
lmost 15 years ago, we produced 
a video entitled “Stormy Weather” 
aimed at teaching people about pol-
luted runoff. Today this title evokes an 

even greater set of challenges.

2011 was the wettest year on record for our 
region, with some unique and alarming impacts 
to the Delaware Estuary. The rainfall record at the 
Philadelphia International Airport was broken in 
mid-November, after an early snow storm. This, 
of course, was preceded by Hurricane Irene, 
Tropical Storm Lee, exceptionally-heavy thunder-
storms earlier in the year, and a second-in-a-row 
“snowmageddon” winter.

The influx of fresh water from all this rain made 
salinity (salty water) in the Delaware Estuary in 
September its lowest in over three decades of 
monitoring (see page 6). As a result, we had large 
algal blooms and bottom-water hypoxia (low 
oxygen) — common and damaging problems in 
many other estuaries, but rarely seen here. Even 
more alarming was the effect of this low salinity on 
Delaware Bay oysters. This resulted in possibly the 
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Hurricane Irene bears down on the mid-Atlantic 
region as a Category 1 storm on August 27.

Weather

Photo Credit: National Aeronautics and Space Administration
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worst oyster deaths from flood-related causes in nearly 60 years of 
record keeping.

Communities around the region felt the impacts too, with flooding, 
power outages, and other costly damages. From Hurricane Irene 
alone, about 1.9 million utility customers in New Jersey lost power, 
and damage across the entire East Coast was estimated at $7-10 
billion. From repairing utility lines to clearing water intakes of debris 
(see page 8), utilities and their customers are among those paying 
for these costs.

More rain and severe storms are part of the changes under way 
in our region due to global warming. There are still many things 
we don’t know about these changes, like how they will affect the 
amount of snow we get in any given year (see page 4). But we 
are learning more every day about how the estuary’s natural areas 
respond to changes; for instance, how storms can compound prob-
lems with sea level rise and hasten wetland loss (see page 9). And 
we know that the impacts and costs of severe weather are likely to 
increase over time, especially if we don’t take action for weathering 
change.

Taking action for weathering change starts with identifying the 
important infrastructure at risk (like low-lying or flood-prone roads 
and water systems) and the vulnerable natural resources that help 
protect us (like coastal wetlands and forested, streamside areas). It 
ends with conserving and restoring those natural areas, and keep-
ing new infrastructure away from them and out of harm’s way — to 
protect our communities and investments

Discover more about how to weather change at our new “Climate 
Preparedness” Web page at www.DelawareEstuary.org (under 
“Community Leaders” in the “Activities” menu). ■

Stormy Weather continued from page 1

Meetings conducted by the Partnership for the Delaware Estuary’s implementation and advisory committees occur on a regular basis 
and are open to the public. For meeting dates and times, please contact the individuals listed below:
Estuary Implementation Committee
Jennifer Adkins, Executive Director (Chair), 
(800) 445-4935, ext. 102 
jadkins@delawareestuary.org

Monitoring Advisory Committee
John Yagecic, Monitoring Coordinator, (609) 
883-9500, ext. 271
john.yagecic@drbc.state.nj.us

Toxics Advisory Committee
Dr. Thomas Fikslin, Branch Head, (609) 883-
9500, ext. 253 
thomas.fikslin@drbc.state.nj.us

Fish Consumption Advisory Team
Dr. Thomas Fikslin, Branch Head, (609) 883-
9500, ext. 253 
thomas.fikslin@drbc.state.nj.us

Science and Technical Advisory 
Committee
Dr. Danielle Kreeger, Science Director, (800) 
445-4935, ext. 104 
dkreeger@delawareestuary.org

Delaware Estuary Education Network
Lisa Wool, Program Director, (800) 445-
4935, ext. 105 
lwool@delawareestuary.org

Polychlorinated Biphenyls 
Implementation Advisory 
Committee
Pamela Bush, Esq., Commission Secretary 
& Assistant General Counsel (609) 883-
9500, ext. 203 
pamela.bush@drbc.state.nj.us

 meetiNgs CoNtaCt list

follow us oN

The Partnership for the 
Delaware Estuary is working on 
a new strategic plan to guide 
future programs and activities, 
and we want to hear 
from you. Tell us about the 
most important topics, issues, or 
activities you want us to focus 
on (in general, or in Estuary 
News) to increase awareness, 
protection, and enhancement of 
the Delaware Estuary. To do so, 
simply e-mail us at  
Info@DelawareEstuary.org with 
“Strategic Plan” in the subject 
line.

WE VALUE YOUR INPUT
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UPDATES

W hen William Penn chose the site of Philadelphia, 
he picked “the most Convenient place upon the 
River for health & Navigation.” This led him to 
where the Delaware and Schuylkill rivers meet. 

This place was admittedly far from perfect. However, he knew 
he could make it work, especially given its forests, farmland, and 
fresh water. Penn was a new immigrant after all. He was eager 
to adapt.

More than three centuries later, Philadelphians are still adapting. 
Forests of oak, black walnut and other trees are being replanted. 
Urban farms are taking root in the tiniest of lots. And leaders are 
investing billions to preserve clean water. Yet, the health envi-
sioned by Penn is jeopardized every time it storms.

Most people know that rain and melting snow runs off roofs, 
streets, and other hard surfaces into storm drains. What they 
don’t realize is how this “stormwater” collects pollutants like dog 
droppings and litter. Not only can this flow directly into local 
creeks and rivers, but also it can overwhelm the sewer system. 
This causes water laden with chemicals, trash, and even raw 
sewage to overflow directly into our waterways.

Fortunately, everyone can play a role in preventing this, the num-
ber-one cause of water pollution in the Delaware River and Bay. 
All you have to do is adapt — like William Penn.

Visit the “Lifestyle” tab at www.DelawareEstuary.org. There you’ll 
discover how-to guides for businesses, educators, and homeown-
ers. Each of these features projects ranging from low-cost ponds, 
rain gardens and wetlands to long-term investments like green 
roofs, porous paving and more. Not only will these hold or 
absorb barrels of runoff every month, but also they’ll prevent pol-
lution at your nearest creek or river. It’s all part of Philadelphia’s 
new 25-year plan called “Green City, Clean Waters.” ■

This article will appear in the March/April issue of Local Living 
Magazine and is printed here with permission. 

Welcome to ‘Philadaptia’

One way Philadelphians are adapting is by installing rain gardens. Flip to page 11 to see one being planted near the 
Delaware River by ConocoPhillips, the Borough of Marcus Hook, and the Marcus Hook Preservation Society.

By Shaun Bailey, Marketing and 
Communications Coordinator, 
Partnership for the Delaware Estuary
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Can global warming Cause  

Our planet is warming, primarily as a result of human 
impacts on the atmosphere, oceans and lands. This 
likely will continue over the coming decades. While 
this is the overwhelming consensus of climatolo-

gists throughout the world, many an individual in the mid-Atlantic 
states has raised a skeptical eye regarding this assertion during 
the previous two winters. Each of these seasons included record 
snowfall and were the snowiest back-to-back winters dating 
back to the late 1800s. Some in the scientific and public sec-
tors have speculated that the heftier snows might be a result of 
global warming. Could this actually be the case?

Here we examine various aspects of this discussion, including 
taking a look at what brings snow to the region, associations 
between snowfall and temperature, historical snowfall varia-
tions, and whether there is a snowy future in store for the 
Delaware Valley.

To Snow or Not to Snow
To produce accumulating snow in the Delaware Valley, one 
needs an atmosphere with temperatures below or close 
to freezing at the surface and aloft. Most often, there must 
be an atmospheric disturbance, or a low-pressure system, 
nearby to ingest moisture from the nearby Atlantic Ocean 
or farther away to generate snow many thousands of feet 
above the surface.

A subfreezing atmosphere will ensure that the flakes do not 
melt as they fall, thus making it to the surface as snow, not 
rain or sleet (ice pellets). Significant snowfalls of six inches 
or more require an abundant influx of moisture into the distur-
bance and the maintenance of cold temperatures for hours 
on end. This combination works best when the low-pressure 
system is off shore, with counterclockwise winds blowing 
around it, having mainly a northerly component to them as 
they pass over the region. Thus the term “nor’easter” is com-
monly associated with those major snow storms that have, at 
times, smothered the mid-Atlantic in recent years.

So it can be too warm to snow, but can it be too cold? Not 
completely, though as air cools it can hold less and less 
moisture. In fact, for every degree Fahrenheit decrease in 
temperature, air holds approximately 4% less moisture. Thus, 

most often, less snow accumulates once temperatures fall well 
below freezing. Of course, some of this decrease in moisture 
can be “masked” by the fact that snow of a lower density accu-
mulates at lower temperatures. For instance, with the temperature 
near 15 degrees a “fluff factor” to the snow can result in an 
accumulation of perhaps 15 to 20 inches with a melted-water 
equivalent of an inch. Meanwhile if the temperature is hovering 
near freezing (32 degrees), that same inch of moisture may only 
accumulate five to 10 inches of much denser snow.

Snowfalls Past
So with increasing temperatures in the mid-Atlantic, is it still cold 
enough to generate increased snowfall? Or have we passed a 
point (the freezing point) where nor’easters that previously pro-
duced snow are now more frequently producing rain? Let’s look 

By David A. Robinson, Ph.D., Professor & New Jersey State Climatologist, Rutgers University

ESTUARY BASICS

‘snowmageddon’ 

The Delaware Valley is no stranger to the Miller “Type A” nor’easter.  
These rotating storms occur when low-pressure systems off the East Coast 
cause northeasterly winds.  These send warm, moist air inland where it 
meets with cold, northern air, causing snow.
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Can global warming Cause  

at one of the premiere historic snowfall records in the mid-Atlantic; 
one generated by dedicated observers in Philadelphia over the 
past 126 years (see graph).

Seasonal snowfall has ranged from zero in the winter of 1972/’73 
to almost 80 inches in 2009/’10. Beyond this remarkable vari-
ability, which appears to be more pronounced in recent decades 
than earlier ones, there is also evidence of quasi-decadal fluctua-
tions (e.g., snowy 1960s, less snowy 1920s). Overall, the seasonal 
average is 22.5 inches and the median (middle of the range) of 
all years is 20.6 inches. Despite all of these variations, a statistical 
analysis finds a slope of very close to zero, meaning there is no 
trend in Philadelphia’s seasonal snowfall in well over a century. So 
why isn’t there a trend in either direction? A definitive answer can-
not come out of this cursory study.

Next we need to look at the relationship between snowfall and 
its melted-water equivalent to see if recent seasons have denser 
snows that are accumulating to depths comparable to less-dense 
snows of the past. This analysis will be made difficult by potential 
inconsistencies in the manner in which water equivalents have been 
recorded over the years. This includes periods when observers sim-
ply used a 10:1 ratio of snowfall to water and did not melt down 
the actual snow to get a measured-liquid total.

An examination is needed to determine if there has been a change 
in the distribution of snow events of different depths over time. For 

instance, have there recently been more 
large events compared to more fre-
quent, smaller ones in the past? And the 
answer may not lie with a snowfall-tem-
perature association. Variations in the 
position of the jet stream and, with this, 
the strength and position of low-pressure 
systems must be scrutinized.

Snowfall’s Future
Climate models suggest that the mid-
Atlantic will continue warming. Thus, 
it makes sense to expect seasonal 
snowfall totals to decline at some point 
in the years ahead. However, due to 
the complex relationships between 
atmospheric moisture; air and sea-
surface temperatures; atmospheric 

circulation; and storm frequencies and magnitudes, among other 
factors, it is not yet possible to determine when and to what extent 
changes will be recognized. The enormous variability of snowfall 
will also delay a confident recognition of change. For the time 
being, expect the coming years to produce the occasional major 
snow storm and some seasons to have well above-average totals. 
However, given that winter temperatures in this region straddle the 
freezing point, it is unlikely that a trend toward greater snowfall will 
occur in the Delaware Valley and nearby environs over the course 
of this century. ■

Believe it or not, our climate is 
warming despite “snowmageddon,” 
“the snowpocalyse,” and other intense 
snow storms. Get the details in our 
upcoming “State of  the Estuary 
Report,” including a special section 
on climate.

‘snowmageddon’ 
or Just more hot air?

�
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TIDINGS NEWS FROM AROUND THE REGION

By Jonathan H. Sharp, Ph.D., Professor, University of Delaware, and Yoana G. Voynova, Ph.D. Candidate, University of Delaware

During the summer of 2011, there was a record-break-
ing inundation of the Delaware Estuary from a massive 
freshwater input through the discharge of the Delaware 
and Schuylkill rivers. This extreme flooding was primar-

ily caused by Hurricane Irene and Tropical Storm Lee at the end 
of August into early September. These major storms gave a monu-
mental input, but throughout Winter 2012, there were also unusu-
ally elevated discharge periods in late June to mid-July, early to 
mid-August, and again after the end of summer in late September. 
Although this is a cursory evaluation, we have tapped into various 
monitoring sources to piece together a story about this seemingly 
unusual summer for the Delaware Estuary.

First, let’s look at the water balance of the Delaware Estuary. On 
the basis of averaging over many decades, the Delaware River at 
Trenton contributes 59% of the total water input to the Delaware 
Estuary, and the Schuylkill River at Philadelphia contributes 
another 14%; intermediate small tributaries between them contrib-
ute 9%. By the time the salinity gradient (salty water) begins near 
the Delaware-Pennsylvania border, over 80% of the freshwater 
input has been received in this long, narrow, tidal freshwater river. 
Yet, almost all of the estuarine surface area, water volume, and 

ecology are in the remainder of the estuary, mainly the Delaware 
Bay. Much of the physical, chemical, and biological characteris-
tics of the Delaware Estuary are controlled by water flowing off 
the land.

For the purposes of averaging, we have defined summer as the 
months of June, July, and August. The average Delaware River 
discharge, based on data from 1912 to 2009, is 215 cubic 
meters per second (m3/s). (One cubic meter is roughly the size 
of a washing machine.) The average for Winter 2012 was more 
than double the long-time average, but that in itself does not 
really describe its unusual nature. Figure 1 shows the Delaware 
River’s average daily discharge for the period of June 1 through 
September 30, 2011.

The massive discharge peaks for Hurricane Irene and Tropical 
Storm Lee are shown in late August to mid-September. An interest-
ing feature in this plot is the elevated discharge that occurred on 

June 24 to July 10, when the average discharge was 584 m3/s, 
and on August 8-24, when the average was 459 m3/s. In addi-
tion, after the two tropical storms, there was extremely high dis-
charge at the end of September. As a comparison, superimposed 
on this plot is a more typical (and considerably lower) summer-
discharge profile from summer 2002 (dotted green line). These 
periods of high discharge in 2011, and the giant storm inputs, con-
siderably influenced the water chemistry of the Delaware Bay. 

Our research vessel, the RV Hugh Sharp, has an underway mea-
surement system in which water is constantly pumped from a port 
at the bow of the ship through sensors so that, as the ship moves, 
it takes a continual record of the surface-water conditions. We 
were able to access the records from research cruises on July 31, 
September 21 and 28 during which the ship ran up or down the 
Delaware Bay. Separately, in collaboration with the Cape May-
Lewes Ferry (CMLF), we started a research project in the summer 
of 2011. In May and June we placed monitoring equipment 
aboard the MV Twin Capes, part of the CMLF fleet. Although the 
ferries normally transit across the mouth of the Delaware Bay, they 
were run up to the Wilmington area on August 26 to avoid poten-
tial damage from Hurricane Irene. The ferries came back down 
the bay on August 29. Our monitoring equipment thus recorded 
profiles up and down the Delaware Bay for those two dates. 

Figure 2 shows salinity along the length of the Delaware Bay. The 
mouth of the bay is at zero kilometers (km) and the area of the 
Chesapeake and Delaware Canal is at about 100 km; salinity is 
reported in units of parts per thousand (ppt).

The July 31 salinity profile is a fairly typical summer profile, very 
similar to summer profiles we recorded on research cruises 
in 2004, 2005, and 2006. On August 26, the salinity was 
depressed, with more freshwater pushing salt water farther down 

Scientists Studying Fallout of Ex

“The passage of Hurricanes Irene and Lee generated a 
nearly unprecedented low-salinity event in Delaware 
Bay.  As a result, oyster mortality [death rate] in 2011 
was the highest flood-produced mortality recorded in 
59 years.” 
—  Dr. Eric PowEll, ProfEssor, Haskin sHEllfisH 

rEsEarcH laboratory, rutgErs univErsity

Dr. Jonathan Sharp (left) and Yoana Yoynova (right) inspect new 
monitoring equipment on the Cape May-Lewes Ferry MV Twin 
Capes on September 1 in Lewes, Delaware.
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By Jonathan H. Sharp, Ph.D., Professor, University of Delaware, and Yoana G. Voynova, Ph.D. Candidate, University of Delaware the bay, probably from the extended elevated-discharge in early 
August. On August 29, there was a dramatic further depression of the 
salinity, especially in the upper portion due to discharge from Hurricane 
Irene. Near the bay’s mouth (0 km), the storm surge from Hurricane 
Irene probably caused salinity to remain high. On September 21, after 
Tropical Storm Lee, salinity was more depressed than anything we have 
recorded in over three decades of study of the Delaware Estuary. With 
the massive discharge, physical forces caused large inputs of coastal 
water and by September 28, the salinity profile in the lower estuary 
had returned closer to normal. Unfortunately, this sampling record only 
extended to about 40 km since the cruise was only to the mid-bay 
region; the upper bay was probably still much fresher than normal from 
the continuing high discharge in mid- to late September.

One other piece of evidence worth mentioning here is that the ferry’s 
monitoring across the mouth of the bay measured extremely low salin-
ity in early September, as it captured the effect of Tropical Storm Lee. 
At low tide on September 10 (two days after the peak discharge), the 
salinity in the center of the channel dropped to 10 ppt, the lowest salin-
ity ever recorded. Typically at this location, the salinity is in the range of 
27-29 ppt. The ferry also measured extremely high levels of algal cholo-
rophyll and very high surface water dissolved oxygen that day, indicat-
ing that a massive algal bloom probably took place in the estuary after 
Hurricane Irene.

What were the consequences of this summer of flooding? Probably 
there were several periods of very large algal blooms and bottom-water 
hypoxia (very low dissolved oxygen in isolated bottom waters), neither 
of which is normal for the Delaware Estuary in the summer. We are still 
piecing together evidence from various sources, so we hope to be able 
to better document what happened in the near future. 

What are the implications? If predictions are true and extreme storms 
hit our coasts more frequently, we could observe these abnormal 
responses in the estuary more often than before. ■

FIGURE 1 This graph illustrates Delaware River water 
discharge to the estuary in the summer of 2011 (red 
line). The average rate is 215 cubic meters per sec-
ond. During Hurricane Irene and Tropical Storm Lee 
there were peaks over 20 times the average rate.

FIGURE 2 This graph shows how salt water in 
Delaware Bay was increasingly pushed out to sea by 
stormwater exiting the Delaware River.  The salt con-
tent (salinity) is plotted against distances in the estu-
ary, from zero kilometers at the mouth of the bay 
to a location near the C&D Canal at 100 kilometers. 
Plots are shown for five dates starting before the two 
storms and ending with one after summer.

treme Flooding

Welcome to Bowers Beach, Delaware exactly 50 years ago. 
Like many coastal communities, Bowers Beach endured the 

March 1962 nor’easter referred to by many as “the storm of the 
century.” This three-day storm packed winds up to 60 miles per 
hour, causing waves of 20 to 40 feet over the course of five high 
tides. This sent over four feet of floodwater into bayshore towns 
as far north as Pickering Beach, some 38 miles from the ocean. 
Damage at the time was estimated at $90 million. According to 
the U.S. Bureau of Labor Statistics, this is equivalent to over $670 
million today. Discover more on March 7 at a workshop entitled 
“Delaware Coastal Vulnerability and Sustainability — 1962-2062” 

at the Rehoboth Beach Convention Center in Delaware. ■
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TIDINGS NEWS FROM AROUND THE REGION
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Many industrial facilities depend on 
the Delaware Estuary for shipping, 
transportation, water treatment, and 
cooling water. Torrential rains, high 

winds and storm tides can impact these important 
economic uses of the estuary.

PSEG Nuclear’s Salem Generating Station, as 
well as a number of other electric generating sta-
tions in Delaware, New Jersey, and Pennsylvania, 
require the use of cooling water from the estuary 
to provide the electricity that we have all come 
to depend on. Nuclear-powered generating sta-
tions also have special safety concerns related to 
hurricanes, earthquakes, and other natural disas-
ters that present potential risks to public safety. 
The accident in Japan at the Fukushima Daiichi 
Nuclear Power Station one year ago highlights 
the importance of preparation for these types of 
natural disasters.

When Hurricane Irene swept through New Jersey 
this past August, Salem Generating Station was well-prepared 
and remained online through the storm to provide electricity to 

the Delaware Valley. The high winds and storm tides associated 
with the hurricane were not as severe as anticipated and actual 
water levels in the vicinity of the station reached a maximum level 
of just over five feet.

PSEG kept two full shifts of workers on site (including buying a 
few hundred sleeping bags), spent several days preparing the 
site’s facilities for the storm, and proactively placed emergency-
response personnel in offsite emergency facilities.  That is the 
norm for these types of events.

Design criteria relating to natural disasters for nuclear generat-
ing stations in the United States are site-specific and based on 
the local geology. Historical information regarding floods, hur-
ricanes, and earthquakes is used with added conservatism to 
ensure that the plant can withstand severe events.

Here on the Delaware Bay, PSEG’s facilities are designed for a 
maximum probable water elevation of over 30 feet above aver-
age sea level. To put that number in perspective, the site grade 
is about 11 feet above average sea level and we have never 
had any flooding event reach even that elevation. The Delaware 
Estuary does not experience any significant tsunamis and the 
maximum probable flood would result from storm surge associ-
ated with a hurricane that directly entered the Delaware Bay.

While not impacted directly by Hurricane Irene, the rainfall 
events, high tides and extremely high river flow associated with 
the August and the April-to-May storms did cause some opera-
tional challenges for Salem Generating Station. High water 

Nuclear Plant Weathers Storms, River Debris
By Ken Strait, Manager of Biological Programs, PSEG Nuclear

At a Glance
The following is federal assistance to help families 
and communities recover from Hurricane Irene and 
other storms in 2011:

Individuals and households
•  New Jersey: Almost $170 million, for which over 

49,000 have applied
•  Pennsylvania: Almost $138 million, for which 

over 43,500 have applied

Emergency services and repairs to public 
investments, like infrastructure
•  Delaware: Over $1.1 million
•  New Jersey: Over $78 million
•  Pennsylvania: Almost $16 million 
total: Approximately $403 million

Power outages from Hurricane Irene:
•  Delaware and eastern Maryland: 165,000
•  New Jersey: 1.9 million
•  Pennsylvania: 1.3 million
total:  Almost 3.4 million customers for a maximum 

duration of nine to 10 days

Hope Creek Generating Station (left) and Salem Generating Station (right), as 
seen from the Delaware River off Lower Alloways Creek Township, New Jersey. 
The three reactors here supply enough electricity to serve three million homes, or 
almost half of New Jersey’s power.

continued on page 15

C
re

di
t: 

An
ge

la
 P

ad
el

et
ti 

of
 th

e 
PD

E



estuary News t  wiNter  2012 t  Volume 22  t  i ssue  2

2

Major Storms Adding to Marshes’ Woes
By Ramona Stammermann, Ph.D. Candidate, Drexel University

The Delaware Estuary is special in terms of its tidal wet-
lands; it is fringed by an almost continuous band of salt, 
brackish and rare freshwater marshes. Marshes provide 
important services for their adjacent water bodies, such 

as filtering out harmful materials, and are a significant ecologi-
cal resource for animals and plants. They also function as a 
major coastal defense against flooding by sea. A 1995 study, 
for instance, showed that they not only prevent destruction of 
coastal areas, but also keep costs for coastal structures low. This 
is because they can be built on a smaller scale when encom-
passed by marshes.

While marshes decrease flood damage by serving as a buffer to 
higher-lying lands, major storms with increased wave activity can 
have a devastating 
effect on them. 
Vertical marsh 
growth is relatively 
slow, with a few 
centimeters per 
year at best. In 
general, many 
marshes on the 
East Coast are 
currently accumu-
lating at the same 
rates as local sea 
level rise.

Marsh growth 
depends on a 
number of factors, 
most importantly 
the duration and 
depth of inunda-
tion during flood, 
the suspended 
sediment (mud) concentration in the incoming water, and the type 
of vegetation cover. Vegetation impacts the marshes’ growth by 
trapping and stabilizing sediments and by adding “biomass,” or 
living plants. My research focuses on the development of a com-
puter model that helps to study these interrelationships.

A range of human activities in an estuary and the land upstream 
can result in an altered sediment budget and transport behavior 
in water bodies. An insufficient sediment supply can lead to the 
starvation of marshes. Without replenishment coming from the 
adjacent water body, existing marshes are more prone to sedi-
ment losses due to erosion. This makes the probability of develop-
ing new marshland acreage lower.

Under normal circumstances, water velocities on tidal flats dur-

ing flooding are relatively slow. This is due to the dampening 
effect of dense vegetation, which favors the settling of sediment 
particles from the water column and, therefore, growth. But this 
changes during major storms with dramatically increased currents 
and wave activity, resulting in stronger forces that can erode sedi-

ments on marsh platforms. 
Additionally, vegetation 
can be uprooted and 
worsen the problem, 
because they can no 
longer trap and cover the 
underlying sediments.

The major issue is that 
erosion due to storms hap-
pens on a much larger 
scale, and in a shorter 
time period, than regular 
marsh growth. Therefore, 
it can take a long time 
for damaged marshes to 
recover, if at all. Rising 
sea levels associated with 
climate change aggravate 
the stress on marshes. 
Critical limits might be 
reached such that normal 

marsh growth is challenged to keep up with rising water levels, 
possibly leading to declined marsh health that can withstand 
storms even less.

Research projects are in progress to limit or reverse the dam-
age of marshes due to erosion, such as the Partnership for the 
Delaware Estuary’s Living Shoreline Initiative. This is an attempt 
to fortify shorelines using natural, intertidal reef communities 
comprised of shellfish such as mussels and restoration efforts of 
already stressed marshes. ■

Editor’s Note: Ramona Stammermann won a Best Student Poster 
Award at the Delaware Estuary Science and Environmental 
Summit in February 2011. In recognition of her accomplishment, 
the Partnership for the Delaware Estuary is pleased to share her 
research in Estuary News.

Discover how marshes and other 
habitats are faring in our “State 
of  the Estuary Report,” due out 
next summer.
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In 2011, members of the Corporate and 
Community Environmental Stewardship Program 
(CESP) worked with the Partnership for the 
Delaware Estuary (PDE) to improve their land-

scapes by making them more functional and more 
beautiful using native gardens. The following are 
descriptions of what some of these companies and 
communities are doing as Delaware Estuary environ-
mental stewards.

Logan Generating Company has 
been a CESP member for over 10 years. 
This company has made commendable 
efforts to maintain and conserve its sur-
rounding natural resources by taking an 
explicit interest in restoring its property. 

The project at the Logan Generating Station in Logan Township, 
New Jersey, consists of 31 acres of fields that were converted 
from agricultural production to wildlife habitat by planting trees 
and shrubs, starting in 2002.

In 2011, Logan Generating completed a second round of eradi-
cating Sericea lespedeza, an invasive plant that prevents healthy 
native plants from growing. A meadow will be planted in that 
area this year. Last November, about 25 employees and some of 
their children also planted about 100 trees and shrubs in a sec-
ond area on the property.

Sunoco became a CESP member in 
2010 and has employees active in the 
Marcus Hook and Philadelphia communi-
ties. On Earth Day in April 2011, Sunoco 
and the PDE held a storm-drain-marking 
event with employees and others in the 

communities of Gray’s Ferry in South Philadelphia and Marcus 
Hook, Pennsylvania. Over 75 volunteers marked approximately 
400 storm drains with “No Dumping! Drains to River” markers. 
Volunteers also removed trash from along curbs and storm drains, 
helping to prevent it from entering local waterways.	 	

New Castle County also joined 
the CESP in 2010. Last spring the 
PDE worked with New Castle County 
to complete a project to improve 
two stormwater ponds in Hockessin, 
Delaware so they are more attractive 
and effective at reducing water pol-

lution. Both ponds have had problems with invasive plants like 
Phragmites, a nuisance made worse by the fact that they are 
located on the main road through town and adjacent to a ball 
field. New Castle County worked to enhance these stormwater 
ponds with native wetland plants, such as blue flag iris and joe 
pye weed. The county is currently working on educational signs 
to explain the need for plants in stormwater ponds to help soak 
up water and prevent pollution from getting into nearby streams.

2011: Year of the…Native 
CORPORATE ENVIRONMENTAL 

George Windsor (left) and Councilman Thomas Imburgia (right) of 
Marcus Hook mark storm drains on April 30 with medallions that 
read “No Dumping! Drains to River.”

Members of the Corporate and Community Environmental Stewardship 
Program visit Greensgrow Farms in Philadelphia during their annual 
EcoExcursion with the Partnership for the Delaware Estuary on 
September 29.
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2011: Year of the…Native 

In 2011, Janssen Biotech 
worked with the PDE on a new 
project at the Schuylkill Center 
for Environmental Education 

where employees sponsored and planted a native sensory 
garden. The garden will engage children of all ages to 
explore using each of their five senses. The group helped to 
prepare the area for planting and added several hundred 
native trees, shrubs, and perennials to the new garden.

Noramco embarked 
on a new project in 2011 

at Bellevue State Park in Delaware. The park needed help 
removing invasive plants from the grounds and replacing them 
with natives like winterberry and black-eyed Susans. Noramco 
employees worked with the PDE to remove the last of the inva-
sive plants from the site and plant over 700 new native plants. 
Noramco is also planning to do some gardening on its own 
site this spring to clean up their native habitat area.

Wheelabrator Gloucester is located on 153 acres 
on the shores of the Delaware River. This property includes 
a variety of habitat types, including grasslands, forests and 
wetlands. As part of the Wildlife Habitat Council’s Wildlife at 

CORPORATE ENVIRONMENTAL STEWARDSHIP

Garden

Volunteers from the Borough of Marcus Hook and the Marcus Hook Preservation Society 
install a rain garden sponsored by ConocoPhillips on October 8 outside the Marcus Hook 
Community Center in Pennsylvania. Flip to page three to see one after completion.

Invasive plant: An 
introduced species that overtakes 
native plants, hurting animals 
and their habitats.

Native buffer: A strip of 
land beside a stream filled with 
native plants that can absorb 
rain and snowmelt before they 
carry pollutants into a waterway.

Nutrients: A substance 
needed for growth or sustenance 
yet, can become toxic in too great 
a quantity.

Water Words to Know

continued on page 12
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Volunteers from Noramco plant winterberry 
and black-eyed Susans, both native plants, 
where invasive species once flourished at 
Bellevue State Park in Wilmington, Delaware 
on October 24. They include (from front to 
back) Albert Merena, Tina Sapp, Scott Kessler, 
Kevin Norton, and Julie Simon.
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Work program, the six-person, Wheelabrator wildlife team actively 
manages 30 acres of the site for habitat enhancement and restora-
tion.

Wheelabrator is also continuing its environmental symposium pro-
gram with a local middle school, West Deptford Middle School, to 
educate the students on environmental issues. In 2011, the students 
made five large signs for Wheelabrator’s wildlife habitat that will 
educate the public about the Delaware River, wetlands, and the wild-
life they support.

Pepco Holdings, Inc. is 
currently maintaining a native 
buffer around the stormwater 
basin at its Atlantic City Electric 
site in Carneys Point, New 

Jersey. The company is also planning a rain-garden project at their 
site in Wilmington, Delaware. The rain garden will capture rainwater 
from one of the parking lots on the property, and the nutrients in 
the runoff will be absorbed by the native plants in the rain garden 
instead of leaching into the nearby Christina River. The rain-garden 
site is in an urban location and will provide a good opportunity to 
educate people about how to manage their own runoff.

ConocoPhilips, the Borough 
of Marcus Hook, the Marcus 
Hook Preservation Society and 

the PDE teamed up and completed a rain garden at the Marcus 
Hook Community Center in Pennsylvania. The rain garden was 
designed to intercept polluted rainwater and snowmelt running off 
nearby buildings and streets before it can run into the Delaware River 
nearby. The Marcus Hook Preservation Society provided the excava-
tion, and volunteers from the community came out to plant over 600 
native shrubs and perennials.

U U U

Each year, CESP members go on an Estuary Eco-excursion to 
learn more about the estuary, network, and talk about each other’s 
environmental efforts. In September 2011, the group toured one of 
Philadelphia’s urban farms, Greensgrow Farms. The tour highlighted 
several of the farm’s interesting programs, from living roofs to aqua-
culture.

The PDE’s Corporate and Community Environmental Stewardship 
Program is truly unique. It provides corporations and community mem-
bers with the opportunity to work with the PDE to create powerful vol-
unteer opportunities while bettering the environmental health of their 
corporate campus or community. These environmental stewards com-
bine technical assistance from the PDE with corporate or community 
funds and manpower to make tangible, environmental improvements 
in the Delaware Valley.

For more information or to join the CESP, please contact Karen 
Johnson Forst at (800) 445-4935, extension 101, or  
KJohnson@DelawareEstuary.org. ■

Premium Members

Basic Members

2011: Year of the...Native Garden 
continued from page 11
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Do you dream of a day when 
rain is not thought of as an 
inconvenience to be avoided, 
but rather is appreciated as a 

life-giving force that is fun to play in? Well, 
the folks at Albert M. Greenfield School 
in Philadelphia are well on their way to 
changing the way their community thinks 
about rain. Get your rubber boots and 
slickers ready!

Greening Greenfield is a unique pri-
vate/public partnership that transformed 
Greenfield School’s urban site into an 
outdoor laboratory that teaches children 
while they play about micro-climates, 
native plants, rainwater absorption, energy 
conservation and harvesting, and their 
symbiotic relationship to the environment. 
Greening Greenfield not only offers stu-
dents a rich opportunity to learn the impor-
tant lessons of environmental responsibility, 
but also gives the surrounding community 
a green open-recreation space in the 
heart of the city.

More than five years ago, parents, stu-
dents, teachers, and school administrators, 
with encouragement from the School 
District of Philadelphia and help from the 
Community Design Collaborative, began 
to create a new vision for the exterior of 
the school property, originally a sparsely 
landscaped, asphalt yard referred to 
as the “parking lot.” They imagined the 
school property as a vibrant green space 
designed to exemplify ecological steward-
ship. They wanted to demonstrate that 
schools could be environmentally respon-
sible, provide healthy places to learn and 

play, and take an active role in community 
improvement.

The schoolyard improvements are com-
plete now, including the installation of a 
stormwater management system with two 
native–Pennsylvania, woodland-forest rain 
gardens; porous pavement; permeable, 
recycled play surfaces; an agriculture 
zone; and shade trees. Plus, a weather 
station was installed in April 2008 and 
a solar-panel array was installed on the 
roof in September 2010. The underutilized 
“Secret Garden,” a brick-wall-enclosed 
shade garden on the northwest corner of 
the school, was rededicated in 2011 as a 
rejuvenated outdoor classroom.

With the school yard’s green improve-
ments complete, Greenfield teachers are 
using the gardens, solar-energy system, 
and weather station as hands-on, educa-
tional resources to support their teaching 
of the School District of Philadelphia’s 
science curriculum, exposing students to 
opportunities to lead and serve in environ-
mentally responsible ways.

“Mr. Bentz, Greenfield’s 7th- and 8th-
grade science teacher, led the students 
in conducting a leaf-classification project 
this fall,” boasts Dan Lazar, principal of 
Greenfield School. “He also has the 
students collecting soil samples and ana-
lyzing the micro-organisms they find in the 
soil. He has been doing that over the last 
three years; part of the project assignment 
is to analyze the change in organism 
populations over time. It’s all very cool 
from a kid’s perspective — our students can 

literally walk out the school door in down-
town Philadelphia and be in a native-
Pennsylvania, woodland forest.

“The Greening Greenfield project has 
totally transformed our ability to create 
hands-on, outdoor-science learning expe-
riences. These are activities that were 
previously done indoors. Now these les-
sons take place in our ‘outdoor classroom 
spaces,’ which function as extra life-sci-
ence labs. Students are engaged every 
day making natural connections to the 
curriculum. They know this is a special 
opportunity not normally available during 
school. It’s not work — it’s fun!”

Principal Lazar is collaborating closely 
with Greenfield’s teachers in establish-
ing opportunities for curriculum enrich-
ment though the Greening Greenfield 
initiatives. They have discovered that 
the Philadelphia public-school curricu-
lum seamlessly transitions into outdoor 
learning.

With just a little ingenuity, every student 
has been given an opportunity to experi-
ence the wonder and magic of the rain 
gardens and the agricultural zone.

“It’s edible — you can eat the fruit — and 
I like that,” beams second grader Katie 
Kaulbach. “It’s healthy. When it rains, the 
water goes to the plants. They grow and 
they are beautiful. I feel lucky to go to 
Greenfield.”

See Albert M. Greenfield School for your-
self. Watch the online video located at 
Vimeo.com/15231400. ■ 

By Lisa Armstrong, Co-chair, Greening Greenfield

Urban School Becomes 
Model for Outdoor Education C
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Spokesdog Voting
March 1 to May 1
Philadelphia, Pa
Vote online for the newest “spokes-
dogs” representing the Philadelphia 
Water Department. Dozens of 
dogs are vying for the title of Philly 
Water’s Best Friend, each hailing from 

Northern Liberties or Queen Village. 
See for yourself at  
www.PhillyWatersheds.org. That’s 
where every hound has its own photo 
and bio explaining what makes it a 
model crusader for clean water. Log 
on and vote daily. 

Town Square
March 5, from 6 to 8:30 p.m.
Philadelphia, Pa
Sometimes an issue is so important, 
legislators have to host a town hall 
meeting. That’s the premise behind 
Town Square, a program hosted by 
The Academy of Natural Sciences of 
Drexel University. This time the issue 
is Delaware Bay oysters. Discover 
what’s become of Philadelphia’s origi-
nal fast food. See what scientists are 
doing to restore their reefs. And walk 
away feeling a whole lot closer to 
Delaware Bay. Please call (215) 299-
1000 for details. 

Tide Camp
March 12 deadline
Newark 
and lewes, De
High school students can prepare for 
a future on the waves by enrolling in 
TIDE, or Taking Interest in Delaware’s 
Estuary, Camp. This two-week, 
residential program exposes kids 
to classes, discussions, excursions, 
lectures, and tours spanning two cam-
puses that bookend Delaware Bay. 
For further details, including the cost 
of tuition, please log on to CEOE.
UDel.edu/Tide or call Dr. Franklin 
Newton at (302) 831-2841. 

Discovery Lab
March 15, from 4:30  
to 6 p.m.
Dover, De
Journey to a “research reserve,” 
where scientists are studying 
the effects of weather on our 

environment. Children 
seven and older will gain 
insight into meteorology, 
or the study of Earth’s 
atmosphere. In doing so, 
they will make their very 
own wind meter (anemom-
eter) — for free. Please call 

(302) 739-3436 to make a reserva-
tion for your child. And be sure to stay 
afterward to enjoy the sunset over this 
700-acre sanctuary.

Fun + Oysters
March 19
Philadelphia, Pa
The Partnership for the Delaware 
Estuary will host a happy hour at the 
Oyster House on Samsom Street to 
benefit the Delaware Bay Oyster 
Restoration Project. For details visit 
www.DelawareEstuary.org or contact 
Karen Johnson Forst at (800) 445-
4935, extension 101. 

200th Birthday Bash
March 24-25, from 10 a.m.  
to 5 p.m. daily
Philadelphia, Pa
The Academy of Natural Sciences of 
Drexel University is throwing a 200th 
birthday bash. This year-long celebra-
tion kicks off with a weekend full 
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of activities. This includes crafts, games, 
music, special appearances and — what 
else? — birthday cake. A new exhibit will 
also showcase the museum’s discoveries 
and how they’ve changed our view of the 
environment. For details visit  
www.ANSP.org or call (215) 299-1000. 

Honor Journey
June 8 at 10 a.m.
Cape may, NJ

Join members of the Lenape Nation as 
they and others draw attention to the 
need for clean water. It’s all part of a 
grassroots event called Honor Journey. 
Participants will paddle from Higbee 
Beach to Cape May Point for a party 
at the Sunset Beach Sportsman Club. To 
participate please call Richard McNutt 
of the Tidewaters Gateway Partnership at 
(215) 766-8668. Additional info can also 
be found at www.HonorJourney.org. ■

Save The Date!
Wilmington Earth Day Celebration: 
April 20

Christina River Watershed Cleanup: 
April 21

Pennsylvania Coast Day: Sept. 8

Delaware Estuary Science and 
Environmental Summit:
January 27-30, 2013

New!

levels in the river and the tidal salt marshes 
surrounding the station flushed decaying 
marsh vegetation and other upriver debris 
into the river. This “detritus” can impact any 
water intake withdrawing water from the 
river. In tidal estuaries like the Delaware, 
much of this detritus accumulates at the 
point where freshwater meets and mixes 
with the salt water entering from the 
ocean. Scientists refer to this area of an 
estuary as the “turbidity maximum zone.” 
(Turbidity is another word for stirred up, or 
muddy.)

Salem Generating Station is located within 
the Delaware Estuary’s turbidity maximum 
zone and, during 2011, experienced the 
highest river-detritus levels on record. It is 
typical to see higher levels of river detritus 
between the middle of March and the 
beginning of May. The primary cause is 
a combination of melting winter ice and 
high spring tides. During 2011, however, 
the high winds, rain, and moderate storm 
surge caused by Hurricane Irene and 
Tropical Storm Lee resulted in a fall flush of 

detritus into the Delaware River.

During the spring and fall peaks of river 
detritus, PSEG’s management team made 
prudent decisions to operate at reduced 
power levels on over 40 days when 
plant-cooling water flow was impacted 
by heavy river detritus. This reduced out-

put was replaced by other fossil-fueled 
generation within the regional transmission 
grid and did not directly impact electrical 
customers. Operating at reduced power 
levels does have an economic impact to 
the facility’s owners, but reflects PSEG’s 
safety-first philosophy and culture. ■

Nuclear Plant Weathers Storms continued from page 8
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