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Message from the Executive Director

D AMART ReFR MEAR WANCOLK NT

" - ;
4 he water resources of the Delaware River Basin are vital to the long term health of our citizens

and the stability of our economy. These resources supply our drinking water, support our industries,
transport our products, provide habitat to a wide array of living resources and contribute to overall
quality of life. Management of these resources is a complex task involving all levels of government,
public-private partnerships, and a multitude of laws, regulations, and competing interests

Folicy makers and citizens alike often ask me if the health of the system is "getting better” My
answer is both “Yes” and "No" While we have made great strides in water quality improvement, we still
have a long way to ao in many respects. To truly assess issues of ecosystem health and sustainable
use, we need to answer a series of questions spanning multiple dimensions of resource management,
Examples include:

How clean are the water recources of the Delaware River, its tributaries and Bay?
Do we have enough water for drinking and commerce? |s it safe to drink?

Are our waters “swimmable™?

Are fish abundant and safe to eat? How are other living resources faring?

ls critical habitat being protected?

Are years of management and stewardship yielding good results?

Are we prepared to meet the issues we might face in the future?

Responding to these questions requires environmental managers to set goals for the protection
and improvement of resources, to efficiently assess 1ssues and trends, and to menitor the success
of iImplemented management strategles—all of which require high-quality data, scientific information,
and an effective feedback system. You can't manage what you don't measure

This State of the Basin Report 2008 is designed to serve as a benchmark of current conditions
and a polint. of reference for gauging progrees toward management goals. It also provides a platform
for measuring and reporting future progress in water resource management, and a guide for adjusting
monitoring and assessment programs. Finally, It is intended to communicate our understanding of
the health of the Basin, to increase public Involvement in Delaware River Basin and Eetuary Frogram
activities, and to build consensus on a broad array of actions that can be taken to continue to
improve water quality, water availability, and enhance the living resources of the Delaware River Basin.

(ant

Carol E. Collier
December 2008
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Introduction

The Basin - Then and Now

I

B=

_ &

THEN = the getivivies of man vastly affect the behavior of water and e ology
of the Delaware River Basin. The Esruary and Bay have been dredged 1o
accommodase deeper draft ships, cherby alierng vhe ridal prism. dredge spoil has
been depasited on lowoluands previously available to accept flood flotes; people have
sefticd where supplies of frech water are periodically inadequste; wasee products
have been discharged into the stream sysiem without regard o effect om aquatic
habitar: much of the watershed land wse has been maodified by agriculture and
urbanrzation, altering the eresion. surface runafl. and the delicare balance
between land and water in the rivers, bays and marshes: major ground water
reservoirs have been pumped 10 a point where water now flows Sfrom surface
streames 1y the aquifer instead of from the agutfer to the streams; wnd swrfisce
tariage reservoirs bave been canstrucied to conserve water during peviods af high

flow for release during peviods of low flos t0 meet the ever-increaiing demands
af man
the Final Report & Fovironmental lapact Starerment

of the Level B Seudy, May 1951
Delaware River Basin Commission

How clean are the water resources of the Delaware River,
ite tributaries and Bay?

Do we have enough water for drinking and for commerce?
s it eafe Lo drink?

Are our waters ‘swimmable'?

Are fish abundant and safe to eat?
How are other living resources faring?

le critical habitat being protected?
Are our years of management and stewardship yielding

good resulte?

Are we prepared to meet the iseuss we might face
in the future?

Sarting in 1976, a comprehensive study was
conducted to idenrify and resolve warer resource
problems in the Basin. The resulting “Level B
My " issued in 19871 by the Delaware River Basin

30-50 Million 1610
UL g Deloware Bay is nomed

The Deloware in hones of Lord De
Rive: ond Ln Warre {Thomas
vally ore West) governos of

barmsg
s b matle 2

Jamestown
R A T

B

Commission (DRBC) reported the findings of that
study, including resource condinions and recommen
dations tor management. Since then. many excel
lent specialized studies have been published on a

1769 1776
The Deluware River

The Daclaration of Indegen
o Philodelphio

tance s sigoed In Philadalphia
i destribed os o George Washington tasses the
mess” by o viiting Delaware River obove Trenion
Enghshmon NJ on Christmas Eve
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variety of water resource issues, but the Leve! B Seudy

remains the last comprehensive assessment of the
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&

Basin — including water supply. warer qualiey and
flow management issues - published in ane volume
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The Final Report and
Environmental Impact Statement
is commonly referred to as
the Leval B Study, since it
conformed to guidelines established
by the now defunct
US Water Resource Council
for a study of its magnitude,
or Level B.

In 1999, a process was begun to develop a new
and umfwng vision for water résource management
The Water Resources Plan for the Delaware River
Basin (Basin Plan), unveiled 1n 2004, presents a

direction for integrated water resource management,

acknowledging the connection between land and
water and valuing aquaric habitat protection in the
course of ensuring adequare flows and supplies for
human needs. In accepting the new Basin Plan, the
Governors directed the preparation of a periodic
environmental condition report. This Delaware
Rever State of the Basin Repore 2008 tulfills that
mandare

In 1980 when the Level B Study was under

1801 1931
Philadelphia’s water depariment is the
first wn America to supply an entire dify with
deinking woter Fairmeunt Water Works
vi 05 o model for

an water delvery system:

The US Supreme Court grants
NYC the 1ight to withdraw
440 mgd from two reservours
16 be built on the heodwater
Iributaries of the Deloware

development, the popula
tion of the basin was slightly
greater than 7 mulhion: the
Clean Water Act was not ver a
decade old; and industrial and
municipal wastewater did not
receive the level of rreatment
that 1t does today. There are
now more than half a million
additional people living in
the River Basin and 25 years
of advanced water treatment
and remediation technology
have been applied to water
resource P]'l?h[{’"ls

Have conditions
improved? Has the smbalance
noted in the 1981 Study been
restored in the intervening

Hawk's Nest, NY

25 years? As we will see

the answer is both yes, and no. There have been
improvements 1n resource condinon, especially
water l‘lLl‘lr\, h(LJUSC ()’ I”l[‘(ll’lJnl Clh“\g{”x mn
management policies. For example, required
Il“p"l\ cments (N wastewarer rreatment ll.l\ < Illl\l'd
the levels of dissolved oxygen and restored shad
runs to the River. However, the presence of toxic

compounds and our ever-increasing ability to
3

1936

The stotes of NJ, NY and PA
treate the Interstote Commis
sion on the Deloware River

Basin to clean up pollution DE
joins three yoars later in 1939

detect them in more minute quanuues sull leads
10 consumpuon advisories for many fish species in
spirte of site clean ups and cleaner water. Nutrients
are holding steady, but concerns about pharmaceu
ULJI\ \U]d l)[hk'r l'ﬂlT\PUUl]d\ are glﬂ\\ i[ig ’\ o U'
floods ravaged portions of the Basin i 2004, 2005
and 2000, re-focusing interest in Hood mingauon

And international E‘.-IT\L"\ 4are preparing reports on

1954 1961

The Deleware River Basin
Commissien 15 farmed, 151
interstate-federol ogree
ment for comprehensive
river bosin managemen

US Suprema Court amends
1931 detree 1o increase NYC
diversion 1o 800 mgd. spacify
flows ot Montogue NY and
approve Jrd raservair




a changing chimate, predicung more rapid changes For each indicaror, we include a Description
that challenge our planning and management and a staement of Desired Condition linked 1o

Based on 25 additional years of investigarion a goal from the 2004 Waier Resources Plan for the : :
and assessment, we know more about many issues,  Delaware River Basin (BP), an Action item from S view of conds MW e on Me‘.
from toxic compounds to the effects of landscape the 1997 Comprehensive Conservation Manage- il IWP& 1 m“'] o ke '3[
changes, than we did 1n 1981 Yet our knowledge ment Plan for the Delaware Estuary (CCMP), information. " o4 chmpeia
remains incomplete. We are sull learning about and, when appropriate, to regulatory standards SN m;ﬁ?ﬁm 3 ol m Nbf 3
the relauonships among the natural elements of There is also a reporr of condirion Status and, if v the 1981 Stusly anal a2 poi :
the system ~ such as soil, geology. slope, rainfall, relevant, of historic or recent Trends. A status i reference for gauging progress w‘“‘*
temperature and chemistry - and of the effects of bar resembling a horizontal chermomerer wich ; 'E‘hewdduzm W ;
human influence on parts of this complex system a red-to-green color gradient accompanies cach Mﬁrﬁcmﬁm&l e i
Changes occur even as we examine and calculate. indicator, where green represents a good condi- i Sl ;

This State of the Basin Report 2008 offers a view von, and red an unfavorable condition. The
of conditions of the Basin's landscapes and waters placement of an icon indicates the condition

based on available information on a set of discrete status along the contnuum, and its style reflects

indicators a stable, improving or worsening trend. Each category section begins with an introduction

Concluding cach indicator page 1s a statement and event timeline, and ends with a special feature
of Actions and Needs. advising on improvements on emerging issues to suggest ideas for future
An ndscazor is a measure of condition; an environ-  or changes that should be considered to enhance
mental indicator is & measurement, value or staustic  reporting capabilities and environmental
that pm\ldcs an approximate gauge of the state of conditions
the environment and may help evaluate the effec-
uveness of an environmental management program.  Reporting
Ideally, an indicator s relevant, sensitive to change,  Indicators are assembled into four categories
easy to measure with low measurement error, and * Category I Hydrology
cost effective. For this report, indicators were chosen  * Category 111 Water Quality
in part because information on them was readily * Category HI: Living Resources
available

Indicators

reporting. The hinal section of the Report summa-
rizes conditions and recommendarions

The State of the Basin Report 2008 is designed 1o
serve as a benchmark of current conditions, and as
a point of reference for gauging progress towards
management goals. It also provides a platform for
measuring and reporting future progress in water
resource management, and a guide for adjusting

monitoring and assessment programs
Caregory 1V: Landscape

1970 1972 1978 1981 1990s 2000

1t US Earth Day FWPCA omendments establish Settions of the upper Good Foith Agree- Striped buss and

colebrated the construction gramt program and middle Deloware ment odvances Amg:mn shad ;i?;:';g 5klhu o
federal Environ and permit distharge process River are added to the equitable allocation return o the are odded "l)v:;l
mentel Protoction for dischorges, subssquantly National Wild and Scenic of basin waters Deloware Rivar im National Wild o
Agency is established knawn a the Clean Woter Ad Rivers Systein anonal Wild ond

e — . . large "“"‘_bf” i Sﬂl\lt Rivers System




Welcome to the Delaware River Basin
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Introduction
Basin Overview

Welcome to the Delaware River Basin
Lying in the densely populated corridor of the northeastern US, the 13.600 square mile Delaware River basin
stretches approximately 330 miles from headwarers in New York State to its confluence with the Arlantic
Ocean. The basin ncludes approximarely 12,800 square miles of land arca, nearly 800 square miles of Bay and
over 2000 tributaries, including many that are rivers in their own right. The Delaware River's condition is very
much a product of the cumulative Hows [rom its many tributaries, which in turn take their character from the
undetlying geology, topography, microclimates and land uses of their watersheds.

‘The northernmose tributaries 1o the Delaware River originate in the forested western slopes of the Carskall
Mountains that reach elevations of up to 4,000 feer. The East and West Branches meet at Hancock NY where
the Delaware River ofheially begins. The River descends about 800 feet on its journey to the sea.

Pelitical Setting

The drainage arca encompasses extensive landscapes in New York, New Jersey, Pennsylvania and Delaware and
8 square miles in Maryland, which are not included in this Report. All or portions of 42 counties and 838
municipalities within four states contribute to and benefit from the resources of the Delaware River Basin.
Water resources are also exported to cines in NJ and NY outside of the Basin boundary. While the states retain
autonomy, the Delaware River Basin is unique in governance. It is the only river basin with both an interstate-
federal Commission and a natonal estuary program in place. The 1961 Compact establishing the Delaware
River Basin Commussion (DRBC) was the first federal-interstate agreement for basin-scale water resources
management. The DRBC pre-dates the first Earth Day, the establishment of the Environmental Protec-

tion Agency and the passage of the Clean Water Act. The narional significance of the Delaware Estuary was
acknowledged in 1988 when it became part of the Narional Estuary Program.

How old is the Delaware River?
It is thought that the formauon of the Delaware River valley began during cycles of erosion and uplift approxi-
marely 30 to SO million years ago. From Port Jervis to the Water Gap. the Delaware follows a strike (or valley)
croded 1 shales and imestones. The S-shaped curve ar Wallpack Bend 1s a meander of a tibutary stream
eroded in this ume period. From the Water Gap to Trenton the Delaware flows in a southeast course and this is
thought to be the original low direction of the River

Below Trenton the River closely follows its conract with the bedrock formations of the Piedmont. Why and
how the Delaware River was diverted in a right-angle wrn at Trenton by softer sediments—when it had eroded
through the harder strata of diabase, argillite, sandstone and shale up stream—is not in accord with normal
river development and remains somewhat of a mystery One possible explanation is chat che ancestral Delaware
flowed southeastward through its entire length across NJ, as did the ancestral Schuylkill River. Both rivers
cventually became the product of stream caprure by smaller streams owing parallel w the southwest serike and
creared the existing context of the Delaware River and Bay

=

: Delaware Bay »

Doser 7

7

-
e |

Fig A1 Watershed Regions




What's in @ name?
The Delaware River Basin straddles rwo very different hydrologic provinces corresponding to major physiographic
divisions: the Appalachian Highlands and the Adanic Coastal Plain (Figure 1.1 on the next page). The fall line is
the natural division between these provinces, running southwest to northeast along the western edge of the River
and crossing 1t near Trenton NJ. Above the fall line freshwarer rivenine conditions exist. Below che fall line che
River is subject to udal influences and, with increased proximity to the Bay, estuanne conditions exist
This report honors the Basin as a whole system of functioning parts, and the majonity of reporting 1s on the
basin scale. There is also reporting on the regional scale, referencing four regions of the basin. In the context of this
Report
* The Upper Region covers the Delaware River headwaters and contmbuting watersheds to just below Port Jervis
NY
* The Central Region is the remaining freshwater niver and contribuning watersheds berween the Upper Region
and Trenton NJ
= The Lower Region is the area of tdal flux from Trenton to the head of the Bay and all contribuuing watersheds.
= The Bay Region incudes the Bay and the surrounding wartersheds.
Combined, the Lower and Bay Regions may also be referred 10 as the Estuary Region. It is the same area that is

included in the Nauonal Estuary Program.

Within each region warersheds are grouped together based on the segmenc of river or bay to which they dram,
irrespective of political divisions. For example, in the Upper Region, the Neversink and Mongaup watershed in
New York are grouped together with smaller tributaries in Pennsylvania because they all flow into the same stretch
of Delaware.

The Delaware River Basin is defined by its natural physical characteristics and by the legacies of hundreds of

years of human setddement and use. The basin has

been traversed by canals and rail lines and, today,

FijeAi2iState PErcaTiagns an extensive nerwork of roads link population
100% centers within the basin to one another and o
| major metropolitan centers; New York Ciry, for
80% | = example, is within a two hour drive of Philadelphia.
| The natural Jandscapes of the Delaware thar have
60% 4 .\f!ra(ik‘d Artists &ndA\d\ atoncers h)r gcncraimns arc
I today under increasing pressure to accommodate an
expanding population. Conditions within the Basin
40% -
o therefore reflect historic and current aircumstances
‘ both within the basin and bevond 1.
| 20% ‘
|
|
0% : S
| NY PA NJ - DE
| 0 % of Basin Area
| m % of State Area in Basin Water resources ore also exported
| O % of State Population in Basin outside of the Basin boundaries to
=% of Gia!ipc&ulamn Served by L'RB w ater afies in NJ and NY

RERETRTTG S Y T AR TTEE

Fig. A3.
Upper Region

Central Region

Lower Region

Bay Region

STATE OF

Location of Watersheds
EW-East & West Branch

LW+ Lockowaen;
NM-+Neversink & Mongaup
UC+Upper Centrol watersheds,
1V-Lehigh Valley

LC- Lower Centrol

SV Schuyllall Vatley,
UE-Upper Estuary,

LE - Lower Estuary

DB1-Bay watersheds in DE;
DB2-Boy watershads in NJ
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Category |
Basin Hydrology

Then - The physical behavior of the Delaware River water system can be compared to
asingle pool being utilized for many purposes. If water is evaporated (at any location),
the dynamics of the system change; water stored during periods of bigh runoff affects
the degree to which sea salis are repiulsed toward the ocean: she withdrawal of wround
water, even if returned via waste treatment Jacilittes to surface streams, alsers the
! time | flow relationship of runoff in the Basin, and the absorpiive [ replenishment

Asin 1981, the physical behavior

of the Delaware River system can

sull be compared to that of a single
pool. Changes in one region can

affect circumstances in another. The
replenishment of both surface and
ground waters 1s linked to weather and
precipitation, soil and geology, human
use and transport.

ADOTOAAAH

Natural Flows

Compared to many other river
systems, the Delaware Basin is blessed
with a relative abundance of water,
realizing over 45 inches of rainfall on
average in a year. In a narural syscem
flows are variable, bur unmanaged,

1841

- The “Bridges Freshet” sends ice
choked floodwaters down the
Deloware sweaping owoy 9 bridges
and becomes the “londmaork
deluge of the 19th century

STATY OF THE [ J b

Lu_zs' PGS T T

nd reservoirs,

Level B Study, May 1981, p 9
DRlC

and dependent on precipitation

and ground water base flows. Flow
regimes, tracked as a hydrograph of
How volumes over time. reflect the
effect of precipitation on streams.
Flows on the River are the cumulative
effects of flow from the tributaries; the
Schuylkill and Lehigh Rivers are the
two greatest contributors to Delaware
River flows. Generally, the contribu-
tion of cach wriburary is proportional
to the land area it drains—its water-
shed—bur the magnitude of flows

15 also determined by the geology

and soils of the watershed. Note the
variability of base Hows among the
physiographic provinces as well as the

1931 1954 1955

US Supreme Court autharizes US Supreme Count amends 1931 NYC's Pepacton

NYCto construct 2 reservoirs decree 1o inrease NYC diversion to and Neversink

ond divert 440 mgd for water 800 mgd spely flows of Montague Reservoirs go on

supply; spedifies Hows at Port NY and approve 3rd reservoir of line; Connonsyille

Jervis NY ond Trenton NJ Connonsville odded in 1964

= = = - i LRSS

[ L P

difference within the provinces during
drought conditions as illustrated in
Table 1.1,

Hydrographic Regions of the
Basin

‘The Delaware River Basin lies in two
significandy different hydrologic
regions which correspond to the two
major physiographic divisions in the
northeastern US: 1) the Appalachian
Highlands 2) the Adantic Coastal
Plain. While physiographic provinces
do not follow watershed boundaries,
they do help define the character of
watersheds and influence flows and
warter qualicy.

1) The Appalachian Highlands are
made predominantly of consolidated
sedimentary rock. Surface water is

in high-energy streams and rivers,
many of which have been dammed for
energy production and water supply.
In general, consolidated rocks store
and transmit much less water than the
sediments of the Coastal Plain and
ground water is found in fractures and

Fig 11 Hydrogrophic Regions of the Delaware Basin
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fssures, o in glacial deposits in some
valleys. The Appalachian Fhghlands
includes four provinces cach of which
has distinctive peology, landiorms
4"“' h\(l‘(YIH':H Llhlhl\(('l]\l“ S. lWl)
major tributaries. the Lehigh (Cenral
Region) and Schuylkill (Fstuary
Region) Ravers, flow through all or
most of the proyvinces of the Appala

Table 1 1 Baseflow Values

chian Highlands, which include four

pl nary |\Il)\lll\ oS

= Appalachian platean. The 1,000
10-4,000-foot high uplands of
this province form the Canskill &
Pocono Mountains where rivers
have carved deep and narrow valleys
l]lli'llgh Kk Illl\ '(‘It[(’ll \"I-l‘l”\ r]“\l
sandstone. Hydroelec
tric dams are inter-

in some piedmont streams under
normal condinons (Table 1.1)
Water 15 abundant here, especially
in glaciared valley aquifers, which
are also vulnerable to polluvon. The
landlorm, especially in the northern
reaches, is amenable to damming ro
create reservoirs for power genera
tion and water supply. In general,
the large reservoirs in this region

serve distant pnlm].jlmn\. such as

CATEGORY | @ HYDROLOKGY

Hydrologic Terms
mgd = million gallons per day

cfs = cubic feet per second
ppm = parts per million

ridge top to valley bortom can reach
1200 feet. Developed land and
agnicubture dominate the valleys
Bedrock 15 principally sandstone
and shale. Localized anthracie
(coal) deposits have provided the
resource for :l“(hltl(lll’ n]ll“ng‘ a
source of water quality impairment

BASEFLOW VALUES BY GEOL(gGY =T spersed throughout those of New York City, and local in the central portion of the Lehigh 0
IN GALLONS PER DAY PERMI" the province and communities rely on gluuml water River (Central Region) and upper Q
PHYSIOGRAPHIC v " New York City has from wells. While encompassing reaches of the Schuylkill River <
Prov NORMAL DROUGHT* passing ) Z
INCE P - —{ awio of reservoirs one third of the basin, only about (uppermost region of the Estuary e
Appalachian 758,000 463,000 here for warer supply 30 of the population lives in the watersheds in Pennsylvania). A :’:'
et SIS 1 | “The Upper Reg Appalachian Plateau. The natural he southern end of i |
; ' P(l l}jl“ll / l‘r’:l achian atcau he natura the southern end ot the "r(ﬂ'n(.t IS i‘
Cals}ull g 327.009 9 478090 | watersheds are almost beauty, availability of water, and the Great Valley, a broad lowland i
Ridge & Valloy 752,000 477,000 exclusively within access to distant emplayment with ralling hills and good agricul
- - i e —1 this province: and the centers s increasing development tural soils overlaying a producove,
New England 671,000 373,000 3
b SR ki i % Lehigh system orig here bur vulnerable carbonate aquifer.
Piadmont 539 000 291.000 nates in this province. About 20% of the basin lies in this
Pl]'plljdnqst e e The highest basellow * Ridge and Valley. The northern provinee and about 14% of the
LOB‘IV'Z:QS 358,000 218.000 vields are found in the section of this provinee is a series population lives here. Baseflows in
Allantic Coastal —— e Appalachian platcau of long, narrow forested mountain the streams of the Valley and Ridge
Plain 738,000 450,000 where, even in times of ridges oriented southwest 1o province provide yields comparable
= Tin2 yoarlowliow “1in25 );enr E— drought, baseHows may northeast characrerized by extreme to the Appalachian placcau |
0 5
- — J exceed those found topographic relief; distances from
1962 197 1975 1976 1977
DR oves (18 first Comprehansive Construction of DRBC commis FHoed plain mapping DRBC regulations restric
Plai ) indudas o ¢ Beltzvillo Reservosr sioners defer complated for 119 developmant in the
PUTPOSS res f pra including Tocks 15 completed wnstruction of the basin municpalities 100-yeor flood ploin ond
Istand. o gian! impoundmant planned for Blue Marsh undes Tocks lsland Dom 1o qualify for laderal rohibit development in the
tha Dalawore River main don construdion projod flood insurance rhmd«nv
9
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New England. Underlain by

hard rock, this provinee is one of
extensively forested hills and ridges
drained by a network of steep,
rocky streams. Less than 5% of the
basin has this rype of landscape
and less thar 3% of the population
lives here. Known as thie Reading
Pong in PA and the Highlands in
NJ. this province hay been declared
a landscape of national significance
tor its forested habitats and biodi-
versity. In 20006 New Jersey enacred
legislation o protect the Highlands
as an area of starewrde significance,
cspecially for water resources. The
USDA Forest Service has character-
1z¢d the artributes of the Pennsyl-
Vama pl‘flll’“ ﬂ' ']ll\ pl'”\'i"l.('
which cars through the Lehigh
(Central) and Schuylkil (Estuary)
watersheds in Pennsylvania and the
Central watersheds in New Jersey.

Piedmont. Extensive branching
sucams, rolling hills and prime
agriculiural soils cover low yielding
sedimentary and crystalline rock in

DRBC rolvases Loval B
Sudy, witer (onserve
fion and reservou
aolorgemen o key
recominandotion

Good Faith” Agreemeni
redelines slote appro
priations ond estoblishes
drought operating plon
far basin resorvoin

the Piedmont. Less than 20% of
the land area of the Basin lies in the
Piedmont, bur nearly 50% of the
population hves here. Surface water
15 the source for nearly 90% of
potable water supply. ‘The Piedmont
is the southern-most extension of
the Appalachian Highlands hydro-
logic region, ending ac the fall line
where the Adantic Coastal Plain
begins.

2) The Adantic Coastal Plain, in
great contrast 1o the consolidated
sedimentary rock of the Appala-
chian Highlands, is a4 great wedge

of unconsolidated sediment. Alcer-
naung layers of layers of sand, clay
.lnd g’ ll\'L'I Cx'cnd \()lllh(;l.\l frﬂln

the fall line, thickening as they slope
under Delaware Bay and the Adantic
Ocean The coastal plain occupies the
southern quarter of the basin and lies
completely within the Estuary (Lower
and Bay) Regron. Great amounts

af water are stored in these deposits
which transmit water much more
readily than the consolidated rocks

DRBC adopis basin
wids woll ragistration
program os inegral
omponent ol ground
wofer monagemen!

A major test of any water management plan
is to determine whether it is compatible
with the hydrologic cycle and related natural systems
of the Basin — patierns of precipitation, streamflow, dependence
on surface and ground water,
ground water recharge and storage.

Level B Study. May 1981

of the other provinces. While ground
water is widely available in the coastal
plain, it may also be directy vulner-
able to contamination. More than
33% of the basin's population lives in
the Coastal Plain and ground water
supplies are stressed in some areas

More About Flow

Flows in all provinces vary scasonally,
and are also affected by diversions and
withdrawals of water for human uses,
movement of water and wastewater
within and among wartersheds, and
development that alters runoft and
recharge patterns. Both high flows and
low Hows are important. High Hows
are associated with seasonal condi-
tions in spring, as well as precipitation
events and Hooding. Low fHows are
associated with scasonal conditions

of early autumn and can be exacer-

1985

Construttion begins on Marrill
Creek Reservolr. designed to
provide make-up water for
riverbonk eleciic generating plans
during low flow conditions

1986

DRBC adapts
ragulations requiring
the sourc metering
of largs water
withdrowols

bated by diversions and withdrawals
for human use. Low flows are also
important because we use our water-
ways to assimilate waste water, and
without minimum flows warter quality
problems can develop.

Flow Management

Although the Delaware River does

not have a dam on its main stem, the
flows of the River can be moderated
to some extent through coordinated
management of fows of reservoirs on
the tributanies. A 1954 Supreme Court
decree and subsequent modifications
sanctioned the NYC reservoirs and

the exports of up ro 800 mgd of water
o NYC and 100 mgd to New Jersey
through the Delaware & Raritan

canal. Conditions of the decree also
require the maintenance of minimum
Hows at Montague NY (1,750 cfs) and

1999

DRBC amends Southeostern PA
Ground Water Protectad Areo
regulotions, placing withdrawel
limits on 62 odditioncl
wotersheds

T 10
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at Trenton NJ (3.000 cfs). In periods
of low How, this is accomplished
through the cooperative manage-
ment of New York Ciny's water supply
reservoirs in NY, several multipurpose
reservorrs in PA, and a privately-
owned reservoir in NJ

Permanent storage capacity in
mhulary reservolrs totals over 410
billion gallons; 68% of this storage 1s
held in the three New York City water
supply reservoirs in the Upper Basin,
Of the 24 reservours 1n the Basin, nine
are dedicated for water supply. two
generate hydropower, three are solely
for flood loss reduction. one 1s strcely
for flow augmentation. Nine are dual
or multi-purpose, providing water for
a combination of water supply, flow
augmentation, and flood loss reduc-
von. Enhancement of fish and wildlife
habitat and recreational opportunities
are additional benefits of many of
these reservorrs,

Since the Delaware River is
subject to udal influence as far north
as Trenton NJ. one purpose ot the
3,000 cfs flow targer ar Trenton has

1999 2000

Teopical Storm Allison
generates 10 or more inches
e of rain in 24 hours tavsing
2 ond logs of life and progerty
domage in PA counttes

Hurricone Floyd delivers 6 to 10 inches
n in 18 houss to the lower busin

ary floading couses exte
damage fo roads ond brid;
tosuolties amang motorists

Instorically been ta maintain the salt
line—where salt concentrauon is 180
parts per million (ppm)—art River
Mile (RM) 98, safely downstream of
intakes for public supply.

Reporting

Hydrologic indicators included 1 chis
report are:

¢ Flows at Trenton NJ

o Salt line location

¢ Warer use

¢ Water supply sources

* Areas of ground water stress

* Floods and flood damage

Each indicator supplies a look ar

one piece of the complex hydro-

logic puzzle. A feature on predicred
changes to climauc conditions and the
challenges they pose to water resource
management concludes this section

2001

Basinwide drought emergenry declared for
only the 3rd hime since 1980, combined

storage in NYC's Delowara resarvoirs drops
to o record-low 23% of capodit
2001 2002 sers new drought o

CATEGORY 1« HYDROLOGY

1,750 aty (normai conditicgis)

Sill Cronk ool — 7 800 mgd {max)
to NYC

Ontelaunes,
B 100 mgd (max)

to New Jersay
via D&R Canal

ool i (I
n Cuopk B
LOWER -
Hoopes R4

Reservoirs
@ Water Supply

° Walter Supply and
Flow Augmentation

Flow Augmentation
Flood Loss Reduction

BAY

]

Multipurpose
Hydroalectiic Power
Generation

Flow Targets +
Fig. 1.2 Reservoirs of the Delaware River Basin.

2003 2004-2006

In the wake of Hurricane Isabel,

Excessive raintall in the basin is primary
0 series of storms drop 2-3 inches

reason for 3 major flood events in 18

of tain on saturated areas of the months. The worst fioeding since 1955
basin, flash floods offect towns in causes evacuglions. bridge ond road

PA and DE dosures. and milfians of dollars in damoges

TATE OF THE DELAWARE RIVER BANIN EPORT 200X
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B Indicator » Flows at Trenton

S

Indicater Description
Mainrenance of average daily Aows
and mimimum low Hows at Trenton
NJ are vital for the protecuan of
drinking water uses and mainrenance
of tresh water flows to the estuary for
living resource health.

Desired Condition

\'1411!—‘"(‘1'\4”7(.( ol minumum HU\V\' 4at
Trenton, NJ (2,500 - 3,000 cfs based
on drought status) to protect public
water supplies from salt warer intra-
son (BP Geal 1.3; CCMP Acrion
W6l

Status and Trend
Goad: Flow rarger mainwined 95% of
the ume.

Reservoirs provide a means of
mainraining minimum fows at target
gages. Duning the period from 1980 to
the construction of the last hrgc‘ rescr=
voir in the Basin in 2007, the 3,000
cts normal flow target ar Trenton N)
has been maintained 95% of the time
compared ro 87 5% of the ume for
the period prior to reservoir construc-
tion (1913-1949). Occasions when
the flow [arget 1s nor met may be due
to reductions in warershed bascflow,
the mulu-day travel ume 1o Trenten
from the reservoirs in the Upper and
Cenrral Basin and the uncertainry of

precipiation forecasts. The dara used

[ M———

to develop the following graphs only

include the flows measured at Trenton.

Figure 1.3 presents the mean
annual flow at Trenton from 1913
2007, including the drought of record
in the 1960s. Note that mean annual
flows in 1996 and 2003 excecded
those of any other year in the 84-year
hustoric record

A flow duration curve shows the
probability of a specific flow, being
exceeded. The How duration curves
for average daily flow at Trenton NJ
(Fig. 1.4) show the increasc in high.
medium. and low flow conditions in
recent years. The higher lows ar the
lefi of the graph occur only 0.1% of
the time, where the lower Aows on
the right of the
graph arc almost
always exceeded.

24000 —————

Both curves ;
represent similar 2thoo 1
mdﬂdg(nlff"l[ 18,000 !
pracuices since
the records used 15,000 !
are post-reservoir g |
construction. The Euooo e
blue curve repre- = po—
sents 1980-2002 i
and the red 8,000 1
curve r:pr(,\cnl:\ ‘
2003-2007 o

Comparison P TR

of the two How

duration curves

shows the Hows thar occurred from
2003-2007 are grearer than flow
from the 1980-2002 for the same
exceedence probability. Thercfore
flows were higher and less reservoir
releases were needed 1o meet the
Trenton target in recent years

The largest differences are seen at
the 0.1% and 50% to 80% prababili-
ties, This indicares thar the highest
flows between 2003 and 2007 were
80% higher than the highest flows
between 1980 and 2002, Normal
flows (those likely to happen 25
and 75 percent of the time) are
approximately 45% to 63% larger
in recent years than during the
years 1980-2002. Low flows (those

"
'
'
1
i
i
I
|
1
il
i
| '
4

PO S,

exceeded 95-99.9 % of time) can be
managed more easily with reservorrs
than high flows. The two curves are
closer together at low flow values. bur
the low Hows of recent years are still
14%-27% larger than those of 1980
-2002

A review of precipitation records for
the post reservoir nme period shows
the median precipitation during the
2003-2007 period was 22 percent
greater than during 1980-2002 rime
period (Fig. 1.5). Greater How from
increased precipiration has implica-
tions for water resource management
issues in the Delaware River Basin
Streams that are less dependent on
gl’(Jund-warcr L.(!nl'l'lbutloni ar¢ morc

1910 1915 1820 1925 1930 1935 1940 1845 1950 1955 1960 1365 1970 1975 mo' 1985 1980 1895 2000 2005
Fig. 1.3 Meon Aanual Flow at Trenton NJ. USGS gage # 01463500
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sensirive to increases in precipitation
Climate experts are predicung
grearer climate extremes, including
warmer, werrer \\‘k‘dihlr pd“t‘fﬂS
and more severe droughts. Wetrer
weather would lead ro increases in the
probability and duration of reservoirs
being ar full capacity due (o increased
runoff and reduced discharges to meer
insteeam needs and mimmum How
targets at Montague and Trenton.
More severe droughts would require
maore storage in the basin to meet
water demands

Actions and Needs

= Reservoir management, including
the portential development of
n]u’(l'PUrP”'\C TCSCrvoIrs 'Uf HOUd
control and warer supply, will be an
|nrtgm| |1.zrl of JljJI‘”\(’ l’(‘\p(JnSc\
O Maintan mmimum flows duru\g
changing climatic conditions.

. \.Yl)llll\\ arer management .I"Ll

orher land-based strategies are also
necessary o mamtan nU”“JI HU“‘

parerns

CATEGORY [ o  HYDROLOGY

1,000 000 ¢ [
— 1980 2002 Flow Duration Curve for the Delaware River
— 2003 - 2007 &t Trenton gage #01463500
188 525
e
100,000
£
£
3
w
10,000
6490

naro
2,686
3.240
2950
2580 5300
1.000
01% 1% 5% 0% 20% 2% 0%  50%  70%  75%  BO%  90%  95%  09%  99.6%
Porcent of time flow exceeded

Fig 14 Flow Duration Curves for Trenton NJ comparing two time periods: 19802002 ond 2003-2007 indicates that recent flows (2003-2007) are higher than
hustorical flows (1980-2002)

[ Annual Rainfall Above Trenton, NJ

70

A flow

4 | Median 1991-2002 = 43.7
duration

curveis a ] 50
cumulative ’ 3 40
frequency ] 10
curve showing r-E e
the
percentage of ' 10 |
time specified 0

equaled or

|
|
flows are J
exceeded ‘

Fig 15 Annvol Rainfall Abova Trenton, NI The median of annual ttal rainfall above Trenton, NJ was 22% gr_egwe?du}.;g &
the years 2003-2007 than it was in 19912002 Precipitation data from the Nationol Weather Service
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BB Indicator « Salt Line Location

indicator Deseription

The salc linc is 2n cstimanion of
whese the seven-day average chlonde
concemtrason oquab 250 ppm along
sise udal Delaware Rives, The salt
line location plays an important role
w the Delaware River Basin warer
quality and drought management
programs because upstream migration
of brackish water from the Delaware
Bay during low-flow and droughs
conditions could increase sodmsm
chionde concentrations in pablic
water supplics. presenting a public
hesdth concen.

Desired Condition

Ensuse an adequarte and relisble supply
of suitable quality of water to satisfy
public needs (BP Goal 1.3; CCMP
Acuon W6)

Status

Very good: Drinking water intakes
in the nidal Rivet are effectively
prowecred

The sair ne naturally advances and
setreats with each nidal cycle and wirh
seaseornal varizions in freshwarer fiow.
For maost of the vear, the locarion of
the salr ling is berween the Commo-
dore Barry Bodge (RM 82) and Reedy
lsland (RM 54). During droughes and
peniods of very low Hlow, a manage
ment program dicects releases from

upsteam reservoins to augment flows
and meet 2 daily flow arget of 3.000
cfs at Trenton NJ. The program has
warked well. Since 1970 low flows
that once occurred 10% of the time
now occur only 1% of the time

The salt line has been successfully
repelied below dnnking water intakes,

n—

prowcting drinking warer supplies in Wilmiagten < 2003 Commodore Barry Bridge
the most urban area of the Basin. 4 2004 a2 o |
g i 2 |
Actions and Needs pif Py PR ‘
* Investiganon of additional sources P / RM68.7 {
of chlondes. such as from road sales / $ oty il
and runoff. is warranted. e il IR i ‘\
L el J
* Documented sea level rise and Fig. 1 6. Magp of Historic Sglt Line Locations.
increasing :
oy Fig. 1.7. Annual Upstream Location of the | 52" i< loston duning 19605 ‘
e o fuon | Salt line in the Delaware River F Bl
climaric | / i
change | 115 Bl e |
may create | 110 ......----.......-./.- = = - Phia Tomeadsie Water ke |
addinional | 105 |
challenges for |
mﬂnl{‘_ﬁmcn' : ‘
of the salt line | [
in the furure. |
| |
‘ |
|
|
|
‘,
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 ‘
mageanie N (i ot il sl sl il e
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@8 Indicator + Water Use Efficiency

¢

Indicator Description

In managing water resources it is desir-

ahle to have some measure of water
supply efficiency, that is, where water
use may be higher or lower in relative
This efficiency is measured
through Per Caprea and Consumprive
l‘\(.

Per Capita Use normalizes toral
water use for a given population. Per

werms

capia water use has been calculated as
follows
Domestic (residential) well use +
_ Public Water Supply
Population
Water use from other sectors has nor
been included in the calculation in
order ro allow for a more meaningful
comparison. Flowever, public warer
supply may include some commercial
and industrial use
Consumptive Use measures water
thar 15 not returned to the watershed
and ulnimarely lost, via evaporanion or
lr.]n\f(.'r 1o Hnn'l(.‘dl(”l' usc “'l[hl" (h(‘
water resource system. It is calculared
both as a volume and as a percentage
of total warer withdrawals; the dara
reHect water use by all water use

SCCTOrs

Desired Condition

Decreasing or stabilized rate of water
use per capita to balance demands
on limited water resources (B’ Goal

1.1 ane the ol water conservation

& oF el I R T E R o R

techmques by water unhities (CCMP
Action W3).

Status

Fair: Average per capita use is 133
gallons per capita per day (gped) and
ranges from 90 to 190 gped

Regional differences among the sub-
basins are shown in Figure 1.8. The
Schuylkill Valley subbasin shows the
highest per caprra use with a value
dose to 200 gped.

The bastn average for consump-
uve loss in public water distribution
systems 1s approximately 10%. In
wrms (!!‘Jl)‘('lu!k‘ Ll)n‘ll]“l’(l\c usc
the Upper Estuary has the highest, as
many power generating and indus-
wrial facilities are Jocated along the
Delaware River in this subbasin (Fig.
19). When cxp{cwcd as a percentage
of water withdrawals, however,
consumprive use s relauvely low in
this subbasin. The Delaware Bayshore
watersheds have the highest percentage
of consumptive use (nearly 30%)
relative 1o total withdrawals (about
45 mgd), which is a funcuon of the
significant amount of .ngl'nufrur.ll

activity 1n this region

Actions and Needs
* Betrer racking of warer rrans-
fers—how water is moved in pipelines

would

from one location to another

CATEGORY [ »

Thera are problems in comparing water use ot lorge scales and umang differant development fypes.
Differing sotio- and demographic ch istits can result in vastly different water use
patterns. For example, lorgely suburban watersheds may have o greater per copita consumpfion
than highly urbanized watersheds due to fawn irrigation and household size. And where power
generation or agricultural uses deminate water use, consumptive use is also noliceably greater. As

HYDROLOGY

long s these limitations are acknowledged, such ind of water use can be used for general

omparison. :

provide for more accurate Tl p— . - E
and comparable esumares !:,; :Zg ‘( T | ’ f
of water use efhciency 8 o] [
New Jersey DEP has E 120 | | } - |
developed and populaced & 100 4 : = (
a water tracking model § x I | } ’ |
which may be applicable 5 40 ; | | |
for use in other portions of | & 23 l } I J = [ !
the basin. wE %W En W B o a‘ > PP

§ 5% =S
wm

HYDROLOGY

]l“pﬂ W CL[ measurement
and reporung of residenual — Fig 1.8 Regional Per Capita Water Use
waler use \L’P.ll."l.‘l\ FIT)“!

other uses—such as

commercial and indus-
trial—within a public

water system would

% aof Withdraw;

provide a better dea of per
L.ll‘l[.l WALCr usc L'“‘]LanL\‘
Pennsylvania DEP
I'l”rt”[]\ L\)”kL‘\ L[('[-] m
this manner. Achieving
this across the basin would
permit more realistic
comparnisons of per capira

se,

LASARY RIVER BASIA 1

-
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M Indicator « Water Use

Indicator Description

How water is used for potable supply
and commerce is one indicator ol the
necessity and value of water to society.
Accurare and comprehensive water

use informanion enables the proper
assessment, planning and management
of water resources.

As reporting of water use improves.,
s0 does our accounting and our
understanding of the need for water
among various use sectors. The data
set used in thus analysis reflects water
withdrawals and use in 2003

Desired Condition

An adequare and reliable supply

of surtable quality water to sustain
human and ccological needs (BP Goals
1.2.1.3, 1.4),

Status

Good: Human needs are being met;
ecosystem needs are being investigated
for consideration in management
()P“ﬂ"L

The dominant use sectors, in the basin
and regionally, are shown in Figures
1.10and 1.11

Nearly 15 million people rely on
water from the Delaware basin for
their daily water needs. On average
over 8.7 billion gallons of Delaware
basin water are purt to use each day.
These numbers include an average of

STATE OF THE OF § RIVER BASIN REPORT 2008
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736 million gallons of warer exported
tor populations in New York City
and northeastern New Jersey, which
account for approximately 8% of the
total amount of water withdrawals.

A system of reservoirs in the Upper
basin store water for export to New
York City and make compensating
releases to maintain water tempera-
tures and flows for wildlife and
downstream uses. New Jersey exports
water from the basin via the Delaware
and Raritan canal.

Uses related to power generation
dominate both basin and regional
water use patterns. However, which
secrors use the water may not be as
important as whether or not the water
is ultimately returned to the system.
For example, hydroclectric power
generation is a dominant use in the
Upper and Central region, accounting
for 68% of warer use (617 mgd).
Hydroelectric power generation is
non-consumptive and therefore the
water is available for use downstream.

In contrast, thermoelectric power
gencration dominates both the basin
and the Lower and Bay Region
statistics at nearly 80% of toral
withdrawals (5,682 mgd). While it has
a low consumpuive loss rate (1.6%) the
sheer volume of water used ensures a
substantial water loss to the hydrologic
system through evaporation. These
plants are generally placed where

n
Fig 110 Daily Water Withdrawals, Exports and Consumptive Use in the Delaware River Basi

Total Water Withdrawals
(ground and surdface) from the
Detaware River Basin 8736
mgd

Maor Exports from the Delaware Rvor Basin 736 mgd

P chart values nmgd |
(million gallons per day) |

B Agnculire

& Domestic

» hdustnal

B Minng

@ Non-agncuttural krigation
70 0 Pubke Water Supply
% ' Thermoslectric

£ Hydroelectic

W All Other

BNYC

NS (D&R Canal)

Consumptive Use n the the Delaware River Basin 324 mgd

57 |

9 10

Table 1.2. WATER USE FACTS

Values - based on 2003 water use records

Population using Delaware basin

Approximately 15 million people

Water exported out of basin

736,000,000 gallons per day
o 8% of total withdrawals
s 45% of regional withdrawals

Water withdrawn for use in the Basin

8,000,000,000 gallons per day

Basin per capita water use

133 gallons per day per person

Dominant in-Basin uses

¢ 65% Thermoelectric power generation
¢ 10% Public water supply

e 7% Hydropower

e 6% Industrial
.

Dominant uses in Upper and Central
Regions

68% Hydroelectnc power
16% Public supply
¢ 5% Domestic wells

Dominant uses in Lower and Bay
Regions

79% Thermoelectric power generation
10% Public water supply
¢ 7% Industnal
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warter supply needs can be met with a
less significant hydrologic impact. In
addition, Merrill Creek reservorr in
New Jersey was built by a consortium
to offser power-related consumpuve
loss in the basin. When necessary, this
reservolr can T(‘l(’.]g(‘ HU\\\ o Pr(“kl[
dninking warer supplies

Overall, 90% of all water
withdrawn from the Delaware basin
is diverted from surface water flows
Potable warter in the basin is supplied
from surface warer diversions (64%)
and ground warer withdrawals
(36%). Nearly 90% of all potable
supply for commeraial and residential
use is through public water supply
systems, only 10% is from domestic
(houschold) wells. The basin average
for consumptive loss in public water
distribution systems is approximarely
10%,

Our knowledge of the volumes
of water used for irrigation is sparse
and numbers reported here are based
in part on estimates. Although the
amount of water withdrawn for
agneultural water use is relatively
small (63 mgd basin-wide), the highly
consumptive nature of irrigation
means that this sector accounts for
nearly 1/5 of the total consumptive

water use.

Trends

Thermoelectric power generation,
and the warer demands for this sector,
have shown a steady increase in recent
decades and are projecied 1o continue

[0 1nCrease

The data suggest that in the past
decade, basin-wide water use has
remained farely constant. An increase
in population has been offset by a
decline in industrial water use and
benefits artnbutable to conservation
Reliable dara on agricultural use are
generally not available, a sicuanion thac
hampers efforts to plan for reliable
supplics for all secrors.

Actions and Needs

The key challenge is to manage
supply to a growing population while
ensuring adequare instream flows to
satisty ecological needs

Population growth hotspots,
especially in the Pocono and select
bayshore watersheds, compel
attention. Additional demand may
compete with the need to maintain
seasonal flows for aquatic life needs.

* In groundwarcr-dependent arcas
Vth’I’C ,\urfau: warter 15 not an
immediate option, additional
planning for alternative sources,
such as aquifer storage and recovery
or benchcial reuse may be in order.

A berter understanding of irrigation
water use, especially for agriculture
1s needed in order to improve
planning and management.

* A study of the porential growth
in water demand for the thermo-
electric sector is required due to
the impact that large power gener-

CATEGORY [ = HYDROLOGY

Fig. 1.11. Regional Water Withdrawals, Exports, and Consumptive Use

Total Upper and Central Region

Consumptive and

Water Use: 1,637 mgd
Deplotive Use: 776 mgd

H Agricullure @ Hydroelectric

& Mining £ NJ (D&R Canal)

8 Thermoelectnic @ Industrial

BNYC O Public Water Supply
O Domestic | All Other

@ Non-aaricultural Irriaation

Total Lower and Bay Region

Water Use 7,099 mgd Consumptive Use:
0 s

an

ating facilities can have on water * Advances in quanafying the
mnstream nft‘d\ of aquatic ecosys-
tems are necessary for achieving the

desired water supply goals.

resources. Water needs for other
cnergy production (e.g. drilling)
also needs invesugation.
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B Indicator « Water Supply Sources

s

Indicator Description

Water for drinking, industrial uses,
irngation and power supply can
come from surface sources, such as
rivers, streams and reservoirs, or from
sources in the ground (aquifers). The
ability to draw from a mix of sources
increases reliability, especially during
times of drought. Knowledge abour
water supply sources 1s important in
planning for growth, for water supply
and waste water collection, treatment
and discharge, and for maintaining
hydrologic integrity in watersheds

Desired Cendition

An adequate and reliable supply

of surrable qualiry water to sustain
human and ecological needs. and to
maintain hydrologic integnry (BP
Goals 1.1, 1.2, 1.3,and 3.1).

Status

Good: Muluple potable supply
sources available in many, but not
all, regions of the basin; some source
protections in place.

“The ability to draw from
a mix of sources increases
reliability, especially during
times of drought.

YATE O3F THE Di| AWARE RIVER BASTN REFORT 2008
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“The source of potable supply varies
across the basin. As illustrated in
Figure 112, 64% of potable water

n the Basin is supplied from surface
water sources and 36% from ground
water, a portion of which is domestic
supply Domesuc supply refers o
private houschold wells; reliance on
domestic wells varies greatly across the
Basin.

The Upper region 1s particularly
dependent on ground water (nearly
80%) and domestic wells specifically
(43%). Supply sources may vary
within a region as well. Note that
while 70% of the Estuary region relies
on surface water to meet demand, the
Bayshore region is torally dependent
on ground water, 22% of which s
from domesuc wells

Trend

Interconnections among public
supply systems and the ability 1o use
both ground and surface water to
meet demand (conjunctive use) are
measures of supply sustainability.
Supplies need o be protected from
depletive withdrawals and from
quality impairments that could
impact the long term viability of the
source, Source water protection can be
accomplished in several ways and is
especially important in areas depen-
dent on ground water as a sole source
of supply.

Cannonsville Reservoir

Sole Source Aquifer designa-
ton is one tool to protect drinking
water supplies in areas with few or
no alternative sources ro the ground
water resource, and where if contami-
nation occurred, using an alternative
source would be extremely expensive.
EPA defines a sole source aquifer
as one which supplies at least fifty
percent (50%) of the drinking water
consumed in the area overlying the
aquifer. The designation protects
an area’s ground water resource by
requiring EPA review of all proposed
projects within the designated area
that will receive federal inancial assis-
tance to ensure they do not endanger
the ground water source

The larger high-yiclding aquifer

Basin Total

| BGW-Public  ® SW-Public 0 GW-Domestic

Upper Region Central Reglon

Upper and Lower Estuary

Bayshore

systems in New Jersey have been desig-
nated as Sole Source Aquifers, since
they are the sole source of drinking
water for communicies in that arca. In 8%
addition to the aquifers, the designa-
tion includes review of projects in a
stream flow source zone which lies

Fig 112. Sources of Potable Supply
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within two miles of the Delaware
River in counties in NJ (Mercer,
Hunterdon, Sussex and Warren). DF
(New Caste); PA (Delaware, Philadel
phia, Bucks, Monroe. Northampron,
ke and Wayne) and NY (Delaware,
Orange and Sullivan)

State-designed Wellhead Protec-
tion (WHP) Programs offer local
OpUons to protect community supply

wells, often through specialized
zoning and development ordinances
All four basin states have adopred
\WHP programs in comphance with
a federal mandate and may require
some degree of protection as part .
of ancillary permitting processes
Delaware, as part of its Source Warer
Protection Plan, enacted a law in 2001
requinng large municipalities and
counties to recogmize WHIP Arcas in
their Comprehensive Land Use Plans
and to enacr ordinances 1o protect
WHDPAs by Decemnber 2007 Pennsyl
vamia, New Jersey and New York have
voluntary WHP programs. Although a
WHP program may recognize clusters
of domesnic wells as worthy of protec
ton, state programs do not require it

Actions and Needs

o Addiuonal supply sustainability

CATFGORY 1 =

2 New Jersey 15 Basin
E=] Recharge Zone
[7_] New Jersey Coastal Piain

Figure 113 Map of Sole Source Aquifers

The sole source aquifer
determination for New Jersey's
Coastal Plain Aquifer was made in part
becanse more than 3 million coastal plam
residents depend on this ground water to serve
75% or miore of their drinking water needs,

Additional informartion on the
adopuon of wellhead protection
programs should be collected and CENTRAL

reported

Further effores for protection of
locally significant ground water
supplies, especially areas served by
community wells and domestic well
clusters, should be encouraged and
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indicators should be identified € 4 ).‘Ez 5
5 s P 0 0 Y S«
MEASUIes of system (ntercanhecion Buckmgham Twp PA Pllb|l( community mpply well and water ower. The lown-
and source warer protection should  ghip owns the lond surrounding this and other wellheads, effectively profecting W |
be considered the public water supply ! 1 x )
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B Indicator » Areas of Ground Water Stress

¢

Then - Ground-water overdraft, or “mining", is @ common practice in the western
drylands, bus is not likely to become a widespread practice in the Coastal Plain of the

Delaware Ruver region.

USGS Professional Paper No. 381, 1964

Now ~ Some watersheds in the Coastal Plain and Piedmont hydrologic provinces have
experienced ground water overdrafi conditions and require special management.

Indicator Description
SEress 00 a Water resource svstem
can occur when withdrawals exceed
natural recharge. Withdrawal of
ground water by wells is a stress super-
imposed on a previously balanced
ground WALEer system. |b( rC.\pL}I]\E ()*
an aquifer to pumping stresses may
result in an increase in recharge to
the aquifer, a decrease in the natural
discharge to streams, a loss of storage
within the aquifer, or a combination
of these effects, and impacts may
extend beyond the limics of the aquifer
being monitored

Iwo major arcas within the water
sheds of the Upper Estuary region
show stress and are recognized as
critical or protected areas: the Ground
Water Protected Arca in southeastern
Pennsylvania, and Critcal Area
No. 2 in south-cenrral New Jersey
which overlays the Poromac-Raritan
Magothy (PRM) Aquiler (see Figure
1.14). New or expanded withdrawals

T 2

SE——

“

in both of these critical arcas are
prohibited or imited and managed
subject to specific regularions which
serve to allocate the resource on the
bhasis of a sustainable long-term yield

Desired Condition

An adequate and reliable supply

of suitable quality water to sustain
human and ecological needs (BP Goal
1) and decreased reliance on Triassic
and PRM aquifers (CCMP Actions
W1-W3),

Status

Fair: Conjuncuve use and regional
alternatives ro local supplies are casing
the stress in these rtwo areas, bur
additional problem areas are emerging

South Eastern PA Ground Water
Protected Area (SEPA-GWTPA).
Reductions m toral annual ground
water withdrawals have been observed
since numerical withdrawal limits were

RaRs TR WA

established for the GWIPA. Berween
1990 and 2003 total annual ground
water withdrawals within the GWPA
were reduced by approximarely 2.5
billion g.l”nns (6.8 mgdj However,
while the GWPA has improved
overall through reduced ground
water withdrawals, there are sull
subbasins withdrawing ground water
volumes thar exceed the porentially
stressed level In the Warminster
Subbasin, Little Neshaminy Creek (A),
Newtown Creek (B), and Schuylkill-
Trout Creek (C) are all withdrawing
ground water in annual volumes rhat
exceed the potentially stressed level

(Figure 1.15)

New Jersey Critical

and appear to be stabilizing in most
parts of Critical Area #2. An example
is shown in the hydrograph from
USGS Elm Tree 3 observaton well
(Fig. 1.16), over 700 feet deep in the
Middle PRM aquifer in Camden
Counry NJ.

Additional Problem Arcas in the
Lower Estuary and Bay Region, The
PRM aquiter system extends under
the Delaware River, through Delaware
and into portions of Maryland. A
2007 draft report trom the USACE
on a ground water model developed
for northern New Castle County

DE concluded thar ground water
withdrawals in Delaware are dimin-

Area 2, In 1996,
implementation
of Crirical Area #2
by NJ resulted in a
reduction in the use
of the PRM aquifer
system. Manv of

Pennsylvania
‘Ground Wate:
Protected Areas
these municipalicies
are now served by
surface warer diverred
from the Delaware
River near Delran,
NJ. As a consequence
of conjunctive use of
ground and surface
water, aquifer water
levels have increased

Fig. 1.14. Areas of g;ound water s;ress.

New Jersey

Critical Area 2
Delaware Bay

—
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ishing stream base flows and forming
cones of depression. The impact

of these withdrawals extends into
Maryland and New Jersey. Delaware
has developed a program 1o provide
surface water for northern New Castle
County (sce box)

Basc How declines are also a concern
in the Salem-Gloucester area and the
Maurice River basin of southern New
Jersey. New and expanded allocations
arc being denied or restricted ro limir
adverse tmpacts on the aquifers and
protect stream fows

Trends

Since the creation of the prorected
areas, conjunctive use projects and
regional alternatives have provided a
measure of sustainability However,
depletive use in areas beyond these
critical arcas is emerging as a problem.

Actions and Needs

+ Comprehensive information on
stream flow and ground warer
conditions in the PA-GWPA would
enhance the ongoing analysis of this
ngl()n

Withdrawn In 2003
<= 25%
| 25 To 50%
i 50 To 75%
Bl 75 10 100%

|
|
1
|
|
\

Fig 1.15 Peuéﬁge; of subbasin g
Mining withdrawals are nof included. The with

DELAWARE
Pert T ;mmmémwal limils reached in 2003 in PA-GWPA.

drawal limit is defined os the 1-year-m-25 avernge

onnual baseflow rate as determined by the USGS for each subbasin

* A derailed study of projected
demand, outstanding allocations
and warer availability are a neces-
sary part of ongong regional,
state and basin-wide water supply

planning effores.

USGS 394922074563302 070413- Elm Tree 3 Obs

CATEGORY1 = HYDROLOGY

New Castle County, DE

Delaware has responded to seven drought
events in 25 years. Adapfive monage-
ment resulted in a plan and faclities fo
“drought-proof* the state. In addition to
an iron removal plant built in 2003 to
treat ground water, o 300-million-gallon
reservoir was built to augment supply
from the White Clay Creek and meke

the City of Newark self-sufficient. The

DE Water Supply Coordinating Coundl
assembled an additional 2 billion gaflons
of water supply since 1999.
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Figure 116 illustrates how water levels of o USGS observation well in NJ Critical Area 2 have rebounded
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B Indicacor « Flood Damage

indicater Description

Flood insurance claims dara have been

collected and used as an indicaror of
Hood damage since the start of the
Federal | mergency Management
Agency (FEMA)'s Natonal Flood
Insurance Program (NFIP) over 30
vears ago. NEIP provides federally-
backed fAlood insurance in communi-
ties that adopt and enforce Aoodplain
management ordinances to help

addivon o residential and commercial
pl’()pt‘l‘llcx \-\'h()SL' owners kl\lﬁ(“n(’ not to
purchase flood insurance, much of our
constructed infrastructure - including
roads, bridges, canals and utility lines

- suffer damages that are not caprured
by this mdicator or by insurance
program records.

Desired Condition
'revenuon of lood-induced loss of life

awarded in the Delaware
Basin since the late
19705

Prior to 2004, FEMA
reported a toral of 317
repetitive loss properties
in the basin. Since then,
three mainstem floods
in 2004, 2005 and 2006
caused the addition of
1949 properues to this

Repetitive Loss Properties

"Unmeofporated areas n Delaware

For more information o the Interstate Task Force

and o complete list of recommendations, visit: www.
state.nj,us/drbe/Flood_Website/taskforce.

Fig. 1.17
Total Number of

by Municipality”
1-20
B 21-50
B 5155

410 aggregatsd by county
Source FEMA 2008

= reduce future food losses. and property, and protection of lood-  list. As of the end of
5 Repetstive loss is a useful indicator of plain ecology (Basin Plan Goal 2.1). January 2008, nearly
? flooding as a recurring economic and $235 million has been
= environmental problem. Repetitive Status paid out to 2,266
;‘- lass 1s applicable to a property that Poor: Increased property loss and repetinve loss proper-
; endures two or more losses of at least repetitive claims in recenr years. ties. The counties with
$1.000 for cach loss, The two losses the highest concentra-
must be within ten years of cach other Approximately 1,372 square miles, or  tions of repetitive loss
and be at least 10 days apart. 1'1% of the basin, is located in the 100 properties are Bucks,
While insurance claims can provide year Hoodplain, or in arcas that have a Montgomery and
a general picture of Hood damage, I'in 100 chance at any time of being Northampton PA, and
within the basin they reflect only a flooded. Nearly 20,000 flood insur- Warren, Hunterdon and
fraction of the rotal cost of property ance claim reimbursements totaling Mercer NJ. New Castle
damage caused by flooding, In almost $473 million have been Counry DE ranks Sth in
Table 1.3, Repetitive Claims 1978 - 2008 The Notional Flood
Repetitve Insurun(e Progrnm (NFIP)
. County Watersheds No. of Loss Repetitive Loss File includes
Properties | in $Millions flood dlaims from January
Bucks PA Delaware River & Neshaminy Creek 590 $760 | 1978 through March 2007
[ Montgomery PA | Schuylkill River & Perkiomen Creek 252 $268 A repetitive loss property
Northampton PA | Delaware River & Lehigh River 193 $259 hos received payments for
Warren NJ | Delaware, Pequest & Paulinskill Rivers 192 $198 Iwo or more losses of more
New Castle DE | Red Clay & White Clay Creeks, Christina River 51 $129 | than $1,000 each within 10
| Hunterdon NJ I Delaware River : 155 $127 years of each other ond of
2 Mercer NJ | Delaware River & Assunpink Creek 191 $11.2 ‘1 least 10 days apart
IN REPORT 20418




'y

WAl

W

f

i

i

!

i e

terms of the cost of repetitive losses
(Table 1.3, Fig. 1.17).

Trends

The densiry of claims reflects popula-
tion density, the degree of develop-
ment in Hoodplains, the number of

policy holders, and Aooding frequency.

The vast majority (86%) of the
repetitive loss properties were added
as a result of three major flood events
berween 2004 and 2006.

Typically, several factors contribute
to Hood events in the Basin including:
* antecedent soil moisture — how wet

soils are before the storm event
* the duration and intensity of the

storm event
e the number of storm events that
contributed to precipitation within

a given period of rime
* the extent of the precipitation, ie.

how large an area was affecred by

the storm;

e ———— T SRR AP ¥

* snow pack , since snow melted by
rain can contribute to flooding

Figure 1.18 illustrates some of these
factors. It compares the observed total
monthly precipitation for recent years
(2003-2006) to a historically werter
year (1996) and to average annual
precipitation for 1971-2000; record
flood evenrs are highlighted.

A record amount of rain fell on
the basin in October 2005, but it did
not result in mainstem Hooding due
to antecedent hydrologic conditions:
below normal precipitaion in the
preceeding five months resulted in
very low stream How, soil moisture,
ground water levels and reservoir
storage. Conversely, the Seprember
2004 Hood event was preceded by two
months of above-average rainfall
which compromised the ability of
soils to absorb additional rainfall.

The Apnl 2005 flood also illus-
trates the importance of antecedent
conditions, including a prior rain
event in March and the contribu-
tion of 2 melting snow pack. Total
rainfall in June 2006 included an
especially heavy rain (up to 187)
over a 4-day period across the
Lehigh, Schuylkil and Upper Basin

In 2008, the Delaware River
Basin Interstate Flood Mitigation
lask Force (Task Foree) developed

1 ser of 45 concensus recomenda-

CATEGORY] »

1t is estimated that a quarter of a million people are at risk

because they live within a 100 year flood plain.

Ongoing work by FEMA and the Army Corps of Engineers
will evaluate the definition and impact of a 1:100 year flood

event to more ncrm'rm’{y in’emfy at-risk properties.

tions that address a wide variety of
actions to improve conditions in the
basin, including flood map modern-
ization, improved regulations, and
integrated watershed and foodplain
management. The Task Force report is
available at www.drbc.nert.

Actions and Needs

* Addinonal indicators are needed to
capture the ecological functioning
and value of floodplains and o
reflect the total cost of recurring
Hood damages to communities.

* Adopt policies to ensure that public
funds do not support projects that
create a further flood risk.

* Adequately fund planning and

mitigation acrions; flood prone
communities often hnd that
available funds are not suthcient
for either acquisition or elevarion
of buildings that are repeatedly
flooded

* Evaluate the precipitation observing

station and stream gage nerworks in
the Basin to support improvements
in flash Hood forecasting
capabilities.

HYDROLOGY
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Fig. 1.18. Observed Precipitation Above Trenton, NJ
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Feature « Basin Hydrology

Climate Change

__ Historical area of snow (1961-1990)

=

Measuring climatic change impacts

Precipitation Patterns: Status and Trend
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Increased droughts. Urought
L ——

ed the basin drought of record for plant PDUrf
T ir 1hi

Precipitation: Impacts on Water Resources
Water supply. rs with red

T r

Instream flows

Maurice River Cove

Fig 1.22
Summers

In eastern
Pennsylvania
could feel like the
current dimate
of Georgia by
the end of the
century, bosed on
the heot index,
which takes
humidity and
wind into account
to meosure how
hot it actually
feals

Fig 1.21 Aerial Photo of Maurice River Cove comparing 2001 shoreline fo that of 1890. Phato courtesy of J
Gebert, US. Army Corps of Engineers, Philodelphia District

Migrating Summer Climate of Eastern Pennsylvanio

1961-1990
201042039
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Cape Henlopen DE with 1862 Storm Flood

rhate flood nsk as heavy rains and intense storms durnng that time are natural Elevation + 2 Feet
nded by snowmelt In the longer term iow will be replaced by rain. and \\‘

Flooding. n the near term, n ad storm severnty in late winter/early spring wi
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Sea Level Rise: Status and Trends

5 Ve nse are especially ‘I‘.t Tantt h T ‘il:,l‘}" n l‘
® pa : 3 d .
; | ) t R e . 4] F‘:r*l 4‘1 Y &, o
rease of 0.124 rches/year, the equivalent to o ery eightyears Therate  Fig 123 Wastewnter treatment plonts in the area of Cape Henlopen DE are vulnerable to sea level rise.
it Philadelphia from 1900 throug 0.108 inches/year: or about Using the 1962 storm flood elevation, this image shows that Lewes WWTP would be flooded and the facility
h ever ars, Projections f 1 levi fthe northeast US ranae from ot Wl Neck would be nearly surrounded by water Courtesy of David B. Carfer, Coostal States Orgonization
e t . Risin | fLse (limate Chonge Workgroup Co-Chair & Delaware Coastal Program Manager
~f i te-a b the rid
h nelt { f f
Erosion, flooding and habitat loss. Sea l=vel rise s slowly inundating lying areas along
Sea Level Rise: Impacts on Waler Resources astlines, causing significant erosion of beaches. In Salem County NJ, som
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Infrastructure considerations. Rising sea level will cause problems for infra-
structure in coastal areas Roads and bridge approaches in low lying areas will first
become vulnerable to flooding during storm events, and eventually be permanently
Inundated. Storm sewers in coastal areas will carry seawaler onto town streets,
rather than conveying stormwater away Several coastal towns have expetienced
this already Sea level rise will also render lower bridges too low for the safe passage
of boats underneath Costs to replace infrastructure can be expected to be many
millions of dollars,

Wastewater treatment plants are at risk as is drinking water infrastructure If water

supplies are thieatened, intakes and treatmenit plants may have to be relocated and
alternative potable water supplies secured.

Temperature: Status and Trend

Temperatures in the northeastern US have increased by abourt 1 8°F since 1899, Since
1970 the region has warmed at a rate of 0.5°F per decade, with winter temperatures
warming at the more rapid rate of 1.3°F per decade We have experienced more days
where temperatures surpassed 90°F and 100°F fewer days with temperatures below
32°F, and more rain than snow in winter months with a commensurate decrease

in snowpack. Earlier spring snowmelt and vegetation blooms have also been
dacumented across the region,

Some predictions indicate that by 2040-2069 mean annual temperatures for the
Delaware River basin will range between 2 5°F and 8 7°F warmer than experienced
between 1971 and 2000. While the range of estmates depends on the degree to
which greenhouse gas emissions are curbed or Increased, northeast lemperatures are
expected to rise 2.5°F 1o 4°F in winter and 1.5°F to 3.5°F in summer regardless of any
emissions reduction, simply because of residual concentrations of greenhouse gases
in the atmosphere.

Temperature impacts on water resources

Increased ambient air temperatures will increase water temperature, cormprormising
its ability to hold dissolved oxygen in suspension - a critical condition for aquatic life
Termperature also affects the ability of water to assimilate some pollutants and may
cause violations of water quality criteria, Areas that are densely populated with signifi-
cant areas of rooftops, roadways, parking lots and heat-generating emissions are
vulnerable to even greater localized temperature increases and exacerbated impacts
an walel resources,

CATEGORYT e HYDROLOGY

The current mix, distriburion, and abundance of forests are likely to be altered
by rising termperatures. Evergreen forests, because they require colder temperature
regimes, will be especially vulnerable to replacement by deciduous species better
adapted to warmer weather Warmer temperatures tend to encourage parasites and
diseases that attack vulnerable species; warmer temperatures may play a role in the
proliferation of woody adelgid that attack herlock forests. Major changes to forest
cover can be expected 1o affect water resources.

There are numerous other Impacts expected with increased temperatures,
including human health effects from heat stress, worsening aw quality, and infectious
diseases; economic shortfalls from the loss of winter recreation and tourism, increased
energy demand for coaling, and impacts on agricultural production, plant and arimal
life cycles and survival connected to disruption of seasonal phasing.

Actions and Needs

Adapting to chanaing conditions will be most successful if managers are well

informed

- More localized studies and accurate models are needed to better understand how
climate change will affect regions of the basin

+ Close examination of the sufficiency and sustainability of existing water supply
infrastructure is needed, current and future planning initiatives must address the
reality of a changing climate.

- To predict the effects of sea level rise on wetlands, improved mapping and knowl-
edge of land use at wetlands margins is necessary. The true extent of bulkheads,
dikes and other barriers to wetland movement is necessary for the realistic devel-
opment of policy alternatives,

+ Expanded ground water monitoring may be warranted to ensure tracking of salt
water intrusion.

Several state and local initiatives are currently investigating the effects of climate

change on the basin. The New York City Department of Environmental Protection

15 iInvolved in studies that examine the effects of climate change on the quality and

sustainability of its water supply, and the Partnership for the Delaware Estuary was

recently awarded a grant from the EPA to look at how climate change, specifically

sea level rise, will affect the estuary DRBC has filed a research plan with EPA to assess

the consequences of climate change on dissolved oxygen, water supply intakes and

oyster populations in the estuary. EPA 15 actively supporting efforts to identify and

reduce vulnerability to climate varability and change 27
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Category [l

Water Quality

Major InFLuences on Stream AND River QuaniTy -
*  Runmoff and pomnt-source discharges from agricultural

and urban areas

*  DPersistent contaminants associated wirh past human
activities: mining, indwtry, urban development and

agriculture

* Impoundments and diversions of water

Water Quality

]h&.’ qud]ln “f Oour water resources

18 integrally linked to the long-term
availability of warer that is clean and
safe for drinking and recreation, and
also suitable for industry, irrigation
and habirar for fish and wildlife. The
quality of the River is dependent on
the landscapes draining the warer-
sheds and streams that join to form
it, including all direct and indirecr
di.\cl‘lﬂrgc'ﬂ to water l)(]dl(.'S.

When Henry Hudson discov-
ered the Delaware River system in
1609, warer quality was presum-
ably prisune. However, by the carly
18th century water pollution was a
recognized problem, especially rhe
contamination of springs, wells and

1799

Ist government
pollution survey

notes confominglion
entering the river from
ships and sewers

1832

Philadelphia

STATE OF THE DELAWARL RIVER RASIN REPORT 2008

Cholera cavsed

by contominated
drinking water kills
over 100 people in

Major mrLUENCES ON GROUND WATER QUALITY -
o Uke of pesticides, nutrients and VOCs tn urban and

dgricultural areas

* Physical properties of soils and aguifers, and chemical
properties of contaminants

*  Naturally occurring radon and arsenic

streams that served as local sources

of drinking warer. The first pollution
survey, conducted in 1799, noted a
variety of sources in the Philadelphia
harbor area, including ships, wharves,
polluted wetlands, and various urban
activities. Tanneries and slaughter-
houses were already recognized sources
of water quality problems.

Providing Clean Water
Making the connection between
polluted water and discase, such as
tvphoid. provided the imperus for
constructing public supply pipelines,
for segregating human waste from
water supply, and subsequently for
filtering source water. Concern for
water-borne diseases led Benjamin

2004 USGS Circular #1227

Franklin to leave money to Phila-
delphia specifically for developing a
municipal water system, which the
City did. drawing first water from

the Schuvlkill (1801) and then the
Delaware River (1850). Typhoid
outbreaks in the 1860s prompred
debates and discussion that eventually
resulted in the construction of the
world’s largest sand hleration plants in
1899. By 1915 most cities in the basin
had a safe water supply, drawing from
cither new wells or hltered surface
water.

Intense development and use of the
River system, waves of population,
industrial expansion, and even the
increased use enabled by the provision
of pubic water supply all contributed

1936 1950 1967

90% of all The urbon reach of the Delowore DRBC odopts o waste
gos sold in the River is noted as one of the most led allocation program
USA contains polluted stretchas of river in with the states end starts
tetroethyl the world with essentially zero pollution chatement
lead oxygen during summer pragrams.

to further pollution and degradation
of water quality. While water-related
discases had been controlled, other
problems were surfacing. By the c‘u'ly_
20¢h century the Delaware was expen-
encing the collapse of major fisheries,
including the historic shad fishery,
partly as a result of pollution and low
oxygen in the River.

Surveys in 1929 and 1937
indicated that the entire estuary from
Trenton to Wilmington was “substan-
tially” polluted with a zone of “gross”
pollution in the Philadelphia-Camden
area. While pollution was an evident
problem, serious efforts to control 1t
at the source did not occur until 1936
with the creation of the Interstare
Commission on the Delaware River
(incoDEL). This advisory commis-
sion was formed to augment and
coordinate state efforts and its highest
priority was the cleanup of stream
pollution.

Pollution Control
Unuil nconrL, wastewater added ro
the Delaware system was discharged

1970 1971

151 US Eorth US EPA gives
Doy relebroted nolice o

US EPA estab proposed phase-
lished, NEPA ou! of leaded
odopted gosoline




without trearment, with the excep-
ton of Trenton and a one small plant
in Philadelphia which had primary
treatment. Through incoDLL, a basin-
wide program was implemented and
the first set of interstate water quality
standards adopted in the 1939-1945
period. War-time action slowed the
implementation of the new warter
quality program and added 1o the
pollution problems in the estuary as
industnial and port-related activiry
increased. However, as a resulr of the
INCODEL program, new sewage treat-
ment plants were built throughout
the basin in the post-war period. By
the end of the 1950s, 75% of the
basin communmnitics, including the
muajor citics responsible for 60% of
the sewage discharges. had adequate
sewage treatment.
During this time problems from
coal mining and processing were
also tackled. Desilting basins were
constructed and 3040 tons of coal
silt were dredged from the Schuylkill
under one of the first non-agricultural
nonpoint pollution control programs

in the navon. As a result of these
efforts, water quality improved even
in the most grossly polluted portion
of the estuary. Dissolved oxygen levels
rose; the river was no longer anoxic.

Comprehensive management
Remnants of hurnicanes Conmie

and Diane caused major flooding in
1955 and indirectly instigated a new
generation of management as the
Army Corps of Engineers initiated

its hrst comprehensive river basin
planning effort. One product was a
pioneering study of water pollution
control and the development of one
of the first water quality models for
an estuary. Another result was the
establishment of the Delaware River
Basin Commission (DRBC) in 1961.
Expanding on the advisory powers

of incontl, DRBC was created by
concurrent federal and state legislation
and 1s accorded broad responsibility.
This responsibility includes regulatory
authority in all facets of water resource
management, including water supply
and water quality.

In 1967 DRBC adopted higher
water quality standards for dissolved
oxygen, and new bactena standards
for recreational use. To meet the
criteria, some 90 municipal and
industrial dischargers were given waste
load allocations in 1968 as part of
a prescient administrative program
that served as a prototype nationally
for complex water pollution control
problems. In 1972, the Federal Water
Pollution Control Act amendments
required discharge permits, provided
construction funds, added enforce-
ment, and other incentives to ensure
implementation of water pollution
control efforts. This generation of
efforts, which ended in 1987, resulted
in the construction of many municipal
and wastewarer treatment facilities,
decreased discharges of oxygen-
demanding waste, and long-lasting
improvements in dissolved oxygen
levels that have benehted hsh popula-
tons, especially the American shad.

In 1992 DRBC adopred an anu-
degradation program designed to
protect the high water quality of the

CATEGORY 1]

portions of the River thar had been
designated as part of the natonal Wild
and Scenic Ruver system. The Special
Protection Water (SPW) program,
inittally applied to 121 miles berween
Hancock NY and the Delaware Warter
Gap, was expanded in 2008 to include
the Lower Delaware Scenic and
Recreational River. The protection of
existing water quality is now the policy
for all 197 miles of the non-ridal
Delaware River

Emerging issues
Technological advances in computers,
telemerry, satellite imagery, and detec-
tion have enabled impressive stndes
in instantanedfis monitoring, source
tracking, water quality modeling,
and pollutant detecrion. Our under-
standing of the functional pathways
of contaminants and the potential
harm to individuals and populations
is vastly expanded, and our grasp on
the full range of potenual pollutants is
ughtening,

Some of the major water quality
concerns of the past sull resonate in

WATER QUALITY

WATER QUALITY

1992

DRBC adopts Special Protedion
Waters regulahions to presarve
the high water quality of the
upper ond middle Delawars
Scenic River reaches

1994

In occord with federol
mandate, industry
ends monufacture of
phosphate laundry
detergent

1994

US blood lead levels
(a proxy lor leed in
the environment)
declined by 78 percent
from 1978 1o 1991

1980s

Basin stotes impose numerical P limits ot
WWTPs through fertiary trearment By late
19805, over S1.5 B spent on improving wasle
water treatment olong the Deloware River and
tributaries between Wilmington ond Trenton

1972

FWPCA amendments
estabhsh wonstrudion grant
progrem for wastewoter
tregiment gnd permil

process lor discharges
29
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WATER QUALITY

the carly 21" century. Public health
is still a focus. The concentration of
toxic substances, notably mercury

and PCBs, in some species of fish is

responsible for consumption advisories

ater borne
diseases are far less a threat than they

in all of the basin states. W

once were, but the viruses too small
10 be caprured by typical treatment
processes remain a potential peril.

Dissolved oxygen (DO) remains
a parameter of concern. In 1973 US
EPA suggested that fishable water
quality standards were unattainable
in portions of the Delaware, but
assessments since have shown that
improvements in dissolved oxygen
concentrations are possible, and
actual. Rebounding fish populations
are further proof. The most recent
monitoring in the estuary region,
however, indicates that progress may
be slowly eroding and new initiatives
may be necessary to maintain and
improve DO levels

Several roxic substances, such as
mectals and PCBs, are being addressed
through discharge requirements, state

1995

Mosi of the 9% majer
dischargers to the
Delowore are in comph
ance with DRBC water
quality stondards

1996

(0%

DRBC adapts regulations governing the
discharge of toxic pollutants from wastewater
treatmen plants to the tidol Deloware River
Numeraus toxic substances, some corcino
genic. ore covered under the new rules

and federal site remediation programs,
I'MDLs and pollution minimization
plans. The elimination of phosphorus
from detergents contrnibuted to
improvements in DO, bur nutrient
reduction criteria—and strategies to
address them—remain elusive as we
continue to grapple with contributions
from point and nonpoint sources, and
the spectre of increasing wet-weather
loadings and temperatures under
changing climatic conditions.

New substances are emerging as
compounds of concern, including
pharmaceuticals and constituents in
personal care products and manufac-
turing processes. Improvements in
our ability to measure smaller and
smaller amounts of compounds in
water samples has enhanced water
quality assessments and research on
public and ccological health eflects. In
addition to neurological impairment
and cancer, our concerns extend to
the potennal for multi-generational
and reproductive effects of new
compounds on humans and wildlife.

2003

ATV T ST R

On behalf of NJ, PA, ond DE and based on
work conducred by DRBC, USEPA establishes
total maximum daily loads (TMDLs or
pollution bu:

Stream monitoring for macroinveriebrates

Reporting

Water quality indicators included in
this report are:

* Nutrients : Nirogen & Phosphorus
* Dissolved oxygen

* Water clanty

e Meaals: Copper

* Toxic compounds: Pesticides and PCBs

2006

2 tidal Delawore
e of PCB:

T T N

Water quality in the Delowars
River continves fo imprave
meun annual oxygen level al
Philadelphia measures 6 mg/|
up from 2 mg

e Trends in tributary warter quality
* Support of designated uses
Fish consumption advisories

A feature on contaminants of
emerging concern closes this section

2008

Lower Deloware
from Water Gap to

Spedial Protection

947 "
inl Waters Program

K UMBECK DRBC

Trenton included in



M Indicator « Nutrients
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Indicator Description
Nutrients, such as Total Nitrogen
(TN} and Total Phosphorus (TT)

are critical to the growth of aquatic
life. An overabundance of nutricnts
can lead o excessive plant and algal
growth, causing major impairments
10 ccological health and specific
water quality problems such as low
Dissolved Oxygen (DO). Whether or
neot a water body exhibits the negative
effects of high nutrient levels can be
controlled by many other facrors:
water clarity; temperarure; the avail-
ability of rrace nutrients like silica;
and the species of organisms living in
the water body. Because of this, warer
quality criteria for nurnents can be
very different from stream to stream.
The stares and DRBC are currently
working to determine what concentra-
tions of TN and TP will protect the
aquaric resources in the Delaware
River Basin, and the appropriare
water qualiry critenia 1o protect these
rESOUrces.

Desired Condition

Although specific criteria have nor
been set, nutrients are managed o
support aguatic life and DO criteria
(BP Goal 1.2, CCMP Action W12).

Status
Jaiee Concentrations are high

1o other estuaries, but do

not seem 1o be causing harmful effects,
such as cutrophication.

Levels of TN in the Delaware River
and estuary tend 1o be roughly 10

to 20 times higher than levels of

TP Concentrations of TN and

TP are lowest in the headwarers of
the Delaware River and increase
downstream. Nutrient concentrations
peak near the midpoint of the estuary
and then decrease again toward the
mouth of the Bay (Fig. 2.1). Since
the current concentrarions of nurri-
ents have not resulted in the typical
symptoms of excessive nutrients, it

is difficult 1o determine whether the
current concentrations are at a level
that warrants regulatory control.
However, measurements of low DO
concentrations raise concerns about

nutrients or other pollutants in those
areas (See the discussion of DO on the
next page.)

Trends

Data from a station in the Delaware
River near the Philadelphia Airport
show a very large decrease in
phosphorus was achieved by 1985; a
similar, but much smaller decrease in
nitrogen was achieved by 1990 (Fig.
2.2). Although nutrient levels are srill
very high today compared to other
estuaries, the concentrations are stable
and there do nor appear to be obvious
problems.

Actions and Needs

¢ States and DRBC should continue
efforts to define the relationships
between nutrients, warter clarity,

CATEGORYH o

WATER QUALITY

Fig. 2.3 Nutrient Monitoring Sites

algal growth, DO, and ecological
health and determine nutrient levels
that will protect water resources
and prevent the harmful effects on
aquatic communities.

Fig 2.1 Nutrient Concentrations by River Mils
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B Indicator » Dissolved Oxygen

¢

Indicater Description

Dissolved oxygen (DO) in surface
water ts one of the most basic and
mmportant measures of the health of
a waterbody, affecting a wide array

of aquauic plants and animals. Low
DO has both chronic (long term) and
acute (immediate) impacrs, ranging
from shifts in biological communi-
ties to fish kills and disruption of
hsh migration. Oxygen enters water
at the water surface and through
photosynthesis of aquatic plants

and algae. Plants and animals also
respire, utilizing some of this oxygen.
DO can become too low to support
healthy aquatic communities when
concentrations of oxygen-demanding
pollutants are too high and/or when
high concentrations of nutrients like
nitrogen and phosphorus cause exces-
sive plant growth. When the excess
plants die and decompose, they use
DO in the water.

Desired Condition

Dissolved oxygen levels should meer
standards supportive of aquaric life
(BP Goal 1.3, CCMP Action W12),
State criteria apply to warershed
tributaries, and range from 4.0 to 7.0
mg/L. DRBC criteria apply to shared
waters of the river and estuary and
vary by Warter Qualiry Zone, from 3.5
to 6.0 mg/L.

N REPORT 2008

Status

Good: DRBC and state DO standards
are generally being met; upper basin
DO is better than lower basin.

Minimum DO criteria are routinely
being met in the tributaries and most
of the mainstem River (Fig. 2.6). Five
year medians at selected stations along
the river remain above their respective
state standard, although within the last
five years some stations in the Lower
and Bay regions have shown a decrease
in DO concentrations according to an
analysis by Delaware’s Water Resources
Agency (see Table 2.2 for Trends in
Tributary Water Qualiry).

Currently, DO concentrations in
the non-tidal river and in the upper
portion of the estuary routinely meet
DRBC’s minimum criteria. However,
in the lower estuary near Reedy Island
where the DO standard is more
stringent, DO criteria violations are
4 COMMmOon summertime occurrence
and Delaware has listed this segment
of the River for TMDL develop-
ment by 2019. Although the cause
for these violations is not clear ar this
time, DRBC and other agencies are
working to better understand all the
factors, including nutrient loadings,
which may be contributing o the DO
criteria violations,

Trends

With the water quality improvements
to waste treatment in the mid-1980s,
the Delaware River and triburaries
have been able to maintain DO
concentrations that support aquaric
life gnd meet state and DRBC criteria.
Figure 2.4 illustrates the increase in
dissolved oxvgen concentration ar

the Ben Franklin Bridge since the
1960s. The noticeable change during
the 1980s were the direct result of
discharge regulations and waste treat-
ment enhancements. Before this time
much of the tidal river below Trenton
frequently violated minimum DO

criteria. Figure 2.5 shows the number
of days ..ri;eru has been violared at
stations with continuous gages since
1970. Improvements in DO concen-
trations in the mainstem river have
supported the return of shad and
other important fisheries to the basin
As previously noted. the number of
criteria violanion days has recently
increased at the Reedy Island Sration,
requiring vigilance and research to
determine the cause.

ROV A0 U T EE TR L R T A B S

Fig. 2.4 Dissolved Oxygen
Delaware River at Ben Franklin Bridge, Philadelphia
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Actions and Needs Fig. 2.6 DO Condition at Selected Sites

Because DO tends 1o be higher in
the daytime (when aquanic plants
are phumxyn(huwung) and lower at
night, 1ts important to measure DO
around the cdock with continuous *
monitoring stations, 1o be sure that : 4

DO levels are not unhealthy

- s

Dissolved oxygen, our most fundamental indicator
of water quolity conditions, is critical for aquatic life.

Without continuous monitoring on

the tributaries, data reflect intermit- e
tent sampling, and only median -
values can be compared o the crite- ) e
Yy
rion, which 1s usually a minimum =
o
value 1o Protect aquatic resources. &=
=
=
Fig. 2.5 Comparison of DO Violation Days from 1970 through 2007
at 5 Delaware River Continuous Monitoring Sites
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B Indicator « Water Clarity

WATER QUALITY

Water Clarity

* Toral Suspended Solid (TSS)
* lurbidity

* Chlorophyll-a

Indicator Description

Total Suspended Solids (TSS),
turbidity, and chlorophyll-a are three
distincr but related indicators thar all
pertain to the amount of particulates
suspended 1n the water that influence
water clariry. TSS 15 a measure of the
total amount of particulare solids per
unit volume of water. These solids
include living, non-living, organic,
and inorganic parucles. Turbsdity is
an optical property of water where
parucles and colloidal martter from
living and non-living sources cause
light to scatter, rather than

they provide sediments to help udal
marshes keep pace with sea level
nis¢, and some suspended particles
such as phytoplankton are important
foods for animals such as mussels and
oysters. In disturbed systems, however,
suspended solids and phytoplankton
often become overly concentrared and
out of balance with natural processes.
Therefore, these three measurements
provide some indication of both the
ccological status and overall health of
the river system, especially as it relates
to eutrophicanion (over fertilization)
Most estuaries have an area of
elevated rurbidity and solids, known
as an estuary turbidity maximum
(ETM). The ETM 1s a natural conse-
quence of the chemical and hydraulic

Fig. 2.8 Turbldity Profile

& A

Turbidity (TU)

e *IaBBERS

o

140 120 100 80 80 40 20
River Miles (0 = Mouth of Bay, 133 4 = Head of Tide)
& 25th Percentile —&— Median 4 75th Parcentiie

~ Fig. 29 Chlorophyll-a Profile

140 120 100 80 L] 40 20 L]
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#  25th Parcantila  —%—Median ®  78th Percantile

pass through the water
column. Excessive turbidity
can impair bottom plants by
filtering our sunlight needed
for photosynthesis. Finally,
chlorophyll-a is a photo-
synthetic pigment found

in planws such as phyto-
plankton. When measured
0 surface water, chlorophyll
a provides an indication of
how much phyroplankton is

Fig 2.7 TSS - Suspended Sollds Profile

in the water. o
Suspended particulates
are important for niver and

estuarine ecology because
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mixing of fresh and salc warer, The
Delaware ETM is centered near river
mile 60 in the estuary. but its location
can change depending on tides and
fresh water Hows from upstream.

Desired condition

Protecuon of aquaric life (BP Goals
1.2, 1.3, and 1.4;: CCMP Action
W12)

Since clariry is affected by a number
of chemical and physical conditions,
setting criteria is difficule. Both oo
little and too grear a concentration
of suspended solids are problemaric
for aquatic systems, and the range is
also dependent on the physical and
chemical attributes of each system.
Delaware, New York and Pennsylvania
do not have water quality standards
for TSS in streams; New Jersey has set
a maximum 1SS level of 40 mg/l for
warm water streams and 20 mg/l for
cold water streams, The DRBC has
adopred a 1SS maximum of 150 mg/l
for the ndal Delaware River. Negarive
effects from suspended solids and
nutrients usually result in impacts 10

dissolved oxygen

Status
Good: Naturally turbid estuary; non-
tidal river is generally clear excepr atter

STOrM events

In the Delaware River system, TSS
values range from | or 2 mg/l to more
than 60 mg/L (Fig. 2.7). Turbidity is
tvpically berween 1 and 40 rarbidiey
units, well below the maximum 150
unit critena (Fig. 2.8). Chlorophyll-a
concentrations usually range from
below detectable levels to 30 ug/L

(Fig. 2.9). In some estuaties, efforts to
control eutrophication include surface
water standards for chlorophyll-a, as a
measure of the effectiveness of efforts
1o control excess nutnients. Currently,
DRBC does not have criteria for either
TSS or chlorophyll-a i surface water,
but could consider developing criteria
as part of a broader nutrient strategy.

Trends

Because TSS, turbidity, and chloro-
phyll-a concentrations change with
location, tidal and freshwarer Hows,
temperature and scason, idenrifying
specific trends in concentrations is
very difficult. Overall, these indicators
appear to be stable throughout the
period from 1990 through 2005.

Actions and Needs

* The regional science and manage-
ment community will need o
conunue efforts 1o define relation-
\hlp\ .lnmng nutrient concentr.-
tions and forms, water clarity, and
phyroplankton

¥ e

CATEGORY 1l & WATER QUALITY

Turbidity (NTU)
250 100 50 25 10

L [ ’ ! '/
Turbidity, the omount of suspended material in water, is measured in nephelometric turbidity units
(NTUs)
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WATER QUALITY

A better understanding is needed
regarding the importance of
sediment supply for habitats such as
tidal marshes and how this can be
assured through regional sediment
budger management.

Ongoing efforts to both understand |
and monitor suspended solids will

help idenufy the most appropriare

measures for ensuring good water

quality in the Delaware River and .

estuary.

35
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B Indicator » Copper

Indicator Description

(.nppcr 15 a n‘llul‘du\' 0CC llrrlng race
clement found in surface waters and
essential to virrually all planes and
animals. However, even at low concen-
trations dissolved copper can be toxic
to aquatic life. Sources of dissolved
copper contributing to concentrations
in water and sediment include metal
hnishing, leather processing, fungi-
cides and pesticides.

Desired Condition
Concentrations in water and sediment
that do nor pose a threat to aquaric
life (B Goal 1.3; CCMP Actions
TI1-T5).

&

Status

Fair: Dissolved copper concentra-
tions arc below or near water quality
criteria.

Figure 2.10 shows concentrations of
copper at sites in the udal Delaware
River (Fig. 2.11). Assessment in
estuarine arcas transitioning from
fresh to marine waters is complicated
by the impact of ions on the toxicity
of copper to aquaric life. DRBC has
aquatic life objectives for dissolved
copper similar to the following EPA
criteria:

Fresh water, chronic: 9 ug/L,

Fresh water, acute: 13 ug/L

[ Fig 2.10 Dissolved Copper 2004 to 2006

“Foinis localed on sare srw non-seteet.  River Mile (Hoad of Tide = 133, Mouth of Bay = 0)

Transitional 1
Area |
Freshwater Chronic Aquatic Life Criterion a
9.0 pg/l
| 0
.
8
- L]
. 3
" «  Marine Chronic Aquatic Life Criterion ¢
31 pglL
-
: - ' 4
L] L3
I H
| - - ba
’ | 3 | U
| T "
] e 00 L L 4 o ]
L

TATE OF THE DELAWARE RIVER BASIN REPORT 2008

Marine waters, chronic: 3.1 ug/L
Marine waters, acute: 4.8 ug/L
However, DRBCS fresh water criteria
arc based on water hardness in the

Delaware River.

Trends
Dissolved copper concentrations have
remained steady.

Actions and Needs

¢ Increased monitoring of copper
and other metals is necessary for
improved assessment capability,
especially river miles 48 to 68

Coordination of monitoring
among agencics should assure the
use of state of the art methods and
procedures as well as harmonization
of assessment methodologies.

The Biotic Ligand Model (BLM),
developed o improve the predic-
tions of metal bioavailability and
toxicity, is currently recommended
for use in fresh water. lts uscfulness
for monitoring and assessment in
the basin, including estuarine and
marine waters, is being investigated.
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itor » Fish Consumption Advisories

T

Indicator Description

Fish consumption advisories are
issued by each state 10 inform the
public when locally-caught fish are
not safe to be caten duc w known
levels of contamination. The adviso-
ries recommend eicher limiring or
avoiding consumprion of certain fish
from specific water bodies The two
most common pollutants to cause
advisories in the Delaware River Basin
are mercury and polychlorinated
bipheynls (PCBs), which both bioac-
CU”1UIJ[L‘ m [1](‘ .\qUJUL C(,U&V\'SKCH]A
Eating fish that conrain these harmful
substances is the principal way to be
exposed to these chemicals. Therefore,
fish consumption advisories are an
important ol to help protect public
health and to identify areas where
further management of pollution may
be needed.

Desired Condition

Finfish and shellfish that are safe to
ear; a systematic and coordinated
approach to assessing and communi
cating the results of hish and shellfish
contaminant dara. (BP Objective
4.1.D; CCMP Acuon T6)

Status
Poor: There are fish consumption
wdvisories for warerbodies in all four

Rasin sta nd on the mamn stem of
River (Fig. 2.12)

The amount of conaminants fish
accumulate depends on the specics,
2¢, sex, and feeding arca of

the fish. Generally, older and larger
individual fish have accumulated the
most contaminants, alchough in some

s1ze, ¢

cases contaminants are shed each time
the fish spawn. Since fish accumulate
many contarminants in their farry
ussues, certain species with higher oil
content can pose more risk than others
when both inhabit polluted areas.

The American eel dnd carp caught
throughout the main stem of the
Delaware should not be caten ac all
and no fish should be consumed
from upper Zone 5. Contaminants
found in Delaware River basin fish
tissuc causing consumption advisories
include: PCBs, Mercury, Dioxin,
Chlorinated Pesticides, Dioxin/Furans,
Dieldrin, DDT, Chlordane, and
Toxaphene

[t is imporrant to use caution
when comparing fish advisories across
state lines or in shared waters. Fish
consumpuion advisories are based on

risk assessments, and cach state may

use different merhods o evaluate
the risk of cating conraminared fish,

Therefore, the number of meals

recommended for each type of fish
may vary even for the same levels of
contamination. Inconsistencies also
exist in the way the basin states list

their advisories ro the public

For more information abour fish
consumption advisories, including

CATTGORY [l o WATER O1

specific locations, meal limits and

individual fish species, search

for “fish consumprion” at

these web sites:

* www.depweb state pa.us/
watersupply

* www.state.nj.us/dep/dsr/
nymainfish.hrm

* www.fw.delaware.gov/
Fisheries

* www.dec ny.gov

Actions and Needs

¢ Provision of clear and
consistent informarion
to the public based on
more uniform assessment
methods.

The term Bioaccumulation refers to the uptake and retention

of a chemical by an organism from all surrounding media
(e.g., water, food, sediment).
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Figure 2.12. The map shows waterways where odvisories are
wrrently in place. Recommendations may range from one B oz
meal per week of ane type of fish 1o no consumtion of any fish
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M Indicator » Pesticides
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Indicator description
Atrazine and metolachlor are among
the pesticides most frequently detected
in ground water and surface water
by the USGS's NAWQA Program
and the USEPA’s National Survey of
Pesticides in Drinking Water. Both are
designed to persist in soil for several
months during the growing scason for
conunuous weed control However,
bath pesticides are water soluble,
allowing the toxins to mobilize and
pollute streams and ground water
Arrazine is registered with the
EPA as a Restricred Use Pesticide;
it 1s classified as toxic to aquaric
life, especially aquatic plants. ltisa
known human carcinogen, ground
water contaminant, and a suspected
endocrine disruptor. Atrazine is used
primanly to control weeds on agricul-
tural fields for crops such as carn
and evergreen tree farms—especially
for conservation tillage or “no-ull’
farming—and along highways for
non-selective vegetaton control
Metolachlor is of low toxicity to
humans but slightly ro moderately

R BASIN REFORT 2008

toxic to some aquatic life. Tt 1s classi-
fied as a possible human carcinogen
based on studies in rats and it may
also cause developmental impairment
Metolachlor 1s primanly used for weed
control in the production of corn,
sovbean, and woody ornamentals. It

1s sometimes used in formulatons
with other pesuicides such as atrazine,
cyanazine, and fluometuron.

Desired condition

Detection in ground and surface water
supplies ar concentrations below limits
suspected of causing hearh effects on
humans and wildlife (BP Goals 1.2,
1.3; CCMP Actions T1-T5).

The EPA recommended level for
Atrazine is 3 pg/L (ppb) and the
World Health Organization (WHO)
guidance 15 2 ppb. EPA does not
currently have a recommended
concentration for for Metolachlor, but

WHO guidance is 10 ppb.

Status
Fair. Pesticides prevalent, but in low
concentrations.

The percentage of sampling sites with
detected concentrations of arrazine
was higher than thac of metolachlor
for both surface and ground water,
indicating that atrazine contamination
is more prevalent than metolachlor
(Figs 2,13, 2.14) In the basin, atrazine

Atrazine
Surface Water
& Not Detected
® Detected
Groundwater
A Not Detected
A Detacted

CENTRAL

Figure 213 Atrazine detections in the Delaware
River Basin The USGS NAWOA studies found
concentrations of Atrazine above the detection limit
in 95% of Surfoce water stations and 40% of ground
waler stofions

Metolachior
Surfacawater
& Not Detectad
® Detected
Groundwater
& Not Detected
& Detectad

Figure 2 14. Metolachlor detections in the Deloware
River Basin. The USGS NAWQA studies found concen-
trations of Metolachlor above the detection limit in
81% of Surface water storions and 31% of ground
water stations




was detected in 95% and Metolachlor
in 81% in surface waters sampled. In
p‘mund water, atrazine was detected in
40% of samples, and merolachlor in
31% of samples

The median concentration of
atrazine at basin sampling sites was
almost 0.05 ug/L for urban watersheds
and 0.12 ug/L for agricultural warer-
sheds. Surface water concenturarions
are highest in runoff from agriculeural
ficlds, especially following major
runoff events occurr ing within a few
weeks of application. Ground water
concentranions are expected o be
highest in areas with a long history of
agricultural land use, espeaially corn
crops, and where surface and ground
water systems are connected suffi-
ciently to allow inhluation.

Concentrariotns of atrazine and
metolachlor generally were lowest in
the northern part of the basin above
the confluence with the Lehigh (Table
2.1). All median concentrations were
below the drinking water standards
However, atrazine and metolachlor
break down into degradation products
that are detected as frequently or more
frequently than parent compounds, an
issue that demands further investiga-
tion about environmental and human

health impacts

Trends
It is diHicule 1o dererming trends over

time in atrazine and metolachlor
concentrations. The USGS National
Warter Quality Assessment (NAWQA)
program provided a baseline assess-
ment of these pesticides based on five
yvears of data (1998-2001). NAWQA
monitoring is continuing at selecred
sites as part of a specialized national
program to assess pesticides, but
currently there 1s not a program o
specifically address pesticides in basin

waters.

Actions and Needs

= Surface and ground water concen-
trations should be matched with
levels of atrazine and metolachlor
application; areas of concern should
be idenufied and monitoring effores
stratified to caprure conditions and

rrends in these areas

* Periodic sampling is needed to
determine trends in concentrations
of atrazine, metolachlor, and their
degradation products in ground
and surface waters across the basin

= Additonal research is needed
1o determine the affect of these
and other pesticides and their
degradares on the aquatic environ-
ment, and the synergistic effects of
multiple pesticades on humans and

aquanc Organisms.

CATEGORY I & WATTER QLU

Table 2 1 Atrazine and Metolachlor Concentrations

ALITY

Median Median
Subwatersheds Atrazine  Metolachlor
ug/l ug/l

Upper Region(NY and PA)

EW1 West Branch (Cannonsville) *0.020 *0.020
EW2 East Branch (Pepacton) *0.002 *0.003
EW3 Mainstem (above Narrowsburg) 0.006 <0.001
LW1 Lackawaxen 0.005 0.002
NM1 Neversink-Mongaup 0.001 0.001
Central Region (PA and NJ) i

UC1 Pennsylvania tributaries 0.001 <0.001
UC2 New Jersey tributaries 0.011 0.006
LV1 Lehigh River above Lehighton *0.004 *0.001
LV2 Lehigh River above Jim Thorpe  0.080 0.026
LV3 Lehigh River above Easton 0.233 0.054
LC1 Lower Central (above Trenton) 0.063 0.025
Lower Region (PA, NJ and DE)

SV1 Schuylkill River above Reading ND ND
SV2 Schuylkill R . above Valley Forge 0.111 0.021
SV3 Schuylkill River above Phila. 0.047 0.025
UE1 Pennsylvania piedmont 0.030 0.022
UE2 New Jersey coastal plan 0.008 0.027
LE1 Christina River 0.158 0.045
LE2 Cand D Canal, DE ND ND
LE3 Salem River, NJ ND ND
Bay Region (NJ and DE)

DB1 DE Bayshore watersheds ND ND
DB2 NJ coastal plain 0.013 0.092
ND= no data * median based on 2 or fewer samples

Table 2 1 Concentrations of atrazine and metolachlor generally were lowest in the

northern part of the basin, above the confluence of the Lehigh River USGS 2001

For More Information:

Detoiled information on otrazine, metolachlor and other pesticides found in water supplies

con be found by reading “Pesticide compounds in sireomwater in the Delaware River Basin,

December 1998-August 20017 by Hickman, et ol
located ot hitp://pubs.er.usgs gov/usgspubs/sir/sir20045105
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M Indicator » Toxics
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Indicater description
‘olychlorinated biphenyls (PCBs)
are toxic compounds shown o cause
cancer 1n animals and serious non-
cancer health effects to the immune,
reproductive, nervous, and endocrine
systems. Studies provide supportive
evidence for potential carcinogenic
llnd n()n--u,arclm!gvnic CFFCC[S in
humans as well. PCBs persist in the
environment f{or long periods of time
because they bond strongly 1o soil
and sediments and bioaccumulate
(Sec p. 37 for a dehnition) in fish and
wildlife.

Invented in 1927, PCBs are
muxtures of synthetic organic chemi-
cals with the same basic chemical
structure and similar physical proper-
ties ranging from oily liquids ro waxy
solids. Due to their non-flammability,
chemical stability, high boiling point
and electrical insulating proper-
nies, PCBs were used in hundreds of
industrial and commercial applications
including electrical, hear transfer, and
hydraulic equipment; as plasticizers in
paints, plastics and rubber products;
in pigments, dyes and carbonless copy
paper and many other applications.
Based on the evidence that PCBs are
persistent in the environment and
can cause harmful healch effects, the
Toxic Substances Control Act (TSCA)
of 1976 prohibited the manufacrure,
processing, and distriburion of PCBs

LATE O T DELAWARE RIVER BASIN RIPORT 2008

Desired Condition

Concentrations in water, sediment

and fish nssue that are below those

known to cause a threat ro human

and ecosystem health. The following

standards are designed to meet these

gﬂ'.lls.

EPA:

* drinking water: 0.5 ppb

* ambient warter for human health
protecuon: 0.064 ppb

* ambient water to protect wildlife:
0.12 ppb (Great Lakes Initiative)

DRBC: ambienrt water criteria in
Zones 2-6: 0.016 pph.

Status
Poor: PCBs persist in the Basin's water,
sediment and fish tissue.

Fxtensive analysis of the sources
and fate of PCBs has been studied
by DRBC as part of the develop-
ment of the Total Maximum Daily
Load (TMDL) for Zones 2-6. As
illuserated in Figure 2.15, the current
sources of PCBs to the tidal river are
non-point sources accounting for
25% of loadings and point sources
contributing 18%. The non-tidal river
above Trenton, the Schuylkill River
and other tributaries to the tidal river
contribute abour 34.5%.
Contaminated sites contributed
11% of toral loading. The Delaware

Toxics Reduction Pragram (Del TRiP)
is a multi-agency cffort to identify,
track, prioritize, and report the starus
of contaminated sites that contribute
or potentially contribute to toxics
within the basin. The program, started
in 2004 through a grant from EPA, 1s
currently focused on PCB contamina-
tion. According to the January 2008
report, 128 sites have completed
remediation for PCBs and 81 sites are
in some stage of remediation including
28 of unknown starus (Figure 2.16).
Future Del TRiP reports will update

this information with a focus on sites
of unknown status.

Trends
Despite the ban on PCB manufacture
in 1979, PCBs still persist in landflls,
streambeds, terrestrial sediments, and
some closed electrical systems. They
remain a ubiquitous legacy pollutant
in much of the basin, but concentra-
tions vary greatly, and there is evidence
that concentrations in fish tissue is
decreasing (Figure 2.17).

The goal of the TMDL for the ridal

10.00
922

577-day Penta PCB Load (kg)

Nor-Sont

e Penta-PCB Load by Source Category

8.00 1 Sept 2001 through March 2003

7001 636

- 526 |
£.00 1

400 1 = 2 3

200 | i e e

2.00 4 : o - —

0.00 4 : b i, i '

Deawore o ScmayNib Comaminated Al Omer ATMOSEhErT C30
Sgutce Runof  Dacharges Treten Saes (fevied)  Trouwmnes Wt and ey
oepostan
Source Category

Figure 2.15. Non-point and point source sources contribute more PCBs to the tidal portion of the river more
than any other. The non-tidal Deloware and the Schuylkill River also hove high loadings of PCBs. Data

collected September 2001-March 2003
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Fig 2.16
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Delaware River is to reduce PCB
loadings and eliminate consumption
advisorties based on this contami-
nant. The first stage 1s a non-numeric
approach, all point sources are
required to conduct monitoring and
42 dischargers are required to submit

, TPollistion Minimization Plan (PMDP),
dennibies I brown qu(!

II‘.-E!]":

Remediation Status

@ No Remediation (25 sites)

@ Approval Pending (2 sites)
Ongoing Remedialtion (26 sites)

@ Unknown Status (28 sites)

as of 2008

Nanograms pergram (ppb)

Total Sites = 81

Does not include
Remediated Sites

potenual sources of PCBs on their
property, and outlines a procedure to
find all unknown sources and imple-
ment strategies for minimizing and
preventing releases from all idenufied
sources. The permittees must also
document measured progress in this
effort in an annual report to DRBC.

wet weight

Actions and Needs

CATEGORYIT =

Historical Trend in PCBs in Fish Tissue
Delaware Estuary

WATER QUALITY

& The Lower Schuylkill is @

g major contributor of P(Bs

* ~ in the Delaware Estuary

This photo taken in 1999 at
Bartram's Gardens shows the
heavy industrial ares along
the Schuylkill just above its
confluence with the Delaware

|EWhite Perch B Channel Catfish|

Continued monitoring and source
identification is needed tor PCBs in
the Delaware River Basin.

Figure 2.17

PCBs are still
found in fish
tissue in the
Deloware Estuary
but concentrations
appear fo be
diminishing

* Revised water quality criterion for
PCBs and regulanions addressing
the long-term attainment of
this criterion. A second stage

of the TMDL program will be

Removal and containment should
be done as sources of PCBs are
found.

December 2009,

STATE OF THE DELAWARE RIVER RASIN RE

implemented and complered by
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B Indicator « Support of Designated Use: Tributaries
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Indicater Description

This indicator reports conditions

on tributaries relatve to thar desig-
nated uses. Each stare independently
identifies uses for each waterbody,
for example, drinking water supply,
contact recreaton (swimming), and
aquatic life supporr (fishing), and
specifies scienufic criteria to support
that use.

Biennial assessments are mandated
by the federal Clean Water Act
(CWA). Waterbodies that are not
attaining water quality standards are
included on a “List of Warter Quality
Limited Waters” or “303(d) List” and
reported to US EPA o satisfy section
303(d) of the C\WA. States musr
prioritize 303(d)-hsted warerbodies
for TMDL analyses and identify those
high priority waterbodies for which
they anucipate establishing TMDLS in
the subsequent rwo year cycle.

A TMDL (Total Maximum Daily
Load) is the sum of the allowable
amount of a single pollutant from

all contributing point and nonpoint

sources. It includes a margin of
safety and seasonal variation in
water quality

Desired Conditien

All streams meet standards set to
support their designated uses per the
federal Clean Warer Act (BP Goals
1.2, 1.3, 1.4; CCMP Action W12).

Status

Fair: Approximately 37% of basin
stream miles do not meet required
conditions. The presence of fish
consumption advisories is a major
factor in 303(d) listings in the basin.
Not all warters of the basin have been
assessed

Trends

Figure 218 is a composite of data
across [our biennial reporting cycles
(2002 through 2008). The ability to
geographically report on cach state
analysis is dependent on the avail-
ability of geographic information
suitable for mapping and on hnal

Table 2.2 Unattaining 303(d

condition assessment informa-

tion. Differences in assessment
and reporung methodologies
among the basin stares compli-

cate attempts to assemble and
compare results, as do periodic
changes insututed by the states
For example, in 2006 NJ
changed its reporung units from
stream segments to watershed

units.

Actions and Needs

* Bertter cartographic repre-
sentation of impaired waters
information in all four states.

*  Assessment information
relevant to chemical, physical
and biological conditions.

* Comparable reporting of
SUMMmary statistics.

Listed Streams

Total
Total 303(d) |Stream Miles| % of Total
Tributary | Stream | w/Consum. | % of |w/o Consum.

State Data Year Miles Miles Total | Advi
DE Total 2002 2480 569 23%
NJ Total 2006 6,975 5786 83%
NJ Consum.
Advisones 3,597 31%
NY Total 2006 4,197 81 2%
PA Total 2006 10,578 2,512 24%
PA Consum.
Advisories 658 18%

TOTAL 24,230 8,948 4,255 37% 19%

Fig. 218
303d Listed Streams
and Watersheds

303d Listed Streams

DE 2002 (EPA Source)

PA 2006

NY 2006

NJ 2006 (Streams
within listed
walersheds)

CENTRAL

LOWER




B Indicator » Trends in Tributary Water Quality

wh
Indicator Description
This indicator reports trends in
conditions on representative fresh-
water tributaries relative 1o four
water quality parameters that effect
living resources: dissolved oxygen
(DO), nitrogen (N), phosphorus (P)
and total suspended solids (TSS).
The assessment was developed by
the Water Resources Agency at the
University of Delaware with assistance
from Penn State, Cornell and Rurgers
and is based on warer quality data
from the EPA STORET. USGS NW'S
and stare water quality informarion
systems.
Five year median values for each
parameter were compared ro targets:
* DO: applicable state criteria.
* N: 1.0, 2.0, and 3.0 mg/L (DE low,
moderare and high TMDL targets)
* P:0.1 mg/L (N] criterion)
* TSS: 40 mg/L for warm water and
20 mg/L for cold water (trout)
streams (N] criteria)

Although many years of data are avail-
able, 1990 was selected as the begin-
ning year for trend analysis to exclude
water quality improvements related to
[hC waste water Inl‘ra-s"'u(lur(’ mvest-
ments of the 1980s.

Desired Condition

Improving or constant conditions in
streams, where water quality meets or
is better than criteria (BP Goals 1.2,
1.3, 1.4; CCMP Action W12).

Status and Trends

Upper and Central Regions: Good
DO levels are very good and show
increases at 6 of 9 warershed stations.
P is below 0.1mg/L and has improved
or remained constant, except at the
lower Lehigh station (1V3) where it is
slightly elevated, but improving. Warer
quality in the lower Lehigh appears to
be degrading since 1990 with respect
to N and TSS (Table 2.3).

Table 2 3 Trends in Water Quality of Selected Tributary Streams

DO

Upper and Central Region Stations (mg/1!

SHORT
EWI1 West Br Delaware R. Hancock, NY wie
I W2 Fast Br Delaware R Hancock, NY e
EW3 Ilancock - Narrowsburg. NY
I W1 Lackawaxen R at Lackawaxen, PA 1204
NMI  Delaware River at P Jervis, NY 1074
UCT  Brodhead Cr at Del Water Gap. PA 1204
WC?  Pautins Kill al Blamstown, NJ nne
LV Lehgh River at Stoddartsville. PA 1nsa
LV2 Labigh River st Walpuiport, PA 1214
LV} Lehigh River ar Glendon, PA 1nia
LU Wicheehocke Creek af Stockton, NJ

Lower and Bay Regions: Fair

DO, while good 1o fair, is decreasing
at 6 of 11 stanions. N, while consrant,
is higher than the moderare warger
(2.0 mg/L) at half the stations, and
phosphorus is constant but above 0.1
mg/L at 8 of 11 stations. TSS is high,
but improving, on the Smyrna River
(LE2) (Table 2.3)

Actions and Needs

¢ More consistent monitoring is
needed: at least one station in each
region had insufficient periods of
record for one or more parameters.

* Metals data were generally not
sufficientdy robust to assess because
of changes in detection capability
or incomplete records.

o This initial look should be
expanded to include additional
warershed stations.

N [ TSS Lower and Bay Region Stations no N P
) ) (mg/)  (mg/)  (mg/l)
TERM  SINCE 1990 || SV Schuylkill River st Berne, PA 1SV 10A 0024
04@ 001A 6O SV2 Schuylkill River at Pottstown, PA 01® 0@ nilA
2@ 00i® 5@ || gyy Schuyllll R at Philadelphia, PA INsA 12@ 0MA
Inmafficicat Data UE1 Neshammny Cr at Langhorne, PA W@ 17@ LisA
01@ 007A 6@ || ;p) N B Rancocas at Pemberton, NI e LD 0.05@
01 @ e || U2 Cooper River at Haddomficld, NI 1Y 0e ine
L e e || el Brndywine R above Wi pE | 9va 2@ (ne
2@ onma 4e ||LE2 Smyms Riveral Route 9 bridge, DE 61Y 6@ 011 @
07® 00:A KY LE3 Salem River at Woodstown, N] LY N LB Y
Y 1A 9" DBI Lepsic River at Route 13, DE 79V V1A 2@
Insufficient Data DB2 Maurice River at Norma, NJ L 53 4 20 6@

CATEGORY [l =

Fig 219
Selected
Tributary
Water

Quality
Stations

Legend

Green numbers = Good
Blve numbers = Fair
Red numbers = Poor
A = Improving

@ = (onstant

| ¥ = Degrading
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@8 [ndicator » Support of Designated Use: River and Bay

Indicator Description

This indicator reports whether or

not the water quality of the River

is supportive of its designated uses,
including: drinking water, aquatic life,
recreation, and consumption of fish
and shellfish, although not all uses are
designared for all ten water quality
zones, This assessment is conducted
every two years in accordance with
USEPA requirements. A full explana-
tion of the assessment can be found
in the 2008 Delaware River and

Bay Integrated List—Water Qualiry
Assessment available at www.drbe.net.

Desired Condition

Water quality that meets the criteria
designed to ensure support of desig-
nated water uses per the federal Clean
Warter Act (B Goals 1.2, 1.3, 1.4;
CCMP Action W12).

Status

lair: Ranges (rom poor (fish consump-
tion and aquaric life) to good
(drinking warer and recreation).

The assessment involves comparing
key warer quality parameters by

river assesstnent units (warer qualin
management Zanes) with applicable
water quality criteria adopred by
DRBC 1a support the designated

The non-odal assessment units
18, 1C 1D, and

usels)
include Zones 1A

WAL O Tl W

1E and the designated uses assessed
include aquatic life, drinking water.
primary recreation. and fish consump-
tion. Zones 2, 3, 4, and 5 make up
the tidal portion of the River and
fish consumption, aquatic life, and
recreation apply to all the tidal zones.
Drinking water use is only appli-
cable 1o Zones 2 and 3 of the tidal
river. Delaware Bay is Zone 6 and its
designated uses include aquatic life,
primary recreation, fish consumpuon,
and shellfish consumption.

The final assessments for 2008 by
zone and designated usc are listed in
Table 2.4 and shown in Figure 2.20.

Integrated Assessment

Summary

Aquatic life is supporred in zones 3
and 6. In Zones 1A and 1E, pH
does not meet criteria; and Zones
2 and 4 do not meet emperature
criteria. Addivonally, in Zone S
approximately 17% of the samples
assessed for DO did not meer the
24-hour average crireria.

Drinking water usc is supported in all
designared zones,

Primary contact recreation is
supported in all applicable zones,
except Zone 4 below RM 81.8
where there are insuthaent daza.

Fish consumption is not supported in
any zone, based upon the assess-

ment methodelogy used This

means that an advisory has been
issued by a State with a recom-
mendation to limit consumption

of at least one species of fish. In
most instances, the contaminants
are PCBs and mercury. New York
did not issue any fish advisories

for the Delaware River, however
fish advisories due to mercury are
listed for the reservoirs feeding the
Delaware River. Recently compiled
toxics dara from fish tissue collected
in 2004 and 2005 also support

fish advisories in the tidal river.
PCBs remain the primary cancer
risk driver. followed by dioxin and
dioxin-like chemicals. Mercury
levels in striped bass are moderately
elevated and contribure to non-

cancer health risks.

Shellfishing support varies within
Zone 6 based on periodic pathogen
exceedences.

Actions and Needs

* Examination of DO issues, including
assessment of current monitoring
and adequacy of existing criteria in
the ridal river.

* Implementarion of the PCB Total
Maximum Daily Load (TMDL) for
Zones 3, 4. Sand 6.

* Review and assessment of the
adequacy of current warer qualiry
criteria.

Table 2.4 2008 Listing C y for the D River
by DRBC Water Quality Management Zones

| I I Final 2008 | Final 2006 |

i | | Fi | { |
| w .m R | Fisn : ‘ i
s < = - ‘Mj
1B D | S s NS NA 1 1
e 1S s NS NA 1
i | B | S s i S NA !
(& | N | 5§ s ] NS WA
B NS 1§ S| S WA ‘
13 s S 1 & NS i NA oy | 5
4 NS NA 1D {Delow NS NA 3 C |
| | RM 81 8YS |
|5 | NS NA | s | NS WA A 3
e s NA s NS SSSNSD A 5
8 The ol PP B ase
S Te 24 spgens S e N e e canmhre
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Additional real-time monitoring
1s an identified need that can only
enhance our ability to assess and
report water quality conditions.

Fig. 2.20 Support of Designated Uses.
Delaware River and Bay

Upper Region

EW * East and West Branch
watersheds

|A\Y * Lackawaxen watershed
NM = Neversink and Mongaup
watersheds

Central Region

i) & * Upper Central watersheds
LV * Lehigh Valley

LG * Lower Central watersheds

Lower Region

Y * Schuylkill Valley

UE * Upper Estuary watersheds
LE » Lower Estuary wartersheds
Bay Region

DB1 —Boy wotersheds in DE
DB2 - Bay watersheds in NJ

B supporting

Supporting, but
with Special Conditions

BB ot Supporting
NS0 1neyuflicent Data

CENTRAL

LOWER

hquatic Life

LOWER

Consumption

CATEGORY Il = WATER QUALITY

LOWER LOWER

Retreation Drinking Water

LOWER ! CENIRAL

Final
Assessment
BAY Category
Shellfish |
Consumption s
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Feature « Water Quality
Contaminants of Emerging Concern

| Description

(

ntaminants of emerging concern are chernicals that are not requlated through water
quality programs, but are of interest to scientists because of their persistence, bioac
cumulation, and potenual for toxicity to aquatic life and humans Although their fate and
transport are not fully understood, and a consensus has not yet been reached concerning
g their toxicity, these substances are believed to have the potential to cause adverse impacts
¢ iman health or the environment, including causing cancer and reproductive effects

Lontaminants of emerging concern include pharmaceuticals, personal care products, flame

retardants, insecticides, plasticizers, and resistant pathogens (bacteria and viruses)

Status American Eels From

laware River Basin Sites
Significant work is being conducted to study emerging contaminants in the Delaware River Basin Polybro- Delaward

minated diphenyl ethers (PBDE) are manufactured flame retardants used in everyday items, from computer
casings to carpet pads to foam cushions in chairs and couches. In the environment PBDEs accumulate in
the fatty lipid tissue of humans and animals. Figure 2.21 shows the relative concentrations among 18 tissue
samples of eel from six sites in the Delaware River. Concentrations are measured in nanograms (10 °, parts
per trilion or ppt) of PBDE per gram of tissue

ALITYNO A1V

t-PBDE nglg lipid

for pharmaceuticals and personal care products (PPCP), perfluonnated compounds (PFC), hormones and
! sterols, nonyl phenols, and polybrominated diphenyl ethers (PBDE)
| - Twenty-one out of 54 PPCP compounds were detected medified from Ashley et al , 2006
+ Aguatic ecotoxicity data, primarily based on individual compounds and single species tests, are readily

avallable for only 16 out of the 21 PPCP compounds which limits the assessment of rnisk to aquatic Iife,

|
[
) In 2007, DRBC conducted a pilot survey in the tidal Delaware River, sampling and analyzing ambient waters

Fig-2.21. Americon Eel PBDE concentration

PFCs were measured in concentrations that exceed benchmarks for water quality.

= Nonyl phenol levels did not exceed current EPA water Mean PBDE in DE Estuary Fish vs. Fish Elsewhere
2500
How small is... quality criteria ~ Ot Sources
3 * This present
A Tamiic - PBDE were measured in pg/L to ng/L concentrations S 2000 SF Bay Lunder snd
e g = N Amer and Europe
s with distributions similar to those observed in other North - Tawan Feng otal 2007 Chemos
10° or 1/1,000,000,000 with distribut N
or one trillionth of a gram American locations =
ppt = part per trillion = ng/Liter - Natural and synthetic hormones were reported in ng/L § 1000
A picogmm is els. Concurrent, short-term chronic toxicity tests for '_5“ -
102 or 1/1, 000,000,000,000 or survival, growth, and reproduction in the ambient water b
one billionth ofa gram samples did not indicar xicity for species and ipoint o ek = = ==~
: . s N ur
ppb = parts per billion = po/Liter [ v N Amer Euom  Tawan

—_— ]

Fig. 222 PBDE in DE Estuory Fish

PORT 2008
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Trends
The |lew

of PBDEs n people’s bodies are reparted 10 be doubling every 2 to 5 years, and are 40 time

higher in North America tha

A comparison of PB an in fish from the
t that PBDE
er parts of North America
and orders of magnitude greater than those from Europe and Taiwan The effect e
implications of these compol have yet 1o be established

illustrated in Fig, 222 These ¢

concentrations are ignihca

ugher in fish from the Delaware than from otk

» and human health

Actions and Needs

« Systematic monitoring 15 needed 1o understand how

Nto the environment, what is | ening 10 them once they enter the environment, a
10 humans and to our ecos m
. essment of ¢ xicity from emerging contaminants in the tidal Delaware River would be further
informed by estror JENICILY sCreening biomarker measurements and population (sex ratio) survey
Fig. 2.23 Pharmaceuticals and Personal Care Products
O Caffeine
400 i 8 Triclocarban
; B Diphenhydramine
350 | T— otc
{over the
B ibuproten | counter)
300 | B Codens
B Carbamazapine
prescnption
250 B Diltazem
O Dehydronifediping
sl
IS | O Gemfibrozi
2 200
| O Trimethoprim
| @ Sultanilanvde
150 |
B Sutfamethoxazole | | antibotics
‘ 8 Sufadimothoxine
100 > |
O Sultachazine \ |
B Ofioxacn
50 B Norfioxsacin
| E B Erythromyein H20
0 O Clarithromycin }
f 50 68 80 90 105 131 # Asitvomyan

River Miles
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CATEGORY II & WATER QUALITY

Learn more about contuminants of emevying cancern ot these weh links:

Fig. 2.24 Perflourinated Compounds (PFCs) in [
theTidal Delaware River
2007

ng/L

of il
tide @ River Miles ——— =

of bay
|

L e |
Fig. 2.24. Results of « 2007 DRBC study show concentrations in nanogropms per
liter of perflourinated compounds (PF(s) by river mile

¥ THE DELAWARS REVER 0

WATER QUALITY




SAMNOSTH ONIATT

48

Category Il
Living Resources

THEN -

“The extensive commercial fishery of the 19th century in the Delaware

River and Bay declined in the 19205, due to deterioration of water quality and over-
harvesting Fishery conditions have improved in the last severval years. An objective now
mist be o maintain and continue the improvement, with traces of toxic substances.”

Now
The past history of the river’s anoxic
(zero dissolved oxygen) zone, the
introduction of water quality regula-
vons, and subsequent improvements
in water quality 1s recounted the Water
Quality section of this report. The
success of years of management and
change is most dramatically evident
in the restoration of living resources,
especially fin fish populations and
most notably shad

Warer quality critena for the
support of aquatic life have been
adopred for a number of parameters,
and are being considered for more.
All of the waters of the basin are
designated for the support of aquatic
life. The key water parameter of

Level B Study, May 1981, p 19
DRBC

concern has been dissolved oxygen
(DO) because it is necessary for nearly
every aquatic resource and is essential
for overall ecosystem health. Aside
from water quality. there are many
other aspects affecting living resource
condition. These include, but are not
limited to, Hows, temperature, natural
predation, harvesting by humans,
discase, and habirar loss.

Confext and Linkage

As food and as habirat, healthy aquaric
resources are linked to terrestrial

and avian populations. The story of
living resources in the basin is one of
tood webs, competition, intercon-
nections, and water. Clean water 1s a
requisite for fish and shellfish, which

are principal foods for birds and
mammals, Shellfish are filter feeders

and help to absorb
nutrients that can result
in low DO levels that
impair fish survival.

One example of an
interconnection is the
horseshoe crab and red
knot. Horseshoe crabs,
a l\'ey crustaccan Of
Delaware Bay, lay eggs
on bayshore beaches at
exactly the right time
for them to nourish
migrating red knots on
their annual journey 1o
nesting grounds in the
arctic. Withourt sufficient
food, many birds cannot
complere the trip and
species survival may be
in jeopardy. The infringe-
ment of rising sea levels
and human sertlement
on bay beaches, the
commercial harvesting
of crabs, the earlier

1896 1910 1914 19405 Late 1950s
Nearly 20 million pounds of The value of the NJ Area of eased Shad and herring, ur MSX disense
American shod, celebroted oyster harvest in oyster grounds to migrate through rero f

os Americo s founding fish Deloware Bay exceeds ol 30,000 geres oxygen borrier ot Phil

by outhor John McPhee ore
caught in the Deloware River

THF DELAWARL RIVER BASIN REPORT 2008

the state’s wheat
harvest by §1 million

up from 12,000 delphia
ocres in 1900 Ui

onset of spring with changes in global
climate, and other unknown impacts

Table 31 Envirenmental Factors

Impairment of Aquatic Communities Along An Urban Land-

Use Gradient.

Green shading indicales factors that were more favorable to healthy
aquatic communities and red shading indicates factors that were less

favorable

[NS= No statistically significant effect on

Highly Related to

uatic community]

Watershed Charactenstic Fish

Aqualic
invertebrates

Algae

Area of forest and NS
wetlands

NS

Ability to maintain base NS
flow

Percentage of cobble
substrate

Median sulfate NS
concentration

Median lotal phosphorus
concentration

Mean annual flood

Flashiness of streamflow

Impervious area, road
area only

Impervious area, NS
nonroad area only

| Population density

Total urban area in 1986

Urban area growth from NS
1986 to 1995

NS
NS

NS

NS NS

NS

NS NS
NS

Commercial and NS
indusinial area in 1986

Total point-source flow | NS
Source’ Ayers, M . J Kennen, P Stackell

NS
berg 2000 Water Quality in Long

Island-New Jersey Coastal Dramages 1996-98 USGS GCircular
1201 hip:in) usgs govinawgaing ntml

1981

Sole survivin
wmmarciol S?n:ld fishery
on tha nen-tido! river
nets 6,392 shod—the
brogest coteh since 1896
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1987

Over 56,000 shad, worth
about §1.6 M recreational
dollors are landed in 9
weeks batween Hancock
NY and Yardley PA




beyond the basin all have the potential
to affect the success of migrating red
knot populations.

Not all links among living resources
are this dramaric or internacional.
Aquatic invertebrates, like freshwater
mussels, are or become sedentary
species and therefore are excellent
indicators of local water qualiry and
watershed condition. Aquatic inver-
tebrates are especially sensiuve to
landscape changes related to develop-
ment (Table 3.1).

Getting Personal

The health of hiving resources is not
just important to maintaining the
natural ecology of basin and estuary.
Humans are an integral part of the
web, linked by economic, recreational,
and health interests. Fishing, for
example, is both a commercial and
recreational enterprise, highly valued
throughout the basin. World-class
trout fishing in the cold waters of the
basin is an economically important
enterprise that lures thousands of
fisherfolk each year. The importance

1989

Landing of a 53 Ib
13 ez striped bass
from the Delowore
River near Chster
breaks PA record

1987

New Jarspy and
Delowore Sheflfish

—— R R R S R A T T T SN IR S TN LA A Tl

of oysters, crabs and other species of
the Bay have been the foundation of
commercial enterprises — harvesting,
canning and shipping — for many
generations. Threats to the living
resource base may also be threats to
the survival of basin and bayshore
Lowns,

Monirtoring living resources is
important not only for ecosystem
condition assessment, bur also for
understanding threats to human
health and wellbeing. Toxic substances
and diseases 1in warer and sediment
can be accumulated in fish tissue
and shellfish. When consumed, that
burden s passed on to other animals,
including humans. As our knowledge
of living resources improves, so may
our ability to protect human health.
(See Fish Consumption in the Water
Quality secuon,)

Reporting

More than any other caregory of
indicarors. living resources are the
most problematic to measure and
report. Living resources tend to move

1991 1995

The sconomic value
of recraationsl fishing
in Delawors Bay &
estimated ot 525

!',",‘I‘ on per yen

spawn

CATEGORY HI

abour, change size and form, alternate
food preferences, alter habits, and even
their habitat, as they pass through
their life cycles. Determining which
species to evaluate 1n a community,
what parameter to measure, and how
to account for the effects of natural
and imposed stressors is daunring.
Moreover, although a wealth of infor-
mation may exist; centralized clearing-
houses for the information generally
do not.

This section on living resources
reports the condition status and
observed trends for only a few of
the thousands of species that call the
basin home for all or part of the year.
Some were chosen for their economic
benefits, others were chosen because
of their ccological significance, several
are critical species that need to be
protected from extirpation or extinc-
tion, and some were chosen for their
abiliry to be monitored and serve as a
representative indicator of other living

FESOUrces.
1996 1998
Over %0 perceni of Striped
the [ boss fishery
declored
“Rastored”
by ASMFC

LIVING RESOURCES

Living resource indicators included in

this report are:

* Benthic macroinvertebrares

¢ Freshwater mussels

* Oysters

* Horseshoe crabs

¢ Birds: Red knot, Louisiana water
thrush, and American bald eagle

* [Finfish: Weakfsh and Striped bass,
Atlantic sturgeon, American shad,
and Brook trout.

A feature on invasive species
concludes the Living Resource section.

1999 2007 2008
Red knot DE and MJ bans
listed as ASFMC limil harvesting
“threat harvesting of ofoll
enad” by male horse horseshos
N shae crabs by
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CATEGORY I *  LIVING RESOURCES

B8 Indicator « Benthic Macroinvertebrates

[ & |

Fig. 3.1 Biological Conditions

50

State Assessments
Indicater Description ants. Taken together
Benthic macroinvertebrates—mainly with information
insects but also snails, worms, crayfish,  from longer-lived
and other fauna without back bones—  invertebrates such as
arc considered one of the nations top  crayfish and freshwater NY = Assessment
biological indicarors of environmental  mussels, the inverte- Sy Sk
condirtions in freshwater systems. Ina  brare fauna can tell us Moderately impacted

pristine stream, aquatic invertebrates
are typically diverse and abundant,
consisting of many species from a wide
variety of invertebrate groups. Because
most invertebrates have limited
movement, they rypically spend their
life in a short segment of stream and
thus reflect the local conditions. In
addition, many species live in the
stream for a year or more, long enough
1o experience the full range of environ-
mental conditions at a site but short
enough so thar they reflect the present
and recent conditions.

Among the invertebrates most
commonly encountered in streams
are species of mayfhies, caddisflies,
stoneflies, and true flies. Many of
the midges (true Ay family Chiron-
omidae) can tolerate high levels of
pollution and low dissolved oxygen,
whereas the mayflies (e.g.. Drunella,
Epeorus), caddisflies (e.g Rhyacophila)
and stoncflies (e.g., Acroncursa,
FParagnenina) typically require clean
water and suitable habitats, Scenrists
continue to Jearn more abour these
species, and their requirements and
sensitivities o environmental pollut-

OF THE DELAWAF R BASIM REF 2008

a lot about conditions
at the base of the food
chain.

Many government
agencies center their
stream assessment
programs around
collections of aquaric
invertcbrates. It is
relatively easy and
inexpensive to collect
these aquatic inver-
tebrates, and many
statistical tools exist
for converting data
from an aquaric inver-
tebrate sample into
recognizable clements
of ecological health.

Desired Condition
Diverse and abundant
species of aquatic
invertebrates indicative
of high warter qualiry
(BP 1.2, 2.3; CCMP
Action HS)

CENTRAL

®  Slightly impacted
& Non-impacted
NJ - Biological Impairments (NJDEP)
e SEVER. Poor
MODERATE, Fair
& NONE. Good
PA - Biological Impairments (PADEP)
4 Impaired Station
& Aftaining Station
DE - BCI, Percentage
— (% - 33% Poor
= 34% - 67% Fair
— §8% - 100% Good

DE: Biological Classification
(as a percentage)

NJ. Biological Impairments
NY: Biomass Data

PA: Biological Impairments



Status
Fair: Ranges from poor to very good;
all regions show impacts.

Based on macroinvertebrate diversity,
water quality and environmental
conditions vary widely across the
watershed. The most broadly impaired
waters are in the urbanized area of the
Lower Region, and in watersheds with
a legacy of mining activity. Some level
of impairment 1s found in almost all
watershed regions. The best condi-
tion is represented in the uppermost
portion of the basin where population
densiry is low and a greater proportion
of land remains in natural landscapes.

2
=
a
é

I o7 |
]

Rhyacophila (Rhy 7 0 ddisfly. Free-living
predatory caddisfly are a strong indicator of clean
water and o healthy aquatic ecosystem

e S AR P PR L T N KT

Trends

Trend darta are not uniformly available.
The frequency of macroinvertebrate
sampling in the basin ranges from one
to 5 years and may or may not include
recurrent sampling. Differences among
streams (temperature, How regimes,
chemistry and physical attributes)
make application of a single index
inappropriate. For example, a species
index for the low-gradient and low-
pH waters of the New Jersey Pinelands
is very different from that of the
coldwater streams of northeastern PA
and NY. Furthermore, the basin states
have developed dissimilar scoring
systems that confound the comparison
of conditions.

g G SMITH, DRBC

: |
Chironomidae midges. Although varying in their
tolerance to pollution, midge larvae are o vital
component of all aquatic ecosystems ye! can become
dominant as water quality and ecological condition
deferiorote

CATEGORY III

Scientific studies suggest that
macroinvertebrate condition can be
expected to decline in watersheds
with greater point source flows, urban
development, population and greater
areas of impervious cover — especially
associated with roads. Watersheds with
greater areas of forests and wetlands,
more cobble substrate, and maintained
base flows have heathier macroin-
vertebrate communities (Table 3.1).
Thus, watersheds that are undergoing
development are ar risk of degraded
conditions for macroinvertebrates,
Riparian corridor and wetland restora-
tion efforts should improve macroin-
vertebrate health.

G SMITH, DRBC

Mayfly nymph (4ttenella). Mayllies constitute one
ol the most important groups of bottom-dwelling
animals in streams, rivers and lakes

LIVING RESOURCES

Actions and Needs

¢ Macroinvertcbrate studies for the
entire Delaware River Basin need to
be conducted on a regular basis to
facilitate trend analyses.

* In addition, the four states should
consider standardized methods for
reporting macroinvertebrace data o
enable interstate comparisons and
watershed-based reporting like that
atcempted here.

* lntegration berween estuarine and
freshwater biological monitoring
programs would facilitate a
watershed approach to ecosystem
monitoring,

aE
g
\:
2

Mayfly adult. Mayflies are routinely used for
monitoring water quality because their presence and
diversity can be valuable indicators of the health of
their aquatic environment. Many mayfly species are
among the mast sensitive to pollution
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@ Indicator « Freshwater Mussels

T

indicator Description

Freshwater mussels are filter feeding
bivalve mollusks that live in lakes,
nivers, and streams. Unlike marine
species, freshwater mussels grow more
slowly, live longer (50 years or more),
and have complicated reproduction
strategies dependent on fish hosts.
Because of their long and complex
life-cycle, freshwater mussels provide
different environmental information
than benthic macroinvertebrares,
which are good indicators for shorter-
term changes in conditions. The
health, reproductive starus, population
abundance, and species diversity of the
mussel assemblage represents an excel-
lent indicator of watershed conditions
over long time scales. Unfortunarely,
they also lay claim to being the most
imperiled raxonomic group in the
nation.

Desired Condition

Warter quality and flow conditions to
support diverse aquartic communities
(BP 1.2, 2.3; CCMP Action H5).

Status
Very poor: More than 75% of species
have special conservation status.

North America has the world’s grearest
diversity of native freshwater mussels
(more than 300 species); however,

more than 75 percent have special

TSTT OF THE DEL B RIVER BASIN REPOID 2008

conservation status. The leading causes
of mussel decline are habitat and water
quality degradation. For example,
dams that block fish passage can affect
reproduction, gene flow, and prevent
re-colonizauon from adjacent tribu-
taries following disturbance. Of the 12
or more native species in the Delaware
basin, even the most common mussel
is irregular in abundance and may

not be successtully reproducing across
much of its range. See Table 3.2.

Trend

The most recent comprehensive mussel
survey in the region was conducted in
ylvania between 1909 and 1919.
Even at that early date, dams and poor
water quality may have dimmished
mussel communities. Nevertheless,
the study provides a benchmark for

gauging mussel status over nearly
one hundred years. State surveys and
recent ancedotal information suggest
thar all native mussel species in the
region are impaired to some degree,
with most being severely depressed or
extirpared altogether.

Actions and Needs

* Additional monitoring is needed
to assess species presence and the
health of freshwater mussel popula-
tions across the Delaware River
Basin.

* Improved coordination and dara
sharing among state and regional
agencies, environmental groups and
researchers would facilitate condi-
tion assessment.

* Standardized terminology would be
helpful for comparing assessments.

Pennsylvania
Mussels Survey

4 Present
Absent

UPPER

CENTRAL

LOWER L

Fig. 3.2. Presence of Freshwater Mussels. From
stream and snorkel surveys 1998-2004, The Nature
Conservancy

Table: 3.2 Freshwater Mussels - State Conservation Status

[ State Conservation Status

“These mussels may

el hav b t state

Common Name Scientific Name DE ] BA Y
Dwarf Wedgemussel | Alasnudonta heterodon
Triangle Floater Alasmidonta undulata Vulnerable
Brook Floater Alasmrdonta varicose Imperiled
Alewife Floater Anodonta implicata Extremely Rare Not Listed* Vulnerable Uncommaon; not
Eastern Elliptio Ellhpto complanata
Yellow Lampmussel | Lampsilis canosa Vulnerable Rare: not protected
Eastern Lampmussel | Lampsilis radiata
Green Floater Lasntigona subvindis Not Listed”
Tidewater Mucket Leprodea ochracea Rare; not protected
Eastern Pondmussel | Ligumia nasuta Thot
Eastern Pearlshell Margaritifera margaritifera | Not Listed” Not Listed* Rare: not protected
Eastern Floater Pyganodon cataracta Not Listed* Not Listed*
Squawfoot | ndulatus Extremely Rare | Special Concem |'A -




B8 Indicator « Oysters - Crassostrea virginica

Indicator Description
American oysters are a nutritious
food and an important fishery in the
Delaware Bay. In 1887, abour 1,400
sailing vessels harvested approximately
1.5 mullion bushels, or 22 million
pounds of oysters. Today, harvests
deliver about 100,000 bushels with
a dockside value of $3 to $5 million,
but ¢fforts are under way to boost
those numbers.

Oysters also provide important
ccosystem services by crearing reef
habuitats for fish and other organisms,
filtering water, recycling nutrients,
and stbilizing sediments. However,
these hlier-feeders can be sensttive o
degraded water conditions. Like other
bivalve mollusks, oysters are world-
renowned as excellent “bioindicators”
of environmental conditions.

Desired Condition

Warter quality and habitat conditions
1o support oyster communities (Bl
2.3, CCMP Action H5.8).

Status

Poor: Populations are low but carefully
managed and stabilizing.

Although only a fraction of their
historic size, today’s oyster pupuluiom
are carcfully managed to maintain
and increase abundance through the

interplay of harvest, oystes disease

mortality, and recruitment. Forta-
nately, oysters in Delaware Bay have
developed some resistance to MSX
disease, which devastated the popula-
tion from 1957 to 1986. However,
Dermo disease has been a persistent
problem since 1990, especially in

the lower bay’s high-salinity warers.
After an unprecedented seven years of
low “recruitment” by juvenile oysters
(ak.a.. spat), 2007 marked a return to
average levels (Fig. 3.3).

Trends

Opyster abundance was nort accurately
assessed before the 19505, bue landings
dara suggest that populations are a
fraction of their historic size in the 19th
and carly 20th centuries. Seed bed dara
indicate that current abundance is 39
percent of the 1953 to 2007 long-term
average and 78 percent of the 1989

to 2007 (short-term) average. While
recruitment in 2007 was 54 percent

of the long-term average, it represents
135 percent of the short-term average
In fact, populations in Upper Delaware
Bay remain relatively robust. There-
fore, it is likely the oyster population
will continue to support commercial
harvests. Oyster population health and
recruitment are presently monitored

av seed beds by Delaware's Depart-
ment of Natural Resources (DNREC)
and Haskin Shellfsh Lab of Rutgers

University (Fig. 3.4).

B

CATEGORY Il =

LIVING RESOURCES

1000 I

700 4 i

] »
804 l } ‘
(
!

500 i M

Mumber per Prashe|

(|
L] . . \
ee ° . * o
FEL . BT N JEN S R
535557 5961 6365 67 69 71 73 75 77 79 81 63 85 §7 89 91 91 95 67 09 }

Fig 3.3 Relative Oyster and
Spat Abundancy 1953-2007
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Actions and Needs

* A more comprehensive
monitoring program to provide
addinonal informartion about
fresh water ow requirements,
along with contnued study of
both oyster biology and food

supplies

* Attenuon should be paid o the
effects of human activity and
climare change on oyster habirar
and life cycle.

= Shell-planting activities are
crucial to maintaining and
enhanc mg the QYSLEr resource

Fig 3.4 Oyster Seed Bed Locations
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B8 Indicator « Horseshoe Crabs - Limulus polyphemus

Indicator Description
Delaware Bay is the principal breeding
location for horseshoe crabs on the
cast coast. More closely related to
spaders than crabs, they have seen
few physical changes in the past 350
million years. The arthropod’s hard,
curved shell defends a soft underbelly
and protects a body able to survive for
up 1o a year without eating. Economi-
cally viable, they are used as bait by
watermen and their blue blood has
important pharmaccurical uses for
testing medications and biomedical
devices. Horseshoe crabs are also the
Suate of Delaware's official marine
animal

The horseshoe crabs greatest
importance, however, is ecological.
Their sheer abundance makes them an
important consumer along the bottom
where they prey on marine worms,

bivalves and other fauna. Their eggs,
deposited on beaches, are a crincal
food source for migrating shorebirds,
1nduding the red knot, listed as a
threatened species by NJ (sec facing
page). Horseshoe crabs also appear to
be an important part of the diet of sea
wriles and many other animals. The
Delaware estuary’s signature commer-
cial and ecological resource is the
horseshoe crab, and the health of this
population is one of our region’s most
important environmental indicators.

Desired Condition

Water quality and habitat conditions
to support horseshoe crab populatons
(BP 1.2, 2.3; CCMP Action H5)

Status
Fair: Breeding popularions are reduced
but show improvement.

Fig 3.5 Adult Horseshioe Spawning (ndex

—a— -

[ErEEr—————

Source. Stale of the Deloware Estuary 2008, PDE
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The horseshoe crab
population appears to be
= stable, but greatly reduced
in number from historic
levels. However, current
populanion levels are not
high enough to support
Il'i[l)”L Ilf\'('l\ 01- Slll)rf’
birds during the spring
stopover. There are indica-
20 tions that management

actions ro limit harvests

combin ViE

reductions in bait use by watermen are
allowing the population to increase.
Because horseshoe crabs are long-lived
and do not reproduce until at least
8-t0-12 years old, it can take a decade
or more for management acnons to
result in a measurable increase in the
spawning population.

Trends

Little data are available for measuring
trends prior to 1990, but the popula-
tion probably declined in the carly
1900s due to overharvest and then
increased through the 1970s. Bait
overharvest led to another decline in
the 1990s, followed by stability and
recovery in the late 1990s and early
2000s. Baywide female spawning
activity has remained stable since
1999, whereas male spawning activity
has significantly increased for the same
period (Fig. 3.5). Since males mature
carlier, this increase in males may
signal an increase in females to come.
New Jersey currendy has a harvest
moratorium; Delaware allows only
limited harvests of males.

Actions and Needs

» Continued monitoring and
management are needed to beneht
horseshoe crab populations.

ron projects

whit homeszho

Fig. 3.6. Almost 30 beaches are included in the
Delaware Bay Horseshoe Crob Spawning Survey,
which is undertaken annually. Radio transmitters aid
in this research by monitoring beaches throughout
the Deloware Boy and signals often overlap. Source:
State of the Delaware Estuary 2008, PDE.

spawning and could potentially
nerease the number of eggs avail-

s
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8 Indicator » Red Knot (Calidris canutus rufa)

Indicator description

"The red knot (Calidris canutus rifay

1s one of many species of migratory
shorebird thar relies on the resources
of the Delaware estuary for rest and
nutriton o complete its spring flight.
Listed as a “Specics of High Concern”
in the US Shorebird Conservation
Plan, the red knot is of special interest
because its survival is linked o the
health of the horseshoe crabs popula-
tions of Delaware Bay. In 1999, NJ
listed the red knot as a “threatened”
species.

Desired Condition

Sufficient habitar and forage for
migrating shorebirds along the
Atlantic flyway to support robust and
diverse populations, (BP 1.2, 2.3;
COMP Action H5).

Status and Trend
‘ery poor: Populations may be

crashing.

The Delaware Estuary is the largest
stop-over for shorcbirds in the Atlantic
flyway and s the second largest staging
sl‘u in North America. Close to a
million migratory shorebirds converge
on the Delaware Bay 1o feed and build

s prior o completing
The red knots are

one Y;:'
l‘n ir m LEIVE T
I lyst know migratory

e ribed by the National

Audubon Society as champion, long-
distance migrants,

Aerial surveys conducred in
Delaware Bay and South America,
along with counts in Canada, show
that shorebird populations, particu-
larly the red knot, have dedined over
the past 30 years (Fig. 3.7). In the
1980s for example, up 1o 100,000 red
knots descended on Delaware Bay,
but in 2006 they numbered less than
13,500. At the current rate of decline,
biologists fear that the red knor could
become extinct by the end of this
dfﬂ&dc.

Factors affecung shore bird survival
include delayed migration, dic-offs
in other parts of their ranges, habitat
suitability, and abundance of food at
critical stopover points. While there
is uncertainty concerning the risk
cach factor is contributing, the most
important factor related 1o Delaware
Bay is food supply, since weight gain
at stopover points affects breeding
success and survival. In the 1990s the
horseshoe crab spawning population
declined due to over-harvesting, which
in turn reduced the Bay's available
cgg supply for migrating shorebirds
Current surface densities of horse-
shoe crab eggs may be insufficient
to ‘ﬂlPr’”[l [Ill recove r)' 1" l"li“l ant
N hlifl']ll\l‘-

In addition 1o harvesting, he

crab popular e adve

CATEGORY Ul = LIVING RESOURCES

Actions and Needs

* Continued vigilance in monitoring
red knot populations and effores ro
increase the abundance of horse-

by sea level rise and coastal develop-
ment, both of which infringe on the
sandy shore environments essenrial for
egg laying. Sce the Horseshoe Crab and
Coastal Wetland Buffer indicarors for
more nformation.

Since 2000, horseshoe crab harvest
restrictions have been imposed, a
sanctuary has been established, and
watermen have reduced their use of
horseshoe crabs as bart. The success

shoe crab breeding populations and
cgg densities

of these measures may take years o
measure. It takes 9 o 12 years for
horseshoe crabs to reach spawning age
and for measurable changes to be seen
in the abundance of eggs for the red
knots in the spring,.

Peak Counts of Red Knots on the Delaware Bay Migratory Stopover
1997 - 2006
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3 7 The number of red inoE&uth u;nulusvwiu) migrafing to the Deloware Bay declined duﬁ:g?heﬂ 3
947 12 2006 Source: State of the Delaware Estuary 2008, PDE
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B Indicator « Louisiana Waterthrush - Seiurus motacilla

¢

Indicator description

The Lousiana waterthrush, Serwerus
maotactlla, is the only obligate
headwarer riparian songbird in the
Delaware River Basin and the castern
United Stawes, It is a biological
indicator both of riparian songbird
population and fresh warer wetland
habitar condition, correlaung o
healthy land and water environ-
ments throughour the Basin. It is

a widespread species with breeding
popularions recorded in nearly all of
the hydrologic regions in the basin
Data are compiled semi-annually

as part of a navonal Breeding Bird
Survey (BBS)

Desired Condition

Robust breeding communities of
songbirds indicating adequate habirar
of suitable quality for forage and
propagauon (B 1.2, 2.3, CCMP
Action HS)

Status
Fair: Very sensitive to pollured waters
and loss of forested riparian habitar.

Ihie status of songbirds generally can
be examined by assessing the breeding
abundance of the Louisiana water-
thrush, which correlates positively
with riparian tree densiry and conti-
nuity. However, breeding success, in
terms of nest density, 1s very closely

tied to the bird's reliance on aquanc
macroinvertebrates. A paired water-
shed study of pristine watersheds

and polluted wartersheds impacted

by acid atmospheric deposition and
abandoned mine drainage in Pennsyl-
vania, more than double the number
of nests per kilometer of streams were
found in unpolluted streams versus
acidified streams with much lower
abundance and diversity of macroin-
vertebrares.

Trend

As of 2002, the abundance of
Louisiana water thrush appears to be
decreasing in much of the Basin (Fig.
3.8). Changes seem to coincide with
development patterns and change.
Decreases are greatest in the more
heavily developed bayshore, estuary
and Schuylkill valley watersheds,
while the less developed reaches of the
southern bayshore and lower central
basin show modest increases.

Actions and Needs

* Maintaining natural vegetative
cover and trec canopy on riparian
headwarers is critical for the
Louisiana waterthrush and many
other riparian specics, including
amphibians and reptiles.

* Mecasurements of riparian
and wetland habicat integrity

——c

would enhance assessment and
reporting

Identification. tracking and assess-
ment of additional species related
1o the water-related habitats of the
basin, especially amphibians, is
recommended

Fig 38 Louisiana Water-
thrush Breeding Survey
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Breeding Survey of
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B Indicator « Bald Fagle - /

Indicater description

The bald cagle (Huliaeetus lew oceph
atus) is the only eapl unique to Noreh
America. Fish are an important food

source for all bald cagles

Desired Condition

Continued protection and « xpansion
of bald cagle ne sting and foraging
habitar, and continued monormg

programs

Status
Cood and generally improving

Bald eagle populations are currently
in good condition in the Delaware
Basin watersheds, Sighungs along the
non-tidal Delaware River have gener
illy increased annually since 1998, In
007, a pair of bald cagles established
a nest near the confluence of the
Schuylkdll and Delaware Rivers at
the Navy Yard in south Philadelphia
which may be the first nesting pair
within the city limits since Colonial
times, Sinee the main diet of the cagles
are fish, 1t s thought that the birds are
Perurning in neses nea the Delawar
Raver in greaver numbers due 1o a
preater abundance of fish and cleaner
watct

1he return of the bald eagle o

basin watersheds is an aston

[Delawar
shing suc ory. Bald ¢ 1‘”[. nests
have increased wpniheantly In 2004

laliaeetus leucocephalus

for cxample, 96 nests were sported in

the basin, up from 44 in 2001

Trend

Ihe Bald Fagle Protection Act of 1940
I\Il!hll‘lll‘(l \llll“[ll]l" ol '”'l( l‘t‘\i\\.'
harming the birds in the US, but this
protection did not prevent damape
from pesucides that harm thein

cpps. By the 19605 only about 400
hreeding pairs of bald cagles remained
in the lower 48 states and they were
declared an endangered species in
1967, The |).Il|l|lll]', ol DT in 1972
and other measures launched an
amazing comeback for eagles, and by
1995 their starus was upgraded from
endangered o thrcatened. Today, with
more than 6,000 breeding pairs, the
US Fisho and Wildlife Service proposes
0 remove cagles from the nation’s
Endangered Species list later in 2007

Actions and Needs

. ( ll]1||“l"1] \l):ll.”l(( o monitor
water quality, especially emerging
contamimants with the clpacity to
disrupt reproduction cycles in living
rcsources

e Contnued monitoring of cagles
and other mammals dependent
on agquatic resources and assoc
aved habitat in order ro determin
;Hl[\‘(| wion healch and protect 1t

from reversals

CATEGORY 111 »

Fig. 39 Poﬁulmlon of Bald Eagle Nesting Pﬁlrs in Delaware River Bas-in :
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Source: Tochnicol Summary of the State of the Delaware River Basin, Water Resources Agency, University of
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Indicater Description

As a premiere sport fish and a top

predator in the aquate food web,
striped bass is economically and

{ \'llll'f‘l( J“’y I|'|1Pflrld”‘ (13} t}l(,‘ l ,(llw.lf('
basin: Striped bass is a large anadro
mous speetes of infish dha live mostly
 the ocean and bay but spawn in
freshwarer, Found lllrnlj,,;hnlll the
tidal Ceosystem from '»P'lllg 1 |.l”.
striped bass are much sought after as
pame fish Weakfish, a smaller inhish
and the state hish of Delaware, show

a more compressed range, spawning

in the lower reac hes of Ih(’ “u}' .nn]
mngrating, nearer offshore. Both species
are important economic and recre
ational Spedics

Desired Condition

Warer quahity and habitat condinions
to support healthy and diverse finfish
llupll,.llmll'n (BP | .". 2.3 CC Ml,
Action HS)

Stotus
Coonnd: Steriped bass restored

Fairs Weak bl declining

Sulwtantiul |m|n1|Ji|uln of C-Ifl')l‘ll
bass indicate o rrue success story in
fishery restoration <redited 1o water
quality rprovements and constraints
(IR AT o bass barvests unil 1998
Water qualiy improvements also

benefned weaklish, whose numbers

AU LN A WOV AN e AN

LIVING RESOURCES

increased and peaked in 1996, A
decline i abundance of both species
in the last decade requires addinional
Investigation,

Trends

Suriped bass were nearly eliminared
from the Delaware estuary by the
19605, Low dissolved oxygen levels

mn ll]l' '(lVL’r fr(.;"('(l a l)drf'l’f lh."
prevented fish from migrating 1o their
spawning grounds. Weakhsh which
generally sty furdher south in the river
were not as aftected by this, although
their population numbers were

also (]L’l)l'("\ﬁk“(‘ A further dramatic
dechine in stripers in the late 19705
led 1o harvest moraroria in 1985-89
followed by harvest restrictions until
1995,

Survival of weakhsh and suiped
bass increased with improved water
quality, and reduced harvesang of
stripers meant that more adulis were

f G W ABA N TR OUT G DN 0

iped bass and Weakfish - Morone saxatilis and Cynoscion regalis

present to spawn. In 1998 the Adantic
States Marine Fisheries Commission
officially declared the striped bass
fishery “restored.”

In contrast, weakhsh populavons
have declined in recent years following
improved abundance berween 1994
and 2002, The decrease may be related
to the increase in striped bass and
perhaps predation of weakfish by
stripers

The age structure of populations as
well as physical vanaoions in tempera-
ture and salinity affect spawning stock.
Entrainment and impingement in
large water intake structures affect

Jarval and juvenile populations and

Fig. 3.10 Mean Weakfish Abundance 1990-2005
Delaware Estuary
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also is a factor in population survival.

Actions and Needs

* A more detailed investigation of
the dynamic interactions among
finfish population would help in
the prediction of future starus and
trends, and may suggest manage-
ment oprions.

e The emergence of an apparent
bortlencck to yearling survival for
striped bass is worthy of investiga-
uon, as is the cumulative impact of
entrainment and impingement on
fish populations.

Delaware Estuary
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B Indicator » Atlantic Sturgeon - Acipenser oxyrhynus
|

* A beuter understanding of the
impacts of human actions on
sturgeon populations and habiat to
inform management strategies.

Indicator Description
The shortnose and Adlantic sturgeon
are long-lived species that spend at

having the largest population of
Adantic sturgeon in the world.
Record harvests and virtual elimina-

least part of their life cycle in the
Delaware Estuary. The shortose is
currently a federal endangered species,
but the Atlantic sturgeon may be even
more imperiled. The Atlantic sturgeon
1s an ancient fish that, when abundant,
can represent an important bottom
consumer in large castern rivers.

Desired Condition
Water qualiry and habitar conditions
to support diverse fish populations

(BP 1.2, 2.3; CCMP Action H5).

Status

Poor and getting worse.

The population of shortnose sturgeon
in the Delaware Estuary currently
appears stable at about 13,000 fish,
despire being listed as an endangesed
species. Today’s numbers of Atlantic
sturgeon, on the other hand, are

estimated to be less than 1,000 and histaric reaches. This, coupled with "
probably less than 100 across the boat strikes and by-catch by large §:
Estuary. The Atlantic sturgeon is on mesh gill nets are thoughr o be ‘ ig
the cn('l.angcrcd species list in Delaware  impeding their recovery. ‘ iF g
and it may be a good candidate for | g¢
federal Ii&jng Actions and Needs : 2 of IJ
= A berter understanding of sturgeon i g =
habirat requircments and improve- A J 1 _ﬂ_ B gy
- a—

Trends
The Delaware estuary was once the

hub of American sturgeon h\ht'r_y,

tion of spawning and nursery habitat,
combined with poor water quality and
low reproduction, likely caused the
population collapse during the late
1800s.

Nearly fished to extinction over
a century ago, they have not yet
rebounded despite increasing manage-
ment attention and harvest restric-
tions. In 1991, a seven-foor size
minimum was adopted, and by 1998
da Conlplelc harvcs[ moratorium was
imposed. As recendy as 1986 an adult
female sturgeon was valued at $3,000
per fish for its caviar.

Scientists have stepped up studies

of sturgeon population dynamics e 2
e
=

and ecology. Telemetry indicates that
sturgeon use main channel habirats;
large alteradions such as dredging may
have changed salinity ahd bottom
habirats causing sturgeon to now
spawn further upstream from their

ments 1n repe il"lll}:

Fig. 3.12 Tracking Locations of Atlantic Sturgen, 2006
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B Indicator « Shad - Albsa sapidissima

&

indicutor

e American shad is the largest
taerth American member of the
beerring family. The shad is an anadro-
mous fiehi that migraces each spring
10 the Dielaware Patuary warershed
1 spawn. Between 1880 and 1590
fishermen in the Delaware Rives
cavght 10 1o 26 million pounds of
shiae anoually. Around 1910, shad
numbers began w decline rapidly,
and populatons were 4o low by 1920
thar shad fishenies were no long a
viable mdustry, Overfishing, dammed
spawning tributaries, and degraded
water qualivy, such as low dissolved
weygen levels, were the pnincipal
factors in the shad’e decline, As a once
alundant fish that travels berween
udal and non-udal areas of the
watershed (Fig. 3.19), shad represent
a valuable indicator of covironmental
conditions in the Delaware Laruary
and Basin

VAHER;

Desired Condition

Water quality and habsar conditions
1o support healthy and diverse hnfish
papulations (BP 1.2, 2.3; CCMP
Action H9),

Status
Fair: Stable since improvements in
dinsolved oxygen and triburary fish

passage, but recent reductions evident,

Todday, the Delaware River supports
a viable commercial and shad

sport fishery, but harvests are small
compated o historic benchmarks,
In 1896 over 14 million pounds of
shad were caught, having a value

of $10 million in 2006. Although
current populations cannot sustain
that Jevel of harvest, the economic
value of today's recreational fishery
is nearing levels reported more than
100 years ago. In 1996, for example,
the economie value of the shad sport

[ Vig. 3 15 Wumber of Juvenita Shad Collectsd slong the Delsware
River 1979 2005
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fishery in the Delaware was estimated
at $3.2 million,

Trends

Onee blocked by a lack of oxygen,
shad now mave more freely through
the tidal freshwater zone during
spawning runs. Sewage facility
upgrades improved water quality and
increased dissolved oxygen, which
helped shad return to the Delaware.
Suill, shad abundance is low, even
compared with numbers from the
19908, Pennsylvania leads the nation
in removing obsolete dams, and fish
ladders are being installed in many
areas of the basin, These efforts have
reopened approximately 165 stream
miles for shad migration,

Actions and Noeds

[ncreases in the shad population in

the Delaware Basin should continue
il water quality and ish passage are
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Fig, 314 Shad Migration Routes

continually maintained or improved
(e.g., by removing dams and installing
fish ladders), Habitat conditions in
spawning reachies of tributaries must
ilso be maintained and monitored.
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& Indicator »

Brook Trout - Salvelinus Sontinalis

Indicator Description

Brook trout (Salvelinus fontinalis)

are the anly trout species native to
streams in the Delaware River Basin.
The brook trout thrives in cold water
streams with heavily forested water-
sheds and low densities of human
population; trout are extremely
sensitive to temperarure increases. As
a once-abundant, native species thar
1s relatively intolerant of degraded
conditions, brook trout represent ideal
biological indicators in the cold water
streams of the Basin, part icularly in
headwarer arcas. It is also a fishery of
\igniﬁcam economic importance for
ccotourism. States often designate
streams in part by their support of
rout pr()pugallull or mamitenance 0‘-
adult populations

Desired Condition

Sustained populations of native fish
species (BP 1.2, 2.3, CCMP* Action
HS).

Status

Poor: Native trout populations have
been extirpated or severely reduced in
most of the basin's watersheds.

Former brook trout habitat has been
virtually eliminated in urban corridors
and greatly reduced in most of the rest

of the basin Temperature flucruations

from poor stormwater management
practices, inadequacy of food sources,
and changes in flow regimes may all
have a role in reducing the extent
and quality of tout habitar. Few
areas remain that can support native
brook trout, except those cold water
streams that remain unaffected by
development.

Trends
While actual brook trout population
darta and trends were not available for
this report, a habitat-based analysis
of theur former and present range
suggests that this native species has
been cither extirpated or severely
reduced across most of its former
range across the basin. Brook trout
populations are in decline because of
changes to water quality and rempera-
rure caused by acid deposition, defor-
estation, and other watershed changes
caused by human development thar
increase sediment loads in spawning
arcas or otherwise impair water quality
and trout habitat. Increasing rempera-
tures and reduction in the timing and
amount of snowmelt related to climare
change may also be a factor

The effeces of continued land use
change in the basin s likely w spur
further declines, although restoration
projects may help brook trout survive
and perhaps even increase in suitable

CATEGORY Il »

areas, such as spring-fed crecks in
headwaters.

Actions and Needs

* Conservarion, restoration and
management atention 1s needed,
particularly in headwater areas, to
safeguard and possibly reclaim the
habirat and water quality necessary

Fig. 3.17 Brook Trout Conditions
in Watersheds

Brook Trout Poputation
B extirbare
B Presem
Present.
but severty reduced
No Data
Neover Occurred
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to sustain nacurally-reproducing
populations of brook trout.

Efforts should be made to improve
the monitoring and reporting of
brook trour populations as harbin-
gers of human-induced environ-
mental degradation and climare
change impacts.
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Invasive Species

Description

wasive species are those introduced from outside of an ecosystem with characteristics that allow them to dominate

al hir Iiversity of species within an invaded area Invasive species can be plants or animals, terrestrial or aquatic
They g antage over native species by their capacity Lo reproduce, grow or expand their range faster than their
native counterparts. A lack of natural predators or diseases often gives invasive species an advantage over local native

ecies. Similarly, changes in temperature. precipitation, flow and chemistry can also exacerbate the establishment
3nd success of invasives, While usually non-native, some native species can become invasive, especially in disturbed

Areas, an exarr

1s poison vy (Toxicodendron radicans) that appears to be spreading and becoming mere virulent in
response to increased atmos

eric carbon dioxide and global warming
vasive species causing the greatest impacts on water resources are directly associated with waterways and their
adjacent riparian landscapes. In terms of potential loss of native &

odiversity and ecological function, riparian zones
are probably the landscape most vulnerable to severe impact by invasive species. As the margin or overlap between
aquatic and terrestrial ecosystems, riparian zones have evolved a natural balance of richness, resilience and complexity
that keeps any single species from becoming overly dominant Invasive species can dangerously affect this balance

Furthermore, a watercourse provides the ideal conduit for the spread of invasive species by water, wind, and animals

Desired Condition

The maintenance of healthy and biologically diver

= riparian and aquatic ecosystems, and the implementation of
invasive species detection and management plans (BP 2.3 E, CCMP Action Hb)

Status

There are very few locations remaining in the Delaware River Basin that are undisturbed or sufficiently resiient to resist

the establishment of invasive species. The Mid-Atlantic Exc est Plant Council currently identifies 275 species of

ve plants in this region The scale of economic and ecol al damage is already significant: estimates of ec olog
Ical damaqge and control costs t $137 billion/year nationwide. Table 3.3 shows a few of the many non-native mvasive
es that are established in or threatening forests, waterways, and riparian areas of the Delaware River Basin
Trends
With increased global rrade, the rate of species introductions in the US is gh (Figure 319). The news 1s not all bad
however as government agencies and other anizations have poured résources inta planning and action. All
Delaware Basin states have invasive species councils, rapid response teams are in action, and velunte e Very active
| NGO tina and control

ster

Actions and Needs

ir

Eurasian water-milloil, Myriophyllum spicatum, infests the

Lehigh ond Lower Deloware Rivers.

Table 3.3 Invasive Species of Concern

Name | Scientific Name
FOREST
Hemiock Woolly Adelges lsugae
Adelgid
Gypsy Moth Lymantria dispar
Chestnut Blight Cryphonectna parasitica

Dutch Eim Disease

Ophiostoma ulmi

AQUATIC

Northern Snakehead

Channa argus

Flathead Catfish

Pylodictus olivarus

Common Carp Cyprinus carpio
Chinese Mitien Crab Enocheir sinensis
Zebra Mussel Dreissena polymorpha
Rusty Crayfish Orconectes rusticus
Asiatic Clam Corbicula fluminea
Rock Snot Didymosphemia geminata
Eurasian Water-Milfoil | Mynophylium spicatum
Curly Pondweed Potamogeton crispus
Water Chestnut Trapa natans
Hydrilla Hydrilia verticillata
Yellow Floating Heart | Nymphoides peltata
RIPARIAN PLANTS
_Japanese Knotweed | Fallopia japonica

Purple Loosestrife

Lythrum salicanum

Poison Hemlock

Conium maculatum

Lesser Celandine

Ranuncuius ficana

Dames Rocket

Hespens matronatis
Persicana perfohata

kPomelalnberry

_Japanese Hops
| Multifiora Rose
Onental Bittersweet
_BumingBush
_Amur Honeysuckle

Reed Canary Grass
Common Reed

|_Princess Tree

IR @ TSRS ST P A T S S 1 1 e e

___ | Humulus japonicus

_{ Euonymus alatus

| Japanese Stiligrass | Microstegium vimineum

fomentosa
_|_Adlanthus altissima i

| Tree-of-Heaven

Ampelopsis brevipedunculata

Rosa multifiora

| Celastrus orbiculatus

|_Lonicera maackii

| Phalans arundinacea

Phragmites australis

Paujownia




greate

priate metrics to track progress would be advantageous

General actions for agencies and Institutions include
Prevention of additional introductions
+ Early detection and eradication of new pestc

= Control and management of established problem species

Protection and recove ry of native species and ecosystems

Improved education of the general public regarding their role ir

invasive speces introduction and contr ol

i (i
Fig. 318 Zebro Mussel Locations. The USGS reports that zebra mussels have
been found in many areas surrounding the Basin. The areas in red on the
map are hydrologic unifs (HUC 8s) where zebra mussels have established

populations, competing with native mussel species. Al this time, the only
zebra mussels in the Deloware River Basin is in Dutch
orth of Bethlehem, PA in Northampton County

T rshed is of greatest risk of zebro muss
pre
ed 1o ony part of the bosin

reported occurrence of
Springs Reservoir just n
The Lehigh R
reservoir i5 |

species 1 not |

ns must be taken to ensure 1
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oL nisk to aquatic and ripanan communities. Establishing appro

CATEGORY 1II o LIVING RESOURCES

To learn more about invasive species:

Pennsylvania Field Guide: Common Invasive Plants in Riparian Areas. Alliance for Chesapeake Boy, Harrisburg PA
2004.
Economic and Ecological Costs Associated with Aquatic Invasive Species by D. Pimentel in Symposium Proceedings:

Aquatic Invaders of the Deloware Estuary, May 20, 2003. Edited by L H Ziska, R C Sicher, K George & J E Mohan. Penn
State University 2007,

America’s Leost Wanted: Alien Species Invasions of U.S. Ecosystems edited by B A Stein and S R Flack. The Nature
Conservancy, Arlington VA 1996.
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Purple loosestrife, Lythrum salicarium, =
might be pretty but it competes with Z
nafive plants for habitat all along the o
Delaware River. —
Y T
Jopanese knotweed (Fallopia joponica) is o large, herbaceous perennial plant, native to
eastern Asia. In the US the species is very successful and has been dassified as invasive
Toleront of a wide range of temperature, soil types, pH and salinity, it readily colonizes
riparian zones and sensitive wetlands, driving oul native species. Its rool system (rhizomes)
con extend neorly 10 feet deep and 23 feet horizontally, making it difficult to eradicate and
possibly exacerbating erosion olong stream banks. Its flowers are valued os o nector source by
some beekeepers, and its young stems are edible 63
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Category IV
Landscape

Today

The activities of man continue to
affect the behavior of warter and the
basin ecology, bur a desire to minimize
thase effects has been embedded in
environmental management programs
for several decades. Water quality
success stories based on regulating
discharges are by now legendary,
illustrated by the return of shad
populations to the Delaware River
Other successes are included in the
tmeline in the Warter Quality section
of this report. Today, the landscape

STATY O THE DELAWARD WIVER WA REPORT 2008

is the nexe frontier in water resource
management.

Landscapes and Water
Resources

Natural landscapes and human altera-
ton of that landscape — measured

as land cover and land use - play a
crucial role in water resource condi-
tion. Human use of land and changes
to its physical stare can be major
factors in the alteration of ecological
processes at both local and global
scales. Many 1f not most physical and

chemical changes in waterway systems
are linked to land use, although

some of the linkages are complex and
difficult ro quanrify. USGS has found
significant relationships between
landscape condition and the health of
aquatic communites (Table 3.1.). The
2003 Final Report of the New Jersey
Compararive Risk Project identified
landscape change as “lying at the heart
of many environmental problems,”
and when compared to an array of
known or perceived threats, land use
change, in the view of the experts,

USGS reports that the total area
of forests and wetlands
has a positive effect on aquatic
invertebrates, while urban area growth,
impervious cover, population density
and total point source flow (discharges

to waterways)

often has a negative effect.

“produced by a wide margin the
largest negative ecological and socio-
economic impacts” including: habitat
loss and fragmentation; permanent
ccosystem destruction; increases in
stormwater flows and Hooding; skewed
employment parterns and property
values detnimental to older communi-
ties; rraffic congestion; and public
health impacrs. (Final Report of the
NJ Comparartive Risk Project, March
2003, pp 17-18),

1790 1832 18N 1880s 1908 1909 1920
John Fiteh's 15t Opening ol Philodaiphio's City Shi Steel for Vst
suecesshul steamboat the Delowore Hofl - world's mollest bulrding mws ;'i‘rsiwigqm s I
ration connadts BPA} ondl mnsonry Srtin o magor produced ot Rokmoriad population
!P I'O‘llﬂhlﬂ and R (Ni‘ vl dgrgest myodeoed industry in Bethlgham rholmol 4 million
ranton (anu) +Hullding i thi busin PA nm
ey g e il oS S S




Historic Land Use

The pre-industrial basin landscape
was predominantly woods and
wetlands, with expanses of farmland
and nodes of human setdement.
Decades of development and harvesting
resulted in filled wetdands and a decrease
of forests, so that by 1930, forests and
wetlands had been reduced to 32% and
3% of the landscape, respectively.

Conservation efforts, shift in raw
material needs for production and
betrer understanding of the services that
wetlands and forests provide have ro
some extent reversed the old trends. By
the mid-1990s forested land had nearly
doubled from its 1930 level, basin land
in agricultural use had been reduced by
more than half, and wetlands had
slightly increased. The National
Wetland Inventory Status and Trends
report attributes recent increases to the
creation of ponds which do not provide
the same function as vegetated wetlands.

Between 1930 and 1996, urbanized
land nearly quintupled from 3% of the
basin to 14%o.

1930s 1940

D&R canal usad to Delowore

carty dnnking water Canal becomes
por! of me

tram the Delowore
‘ t neads of

PA Siate Pork

Landscape Change

Assessing changes to the landscape
—how we use and manage it, how
much remains in a “natural” state—is
a requisite for setting baselines for
comparison, for identifying watersheds
or areas of immediate concern, and for
anticipating effects on water resources.
Unfortunartely, while we possess the
technical abiliry ro interpret dara from
satellite and aerial images, the financial
ability and political will to do this at
geographic scales and reference periods
that would be most appropriate for
water resource management has been
inadequate. An explanation of the
issues related to compiling informa-
tion for this Report accompanies an
assessment of needs and recommenda-
tions at the end of this section.

Reporting

Indicators of landscape condition
included in this report are:

e Population change

* Population density

» Land use 2001

» Land use change 1995-2001

1954-55 1972

Zero oxygen
conditions from
shore fo shore for
20 miles of the
Deloware River

launched 1o Penemle
muliispectral
use ond land cover

US space station provides 1s!
land use imagery. Landsaf |

imoge of land

* Land consumption

* Natural landscapes: forests,
wetlands and wetland buffers

A feature on Natural Capital, the

cconomic value of ecological goods

and services, completes this section.

1980 1993 1995 2000
Superfund EPA orders US Bethlehem Basin
(CERCLA) Steel to dean Steel dloses populotion
enated by up contoming- after 100 nears 7.8
Congress tion af Fairless years of iron million
Hills PA making
; SRR SR T XA

Examples of Uses/
Activitles included in
catego

Land Use
Category*

Alvetrdypes &
(ot dfforersicme) | |

i..nl_uutun 1896-2001.
Categones were combined into five mmjor types 1o extract a coarse change
analysis for the basin.

e Flashmess means higher peak ninaff and shorter poriods of peak discharge.
Y Nominal d within range of cal scouran

‘

Toble 4 1 Potential Impodts of Lond Use on Water Resources
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CATEGORY IV o [ ANDSCAPE

BB Indicator » Population Growth and Distribution

[ Not Roted

Indicator Description
Population growth is an indictor of
potential stress on water resources
and natural landscapes. People create
demand for water and wastewater
provision, buildings, roadways, and
parking, all of which increase the
potential for impairments to water
quality and aquatic resources.

For this report US Census tracts
were aligned with 236 watershed units
for analysis, and the watersheds aggre-
gated into the basin reporting regions.
Results are also reported by political
units, e.g., counties and municipali-
Lies.

Desired Condition
Accommodare growth while
protecting and enhancing water
resources (BP 3.4, CCMP Acrions
L1-18).

Status
Basin population grew 6% between

1990 and 2000.

‘The population of the basin was

7.76 million in 2000, an increase of
436,354 (6%) over 1990. There was
greater growth in the first half of the
decade than the latter half (Table

4.2). Basin population is expected to
approach 9 million by 2030 (Fig. 4.1).
Far comparison, the 2000 populations
of New York City and the State of
New Jersey were 8.0 and 8.4 million,
respectively.

Population is unevenly distributed
across the basin (Fig. 4.2). The vast
majority (78%) of residents live in
the Lower Region and nearly half (3.7

Table 4.2 POPULATION CHANGE

ot

Poputation (millions)
B

Year

STATE OF THE DILAWARE BIVER B REPORT 25

Fig. 4.1 Delaware River Basin Population

| —— Popuiation |

1820 1940 1480 1960 2000 2020

66 Fig. 4.1 By 2030 the Basin population s ex;;edad fo nppwu_h 9 millor

Population | Change
1890 7,322,320 |
1985 7,591,690 269.370
2000 7.758 675 166,984
Total Increase 436,354
P
Prqeclad

MONROE
COUNTY

Fig. 4.2 Percent Change in Total Population 1990-2000
Municipalities

]
DRBC HUC 11
Watersheds
Upper
Central
Lower
Bay

PIKE COUNTY

Gain 800 <
US. change 13.2% I e

| 8010131
Basin change 6.0% =
Porter Twp 00wse
No Change
Lehman Twp. | 99w -0t
Loss * 100

Source: US Census Bureau, 2000




million) reside in the Upper Estuary

watersheds which include the greater

Philadelphia metropolitan area
Population growth also has an

uneven pattern. Not surprisingly,

the Lower region still accounts for
most of the increase, but the Central

Region, especially the Upper Central

Warersheds, experienced a significant

increase, accounting for 30% of the

basin’s population growth. See Figures

4.3 and 4.4.

Across the 236 warersheds:

* The greatest population increase
occurred in the Neshaminy Creek
PA watershed which added more
than 23,000 new residents berween
1990 and 2000. The Christina
River watershed (Lower Escuary)
ranked second, adding just over
20,000 in the same time period.

* The greatest percentage increases
occurred in the Upper Central
region, where the 600 square mile

Lackawaxen warershed added
10,000 new residents, a 25%
increase (Fig. 4.5).

* Pike and Monroe Counties, strad-
dling the divide between the Upper
and the Central regions, are the
fastest growing counties in Pennsyl-
vania. Not surprisingly, watersheds
that include Pike and Monroe
counties accounted for 77% of the
population increase in the water-
sheds of the Central and Upper
regions.

* Eight of the ten most densely
developed watersheds, located in
the Philadelphia metropolitan area,
lost a combined total of more than
66,000 people between 1990 and
2000.

Trends

In the eighty years between 1920 and

2000, the population of the Delaware
River Basin has nearly doubled. While

population continues 1o increase in
general across the basin, older commu-
nities, most notably the Ciry of
Philadelphia, continue to experience
population loss. And while established
arcas—portions of the Schuylkill
watershed, for example—continue

to grow, new development is making
inroads into areas once sparsely
developed, such as the Lackawaxen
watershed (Fig. 4.6 and 4.7).

Recent population estimartes for
2006 show a continued decline in
Philadelphia, as well as in Schuylkill
County PA, Delaware County NY,
and Cape May County NJ. The
reasons for the decline in each of these
areas vary significantly.

Continued increases are evident
in the Central (Pocono) region: Pike
and Monroe counties in PA, Sussex in
NJ. With the exception of Cape May
County NJ, areas within the Bayshore
Region are also developing rapidly as

LANDSCAPE

CATEGORY IV e

indicated by substantial increases in
the Delaware counties of Kent and
Sussex, and Cumberland Councy NJ.

In summary, some sparsely devel-
oped watersheds are undergoing
substantial growth and some estab-
lished urban areas are being slowly
abandoned. This trend has substan-
tial implications for water resource
management, including landscape
alteration, construction and mainte-
nance of new infrastructure systems,
and abandonment or inefficient use of
existing infrastructure.

Fig. 4.5 Population Distribution & Change

s Popuiation 1890 = Popuiation 2000

a0y
as &

Fig. 4 6 Recent Population Change
Selected Counties ~ Upper and Central Reglons

| Population 2000 @ % Change 2000-2006 |

Fig 4.7 Recent Population Change
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CATEGORY IV ¢ LANDSCAPI

B Indicator « Population Density
2! : No! Rated

Indicator Description
Population density 1s an indicator of
potenual stress on water resources and
natural landscapes and can be used
as a surrogate for impervious cover,
which has emerged as an important
indicator of potenual water qualiry
impairment. Studies have correlated
population density and impervious
road area with negarive impacts to
water quality, fish and aquatic inverte-
brate communities, algac and changes
to stream How.

However, while density can indicate
a potenual for harm, in most instances
building communities in compact
form is more desirable than spreading
lower density development and road
networks throughout a watershed or
region.

Desired Condition
Accommodate growth while
protecting and enhancing warter
resources (BP 3.4, CCMP Actions
L1-18)

Status

Density continues to increase in the
basin, and averages 603 people/sq.
mile.

In 2000, the average basin densiry
was G03 persons per square mile (p/
mi’) or about 1 person/acre. Popula-
ton density varies dramatically across
the Basin and among watersheds (Fig.

TE OF THL DELAWARL ASIN BEPORT 2008

Fig. 4.8 Population Density

People per square mile
by municipality

4.8). Population density
in the Upper and Central
regions is about 204

People per square mile
by DRB HUC 11 watershed

p/mi*, while the Estuary
density approaches 1,050
p/mi*. The US census
classifies densities greater
than 1,000 p/mi- as
urban.

Area of high
population

growth, Pike
and Monroe
Counties

Generally, density is
lowest in the uppermost
watersheds of the Basin
(ranging from 30 to 100
p/mi’), increasing with
proximity to the River and
its confluence with major Central
tributaries. After peaking
at the greater Philadelphia
metropolitan arca (>2,000
p/mi®), density decreases
again in the more
southern watersheds of the
Lower and Bay regions.

Headwater streams
are especially vulnerable
to impacts. Historically,
these areas have remained
sparsely developed due
to distance from other
population centers, poor
accessibility and problem-
atic terrain. In the last
decade, high housing costs
within and beyond the
basin have fucled a sharp

mncrease (l‘> new hOU\IHf_L




and seasonal home conversions in
the headwaters of the Upper Central
and Lackawaxen watersheds on the
Appalachian platcau. Compare the
relative increase in population with
population densiry for municipalities
in Pike and Monroe (PA) counties in
the inserts in Figures 4.2 and 4.8.

Differences in development
patterns and population changes
within watershed units can be seen by
comparing the municipal and water-
shed density maps

Trends

As pnpulalum is increasing, demll_\

is also generally increasing. The

gr(‘llt‘\[ pL‘rCL‘I]LLgC 1INCIeasc was in

the Lackawaxen (25%). the Upper

Cenrral (18%) and the Lower Estuary

watersheds (13%). However, some

warersheds, especially those with older

urban communiues, lost population.
For example, the ten most denscly

—— —
Fig. 4.9 Average Basin Density
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populated wartersheds are located in the

Upper Estuary around Philadelphia
Berween 1990 and 2000, cight of these
lost Pt)puhtmn, in those watersheds
alone population declined by nearly
60,000 which may indicate an aging
population and reducuon in houschold
size. Population losses can also indicate
abandonment of existing housing and
eventual disuse of the existing capaciry
of support infrastructure such as
transportation, water supply and waste
treatment systems.

During the same decade, slighdy
more than 63,000 people were added
to the population of the watersheds in
the Upper Central region—including
areas of Pike and Monroe County
PA—where developed land increased
by more than 80,000 acres ar the rate
of -1.3 ac/person. More than 74,000
acres of forested watershed land
was (Ul'l\'fl'l'(’d f()r dC\l'I\!pn]Cl]l Jnd

agnculrure

Actions and Needs

Atrention to where and how

we develop could gready aid in
prcvcn[ing or |Imlung anJll\«C
effects on water resources. More
densely developed communi-

uies offer many cultural, health
and economic benehits, and the
downside of imperviousness can be
offsct by smarter development and
land management.

CATEGORY IV o JANDSCAPE

Learn about LID ot hitp-//www.

lowimpaddevelopment.org/

* Improving stormwater management
practices—to capture rain warer
onsite and to climinate combining
storm How with sanitary sewer
Hows—and Jddlll}_’ vegeranon to
cityscapes can mitigate many of
the negative impacts of existing
communiries on Water resources
New development can be designed
and built to meet Low Impact
Design (LID) standards.

There is a critical need to understand the relationship between land cover and
water guality and guantsty. and population growth and development within

People per Square Mile

2000

ol
R 4 )

the Del: River hed.
-Delaware River Wartershed Source Water Prorection Plan
Philadelphia Warer Department (PWSID#1510001)
June 2007
[ -Flg, 411 Density cmng-m-zooo
| = 2500 el
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| 150§ :
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el g
8 500 r - ©
‘ § 0 .—.—.__E g
= CPC N e 3
y L

= Derwily 1950 W Densty 2000 % Change

WARE RIVER B BT 200

LANDSCAPE

69




AV DISANY 1

CATEGORY IV »  TANDSCAPE

B Indicator » Land Use 2001

Not Rated

T

indicator Description

Land use plays a crucial role in water
resource condition. The alreration

of the landscape for human use can
be a major factor in the alteration

of ecological processes art local and
global scales. Most physical and
chemical changes to waterway systems
are linked to land use and landscape
change, although many of those links
are complex and therefore difhcult

to evaluate and quanufy. Potential
impacts to water resources are shown
in Table 4.1

Desired Condition

Maintenance of the integrity and
funcuon of high value warer resource
landscapes and habitat for species
diversity (BP Goal 3.2, CCMP
Actions L1-18).

Status

As of 2001, 55% of the basin
landscape was dominated by forest
cover, 26% was in agricultural use,
and developed land accounted for
nearly 15% (Fig. 4.12).

Wetlands, a crucial landscape for
water resources and biodiversiry,
are represented as only 4% of the
landscape. This figure may under-
represent the full extent of wedands
across the basin, especially isolared
wetlands or wetland systems under
forest canopy which are abundant

SFATE OF THE DELAWARE JAVER BASIN REFORT 2008

in the watersheds of the Upper and
Central Regions, but counted as forest
in this assessment. Tidal wetlands, a
dominant feature of the coastal fringes
of watersheds in the Lower and Bay
Regions, are more accurarely captured.

Land use differs remarkably among
the watersheds of the basin (Fig. 4.13).
In the Upper and Central Region
watersheds, forest cover dominates.
The watersheds of the Lower Region
have a higher percentage of developed
land, while agriculture and wetlands
are the more dominant features of the
Bay Region.

Development has historically
occurred at niver confluence points,
and the development at the confluence
of the Lehigh (1V3) and the Schuylkill
(SV3, UE1) with the Delaware River
are very visible on Figure 4.14.

The concentration of human
development and uses, such as ports
and industry. in the Lower Region
watersheds is related to water qualiry
problems in this portion of the River.
See the umeline in the Water Quality

Fig. 4 12 Basin Land Use 2001

54.8%

8% l
0.4%

28.0% 14.5%

|
|
|

1 8 Deweioped 0 Agricultare @ Forest @ Wellsnds/Water @ Bare ‘

The 2003 Final Report of the New Jersey Comparative
Risk Project identified land use change as
lying at the heart of many environmental prob/{mx,
producing by a wide margin the largest negative
ecological and social impacts.

Fig 413 Watershed Land Use 200)

2001 Land Use by Watershed

Square Miles
g &8 8

1004
0
N
L)
e

EI Bar}en o Weila'ndsﬁvster list;bped a] l@rwsul\ure | Forest

Watersheds
Upper Region EW-East & West Branch, LW - Lackovexen, NM« Neversink & Mongoup
Central Region UC-Upper Central watersheds. LV-Lehigh Valley, LC- Lower Central
Lower Region  SV-Schuylkill Volley, UE-Upper Estuary, LE - Lower Estuary
‘ Bay Region  DB1-Boy watersheds in DE; DBZ-Bay wafersheds in NJ

Fig. 4.13. There is an obvious land use gradient farm upstream to downstream through the watershed
Forested lund decreases and ogricultural and landscapes generally increase from north to south
Develaped land is concentrated in the watersheds of the Lower Region. The relotive dominance of the
can i witionds in the Bay Region is also visible




section of this report for an historical
pt‘rspcdh‘(‘.

Trends

Based on a land use change analyss
from NOAA’s Center for Coastal
Services, about 70 square miles of
basin land was developed berween
1996 and 2001. The change analysis
also revealed a 48 square mile loss of
torested land and 18 square mile loss
of agriculwural land. The wetlands and
water category lost about 3.5 sq mile.
Table 4.3 shows the change in acres
and square miles.

“The conversion of landscapes to
development occurred at a rate of 25
to 35 acres per day, or an average of
132 foorball fields cach week. Figure
4.15 illustrates landscape conversion as
a daily average.

Naturally, land use change has not
occurred uniformly across the basin
Between 1996 an 2001, more devel-
opment occurred in the wartcrsheds
of the Lehigh and Cenrral regions

than in other watersheds. The high
loss of torested land in the Lehigh is
especially noteworthy (Fig 4.16).
Although forested lands have
mncreased since the 1930s, recent data
show a decline in forested landscapes

as well as wetlands. A more detailed
assessment of changes to these
landscape types follows, but improved
mapping and assessment of changes to
these landscape types follows

CATIGORY IV o [ANDSCAPE

Actions and Needs

¢ Mare refined landscape assessments,
preferably orthophoto, should be
coordinated tor the basin on a time
frame coinaident with the decadal
and mid-decade census

Fig. 4.14 Map of Basin Land Use 2001
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Tabie 4.3 Landscape Change 1996-2001

Change in | Change
Sq Mi in Acres
70 75 45,283
-1841 | -11.781
3 st 1 -48.29 | -30,909
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uoa NOAA Center for Coastal Services
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Fig 4 16 Regional Land Use Change 1998-2001
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CATIGORY IV o LANDSCADRE

B Indicator + Land Consumption

T 4

Land Consumption

Ihe amount of land thar is devel-
oped per person s a measure of land
use efficiency. An increase in land
uﬂ)ﬂ.lmpllnn |nlhl..|b;\ |h.ir more acres
of land are betng developed or alered
for ench additional person

Desired Cendition

A decreasing or stabilized rare of land
;]L\L‘|l|]1r(] per capia and ]‘\lnlc\ tion of
I-”ld‘:l_.ll’l.“ NCCessary (O waier resources
through efforts to redevelop areas with
exssting infrastructure (B Goal 3.4,
COMP Acuon 1L16)

Status
Poor: Per capiza amount of land being

(h'\ l’!\l[‘:‘l.l 1S 1 £'.I\ll)\L".

Lo 1995, the population of the basin
was 7.591.690 and developed land
covered approxamately 1,790 square
miles or 1.44 million acres. On a per
capiza basis. cach person represented
0.151 acres of developed land. In
2001, this per capins figure had risen
to 0,153 acres. Although apparently
small, it indicates that the rate of land
conversion in relation to changes in
population has increased even within a
very short S-year ame frame

In 1995 the cumulative resulr of
histonic land development was 0.151
acres of developed land per person
Berween 1995 and 2000, the basin’s

population increased by 166,980
people. Developed land iereased

by necarly 71 square mules (45,280
acres) in roughly the same nime period
(1996-2001), The land consump-
tion ratio for this five year period was
0.271 acres per person, nearly double
the historic average (Fig. 4 17).

Trend

While coarse, this analysis is revealing:
we are developing land at a far greater
rate than we have historically The
proliferation of large-lot subdivisions
—large homes on several acres—bear
wirness to this trend.

Rising fuel and construction costs,
however, may act as the economic
brakes that turn this trend around.
[-ftorts 1o redevelop housing in
urban arcas, where social and culrural
amenities, utilities and transporta-
tion nerworks are well established, are
underway in many cities, fucled by
changing demographics and demand

Actions and Needs

*  Analysis of land consumption
requires accurate informaton about
land use and population change
in representative time periods
(V Llll'(n[‘\. census ‘H"ld IJnd use
darta are not collected within the
same time periods and questions of
accuracy in both data sews confound
use of the data ar smaller scales

 Understanding how we use land is

essential for increasing our efhcient

How big is

use of the landscape and for 43,560 square feet = 1 acre

protecung the landscape funcrions

640 acres = 1 square mile
1.32 acres = 1 football field

that support water resources.
Addional efforts to link landscape
use and change 1o resource condi-

tion and to idenufy performance
standards for land use management
are necessary for comprehensive

waltcr resource I‘f(l[(.‘ﬂ.ll()n

Berween 1996 and 2002,
land was developed at an average rate of about 19
foorball fields per day.

Nearly 70% of all land conversion took place on

previously forested landscapes.

Acres of developed
landiperson in 1995

[ Fig. 4.17 Developed Land per Person
=
® o2
2 02
‘ 8o ¥ Acres of new
g: CRE development/person
| & ous} 1995-2000
| < |
|

amant of land 1 oceurring ot nearly twice the historic ratio




8 Indicator - Dams

Indicater Description
Dams are structures buile 1CTOSS 2
Water course to impede the flow of
water. Historically, dams were built

to impound water for irrigation and
drinking warer supply, for power
production, and fo create recreational
lakes and ponds. These struciures pose
some harm to ccosystems by ¢ wising
genetic isolation among, sub-popula-
tons of resident aquanic life, contrib
uting 1o anoxic (de-oxygenared)
&.()ndl“ﬂ"\ Jnd ”lhll\]“n;‘ (hl.‘ !nlghb
tion of spawning fish.

Desired Condition

Restoration of fish access to spawning
grounds and ecological connectiviry
within tributary streams and rivers.
Maintaining and enhancing stream
flows and ecological health and diver

SILY arg primary gn.xls for basin waters

(BP Goal 1.2; CCMP Action H5.7))

Status

Poor: 1550 dams remain on triburtaries
of the Delaware, blocking fish passage

and disrupting the narural hydrology.

The Delaware River is the longest un-
dammed river cast of the Mississippi
bur approximately 1,550 tributary
(L“‘“ H‘?!" \l\ stream TI(Y\'\ ,”I(l f]'ﬁh
passag Al but a few hundred of these
d.l”l T

old and many have exceeded their

built since 1900, Most are

design life, adding concerns about
public safery 1o those of ccosystern
health

]l 15 hk‘k()lnl”‘[; 4 common l"rh rce
to install fish passages to aid the
movement ()( |“|f_’,’n§|llf) hs]l llp
and down stream. Since 1991, the
construction of fish ladders has opened
up approximately 165 miles of streams
in the Lower and Bay Regions o fish
migration (PDE 2008). Unfortunarcly,
figures on the total number of stream
miles opened to fish passage across the

basin are not readily available.

Trend
There 1s growing interest in dam
removal for both ccological and
public safery benefirs. Several
advocacy groups are leading efforrs
for fish passage construction and dam
removal. Pennsylvantia reports to be
leading the nation in dam removal.
Ihe Narural Resources Conservation
Service (NRCS) is acrively involved
in dam evaluation and removal in the
basin

Dam removal 1s not without
controversy. Dams caprure sediment
which frequently harbors legacy
pollutants from upstream farming
and industrial actavity. Disturby

and disposing of these sediments adds
some ccological nsk and consider
able financial costs 1o dam removal

projects Re-establishing natural

stream L(’[f[d()[ L(TlTLI"IUn\»—
including flow, Aood plan
lll”Lrl()” -]nLI \\';»_"( ranon—can

be a complicated undertaking

Actions and Needs

* Accurate informarion about
dams and the potential for
I'(‘”lk’(!h\“\&' acuons, \l]Lh as
l('ui\lhlll(V “()l d.l”l [(l)lll\.]l
or for the installation of
fish
LUT[(IHLIL(I "N!“i(()ﬂng Jn(]
reporting of this indicator

adders, 1s necessary for

Identification and priori-
uzation of restoration
projects on a wartershed
basis could increase
efficiency in planning
projects and sccuring

resources

e While the establishment

of fish passage is a sound
indicator for fish migration,
it is only one measure of the
health of aquatic communi
ties. Additional indicarors
tor aquatc and nparian
community health and for
stream corridor integriry
and function should be

dev L'[l)lu'k[

CATEGORY IV = [ANDSCAI

Anadromous fish such as shad and sturgeon live
in the ocean and return 1o the fresh water of
their birth fo spawn.

Catadromous fish, notably the American eel,
spend most of their lives in fresh water and
migrate fo the sea fo breed.

F»g]ﬁ Current location of dams within the basin compared
to the location of dams built before 1900 (inset) showing their
proliferation in the 20t century

LANDSCAPE
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CATEGORY IV = LANDSCAPI

B Indicator « Forests

Indicator Description
Forested landscapes are those with a
high percentage of tree canopy and
an absence of agriculture and devel-
opment, Forested land is of prime
importance to warter resources, playing
an imporant role in temperature
moderation, nutrient transfer, oxygen
generation, maintenance of soil health,
and prorection of natural hydrology
Vegerated riparian corridors,
especially forested edges of headwater
STreaAms, are IMpOortant (o water
resource L]\llll“‘y (]ﬂ(l -lllll;l[l( €COsys-
tems. For example, forested corri-
dors significantly reduce nirogen,
phosphorus and sediment loadings o
streams in proportion to their width;
100 foot stream buffers can reduce
loadings by 80%-90%.

Desired Condition
Maintenance of forested landscapes of

value to water resources

and wildlife (Bl 3.2; The rate of forest loss in the Delaware basin
CCMP Actions L4,L6). exceeds 12 foothall fields per day.
Status One football field-sized

Fair: The basin is losing swath of forest Is dleared every 2 hours.

forested land important
Lo water resources.

While sull the predominant land cover
in the basin, forested land decreased
by nearly 50 square miles between
1996 and 2001. Forest was lost in
('Vtry r!:gl()n OF [l]c bﬂ\ln. bu[ [h(‘
greatest loss was in the Central Region
(Fig. 4.19) where the Lehigh Valley
and Delaware drainage watersheds of
Pennsylvania arc undergoing substan-
tial population growth.

Of the 6,263 square miles
remaining, approximately 782 (11%)
are protected under state or federal
()\‘\’HL‘[&IIIP, i.(‘., P.ll'[ U‘ FC\JL’[".[I ;lnd

state forests, forest preserves

and gamelands (Fig. 4.21).

Fig 4 19 Changa in Ferested Land 1896-2001

Forested land accounts for
88% of state and federal

e ol T landholdings in these

| ] glo | categories,

| 0 i
} g e { Trend
" £ .ob | As a result of re-growth

Z . following decades of nmber
| harvesting and clearing of
1 =i | land for agriculture, the
1 e . amount of forested land

O VI DEL i FA AN KLPORT 2008

Fig. 4.20 Map of Basin Forests
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increased between the 1930s and the

mid-1990s. More recent informa

von, however, shows that forested

landscapes are being lost at the rate

of more than 6,000 acres per year, In

more graphic terms, that s in excess of

12 football helds per day or about one

1.32 acre football field every 2 hours
As additional forest is converted

tor deve |ulrn:un or cultivation, the

’l' rcent l!'\ fil }Vll)l‘(|'1l llll\l \\l“

increase even though no additional

Land is bemg preserved. Other

methods of protection such as

casements, land trusts and forest

management plans, can be effective

micans of ensuring the landscape

Ihe extem

funcuion of forested land

of such privat elboris s not a counted
foor tn this assessment

| Water Research Center

that tull

Lo

eatim toration o

6263sqmi

riparian forest bufters would signifi-
«Jll(l\ IC({\IK ¢ stream Pi)”ll“l”\ I(‘\'L‘I\
even without changes to point and
non-point discharges, and the PA
Campaign for Clean Water has
recommended that all streams be
atforded a minimum 100 foot forested
buffer. New Jersey recendy improved
protection of high quality streams

by increasing re ynhml\ control of

disturbance within 150 feet

Actions and Needs

e Forest stus, including the extent
wd function of forested land by
region, should be assessed and
reported on a regular basis, prefer
ibly synchronized o census and

development mlormation

« Assesstents of vparian buflers

should include active river areas

" Fig. 4.21 Forested Land 2001
Unprotected
Forest

|
|

Forest Loss |
1996-2001 |
47 sgqmi ‘

Forest [

Protected

T82s8q mi

—inclusive of all
lands within which

A TIVET INteracts in
dynamic processes—
and be incorporated
into future condition

status reports

* lmprove the
l"J"Pln‘L", ASSCSS
ment »ll\k] rac l\l'\‘\'\ of

forested wetlands

CATEGORY IV o [ANDSCAPY

Fig. 4.22, Map of Basin Wetlands
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B Indicator « Wetlands

|

Indicator Description

Wetlands are lands that attain a
sufficient degree of saturation to affect
sotl chenustry and maintain a special-
ized assemblage of wedand-related
plant species. The value of wedlands is
substandal. Their unigue biogeochem-
ical properties filter sediments and
pollutants from runoff, and process
carbon and nitrogen. During storms.
wetlands buffer the effects of wind and
precipitation, a function especially
|nll}UT[Jn[ mn Ilp.lrlklll dlld L().]\[Lll
areas for flood and erosion protec-
von. Wetlands also furnish essential
spawning, foraging, and nesting
habirat for finfish and shellfish, birds,
and other wildlife, including those
important to local economies,

Desired Condition
[here is a federal policy to attain “no
net loss” of wetlands and wetland

function. State and federal programs
are in place o protect wedands (BP
Goal 3.2, CCMP Actions H4, H7).

Status

Fair: Rate of loss has slowed, but
continues. Assessments of functional
integrity are needed.

The NOAA assessment of changes to
land cover berween 1996 and 2001
(NOAA 2008) shows approximately
3.5 square miles (2,300 acres) of
wetland loss. While the net change for
the basin was small. chese changes are
concentrated principally in five water-
sheds: the headwaters of the Lehigh
(IV1), the Pennsylvania watersheds of
the Central Region (UC1), the New
Jersey and Delaware watersheds of the
Lower Region (UE2, LE2) and the
watersheds of the Bayshore Region
(DB1, DB2). Not surprisingly, these

same areas also

l i ' i
| Upper Region Central
|§ < | Region
F
|2
L oom
3
T
I
| o B2 S o)

Regions

" Fig 4.23 Change In Wetlands 1996-2001

experienced
signihicant
| population
| increases in
| the last decade
| ranging from
[ 13% to 50%
.Ilh{ JH more w|4m"
TWice Ill:’ I! 151N

ol (

tidal wetlands showed a loss, excepr
the Lower Estuary watersheds of New
lersey (LE3). Marsh restoration etforts,
undertaken in the past decade to offset
ecological impacrs of power genera-
tion, may be responsible for the small
increase in thar area

In spite of protection and restora-
ton efforts, de minimus changes are
accumulating into measurable losses of
wetland landscapes.

Trends

The extent and integrity of wetlands in
the Delaware River basin and estuary
has been under human assault for over
300 years, In the estuary perhaps 50
percent of the natural marshes have
been lost to development, conversion,
or degradation. Losses have been most
severe in the urban corridor where
perhaps only five percent of pre-
sertlement of freshwater tidal marsh
remains.

In 2005 New Jerscy reported that
the annual rate of wetland conversion
appears 1o have \lu\\'rd since the state
Freshwater Werlands laws went into
effect in 1988; the loss berween 1995
and 2000, based on satellite imagery
and aeral photography. is half of that

n from 1986 to 1995 (New Jersey’s
Environment 2005 Trends, NJDEP)
oo livde information on wetlands

VL lable to determine

1 he rare of change 15

R LIMBECK, DRBC

Tannersvilla Bog located olong Cranberry Creek,
Monroe County PA, is the southernmost low-altitude
boreal bog in the eastern US

progressing across the basin, and less
is known about the degree of impair-
ment to wetland funcuons, Wedlands
remain vulnerable ro both human
landscape conversion and, in the case
of ndal wetlands, to changes in sea
level

Actions and Needs

* Coordinated monitoring and
dassessment P'Ogr.]ni\ arc n()L'de o
track the extent and condirion of
fresh water and udal wetlands on a
regular basis.

* Additional atwention should be paid
10 freshwarer wetlands in forested
areas, which are poorly mapped
since they are often hidden under
forest canopy

New Jersey’s Environment
2005: Trends is available at

http://www.state.nj.us/dep/dst/
trends2005/.
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Feature « Landscape

Va]uing Natura_l ]_,a_ndscapes Total Ecosystem Service Value
by 11 Digit Watershed
for New Jersey Based on
“A and C List” Studies

Ecosystem Servioe Value
Flows in Constam 2004 Dollars

Natural Capital Project

In 2002, the New Jersey Department of Environmental Protection (NJDEP) began a multi-year study of S 7% 000007 | %0.000.000
@ somon 7000000
@D 00001 10000000

components of the natural environment provide Icmt;; term streams of benefits to indwaiduals and 10 society @ 5100000001 150,000,000

7,00 - 3% 000,000

the economic value of the state’s "natural capital” The project is based on the recognition that the various

- - . -y . A2 - " - v w )i 1l i ), (M
as a whaole and can therefore be viewed as capital assets or, in the aggreqgate, as ‘natural capital S AN -0
e @D 500006001 600,000,000
o e @ s60M0.001 2600000000
Many of the benefits provided by natural capital come from ecological systems (ecosystems) such as = Maor Highvways oasten
- Mg Citien
forests, wetlands, and lakes, and include both goods (products) and services provided by both bictic (lving) i

ystems, and abiotic (non-living) systems, Goods are tangible commodities such as mineral deposits, fish
and nmber Services are process-related outcomes, such as climate regulation, nutrient cycling and crop
pallination See tables for examples of the types of ecosystem goods and services that the New Jersey team

onsidered during the valuation process ' GARIR SVOY

The goods and services of natural capital provide economic value to us as individuals and as a society

i e Asantie ity
The on-going benefits are usually expressed in terms of dollars per year; as with any capital asset, the value oo —
of natural capital equals the present value of the related benefit stream In derving estimates for those B Ly o e

salues, the study used several approaches, including value transfer, hedonic analysis, spatial modeling, and i W
market value analysis. The full reports is available from NJDEP at www: state njus/dep/dst/naturalcap/ it
t oy et w
Lo 11 Ageatin
Results
4.25. i
As economic assets, ecosystems provide substantial benefits over time Values are Fig 4.25. NJ Wotershed Ecosystem Service Value

reported in 2004 dollars Table 4.4 Present Value 2004 of New Jersey's Natural Capital (excluding ecotourism)
« New Jersey's ecosyste sets are worth at least S ithon per year in goods and
New Jersey's ecosystem assets are wol ast 526 Billion per year in goods and Ecosystam Aroa NATURAL GOODS & SERVICES
service: ‘ (Acres) SMM/yr $laciyr PV $Bn PV $lac
. Present value of these New Jersey resources 1s estimated to be ar least $850 billion Freshwater wetland’ 814.479 59612 $11.802 $3204 $393.384
. inaeneral areas containing wetlands, estuaries, tidal bays, and beaches have the Marne iR 36,860 38 510 203 $283.087
in general, areas contaning anc s L & Farmiand 673464 §4.242 6,229 S1414 209 982
hiahest ecosystem service values on a per acre basis Forest land” 1,465 668 $2.512 $1.714 $83 7 $57 136
. Different spatial patterns of land use affect ecosystem service levels; Landscape Sutwster wetisnd ol B 1184 $5,.280 538 $208 973
b T v e Barren land 51.796 $587 $11.337 $169 6 $377 A93)
: modeling shows that the size and location of ecosystems relative to each other Urban' 1.483.496 $439 $296 S14 6 $9,869
signihicantly affects therr level of ecoservice production, For example, forest sted Beach/duna 7 B37 $330 $42 149 $110 $1 404 969
] alllly @ = ‘ 7 Open fresh water 86,232 $145 $1.686 $4 8 $56 208
close 1o an estuary zone contribute more (o estuary water quality than forests Ripanan buffér 15,146 $53 $3,500 $18 $116 881
| A further away. For the water quality index, the difference can be as large
cated further away e w juality : Tots v Avg 5,544,173 §25,664 $4 630 $855.4 $154.317
40)%

% T agiad frest i
R \,.v‘“‘]“ the overall total h,j'u’-l| QoK ,‘j- in the ‘lg:l,;r,fni,,{.‘ have an economi li y ad freshwater wellands

; : Entbins 1 epastal shell
aver $1 billion annually and a present value in the tens of billio fr F
78 +  Estimating su rainable harvest Or extraction levels for gooas i NBIOT G : e i
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and the amount of natural goods provided is subject to change as land use patterns, climate, and other

factors change in response to societal land use decisions and wider environmental trends such as global
warming

Actions and Needs

With the release of the natural capital report in April of 2007, the NJ project entered a second phase
focusing on disseminating the report’s findings as widely as possible and developing ways to help state and
local officials, planners, and citizen groups use the study’s findings when making decisions on master plans,
zaning, and permitting Economic analyses such

as those described above should not be the sole
criterion for environmental protection, but such
analyses can shed light on the trade-offs we face in
making land use decisions and can suggest which
land use alternatives will result in the most favor-

Delaware River Basin ~ Forest Capital
Present Value of Forests: $258 B
Lost Forest Capital (1995-2001): $ 1.7 B

able outcomes for society as a whole

The Delaware River Basin is blessed with visually breathtaking and functionally valuable natural resources
While significant gaps exist in the valuation literature, it is clear that natural systems have substantial
-';'w_.;sr\om‘!( value and maintenance of these systems in a healthy functioning state can help avoid costly
expenditures on artificial replacements such as water treatment plants and flood control infrastructure

Applying the present value of gaods and services denved from the NJ study to the landscapes of the
basin vields a coarse estimate of the value of its goods and services. For example, In 2001 forests covered
over 7,000 square miles of the basin and, at a present value of $57,136 per acre, were worth nearly $258
>r 1995 and 2001, the basin lost 47 square miles of forest with a natural capital value of $17

billion Betwee
billion 1in goods and services This s a very conservative estimate since It does not include an economic
valuation of several services that forests provide; including long-term carbon storage, damperiing of |
tormwater runoff and peak stream flows, and the removal of pollutants such as carbon monoxide, sulfur
and nitrogen dioxides, ozone, and particulates from the air. Including such services could conservatively add

1 - - deditic [ C M 1€ e value of the basin's forests
more than 56,000 1o the value of an acre or an additional $36 9 billion to the value of the basin's fore

cover the services of landscapes found in the basin, especially those

Delaware River and Bay, would eive a fuller picture of

o] analyses o fully

d by the basin at large, such as the

that are shaf : ‘
| lue of th ysins natural capital. Valuing owr natural resource base is 2 o
e econ e > ¥
t function, and (o preserving those fur

: ’ ons that PaCt BCOosysiem }
IMProVing GeCisions

| Clet
sl

CATEGORY [V e

Fig. 4.26 NJ Land Cover
Land Cover Typology

for New Jersey

Inset area
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Examples of Ecosystem Goods and Services

Ecosystem Services
* Water quality

Ecosystem Goods
* Farm products, * Climate

fiber regulation = Nutrient cycling
and food + Soil creation * Recreational

+ Commercial fish + Habitat and aesthetic

¢ Raw water * Flood experiences

+ Sow timbar mitigation  » Other functions

¢ Fuel wood * Pollination that would

= Game animals, = Air quality require money
to replace

STAVE OF THL DELAWARE RIVER BA

LANDSCAPE

TSR TS AT R e e N A A ST RYTOEET R R ) R e O T s g



) 8 AHVININAS

SNOLIVANTIWIWO

80

Summary of Conditions and Recommendations

The State of the Basin Report 2008
offers a view of the condition of the
waters and landscapes of the Delaware
River Basin. Based on available
informarion, it serves as a benchmark
ol current conditions, as a companion
to the 1981 Level B Study, and as a
point of reference for gauging progress
towards the goals of the 2004 Warer
Resources Plan for the Delaware River
Basn. In accordance with the 2001
Commission directive, condition
reporting should be repeated in 5-year
cyveles following this initial 2008
baseline report.

An indicaror is a measure of condi-
tion; an environmental indicator
1s a measure, value or statistic cthar
provides an approximate gauge of the
state of the environment and may
help to evaluate the effectiveness of an
Cl]\r”ﬂnmfn[ﬂ] manag(:mcnt program
or P(TIIC}'

In all, 37 indicators representing
hvdrology, water quality, living
resources and landscape conditions
have been reviewed in this report.
Pertinent data, trend analysis,
qualitauve information, and profes-
sional judgment were broughr to
bear to assign graphic and narrative
representation of condition for each
individual indicator. Three landscape
indicators—land use, population and
population density—were reported,
but not classified or rated. Although

STATE OF THF BELAWART RIVER BASIN REFOKT 2008

of supreme importance as stressors
or causes of changes 1o water-related
resources, they are essential statements
of fact that do not warrant a raring.
To summarize each assessment, a
simple categorical measure of condi-
iiUﬂ was US(’d; C:J.Ch indiLa(OT wds
assigned a rating of Good, Fair or Poor.
The results are shown b)-‘ indicaror
category in Table S.1.

Table S.1
Condition Summary by Category
Category Good | Fair | Poor
Hydrology 4 2 |
Water Quahity 3 5 2
Living Resources 2 S 5
Landscape 0 b 3
Toral 9 14 11

Summary of Water Resource
Status: Fair

Based on overall ratings of 34 of the
37 indicators, the condition of the
basin’s water-related resources is Fair.
Variauon exists within and among
the indicaror categories, and suggests
where additional effort should be
focused.

Hydrology. Hydrologic indica-

tors are overall in good shape. We
are meeting the How targets thar

are the foci of management efforts,
meeting human demand for warer,
using resources with some degree of
etficiency, and making headway in

water use and protection, and working

to improve flood losses. The potential
for increased climatic variation may
challenge adaptive management efforts
in the future.

Water Quality. Metrics indicate that
water quality overall is Fair. Dissolved
oxygen, nutrients and clarity appear
to be good and generally meeting
criteria in the wibutaries and the river
mainstem. However, toxics remain

a problem. Lack of criteria for some
parameters make evaluation problem-
atic, and deficiencies in monitoring
hinder robust assessments of others,
especially DO and nutrients.

Living Resources. This category
includes species of concern thar are
affected by changes in warer qualicy
and hydrology, e.g.. the “endpoints”
of changing biological, chemical and
physical condirions in waterways and
water-related landscapes. The overall
condition assessment for this category
is Fair with a signihicant number

of indicators having a Poer rating.
Selection of additional indicators may
be advised for subsequent reports 1o
include additional species that are of
cco?ogical Or economic importance.

Landscapes. Indicators in the
landscape category include factors thar
contribure to impacts in the other

three carepon fmprovements in data

quality, availability and tmeliness are
essential for improved reporting. The
funcrional linkages between landscape
change and orther indicators are not
always well quanafied nor well repre-
sented through indicators. Additional
metrics to help bridge this gap should

be considered for the next report.

Summary of Issues and
Recommendations

Several issues related to indicartor selec-
tion, monitoring and assessment were
identified during the development of
this Report.

Monitoring Needs.

Gaps in the approach to basin-wide
monitoring and assessment are
evident and an excellent summary
can be found in the Final Report

of the Delaware River Basin
National Warter Quality Monitoring
Network Pilor Study prepared in
February 2008.and available at:
http:/facwi.gov/monitoring/ network/
pilots/NWQMN-DRB-Pilot_
Final%20Report_02-07-08.pdf

Several items specifically related to
monitoring and reporting are summa-
rized below.

* Enhance continuous monitoring
of water quality. Contnuous
monitoring of some water quality

parameters—particularly DO, pH




and temperature—is necessary for
accurate condition assessment. DO,
our most fundamental indicator
of water body condition is most
appropriately assessed this way,
since intermittent samples do not
capture diurnal changes, especially
pre-dawn sags in DO concentra-
tions. Spot measurements may
lead to a false sense that criteria are
being mert, even when they are not.

Link monitoring to water quality
concerns and criteria. Fach param-
cter of concern should be reviewed
to determine its appropriate
monitoring frequency. Intermit-
tent data sers were available for
several metals and compounds of
interest, but breaks in data, changes
or differences in detection capabili-
ties. or differences in the specific
chemical form of the parameter

of concern rendered the data sets
unusable. Some parameters should
be monitored routinely, while
others may be monitored once
every several years to determine that
u;m'rnuurmns remain below that
of concern. Coordination is neces-
sary to ensure that agencies monitor
within similar time frames and for

similar chemical forms.

Enhance capacity for landscape
change analysis. Land use/land

SRS A DM T T L L T AT TGS S e e —

cover data were among the most
problematic to obtain and use since
no single intra-basin organization
coordinares or assembles timely
land use and land cover data tor the
entire basin, USGS National Land
Cover Data (NLCD) is inappro-
priately coarse for delineation and
assessment of land use change at
any intra-regional (watershed) scale.
and the change product comparing
1992 and 2001 (2008) contained
too many discrepancies with state
photogrammetric-based assessments
to be used with any confidence.
The change product from NOAA's
Coastal Services Cenrer (2008)
comparing 1996 and 2001 is

used for this report even though

it only covers five years of change,
and omits a small but important
portion of the basin in the fast-
developing Appalachian platcau
region. Note that both data provide
less than up-to-date informarion.
Furthermore, state photogram-
metric data sets lack sufficient
conformity to join and analyze.
There is a significant gap that needs
to be filled for adequate landscape

change assessment.

Link landscape and population
assessment. Landscape change
and population reporting should
be synchronized to provide a more

robust assessment of development
patterns and potential impacts to
WAaler resources.

Increase data accessibility and
mapping capability. While signifi-
cant progress has been made to
improve the rerrieval of water dara,
some water-availability dara still
reside on local management systems
that are difficult or impossible 1o
obtain clectronically. Monitoring
and assessment dara should include
a geographic coding to allow them
to be spatally represented.

Indicator Selection. Indicaror
selection was primarily based on dara
availability and complereness. As a
result several indicators originally
identified as desirable, including
many metals, were not included.
Additional indicators should be
considered for future reporting.

Evaluate water quality and
hydrologic indicators. The use of
addiuonal chemical or flow indicators
may be advisable. Temperature and
pH are two additional indicatars 1o
consider. Coordination of state dara

collection would greatly enhance

tributary evaluanon For example
variations in the torm of nurogen
collected (NO2, NO) NS TRND
| parison

* Appraise indicators for relevancy
to management goals. Program-
matic goals and objectives of the
Warter Resources Plan for the
Delaware River Basin (Basin Plan)
and the Comprehensive Conserva-
tion Management Plan (CCMP)
for the Delaware Estuary should be
reviewed o inform the selection of
additional appropriate indicators.

A reductionist approach—decon-
SCructing a system into its component
parts and assessing each individu-
ally—may be an efhcient means of
reporting metrics, but, as the US
General Services Administration
acknowledged in Sustainable Develop-
ment and Society (2004), the reduc-
tionist approach is inconsistent with
the concept and principles of sustain-
abilicy.

While the 2008 State of the Basin
report has laid a foundation. many
improvements ar¢ needed to enable
an assessment of the basin system

as a sum of inter-related parts and
functions. The challenge for the
subsequent State of the Basin report
(2013) will be o select. appraise, and
reassemble information on the health
and function of the systems thar
contribute to the overall well being of
the Delaware River Basin

TATE OF T HI DELAWARE RIVER A UV LY
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) Indicator

Rating

Present Condition / Trend

Recommendations

Giood. stable

Concentrations lngh compared 1o other systems, but harmful
eflects not evident

Establish critenia to protect aguatic hife

Dissolved Oxygen

Good: stable
DRBC and state DO standards being met, upper basin DO 15
better than lower basin

Continuous monitonng of DO needed throughout basin

Good

Improve monitoring of suspended solids: add wrbidity probes to automatic monitors

f o Improve reservorr and stormwater management
| it O Flow targel mamntained 95% of the ume . I-'vgiumc instreamn flow needs lor River and estuary ;
o Salt Line Location O Very goad, fluctustions within scceptable range o Investigate effects of other chlorde sources and sea leve) nse scenarios
SL Drinking water intakes effectively protected o Manage for chimate change impacts
S Water Use Fan ; i
":{_lfl'rc-;cnry ‘ ! Per capita use ranges from 90 to 190 gal per capita per day » Improve reportng and utilize conservation technologies
| Weler il o :;:(r:\dan needs being met, instream needs being studied * More information needed on agneultural demand and instream i
§ Water Supply o Good, stable » Employ conjunctive use and expand source water protection for sustainable supply
_2._‘ Sources Multiple potable supply sources available in many arcas o [ivaluate and exccute long term supply allematives
31 Areas of Ground ‘ Faur, stabilizing with conjunctive use e Continue conjunctive use and demand management
Water Stress = New problem areas dentified * Assess cffectiveness of SEPA-GWPA program
Flood Damage . Poor; increasing repetiive claims in recent years * Improve floodplain mapping and management
e kvaluate potential climate change impacts.
Fair; stable
Nutrients ‘
O
O

Dissolved copper below but near water quality critena

Water Clarity Naturally wrbid estuary: non-udal river generally clear except o Define relationship among nutrients, water clarity and phytoplankton and sediment
afler storm events. budgets
Copper ‘1 Faur ¢ Addinonal monitoring / modeling required to improve assessment, especially Rrver

Zone 5

Fish Consumption

Poor
Advisones for at least one species on many inbutanes and
River for mercury and/or PCBs

Implement TMDL s for targeted toxics
Monitor additional toxic compounds in water and fish ussue; idenufy sources

Toxics: Pesticides

Fair

Presence throughout basin, esp. historic agricultural use areas,
atrazine concentrations below dnnking water standard

® Regular sampling protocols needed

Additonal research needed to determine effects levels and set critenia for pesticides

Category 11: Water Quality

Poor, possibly improving

- e =~ o0

Quality Trends

O

Good. stable i Upper & Central watersheds: some declines in
Lower and Bay watersheds

T oxics: PCBs PCBS persist in water, seditmioris snd flak Gieue, eap. in the tids) | ® Conunue momtoring, source )dentification and removal, Revise and implement
river/estuary. ok

! rof .

BL:ZEK:IMM s Faiy * Assessment information should include chemical, physical and biological conditions

Tnhl’ftarws i 37% of assessed tributary miles do not suppon designated uses e Standardize cartographic representation

Tributary Water

Consider addimonal or different constituents for next repon

Delaware River

designation

(DO, N, P, TSS) ¢ Cniteria needed for Nitrogen and Total Suspended Sediment
Suport of o Add data collection fur missing reaches
pp(l o ' .
. con : poor to good . i o
Deaignated Uise: ‘_} Fair ditions range from r o g depending on use e Review current quahity critena for DO

Investigale nutrients, temperature, pH
Restore impaired walers
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udicator
Penthi
Muscromy ertebntes

Freshwitey
Mussels

Olystery

Horseshoe Crabs

Hed knom

Lowsiang
Woterthrush
Iald Lagle

r_:_:.a 1Sany

Wenkfish

:..::u

O.. COOD
Al regions show mipicls
Very poor 3 TR

Musre than 75% have special conservation status due 1o habitst
and winter gquality degradation

q 12 ® - roor

NR - Not Rated

Present ( .===:.._._ \ .z...:_

Fair, conditions ringe from poor 1o very E_E_

Pour, recent trend positive
Fapulations are low but weed beds ore heing carelully managed

Finr, reduced brecding populations are mproving
g densities affect shore birds

o Standardize reporting indices

o Comprehensive monitonng

Recommendations

¢ Additional data collection

o Proactive momtoring to il data gaps
e Improve coordination between rescarchers and water managers

o Copunue restoration eflors
o [ stablish flow needs

e Continue / ymprove management to re-bwild populations

Very poo _z_?__:__::_. may be crushing
Vaulnerable to losy of food source and climate impacty

s Contmue moratorium/Timitations on horseshoe crab harvest

Fasr

Sensitive 1o polluted waters and loss of Torested riparian habital |

Good, generally impraving

o More data necded 1o determine trends
e Additional ubligate nipanan species (e g, amphibians ) indicators needed

o Continue momionng of cagles and increase monntoring ol water quality, especially
emerging contaminants

..::.._ _,......:.2_ _.E_ ..:__:__G uncenain

e Feological studies to determine dynamic interactioms with weakfish and other species

Fair, recent dechnes

* [cological studies of predation & dynamic interaction with other species, especially
Striped Baws

>__u=_: ...:::2_:

Poor. declining

o Study sturgeon population dynamies and continue moratona and other protections

ook Trout

Population Growth
and Distribution

Papulation Density

Land Use 2001

Fawr, nmproved with 10 and fish pussage, but recent declines
e idenn

* Monitor habitat conditions i spaw ning arcas
o Maintam good water quality and fish passage

Poor

o Data on status and trends needed
s Conservation, restoration, and flow management actions needed

Population r:.:ﬁf.n,_ or severely 1 reduced in many watersheds

Sithoiiont bt ek ANt e

Wasin populanion 7.8 milhon, ap 6% (1990-2000)

- —

S———————

Dasin mSﬁin i 607 i

| o Employ technologies and LID techniques to minimize effects on waler resources

Developed arca increased by 71 in 8 years il expense of
forest s agricultural Land

x..:&ﬂ. trom <1010 2,000 ?3_

o Synchronize land use and population change assessments

o Track population & land use change simultaneously
o Fmploy techmgues to mitigate impact of density on water resources

o [mprove basin-wide monitoring of land use ¢change, increase freguency and
synchronize with census

Land Consumption

Dasnis

Ca

Forests

Wetlands

“Tidal Wetland
Buflers

State of the Basin

i, decrensing by size ol 1 foothall field every two hours

integriy necded

PPoor; Per capira rate of developed land has mereased

Poor
1550 tributary dams disrupt natural hydrology and fish passage

48 o of lorest lost in 5 youry

P
| asses occurnng at o slower rate: assessment of functional

e ———— e ———————————]

“Poor m U pper Pstuary
Fair in Lower Pstuary und Bay regions

Fani

o Curreot and accurate data on population, land cover. and development trends for more

efficient use of lund and water resources

o Montoring needed betore snd afier dam removal 1o detect effects

e Inventory and priortization for restoration

« Mare accurate estimates of forested landsc apes are needed o protect water resources

& Forests need 10 be protected 1o sustain waler resources

* Improve mapping of forested wetlands

o Coordinate monitormg & assessment to track extent and condition of freshwater and
tidal wetlands

o Analysis peeded to arget areas for protection and restoration

« linhance momioring, evaluavon and reporiing CApacity

» Apply integrated sustaionbiliny principles and metrics
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[llustrations

TABLES 1.18 Observed Precipitation Above Trenton - 23 38 Louisiana Warterthrush Breeding Survey . 56
L1 BaseHow Values © o cwiiais o .9 1.19  Changing Face of Winter 24 39  Bald Eagle Nesting Pairs 1990-2006. . . 57
1.2 WawrUseFacts . . .. ... 6 1.20 Mean Sea Level Trend, Lewes DE . 24 310 Mean Weakfish Abundance1990-2005 . 58
1.3 Repetitive Claims 1878-2008 . 22 1.21 Shoreline Change 1890-2001 . . . . . . 25 301 Seriped Bass Harvest 1990-2005. . . . . 58
2.1 Awrazine & Metolachlor Concentrations. 39 1.22 Migrating Summer Climate . . . ., . 25 312 Adantic Srurgeon Tracking Locations 59
2.2 Unattaining 303(d) Listed Streams . 42 1.23 Infrastructure Vulnerabilicy . . . . . . 16 3.13 Annual Catch of Adanric Sturgeon , . . 59
2.3 Trends in Tributary Water Qualiry. 43 3.14 Shad Migraton Routes . . . - 60
24 2008 Integrating Listing: River . . 44 2.1 Nutrient Concentrations by River Mile . 31 3.15 Juvenile Shad Collected l‘)")»lO(h . 60
3.1 Facrors Related to Aquaric Impairments.. 48 2.2 Delaware Estuary Nutrient Trends. . . . 31 3.16 Shad Monitoring on the Lehigh River. . 60
32  Freshwater Mussel Status . . . . . . .. 52 2.3 Nurtrient Monitoring Sites. . . . . . . . 3] 3.17 Brook Trout Condidons. . . . . . . . . 61
3.3 Invasive Species of Concern . . . . . . . 62 24 Dissolved Oxygen Trend ac Phila. . . . . 32 3.18 Zebra Mussel Locations . . . . . 63
4.1 Potential Impacts of Land Use . . . . . 65 25 DO Violation Days 1970-2007 . . . . . 33
4.2 TPopulation Change 1990-2000 . 66 2.6 DO Condition ar Selected Stavons . . . 33 4.1 BasinPopulation . . . .« .cws vee 66
4.3 Landscape Change 1996-2001 ] 2.7 Suspended Solids Profile. . . . . . . .. 34 4.2 Percent Change in Population . . .66
4.4 Present Value of NJ's Narural Capital . . 78 2.8 Turbidity Profile., . . . o v by oy w0 34 4.3 Basin Populaton by Region 2000 . . 66
S.1 Summary by Indicator Category. . . . . 80 29 Chlorophyll-aProfile . . .. .. .. ., 34 4.4 Region Contributions to Pop. Change. . 66
5.2 Indicator Rating 2008 . . .. ..... 82 2,10 Dissalved Copper Concentrations. . . . 36 4.5  Regional Population Change . . . . . . 67
2.11 Copper Monitoring Sites . . . . 36 4.6 Upper & Central Region County Pop. . 67
FIGURES 2.12 Fish Consumption Advisories : A7 47  Lower & Bay Region County Pop. .67
A.l  Map of Warershed Regions . . . . . ... 6 2,13 Avvazing Dewodons . . oo nie vl 38 4.8 PopulationDensity . . o\ . v v i s 68
A2 Statc Percentages, . . . . .. .. 7 214 Mewolachlor Detections . . . . . .. 18 4.9 Average Basin Density 1990 and 2000. . 69
A3 Location of Watersheds . . . .. .. .. 7 215 PCB Sources 0o ) (s, it 8 40 4.10 Regional Pop. Density. . . . . ... .. 69
1.1 Hydrmlogic Proviness . . v 50 w0 i 8 2.16 DelTwiP Site Status . . . . . . . . . .41 4.11 Density Change 1990-2000 by Region . 69
1.2 Basin Reservoirs . o . .« v 0 o0 on 11 2.17 PCBs Concentrations in Fish Tissue. . . 41 4.12 BasinLand Use 2001 . ., . . . . .70
1.3 Mean Annual Flow at Trenton. . . . . . 12 2.18 303(d) Listed Streams . . ., . . . ... 42 4,13 Land Use by Warershed . . . . . . . . . 70
1.4 Trenton Flow Duration Curve 13 2.19 Tributary Water Quality Stations . . . . 43 4.14 Map of Basin Land Use 2001 . |
1.5  Annual Rainfall Above Trenton . . . . . 13 2.20 Designated Use Support: River & Bay. . 45 4.15 Land Use Change per Day 1996-2001 . 71
1.6 Historic Salt Line Locations . . . . . . . 14 221 PBDEin Amencan Eel . . . . . ..., 46 4.16 Regronal Land Use Change 1996-2001 . 71
1.7 Annual Sal Line Locatien, . . ... .. 14 222 PBDE in Delaware Estuary Fish. | . . . 46 4.17 Developed Land per Capira . . . 72
1.8 Regional Per Capita Water Use . . . 15 2.23 Pharmaceuticals & PCPs . . . . .. .. 47 4 18 Tributary Dams . . . i
1.9 Regional Consumptive Water Use, . . . 15 224 PFCsin the Tidal River . . . . . AR v 419 Change in Forested Land I‘)‘)()-‘()ﬂ] 74
[.10 Daily Withdrawals. . , ... . ... ... 16 4.20 Map of Basin Forest 2001 e ok AT
1.11 Regional Water Withdrawals . . . . . . 17 3.1 Assessments of Biological Condition. . . 50 4.21 Forest Loss and Protecred Land . . . | . 75
1.12 Sources of Potable Supply . . . . .. . I8 3.2 Presence of Freshwater Mussels . . . . . 52 4.22 Map of Basin Wetands . . L LTS
1.13 Sole Source Aquifers. . e 3.3 Opyster & Spat Abundance. . . . . 53 4,23 Change in Werlands 1996 2001 .
1.14 Areas of Ground Warter Stress . . . . . . 20 34 Opysier Seed Bed Locavons . . . .. 53 4.24 Werland Buffers- Available Land. . ., 77
1.15 SEPA-GWPA Wichdrawal Limits . . . 21 3.5  Adul Horseshoe Crab Spawning Index 54 4.25 NI Eensystem Service Value | 7
1.16 NJ Critical Area 2 Observation Well, . . 21 3.6 Horseshoe Crab Spawning Beaches - . 54 i.25 Present Yalue of NT's Nasural Capical +8
1.17 Repetinve Loss Properties . . . . . . . 22 3.7  Peak Counts of Red Knuoes e ; i M Land Cov i s
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