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M essage from the Executive Director 

<=t:;1ie water ru,our "5 of the Delaware River Bas111 are v11:al to the long term heal.;h of our cit1u:ns 
ana the stab111ty of our ec.1nomy These resources supply our drir.kmg watu support our 1r,,j1;stnes. 
tran,,port our products. provide hab,tat to a wide array of living resources and contribuu to overall 
quality of l.fe Maru;igemert of th!"<:>e resources is a co,,.,plex ta5k rv.Jl~mg al levels ot t1over'lmert 
public-private partnerships, and a multitude of laws. regulations, and compet,ng ,rterests 

f'olicy makers and citizens alike often ask me ,f the health o+ the system ,s "getting betu.r." My 
answer 1s boc:h "Yes" an_d ~No" While we have made great strides ,n water quality ,mprovement, we st, 
have a long way to qo ,n many respects To truly ae,sesc:; ,ssues of ecosystem health and sustainable 
use, we need to answer a ser,es of questions spanning multiple dimensions of resource management. 
Examples Include 

How clev,n are the water resources of r;he Delaware R,ver. ,ts tributaries and Bay? 

Do we have enough wat;er for drmk,ng and commerce? Is it safe t-o drink? 

Are our i,,.,at;ero "sw,mmabler 

/\re. fish abundant; and c;ate to eat? How are other living resources faring? 

Is cnt,cal hab,r;at bemg proteceed? 

Are years of management and stewardship y,etdmg q0od re"'ults? 

Are we prepared to meet the issues we m,qht face in thr futu~? 

Respond,ng to t-hese questions requ,res environmental managers to set goals for the protection 
and improvement of resources, to eff1c,ently assess ,ssuez, and uends. and to monitor the success 
of implemented manaqement <:>trateg,er-all of which reqwre h1gh·qual1ty data. scientific 1nformat1on. 
and an effective feedback system. You can't manage what you don't measure 

This State of the Basin Report 2008 1s designed to serve as a benchmark of current conditions 
and "' point of reference for gauging progress toward management goal!:>. It al~ provides a platforr>1 
fo1 Measuring and report111g future rrogress in water resource management-, and a guide for adJu5t.1n<.3 
monitoring and assessment programs. Finally, It 1s intended to communicate our understanding of 
the health of the Basin, to increase public involvement 1n Delaware River Basin and Est.vary Program 
act1v1tieS, and t.J build consensu5 on a broad array of actions that can be taken to continue ro 
improve watrr qu.:i11ty, ..,ater availability. and enhance the living resourcee of the Delav..are River Basin. 

~ 
Carol R. Collier 
December 2008 
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Introduction 

111e B,1sin - -n1en and Now 

rm-_,, • 1hr -tt11·11u·, <'[ m,m ,w.,1(1 ,1}J~ct ii'f' ln-l.v,·1u1· uf 11"'1.-r ilnd r.-'1log_1 

•f 11-e Hlilli~1y R1t-rr R.1,i11 . 1hr fsrunry t1111f l1.iv ""''f' (.,,.,, d,rdg~ rv 

.)rn1mm11d:uui«p<rdmji ,h1p1, cl1m·bv,1lttm1g ri'f' 1ul1/pn,m: dl'rd._tr •p1J1I J,.,, 
ixf~ ,(r/'('5.rMI"" /111,.f,u11d, pm·iow['i am,/,11,/,, 11 a,wpr flood ~11.-r. prop~ /,n,'l' 

•mlal 1a./;t,y, ,.,,rpl,r, QffoJ! U'o/TN' at'f prwdu'l:lfr 1ruulrq11.m: W..JJtr prvdu, n 
I,.,,,., It«,, ,li.,,J,,1rgrri mt() r/,r (f1't.Jm r-,,,,.,,, ll'ilhout ~trrd t,, dfri"t 01111qi..1tJ, 

hcbttJII; 11w,l, of dir 1,•,1tmf..-J lJrul H..•f /,_,1; brm mpJ1/ird I') ,1gr1ntlrr,rr 11nd 

"-'Nm:::.m,111, llh,·m,.rr. ,i,, r1Y1do11. ,ur[.llt' nmo.JJ. 11,ul the dth,,u, b.zl,in.-, 

i>rNPttN /.md ,l'ld uvt:rr l!J t6r rirm, b,m and m,m/,er; m,yor gr-oH,ui 11'QtM 

rr,,.n,oi,-. lw,v brrn pu,npf'd w " p111m u•h(T(' 11•.:rrr ,ww ,llou" f'Y.'"• ri.rJ:r,'t' 

,mvm, '" riv aq11,ji-r i11•trlld Qf.fr;•m r/,,. ,u,,;,frr ttJ rl•r .'1rt'tl1't,, ,m,I ,u,J;'1.-i-

1tom~ mrn,oif} l1tTf'!r bu,, <r•11Jtn11 It'd flt iWl.•<n-'t' 1.·,m•r Jurmg rn,vd, 11f /t1[!1 

•w./i•r ttktt.,r Jurm,( prrW4.> o/ Jowjww m mMt 1J.,· t'T'l"r' 1nrrr,1.,111i ,t:m,md., 
fl(m.t11 

'l he l\rwl Rrr<>n ,i• f'n,,n>runrnl.l) lmr,i,, ' t.11r11,~111 
,111h, 1 .. ,.., fl , ,uJ 1\1,,· 1%1 

D,Uw .1rr R,\tt Jl.um l ,l"'r'nrn1~-.J\lt\ 

How clean are tho water reeaurcee of the Dolawaro Rlvt:r. 
rte t.rft>utarfee and f3tl:/I 

Do Wtl have enough water for drlnklne and for wmmerc.ti7 

la It eafc tc drink? 

Are our waun, ·sw1mmal:M? 

Are fleh a!,undant and eafo tc est,7 

How are other llvl~ reoource& farlng7 

le crttlcal habitat t:,elnc protectedf 
Aro our ye,in, of managoment and atewan:l.~hlp yleldtna 

good re9ulte7 

Are we preparea tc mciot the l~uo6 we might fsce 
In the future? 

\ t JIIIII~ Ill l'l~ (, J Lt1mr 1<·hn1,1 \C' ,1u1.h \\ , l~ 

u 1nJu, 1,'\.I i., 1du 111h .tnJ f\ w l\~ \\Jll.:r r,·,,,ur,c 
pr.1h(,,111, 111 thl ll.1 ,111 I lie 1, ,ulung / r,,! R 
\J ~- n ,,,uN in I •lt, I h, 1hc I )d,1\\ arr R11n H.1,rn 

( ,1n11n1,\lnn (l >Rl~t l /\·p1>11 c:d 1hr fmding, ut th.it 

'lt1d1, mduJ ,ng n ,nuru: u1nJ 111on, incl 1< , 0m111u1 
d.u1w1, lor tl'hlll,lf:C<n,·nt \ mu 1hc 11 n 1.n1, l"\.<.d 

kn, , p 1.,1lli1cJ ,iud1r , h.n ,· he,11 puhl1,hN ,,n .1 

, Jrt<' t\ nt " .iter n',our, t· l"lll~. hu1 1ht ln·r/ 8 '-rudy 
n·111 un, thl l.i,r , o n1pn. h t>m1,·e ,1".:'-,mc-111 o l the 
l\,1,111 rnduJ1n~ \\ Jtn ,ul'l'h \\ J t t' r qualm .inJ 
H,1\\ m .tn,\~tll l<'lll l"ll" puhlt,hcJ ,n 1m, \ ()luni- . 

so..so•.an. r" r" 1n• 

rm rm 
,-r'lllp 

o.lo,nn&tbnomed n.~ ... ,~ Till' Oeiioroi.o~ ol lndeoen John F,tdl 'Sl;o'f91111l1e111 
r .~ •• e '"'ltOIIO!ollardO. II Ptul=:tclt,o dan.-. 1111gned 1n Ph.lodelph,o optfllltl lht poh0111,, IU!YtV 
tn, 111111 lo Wwrt {lhomcn n dcuri QI 0 utolJ(! Wlllhingio,1 Ulll!eS 11w ht <~~fut not!< tontam,flllllOII Mllt70tt Y/t!l) DV\IIIIOt oJ ' 1n1111' b1om111119 Otluwn, 1 lt.1111 llbo1t lrt111on. <illmboo1 on 1be enPefinO 1h, Pffl lwmed JamtJ11>'en fngl:,hrmm NJ aa Chr11tm01 ht Dtluwort l:.J'ffl homliupaandWftn 

{,O,, 
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The Fi1111l Report 1111d 
E11virom 11n1tal lmpacr Sr111e111e111 

is com monly referred to as 
the Le118l B Study, since it 

confo rmed to guidelines estab lished 

by the now defun ct 
US Water Reso urce Co uncil 
for a study o f its magni tude, 

o r Level B. 

In 1999, ~ pr0<.c:s.s \\a.S begun 10 de, elop a new 
..1.nd unify ing \ 1s1on tor \'.J.te r resourc.c: ma1u gemem 

Ille:- Waur Rrsoura1 Plan far thr Drlawart RJller 
8dsin (B0s111 Plan). u nveiled m 2004, pres,n15, 
d 1rtcuon for 1nregr,1r.ed \.\atC"r resource manage111C"n1 , 
acknowk<lging the connec11on bttween lanJ and 
\-Va rer and valumg aq ua11c hab1ul prort"Cuon in 1hr 
c..011 rse of en~urmg adequare flows and suppl ies fo r 
hu m;1 n needs. 111 a(c..t:pung rhc: new Basin Plan, che 
Govunors J 1rec1cd the prepara.uon of J penod11 ... 
em 1ron men tJl conJmon report I h is lJtlawnrr 
Rwtr Jr.au of rht Bnsm Report 200R fulfi ll~ 1hat 

mandare.. 
I 11 I ?80 "hen the 11vel B \1ud1 was unJ er 

J cvclopmr 111 the po pula~ 
11011 of rhe b .tS111 \.\ J.S slightly 
grc:lter 1han 7 million. tlu· 
..l<-an \X',1rcr Act was nor V<'t a 

J r-<.Jde o ld, Jnd 1ndusm.U and 
mun1o pJI \\,e,,lc,1,,;ucr did not 
rtten e the lc,·cl of rrea11ncnr 
rha1 II docs todJy. ~n,cre .ire 

now morr- thJn hair a rndl,on 
add111onal people living in 

1he Ri,er Ba,in .md 25 years 
of advan<..ed \\ .lier 1reatmc-n1 
.w d reme-d1::mon Lcchnology 
ha,<" been .ipplied 10 wa1er 
ro ourCC' problem~ . 

H,n e cond 1110m 
1mpr0\ed ' Has 1he 1mb11!tmr~ 

nored 111 uie 198 I Smdy been Hawk', Nen, NY 
rec;lOred in I he 1m erven mg 
2~ )'ear.~ As we will see, 

1 he .1.ns,ver 1.s both )'e<i, and no rhere h.wr- been 
1mpron:·mems in reo:;ourc.e lOnd11 1on. e..,pco alh 
Y. ,11 r-1 qualit), because of 1111porcJnt changes in 

man,1gemen1 pol1uo I or ex.1111ple, re1..pured 
1mpro"eme11ts 111 \\ as1rw,u e1 1rearn1t>m h:w f' r,11 ... c<l 
Lhe level.-. of d1.-.sohed oxygen .mJ re\lorecl ... had 
run,;, 10 1he River. H owl.;\'C:r, the pre,encc- of ro,11.. 
c.ompo u nch Jnd o ur eHt-mcrcJs1ng .1hil ll"V to 

dr1ec1 thc:m in more m111ure quanunes srdl le-Jd.-. 
ro comumpcion .id\ 1sones fo r nu nv fish species 111 
spue of sue d ean up~ and deJner \\ ater u rncncs 

ar<" holJ ing '>le,td ), but conLerm Jbout ph.irm.,Leu 
11c.1h and orher compounds .ire- gr0\\ tng I\ 1no of 
Aoodo:; tJ\Jg,·d pornon~ of the- 8.1:,m 111 1004, 200:;; 
and 2006 . re-focu~mg mtrre.-.c 1n fluod mmgat1t)n. 
And 11 1tem.t1 ion.1l panch .m: prepar111g 1epon" on 

I ;:
3
~s Supreme Cour1 gronu :~oles of NJ NY ond PA ~

19
~
3
s
1
up",e::

1
Co
0 

,~7,,.•mt
11

,NYd,C ;: ,• ~lowort R,"1 8os1n 
NYC tht 11gh1 10 w1rhd1GW ntofe tho lnltnlofl Comm1, d1 ,_ ,... Comm,uion l'i lormed IY 
•• 0 mgd from lwo reservom 110n on lht Delowo1e R1'1r drttrs1on lo 800 mgd ipt<tfy iru1ntole ltde,ol ogrlt 
10 bt bu11! on lhe heodwote, Bolin to clton up pollutio11 DE flowi 01 MonlGgUI Nt and men1 for comprthtm-i,1 

1nbu101H1s ol tht Dtlowore 1oms thin years later m 1939 opp10,e 3rd rtstm111 nftr bairn mott0gem1n1 --=---=----....... -==---====::::::-:==-===i..;;;;:::iiaiiiiiiiiiiiiiiiiii 
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a chJng111g cl1ma1e, pr('clK1111g more rapid t hange ... 
tha1 Lhallengc our plo.nnmg .ind 1n.m.1geme-n1 

Btl5ed on 25 Jdd111u11al rears of 11wcsuganon 
and .~cMmcn1, \\C know more al>ou1 man\ 1..,~ue ... , 
from lox,c com pounds to die cffecrs of landscJpe 
change,. ,hrn "" d,d 111 1981 \ e1 our knowlodge 
rem.1111.., tncomplt:1c. \X'e are snll leJrning about 
the rda11on.sh1p'i among the n.uuraJ clements of 
the svs1em - ,uch J .., \oi l. gcolog), , lope, r,1i nfall , 
1empe1-.1ture and Lhe,rn..,try - and of du: dfecLS of 
hum.m in tluenc.e on part ') of 1.h1.., complo. svstem 
Change.., ot:cur even as we ex,lm ine and c.1.lcuknt'. 

This Stare ofrh, 8mm R,porr 2008 oAcr, a view 
of con<l111ons of the BJ-,1n'.., lanili<..ape~ .LnJ wa1c: rs 
b:i1ied on ava1l.\ble mfornrnuon on a set of d1"icrc1e 
ind1ca101s 

lodic'J.lors 
An md:cmor ,, ,\ measure u condu 10n; an environ 
mcmJJ 1n<l1cato r 1s l m Jsuremcni , \lluc or 'itausc1c 

rhJ1 pro\ 1Jes an approx1111a1e gauge of 1he s1.1te of 
the en\.1ronmC'lll and may hdp evaluate the df('c
m enes.s of an cnv1ronmen1al n1Jnagcmcm program 
ldca.llr, Jn 1nd1c-.uor 1:-. rc:lcv.rn1, ~ens1uve 10 <.hangc, 
eJ :W 10 mea.-.un.• w11h low mc.uurement error, and 
cmc dfccrive, J-.or Lhi, report , ind1c:uor~ were d10scn 
1n p.:ut ht'Ouse mformauon on 1huu wa.., rcad1I) 
,-,ilabl, 

1'71 

'" US Eonh 0.r 
tlltbroltd lhl 
lod<rol £nv,ro, 
memo! Protlldt0n 
Ag,nc, • ouobluhed 

llf ll ltJ lk,l\'l.Jlfll..-\ •J f> I lt l ' 110H 

For c:ac..h 1nJ1c.aror1 \VC 111dudc a Oescripdon 
and J. .sca1<'.'.rnen1 of Desired Cond.ition linked 10 

., go,,J from ,he 200/4 \\'fttrr /ir,ourrrs Pl,m far 1hr 
Delnuarr Ruin- 8mm (l3 PL :111 Acrtun 1t c:111 from 
the 1997 .omp"henswt Comtrvanou Jvfanagr
mmt !'Ian far 1hr Dr/au,ar, £,r,wry (CC~ IP), 
:ind, when .1pprop11a1e, 10 regularory ~t.and.1rds 
lhere 1.s al\• a rcpon of c.ondmon Status .rnd, 1( 
relevant, uf histonc or rcccn1 Trends A Sl illUS 

bar re'iembl111g a horri ontal thermometer with 

a rcJ •to-green color grad 1cm a1..comp,m1c.s each 

1nd1c.11or, "here green reprc,enrs a good c.ond1-
tton . . rnd red an unfavorable condiuon 11-tc 
placement of an icon 1nJ 1c.1.te.., lhc cond inon 

sra1m along the c..ononuum. JnJ it~ 'it)'le r("flcn, 
.t st,1blc, 1mpro\ 111g or wor'ien111g u cnd. 

oncludmg each 111<l Karor page 15 ::i s1.1.temen1 

or Action.sand Needs, ad\ l!>IOg on 1mprmcmc111s 
or dungc., th.it :-.hould be com1dcrcd [O enhan c 
rcporu ng capab1\ines and crw iron,nental 
cond111om 

Reporting 
lndtcJtor~ are J.\SC:mhlcd 11110 four C."ltcgonco; 

Catcgor) I. Hydrologi 
Caicgof') II \X'a,ri Qual 11 v 

atcgOf')' 111: Living Re,ourccs 
-ltegory IV. w ndscape 

1
1971 

Secuons of the uppe, 
ond middle D1lowa11 
R1te1 o" odded 10 lht 
Nollonol Wild ond ScenK 
R1,1n S1111m 

1 he Sum of 1hr Baun Report 2008 off,r, 
(I Vl<.'.'W of condmons or the B-:isrn's 
landscapes md w,1ters b.ised on a, a,lablt 
mformauon lr ~c:rvc~ a.s a benchmark of 
current <..oodinon\, as a companion ro 
,he 198 I 1 re,/ 8 Stud~ Jnd as a po, nr of 
refcrcn<:e for gaug111g ·progress wward,, 
, he i;oal> of rhe 2004 W,mr Raortrca 
l'lan for ch, Drlawar, Rn,rr Basm 

l:..ic.h l.:1tcgoI') ~c.c.11011 bc.g111s w1rh Jn 1ntroduu1on 
and evrm nmcl111e, and end~ wnh a special feature 
on emerging is.sues to suggefit ideas for fuLure, 
1cporung The frn.tl scc11on of the Rcporr sum ma
n Lee, condmons and recommcndauons 

'llie Statr ofth, /Jasrn Rrport 2008 b designed 10 

\ene as a benchmark of <...u rrcnt cond1t1o n~. ;111d as 
a poin t of refercncr for gJ.uging progrcs~ LOwarJ\ 
man.,gemeni goals Ir also I"'" ,de< a plJ tfonn for 
mca1,urmg and reporu ng furure progre:,.., 111 w-:1.ter 
resour c m.m.igernr:nt, Jnd J guide for aJ1usting 

rnon ttonng .ind a~sc~o;;mcnl progr.1111 ,;, 

2°" 
S«hons of the klw1r 
01lowo11 Rlrer 
ore oddod 11> !he 
H011onal Wild and 
SctnK R1wen System ===-



' 
~ ' _, 

~ 
~ . --.__ 
~ 

~ 
~ 
~ 

~ 
~ -s 
~ 
~ ;as 
b 
~ 

~ 

~ 
~ 
~ 

~ 
~ 
~ 
~ 

Welcome to the Delaware River Basin 
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lnlrodud1on 

Basin O , erview 

Welcome to the D e laware River •asln 
l , 1ng 111 1he den'>d, pupul ,1tcd con 1do1 o( 1he non hcJsrern U!:>, th(' 13 600 ,qu,1re m,lc [)eb w.i. rc R1, er b-b1n 
\ll ('td ,c'i approx1m.11eh· _)\O rnile'J froni heJJ watcr:, 1n New York !:>tate LO 11 1; ( o nA uencC' w11 h 1he Atlan11c 

Ou..111 lhe ba,;;111 lrH.luJe.., .1pprox.1m~nclv I 2.800 '1i.JUdrc m1les of bnd ,1 reJ, nc,trl) 800 .:,quare mile.., of BJ)' Jnd 
over 2,000 1nbu1ancs, rndudmg m,111) th,11 ,m.• n , e r.:, 111 1heir own ngln 1he Ucb ware River's conJmon I') vCr) 

mud , J pro<lun of du.-- Lu mul.111 , e HmH from H5 manv rnhutanc.,, whtCh 111 lllr n t,1ke d1e1r ch;1r,1CrC"r from 1he 
underl \'mg gcolog), 1opo)!,raphv, m1u ocl ,m.u ~ ,ind land uses of 1he1r w·arC"r,hcJ .s. 

1 he nonh1.. rn1110,r rnhutJnC'- to the !)el3:ware Rive-r ong111.llt" 111 rhc foresced we.,rern .. lopes of die C.11,k1\I 
~ loum.tm, du 1 1c~1c. h elc:, a11o n'.I o f up 10 4 .000 feet. I ht .. bm a nd \Xlc."31 Brandies mert a t HJnco1..k NY v. here 
1hc Dcb,\ .lrt" River o t-fic1.ilh beg111s. ~lhc R1\er de.K ends about 800 fce1 on 11..., Journey 10 rhr c;;ca. 

Pelitlcal Setting 

The drJ.111J.ge ,1rca e,11.omp.t.,ses extClhtVe la11d~capC'S in Ne" 'i o rk, Ne\\ Jerst} , Penns, h ;u11d Jnd DdJwJrc and 
8 '-qu.ue rmlcs 111 ~l.c11y l.:tnJ, \\ h1ch are not 1nc.l ucled 111 rh1s Report. All 0 1 pomon-. of 42 counue .. and 8J8 
mt111iu p.tl1uec;; wnhrn four <:.LHCS conrnbu1e- lO JnJ benefi1 from the rc,;ource-. o f ,he Od.1wJrC' R1 \ CI Ha_')lll . 
\\ .11cr r~ ourcc'.) arc ,d...,o expon C'd lO cn 1es 1n N I and NY outside of 1he Basin boundarr \X'h1IC' die s1,ncs rec,un 
autonom) , rhc- De1J,,<1rc Rl\ er B.1sin ,.., un14uc 111 govc.rnJnce. h 1.".. the only n vcr b,1..., in wnh both an 111tt 1\1;1te
fcdLraJ C om m ii;;...,1on and a na11onal cstua.rv progr,11n in place -n,c 1961 C.ompJl.l C.'itahl,shing l.he Del.l\\ are 
Rl\,er BJ5in Co mm1.,, 1un (DRB( ) wa~ Lhe fi rst fcderaJ-1111er.'it,11e Jgrcemc111 fo r hJJ.in-,;;cale \\-J.tCr re-murcc~ 

m, n,gemcnr. ll1e DRIK pre-daies the first Lmh Da>. d10 e,r.,bl,shment of the l:nvironmenr.11 Prorc, -
rion AgLnC) J nd the pa:,s.1gc of 1he C lean ~ /.11er Au The 11...111onaJ ~1gndi cance of 1he Dehwarr Estuary \ \ J \ 

,dm o\\ led ged ,n 1988 \\ he11 ,r hccame pan o f 1he N.1nonal L<1uJry l'rogr,,m . 

How old is the De laware Rive r? 
111, thought 1ha1 1he lnrm a. 11on of 1hc Dd a,, are River \'alle) began d uring cvcles of C'rm,1on ;111J uplift .1pprox1-
marL'.h J O to 50 m11l1on \LJ. rs :igo. I rom Po n Jcrvi.s lO fhe \X',ner G.:1 p. die Dclj\\arc follow..., J ...,,nke (or \ Jlley) 
crodeJ in s.lu k .s J nd l1m(',1oncs. fhe S-~h.1pcd CUT\ e .11 Wallpack Ben<l 1~ a mcanJu of a u ,butJf) stream 
tro<le<l in d11s urne- penod From {he \X'.uer C. ;1p ro frencon the l)eJa\\ arr Oows in a ,ou1 he~1 LOur,c- and drn~ 1.) 
1houghr ro he rhc- ongin.11 flO\, d1rC'c..1ion of the- River 

13L IO\\ I renton th(' Rl\,cr closel) follows 11 s com au w1rh rhe beJ rot.k fo rn1J110 115 of the P1cdmon1 \X' hy and 
ho\\ 1hr Dc..l J\\J. f"C' lll\ er wa.s cli, ·ened 111 .1 n gh1-;ingle rnrn .u l renton b, sohu ":>ed1men1s-\\hcn it h,ld eroded 
throuf;h the> l1Jr<lC' r , n .HJ of d1.1b..i ..... e, ,11g1ll l{c, ,..indswne J nd ihale up Slft."am - , ..,, no{ in J.Lu ird \\ irh norm.11 
rl\er dndopmcut J nd rcma.1m VHnc,.,, ha{ o f a mr tt'n O nL pmsible explan;rnon 1\ 1h.11 rhe Jnc.e\1r,il Ocl ,nv.1re 

Aowcd soU1hca\t"-\Jf<l through l h C'11r1re length .;u..rov) NJ, a._'i; d 1J the Jn t:cstrJ I ~d1u\ !kil l R1\CT Bodi rivers 
l'\·,muJlh hn .. Jme the produu of Mrc.tm t..Jpnire br ~m ailer , , reams How111g pJra lk l ll) the 'I-Ou1 h"e-5,t ,;;rnke a 11J 

LnJ1ed 1hc l'XtMll1P, comc.:x1 of the Dcla,, .irc- RJ.,,er and B.t) 

{) " . - : 
~ . 

"' 
. oe ~ 
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fig A I Wa1ershed Region, 

De laware Bav 
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What's In a name? 
11,e DdJ,,J.re R1\,('r lh~,n siraJJles rn o \'Cry <l1tfcrent hydrolog1r prov1m.o l01r~ po nJmg 10 llld/Or pln \ t0g1.:iphu.. 
dn I \ IOfl\ " I h App.1l.t<.h1,rn l l1ghlJ11d.> JnJ rhe Ad.m11c ( o.l.Sl.d Pl.11 11 (r 1g ure 1. 1 Oil Lhe n ex1 p.tgl'). -n,e. /all /me IS 

th na1u1.il d l\ 1~1on hc-rv.'c"t'n tht:!)e pro,m<...e5, running ~oudrn,e,t to northe.c,t ,dong the we,1em e<lge tifihe Rl\ er 
and uos,ing H near l renron J. Abme the- fa ll line frcslrnarer n vem1L LonJ1c1on, ex1,c. Below the fall lint rhc 
R1vt'r I\ sub1cc1 w udal inAucnLr~ ,incl , w11h rn1.reased prox11111ry to du.· Ba)', e,1u.tH1 ne (ond1uons ex15t 

n, j,, report honor~ 1hC' Bas111 .1s a ,,. hole sys1em of funu10111ng pan, , and 1he m ,1jomy of repomng 1, on rhe 
hasin '4 •• ale. 7 he re b aJ,;u rl"pomng o n the reg1on,1I sc<1le, rcfe rem.ing fuur reg1om o f 1he ba,111. In 1he co ntext of rlw; 

Rt-pun 
lhc Upper Region CO\cr, che Dcl.1ware River hcJdw.1,ten Jnd <...unmhuung w.uer~heds 10 1usr below Port Jervis 
y 

The Cen tral Reg ion 1:c, the rem :.nning freshv.aler n ver anJ conmbuung w;u ershcd.., between d 1C' Upper Rq~1on 

J nd J rcn ton NJ 
Th <'" Lower Region 1.s the a rcJ of 11dJ I Aux from Tren ron w rhc head of 1hc 13Jv Jnd ..J I Lonmbu1ing watersheds. 

771c Bay Region mdu<les rhc Bay and rhe :,urround ing wa1crshcd'>. 
Combined , rhc I .Q\\ Cr a.nJ Bav Reg1on1, mJ) aJso be rcf<"rrcd ro J...'> 1hc r~ iuary Region. ii 1s the same .1re.1 1h,H 1s 
rnclud eJ in rhe National E.sruary Progr.:1.m. 

Within eal.h regio n \v:tten hed.., are grouped rogerher ba:,eJ on the segment uf river or bJY 10 which they dram , 

irre':>pectivc of po llflca.1 d 1v1.s1om l·or o..:1mple, m the Upper Region, the cv rsmk and Monga up warcr::.hed in 
New York .ire grouped togc1her wirh sn1.1Jler rnhutan cs 111 Pcn m.ylvania because 1hey .JI Aow imo the same !)rrctd1 

of Del.twarc. 
The Dda\\.Ue R.1 vc:-r l3asm t!) defined by r~ n at lJrJJ ph)s,cal char.1c1e11mcs and b) d ie- lcgac1e~ of hundred:, of 

vears o f h umJ n serrlemcnt and w,e ' !he basin h,1s 

Flg A 2 State Percentages 

100'/4 

B-0% 

60% 

-
- -

40% - r 

I 
t-... 

F. r 
• % of Baslt'I Area 
• "• of State A,ea., Basn 

o '4 of State R:>pulatlOf"I n Basin 
c , of State Populaton Served by CA3 water 

- -

iJ 

f . 

o, 

been traverM?·d by can.ii!) and ra il line:, .ind. roda) , 

Jll C'Ctens ive nerwork of ro.tds link popul.mo n 
cente r\. w 1th 111 rhe b;1.s1n rn one Jnorher and to 

m ~lJOr metropolita n cen ter ... ; c:w York C iry, fo r 
a .1mple, 1s v. 1th1 n ,1 f\\O hour d rive of Philadelphia_ 
I he n,uu ral l.1ndscapes of the Delaware th.tr h.1.vc 

arrrac ted Jrt1St5 anJ \.1L.n io ncr1, for gcner,ll1o m are 
10JJy under mwcasing pn,:,,urc to ,Kco m mudatc .m 

cx pa11d 111g r opulauon ConJ 11iom \.\ 1th 111 the l3.c.tn 
therefore rencu lmrom .. ,nd currenr urcumsrancc!) 
bo1h \\Jthin 1hr bJSlll a.nd bevond 1r. 

Waler resources ore also exported 
outside al the Bosm boundaries to 
ot1es in NJ and NY. 

Fig. A.3. Location of Wate11heds 
Upper Region EW-Eog & W51 Brooch 

LW • Looo, .. x,n, 

NM• N"'"'"' & Mongaup 
Cenlrol Region U( • Uppci Central wutersh~s, 

LV• lelugh Valley. 
LC•l""'' Central 

lower Region SV-S<huvllull Valley, 
UE•Uppe1 [shm~. 

lf -Lowe, E~ua,y 
Boy Region 081 -Bay .. te~hed, in Ol, 

0B1 • Boy .. 1e,sheds in NJ 7 
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Category I 

Basin Hydrology 

Tm\ - 7'1e phymal behnvwrofche Delaware Rwrr watn· J)'Stem ran br compared t.o 
a (mglr pool bemg t11tl1Zed for many purposrs. If water IS euapomted fat nny lom11on), 

the dynamu1 of rl,e JJ'Stem change; water ilorPd durmg pt'rtods of l11gh runoff affeas 

thr dC!;.rrrr ro wh,cl, sea snlu ,ire repul.srd toward thr oaan: th, ll•tthdrawnl of ground 
w«tr1; r11en if retun,ed 111a waJte treatrnmt focd1t1es to m,faa rtrrams. alters the 

trmt' I flow rel1111omhip of nmoff m the Basrn, and the nbrorpttvr I rtplemshment 
u1pnot;, of t!u na111ra/ mulerground resen.'01rr. 

A, 1n 198 1, the physical behavior 
of the DeL.m.1.f River sy,t em <.Jn 
\t ill be compared 10 th.n o f .1 single 
pool. C h.1 11gcs in one region GHl 

afle(.( urcumsunces in .. morher. !'he 
replenishrne,n of bo th surface .md 
ground waters 1s linked m weather anJ 
pn.::cip11ario n, soil and gcolog}, humJn 
U !'IC and rran,pon . 

Natural Flaws 
o m pared ro mJny orher m er 

S\ Slems. rhc Odaware lh ., in 11o ble,~ed 
\\. llh J relJt1\ e ,1bundanc.e or \\,'J (er, 
reali1Jng O\ er 45 rnche~ of rainfa ll o n 
Jveragc in a ye.1r. In a 11,nu ra.l sprem 
flows are van.ible, bm tmman.iged, 

L.e"cl B ~tudv. J\la) 1981 , r 9 
DRBC 

and depende-nr on prcc1pirJuon 
.111d ground \\ :t ter bast' Aows. How 
reg11n cs, lr,h..ked as ,I hydrograph or 
flow ,olume.s over rime. reAecr the 
effrcr of precipn ,n ion on srrcams. 
How,;; on the River :ire the cumulanvc:' 
effects of Aow from the tnburnri~; 1he 
Schuylkill .ind Lehigh Rivers are the 
rwo greatest contributo rs to DelawJrc 
River Aow~. Gencr,dly. the co nrnbu
uon of each tn butary 1s proporno n,d 
10 rhe land area i t dr.t i 11:,- n5 ,.1.,a1cr-
5hcd- hut 1he magni lude of flows 
,s ,l,o derermined by ,he geology 
~rnd sods ol the water~lied . ore the 
v.m ,16.Jity of base Hows <11nong the 
phvs1ogr.1ph1c p rov111ce, as well a~ the 

d ifference w1rhin rhe provinces during 
drought cond11io ns a~ dluMra1cd 111 

r.,bk I I . 

Hydrographic Regions of the 
Basin 
The DclawJrc ll.iver R.1.sin lie~ 111 rv,,n 
signi ficantly different hydrolog1c 
reg1om which co rrespond to 1he !WO 
maio r physiogr.1plllC. div1s1ons in the 
nonhea.siern U~: I} ,he AppJ l.1ch1.111 
Highland, 2) 1he Ad.1n1K o.1>1al 
Pl.1i n. W hile phys1ographic p rovinces 
do not fo llow w;1cer~hed bo unda ries. 
they do help define rhe chaia ,er of 
w,u-ersheds and in flu~ncc- Aows .tnd 
warer q ua l1ry. 

I) 11,e Appalachian Highlands ,ire 
made p redomi nandy of con,;olidated 
,;;edunemary rock .)urfJte WJ.ter 1.» 

111 high-energy s1re,1m, and nvcrs. 

m.rny of whJCh hJve been dammed for 
energy production an<l water ')t1pply. 
In gener.tl , consolid.11ed JOcks s1ore 
and 1r.1nsm1r much le, s water than the 
scdune,m, of die Coas1al Pl.1111 ,111J 
ground warer 1s fo und in fr:iClures .rnJ 

F,g I I Hvd1og10ph1< Reg10ns of lhe Ddawo,e Ba11n 

1
1141 
The •'Bridge$ frtshe( sends 1ca 
choked floodwaters down the 
Delowore s.-eepmg owoy 9 bndgts 
and betomffl. rhe londmort 
deluge of 1h, 191!, cenluf"f 1

1931 

US Supreme Court oulhomet 
NY( to ronstruct 2 reser-10.rs 
ono divert 440 mgd for wo1er 
supply spe<1f1es /lows 01 Port 
Jervis NY and Trenton NJ 1

1954 

US Supreme Court omends 1931 
de<ree 10 mncose NYC diversion lo 
!00 mgd speufy flows at Monlogue 
NY and approve 3rd reservoir or 
(onnontvi lle 1

1955 
NYC, P,,pocton 
ond Novo,srnk 
R.eseA01rs go on 
lrne Cannonsv1lle 
added in 1964 

IA/I II flH I 

1· ' 1
1 

i .J rr'"a'I ______ ___________________ _ 

--



h,,ur u , 111 111 µl.11.1.d dc. pn1,11 \ 111 1r.1111u 

\.1ilh, ,, I hl pp .1l.1t li1 t i\ I l111 h!J1h.l \ 
IIH. ludc~ f111.H 1u 11, 1m c, 1.:,u h o ( wil1d1 
h .1, d 1, 1111l t1 Vl' t-,'t"n l1.1~y. L1 11dlnrm, 
,ind h, J 1ol11gl\ 1.h,11 ,h. l U I \ I U. \, lv.o 

111.q o1 11 1h u 1.11 1c-11 1h(' 1 d11J,!.h (( u 11 rJ I 
llq!,111 11 ) ,ll h.l \ 1. h11, lkdl (I \l l 1.11 y 

lhw11 11 ) lb,c-1,. flow th1011gli di l l r 

1110, 1 ul tl u.· p10\- 1n 1..c, o l thl' App d,1 

Tobi 1 1 Baseflow Values 

i..1 11,111 I t.hhl 111d '\, \, hu._h 1ndt1dl· lour 
p 11nl ,ll V p 1m llh .. C'~ 

App.llad ,i.111 plateau, 11,, 1,000 

h> 1.UOO fom h1gli upl,111d, .11 

dm l' IO" rou fr11 m d1C' l ,u~kdl & 
l'oLo nu M tJ u111 J11h \\ h l'.'1<.· ri,cr\ 

h.1H· t.,1ncJ deep ,1ml n.,rtO\\ VJIILp 
duough l?it111ly loldccl .,\i ,1 lc, ,111d 

BASEFLOW VALUES BY GEOLOGY 
IN GAi.LONS PER DAY PER Ml

2 

,., n J \ 10 11 . l -h , t l roc-lct 

t rl( d ,111 1\ IJ I (." lll l (.'f ~ 

,pc,,~d tht011ghou1 
th t.. prov111Lc .1 11d 

Pl<YSIOGRAPfllC -- DROUGHT'' 
P ROVINCE NORMAi.' 

Appolachmn 
!:!ate>:!_u 

Catskill 

R,dgo & Veil y 

758,000 

727,000 

752,000 

671,000 

463,000 

478,000 

477,000 

373,000 N w England 

Piedmont 
-- ----1------1 

Upl nds 
Pledmoiii
Lowl nds 

AtlontIc Coostol 
Pl ,n 

• 1 1n 2 y or low Oow 

'-39,000 291,000 

358,000 218 000 

738,000 450,000 

· • 1 In 25 yoor low now 

cw ,tirk ( II \. h.1~ 
,I t rio of I C:\("rV(.11 1"\ 

lw rc 1111 \Vjtcr -.uppl)' 
I hr U pp<-"1 Region 
w,11c:r,hn h .lie .dmm t 

rxdm1vd y w11 l11 n 
du', pm \ llllt , Jnd d ie: 

I d 11gh ,;;v,11 m o n!!.' 
11.11c, 1n I hi\ l'rnv 111L<: 

lht h1~hl'~I h.1~dlO\\ 
, leld., .ire {0 1111d 111 1ht' 
Ap1ML1d 11.1n pL11 .1t1 

..... liuc l\l"Jl Ill 11111C~ (J I 

d11H1gh1 , IM~\ flm, ., lll,l_t 
C\lC'Cd t hu~l found 

111 i;omr pleJ mo nr ,1rc;,1 m.., und r 
nn rn1JI l ll!ld111on, ( l.1Gk I I) 
\\Ju t , .., .1hund J 111 hen.', r,ptl1i.tl ll-
tn Al.ll l,IH:d \ ,il lcy .1q 111 ft'1 t;, Y.. hu..h 
J 1(' ,d 'i,1 vulncrahlt to pollu11011 I hc
lJ 11dlo 1111, l'\P n 1J JI} 1n 1hr 1H1n hern 
ff,td H.'.\, 1~ ,uncnJbk 10 J,11 11 mm~ 10 

UL uc rc\e1-voir._ l11r power brncr,1 
110 11 Jud Vl,II CI , upplr In MC.: nt:1,d 
die- l.i1gc rc.: t;C'fVo il , 111 1h1, rc~u111 

'.lll H' dl\1,1111 pop11 l.i11on~. ,ut.h .1.-. 
d10,e nl Nc-w York C 1,, •• 111d loL..il 
t n 1111n 11 11111c, 1d) o n gmund WJ Ll'f 

I J< 1111 "di-. \X-'hilc e 11tL1m p .1\s111g 

one d11rd of th h,t\ 11) , nnl~ ,1bou l 

i 11 o o l thl' p o p11IJt11H1 l1vn 111 the 
App.ilad u.111 Pl.nc.1u I he nalLn al 
h t J ill), Jv,1dab il1 l \ ol \\ ,J1 l'1, .ind 

.1u .l ,._ to d ic;1,1111 c m ph.lvniu it 

1...cn rc. , ._ I\ 1nc.: nJ\111g d l',d11pmc111 
lw, e 

llid~c 11nJ V,1lley. "!he 11,1n hc111 

\C(. llfl ll or 1h1, pnn 1111. .. C , , ,I \l'rtC"i 

c,/ k1np,. n.rn ow fo1c-.tcd 11 u,u111.11 11 
r1J~'-" 1,11u11u.l c;o111li \, t:\ l 11, 

111ml1e-.1\I (.h.1r-1Ltcn1ed h, ex1rt rnc 
1opo~r.1pl11l 1d 1 I, J"l,l llLC\ r,nm 

1
197S 
ORO( (OffllTll! 

uonen def11 
100\IIUCIIOn ol lhe 
locks hlond Oum 
p,01ec1 1

1976 

flood ploin mopp1119 
1omple11d fo1 119 
bollll munmpol1hec; 
to quohfy lor lt1derol 
llood msu1onu 

< \f l r.<)R) I • lf\lH<<llll(,\ 

Hydrologic Terms. 
mgd ~ mill,on gallon, per doy 

cfs = cubic feel per second 
ppm = parts pt!r million 

nJgc: 10p w vaJley hortuni u n JC:J.(. h 

I 21JO lw I Jc, d,1peJ land Jnd 

JJ?,IILtil1u rc. d om111a1c cht' \-Jllc-y, 
lkd1ot k I\ pnnu p.Jlv ',,1nd~co nt' 

and \hale Lo(..,1li1..cd 0111 hr Jl.lft 
(loaf) dcpo, 11 -. li.1vc pn,v1Jed the 
rcwuru: lor .1.11d11 a.cm· min ing, a 
sou 1ci.: of wa ter q u J lt1 r impairment 
111 the.: 1..en1r.il pornon of lhc Leh1µh 
R1ve1 (( t 11 rral Region) J nd upper 
read 1c.-. of d 1l ~h.hu) lk.J II River 
{uppc1 mm1 1cg1on oJ d1e l..sw .i r; 

w,1tcr1iht·lb 111 P<·nnwlv,111L1) A1 
thc.- so111 hcm u 1d of 1hc.: pru\ mt I\ 
du· (, ri.:Jt V.il lc,, a broJJ lowl.md 
\., 1d 1 roll ing hill, and goo,J :tgrn. .. ul 
rn1.d , m l~ 1)\l day1ug J proclw.11\t', 

l)lll vulncrahle u 1bonJ11. ,1qu1k r. 
Abo11 1 20°11 o f the b,1\ 111 lil'.5 tn rlw, 
pro\ 111ce ,111d .1bou1 14% ol I he 
pop u l.1 111111 II\ t:, hue. B.H Lfl1)\Y\ 111 

the , 11 (;t lll \ o f rill VJIIC'} anJ R,J gc: 
prov11Ke p1ov1Je) 1d d, co mpJ rablc.: 
to 1hc.: 1\ pp.d,1d 11.m plJ rc.1u 

ORB( r-egulo11om re,lnd 
dffllopmenl in 1h, I 
lt77 

100 y,,,, llood plo,n ood 
prohlbtl dr,elopn1 Tit tn rht 
lloodwoy 

I \ , IJ II till ~ \11,I 111\ I II \ , •k 111.tH 

,,... 
::r: 



I ll 

l )It h ' 

)\..,. I ngl.rnd l ndcr!Jin I.,) 

h.ud ro ~ d11 pH1\ lllLC I \ one.: of 
n:tc. n, ,, h lorc,1tJ h,11" rncl m.lgn 

dr 11nr J l1', .,, n<.tv.or~ o l \ lCCfl, 

ro .. h lrt:J IIU, I ""· "' tltJn 'l11 o o l 1h 

h~ u 1 h..1 1h1 n p<" ol I 1nd \1..,1 pc 

JIIJ I " th:11 \11o oJ the.: popul.1110 11 
11\,(,j hen.- l\.110"'11 J \ 1h1.: IU'.1d1ng 
l 'um~ 111 PA ,uH.I th( I l1ghl.111cl \ 111 

N I. 111"" p ro\l rt1..1.. li.1, he1.. 11 dtt.. la11.:J 
a IJnJ"".1p, ol 11J11on.1I , 1gnd ic.a111..t 
fo r II forr lld h:1 h11 .11, Jnd hwd1 
Ve r H \ In 200 (, I\.(;'¼ lu \q t llJllt:<l 

lq1,1 l.111on 111 p,ot~Cl 1li1.. I l1~!ilJnJ, 
.t lll ,.lrCJ o f \ IJl(·\.\1J r \lgnifKJ lll.l , 

r pu. 1.1lly fo r "'J lf l r t , 0111 1..n !he.~ 
l \l)I\ h 1t1..:~ 1 \<f'vKt' h.l\ t h,11 .11..IC r 

1n: d I lu. ,ll 11 1h u1 n of I ht I\ 1111\) I 
\. JnlJ rort11-,n o l 1h 1, pwv1nu · 

" 111, h t lll ' d11t111h h 1hC' I t h1Ah 

1( <1111,l i , nJ \Lhudk,11 (I , 111Jn) 

"·11 <1 h<d 111 Pc 1111 \ h .1111.1 .m J rhc. 
f r ntrJ I ~.,, ll t I huh 111 N e.\\ lu,n· 

Pu.dmonl I I( 11 \ J\'t h 1,111d1111g 

, 11t 1111 10ll111p. l11lb • .111J pn nu 

11..:11 u ltl11 .1J nd t. o\.t 1 111,v, 1d J1J11~ 
M.J1111c 111 J n .rnd t. l\ 11ll rnr ro'--k 111 

the 1'1e<lmont. I .t. \ \ 1 han 20°'o ol 
the IJnd J 1c.1 uf 1h c- 8~ m lie, 111 the.: 
P1C'dmo111, hu1 ncJrl) 50°0 of thc
pnpul.1110 11 li\n he r~. ~ 111 facr y,,,u er 

1\ the \ouru for ncJrlv 9 000 of 
pot.1blt "Jltl .,upph lhe P1e<lmo n1 
,~ the ,out he In · rno\ t ex1en,;;1on of 

,he i\pp,1l.1< h1.,n Highland, ln dro 
log•'- rcgmn , t'nding .H 1hc fJll \inc 
whcrt 1hc.· Ad.1111 1c.. Co;b.t.tl Pl.11n 
beg11i, 

2) ~n1c A1h111Lic Coast:tl PlaJn. in 

~rr-,u co111r.1\1 ro the 1.omolid.11 d 
',(.;J11ne111 .1r\' rod , of rhe App.1IJ -

1.h1:111 I hµhl.rnJ,, ,~ J greJI \\edge 
o l u1Komolid,11cd ,edm1cnt AJ1er
n 11111g l,1y<' P• o f 1,1\U\ of ~.rnJ, d a \ 

Jnd g, .1, d n tcn<l \Ol1thc.:.1~t from 
dH: f.ill line, dt1 <. k<: nmg ~ 1 hq ~lopC' 
under I )d.n, ,uc. 1\.1\ Jml die Ad ,111t1t. 
Ou -.111 lhc. <.:0.1\t,il pl1111 o u up,c.:, du· 
w url1c. 1 n q11.11 I t!' ol I lw h.1i,1 n ,inJ l,c, 
<.:omplc1ch '"uhin die: I }tu.1r)' (Lower 
J 11d ll ,,) llt:gi1111 ( 11c.::ll ,1mou111 , 
o l \\J tn .li e: , 111rt·d in d1t,c- <l t>pch 11, 
wlrn.h tr .111~11111 \\.J ICr mutl1 mo ,c 
1c.,1d 1h 1h ,111 the \..n n,oliJa1t.·J n,ck... 

1
1915 
ORBC adop• bo11n 
w1ll11 wflll r !l' hahon 
pfogram 01 rnieorol 
,n"'90J1 nt ti/ g ourld 
wal l~f I 

A ma;or trst of nn,y water managnnna p/1111 
11 to dnerm,ne whrthr,· 111.1 comp1111ble 

u,11/, tl,r b}·rlrolog,r ryrl,,, n11rl relnt,d nnmml systrms 
of tlu Rllsn, - pn1ur1u of p renp1ttt11011, strramflow, dPJ)end.eurr 

on smfnre nnd ground willer. 

xru1111d U!tllel' r l'th11rg1.• t!IJd storag~. 

of r he 01 her prO\ 111cc~ \\fh de ground 
\'vJtcr 1-, w1Jely .1vJ1bhlc in the cOJ~l dl 

plJ111 , ll m.1, .,l.,o be d1rt~ct1 v vuln l'.' r
,1hle 10 1...on1.a111 111.111on Mure than 
-33°0 or lhe ba~ll15 populatJ(J/1 liH~' Ill 

1he Co.1.,tJI Pbtn .u \d ground warer 
~upplies arc -,rrc.,.,ed 111 some ared.S 

More Aloout Flow 
How-, in ..tll prov1n<.es van sc~onJ.llf , 
;1nd Mt .,ho .ill eu cd b, di, c 1 .,iom ,ind 

\\ llhdr,I\\ JI\ o r \\Jler lo, hum.in me,, 
lllOH:ITIClll or V, J ICf JJHJ \V,1\lCWJler 

" 11 lw1 and .,mong \\ Jter-,hcd, . • rnd 
dn doprnent 1h.u Jltlr~ 1unoll and 

rC\. haq:~e pa11cm, Bodi l11gli flow\ .111J 
Ill\\ flO\\~ .tre 1111pu 11an1 I l1gh nm,, 
Jre Js,oc.1.11 e-d wnh ~c.1,011.il 1.ond1-
11om 111 !>pnng. ,h \\ t.' II ,,., prct.1p11a11u 11 
otnt\ .rnd tlooJ111g I o\, At)\\ ) ,ire 
.L\\o<.. 1.trcd wnh \I.J\on.tl u 111J111011, 
uf c:Jrh J 111um11 .111c.l l.J n ht: e,.,u~r 

I~ 11 \u.a..ly \.1 l I >81 

hJtt'<l h\ d l\ers1on, a nd wnh<lrawa..ls 

fru huma n illC Low Ao\, ~ J rc .11-.o 

1mpuna n1 hec..1me \H' u.,e our wa1cr

W,H \ 10 .1,.sin111Jre was1e watt-r. anJ 

" 11huur minimum flow., "' ;u er (.1ualin 
problems u n de, d op 

Flow Mana9ement 
,\J1hough the Del.rn.irc Rn er doc, 
11 01 h .1vc a d .:1m on n , m.1111 \te m , the 

flow:> or the River L,IJ1 he moderaled 
10 50111e ex tern thro ugh coord111a1ed 
m Jndgcm ent of Ao"'::, of rt·, en o1r\ o n 

1h 1..· mbutJ l'IC'>. J 9) -.i t.;Llprcme Coun 
dnrct· Jnd -.ubsequem rnoddli. J llon~ 

, ,rnt uont d rhe ;\(. re,enoif\ an<l 
1he n pon -, of up f() 800 mg'-1 of \\ J ler 
to N \ ( ,tnJ I 00 mgd to Ne" ler\ev 
th1 011gh the DclJ\\ ,ire & Rant .in 

i. ,111.11 (\rndmo n~ o f the dci. ice Jl1,o 

ICljUll t" 1hc lll.ll llfCll,111 1...l' of llllOll'llUITI 

""" ' ,ll ~l,,11,ague \ ( \ -,;o d , i ,111d 

r
1H5 
(omtrurt1011 bfgms oo M,mll 
(1,ek R ""°., d1111gned to 
p10-1de mah up woll'r lo, 
f1ffl1bo11~ elffim ttnetoltng plonh 
du11ng low n.ow 1ond111oru. 1

1986 
ORB( odop11 
1egulohon1 f"NIU urty 
lhe ~oun, mt>lermg 
ol lo1gu W0111 
w11hdra,,,o 

_j 
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,II "I renron NJ \.~.000 cf,) In f"'"od, 
of low Ho\, , rh1 0:, 1::i ,1u.omplishecl 
rhro ugh 1hc <.noperJt1, r m ,m;igr 

mcnc o f NC'w Yo rk C it\ '!:i ".n er supplr 
re,;cnoir-. m NY, st:\ c1aJ mulcirurpose 
re.sen 0 1r-. 111 PA, and ,1 pnvately-
o,, ned rcservo11 rn N I 

Pei m.rncni :.t0ra.ge Cc1pJuf\ in 

rn b m.1 ry ruervmr~ rm.tis mer 410 
h1ll1on g,illo1h , rlgo,o of lh 1,;; ,;rorage J ') 

held 1n Lhl:' l h 1ce New York Citr ,,.:irC'r 
\upph rescrvu1f"'j 1n 1he Upper [h ~1n. 
Of the 24 rt..~rnoir~ in the Ra,1n, nine 

a rc dtJ1ca1eJ for waccr .su ppl) . rwo 
genc ra1c hydropo,,er, th ree J _f C' sole!) 
for nood los!s red uction , one 15 S{nUI) 
for Ao,, ,1ugrnc:m <tt1on Nine .ire du.1J 
or m u lri -purpo!:ie, prm 1d,ng WJtC' r fOr 

a com ln n.mo n o f \\J ter !:iupph. Ho,, 
.iugmenrJuon, a nJ Hood lo,;;:, rcduc-
0011 Enhjnccmenr of h~h anJ v.1ldlifc 
lubHJI ,111J 1ecr(".lllOrul opponuniot'i 
dre aJd11 1o n.-tl l>enefit.5 or lllJ ll) ot 

tht::,c re,crvoir~. 
)rn'--L: lhe l)dJ,..,.t.re Rive r is 

suh1cc1 to u<l,11 inRucnce .-ti far nonh 
,h Jrenton NJ one p urpo.')e of rhe 
l ,U00 cf.. flo\\ LJrg« ar rrunon ho., 

ln~turn .. allv btcn 10 m ,11ntJ 111 1hr ,a lt 
li ne-when." <,Jl t co nct111rJt1u 11 1,; 180 

pms per m ,111011 (ppm)-JI R1v<1 

M ,k (IU\'I) 98 ,Jrelv downmcam of 
11uJke:, fo r public c;upplv 

Reporting 
l lrdrolugJC md1c.1rors mcludcJ 111 rh1-r. 
report arc· 

Flow,; .it I rc11ron NJ 
)ah line l0G t 1011 

\X,'<nc r use 

\X.'Jte r :,upply -.ou rce,;; 
Area:, o f grou nd \\ Jter ')ffC.).-. 

Hood, :lfld Oood cl.image 

Lach 111d1c:nor :,uppl1es a look at 
on~ p iece of the <.omplex h rdro~ 
logic puu le A !c.1ture on pred ic1ed 
lh.angcs ro cl11n;111c condithJlh ,ind 1he 

ch.dlcnge-. they pose lO v,arrr 1~ o ur'-C' 
m:J.JMgonem concludes th1'i sectio n 

1
19" 
Hun~one Fiord drhters 6 lo 10 inch~ 
ol 10In 111 18 ho1111I0 the lonr bruin 
tnbuton flooding coum n:tensirte 
dlmo911 10 ,oodi ond bridges ind 
cesuoh1n among mctorisfs 1

2001 
Trop,rol S1orm Allison 
genero1,s 10 or more mchtl 
of rtun 1n 24 hours cau~mg 
lo.s.i of life ond p,openy 1

2001 

Bosmw1de drought eme,gtfl{)' dedored lo, 
only 1he 3rd tune 11nce 1980 ,onibinrd 
storag, m flYC 1 O" owt1111 mervo,n d1ops 
lo a re<ord low 73°-. of (OpGCllr by DI( 1 s 

. 2001 7002 se• new d1ough1 o re<o•d lo, 0[ _ _ damage m PA count1e, 

( A If I ,<)I(\ I • II) !)i(()f ()\ '\ 

• Water Supply 

• Water Supply and 
Flow Augmentallo ii 

flow Augmontation 

• nooo Loss Reduction 

e MultiPllfl)Ose 

• Hydroelectnc Pow8f 
Generauon 

Flo w Targets * 
Fig. 1.2 Re,ervous of ihe Oelowoce River Bosm 

1
2003 

In 1he wake of Hurmone Isabel, 
o sen!i of storms drop 2 3 1mhe.s. 
of 1am on sa1urated areas oi 1he 
bw:m nosh noods otftd IO•M tn 
PA and DE 1

2004-2006 

h ms,~·e rainlall ut lhe bakn l'I pnmary 
reown for 3 mo1or Oood mntt in 18 
monfln l heworstfioodtngwH 1955 
causes erocuallons b1 1dge and road 
dosure-; ond m,11,ons or dollars 1n domoge:s 

1\(-p!nU t L,..:uu R1,t-1lb"-'"'1! I; Pl':., _ ..!~ 

-: 

~ 

~ 
::: 

11 
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• lndrc.itor • Tlo"s J.I Trenton 

lntlicater Deacriptlen 
."-'1.u nfcn.Ji1\I..• ol .wcr•~ d.uh flov., 
rnd m1111murn Im, How(. .u I rent on 
'-1 ~fr \ltJJ fnr t h l· protlLllOn of 
Jrinkin~ I.\Jtcr ll "-C'\ J nd m .unrc11J m.1: 

,I I rv h v. .1tcr Arn., ·, 10 the C.)t Ul.n for 

II\ 1Tlf; n- ,ouru. hcJh h 

Desiretl Centlitlen 
\1...1,m tcnJ nu · of rnan ,mum Aow.;; dt 

I rcnron , :--.; J (2 . ~OU - ,.000 d < l,..,.,d 

lll\ dwu~ t \ I.I.Ill"-) to prmeu pubh'
.,., a1c r , up pltc, fro m 1,.1h wuu 1.nrru 

""" Bl' Co.ii I l . c <.MP Arno11 
\\ (, 1 

St•tv• and Trend 
( , (){l(..f I Im., rJ rgc1 m.1111tJ1ned 95°,o of 
thi.: 11mc 

Rnen/01 r. provide: a m e.1 11~ o f 

m.11nca1mng m1111mu111 AoY.\ .u 1argc.:1 
~• t;<"> D unng 1h, period from I ')80 IO 

Lh(· LOO')truc uon o f 1hr l.bt largt: re'(:r

'"" in the lh,rn 111 2()0~ ,he t OOO 
d; normJJ flow 1argc1 , It l'n.:nion h..iJ 
h.1, bten m.u m aincd '>5°'o of 1he 11mt 
, tlrnpJ.rcd ro 8- 5°1, o f the ume for 

tht' pc-nod prior w re,trvotr (.ons.1ruc
t1on ( 191.3- 19(9 1 0 1..u.., wm,v.hen 

dk· Ao\\ 1Jrgct l!i. nor m e-1 ma, tx-- due 
w ruJuL11011, in wJrc:-n.hcd b.Hdlm ..... 
1hr muh1-J..1~ 1r.H d umt.:' ro Trcnron 
from tl1t· r1..~ nu1r, m du· L'ppu .ind 
L(·nrr .J B .hlll omJ the LI nLcrtJonv of 
pn.x tpu,111011 f1•rtca..,r,_ lhc: J .11.a lht.-d 

:J 

10 Jt"\dop 1he lollow111g !(r>ph, onl) 
111dw.k I he floy., mcJ.,urcd at lrc:nron 

[ 1gurc J J Pre\Clll.\ the me-An 
.mntwl f-l oY-· a 1 I rento n from 19 t .i-
20U~ 111d ud111g rhc droughr of record 

tn the I % 0, . t\orc 1hJ1 mean annual 
llmn 111 19% and 2003 otccdcJ 
tho\C: of an, other \."CM 1n the 8-1 vrar 
h1 -,10fll rc<..ord 

A flow durJnon LUn c .-.how, du· 
probab1l1 n· of a •~Clfit Oo"' b,,ng 
C\<.c:cJ cd lhc Ao-,,.· durJtJOn LUrH:l 

for a" rJge d.uh flow ., I renw n '\; I 
(F,g 1.-1 1 ,ho" the incre:,sc ,n h,gh. 
mc.:d1um a..n<l low Ho"- c.ondu1ons in 

rc<.:cn1 \CJr,. l hc h,gh~r Aow., at the 
Id , of di, g.rJph oc.cu r onh O I~. of 
du 11me. Y. hc: re the: lower Aows on 
,he ngh, of the 
graph Jn, almo<1 
.tl".:an C:Xt.tcdcd 24 ooo r 
Borh cu f'\c.:; 

reprc.."'t(:m '> lm 1lar 

ma11Jgcm~nt 
21~ t 
··~ 
15.000 

\ how) the How., th.11 (}(.Curred lrom 
200,- l lJfF arc grearrr 1hJn Ao"' 
from the 1')80-2002 for ,he <.i.m< 
c1-ut-dt:nc.c prob.tb1Jl(y. Therefore 
Am,,-~ "-t:rC' h,gh('r .&nd le~ re~n mr 
rclc:.i.\c..·) were necdc:d tO meet rhc-
r rcnron 1.u-gc-t In r«cni \-'t':J.f') 

lhc b.rgest J,tkrc:nl..l.'.'> J.rt" seen at 
rhc O I q• and 50"o t<J RU'lv probah, 11 
110. lh1, ind ic..11c-r, th J r the h1gJtL~r 
Aow, bc1wccn 20 03 ,nJ 200- were 
80% h,gher dun 1hc h,ghc" Aows 
bt1wccn I 980 ,111d 2002. :--.ormal 
Aow, (1ho't' ltkd) to happen 25 
.1.nd .,.5 percem of the umd .arc: 
approx1match· 45°10 10 6 .3°0 IJrger 
1n recent ycan fhan dunng thc-
)L~rs I 980-2002 Low Aow, (,ho>< 

t>.e«ded <)5 99 ') 0 -. of timrl un b,, 
mJn.aged more t:.isth with rot'rvo1r
rh;1.n high Aowr, 1he two <.urve. ,ue 
do,er rog<>chcr ,, low Aow v.a.luc,. bu, 
du· lov. flows of rec...cm vars J.ll still 
14°o -r 0 o larger 1han ,hmc of 1%0 

-1001. 
A rn u:w of prcupa auon record,; for 

the post reservoir u me penocl \h°"" c.. 

rhc medtan pre<.1p 11aoon J unng rhe 

2003- 200~ p<nod "-" 22 pcrc<m 
grcaccr rhan dunng 1980-2002 rnn< 
penod (r ,g. I -; . C..rca«r /low from 
llll rcased prcc1p11anon h.J" 1mpl1CJ. 
uon.s for v.:Her resour(.e managc-mcm 
1,;c..ucs in the.: DdaY.arc- River Ba.sin 
\uc.um ch,r are bs depcndrn1 on 
ground-\ .. arcr <.oncnbuuon) l.rc mo re.-

p r.i .. ac .. c~ <ince 

the rt:1.or<ls u1i<·d 
Jit' po">t - re~n'Olf 

(.ons1 ruu1t>n The 
blue cun.(' rcp rr 
, cm· I 980- W02 

Jnd ,ht red 

t::: -wv-lf-~~iY..vvtr-·:.:vlMl-1 MJ··-'-; 
c u rve rcpre~1.:nt\ 
20fH- 200~ 

( omp.11 1.'-<m 
(lf th(; l\\l) HO\\ 

durJtton curvo 

•=r 
,~ t 

1910 1tt 5 1920 1925 1910 1035 19'0 1k 5 1950 1955 1960 1965 1970 1175 1il0 1!t&S 1990 tH-5 2000 2005 

F,g I 3 Mean Annual Flow 01 Trenlon NJ USGS gage # 01463500 
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'-t n ;,111, e 10 intrc-J'-c\ m prcl ,pu.1 110 11 

C limJ tl n.pen , Jr<." pred1Lung 
grc~u a Llun.:u e nlrc me\, induding 
'-'Jrmc r. " rtcr wc .. 1 her JlJI rcrm. 
,m<l mort ,e,u-c- JruughL,. \\ c11er 

Y. Larher \ \ ou/J lc·JJ to Jn\.. rCJ'>t.:'> in tht' 
p rohahil11, a: nd d u r.111011 or ,e.,crvo u, 

ht: m~ Jt full LJfMUt"\ dut' co 111LreaseJ 

runotl JnJ rcJut...1. d J1'iLharg(.s w rn1..ct 
1m,trc..1m nccJ, and m1111mum How 
l.1rgc1 \ .11 .\1o n1Jgue .rnJ In. nto n . 

" 1o re \l vrrc Jroughr , \\ oulJ require 
mor(' ~wr.tge in 1he basin 10 meet 
\\ Jter J cmJnd~ 

Acti•n• and N•eds 
Rc-\t.:f\011 m anagem ent . 1ntluWng 
rh, po,cn 11a) d"' d opmcnr of 
m uln p urpo,e rco;,en o 1r-1 fur AooJ 

Lo nrrol .ind ,, .11<.: r ~upplv, ,, ill be .1n 
11negr.1l p J.n of Jd.,ptl\ t' reo;,pons~ 

to m,:uru.un m1111mum flow, Ju11ng 
t..h~n~111g ciJm,1t1L t.ondmon,. 

rorm,,Jtcr mJnJgcmem and 
01 ht'r JJnd hJ \C:-d Hr.1reg1c:\ Jrt" Jlso 
n~<..n,.1n to 111J111t.1.111 norm.ti Row 
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Annual Rainfall Above Trenton, NJ 
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Fig I 5 Annual Romfoll Above Trenlon. NJ Th• median of annual 10101 romloll above Trenlan, NJ was 11.,, gr101er during 
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• Indicato r • \ Xla ter u~c J:.ffi ciency 

Indicator Description 
In lnd n,Tging \\<ltcr rn o urcc, 11 1s d~ 1r
.1hlc ro h.1n• , o m t" mca~u re o f \\.l ier 
hupph dliuc:-nn , 1h,u p., , ,, here w,11 cr 

u~t m,1y hC' h1ghLr o r lnwc-1 in rel.i ll\ e 
1cnm, "flw .. cHic1cncy ,, mcJ, ured 
th rou~h Per C.apuu and C o n,11mpt1H· 
ll\L 

Pe r Capita Use no rm,d11e-- 1oul 

\\ ,U e 1 u,c for a g1, c n popula11o n !'tr 
,upm,1 \\Jtcr m e ha, been c.:..ilL-ulared ,1, 

follow~ 
Domosl,c (r011denl1ol) well use + 

_ M l1i Wotru.l!JIJ!!L 
Popu/of,on 

\'( '..11er ~ c from od1C'1 ')c.'do 1~ ha" nor 
heen mduJed 111 1h C' (..Jh..ul.111011 111 

or<ler re, .dlow for .t m o re meam ngful 
lOmp:in .s-0 11 I lmvner, ruhl1( w,u er 
rnppl).: fllJ \ 111<.lude :,onu· c.ommc-ru ..tl 

an<l mdu5t11.11 L1~e 
Con .;ump 1ive Use m t"a~ ur~ wa1cr 

thJ t 1.5 no t rernrn(~J 10 the \.\ J le r \ hcd 

.ind ul 11 111.1tcl) lo ... r, ,1.1 e-v.1porJ tHH1 or 
rr.1 n ... fer to 1mmcd1are use wuh,n 1hc 
,, .ttC' r rc.'.' \OUr<.e S\\lem . Ir 1s l.alcul.1tcd 
hod1 J ~ J vuJumc: J.nd .,, .1 pcn .. cn1.1gC' 

o ( tOLJI ,,J1'- r " 11hJrJ\\Jh; rhe cl.i1a 
rcfku ,,..a,u u ,e h, .11J " ;,1c1 u~e 

\ L(.{nr , 

Dealred Condition 
I )n .. r<:J·.ing 11r , uhd11cd r.1rt.: o f ,,.He r 

u,t: pa t..1: p 1u u, h.,l.1111. .. e J c:mJ1u.b 
on l1m1tt·d \\ii.ta IC\OUH. t \ (BP C ,cJ.11 
I J 1 .rnd d ie u~c- td wJ<t: u: n, trv,111011 

1e1..h n1que~ br \\ , IICr unlmc,; (CC.J\,IP 
Ac 11un Wj), 

Status 
F-.ur; A\(:r.ige per <..ap11 .1 u,c 1s 13 i 
g.ilJon~ per c.1p11.1 per dJ\ (F,p1..d ) ,111d 
r.rnge, from 90 ro 190 gpcd 

Rc-g1on,1I d1 ffer<"ncc5 .1mong rhe sub 
6.1.~,m an.: 5hown 111 I 1gure I 8 Tl1e 
<-H .. huylkdl \.'.i llcy ,ubb,rn n ,hows rhe 
h1ghe,t per rup1111 use " n h ;1 , aluc
dosc: w 200 gpcJ . 

~17, e bjjm J\ C'IJge fo r cun~urnp

u ve lo~ tn puhli<. WJl ('T <li~[ ri buuon 
sy ~1e m s 1s appro>..1m~m:I) J0°o. In 
1erm, of ;1hsolule c.onsump u, e u,c 
1hc Upper brnary Ju ., ,he h1ghe!lt, ~ts 
m;in) power gc:ncr.tnng .1.nd 1nJu~p 

m al facd1ues .ire loc;u cd ;1long the 
DC'i.m are Rn u in du~ !lubba,;1n (I 1g. 
I 9) \\'hen exprL')~cJ J \ ~l puu:n1.1g<' 
o( \\ .II N " 11h<l rJw,1k h O\\ Cver, 

consump m e ust" 1s rcl.111vd ) low 111 

thi s !lubh.~111. l hL Del.a" ;1rc BJP;horL' 
\\·J tCr')hcJ _., h.n c tht l11ghcs1 pen .. em.igc: 
o f t.onsum pm c use (11c.1rl) .)0°0) 
rel.1t1, <.' 10 10 1.al \"v 1d1 d r,1w ,1I, (ahou1 
'15 mg<l ), \dnt..h " ,1 fu n<.uon of 1hc 
~igrnfl{.an1 .1mo u 111 oi agn c. ulrnr;1I 
JUH- ll) 111 1h" rcp;ion 

Actions a nd Needs 
Burer 1r,1d..mg of wJtC'r 11.1m-
kr\-- hm, \\ ,lttr 1_, mvvt:d in p1pt-lu1t"\ 
trom on(.• IOCJuon 10 .mo1hU - \\OulJ 

L ~ II C(lRi I • II\ lJROI < l< ,l 

Thero ore problems in componng water use al large scales and omong differanr developmenl rypes 
Diff1tnng soc10-e<onom1c and demogroph1, <horocleristics con result In vaslly dlfferenl water we 
panerns For example, largely suburban watersheds may hon a greater per copilo rnnsumplion 
!hon highly urban,zed watersheds due 10 lawn irrigation and household size And where powor 
genera1ion or ogmuhurol uses dommo1e waler use, consumplive use ts also noltc8(lblr greater As 
long os these limitohom ore acknowledged, such mduolors of water Uie con be used for general 
comporlsan 

prm ,de ror more ;u.cur:ne 
.111d LOmp.u-able e~um;itcs 
of wa1er u,;e efliocn9 
New Jersey DI-I' lu , 
J "' d opcd .lnd populJ1cd 
.1 \\ ,!l('r trackm g m o<ld 

" 111d1 111dv he .1ppl1c.1blc 
for u~ 111 orher por11om of 
tht b.1Stn. 

lmpro,.c.~I 1111.-.LSuremcnt 
:ind reporu11g o f ~ 1dcnt1.t! 

wa1c1 m e squ rarel) fi-om 

t1d1t.r ll~ 5LIJ) ~ 

LommeruJI anLI mdm

rn,d- \\ 11..h111 :t publiL 
\\,11e1 5\ "\ICm woulc.f 
prov1dt" J bc1 ter 1dc;1 ol per 
up11J \\ ,Hu l L-.C C'lliucnC\ 
pl 1111\\ h-J111,1 I ) I· I' 
<.urn .. mh u1lk1.l.', d ,11J 111 

rh,~ rn.umn \d u<."Ving 
tlw, .i.u u" 1he h.~111 \\ oulJ 
jX rm11 m un.. n:,1li!i11t. 

u.nnp,11 i>tm\ C)fpe, , 11pu,1 
115(.'. 

1IIT; 11- . [l 1111 1 I 
HH UH}! H H H 

Fig l 8 Reg1onal Per Capilo Water Use 

ti ii tr !J 1, i1 i1 II 
Fig I 9 Regional Consumpflve Waler Use 

1\1 1 •I 1111 f \\qfC fl ,U/',A~l'-!ti, lfl ..::OOA 
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• Indicator • \1 acer Use 

Indicator Description 
Ho" ""er" u,cd for potJbk supply 
Jnd r..ommcrL IS 00(' indicato r or the 
nt:<.,C"S~ ,n• ~nd val ue o( \\J ter ro so ,en. 
Au. un.1 ,ind compreh('n~I\. "J.tc:-1 

U \(' mformanon enahles the proper 
<b!:io::.men t, plannin g and m:in.igement 
of\\ ,Her r sources. 

Af", repo rnng o f " a1cr use 1m p1 ovc!>. 

,o does o u r ,tc..counung J nd our 

understanding or rhe ~eccl for " ·"er 
Jmong, a.n ous use sectors. The d .1 L. t 

~c t used 111 t h 1!> anaJysis reAecrs water 
withdraw I, and use 111 2003. 

Desired Condition 
An adeq ua re and reh.ible suppl) 
of , u1t~1blc quaJif} ,, ater to .!i us r.i in 
human .ind ccolog,cal needs (13P Goal, 
I 2. 1.3. I. ). 

Status 
Good· Hu m.in nc ds are berng met; 
t'lOS\~ tem need~ a.re bemg 111ve~uga Led 

fo r cons1dera uon 111 managemeni 

opti o ns. 

ll-1 dom.inJJlr use .)ec1o rs. 111 Lhe basin 
and rcgionalh, are sho" n 111 Figures 
I IO and I 11 

e.i.rl) IS mdh on people rd y on 
\\Jr<r from the Dcl.rnJr< b..sin for 
rheir dat!v wai r need;. On average 
over 8 - IHllion gallons of Del.m.ue 
h.asm w;u ran pur ro us eJ<..h dav. 
lhcse numbc" indude an .-er.ige ol 

"' 'R '< I 'Jt 

736 mdl, on gal lons of ",uer expo rted 
ro r popubrion, Ill New York Ciiy 
a.nJ nonheJstc: rn NC'w Jersey. \\. hich 
,lCcoum fo r approxmurely 8~o of Lhc 
toral amoum of warcr wirhdra\\J. I!). 

A .!iysLcm o f re,;ervoir~ 111 th t" Upper 
b.1,; 111 smrr. \\.tte r fo r e~pon 10 Nn, 
York il)' and make co mpen,aring 
releases to m:unraj n wa ter 1em pera

n ires and Rows for wild li fe :i nd 
dowm.rream uses. ew Jersey exports 

w:11 er fro m the basi n via the Del~lw:u e 
and Rarita n ca naJ. 

UsC!!. rd aled LO power generation 
domina te bor.h bJsin and region al 
\\',.Her use par rerns. However. wh1 c.h 
sec tors use r.he water m ,l)' nor be as 
1mponJnt a'i wheLher or nm 1.he warer 
1s ult imately remrned to 1he syscc-m. 
For exomple, hyd roclcc1n powe r 
g ne rar io n is .1 d o m in.m t use in rh e 
Upper Jnd Central region , accounn ng 

for 68°0 of warcr u,e (6 17 mgd). 
Hydrod ecrric power generation is 
non -co nsu m ptive and rhe refo r(" the 

wa rer is ava ilable for use downstr am. 
In co nrrasr, therm oelecrric power 

gene rauon dominates borh the bas in 
and ,he Lo"er and Bay Region 

"""'" s ar nearly 80Qo or lOtal 
,d,hdwvob (5,682 mgd). Whi le ir !1.1s 
a low con~umpuve lo!)s rate ( l 6°10) the 
sheer ,olume of w;u er u~ed ensur a 

suhsw11iJI w,11er loss to the hydrologic 
11yMcm through e,·.1porJt1on . Thesr 
plam1 are gen ra lly p!Jccd " her< 

Fig 1 10 Oa11y Water Wnhdrawals, b;po,u and Consump1Jve Use 1n the Delaware Rrver Basin 

ToUII Watar Withdrawal• 
(gf'Ol.l"dardlU'tac.) lrornlh!I 
OeieYIMt Ri..e, Bun I 736 ..,. 

'" • Agna.tan 

OOomNIK 

• h::lusinal 

• Minl"G 
• Noo-.9gno..a11111 mgation 

O Pl.bllc. WaJMS\.l)pty 

• -
DH)<l-

• Al Other 

• N\'C 
o NJ (O&R Caoe,!) 

32 

Table 1 .2 . WATER USE F ACTS 

Values - based on 2003 water use record s 

Popula tion using Delaware basin Approximately 15 mill ion people 

736.000,000 gallons per day 
Water exported out of basin . 8% or total withdrawals . 45% or rea,onal withdrawals 
Water withdrawn for use in lhe Basin 8.000,000,000 gallons per day 

Basin per capi ta waler use 133 gallons per day per person . 65% Thermoelectnc power generation 

Dominant in-Basin uses 
. 10% Public water supply . 7% Hydropower . 6% Industrial 

Dominant uses 111 Upper and Central 
. 68% Hydroelectnc power 

Regions . 16% Public supply . 5% Domestic wells 

Dominant uses 1n Lower and Bay 
. 79% Thermoelednc power generation 

Regions . 10% Public water supply . 7% lndustnal 



"".1tc1 rnpply 11c((ls u11 he mc1 \\ 1th A 

less \ tg nific..1111 hydrolog,c 11npac1. In 
.1d<l11 1un, t-.1crnl l C1c-ek resc1vo 11 u, 

Ne w ler!,cy w.u. h111lt b} J con,oru urn 
to o lf,et powcr•relJ ! d comumpnve 
l1h'i 111 the ba~111 \'(,' hen n ccss.ir), rim; 
re~ervo tr c..111 rde,a'iC' flo,, s to protec t 
drinking ,\ arrr suppli<"s 

O , er,ill , 90°-, of JI! water 
w1d1drJwn from the Dd.1ware b.1s111 
is d1, c n ~ from 1,urf,1LC Y. ater flows 
Po1..1blc WJ l<"r rn die ha..,; in 1~ suppl1cJ 
from \ Ul f.1cc- w.ncr d 1vcr~1o ns (64%) 
.rnd ground wa,er wirhdr,l" .1b 
C,(,0 o). Ncarlv 90% of ,II potable 
supplv for commercial and re51dC"nual 
use 1.-, th rough publ ic Wdtcr supply 
!'>p!cm.-,, only I oqo 15 from domo 11c 

(household ) wells. fhe b.ism a-cr.ig 
for consumpuvc lo'>s 111 public ,, :w:r 
J1 ,;cnbur10n sysrcm!I 1s :1pprox11nardy 
JQ•J,o. 

Our knowledge o f the , oh,m 
of water med for Jrriga.t1on is sparse 
.md numhcrs re;porrcd ha c Jrc b.1seJ 
111 p.iri on e~t1mJ1e!I Although 1hc 
amo um of v..a1er wnhJrawn for 

agnc.ul ru ral '"a1cr use ,,; relacivd y 
small (63 mgd bas111-w1de), ,he lughly 
coru umpu,,e n.11 ure of irng;.won 

ml"an:> 1ha1 1h1~ sector <IC(.OUlllS for 
neJ.rly 1 /5 n f rhe 10 1.d con~ump11 ve 

water use. 

Trends 
Th rmoelecln<.: pm,cr gcncrac1on, 
and the war er dema nds for 1h1s sector, 

hJvc ~.hown .1 steaJv 1111,. l'CJJ.C in rec.cnr 
<lccadc·s .u1d ar pro1cncd 10 lOlllHlU 

10 1111..rLJ-\t: 

I he dJ1,1 , uggcsr tha1 1n the pa.st 
deLJJ e, ba~in "' 1dc warl"r u-.e hd5 
rr marncd fairly co m1,in1. An increase 

in populauon h.1, hccn offsc:-1 hv a 
J ed 1nc in mdusrnal \\ l tcr u~e J nd 

benefit~ .tllnbutablc to conc:ervJuon 
Rel iable Jar.1 on .1gnc11hu raJ use are 

£C'llt'f ,tlh r not ;l\,11 l.1blC', ;I Sllll d ltOll 1h,1t 
hJmper'> effort~ w pl.in for rel iable 
supplit~ for all sectors. 

Actions and Ne e ds 
~11,e k(;' ch.11lc-nge 1s ro mJnage 

supply 10 a gro,-. ing populJuon while 
emur111g adequare msrreJm flows rv 
~a lisfv cculog1e.il need.1, 

Populauon growth hotspots, 
c.1,pcc1allv in 1he Pocono and select 
bayshor<'.' warershed.s. compel 
atrennon Add1rion,d d<'.'mand may 
co rnpete wnh the need ro m :11 ntJ lll 

se.w>n.1.I Aows for aqua11c li fe needs. 

In gro undwat r-J ependcnt area~ 
where :,urface w.1rer 1!i not an 
1111med1a1e 1Jpuon, .1dd1uonal 
planning for ahcma11ve .1,ources, 
such as aquifer sw rJge and rccO\erv 

or benefioal reuse nuy be 111 orde1. 

A bcn cr undersrand 1ng of 1rn gauon 
wa1er use, e,peciJlly for ,1g n c 11l rure 

1\ needed 111 order to improve 
rlan11mg .:i.nd man,igement. 

A studv of the potenri:il growrh 
m ,-.a1er demand for che ,hermo• 

d ccinc sector 1.1, rcqu11 ed Jue lO 
1he 1mpJLt d1Jt larg(' po" e.r gtner• 

l ·* 

( \IICORYI • H\DROf<)<,\ 

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

Total Uppe r a nd Central Region 

_ , ._ .. , 

W1t.r U• 1,637 mgd 

.... ,,20 , 

I! AgnC1Jlture 

• Mining 
• Thermoelectnc 
• NYC 
O Domestic 

Conaimptfv. and 
O.plellw Uao n s mgd 

D Hydroelectric 
• NJ (O&R Canal) 
• Jndustrtal 
D Public Waler Supply 
• All Other 

O Non•aancultural lrnoauon 

=: ..:::.. Total Lowe r and Bay Region 

Water U• 7 .099 mgd eon .. mptlvo U.: 
!10 51 2Mmgd ·-

10 

:11i ng fali l11 1e'1 can have on wJrer 
resouru:s. \X',1ter needs for Ofht<1 

~11crg> producrton (e.g. dril l111g) 
.1ho neeJ !I 111vcsugauon. 

Adva11Le~ an quJ1mfim1g rhe 
111-.t re.un need~ of aquat1<. ecosv!,• 
,em-. .ire nec.e:i.s,;i ry fo r ac.h1ev1ng 1he 
<l ired wJrer :,upplv goals. 

\l \l l .. ,~ n it [)[ \ ,1.\X \RI II.I\ I JI 1.,,1, a, 1, )Rf 'OON 
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• Indicator • Water Supply Sources 

ln,Hcator Description 
\X...,Jcer for drinking, 1n<l u,1n.1l uses, 
irng.1uo11 and povver supply can 
orn e from surface ~ourccs, such ,is 

n vers. ~tream -, and reservo irs, 0 1 from 

sources m the ground (aqu1fe1~). The 
abtl1ry [0 dr.1w from a ITllX or sources 

incrc..1Se.s reliab1liry, espec.1ally during 
ume, or d roughr. Knowledge ,,bour 
water su pply ~ources 1s 1mport.Jnt in 

planning for growth, for warer supply 
and wa.ste waler collec tion, rrecume nr 

and d ischarge. a nd fo r main tai ning 

hyd rologic 1ntegnry in wa,er.shed') 

Desired Condition 
An adcquare J nd reliable sttpply 
of suJtable qual1ty wate r ro .SU.\ta in 

human and ecolog,cal needs. anJ co 

ma1nca1n hydrologll 1megnry (BP 
oal, I I , 1.2. 1.3, and 3 I ) . 

Status 
Good. Mult1ple po,able suppl 
sources :1va1\able m many, bur nor 
al l. regions of the ba.sin, some source 
pro1ec.11ons in plau . 

The ability lO draw from 
a m,x of source, rncrea.sc. 

rcl iab11ity, e,pecially dunng 
time• of drought. 

111 lit fll >'- M. llff l'N jjl Ptllfl' .' f.11111 

The source or potable supply Vories 
.acro::.s the hJsin . As illu~u Jted in 
F,gure I 12, 640,o of pot,,ble water 
in [he B ,lSlll is .}upplie<l ro m ~urfacr 
water sow ce') ,111d 36% from ground 

w.1rer, J ponion or which IS domestic.. 
supply Domesrtc supply refo,, 10 
pn,·a1e- household wells; rd1anLe on 
domesu c wells va ries g reatly across the 

Basin . 

rhe Upper region " pJrt ,cularly 
dependem on ground wa1er (nearly 
80%) and dorncsuc wel ls , pectficallv 
(43%). Supply source, may v.ry 
w nhin a regio n as well o te rhar 

while 7 0% of the Csruary region rd ,es 
o n ,urfocc water ro meet demand, the 

Bayshore region is totally dependent 
o n grounJ water, 22% of w h 1 h 1) 

fro m domesuc v.d ls 

Trend 
lnterconncc11ons J.mong public 

supply systems and the abil11 y 10 use 
bo c.h ground a nd su rlace water ro 

m ec1 dem and (conJuncd ve U'IC) Jrc 

me~ Uf"C:\ or ~upply .'loU\ t,lin,1bd1ry. 
~upplies need lo be protected from 
<leplcuve wuhdraw.il:, and from 
q uali ry 1mpa1rmen u. rhat could 
1mpau the long term " 1ab1l11y of Lhe 
!!Ource. ~ourc.e w.uer p101cc11on can be 
an.omphshcd in several ways .md b 

cspcc1.1lly im portan t tn area\ depen
dent on ground water .is a sole source 

of , urrly. 

Connonsville Reservoir 

Sole So urce Aquifor deStgna-
no n 1,; one tool LO protecr d r111k111g 
water supplie-, in arc.ts wi th few or 

nu a\1.ernauvc sources ro the g round 
W,Her re!lource, and wh~re ,f (Ontamt 

nauon oCLurred , using an altem.u1ve 
,ource would be e>.u emely expr n!l1ve. 
EPA define, a \Oh." source aqurfer 
as one wh, h supplies at least fifty 
perce!1l ()0 °10) of rhc drinkmg warcr 
t..omume<l in 1hc area overlymg the 
:1qu1fer. 111c d s1gn.1t1011 protect!! 
an .uea'!I ground w:n er resource by 
requmng EPA review of all proposed 
pru1ec10:: widw1 the d esignated a re., 
lh,11 will rece1\ e fed~ral fi n,mc1al as!>1S

t.111ce to Cll\ure 1hcy Jo no, c ndJngrr 

the ground water ~our c 

I he largo, h1gh-y1eldm1, .t~Lllh r 
::iy\1en1s in Nev, Jer!,C'}' have been des1g-
1uted a\ ~ok .\ource Aqlll fePi, 'i111c<." 

th y are rh 1,ole !,OUrLC ot dnnkmg 
wa1er for cummurnues in 1hat area In 
,lddu1011 to 1hc .1qt11fer!>, th e de')1gna
uo11 ,ndude') rcvitw ol p roieu,; m ,1 

~cream now ~Ollh .. t w nt which lie:s 

Ba.sin T ota l 

I 11 GW..Public • sw-Publlc 0Gw.0omee11c I 
Upper R•t~n Ce ntral Region 

hphor. 

F,g 112 Sources of Potable Supply 
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w11l 11n ,we, mdc, of ,he Dd,m,rc 
R 1H-r in counuc-, 111 I (i\1crc.a , 

Hunt<"rdon \ us,c.-x ,rnd \\:1 1ren} D l:
l c\\ Cude) PA (DdJ\\,irc. Pl11L,Jd 
ph 1J, iluch.-c;, 1'. 1onroe 0 11hampwn, 

1',ke and \\Jvne) and N\ (l)cl,ware, 
Urangc and '>ull l\Jn) 

'>1a1<· dc<igned Wdlhead Pro1ec-

1io 11 (\VJ I I') l'rograrm olle, local 
opI1u11s to pmIccr 1...ommuli1t\- supplr 
"dJ..,, C)fr cn through -c;pcc.1al1t..ed 
zoning anJ d t.:, d oprnem ord111Jncc, 
All fou , ba~ 111 st.He, hJ,c adoprC"<l 
\X'HP progrJms in tompli.rnu warh 
.1 federal 111..1: nd.uc: Jnd m,t} rl"'qu1rc 

i;o,nc d ('gn.'e of p rotcLC1on JS ran 
uf Jnull.1r,• pern1111 111g pioi...c,scs 
Dc-b".tr~ . .B par1 of u, \our1.e \XlJtcr 
Pro1u oon Plan ena.<..H.:d J law in 200 I 
reqwnng brge mun1upaJ1t1e'i .Uld 
LOu nue~ ro I t"<.ogrn, c \\ l IP Af('a.., 111 

Lhe11 Cornp 1<.he1HI\<: L.rn<l U!K' PlJm 
.rnd f{I enJcr orJin,1111,.(:'t;; LO rroreCI 

\\ 11 l'As b, Ocu mhcr 200~ Purnsyl 
v.in1..1 , 1c.~,., Jt.rst, :m J Nt\\ ) 01k h,l\C' 

rnl11111,in \X 11 I' program< Ah hough J 

W'HP progr.1m m.n I tcog11Iz~ c.lu~re15, 

of Jomc,n<.. w ell \ ,1\ \\ orrln of prot<..X 
11011 . HJLt. p1ogram, Jo not requirt ir 

Actlens and Needs 
'\dd111u1ul ,upph rnst . .111ub1l111 
1n<l1t..Huf\ <,,houl<l he 1<lu111ftc:J 
ITTlJ\Ult\Of \ \ l l m lnlUt.Olllln llOll 

J.nJ \our1o.l , .. 11<. 1 J"H l>ll.'<. 110n ,houlJ 
he: <t1m1d r1.J 

7hr sol, snurr, aqmft'T 
d,t,rm111atio11 for Nrw Jrruy's 

Coas11,I f'la111 Aq11,ftr WllS made 1ll part 
herau,e more 1ha11 J m,l/io11 coastal pu,111 

rerrrlenrr depend 011 tlm ground warn to s,ri•e 
~5'¼, or more of thrrt" dm,king watrr neetb, 

AJ<lir1onal 111fornu1 ion on the 
JJopuon uf wcllhcJJ pro1rcuon 

pro!(nm, should be cc>llee1ul Jnd 
r<poncd 

funher effo, LS for protecnon o f 
locally sig nific.1111 ground \VJte 1 

suppl1c.,. u pi.:u::ilh Jrc.1s ;c1,c:<l hr 
commll111ry wel ls ,1 11d dome,uc. \\ell 
clu~rel\ . should bt ('ncour,tgld and 
\uppuncd 

Buckingham Twp PA public commun,ly supply well and waler lower The lown-
1h1p OWlll !he land surrounding 1h11 and olher wellheod,. ellec!ivcly prolect,ng 
!he publ11 worer supply 

~ New Jersey 15 Basin 

§ Rec/large Zone 

! \1 11 ,OR\ I • HYCJK< JI O< \ 

Figure 1 13 Mop cf Sole SouJ'le Aqtnfsri. 

D New Jersey Coastal Plain 

~I H 1t I 

I'! 
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• Indicator • Area. .. of Ground Water Sr res~ 

TifLV C,rounrl•u1ater 01•rrdrafr 01· "mming", 1J ,1 common prdltia m the Wf'Stf'ni 

Jryl,md,, bur 1J ,wt i,k,.~1110 brcomr a w1dr.,pN!ad praau.e m rhr ( o,1J1a/ />lam of th, 

1J,·/aw,1rr Rwrr PYgw11 
l \ (J\ l'rolc.<'.1onJ.l Parer 'lo JR I I %4 

'\', m S'omr u•,lft>r,hrds in rhr Cot1Jt11I !'lam and Piedmont h1•drol.og,c prol'inw have 

r,prnmad ground w111rr ovrrdraft mndwom and rrqturr ,prr,al management 

Indicator Description 
'>tre,1 on ,l wJtcr rt,ouru~ w, rcrn 
c..m 01:.,ur when "tthdra\\Jls ex<.ceJ 
naru r,d rec.harge. \\ 1rhd1awJI of 
ground \\ Jter b1wdl1 11 ., , ,re,, ,upu-
1rnposc-d o n a prcv1ou,ly 6,tlanu,d 
ground w.11er sy,tem. lh e rc~pome of 
an Jqu 1fer lO pumping 1rrc:s1ei rrtJ} 
rc:.,til t Ill ,tn mcre,Vi<: rn rec harg< ro 
the .1qu1fcr, .1 dc-ut.ise- rn the natural 
d1sch,1rge w srt e-Jm,, a lo,, or ~corage 
w11hrn the aqu1fc1, or J c.ornbm.iuon 
of thc,e effect5, .rnd 1mpac11 m.i: 
c-xtrnd he1·ond tl1 l l1rn1r, of th<.: aqu1ft'r 
being mon itored 

l wc, n1.11or are15 w1rhrn the watt'r 
, he:-&, uf the Upper L, tuary region 
,ho" , t re15 and ,trl re1:.ogn 11.td ..i, 
c.m ,c..tl or pro tcued JJea,. the <.,round 
\X'.itu Proreu <'d Arl J 111 ,ourlKa,tcrn 
l'ennwharn.i .111J ( rmcal Are,1 
'\:o 2 111 ,ou th <..t m ral Ne\\ )<'r,ey 
,d 11d1 o,a!J,, rhe Po1ornac. -R..1rn;111 
Mal!o1h~ (JlRM) i\qu1/c1 (sec I 1gure 
I. I •) Nrw or npJnd<:d w11 hdrrn Jh 

111 both or these crit1<...tl areas are 
p1oh1bttc:d or Ii mired and managed 
, ub1ect to spt"cific. rcgulauom wlm.h 
serve to allo1:.are the resource on the 
b..is,s or a ~m1a1 nahlc long-rerm yield 

Desired Condition 
An .1dequatc Jnd reliable 5upplv 
of 5u11ahle qu,1l1t) water to su'larn 
humJn .u1d ccolog1cal need, (BP C,oal 
I) and dcne,t,cd reliance on J'n as,1c. 
JnJ PRM aquifers (l.C MP Awon, 
\X' I -W3) 

Status 
l-a11 Con1unu1,e u5C and reg1011,d 
alte111au ve1 to loc.aJ 1uppl1cs a1c: tasrng 
tht , 1 re<,, 111 du:~<' rwo .1rca.-., hur 
JdJmonal problem arc.l'> arc em1..q;1ng 

Soutl1 Eastern PA Ground \Xfater 
Pro tected Area (SEPA-GWPA). 
ReJurno ns 111 total .rn nuJI ground 
,, ,uer wtthdrawal, hJ,·c hecn oh,en eJ 
s111ce- numc11cJI "1d1J , awal limn, wl"re 

rnabl 1sht:d tor the (;W PA Berwcen 
1990 and 2001 uHal annual g1ounJ 
,1atcr "' 11 hdra" .tl5 wtthrn rhc- C \X'PA 
were rcJuc.ed 6, ,1pproxunately 2 'i 
b11l1on g;1llo111 (6 8 mg<l) Ho\\cver 
v. hde che (,WPA ha, improved 
ow r.i.l l through rcdut.ed ground 
,, ,uer w1d1dra,,JI\. 1hC'rc aJe , llli 
subba.;tns wnhJ rJwrng ground water 
, olumc, rh ,tt e,1..ccd the po1cnuall; 
s1rc:,scd level In the W.1rm1 nscer 
.)ubbas1n, Lmle Ncshanunv ( reek \A ) 

Ncwto" n C reek (B), ,rnd .)Lhuvlk1 ll
Trour C reek (C) m : all withdrawing 
ground \\,lier 1n annual volumes rhat 
exceed the porcnuJII) , 1rc:;sc:d le,d 
( I 1gure l 15) 

New Jersey C ritical 
Area 2. In 1996, 
11nplemenc.111011 
ore nncal Arca 1t2 
by f\:J re, uli cd in J 

rcducuon in 1 he U\e 
of the PRM aquifer 
S},tem Manv of 
d)c,e mun1up,1liu~ 
.irt now ,en•c<l h) 
,urfacc wJrer d tvcrred 
from the DdJ,1-;1rc 
River neat Dehan. 

ISouthl!aslom 

;md appc.1r ro bt· <rabdl71ng in mo,r 
pam uf C..nc1c.1l l\ rc::J 1=2 An example 
1, sho"' n 111 rhe hydrograph tro m 
U<,( ,~ I Im l rce 1 ob,crv,rno n wd l 
(h g. I 16 ), over ~oo fcu dee-p 111 rhe 
M1<ldle l'IU-1 .1qu1for m Camdrn 

Counrv NJ. 

Addit ional Problem Areas in the 
Lower Esrua.ry and Bay Regio n. 1he 
PRM aq lllfer wsrcm e-xtcnds under 
the Delaware River. through Dda,, are 
,1nJ rn to port:1011, or M.ir, 1,rnd . A 
200..,. drafr rcpon frvm the L.1\AC I::. 
o n a ground wattr model developed 
for no rtht:rn New c~dc Count1 
DL c.oncludcd th.1r ground wacer 
" 1thdrawal~ in Del.iware .ire d1mrn-

De lawa r e Bn, 

New Je,-ey 
Critlcal A.rea 2 

N I A, a w m1.:q11r nct 
of C.Oll)Uncuve USL or 
ground .ind surfJte 
WJter, aqutft r wa1c1 
lcvd, h.1vc 11K re.i,cd Fig 114 Areas of ground water stress 
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1~hing &n c:am ba\c: Aow~ .a.nJ fo rming 
1...oncs of dcprcs.!iion. The 1mpac1 
o f the..,C' w1U1dra w.-1ls C>. l t'nd) mto 
M arybnJ and NC\, Jersey iJelJ\\are 
has dev lo ped a p rogram 10 provide 
surface W dlt"f" for nonhcrn CW c~tlc 
Count) ' (see box) 

Base flov. decl ines a re a.ho a c..onccrn 
in Lh e Salem-C loucestcr area Jnd rhe 
M.tuncc R.1vcr b.1s111 o f souUlcrn ~ 

Jersey New JnJ expanded .i.J loCJtion" 
arc being d enied o r restricted ro lunar 
ad ver'ic 1mpact..s o n die aqwfe rs and 
pro lect .Stream (lows 

Trends 
5111 e 1hc- cn:.:.anon of t..he proLcncd 
an~as. COll/U llCtl \lC USl". prOJCCIS and 
rcg1011JI a.hernat 1vcs have- pro, 1dcd a 
me:u.ur of ,;; usra 111abd1ty However, 
dcplc1i,·c u.:,c in a reas beyond 1hcse 

c. nuu.l areas 1~ emerging as a problem. 

Actions anol Needs 
C omprehens ive: 1nform.1r1o n on 
~l re.trn Aow and ground water 
Lond u1ons in the PA-G \\lPA \\,Ould 

enha nce the ongoing analys1.~ o f this 

region 

F,g I 15 Percentages of subbosm ground water w1thdrowol lim1'.' reo,hed m 2003 ,n PA-GWPA. 
Mming wtthd,owoh ore not included The w,thdrowal /1m1111 de/med as the 1-year-m-25 average 
annual baseflaw rote as determined by the USGS lor ea,h subbasm 

• A d,rai led , rudy of pro1ecred 
de mand. o u tstandtn~ allocJ1 ion~ 
dnd waler ava1lah1 lny are a ncccs
s,1,ry pan o f ongoing rcg10nal, 
state and basin-wide w.uer ..-uppJy 
pb.nning dforr-,. 

~USGS 

< ~fr<,Oln I • H) ll l!t 11t ll,Y 

New Castle County, DE 

Delaware has responded to seven drought 

events in 25 years. Adap1ive manogl!· 

ment resulted m a pion and loclITties ta 

'drought-proof' Jhe slate, In oddi11on to 

an iron removal pion! built in 2003 to 

treat ground water, a 300-million-gollon 

reservoir wru built lo augment supply 

from lhe White Clay Creek and make 

lhe Cily of Newark self-sufficient. The 

DE Waler Supply Coordinating Council 

assembled on addi11onol 2 billion gallons 

of waler supply 11me 1999. 

USGS 394922074563302 070413-Elm Tree 3 Obs 

r. 

i 
... 
... 

197, 1176 1979 1982 1985 1188 1991 1994 l lll7 2080 2083 2816 

- DilllJ nean dept.h la ... t cr l evel - .. er lod or provblana.l .S.W 

- Period or approved CS.l• 

figure I 16 1lluS1rotes how worer levels ol a USGS abseria1ton well in ti.I (ril1col Arco 2 hove rebounded 

,1\11 0 1111! rnlA'-\ \ RI RJ.V-k8A.'-l'fll l\ lRI 'OOH 
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• Indicator • Flood Damage 

Indicator Description a<ld i11on to rc51J en11 .1I an<l commercial 
l lnnd ,n~u,.inlt' cla11n, d.1r,1 h,l\ e brcn properue, whose owners l hoo1e 1101 ro 
< nllcctt'ti J nd u1ed ,1, ;111 111d11..11nr of pu1d1.1,~ flood in,urance, mud1 of ou1 
flood d.1111.ige \Ince the 11,tn ol the com11 uc1rcl infra.s1ruu urc - 111clud1ng 
l'l'cicr.1 1 I 11wrge11c, Managemen1 rnJd1, h1i.lgc,, crnJl5 .rnd unhry Imes 
AgenC\ {l· I MA)'s N;u1011.il Flon<l - , ufl er damages 1h,1t are nn, wp11ired 
ln, ur.mu: Prngram (Nrll'J ave, 30 b) drn 111clu.:.uor or by insur.111ce 
)c':l ~ .1go. Ni II' p1ovidc, federally- program reco1d1. 
bJd,.t. J flood 1n, ur.111ce 111 commu111-
u~ thar aJ op1 anJ enforce flooJpl.1111 Desired Condition 
manJgemcnt ord1n,ince, 10 help Preven11on ot fl ood-induced loss or li fe ..,. 
rcduL<~ fu , urc Oood lci ,se, . and property. and prmecuon of !food-~ 

Rrpn,111,r loss " a useful 111d1CJIOr nf pl;,111 ecology (B.1>111 Plan Go.ii 2.1 ). "' ,... 
Hooding .1, a recurri ng cto nornJC and , __ 
em iron mental prohlr m. Repe11nve Status ·= 
los, 1, upplicablc 10 J properry tlu 1 Poor· I ncrea;c-<l prope.rry lo;s and :.. 
c-ndurcs l'\\ o or rnurc losse, of a1 le.u.1 repe111 I\ e cLums 111 recenr years. 
S 1,000 frn each lo,s. ·1 he 1wo losse, 
rnmt be \~ 1rh111 1c:-n ycar5 of c.id1 orher Approx1rnatel} 1,372 ,4uare mile~, or 
and be Jr le.1s1 IO dJy, Jp.in , I I 0 o of rhe basin. 1s locared in 1he I 00 

\\ 'lule insurance cl.urns can provide ) ear Aoodplam, or in ,,reas Lhat have a 
a gt"ncral p1tture of !food d.1m;1ge, I in I 00 chance JI uny rime of being 
"'nhrn the b:ism Lhe)' reAec1 only ,1 Auoded. Nearl) 20,000 flood insur-
fr.icuon of 1he JOrnl rn,r of propem• dnce cl.1im reimbursemems wraling 
damage c.iused by Aood111g. In almo11 $47 3 mdl1on h.11 e been 

Table 1.3, Repetitive Claims 1978 - 2008 

County Watersheds No. of 

,, 

Properties 
Bucks PA Delaware River & Nesham1ny Creek 590 
Montaomerv PA Schuylkill River & Perkiomen Creek 252 
Northampton PA Delaware River & Leh1ah River 193 
Warren NJ Delaware, Pequest & Paulinsk1ll Rivers 192 
New Castle DE Red Clay & White Clav Creeks, Christina River 51 
Hunterdon NJ Delaware River 155 
Mercer NJ Delaware River & Assunplnk Creek 191 

,1 ,J'- RI"' ·1 ii 

a>\•,1rJed in the Del.1ware 
lh , m 1111cr the l.ne 
19705 

Pnnr ro 2004, I-EMA 
1eponed .1 1nral of 3 17 
rcpc11111 e lo,, prope, nes 
111 rhe ba~in Si nce rhen, 
rl1rce m.unstem floods 
m 2004, 2005 and 200G 
cau,ed I he addition of 
1949 propt'rne; ro this 
li,t. A, of 1he end of 
jJnu,1ry 2008, nearly 
$2)5 m,111 011 ha, been 
paid our 10 2.266 
repe111 1ve lo~s p1oper-
11es. "lhc LOumie, "id, 
1he h,ghesr concen1ra-
rions of repet i1ivc loss 
propcrries a re 13ucb , 
Montgomery and 
Nonhamp1on PA, Jnd 
\X'a rren, Hulllerdon and 
Mm.er NJ. New Cisdc 
Coun l) DJ: rank,, 5rh ,n 

Repetitive 
Loss 

in $Millions 
$ 76 0 
$ 26 8 
$ 25 9 
$ 19 8 
$ 12.9 
$ 12 7 
$ 11 ,2 

For more inlormofion on the lnterstote Task Force 
and a complete list of recommendations, visit: www 

state nj.us/drbc/Flood _ Webs,te/tosklorce. 

Fig. 1.17 
Total Number of 

Repetitive Loss Properties 
by Mun1c1pallty• 

1 - 20 

• 21- 50 

• 51 - 155 

·Unricofpor11tada/UIW'IO..,,,,.,.., 
.,. agpltgaced by c:ounry 
Soutce F'EMA 2008 

Insurance Program (NFIP) 
Repelil1ve Lo11 File includes 

flood dolms lrom January 
1978 through Morch 2007 
A repetilive loss property 

hos received payments lor 
two or more losses of more 
than $1,000 each wilhin 10 
years of e01h other and al 

leosl 10 days apart 
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rerm~ of rhe cost of rt'peu n ve losse\ 
(lable 1.3, Fig. 1.1 7). 

Trends 
·n 1e denSl!)' of cl:u ms reflcc r_, popu la

tion den.sit), rhe degree of develop
m ent in floodplain s, the number ot 
policy holders, a nd Aooding frequency. 
The vase majomy (86%) of the 

repetitive loss propenie:. were added 

as a resu lc o f three m,1jor Hood even ts 
between 2004 and 2006. 

Typica.l ly, severa.l factors conrribute 
10 fl ood even ts 111 the Bas111 including: 
• a nrecedent soil moisture - how wet 

soils are before 1.he storm event 

• the duration .ind 1ntensiry of rhe 
storm evenr 

• the number of storm even rs rhat 

cont ributed to p recipi tation w1t.h111 

a g iven period of rime 
• the t>xre nr of rhe precip1tation. i e. 

how l&rge an ,trea was affecred by 

the s10rm; 

• snow p,1t.k , smce snow mclred by 

ra in ca n conmbure ro flooding 

rigure 1. 18 illustra tes w me of 1hc,e 

fac to1 s. It corn pares the observed total 
monrhly precipitation for recent yea.rs 
(2003- 2006) to a historica lly wener 

year ( 1996) and ro average a.nnua.l 
prcc1piratio n for l 971- 2000; record 

Hood evenrs J re highlighred. 
A record Jmo un1 of ra.111 fell on 

the ba,1n in O ctober 2005, but it did 

not result in mamscem Hood111g due 
co am ecedent hydrologic condiiions: 

below normal prec1p1ta ion 111 the 
prececding five months resulted in 
very low Stream How, soi l moistu re, 
ground WJ.ter levels and reservotr 
sto rage. Conver;cly. the September 

2004 Aood evem was preceded by two 
months of above-average ra1nfal l 
which compromi;ed the abil ity of 
soils to absorb .1ddit1onJI ra111fol l. 

1 he Apri l 200'i fl ood also dlus
rra1es the importance of ,111tecedent 

condmom , includ111g a prio r ra in 
evenr 111 MarLh and rhc contribu
tion of a melting sno,, pack. Total 

ra111fall 1n June 2006 111cludc>d an 
espetiallv hea, )' ram (up 10 18") 

o,er a 4-da, period .icro\s rhe 

ld11gh, Sc.huylkd l and Upper 13d5in 
In 2008 lhe Dd.1w.1re River 

B.u.rn lncu\r He [ lood l\1i1igJc1on 
I I l h i rl L ( I.i,k hm:d J e,·Lloped 
1 sr1 c,f ,15, 0 nt~ n~us f<:LOlllLndJ-

--------------..,.-··--1.~'-~"l.A' 

.AfH,Oln I • HYDROLOC\ 

i t ts estimtZtrd thnt a quarter of 11 million people are at risk 

becnwe they live wit/mi a 100 year flood plam. 

Ongoing work /;_y FEMA and the Army Corps of Engineers 

will el'fil1tate the definition a11d impart of a 1:100 year flood 

event to more ncr11rately idemifj, nt-ruk properties. 

1ions th.11 addre;s a wide variety of 

acuons to improve condiuom in rhe 

bas in . 1nduding Aood map m od ern
izarion, improved regulations, a nd 

incegrared watershed and Aoodplain 

management. Th e Task ForLe report is 
availabll' at www.drbc.ne1. 

Actions a nd Needs 
• Addinonal indicators are needed lO 

caprure rhe eco log1cal funcrioning 
and value of Aoodplains and lO 
reAect the total COS[ or recurring 

Aood damage~ ro communities. 

• Adopr policies ro ensure rhac public 

funds do not support projecrs chat 

cre.ue a furcht'r flood n sk. 
• Adequ.itdy fund plannmg J.nd 

mirigarion acnons; Aood prone 

commun irie5 often find lhar 

avai lable funds are nor sufficient 
for e ither acqu1s1tion o r elevanon 

of bui ld ings thar are repeJredJy 

Aooded 

• Eval uate che precipitation observmg 

sranon and Slream gage nerworks in 

the B.lSin to support improvements 
in Aash Aood forecasting 
capabil1C1es. 

Flg. 1.18. ObIerved Precipitation Above Trenton, NJ 

13 1 

12 ~ 
' 11 --

(I) 

10 f ~ .---- --=-- -Jun•.2001'-lood -- . . - ~pi.mbe~od 

" 
8 -- ~ fl -

~ 

~ / 

" 
Jonuo,y llffllo - - . 

.E 
• / od -

..E 

• • - A_erU 2005 Rood 
--

C .g 
:l'! 
.e-
" ! 
. ; 

Q. 
2 

1 i 
o l 

J i f l f 5 i; l l' !? f ~ 

- 11M-12.CM"' - 200~ .'Tt'" - 2004-U lr - 200.S.-lt t:Z'" - JOOl-.6'.U---Av•,ag• Predpli• tlon 1I71...ZOOO 

, 1\11 \lt fHI PUA'l;ARl R.l\lkR.A, !,Rtl,_\Jfl.'IH)K 

~ 
~ 

'J 

,... _,. 
er:. ,-. 

>
..... 

25 



¢: 
;::. 

;::: 

< 

Feature • Basin Hydrology 

Climate Change 

Me asuring climatic change impacts 

Precl p ltatio11 Patterns: Status and Trend 

Wetter winters. 

...,. Kis1IJlical ... of snoa (1961-1980) 
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,1,,, f1ov.;. v.l11c hare> ,,ow occu, 11ng about 7 10 14 Cl 1y<, eJrlrer than the long term 

.i.rnmer J.'. 

t(',..I 

now 

<>·•pee tM to hf> occurrrng even cvlrer hy rh~ r 11d of the cpr11ury Wnde 

~J1t ter1 !'J chanqe d1.:trndt1callv hrohcr au ,ind wa•er 
11(1 ,nu..,ase rvciporai on dnd reduce ~urnfl·er ,in<J ;,·Jt J•rrn s• 1:;.irn 

Increased droughts. [ iuyht can Of c ::i.< ;,f-r->d <1: shon terr,! 1 'l rr~orths). rned11,m 

1 ' n y11 , 1c .J tPrriI tmorP th3tf' 6 mvnths) duration Th€ no11I1eastern US 

every 2 3 y'ea,s and rnC'c!ium 

t Jt all ri sorne coc:st.:il ,i-ea 

,0r dtO!.lQ"lt !,med from 1 % I 1967 and ,s 

p!Jnnrng µur poses Ory co11dit•OI"~ h,we 

l ,\11 C,< IR) I • H'i I >Rlll 11(,Y 

11< i arnrngs ,t?·Jnal tirnps since the 19oCh 
notably,n I-l3081 I08'i •905 ,inrJ 1~99 Mori>recentl, pomo:--sol thebasinf•pn, 
enc t>d drou(/11 c. ')nO ton<; n 2001 /002 [)el~wa·e ha~ adopted 200.? as its plc1nn111g 

drouqnt 0f record tlridt?r the •Y'orc? E>xt•,0 rT,e c :na·e <.ha 1qe scena•,os. droughts ,re 

Fig 1 21 Aenal Pholo of Mourne River Cove comparing 2001 shoreline lo that of 1890 Photo counesy of J 
Gebert, U S. Army Corps of Engineers, Ph1ladelph1a D151rict 

.•nt cted tc, l>ecome mo,e trPQu;--n•. w1tl1 stiort term droughts f)Oti?nt1allv affec.1,119 

dreds of the lat•)k ~ and A(i,rondacks a, oh~, 

Precipitation: lmpads on Water Resources 
Water supply. J r• 1 r,., \' 

1,-ment 

resc>rvo,rs .ind tor rt'<. h,mi 

month~. Wtrhout th ; natur 

me frequc>ncv or drought 
.apac 11c 

lnstream flows 

,r 

·r ,, 1, j fa.I dnd earl.er pFaK !'Jaw~ will o'iect 
the bas,n <;nowp,1c~ 1s depended upon for spring flows to 

ows t'1rough tt-e ~umm:-r 

point 

overbur 

thrrdt 

F,g. 112 
Summers 
tn eastern 

Pennsylvania 
could feel hke lhe 

currenl chmale 
of Georgia by 
!he end of lhe 

century based on 
the heal index 

wh1Ch takes 
hum1d11y and 

wind into account 
lo measure how 

hot 11 actually 
feels 

Migrating Summer Climate of Eosiem Pennsylvania 

1961 19'10 

' I 2010 2039 2011).2039 • . ·. '. 

. _ .104~·20611 
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<.A.11 , ,l,RYI • 11'l1R<) l <H, , 

Flood mg. 1r fl1l' ne-·11 t•!trT' 11 ,, easf>d s1orrn SP11r•11ty ,n lc,te winterft:wiy spr,nq v-.,11 also 

,11 ' od rd, cl< bea·,~ ra,nc ,ind ,vem,! ~torn-is rlunnq that 1,n e ar;c naturdl,y 
•moo1,ndl~l by ,n,.>V,m,,11 In tne ,,,nger tPrm_ <,n0w wrll he 1r>1Jlaceci oy r.J,n and 

1ter f\()(>(j,nu could hE n,orc- con 1mt,n In :ioa1 arPoS, rnore severe sro,m, could bring 
h,q:1 .. , wiJve, end s10rm surge,. 111crc;r,,nq Cvd',1al flood111g an11 lJedch e•os•r,n 

1v\ore "terw,• p1rc 1pt1c1t1on PV(>nts ur<? ltk0iy to cau~r:- ,ncreJ.,ed trequen(>' and 
1naqn11udc of "<•vds Areus ot 1tie t)a<on Jire.irfy- ,H 11<k for tloo,J,ng mc1y !ind 11 o: r1\k 
"lt•ci~.-,,J .mc111 f arcds may bE' e~pandPd w,th ,om,nc>r1su•ate 1nc10ases '" dcim;iges 
·-- •nw1.,duJI proµertiP, and to u;,,nmun1ty ,nfrastr-,cture 

Sea Level Rise: Status and Trends 
Tneet.rr f -,, •er .ind B.~y Reg,om ol 

•<'' dll)' low t>levdr on. 1 he co.• stal p;,11n 

.t' ,s p.i1t,cular1v v1.,1:iNc,bJe tc nK•ea-,e, n sea ,eve: f'/ :,"ly coa;r ,1 areas are 

sho 
rpase of 0.124 -cc11e-,11car the equ1valC'nt t<., one 1:-lh every t>1qtit years. Tl-te ralf 

,eat PhdJ(felph:j from l 900 throuqri 1 l9<J wci, O 108 •nc t1rs/1'E'Jr or cbout 

·ds <l'> teinoera1u1t>< 1ncre~1~e Tilt:. rJtP <1t wt-> 
.,,_ meit could exacerbate :te rate 01 :;ea lt-ve' me 

Sea Level Rise: Impacts on Water Resources 
Increased salinity. I• i)t" it Jr' :1 al r,, ,111 ,, J ,, 

JI •j •t 

®lif"l·wABti"i::t:I· 

:~~...-. 
... C - __..,.,--..:i,oi 

F,g 1 23 Wastewater lreolment plonls in the area al Cope Henlopen DE ore vulnerable to sea level me 
Using the 1962 storm nood elevation, this 1moge shows that Lewes WWTP would be flooded and the foc1lity 
at Wolf Neck would be nearly surrounded by water Courlesy ol Dov,d B. Coner, Coastal Stoles Drgomzotron 
Climolo Chonge Workgroup Co-Choir & Delowore Coastal Program Manager 

Erosion flooding and hob,101 loss. '>• :J l?vt"I r,sE' ; slowly 11und,11 :riq low I~ 111q d,eas a•on,7 
)J'•l ' ,nc J ,,,ng S1CJ111 11 • •'ros,on of beac.h,s In ">alern ~ ,:,u11ty NJ. some ba 

l'ea.h,'s a•c current Iv fully suhm,,11wd Jt h1oti till->, antl I ;r•nn sPJ ,e1,el 11se coulrj 

mt''lSu•able· 1c,s, ol wt'l ,J d) ,~ pred,l ted. 
· j 

•J 



Infrastru ctu re consideratio ns. R· ,ing sea levi:I will cause problem~ tor infra · 

st ructure 1n c.oa~tal area~ Roads and bndgP anproaches in low lying areas will first 

bccom,:, vuln0rable to flooding during sto1 m events, and eventually be perrnc,nPntly 

inundated Storm sewers ,n coastal areas will carry seawater unto town street.s. 

1ather than conveying stormwater awiJy Several coastal towns have expe11enced 

this al1eady 5Pa level nse will also render lower bridges too low for the safe PdSSage 

or boats undernearh Costs to replace infrastructure can be expected to be many 
m1ll1ons of dolldrs. 

Wastewdter t reatment plants are at risk as ,s drinking water infrastructure If water 

supplie~ are threatened intakes and tredtrnent plants may have to be rPlocated and 

alteinauve potable water ~upphes secured 

Temperature: Status and Trend 
Temperatu1es In the northeastern US have increased by about 1 S'f since 1899 Since 

1970 the region has wanned at a rate of O s•F per decade with winter temperatures 

warming at the more rapid rate of 1 J'f- per decade We have experienced more days 

where temperatures surpas:;ed 90"F and 100' F fewer days wtth temperatures below 

32"F and more rain than snow in winter months with a commensurate decrPase 

In snowpacl-. Earlrer spring snowmelt and vegetation blooms have also bePn 

documented actoss the region 

Some predictions 1nd1cate that by 2040-2069 mean annual temperatures for the 

Delaware River b,Js1n will range between 2 5°F and 8 7'F warmer than experienced 

between 1971 and 2000 Whtie the range of estrmares depends on the degree to 

which greenhouse gas emissions are curbed or increased, northeast temperatures are 

e ,pected to nse 2 5°F ;o 4'F ,n winter and 1 s•F to 35°F In summer reqardless ot any 

emIssIons reduction. s,mply because of residual conc€'ntrattons of gre€'nhouse gases 

In the atmosphere 

Temperature impacts on water resources 
In, r€'ased amb1€'nt air t€'mperaturt·S will increase water temperature, compromIsIng 

,rs ab1t1ty to hold d1ssolv€'d oxygen In susrensIon - a crtttCal cond1t1on for aquatic life 

Temper att..re also affe( ts the ability of water to assimilate some pollutants and rnJy 

cau~ vt0idt1ons of wat€'I quality crtter,a Areas that Jre densely populated w,th s1gn11i 

cant cireas ol roohops, roadways. parking lots and heat g~neranng emissions are 

vulnerable to evf'I1 greater localized tPmperature increases and exacerbated impacts 

water resources 

<'°II rc;oRY I • I l'rUROI O(,'r 

The current m1>;, d1str,burion. an<.J abundance of fcresi.5 are likely to be alrPre,j 

by nsIng temperatures Evergreen forests. because they require colder tempPraturP 

reg,mes. will be esp("c1ally vulnerable to replacement by deciduous spi;:>c,es better 

adapted to warmer weather Warrr•Pr terrperatures r .. nd ro encourJ')e parasites dnd 

diseases that attack vulnerab:e species. warmer temperatures may play a role ,n the 

prohferat1on of woody adelg,d that a11ad hemlock forests. MaJor changes to fore~r 

cover can be expected to affect water resources 

There are numerous other impacts expected with increased tPrr,p<!raturE's, 

,nclud,nq human hE'alth effects from heat sl r€'ss. wors1?nmg air qual,ty. and 1nfPct1ous 

diseases, economic shortfalls from the loss of w,nter rf>crea1Ion and roumfTI increased 

energy demand for cooling, and impacts on agrrcultura· produc11on. pl,:int and animal 

hf€' cycles and survival connected ro drsrupr1on of sea~ona1 phasing 

Actions and Needs 
Adapt·ng to changing condrt1ons will be mos1 successful 1f managers are well 
1ntormed 

More localized studies and accurdte models are needed to berter understand how 

climate change will affect regions of the basin 

Close examination of the sufficiency and sustaInab11.ty of existing water ~uppl_v 

infrastructure rs needed, currem and ruture planning lf1,~1attves must address the 

reality of a cnangIng climate 

To predict the eff€'cts of sea level nse on wetlands. 1rrproved rrappmg attd know! 

edge of land use at wetlands margins ,s nece~s;iry The true extent of bulkheads, 

dikes and other barriers to wetland movement ts r1ecessarv for the realistic devel

opment of policy alternatives 

Expanded ground water monItorrng may be warrantPd to ensure trctck,ng of salt 

water Intrusron 

Several state and local ,rlfttat.ves are currently Invest1gatrnq the eff€'cts of climate 

change on the hJs1n The New York Ctty Departm€'nt of Environmental Protectton 

Is ,nvolved In studies th;n examine the eftects of cl,rnate change on the qual,ry and 

susta1nab1l1ty of 11s water supply. and the Partner~hrp tor rhe Delaware E ruJry l/'Ias 

recently awarded a grant from the [PA to look a1 how climate chan9e. ~pectfiLally 

sea level 11\e will artect the e%.iary DRBC ltas filed a research plan wrth EPA 10 asse,s 

the consequences of climate change on dissolved oxygen wa1e1 supply 1ntals.es and 

oyster populations ,nth€' estuary EPA Is d\.. nvely supporting efforts to 1dent1fy and 

reduce vulnerJbtlitv to climate var•Jb1 ·ty and change 

[\lf, t)t f l H Pll..A~'"-1URIVIRR\'JoJNRI11,rn 2HfJ~ 
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Category II 

\Vat er Quali t) 

t--1-\IOR h,1 u INLf~ 01' S rru.AM A~l) Ill\ LR QLAU n - MAJOR I N fl lll.NC"l.!, ON CROl"'sD WAl ER QL•AI IT\ -

• R1moJT,1•,d po1111 ro1111e dmharges from agrrculrural 
,md 11rbnn ,11,,15 

• UJr of prmcrdrs, 1111tT1mts and VOG 111 urban and 
11gr1r11Liural mws 

• l'e,sutnlf roruamr,11,nti 1wo, 111trd 11,,rh paJt humnn 
,mintus: mi11111g, mdustry. 111b1111 del!rlopmmr a11d 
t1rJ'ICU/tu~ 

• f>lrp1cal propernes of s1J1/.s mu! aqwfrrr, and rhrm1ral 
properties of ro11tamma11t, 

• Nat/lr,i/!y ocrurrwg radon and arsr/Jlc 
• lmpoundmmts 1111d dwrmons of water 

Water Quality 
lht qualirv of our \\ a1cr resou1ce\ 
1, 1111egr aUv linked 10 dH. long-term 
a,Jilabiln, of \\ arcr rh,ll 1, clean anJ 
\J.k fo1 d11nk,ng anJ ru.rcanon , ,md 
.iho , unabk for mduqrv, 1rriganon 

JnJ hJb1[J( fo r fi~h JnJ wildlife. I he 
l1ual1r} of the lli, c1 1, Jerendem on 

the land,wpt.:\ d1a111111g the w;11 cr
\hc<ls Jnd ~creams dJJt JOlll co form 
1c. 111c.lud111g all d1reu and 111d1retr 
d"charge, LO WJtc1 bod1e-.. 

\\ 'htn Henn Hu(ho n disrn\'
n .:J che Oda,~are R.1,u w~tem 111 
1609, " a1er quali ry , ~J \ prcsum
abh· pm1111e. Ho\\ cvcr, bv thc 1.:arly 
18th century water pollut10ll w,L'> a 
rt"<..01,1111.ed p rohlc-m, t\pcc1.1II} 1hc 
t0111JJ1111lJt1on of spring,, \\ell; anJ 

1 u go,emment 
pollu110n 1urvey i 
1799 

nott! amtom1n0110n 
et11enng lhe ,i~er from 
sh1p1 and 1ev,en 

\ To\."I l~AM a 'u!N llJ'oJIIT ZOOli 

st rums rhJt servcJ as local sources 
of drillkiog \\Jrer The fim pollunon 
;,urn:, . conJuccrd in 1-99, noted a 
, .mcrv of sources 111 the Ph1l.1J dph1J 
h.1rbor area, 1nclud1ng ships. "lun cs, 
pollu1ed wetlands, and various urb.tn 
a<.1 I\ 1t1es. ·1 anneri~ and slaughter• 
homes were .ilready recognized sources 
of water qualif) problem~ 

Providing Clean Water 
Making the c.onnecuon between 
polluted water .rnd J1st:a,,e, such as 
C) pho1d. rrov,ded the impetus for 
comtrucung rubl1C supplv p1pel111c,. 
fo r "'gregaiing human wJ~te from 
water supply, and subsequently for 
filtering source wa1er Concern for 
warer-borne d1,c,1~cs led Ben1am111 

2004 U~GS ( 1Rular !/ 1217 

h ,1nklm 10 le.ivc money to Phi1J
delph1,1 specifically for <levelopmg a 
municipal w,uer sysrem, "h1ch rhc 

11y d id. drawing fi rst \\'ater from 
thl' Schuvlkdl ( 180 1) .ind I hen the 
Delaware River ( 1850). T) phoicl 

ourbreak!. in the 1860s prompted 
deb~1es and disc us,10 11 tha1 ("\ t m ually 
resulted 111 the construcuon of the 
world's largesc s.1nd filtra uon pl.111ts Ill 
1899. 13y 191 'i rno~t cities in che basin 
had a s.1fc- water suppl)', dr.tw111g from 
either nc,\ wells 01 fi liereJ \ lll face 
\\ d tU. 

l111enst' de,clormenc .md use of the 
River sv,rcrn. wave, of populauon. 
1ndu,trial f'-JJJ ll~1on, .111d r, cn rhe 
111creJstd tl'>e cn.1bled b~ the p1 O\ISion 
of pubic \\acer rnpply all c.ontr1b11tcJ 

i 
1936 

90' of all 
gos sold ,n the 
USA 1onlo11u 
lelroelhyl 

The urban reach of the Delowo11 
R1,er 11 noled 01 one al the moll 
p-0lluted strelc"'5 of nver in i 
19SO 

lead 
Iha world wllh e11en11oll1 zero 

__ oxygen du11ng summer 

ro further polluuon Jnd degrad m on 
of ¼ater qual1ry. While WJtcr-relaccd 

diseases had been controlled . o ther 
problems ¼ere surfJc. ing. By chc c.:.1rly 
20th ccntury the Delaware "a, expen
enc111g chc c.ollap,e of m,1Jor fi , hen es, 

1nclud1ng the h1sronc shad fi she1;, 
panly as a rcsulr of r o lluc1on and low 

ox,gen in th~ Rin:r. 
':lurvey, ill 1929 and 193' 

1nd1ca1e<l ch,11 che entire e,cuar; from 
l rencon co W ilmingto n was "subscan-
11dlll polluted wirh a rnne of"gross" 
pollution in che Ph iladelphia-Camden 
area. \X/hilc pollunon was an evident 

problem, serious efforr~ 10 LOntrol n 
ar the , ourcc did 1101 occur until 1916 
wuh the c.rcac1on of the I merstare 
Comm1~ion on the Dcl,rnare Ri,cr 
(1,t OPH ). Thi, adv1son com m1s
>1on was formed co ,1ugmenr and 
c.oord111.1cc , r,1rc efforr, and it \ highe,r 
pnorin wa, the clcJnup of stream 
polluuon 

Pollution Control 
Until IM< >I >IL \\ a,te\, arcr addl d ro 
che Dda\\ .m: \y,1em \\ .l!. d1, d1argt'd 

i 
1970 

111 US Earth 
Dor CPi..b,otld 

. 

US EPA c< iob 
!,shed NEPA 

_ odop~d 



,, 1th0ut crcatmcnr. w1ch the excep
uon of frencon and a one small pl.mt 
in Ph1ladclph1a which had primary 
rre<1tmc111. ll1 rough IM Ol'I 1. a ba.,111-
" 1dc progr.im w.1, 1rnplcmen1ed ,rnJ 
the fi r~t set of intcm.ite ,, ,nu quality 
~randard5 adop1e<l 1n u1e 19.39- 1945 
period \X'a.r-ume acuon slowe<l the 
1mplemcntat1on of the ne,, ".u er 
qu.ility program .111d added ro the 
pollut ion problem, 111 rhe estuary as 
111dusm .1l .ind poi 1-rela1ed ac11v11) 
n1Lreased 1--lo" e, er, a_, ,1 result of the 
IN< ODLL program. new 5e-, age m::a1-
mcnt plants were built throughout 
the basin 1n the post-war period . By 
the end of the 1950s, -'5% of the 
ba;,111 c..ommu111t1cs. 111dud111g che 
maior u 11es ,e,pomible for 60°0 of 
the.. , ewagc d ischarges, had :i.dequacc 
sc\\ age trc,11 men c. 

During d11s 11me problems fro m 
co.11 111111111g .111d proces, mg \\•ere 
al,o ud.led Desil1 111g bas1m \\ C- re 
(Omtruuc-d and 30-40 tom of co.11 
silt ,~er~ <l1 cdge<l (10m the 'lt.hu) lk,11 
un<ler onl of the- fir~c non-agmultu r,ll 
nonpoint pollucio11 c.oncrol progr.1m, 

111 the nauon As a result of che,e 
effort, . waler qual ity 1mpr0\,c<l even 
111 the most grossly polluted portion 
of, he es w an D,ssoh cd oxygen l~ els 
ro~e , the ri\'cr \ \ J.5 no longer JnOXJC. 

Comprehensive management 

Remnants uf humwne!> Connie 
and Diane t..iused maior Aood1ng 111 
1955 Jnd indirectly 111sng:ited a ne\-.. 
gc-neranon of management as the 
Armr Corps ofE:.ng111cers 111111ated 
ih first comprehensl\ e river bas111 
pld1111ing effort One product w<1.> a 
p1oneen ng \I udy of ,~ater pollu1 ,on 
control and 1he developmcnr of one 
of che fir, t water qual tl) model, for 
an esrual'} Anorher resul t was rhc 
C!!>1ahlishmen1 of the Delaware River 
Bai.111 Comm1¼1on (DRBC) 111 196 1. 
l· :1.prnd111g on the ad, ,,ory powers 
of INC OOI I, DRBC \, as ere.nee! by 
conrnrrenc federal anJ s tJ IC lc-g1slanon 
an<l ,s acco,ded b1 0Jd responstbilm 
llm respon,1bil ity 1ndudes 1egul,nor, 
,rndrnm} 111 all facer, of \\ Jtll resource 
nun,1gemc111 111clud111g \\Jeer supph 
and "'arer ,1ualicy 

In 1967 DRBC adopted highe1 
water quality sranJ .:ird, for dissolved 
oxvgt.n, and new bacrena stand.ird5 
for recre:u ional use. fo meet che 
c1 ueria, some 90 mun1c1pal and 
111dusrnal dischargers were given waste 
load aJloca11ons ,n 1968 as part of 
a prescient adm1n1srrauve program 
th.at ~er\'ed as a prototype nac1onally 
for complex " ater polluuun control 
problem<. Jn 1972, rhe 1:-ederal Water 
Polluuon Comrol Act amendments 
required discharge permi ts, provided 
construcc1on funds, added enforce
ment, and other incennves co ensure 
11nplemenraCJon of watu pollution 
co111ro l efforts. lh,s gcne1at1on of 
d fom, "h,ch c-nded 111 1987, re,ulted 
111 the Lnnstrucuon of ITIJ_l1Y municipal 
and ,,·aHewa1er crea1menc facil111e,, 
decreasC'd di,tha.rges of ox, gen
den1.1ndmg waste, and long-lasung 
improvement, 111 dissok c-<l oxygen 
lc-vd, 1'1.11 haH· bendi tcd fish popula
uom, espec1.1lly the American ~h.td. 

In 1992 DR RC adopted .1n am r

degradauon progr,,m designed ro 
pro1ec1 1he high ,, :it('r qu.1li ry of rhc 

1
1972 
FWPCA 1tndmr1111 
1lltobl11n lOnllruct,on gront 
prog1om for wo1tei.01,r 
111111men1 and penmt 
procen IDf d1idiciges. 1

1980s 
Bo;,n 1lole1 impose numernol P lrm,11 DI 
WWTPs through tert,o,y trenJmenl By late 
980l, om S 15 B ,pent on improving wo1te 

water lreotmenl along lhe Delaware River and 
_ 11buto11e1 bet~ON1n Wilmington and Trenton r 

1992 
DRBC odopts Spr<rol Protection 
Waters regulor,ons to piemve 
th~ high waler quDl~y of rhe 
upper and middle Delo•are 
S<enir Ri,er 11oche1 

CA l l.{,OR'<fl • \\i\flR()l,AI Jn 

poruons of the River char had been 
des1gn:i.ted as pan of the nanonal 'IX ,Id 
.1nd Scenic River s,stem The Special 
Pro1('ct1on Warer (~PW) program, 
inmally applied to 12 1 mtlcs between 
Hancock NY and rhe Delaware \X'.iter 
Gap, w,1s expanded 111 1008 to 111clude 
che Lower Dela¼are Sc.enic ,tnd 
Recreanonal River The protection of 
cxim ng w,11er qu.tltl) ,s no~ the pol1c; 
for all 197 mib of the non-11dal 
Del.iware River 

Emerging issues 
le chnolog1cal advances 111 computers, 

celemetry, sacellne ,magel), and detc-c
non ha, e enabled impressive Strid~ 
111 111scantane~s monitoring, sourc..e 
c1.1ek111g, ,, .iccr quali cv modeling, 
rnd polluram derecrion. O ur under
standing of the funcuonal pathway~ 
or t0111arn1nanl5 and the potential 
h.lfm lO 111dl\ 1du.1l, and populanons 
1s , asrly exp,rnded. ,md our grasp on 
1he full r.1nge of potem,al po llutants ,, 
ughtmi ng. 

~01nc of the nu ior wacer qual111 
concerns of rhe p.i, c sull re;ona1e Ill 

1
1994 

US blood leod lmli 
(a prDry for lead 1n 
Iha enrnonmenl) 
decl,nod br 78 percent 
from 1978 ID 1991 

\L.-.n t H I lfF ('I l.J\'1:\Rf RJ\.J-k M..\JN IC.'l'(JRT ]hhk 
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the c.1rli 2 1 ~cntury. Public he.11th 

",1111 J f,x u, lhc concunr:111on of 
ro>. 11.. , uh,tJ.nu.:~ notJbh mercun 

J nd P fh. in ,ume ,peu cs of fish " 
rc,po n,lhlc for LOnsun1prIon .IC.h l\one.s 

in .il l o f the lu,111 states Water borne 

U1'CJ' s are IJ1 less J chreJt th.in 1ht) 

o nce '" re. hut the \ irus~ roo ,mall 

rn be c.1pturcd by l) p1CJI treatment 

proce,,c, rem~un a porc:1111.il pen!. 
D issoheJ oxigcn (DO) rem, 111s 

a par.im ,·ter o r ,oncern. In 1973 
~ PA , uggeSLed th,11 ti,hable \\ ater 
qual11 , !>t...1nd.1r<ls were u1urrainJble 

in po ruom o r the Dela"Jre, but 
J.~essmcnl.S s111 e h.n c sho,, n rhat 
ImprovcmenL 1.. in d1s)olved o>-ygen 

concenrr.umn~ are po sible, .rnd 
actual. Rebounding fish populJ11o n, 

,re furth r proor. lhe mosi recent 

monuonng in rhe esruJry region, 

howt,·er, indicate \ dut progress rn,:i.} 

bc:" slo\\ h· eroding ,1nd new i111ria11ves 
m;n be neces)af\ to m a1m,un Jnd 
1m pr0\e DO levels 

'-.e, eral rox1c substanc.e~, such as 
met.us ,rnd P<..Bs, are be ing ,,ddresscd 
,h ,ough discharge requirement<, , care 

anJ Feder.ti "' remed ia11o n program s, 
7 MD I and pollu11o n 11111wrnz.111on 

plJ ns. lhe el1mina11on o r phosphorus 

lrom d tcrgenrs conmbuted 10 

1mprmrmenrs 111 DO, bur nucncnr 
reducuun c11tcn a-Jnd str.ucg1e.s co 
aJdress them-renurn du~I\C J~ we 
(onunue to grapp!C' \\ irh contnburion, 
from poinl Jnd nonpoI11r sources, and 
the spectre of mcre.t~ing wcr-v. eathcr 

loadings and temperatures under 
ch,1ng1ng cl1maut.: cond1nons. 

e,., suhstJnces .ire emergmg a5 

compounds or concern, including 
phannaLeuucJls and consuruenrs in 

personal care produclS and nnnufac
tunng proce,.sc~. Improvement\ m 

our al,ilit) to measure sma ller and 
, mailer amo unts or compo unds Ill 

\\ ,1ter ~am pies has enhanc.ecl \\ arer 

qual1r, cl.\\C.~smrms .ind rcseJrch on 
public and etolog,cal healrh effect,. In 

add111on ro neurological 1mpairmem 

and canter, o ur loncern (i cxtrnd ro 

,he potential fo, mul11-genermonal 
and reproducuve effects of 11e\\ 
compounds on humJm and \\tldlik 

Stream manitonng lo, macromvertebrates. 

Reporting 
\'(',Her qualiry 1ndica1o rs included in 

rh15 repon .lre: 
umen ts: I iuogen & l'ho,pho ru1 

Dis;oh ed oxygen 
\XcHCr cbmy 
1' k tak Copper 

li1x1t com1xiu11d,: l'csiic,dcs Jnd PC B; 

TrenJ, in m l,mJn \\ ,tter qual 111 

~up po n or d S1gn.11ed uses 
I 1.sh con:>urnpr1on Jd, 1sones 

A fea ture on contomi1unt5 of 

eme1gmg conu~rn c.lo5 ~ rhi) sec11on. 

I :~I ri,, 99 ma1or I ~::: odoph regulohons governing the 
d1>tho1gen fo rhe drSCha,ve of torn pollutant, from wuneYroltJ 
Dt!oware ore m compli- lreotment planrs lo the 11dal Delaware R1ve1 
onC1 with ORB( •ate-r Numerous ta11c \Ubstonm some corc1no 
quolirv uandords --~--- genie. ore covered undPr lhe new rules 1

2003 

On behalf ol NJ PA and OE and ba1<1d on 
woric ronduoed br ORB( USEPA 8'tabh1ht1 
tolol ma11mum dool loads (TMO\J 01 
polluhan budgels'} Jar •h• hdal O,lawa11 

Rim 10 oddress tho pmtn<O of PCBs J 
2006 

Water qual11y in tht 09'aware 
Rrm continue\ lo improve 
mean annual oxygen level al 
Ph,ladelph,a measures b mgil 
up from 1 mg/I ,n 1%7 1

200I 

Lower Oelowor1 
lrom Wal,r Gap to 
ll'!nton included ,n 
Spe<1ol Prote<11on 
Woten P1o0rom 

1A ,i I 



• Indicator • ' utrients 

I ,Heeter Deacrlpt lon 
N u1r1en ts ou.h as lot"-1 ' ttrogcn 
( I "1J and lmal l'ho,pho ru• Cl PJ 
a rc <.rnrcal 10 rhc g rowth of aqllatrc 

11ft A n overabunda nce: of nu trren " 
<.m lad to cxcr<,"ve planr and algal 
grow,h, cau, rng mainr 1mpairmen1s 
10 ecolog ic.ii hcahh and specific 

water <fLI"-lt ry problem , , uch ~ low 
Dr sol,<.d O xygen (DO) Whether or 
1u,1 a wJrcr bo<ly exh1b1u the neg.auvc 
effects o fh1gh nurrre m levels can be 
com rollcd b y many o ,her fa<:cors: 
w,ner c.bnry; 1c::mp~ra1ure; (he .;ivJJ I
J.hrltty o l trJLC n urrrem s like sr lrw; 
J nd th <.: ~pec.1e~ of org;rni !iom \ living in 

,he wJtc r body. llc,Ju,c o f rhr;, warer 
q ua litv cr11c n a fOr nu1r1c nt~ c:.an bt 
vC"ry different from $Lre.1m ro '>trLam 

·1 he sca,e, Jnd IJRIK .ire currently 
w n rking 10 d etermine w h;H c.oncentrJ
tl<Jll> o f I N Jnd n, w tll pror c<r ,he 
2qu.111 c.. rcr,o urte, in the Oda.wan: 
Rrver 11 .... 111 , a nd ,he app1oprrJ r< 

wJter q ualuy L I 11cn d lO p rotCLI the,~ 

re~ou n ... e. 

De•lre d Condition 
Alrhoug.h ,;pc(.dic u1rer iJ h.wc nor 
bet 11 !t 1. nuu1cnti arc mJ.n.1gcd t0 

iuppon "'l" "" Ii i, J 11d IJ() a 11ertJ 

(f\l' ( ,,,,I I .?. ( < M l' Aw" n W I 2). 

Stetus 
I u t!IO!l ,II( high 

•i rr1u..11n ,bu1do 

• 

no r seem to be caustng h.umful cffccu, 

<uch as cuiro phrcau on 

l.,,:vd , o fTN tn rhe Delaware River 
and estuary tend t0 be roughly I 0 
to 20 umcs h,ghcr ,han level, of 

TP Conccncra11om ofTN and 
Tl' arc lowcst 1n rhc hcadwaier.. of 
1.he Dd,wa.re Rrvcr and increase 
downs,ream . N utrient concen1rauons 
peak near the m1dpo tn t of the e,,w ary 
and then decrasc again coward the 
mouth of the Bay ( Hg. 2. 1 ). Since 
the current concc-ntr.H1on-. o f nurri· 
cn1s have not resulted 1n ,he 1yp1cal 
symptoms of excessive nurr1cnlS, IL 
ts d ifficult ro dererminc whether ,he 
current c.oncentra uo ru arc at a l~ el 
1h~1 warranr\ regul.i ro ry conrrol. 
However, m= urement> oflow DO 
c.onccn1rar1ons ra1-.c conccrn.s ahout 

nutrtenu o r other pollut.am s in those 
areas (',ee the d1scuss1on of DO o n the 
next p,ge.) 

Trends 
Da1::i from a st:auon tn the Delawarr 
River near rhe Phtladclph1a rurport 
show 3 very large decrease m 
phospho rw. was ach ieved by 1985; a 

sim ilar, but much smaller decrease m 
nmogen wa. achieved by 1990 (Fig. 
2 .2) Although nurnent levels ,re sttll 
very high ,oday compared ro o,her 
e~ruaries, the c.oncentra[lon.s are stahle 
and ,here do not appear to be obvious 
problems. 

Actions and Needs 
State,; and DRBC should c.ontrnuc 
efforts w define the rdactonships 
between nutri~nrs, wacer clariry, 

< >.TLGOR'r IJ • >.TFR<Jl um 

Fig. 2..J Nutr1ent Monitoring Sites 

algal grow,h, DO, and ecological 
healrh and decennme numenc levels 
rha r will procecr w,n er resources 

and prevent the harmful effecrs o n 
aquatic communines. 

Flg. 2.2 Oelawar• Estuary Nutrient T,.nd• ,.... ___ .., 
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• lndirntor • Oi,solve<l OX}gen 

Indicator Description 
D1w,hLJ ox,gcn (DO) ,n , urface 
\\,lt, r "one of tl1L mo~1 ba;1c and 

1111prn 1.11 11 measure; of the healih 01 
,1 \\JterhoJ ,, ,lllec1ing ,1 w ide Jrray 
of Jqua11c plant~ and an,mab. Low 

DO h:c, hod1 ch ronic (long 1erm) and 
Jcut c (1111med ia1e) im pact:., ranging 

fro m sh ills 111 biological cornmun1-
ttt'\ to li, h kilb and d ,; rupnon of 

lish migration. O xygen enters water 
at chi:- \\Jler surface ;rnd through 
pho1osynthem 01 aqua rtc pL111 lS 

and alg.ie. Plan ts .ind animals also 
re~ptrc_-, un liL.tng some of this oxygen 
DO c.rn become too low rn suppo n 
healthy aquatic curnrnunu ies when 
concem rario ns 01 oxygen-demanding 

pollu tan ts are too h igh and /o r when 
high concem ranons of nutrien ts like 

nitrogen and pho, pho rus cause exces
she planr growth. W hen the excess 
plants die and decompose, rhey use 
D O in che wacer. 

Desired Condition 
DissolYed oxygen le-.ds should meet 
standards supporrive of aquaric life 
(BP Goal 1.3, CCM P Ac1ion W l 2) 
St..1.te cmena applv co watershed 

mbutarie5, and range from 4.0 ro 7.0 
mg/L DRBC mceria apply to shared 
wactTS of che river and esruary and 

v~ b\ \X'~cer Quain, Zone, fro m 3. 5 
co 6.0 mg/L 

Ol' tl[l"( 1K') l tM 

Status 
;ood : DRBC and ,me DO ~candards 

are generally being mer: uppu basin 
D O 1s beccer thai1 lower bastn. 

M immum DO cnrena are rouunel} 
being mer in the t nburaries and most 

ofche mainstem River (Fig. 2.6). Fhe 
year medians ar selecrcd stauons a.long 
che river remain ,1bove chetr respecuve 

srare ~candard, al though \\ 1th in che last 
live years some stations in the Lower 
and Bay regions have sho\\ n a decrease 
m DO concemrarions accordrng co an 
,rnalysis by Delaware's \X'arer Re.sources 
Agency (,ee Table 2.2 fo r Trrnds in 

Tnbutary U'l,iur Qualay). 
C urrently, DO concentrations tn 

rhe non-cidal river and in the upper 
po rrion of the estuary rou tinely meet 
D RBC's min im um critena. However, 
111 che lower estuary nea r Reedy [~land 
where the DO standard is more 
stringent, DO criteria , iol:mons are 

a common summerrnn e occu rrence 
and Delaware has lis1ed th is segment 
of die Ri ver fo r T M DL develop-

ment b) 2019 AJ1 hough rhe cause 
fo r these v1olac1om is not clear ar th is 
rime, DH.BC and ocher agencie, .ire 
working co ben cr understand ,Jj dw 
f.1ct0rs, mcl uding nutrient load ing,, 

which may be co11rribu u ng to the DO 
ct 1reria violariom, 

Trends 
\Xnh che v.acer quality tmprovLment~ 
to \\aste creacmenc tn che mid- I <JS0s. 
the Dela,\are RiH·r and mbucarte<

h:ive been able ro mJJlllJ.Ill DO 
concemrarions clue suppon aquartc 

life <\nd meet state and DRBC. ..:ri1en.1. 
Figure 2.'-1 ilium.ices the mt:reJSe in 
d issolved o,: gen conctncranon JC 

the Ben rrmkltn Bridge- smce che 

I 960,. ll1e noticeable change during 
the 1980s were rhe d irect re,ulr of 

d ischarge r~ulanons and \I .!Ste cre,tt
mem enhancemen r, . Before 1hi, nn1t· 
much of the ridal n wr below 1 rent on 
frequencl} , iolm:d m1111mum DO 

Lnteri.1 h~r, ~-'i ,h,,w, th(' numl:-er 
of d.1,, .._n;eriJ h.l, ~n , 1o!Jrt-,t JC 
,uuon~ "1rh ..:onttnu<1u, p~ ,m.;c 
I 9-0 lmprl)\ C-lllt"nt, 111 no 1..0ll(<'n

CrJfl0n~ tn the· 111J1n,tun nq:·r Ii.in: 

, upporced the rt:rurn t>f ,hJJ .mJ 
otht'r tmporunc ti,hcnc, t,) cht h,bin 

.,b prt·, 1ou,l) notc<l. rht" numh.. r nf 

1.. n cenJ , iol.iuon J.1,, h.i- ~L< m h 
tnu"t'.1~eJ ,It t h<: Ree-J, lsLmJ '.::ir.111\)ll, 

requiring\ igiLmn . .1.nJ rc~1...1.r1..h n, 
dcrcrmrnc rht· ..:,tU,e 

Fig. 2.4 Dissolved Oxygen 
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Actions and Needs 
llc c ,lll\ l DO re nd, 10 be h igher 111 

the d ,1r 11mc (w l1<' n aqu.111c plants 
a re phott),yn1he, 1LJ ng) and lo\, er JI 

night . u , 1mpo1tant co measure DO 
.i. rnunJ thL d vc. k \\1th (..Qnl tnuous 
111on11n n ng , r,11 ion,. lO he 5u re tha1 
DO ln els arc not unhu Jtl,} 

\\'ithout (..OfHrnuous mon1tonng o n 
tl1L tnhur.1nr!-i . daLJ rd1en inr m11c

lUH \.lmpl111g. and only median 
' ,,luc, <.:.m b<" c.ompared to the c ri1e

n o n , ,drn .. h 1s u, uall\' a mi nimum 

, alue 10 proreu M JU ~llc resou rcc'i 

D111olved o,ygen, our most fundomenlal md1Color 
of waler quohly <ond,11001, " ml1rnl for oquollC life. 

Fig 2 S Comparison of DO Violation Days from 1970 lhrough 2007 
It 5 Delaware River Continuous Monitoring SltH 

200 

QRfH~ t!Q l"·!::tsuu MIDl!:n1i1m ,c11H!1 -5 mg/L • I Point Pl1uant and Tr• nton 
3 5 mg/l at Ban Fr• nkllng Bridge and ChHter -

6 0 mg/L II Reedy l1land -
Point P._n •nc 9191 M941n -

ep1ratJon1 in 2000 All otner g1gH 
oper1Ung , inc, 1110 ~ .. ,u,, No -

vlol,1Uon1 of daily crtt1NI _ 
Ol>Hl'Vff al Polnl Jt'9Hant 

I I I I 

.II "· T - I I I 
I i 111111 111 I rl , r, I .111111 
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Fig. 2.6 DO Condition at Selected Sites 

Dissolved Oxygen (DO) Sites 

Site Type 

0 Ma10 S1em 
DelaWare River 

0 Watershed Sile$ 

ConcJ,t,on 
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Marg,naJ 
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• lndicaror • \Xfater Clarity 

Weter Clarity 
f•1 ii \u.spcnded '>ol,d Cl~',) 
I urh,d,r, 
t hloropln II , 

Indicator Descrl,.tlon 
l o,"1 \u,pendcd \ol,d, ITS\), 
turb1J1t), .md diloroph) II ., Jr< 1hrec 

Ji,uncr but rdateJ ind,ca,01> that ,,II 
penJ..m to Lh~ amount of pJtlltulJh .. ..s 
,u,~nded in the ,,.11ei th•r rnflu,ncc 
\\Jte, ,!arm· ·1 ',\ 15 • me,, ure of1he 
tOtJI Jmounc of pan,,ulm: solid, per 
unll ,-olu rne of water These ,olid; 

indude l" ing. non hv,ng, organJ< 
and morg.mll pamdcs Turb1d1ry ,s 
an op11al properl) ol \\Jtcr "here 
p•nicle, anJ collo,d.,I matte, from 
living .md non living c;ource~ c.1u\e 

l1gh1 w ><.Jtter, rather ch.rn 

P"'' ch rough che "•ctr 
column I ,ce<me rurb,dm 
on impair bottom plan,s by 
filtc1mg our ,unlight needed 
for photoS\ ll(h,·SJ\ hnallv, 

duoropl1111-., " • photo 
wncheut p1gmen1 found 

Ill plam, such a, phno
pl.anl.ton \\ hen mc.a.,ured 
,n ,url•ce '-',llet d,lor'>ph}II 

J I''°' ,d~ Jn 1nd1ot1on of 
hm, much phnopl.rnktnn 1 

m Lill WJ((r 

~u,pended parn,ulJtc> 

..trc 1mpon.u1t fnr nvc1 .1nd 

e,tu.nn< ~ol<,g) beuusc 

-,, 

1hC1 prm ,de sed ,menc, to help mlal 

mar,hes keep p.1<e "11h "'" le,d 
me and ,ome suspended parn,le,, 
such a, ph} toplankron are 1mporcan, 
tood.s for ammal, such , , nrn,,d, J.nJ 
oysrers In di,rnrbed sy>1cms, howc1er 
suspended solids and ph)top!Jnkcon 
often become overly concenrrarcd ,nd 

ou1 of babnce wuh n•rural procc.;,e, 
Thcret-ore, th~e thrcr mc.1suremen1-, 

pro\lde some ind1ca11011 ofh0th the 
ccolog1cal \IJ1u, J.nd overJII health of 
the mer sysrem, espeua.lly a, 11 relate> 
to curroph,'-anon (mer ferultuuonl 

Most e;1uanes have an area of 
elevated 1urb1d1() and solid,. known 
as a n estuary curb,d,ry maximum 
([TM). lne LTM IS J llJlUral cons<· 

qucncc of the chem,cal and h)'draulit 

, .. 
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m"'ng o l frc,h J nd ,J lt \\ J tcr. The 

DcLt'-"arc LI M ,~ t.emered near nH·r 

mile 60 1n the esllW)' bu , llS locauon 
can change depend, ng on udes .ind 
I rc,h "'.tter Hows rrom up~lream 

Desired condition 
Protrwon of aq uaric life (BP oah 

I 2, I >. and I .4 , Cl.Ml' Acuon 
\X' I 2) 

intc d•rm " affected by a number 
of chc rn,c.t! .rnd phvsical cond,uons 

,cuing crtte 11a "dtflicult Bo,h too 
lntle Jnd 100 great J. l.Onc.enLranon 

of suspended solid, arc problemar,c 

for Jquauc \y\1e1ru, and rh(' range 1s 
aho d ependent on the phy,ical and 

d1c,n 1(....1I a1t1 1bu1es of c<H..h SY\tcm . 

Dda\\are. NC'\, York a nd Prnnsvka111J 
do not have wate r qualiry Slandards 
for I \ ~ 111 "reams; NC'\, Jcr,ev h.15 ,ct 

a m J<i mum I ~\ level of 40 m g/I for 

"'arm water srrcamc;, and 20 mg.II for 
colJ wa1er , trcam s. l hc DRB ha; 

adopted a I \\ m;u.1mum of 150 mg/I 
fo, ,lie udal Delaware R, ,cr, , cgat1ve 

cfleu, from , u, pc ndcd w licls ai,d 

nuu 1<·11 t .!I u u .. lh rt uh 111 1mpaus lO 

d"solvccl OX) i:cn 

Statua 
l,,,od f'..a 1uu ll, turbid cstUJI), non 

uJ,I river " i:c~c, all y clear except .ti ter 

\(01 ITI t"'\l HI\ 

In rhe Dda'< .ire Ri,er \)Stern , T :, 

value~ range from I or l rng/L 10 more 
th.m 60 mg/L (F,g. 2.- ), Turlmluy i, 

ryp1c.1lly hem<en I and 40 rurb1d 11y 

unll>, well helow rhe 111Jx1 rnum I 'i0 
u1111 cm c11a (h g 2.8). hlorophyll -a 

c.onc:.entra.oon~ usually range from 
below detecuble bd, 10 30 ug/L 

(h g 2 .9). In some cs1ua11cs, cfforu. ro 
control eurroph1cauo n include surface 
"atcr standards fo r chloroph, II-•. a, a 
mea'iure of the dfcn1vcnc~s of effort'i 
to (.Ontrol exc nutrients urrendy, 

DRBL J ocs nor have cm ena tor e11her 

T Sor chloroph) II ., 111 surface water, 

bu1 could com1de1 dC'\-dop1ng rnrena 

J"i pan of a broader nutncnl Mrateg). 

Tre nds 
13ewu,e I ~\, 1urh1d 11y and chloro
ph) ll-.1 lO!lLemranons c.h;mgc \\ 1th 
loc:-•11011. udal and frcslrnatcr nows. 
tem pcra Ltlr(' and ~c.:J<;on. identifying 
'ip ufic trc.:nd.~ 1n tont.entrarions 1<; 

,erv d1ITitul1 O,cr.111, ,hcsc 111d 1ca1ors 

appe•r 10 he Stable th roughou1 the 
period f,0111 1990 through 200'i. 

Actions and Needs 
l he reg1on,1l 5ucnu J.11J mJnage
ment communiry \,1 11 nl'.<:d to 
Lonunuc dTon <; to define rclctuon
,c,h1p, Jmong nulnt nt 1..onc.em1.1 
11011, .m<l form), \\Jl tT tl .1 11() , .md 

pl111oplank1un 

---- - - - · 

< A 11 < ,()I() II • \1C I 11 R lJl \I fli 

Turbidity (NTU) 
250 100 50 25 10 

Turb1d,1y, !he omounl of suspended moleriol in wolei, ,s measured m nephelomelm lurb1d1ly unils 
(NTUs) 

A heu cr undcr1tJnJ111g " nteJ ed 
regJrding die 11npoi t<tnce of 
scd1mcn1 111pply for h.,bllll\ ,uch as 

t1JJI mar'ihc, and hov. tlw" u.n h~ 
a~~urcd 1hrnugh regio nal .sediment 
budge, m.111.,gcmcm . 

Ongoing d lor" 10 bod1 unJcl\1Jnd 
a nd monito r ,u, prnJcd ,ol,J, '"II 
hd p 1Jcn11f) the 1110<1 Jppropn•rc 
mt.t"»ure, for cnc;;urm ~ good \\ ,Hu 

qu.,hn· 111 di< O<l,1\1 ire R" er Jnd 

t',IUJI \. 

I Pt 'A,\M,I kl\ JIil 

fl 
" 

,~-- - ---- - ----------- • 
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• Indicator • Copper 

lndlcater Description 
( oppt"r 1, a na.tu.ralh occ.urn ng trace 
dcmrn, fo un<l 1n , u , face wa,c~ and 

cs,enn.,J lo nrtuall) .,JI plJ1m and 

.1n1 mJ.I) HnweH·r, even .1 1 lo\, conccn

t,Jllom di<,olvcd copper cm be toxic 

10 .1quauc life. Sources of dissolved 
copper conLnbuung ro conccntr,t1101u 

in ,,ater and sed iment incl ude metal 

fi111sl11ng, lca1hcr proces.,, ing, lu ng1-
c1dcs and pcsnc,dcs. 

Desired Condition 
.o ncemranons in water and sedjmem 

that do nor pose a th roat to aq uatic 

life (BP o:tl 1.3; MP Ac11ons 
T1-·1 5). 

Fig 2.10 Dissolved Copper 2004 to 2006 

Freshwater Chronic Aquatic Life Criterion 
9.0 µ g/L 

Status 
I-J1r: Disso lved copper concerm a

uons are helow or near w.,11er qual iry 
cri rcn a 

Figure 2 IO , ho" s concenrrations of 
copper Jt ,ires in the udal Delaware 
River (F,g. 2 . 11 ). Assessmen t in 

C!>tuanne areas transitioning from 

fr~h to marine waters I!> cornplicared 
by the impact of ions on the tOXICII)' 

o f copper co aquatic life. DRBC has 
aquauc li fe obJec11vcs for dissolved 
copper sim ilar to the following EPA 
crl(ert a: 

Fresh water, ch ronic: 9 ug/L, 
Fresh w:iter, acute: 13 ug/L 

ran1ltional 
rea • 

i 
Mari o Chronic Aquatic Life Criterion 1 

11 ~g/L ,. 
; 

! . .. .. 

I 
. . . . . . . . .... 

1• 1N • M • 

...,.._ ._.._ _ _._..-----. Ah-er MJi. (Head ofTid• • 133, Mouth of Bay• 01 

t-.•1.1nnc ,..,,teis, chronic: 3. 1 ug/L 

Marine wJteis, acm e: 4.8 ug/L 

H owever, ORB 's fresh watc·r cm eria 

are b.ise<l on water ha1dncss in lhe 
Delaware River 

Trends 
Dissolved copper conccnt ra11ons have 

remained steady. 

Actions and Needs 
Increased monit0ring of copper 
and o cl,cr metals is necessary for 

impro,ed assc.s~m em capab1liry, 
especially river miles 48 10 68. 

oordinalion of monitoring 
among agencies should assure ,he 

use of s tate of ,he .art merhods and 

procedures as well as ha rm on1z.at1on 

of assessm en t methodologies . 

• The 8101,c Ligand Model ( BLM), 

developed ro improve the predic

tions of metal bioava, lab,hry :i.nd 

toxJcity, is currently recommended 

for use in fresh water. J ts usefuln ess 

for monitoring a.nd as<;essment in 
,he basin, includ ing esrua rm e J nd 

m a nne waters, 1s being inve t1gared. 



• lndkalor • Hsh Consumplion Advisories 
< \ r r r ,t>ITT 11 • IX, 1 rn QL ,1 r n 

Indicator De scription 
~ 1,h c.on~ump t1 on ach 1son c~ J rc 

1» ucd b1 each ><~Lew inform the 
public " hen lou llr-caugh, h,h an, 

nn1 ,ale rn b cJ l tn due to kno1'11 
le, d , of c...om am 111at ,on l lw .1d,., 1so
rics recomm cnJ uchu l11n m ng or 

a, 01<l111g co nsu mpn o n of cert Jin fi \h 
from speu fic wacer bod1c; ·the f \\O 

most com mon pollu t.rnt~ to cau~e 
a,h "011e; in the Delaware River Basin 
.ue mercury and polvchlonna,ed 
b1phcynl, (PCB,). wh1d1 bo1h b1oac
cumula te in thr .1qu.1. ul. c:cosysrcm. 
Lltmg fi, h ,hat conra111 1he>c harmful 
,ub>r,IIKC5 "the principal wav to be 
c,posed to rhcse chemical; n,erefore, 
h\h <.onsumpuon ad, I\On ~ ar<." an 
1mponant 1001 to heir prorcc1 public 
health and ,o 1den11fy areas "her< 
fu n her m a nagem ent o( pollunon ma" 

be needed 

Desired Condition 
hnfah .rnc.l ,hcllfi,h rlta1 .ire safe to 
c.l ; J 1,w5tc.:m ,HIC. a nd coordi1ut!"d 

appro.1~h ro .1,sc\\ing and Lommum 
Llll rtg rhc re,ulrs or h, h ,md ,hellfi ,h 
w nram111ant datJ (131' Obiewve 
4 I l),(_('l\11' Awon r 61 

Status 
Po•Jr lh( n.. .th. f,,J1 um,umpuon 

th , r llo lnr \.'l .ltt:rhoJ1t-, m JI! lour 
R 1 11J 011 the m.un ,trm of 

I ,. r ii 1g 2 12) 

' lhc amo11nr of comJminanl\ fi , h 
, ccumulare depends on the spec1c1, 
, 11.c, age, sex, anc.l fcec.ling .irea of 
the fish ( ,enerallv, older and larger 
111<l1vidUJI fi,h have .1ccumulated the 
moM cor1tam1n.1nts, JJrhough in '.>Orne 
cases conram111ams .J..re .shed each rnne 
the h,h spawn 5111cc fish accumula1e 
ma ny conram in.1 nt) in their f.i uy 

ussues. cenJJn ,peu es w11 h higher oil 
content can pose more rn,k than o ther5 
" hen bod, 111hab1t polluted areas. 

ll1e American eel i nd carp w ught 
throughout the ma111 stem or ,he 
Delaware shoulc.l not be eaten ,ll all 
and no fah should be consumed 
from upper 7..one 5 Comammanr, 
founc.l 111 OeLlware Rl\er bas111 fish 
tLSSue caus111g consump11on adv" oncs 
111dude: l'C B,, Mercury, Dioxin , 
ChlormaccJ Pe, uc1dt:.!), D1oxin/ Furan,, 
D1eldr1n , DOT. Chlorc.l.111e, anc.l 
lox.1phc11e 

li 1!. 1mporram to u ,;;c LJut1on 

, ... hen Lompa11ng fi,h ;u.i v1son c:5 ac.rO!>S 
\(ate line, o r ll1 ,;;hare-cl V. 31 Cf\ r 1~h 

con, umpno n ad v1sone, arc- bJ,cd 011 

rt':ok J.\ties.!>m ~ m ,, and ~at.. h M.H t may 

u,e d,lfcrcnt mcrhod1 t0 evalu.1te 
the m k of ea11ng conr~m111ated fi ,h 
-lherefore the numbe, of me.I, 
1ecornmcnded for each rype of li, h 
may -.ry even for the same levels of 
c..onL;1m1nJ11o n l nt ons1~tcnc1es aho 
ex1) t 111 che way 1h t basrn SUle5 l1M 

their advisone.s rn the puhlJC 
f~ur more inform:111on abour fi~h 

consumpuon ,1<lv1soncs, indud1ng 

specific loca11ons, meal li mirs and 
111div1dual li, h , pcu e.s , se;m h 
for "fish co n,umpuon" at 
1 he:,e web c;H es: 

www c.lepweb sm e pa.us/ 
"arcrsupply 
W W I\ , tate. 111 us/depldsr/ 
llJ1na111fi,h,hr111 
www.fw.delJwarr.gov/ 
Fishene, - -\ --\\'W\\,,d e<.. ny go, --~·(1,oA,• ....... \ 

Actions and Nee ds 
Prm 1, 100 of d ear Jnd 
con,1srcnt 1nforma t1o n 

10 rh, public b.i.sec.l on 
mo re u111 form .1~-.e,smem 
method, 

--
__ .._a.•c.... _ _,_.., 

...,__ . ., --
The term 81ooccumulotion refers to the uptoke and retention 

of a chemical by on organism from oil surrounding media 
(e g., water, food, sediment). Figure 2 12 The mop shows wolerwa~ where odv1sones are 

currently m place Rerommendot,ons mor range fiom one 8 oz 
meol per week of one type ol fllh lo no ,onsumplion ol any fllh 

. ' ' 
• • • ...,, ~·~~ :t,-. 

IA 



< \ll• <ll ' \11 • \\\1 11\ l )I \ Il l\ 

• Indicator • PesriLides 

Indicator de scription 
1\ 1r.111nc ,u ,J metolachlo1 are ,tmo ng 
the pc\11u clc-, 1110,1 frcquuHI) detected 

in g,ouncl \\ .1tc1 .ind su1 f.tec water 
b1 , he U~G ·, NAWQ A Progra m 
Jnd 1hc U~ I l'A', 1m o,u l Ul'\ cy of 
PL.,l ll ... 1d c,;; tn Dn nkmg \X,'.uu 11nth .ire 

dc.)1gned 10 pers1,1 tn \ Oil for ,ever.ii 
m o n th ,;, dunng 1h~ gro,,mg lit:'Json fo r 
( Ontmuo u!> \\ Cc<l co n trol How~cr, 
hoth pt.:", ric1de.) ,u e w,n cr -,o luhlc, 

J..l lo\\ 1ng 1he 10 , 11h to mobd1, c and 
poll u1e , 1re.1m , .tnd gro und wa1er 

A 1r.11 111c 1s rc-gtstered , .... irh the 
I· I' A .:L', ,1 Rc5l rictcd Use Pcsnude, 
11 1, d ,l', ._,hcd n, toxic to ,HJuJ r1<.. 

life. e,pccia ll v a4ua11c pb ,m h is a 
kno\\ n hum .in <.,trc mogen, g ro und 

,,J1cr c o n1.1m111.111 1, an<l .1 °'u~pcn cd 
e nd uuinc J, .., ru p10 1. A rra.n nl" Pi l1, r d 
pri rnan lv n.1 c.ontrol wccJ , on agricul
tu r.tl field') for uops , ud 1 a, LO l ll 

JnJ ncrgrt:('11 (rce fJ rms----e-.pec1.1II} 
for co n~('n .1r10 11 u ll.1ge o r "no-11II 

fa rm111g-~1nd along highway~ for 
n on ')elCLll\ C' , ege ( ,l l l U f'l C,Qll lJOI. 

k-wl.u hlor I\ of low tox: icirv 1u 

humans bu, , lt1,1hrlv 10 modcra1cli 

HJ DJ \l R IR M, N It Ok 1 Of !M 

10x1, LO ~nrne ,l(] U.H1l lik, Ii 1\ c.lassi
ficd .ts ., pos51blC' hurn,tn CJ ru nogcn 
ha,Ld on , ,u<ltcs in rat, .rn<l tt mav 
Jho w u.:;e dcvclopmcnral 1mpa1rment 
MetolJd ilor I'> pnmdnlv used fo, weed 
conrrol 111 1h {" p1od ucrio 11 of corn, 
,ovbc:an, an<l v.oody ornJmenta.b.. h 
1, ,omcnme<. used Ill formul.u 1ons 

wuh orher pc"uc1des , uch a.s :u r.tLine. 
(}\ln.111n e , and Auomctu ron 

Desired condition 
DelC~cuon in ground and .!>urfacc ,,.ucr 
~u ppl1c.,5 :11 co ncem rauons belo\-. l1mw, 
, uspen ed of CJ.u.sing hea1h cffcct1, on 
hum:111, and w,ldltfe (13 1' Goals I 2, 
13: CC M P Arnon, rI -T 5) . 

l he !·.PA recommended IC\ el for 
A1ra11nc is 3 µg/1 (pph) and ,he 
\VorlJ I lealth O rgan 1lJ t1on ('X' l 10 ) 
guidance.: 1, 2 ppb LPA does not 
currcndy haH a recommended 
(.0nccntra11011 for for lv1ero lac.hlor, bu1 
WHO gu,dancr is 10 ppb. 

Status 
I a ir. Pe~uuJ cs prcvalenr, but 111 low 
co111..en1 ranons 

/he Jkrc.c: nt .1.gc of .,,1 mpl1ng 'i llO \\ llh 

de,~u ed 1..0 11Lenr rJ11on~ of atrJ.1.ine 
" "-' higher rh,tn d1.11 u l me,olachlor 
for 601h 1_.u rfacc ,rnd ground w.uc,, 
111d ic.1n ng thJt a trJ.11nc c.:on1Jm 1n .n 1on 

1s more prc.:v.1le111 th,rn muol.Khlor 
(I ,gs 2. 13, 2 I 1) In the bJ"n . >1 raz 111t 

Atrazine 

Surface Watar 

• Not Dctoctod 

• OetOCUtd 

Figure 2 13 Alrozme detections in lhe Delowo1e 
R,ver 8011n The USGS NAWOA 11udie1 lound 
roncen1rolion1 ol Alro21ne obove lhe deteclion l1m1t 
,n 95% of Surlorn woler 1101,ons ond 40% ol ground 
waler s-tollons 

Metolac h lo t 

Surfac.ewato r 

• No1 Detect8d 

• Deleded 

Groundwator 
~ Not Detected 

.. Deloded 

F1gu1e 2 14 Me1olochlo1 delect,ons In the Deloware 
River 8011n The USGS NAWOA 11ud1es lound romen
lrollons ol Metolochlor obove the dete{f1on hmil m 
81% ol Surloce wotet 1ta11oni and 31% of ground 
water sto11ons 



w.is dc,cu eJ in <J5°,o a11 d Mewlachlor 
in 8 1 \lo 111 , urfoc.e \\Jtcr 't.unplcd ln 
ground w,11c, • .i.tra1 inc w·.1, d t"ttcte<l in 

4000 of ,.1111 pl ,. and rne1olathlor 111 

~I % of ,Jrnples 
1l1e m ed1J n <..oncemr:tt1on uf 

.1tra11n(' JI has111 sam pling \ Ile~ ,,.is 
almo" 0.05 ug/ L for urban 11.11ershcds 
.md O 12 ug/L for agricul tural "a1er
, hc·<.h \u rf.tee waler cor1<..cn1 1Jrion~ 

.ire h1ghc,r in runoff from .1.gnc. uhural 
fidJ,, e,pcoJII)' Julio\\ 1ng ITIJJOI 
runoff c,rnt, occunrnp, wirhrn a fc,, 
\\.C(.'.k~ of .1ppl1 c.1uo11 li rounJ ,,..11cr 
t.onc. n11 ;1 11o ns arc c\pc-cted 10 be 
h1glu-s1 in .1rc..1s with J long lu~tory of 
agncultur.11 bnd u,c. espco,111) corn 
c.rop\, .rnd where \urfJlc Jnd groun<l 
WJ1c1 w,1cm~ are conncc1c<l :,u(fi
uendv 11, allo,1v mhlu.111011 . 

Conu1111a11otn\ ol JllJLlllC' <md 
mc1olJlhlo1 gt.:ncralh ,..,e,e lo,,c,;;1 in 

the nonhern pan nf ,he b.i.;m Jho,e 
the w nflucncr wuh th, I cl11gh ( labk 
2 I) All 111t'd1 ,111 c.uncen1r,tt 101H wc:rc: 

below 1hr d11nkrng \\ JlCI SLJndJrd, 
Ho\\ C\.-C:r, 11ra71ne .rnd mc.:10 IJ1...h lor 
break dm\11 into dcgrJdJ11on product\ 
dldt J.1, d t·tcu cd J, frlqucml, or more.• 
f, cquc-nd_\ d1Jn p.1ru11 lo111pl1und.), .in 

,~,ttl d1.1t Jun,u 1J , fu n hu inH·,ugJ~ 
rum Jbt1u1 un1ronrnt111.1I .inJ humJn 

ht:J.lih llllf'h, J\. 

Trend• 
11 1 Jilh 11111n d rcr111111 tH 11d, OHi 

ume 1n a1ra11 n e and mernlathlor 
concrn11 .1t1on, I he SGS anonJI 
\\,ner QuJln1• A, ,cssmen1 ( AWQA) 
program provided a ba,el 11ie ,is,e»
me111 of rhc.)e pe5t1c.1J c.s b.~cd on li ve 
1e.m of dJ,a ( l?')S-1OO 1) A'v. QA 
monnonng 1s connnuing ac seleued 
.)ires as p .111 of J ,pccializcd n.lllonal 

pmgr.Lm 10 J~.)C\5 pesuu J c:5, hut 

u1rr~ncly there 1, 1101 a progr.1111 co 
, pcc1fitall) addrc<s pcsuudc, in bJ1111 
warcr-. 

Actions and Needs 
urfacc Jnd g.n.rnnd wJter concen• 

n auon; shoulJ be rnaichrd w11h 
le,eb of .nr;uine and rnrt0lachlor 
dpplicauon, are,1\ of concern , hould 
be 1drn11ricd J lld monitoring effons 
!ttraufird w L.1prnre cond111on, .rnJ 
trends in tht.:sc areas 

PcnodtL ,.11npling 1, net"ded w 
<luc::rmmc- tr("nd, in tonc.entr,1t101n 

of ,1trJ11ne, mr 1olachlo1 , and 1he11 

J cgraJ.n1011 products 111 g1ou11J 
,1r1<l ,ur fJcC" ,., .1: rtr.) aero~ the bJ,in 

AJ<l1uo11 JI rcsc.1rd1 is n t·ded 
lO d e1erm111c dtl a ffec1 of rhr,(" 
irnd other pe,uudc, JnJ 1hc1r 
dt·grJJJ1t, on 1he .i.quJIIC t'l1 \ 11011 

mem, .111J thl ,, ner~1,uc. "-Ht·u, of 
muluple pnth .. u.ll'--. un humJn, J.nJ 
,l()UJl h .. nrg.llll\lll\ 

l \Tf(,(1ll) II • WAIIJ«}l ~Ill\ 

Table 2 1 Alraz1ne and Melolachlor Concentra~ons 

Median Median 
Subwatersheds Atrazme Metolachlor 

ug/ 1 ug/1 
Upper Region(NY and PA) 
EWl West Branch (Cannonsvllle) '0.020 ·0020 
EW2 East Branch (Pepacton) •0002 '0.003 
EW3 Mainstem (above Narrowsburg) 0.006 <0.001 
LWl Lackawaxen 0.005 0.002 
NMl Neversink-Mongaup 0001 0.001 

Central Region (PA and NJ) 
UC 1 Pennsylvania tributaries 0.001 <0.001 
UC2 New Jersey II ibutaroes 0.011 0.006 
LV1 Lehigh River above Lehighton '0.004 •0.001 
LV2 Lehigh River above Jim Thorpe 0.0BO 0026 
LV3 Lehigh River above Easton 0.233 0.054 
LCl Lower Central (above Trenton) 0.063 0.025 

Lower Region (PA, NJ and DE) -5Vl Schuylkill River above Reading ND ND 
SV2 Schuylkill R . above Valley Forge 01 11 0.021 
SV3 Schuylkill River a bove Ph1la. 0.047 0.025 
UEl Pennsylvania piedmont 0.030 0.022 
UE2 New Jersey coastal plan 0.008 0.027 
LE 1 Christina River 0.158 0.045 
LE2 C and D Canal DE ND ND 
LE3 Salem River, NJ ND ND 
Bay Reg ion (NJ and DE) -
DBl DE Bayshore watersheds ND ND 
DB2 NJ coastal ola1n 0013 0 092 
ND= no data • median based on 2 or fewer samples 

Table 2 1 Concennolions of olrozine and melolochlor generally were lowe.11 1n !he 
norlhern port al 1he bo11n above !he ronlluent0 of !he Lehigh River USGS 2001 

For More lnform011on: 
Dttoiled lnlormo!lon on olrozmt, mttolothlor on~ olhtr pt11K1des found In waler wpph11 
con bt found by reading ~iadt tompounds in slrt0m-.0111 Ill !ht Dlloware Rmr losm 

D111mbe, 1998-Augu!I 2001' by H10t110n, ti ol • 
fl){(Jlod ol hllp //pubs II usgs goY/usg<publ/~r/s112004510S , 

< 
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c,: 
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~ 
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.A;l i , nr• Tl • \X \ I l R ~llAI n \ 

• Indicator • Toxks 

Indicator description 
P,lhLhl,mn 11 ed h1phenv l~ (PC B\) 

,in: t0XIL tornpound, sh<m n ro cause 
c.:am:c-1 1n .1n1 m,I, and sertoLL, no n

c.mLC'I ht:ahh eAL"l.. h 10 1he immune. 
rLproduLtr\L ncr-ou,, ,rnd endocrine:
",1cm,. \ 1ud1e, provide ~uppo n1ve 

c·v1du1t.L for potemial c.1 runogcn1c 
,.rnJ non-Larcmogen iL effects 1n 
human, ,1' ,,di. Pl B, pers,sc 111 the 

em 1ronment lor long periods of 11me 

b..-c:iu,t 1h0 bond srrungl: 10 soil 
and ,ed1menr, and h io;Kcumular" 
( \ec p r f,,r .i ddininnn) in fi,h and 
,,d<llif" 

Invented rn J 92~. PCB, a re 

m1HlllL\ of ')'nrhctiL org..1n1c che m1 -
wh w11h the sam e haste Lhcm1cal 
, 1nrcture and , 1milar phr ic.11 p ro pcr

uc~ r,rngi ng from 01 h liquid, 10 waxy 
s,ilids Due 10 their non-fl ., mmabilir), 

chcm1c.:al ,rab1lir, , high boil mg point 
and decrnul 1n,ul:ning proper-
11e, PCB, were u_,cd in hundred, of 

1ndu,tn.il and com me1c1.d Jpplicarrons 
mc. ludrng dec.rm .. 1J. hear rran,fer, and 

lwdr.1ul1c equrpme nr; a, pl.1rnc1zcrs in 
parm,. plas111.., and rub ber products; 

111 p1~men1,, d vc·s .md w 1honle~s <.Op\ 

p.1pe r a 11d m.inv other .1ppliw uons 
Based on rhe cvrdenu that PCBs are 

per-,1stent 111 the em rronmem Jnd 
c.m wu,e harmful lualch dlcu s. the 

Tm.IL \ub~tancn Control Ace n '>CA) 
nf I 9-6 prohibm:d the manufJuure, 

procc,"ng. anJ Ji,mbunon of PC..Bs 

II I k.• -~ IM.\:., ,,, H-11 ..:.OOM 

Desired Condition 
.oncencrations in \\J1cr, sediment 

.ind fish ussue rha1 are belo" 1hosc 
known lO CJ.use J threat ro hum.111 

and CLOWStClll health. l he foll owing 
s1andard, are designed ro meet these 
goals. 
FPA: 
• drinking water· 0. 5 p pb 
• ambient w.1rer for hum.rn health 

p ro1ecno1r 0 .064 ppb 
• ambient water to protect wildl ife: 

0 .12 ppb (Great Lakes l111t1J rivc) 

DRBC: .1mb1ent water crnena in 
Zone, 2-6: 0 .0 16 ppb. 

Status 
Poor: P( Bs persist tn rhe B,1si n's water. 

,ed rmenr .ind fish rissue. 

b .tLnsive analvsis o f Lhe sources 

and face of PCBs has been scud red 
bv DRBC as pan of the develop
ment of the Total Maximum D ail)' 
Load (TM DI ) for Z ones 2-6. As 
illusrra1ed in Figure 2.15. the current 
source, o f PC Bs w che rid al river are 

non-pornc sources au.ounrmg for 
25°h of loadmgs .111d pornt sources 
conmb urmg I 8°-'o. lhe no n-udal river 

above Trenron. rhe Schuylkill River 
and o ther rributarres tO the udal river 

conmbu1e .1bour 34.5°0. 
Conrammated sncs conrribureJ 

11 % of total load ,111?, rlw lkla\\Jfl 

lox1cs Reduction Progran1 (D elTR1P) 

" J multi -agency efforr ro identify, 
rrac.k, prronrrze, and report the st,rrus 
of contarnm,ued sires that 1..omnbu1e 

or potenuallv conrrrbute ro roxrcs 
w1th111 1he basin. 1l1e progr,1rn, s tarted 

111 2004 through a grant from !:,PA, 1s 
currendy focused on PCB contamina
tion. Accordrng ro rhe Janual) 2008 
reporr. 1 28 mes have completed 
remediation fo r PC Bs and 8 1 sires are 
in some stJge of remediation includjng 
28 of unknown scarus (Figure 2. 16) . 
Future DdTRiP repom will update 

[hi, rnformacio n wnh a focus on sires 

of unknown scarus. 

Trends 
De,pice the ban on PCB manufacture 
111 J 979, PC..85 srill persist rn landfills. 
,treambeds, rerresmal 5ed1mencs. and 

some closed e lectrical systems. l hey 
remarn J ubrquno us legacy poll urant 
rn much of the basin, bur concemra

c1ons vary greatly, and there is evidence 
rhat concenrracions 111 fish rrssue b 
decreasing (h gure 2. 17). 

The goal of the TM D L for the tidal 
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Figure 2 15 Non-porn! and porn! source sources contribute more PCBs to the tidal portion of the nver more 
than any other The non-tidal Delowore and the Schuylkill River also hove high loadings of PCBs Data 
collected September 2001- March 2003 



Fig 2 16 
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Rem ediation S tatus 

as or 2008 

:0 
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.ea 
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• No Remed,at1on (25 sites) 01 
0 

• Approval Pending {2 sites) 

Or,gomg Remed1atJon (26 s1tes1 

C .. z 

BAY 
• Unknown Status (28 s1tes1 

Total Sites ll" 81 

DelJ\\Jt<: River 15 ro rcduc.e PCB 
load ing\ and d1111i nate co nsumpc1on 
,tdn,on1e, hJ\ed on tht \ conca1111-
n.1nt 1h( llt>t ,ta~e 1s ,1 non -numcril 
.i.ppro,1Lh .. 1II poi nt ,ouru:s .1re 
1cqu1r- J to t:onduu 1110111tonng .111J 
ti.! di~ch~t;.:Lr, ,tr' i.·,1um·J t,, ,ul>m11 
.i 1',,11 .. 11011 \11111111, it ,,n Plan ( l',\lP! 
lhi5; .. rn .iu•r l11 ·, 11111,t11\ 11 ,illd 

Does not Include 
Re mod lated Sites 

potenual source~ o( PC B, on t h e ir 

propcrt}, ,tnd outline, J proc.cd ure ro 
/ind all unkno""n ,mirce, ,ind 1111plc
menr ~• r.1teg1n for min1m1Ling .111d 
prc~encmg relca,e, from .i.11 tdennfied 
,ource, ·n,c p,•1 mi1cce, mmt .1 1,o 

dou11nent mc.1,urcd prog1t'" m dm 
d!on 111.111 rnnu.d rep<Hl tn DRl3C. 

= 

' "-" 

...... , 
<o.O 

C,\11 t_,ORY fl • \'C\'fi'R. <)t',\l TT\ 

H1s ton cal Trend 111 PCBs m fish Tissue 
Delaware Estuo.ry 

Years 

I The Lower Schuylkill 1s a 
ii ma1or con1nbulor of PCBs 
~ m the Delaware Estuary 

This photo token in 1999 at 
Bartram's Gardens shows the 
heavy mdustnal area along 
the Schuylk1II 1uS1 above ,ts 
confluence with the Delaware 

Figure 2 17 

ID White Perch El Channel Catfish I 

PCBs are 11111 
found in fish 
llssue m the 
Delaware Estuary 
but concentrations 
appear to be 
diminishing 

Actions and Needs 
• Co1111nutd monnoring and 5ource 

idc1111fiLjrion 1s needed for PC B, 1n 
rhe Dd.1\, arL River Basi n 

• Rc:mmal .md <.Onlcll l11l1Cnl ,hould 
be done a5 sourLC, of l'Cih J 1e 

fou nd 

• Re, t,eJ ,,Jeer 4ual1n cnccrion for 
l'CB, and rcguLmom addrt·s~mg 
the long-term JltJ111mclll of 
thi, cm en on A ,cc.ond 5(.J.gc 

of me Tl\ 1 OL program will be 
implune!llcd and LOmpkrcJ b, 
DecLmbcr 2009. 

STA. I l'I TIC LH.L\l-'Ml kl\ ! R n\\l"l :"ltn :ow~ 
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• 1 ndicator • Suppon of Designated Use: Tributaries 

Indicator Descrlptien 
1 h1 , m<l1L.uor rcpu n '.:!I c.ond111ons 
on tnbutanc-s rclatl\ e to lhc1r c.le"i1g• 

na1c<l uo;cs. l:ach state ind pcndendy 
1<lt"'nrifie., u,e-. for e.lch ,, .ncrbody, 
fo r e:\amplc. drinkJng wacr:r .!.uppl), 
c.0111 . .ic1 recrea11011 (.w..im mi ng). and 
aqu.,uc 1irc supporr (fi , hing) , and 
spe 1fies sc1cnnfic cn tena to su pport 
du1 use. 

B1t n ni.tl .15St\') m e ni~ are m.111d .1tcd 
61 the reder.d CleJn , ' .Her Act 
(C\X'A) Wam bod,es thai are nor 

artaming wate r qualin MJrn .. lJrd'I :i re 

mduded Oil J " I '" or W.ner Qualiry 
L11nited \X'aier," o r "30~(d) List" and 
reported to u~ !:,PA to samh SCCII O ll 

303(d) of the \Y/A. Sta te> musr 
pnonmc 303(d)-li,ted w.trerbud,es 
for T '-1 [) ) a n ,li)'\CS and 1de1111ry those 
high pnonr) \\ ,Herbod1 e.c;: (or which 
the\ an11a pJte esuhl1Shmg TM D Ls Ill 

1he -,ub'.:)eq ucnr ,,, u }'e-Jr q d e. 

De5lred Condition 
All ~m.::amc;: mcer .!. tandards set LO 

~uppon 1he 11 d es1gnatc<l u,e~ per rhe 
redcral Ckan \Xa1cr A t (BP Goal, 
1.2, I .'l, I 4. CCMP Awon \\II 2). 

Status 
1:air: ApproximJtely 37°'o ofbas, n 
srreJm milC',;; do not m e-et requ ired 
c.ondnton~. -!h e presenct. offish 
con~u m p rion Jdv1so ries i !!i a maJor 

factor Ill 30_,(d ) listing; in the bas111. 
o r all wJrers of the basin h.ive been 

d.S5essed 

Trends 
Figure 2 I is a composite of d.tta 
acro.ss four biennial reporting cycles 

(2002 through 2008). rhe abi l,ry ro 
geographically report on each state 
an:ilys1~ 15 dependent o n the avail

abiliry of geographic 1nfo1 ni.t(IO!l 
,unable for mapp,ng JnJ on fi nJ I 

condiuon asscssmem mform.1-

tion. O ifforcnc..o in ,155essmcnt 
Jnd repo rting mc1hodolog1c-s 

among rhe b.1s1t1 srares compl1-

cne Jttempt~ to a~::,emblc a nd 
compare result \, .:1.c; do periodic. 
ch.tnges in,tJtuted bv the st ares 

~or example, ,n 2006 NJ 
ch.rnged its repon111g un1b from 
::, t ream segm~nr~ co w.1ter~hed 

u n its. 

Actions ond Needs 
Ben:er cartographic repre
c;enta11on of un p.ured water:> 
informau on in all four ~tates. 

As.:,e~smenr 1nformat1on 

relevan t m chcm 1c:1l. p h vsical 

and b ,olo!;ical condi11ons. 

Comp,ir,,ble reporting of 
~u mmary .:,car1st1cs. 

Table 22 Unattamtng 303(d) Listed Streams 

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 ond seasonal variation in 
water quality. 

IA l I I J 

Stat e 

DE Total 
NJ Total 

NJ Consum 
AdvlSOf!eS 

NY Total 

PA Total 

PAConsum. 

AdVISOfleS 

TOTAL 

Tota l 
Trib utary 

Data Ye u Miles 

2002 2,480 

2006 6,975 

2006 4,197 

2006 10578 

2• 130 

Total 
303(d l Stream Miles % o fTo tal 
Stream w/Con.sum. % o f w/oConsum 
MtlH Advisories Total Adviso ries 

569 23% 

5 786 83"" 

3 597 31'11, 

81 2% 

2 512 24% 

658 18"' 

8.948 • 1':;\ 3,.. 19'11, 

Fig . 2.18 
303d Listed Stream s 
and Watersheds 

303d Listed Streams 

OE 2002 (EPA Source) 
PA 2006 
NY 2006 
NJ 2006 (Streams 

within listed 
watersheds) 

CENTRAL 



• Indica tor • Trends in Tributary Water Quality 

Lower ond Ba U r & Cenlral 

.. 
Indicator Description 
"llrn indicator rcpon s u end, 111 
c.ond1ulm 5 o n represen ta.u , lre!,h
\\,llet ln bulJ n c\ rtl .111ve to fo u1 

water qualiry p.t1Jme1cr, rhJt effect 
liv111g raourte,. di;solved ox, gen 
(DO), nttrogm ( 1), phosphoru, (P) 
and 101al suspended solid, (TS ). 
I he ,1>scs,mem " a, de-. eloped b) 
the \X'J ter Re,ou rce-- Agency at the 

nl\t'P,lt\ of l)clJ\\ ,trC' w11h .bSl5tJn ce 

from P, nn S1a1e, ' orndl Jnd Ru1gc" 
.ind is ba,ed on water qual11y data 
from th EPA~ IORrl . l ,~ W~ 
and H.He "atcr q u.1l1ry 1nformat1011 
5)Mem 1, 

r I\ C )COr median values fo r each 
pJ 1ame1er wrrt" comparl'd to Larger~: 

• DO. Jpplictble srate criteria. 
: 1 O. 2 0, and 1 0 mg/I (Dr low, 

moder.He ,rnd high ·1 M DI targets) 
P· 0. 1 mg/I ( J criterion) 
1 ',S 40 mg/L. for "arm "ate r and 
20 mg/I for cold \\a ter (trout) 
streams (;s.: J u 1teria ) 

Although mJJl) yc.,r, of dara are J1ad
Jble, I 990 was sdcucd •" the bcgm
n111g year fo , trend ,111J l)·,is tO exclude 
w,ue, qu.,lit) ' 1mprovemcn11, rclJtn l 10 

lhc \\J">te \\Jter infra111ruu urr m vesc

mem of the 1980, 

Desired Condition 
I mprovm g or consL~1111 concLoo ns Ill 

strcJ.n"ls, "here ,, acer qu.U1f) meets o r 
" beu er rltan cr1te11, (Bl' Goal, I 2, 
1.3, 1.4; C..C..MP Acnun W12). 

Status and Trends 
Upper and Central Regions: Good 
DO levels are very good and , how 
mcrea.5c~ ,It 6 of1

) w.1rer1ihcd stauons 

P ,s belo" 0. 1 mg/L ,ind has ,mprmed 
o r re rn ::uncd com,t.inr, excep t Jt the 

lower Ld11gh , talion I LV3) where 11 1s 
,1,gh tly elc,.ucd, bu, improving. \X'J rei 

qu.uny 111 the lower I eh,gh .,ppc,trs 10 
b degrading si nce 1990 ""h re-pcu 
10 and I (1 Jblc 2.3) 

Lower and Bay Regions: Fai r 
DO. while good 10 fair, "decre.i.sing 
JI 6 of I I , tauuns. , while Lonsrant 
"higher rlldn the modei.Hl target 
(2.0 mg/L) at h.,l f 1he stations, Jncl 

phosphorus ,s wmtanr but abo,e 0. I 
mg/I .n 8 of 11 stations r S 1< high, 
but improving, on the Smyrna R, ver 
(LJ 2) (l abk 2.3) 

Adions and Needs 
~'lore cons15tenr mo nuonng 1s 

needed. at leasr one stanon in each 
region h.,d 111suffic1en1 penod, of 
record for o ne o r more pJr~1meter\ 

~ let.11s dJu wert' generallv nor 
,ufficiently robuSt t0 .lliess because 
of ch,ingcs 111 derewon u pabil, ry 
or incomplete records. 

flm 111111al loo I.. shou Id be 
e\p,indcd to include add,uonal 
warer-1hed ,t.irion\ 

Table 2 3 Trends tn Water Quahty of Selected Tributary Streams 
l_,;;tr 110d [ht) ll.f1!ion 00-- --.. -- IX) ' r T ' 1111lon J 

U11vcr • 11d Ct111 nd ltei;on 'itarlum I ) (mg/I} tniWII (mg/I) 

S\I \chu)i.,,11 R1\tt at lkmt. PA 10 <T IO• lllt!A 

fWI \IIC!U B, lkl.av,,wc R l bnl.:0.-l, N'I It .. . \ \ - XhU)ll..111 Rm:r Ill Pon IO\lo11 "" mi • • ... 
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,. ,, ... 
1\1,1 Lad,.,_wJ\.Cn K at UC.l1.,.':I\.C11 l'A llt A It, . U II A •• lll :? N Br R.i,11,.1M.:3S I I Pcmbcrwn. r,,.J ,. 1T I D 1.1.oc: e 
NMI J>da..,arc l{J\-U at rt Jmn """ '" ... , . ' • • 1 1:? Cuopa RI\C:f' al I\J\kb1fidd. J 7.2 T IO e I • I~ I Hr.dt.cadtr•Ocl \\au:r<,Jr.P" !ZIA o• • II Ut:..& .. 

Lil llnandw.mt" R. al'IO,c W1lmini,.'lon. 0 1 ..... •• 1,1 • I< , Pa.ili.n~k.lJJ.i11Bl.--1c,wnM IDU e 1 0 ' • -· <;m)fflll Rl\"cr tal Route q tw,dgc. Dl . , ... ••• ,, . 
t• J · Ill .A. ,. ll 2 

I" I .c:t11¢1 RJ\-U" at ',1odJ.U\ 11lc PA 11 lf .A. 
"11cm R1\cr at \\oodstl)"IU1, NJ ..... I , .. 

I , ... 0 , . ' ... ... Li l 
I VJ Lehigh K1l-'l:f al I,\ 1lnuqut. PA 

II ... .. ... ... UBI Lc1p-.1c R1\t::I DI Rwtc I l . I}( ,. ... 0 I A I,,. 
t' l Ldu&fl ltJ\'ct •• (1lcndo11 r A 

Jm.uilk u:-nl I ).11a H O:! M,11a1o= R1,cr al Nt!!!!_Q . NJ )l.r!_ 011 1 . 
ll I 1,\1,-ht:d'l,w.l..~ «red.as \h11.l..11-.i. "'-J 
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• Indicator • Support of Oe~ignated Use: River ru1d Bay 

Indicator Description 
~I h1, rn J1c..1t0 r repo rts , , hr-thcr o r 

no1 th \\ JI C'I q u .1l11vof 1he Rl\ er 
'"' , upr on iv,: of ll'i d1-!,ignatcd U \C'C.. 

111d ud111g: ..._l n nk111g \\ .Iler, a4u.111c lift-'. 
l"l l reJ tio n . . md consumption or li1.ih 
and , hcllti,h, .d,hough not .di uses .,re 
J e,1t,n,11 ~d fo, JI\ ten ,, .He r qu.ilirv 

/ ()nc, I l1i'!I . 1 ... ,t·,,men1 1s t.onJut 1ed 
every 1,,u \'e.1r, 111 ,llLo rJ..rnce, " nh 

~I l'A rrq1111 u nen1, ful l " PIJn.1-
11on nf 1h .1, ...,e, .:,mt nt L,ll1 h~ fl\un<l 
i11 the 20ll8 l)el.1\\ ,,re R11 er .111, I 
ll,11 ln1cgra1t·d I 1<1 - \\ ',H<r Qu,tli l) 

, ,t.·" mc-ni .,, ,111.lhlc .n WW\\ drbt. n 1 

Desired Condition 
\\ 1t cr t111.1III \ th .. 11 mt·ctc. rh tn11.: ri.1 

de, 1g11n l ttJ <'"n -..111"'t' suppmr of"Jc-,i~
ll J l t \l \\ ,l l ll u,l., p c'1 th<' f1. dt-r,1I ClcJn 
\\',11cr \ , 1 (IW C o,11, 1.2, 1 ,, I .-l ; 

C l /\ II' \ , 111m\\ 12). 

Status 
I .111 lltngl , lrom pnor (fi,h \..,.,n,ump 
1 HHl .ind .,qu.u 1L ltld t \l ~lloJ 

(dn nkm~ " ~H 1 .111 J , .. rc.1tttm) 

lht.. .1,,1,.·,,mt 111 111\lll\\, u1mp..1rm~ 
l..n ,, .urr qu.1111,· p.tr.tnh:. rcr- h, 
11\l·r .1,,l , , 1111.·m \IIHI '- l" J:l \ r qt1.1l1n 
IIIJ l\.tf \ llh 11 1 l1lh "\ \\ tth ,1rpl1i,, .. 1Mc 

,, th r lttt ,1111, ~ r1h ri.1 .1d,,ptt"i h, 
l )Rl\t h i 11r1--•11 1h,,l-" :1Utnl 
u, (,l lhC" n, ,11 1nl I l"' m nt Ul\ ll 

111,luJ, / ,,. I\ II\ l l IP 

I lo and the d cs,gna red uses assessed 

include aqu,1t1c li fe, d, inking wat r. 
p rima~ recreauon. and fish con.)LUn p ~ 

11011. Zones 2. 3. 4, and 5 m ake up 
the 11d,1l po ruo n of , he River and 
fish co nsumpn o n. aqua11c I,~, and 
recreation apply to all ,he mhl zones. 
Dnnkmg \\Jter usr "onh• appl i
cable to Zones 2 and of th e tidal 
m· r. Del.,war BJ)' i Zone 6 and its 

J e, ,gnated use, m clude aqua tic life. 
pnnu n rr-cre.u io n . fi !!ih con u mpuon , 

.md ,hell fi, h consumpnon. 
l he final .1sse"menr, for 200 b, 

zone .1.nJ dr.!-1gnatr:"d US(' Jrt' l1~rffi in 
l,1blc 2.4 ,mJ <hO\<ll in Figu ne 2.20 

Integrated As.sessment 
Summary 
Aquati life 1> ,upporr...d m zoo · j 

and 6. In /nne, l A and I[. pH 
do mH mt"'t"t l...rl t~rtJ: .;rnd Zon 

2 .ind '-1 J o not °'""' 1em~-...r,1tune 
, ri1rn.1. -\dd1t1on,1lh, ,n Lone 'i 
.1ppro'1mJt h 1-•u of th 'i.lmples 
.i""c-'-,N h,r [)(l JlJ not m r tht> 

~4 h\.lUr a,t'"r.l.~c \.rlt('riJ . 

Drinking w:iter u,r ts ,upp<>rted m .1ll 

d " l~ OJ.lni lllfl 

Prim'l._~ contact r«:rntion ~ 
,urp,.•m J l ll .ill ,rrl".1\-.l, ,on,,. 
e,""r' .._.,nc'; M\,, R\t ~, \ 
" h~ t: th. 1c .u~ ,, , , l nt J.iu 

1-i•h r,,n,umptiou , n >t ,upj'1tTt'J in 
l n ,n J.. , ,1 t 

l.1 m lht ~l 

means tlia, an adv1sO') has bttn 
1s<ued b, a ~rate \\1Ul • recom

mendauon lO lim1r consumpuon 
of at least one species of fish. In 
m osr instances che conranunanls 
ane PC Bs and mercury N"" York 
did nor issue an,· fish ad, 1sones 

for me Delaware Ri,er. hm,e-.er 
fi,h ad\lsories due ro mercun an, 

i1S1ed for ,he resen OIi" feedi ng the 
Delaware River. Recent!) compiled 
roucs daca from fi,h ussuc collec,ed 
in 200-1 and 200- also support 

fish ad, 1sones m the 1icW "''"· 
PCB, rem:iin the pruTl:ll) ancer 
mk dm-er. followt<l b, dioxin and 
dmxm-1,ke chem,.:.tls. \ lercun 
lt-v Is m suipcd bas, me moderareh
de-. ;uc,d .u,d conrnl>ure 10 non-

OLncer health nsks. 
Shdlfuhing support van es ,..th,n 

Zone 6 b'1SCCI on peno<Lc pathogen 
o:ce«koces 

Action.s and Needs 
• Eununa.uon of DO issues, mclwimg 

assess.men[ of current monironng 
and adeq~cv or cxistmg cnren.i 111 

the mW m-er. 

lmplemenunon of the PC B Total 
\ l-=mum D.ulv Load ThlDL) for 
Zones 3. -1 . - and 6. 

Re-.·iew and asscssmem of che 

adequa.n of current water qualm 
cr1r~ru. 

Table 2~4 2008 lnl'egraled Lisung C1t.eg0ry for the ~ Rtver 
by ORBC Water Duality flknagem•n1 Zones 

-l>1'lill_ .. ..,..... ........... ssn.-.-.....--....-.:ma..,...,_..-._ 
n. ........................... _ CfW:"'A;)R---~~----·---·--K) .............. _. ____ 

flNl 21l011 --Calopy 
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s 
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Addn ,onal rcal-nme mo n,toring 

".111 1<lenufied need ,h,., can o nly 

enhance o ur abd " y 10 as,ess and 
repo n ,,a1er quali ry cond,nons 

Fig 2 20 Support of Designated Uses 
Delaware River and Bay 

Upper Region 
EW • E.:m and \X"'est Bra nc.h 
wa,ershed , 

L\'(I • Lad,.twaxrn " ·arershed 

M e,crsink Jnd Mong.tup 
" atershe<ls 

Central Region 
U C • Upper e111rJI "arer,heds 
LV • Lehigh V.11ley 
I • Lower entral watersheds 

Lower Region 
. V • chuylk, 11 Valle) 
U F • Upper E.lruary "arersheds 
LE • Lower Ls1uary w,uershed, 

Bay Region 
OB I Bav W11le,l ,ed1 ,n OE 
082 Bay Wllfp,sheds ,n HJ 

- Supporting 

Supporting but 
with Special Condrllons 

N,:,t !c'upportmg 

'"S 1,r it O:itd 

< ~ I lC ,UR\ II • \1: \ II R (.Jl Al II \ 

Final 
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Feature • Water Quality 

Contaminants of Emerging Concern 

Description ii "' ii ..... ,~, lontam, n.ints of emerging concern are chemicals that are not regulated th1ough water 
quality programs. but are of interest to IClent,m because of their per1,stence b,oac 
cumulauon, and potenual fo, tox,rny to aquat,c life ;md humans Although the11 fare and 
transport a,e not fully understood. and a consensus has not yet been reached concerning 
their to»rny. these substances are believed to l1ave the potential to cause adv rse impacts 
on human health or the env,ronment, ,nclud,ng caus,ng cancer and reproducuv effects 
Contaminants of emerging concern include pharmaceuticals, personal care products flame 
reta,dants. 1nsect1c1des, plast1c1zers, and resistant pathogens (bactefla and viruses) 

Status 
S,gn,ncant work ,s being conducted to study emerging contam,nants ,n the Delaware River Ba11n Polybro· 
m,nated d1phenyl ethe,s (PBDE) are manufactured flame retardants used ,n everyday items. from computer 
ca11ngs to ca,pet pads to foam cushions ,n chairs and couches. In the environment PBDEs accumulate ,n 
the fatty l1p1d t issue of humans and animals Figure 2.21 shows the relative concentrations among 18 tissue 
samples of eel from s,x 11tes ,n the Delaware River Concentrauons are measured ,n nanograms (10 , parts 
per u,11,on or ppt) of PBDE per g,am of ussue 

In 2007, DRBC conducted a pilot survey ,n the tidal Delaware River, sampling and analyzing ambient waters 
for pharmaceuucals and personal care p,oducts (PPCP), perfluoflnated compounds (PFC). hormones and 
sterols. nonyl phenols, and polybrominated d,phenyl ethers (PBDE) 

Twenty-one out of 54 PPCP compounds were detected 
Aquatic ecotoxIc1ty data. pflmardy based on 1nd1v1dual compounds and single species tests, are readily 
available for only 16 out of the 21 PPCP compounds which hm,ts the assessment of 11sk to aquauc life. 
PFCs were measured ,n concentrations that exceed benchmarks for water quality 

How small is .. , 

A nonogram is 
1 O • or 1 / 1,000,000,000 

or one trillionth of o gram 
ppt = part per trillion = ng/Liter 

A picogrom is 
1 0 12 or 1 / 1, 000,000,000,000 or 

one billionth of a gram 
ppb = parts per billion = pg/Liter 

, Nonyl phenol levels did not exceed cu, rent EPA water 

quality cnte11a 
, PBDE were measured in pg/L 10 ng/L concentrations 
with d1str1but1ons s,m,lar to those observed ,n othe, No, th 
Ameflcan locauons. 
, Natural and synthetic hormones we,e reported ,n ng l 
levels ConcurrPnt short rerm chrome tox1uty te')ts for 
survival, growth. and repr0rlu th 1 tn thl· Jrnbient 'c:-3 

sample-;dlJ rot u It 11 r x ', 11 rs. cie and ir. nt 
mQa\Urld 

._, ' · . 
..... \: .. '"-"'

> 
. 

-

American Eels From 
Delaware River Basin Sites 

modtfted from Ashley e f al 2006 

fig. 2.21. American Eel PBDE cancenlralian 
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Trends 

fh, I, I of PBDl, ,n peoples bodies are rer 1rted to bP doubl<ng Pver, 2 to 5 years and arP 40 1,mes 

hi9her ,n N rtt> America rhan on other cor,1,1 1~111 A romparis,.in of PB[Jf concentraMri ,n ftsl froM the 

DElawar,• Estuary and hsh lound ,n other locat,on ,, ,llustrated '" f ,q 2 22 Thf>se aata sugqest that PBDf 

cone ·ntrat1ons arf' s, irnhc anily higher ,n h1h from the Delaware tl,,,n from other parts of Nnrth America 

and orders of magn11ud, (Jrparpr than Jho;p from Europe and la,wan Tlv• rHect levels and hurnan hPJlll 
1mpl,cat,on· o f thPse compounds hdve yPt 10 be f'Stabl1shed 

Adions and Needs 
,yst,.mat m, M •1119 "r,eeded to und~"tJnd how and where these subsrances dre be 'lg <elPased 

into the e 11\nronmPnt whdt ,s happening to them on<e they enter the environment and the r1~k th,=,y 

po,, 10 t>umans and to our ecosvstem 

Asse,sment of ecoto<ic ,ty from emPrg,ng contaminants ,n the tidal Delawa,e R,ver would be further 

informed by ewogernc,ty ,creen,ng b1omarke1 measurements and populat,on ,sex rat,ol surveys 

_J 

o, 
C 

Fig. 2.23 Pharmaceuticals and Personal Care Products 
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Category Ill 

Living Resources 

Tm~· • '' ll•e n-irmiu rrmmirrrwl Ji,hcry of the 19th ce11r-11ry m rhe Del11wt1re 
Rn•er ,md B.i_11 dedwrd 111 rhr I 920s, due to d('frrtorafln11 of waur quality and ovrr• 
/,,1rr,r.11111g Fi,hery co11diriom hal'i> 1mpro11ed 111 the Inst seveml year; An ob;rrtfl!e now 
muSt b,· to mn111tam and conttnur thr 1mprol'eme11t, with traces of toxic rnbstanas. n 

.1re p rincipal food, for bi rds and 

m,11nmah ~hel lfoh .ire fil ter feeders 
,ind help to ,1bsorb 

o nset of spnng wiu1 ch anges in globJI 

cl imate, an d ocher unknown imp acts 

Now 
Th, p..1.St h1ston of rhe river's ,rnox,c 

(rem c.hs~ohed ox,gen ) zone, the 
1111 roJuu ,on of\\ a1er q uah ry regu l.\· 
110m, .rnd 1ubsrquent improyemenrs 

in warer qualir, 1~ recounted che \Xfarcr 

Qu.tl,n ,cction of dm report ·1 he 
,uu.e1, of V<."ars of mJnagement .1 nd 

chJnge 1s mosr dr.11natically evident 

tn d1<." rc~10r,11ion of living resources. 

c1pect.1IIY fin fish populanons and 
mo,r notJbh ,had 

\\.11er 9ual1 n criteria for the 
, uppon of aquatic life ha ,·e been 
adopted for a number of parameter~, 

and Jrc being considered for more. 
All of the waters of che bas111 a re 

de11gnated fo r the ~upporc of .1quat1c 
lift: The ke, v.,ller parameter of 

Neorty 20 m,lhon pounds of 
American shod. celebrated 
os America I lobndmg foh 
by oulho, Jahn McPhee art 
cough! 1n the Delaware R,~er 

n~n..t» l-_l 01.LA'l .\J-... f:...,·'JRI\A..,l'\.RfP(lllT ~O()b 

Lncl B Study. 1'1ay 198 1, p 19 
DRBC 

concern has been d i~solvcd oxygen 

(DO) becau,e it is nccessJry for nea rly 
c,er} aqu:m c resource and is e;sen1 ial 

for 0\ era II ecosystem health. As,<le 
from ,,.1te1 q uJ licy, 1here arC' man) 

uther a\pects affecting l1v1ng re~ource 

condicion. These include, but are nor 
luni1ed to, Aow,, remperarure, narural 
predauon , harvest mg b) h umans, 

disease, and habitat loss. 

Context and Linkage 
As food and as habirar , heal d1) .1quaric 
reso urces arc lmked lO te rresma.l 
and a-,an popula11ons. ll1e story of 

livi ng resources in the b,lsin is o ne of 

food web;, compeuuon, inren .. on

nections, and water. C lean water t\ a 

requis,re fur fish .111d shellfish , which 

numcnrs t hat can result 

111 low DO levels cha, 

impair fi sh su rv1v,1I. 

One example 01 an 

im ercon nec1ion 1s rhe 
ho n,eshoe crab and red 

knot. Ho rseshoe crabs. 
a key crum1cean of 

D elaw:ire Bay, lay cg~ 
on bayshore beaches at 

e>..1ccly the righr nme 
for them co nou rish 

m igrati ng red k11ots o n 
rhc,r annual Journey co 

ne~ting ground, Lil che 
arctic. Wi thout suffic iem 

food , m,uw bird~ cannot 

complete the m p and 
species survival mJy be 

111 jeop,trdy. The 111fringe
m enr of rising se,t le\'els 

,rnd hu man srn lerncm 
on b.1y bead1es, the 

comme,cia l h.uvcsnng 
of uab,, the e.1rl1er 

I 
1940s 
Shod and ~er,1ng, •mub! 
lo migrate lhrou~~ 
c,rgcn borrte, . : F 
de o~,, < __ .. 

i 
Late 1950s 
•sx cu •0~111 

,- ,tK1otes 
- Jr \100,\ 

up 

Table 3-f Environmental Facto rs Highly Related to 
lmpalrmenl of Aquatic Communi ties Along An Urban Land
Use Gradient 
Green shading indicates factors that were more favorable to healthy 

aquatic commurnbes and red shading mdk:ates factors that were less 
favorabfe 
INS= No stabst,cally significant effect on 

Area or forest and 
wetlands 
Ability to maintain base 
flow 
Pementage or cobble 
substrate 
Median sulfate 
concentrat,on 
Median total phosphorus 
concentrallon 
Mean annual flood 
Flashiness of streamflow 
Impervious area. road 
area onl 

1
1911 

Sole 1urv,.,n 

tommerool 11,ad l"her1 
on 1h~ non lidol riter 
net , b.<92 1hod- the 
b1gge 1 c::rn 1111{1) l 890 

Algae 

NS 

NS 

NS 

1
1917 

Over 56.000 shad .. worth 
aboui S 1 6 M recreohonol 
dollon ore landed ,n 9 
weeks between Hont0ck 
HY and Ya, dley PA 

•= lli3!!.2:1'l'l:::::::1~====~=1111••m••-=c•••••--- - -------



bcvond 1he b,l,111 Jll h.1, e the po1e nu,1J 

ro affeu the '>lit.Le,:. of m igra1m g red 
knot popul.rnons 

l\lo1 ,lll links a mong ltvm g resource~ 
.i r..- rh1, dramatic 0 1 111rernJt1o n.1I. 

-\q uJuc Im c:n , bratc~, I 1kc- fresll\\ .Jtcr 

rnu,,t 1, arc or become ,edemar) 

,pene, JnJ 1hc-rcfore a re c >..cellenr 

111d1L.1tor, of local w,u er q ualiry and 

warcr,hcd conJ,uo n . AquariL 111ver

tebrate, art e,pec,all ) ,emit ,, e to 

lanJ;c..1pe change5 relJ1ed LO de,elop
mrnr (T.ible 1 I). 

Getting Personal 
1he he.11th of II\ mg rc,ource; b not 

)US C tmpona n1 co m,11nra 1111ng rhe 

natural eLology ofha'1n and e,tuary. 

Human, arc a n 1megral pJrt of t he 

\,eh. l111kcJ h~ economic. recrea1ional. 

and h e.deli mcere;r:,. 1--i , hing. for 

ex..1m ple. 1s bo th a commercial ,md 

recre,1t1onal cntc.-rpn,e, highly valued 

rhrc,ugho uL 1he b a,111. \Vorld-d.iss 

trout fahmg 111 the <..o ld ~a ter, o r the 

bastn i, an ec.onom,cally 1mporr.rn t 

emupri,e ch.it lures thous.ind, o f 

fi,hc:rfulk uc.h ,e.ir fhc im portance 

r 
1919 
landing of a 53 lb 
13 01 1111ped bo11 
from 1he Delaware 
R,ver near Chu1ter 
breQh PA ri<Drd 

of oy,rn,, u .1b, anJ o ther speu es of 

the lh v have been the fo und.,uon of 

com mercial c nrerpn,es - hanesting. 

can11111g c111<l ~I-upping - for mJ nv 

generanom. ·11,re::m 10 1h e 11,ing 

resource base 111.11 aho be chre:u s LO 

che ,uni, al of b,tsin anJ hayshore 
1ow n,. 

Mon1ronng l1v1ng resource, is 

1mpon :111r nor o nh fo r ecosntem 
c.ond111011 .is,e,smenr, bu1 abo for 

underst.111Jing threan, ro human 

health .rnd \, ellbe ing. Toxic subsrance~ 

and d1se.JSc, 111 \\Jttr .111J sed ime m 

can be ac.cumula red 111 fuh ti,suc 
anJ , hellfi,h. \X'hrn comumed , 1 hat 

b m dcn 1s pas,ed on co ocher animal:,, 

including humans. A5 our knowledge 

of ltv,ng re,ources 11npr0\ <.:S, , o ma) 
o ur .1bil1ry LO pro1ec1 human health 

(See h Jh Comump11011 in the Water 

Qual1ry ,euion.) 

Reporting 
More d1Jn .inv o ther c,11, gon of 
111d1Gn or,. l1 v111g re,ource, are rhe 

mo, r problema uc LO mc.1,ure ,tncl 

report. Living n:,ou rcn ttnd 10 mo,e 

I 
1991 

Thfl e, ,nom,c value 
of ,weotionol li:h,ng 
,n Delaware Bay IS 
estrmoltd c1 S7', 
m1ilivr pe I 

1995 

Over a holf 
million 1no;f 
1w1m up :he 
Ocla•o11 • 
1po 

CAI H,ORY lil • IJVl.'.'-1<~ RI \Ol Rt L.':i 

abo ut . clunge Si le and fo rm, :uce rnJtc 

food prefere nce,, .ilter habm, a nd even 

their i1Jlma1, a, 1hq pass t hrough 

their life cycle,. Dercnrnnu,g w h1d1 

specie, LO eva lu.ue 111 ,I communiry. 

"lu r para m erer 10 mea,u re, a nd hu\\ 

to atcoum fo r the effects of natur.11 

and impo,cd ,nessors i, daunting. 

Moreover, although a wealth o f inlor
m Jtion may exi,t: cencr.1l11.,eJ cle,1ring

hou,e; for the information generall ) 

do no t. 

I hi, section on Irving resources 
report ; the <..o ndnion sraru~ J nd 

ob~en·ed trends for only a few of 
the thousand; of , pecies th.u call che 

basin home for all or p,in of the yea r 
Some were chm en fo r ,hei r economic 

benefit~ . ochers were cho~en bec.1use 

of chci r ecological signifiunce, ,everaJ 
are uiLical ~peu e, that need to be 
protected from ex t1 rp<1t1on or exunc
tion, and ,ome we1 e cho;en for chei r 

ahdt() ro lK mor111 on:d and ;crvc .ts a 
repre,cntJfl\l i11 d1<.aror of othet 11,rng 
resource<, 

L1v1ng rc;ourc.e indicators mcluded Ill 

elm repo rt are: 

• Ben1hic macroimerrebrare, 

• h eshwater mus,el; 

• O ysters 
• Hor~eshoe crabs 

• 81rcb. Red k not , Louis1.1na WJter 

thru,h, and American bald eagk 
• I 1nfish Weakfi;I, and .'m1ped bas,, 

Arbntic sturgeon. American sh.id, 
anJ Brook trout. 

A fea tu re on 1nvas1,e species 

concludes rhe L1v1ng Resou rce secu on . 

I 
1991 

Striped 
bo1111,hery 
d?clored 
·r.uuored 
bi ASMFC I 

1999 

Red knot 
l111cd as 
'thr,ol 
ened· by 
NJ l

lOOI 
NJ bani 
1111mi1l,ng 
or oil 
lwrie,hoe 
,r; 

\I l OI· I HI Pt-~ \\\ \IU. RI\ tk 
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a Iadiattor • Benthic Macroinvenebrates 

l• lll~at•r Description 
fknthK macro1nvenebracc:s--ma1nlv 

,n,eu, but also snails, "om,s, crayfish. 

and orhrr fauna "11hou1 back bones
arc LOn<.1dered one of rhe na.uon's top 

h,ologic.al ind,c.arors of ennronmen1.1I 
c.ondu1on~ in frcshv.ater sysc<'m~. In a 
prn.unc ~rrea.m, aquati c. m"enebrat('S 
are typ ically d11erse and abw1d<11H, 
con,.1,;,.nng of many i pccie--; from a \\ 1de 

, ,u1en- o l mvenebrare groups Because 

mu~t in,enebrates have limned 
movemrnt, rhey typ1call) spend their 
life m a short segment o f stream ,rnd 
thu., reAect the lo~-al co nd,uom. In 
add1tion, ma.nv spet.1e~ live m rhe 

stream for a year or more, long enough 
10 expcnence rhe fu ll range of env1ro11 -

memal cond,uom at• me but shon 
enough \0 th.at they reflect 1he present 

a.nd recent cond1nons.. 

Among the mven ebrates mo!lt 

1,.,umrnonly encountered m streams 
.ue ,pew,,, of ma1.fl10, caddi;Aies, 
stondl,e,. and true A,e, Many of 
the midge, (true A1 fam1l1 Cl11ro11-
om1tU1t) u.n role ra1e h,gh bel, of 

pollutio n rnd low dissolved oxygen, 
"hereas 1ht mavAies (e g .. Drunrlla, 
fpeoru>I, uddi,fho (e.g Rhyaroph,/11) 
and ,roncllto <e.g. Acronrnrrtt, 
Paru.~1mnt1/ I\ p1cJlly require clean 
wa ter J.n<l ,u,1.1ble hJh1tats. ~uen11m 

LonunuC!' to Jc:..1n1 more ahout rho.c 

,peue< and the ir rrquiremcnr> Jn<l 
sen, tt1, 1ut~ to en, 1ronmentaJ pollu1 .. 

antS. Taken together 
wich in format ion 

from longer-lived 
1 nvC!'nrbrues such as 
crayfish and fresh" acer 
mus\eh,. Lht: inverte

brate fauna can 1dl us 

a lot abom conditions 

JI the ba;e of rhe food 
charn. 

Many governmC!'nt 
agencies cenrt r their 
s tream asse-ssmcnc 
progr.1ms around 
collections of aquanc 
rn,·c-ncbrarcs. Ir LS 

rel,uvely easy and 

mexpen~1ve lO colleet 

rh~e aquauc inver

tebrate~, and man,· 
statistical tool.s. e-x1sr 

for convuung dara 
from an aquauc inver• 

tebraie S<1mple into 
recogniuble elementS 
of ecolog,c.u health. 

Desired Cendltlon 
01,erse •nd abundant 
specic5 of .1.quau<.. 
1nvcn ebrat~ 1nd1C.J.t1,·c 

of h,gh water qual1r

(81' I 2. 2 3, CC~!!' 
Amon H ~l 

CENTRAL 

Fig. 3 1 Biological Conditions 

State Assessments 

NY - Ass essment 

• Highly impacted 

Moderalely Impacted 

• Slightly impacted 

• Non-rnpacted 

NJ - Biological Impairments (NJOEP) 

• SEVER Poor 

MODERATE Fa.r 

• NONE. Good 

PA · Biological Impairments (PAOEP) 

lmpatred Stauon 

Attaining Staoon 

OE - BCI, Pe rcentage 

-- 0°.t. - 33% Poor 

-- 34% - 67o/• Fair 

- - 68¾- 100%Good 

DE· Biolog,cal Class1ficalton 
(as a percentage) 
NJ. Biolog1cal Impairments 
NY. Biomass Data 
PA 8 1olog1cal Impairments 



Status 
Fair: RJ ngc:!> from poo r to very good; 
JII region, sho, 1mpac1.S. 

Bao;;ed o n macroi nvcrrebra te d iver,;;i cy, 
warer qu<1l it) ,tnd env1ronmenral 

cond it ions vary widely acros!> Lhe 

" ~irershed . T he mosr b road ly impaired 
v.-al rs a re in che urbanized Jrea of rhe 

Lo,\ e r Regio n , and in w.lter~heds wirh 
J. legacy o f mining Jcriviry. Some level 
of impa irm en t 1s found in almosr all 

\.\atershcd regio ns. 11,e best co nd i
rio n 1,;; 1epresen1ed in d1e u ppermost 

portion of rh c:- ba.sin where po pub [lon 
d.ens1rr is low and a greare r p ropo rt io n 
of land remains in n,1ru r1' IJ..ndscape,s. 

Rhyocophda (Rhyocophilidoe) rodd,slly. Free-hv1ng 
predatory cadd11fly ore o strong md1eo1or of dean 
water ond o heollhy oquollC ewsysfem 

Tre nds 
Trend d ara :i re nor un ifo rmly available. 

1l1e frequency of macro1nve rtebra te 
sampling in rhe bJsin ranges from o ne 

co 5 years and may o r may nor incl ude 

re urrenr 1>ampling. Differences among 
streams (rem perm ure. Aow regim es, 
chem is1ry and ph sicJI am ibu1es) 
make Jpplicarion o f a single index 
inJpprop ria re. For example, a ~pecies 

index for the low-grad ient and low-
pH wa1ers o f the New Jersey Pineland., 
is very cLffereni from ,har o f die 
coldwarer srrca.rns of non hea5rern PA 
and NY. l-u n hermore, die basin sta tes 
have d eveloped d issim ilar scoring 
sysrems that confound rhe compan son 

of condit ions. 

Chironomidoe midge, Although varying ,n their 
loleranrn lo pollu11on, midge lorvae ore a iilol 
component of all aqual1< ecosystems yel ran become 
dommonl 01 woler qual;ly and erolog,cal cond1l,or 
dclermrole 

C.ATEGORY Ill • I JVTNG RESOURCES 

Scientific swdie~ suggest d, ar 
macro111 verrebra te co ndi rion can bt" 

expecred ro decline in walersheds 
wn h greate r poim sou rce Aows, u rban 

development. popula tio n and greater 

areas of impervio us cover - especiaJly 
associated w ith roaili . Wa1ersheds w ith 
g reare r a reas o f fo rests and wetlands. 
more co bb le o;;ubo;; rrare, and 111ainra111ed 
base Aow~ have hearh ie r macroin

verreb ra re communi ues (Table 3. l) . 
Th us, warersheds rhar a re undergoing 
development are ar risk o f degraded 
co nd itio ns for m acroinven eb rare.s. 

Riparian corrid o r and wetland resro ra
rio n effons should improve macroin

verreb,are health . 

Moyflr nymph (Allene/lo) Mayfl ies cons11tu1e one 
of lhe 1101! 1mportan1 groups of banom-dwelling 
0•11mals 1n i i ream~ nvers and lakes 

Actions and Needs 
• MacroinvercebrJte srud1 t5 for the 

entire D elaware River B.ISin need ro 
be con d ucred on a rc:guJar basis to 

Facd irare crend an.uyses. 

In add ition . the fo ur sLJtes sho uld 
consid er s tand.1rdized m ethods for 

repo ning m acroinvercebrare data co 

enab le interstate co m parisons and 
w.1rershed-based repo rri ng like rhar 
a1tem pced here. 

lntegrat1011 berween estua rine and 

freshwJrer biological moniroring 
programs would fucilica re 3 

wate rshed appro ach ro ecosysrem 
mon ironng. 

Mayfly aduh. Mayflies are roulinely used for 
moniloring waler quality because their presance and 
diversify ton be valuable indicolors of lhe heollh of 
their aquolit environment Many mayfly spe<1es are 
among lhe mo~ sensitive lo pollution 

\! .. JI I.JI "lll Oll -\-.,ARl Rl\l.Rll,. 'HOH 

z 
> 
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52 

t \Tl t,OR) Ill • l LY IN<., RI \OLRCE 

• fndicato r • Freshwater M ussels 

Indicator Description 
l' reshw,ner mussels are fil<er feedrng 
b" ,\he mollu,ks , ha, live ,n lakes, 
n vc:r,;, and Slrea.ms nhkc rnarme 

spcue~, fre<!ihwarer mussels grow more 

,lowlv, Ii, e longer (50 vears or more), 
.md have complicated rc:producuon 
srra1egies d ependent on fi,h hostS. 
Because of ,heir long :ind complex 
life-cycle. frc.,hwater mussels provide 
d1fferenr en, 1ronmentJI mformauon 
rh,111 b cnrh 1c macroinverrebrare5, 

which a rc good 1nd1caro rs fo r shorte r
rc:rm ch anges in conditions. 1l1c: 
h~ lth, rc producr1vc srarus, populauon 
Jbundancc . and speues diversity of the 
mussel assemblage represents an excel• 
lenr indicator of ,,arc:-rshed condn1orn, 
over long {!me sc.il~. Unfonunale ly, 
they also lay claim to be ing rhe mos, 
1mpenl<:-d ra.xonomlC group 111 rhc 
llJIIOll . 

con servauon stafU.). lhe leading cau.)e.s 

of mussel decl ine are habnat and water 

qualiry dcg radmon. l·or example, 
dams ,har block li, h passage can affeu 
n:producnon. gene How, a.nd prevenl 
re-colonizauon from adpccnr tnbu

ranes fo llowing d,srurbance. Of 1he I 2 
or more nJtt\e species in lhe Delaware 
bac;in, even che mosr common mus:--.d 
1s irregu lar in abundance a nd may 

noc be s ucce .ssfu lly re p rod ucing across 
much of ,rs ra nge. ee Table 3 2. 

Trend 
ll1e most recen l comprd1em,1ve m u \sel 

survey 111 the region wl~ conducted in 
Penn,) h-a111a be1wecn I 909 .ind 19 19 
Even at tha t ea rly date, d ams and poor 

water qual,ry may have dtn11nished 
mussel communirie._,, evenhde-;;.-. , 

the o;rudv provide.s J benchm,1rk for 

gauging mussel M.uus over n early 

one hundred years. Stale surve\'S ::tnd 
rc:Lent anecdotal informanon suggcsr 
rhat all nanve mu~scl sp ccte'i in the 
regio n a.re impatred to some d egrr:e, 

with mosc being severely depressed or 
extirparcd a.lrogcther. 

Actions and Needs 
Addiriona.l monitoring is needed 
ro assess ,;;pcc1es pr ence and the 
healrh or freshwater mus.sci popula
non\ across the Ddaware R,ver 

Basin. 
Improved coorcLn,:mon and Jaca 

sharing ,1mong 'fJte and reg1on,1l 
agencies, environmental groups and 

researcher~ would focil1tate cond1-

uon as~e\~menr. 
Scandard,zed rerm111olog} "ould be 
helpful for comparing ..tS\c,-,menrs. 

Pennsylvania 
Mussels Survey 

._ Present 
Absent 

fig. 3.2. Presenre of freshwater Mussels from 
stream ond snorkel su,veys 1998-2004, The Nature 
Conservancy 

Table : 3.2 Freshwater Mussels - State Conse rva tion Status 

Desired Condition 
Water qualiry a nd Am, cond1aons ro 
suppon d1\.c:rse aquanc communities 

(BP 1.2, 2 .3; CM P Actio n J--1 5). 

Status 
Very poor: More d1Jn 75% of species 
have spec1J.I conscn ·auon .s1a tu.s 

North America hJ, rhe ,wrld s grcaresc 
d1versny of n.invc: frc.-.hwarc1 mussel ":> 

(mo re than ~00 speucs) · however, 
more clun 75 percent have 1pec1JI 

, , 
I ' I " 

Common Name Scientific Name 

Dwarf Wed emussel Alasmulo111a heterodo11 
Ttlan le Floater Alasmuionra undttlata 

State Conservation Stiii t us 
NJ PA NY 

rotected 



• Indicator • Oysters - Cmssostrea virginica 

Indicator Description 
Amr,u .. ,111 oni1er lli .1r a 1n1Lnt 10 11) 

fnod anJ .1 11 1mpon.u11 fi~ht-r) in 1he 
I) la\\,1rc B,,) , In 1887. abou r 1,400 
, .11l1ng v~sd) lurvesreJ Jpprox11nJu:I) 
I 5 1111ll 10 11 bu5hd.-,, or 22 million 
pound, 01 01 ,recs. Tod av, harvem 
ddiver aho111 100.000 bu,hcl, w11h 

a dockside ,-.. luc o f $3 co $5 mill,on , 
bur cff"on , are u n<l r w~w ro boost 
tho),ic: nu mhers. 

OY'CLrs ~tl ')o pro"1de 1rnponanc 
ecos~~rem ser. ices by Lrc.m ng reef 
hal)l[at, fo r fi , h and orher o rgan111m, 
fi lrer ing \\\lter, rC1..\'cl ing nuu1ents, 

md 5t.1bil1zing sedimen LS. l Iowevc1, 

thDe" lilrer•feeders cJn be sensm ve ro 
J egradeJ \\,Her wnd ,nons. Like ocher 
l11v.1hc mollusks, oy,iers are world
renowned ,15 exccllenr "b101nd1ca1ors" 

of cnvironmen1.1l condmon~. 

Desir.,d Condition 
\Xlarer qu.Jiry and hab1rat cond,uons 
to support oyster communiue5 (BP 
2 3, CCMP Act1on 1-1 5.8) 

Status 
Poor PopulJunm are low bur carefully 

manJged and ) tab1h1111g. 

Alrlwug h o nh J trawon of their 
h1) to n c \ I ll lndJv OV)l<:f populanon, 

art' l.JrrtuJh manJbc:d co m.11nrJ111 

anJ inut.1,"' .lbunJanu.: rhr"ugh rhc.: 
rnterpl;,1" rl liarH , r ,n 1u J1,cJ,e 

monaluy, anJ recruument rouu
nmdy, opter, in l) fla\,arc 13.iy h.ive 

dcvclopeJ some rcmwnce 10 J\ ISX 
d1<eJs,, wh1d1 devasta1eJ the popu!J-
110 11 from I 957 to 1986 . Howe, er, 
Dermo d,~ea.se ha-' been a per51~cenr 

problem , ince 1990, espec1.1lly 111 

lhe lower b~1) \ h,gh-saluury watc.T, 

After an unprecedemccl seven year".! of 
low yrccruiunem" b) 1uvenile oysrers 
(a k.a , spat), 2007 mal'kcd a rc, urn to 

average level, (Fig. 3.3). 

Tr.,nds 
Oyster Jbundance \VJ.~ nor accuralel)' 
assessed before cl,e 1950s, bur la.nd,ngs 
clara !)uggc5r ch<u popubnom are a 
fr.1ct1on ofrhcir historic 511e 1n Lhe 191.h 
and earl) 20th cencurics. Seed bed data 
1nd1caL(' rha1 currenl Jhundan<.e is 39 
pcrcc nr of ,he J 955 10 2007 long-1erm 
3,erage Jnd 78 percc111 of the 1989 
to 2007 (,hon-tcnn) a, eragc \X h,lc 
recrunmenr 111 2007 Y..JS 5/4 pen.:eni 
of Lhe long- term average, H repre'ien~ 

1.~5 pen.cm of the short 1crm ,I\ cragc 
In facr, popul.mom 111 Uppe r Dd,l\\ ,lft 
13Ji. rc:m.110 ,clatively robust -111crc· 
fore. 11 1s. J1kel~, the O)'""itcr populauon 
\.\ 1II conttnuc co (,,uppon commcrci.1J 

h.m·cs" O p 1er popul,111011 he,lcl, J.nd 
rctruilmcnt .1rt prco.,end,v rnon1rored 
,, seed hcd , 61 Dd, "ar<s Ocpm 
m e111 oll\.uur,I Rcsot11 ce,, (1)1'.RH I 
, nJ H k,n \hcllii,h I ab of Ru,~cr 
L rl'tr 1 (J I 'I). 

10')"1 -

CAllGORYIII • J 1\-I'',(, ,u,oL R( F\ 

' I 

F rg 3 3 Relative Oyster and 
Spat Abundancy 1953--2007 
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Actions and Ne.,ds 
more comprehen.51vc 

mo111 roring program ro provide 
..i<l<lmonal m formau on about 

fre,h \\,ltLf flow requirements, 

.tlong w11 h tont 111ueJ , 1 ud) of 
both o, sicr biology .,nd food 
,uppl1<·,. 

\ri 1..· n11on \hou!J lx p.11J w 1he 
din e ol hum 111 ,K ll'.· 11 ) Jnd 
dun.Ht· <. hJngc.: on O\'\ Lll h.1b11,u 
..1nd lilt t \l it" 

\hell -pbm1ng Jctn.;iu(', .ire 
1.. , 11, i,1I 10 mJ1ntJ11Hng .ind 

nh;i,nl an~ tht· 1l\'\lt1 r t \OIIILt' 

Yn..1 

3 4 Oyster Seed Bed Locations 

tf'fWHl\t,' 
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• Indicator • Horseshoe Crabs - Limulus polyphem11s 

Indicator Description 
Ocla"are Hay i, the pnnupal bree<l ,ng 
locmion for horseshoe crab, on rhe 
ca,1 co.1st More closclv related to 

,p1der-s th.in crabs. 1he·y luve S('Cfl 

fc._, php1c.il dungc, 111 ,he past 350 
m,lhon ,e.u, '11,e anh,opod', h.trd, 

cur,ed ,hell d efend, J ,oft underbelly 
anJ protects a bod) able to sun l\'C for 
up 10 .1 \Car wnhout eaung. Econom1-

call) v1.1ble, rhe) arc used a, bau by 
"a,ermcn and ,heir blue blood ha, 
1mponJ.nl phJrmaccuricaJ u,;cs for 

1c~11 ng mcdicauons and b 1omcd1cal 

d"' ices. Horseshoe cr.,b, Jre also rhe 
~tate of Debv~.1rc\ official marine 
an imal 

I he horse;hoe cr.,b', grea1e<1 
I111pondnce, however, 1s ecological 

ll1e1r shl'cr ,lbun<lJncc makes d,cm :111 
1mportdnr consumer along ,he bonom 

where they prey on mJnne worms, 

Ag J.5 Adult HOf'SnhiM Spawomg Ind.,, 

,. 
• • • • 

Sourte Stole of the Oelowore Estuary 2008, POE 

ii t IHII! I t', Ill l'l•lll 

bivalve,, and u1her fauna lhctr eggs, 
deposited nn beJches. ate a cnrical 

food sour c for m1gr,1ung shorebi rd, , 
mclud111g ,he red knot, lisrcJ ,LS .1 

rhmurned specie, by J (; e facing 
page). Horseshoe crab, also appear ro 
be an importani pall of the diet of ,e, 
1Unlc~ an cl man} orher .1rnma.l~. The 
D e laware esrn.iry's signarur commer

cial and ecolog,cal resource is rhe 
horseshoe c rab, and rhe he:urh of this 
populJ1ion 1~ one of our region's mosr 

imporram en\ 1ronmenral ind1c.1tors. 

Desired Condition 
Warer quali ty and hab11a1 cond111ons 
10 support horseshoe crab popula11ons 
(BP I 2, 2.3, CM!' Ac,ion 1-1 5) 

Status 
l·aw Breeding populations are reduced 
bur ~how improvement. 

• 

The horseshoe crab 
populanon appears ro be 
stable, bu, gread) reduced 
in number from luston c 
levels. 1 lowcver, curren t 

popuLmon level~ .ire not 

high enough 10 supporr 
hmonc Inch of sho re
birds dunng the spnng 
Mopou·r I here .,re inJ icJ -

1I0 11\ 1h a1 m ,m ,1~" m r 11I 

Jeth 11 · m lin •n h ,vc: t 
tomhtt• ' v1t, 

re<lucnons rn ban u.se by w,nerrnen Jrc 

J.llowmg the popuJauon to mucase. 
Because horseshoe crabs .ue lo ng- l1ved 
and do not rcproduc..e unul .H IL~ , 
8-ro- 12 yea rs old, ir cJn rake a decade 
or more for mJnagemcnr actions m 

rcsulr in cl mcasur.1ble increase tn the 

spawning popula1 ion. 

Trends 
Liule data are ava1Lible for m ea~uring 

trends prior ro 1990, but the popula
tton probably declmed in ,he early 
I 900s cl uc tO overhar,,eq and rhen 
increased rh roui;h the 1970s. Ba11 
o, erharvesr leJ to another decline 111 

,he I 990s, followed by ,1abil1ry .rnd 
recovery in ,he bte 1990, and early 
2000< 13.,yw,Jc fem.de ,pa" ning 
acuv1ry has remained scablr since 

1999. where.lS male spawning acriv1ry 
has s1g111licandy mc.rea.,cd for ,he same 

pcnod (F,g 35) mce males mature 
earl ier, th1,;; incr ase 111 m.des may 

~1gnal an increa.-.e in fcn1Jles tu come. 

New Je,sey currendy ha, a harve,r 
moratorium; l)d,n\.art .1llow!,, only 

Ii mired lurvem of males. 

Actions and Needs 
Connnue<l n-1onHoring and 

mJnagl mcm a.re neeJul to henefit 
hor,c-.ho1 l r:ih populJt ,om,. 

H h11 
\\ 11(1 

I hln PH')·,,~ 
1 t th r ho 

F,g. 3 6. Almost 30 beoches ore mrluded ,n the 
Delowore Boy Ho,mhoe Crab Spownmg Survey, 
whirh II undertaken onnuolly Rod10 transmitters md 
m 1h11 reseorth by monitormg beorhes throughout 
the Delowore Boy end signals ohen overlap Source 
State of the Oelowore Estuary 2008, POE. 

'\'·'" ning mJ could porrnriallv 
11 r rh number of eggs ,l\'at!-

111d, 



• Indicator • Red Knot (Calidri.s crmutus rufa) 

Indicator deMrlptlon 
l he r~J krio1 ( ( a /,dm r ,111u /l/J ruf,1) 

I ') o n'- of rn.my , p t c.i c,, of m 1g rJL(1ry 

, horcb1rJ th.i t re lic, on the n.: ourc~ 
of 1hc l)cbware c"u<1rv for rc.-,,1 anti 
nut 1H1on to Lorn plct tL\1.pnng flight. 
I 1, rcd a, a " \pcu c, of H rgh Co ncern" 
111 1ht 1/.S V,or,bird (omerva11011 

/'Ion, ,he red I nor rs of spccral ,m erest 
bcuu11,c ll'i, \ Lirv1val 1, lin k1..."t.l to rhr 
hcald, of th r hor.t',hoe crab, po pul•-
1 ICJll> of DdJware Bay. In 1999, NJ 
lrsr cd ,he rcJ kno r "',1 rh reJre ned 
, pecre~. 

De alred Condition 
~ufficrtn r hab11.1L .ind fo rage fnr 
1nrgr.11rng , horchrrd, Jlong 1ht 
A t Lmt H.. f1 ywJY Lo !,Uppo11 robu5t Jnd 

d,vcr.c populau u n,, (1:11' 1.2. 2.3 , 
( C .MP Au ron If ~). 

Status and Tre nd 
Vu -y po w l'opul,11 ,on, m.1y he 

u.i,hrng. 

Jh~ Dtl•"'ar< I ,1 11arv ,s 1hc lari;c·sr 
1o r over f1JI , li n11..h1nh 111 1he Ada,mc. 

fl t'-'JY ,rrd ",he ,cu,nd lari;<'t "rgrng 
,iu· 111 orrh ,,111tJ1LJ ( lo,c IO .1 

1,11•,ry ,Ji,,H huJ, l.Onn:rgt.· 
WJ't l\,y ro fc, d JnJ hrrrld 

yr, .. r lU ,,111pL .. 11 11g 

I hr I d i n, ,t .trt: 

I ,,.,w JaJ1g_r.uo1v 
al h ,h '-.1111 11 ,I 

Aud ubon \ouuy a, c.harnpion long
d1\la: nu:- m1granu.. 

Aerr.il surveys conduocd rn 
Dd.,w:u< BJy and '>ou1h Arnrnca, 
along w11h rnunts rn ( :rnJ<U, , how 
1ha1 shorcbrrd populau<Jn,, pJrr1cu
l.1rly the red kno, have deumeJ over 
1hr pas, lU years (I ,g. 3.7). In the 
I ')80s for C1G1mpk, up 10 I 00.000 red 
kno l\ dc.scended on D elaware HJ )', 

but rn 2006 rhq numbered less 1han 
1.3,500 Ar ,he curr<n r rJte of J cdrrre, 
br<,log,m fcar thJt 1he red k 110 1 could 
become tx11ncr by 1hc end o rhr> 
d c~adc. 

ra, ton, affccung shore bud , urv1va.l 
,nd ude delayed n11grJ11on, d,c-olf, 
1n olhcr part \ of their rangeii, h,1h 11.11 

; urtabd rr y, Jnd , hundJ n~ of food a1 
u rr ,cal stopover porn!\ W hile there 
J!» unc.t.:natn ry c.onLerm ng 1hc n s-k 
cac..h !actor 1, c.ontnln1u n1:,. 1he mo-,1 

1mpo 11am IJc. tur 1cl.ncd 10 Dd.iwJrc 
lby " lewd suppl)', >rncc wc1gl11 barn 
at ~ropovtr poi111 , aOc<.1 !, brctdtng 

\Uu .. C"\\ Jn<l ,urv1vJ I. In tlH.: I ')90~ the 
hor~,hoc UJh , p,1wni11v populauon 

Jcduu:d Jue to o\lu-h.,r\'C'- t ing, ..,.., j-'lll.h 
111 rnrn rc-duu.:<l th<: B.1v ~ J\ J1l.,h lr-

(Al! ,upply f,>r n11~~r:1. 1111g i,hon.:hm.1-
( urrelll ~u rLut. dt.n,111<.·-.,,I hur,l: 

ho<.: (.r:th U'l' n1.1 hr.: 111,utfiucnt 
11I \ll r f'Olt 11 11 r (U\'t.ryof 11111•r1Cd 

h<,nhird 
Ir ,ul l111< I hJTVt. ~, h< 

Vl 

CAfJ!,OR, Il l • 11\J'\.(, R1 \OLR(f\ 

by ~ea level me and coa.;cal devdop
mcn1, bo th of which rrrfringe on ,he 
YnJy ~hore environ men LS esscnria.l for 

egg laymg. ~ee the Horseshoe Crab and 
C,oas1al W,1/a,ul Buff er rnd rca10rs for 
mon: in form Jrion 

~rnc.c 2000 horseshoe crab harvc>1 
rcstn Lru)n;, have been imposed, a 
,anu uary h"' hecn esobl1>hcd, and 
w a1crm cn have reduc.eJ their use of 
horsc~hoe uab, a.s han . I he succes~ 

of 1hese m easures n'Jdy take.: years ro 
mea;urc. It take, 9 10 12 year, fo r 
horsc'.lhoe crJbs ro reach spav.. nrng ,tgc 
and fo r m e~ urJblc changQ. 10 be seen 
rn the abundJnce of eggs fo r the red 
kno t'i i11 the spring. 

Actions and Need• 
Conunucd v1g1laoce 111 m oni toring 

rcJ kno t populmom and dfom ro 
rncrca,c 1he abunwnce ofhor'iC
, h,,e u.1h b reed ing popularrom and 
egg dcnsnies 

P • •k Count• o f Red Knot• o n the Oala ware Bay Migratory Stopove r 
1 997 2008 

,., 000 a ~••-&no,• 

/ , num;ilf I rod knot; ((ol,<lns tanulu1 rufa) migralrng lo the Delaware Boy dedmed durn,g the 
, I Sourui Stale of th, Oelawor, Blua,y 2008, PDE 

'" •I 1•1 11\A,.Atl kl\lkB 

;::: 
::; 

• 
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( \11 t,<lR) Ill • 11\ l\;l, Rf\lll Rl L\ 

• lndicator • Louisiana Waterthrush - Seiurus motacilla 

Indicator description 
lhc. l uu1,1Jn.1 w,1tc-nhru.,,h , St1urw 
, 11,,,.,//a, "the 011h ,,bligair 
hc:JJ,,~tu npari.1n ,on~h1r<l 111 tl1(. 
P dJ\\Jr< lll\er Brnn ,md 1he e:i.,,r,rn 

l n1t J !lutes. h , J biological 
111d1CJmr bmh of ri pmJn ,ongbircl 
populJt1on .m<l fre.,;h \\ater w<.:1 l.1nJ 

h,thuar con<l1uon, LOrre!Jnng to 
hcJh.!11 land and "Jrer em ,ron
mcnt, rhrouglwur till· BJ,111. le 1'i 

a " ,d,c, prcad spcuc, "1th brecd1115 
porularions recorded 111 nea r! , .,II of 
1h, lndmlog1t region, 111 the bas111 
n.na arc compdcd sem,-annualh 
as rJn ol a nauonal Breed 111g Bird 
\unc\' 1138!,) 

DHired Condition 
Robu,r bre.cding <..Omm unu1c\ of 
,onglmds 111d1LJung adequJtc habirat 
of ,u11ablc qualm for forJge Jnd 
rropagJtJon rBP 1.2, 2 3 C( 1-.IP 
-\u"'n H5 

Status 
1.iw \'t n scn..,1t1, c to polluted w;ncrs 

,md Im, of forc,t<d npman habitat 

I he ,wm ot <0ngbmh generally w n 
l>t. txanuncd b1 as,c,>1ng the breedmg 
ahundmcc of ,he Lou1;,ana Y.Jte1-
thru...,h "'h1d1 Lurrcldll'"'J po,Hl\t.:h 
\\Hh 11p.tr1Jn tru dul' 11~ JnJ t.:onu • 

nu1l\ Ho,H"'\' ·r, brf!'cJing suct.e,,, in 

terms of nnt d<.:n\lrv. I \ H r \' do\eh 

11cd 10 the lmd s rd1ancc on aqua 11c 
nucrorn venc:brJtcs. A p.urc:d \\,Iler

shed \lud1 of prntine w,11er,hcds 
and polluted \\Jtershed, impacted 
b, ac,d J tmo,phc11L dcpos,uon and 
abandoned m rne dra111age in Penns) 1-
\Jn, a, mor< ,ban double the number 
of ne~r, per k1lomera of \Cream" wrre 
found 111 unpolluted stream, ,ersus 
ac1ddied ~rreams w11h mud1 lower 

abundance and di\ e~nv of macro111-
,encbr.a.te\ 

Trend 
A, of 20IJ2, ,he , bund,rncc of 
Lou1s1ana wa1er rhru,h appear, to he 
de<re.L.<1ng Ill much or ,he Basi n (Fig. 
3 8). Ch.mges seem 10 w111ude Y.Hh 
de1t'iopmc111 pattern; ,1nd d 1.1ngc 
Dccn.:asc~ ,He gre.llo l 111 the more 

hea>1ly devdoped b,11·shore, e>tuarv 
and ~chu1·lkdl valln \later heds, 
\Ihde 1he bs devdoped reaches of the 
soudtern b,11 ,hore and lower central 
b,1,111 ~ho" mode\t increases. 

Actions and Needs 
~ 1a111wn111g natural vege1all\'C 
Lover Jnd rrt"e CJ.nopy on ripc1nJ.n 

hc.1dwater\ 1s criutal for the 

I ou1 ~i.1J1a watu rhru':ih and man) 

other 11pJnJn ".ipec.1e\, 111clud 111g 

.1mph1biam Jnd rept dc, 

Ml~J~uremen1!'t o f rip.111 .rn 
and wed.111d h,dJHal 111teg11 LJ 

\\Ould cnlu nce assessmen1 ,ind 
rcpomng 

IdenunLJllOll, trJck1ng Jnd as,e\S
melll of .1dd1tion,1l species rdared 
to the water· rclJ ted h, b11au. of the 
basin, espec,.JIJ amph,b,ans. is 
recommended 

---""' chango ~ year (1t6i-2002) -- • ~ .,, 3,6111a -· ,..,,.., - '!1291 l)JCJOaaD -·-·-. ltQIJOllltt .. 



•or • 13ald :aglc - ll11/i11eetus leucocepbrdus 

Indicator dourlptlon 
1 Ii< l, .1 ld CJf'.it (ll,1/1,1rc1111 /111,or,p/, 

alu1) p, , h, only r.1gk 11 n1q 11 r ro Nn11h 
Arnn 1t.1 I ,"h .u c Jn 1111 p cn1.m1 fo1,J 
'•"llh t f n 1 .il l h.1 ld L•gk ,. 

Dealred Condition 
( n 11 111111 r d p,,,ru. 111111 .rnd ().: p ,111 , 11 11 1 

oJ I, tld l-lr lr rll'.tllnµ. ,IIHl fo rJg111g 
k1 l ,11 .11, 1.rnd Lu11 11n u u .l m n 11 11111111g 

p 1t1gi J I il ", 

Stalua 
( ,und J lld guJl 1._dly 1111pl(1\ 111µ, 

l t1IJ C,l i,!. IC p (1p11 l,111 0 1I\ .J l l ' { 11/ I Ul ii)' 

11 1 ~ood l U11d 11 1on 111 tlw I h . l.1 w,ll l 

1\~1, 111 v..11c.· " l,, d, \ 1glilt11g't J l11ng ,he 
111111 ,ul ti I >d ,~.!I L l{,._,i:-, h .1\. C gcn,·1 

II _\. llll f <.J•,t d J n 11 11 ,dl) 1i 11H {' 1')')1-l . In 

2C11J i, ,( p.111 ,,/ lu ld <.1i-;l" t\l,il,1,,1,r I 
_. , i..••,1 11r. 11 1h(' ( 1111fl1 1t 11u· ul dH." 

\1 l,uvll di ,ind I Jr l.1wJ1r R,v, " ,11 
iii, N,,V) ) ,11.J 111 , 11utl, l' l11l ,11 i< lpl11.1, 
wl1u. h 111 , , hl 1h, fi r~, 11t,1111g p .111 

" Jfh1 11 r/11 ( II \" l1fl ll l \ ~IIH C' ( 0 10111 .d 

1111l t , ",11tLc- dH r,1.1111 d u.;·1 cif d1r t,1glr-. 
,11t 11 ,h 11 , 1hn u i- h11liJt 1h L h i1d, ,11 , 

/ 1 f llJ lllllf J II ll f' t • /IC ,II tl1 L I ) 1 I 1w.ll t 

H1\tr 111 t' ' 11, t 11u111hu d 111 10 .1 

J" ' ,,, 1 d-nuu l 1M,~ 1./ f,, h .ind "h .. 11 1t I 

\\ ,JI l I 

lht 1<1t11 11 u l d u l1J ldl 1fd, 11) 

f )1 ' '""••' lu 11 1 ""1111 11, iJ .., 1 111 ,1i,1o n 

1. l ll llf Ill ( lrH\' I~ iltf ,IJ!lt II( I \ 

I, 1\' 111, 1 .,, td 1~ n dh .w,h 111 •on 1 

101 lX,ll Hp lc, ')(, llt\l \ wt i t , p, ,r 1c.: d 111 

dH h,1\111, u11 11 0 11 1 4'1 111 2.00 I 

Tre nd 
Ilic ll.ild l·,1i;k l',.,,n ,1n11 Au .,f 1'!40 

p111hihi1 C'd , '100 1111 µ 111 l l l lH 1 , , I'll' 

li ,11 m111g du. bn th 11 1 1hr \ , lw1 dH, 
pr1i 1t u u ,11 did 1101 p rc H ·n1 d .1111JhC' 

f1 u1n pu ,1 1d J c. ., '11.11 h.1111, 1h1..·11 

~I\'· lly I l,e I %0, P11ly ,tl 101.1 1 400 
h 1l·t d 11 1g p or, o l h,ild t:,1g h . .. 1cm~ii ncJ 
11 1 1 l 1c lt1\\- L I ljH \ tjt t, .rnJ d u.' \' wc·1<.· 

d e d u11.:J Ju c11d,111g(·1nJ , p t•111;", 111 

1 •H,7. 1 liL 1,,,111111,14 ,,r n 1 l 1 "' 1 ' )72 

J 1u l 01h t·1 111 t~" 11 rn I.J111lchu..l c111 

._11 11.11111 ~ 1.,nmch,H.k fn, t. .igln, J l1d hy 
j 1J

1)C, 1h c..1 1 , 1.1111 , w,1, 11pg 1.il kd l r,1111 

r nd 1n i,.;1,. 1t d 10 d11 i:, t ll' 11c d 101..l.1,,, with 
111url' d 1Jn r,,000 IJ1 n:d111µ p ,111 ,. rl ,r 
LJ'-. I 1,h Jnd Wildltk "-.1 t Yll. l' p111pow, 
10 ,r rnovt t.\1µln f10 111 d1 l 1111t1J11\ 

J 11d .11 1i;u r d \ p<L 1t·> '" ' l,1 1u 111 ' 01J7. 

Actions and Need• 
{ 0 111 i 1111 ('d v 1g 1l.11 u,.t' to n1111 111 n 1 

\\,HU q11 .tl 11 r, t'-Ptt 1,dly n nri g 111µ 

, ,11 1t ,111l lllJ ll l '- \\ t d 1 d1r t,i p ,tU I ) ! 1l 

d l\111 p1 it 111udm 110 11 lY"- lc, 111 '" 111g 
l l'\(Jtl l U'\, 

( 0 111111111 d 111111111 oi 111g ol t.1g lr~ 

J 11d n 1ln. 1 in,11)1111.il , d,.:p<ll<.k lll 
O il 1ltj ll,i lll l l~llll/ d'\ 111,I il\\0 1,,. I 

, ir u .l h.11111 11 111 rndu ,~• d1.:u I n11ll l' 

p11 p11I 11111 11 lit dd1 .rncl p 1111 n I II 

f1 0J11 hH I ii• 

( A I J <.Oll} III • J IVIM ,llf \ (JlR< I \ 

Fig. 3.9 Populalfon of Bold Eaglo Nesting Palis In Oolawaro River Basin 
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• Ind,< .itor • !)1.ripcd h.iss and Weakfish - Moro11e 111.Xatili1 and Cynoscion regalis 

_......_ _ ____ ...!!.'l!l.!~ ~ - - • -·.11!!.!!..!!l----

l11dl,•t•r Deacrlptlon 
A J P" 1111ru. pntt Ii ,Ii ,111d I wp 
p11 d ,1111, rn th, u.1l• llll loot! w d1 

uq, J I,., 1 u.0111, 1111tJlly ,lliLI 

t l'1lc gi, illy 1111p, i1 tJrll ll 1 tl ,c I h.l.1w,1H 

h.,. Hl , , 111ilJ In " ,,, , 1 I tr~C' J 11Jdro 

11111u, ~pt 1.10 of h11(l' .. li di 11 livt. mn•.tly 
111 1 l1r 111 < 111 .111d tuy hut ..,pJwn 111 

lfl hw.ucr. I Ptl lHI tl ,HHIJ~lmul 1hr 

ttdJI lll1 V\I ( 111 111111 1 , p , 111g 10 f.1 II , 
1111uJ h , 111< 1nwh "'"llj'hl J l lt l .,, 

~'" " It .h W,.,( l" h • , m.dl, r h11 h .h 
,,11d the · q Hf hd1 111 I )d,1w,11t 1; h1 ,w 

~ 111( 11( l 11111 J ll t ,,·d I Jllbf.:, \ jlJWJlll lf, 

11 1 dH lown J(:Jl hr, o f 1'11. H ,1y , 111d 

n11j 1.11111hnl,tHrnfl , lif)1t Hoth , pt'- 1c.·, 
1ft IIIIJ1t ll 1Jtl1 (ll11'10lllh. ,tnd IC"i I t 

, 1f l0ft,il J'C,ll 

DH lrod Co11dltlon 
\\...11t, qu ,In v .ind l1.1 l,11,u 1,,_011d 11 u1n1i. 

I" "l'P°'' ht,1l d1y ,111d d1H1 f111h,h 
1" '1'"111 1011 /Il l ' I' )\, ( ( M l' 
A,,,.,11 I I 'll 

Stotve 
( ,1,111! l,111p,d h., \ rn 1u1 t.·d 

I ll f \(\ ti " 11 d, iH1'1lJ' 

\ 1d1 I..Hl rttl 11np11 l.1111m hi ~. 111pr d 

!1,1 1ridu111 Jltllt ,ll1•l , l o l \, 111 

11l ,11 y , , tur 1111 111, 1t1!11c1l 10 \\Jll 1 

q11 d,n,· 11,,,1111\.f 1111 /J I ,111 J ( /111,IJ , IIIIJ 

c,11 , 11 11• d " ·' 11.ll\t ' u111tl l ' l
1
IX 

\\: u, r qu 1l11v 111 1111t,..,., 11u 111 , ,/,.., 

11 111 f11 1 .J \\-' ,t I, It \\h11' 11111111w , , 

11Hrca'<d Jnd I" ,h·d 111 1'196. A 
<lnlu1, 111 ahu ndJ11u· of horh \ f'>(U t.'!t 

111 du· l.1-.i dn.iJ" r1. qu1rrr, ,lJ<l11 1r,n~il 
l rwn11gJl 1on 

,, ...... 
\ 111 r>ul lub, wtrt 11c.11ly r l1 m1n,11rd 
lu,ni tlw I k l,iwJ1~ ,.,u,ry hy the 
I 'H,O I ow d,· ,.,J.,ed oxygen lrvtl, 
111 tlu R1vu cr< .. au.:d ,l hJ rncr thJ1 

P" \'('ntnl f,, li fwm m1gr.11111g to 1hur 

\ r ,i W IIJn ~ l'r(JUJld\ Wc:..1.kf,, h \.\h1t.h 
f!tll< 1,dly \IJY lurihn ,011,h ,n lh< ,we, 
wrr,· 1101 a, J I!« 1td hy thi,, Jl1hough 
rhur populJ11orl numhtr"i were 
Jl\o <lq)1(·-.i.ed A lurdlC'r d1Mn,11 1<. 
d t dlllL in "i l11p t:r\ in du IJ l t' l 'J7th 
lcJ 10 h.11 v,·,1 mur.11ori.1 1n 1985 8•J 
folluv.c<l l1y h 1rvc1,1 rv,1 n c11on!i. u n11I 
I 'I')~ 

\um sJI " ' \h,,kh, h ,md 011 1pcd 
h.i1,,, Im rl,l "itd w 11 h 11npro\t:d W,Jl l' I 

q11,1l 11 ;-. ,111J rn J11t <:d h.11 v<.·,.,11ng of 
"-1 1 ipC"r'- ITI(.'.I IH thJI lllf)I ( .1d11h , Wlfl 

prts< 111 lCI spav.n 111 1998 the AdJnllC 
\1.11c, M;mnc h '>hc: rit, Comm1s!i1o n 

o!Tiu:i lly dtclJred 1hr st ri ped b.m 
fishery "rc,t111ed • 

In wntrJ>I, wc,1kfish populJ11om 
hJH d« 1111,d 111 recent year; fo llowing 
1mprovc.-cl ahuncLinn lx:rwcen 1994 
and 1002. I he dcu case m,,} l,c rt lJ tccl 
to 1ht lllLIL.1.\ C 111 \ l n pu.l hac;!i J n d 

pu hap\ preJ .11 1011 of wc,1kfisli hv 
'> ll 1pU \ 

illl agt , 1nu..1t11 c o f populJt1011, .1, 

v.d l dS pli~ , 11 .. ,il v.1n .111on, rn t { mpu ~1 

t111 e JnJ ,.1l111 11 y .tflcu ,p,1wn 111~ \lnck 
I lllr, lll1"1llll Jnd 11n r11 ngc.~mc.·11t In 

l.1rg1..· wi.11c:r 11u.1kr ,1ruuu11..:, .1ffcu 

L1rv.1 I .mJ JU\rndr pupulJuo11, ,111 d 

ako ,~ a (,1uor tn popul.uion .su1vival. 
Actlens and Needs 

A more derailed 111ves11g,u ,on of 
1h r dynamic 111t i..:rau10n'i among 
ftn h,h popul.111011 would help 111 
d1t.· pred iction offutu rr ~IJHl".I an<l 
trend.; and m Jv wgge,t mJnage
m <.:nt np1 ion~. 

lhe cmLrgl·ncc of ,tn apparenr 
bo11lt m·,k lu yearl ing surviva l for 
, tnpcJ bJ,\ 1, wonhy of 111\'C\tig..i.

uon, ~ 1, dw 1..11mul.11h-c 1mp,te t nf 
e1n1.1tnmtn1 J.nd 1mp111gcm r n 1 un 
{i;h pop11l.111o ns 

Fig. 3.10 Moan Weakfish Abundanco 1990-2005 
Delaware Estuary 

Fig 3 11 Oolaworo Recroatlon al S tnpod Baas Harvest 
Ooluwaro Est uary 
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• Indicator • Ada.ncic Sturgeon - Acipenser oxyrhynus 

Indicator Description 
The shormnse and Atl.innc si urgeon 
a re long-liveJ species that ,pend at 

leas, pan of ,heir life cycle 111 ,he 
Ddawar LsluJry. The ~hon no..,e is 
curren tly a fedcr-a l endangc,ed species, 
but the Arbn11c <; tu rgeon m :1y be e'\en 

more nnpe ri led. ll1e Acb nnc ,;;ru rgeon 
is an ancient fish Lha1, w hen abundJ1H. 
can reproenr a n irnponan1 bo t ro m 

c.:onsumer in la rg eastern n vcrs. 

Desired Condition 
'X!ater qualiry and habir.1r cond it ion.) 
to suppon di ,erse li,h popula1,ons 
(BP 1.2, 2.3: C /vJP Acrion H 5) . 

Status 
Poor ;:rnd gen mg worse. 

1l1e pupuLuion of ~ho nnose s1Urgeon 

111 the Delaware Estuary curren rl) 
,1ppears st.1ble ar about J 3,000 11, h, 
despite being l1>1ed a, an endangered 
species. Today's num hers of Atlantic 
Murg:eon . o n the o d1er Ju nd, are 

estimated to be less than 1,000 Jnd 
prob,1bh le» than I 00 across the 
Esu.wrv. 11,c Adanuc ...rurgeon i!, o n 

the cndJngercd ~pcCJ~ l,sr 111 Delawan: 

and it ma; be J good canJ,d.ie for 

fede, .u l"ring 

Trends 
J he l )clJ\\ 1ft' ~tUar)' v.a\ ,mc.L rht 

huh of Amtr11. .. J.n \ru r~<.on h,hcry, 

hav111g t h t' hrge~t popub1 ion of 
Atlan1 ic Stu rgeo n in the world. 
Record ha rvest.\ and virtuaJ elimin,1-

tion of spJwn ing Jnd nursery habita t , 

combined with poor wate r quality .rnd 
low rep roduction, 1,kcly c:m~ed the 

popubno n col!Jp.se during 1he late 
1800s. 

early fi.sh ed to exrinc(ion m er 

a cenrury ago, they have nor yet 

rebou nded d esp ite 111creas ing m,t11age
menr auem ion and harvest rcsrric
t ions. 1 n 199 1, J seven-Foor size 
minimum WJS ador"ed, , nd by 1998 
J comple te harvest morarorium was 

imposed. A,, recen tly as 1986 an Jdul, 
Female srurgeon was valued ar $3,000 
per fish for ics cavia r. 

Scientists have stepped up studies 
or s w rgcon populcH1o n dyn,UlllQ 
and ecology. Telemetry i ndicaces rha t 
srurgeon use 111,11 11 channel habitats; 

large alte rations ~uch as dred g 111g m ay 

l1.1ve ch anged sa lini ty ahd bonom 

lub1rat!> causing .!llllrgeon IO now 

spawn furthe r upstre.1111 from their 

historic reaches. Thi,, coupled w1th 
boat strikes ,nd l>y-ca1ch b) 1,rgc 
mesh gdl ncrs arc ,houghr 10 be 
1mped111g t.h ei1 reCO\'l'r}' 

Adions and Needs 
A ht·1tc r under\un<ling of ,1Urgl·on 

hJbit,ll rc-t1rnr men~ Jn<l 1mprm(.: 

lllt:lll\ Ill J{"rnru ng 

C rFGORY 1/1 • U\'JNG RI ~OLRCES 

A hen er unden,1.111d 111g o f the 

1mpacr1, o f hunun acuons on 

H urgcon popula tions and habHJ t 10 

inform m :i nagemen1 stra1egie.!i. 

Ftg. 3.12 Tracking LocaUQJl8 -ol Atlant,c Sturgen, 2006 

-- ' C h • FTY laland Rang• 
to Mare u a H ook 

--· ----- ----1- ;Ei-- -.. ---a-3--
- ··"-""" -_A f .... . ---- .. ....,,..- · ·--- . ,~ -

Fig 3.13 Annual Catch Rates of A tlantic Sturgeon Collected in the Oelaw3re R"Ner 

,1,11 Pl IHI l•ll,\'"R.1 kJ\IIU\A t~li 
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• Indicator • \had - Awsa ,apidi,sima 

----- --.....:•--------

t,.4 !Ult•r D- nptlo• 
II n f. J 11,, l.,1, r 

nrtt ,\, ,.,....,,, rucn,1 r ,,f rhe 
h rrtr,, hmtly Ii h;,,1 i. .,u .au,1dJfJ 
ft,1 t I, t1L.t.1 , ,1r,,1t• C 11 f''"'JI 
u, ,h J ,r1..,~"'' J Ju~ry w_.,,., l,r<l 

, , 11a-.ri ll, ,.,,, 11 11\~0 a111t I H'JIJ 
h ! fl 1' n III ti"" ( )11.,,....,, r Jt rvc, 

u,;y)11 I I/ Ill J.IJ rt11il1•111 p•1u11J, of 
I .ul ,o,,u,llr Ar,,u,,d i'illJ l,.,J 

"''" '' , I t-i" ,,, J d 11,, 1Jp1dly. 
a, J l'''f"'l.,11,,11 w re -1, l"w l,y 14) .l(J 
rJ ~, L,,t f1 1,o, wttc w, 11111~.., 
, .. hi .,,,J11 rrr ( Jvnf, hu111 d 111111u·:d 

1 .. _., u , ,,.J,1u~111 .tod d,~t,tJ,.,1 
""-4' t 1p1.;l11y 1q1 h I,, ,1, w,fv,d 
,,,u 1 1,--v I "'' r<: tf11 pruu tp..J I 
j., ,,., in ,1,, I, ,d, d, ( l1w A, J ,m,, 
-,l,1J11d,u11 f, lj 1h .. n 11Jvd l,,..,w" r1 

wt ,I ar,,I hHh ,,,tJJ Jtr,1 ,,I du 

"'"'', !,, ,J If , I I~ I !tad "pit "" 
,4 ,,.li,,.J,I, 1ttrl1, i.1111 ,,I, ,,v110111nut1.1I 

l''" ft11•,1n HI 1br J J, l"Vw.AH J ·.1u.1ry 
JJ,I B, H,1 

Dnlre d Condition 
"'1',r.·r 'Ju,.luy .• 1nJ li .. dm.u, ,,11d1uo11, 
,,, ' "l'I""' l0<ahhy l nd d,v, ,.,. l111ft , l1 
J>1,p11l.111,, .. , (Ill' I 2, 1.. 3, ( < MI' 

A< """ 11 51. 

Stutu• 
I ;111 "t,-'1,1, , 111u· 1mpn,vcu,r111" nl 

<l1 1,htd " -"YVL' rl J.nd 1nhulo1I )' h;h 
f>il .1y«·. lmt ,,., 'nr II Juu101t, ('V1d,·n1 

l11d~y. ,1,,. l Jcl ,wm l<,vct ,upp"" ' 
J \'I.Jhlt v,,nnw".1.11 ,md , lwd 
' P'" r l1 lu ry, l,111 hJr\r( ,1; ,en ~HIJII 
4. 1,inp,1n d 1,, li1,1ont ht ru l1m;Hh. 

In 1 WJ{, ,,vcr J ,1 mdlwu 110unJ~ ,,( 
1,"'d w1 "- l ,lllJVlt , J,.,v111~ J 1i,,1J111• 

,,, S Ill 11111111,n Ill ,!.(J(J(1 Al1h,,11gl1 

, urrr ,it 1~,pu l.1111111•, .u111u1 " '' IJ lfl 
1h II I, v, I ol h.trv, r, rl,, t( 11lltJJ11tL 

t,-,1 lw of Jt,d..ty, ,,,., 11. .u11m.,d IHh, ry 
1 m .1 111 ,y, 1,-vrl r, rq,1111, d 111<,l t th.in 

IO<J y,J r ,1w1 111 l 'J'Jft, ftir ,x.1111pl{, 
d,, lU 1llfllJJII v,1 lm ,d t!H ,l,,1,I ~v« •II 

r Jt1 S 1S Numt», Uf Juv•nll-1 h•ll Com,ci..d alonu U.• O•l#Wt (• 
fllv•r 10 / Q WO? ,, 

J 
,. ,, 
,/~,, 

J , . .,,,,, 

I ,~,,, 

( .. ,. 

h,hny 111 1ht I Jd,w•rc WJ> c;11m;1cJ 

•1 Si.2 m,ll1on 

Tre nd• 
Onu 1,l,,.k, J J.y J ,~~k .,f .,,ygtn, 
,il1;1d n«,w muvr m<nt f u ly through 
rt.r 11d.JI f, n hw.,u:r 1:onc <lunnr 
, paw111ng run,. \c:wJgt f.1" l11 y 
up~wl" 11111utl11cd wJ 1t1 ,,u,l11 y Jnd 
uu tc.t-.cd Jr&><JIV(d "'YII"" • wlrnlt 
helped •hJ<l ruurn 10 1hr IJd JwJrc. 

~1111 •h.,d Jb1111d.m«" 1,,w, ""'' " 
LOHl pJ1<:d w 11h numhn, 1,om the 
I 'J(JfJ,. l'c1111,ylv.in 1.1 lr.1.d\ th e.: 11 J11r,11 

111 11111t,v 111g oh\.4 ,k1c JJm'l, J ncJ f1 \ h 

l,,ddei , Jrt 11111111 111s1Jllcd 111 m.Jny 
Jrt,I\ ,,f dir l,J.,n. JI ,, ... r llmu l,.ivc 
rr-11pc·1wd .ippr,,x1rn.Hl·ly I frS 'tllCJ rn 
11111," f"r , Ii.id 1111g.1 Jll()!l, 

~tlon• and Needa 
f 11( H ,l"M., 111 1 he , h,1d p,,p11la11011 111 

du.: I >cl IWdl l H,J• 111 •h,,1dd l , , 111 111 11,• 

if w..i ,{, ' l' 1.1 l11 y .111c1 f, 1-li p.1,•.Jw J 1r 

I V 

--... ___ _ 
I .. ,. --. --·. ...:~ 

~ummlr 
feeding 

Atlantic 
Ocean 

F,g 3 14 Shod M,omhon Rou1c1 

l01Hi 11 L1,Jll y rnain1J1ne<l ,H 1111p1ov< d 

, 
., 

• 
' II 
i 
I 

(r II·• hy run,,v11111 d,1trn and im1all11114 
l11h l.,dd, I'\). I IJhlLJI o,11d1uo11, ,n 
•p.1wn111~ r< •Lhc• (If 11il ,wJnc!t mu.\t 
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• Indicator • Brook Trout - Salveli11us fimtiru1lis 

Indicator De scription 
Brook t r<Jul (Sa!t1el111us Jo111i,111fo) 

a re 1he o nly rro u t hpcc1e, narivt" to 

, 11 am, 111 the DeL1w.tre River 13a~in. 
"l hc 6 100k tru u1 thn ves 1n ... old w .11e 1 

..-. , reams wi th he.Jvilr fo rc:,1 d \\ ,u cr

shcds ,111d low d en, 1t1c-s o f hu n1.1n 
po pu l..111011 : 1ro u1 .ire extremely 
se.ns ilivc 10 1 m pcr.1rure inc1ca.~c, . /\5 
a o nce-.1bu nd ,111 1, n;,11ve ..-.pccie!:I tbJ t 

1, r L111vcly 111ro le r.1ni o f degraded 
1...o nd 111o ns, brook rrour reprcsern idc:JI 
h10logical 1nd1cators in die co ld WJtcr 
srreJITI ", or the 8 J.s1n , p an u..uL,rly 111 

h aJ vv,11 cr .1re.1s. It l .!t :tl\o ,I fisherv or 
s1gni hc...a nt economic imponance for 
t orounsm. ~ t.ll C'- uf1en d esign::u e 

st rc.1m s in p.ur hy their suppo n of 

rrou t p ro paga uo n or main1 enancc of 
adult popubuon, 

Desired Conditio n 
Sus1a111 <l popuL1t1un,; o f n.1uve fish 
specie, (13 1' 1.2, 2.3 , C ' M l' Action 
1--1 '5) 

Status 
Poor .tn vc [ 1 our poputu in ns ha\l~ 
been eAtirp.1rccJ 0 r !'.>Cve,d)' reduced in 

mo.,1 of rhe basin\ w.11e1\ hc-J.., 

h ,rnu· r brook rro111 hJbll,ll ha, h -..:\. n 
v1nualh- tl1rn1n,11L·d 111 u rb~m Lorn do1, 

JnJ r.1< d ru..lw ... , d 111 mo"ir of 1hr rl'.-.1 

ol di t h III f tirtp,r,Huri.; flutru.1111H1, 

f, om poo r sw rm\.\ J1e1 ma11Jgemr m 
pract 1ce, 1 in ac.kq uacy (.f food so u rces, 
and change5 111 How reg11n es may :111 
h,1ve J role 111 rcducinµ, the exren t 

and qualJty of trou t habuat. l'ew 
are,1s rcrn,11 11 tha1 an support nauve 

hron k l rou t, ex ept those cold waler 

Mrea rn that rcrnJin unaffecred by 
development. 

Trends 
\Xlhi l .,ctual brook trout popu lat ion 
dara a nd I re nds were 110 1 av.1.1L1ble for 

LhJS repurr. a habita t-based analysis 
o f the11 fo rm e r ::rnd present range 

suggest\ 1ha1 rh1i, na11ve ~pec,ei, has 

been drhe r ex 11rprncd or severely 

red uced .Kro~, mosc of it ~ former 
range ,1cross Lhe bJsin. Brook lrout 
populatio n, .11 e in J eclrnc becau'>e of 
ch.tngu ro wa1e1 quali1y ,111d rernpen 
rnrc CJused by .1c1J depo511 iun , defo1-
c-.ra110n, :rnJ o d1er ware r, heJ c.l1.1ngc,; 

c,a u,ed b} human developmr n1 th ,11 

in t.. r<."..1\l ~ecl1ment load!> in <ip.iwrnng 
J I as o r od1e1-wi,t... 1mp.111 ,v..11er q u,d11y 

a nd truut h.1b1ta1 ln1..re.~1ng tt:mpc:r.t· 
tUJ e~ J nd reduc u o n in 1hc urning JnJ 

a.mou11 1 n f ,nnwmdt reLu ed 10 l h n1ate 
d1.rng<: 111..1\. ,11,u be a L1C1or 

1l1t c.: ffc:u, of c..onu nueJ I u1d u,e 

d1Jngc.. in 1li c: b.1,111 1s l ikely w spur 

f111tl1cr J ed inn . .tlthnugh re,1orat1on 
p 101cl I mJ, hflp brook trnlll , 111-v1,·e 
rnd pt 1h.tp ntr111h. n. a,1.. 111 , unJblc 

<.AlTC.ORY Ill • LI\ INC Rf'iOURCf:.:> 

areas • .') Lich as spnng•fed creek\ 111 
headwarers. 

Actlon5 a nd Needs 
Conservarion , re.,ror.1uo11 and 
man.1gemen1 ane:: n11o n 1s needed , 

r arriCL1Lu ly in hcadwarer areas, 10 
safeguard and possibly reclaim the 
habitar and W3ter qual1 ry nece.!1.">ary 

co su -.:rain narurJJly- rcproducing 
popularion, of brook I rout. 

l:lfom should be mJdc to 1mpro,c 
the mo ntlOnng J nd repo rring o l 

brook rrour popularions as h.irbin
geri, of hu man-induced euv1ron

mcm.1I dcgracL.u1o n Jnd cl1m.1tc 
change impacts. 

Fig. J.17 Brook Trout Conditions 
In Watersheds 

13tuok. Trou1Popuhat101'1 -----... __ 
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Feature • Living Resources 

Invasive Species 

Description 
ri,a, vf> spern s are those 1ntrcxluced from outside o l an ecosystem with charauemt1cs that allow them to dominate 

and lirn,t rhe diversity ot spenes w 11h1n an invaded area lnvasrve spec res can be p lants or anrmals. terrestrial or aquatrc 

They qa,n advantage over native spe<1es by their capacrTy to reproduce, grow or expand theor range faster than theor 

native counterpans A lack of ndtural predato,s or drseases often gives rnvas,vP species an advantage over local nauve 

pe<1es '-1m1larly changes 1n temperature prec,prtauon. flow and chemistry can also exacerbate the establishment 

a-.d success of 1nvas1ves. While usually non native some nat,ve species can become invasive. especially 1n drsturbed 

areds an example 1s poison ,vy (Tox,codendron radicans) tha t appears TO be spreading and becoming more Vllu lent ,n 

respons,., to increased atmosphenc carbon d1ox1de and global warming 

lnvas,ve spec,e, causing the greatest impacts on water resources are directly associated w 11h waterways and their 

ad1acent npaflan landscape, In terms ot potential loss of native b1od,vers1ty and ecological function, \lpallan zones 

are probably the landscape most vulnerable to severe impact bv 1nvas1ve spec,es As the margin or o,erlap between 

dquanc dnd terresmal ecosystems. npanan zones have evolved a natural balance of nchness. resilience and complexity 

that kePpS any s,ngle species from becorrnng overly dominant lnvaS1ve species can dangerously affect thlS balance. 

Furthermore, a w ate1course provides the rdcal conduit for the spread of 1nvas1ve species by water, wind and an,mals 

Desired Condition 
The maintenance of healthy and b1olog1cally diverse nparran and aquauc ecosystems, ar,d the 1mplementat1on of 

1nvas1ve speCIPS de1ect1on and management plans (BP 2 3 E. CCMP Actron H6i 

Status 
There arP very few locat,onc remaining 1n the Delaware Rrver Bason that are undisturbed or sufficiently res1l,ent to resist 

the establishment of ,nvas1ve species The M,d Atlantrc f.xot\C Pest Plant Council currently 1dent1f1es 275 species of 

,nvas,,P plants 1n this region The scale of econom1t and ecoloq1cal damage ,s already s,gnificant estimates of ecolog 

tcdl damage and control costs top $137 bdlron/yea, nat1onw1de Table 3 3 shows a few of the many non nat,ve invasive 

,pN_1Ps that are cstablrsh<>d rn or threatening forests. waterways. and 11pa11an areas of the Delaware River Basin 

Tre nds 
1/1 ,th ,ncreased global uade the ratl ot spec res •ntrodurnons 1n the U~ ,s high tF,gu1e ~ lGJ Tht> news 1s not all bad. 

howPver a govc• nment agenues and other organ1zat1ons have poured resourc"s into plJnn,ng and action All 

Delaware Ba,in tales have ,nvawe species counul,, rapid resp,111,e teams are 1n a, 1,on md v I• -•C'er are ve1y arnve 

,n rnon,torrny and control 

Actio iu and Needs 
vVhe1e wat, r ay and npar,an lands are und1s u• d i: ff 

nvas"" 'f)t'c•E s !1d bf-cu,n f" tabloshed th g, r 1 

Eurasian waler-milfoil, Myriophyllum spicofum, infests the 
Lehigh and Lower Delaware R1Vers. 

Table 3.3 Invasive Species of Concern 
Common Name Scientific Name 

FOREST 
Hemlock Woolly Adelges tsugae 
Adela1d 
Gvosv Moth Lymantoa d1c,n:1r 
Chestnut BliQht Cryphonectna oaras,t,ca 
Dutch Elm Disease Ooh,ostoma ulm, 

AQUATIC 
Northern Snakehead Channa araus 
Flathead Catfish Pvlod1ctus ollvarus 
Common Caro Cypnnus carpio 
Chinese Mitten Crab Enochelf smenSJs 
Zebra Mussel Ore,ssena oolvmorpha 
Rustv Cravfish Orconectes rust,cus 
As1a1.JcClam Corb,cula fluminea 
Rock Snot 01dvmo.-.nnen,a oemmata 
Eurasian Water-Milfo1I Mvnoohvllum s01catum 
Curlv Pondweed Potamnneton cnsous 
Water Chestnut Trapa natans 
Hvdnlta Hvdri/la vert1c1llata 
Yellow Floatina Heart Nvmnho,des peltata 

RIPARIAN PLANTS 
Jaoanese Knotweed Falloo1a ,aoomca 
Purole Loosestnfe L 't1hrum salicanum 
Poison Hemlock Con/um maculatum 
Lesser Celandine Ranuncutus 6cana 
Dames Rocke t He"'""""ns matrollahs 
M1le-a-M1nute Weed PersK:.ana perloJ@la 
Porcela1nberrv Amoeloos,s brnv,n"' unculata 
Jaoanese Hops Humulus IBDDnlCUS 
Mult1nora Rose Rosa multlflora 
Onental Bittersweet Celastrus orbiculatus 
Bum1na Bush Euonvmus alatus 

~onevsuck'e Lomcera maacJoi 
Reed Canarv Grass Phalans arundmacea 
Common Reed Phraom,tes oustrahs 
Jaoanese St1ttarass MicrosteoJUm v11mneum 
Pnnccss Tree PauJowma fomentosa 
Tree-of-Heaven A1lanthus alt1ss1ma 



grE'atest flSk to aquatic and flpanan commun1t1e1 Estabhsh,ng appro 
priate meu,c; to 1,ack progre·,s wou ld be advantageous 

G(nerJI aC11on1 fo, agencies and ln,11tut1ons include 

Prevention of add1t1onal 1ntrodue11ons 

EdrlV deteo,on and erad1ca11on of new pests 

Control and management of established problem specie, 

Protection and rPCovery of na1,,e species and ecosystems 

Improved education of the general public regarding their role ,n 

1Pvas1ve spPc1es introducnon and control 

CA1 I (,ORY Ill • J JVI G RESOURCES 

To learn more oboul invasive species, 

Pennsylvania Field Guide: Common Invasive Plants in Riparian Areas. Alliance for Chesapeake Boy, Homsburg PA 
2004. 

Eronomic and Ecological Costs Aslociat•d with Aquatic Invasive Species by 0. Pimentel in Symposium Proceedings, 
Aquatic Invaders of the Delaware Estuary, Moy 20, 2003. Edited by L H Ziska, RC Sicher, K George & J E Mahon. Penn 
State University 2007. 

America~ l•ast Wanted: Alien Species Invasions of U.S. Ecosystems edited by B A Stein and S R Flock. The Nature 
Conservancy, Arlington VA 1996. 

Purple loomlrife, Lythrum salicorium, 
might be pretty but ii competes with 
native pion~ for hob,101 oil olong the 
Delaware River. 

-...::,,;. ' .. 
F,g. 3 18 Zebra Mussel Lo<0l1ons. The USGS reports that zebra mussels hove 
been found rn many oreru surrounding the Basin The oreos ,n red on the 
mop ore hydralog1< umts (HU( Bs) where zebra mussels have esto bl11hed 
popula!1ons ,ompetrng wrth nat ive mussel spe(les At this t,me, the only 
repor1ed occurrence of zebra mussels in the Delaware R,ver B0110 11 ,n Dutch 
Spnngs Remvorr 1ust north of Bethlehem PA m llorthompton Co unty 
The Lehigh Ri,er Watershed is of greatest nsk of zebra mussel ,her• the 
reservoir II located but pr• I on, mull be tok,o to ens1J1 ,~ n tve 
speo81 " o., ,, oductd to any port of the ba1m 

Japanese knotweed (Fallopia joponico) ll a lof1Je, herbaceous perenmol plant, nol,ve to 
coslern Asia. In the US the spec,es is very successful ond hos been dossif,ed os invasive. 
Tolerant of o wide range ol lempera lure, soil types, pH and salinity, it reod ily colonizes 
nponon zones and senlllive wetlands, drmng out native speoes. lls root sysiem (rh1Zomes) 
con e1 tend nearly 10 feet deep and 23 feet horizontally, making 11 difficult to erodirnte and 
posll bly eiocerbolmg erosion along streom banks. Its flowers ore valued os o ne<lor source by 
some beekeepers, and ,ts young stems ore edible 
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Category IV 

Landscape 

"li-:r..- - n,, Drl1w,1re Rn·,·r 8,is111 drai,uige m-e,1 e11comp,wes 12, -65 <quarr milN, dram mg I% of the l.md 

am, ofrhf' L.'nited \ taus. lhe,e l.:md. arr 11,mtd m both un,1111 t1nd 1m· . .fr11m rollmg_(,wmland and Jore,,, to 

mard1e1 a1Jd j,jf,mg 1·tllllgrJ along rhe BIi)' . at rhe rzme of dJJCOVf'I]' by h 1ropea,u /11 I comprised 1111 ever 

<'1'1,lt-mg .! )'.•trn, , a,uptmg and duchargmg mto Ifie Atlallfrr 0 mm the JrrJh water 1111d stirs _fi'om mountains 

,md pl.11111 , (and} aqu,(ers 11·1•rf' fully and gmerally dmhnrged ro m,fi1rl' Jtrea1ns. In tlm d_vnmmc sysmn, 

USGS reports that the total area 
afforests a nd wetlands 

has a positive effect on aquatic 
invertebrates, while urban area growth, 

impervious cover, population density 
and total point som·a flow ( discharges 

to waterways) 
7odoy. the 11u 111mf'1 of man va11/y affect the bt'har•wr the aaw1t1es of m,111 were nearly mco11Jf'q11e1111al 

tf w,tter and the c,ology of the Ba,m 

Le,d 8 '>rudi \lav 198 1, p 8 
DdJ" are Ri1cr Ba,m ( ommi;,I011 

often has a negative effect. 

Today 
The ..ic.tl\ i11e, of man continue to 

J.ffcu ,he bel1a\ 1ur of 1\ ,1rer anJ the 
ba, in ecologv, but a dc,irr to mrn 1m1,e 
tho,e dku, hJ, been embcddeJ 111 
utvironrnemal man.1gernenr program, 
for ,ever JI J ecJdn . \\!.11er qu,tltty 
lllLtc.· , , s1oric, h,l\eJ o n rcgularrng 
d1,chJrge, ,tre by now lc-gend,tr) 
illu, rratcd h) thL ru ttrn ,,r sh.1J 
popu!J.ctnm to d1L I )eLrn-Jre RJyer 
( )1hu , uc<.e\-.e, J.rc rnduc.led in I ht> 
nmdmc 111 rh<-" 'v- Jter (~u.,1,n ,cc11on 
of 1h1\ rc pon Today, the IJ.nd,c.Jp<' 

1s rhe nexr fron11er ,n v. ater re5ourc..e 
manJgement. 

Landscapes and Water 
Resources 
NaturJ.I la1Hhcapes and human alte,,1-
!IOn of 1h,H landscape - mcamred 
as land c..over and IJ11d u,e pl.!.} .1 

CIUUJJ role Ill wa1e1 JC,OLIILC lO J1J1-

rion Hum.in U5C of1,1nJ .ind chJngcs 
to its phy" c.il \lJtC c...111 he.. rn ,qor 
fauor, 111 1hc ,1l1e:r,111011 of CLologtcal 
p1 0<.e,scs ,II both loL,11 and global 
sc.ile,. i'vLin> ,t not most ph1..,1c..d anc.l 

chemic.il ch.111gc, 111 watel°\~J)' sys tems 
are linked ro land use, although 
\Ome of1 he linkage, .1re complex J.nd 
difficu lt ro quJnrif)·· U~GS hJs found 
, ,g n,ficanr rel:Hiomh1p, be tween 

!Jnd,c.ipc condtt1011 .ind the health of 
,19uJUC c.ommunim", (1:iblc .3. 1.). The 
2003 I mal Report of lhe New ler~cy 
Cornp<1r.11 ive R"k l'rojcn 1denuhcd 
L111J,c.ape change .1, "lrn1g ,11 the hearr 
of rnanv cnv11onmc- 111al prohkm\,'' 
.ind \\ hen c..omparcd IO J ll ari a, of 

k110\\ n or pe ,Letved threJl5. l.111J u,e 
d1Jn~e, 111 1hc \ in , of the n perr,. 

"prodm:c<l b) " wide marg in the 
Lugcs1 ncgau vc eLolog1cal and souo
ec.onom,c impacts" ,nc..luding: h.J.bicJt 

loss and fragme111Jt1on, permanenr 
CCOS) stem d e5rruc r 1011, 1 ncr<:-J.5e'> , n 
,tormwarcr Hows a nd floo<lrng; 5kewed 
emplo) men1 pJ.crerm and propenv 
values detnmuH.il ro older LOmmuni

llC5; rraffiL congesnon ; Jnd publi c 
health 1mpJLC'> . ff111JJ Repo rt of the 
NJ ( omparali,e Rhk Pro1ec1, t-. 1arch 
2003 pp 17- 18) 

r~ r oo rm rm r,, rUh r~ r~ William Population John r,tch 1111 O1ot'!IO ,I f'I ' IIU I (tty ~h, S~lf,,1 1•1 W Wright 
Pf llll ul Plulo 1ucre11lul 1teamboo1 me [/~l,!\flOfil "' _,,,.,,, bulcmo 1ky1C11pe1 f1r11 10 
111oblisht1 delph,a upe1a1Jon 1onntm fllond r,-~rv , ......., .... ,~;~ ua mo1or p,odijced 01 lalceaenal Ph11odel r·,och11 Philadulph10 and .IR (!l.l' -~.;:---t ,, .: -.. ~ J 1rntustr, ,n Bethlehem phoro1 ol ph,a 5 000 lrenlon lon~: t,. u'.:''.I rho ba11n P4 lm1thnpe --- . - --
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Histor ic Land Use 

lh e pre-indilirrial basin hnc.lsc.ipe 
was prec.lominanrl) \\ Oods .m e.I 
wetlands, w1d1 expanses of fo rm land 
and nodes of hum ,m sc1clcme111 
Dew des of J evelopmenr and h,1rve5ring 
re~ulied in fi lled we1b nru ,md a decre:ise 
of forestl>. ~o that b} 1930, forcm and 
-.,·edand~ hJd been reduced to 32°0 Jnd 
J0 o of die l . .111dsc;1pe, rc.specm ely. 

:onscrva rion efforts, shin Ill rJW 
mJceri.11 needs for producc1on .rnd 
beu er undersu nd ing of the serv1cc.s 1ha1 
wetlands and forests provide luve ro 
some extent reversed chc old 1rend-.. By 
che mid- 19'J0s fore.5red land had nearly 
doubled from its 19 30 level, basin l,111d 
111 agricultu ral use had been reduced by 
more dun half. and wedand-. h.1d 
slightly incre:ised. ll1e Nacional 
\X!edand ]m emory S1<11u~ and Trends 
report armbutes recenr increases to the 
creation of ponru which do noc provide 
Lhc.- ~ame funcrion as vegecaced wecland,. 

Between 1930 Jnd 1996, urb.rnized 
land nearly quu1rupled from 3% of the 

basin ro 14%. 

Landscape Change 
Assessing changes LO the landscape 
- how we use and m,1nage 1t, how 
much rem.tin, 111 a "n:uura1·· s1a1e-1s 
,1 requ1s11e fo r sen,ng baselines fo r 
comparison, fo r ,dent ifymg watersheds 
o r areas of immedi.u e concern , .md fo r 
.1nucip.1t1ng effects on water resource!>. 
UnforrunJtely, while ,,e possess the 
cechn ic,11 .1bil1ry ro interpret dara from 
s,uell i1c and aerial images, die fi nanciaJ 
ability and political will 10 do cl11s ar 
geographic ~cales and reference periods 
chat wou ld be mosc appropriate for 
water resource management h,lS been 
in,1dequace. An explan,m on of the 
1s;ues rd atcd to compil111g informa
uon fo r th is Report accompances ,111 

a;sessment of need; Jnd recommendd
rions ar rhe end of chis secnon. 

Reporting 
Indicator; ofL1ndscape cond1uon 
incluc.le<l in th 1; repon are· 
• Popu lacion ch.rnge 
• Population <lemif} 
• Lrnd u,e 200 I 
• Land u; e clw1ge 1995- 200 \ 

CATT.<~ORl fV • 

• L1nd consumprion 
• Nacural l.111<lscape5: foresrs, 

wetland, and wetland buffer~ 
A feaw re on !Vatuml C11p11al, the 

economic , JJue of ecological goods 
.rnd service,, completes chi; secuon. 

Land Use 
Category• 

Examples o f Uses/ 
Activ ities Included In 

Developed ..... ,.apa ... , 
UZUW&I • i& 

Agnculture 

Forest 

W• llands 
& Water 

Other 

ua.i-111111, ...... 
c..,planl, ardado, .._..,.-.., ------...... ........... 
............ 
Cnat- C 1 ............. 

. w---~ ~,,, ---~ ....... .._ 
w-~ ...._,., -----& --.--. 

, ~J.'r....,a ........... ............ ·----. ___ ,__ ea...--..... ----..-, .__,ay 
H 

+-. . ..., ......, __ - -~csc....,.,. __.. ,-.3J01. 
~ .... ~...,...,,.n-,or~m.-nctac:::ramacta.we .............. -. _.._.,,_,_ _______ d.-.---Table 4 1 Palenlial Impact, of Land Use on Water Resource, 

i 
1930s i 1940 i 1954-55 I 1972 i 1980 i 1993 i 1995 i 2000 0&R c~ ;u,, ::d lo Defowore Zero oxygen US spore slohon provides 1st Superfund EPA orcle!l US Bethlehem Basin 

1
~

111 
drir~ing .. oter Canel beco:im cond1hon1 from. lend use imagery Landwt I (CERCLA) Steel lo dean Steel doses populoti011 

1
~

11
1he Delaware po,~ ol ,he 1hore ro 1hore for launched to generate enoned by up contom1no aher 100 nears 7 a 

, ,,ct pe~dl ol PA S:ute Park 20 m,le1 of the mult1spectral 1moge of lend Congre!l lion at Fa1rle1s years of iron million 
, ,,oite.i, NJ ,,., Delo•ore Rivei use and land com ___ Hills PA making 

- - -_-.::...---==---- -~-=----~------ ~ -------- 6'i 

7 1A1r4,_,1 ntr,;L\-t-w Rl\'lll~~ R.l !'URI i'&», 
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• Indicator • Population Growth and Distribution 

Nol Roled 

Indicator Description 
Population growth is an indictor of 
po1enLi ,J stress on water resources 
and na tural landscapes. People create 
demand for water and wastewater 
provision, bui ld ings, roadways, and 
parking, all of which increase 1he 
potential for impairments ro warer 
quality and aquatic resources. 

For chis report US Cemll5 traces 
were aligned wi th 236 watershed uni ts 
for analysis, arid the watersheds aggre
gated in co the basin reponmg regions. 
Resulrs are a lso reported by poliucal 
uni ts, e.g. , co untie~ a nd m unicipali

Lies. 

DHlred Condition 
Accommodate growth while 
protecting and enhancing warer 
resou rces (BP 3.4, CCM P Arnons 

LI - I 8). 

Status 
Basin population grew 6% between 
1990 and 2000. 

·1 he population of 1he basi n was 
7.76 million in 2000, an increase of 
436,354 (6%) over I 990. Th ere was 
greater growth in the firsr half of the 
clec.ide Lhan the laner half (Table 
4.2) . Basin population is expected to 

approach 9 mi llion by 2030 (Fig. 4. 1 ). 
For com parison, the 2000 popu la 1iom 
of New York City a nd the State of 
New Jer~ey were 8.0 and 8.4 m1ll1on, 
respect ively. 

Populatton is u nevenly distributed 
across the basin (Fig. 4.2). Thi:- vast 
majori ty (78%) of restdenc:. live in 
rhe Lower Region and nearly half (3.7 

Table 4 2 POPULATION CHANGE 

PoDUla\lon Change 
1890 I 7,322,320 
199s I 1,s111,e90 269,370 
2000 I 1,1sa e1s 166,984 
TOIBI Increase 436,354 

Fig. 4.1 Delaware River Bas in Populat ion 
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million) reside 111 the Upper Estuary 
v..atcrshed5 which mc..ludc 1hc greater 
Phil.i<lcl pht.i nietropol1can areJ 

Popul.u1on growth also h,1S an 
uneven pauern. Nor surprisingly, 
the Lower region m il accou nts for 
most of rhe incre:ll.e, but rhe Ce111ral 
Region, especially the Upper Ceniral 
Watersheds, experienced a ~ignificant 
mcrease, accounting for 30<lo of 1.he 
ba5in's population g1owth. See h gures 

.5 and 4.4. 
Across the 236 watersheds: 

• The greatest population increase 
occurred in rhe Ncshaminy Creek 
PA watershed which added more 
than 23,000 new residents between 
1990 .ind 2000. The Chnmna 
River watershed (Lower E.stuary) 
ranked second, adding JUSt over 
20,000 in lhe same rime period. 

• The grc:Jtest percentage increases 
occurred in the Upper Central 
region, where rhe 600 square mJ le 

Fig , .s Population Dlatrlbullon & Chango 
-- -- --- --

L1ckaw.ixen watershed added 
I 0,000 new residents. a 2 5% 
mu ease <rig. 4.5). 

• Pike and Monroe Counrn:s, ~trad
d l1 ng the divide between 1hc- Upper 
and the CentrJI region~, are the 
fastest g10\, 1ng counties 111 Pennsvl
vania. Not surprisingly, water5heds 
chat include Pike and Monroe 
counnes accounced for 77°0 of che 
population increJse in the water
sheds of 1.he Central and Upper 
reg1om. 

• Eight of 1..he ten most densely 
de, eloped wacersheds, located in 
1.he Philadelphia metropolitan area, 
lose a combined coral of more than 
66,000 people berween 1990 and 
2000. 

Trends 
Inc.he e1ghry ye-.m berween 1920 and 
2000, Lhe population of the Delawa re 
River Basin has nearly doubled. \Xlhile 

population cont1nue5 co mcrc:a.se 111 

general across rh c- basm, older commu
nines, 111051 nocably che Ciry of 
Philadel phia, cont1nue co experience 
populanon loss. And while established 
areas-portions of che Schuylkill 
,\ater5hed, for example-continue 
co grow, new development 15 making 
i nroad5 1 nto areas once sparsely 
deYeloped, such as the Lackawaxen 
watershed (rig. 4 6 and 4.7) . 

Rccenr population esr1maces for 
2006 show a contmued decl ine in 
Phi ladelphia, as well as 111 Schuylki ll 
:oun ry PA, Delaware Counry NY, 

and Cape May Counry NJ. The 
reasons for the decli ne 111 each of these 
areas vary significantly. 

Contmued increases are evident 
in the Central (Pocono) region: Pike 
and Monroe counties in PA, Sussex in 
NJ. Wirh the exc.eption of Cape May 

:ounry NJ, areas within the Bayshore 
Region are also developmg rapidly as 

CAIECORY IV • LAJ\.mCAPE 

Identifying watersheds with 
substanhal populatron change highhglrts 
where changes m landscape function and 

water quality might be expected 
to occur, and where preventive 
management measures could 

be employed to mrt,gate impacts 

111d1cated by subsunaaJ 1ncrca5es 111 

th e Delay.are counties of Kent and 
Sus5ex, and Cumberland County NJ. 

In summary, some sparsely devel
oped wJtersheds are undergoing 
substJnual growi.h and some estab
lIShed urban areas are being slowly 
abandoned. Tht.S trend ha!> substan
tial impl icanons for warer resource 
management, includmg landscJpe 
J.lteracion, conscruccion and mauue
nance of new infrasrrunure systeffi5, 
and abandonment or inefficient use of 
exisnng mfrasuucture. 

= F\:,pullion 11190 - A,pu1•110n 2000 %0uongo 

Fig, 4 IIS Re~nt Population Change 
Selected CounUn - Upper and Centnl Regions 
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• Indicator • Population Density 

iii Not Roted 

Indicator DeKrlptlon 
Po pul,tt1on denSlt)' is an indicaro r of 
potcnnal .-,Lress on wJrer resoun ... e5 and 
natural land,capcs and can be used 

~ a ~urrogate fo r 1mpcrv1ous cover, 

which ha, emerged ~ an 1mponanr 

111d1cacor of porenual water qualirv 
1mpa1rment. Srud,e.s have corrdared 
popl1Ltion dens 11: and impcn ious 

road area wirh negau ve impacts ro 
\\a rer qualiry, fish a nd aquatic inverte

brare com munines. a lgae and changes 

rn strea m Aow. 

H mvever, '" h ile densiry can indicate 

a potential for harm, in mo!lt instances 

budding communmes in compact 

form i, mo re d esirable than ,preading 

lo"er densit)• de- elopment and road 
nen\'orks throughout a watershed or 

region. 

Desired Condition 
Accommodate g ro,vt.h while 

protecting and enhancing water 
resources (BP 3.4. CCMP Amons 

Ll -18) 

Status 
Densay c..onunues to increase in the 

basin , and aYerage,, 603 people/sq. 

mile. 
In 2000, ,he J\'erage bas in denSlt)' 

was 603 persons pe r square mile (p/ 
mt') or about 1 person/acre. Popul2-

uon dens1rv vanes dranucica.lly acro~s 

rhe 8J'>.lll and among warershc:<l,, (Fig. 

•,li 01 T IL •I 1.1ta~ ,a ,,1(r11,i.a 

4 .8). Populauon densit) 

in the Upper and Central 

rei;1ons IS abou1 204 
p/ mi' , while the b tuary 
d<nSlt)' approaches 1,0 50 

p/ m1'. Tue US census 
classifie~ densiues grealer 

than 1,000 p/ mi "' 
urban. 

Gener.il ly, densiry is 
lowesr in the uppermost 

watersheds of the Bas111 

(ranging from 30 co 100 
p/ mi' ), increasing with 
proxim1t)· to the River and 

its conAuence w it h major 

mbutaries. After peaking 
at the grearer Philadelphia 

merropoliran area (>2,000 

p/ m ,'), denSlt)' decreases 

aga1 n in fie more 
southe rn wat t"rsheds of che 

LO\\ er and Bay regions. 

H eadwater scream.s 
are especially vulnerable 

to impacts. H isroncally, 

rhese areas have remamed 

sparsely d eveloped due 
to disrance fro m other 

popula11on centers, poor 

accessibil1ry and problem

atic terrain. In the la.st 
decade, high housing tam 

" "hm and beyond the 
has, n ha IC fueled a sharp 

increase of new hou\ing 

Fig. 4.8 Population Density 

People per square mile 
by municipality 

• 

i 

People per square mile 
by ORB HUC 11 watershed 
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.1nJ '!,.c.::,1so n ~,I ho me con\\. l !,iOn!) Ill 

the.: heJ<l\\J.lc r, o f 1hc pper C e111 rJI 
,111d l ..1.t.kJw,1,cn \hHe1 , hct.h on the 
App,tlJch1,111 plaicJu l omp•rc the 
rd Jt 1ve tn L f C.1..'><: 111 popubnon ,, 1rh 
pop ub11on d c-ns i() tor ntLn uup.1lit1L""S 

111 Pike ,md lvfo111 oe ( PA) LOUnt 1c, in 

the IIHl.rL'.i 111 h g u 1c, t.2 ,rnd L8. 
D1He1cnc. s in J nelopmem 

p.1t rc:. , 11, .ind populJuon t.h.1nge., 
"1t h111 \\Jtc~hul umr~ LJ.11 be ,ecn hr 

c.om pa.n ng 1he m u111c1pal anJ v.a{er
,he<l den'-'llJ nup'i 

Trends 
A(.popula 11011 1s inu~mg, <len .. ,ir, 
1s .. 11,u gu1er.1lh 111<.. re:t'i ing. 1 h<" 
g n..:at~ r pacc.:mJh.-e increase wa\ 111 

the l..acl:iwaxen (25°0). the Upper 
(..t'n<r.J ( 18°0) ,tnJ the I ower l:s1uar, 
"•tcr,hed, ( 13°0) Hm,e,er ,om e 

\\,Hushed;, especially ,hose""" older 
urb.rn commumu ct;, losr popubuon 

I-or ~xJmple, che ,en mosr den\Ch 

Fig . 4.9 Average Bas in De ns ity 

650 
~ ., ,~i 600 
~ I! ., ~ 

550 g = 
Q. :t 
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L 2000/2001 

po pul.1Lcd ,, J tLrshcds .ire luca1cd 111 1he 

Uppu btu,H"\ .1rou11<l PhdJtklph1,l 
Bcf\\ ecn I ?'l() and 20ll0 . c1gh1 of ,hc,e 
los1 popul.u1on 111 tho.,L ,,.1.Lu, hcd~ 
alone popul.111on dcd111ed by ncad) 
60.000 wh1d1 111.1\ 111<l1Wlt" .1.n Jg111g 

popul.1t1on and rcduLuon 111 household 
size. PopuJJ.uon lo!>~\ t.:J n Jho 111d1u1t" 

a.bandonmcm of ex1.s 11 ng housing .md 
e,cmual d,.-.u.se or the CXl'.) ll flg capaCJ{) 
of suppo rt 111frasrruuurL such .t, 
rran,port.1non. waler supph arnd waste 
rrearment -") -,(cm.,. 

During the same dcudc, , lighdv 
more than (,j,000 people were added 
10 che populJtion of dt<" \\Jtcr, hcds 111 

the Upper CcmrJI rcg1on- 1nclutl111g 
.1n.:a.s of P1kl" .rnd ,\1onroc <...ounry 
PA- "hcre devclopeJ !Jnd increased 
b) more 1han 80,000 acre, ,11 1he rare 
ol - I ~ ,1c../per,on More rh,tn -,, ,000 

acres of forLstcd ".11ershed IJnd 
Wa5 converted for J ~clopment and 
agncuh ure 

Actions and Needs 
Atren 11on to where ,111d how 
we Jcvclop <.ould gn:.nlr aid 111 

prc:vcnu ng or lrm1ung neg..c11H• 

dfccr, on w J 11~-r rc,ou r\,..e, More 
densch dc,dopt.:d c.omrnun1• 
11es offer m.rn, cu lw r.d . hcJlth 
and econom1c. ht..nLfils. anJ die 
d<.m n, ,Je of 1mpc:n ,ou.rncss can be 
offscc by ~mJrccr dcvdopmcnr and 
l.1nd m.11ugemcn t. 

< MH,OR\ I\ I \ J l\f Al'I 

I.torn about LIO Ill hffp //nw 
lowimpoctd0Ye!D11m•nt org/ 

Improving ,tormv,..acer m.Jn.tgLmcn c 

prJcticcs-to <-J prurc rJJn w;ncr 
on~1tc and 10 d,minJtc t.:omh1ning 

,;;rorm flow \\-1th ,.rnH.u-y \LWC:-r 

flo\\.-s-Jnd adding ,·cgLrJrion co 
c... 11 y,c.1pc, c.rn m111g.n e rnanv of 
the 11egJ uH· 1mp.u.c, of ex1c.nng 

commun,rie, on v.J1cr resource~ 
New developrnelll can be designed 
and bu,lt t0 m eet l.o" lmpau 
Dc"gn (LI l)J sunJards. 

77,er~ JJ a crttu-al nred to untim1,1nd tht rtkuronslnp berwe~n Land cm1rr and 

tvattr qunlrry and q ut111ri9t and popu!tu,ot, gro1t ·th and tk-t.•~/.bpment wuhm 

1h, Ddaware Rw,r wat,nh,d 

- r>c-l;rnart' R1,er \'<.uc:r hcJ \our1..c ~ atC"r l'rnlCt..""ttQn Pl.m 
Phtl~ddrh,.1. \\~tc:r De:r Jnmcm P\\ 'llD•l~tooon 

lunit 100-

Fig -4 11 O.nsltyChange 19 90 -2000 

Fig 4.J0 Rijloiiir Pop·ut.11on Ben1, ty ~ -------:JO'I, 
1200 

,!! 100() ,. 
s 800 

& 600 . 
'" 400 

! 200 
i 

0 

2000 

Low•r& 

""' Upper & 
C•nt,..I 

5" 1500 

"' • 1000 
'" • 500 
ii 
g 
Q. 

25% g_ 
2()11 ~ 

,= 
15'1s u c 
10% ~ 

5~ t 
_ .....,_ , ........ .....__.....,_,....,....__.__.__, 0'4 

- C\ 1980 - C..,y 2000 J 
(It 1 Ul RI tlttu: 

;:: 

.. 



> z 

~a 

L.All (,OR) I\ I A~ l)\(' \l' I 

• Indicator • Land Use 2001 

Nol Roied 

Indicator Description 
Land w,e plays a c rucial 10\e in "are r 

resoun. to11c..imo n The ,1lreralion 
o f the landsca pe for h uman use ca.11 

be:- a m.11or fJctor 111 the alte1 anon 

of ecologic tl proce~~e, ,H loc.1J ,111d 
global scale, . Most phys,cal and 
c.,hem1c.1I clun ges lO w,uerway svsle ms 

J re linked ro l; nd use and la,;d, ~ape 
change, altho ugh ma ny of those lin k, 
J.re com pie, and rherefore ddficu lt 
co evaluate and quJntifv. Po rcnrial 

1mpan .s ro \Vale r resources are shown 
in Table 4. 1 

Desired Condition 
l\1amre ,u nce o f the inregriry and 

fun cuo n of high \ .ilue water reso urce 
l,nd scapes .1nd h.drna, fo r species 
d,versii:y (BP Goal 3.2, CCMP 
Acrions LI - I 8) . 

Status 
As of 200 I . 55% of the basin 
landscape was do minated by for 1 

CO\.er, 26 °'o v.as in agnculrurJI u~e, 

,rnd de,·eloped land accoun ted fo r 
nearly I ';% (Hts- 4 .12) . 

Wed m ds. a crucial IJndscape fo r 
ware r re5ourccs and biodiversiry, 
are rep rese 1ued as o nly 4~'<1 o f I he 

IJJ1d,cape -11,i , Jigure may under
represen t the full extent of wetland.,, 
J.Cross the basrn , especially ,solared 
we1Lmd~ or w<.: rland sys1e,ns und er 

fores, can op) wh,ch a rc ab undant 

\ 14. 11 01 mi l)LI. ~ .U IUH l1A~ RI t•oRI ~00° 

in the wa1 ershech, uf 1he Uppe r and 

Centr.LI Rcg,om,. blll c.ounted as forest 
111 rh1s ,lSSes.rn1enr. T iJ .tl we tlands, a 

dum inam fea ture of lhe coastal fnng<."s 

o f w atersheds 111 rhc Lower and Bay 
Regions, arc mo re accuracdy captured. 

Land u~e d1ffen, remarka bly am o ng 

the watersheds of 1he bJsin (Fig. 4.13). 
In the Upper and Ccnrral Region 
\\ ,lle rsheds , fo rest co, er dom inates. 

11,e WJtershecls of the Lower Region 
h.we a higher percentage of developed 
lanJ . w hile agriculture and wetl.1nds 
arc rhe mo re dominam fearu res of the 

Bay Region. 
D evelo pm em has h1scon ca lly 

occurred ar river co nflue nce p01nr.s, 
anJ the development at rhe co nfluence 

o f the Lehigh (LV3) and ,he Schuylkil l 
(S\/3, E l ) w 1d1 the Del.nv.tre River 
are very vi>ible on Figure 4 . 14 . 

-[he co ncenrrario n of human 

develo prnem and uses , 'iuch J S pons 

and ind ustry. in the Lower Region 
watershed 'J 1s related to wate r <1ualiry 
problem, in rh,s portio n of , he R" er. 
See rhi=- umeline in chc Wate r Qu1l11y 

Fig. 4 12 Buln Land Uu 2001 

The 2003 Final Rep ort of the New Jersey Comparttt 111e 
Risk Proj ect identified /,a,,d use rlumge as 

/yh1g ru the heart of many e,wironmental problems, 
producing by a wide margm the forgest 11egat1ve 

ecological and social impacts. 

Fig 4 13 Watmhed land Use 2001 
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2001 Land Use by Wate rs hed 
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Watersheds 
Upper Region EW-Eosi & West Branch, LW • Lackowoxen, NM• Neversmk & Mongoup 
Central Region UC-Upper Central woter;heds, LV-Leh,gh Volley LC-loWl!r Cenlrol 
lower Region SV • Schu~lull Volley, UE • Upp81 Esluory, LE • lo..,, Estuory 
Bay Region DBI • Boy woler;hedsin DE, DB2 • Boy wotersht>dsin NJ 

F,g 4.13 There II on obvious lond use gradienl form upslreom to downslreom through the watershed 
fore~ed lond decreases and ogmultural and landsmpes generally increase from north to south 
D ,eloped land rs concenlroted m lhe wotmheds of lhe Lower Region The relalive dommante ol Jhe 
cu •'ond• ,n the Boy Region II olso Y111ble 
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~ccuon of t h1~ report for .111 111.stunc...1.I 
per,pe1...11ve. 

Trends 
B.1.\ed on .1 land u~e ch.mg anJlys ,-. 
fmm OAA's ~cn1 er fo r Co,i,ral 
crv1ces, ahou1 70 squJ 1e mtlc.-s of 

bas1 n lanJ was d eveloped b('rween 
1996 anJ 200 I . The ch:mge ,111Jlysis 
also reve,1lcJ ., 48 square mile Jo..,, of 
fo rested land and 18 ,quarc 1111 lc los, 
or agricul,ur:i.l l.111J. fhc werla.nds and 
warer c..11egof) loM abo ut J. ) sq m ile. 
~la hl c: 4 _j show~ the d1Jnge in ac res 
a nJ ~l!uare mile-; . 

1 he cu nve~ ion of landscJpes IO 

development occ.u rreJ .11 a ra1 e of 25 
1.0 3 ') acre~ p , dav. or .u 1 av rJge- o f 
I 32 roorbJ.ll field, ..-:,ch week. f.,gure 
'1. 15 illusi ratcs lanJ_\1,,_Jpc con\ er~1o n J .-. 

a da,h .1, c rag . 
dturally. bnd 11..,c ch,mge hJ\ nOI 

oc.<..urred uniformly aero.-.!> t he b~ in 
Bc.-t \.\-cc:"n 11)9() Jn 2001 , m,,rt. de, d 
op mt.'nt OL<urred m ,he v.. .t rt.rt,he-J ... 
of ,he l.eh,gh and Ccnrral , eg,on, 

Table 4 3 Landscape Change 1996-2001 
Change In Change 

Land Uso Sq Ml in Acres 

Developed 70 75 45,283 

Ag r iculture · 18 41 • 11.781 

Forest . 48.29 · 30,909 

Wetlends/Water • 3 48 2.230 

Barren - 1 2 1 772 

Source NOAA Center for Coastal Services 

than 111 olhcr w,ncr.heds. The high 
lo<s of lore\lcJ land ,n rhe Lch,gh i, 

c,,pec1J llv notewonhy ( h g 4.16 ). 
Al1.hough fo rc>1cd l.mds h.,ve 

111u e,l!-ed '.'.l ince the 1930:-.. reccni d.u.1 
sho\\ a J ccl111c u1 fo re,1ed landswpe~ 

,l~ "'ell ,L., wetlands A murc derJ1led 
Jsse,~menr of d 1.111gc1., to rhcse 

b nd,capc ,ypes follow,, bur improved 
mapping and a,~c.:;:-. mcm of (..hJ nge~ ro 
1h~e b nd:-.cape 1ypcs follow~ 

C~fl t,l l!H f\ l A\JI l\( \l' f 

Actions and Need.s 
i\1nre refi ned land:-.Gape a5.)es~mt.'nc, 

prderably on hophoro, should I"' 
coordin,ired for 1h b .15 111 on a cimc 

frJm e coinn<lenc wnh the det.ad.JI 
and m 1J-d ecade censu.<, 

Fig. -4.14 Ma p o f Basin Land Use 2001 

• W.)!Bf aod Wetlands F,g 4 15 Land Use Change per Day 1996-2001 
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• Indicator • Land Consumption 

Land Censulftplle n 
lh .,mounr ol l•nd ,ha, is dc,d 
flpcJ per pt r,on 1\ J mc.a,ure of I.and 
u,1. ,.:thut. m .. , t\n inuc..J.~c: 1n l.rnd 
"-pn,u 111p11un mdrl..,llC\ 1hJ.t mt.lrL J1.1c, 

" ' bnJ m hunf: J~ dorw:·J or ah c«J 
for t,\1.h ,Jd111onJI pu,on 

Desire d Condition 
A Jc1. rc..umg or , tah1 lucd rlll· of l.u1d 
J n ,·lopc-<l pt r c.. .. lpn .a Jnd p1 Q{(."ll 10 11 of 
IJn<.J...1.Jpt, n c1.c\Uf'\ 10 w-a1cr 1c-,0 111 c..c:, 

throu~h dlnt h 10 rcdc..H:lop .tr(,1-, v. ith 
cli.1,11ng mlr.1,nu1..rnrc (Bl' l.0.113 4 , 
< ( \ 11' A,llO ll I !(,) 

Status 
Pnor /h captUI .. unnunr of l.111d h i.:1ng 

d: \doped 1\ 1111..1 ,,:J\lf'\g. 

In I 'l')'i rhc populm,,n ol rht h,1'111 
"·" ~ 'i<ll c,<JO and dc, clopeJ IJn<l 
ul\t:Tc..'d .1r p10'll Jm.1tlh l -90 ~ ll.trc 

nllk 0 1 I • 4 1111111011 JUC:>. On J prr 
, ,p1tJ h.1,1, 1...teh pc.:1~0 11 rcprC'"-l'lllc<l 

(I J <; I J,>, of <lr,d,,pcJ l.md. In 
2001 1h1, ft, (,t('IIJ hl!,U fC h;iJ fl~L ll 

"'0 1 '; I JUes Al rhnu~h .rppJrc11th 
.m.ill, Jt 1nJ11...Hc, tlut the- 1.1te of la.nd 

l~HlH:1,1~m 111 r ... lJ1iun ,n L h Jn~{') 111 

pnpulJrnm h.u. inc.rc-a\t·<l t H n v.. 11 hm J 

\Ct\ !lohnn c,, \l.'.l t um1.. lr J.n11.. 

In l<>'l" 1h1.. Lurnul.u1H rnult of 
l11 to! ll l.inJ Jt· dop111nu \.\.l\ 0. l '".I I 
Jun ul Je\dnpnf l.1nJ per pt1')on 
lkmctfl J ')')<; .,nd 2000 du h.s111> 

popula11,111 111u ca,e,I 111 16(, ')80 
peuple n, ,doptJ land fllcrca,rJ 
b, nca ,h 7 1 squ.irc mrb (41,:!HO 
.iu<.:<-,) 111 roughh d1t: ,JnH: n m l:' pcru.1J 
( I ')'l{,-200 1 ), I hr I.ind cunsurnp
I!Oll rJuo tor th1~ h\ c ye.1..r pcnoJ \\,1, 
0 .2-1 ,«re, per pcr,on nt Jrl) doubk 
Lh1.. lll''!l lOfK .t, i:1age ( 1-i(!., LI 1 .... ). 

Trend 
\'fh tle LO,ll \C, th1!. J11J!v, 1~ ,~ t t'\ L·aJing: 

we are de, elopmg l:tnd jl .i fu greate r 
rJ lC dun \\I.'. h.ln' h i,1unc:.ilh• fhe 
proli ft r JtH_m of l.1rgc- lot \ubdl\ 1s ion) 

- IJrge ho ml') on ,e,·eral Jc.n:~hcJr 

\\ 1mess to rh1') trt:nd. 
R1smf{ fud ,111J t0ll\t rucnon c.,o,r.\, 

h owe\<ct, mJY au J.5 tht n.onom11.. 

br.lkc..·~ thJt turn dw;; trend aro und. 

I flort.s ro rcdt',dup ho u..,111g sn 
urb.1n ,lrr:J~, \\. here- so<. 1,11 ,1nJ c.uhural 
J..Jnu1111i.:,, uu lme.s J.nJ 11a11spona· 
110n n<: rworb .ire wdl e-,c1hli,hc<l. jft.: 

unJ,:n-\.J) Ill 111 .1m U ll<.:~. fudc-J b\ 

d1Jngrng demographK\ a.nJ tkm.ind 

Actions and Needs 
Anah-.:;JS of IJ.nd u.1n\ump1 ion 

require, ,KLtlrJLC infom1Jnon .1bou1 
land us, and populmon ch,rng, 
in rcpn.:,1..111.111vc: Orne'. penod, 
( u1remh. cu 1,u, J.nd IJnd u,<" 

d.u.1 ,trt nm 1...olkdt<l \\ 1d11n the

,.1111e umc peno<h an<l quc'lJOll\ of 
Jc..l.1H3d 111 hoth dJIJ ,cl\ 1..onluund 
u,t· of the- <l,H,1 Jl )m,dll'1 ,1...1k~ 

Um.l<.:'r\randrng hm, \\ l u,e b n<l 1<t 

l'~'irtll1.:1I fnr 11l<.rC:J\ lnf, nur dhL1Ull 

u;c uf th< J.u,J,LJpe ,,nJ for 
prc..Hec..,11ng the lanthc....1pe functton, 
dut ~uppon \\,llt:I 1t~ouru:'t. 

AJ d ,11011al clTom 10 link l.mJ 1cape 
u,c and d1Jngc..• lP 1e.\our1...e LUnd 1-

11on .ind to 1d enu f:. pt'. rfnrmanu 
~tJ.ndarJ\ fcJ r l.111J u~c rn JnJgem ent 

arr nc..Ce'}\Jn for c..,omprehcm,1ve 

\\Jter rc~ourcc pro tctt1on 

How big Is ••• 
43,560 square feel = 1 ocre 
640 acres = 1 square mile 
1 .32 acres = 1 football field 

Bn 1vee11 !996 rmd 2002, 

lnnd 11Jfls drveloprd nt 011 nvernge rnrr of nbo1<t 19 

footb11l! f,el,ls per d11y. 

e11,·ly 700,, of nil la11d co1111ersio11 took pince OIL 

pre111011sly forested la11dsrttpes. 

03 

Fig. 4.17 Developed Land per Perso n 

Acres of new 
developrrenVperson 

1995-2000 
Ac.,es or devekJped 
lanc.lJpe,son in 1995 

ol lal!d II IXturrrrg 01 neorfy l'<IKe 1he hrstorrr ratio 



• Indicator • D a ms 

lndl,ator Desuiptlon 
I )Jnh Jrc ~1 runurc" hudr atro,~ d 

\\ .lt ~r l.Our~e 10 1mpt..:J e thr How uf 

\\Jtc r I l1~1on( allv, <.l..1 m ) ,, ere bu,lt 
to 11npuund w.11c r for II ngJ11o n and 
d11nk1ng \\,IIU , upph, to, powe r 

produu,o n, ,inJ 10 t.n :a1 e n:crc.irio nJ.I 
!Jkc) and pond,. ll1C\ t' , l ruuurt'S po"Jc 
,om c harn1 to u .o S) \ tem, b\· c.J us111g 
geneu c 1) 0 1.11 10 11 ~•mo ng sub-popu..l.l 
uon .., o f n.:~1denr aqu J.lll ldC, c.omnb
u11ng to anox,c (dc-oi.·ygcnarcJ) 
<..ond1uo m,. And 1nhtl.>1ung rhc m1gra
uo n of '.>p.t,, n111g fi ..,h. 

Desired Condition 
Rc~ro1 .1c 1011 c,f fish J\..cess to 1ip.1,, mng 

g1ounJ.,. and ecological co nnectl\·11) 

w 1tl11n rnbu1~11!- srn.anh ;md n,u~. 
l\la inra1111ng and enh.tnung strc.1m 

Am» .rnd ccolog1c.1 l health and d,,er
,;, ir) .trc- pnman go.ib, ior ba\tn wa.te:rs 
(AP G oal L2; CCMI' Auion 11 5 71) 

Status 
Po or- I )t:; () JJms re nu111 on rributa m:."'" 

o f the [)d,m are blockmg fish p,i;,.,g, 
,ind J isrupring ,he OJ1U1al hydrology 

ll1 r l)d,1,1,Jn." River is ch t: longc\ l un

dJm me<l n\cr c.' J \ I o f rhe :\ f1 ,.!i1"--'>1pp1 

hut .1.pproxrn1J1ch I, 5'50 t11hu1.ff\ 

c..Lm · 1mpc.·J c .,rrc::am Aow Jnd fl.!i h 
pa,s,1g,- All but ,1 l,w hund red o f these 
<fanl', \\C. J , hudt , 11u.t' I lJ00 l\1os1 ,lrc 

olJ Jnd m nn h.we c.·xLo.:J cd thcu 

J e>1gn li fe. ,,dJ111g con« ms aboUJ 
public s.tlen, to 1ho,, of t cow,rr m 
hcJ lth 

It t \ bcc..ommg ;t t,ommon pr,11 ... 11<..:c 
ro inst.il l fi~h pa.s-,.igc, ro aid d1t 

mov<: m r 111 o f m1g1a1ory h'ih up 
.md dov .. n '>lrcam 'i111c_t" 19') J , ,he 

Lon\lru1.. t1on of fi sh ladder') h.H opened 
up <1pprox1m.w.::h· 165 r111l c~ of \tre~tms 
in the I m,u .111<l H.1y Regions to fi ,;,h 
m1gr.mon (PDL 2008), Unlortu1wd}, 

flgure\ on rlH~ toc.:11 number of ':lrream 
mile\ opened to fo,1, pa~, age .1uo\\ the 
ba )in arc nOl n .. -a<l il) a, atlJb le. 

Trend 
There 1s growmg 1111c-re,1 in <lam 
rcmo\'~1I li ,r both CLOlog1u l .md 
public , aferv beneft,._ Sever.ii 

aJ\·oc.a9 group'> arc lea<lmg efforr, 
for fi ..,h p~l',, agc <.ons1ruc11011 .rnd d.1m 
rt rnO\Jl. Pcn11~yh;1111:1 report '> 10 be 
leading the: nauun in dam rem ov.il 
ThL N Jrural Re~ources c··on,en ,1t1o n 

~crv1ce (NR( \ ) is ;icm ch 11nolvc<l 
111 JJm c"Jlua11on .111d removal 111 1h~ 
h.Hlfl. 

D .un rcmm .1I J\ nor \\, llhour 
<..0 n1rmcr,;, D.tm:, c;1p1urc '>C.:d1m(nc 

,d11ch lrequrndy lurbo rs leg,1t1 
po llu r.,tnt '> from up., rre.un farm111g 
.rnJ m<lu.'>1nal ,1cn,ny [).,., iu,h111g 
,111d <l1 -,po,111b ol 1he,c , t'd1mc..·n1 , ..1Jd\ 
,omt.: cc.olog1u l risk and <..on,idu• 
.1hlc hn..11H.i JI L O SI .'> 10 J ,un rcmovJI 
p1 0 f l' ( [ ', R 1.> l"'"i ldb l1 ,;,h1111?, 11,ltll f.J I 

\ trt<1m <..o,ndor conJ111o n\-

111cluJ1ng flow, flood plarn 

func.rion and ,·cgcra, 1on- wn 
he d < omplic.:.u u l u11dcrt a.k111g. 

A<lions and Needs 
Accur;ire info rn1Jrion Jbout 

dJm, ~rnd the p o rc 1111<1I for 
remeck1uve J<.. nons. ,;,uch J\ 

f<".1..,1h1lir; for d.1m r('mc)\ ,tl 

o r for rhe 111-,rJll.i11011 of 

fi.,h l.1dder,;; I \ nccc:~'>.trv for 
lOnonucd mo nitoring .rn<l 
reporting ol dll's. 111Ju .. .i.cor 

ld (:'.1111fi ca t1on ,ind priori

u1..a1ion or resroranon 
proJrcrs o n a \\.lCe r:;hcd 
ba~1, could 1ncrcJ-,c 

d fi c.: iency m planmng 
proie-ct.5 J.nd '>CCunng 
rc,ources. 

\Xlh,ie rhe cs1,tbl1,h111en1 

of fi,;h pJ~.'>age l..'> .1 sound 
m<la:Jwr h)r h, h m1grauun. 

n I \ onh o ne mc.:i, urc of the 

hc.1lrh of aquatic LOlllmu111 
11c,. A<ld 111o n.il i11<l1LHOf\ 
ior .14u.1t1l Jnd n p Jl 1J 11 
LO fllmun11 y hc.1hh .md lor 

,;, rrc.un co 1, 1dor lntt:gn{} 

.ind funuion , houlJ b( 
doclopc<l 

l A l I (.( JRY I\ l .'\'¼l l'>C.A l'l 

Anodromo,n fill, such as shad and sturgeon live 
In the oaan and return lo the fresh ""'"' of 

their birth lo spawn. 
Catad,omaus fish, notably the Amerlran eel, 
rpend most of their lites In hesh water and 

migrate to the ,ea to breed. 

Fig. 4.18 Tributary Dam s ,.. ... ·~,: =·~···:·,, .. ..._ .. 
t \ , ; ~~-: ••!I ,f. 
.,,.,;,:.,· ··=--- .,./'.· .... 

;:.. :.Jlr' ,I,,. ' -, ..... 
·..:,.,:,. ·#'•~~ 
'f/. ), :~_:.,~ •. ·'/!· .-n,.;..~ 

.-:..·.:..;,.•"~tf!:::,~ .. .._,, ....... ~ 
.·, --.. ~~~}.!ft,•~· 

I". :: .. ; ... , ,~ --~"-. .': ·. .,:-sr,/~~ 
.,:r:'!,:· -·~: . . , •"!~;;rr: 
'.;.: ' ' ·.~;-.,,. ,"; ·--;..i-;~. 

F==~- :~~:; _, . -:, ::• , 
< (900 .... • • , ... • ~~ .--::- .:~ . ',;, : \;: ·_.-:,,-"~·:•• t:: ,-t ,,, ,, : , ;\• .. ' • :·.~,:-;-:,., 

Y3
' I ' , . - • , , :,.• ~: ,-_' 

~;-,- • • , •• • ·!°"- ·:, ;'-• 
r' ~ 1. , • • \~ , • • ,·;,;.'-fJA,l-. -

..-:-'_T- ~ ·;- ,• , • • •,,f . 
;~,i-..;.' - :<1:~ -'; ~ -.,,.,_ ' \.,-'•· \ •. , 

1 '1-~1 -::s \ '\:• '~ . . 

.n 
Fig 4 18 (u1renl locohon of dams w11hm !he bos,n 1ompa1ed 
10 !he l0<ahon of dams bu,11 before 1900 (inier) showing !heir 
prol,lerohon ,n 1h, 201h cenlury 

, lNUI.~ - It! Of «T ,'•1(1 

,,; 

'I 
z 
~ 
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• [ndicator • For sts 

Indicator Description 
h>rcstcd l.in<lscapc, ,ire I ho,c with a 
high p tecniage of m·c u nopy .11,d 
Jll Jh,cnce uf agnrnlture Jnd dc,cl
opmrnt l·ore<1cd Lind" of p11n1e 
Impon.111c.e LO water resourcC), plJymg 
;in unport,lllt role in tc: n1pe-ra1u1e 
mndcrJ11011, 11111 r1c111 Lr.111•,Jer. oxygen 

gcnerarion, 111J111ten,111cc of sod hcalr h, 
and pro1cc11on of nJtur;U hy<lwl"b'Y 

\'cgc1~1tc-d npJn,m c.orridor1,1 

c,pcc.i.u ly forcsrcd edge, of head" J I Cr 
sl rc.::1111,, Jre 1mportdnt 10 water 

rc~ourc.c <.Jual,ry JnJ ,lllLta11c cco~s
tcm -. For example, fore~ted corri 

dors s1gn1ficandy reduce n11rogcn, 
pho,phoru, and std1111en1 lo,1d111g,, ro 
, rrt-.1111, 111 propor110 11 10 1hc.:i r w1drl1; 

I 00 foot , t1 eJ111 buffers can rcduu 
lua<linb" b) 80°io- 9(J0 o. 

Desired Condition 
Ma,nrenancc of forcs1cd Lrnd,upes of 

Fig • 19 Chango in ForHted Land 1900--2001 

value 10 watu re-;ou1 t.LS 

.111J " dclli fc (BP ~ 2; 
MP Awon, L4, L6) 

The role of forest Ion In the Delaware basin 
elCeeds 12 Jootball fields per day. 

Status Ono football 1Jeld-si1ed 

!'air· l he basin is losing 
fo, csru l land ,mpon.rnc 
to 'h'atcr resources. 

,wath ol loro, t ls deored every 2 hours. 

\X hdc , ull 1he pre<lom111.rn, land cover 
in 1he basin, forc\ red land decreased 
b) nearly 50 square m,b berwccn 
1996 and 200 I I ores, was lo; r in 
every regron of ,he b,1S111, bu, ,he 
greatest loss was 111 1he entral Region 
(I ig. 4 19) where 1he Lehigh Valley 
and Dd,,warc drainage watersheds of 
Pennsylva niJ are undcrgo111g ,uh~ran-
11al populJ11on grow,h. 

Of rhe 6,2(,3 square m,b 
remaming, approximJ1ely 782 ( 11 %) 

arc p101eClcd under s1,1te or fede,,,I 
m, nersh1p, 1 e., p.1n of federJI and 

sra1c forc:51.~. fo re;:')t pre\crve:i. 

and gJmdJnJs (I 1g 4.2 1 ). 
I o rc'1e<l land a,couni; for 
88°0 ,,r Sl,llc and fedual 

0 -r -, landholJ1ni;, in rhesc 
-5 c.ucgorie!). 

-10 

I j -10 Tre nd 

I I-20 
Af'., .11c,ulc c1( n..'.~grm...,,h 
lollm, 111g, dcc.,dc, ol 11mb,r 

-2'! 
harvc1t 111v. .111J tlca11ng of 

I -30 Lrnd lor J~riwli urc, 1hc 
L :.s amou111 crf lu1c,rrd l,111J 

)0!4 

Fig. 4.20 Ma p of Bas in Forests 

O water 
• Developed 

- Foresl 

CENTRAL 



11ic1 t ased hr ,wcrn ,he I 'J 10, .111d th 
m1cl l 'J'J(h .Mnn. 1cu..n1 inlorm 1 
u o 11 , howcvr 1. "hO\\ \ 1h,11 101 , 1~d 

Lu,d,tJpc, Ill h c 111g ln•.t J I th e. 1.11e 

of 1110 1r dun (),O(HJ .1u l', I'"-' ' n:.11. In 

1110 n . g 1.1ph1l 1u11 1,, 1h,11 , , 111 cx1..n, of 

I lood,,111 hrld, pr r dJy 0 1 Jhnut nne 
I 32 Jl rr loo ,hJ II Ir< Id C\ ll V 2 h u 111 ,. 

A\ 1dJ111on d fn1 n 1 1-. lOllH' J l t:d 

!or d c.Y(·lop1nr n1 0 1 ui\11\,11 11111 , tl1 l' 

Jw1c. trll .lJ!.' r, I l" o1 u 1t d t ,nJ ,, ill 
111 l l tJ,rl'\l ll tl 1<111gh n o 1d1l 111ondl 
I 111d I l,u 11g p1t-.u \-nl. ()d,u 
1111 dm<l of p 1111l'- 111111 , ,11d1 .1, 
, .1, n 1r Ht l.11 1d 1111 , 1, ,111d 101 1,,\ I 

1t11111L'1 llff lll l'I 1111,, 1 ,111 h cflc1.1 1H' 

llH ,I ll "' C II ' IJJ lll j' tl1 l IJ 11d ,1.Jpl 

Ion• 111111 , d l, 11 , ,t<d I 11 1d l lw 1·x 1, 111 

qf tJt 1, 111 I' II • dl 111 I , .. 1101 ,I \. IHIIII ( d 
fi,1 IIJ Jl11!ii ~ ' l llCIII 

"'lt H ,1Jd\\1t, I<< I, , 1i, ('J II Ct 

, 111 11 t 1h11 tull 1 •11111 11 11 11 111 

Fig, 4.21 Forested Land 2001 
Unprotected 

Fore a l 
6263 sq m t 

rip.111.111 furn l hufier, ,, ould ,1g111 h

l.llltl} r'-'ducc ,rn .. un po ll1111on lcvd, 
r vc11 w1d10 11r d1Jngc\ 10 prn n1 .ind 
non po 1111 d 1, tlurgl'' · .rnd the Pr\ 
t .11np.1ig11 fo, ( ICJ11 \\ ,llll h,l\ 
1c..·tommc11Ju l 1h.11 .111 Ml ,1111 , be 
.1f l<1rdrd .1 m111 1mum 100 !om lorc,1rd 
huffe1 Nc..w lc1,q ll:l.. C. lllh imp,mul 

prou.·uin11 ol h1µh qu.1111 , ,1H..:.1111, 

hr lll\ lC\1, 1ng 1l~guiJlOI\ U llll\ (.\I ol 
d 1,1u1h.111c.. c \\11 h111 I ~ () l rt.•t 

Actions and Needs 
I 111t , 1 , 1.1111,, rnl l11d111M d11..: e,1,.:11t 

ind fum1111n of h11 C\t t'd l.11h.l In 
1q•1qn , , li(1uld he .1 \\c..,,uJ ,ind 
1, P'-111 t d 0 11 .1 rrp,11IJ 1 k 1" '· pHh:1 

1hh ,, 1h. l 11 111111t.~d 10 ~ 11\ll\ J t1\I 

dn '- lopm ·11 1 1nln1mi1 t11111. 

t\,,,·,· 1ll l l\l \ Ol 1tp ,111.111 h11 lll 1, 

, h111dd 11 1d11 lle. ,llll\ t.: I I\ ~ I Jl\'J\ 

For ost 
782sqml 

Fo, a a t Lo,, 
1996-2001 

- 111clu~1H: of.di 
l.rnd, "ahin "hk h 
.1 11 \C I 111 rer.Kr:, in 

d yn.1m11,._ p 1 U\..C\\C\

.rnd he inunpor.11ed 
11110 futur u rnJnllrn 

~r.u u, rcpoi 1,. 

lmprm ~ the 
1l1.1pp111g, ;}\ \(.\') 

lllt lll .1111..I 1r.11 •. k1ng o l 
IP1 c,tul \H·d ,1111.h 

<AIC C,OR) f\, 

Fig . 4.22. Map of Basin Wetlands 

O water 
• Developed 

II Wetlands 

I 1\~D,< ~l't 

1/ 
.:5 

"' "'' 
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• Indicator • Wcllands 

Indicator Description 
\\ chn<l, ire bn<l, th,11 J1t.11n a 
,uffiuuH Jcgru~ of !kHUr.mo11 Lo :tftcu 

,ml clH m1,tn Jn<l m .1 1ntJ111 a !)pn.1J! 
ize<l .i.,-embl.ige of wcrl.111d-rclJ1cd 
pl.int >ptucs 11,c value ol "cd,rn<l, is 

\ ubq.;i11 11.il Ihe11 unique b1ogeod1em-
1wl proprr11e, filter scd,mem, and 
pollu,.um from runoff, ,md proces\ 
1..Jrhon an<l nnrogen. D uring 1,corm-,. 

" erlmd, huffo ,he dfrcri of '""d .mJ 
prcC1p1tJllon 1 a funu1on rspcuJlh-· 
1mportJnt m rip.in 111 :rnd lOJ<-IJ.I 

.1.n ... J.., tor Hood Jnd c.:-ro,1011 prote<. -

uon \\ ctlJnJ1_, ,1bo fur111 ,h u,5en11.tl 

,p~1w rnng. ft1rag 111g, a11J nesting 
halm.11 for fin foh .111d , hdlfi , h. hirch. 
Jn<l mher "il<llifi:. 1111..luJing tho5c-
1mpou.1m w local ctonom1~. 

Desired Condition 
ll1cre is a federal po!tu ro .in.un "no 

nt-1 lo!i.,.., of wet!JnJ, .111J wulan<l 

funwon ~1a1e and t,,deral progr,tni, 
arc 111 pl." e to pro1ec, werl.rnd, (RP 
Go.,! J2, CLM I' J\ cuuns H4. 1-P). 

Status 
I ,Ill : lu te of loss h.,, , lowed. bu, 
continues. Mc,sme-nt, of funLl1onal 

1meg.1111 ,tre needed. 

I he 1OAA as,cs,ment of th.mg to 
l,nd co,er be"1een I 996 Jnd 200 I 
( 'OAA 2008) ,how, lpproxin1.11ch 
~.5 squ,irc miles (2.300 .tcrt>) of 
" etland loss \X h1le , he ner change for 
1hr h.l\1n \>\J.5 )mall. 1he .... e ch.:u1g~, arc 
co1Kemra1cd pn11L1pally 111 fi\ e warer

sheds: 1h< hcad"a,c" of the Ld11gh 
(l Vi), the Penns) lva n1J "atershed, ol .. 
th, Lemr,11 Region { L'C I). the Ne\\ 
Jersey J nJ I )d.m .ire w.ucrsheds of ,he 
Lower Region ( UL2, LL 2) and the 
\\Jtcr<hed, ot ,ht L\a\\horr Region 
(l)ll I , DB2) Nm 1urpris,nglv, d,rn 

,.une area._,, also I Fig 4.23 Change In Wetlands 1996- 2001 

,-,·,--
rxpenenccd 

~,g111hc1111 

popul.u1011 
r==I " c;;;;;J ln(..ft,.'J\CS In 

Upper Region Central 

'"D"" 
Br •r th, IJ<t 1.hc.1d, ~ Region 

I~ 

LJ 
r.mgmg Imm :I;; . 

1I 
m I '''n lO )011

0 

« and .ill mort. thJn 
m 1u the b,1,111 

,lHr nl ( 

L:_ All I ,I 
Regions h 

u<l.d " erlands , ho"ed a loss, except 
1hc I owcr Lstu,1rv w.ncrsheJ ., of (."\\, 
Jerse, (LI .~) M.mh restorJIIOn dfort,, 
undt naken in the p,t;t <lee ,de to ofEu 
ecolog1L.il llllpJus of power genera
uon, mav be responsible for the sm.,11 
11ll..re<t~e in thJr Jre.1 

In "rm: of prorection and resror J -

u on effon,, dr mm,m,s ch,ingrs .1re
accumul.u111g into 111c,1,;ur.1ble IO!,\O of 
11 edanJ l,indsupes. 

Trends 
111C' ex 1cn1 .rnJ intt.•gnry of wcrl.rnJ', rn 

the Delaw.1re River bJ,;;rn .md e,lllar\ 
h<IJ:. been undu hum.in a~~Juh for o,cr 
"JOO rears . In the esruar1 perhJp, 50 
pcrce"n1 of the.. n.nur.11 mJr.shc..·s ha\t 
bl:'cn lost to development, ctH\\t~1on, 

or dq;r.1dJtion. I OS!,t.\ ha, t: b<.~t"n mo, r 
,c, ere 111 1ht: u1han corridor ,,here 

perhaps onli hH percenr ol pre
i;c..nlemcnr of f1c,ln,.nrr t1dJI m.u'>h 
rcnuins. 

In 2005 Nm Jerst) reported that 
the Jnn u.i.l r,11 e of w1..dJnd <.nm1..r~1on 

JppcJ 1.., ro hd\L -.lowed ,mcC" che- ,utc 

~rc-._h,,;11u \\c:-da.nd, l.1,,, \Hill rnro 
dfcd 111 I ')88 l he loss be 111t·rn I ')')'i 
Jlld 2000, hJscd 011 \J ltllne 1maf:t 11 

Jlld Je•·· 1l photo[;raphv "h.,11 of th.11 
rn l1om f'l8(, co 1995 (Nm kr,l\ \ 

I 1t\il•'lll•1c·11 'OO'> lrrnJ ,. ~1 1)1 l'I 
t, 11 lllll 1111, r ,1Jt1on on w1.·1h11J, 

1Lihk 10 dl'.11.:rmtn(" 
U 11 r.11c of 1.IU.1tf~' 1 

Tonner,v1lle Bog locoled olong Cranberry (reek, 
Monroe County PA, ,s the southernmost low-0lt1tude 
boreol bog in lhe eo1tern US 

progre,;ing across the l>.1\ln, ,ind less 
,.., kno\,n ,1bout the degree of 1rnp.-11r
ment to wed,111d funcuon,. \X'erlanJs 
remain \ ulner,1ble ro both humJn 
l.1nd, ..... Jpe c.onver'ilon .md, in the ca ... c 
of 11dal werl.md,, to changes 111 ,c,t 
ielel 

Actio ns a nd Needs 
l.oorJin.Hcd monarormg J11d 

.1::i~e,:.mrnr p1ogr.tn1\ a11. neeJtd ro 

tr.tck 1hr L\te1 H Jnd 1.onJmon of 
fre,h \\,.llrr <111J 11dJI \\edJnd\ on .1 

rcgul.1r h.~i, 

'\c.ld1t1011JI .1ttcn t1on ,hou]J b,· p.11J 
to frt.<Jw .. m:r wcdan<l'! 111 lore,reJ 
,rn.:,1, ,,h1d1 .ue poorh mJpptd 
\lnU the) .\rt ohcn hi<ld<.:n un<lrr 
forn1 c.mo~n 

New Jersey's Environment 
' 2005: Trends is available at 
http://www.staJe.nj.us/dep/dsr/ 

~.t'J<t :.{:. , _trends2005/. 
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Feature • Landscape 

Valuing Natural Landscapes 

Natural Caplta l Proiect 
~ . . ,,. 1, Pd• trr ('nt of [ nwonnwntJI Prok•ct ,011 1 fllJDE PJ began a rnult, }'\'a• st udv ol 

lu•' of tile state\ ·11,1tu1,1I Cdµ1tal • The J')ro1ec1 1s b.i~ed on ti-><? recogn,t ,on that th,! various 
,rriponfnls ot the n;,turtll ,mvuonmPnt provide long term stre,ims of benP.flls ro 111d1v,rJuals and to souely 

a:. cl whole and ~an th(relor» be v,0we(I a' Lat tal dSSE-ts or. ,n rhe agrire()dlt? a~ 'nJtur 11 c .ip1tr1I 

1-.1\any of 1he hel'elits r,rov,d••d by 11JtlHill capital com(' from ecoloq,cal sy,1c-ms {ecosystems) ~uch as 
ires:\. wetlands, dfld lc1f,es and 11,clu,le both qoods (pr0l1ucts) and serv,c~s provrdnd by hoth b1ot1c {h1nq 

:y~rem~. anJ ob1or.1C (non Irving) sy ,tem Coods Jre 1an01blP commod111es such as mineral d('poi1ts. fish 
:!'ld umber ~rv1ces art> process reldted ouicorn,:,s, such as rlima1e re9ula11on. nutrient cvtlrng .ind crop 
pollrnation '>ee tdblf-'S for e•itmples of the typr>s of ecosystem g::>ods and sPrv1Ces that the New Jersey team 

c onsjckr•xl du11rig I he valuation process 

Tt1e qo,xJs and se1v1C('S of n,ltural capita, provide pconomK value to us a, 1nd1v1duals ilnd as a ~oc1ety. 
The on-go1no benefi1, are 11suallv expressed 1n term~ of dollars per yedr ..is with ,;ny cap11al ilS!,et. 1he valur 

of natural caµi:.il PQU,)IS the r,resenr v;;,uP of th(' related benehi stream In deriving estrrnates for those 
,alues, :he s1 udy used several nr1proaches. 111clud1ng value ttdnsfer. hed ~nrc analysis, spatial modeling, and 
JTtarket value analysis The full ri>ports 1s iJV<lilable from NJDEP a1 www state n1 us/d('p /dsr/natu1alcapr 

Results 

Total Ccosystem Service Val u e 

by 11 Digit Watershed 
for New Jersey Ba~ d on 
• A and C List· Stud ies 
I r 1)41 ''frm ',(•r -r,·- V.alu, 

rl,M-. ,n Ll:4'\t,l,ll)f; 2l»f D.>llt1n 

~.'1:fl:3~ 

.. ll5-11¢Rn ,oJ'll'l.(WT'I 

.. l'i0.,101fll 

49' \:0,.J.4001 •Cl~OOO 

.. tHlOJX('IWI l'IO.OCXi..:l'fl 

49 •I\CUnl.flll :m..ro.J.OO, 

-- \t...or , • ......,.. 0 _,_ 

.......... ·----,_,,__.'-.. ,~ ... \--...... ,_.._. 
-----~1-.Ailnr, '--~•-.... ,A..-. 

~~., ..... 

. ....... (. ... 
N 

\\1~1 
\ 

;.' -=•-•,:;•- -"==.,,- -·==4~ .... 
Fig 4.25 NJ Wolershed Ecosystem Service Volue 

, : assets. ecosystems provrd,J substantial benefits over time Valu<'S are 

11:poned 1n 2004 dollars 
"-tew Jf'rSeys ecosysr('m dSSPts are worth ill least $26 B,llron per year rn <Joods and 

Table 4.4 Present Value 2004 of New Jersey's Natural Capi tal (excluding ecotounsm) 

,lue of these New Jersey resourct'S rs esttmated to be ell leas1 $8SO IJ,11,on 
,:i qer,Pral. arr:JS ccnra,ning wetland(, e~tuarres tidal bJVS. and beache,; lld ✓e the 

t11911est er ::>systerT' se,vice values on J p<'r acre basis. 
lJ1fftn·rn \fJdlidl p,,n,-rris of land usP alleu Pcosystem sr.rvrce l('vels, Landsrapc, 

rnod,,1tr-g sl,ows 1t•at th" ~1ze and loc dllOn of ecosystems rt>lauve to eJth otlt 
i,gn,tic cc~•ly atfects tnE'rr INel of ecoservrce produc trori r-or example forest , locater1 

lo~e 10 an e,tuary zone contnbu:e more ro e~tu,11y w.iter qu"htv than r, 
,, awdy r 01 me wa1er Q1Jill1ty index I he d1he1t:n 

1.ir 

Ecosystem 

r roshwater wetland 
Man™i 
Fannland 

For&-t land 
Saltwater wetland 
Barre" land 
Urban 
8C3lllidune 
Open fresn w1ttter 
Rtt>Ondnbuftor 

To_: · "~•g. 
.. ___ .. .. 

Area 

tAcros) 

814 479 
755 535 
67J 4b4 

1465668 
190 520 

51 796 
1483 4% 

7 837 
86ll2 
15146 

5 ,544,173 

. 

NATURAL GOODS & SERVICES 

SMM/yr Sloe/yr PV SBn PV S/ac 
S9 612 $11 802 $3204 S393 394 
S6 550 $8670 $218 3 S288 -187 
S4 142 $6 .229 $ 14 1 4 $209 '1<12 
$2 512 $1 714 $63 7 $57 1'3l, 
S1 1114 $6 269 S39 8 5208 973 

S567 s1 1 337 $ 19 6 $377 8~3 
$439 52% S14 6 59 tlh9 
SBO $42 149 s, 1 o $1 4()4 91'' 
$ 145 $1 63;; SH ~20l 

$~3 SJ ~,du $18 s,,., 681 

$25 664 $4 630 $855 4 $1$4,317 



and the amount of natu,al goods provided Is subject to change as land use patterns, climate, and other 

f<Jctor, chJnge 1n response to societal land use decisions and wider environmental trends such as qlobal 
warming 

Actions and Needs 

With th@ 1elease of the na1 u,al cap1tal report In April of 2007 the NJ pro1ect entered a second phase 

focusing on d 1ssem1nat1ng tne reports 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 
zoninq, and permIrt1ng EconomtC analyses such 

as 1hose descnbed al>ove should not be the sole 

criterion for environmental protection but such 

analyses can shed light on the t rade-offs we face In 

m.,k,ng land use decisions and can suggest which 

land use alte1 natives will result In the most favor-
able outcomes for society as a whole 

Delaware River Basin - Forest Capi tal 
Present Value of Fore~ts: $ 258 B 
Lost Forest Capital (1995- 2001 ): $ 1.7 B 

Thi? Delaware River Basin Is blessed with visually breath1 ak1ng and tunrnonally valuable natural resources 
While s1gn11icant gaps exist In the valuation literature it 1s clear that natural systems have substantial 

economic 11alue and maintenance of these systems ,n a healthy funcuon1ng stJte can help avoid costly 

cx~wnd1tures on artificial replacements such as water treatment plants and flood control 1nfrastruuure 

Ai:,ply1ng the present value of goods and services derived trom the NJ study to the landscapes of the 

ba~,n vrelds a coar•.e estimate of the value of its goods and sen,Ices r or example, rn 2001 forests covered 

o-✓er 7,000 square mdp· of the ba<1n and al a present value ot $57 136 per acre. were worth nearly $258 
b1/11on Between 199S and 2001 the basin lost 47 square miles ot fore,t with a natural canital vdlue ot $1 7 
b11/1on in qood, and sPrvIces. This 1s a \ery conservative estimate since It does nor 1ncludl an <'tonom,c 

v.:1luat,on of ,Pv!'fdl ~erv1ces that fo,ests prov1dP, rncfud1ng long term uirbon storage damper,inq of 

,w, rnw·ater I unofi :ind peak stream flows ,md the removal of pollutant, such as carbon mol"lo~IdE· s11lfu1 

,rid n111oqen d,0.< ,1r,. ozr;ne .:1nd part1cula1es from the air lnctud1n9 such service, could comervut1vPli Jud 

more ttldn $f-L(i0 ro th•. v..,lue of on aue or an add1t1on,1I S 3l> 9 brl/ion to the valu, ol the I• ,s,,i's torew 

1mpr 

v& I)' 

11nF'> rot. .. i~ cove, ih" services of !,mdse.apes found in 1he I ,s,n. e ,p,:,c1afh, those 

n at ld,q<, such as 1111 Del.,w.ire P1vr1 and Ba),", would q1v,J ,1 tulle, pl<tJrr 
bdS•fl > n.1tlJ ldl, ,;prti'I V.• lu1n1J ,·,u nawral W~OUI( ,, b,r,,~ ".l n• rr '"..c'.: V 

,pan •"HY./'>tr rr r•, Ic lIN1. ,m,1 I > prt>\erv1ng 1hc,w ft., 

,ll l .~n~ 

<...ATT<,ORY I\ • l.A.N[)'>C\PI::. 

Fig. 4.26 NJ Land Cover 
Land Cover Typology 
for New Jersey 

,11 o,nt. <1n 
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Examples of Ecosystem Goods and Services 
Ecosystem Goods 

• Farm products, 
fiber 
and food 

• Commercial fish 
• Row waler 
• Saw timber 
• Fuel wood 

..., ,1r-n~ on,mafs, 

I\} 1e"'1h~ 

Ecosystem Services 
Climate • Water quality 
regulation • Nutrient cycling 

• Soil creation • Recreational 
Habitat and aesthet,c 
Flood 
m1tigotion 
Polhnot1on 

• A ir quality 

experiences 
• Other functions 

that would 
require money 
to replace 

\lf_,.__I( nt1. llrtJ1\t\kl lll\'tj(ftr\ 
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Stunrnary of Conditions and Recommendations 

I he \tJtr of the Basm Rrport 2008 
nlfr r<. :1 , IC\\ of Lhc conJinon of 1 he 
\.\JlCr\ and lan d~L.tpe, of the Delaware 

Rr-.w Ba~111 B<1,ed on ·" ailJble 

tnform.rnon, 11 ~erves as a bend1mark 

nf LUrrem c.ond11ions, as a compan ion 

r() th e 198 1 Lei,d B Study, and a., a 

po1111 o f reference fo r gauging progres, 

l 0',\ J rd, the goab of Ll, e 2004 U'ater 
Re,ources PL1111 for rhr De/,iware Rivrr 
Bmm l n ac.rnrd::mc.e wirh the 2001 

( o rnmJ.>s1o n d1reclive, c.onJirion 

rq1omng , ho uld he repeateJ m 5-ycar 

cycle, following this ininal 2008 

ba,drne report. 

An mdicaro r " J measure oF con<l1-

no n, an en'tronmen1al 111d1ca rnr 

"J measure, , alue or s tatistic rha r 

pro, ides an a pprm.1maLe gauge o f the 

~t.m.' of the e nvi ron ment :md may 

help to C\·aJua te Lhe effecri, eness of an 

em 1ronme ncal man agem ent program 

or pol1n 

In all. 3- indicawr, rep n.>sennng 

hvdrology, wate r qualirv, living 

re,ources and lancbc.1pe cond itions 

haYe been reviewed in chi s reporr. 

Perunent data . t rend ana.ly,sis, 

qudl1 ta u, e information, a nd profes

swnal Judgment were broughr ro 
hear ro J,~1g11 gr..iph1c and narrau ve 

representation of LOnd1t1o n for each 

m<l1\J<lua! ind 1l.,HOr. lhn:e landK.1pe 

indicator<,--land U\C, populauon .rnd 

popubuon den,nv-were rcporrcJ, 

but not das~ified or ra red. Although 

R~, .• R.1 ,•nf~ I .!l,i~-~ 

ot , up reme 1mpon,111ce a, srre,,or, 

o r cause; of chJngcs to \<ater-relared 

resources, they are l'S,ential s1ate menr; 

of fact that do not warrant a rallng. 

To , u mrnan7e each as,essmcnr, ,1 

simpl e c..itegoric.il mea~u1c of cond i

tion w.1s used ; each ind1cat0r "'~ 

assig ned a rari ng of Good, Fair o r Poor. 
The resul ts ,trc shown b) indicator 

..:aregory in Table S. I . 

Table S. I 
Condition S ummarv IJv Ca1e2orv 

Category Good Fair Poor 
Hydrolo11.v 4 2 l 

Water Qualuy 3 5 2 
Living Resources 2 5 5 

Landscape 0 2 3 
Tota l 9 14 I I 

Summary of Water Resource 
Status: Fair 
Based on overall rating~ of 34 of the 

37 indicators, the condition o f the 

basi n's warcr-rclared resources b /-arr. 
Va riau on exi, rs wi thin Jnd among 

the indicacor categorie,. ,111d ,uggests 

where addi n onal effort shou ld be 

focused . 

Hydrology. H ydro log1c u1d1ca-

1or, are overall 111 good shape. We 

are meeting the Row rargers rh at 

a re the fou of m anagement efforts . 

meeung hum.in dem a nd fo1 WJ ler, 

using resource, wirh some degree of 

efficiency .• rnd mak111g hcadw.1v in 

wa te r use and pro1ccnon , ,111 d working 

to imp,ove flood losse,. The potenna l 

for incrc.ised cl1mat1c variation may 

challt nge ad aptive management effon s 

in rhe future. 

Water Quality. Melfi~ ind icd te th at 

wJter qualtt)' overall i\ F111r. Oi,solved 

oxygen, nutrients and c.lamy appear 

ro be good and generally meeting 

criteria in rhc tr ibu taries and the n ver 

ma 111s rem . H owever, w xics remain 

a proble m. Lick of criteria for some 

par.11nerers make evaluation problem

atic, a nd d eficiencies in monit0ring 

hinde r robust asscssm ems of oLhe rs, 

especi..J ly DO and nume ncs. 

Living Resources. 1his c.uegory 

includes species of concern char are 

affected by changes in water quality 

,tnd hydrology, e.g., rhe "endpoinr<" 

of c ha nging biological , chem ical a nd 

physical condirio ns 111 waterways and 

water-related landscape,. lhe overal l 

conditton assessme nt for this c..iregory 

lS Fain, irh a " gn1ficant n umber 

of 111Jicator, having a Poor rJting. 

Selection of add n ional indic.trors ma) 

be ad,i,eJ fo r subsequent reports LO 

111clude ..idd1t1Dnal ,pec1e, due ,ire of 

ec.ologica l or el.Onomil tmporrani;e. 

Landscapes. lnd1uror, in tht 

l.111d,c.1pc Late •nrv 111dude Ltc.wr, rh.ir 

u1nr11l.ll1tL 111 1m10.1 1. l 111 the od1,·r 

three r 1..-·, ,n,._ l 11m1mem .:-111 , 111 d.1.ra 

qualiry, a, J il..ibili cy and mnel ine,s are 

essennal for impro,ed reporting. 1l1e 

funrno na l l111 ka.ges berwcen landscap e 

c.hangc and ocher indicators ..ire nor 

alw.1ys wel l quannfied nor well repre

sented through ind1ca1ors. Additional 

memcs ro help b ridge thi , gap should 

be considered for the n ext report. 

Summary of Issues and 
Recommendations 
Several issues related to indicator selcc

non, mon iwring a nd as,essm ent were 

iden tified during ch e d evelopment of 

this Report. 

Monitoring Needs. 
Caps in the a pproach co basin-wide 

monito rin g and assessm em are 

evident J nd an excellent summ,try 

e..tn be fo und in t he Final Report 

of rhe Delaware River B..is111 

Nanonal \X'::irer Quality J\1on irortng 

NeC\\ork Pilot \ cudy prepared 111 

February 2008.:rnd av~11IJble at: 

h rep.// a.cwi.go,/ rnon1 to ring/ net\\ orld 
p dots/N\X/Ql'vlN-DRB-Piloc_ 

lina.1%20Reporr_02-0~-0 8 pdf 

o:;e,eral n em~ , p ecificJll} related to 

mon itoring and rcpomng a.1e ,umn1.1-
11 Led belm,. 

• Enhance continuous monitoring 
of w,uer quality. Cuminuou, 

monu,mn!!, of ,omr v-.uer qu,d1 r1, 

p.111mt:1 ct\- p.trtk ularl) DO, p 1-1 



.ind tcmpcrawrc-1\ nc<.cs,urr for 

,l<.:<.urak l011d1uo n 1,,c:>\mem. D l ) , 

our mo,1 fund.imlnt,11 indicato r 

of v..itc: r hod> co11d111011 15 most 

,tppropr1.nch a,,c,,cd this ,,.1), 

,mce 1n1crmnte111 \,1111plc5 d o not 

uprure diurnal ch.111gc:~ . c:~pec1alh 

prc:-da\\ n s.1g, in D O uJ ncen tra

uon,. <;poi mea!>uremcnt\ may 

lr.:ad lO J fahc seme tha1 Lm c:ria arc 

bcmg met, even w h en rhcy .1 re not. 

• Link m o nitoring to w a te r qual ity 

concerns and cri teria. Lich param

c:rcr of corH.c1 n sh ould be re\-1ewcd 

w dltermirK it, appropriJtl 

mon1tonng frequency. lm ernrn

cenr d.11a ,e~ were a,ailable for 

S<."\·c ral rn e1.1ls and <.ompounds of 

mteresr. but bre.iks 111 d ac.1 , change\ 

or d1ffc: rences 111 dc tccu o n op.1bil1-

1ie~ or differen<.e, 111 chc: speci fic 

.:ht:mical form of the: parJmL ter 

of concern rl ndered rhe data set, 

unu, .1ble Some p.1ramcrcr, >ho uld 

be monrrortcd rou1 mel1, wh ile 

othi:r.<. rn.iy be moni rored once 

C'\ t:rr , cvcra.l yc1r, ro de1errn 1nc that 

Lonc.entrJc10n rcm.1111 hclow that 

or LOn tc rn CoorJm,Hl(Jll I> nco:,
sary 10 c mur<. ch.n agenl ll \ monitor 

wich111 ~11111lar un1e frimc .rnd for 

s11111lJr c.l ,c111 1L-1 l fiirms. 

l:nhancc capacity for land,cape 
change an,dysis. l and u ., / IJnd 

cover dac.1 wc1 e among I he rnosr 

problcmJtK co ohtJlll and u,e since 

no \ 1ngle 1111ra-b.1s1n orga111uuon 

lOord 111a1cs 01 .1,,cm blcs umcly 

land U\l J nd IJnJ lover d.ua for the 

e nure b;1sin. U\l,\ N,trio nal L1nd 

' ov<.>r Dara (N LU)) is i11Jppro

pnarcly COJrM~ ror del 111ea uon and 

asses~mcnt of l.rnd me d1Jnge a1 

,my 1ncr;1-regwnal (\\ acer~hed ) s1..ale, 

.ind the ch.rnge product comparing 

I 992 and 2001 (2008) co111a111ed 

coo man, di,crep:rncte\ \\,1rh Stace 

photogrammem c-b.1sed as,essments 

to be used w1d1 a n~ co nfidence. 

The change produu from NOMs 

:::oasral Sen ices Center (2008) 
co mpa ring I 996 and 200 I ts 

used for this report evLn rhough 

11 only l.Overs fi,e years o l change, 

a nd omits a smJII but impona111 

ponion ot the ba,111 111 1he fas1-

develop111g Appal achia n plJceau 

region. Nme 1ha1 bot h daca provide 

less than up-ro d Jcc 111form,11 1o n 

I unhcrmore, s1a1e pho1 ogr.1111-

me1r1c datJ seD lack sufficicnr 

conformnv ru JOlll Jnd ,mah Le. 

There 1s J ,,~n dicJnr gap 1hJ1 need> 

10 he fil led for ,1dequare l,tnd,c,1p<

th.rngc .i~,e~smcnr. 

• Link l.indscape an d popula uon 

assessm ent. L111d,upe chJ nge 

Jnd popul.mon reporung ,hould 

l,e \) n1..hro1111cJ to pro, 1dl a mm 

robusr a,sc,,rnc111 of dcvclo pmem 

parre rm ,111d potenrial 1mpacrs co 

warer rc,ou rces. 

• Increase d ata accessibili ty a nd 

m apping capabi lity. \\ 'hilt s1g n11i

c,111t prowes, hJ!> hecn made co 
improve the rurie,al of water datJ. 

,o me water-availab ility data ,rill 

reside on local mJnagement wsrems 

thar are difficult or 1mposs1ble 10 

obtain cleu ro 111cally. Monnonng 

and asse,,ment dara should 111clude 

a geogr.iphtC wdmg 10 allo\, them 

to be sp ,1t1a lly repn:scnred 

• Indicator Selection . Ind icator 

,electio n \\JS pnmJri l) b.Lse<l o n d.n.1 

a,adabtllt\ and complerenc~. A5 a 

result ,e,·eral ind1c,1tor, 011g111ally 

ide ntified a, desi r,1blc, 1ncluding 

man} metals. were 1101 mcludcd 

Addmonal 1ndica1ors sho uld he 

rnns, <lered for fucure repomng. 

• EvaluaLe wnter quali ty and 

hydrnlogic indicators. The use of 

.1dd1uo1ul chemiwl 01 flow 111d1cmm 

m.1, be aJ,1,.1blt lcmpl1,11u1.: and 

pl l ire l"O .1dd111onal 111d1 ... a tnl\ IO 

um, 1dcr t 001d1n.111nn 11r , 1.u c ,Ln.1 

rnlle<.11011 woulJ J-l l .ld · t:n lwn.:..: 
1rtbut.1n, n 1luJ11011 I,,. l L-t.pk 
Y,1nanon, 111 the I" 
tollc_•t'lei {1'-\l l' 

II 

u-~ , m , 

., 

• Appraise indicators for rele-vancy 
co management goJb Prognm 

m.inc goJh J nd ob1eu1ves of the 

\\ 'atcr Rc,ources Plan for rhc 

D ela\\ a re !liver 8J5111 /Ba.sin PLm l 
and the C omprehcm1ve Comtn.a

uon /\1Jnagement Plan (C,(I\ IPJ 

fo r the Dela\\Jre hruan should bt 

rc.-v ie\\ed ro 111 form the sc:lccnon of 

addiuonal appropriate 1ndiwcors 

A reducnonisr .1pproach-decon

srruu111g a s~tem into 1r, componem 
pare, a nd ,tsses,111g each 111dl\ ,Ju

ally-mJ\ be an efficient meam of 

repomng mecnc,, but . as the: U\ 
General Sen. ic.e, Adm111iscranon 

Jcknowledged 111 Sm1a111.1ble De-.·c:lop

me111 a nd .'>ouetj (200-!). che r~duL

t10111sr appro,ich 1s in comistc- nt \\ith 

the rnncept a nd principles of smta111-

abtl1ry. 

Wh tic che 2008 State of the Ba,111 

report has IJ,d a foundation 111,111, 

improvemen ts Jrt needed co cn,1ble 
,rn .1ssi:,,mcnc of the ba,111 s, ,ttm 

as J rn m ot IIHtT rel.uc:d p.irD ,tnd 

fut1Ll1011S. l ht th.J lcngc for the 

sub,cquenr \r.ut of 1he B.1;in rc-pon 

(201 ~) \\Ill br 10 ,cleu. apprJl\c, .ind 

rl.1, ,emble 111fo1 m.iuon o n the hc.ihh 

.ind lunlllOn of iht· S\Stcm~ tha t 

l L·'' tlibutc to 1hc: 1)1re1 .u l \\ ('II IKmg o f 

1hc- Dd.1w.1n River B~m 

Of , 1. IU l A'a"AJU JU\/Ul I\ 
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lahlc °'·2 D<"hmarc Hhe~a,io Indicator Ruting 2008 I 
I q:c nu Q C,OOD t I /\ IR • • POOH '\ R , 01 Rated 

l(atln.& -~-- 1•~,cnt ( ,,ndi1lnn I I r end ------,,-===~~: _________ l(~rnrnd~ 
Q C,oc.x.J ioluhk • lmpr,1\-C rc'(l'\01r and 5tum1 :-r manap-cnu::nt 

I lov. t~t ma,nt.,,n,:lf 9~~•1~ urn~ ____ • I ,Jlu;11e 1ns1r.:-•m llov.- need, for_ R_l\~~'L----------------< 

Indicator 

I lo,-. Jl Ir 1h•fl 

(c ,., I ll)C ,n(.•\11on D Iii" • 

e Dronl.~ "Jlc1 1111..l.c, clic<tl\·cl rotc<.tcu • ',1 . . nagc for d1rna1c <hangc ,mpacts 
, 1 1 1 Q Very g-ood lluc1uu111111\ 1'.t1l_11n au.q11Jhl_c r.uiuc • ln,c,11v,11c cfh,ct5 nf nth<:r chlnr11lc ~ourccs and ~l-• lc,cl nsc .ccnar,u, I 

Q \\ Hier \ -~ - f 111 '- - t • lmprmc reporting and u11l11c conscf'\allon te<.hnol<1g1<~ 
~ I f!!~ncy· , ._1'_-=_r cap,t• u,;e ran c, t,.,rn 'JO ti, 1'111 •al r d.i 

- Q <,nod d ., --• \\ Hier L -c • "'-fore mfonna11on necd~d on agncuhural de man anu m,trcam n=v -
1 

ll urn:in need, h<:111~ rnc1 111,trcam nc<·J, hem s1od1cd ____________ _ ___________ _ 

f \\ Jkr \uppl) Q c,,.,,d ,1.1hlc • I mplu} wn1unc111c use and expand ~nurc, v.Jtcr proti:rnon tur ~u~li11n.ihli: i.uppl) 
!I \our,c _ h- lult1plc fl'>Ulhle ~uppl - •,ouru, a\a11Jhlc ,n man ar,-a, • I ,alu,rtc und ex~•<• long 1cm1 suppl\· .rltcma1»c, 

1.:: r Ate I i,f C,n,und t I a ir ,wh1l11m~ II, Ith L11n111nttl\C use • ( OnllllllC C<IOJUIKll\t u•.: and demand manaeem,-nl 
\\Jt<:r',tn,, 1 ~t:~[!rohlcmarcu1Jcn1d~ -----------+-• "-· .c scllcc~ o(<,fP\.(,\\PAprupr~a:.:m!._. _______________ -1 

. • _ _ _ _ • lmpro\C lloo<lplam m.1pp111g and manar•.cm<Tlt 
I food Damage I', •ir , 111crca~111g rcpct,mc d,ums 111 rc<cnl )Cars 

--------------; • ,0.•luJIC po1cn11al d 1rna1c thangc "':.:'="'~'~'-------------------i 
",utnmts t 

1>1,,1111 cd O\>gcn 0 

Waler Cl.int} 0 

I tm, .,wblc 
( "ntcn1ra1111n, high compared IO other sy\tcm\, but harmful 
cl lclt, not c1 tdcnt 
( ,ood. ,1ahlc 
IJRHt Jnd ,1:11c DO ,t.andard, bc1111i 111<:1 uppn bosrn I)() 1 

• I siabl,~h ,ntcna to protect a4u,tic lite 

• (on1muou1 m<mrtonni; ot 00 needed throughout ha,m 
belier thJn t,"-'"=c.:.r..::b..::J..:.•·•:.:.n:_ _______________ -1----------------
t ,c~ • lmprmc monuonng uf ,u,pcndcd !>ohd· odd turh1dll} probe, to auwm~11c mnn11ors 
'iJturJlly 111rh1d estuary non-11dJI mer generally clear except • Deline rcla11on,h1p Jmong nutncnl'>. \\Jtcr Llan1y and ph, toplan~1un and ~cdrment 
al lcr ,1onn c. cnt, budgets 

~ 
• I sir 1 • Addruonal rnnmwnng , rnodchn" required to 1mpru,c as~cs,rncnt. ~pcc,all\' Rr,cr 

:E opr,cr • ' 1) ,-..ol,cd <..ooner bclov. but near "a1cr quaht'r u,tcna /one S · 1
1 

~ Poor 
~I f "h Con,umpt,on • Ad\lwnc tor •I lca~t 11nc ,rccic, on man) 1nhutanc, and 

.:: ------+------! R11cr lornurcury und nr P( fh : r · ,--;;; 
".': t ro, ,c Pc•.uudc\ t· l'rc ,cncc 1hrnu)!hout ha,m c, p lmtom: agncullur.il u,c areas 

nlrJ✓me conccnlt11t1on• hc:1011. dnn~m~ v. atcr •IJnd.!rd 
C 

• Implement 1 ',101 \ lor targeted 10,rc, 
• Momtor add111onal toxic comr,ound, in v.atcr and li,h th\UC; 1dcn11ly ,..,un:es 

• Rcgul.ir arnphn~ protocols n~cJcd 
• Add1111mal rc"ea«h needed Ln dc·1ermrnc cl led~ Incl• and ,c1 Ulll:na f,,r fll'Sl1t1do 

If Tll\ll', I'( lh • Poor JX>' .,hi) 1mprc1\lnp 
P( fl~ pcr.1\1 in v.atcr w d1rnen1~ and fish 11,,uc, esp '"1hc uda l • (_ ont,nuc monrtonng. source idcnutic,1111,n ,rnd rcmu• .1I, Re, 1·,c and rmpkm~nt 
rlHr C ,tua T'vll)l " 

<,uppon ,, I 
lk,1~na1t:J I ~c 
1 nhuwr1C."'> 
hohul.11) \\ ati:r 
<)u.ihl} Trend• 

t l d lf 

37' • of a,,.c\>td tnhutary mile~ do nc,1 ,uppon dcsign,11cd u,Ci 

0 
f--lf)() \,~ I ',~ 

(,ood :,tahk rn Lpp,:r &. C-emral "utcr•hcd,. :,,,me dcdmc-s m 
I ""er and !IJ~ v. a1er;hcdi 

'>upr,ort 11f _ • f ,1,r cond1LHm, rang.: lrom poor 111 good ckpcnJing on use 
I), ,,, ru.ted l \C • d~r@n.at,c,n 
Dda"arc R1hr 

------

[A' 

trll_,. ... , , ~ 1~ r~,,_. 

• I\ ,c ,mcnt 1nfonnatinn ,hould mduuc chcm1<:al, ph}l>cal amt h111log1<:al ,u11d111on, 
• 'iutndJrd1.1c cartogr11ph1c rtprc~cmalHJn 

• C ,m11dcr aJdn,onal 111 d,ncn:nt c,,n,trtucnu !or nc\t rcptin 
• ( ntcna nccdcd lor :--. 1trugen 11nd Total ',u,pc:ndcd \cd1rnc11t 

t: l\dd wun collcct11m for tnoSl-int r~a<hcs 
R, , ,cw current qu~III) cntcn,1 lo, I)() 

,lrJUIIC uutncnt~. km~11111rc, pll 
llllJ!_lllfCJ \\UICI> 
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Acronyms 

A( A'"e: equol to 43. 560 IQUOII! lent Gt, Geog,op/111 lnflJfll'lJtion S)'llem kOM llatJUnOI 0c.'1lrur ond Autl!llj)hen( 
K,Ji.f( Atbnhc Slllta Manne h,httll!l Cam= GW Ground water Arlml'll'.)tratmn 
BBS B1aetl•"!l 6,id St',?; gpcd Gallons pet rnllI!ll per d,y NPOES Nolloruil l'lllhst,an D1\Ulmge El.n11oah011 
BMI\ Best M::nogemen1 /"11,.ces HU( H1d1ofog1 Unii Code. ull!l to ,denMy Snum 
800 B1cl."lJ1cnl O,v,;en Demond 'M!letlhed, NPS lrnlmnal Po,, '>eM<! 
BP Waler R"""'n:es Plan lo: •he llelo,01e R,,e, 10 lnwhctet,1 do,J NY ,,,,.Yo.t 

Bo~n. 2004 (Boan Pion) INCOOll lr,lcM>le (01r.:·1·5S1Qll on lf.e Oe!owore R""' NY( 11,wYorl<Gtv 
((N,p (om;lr,ben<,w (on;e!','(l11,n aoo 1,'~'l\ogemnr ,RA (~ R"Sllll Areo Imm Ire 2004 Blllln ~011 l1WI ko1;nncl l'ie1lond! lnmitory 

Pion la, the ll<!a.,., h:ua.'V LID Lo-,, Impart Developmer,1 0!,1 ffi>leMJ110nwcn 
cf,, Cub,,t.erpeil<l<C-.J mgd lbll10n gal<ons po, day p Phosohoroo, 
(0 Carbon l.::i,Jde mg,t M1.Wymm> pet IJior P/mi' l'ffion< per squore mrle 
CWA Oro.1 l'iolet An MJ h',le PA Penns~wma 
O& R Carmi Delo wore cm! Ron tan Canal Ml ' Square mile. about b40 acres PAOEP Penn,tht•I() Oepertmenl of [O,'Ofl'llel'IOI 
DOT 0.nlaro O,phenyf 111.Morneth:me MS) h1.iil1111Klealed Sphere Unknow,, OVller Proroct,on 
OE Oelawa,o d,seoie PA GVIPA Sou1heos1ern PA 61,u11u¾mw Protected A,,o 
OliREC lk!c~ ;re Oepa,mwot of 11,11m1I R,soof!IS N Nitrogen PAH l'lllv,yd,c a,omu:,, h/droco•ban 

ond fnv.:or.•,ie,1!~1 Control NflP Notronol Flood lnsurona, Prog,am PBDE f'olybrom,11,ued O,ohenyf Erh,11 
OPBC OeloWllie R ve, B~n (ommrssron ns'l NonOIJrom\ pe1 lite; PCB l'olythlonnaled Brphen~s 
00 0,~01'\Vell It! 'tewJef>t'\' POE l'llrtnedup lo1 the Oelo111Jre bluarv 
EPA United Slate- E,r,iron'llell!af P1>1ectian Agency NJO[P llew letlll' 0.;r.r.n,,>'11 "£.,. • unenlol Pf( Perlluaunaled Compounds 
HM E,.r,.,ry lu,01d1ty Maumum ProlectlOll PPO' Pharmaceulirols ond P,o10nol caie Product<, 
HMA federnl Eme,gency Mcnogement Agency NlCO Na!ranol lllm! Ul'1!I Dclasel PRM 1'1lt01l1oc Ranron ¼Jgorf-y aouife, syslem 

-----------------

ppm 
ppl 

R.'A 
SOTB 
SIP 
SW 
l([ 

IN 
IP 
lSS 
111,Dl 
TU 
U!J/1 
USACf 
USDA 
USGS 
voe, 
WHP 
Wl'ITP 

~ pe, """'°" Po~, po, tnlliotl 
R,.,.. Mil, 
StoteoltbeBlllln 
Seooge lreo!ment l'fontl 
5t;rfo<e V,~,,, 
l nchloroeli;,,lene 
Iota! N,II01,en 
Tulol Pholpi,orum 
lu1d Suspended Souds 
la!ol Alomrrum Ocily IJlOd 
lo,l>d,~ Un,1 
M:a~1omi J1P,J l1te, 

Un•ll!d Srntes Atmv (a,p of Engrnoe" 
Un,i.d Sto•es Oepnrtmoal al Agncullu,e 
UMed Srn1e1 Gooloo1cnl SuMIV 
Volalile Organu Cmnpounds 
l'/d]1ead Prote<11D11 
Wos:,-no1eilretI11111!11lPlantS 
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