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Facts and Figures

Largest Freshwater Port in World

Approx 3,000 vessel arrivals/year

3rd largest petro‐chemical port in U.S.

75% of east coast oil

1 million barrels of crude oil per day

Largest North American port for steel, 
paper, and meat imports

Port system generates $19 billion in 
annual revenue

Home to 6 nuclear power plantsHome to 6 nuclear power plants

Thhe D
elaaw

are Estuaary

Slide adapted from USCG 2005
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Also a “Liv
Ecological Resources ofEcological Resources of

Largest breeding population of hoLargest breeding population of ho

One of the four most important sh
with the 2nd highest concentrationwith the 2 highest concentration

Habitat for protected endangered
wedgemussels short nose sturgeowedgemussels, short‐nose sturgeo

ving River”
f the Delaware Estuaryf the Delaware Estuary

orseshoe crabs in the worldorseshoe crabs in the world

horebird migration sites in the world 
n of shorebirds in North American of shorebirds in North America

d species populations of dwarf 
on bald eagles and bog turtleson, bald eagles and bog turtles
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Delaware Estua

One of the largest freshwater ti
rare freshwater tidal marshes arare freshwater tidal marshes a

185 natural vegetation commun

More than 405,000 acres of we
functioning as “kidneys for the s
providing flood protectionproviding flood protection

ry Resources Continued

dal estuaries in the world, with 
nd faunand fauna

nity types, 35 ecological systems

tlands that fringe the estuary, 
system”, fish factories and 
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Complex LandscapeComplex Landscape
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Evolving C

••Marcellus ShaleMarcellus Shale

Wi hd lWi hd l
••Climate ChangeClimate Change
••WithdrawalsWithdrawals
••Wind FarmsWind FarmsWind FarmsWind Farms
••Land Use ChangeLand Use Change
••DevelopmentDevelopment
••Emerging PollutanEmerging Pollutan

DK 11

Complexity

••Ecological FlowsEcological Flows
DK 11

••Spills, NRDASpills, NRDA

D d iD d i••DredgingDredging

ntsnts
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Regional Restoration – W

Geospatial Geospat a
Overlay

Project 
R & D May 

2010
June 
2010R & D 20102010

What is It?

Reegionaal Resttoratioon?



Regional Restoration – W

Coordination

State & State & 
RegionalRegionalRegionalRegional
AgenciesAgencies

Federal Federal 
AgenciesAgenciesAgenciesAgencies

ddIndustryIndustry

What is It?

ReAcademiaAcademia
(40+ universities)(40+ universities) egiona

(40+ universities)(40+ universities)

al Rest

NGO’sNGO’s

toratio

Ci iCi i

on?CitiesCities



Regional Restoration ‐W

• Proactive, not reactive

• Restoration from the system’s persp

i b d i i i i ld i• Science based – priorities yield maxi

• Enhanced coordination

• Expedited identification of suitable p

• Potential for restoration “up front” a

P id h f j• Provides a one stop shop for project

Why?

Reegiona

ective, includes gap analysis

i b fi ( lif )

al Rest

imum ecosystem benefits (uplift)

toratioprojects on?and larger projects

s 



Goals & Approach

Inventory ecologically significant 
resources in different watershed 

iregions

Assess ecological goods and services
associated with them

Use a natural capital valuation
approach to identify activities that 
maximize uplift in goods and services p g
from them

Identify, inventory and rank specific 
projects that conserve, enhance or p j ,
restore them

Identify high value activities for which 
we still need projects and work to fillwe still need projects and work to fill 
these project gaps

Regionnal Restoration InitiativeProject Registry ej g y



Evolution

Federal Waters

Regionnal Restoration Initiativee



LOUSIANA OIL SPILOUSIANA OIL SPIILL STATISTICSILL STATISTICS

# f N tifi ti /Y 2000# of Notifications/Year: 2000

% of U.S. Notifications: 20

% of U.S. Volume: 20

# of NRDA cases ≈25

Slide from Karolien Debusschere, Office of the Governor
21
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Coastal Herbaceous Wetlands √ √ √ √ √ √ √
Coastal Forested Wetlands √ √ √ √ √ √
Coastal Beach/Shoreline/Streambed √ √ √ √ √
Coastal Oyster Reefs (& other) √ √ √ √ √
C t l A tifi i l R f √ √ √ √ √

C/E(1)

Coastal Artificial Reefs √ √ √ √ √
Coastal SAV √ √ √ √ √ √
Coastal Herbaceous Wetlands √ √ √ √ √ √ √
Coastal Forested Wetlands √ √ √ √ √ √
Coastal Beach/Shoreline/Streambed √ √ √ √ √
Coastal Herbaceous Wetlands √ √ √ √ √ √ √
Coastal Forested Wetlands √ √ √ √ √ √
Coastal Beach/Shoreline/Streambed √ √ √ √ √R
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ES PP(2)

Ac/LP(3) Coastal Beach/Shoreline/Streambed √ √ √ √ √
Coastal Oyster Reefs (& other) √ √ √ √ √
Coastal SAV √ √ √ √ √
Coastal Water Column Org. √ √
Coastal Oyster Reefs (& other) √ √ √
Birds √ √
Wildlife √ √
Birds √ √

RE
S

TO
R

S(4)

PF(5)

Ac/LP

Wildlife √ √
Recreation √
Cultural √

1) Creation/Enhancement
2) Physical Protection of Habitat
3) Acquisition/Legal Protection
4) Stocking of Fauna
5) Physical Protection of Fauna
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Slide from Karolien Debusschere, Office of the Governor Kree

Restoration Opportunities

POTENTIALLY INJURED 
RESOURCES/SERVICES
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Inland Herbaceous Wetlands √ √ √ √ √
Inland Forested Wetlands √ √ √ √ √
Inland Beach/Shoreline/Streambed √ √ √ √ √
Inland Upland Vegetation √ √ √ √ √
Inland Herbaceous Wetlands √ √ √ √ √
Inland Forested Wetlands √ √ √ √ √

C/E(1)

(2) Inland Forested Wetlands √ √ √ √ √
Inland Beach/Shoreline/Streambed √ √ √ √ √
Inland Upland Vegetation √ √ √ √ √
Inland Herbaceous Wetlands √ √ √ √ √
Inland Forested Wetlands √ √ √ √ √
Inland Beach/Shoreline/Streambed √ √ √ √ √
Inland Upland Vegetation √ √ √ √ √
I l d W t C l O √ √

PP(2)

Ac/LP(3)

Inland Water Column Org. √ √
Birds √ √
Wildlife √ √
Birds √ √
Wildlife √ √
Recreation √
Cultural √

S(4)

PF(5) 22eger



Number of Cells = 141

Conceptual Matrix for the D

Nontidal Watershed
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Physical 1a 2a 3a 4a 5a 6a

Chemical 1b 2b 3b 4b 5b 6b

Biological 1c 2c 3c 4c 5c 6c

Pelagic

g

Physical 1d 2d 3d 4d 5d 6d

Chemical 1e 2e 3e 4e 5e 6e

Aquatic

Benthic

Biological 1f 2f 3f 4f 5f 6f

1h 2h 3h 4h 5hTerrestrial

Tidal Buffers*

Riparian Buffers**

1i 2i 3i 4i 5i

1j 2j 3j 4j 5j 6j

Watershed Uplands**

* Tidal buffers refer to upland areas immediately adjacent to tidal wetlands and shorelines that are at an 

Socioeconiomic Kree

Delaware Estuary Ecosystem

Tidal Estuary

al , al , al , 

Approximately River Mile 58 to 82mately River Mile 82 to 133 Approximately River Mile 0 to 58

Bay (>8 ppt)reshwater (<1 ppt) Brackish (1-8 ppt)
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7a 8a 9a 10a 11a 12a 13a 14a 15a 16a 17a

7b 8b 9b 10b 11b 12b 13b 14b 15b 16b 17b

7c 8c 9c 10c 11c 12c 13c 14c 15c 16c 17c

7d 8d 9d 10d 11d 12d 13d 14d 15d 16d 17d

7e 8e 9e 10e 11e 12e 13e 14e 15e 16e 17e

7f 8f 9f 10f 11f 12f 13f 14f 15f 16f 17f

8g 9g 12g 13g 16g 17g

8i 9i 12i 13i 16i 17i

7j 8j 9j 10j 11j 12j 13j 14j 15j 16j 17j

elevation of less than 2 m above mean high tide.  These are areas most susceptible to sea level rise 

23eger



Restoration Matrices

Sub‐Watershed Scale

e.g., LE1e.g., LE1

Regionnal Restoration Initiativee



Basic Restoration Matrix 
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Project Registry

Basic Restoration Matrix (BRM)

Regionnal Re

Basic Project Info storat

as c ojec o

ion Initiativee



Restoratio
Includes Uplift and RestoIncludes Uplift and Resto

on Projects
oration Science/Outreachoration Science/Outreach



Delaware Estuary 

Launched 12/1/2009 

Currently contains >50 projects; e.g.,Currently contains 50 projects; e.g.,
• stream restoration
• wetlands enhancement and creation
• dam removal

o ster re itali ation• oyster revitalization

Goal:   Inventory the full diversity of environme
• “earth-moving” projectsg p j
• research/monitoring studies that support
• outreach projects that strengthen unders

Utility:Utility:
• clearinghouse for potential funders
• tracking mechanism for restoration progr
• quantify and market the total restoration 

River Basin

Project Registry 

Regionnal Restoratental improvement projects ; e.g.,

ion In

t strategic restoration
standing about restoration

itiative

ress
need within the Delaware Estuary e



How to SubHow to Subbmit Projectsbmit Projects







Project Registry Submiss

• Project Description
• Keywordsy
• Project Address
• Nearest City/Town
• Size of Project
• Type of Activity 
• Total Estimated Project Cos• Total Estimated Project Cos
• Project Status
• Site ownershipSite ownership
• Project Duration
• Funding Secured?

sion Info

Regionnal Restorat

st ion In

st

itiativee



How to RetrHow to Retrrieve Projectsrieve Projects







Potential Users

Grant Agencies

C S /ACES / Estuary Program

Mitigation / NRDA Trustees

Other Applications

Tracking Progress on Resto

Marketing the Need to the

Region

s

nal Restoration Inration itiative

 Nation

e



RRI Science TTrack Goals



RRI Science TTrack Goals



Natural Capital ConceptsNatural Capital Conceptsss

Value-Added 
Decision Tools

>  “Uplift”

39



Basic Restoration Matrix 

40



Value‐Added Restoration MMatrix 



Structure

Track 1

Regional Restoration 
Workgroup (RRWG)

Regionnal Restoration InitiativePDE Alliance for

Track 2

ePDE Alliance for 
Comprehensive 

Solutions (ACES)



Case Studies

ID Keyy
Resources

Ecological
Valuation Tidal Marshes

N.C. Outcomes
from Activities

Project 
Registry & Gaps

Headwater Stream

Regionnal Restorat

s Bivalve Shellfish

ion Initiativee

ms
Urban Waterfront



Spills Happen 
T/S A

Thanksg

ATHOS I

N
RD

AA

giving, 2004



Photo from USCG, 2005



Photo from USCG, 2005



Most Oil Sunk

Photos from USCG, 2005



Deepwater Horizon

Can it happen here?  

Well Blow-Out 
type of spill can’t happen here

700 l f Ath I ill700x volume of Athos I spill
spill volume can’t happen here

f h lLessons for the Delaware Estuary

Prevention

Response

Recovery

Mitigation



STAC Brief

Purpose:  pose unaddressed sciennce and management questions



Oil in the Delaware Est

1. What is the combined volume, typ
the tidal portion of the Delaware Ep

• How has this changed over time?

• How do oil spills vary spatially and tempora

• What are the typical types of oils spilled?• What are the typical types of oils spilled?

• How does recovery success vary with spill s

tuary – STAC Questions

pe and characteristics of oil entering 
Estuary each year? y y

ally?

size or type?

50



Oil in the Delaware Est

2. What is the cumulative environmen

• What type of baseline monitoring for oil com

3. What is the relative impact of tidal o

C il fi i ti d th th d b• Can oil fingerprinting and other methods be
derived from different sources?

4 A h h d4. Are there new approaches to remed
such as bioremediation ? 

tuary – STAC Questions

ntal impact of various size spills?  

mpounds is needed for this assessment?

oil spills versus other oil sources? 

d t th l ti t f ile used to assess the relative amount of oils 

di i h b li d hdiation that can be applied here, 

51



Oil in the Delaware Est

5. Can a program be established to fun
mitigation of oil spill effects?  

• Despite the size of the petrochemical indust
monitoring exists for oils and their effects

6. Can local researchers be engaged to

• 40+ universities and diverse, relevant scient

tuary – STAC Questions

nd monitoring, assessment and 

try and imported oil volumes, no baseline 

o help assess these unknowns? 

ific expertise 
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Oil in the Delaware Est

7. Can NRDA be strengthened, broad
repair injury to non‐trust natural rep j y

For a copy of the STAC Brief:

http://www.delawareestuary.org/scienc

tuary – STAC Questions

ened or replicated to assess and 
esources and ecosystem functions?y

ce_stac_briefs.asp
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Oil Sources in the 
Observation:  Oils, petrochemicals and
through a variety of means and in man

DEPOSITION

ROAD RUNOFF

TIDAL ESTUARY

RESUSPENSION

SMALL SP

SH
CH

Delaware Estuary
 hydrocarbons enter the environment 
ny places

NON-TIDAL SPILLS

BIG SPILLSBIG SPILLS
PILLS

HIPPING  
HANNEL

Kreeger, 2010



Additiona
Standing WaveStanding Wave

al Impacts
es and Erosiones and Erosion



NRDA: 
a critical component of 
regional restorationg
Efforts to build a Trust to go beyond 
NRDA have not progressed in the p g
Delaware Estuary

Funding for the Gulf of MexicoFunding for the Gulf of Mexico 
restoration and the Chesapeake 
Executive Order – will that affect our 
efforts to grow the restoration pie 
here?

Can we do more with less?



Restoration for the FRestoration for the F

Kree

utureuture
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Summary

• Large and complex syst

• Limited resources
• Broad CCMP

To have Highest Impact, must invest strategic

• Urgency
To have Highest Impact, must invest strategic

projects that yield maximum benefits to 
and services

Regional restoration considers which activitieRegional restoration considers which activitie
time and space at both the watershed an
scale

The Project Registry and other RRI tools are a
use by trustees and others

em

Co$$ nclusi

$$
cally in highest value ons

cally in highest value 
ecosystem goods 

es are best acrosses are best across 
nd sub‐watershed 

available for potential 
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