophication, and watershed alteration are expected to interact with 
increasing atmospheric carbon dioxide and warming waters in complex ways. Proton fluxes may vary 
seasonally or with weather patterns. Biological impacts may also vary. Yet there is evidence that even a 
slight increase in acidification disrupts recruitment and growth of shellfish.  Responses of other organisms 
to acidification are less clear.  

Currently no long-term acidification monitoring is being conducted in the Inland Bays. Whether or not it 
is a significant concern is unknown. Monitoring pH in estuaries is not straightforward. Other National 
Estuary Programs have deployed cutting-edge systems to monitor long-term coastal acidification trends, 
including San Francisco Bay, Santa Monica Bay, Tampa Bay, Massachusetts Bay, Casco Bay, Barnegat 
bay, Long Island Sound, and Corpus Christi Bay. In addition, EPA has measured acidification in the 
Delaware River and Estuary as well as the Mid-Atlantic waters.  Dr. Bill Ullman’s group at the University of 
Delaware currently is studying acidification in the Murderkill Estuary, using a continuous, stable, high 
frequency pH sensor for estuarine and marine applications. 

The Mid-Atlantic Coastal Acidification Network (MACAN) effort may help inform this monitoring 
(http://midacan.org).  MACAN intends to develop research priorities and a coastal acidification 
monitoring framework for the Mid-Atlantic region in the near future. 

Recommendation: 

Collection of data needed to understand proton fluxes and balances in the Inland Bays should be 
included as a component of a continuous water quality monitoring system.  Efforts should be made to 
upgrade planned continuous monitoring stations with sensors to monitor pH and carbonate system 
parameters. State of the art sensors suitable for use in brackish or marine waters will be required. 

Funding: 

http://midacan.org/
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Barnegat Bay Partnership estimates an added cost of $30,000 per station to install sensors for carbonate 
parameters at their network stations. 

 
2020 Update Report: 

Two research groups plan to install sensors in the Inland Bays to monitor acidification. In November 2020, 
Wei-Jun Cai’s group, University of Delaware, installed a SeapHOx pH sensor in the upper Indian River at 
the same station established by CIB for continuous water quality monitoring. Another sensor will be 
installed shortly at the Indian River Inlet Coast Guard station. Support for this comes from Delaware 
EPSCoR, and additional support is anticipated from the Mid-Atlantic Regional Association Coastal Ocean 
Observing System (MARACOOS). DNERR and other partners also applied for funding through 
MARACOOS to build a network to monitor coastal acidification and hypoxia in Delaware and New Jersey 
estuaries, including the Inland Bays. In 2022 at least one pH-pCO2 sensor bundle will be installed at a 
location near shellfish leases to be determined in consultation with CIB staff, who will help maintain the 
sensors. 

 

11. RECREATIONAL BLUE CRAB AND CLAM HARVESTS 

DNREC’s Division of Fish and Wildlife indicates that obtaining estimates of recreational Blue Crab and 
Hard Clam harvests is one of the highest priorities for fisheries research in the Inland Bays.  Currently no 
information exists on what quantity of shellfish are being recreationally landed from the Bays.  This 
information would be used to assess the health and status of those shellfish populations and would allow 
the state to better account for recreational harvest in their management.  

 
Recommendation:  

The Division of Fish and Wildlife should develop an ongoing recreational Hard Clam and Blue Crab 
harvest survey in the Inland Bays similar to the MRIP survey currently used by NOAA recreational fish 
catch. This survey would rely on a field, ‘harvester-intercept’ interview survey that records catch rates for 
species; and a telephone (or mail survey) that is designed to estimate effort. Average catch rates would 
be applied to the effort estimates to generate landings per year. These surveys would be conducted 
annually. 

Funding: 

In 2009, the state contracted with MARCO to conduct this type of survey to generate a recreational 
landings estimate for Blue Crabs in the state.  The cost was $46,000.  Cost for the proposed survey is 
expected to be similar.  

 
2020 Update Report: 

As of 2020, no progress had been made on this recommendation.  

 

12. EMERGING CONTAMINANTS 

Wastewater Management Objective #2 of the 2012 Addendum to the CCMP is “Examine emerging 
contaminants entering the Inland Bays and engage the regulatory community and general public in 
education and source reduction.” Action 1A is a symposium be held that “identifies emerging 
contaminants, their sources, and potential effects.”  A statewide symposium on emerging contaminants 
was co-sponsored by the CIB and the University of Delaware on March 13, 2017.  Proceedings are 
available at www.inlandbays.org/events/emerged-symposium/. Contaminants of concern discussed 
included pharmaceuticals, personal care products, perfluoroalkyl and polyfluroroalkyl Substances (PFAS), 
polybrominated diphyenyl ethers (PBDE), phytoestrogens, oxybenzone (sunscreen), microplastics, and 

http://www.inlandbays.org/events/emerged-symposium/
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protons (coastal and estuarine acidification). Monitoring, regulation, and research needs were also 
discussed. Limited monitoring of these compounds has occurred in the Inland Bays study area. 

Recommendation: 

DNREC’s Division of Water and the Delaware Health and Social Service’s Division of Public Health report 
contaminant s found during monitoring of water supplies to the U.S. EPA, although the EPA does not 
have the resources to make regulatory determination on all of them.  The State of Delaware should 
continue to maintain a database of contaminants found and inform EPA of the findings. 

The STAC’s CCMP/Monitoring subcommittee should also maintain a list of research and monitoring 
activities investigating emerging contaminants in the Inland Bays.  This will build a baseline for 
determining which compounds have the highest potential for significant impact in the Bays, at which 
point reports can be prepared to define the problem, recommend further monitoring and research 
efforts, and promote source control. 

Funding: In-kind agency staff time. 

 
2020 Update Report: 

In 2016, Jonathan Cohen’s research group at the University of Delaware obtained funding from Delaware 
Sea Grant to study microplastic particle distribution and transport in Delaware Bay (Cohen et al., 2019). 
CIB staff assisted him in collection of samples in the Inland Bays, but results have not yet been published.  
Miling Li, a new faculty member at the University, is pursuing a pilot project focused on PFAS 
concentrations in both estuaries. CIB staff also assisted her in sample collection in summer 2020. 
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ENVIRONMENTAL MONITORING PLAN REVISION PROCESS 

 
Ambient Water Quality Monitoring Workshop 

As part of the IBEMP update, the Center for the Inland Bays (CIB) hosted a facilitated workshop on July 
29, 2015 to discuss ambient water quality monitoring in the Inland Bays. The workshop was facilitated by a 
contractor, Jim Eisenhardt, of RK&K.  Primary goals of the workshop were to: 

1. Review current ambient water quality monitoring programs and identify strengths, weaknesses, 
and areas of improvement; 

2. Develop a process to transfer existing and new University of Delaware Citizen Monitoring 
Program (CMP) data to a public database such as STORET; 

3. Include CMP data effectively into the combined Watershed Assessment Report (305(b)) and 
Determination for the Clean Water Act Section 303(d) List of Waters Needing TMDLs; 

4. Evaluate the effectiveness, capacity, and costs of the DNREC water quality portal (developed by 
DEMAC) to provide DNREC and CMP data to researchers and the public; and 

5. Improve the participation of organizations in the review and interpretation of Inland Bays 
environmental indicator reports. 

Prior to the workshop, participants were asked to provide input on key questions to help guide 
discussion; compiled results are included below (pages B-3 through B-17). Participants represented the 
following organizations/agencies: CIB, Delaware Department of Natural Resources and Environmental 
Control (DNREC), University of Delaware, and the United States Geological Survey (USGS). 
Representatives from the United States Environmental Protection Agency (EPA) Region III were not in 
attendance; however, Bill Richardson of the Office of Standards, Assessment and TMDLs provided input 
prior to the workshop.  

Workshop notes are included below (pages B-18 through B-25). 

  
Scientific and Technical Advisory Committee Input and Review 

At its meeting on September 18, 2015, the STAC discussed the IBEMP update.  The discussion was 
facilitated by Jim Eisenhardt (RK&K) and the Center’s Science and Restoration Coordinator, Marianne 
Walch.  The focus of the discussion was existing monitoring programs and anticipated monitoring needs. 

A questionnaire similar to the one used for the facilitated workshop was sent to key STAC members prior 
to the meeting.  Compiled results of that questionnaire (pages B-26 through B-32) and notes from the 
discussion held at the STAC meeting (page B-33) are included below. 
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Delaware Center for the Inland Bays 
Notes from Monitoring Plan Workgroup Meeting, 30 July 2015 

 
Attendees:  

CIB – Marianne Walch 
RKK – Jim Eisenhardt, Larry Trout, Leslie Jamka 
DNREC – Robin Tyler, David Wolanski, Michael Bott, Debbie Rouse, Hassan Mirsajadi, John 

Schneider 
University of Delaware (UD) – Joanna York, Kevin Brinson, Tina Callahan, Ed Whereat, Bill 

Ullman, Joe Farrell, and Scott Andres 
USGS – Judy Denver 

 
Introduction 

• Monitoring Plan for the Comprehensive Conservation and Management Plan (CCMP) 
o Measures effectiveness of CCMP 
o Written in 19951 
o Revised by Robin Tyler (DNREC) in 1996 
o Charged by EPA to update by 1 Oct 2015  

 2012 CCMP addendum: New goals and strategies to be incorporated into the 
Monitoring Plan 

 Changes since 1996: New data, programs, partnerships, needs, technologies, 
understanding of the Inland Bays, TMDLs, etc. 

 
CIB needs/goals 

• Status and trends of the Inland Bays 
• Identify data needs/gaps 
• Identify/access best available data 
• Coordination 
• Public education/engagement/perception 

 
Objectives of facilitated discussion  

• Obtain input from partners 
• Monitoring needs/goals 
• Identify strengths/weaknesses/gaps 
• How best to house/share/archive data 
• Identify and prioritize funding needs/opportunities 
• Maintain perspective of “importance”; everyone thinks their work is the most important 

 
Parties that should be at the workshop, but are not represented 

• Agriculture sector 
o Jennifer Volk, Environmental Quality Extension Specialist (invited) 
o Delaware Department of Agriculture (DDA) 

 Laura Torres, Delaware Nutrient Management Program 
 Laura Match 

                                                           
1Per Robin, data well pre-dated 1995. 
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• Sussex County 
o Mike Izzo, County Engineer 
o Heather Sheridan, Director of Environmental Services 

• EPA Region III 
o Mike Hoffman (invited) 
o Bill Richardson2 (invited) 

• DNREC Division of Fish and Wildlife 
o Initiate discussion/review of Monitoring Plan prior to 1 Oct vs. leave placeholders 

 
History and status 

• Intern updating datasets 
o Brian Glaser compiled/maintained list of historical studies/reports until 1996 

 Does CIB have this list? 
• Folks in the room have considerable experience and long-term involvement 
• EPA wants DE to take the lead in estuary management 
• Big questions asked in 1996 and addressed with monitoring data 

o Eutrophication, habitat, and wetland loss 
o Dissolved oxygen, nutrients, chlorophyll, and pathogen indicator bacteria 

• Continue to monitor for core data 
 
Goals 

• How best to dot the i’s and cross the t’s for EPA and obtain data important to DE? 
 

o Short-term: Submit revised Monitoring Plan to EPA by 1 October 20153 
 What is needed to update the Monitoring Plan? 

• Use 2011 State of the Delaware Inland Bays as a starting point 
 Report trends; never say “we are there” – insinuates no need for funding 
 Highlight what is being done well and areas that are deficient or need 

improvement 
• Use the Monitoring Plan to introduce long-term needs and potential 

management resources  
 

o Long-term: What do we want to know?  What are the big questions monitoring 
should answer?  What needs to be monitored?   
 Continue current monitoring; expand to include new data, such as upper 

watershed 
 Identify action areas and short/medium/long-range goals 

• What data do we have/need? 
o Can we improve what we have?   
o Are there additional data that can be collected under 

existing monitoring? 
• Do we know target goals? 

                                                           
2Submitted questionnaire.  
3Maintain the Monitoring Plan as a living document with opportunities to update.  
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o Do we understand system enough to know goals/needs? 
o Different areas have different goals4 

• Monitor water quality or water quality indicators? 
o What are other monitoring criteria? 
o What are other indicators of estuary health? 

• Broader scope than just water quality: Need to capture chemical, 
physical, biological data 

 Changing needs 
• As initial problems are addressed and the Inland Bays improve, 

other/secondary problems become apparent  
• Recognize evolutionary changes 

o Is monitoring capturing data? 
 If not, how best to capture? 

o Restoration is really renovation: Bays should look better, 
but not necessarily what they looked like in the past 
 Do we know what they looked like? 

o Is current level of monitoring sufficient to see/show 
changes? 

 Big picture/think outside the box 
• Key concerns/players/milestones 
• Opportunity to really make a difference 
• Communicate information to future generations 
• Keep science going: Change the lingo, monitoring is the science 
• Effective mechanisms for data sharing and collaboration 
• Creative approaches to funding monitoring initiatives 

 
Funding 

• Issues 
o Identifying and obtaining funding for monitoring is difficult 

 EPA will not fund monitoring 
 Most states do limited monitoring 

o Need creative approach to fundraising 
o Science often done “EPA’s way” to standardize data/collection for statistical 

purposes 
o Change is difficult to see 
o Key: Create strategy to motivate change 
o Market the collaborative/collective approach to increase 

options/opportunities/success 
 CIB is hiring a water quality manager that could manage a grant 

o Leverage research/resources of others 
o Current funding for on-going activities   

 Funding is continuously decreasing with inflation 
• Entities 

o Delaware is a small state; how best to market and secure funding? 
o Corporate sponsorships: Walmart, WWTPs, power plants, artesian water, etc. 

                                                           
4For example, seeing the stream bottom can be good, but in wetlands, water clarity is bad. 
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o Private parties including non-profits/foundations 
o Kickstarter 

• Strategies 
o Avoid using the word monitoring in proposals 
o “Sell” scientific question that can be answered by monitoring data 
o Clearly state why data are needed/utility of data 
o Partner vs. compete with the Chesapeake Bay 
 

Questionnaire compilation/discussion 
• How might the intensity, duration, and frequency of events drive the Monitoring Plan?  How 

have these changed over time? 
o Twenty years ago, primarily spot monitoring (exception of pH and conductivity) 

 No option for continuous monitoring 
o Important questions to answer 

 Timescales needed to answer these questions 
o “Vat” of data 

 Need to synthesize and apply to answer bigger questions such as climate 
change 

• Are there things we should be monitoring, such as water depth? 
• How are our actions impacting the Bays? 
• Would we know improvement if we saw it?  
• Answered lots of questions posed in 1995/1996 
• What/where are the critical needs/trends that should be monitored? 

o Bacteria 
 EPA has guidance for the protection of recreational waters 
 CIB is concerned with health risks, which are becoming increasingly 

important 
 Tests are expensive, but people want these data 

• Look for pathogens vs. indicators 
o Sub-watersheds 

 Streams vs. larger bodies of water 
 Use local studies to inform larger questions 

o Stressors  
 Stressors are changing; point sources have decreased 

• Implications for monitoring 
 Monitoring may lead to identification of new management issues 

o Management practices  
 Example: Monitoring of BMPs 

• Privacy concerns, lack of focus, small scale 
• Need aggregated, doable, monitoring strategy 
• Lack before and after data 

o Know Inland Bays system now much better than in 1995 
 Lots of data 
 Third generation of modelling 
 Problem: Minimal, and/or anecdotal, historical data from the 1950s/60s 

o Look for trends in all applications 
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 Example: 305b reporting includes downstream monitoring that summarizes 
trends 

 1999 – 2013 trends 
• Nitrogen down, phosphorus up/down 
• Slow, but steady improvement 

 New sources of contamination 
• Chemical indicators for small source monitoring 
• New technology for monitoring 
• Effect on aquatic health 

 How to handle changes/trends that have yet to hit the Inland Bays 
• What are strong indicators of health in the Inland Bays? 
• Hard to quantify if no historical data 

o Short vs. long-term monitoring 
 Limited utility of short-term monitoring; need long-term monitoring to see 

changes, which only manifest with time 
 Consider scale/frequency of sampling/monitoring 

• Intensive monitoring for a year vs. every five years 
• Advantages/necessity of more frequent monitoring 
• Monitoring indicators vs. trends 

 CIB monitoring interests may not match DNREC monitoring interests  
• National vs. state-specific focus 

o DNREC only has one station in the Inland Bays 
• Continue base monitoring of Inland Bays, but add more specific 

monitoring upland (sub-basins/watersheds) 
o Groundwater 

 Is DNREC monitoring groundwater? 
 CCMP goal: Groundwater monitoring for saltwater intrusion 
 Good assessment tools for groundwater, but expensive and difficult 

• Note in Monitoring Plan 
 Lack clear understanding of land-based wastewater; some polluter-based 

monitoring 
 Target groundwater collection over time 
 Could do more with base flow sampling or mine existing data for flow 
 Need to understand processes and re-sample in networks not sampled 

recently 
 Jen Volk (UD) does continuous stormwater monitoring 
 Other sampling efforts 

• North East Water Resources Network (NEWRNet) 
o Researchers in Rhode Island, Delaware, and Vermont are 

using sensors in streams to measure water depth, 
temperature, dissolved oxygen and organic matter, 
nutrients, and cloudiness 

• National Estuary Research Reserve 
o Network of 28 coastal sites designated to protect and study 

estuarine systems 
o NOAA funded; each site managed by state agency or 

university  
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o Maybe options to collaborate 
o Data  

 Availability, accessibility, maintenance, integrity 
 Sharing mechanisms 

• STORET (STOrage and RETrieval) data warehouse is EPA's repository 
for water quality, biological, and physical data 

o Available to state environmental agencies, EPA and other 
federal agencies, universities, private citizens, etc. 

o At this point, DNREC is the only one populating STORET 
o Historically, difficult to use 

 Greatest challenges 
• How/where to house data: STORET, Delaware Environmental 

Observing System (DEOS), other? 
o Accessibility is essential to long-term value/utility 
o Need solution for broader datasets 
o DEOS: Data aggregator of continuous data for Delaware 

 Provides interface  
 Mapping application for water quality data (pulls 

from STORET) 
 Other data considerations 

• Management 
o Who can manage?  Maintain? 
o Need single entity to coordinate 
o Identify/include special/one-time studies 
o How to most effectively and efficiently share data? 
o Metadata to ensure longevity 
o How to avoid losing data/datasets? 
o How to maintain integrity? 
o How to handle studies with no digital data? 

• Utilization 
o Everyone is looking at their own data 
o How to aggregate for analysis? 

 No one is synthesizing, integrating, or compiling 
data; very time-intensive activity  

 How best to do this? 
 Who should/could do this? 
 CIB is only one of many users 

o Need common time stamp 
o Need universal format/standardization 
o How can CIB use data most effectively? 

• Collection 
o Define protocols in a specific way 
o Account for different collection strategies: Fixed sampling 

locations vs. collection within a box 
• Can existing datasets be tweaked to meet current data gaps/needs? 

 Needs 
• Continuous long-term datasets at fixed points 
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• Non-continuous periodic sampling, maybe with mobile sensors 
• Automated mechanism to report continuous data results vs. raw 

data 
• No need to sample pH in saltwater 
• Need minimum/maximum levels of dissolved oxygen 
• Are continuous concentrations of nitrogen and phosphorus 

necessary? 
o What is the necessity/utility of high density data streams? 

• Climate: Groundwater flow, depth, and inundation 
• Lacking data for acute/small-scale events 

 
• Monitoring technology 

o Technology has changed drastically over the past 20 years 
 Increasingly cost-effective option to use portable sensors for single monitoring 

event or leave in place for extended monitoring 
 Time and cost savings: Instruments will defray analytical costs over time 

• Data available on the spot with no analytical needs 
• In two to five years, cost-effective option to purchase mobile equipment 
• Provides option for automated, continuous sampling 

 Disadvantages 
• Equipment needs to be maintained and calibrated 
• May not get all the data, such as enterococcus  

 Scott Andres is a co-PI for water quality sampling technology project 
 Need initial start-up funds to purchase equipment 
 DNREC has pool of equipment and experiences personnel within the state 
 Sensor capability 

• Some can collect temperature and salinity data needed for the 
hydrodynamic model  

• Cannot collect total nitrogen/phosphorus, but can collect nitrate 
• Could equipment be modified to fit need? 

 
• Citizen Monitoring Data (CMD) 

o Questions of variability, quality, etc. 
 Volunteers are all trained and many have years of experience 

o CMD near shore stations vs. DNREC off shore stations 
 Shoreline data are heterogeneous; need large numbers to be meaningful 

o Huge volume of data with considerable buy-in/community support 
o Beneficial to add total nitrogen and total phosphorus 
o CIB wants to include CMD in Monitoring Plan; no one else is collecting these data 
o What can be done to increase credibility? 

 Example: Community Collaborative Rain, Hail and Snow Network 
(CocoRaHS)  

o How best to integrate? 
o Extensive QA/QC 
o Reports archived on website 

 Volunteer monitoring reports are a good example of data compilation 
 Should data be reviewed prior to posting online? 
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o Need to figure out the best way to get the data into STORET 
 These data are very important to the CIB for trends 

o How to expand citizen monitoring activities? 
 How best to manage and oversee activities and data? 
 Is engagement an issue? 
 Can we request volunteers do specific things? 
 How best to expand capacity? 

 
• Non-monitoring related needs 

o Searchable library/archive of historical reports, data summaries, etc. 
 Housed at CIB; does CIB have the capacity to maintain?  
 DNREC Watershed Assessment and Management Section moving; great 

opportunity to scan documents and get them online 
 Need someone to sort through historical data 
 Need summaries or keywords searchable in pdf image 
 Kent Price’s student maintained list of reports/datasets until 1972ish 

• Who has this list?  DNREC?  CIB? 
 Accuracy 

• Not a critical issue unless data are used for regulatory purposes 
• Plot data over time/space; if consistent, accuracy is good 

 Stored electronically (STORET?  If not, where?) and link to historical report 
• What is in it for CIB?  Trends? 

o Consider compartmentalizing tasks for internships, etc. 
 Target specific sources 
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Notes from STAC Meeting Discussion of Monitoring Plan 
September 18, 2015 

 

Suggestion to review the monitoring plans of other programs: 
• Other NEPs 
• Chesapeake Bay Program 
• National Coastal Assessment 

Areas to focus on: 
• Bill Ullman: Figure out how people use the estuary; focus on areas of the estuary that are most 

used  
• Robin Tyler: Minimizing and tracking disruptive effects on the system 
• Jenn Volk: Land use, BMPs, sea level rise, future land use 
• Andrew Homsey: Tidal wetlands condition 

- Sea level rise, degradation, shorelines, vegetation changes 
- Aerial photography 
- Ability of wetlands to migrate 

• Habitat Loss:  GIS, remote sensing 
• Scott Andres: Population, demographics and projections; this has a large impact 
• Set aside areas to protect important resources 
• Joanna York: Must consider projections to guide monitoring plan.  Use models, think 

strategically about monitoring needed based on projections. 
• Cost/benefit analyses (economics, ecosystem services).  What has been spent already, what will 

be lost. 
• Land surface loadings, changes (agriculture, wastewater treatment, development, etc.) 
• Robin Tyler: Long-term seaweed monitoring – an important indicator of eutrophication.  Last 

done in 2012.  Suggest doing it every five years? 
• Monitoring in South Bethany:   

- ~12 Citizen Monitoring Program stations there (salinity, temp, clarity, DO); three sites 
monitor bacteria and nutrients; three continuous monitors 

- The town collects and analyzes data 
- Local tide gages are monitored and analyzed (sea level rise) 

• Jim Sadowski: There has been no follow-up on actions taken in the Bays (e.g. NRG plant changes, 
dredging) to determine if expected impacts have happened.  Only short-term studies.  We must 
know if management actions have worked. 

• Monitoring to determine the impact of oyster farming. 
• John Clark:  DFW tracks fish kills (since 1981) 
• Microbial source tracking 
• Phytoplankton monitoring: biomass (chl A), trends, changes in community composition 

Historical Data Sources: South Bethany WQ Committee, Robin Tyler and DNREC Environmental 
Laboratory Section, Division of Watershed Stewardship, Bill Ullman 

Key to coordination is educating all partners on what others are doing.  CIB needs to do this on an 
ongoing basis, through workshops, symposia, special STAC meetings, etc. 
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DESCRIPTIONS OF EXISTING LONG-TERM MONITORING PROGRAMS 
IN THE INLAND BAYS STUDY AREA 
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ASSESSMENT, LISTING, AND REPORTING METHODOLOGIES FOR  
305(B) REPORT AND 303(D) LIST DEVELOPMENT, 2016 
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STATE OF DELAWARE AMBIENT SURFACE WATER QUALITY 

MONITORING PROGRAM FY 2020 
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WHITE PAPER: DEVELOPING A HYDRODYNAMIC/WATER QUALITY  

MODEL FOR THE INLAND BAYS: IMPLEMENTATION PLAN  
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